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Summary

Various membrane and non-membrane methods of in vitro measurement of drug
release from suppositories were examined from a literature survey and using 200 mg
fatty suppository formulations containing 7.4 mg of ketoprofen or 46 mg of
metronidazole. The fatty suppository formulations differed in the bases, which were
either commercial bases or binary mixtures of pure triglycerides. Rotation about
various axes of a cylindrical cell fitted with a membrane at each end gave essentially
the same in vitro release profile provided that the molten base did not coat the
membrane surface. Linear correlations between the drug concentration released in
vitro and the in vivo levels in plasma at given time intervals after administration of
various suppository formulations to rats were generaily not statistically significant.
On the other hand, comparison of these in vivo data with the non-membrane in vitro
results using rank order correlation methods on paired data at each time interval for
a number of suppository formulations showed statistically significant correlations.
Although plastic viscosities did not correlate with in vitro release, the base with the
lowest viscosity alway: gave the fastest release of either drug. On balance, non-mem-
brane methods of meusuring in vitro drug release are generally favoured.
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Introduction

In previous papers in this series (Liversidge et al., 1981; Liversidge and Grant,
1982a and b; Grant and Liversidge, 1982) we have described thermal analytical,
solubility, rheological and in vivo studies which relate to the physicochemical
interactions in a number of proposed suppository formulations based on binary
mixtures of triglycerides. The present report relates the in vitro release of the drugs
from the proposed formulations to the physicochemical interactions and in vivo
plasma levels of ketoprofen or metronidazole.

There is at present no satisfactory general in vitro method for predicting the in
vivo bioavailability of drugs from suppositories. However, various in vitro tech-
niques have proved successful for predicting in vivo release in specific cases. The
most desirable in vitro apparatus would appear to be one that reproduces the
conditions encountered in the rectum, including the properties of the rectal fluid,
such as surface tension, viscosity, volume, temperature (37°C), pH. buffering capac-
ity and area of contact between the base and the rectal fluid.

Two types of in vitro release apparatus can be identified, depending on whether
or not they employ membranes. Membrane methods have been studied by Bhavnagri
and Speiser (1971), Bornschein et al. (1978), Bornschein et al. (1980). Chongsathien
and Plakogiannis (1980), Cid (1974), Ibrahim et al. (1580a and b}, Kassem et al.
(1975), K.erckhoffs and Huizinga (1967), Krowezynski (i¢*7) Muranishi et al.
(1979), Neuwald and Kunze (1964), Oroszne et al. (1979), Pasich et al. (1979, 1980).
Setnikar and Fantelli (1962), Taylor (1979), and by Thomas aind McCormack (1971).
Non-membrane methods have been used by Baichwal and Lohit (1970). Gross and
Becker (1953), Grzesiczak et al. (1980), Nerlo et al. (1979), Puech et al. (1977).
Roseman et al. (1981), Schoonen et al. (1976, 1979) and by Stavchansky et al. (1979).
Wolf and Voigt (1968) have reviewed the earlier methods.

Membrane systems have the following advantages: (a) they prevent mixing or
emulsification of the base with the dissolution media: (b) the pressure or shear
exerted on the suppository can be arranged to be similar to that in the rectum
(Thomas and McCormack, 1971); (¢) small amounts (2-3 ml) of liquid similar to
that in the rectum can be placed with the suppository in a dialysis bag. The
disadvantages of membrane systems are as follows (i-v). (i) The in vivo contact area,
which is approximately 500 cm?, cannot be sunulated directly in vitro and may vary
from vehicle to vehicle (Grant and Liversidge. 1982). Thus, the area available for
diffusion is usually much less than the area of the rectum. (ii) The fatty base could
coat the membrane in vitro and reduce the diffusion through it. (iii) Membranes can
introduce a rate-limiting step into the system, the influence of which will depend on
the relative magnitude of the release rate and the permeation rate. (iv) Osmotic
attraction through the membrane towards the suppository may occur. This can be
diminished by the proper choice of medium, but the amount of unstirred water
around the suppository may remain uncertain. By analogy with release processes
governed by diflusion, such a barrier might distort measurement of the actual release
rate. (v) In most membrane methods, the interface between the suppository and the
dissolution medium is not well-defined and. since spreading is often limited. the



253

thickness of the mass differs greatly from that occurring in vivo. Consideration of
the above points suggests that the disadvantages of membrane systems appear to
outweigh their advantages.

Non-membrane methods may avoid some of the disadvantages of membrane
methods. Non-membrane models have the following advantages (i-ii). (i) They
permit spreading of the molten suppository mass over a greater area, which by
suitable experimental design, may approximate closely to the area corresponding to
the rectum. (ii) There is no membrane to interfere with drug transport, so that the
rate-limiting step tends to be controlled by the formulation under test instead of by
the properties of the artificial membrane.

Non-membrane models can be subdivided inio two types. (a) The first type
comprises methods which use a standardized surface area for release, and which
therefore give the reiease per unit area of molten base known as the intrinsic release.
Cox and Breimer (1973) used an open cylindrical tube in which the suppository is
retained during and after melting. (b) The second type includes methods that allow
the suppository to spread freely over the surface of the dissolution medium.
Schoonen et al. (1976) employed a variation of this procedure which involves a plate
immersed in water, below which the suppository melts and spreads. Roseman et al.
(1981) have proposed a method which. thev claim, allows spreading of the supposi-
tory over the surface of beads immersed in the dissolution medium, thereby keeping
the base confined. The advantages of the latter type (b) of non-membtrane method is
that it takes into account the spreading of the base in vivo whereas the former type
of method (a) does not. Therefore, a suppository which spreads in the rectum and
gives a high release rate on account of an increased surface area available for
diffusion in methods (a) would show only an intrinsic release rate, which does not
take into account the spreading in the rectum. whereas methods (b). which allow the
suppository to spread. give a release rate that 1s more representative of the in vivo
situation.

The disadvantages of the non-membrane models are as follows: (i) the base can
be dispersed as small globules in the bulk of the dissolution mediuin; (it) pressures
similar to those occurring in the rectum cannot be applied; and (iii) if a melted
suppository floats, a temperature gradient can arise between the bulk of aqueous
solution and the air-liquid interface. However. this can be prevented by emplcying
the method of Schoonen et al. (1976) or by maintaining the temperature of the air
above the liquid surface at the same value as in the dissolution medium.

For all methods it is generally agreed that the temperature of the dissolution
medium should be the same as that of the rectum, namely 37°C. The dissolution
medium is usually buffered at pH 7.4 (often using Sorensen’s phosphate buffer).
although some workers use unbuffered distilled water (Puech et al., 1977).

In the present work the rates of drug release from suppositories in vitro were
determined using a method without a membrane as well as a modified membrane
method. The data from both in vitro methods were examined for correlations with
the drug levels in vivo in the plasma of rats.
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Fig. 1. Non-membrane method for determining the in vitro release of drugs from suppositories. Legend:
A = dissolution medium to which the suppository is added; B = heat exchanger.

Materials and methods

The materials used and the formulation and preparation of the suppositories have
been described previously (Liversidge et al., 1981; Grant and Liversidge. 1982;
Liversidge and Grant, 1982a).

The apparatus for the non-membrane method of determining drug release in vitro
is illustrated in Fig. 1. The conditions were as follows: stirrer speed, 70 rpm; buffer,
Sorensen’s pH 7.4; temperature, 37.4°C, within and above the buffer: drug assay by
UV absorbance, for ketoprofen A, = 265 nm, and for metronidazole. A, = 312
nm. In the membrane method a beaker was substituted for the 3-necked flask. the
stirrer was removed and the cell in the dissolution medium was rotated at 70 rpm in
one of the modes illustrated in Fig. 2. Unless otherwise stated the cell dimensions

o o o
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MODE 1 MODE 2 MODE 3 MODE 4

Fig. 2. The 4 modes of agitation of the membrane cell used for monitoring the in vitro release of drugs
from suppositories. Legend: A = dissolution medium containing the suppository: B = external solution to
be analyzed for the drug; C = cellulosic membrane (one at each end of the evhinder); D = ¢vhindrical cell
constructed from polv(methyimethacrylate) and described under Materials and methods; E = surrer
blade: F = magnetic follower.
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were: length 2.0 cm, diameter 0.7 cm, volume 0.770 cm®. Each circular end was fitted
with a membrane to give a total surface area of 0.770 cm?® for drug release. The
membrane used was of pore diameter 3.0 um and disc diameter 142 mm, Cellulosic
25EA 122112 (Nucleopore Cellulosic). The dissolution medium in the membrane cell
was Sorensen’s phosphate buffer, pH 7.4, potassium dihydrogen phosphate, 1.78 g /1,
and disodium hydrogen phosphate dodecahydrate, 19.20 g /1.

Results and discussion

The membrane method is considered first. To investigate the influence of the
degree of agitation, initially saturated solutions of metronidazole (1.25% w/v) in
Sorensen’s buffer were placed in the cell. Table 1 shows that the various modes of
agitation, illustrated in Fig. 2, give essentially the same in vitro release profile and
that the initial rate of mass transfer of metronidazole through the membrane of
constant area is 0.147 mg - min~! corresponding to an intrinsic release rate of 0.191
mg-min~'-cm~2

The above experiment was repeated after having placed in the cell a 200 mg
suppository containing 46 mg of metronidazole (a commercial May and Baker
formulation) together with Sorensen’s buffer at pH 7.4. As expected, the rate of
metronidazole release is much lower from this suppository formulation (Table 2)
than from the saturated solution (Table 1). Modes 1, 3 and 4 in Fig. 2 gave
essentially the same in vitro ralease profile, the initial rate of mass transfer being
0.016 mg- min~! correspondirig to an intrinsic release rate of 0.0208 mg - min~' -
cm 2. However, mode 2 gave an initial rate of mass transfer equal to 0.012
mg - min~' which is much lower than that of the other 3 modes. The abnormally low

TABLE 1

THE EFFECT OF THE VARIOUS MODES OF AGITATION (FIG.2) ON THE RELEASE OF
METRONIDAZOLE THROUGH A 0.770 cm® MEMBRANE AREA FROM A 0.770 cm® CELL
CONTAINING A SATURATED SOLUTION OF METRONIDAZOLE INTO A BEAKER CON.-
TAINING 1 dm® OF SORENSEN’S BUFFER, pH 7.4

Time Metronidazole * (mg) released into 1 dm? Mean (mg) Standard
(min) of modes deviation
Mode 1 Mode 2 Mode 3 Mode 4 1-4 (mg) of
modes
-4
0 0 0 0 0 0 0
10 1.48 1.47 1.61 1.33 1.47 0.11
30 383 4.66 4.66 4.10 4.31 0.42
60 6.46 6.94 6.94 6.60 6.74 0.24,
90 8.2¢ 8.88 8.47 8.40 8.50 0.27
120 9.43 9.78 9.30 9.43 9.49 0.21

4 Mean value for 3 determinations. Coefficient of variation < 3%.
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TABLE 2

THE EFFECT OF THE VARIOUS MODES OF AGITATION (FIG.2) ON THE RELEASE OF
METRONIDAZOLE FROM A COMMERCIAL 200 mg SUPPOSITORY THROUGH A 0.770 cm?
MEMBRANE AREA FROM A 0.770 cm® CELL INTO A BEAKER CONTAINING 1 dm' OF
SORENSEN’S BUFFER, pH 7.4

Time Metronidazole (mg) released into 1 dm’ Mean (ing) Standard
{min) of modes deviation
Mode 12 Mode 2° Mode 3* Mode 42 1,34 (mg) of
modes
1.3, 4
0 0 0 0 0 0 0
10 0.16 0.12 0.15 0.17 0.16 0.01
30 0.45 0.25 0.47 0.49 047 0.02
60 1.05 0.67 0.96 1.00 1.00 0.05
90 1.53 0.84 1.55 1.48 1.52 0.04
120 2.00 1.07 1.97 1.95 1.97 0.03

4 Mean value for 3 determinations. Coefficient of variation < 5%.
P Mean value for 3 determinations. Coefficient of variation < 10%,

flux in mode 2 probably arises from a reduction in porosity of the upper membrane
by coating with the molten fatty triglyceride base as it floats to the upper-most
surface.

The mean values (Table 2) for the in vitro release of metronidazole from the
commercial suppository in modes 1, 3 and 4 were plotted against the corresponding
plasma levels in vivo (Table 3) at corresponding time intervals and were subjected to
linear regression analysis. The regression coefficient (slope) is found to be 0.0369
while the y-intercept is 0.0437 mg-dm™*. Although the correlation coefficient is
0.81¢9 the probability that it deviates from zero is approximately equal to 0.5. Since

TABLE 3

RAT PLASMA LEVELS OF METRONIDAZOLE OR KETOPROFEN AFTER ADMINISTRATION
OF COMMERCIAL 200 mg SUPPOSITORIES CONTAINING 46 mg OF METRONIDAZOLE OR
7.4 mg OF KETOPROFEN

Time? Metronidazole Ketoprofen
{min)
Mean Standard +ly0s Mean Standard *loas
(png/ml) deviation (S.EM)) (g ml deviation (S EM.)
(pe/ml) (nug/mb (pgs/mh {pg mib)
10 14.8 40 5.0 40,3 10.2 7.0
30 305 7.6 9.5 578 s 9.2
60 3.7 9.4 1.7 47.0 6.1 10.2
90 28.7 - - 36.5 - -
120 28.1 - - 294 - -

“ Time after administration of the suppository.
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TABLE 4

IN VITRO RELEASE OF METRONIDAZOLE FROM VARIOUS SUPPOSITORY FORMULA-
TIONS (LISTED IN TABLE 6) INTO | dm* SORENSEN’S BUFFER. pH 7.4 AT 37.4°C

Time Concentration * of metronidazole (mg-dm ~?) released into solution
(min)
Cim 1Com tc3m Cam sy, Csm
0 0 0 0 0 0 0
10 41.06 0.88 0.53 2.14 241 8.11
30 46.73 1.17 0.80 2.58 2.62 11.28
60 46.73 1.45 1.08 3.06 3.17 13.75

2 Coefficient of variation < 5%.

this may be considered as a measure of the standard error, the correlation coefficient
may be regarded as not being significant. Cells of various sizes were tested but all
gave similar statistical results. Hence the release patterns obtained using cells with
membranes did not correlate satisfactorily with the plasma levels in animals and in
some cases an unquantifiable variable, coating of the membrane, was observed.
Consequently, the non-membrane model was investigated in subsequent work.

For the non-membrane model the mean results of two readings are summarized in
Table 4 for metronidazole and in Table 5 for ketoprofen, while the constituents of
the suppository are summarized in Table 6. The release data for each formulation
were compared with those obtained in vivo (Liversidge and Grant, 1982b). The in
vitro release data in Table 4 were plotted against the in vivo plasma levels (Table 3;
Liversidge and Grant, 1982b) obtained with a given formulation at corresponding
time intervals and were subjected to linear regression analysis. The linear regressions
for metronidazole (Table 7) and for ketoprofen (Table 8) show that only formulation
tc,, and tc,, gave linear in vitro-in vivo correlations of statistically significant
probability.

When the in vivo and in vitro data are compared using the Wilcoxon (1945) rank

TABLE §

IN VITRO RELEASE OF KETOPROFEN FROM VARIOUS SUPPOSITORY FORMULATIONS
(LISTED IN TABLE 6) INTO | dm' SORENSEN'S BUFFER, pH 7.4 AT 37.4°C

Time Concentration * of ketoprofen (mg-dm ™~ ?) released into solution
(min)
LT 12 e ICq, 1Csy, tCex,
0 0 0 0 0 0 0
10 7.45 0.51 0.86 1.65 1.29 3.78
30 7.45 1.26 1.61 2.56 225 6.03
60 7.45 1.58 2.10 3.31 3.03 6.64

* Coefficient of variation < 5%.
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TABLE 6

COMPOSITION OF THE SUPPOSITORIES USED IN THE IN VIVO EXPERIMENTS

Formula- Composition of 200 mg suppository
tion code ?
Drug (mg) Excipient expressed as % w/w ratio

(and in mg}

Tricaprin Other triglyceride

{mg) (mg)
¢}, Metronidazole (46.0) 60 (92.4) 40 trilaurin (61.6)
1€y Metronidazole (46.0) 40 (61.6) 60 trilaurin (92.4)
tCap, Metronidazole (46.0) 75 (127.8) 25 trimyrstin (26.2)
Capm Metronidazole (46.0) 90 (144.8) 10 tripalmitin (9.2)
1Cs,, Metronidazole (46.0) 92 (146.3) 8 tristearin (7.7)
tc ), Ketoprofen (7.4) 60 (115.6) 40 trilaurin (77.0)
€ Ketoprofen (7.4) 40 (77.0) 60 trilaurin (115.6)
tcy, Ketoprofen (7.4) 75 (159.9) 25 trimyrstin (32.7)
1C4qy Ketoprofen (7.4) 90 (181.1) 10 tripalmitin (11.6)
1Cgy Ketoprofen (7.4) 92 (183.0) 8 tristearin (9.6)
1Corm Metronidazole (46.0) Commercial (May and Baker) formulation
1Cey, Ketoprofen (7.4) Commercial (May and Baker) formulation

“ These codes are referred to in Tables 4 and 5.

sum test on paired (in vitro and in vivo) data at each time interval, there is a
significant difference between the in vivo and in vitro data with a probability of
< 0.1 as shown in Tables 9 and 10. This suggests that a further non-parametric
statistical treatment of the in vitro and in vivo data may be of value, and so the rank
correlation (1) method of Kendall (1970) was applied. Since there are tied ranks in
the data, Kendall’s modified formula for tied ranks was applied with a modified

TABLE 7

LINEAR CORRELATIONS BETWEEN THE IN VIVO PLASMA LEVELS AND THE IN VITRO
RELEASE DATA FOR METRONIDAZOLE FROM GIVEN FORMULATIONS AT THE SAME

TIME INTERVALS

Linear regression

Formulation code (see Table 6)

parameter
Cim tCam €, [c4m [ Woam

regression “ coefficient

{mg-dm > min~") 1.00 16.2 44.6 26.5 3.09
v-intercept * (mg-dm %) 7.29 -36.1 15.3 —-68.4 -289 - 8.47
correlation coefficient 0.697 0.688 0.995 0.983 0.92¢
1 score 0.971 0.948 10.1 5.35 245
probability > 0.5 = (.25 > 0.5 = (.06 =0.12 =0.25

* y-axis corresponds to the in vivo plasma levels.
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TABLE 8

LINEAR CORRELATIONS BETWEEN THE IN VIVO PLASMA LEVELS AND THE IN VITRO
RELEASE DATA FOR KETOPROFEN FROM GIVEN FORMULATIONS AT THE SAME TIME
INTERVALS

Linear regression Formulation code (see Table 6)
parameter

1C)y 1Cy tcyy 1Cy tCsy tCex,

regression coefficient *

(mg-dm~ 3 min~") 1.00 19.6 8.36 1.18 2.84 3.84
y-intercept * (mg-dm~?) 55.60 12.1 37.6 58.4 54.3 27.3
correlation coefficient 0.354 0.990 0.627 0.447 0.443 0.654
t score 0.409 7.10 0.626 0.499 0.443 0.865
probability >0.5 = 0.08 >0.5 > 0.5 >0.5 > 0.5

 y-axis corresponds to the in vivo plasma levels.

TABLE 9

WILCOXON (1945) TEST OF SIGNIFICANCE OF DIFFERENCE BETWEEN IN VIVO AND IN
VITRO PAIRS OF METRONIDAZOLE DATA MATCHED BY FORMULATION (TABLE 6) AND
TIME

Formulation Metronidazole concentration (mg-dm~3) Rank Signed
(and time) ® rank ®
for in vitro- in vivo in vitro difference

in vitro pairs (y) (x) (y—x)

1), (10) 3393 41.06 -7.13 4 -4
Iy (30) 47.03 46.73 0.30 1 1
¢}, (60) 61.84 46.73 15.11 6 6
1y, (10) 7.49 0.88 6.61 2 2
tCap, (30) 11.59 1.17 10.42 5 5
1y, (60) 33.86 1.45 32.41 12 12
tCam (10) 21.16 0.53 20.63 9 9
€, (30) 33.71 0.80 3291 13 13
€y, (60) 30.16 1.08 29.08 11 11
Cqy (10) 25.81 2.14 23.67 10 10
tCam (30) 49.01 2.58 46.43 16 16
14y (60) 66.91 3.06 63.85 18 18
tCey, (10) 36.56 241 34.15 14 14
tCs,y (30) 38.38 2.62 35.76 15 15
1Csyy, (60) 55713 i 52.56 17 17
tCem (10) 14.79 g.11 6.68 3 3
tCerm (30) 30.50 11.28 19.22 8 8
1c,,y, (60) 3L 13.75 17.96 7 7

2 Example: tc;,, (10) signifies formulation tc,,, in Table 6 at time 10 min.
® Total of plus ranks is 167; total of minus ranks is 4; probability < 0.01.
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TABLE 10

WILCOXON (1945) TEST OF SIGNIFICANCE OF DIFFERENCE BETWEEN IN VIVO AND IN
VITRO PAIRS OF KETOPROFEN DATA MATCHED BY FORMULATION (TABLE 6) AND
TIME

Formulation: Ketoprofen concentration (mg-dm™?) Rank Signed
(and time)? rank ©
for in vivo- in vivo in vitro difference

in vitro pairs y) (x) (y—x)

tc;, (10) 61.26 7.45 53.81 10 10
ey, (30) 60.83 7.45 53.38 9 9
ic,, (60) 67.02 7.45 59.57 16 16
tcy, (10) 21.60 €51 21.09 1 1
tc;, (30) 38.50 1.26 37.24 3 3
tc,, (60) 41.87 1.58 40.29 4 4
tcy, (10) 41.86 0.86 41.00 6 6
icy, (20) 58.52 1.61 56.91 13 13
tcq, (60) 50.67 2.10 48.57 7 7
ey (10) 59.30 1.65 57.65 14 14
tcy, (30) 63.66 2.56 61.10 17 17
tcy, (60) 61.04 3.31 57.73 15 15
ey, (10) 55.35 1.29 54.06 11 11
teg, (30) 66.43 2.25 64.18 18 18
tcgy, (60) 59.69 3.03 56.66 12 12
te,, (10) 40.26 378 36.48 2 2
1cg (30) 57.80 6.03 51.77 8 8
tc,, (60) 47.04 6.64 40.40 5 5

* Example: tc,, (10) signifies formulation tc,, in Table 6 at time 10 min.
" Total of plus ranks is 171; total of minus ranks is 0; probability < 0.01.

| . 1n~.

probability equation {Swinscow, 1980). For metronidazole, the rank order correla-
tion ( 7) between this in vivo and in vitro data is 0.4262 with a probability of

PP I, e P,

approximately 0.01, whereas 7 for ketoprofen is 0.4951 with a probability better than
0.01. Hence these correlations differ from zero and are therefore significantly valid.

[ -y Y PPN e M,

Attemnpts to correlate the in vitro rcnt‘:ase data with the plastic viscosities, 1. of
the suppositories (Grant and Lwersndge 982) proved to be inappropriate because

cugtanm e fa malanon PO PR

the Sysiems 1or aLuu_yms uxu5 release in VIUTO uU not Lumam pressures or snear
stresses comparable to the measured plastic yield values, However, the formulation

naccocsing tha lawac [PTree I ale . L‘ £ocene R

possessing tne iowest vm\.uau'y.vualucl_y tul. aiways gave tne rastest in vitro release of
ketoprofen or metronidazole.
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