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approach zero and the particle will be invisible. In the
case of sugar solutions, many of the particles will be
degraded sugar particles or sugar particles which may be
crystallizing out. In these cases the refractive index of
the particle will be similar to that of the solution and
hence they will be invisible when using optical detection
methods but countable by electrical conductivity
measurements. We believe that these effects rather than
differences in particle shape, are the major causes of the
discrepancies found in both our results with sugar
solutions and those of Dawes et al (1983) using amino
acid solutions.
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An in-vivo - in-vitro correlation for the bioavailability of frusemide
tablets
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The dissolution behaviour of four commercial and two
experimental formulations of frusemide tablets has been
investigated using the USP rotating basket apparatus and
pH 5-0 buffer at 37 °C as the test medium. There is a linear
relationship between the percentage dissolution in 30 min
and the bioavailability relative to an oral solution of
frusemide over the bioavailability range 76-97% . Predicted
bioavailabilities differed by no more than 2% from the
measured values.

We have reported (Eggers et al 1983) a bioavailability
trial of four commercial tablet formulations whose
performance was assessed by comparing urinary
recovery of frusemide and chloride excretion with the
values obtained after administration of a frusemide
solution. One of the tablets showed significant reduc-
tion of frusemide recovery.

This work has been extended by determinations of
the bioavailabilities of two further batches of tablets,
formulated to have impaired bioavailability, and use of
the six tablet batches to develop a dissolution test using
the rotating basket system (United States Pharmacopeia
1975).

Dissolution specifications or attempts at in-vivo/in-
vitro correlations for tablets commonly involve either
the time for a specified proportion of dose content
(usually 50%) to dissolve, or the proportion of the dose
content that dissolves in a specified time. The former
approach suffers from the need to ignore the shape of
the dissolution curve subsequent to the selected point
and particularly the possibility that a proportion of the

* Correspondence.

dose may dissolve only with great difficulty. The latter
approach comes close to the clinicial situation.

If bioavailability problems exist with a drug, this
commonly reflects the fact that absorption takes place
for a limited time after ingestion. This places a time limit
on the dissolution process in the gut, if good bioavail-
ability is to be achieved. Thus the present study was
directed towards finding the critical time at which the
percentage dissolution should be measured.

Previous studies (Rubinstein & Price 1977; Rubin-
stein & Eastwood 1978; Rubinstein 1980; Marvola et al
1979; Stuber et al 1982) suggest that pH 5-0 might be
suitable for the dissolution medium but cast little light

-on the critical time for dissolution. To facilitate identifi-

cation of the critical time, a decision was made to fit our
data to the Rosin-Rammler-Sperling-Weibull (RRSW)
distribution (Langenbucher 1976; Gurny et al 1976;
Goldsmith et al 1978; Christensen et al 1980) and use an
iterative procedure to locate the desired time. The
RRSW distribution has the following form:
W(tYW(=) =1 —exp (=((t - T)/w)F) (1)
Equation (1) expresses the amount dissolved in time t
(W(t)) in terms of the dose content (W(w)), the lag time
for dissolution (T), the time for 63:2% dissolution («)
and the parameter, § which controls the curve shape.

Methods

The experimental tablets were prepared by Mr C. J.
Budgen of the New Zealand School of Pharmacy. Batch
57 comprised frusemide (40 mg), dicalcium phosphate
(100 mg), wheat starch (3-5mg), magnesium stearate
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(2-8 mg) and starch mucilage (7-0 mg). The tablets had a
hardness of 9 Monsanto units, an assay of 93-7%, and
disintegration times of 8-12 min (BP). Batch 58 com-
prised frusemide (40mg), dicalcium phosphate
(100 mg), wheat starch (7-0 mg), magnesium stearate
(1-4 mg) and 5% ethanolic stearic acid (0-050 ml). The
tablets had a hardness of 7 Monsanto units, an assay of
105-5% and disintegration times of 3-5 min (BP).

A panel of five normal volunteers was used for
in-vivo estimations, the procedures being described
elsewhere (Eggers et al 1983). The 24 h urinary excre-
tion of frusemide and chloride was determined for a
frusemide solution and the two experimental tablet
batches, and the results were normalized to a dose of
80 mg. The members of the panel had ages varying from
35 to 44 years and body surface areas varying from 1-97
to 2:30 m2,

Dissolution data were obtained at pH 5-0 using the
rotating basket apparatus at 150 rev min—! and 900 ml
of dissolution medium at 37-0 + 0-5 °C. The absorbance
at 330nm was monitored continuously spectrophoto-
metrically in 1 cm flow cells. The monitoring line was
equipped with a porosity 1 filter packed with glass wool
and pumped by a Cole-Parmer Masterflow peristaltic
pump at 20 ml min—!. The performance of the rotating
basket was satisfactory when checked by the procedures
of the United States Phatmacopeia. Six tablets of each
batch of frusemide tablets were tested individually, and
the mean profiles are shown in Fig. 1.
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F1G. 1. Dissolution profiles for frusemide tablets in the USP
rotating basket apparatus. (D = Diurin, F = Frusid, L =
Lasix, % = Selemide, 57, 58 are experimental batches.)

The mean dissolution profiles were calculated for
each batch and fitted to the RRSW distribution using an
iterative procedure. Where an acceptable fit could not
be obtained for the entire dissolution curve, only the
region of interest was used.

The start time for iteration was set at 120 min and the
percentage dissolution calculated for each tablet, using
the RRSW equation. From the resulting data, a linear
regression of bioavailability upon time was performed
and the residual sum of squares about the regression
(RSS) was calculated. The time was reduced by 5 min
decrements until the minimum RSS was found, when the
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corresponding time was taken as the critical time and
the regression line as the optimum regression of
bioavaiiability upon percentage dissolution.

Results
The bioavailability results for BS7 and B58 are given in
Table 1. Both batches have significantly lower fruse-
mide recoveries than the reference solution but there is
no difference between the chloride urinary excretions.
The optimum time for a regression of bioavailability
(B) upon percentage dissolution (P) is 30 min. The
regression line has a correlation coefficient (r) of 0-979
and the equation B = 0-23P + 72-6.

Table 1. Bioavailability results for the experimental formu-
lations. The results are expressed as a percentage of the
recovery after administration of the frusemide solution.

Chloride Frusemide
B57 104-6 76:2%*
B58 101-5 79-9%*
Critical difference 17-6 10-8

Results which are significantly less than 100 (Dunnett):
**0.01 > w. The critical difference is the reduction below
100% which is significant with o = 0-05 (Dunnet 1955).

Table 2. In-vivo/in-vitro correlation for frusemide tablets.
Bioavailabilities are relative to that from a frusemide
solution.

Dissolution Bioavailability (%)
Formulation* (%)t Measured  Calculated
D 86 90 92
F 65 88 88
L 37 80 81
S 9 97 95
B57 12 76 75
B58 31 80 80

* See Fig. 1 for explanation.
t In 30 min in pH 5-0 buffer.

The measured and calculated bioavailabilities are
given in Table 2 together with the percentage dissolu-
tions. Fig. 2 shows the regression line together with the
lower probability bound for readout from the line
(Acton 1959), while Fig. 3 shows the regression of
bioavailability upon the logarithm of the half-time for
dissolution (r = 0-943), the line being: B = 96-8 — 4-15
In TSO'

For the six tablet formulations studied, the percen-
tage dissolution in 30 min in pH 5-0 buffer provides a
satisfactory estimate of bioavailability. However, it is
clear that the regression is linear only over the bioavail-
ability range studied (76-97% relative to the solution)
since the ‘y-intercept’ corresponds to a bioavailability of
73%. Predictions of bioavailability from the half-time
for dissolution are less satisfactory.

The confidence limits for readout from the regression
on percentage dissolution provide an opportunity for
suggesting a tentative standard. If the tablets release at -
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Fig. 2. Correlation between percentage dissolution in
30 min and bioavailability of frusemide tablets. There is
97-5% probability that the ‘true’ bioavailability associated
with a given percentage dissolution lies above the dotted
line.
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FiG. 3. Correlation between the time for 50% dissolution
and the bioavailability of the frusemide tablets.

least 60% of their frusemide in 30 min, there is 97-5%
confidence that their bioavailability exceeds 85% of that
for a solution. While the regression line applies only to
the six formulations tested, it is unlikely that a formula-
tion meeting the requirement would have significantly
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impaired bioavailability. Accordingly we consider that
the specification for frusemide tablets should be aug-
mented to include a requirement for 60% dissolution in
30 min when tested in 900 ml of pH 5-0 buffer at 37-0 £
0:5°C using the USP rotating basket apparatus at a
rotation rate of 150 rev min—1.

We thank Mr C. J. Budgen for the formulation of the
experimental tablets.
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