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THE EFFECT OF DISINTEGRANTS AND PROCESSING
ON TIE BIOCAVAILABILITY OI' FRUSCMIDE

FROM COMPRESSLED TABLLTS

M. H., Rubinstein
School of Pharmacy, Liverpool Palytechnic
Byrom Street, Liverpool L3 3AF, U, K,

ABSTRACT
Batches of frusemide tableta were produced using
Explotab, Polyplasdoie XL, Amberlite IRPH8, maize starch,
and Elcema P100 as disintegrants, Bioavailability studies
were carried out on a double blind basis,
The bicavailability differences between formulations was
shown to be gsignificant, Explotab rendered the trusemide far

more bicavailable than the other four disintegrants,

INTRODUCTION
The influence that a change in formulation can have on
the resultant biocavailability of a drug is important to

mos8t pharmaceutical companies, Although important, these
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bicavailability clhianges cannot easily be determined in
practice and, therefore, it has become necessary to investi.
gate the effect of formulations on the dissclution rate of
the drug, Dissolution rate will yield information on the
release of the active ingredient from the dosage form under
in-vitro conditions, but in the absence of an in-vivo/in-
vitro correlation will not predict biocavailability, In
addition, dissolution rates will only be useful if it is
known that the absorption rate of the drug is dissolution
rate limited, Thus, bioavailability of digoxin from tablets
can be predicted from dissolution rate measurementa, since
an in.vive/in-vitro correlation has been established and

it is known that digoxin dissolution is the rate limiting
step controlling absorption, However, for most other drugs
including frusemide (furosemide), no such correlations have
been established,

An aid to formulation is, therefore, necessary to
know how common tablet excipients and procesaing methods
influence drug biocavailability directly, The purpose of
the present investigation is to report on the effect of
various tablet disintegrants and methods of procesaing on
drug bicavailability,

MATERIALS AND METHODS

It was necessary to choose a model drug for use in
these atudies and it was decided to use frusemide for the

following reasons:-
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BIOAVAILABILITY OF FRUSEMIDE 107

(a) Frusemide has a very short halit-life, This means
that in 24 hours it is possible to collect urine
for at least 9-.12 lwlf-lives,

(b) Frusemide is eliminated unchamyged in the urine,

(c) Frusemide is relatively easy to assay,

(d) Frusemide is not protein bound,

(e) Frusemide is relatively sale to administer to
normal healthy volunteers,

(f) Frusemide is very poorly water soluble and is
known to exhibit bioavailability difterences,

() Frusemide promotes urine flow and, therefare, it
is posaible to obtain many samples of urine in a
24 hour period,

For personal use only.

Bicavailability can be measured in a number of ways.
The most common method is to measure the amount of drug
reaching the circulation as a function of time, However,
there are pitfalls in estimating bicavailability from

measurements of unchanged drug in bluvod, These include:.

(a) The total area under the curve must be estimated
which involves a model dependant correction for

the period between cessation of sampling and time
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infinity,
(b} The correction term requires a knowledge of the

rate constant for the elimination phase,
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(c) Depending upon the model, parameters such as renal
clearance, various rate constants and volumes of
distribution must bhe assumed to be constant either
inter- or intrasub ject,

(d) The assay procedure must be sensitive enough to
determine drug levels approximately one twentieth
that of the peak level,

(e} In the case of rapidly eliminated drugs like
frusemide, peak blood levels are difficult to
determine with any degrce of precision and invari-

ably they are missed altogether,

Biocavailability can be determined, however, by measur-
ing the amount of intact drug in the urine, This approach
offers a mumber of advantages, The method is model inde-
pendent provided the drug does not exhibit non linear
pharmacokinetics, Samples are much easier and less costly
to obtain, The only major assumption in deriving the bio-
availability data is that the average fraction of drug
reaching the circulation is excreted in the urine for a
given panel, This is the same for two or more treatments.
Thus, in the present study, bioavailability of frusemide
was determined from variocus tablet formulations by measure-
ment of the amount of frusemide excreted unchanged in the

urine,
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Methaods of Assessing Bioavajlability

Two methods for the measurement ol bicavailability
were used, The first was that of User et al (2) (Method 1),

% AVAILABILITY = [)‘u -] tablet form x 100

[X" -] aquecus solution -

where [Xu _] tablet form is the total amount of
frusemide excreted in the urine after
tablet administration,

[X“.] aqueous solution is the total amount of
frusemide excreted after adwministration
of an oral aqueous solution of fruseuide,

From the cumulative amount of frusemide excreted with
time plots (Fig.l1l), the amount of frusemide eliminated alter
24 hours was estimated, Since at least 9 half-lives had
elapsed during this period, the amount eliminuted after 24
hours was considered to be the amount eliminated at infin-
ite time and thus bioavailability as a percent was cvalu-
ated according the equation (1)

Method 2 was that ol Niebergall et al (3)

U = Uw - Wka c-ket (2)

kg-ke
= - pa-ket

duas U = E'kee'ket

e (3)
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1 - Cumulative amount of frusemide exereted with time
(Subject 1)
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were U a Cumulative amount of druy unchanged in
the urine up to the tiwme t
Us = Total amount of drug excreted in the urine
ka = Ahsorption rate constant
ke = Overall elimination rate constant
From equation (3) U, for each tablet was evaluated
and bioavailability determined by substitution in equa-
tion (1),

The Effect of Five Disinteyrants on the Biscavailability of

Frusemide from 40 mg tablets

Identical batches of 40 mg frusemide tablets were pro-

duced, compressed at 150 Mm =2

to the following formulation:
frusemide 4Omg/tahlet, calcium phosphate 100mg/tablet,
protein S solution 20X w/w qa, disintegrant lumg/tablet
and magnesium stearate 1X w/w, The disintegrants used in
the five batches were:

(a) Explotab (Edward Mendell Co,, Inc.)

(b) Polyplasdone XL (GAF)

{(c) Amberlite IRP 88 (Rohme and llaas)

(d) Maize Starch

{(e) Elcema P 100 (Degussa Corporation)

The overall tablet weight was 165 mg.

In each case the tablets were consumed by male volun
teers aged between 18-30, The biocavailability studies were
carried out on a double-blind basis, with each volunteer

taking the same tablet at least twice. On each day of the
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experiment each subject took the same 40 mg tablet of known
code or an vral solution of frusemide. The bladder was
enptied prior to the start of the experiment and the time
noted, The tablet or solution was given by mouth with
500ml or W0Oml of orange juice respectively., Urine samples
were collected as near as possible to the following times:
30 mins., 1h,, 1.5h,, 2.5h,, Bh,, Sh,, 12h, and 28h, The
total volume of each urine sample was recorded together
with the exact time of collection, The urine samples were
analyzed for frusemide content (1).

Figure 1 siiows the cumulative amounts of frusemide
excreted with time for one of the subjects.

It can be seen that after 24 hours only approximately
8mg of frusemide had been eliminated from the Elcema formu-
lation, whercas with the Explotab formulation over 22mg had
been excreted,

The Effect of Method of Processing on the Bicavailability

of Frusemide from 40 mg tablets

In this study two proprietary frusemide products were
compared with two experimental formulationa: a direct
compression formulation containing Emcompress and a wet
gramulation containing Explotab,

Dissolution rates and disintegration times were mea-
sured and the results are shown in Table 1I, It can be
seen that the proprietory A has a short disintegration time
but a very long dissolution half-life (t50%), whilst the
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direct compression formulation has a fast dissolutiun rate
but a relatively long disinteyration tiwme., The in-vitro
properties, therelfore, indicate that large diffurences
should exist between the bicavailability of the various
products,

Bioavailability studies were siwmilarly perfommed as in
the previous work, The cumulative amuwunts ol lrusemide
excreted with time plots {ur one of the subjects is shown
in I'ig, 2., Since with this series lrusumide was still
being eliminated after 2% hours, equation 2 wus tfitted to
the urinary excretion data, Eguation (2) assumes a one
compartment open pharmacvkinetic model .k, trom previous

1

work was found to be 0.25 hr ~ and thus for each adminis-

tration including a solution, a straight line should result

from a plot of U against e-0.25t_

The regression coeffi-
cients for this fit were [ound to be Letter thau 00,9200 in
all cases, indicating a goodness of fit at a probability
level aof better than 99.,9%. Thus a one compartment open
model fits very well indeed all the data from the urinary
analysis, From the best fit, straight line Us was calcu-
lated and the various values of Ue are shown in table III,
Larger intrasubject variability was tound with this series
and smaller differences between foimulations were apparent,
Analysis of variance indicated that inter-subject variabil-

ity was not significant in relation to the significant

differences between formulations, In urder to assess
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FIG, 2 - Cumulative amount of frusemide excreted with time
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whetiier the formulations were individually significantly

different, various multiple comparison tests were employed,

These included the Tukey, Scheffe and Duncan multiple range

tests,

All the tests indicated that a solution was signi-

Ficantly different from the other four formulations and

that proprietary B was significantly different from pro-

prietary A, the wet granulation and the direct compression
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formulation, Thus it can be concluded that a solution is
the most biocavailable dosage form and that proprietary B is
inferior to the other three tablet fornudations, Proprie.
tary A, the wet gramulation and direct compression formula-
tions all appear to render frusemide equally bioavailable,
This processing, by the direct compression method would

seem not to impair the release and absorption of frusemide,

RESULTS

Table 1 depicts the results obtained for the various
tablet formulations, It can be seen that measurement of
bioavailability by both methods yields similar results,
within experimental error. Thus in the case of frusemide,
measurement of the amount excreted after 24 hours is a
satisfactury procedure for estimating biocavailability, It
can also be seen from Table 1 that large availability
differences exist between the formulations, By a two way
analysis ol variance the differences Letween and within
subjects was shown to be insignificant whilst the differ.
ences between formulations was shown to be very significant,
Thus Explotab renders the drug far more bioavailable than
the other four disintegrants, In the case of Elcema the
bicavailability is reduced by more than 50% over a similar
tablet containing Explotab, whilst tablets containing
Amerlite reduced the biocavailability by 15%., The results

clearly show that in this series Explotab is the best dis-
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integrant to use as far as the bioavailability ol frusamide
is concerned,
CONCLUSIONS

The bivavailability of frusemide from tablets has been
shown to be influenced Ly the choice of disintegrant in.
cluded in the formulation, In a compurative study Lxplaotab
produced the best release followed in rank order by Poly-
plasdone XL, Amerlite IRPH8, Maize Starch amd Llcama P10,
In another study two proprietary 0wy tablets were cowpared
and it was found that proprietary B remndered lrusauide less
bicavailable than proprietary A, A wet granulation tormu-
lation and a direct compression furmulation containing
Emcompress were further shown to be biceyuivalent to pro-
prietary A indicating that direct compression formulations
do not adversely affec. bioavailability. Dissolution rate
measurements would seem not to correlate with drug bioavaila-
ability, Thus, proprietary A had a alow dissolution rate
but exhibited good bioavailability, whilst with proprictary

B the converse was true.
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