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IN VITRO AND IN VIVO AVAILABILITY
OF SPIRONOLACTONE FROM VARIOUS ORAL
PREPARATIONS

G. Raptis, H. Wendt, R. Meister

and P. Fuchs

Schering AG, MiillerstraBe 170 - 178,
1000 Berlin 65

SUMMARY

The dissolution rates in vitro and the bio-
availability in humans were determined for 6 prepa-
rations containing 25 mg spironolactone and 5 prepa-
rations containing 100 mg spironolactone. Linear
relationships were obtained by pairwise correlation
of in vitro parameters with in vivo parameters. The
following parameters were used.

In vitro parameters of dissolution:

1. The area under the dissolution-time-curve up to 1 h

2. The fraction of active ingredient dissolved
within 20 min.

%, The slope of the dissolution-time-curve at 50 %
dissolution

4, The dissolution rate constant

5. The time up to 50 % dissolution of the substance

6. The maximum slope of the dissolution-time-curve

389

Copyright © 1978 by Marcel Dekker, Inc. All Rights Reserved. Neither this work nor any part
may be reproduced or transmitted in any form or by any means, electronic or mechanical, including
photocopying, microfilming, and recording, or by any information storage and retrieval system,
without permission in writing from the publisher.

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/19/12

For personal use only.

390 RAPTIS ET AL.

In vivo parameters of bioavailability:
1. The time of maximum plasmaconcentration
2. The area under the plasmaconcentration-time-curve
up to 1 h and 2 h after application
%, The quantities of active ingredient excreted in the
urine up to 2 h after application
The highest correlation coefficient was found
between the areas beneath the dissolution-time-curve
and the plasmaconcentration-time-curve up to 1 h each.
No significant correlations were found between
the within 1 h dissolved substance and maximum plasma-
concentration, the area under the plasmaconcentration-
time-curve up to 4 h and 24 h and quantities of active
ingredient excreted in the urine up to 4 h after
application.

INTRODUCTION

A prerequisite for the efficacy of a medicament
is its adequate bioavailability. This can be deter-
mined by measurement of the concentration of the
active ingredient in the plasma (1). Investigations
on bioavailability require extensive analyses and
experimental procedures. In the development of new
formulations and in the monitoring of the production
of medicinal products simple test methods are easier
to apply. A simple test that is adequate for these
purposes is the determination of the dissolution rate
of the active ingredient from the drug form in vitro
(2). However, before conclusions with respect to bio-
availability can be drawn from an in vitro experiment
it should be checked by an in vivo experiment. A
particularly large part of the variability of in vitro
experiments is based on different apparaturs used.
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The selection of different parameters for the disso-
lution rate in vitro and for the biocavailability may
give different conclusions. In the present paper an
investigation into the correlation between the disso-
lution rate measured under defined in vitro conditions
and the biocavailability measured as the plasma level
and the excretion in the urine is reported, using
spironolactone as an example. Those parameters of the
in vitro and in vivo experiments will be selected

that are suitable for prediction of bioavailability.

MATERTALS AND METHODS

Preparations: The investigation was carried out on

a total of 11 oral preparatibns. Table 1 gives the

6 formulations containing 25 mg spironolactone, 3 of
which were commercially available preparations.

Table 2 gives the 5 formulations containing 100 mg
spironolactone, 4 of which were commercial preparations.
In the following, the preparations will only be
identified by the numbers given in the tables.

Dissolution rate (3): Three experiments were carried

out for each preparation containing 25 mg active
ingredient, and 2 experiments for each preparation
containing 100 mg active substance. In each case

1 tablet or 1 sugar-coated tablet containing 25 mg
spironolactone was dissolved in 2 litre 0.1 N HC1

at 37°C. Preparations containing 100 mg spironolac-
tone were dissolved in 4 litres 0.1 N HCl at 37°C.
The solutions were stirred in a round-bottomed flask
with a paddle stirrer mounted 4 cm above the base of
the flask and rotated at a speed of 120 rev/min. The
paddle was in the form of a segment of a circle with

RIGHTS

i,



RAPTIS ET AL.

otTqndsy Teasped URWISD = YID«

LOL Uodeg ‘y4H/Bulaeyos Ju (2 39TqE3} PIJEOO-IEANG 9
LOL Uojeg ‘ydp/Butaeyog ‘Sw ¢Z N I91qB3 W[TH g
20l yodeg ‘¥gp/Butaeyog ‘Buw Sg  I9TqEI UWITH f
¢elsLl, uoawd ‘L.¥ab/aeButaysog ‘ 391qw3 pejeov-aedns Bu og yPUOIOEPTY ¢
6009l OF uojed ‘ellelisny/eldesg ‘ 381qe3 3W Gg ,9U0LORDLY 2
a9 2uh NO yosjeg ‘uvdep/eiaeveg-TdnIey ‘ 3871qe3 JW &2 ¥ chouomva< L
‘o
sweu uotieaedsid uoTjeaedsag

suojoelouoITds Buw ¢z JUTUTEIUOD Po3eIBTISOAUT suotseaedsag

L TIEVL

392

*Ajuo asn [euos.sed 104
ZT/6T/TO UO IUel|fe|A 0LB] |V ©IRI01[qIg AQ WO0D'9/e0y}[ealjewliou wouj pepeojumog Adewleyd ersnpu| pue wewdopasq fniq



393

AVAILABILITY OF SPIRONOLACTONE

oriqndsy TeIspeg UEWISH = YdDa

LOL uogzeq ‘ygdn Burasyog ‘Bu 0Ol 3°1qe3 Po3EOO-Jedng G

710 9 Uo3ed “m&c\pmgomom ‘* 381qe3 pajeoo-ae8ns 3w QQL mHOHhmo +

2cehlL € uojeq ‘ellexisny/eTaesg ¢ 3eiqes 3w Q0L mwﬁovomva< ¢
9¢0L0090 Uo3ed

‘AT1ezr/a3t3ede * 387qes poje0o~aedns 3w QQL mwﬁouomcH< VA
#0¢ 101 Uo3eg

‘soueag/e1desg * 307Qqe3 pejeoo-Iedns Iu QQL Mwnopomvﬂ< L

0N
sweu uotjesedalg ucisexedsag

suocjoeTouoatds 3w (QQ| JUTUTEIUOD PajzeBT458AUl suoljeardadg

¢ HTEVL

*Ajuo asn [euos.sed 104
ZT/6T/TO UO IUel|eIN 0LB( |V BID101|q1g AQ WO8./eayl[eayeuliojul Wolj papeo jumoq Adewleyd eriasnpu| pue uswdopaag bnig



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/19/12

For personal use only.

394 RAPTIS ET AL.

a chord length of 8 cm segment width of 2 cm. The
increasing concentration of the dissolved active
ingredient was determined continuously over 65 min
by measurement of the extinction difference with a
two wavelength photometer at the wavelengths 250 and
275 nm in a 1 cm flow cell. Filtration of the solution
was unnecessary as by measuring the extinction
difference, interference by the suspended particles
is eliminated. The values were recorded "on line"
with an IBM 1800 computer and the following parameters
were calculated as criteria.

The fraction of active ingredient dissolved within

20 min (C,q)

The fraction of active ingredient dissolved within

60 min (060)

The dissolution half-life of the substance (tSO)

The slope of the dissolution~-time-curve at 50 %

dissolution (St50>

The maximum slope of the dissolution-~time-curve

(Stmax)

The dissolution rate constant (K) from the equation

up to 1 h:

ci/c =K * ti/( + K - ti)

max
The dissolution integral (A) from the equation up
to 1 h:

n -1 (ey +egq) (b5 -t

(b
i= 2-tn-c

ey is the concentration at the time ti,

max

Cmax is the
concentration on complete dissolution of the active
ingredient, and i takes the values 0, 1,2........n0.

Bioavailability: In the in vivo experiments the pre-

parations were administered to the proband at 8.00 a.m.
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after a 10 h fasting period together with a standard
breakfast so that uniform absorption could be expected.
Between each administration there was a period of one
week. In total 22 subjects of both sexes aged 21 - 36
years participated in several multiple change over
trials. Eight preparations were tested in 8 subjects,
and 3 of the 25 mg formulations in 6 subjects each.
Organic diseases were excluded by clinical and bioche-
mical examinations according to the recommendations
of the Deutsche Gesellschaft fiir Klinische Chemie (4)
(German Society for Clinical Chemistry). Blood samples
were taken at 0.5, 1, 2, 3, 4, 5, 6, 10, and 24 h
after oral application of the preparations, and urine
was collected in O - 2 and 2 - 4 h portions. The blood
was heparinised, centrifuged and the plasma and urine
were frozen at -20°C until analysis. The spironolactone
concentrations in the plasma and the quantity excreted
in the urine were determined by means of the 6
derivative, aldadiene (canrenone). Aldadiene is regar-
ded as the biologically active metabolite of spirono-
lactone (5). The determination was carried out fluo-
rimetrically on the basis of the method described by
Sadée, Dagcioglu and Riegelman (6). By this method
aldadiene and aldadienic acid were determind simulta-
neously in the plasma and in the urine both of these
and the glucuronide. The following parameters for bio-
availability were selected.

The maximum concentration in the plasma (Pmax)
The time of maximum concentration (tmax)
The area under the concentration-time-curve in the
plasma up to 1, 2, 4, and 24 h after application
(Fp)y (Fp), (Fy), (Fyy)
The quantities of active ingredient excreted in the
urine up to 2 and 4 hours after application (U2),
(v,)
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Correlation: In order to compare the results of in

vitro and in vivo investigations, correlation
coefficients (r) were calculated according to the
equation (7)
Sxy

T e ———
Sxx < Syy
where Sxy = Covariance and Sxx, Syy = variances of
the parameters to be compared.

For each preparation the means were used for the
in vitro experiment, and individual values for each
subject for the in vivo results. The use of the mean
of the in vitro data is necessary as it only
characterises the totalitr of the galenical formula-
tion, and not the individual units for the bioavaila-
bility. Therefore,individual values cannot be com-
pared in pairs. Linear relationships are assumed to
exist if the correlation coefficient found is
significantly different from zero (7). Tests were
carried out with an error risk of 1 %, related to the
single test - not multiple.

RESULTS

Dissolution rate: Fig. 1 shows the mean dissolution

curve calculated from the three dissolution experiments
for each preparation.

The preparations containing 25 mg active
ingredient can be divided into a group of rapidly
dissolving preparations, consisting of preparations
1, 4, 5 and 6 and a group of more slowly dissolving
preparations consisting of preparations 2 and 3. This
subdivision was confirmed by the parameters for the
dissolution rate in Table 3.
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Quantity of spironolactone dissolved from various

25 mg preparations in relation to time (in vitro)

The preparations containing 100 mg active

ingredient (Fig. 2) can be divided into a group of

rapidly dissolving preparations consisting of prepa-

rations 3 and 5, and a group of more slowly dissol-

ving preparations consisting of preparations 1, 2 and

4, Preparation 2 also differs from the other prepa-

rations by the very slow disintegration. The

subdivision of the preparations by means of the
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Quantity of spironolactone dissolved from various
100 mg preparations in relation to time (in vitro)

dissolution curves is confirmed by the parameters for

the dissolution rate in Tab. 4.

Bicavailability:

curves for spironolactone in the plasma for the
individual 25 mg preparations calculated from the 6

or 8 subjects. The preparations can be subdivided

Fig. 3 shows the mean concentration

into three groups. A high plasma level is achieved
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V¥ | piasma level [ng/ml]
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FIGURE 3

Aldadiene concentration in the plasma after the oral

401

administration of 25 mg spironolactone in 6 different

preparations; means from 6

with preparation 4. A relatively low plasma level
is obtained with preparation 2. The preparations

or 8 subjects

1, 3, 5 and 6 occupy an intermediate position, and

cannot be differentiated from each other. This
assessment is in agreement with the parameters of

biocavailability (Tab. 5).
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Fig. 4 shows the mean concentration curves for

spironolactone in plasma for the individual 100 mg

preparation calculated from the 8 subjects. They

cannot be subdivided directly by means of the plasma
level curves into rapidly and slowly absorbed prepa-
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FIGURE 4

Aldadiene concentration in the plasma after the oral
adminstration of 100 mg spironolactone in 5 different
preparations; means from 8 subjects
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rations. With the aid of the parameters (Tab. 6),
however, the preparations can be differentiated. The
preparations 4 and 5 are rapidly absorbed, whereas
preparations 1, 2 and 3 are slowly absorbed.

Correlation: In table 7 are shown the correlation

coefficients between the parameters for the in vitro
2nd the in vivo results with the 25 mg preparations,
as well as the number of significant correlations

for each individual parameter. Similar results are
shown in table 3 for the 100 mg preparations. The
correlation between the in vitro and the in vivo
results is demonstrated by the significant correlation
coefficients of several parameters, both for the

25 mg preparations and the 100 mg preparations. The
frequency of the proven correlations depends on the
choice of parameters, which can be seen from tables 9
and 10. For example, most correlations are shown
between the dissolution integral for the in vitro
experiments and the time of maximum plasma level for
the in vivo experiments. No correlations were found
between the peak plasma level, the total area under
the plasma curve, the quantity excreted in the urine
in 4 h and the fraction of active ingredient dissolved
within 60 min.

In tables 9 and 10 the parameters are ranked
according to the frequency of demonstrated corre-
lations per parameter. In case of equal frequencies,
the size of the correlation coefficient was decisive.
According to this rank order appropriate parameters
can be chosen to describe availability in in vitro
and in vivo experiments.

RIGHTS

i,



405

AVAILABILITY OF SPIRONOLACTONE

q0%e  LgeL 11149 ¢L0L Lot 60L 0°¢ 08¢ q
680¢ ¢66 7Le ¢L6 662 66 0°¢ 0% 17
6042 GSL Le0g oLy ase 49 0°¢ 082 ¢
199¢ 4L§ Lete 908 LSL LL G ¢ 06¢ b
0lLLe 92l 6¢ee 26d tee L°GH 0°¢ 062 L
TW 1w 1w Tw
8n gn U-gg U gg Y9'¥g UYU'mm q 1w/
c e ) Z L Xeu Xew TON UoT3
n n d a I a 3 d -eaedeag

sjoelqns g WOIJ PAUTWIIZSP

‘jquetpeadul eatzoe Ju Q| Jurtulequod suotljexedead wWOIJ suewWny JO

ewse(d 9yYj3 Ul suojoeroucaids Jo L3TTTQR[TEABOIQ 8Y3 JI0J SI938WeIBJ

9 TIdVd

*Ajuo asn feucssed Jo4

ZT/6T/TO UO IUel|eIN 0LB( |V BID101|q1g AQ WO8./eayl[eayeuliojul Wolj papeo jumoq Adewleyd eriasnpu| pue uswdopaag bnig



RAPTIS ET AL.

406

L0°0 = d 38 UOTFBTOIIO0D .4

Lo°0 s d

Su0T3eTed

~-I05 jue

L L L L L 0 L orgrudTe

3o oy

0 LLL°0  6£L°0  4GL°0  €9L°0  ¢GL°0- 2%0°0  480°O- KA

0 00€°0  G68°0  LWET0  L9E'0  SLET0= SLL°O  90¢°0 )

0 LOL°0 4220 260°0  9hL°0  06L°0- 480°0  09L°0 K

0 L12°0  862°0  €02°0  L92°0  £62°0- 650°0  602°0 Ty

0 052°0  9%2°0  Oow2"0  842°0  €G2°0~- 960°0  $¢2°0 Ca

0 L82°0  $62°0  S82°0  tL€"0  #0¢T0- 09L°0  $82°0 ba

9 0L 0= waMOL 0= «xdGH°0™ ++20G6°0= «s9Lt°0 £L2°0= «s&l%°0O- Nmap

0 82L°0  69L°0  H0L°0  L9L°0  9GL°0- $00°0 LLL0 *80y
Lo°0 = d
suoTjelad
-J02 jue
-0TJTUSTS

30 oy by by g 05,4 08, 09

s3oelgqns g xo

9 03 paasjsutupe sem uoTjexedeaad yowy *JUaTpaadul sAT30e 33U G2 JUTUTEZUOD
suoTqeardead g wox) suojzoeloucatds Jo LTTIQeEITBABOTQ 3Y3J PUB OJJTA UL 93ed
UoT4NTOSSTIP Y3 JO sIejsweaed ayj] UseM3dq (I) SJUSTOTIIA00 UOTJBTLII0D JBBUTT

VAEGCA T

*Ajuo asn [euos.sed 104
ZT/6T/TO UO IUel|eIN 0LB( |V BID101|q1g AQ WO8./eayl[eayeuliojul Wolj papeo jumoq Adewleyd eriasnpu| pue uswdopaag bnig



407

AVATLABILITY OF SPIRONOLACTONE

10°0 5 d 3 UOTI3ZBTOIIOD s

10°0 5 d
SUOTJBTOIIOO
¢ 2 0 z L 0 ¢ AUBOTITU
~31%8 JO ON
0 ¢61°0 L8L*0  LLL°0  09L°0  £SL°0- 290°0  #8L 0 K
2 Lo L2H°0  06£°0  CL2°0  GAETO  2ELTO~ 64L°0 ssllt®O qn
0 920°0- LLO*0 660°0  #.0°0- 600°0- #00°0 $50°0- K
0 022°0  £¢2°0 60L°0  S8L°0 L22°0- SHL°0  602°0 Ty
¢ «s2GH°0  +40SH°0  6LZ°0 #eflt1"0  GLET0~ OHZ0 «xCih O g
g «sOTG 0 462570  HLZ°0  +4£0G°0 «oWONTO= GEC 0  +42¢6°0 ba
1118
0 #12°0-  #9L°0~ 9¢0°0- 8L2°0- ¢¢L°0 +H£0°0- 0¢2°O- xehy
)1
0 €60°0- 200°0  LLO*O- 8%0°0- 260°0- 040°0  £90°0- *eUg
L0°0 5 d
SUOT4B18II00
3u8dTITUdIS oI3TA U
Jo oN by by *®lag 0Syg 0S, 09, 0¢y  gejemeaeg

saoefqus g

03 paadsjstutwpe sem uotjeaedoad yoey °juUaIpPaIBUT 8AT3O08 3w (OO BUTUTR3UOD
suotgeaedead ¢ woxy suogoeTouoaTds Jo L3TTTIQETTIBABROIQ 843 PUB OJQTA UT 83eJ
UoTANTOSSTIP 9y} JO saojamweded oygq ussmzeq (I) SZUSTOTIFS00 UOTJRIOIIOD JIBIUTT

8 HTHVL

*Ajuo asn [euos.sed 104

ZT/6T/TO UO IUel|eIN 0LB( |V BID101|q1g AQ WO8./eayl[eayeuliojul Wolj papeo jumoq Adewleyd eriasnpu| pue uswdopaag bnig



408 RAPTIS ET AL.

TABLE 9

Rink of the parameters of the dissolution rate
in vitro according to the number of demonstrated

correlations
Rank Parameter Number of significant cor-
relation coefficients
p ¢« 0.0
1 Aq 4
2 020 4
3 StSO 3
4 K,‘ 3
=
g 5 tSO 2
% 6 Stmax 1
2 C 0
2 7 60
(3
TABLE 10

Ronk of the parameters of biocavailability according
to the number of demonstrated correlations

Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/19/12

Rank Parameter Number of significant cor-
relation coefficients
p £ 0.01

4 tmax 6

2 F,1 5

% F2 4

4 U2 2

5 Fﬂ/Pmax/F24/Uu 0
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DISCUSSION

The observed significant correlation coeffi-
cients of ca. 0.5 are low due to the well-known
individual scatter (8) from subject to subject.
Therefore only a tendency for dependence of the
biocavailability on the dissoclution rate in vitro
can be shown. The correlation at only 1 % error risk
on the other hand is obvious,so that the procedure
used for the speed of dissolution in vitro can be
used as a test method for the development and for
the monitoring of the production of solid dosage
forms. We must qualify this, however, by saying that
the correlation for formulations with other active
ingredients is likely, but has not been confirmed.

The various parameters of the bioavailability
reflect different aspects of biocavailability. Thus,
for example, the area under the plasma level curve
up to 24 h is a measure of the completeness of
absorption. It does not show any correlation with
the in vitro results. The areas under the plasma
level curves at the shorter periods of 1 and 2 h and
the excretion in the urine in the first 2 h are
measures of the speed of absorption. These parameters
are related to the dissolution rate in vitro.

The time of maximum plasma level also tends
rather to reflect the speed of absorption. It proved,
however, not to be a reliable parameter as no correla-
tion could be established by it with the 100 mg
preparations. Other authors have carried out in vivo
and in vitro experiments with spironolactone (9) and
came to similar conclusions. Using three prepa-

rations with different in vitro results the same plasma
peaks and the same quantity of 6 derivative - alda-
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diene -~ excreted in the urine up to 4, 6 and 24 h
after administration were obtained in vivo. The time
of maximum plasma level and the quantity excreted in
the urine 2 h after administration were different but
in agreement with the results described here.

The various parameters of the dissolution rate
also reflect different aspects of the dissolution
process. The dissolution integral and the constants
for dissolution speed give global information on the
overall dissolution process. Correlations are demon-
strated with these parameters.

The other parameters used only give information
on a particular instant in the dissolution process.
Therefore the correlation demonstrated with them
cannot be generalized. For example, no correlation is
demonstrated with the quantity dissolved within 60 min,
whereas the quantity dissolved within 20 min was
correlated with 4 in vivo parameters. Prior knowledge
of a preparation should help the investigators to
choose suitable parameters. For example, in an
experiment with slowly dissolving preparations para-
neters referring to 60 min may be more favourable
than 20 min values. In part this modification also
applies to the half-life and to the slope at half-
life. In comparison with the global parameters they
have the disadvantage that they do not reflect the
entire course of the dissolution, but the advantage
that they characterize the mid-point of the disso-
lution curve. In the present example with spirono-
lactone they proved, with certain reservation, to be
suitable parameters for investigations of bio-
availability.
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