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DISSOLUTION RATE AND BIOAVAILABILITY OF SPIRONOLACTONE TABLETS:
EFFECT OF VARIOUS TECHNOLOGICAL FACTORS

A. CONCHEIRO, M, LLABRES, J.L. VILA-JATO, R. MARTINEZ and J. BLANCO

Departamento de Farmacia Galénica
Facultad de Farmacia

Santiago de Compostela ( Spain )

ABSTRACT

The effects of the magnesium stearate, talc
and gelatin contents of spironolactone tablets on dissolution rate
and bicavailability of the drug have been evaluated. The dissolu-
tion test results for eight formulations corresponding to a 2x2x2
factorial design showed dissolution rates to be chiefly dependent
on gelatin content. Testing the bicavailability of the eight for-
milations using a balanced incomplete block design revealed no
evidence of bioinequivalence, but in view of the possibility thht
the absence of significant differences had been due to the large
number of forrmulations ( and consequent lack of sensitivity on the
part of experimental design ) three representative formulations
were re-tested using a 3x3 Latin square design. The results con-
firmed those of the balanced incomplete block study. Use of the ba-
lanced incomplete block design is advocated for biocavailability
studies in which a large number of formulations are to be compared.
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INTRODUCTION

Spironolactone is usually included among the
active principles considered to be prone to bioinequivalence pro-
blems when administered in solid oral dosage forms ( 1 ), and in
recent years considerable attention has been paid to this aspect of
the drug ( 2; 3; 4; 5 ). However, relatively little has been publis-
hed regarding the influence of technological factors on its biocavai-
lability in tablets, the only variables whose effects have been stu--
died with some detail being particle size ( 6; 7 )} and the presence
of surfactants ( 8; 9; 10 ). This article reports a study of the
effects of three technological factors ( gelatin, talc and magne-
sium stearate content ) on the dissclution rate and bicavailability

of spironolactone tablets.
EXPERTMENTAL

Formulations: Micronized spironolactone was supplied by Claudio
Barcia S.A. ( lot 78/91 ). Eight formulations containing 25 mg of
spironolactone per tablet were prepared by conventional wet granu-
lation method from a basic mixture composed of 12.8% spironolacto-
ne, 52.32% wheat starch and 34.88% lactose. The proportions of ge-
latin, talc and magnesium stearate were chosen to fit a 2x2x2 fac-
torial design ( Table I ). Gelatin was dispersed in water and
added to the mixture during granulation. Tablets were formed using
a rotary press with flat 6 mm punches.

Analytical methods: Spironolactone was determined in dissolution
test samples using the spectrophotometric method of Raptis et al.
( 4 ). Canrenone was determined in urine samples by spectrofluoro-
metric method of Gochman et al. ( 11 ). Urine samples were stored
at -302C before their analysis.

Dissolution test: Dissolution tests were carried out at 372C in
the USP XXI Apparatus I using a 3 liters vessel, a speed of 150
r.p.m. and destilled water as the dissolution mediim. Dissolution
curves were characterized by the mean residence times ( MRT dis }
(12 ).
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TABLE 1
Gelatin, talc and magnesium stearate content of the eight
formulations studied.
Formulation % Gelatin 2
2

alc % Magnesium stearate
1
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2
2
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Protocol: The eight formulations were administered inmediatly be-
fore a standard breakfast to 14 volunteers of either sex, none of
whom had any history of renal insufficiency. Administration con-
formed to a random balanced incomplete block design ( 13 ). In a
complementary study, three of the formulations were administered

to 15 volunteers in accordance with a 3x3 Latin square design with
five replicates per square. Urine was collected: 1; 2; 3; 4; 5; 6;
8; 10; 12; 24 and 48 hours after administration of the formulation.
Pharmacokinetic Analysis: The urinary excretion curves of canrenone,
the main metabolite of spironolactone, were characterized by the
three statistical moments proposed by Yamaoka et al. ( 14 ) for
plasma level curves and adapted by Vila-Jato et al. ( 15 ) for uri-
nary excretion curves. These moments are the total quantity of can-

48 ) ; the mean residence

time, in h ( MRT ) and the variance in residence time, in h2 ( VRT )

Statistical Analysis; The values of E48, MRT and VRT obtained in

renone excreted after 48 hours, in wg ( E

the biocequivalence studies were subjected to two-way multivariant
analysis of variance ( MANOVA ), the independent variables being
volunteer and formulation. In the balanced incomplete block study

the null hypothesis was tested using the Wilks” test ( 16 )}, and

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/24/12
For personal use only.

2304 CONCHEIRO ET AL.

TABLE 2

Technological characteristics of the eight formulations studied.
Mean value * standard deviation

Formulation Mean weight Friability Hardness Disintegration
mg $.104 Kg time ( min.)

A 212.016.65 332.8 6.02x0.48  3.35%0.68
B 213.416.88 964.0 4.87+0.59  4.83%0.49
C 224.2+8.96 44.1 7.05+0.18  5.08%0.13
D 215.8+6.00 1033.1 4.50%0.44  4.08%0.20
E 224.317.54 0.0 0.921%0.38 15.17+4.35
F 223.2+4.78 1153.5 2.58£0.20 16.17x4.10
G 230.415.21 390.4 3.42+0.38 13.08%2.84
H 224.945.12 1613.2 2.6710.26 17.08%2.25
in the Latin square by the greatest eigenvalue test ( 17 ). The

MRT4ig results were subjected to analysis of variance in order to
detect significant differences between the dissolution rates of the

various formulations and to identify the technological factors res—
ponsible.

RESULTS AND DISCUSSION

Table 2 lists the technological characteris—
tics of the eight formulations studied. Figure 1 shows the mean
dissolution curves to differ considerably, and the MFTdiS of each
formulation is listed in Table 3

The results of the analysis of variance
{ Table 4 ) show that the main factor responsible for the signifi-
cant differences among the MRTdis values was the quantity of gela-
tin and that this effect was modulated by the quantity of talc. The
magnesium stearate content of the formulations had nc significant
effect.

Figures 2 and 3 show the mean distributive u-

rinary excretion curves obtained for the eight formulations tested
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100 ¢

% Spironolactone dissolved

Time ( hours )

FIGURE 1-. Mean dissolution curves of the eight spironolactone
tablets studied. A (%), B (e ), C (O), D (@},
E(«), F(*x),G(w)adH (v)
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TABLE 3

MRT values ( mean of 6 determinations ) corresponding to the
dissolution curves of the eight formulations studied.
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Formulation MRT dis.( min. )
A 50.48
B 39.85
¢ 15,92
D 28.57
E 60.50
F 107.46
G 111.52
H 169.48
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FIGURE 2-. Spironolactone mean urinary excretion curves of
A(v) B(e),C (0O) and D ( W) formulations

TABLE 4

ANOVA of the MRT., values of the dissolution curves corresponding

to the eight formitations studied.

i

Pormulations 7 111658.7504
Gelatin ( G ) 1 81257.2605
Talc ( T ) 1 2044.5436
Magnesium stearate ( MS ) 1 5890.7930
GxT 1 14818.1866
G x MS 1 5797.6646
T x MS 1 1822.7442
GxTxMS 1 27.5578
Error 40 59612.1497
Total 47  171270.9002

M.S.

15951

81257.
2044.
5890.

14818.
5797.
1822.

27.
1490.

Fooa
.2500 10.70 0.01
2605 54.52 0.01
5436 1.37 N.G&.
7930 3.95 N.S.
1866 9.94 0.01
6646 3.89 N.
7442 1.22 N.
5578 0.02 N.
3037
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FIGURE 3-. Spironolactone mean urinary excretion curves of
E(v), F(e), G (DO) and H (B) formulations

in the balanced incomplete block study, and Table 5 the values of
E48, MRT and VRT for each individual and formulation. The multiva-
riant analysis of variance ( Table 6 ) and Wilks“test fail to jus-
tify rejection of the null hypothesis that the formulations were
bicequivalent ( x° = 58.91 with 75 d.f. ). In view of the possi-
bility of this result”s being due to lack of sensitivity on the
part of the experimental design, formulations C, E and G ( those
with the lowest, the highest and approximately the mean values of
E48 ) were subjected to further testing in a 3x3 Latin square stu—
dy with five replicates per square. Figure 4 shows the mean urinary
excretion curves obtained in this complementary study, and the values
of E48, MRT and VRT are listed in Table 7. Again, no significant dif-
ferences were detected among the three formulations tested with res-
pect to these variables ( Table 8 ).

The results reported above show that formula-

tions whose in vitro behaviours are appreciably different and which

RIGHTS

i,



CONCHEIRO ET AL.

2308

A1)
LO°7S
IAIRAN
9T1°L8

¢0°501
8% 60T
€T°L0T
Z6°8L
£8°96
S8 PTT

A

TNT
Lidiy

2U3 03 BUTpuodsaliod UOTIETIULIO] PuR IS9UNTOA Uoes JOJ sonTea ( NQ ) WA PR ( "YU ) AW ‘ bn)

61°8
VA
T0°6
S¢°L
£€8°L
Lv'o
LS8
LT'6
A4
£e0T
S0°6
AN
rPeroT
AN

p
4

=

¥ 0TTC
0°L9CT
6°€€0T
€'GLTT

9°1ev1
v L8TT
2 9Pe1
978507
[ANATaN

1

8V

n U - =m0

oo

UOTJeTNUIO] A T o [ = O

%6 6L
86°CP
6L7G0T
99°¢8
£€8°CL
8059
6T ¥0T
VL7201
SGTE0T
Te 0zt
9£°921
96°T6
6G°9CT
67 70T

TA

-
[17eVAN

oy
7S
19%
69
$6

6
'S
)
‘9
‘9

Uy

99

47

vL

59

14

q
.
4
4

¥

'8
‘8
¢ETTT
6
8E 0T
8
ARA)
6

6°88€C
7 OTIT
9°5920T1
L°ST6

€ TEVT
L7881
9°C6T1T
L°Z8ST
ST Zvve
6°06TT

q

8y

08778
08°LL
0v°Ze
6L°GL
€eoL
8708
8V v
6€ 72T
9879071
66°60T
v L6
1L°26
0L799
06766

O 1B & A &

O VU M N N

$IdA

uoTie TnuLIO

S dJIdVL

*Ajuo asn [euos.sed 104
ZT/v2/T0 Uo IUel|e N 0Maq |V BI8101q1g AQ WOI9./eay} [esUewiojul WoJj papeojumoq AJewreyd [elisnpu| pue uswdoprag bnig

6076
8T"L
ve°L
¥9°9
06°L
S1°6
L9°¥
00°0T
€276
EL'6
706
116
T6°6
65°8

)
)
2]
4

6°06£C
0 T¥OT
9°'760T1
¢ STIET
1°941¢

L7TeST
£ EvoT
0°Z8LT
8'TCET
ZTLOPT
LTLEST
0°vee6l
¢80T

d

8y

S0°¢€6
ey eL
88°L8
60706
0'6L
66°CL
6% "G0T
¥8°28
€5 9L
LT €0T
vz 86
€0°98
LTTITT
¢T°00T

o v A Qoo

A

Ly

uorieTNIOd M oM A U A A U oM

6G°6
89°L
90°8
€e°8
£€9°8
8t L
AR
crre
Ly'8
SC°8
Iv°6
SL°6
9T1°¢T
0L°0T

4
4
2

9°Tvee
0°L6ZT
£°966

QTGLL

G CShT
QTLEST
9°SPh9

9°GL0T
€°029T
T°0%ET
0°69¢L

6°8L9T
§reeee
GTEL0T

e
=172

g ¥T
¥ €1
d CT
¥ 1T
o 01
Y 6
g 8
Y L
g 9
¥ g
O ¥
¥ ¢
d z
¥ 1
¢ 8
W_J

Apnas spoTg o3e1dwoour peaoueTed

87



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/24/12

For personal use only.

TABLE 6

Results of the multivariant analysis of variance in the Balanced

Incomplete Block Design.

¥2 = 58.91 with 75 d.f. 90.53 is the Critical Value for o = 0.01

Source of

9508
7214

6315
8796

0974
0652

6798
6663

9842.2841

2613.4230

13349.2387

25804.9458

Variation Matrix Sum of squares and products
Formulations H 9470027.9160
11367.4007 70.
~ 25719.9895  508.
Volunteers S 271415.9567
- 49,5974 3.
8454,3322 23,
Error E 1518323.0253
- 1777.3413 41.
-~ 27261.2979  399.
Total T 11259766.8980
9540.4620  115.
~ 44526 931.
250¢
T
< 200f
o
=N
o 150F
4+
&
8
»  100p
&
50

Time ( hours )

FIGURE 4-. Spironolactone mean urinary excretion curves of
C(Hm), E(e)and G (0O ) formlations.
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TABLE 8

Results of the multivariant analysis of variance ( MANOVA ) of the
Latin square study. The greatest eigenvalue of H.E-L is Cg= 0.034
and Cg/1l + Cg = 0.033; the parameters of its distribution are s=2,
m= 0 and n = 12. Null hypothesis is not rejected at o = 0.05 level

§ZE§Ziigi D.F. Sum of squares and products
Formulations H 18615.8093
~ 26.9587 0.7076
- 1096.5609 11.0991 199.8775
Volunteers S 8834290.3120
775.5698 47.8162
- 65750.1098 543.6550 8785.5775
Error E 1010435.2707
1169.8521 35.1148
- 15286.1938  362.2836 6588.6757
Total T 9863341.3920
1918. 4632 83.6386
- 82132.8625 917.0377 15574.1507

are distinguishable in dissolution studies are nevertheless bicequi-
valent. The factors identified as responsible for the differences in
dissolution rate therefore have no effect on bicavailability, at least
within the concentration ranges studied. These findings should be
interpreted in the light of those of an earlier study ( 18 ) in which
the two factors chiefly responsible for controlling the biopharmaceu-
tical behaviour of spironoclactone were identified as its poor solu-—
bility and the long elimination half-life of canrencne. The failure
to detect bioinequivalences in the present study cannot be attribu-
ced to canrenone”s high distribution MRT making the statistical
moments insensitive towards changes in absorption rate, because ana-
lysis of variance of the quantities of canrenone excreted after three
hours shows that this parameter, which is more sensitive than the

others to absorption rate ( 18 ), likewise fails to exhibit signifi-
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cant differences ( F = 0.02 with 2; 28 d.f. ). It must be therefore
be concluded that in the present case the absence of significant
differences between the canrenone urinary excretion profiles of the
various formulations studied is due to the low solubility of spiro-
nolactone, which results in there being little difference between
the formulations as regards the rate at which the active principle
is made available. This hypothesis is supported by the fact that
when large increases in the dissolution rate of spironolactone ta-—
blets have been achieved by reduction of particle size ( 6; 7 ) or
inclusion in solid dispersions or complexes ( 19; 20 ) the biocavai-
lability of the drug has also improved significantly. As a conse-
quence of the above conclusion, it may be expected that the techno-

logical factors involved in the production of spironolactone tablets

with conventional formulations will give rise to no bioinequivalence.

Finally, it is worth pointing out that in
spite of the least significant differences in the balnaced incomple--
te block design being much larger than in the Latin square design
( 314.06 ung as against 142.60 ug ), the former was nevertheless
sensitive enough for the purposes of the study. This means that ba-
lanced incomplete block designs may usefully be employed in evalua-
ting the effects of technological factors on biocavailability or in
other bioegquivalence studies in which large numbers of formulations

must be studied simultaneously.

This work was supported by a grant 2777-83 from the Comision Aseso-
ra de Investigacion Cientifica y Técnica. Ministry of Education.

Spain.
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