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ABSTRACT 

The effects  of the magnesium stearate,  talc 

and gelatin contents of spironolactone tablets  on dissolution rate 

and bioavailability of the drug have been evaluated. The dissolu- 

t ion test results for  eight formulations corresponding t o  a 2x2~2 
factor ia l  design showed dissolution rates  t o  be chiefly dependent 

on gelatin content. Testinq the bioavailability of the eight for- 

mulations using a balanced incomplete block design revealed no 

evidence of bioinequivalence, but i n  view of the possibil i ty thht 
the absence of significant differences had been due to  the large 

nmnker of f o m l a t i o n s  ( and consequent lack of sensit ivity on the 
part of experimental design ) three representative formulations 

w e r e  re-tested using a 3x3 Latin square design. The resul ts  con- 

firmed those of the balanced incomplete bLxk study. U s e  of the ba- 

lanced incomplete block design is advocated for  bioavailability 

studies i n  which a large number of formulations are  to  be compared. 
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INTRODUCTION 

C O N C H E I R O  ET AL. 

Spironolactone is usually included m n g  the 
active principles considered t o  be prone t o  bioinequivalence pro- 

blems when adrninisterecl i n  solid oral  dosage f o m  ( 1 ) ,  and in  

recent years considerable attention has been paid to  t h i s  aspect of 

the drug ( 2;  3 ;  4; '5 ) . However, relatively little has been publis- 

hed regarding the inEluence of technological factclrs on its bioavai- 

l a b i l i t y  in  tablets ,  the only variables whose effects  have been stJ-- 

died with some detaiI  being par t ic le  s ize  ( 6; 7 ) and the presence 

of surfactants ( 8; 9; 1 0  ) .  This a r t i c l e  reports c3 study of the 

effects  of three technological factors ( gelatin,  t a l c  and mgne- 

sium stearate content ) on the dissolution ra te  and bioavailability 

of spironolactone tablets .  

EXPERUVIENTAI, 

Formulations: Micronj-zed spironolactone w a s  supplied by Claudio 

B a r c i a  S.A. ( l o t  78//91 ) .  Eight formulations containing 25 mg of 

spironolactone per tablet  w e r e  prepared by conventi-onal w e t  granu- 
lation mthod from a basic mixture composed of 12 .8% spironolacto- 

ne, 52.32% wheat starch and 34.88% lactose. The pr':)prtions of ge- 

la t in ,  t a l c  and magnesium stearate  w e r e  chose.. t o  f i i t  a 2x2~2 fac- 

to r i a l  design ( Table :I ) .  Gelatin w a s  d i s p r s d  i n  water and 

added t o  the mixture during granulation. Tablets w l x e  formed using 

a rotary press with f l a t  6 m punches. 

Analytical rrethcds: Spironolactone was determined in dissolution 

test samples using the spectrophotorretric method of! Raptis e t  al. 
( 4 ) . Canrenone was  determined i n  urine samples spectrofluoro- 

metric rrethod of G o c k m  e t  a l .  ( 11 ) . Urine sampl-es w e r e  stored 

a t  -3OX before the i r  analysis. 
Dissolution test.: Dissolution tests w e r e  carried out a t  37GC in  

the USP XXI Apparatus I using a 3 liters vessel, a speed of 150 

r.p.m. and dest i l led w a t e r  as the dissolution mediun. Dissolution 

curves were characterized by the mean residence tiITES ( MRTdis ) 

( 12 1. 
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SPIRONOLACTONE TABLETS 2303 

TABLE 1 
Gelatin, talc and magnesium stearate content of the eight 
formulations studied. 

Formulation % Gelatin % Talc % Magnesium stearate 
A 2 2.5 1 
B 2 2.5 2 
C 2 5.0 1 
D 2 5.0 2 
E 4 2.5 1 
F 4 2.5 2 

G 
H 

4 5.0 
4 5.0 

1 
2 

Protocol: The eight formulations were a6mi.nistered 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 fomlation. 
Pharmacokinetic Analysis: The urinary excretion curves of canrenone,. 
the min metabolite of spironolactone, were characterized by the 
three statistical mmnts proposed by Yamaoka et al. ( 14 ) for 
plasma level curves and adapted by Vila-Jato et al. ( 15 ) for uri- 
nary excretion curves. These mments are the total quantity of can- 
renone excreted after 48 hours, in 

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

Statistical Analysis: The values of E48, MRT and VRT obtained in 
the bicequivalence studies were subjected to two-way multivariant 
analysis of variance ( MANOVA ) , the independent variables beinq 
volunteer and fomlation. In the balanced incowlete block study 
the null hypothesis was tested usinq the Wilks’ test ( 16 ) , and 

pg ( E48 ) ; the mean residence 
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2304 C O N C H E I R O  ET A L . .  

TABLE 2 

Technological characterist ics of the eight foml.at ions studied. 
Mean value t standard deviation 

Formulation Mean weight 

212.026.65 
2 1 3.4.?6.88 
224.2k8.96 
2 1 5.8t6.00 
,224.327.54 
223.2.h4.78 
230.4it5.21 
224.9L5.12 

mg 
Friabi l i ty  

% .104 
332.8 
964.0 
44.1 

1033.1 
0.0 

1153.5 
390.4 
1613.2 

Hardness 
Kg 

6.0220- 46 
4.87+0.5!? 
7.052O.lt3 
4.5020.44 
0.9220.38 
2.5820.20 
3.4220.38 
2.6720.26 

Disintegration 
t i n e  ( m i n . )  
3.3520.68 
4.8320.49 
5.0820.13 
4.0820.20 
15.1754.35 
16.17i4.10 
13.0822.84 
17.0822.25 

i n  the Latin square bl7 the greatest  eigenvalue test ( 17 ) .  The 

MRTdis results were subjected t o  analysis of variance i n  order t o  

detect significant differences between the dissolution rates  of the 

various formulations md to  identify the technologimcal factors res- 
pons ib le  . 

IESULTS AND DISCUSSION 

Table 2 lists the technologicd characteris- 

t i c s  of the eight formilations studied. Figure 1 shows the mean 
dissolution curves t o  d i f fe r  considerably, and the MliTdis of each 

formulation is listed in T a b l e  3 

The resul ts  of the analysis of variance 

( Table 4 ) show tha t  the main factor responsible for  the signifi-  

cant differences zmng the P.mTdis values was  the qu;ulLtity of gela- 

t i n  and that  this effect  w a s  modulated by the quantity of talc. The 
magnesium stearate content of the formulations had nc1 significant 

effect  . 
Figures 2 and 3 show the mean distributive u- 

rinary excretion czuvec. obtained for  the eight formulations tested 
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10 0 

80 

60 

40 

20 

1 3 6 9 

Time ( hours 

F I G L ~  I-. man dissolut ion curves of the eight  spironolactone 

tablets studied. A ( * ) r B ( ) c ( 0 ) r D ( 

E ( 4 I f  F ( * I ,  G ( V  ) H ( V  ) 

TABLE 3 

MRT values ( mean of 6 determinations ) corresponding to  the 
dissolution curves of the eight formulations studied. 

Formulation 

A 
€3 

C 

D 
E 

F 
G 

H 

MRT ( min. ) dis .  
!jO. 48 
39.85 
15.92 
28.57 
60.50 
107.46 
111.52 
169.48 
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2306 C O N C H E I R O  ET A L .  

6 12 18 30 

Time ( hours ) 

42 

FIGURE 2-. Sp!irono:Lactone mean urinary excretion curves of 
A ( v ) ,  B ( 0 ) ,  C ( 0 ) and D ( ) formulations 

TAJ3LE 4 

ANOVA of the MRTcji 
to  the eight forrrdations studied. 

values of the dissol 

Source of 
Variation 

Forinulations 
Gelatin ( G ) 

Talc ( T ) 

Magnesium stearate  ( PIS 1 
G x T  
G x M S  

TxMS 
G x T x M S  

Error 
Total 

D.F S.S 

it ion curves corresponding 

7 
1 
1 
1 
1 
1 

1 
1 
40 
47 

111638.7504 
81257.2605 
2044.5436 
5890.7930 
14818.1866 
5797.6646 
1822.7442 
27.5578 

59612.1497 
171270.9002 

M. S. F a  

15951.2500 10.70 0.01 
81257.2605 54.52 0.01 
2044.5436 1.37 N.E.  

5890.7930 3.95 N.S.  

14818.1.866 9.94 0.01 
5797A646 3.89 N.S. 
1a22.r'442 1.22 N.S. 

27.'5578 0.02 N.S. 

1490.3037 
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c .9 100 

6 12  1 8  30 42 

Time ( hours 

FICXJRF 3-. Spironolactone man urinary. excretion curves of 
E ( v ) ,  F ( 0 1 ,  G ( 0  ) and H ( ) forrmilations 

in  the balanced incomplete blcck study, and Table 5 the values of 

E48, NRT and VRT for  each individual and formulation. The d t i v a -  

riant analysis of variance ( T a b l e  6 ) and Wilks’test f a i l  to  jus- 

t i f y  rejection of the null  hypothesis that  the fornulations w e r e  

bioequivalent ( xL. = 58.91 w i t h  75 d. f .  1 .  In  view of the pssi- 
b i l i t y  of this result’s being due t o  lack of sensit ivity on the 

part  of the experimental desiqn, f o m l a t i o n s  C,  E and G ( those 

with the lowest, the highest and approximat.ely the mean values of 
E ~ *  
dy w i t h  f ive replicates per square. Figure 4 shows the mean urinary 
excretion curves obtained in  this complementary study, and the values 
of E48, PlRT and VRT are listed i n  Table 7.  Again, no significant dif- 

ferences were detected m n g  the three formulations tested w i t h  res- 
pect to  these variables ( Table 8 ) .  

7 

were subjected t o  further testing in a 3x3 Latin square stu- 

The results reported above show that  formula- 
t ions whose i n  v i t ro  behaviours are apprec-iably different and which 
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TABLE 6 
Results of the multivariant analysis of variance in the Balanced 
Incomplete B l o c k  Design. 

~2 = 58.91 with 75 d.f .  90.53 is the Critical Value for a = 0.01 

Source of 
Variation Matrix Sum of squares and products 

Volunteers 

Error 

Tota l  

Formulations H 9470027.9160 
11367.4007 70.9508 

- 25719.9895 508.7214 9842.2841 
S 271415.9567 

- 49.5974 3.6315 
8454.3322 23,8796 2613.4230 

E 1518323.0253 
- 1777.3413 41.0974 

- 27261.2979 399.0652 13349.2387 
T 11259766.8980 

9540.46201 115.6798 
- 44526 931.6663 25804.9458 

6 12 18 30 42 

FIGLTRE 4-. Spironolactone man ur incq  excretion CULves of 
C ( 1 ,  E ( 0 ) and G ( 0 ) fomlations. 
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TABLE 8 

Results of the mltivariant analysis of variance ( W O V A  ) of the 
Latin square study. The greatest eigenvaliie of H.E-l is Cs= 0.034 
and Cs/ l  + C s  = 0.033; the paraneters of .its distribution are s=2, 
m= 0 and n = 12. N u l l  hypothesis is not rejected at a = 0.05 level 

Source of D.F. Sum of squares and products 
Variation 

Fonnulations H 18615.8093 

- 26.9587 

- 1096.5609 

Volunteers S 8834290.3120 

775.5698 

- 65750.1098 

Error E 1010435.2707 

1169.8521 

- 15286.1938 

Total T 9863341.39201 

1918.4632 

- 82132.86251 

0.7076 

11.0991 199.8775 

47.8162 

543.6550 8785.5775 

35.1148 

362.2836 6588.6757 

83.6386 

917.0377 15574.1507 

are distinguishable in dissolution studies are nevertheless bioequi- 
valent. The factors identified as responsible for the differences in 
dissolution rate therefore have no effect on bioavailability, at least 

within the concentration ranges studied. 'Ihese findings should be 
interpreted in the light of those of an earlier study ( 1 8  ) in which 
the two factors chiefly responsible for controlling the biopharmaceu- 
tical behaviour of spironolactone were identified as its por solu- 
bility and the long elimination half-life of canrenone. The failure 
to detect bioinequivalences in the present study cannot be attribu- 
Led to caricenone's high distribution MRT making the statistical 
m m t s  insensitive towards changes in absorption rate, because aria-- 

lysis of variance of the quantities of canrenone excreted after thee 
hours shows that this parameter, which is mre sensitive than the 
others to absorption rate ( 1 8  ) ,  likewise fails to exhibit signifi- 
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cant differences ( F = 0.02 with 2; 28 d.f. ) .  It  mist be therefore 

be concluded tha t  i n  the present case the absence c1.E sigriificant 

differences between t lne canrenone urinary excretion profiles of the 

various formulat.ions :studied is  due t o  the low solubi l i ty  of spirc- 

nolactone, which results in  there being l i t t l e  difference between 

the formulations as rcsards the rate a t  which the active principle 

is mde available. Th.is hypthes is  is supported by the fact  that  

when large increases .in the dissolution ra te  of spironolactone ta- 
blets  have been achieved by reduction of par t ic le  s i ~ z e  ( 6; 7 ) or  

inclusion i n  solid dispersions o r  complexes ( 1 9 ;  20 ) the bioavai- 

l a b i l i t y  of the drug has also improved significantly. A s  a conse- 

quence of the above conclusion, it may be expected that the techno- 

logical factors imvvolved i n  the production of spiroriolactone tablets  

w i t h  conventional! forrnulations w i l l  give rise t o  no bioinequivalence. 

Finally, it is  worth pointinc;r out t ha t  in 
sp i te  of the least siqnificant differences in  the balnaced incomple- 

te block design k i n g  much larger than in the Latin square design 

( 314.06 r-lq as  against 142.60 ug ) I  the former was nevertheless 

sensitive enough for  the purposes of the study. This; mans that  ba- 

lanced incomplete block designs my usefully be empl.oyed in  evalua- 

t ing  the effects  of technological factors on bioava.i.lability or in 
other bioequivalmce studies in  which large numbers of formulations 

must be studied c.imult.aneously. 

This work w a s  s u p p r t ~ d  by a grant 2777-83 from the Comision Aseso- 

r a  de Investiqacion Cientifica y Tgcnica. Ministry (if Education. 

Spain. 
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