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EFFECT OF AGING ON THE B I C R ~ I L I T Y  OF N I T R O F U R "  TABLETS 

( X X U U " G  CARBopOL 934 

Jose L. VILA47YI0,  Angel cr)NcHEIRO and Begoh SEIJO 

Departamento de Farmacia Galwca 
Facultad de Famacia 

Santiago de Conpstela ( Spain 1 

ABsIwlcT 
This article reports a study of two nitmfuran- 

toin tablet fomla t ions  differing in  the percentage of Carbo- 
pol 934 used as binder. The tablets of both f o d a t i o n s  each 
contained 50 mg of nitrofurantoin. Those of f o d a t i o n  A con- 
tained 0.625 mg of Carbopol 934, and those of f o d a t i o n  B 

1.25 mg. When freshly prepared, tablets of both formulations 

were bioequivalent to capsules m t a i n i n g  50 mg of nitrofuran- 
toin, k u t  a year's storage a t  4 0 g  and 60% relative humidity 
caused a significant decrease in the bioavailability of nitro- 
furantoin f m  f o d a t i o n  B, whereas f o d a t i o n  A was still 
bioequivdlent to capsules. USP XXI Ed. h & t b d  I1 successfully 

reflected the observed variations in bioavailability, but not 
Method I. 

Under normal conditions, tablets h u l d  retain 

their original shape, colour, hardness and fr iabi l i ty ,  and the 
bioavailability of their active principle should rennin unalte- 
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1316 VILA-JATO, CONCHEIRO, AND SEIJO 

red. In order to investigate cortpliance with these requirements, 
it is necessary to study the influence of enviromntal factors 
( temperature, relative humidity, light intensity, etc ) on para- 
meters measuring the characteristics which should remain invariant. 
Aging studies of this kind have been carried out with tablets con- 
taining hydrochlorothiazide ( 1 ) ,  phenylbutazone ( 2 ) ,  cyprohep 
tadine ( 3 ) , naproxene ( 4,  5 ) , chlorpropamide and tolbutamide 
( 6 ) ,  prednisone ( 7 ) ,  prednisolone ( 8 ) ,  pyridoxin ( 9 ) and 
digoxin ( 10 ) ,  and in mst cases changes in hardness, disintegra- 
tion tire and dissolution rate have been detected. There has ne- 
vertheless been relatively little research on the influence of 
storage conditions on the bioavailability of the drug contained 
in the tablets studied ( 11; 12; 13; 14 1 .  

Pbst studies of the bioavailability of nitrofu- 
rantoin in tablets have drawn attention to the importance of par- 
ticle size ( 15; 16; 17 ) .  Vila-Jato et al. ( 18 ) have recently 
evaluated the effects of temperature, relative humidity and sto- 
rage time on the hardness and dissolution rate of nitrofurantoin 
tablets containing Carbpol 934 as binder. This article follcws 
up our earlier comrtunication by reporting the influence of sto- 

rage conditions on the bioavailability of nitrofurantoin in ta- 
blets containing Carbpol 934. 

MATERIALS AND METHODS 

Fodations-. "ha tablet formulations each containing 50 mg of 
micronized nitrofurantoin ( Liade Laboratories, Spain ) were made 
up with the conpositions and under the compression forces listed 
in Table 1. All the formulations were prepared by the conventio- 
nal wet granulation method and the granulates were compressed u- 
sing a 9 mn punch in a single-punch tablet machine ( Korch E r w -  

ka, FRL; ) .  Capsules containing 50 r q  of micronized nitrofurantoin 
were also freshly prepared in the bioavailability studies ( For- 
mulation C ) .  
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NITROFURANTOIN TABLETS CONTAINING CARBOPQLI I P P ~  AUG 0 6 1987 

Caposition of the t m  formulations studied, and the cmpression 
force applied. 

Formulation A Fomulation B 

Nitrofurantoin ( mg 50 50 
Wheat starch ( mg 140 140 
Lactose ( mg 60 60 

Capritol* ( mg 1 1.25 1.25 
carbop01934 ( mg 0.625 1.25 
Conpression Force ( Nw ) 4800 4800 

* Compritol ( Gattefoss,  France ) is a glyceryl behenate 

Storage conditions-. The two tablet fomla t ions  were stored for 
a year a t  40GC and a relative humidity of either 30% and 60%. 

Dissolution rate-. The apparatus used was the Dissolutest ( Pm- 

labo, France ) canplying w i t h  USP XXI Ed. specifications. Tab le t s  

were subjected to dissolution rate assays enploying both USP XXI 

Ed. methods, Method I in accordance w i t h  the co f i t i ons  laid dawn 
by USP XXI Ed. for nitrofurantoin tablets, and Method I1 a t  a 
speed of 50 r.p.m. Four tablets of each f o d a t i o n  were tested 
by each method, and the dissolution curves obtained were charac- 
terized by the percentages of nitrofurantoin dissolved af te r  60 
and 120 minutes ( D60 and D120 1 .  
Analytical Methods-. The concentration of nitrofurantoin in sam- 
ples obtained during dissolution studies were detennined using 
the method described in USP XXI Ed. The mthod of Albert et al. 
( 1 9  ) was used to determine nitrofurantoin in urine. U r i n e  sam- 

ples were collected and stored in opaque flaJcs at  - 3 0 s  unti l  a- 
nalysed. 
Clinicdl Protocol-. Fifteen healthy male and female volunteers a- 
ged betwen 20 and 30 years and lacking any history of kidney 
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1318 VILA-JATO, CONCHEIRO, AND SEIJO 

conplaints were used in  a 3 x 3 Latin square design w i t h  five re- 
plicates. 
Pharmacakinetic Analysis-. Excretion of nitrofurantoin was charac- 
t e r i zed  by means of the statistical lIlwnents praposed for plasma 

level curves by Yamaoka et al. ( 20 ) and adapted for urinary ex- 
cretion cum=s by Viladato et  al. ( 21 ) .  In the present study 
these paramters were the total quantity of nitrofurantoin acre- 
ted in  the 1 2  burs following administration ( E12 ) , the man 
residence time ( MRT ) and the variance of the residence time 

( VRT 1 .  
Sta t i s t ica l  Analysis-. The E12, MFiT and WIT data were processed 
by tm-way multivariant analysis of variance ( MZWIVA ) ( 22 1 .  
The null hypothesis was subjectea to the greatest eigenvalue test 
( 23 ) . Data regarding weight, hardness, disintegration time, D60 

and D120 wre processed by o n e a y  analysis of variance. 

RESULTS AND DISCUSSIaJ 

Figure 1 sbws mean urinary ac re t ion  curves for 
nitrofurantoin administered i n  Fbnmlations A, B and C af te r  1 
year’s storage a t  40QC and 60% relative humidity. Table 2 lists 
the statistical m t s  characterizing the excretion of nitro- 
furantoin by each individual for each formlation, and Table 3 

cS, the greatest eigen-ue of H.E-~  is 2.673, so that cs/cs+l= 
= 0.728, which exceeds the critical value 0.425 given by H e c k s  
charts for a = 0.01 and the present distribution parameters 
s = 2; m = 0 and n = 12. The null  hypothesis my therefore be 

rejected. Table 4 sbws that Roy’s test for multiple contrasts 
( 24 ) reveals significant differences bet- Fbmla t ion  B 

and the other Fornuflations as regards E12, whereas Fornailation 
A my be considered bioequivalent t o  the capsule ( Formlation 

displays the results of the d t i v a r i a n t  analysis of variance. 

c 1 -  
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NITROFURANTOIN TABLETS CONTAINING CARBOPOL 934 

A 

Fornulation A: 40nC 

0 Formulation B 4 0 s  

A Fodation C 

30% R.H. 

60% R.H. 

2 4 6 8 10 12 
k l R S  

FIGURE 1 
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Mean urinary excretion curves for Nitrofurantoin 
administered in  F b d a t i o n s  A, B ( on*year’s 
storage ) and C ( capsules freshly prepared 1 
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NITROFURANTOIN TABLETS CONTAINING CARBOPOL 934 1321 

TABLE 3 
Results of the mltivariant analysis of variance ( 

M a t r i x  Sums of squares and products source of 
Variation 

Fomnilat ions H 1095.8577 

70.6776 
Subjects S 212.1248 

11.5079 

- 17.1248 

- 1.9613 
Error 

Total 

E 540.7339 
22.4448 

T 1848.7764 
16.8279 
62.0190 

- 6.6973 

TABLE 4 
Roy’s test for multiple contrasts 

Parameter Avs B Avs C 

9.707 11.092 
MRT 0.494 0.078 
VRT 0.038 1.107 

E12 

1.725 
2.156 11.851 

16.815 
11.165 23.877 

14.357 
9.351 46.978 

32.897 
22.672 82.706 

Minimum 
B vs C va1ue;a =0.01 

1.385 7.30 
0.416 1.19 
1.069 2.15 

Fonnulations A and B had the same carposition 
and compression characteristics as the fomlations labelled E 
and F in our earlier study ( 25 ) of the bioavailability of ni- 
trofurantoin in seven freshly prepared fodations. In that stu- 

dy the t m  formulations in question were bioequivalent to each 
other, and both were bioequivalent to capsules containing 50 mg 

of nitrofurantoin. The results of present study clearly show that 
a year’s storage at 40nC and 60% relative humidity brought about 
a significant reduction in the bioavailability of nitrofurantoin 
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1322 VILA-JATO? CONCHEIRO, AND SEIJO 

in Fornailation B tablets ( those with the higher proportion of 
Carbop01 934 ) .  It may be pointed out that degradation of the ac- 
tive principle was periodically checked for using the USP XXI 
Ed. mtbd, which is knuwn to be sufficiently accurate for suchs 

purposes ( 26 ) ,  and that no degradation of nitrofurantoin was 
observed under either set of storage conditions during the one- 
year duration of aperiment. 

Viladato et al. ( 18 ) have recently found that 
the technological characteristics of nitrofurantoin tablets con- 
taining carbop01 934 were significantly altered by six mnths' 
storage at 20a or 4 0 g  and 30 60% relative humidity. As a result, 
they suggested that the reported ( 27; 28 ) lack of I' in vitro- 
in vim correlations for nitrofurantoin tablets might not hold 
for aged tablets. In order to capre the bioavailability results 
presented above with 'I in vitro 'I data obtained under the s m  

conditians, the technological characteristics of Fofilgllations A 

and B were studied before and after the one year storage period. 
Tables 5 and 6 list the man values obtained for DGO, D120, 
weight, hardness ( measured with an Erweka TB-24 Durometer 1 ,  
friability ( measured by subjecting the tablets to 18 minutes in 
an meka Friabilmter ) and disintegration time ( masured as 
for USP XXI Ed. ) The values of F calculated by analysis of va- 
riance are also shown, and Table 7 lists the corresponding 
least significant differences ( 29 ) and the presence or absence of 
significant differences betwea the initial values and the values 
after a year's storage under the t w  conditions employed. 

hardness of tablets of both forrmlations decreased markedly during 
the one year storage period. The difference betwen the relative 
humidities at which the stored tablets were rnaintained had a signi- 
ficant effect on those of Fonrmlation A but not on those of F o m -  
lation B. These findings agree with those of the earlier study 
( 18 ) , in w h i c h  it was found that in the formulations with less 

The results displayed in Table 7 show that the 
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NITROFURANTOIN TABLETS CONTAINING CARBOPOL 9 3 4  1323 

TABLE 5 
Wan values of weight, hardness, friability, disintegration time 
D60 and D120 for Formulation A 

Parmter D.F. F 40X 40sC 
Initial 30% R.H. 60% R.H. 

Mean weight ( mg ) 270.32 260.43 262.28 2/27 37.97 
Hardness ( Kg ) 7.90 3.49 4.92 2/12 265.64 
Friability ( %) 0.89 0.36 0.59 
Disintegration 
time ( Sec. 24.50 108.70 169.83 2/15 100.08 

D60 ( Method I 20.99 92.72 91.36 2/9 478.00 
D120 ( Method 1 1 25.94 93.62 93.10 2/9 298.20 
D60 ( Method 11 73.28 89.42 79.54 2/9 3.79 

D120 ( Method I1 ) 73.55 89.04 77.57 2/9 4.77 

TABLE 6 
k a n  values of weight, hardness, friability, disintegration time 
D60 and D120 for Fonnulation B 

Parmter Initial 

Mean weight ( mg ) 264.14 
Hardness ( Kg ) 8.06 
Friability (%) 

15.50 Disintegration 
time ( S e c .  ) 

D60 ( Method I 11.52 
D120 ( Method 1 16.03 

( Method I1 ) 76.64 
D60 ( 11 74.44 

D120 

40g 
30% R.H. 

256.81 
5.42 

252.16 

70.52 
76.59 
48.67 
57.43 

40a D .F F 
60% R.H. 

259.17 2/27 5.53 
6.35 2/12 55.87 

301.83 2/15 117.23 

26.59 2/9 464.09 
36.91 2/9 288.48 
12.90 2/9 50.82 
18.17 2/9 46.75 
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1324 VILA-JATO, CONCHEIRO, AND SEIJO 

TABU 7 
Lest significant differences for the weight, hardness, disint-a- 
tion 'tiroe and dissolution rates of Foxmulations A and B 

Mean vieight(ny) 

Hardness ( Kg 

Disintegration 
tjnE ( Sec. ) 

6 -4 

i E 

A 

B 
A 

B 

A 

B 
A 

B 
A 

B 
A 

B 
(MethodII) A 

B 
D120 

6.30 
11.37 
0.79 
1.00 

43.29 
83.37 
9.96 
7.55 
11.96 
9.61 
22.18 
23.09 
19.52 
18.14 

+ + 
- - 
+ + 
+ + 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
- - 
+ + 
- - 
+ + 

+ : Significant difference 
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NITROFURANTOIN TABLETS CONTAINING CARBOPOL 934 1325 

carbop01 934 relative humidity had a direct influence on the 
effects of six mnths’storage on hardness, whereas the hardness 
of the tablets w i t h  mre Carbop01 934 was only affected indirec- 
t l y  by humidity, by mulatian of the effect  of tenperatwe. 

The disintegration time of bcyth fonrmlations in- 

creased during the year’s storage. Again, the extent of th i s  
effect was influenced by relative humidity in the case of Fom-  
lation A but not i n  that of Fomulation B. 

The percentages of nitrofurantoin dissolved af- 
ter 60 and 120 minutes by USP XXI Ed. M e w  I increased for both 
f o ~ a t i o n s .  In this case it was in Fonmilation B that the ex- 
tent of the effect depended on relative humidity, whereas no such 
dependence was observed for Fornulation A. This agrees with the 
findings of the earlier study ( 18 ) , in which the D60 response 
surface for the formulations with less Carbop01 934 was found t o  
depend essentially on the storage time, whereas the fomla t ions  
w i t h  the higher Carbop1 934 level m e  also affected by the re- 
la t ive humidity maintained during storage. 

The percentages of nitrofurantoin dissolved from 
Formulation A tablets after 60 and 120 minutes by USP XXI Ed. Me- 
thod I1 e r e  not significantly affected by a year’s storage, but 
the differences were highly significant in the case of Formulation 
B. These findings parallel bioavailability results. 

The observed reduction in the bioavailability of 
nitrofurantoin in Fonmilation B tablets may be due to humidity 
causing the binder t o  sell and gelify, in w h i c h  state it would 
prevent the penetration of water into the tablet  ( 30 ) .  This hy- 
pothesis is  supported by the fact  that a year’s storage at  4 0 s  
and 30% relative humidity had no significant effect  on the bioavai- 
l ab i l i ty  of nitrofurantoin in Fonrnilation A tablets ( t h s e  w i t h  
less Carbopl 934 1 .  

This work was suprted  by Grant 2777-83 fran the Camisi6n Asesora 
Cientifica y T h i c a .  Ministry of Education. Spain. 
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