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ABSTRACT 

Four 50 mg and three 100 mg marketed nitrofurantoin tablets were studied in 14 healthy 
male subjects. Urine was collected 1, 2, 3, 4, 6, 8, 12, and 23 h after each dose, and 
nitrofurantoin was assayed by HPLC. The in vitro dissolution of the tablets was deter- 
mined using USP Apparatus 1 and 2, with 0.1 N hydrochloric acid and pH 7.2 buffer as 
the dissolution fluids. One of the 50 mg tablets was more rapidly and completely 
absorbed than the other six products. The incidence of side-effects for this product was as 
low or lower than the other products. It was determined that the use of the USP 
Apparatus 1, at 100 rev min-’, with sampling of the pH 7.2 fluid at 30 min, provided for 
the best overall relationship between the urinary excretion and in vitro dissolution. 
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INTRODUCTION 

Previous studies have demonstrated bioavailability problems among nitro- 
furantoin dosage forms.’-6 A 1974 study found greater than a two-fold difference 
in the cumulative urinary excretion of nitrofurantoin among marketed tablet 
dosage forms.’In addition,attempts torelateithe in vitrodissolutioncharacteristics 
of commercial nitrofurantoin tablets to their in vivo performance have largely 
been unsuccessf~l.’~”~ United States compendia1 standards have also been 
modified several times during the last 10 years in an attempt to establish more 
meaningful in vitro 

Since the bioavailability requirements of the U.S. Food and Drug Admini- 
stration have become more stringent during the last decade, it was of interest to 
again evaluate a representative group of nitrofurantoin tablet products to 
determine if improved standards have decreased the incidence of poorly 
formulated products in the marketplace. Thus, the purpose of this study was to 
determine the relative bioavailability of marketed 50 mg and 100 mg 
nitrofurantoin tablets, as determined from urinary excretion studies in healthy 
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humans. Further, attempts were made to relate the in vivo performance of these 
dosage forms to their in vitro dissolution characteristics. 

MATERIALS AND METHODS 

All dosage forms were commercially available: (1) 50 mg, Norwich Eaton, 
Norwich, NY, Lot A04066; (2) 100 mg, Norwich Eaton, Norwich, NY, Lot 
A04047; (3) 50 mg, Bolar, Copiague, NY, Lot 03044; (4) 100 mg, Bolar, 
Copiague, NY, Lot 030485; (5) 50 mg, Ketchum, Amityville, NY, Lot 60503A; 
(6) 100 mg, Ketchum, Amityville, NY, Lot 60514A; and (7) 50 mg, Chelsea, 
Rockville Centre, Ny, Lot 003056. 

Bioavailability study 

Fourteen healthy male subjects were selected on the basis of a medical history, 
blood chemistry analysis, hematology and urinalysis. The protocol was 

approved by the Institutional Review Board, and all subjects provided written 
informed consent. The subjects were within 10 per cent of ideal weight, with a 
mean weight of 79 kg and ranged in age from 22-33 years. The subjects were 
instructed to avoid all medications for 1 week prior to and during the study. No 
alcohol was allowed from 24 h before until 24 h after each dose. Each tablet was 
administered with 300 ml of water after an overnight fast. No additional water 
was permitted for 1 h after dosing, and no food until 4 h after dosing. Each of the 
subjects received each of the seven formulations by a crossover design.” Five 
days elapsed between each dose. Complete urine collections were obtained just 
before and 1,2, 3 ,4 ,6 ,8 ,  12, and 23 h after each dose. The volume of urine was 
measured and a 15 ml aliquot was immediately stored at -10’. Additional urine 
samples voided during intermediate times were treated similarly. 

The urinary excretion data were analyzed in terms of the model independent 
cumulative recovery of drug at each sampling time; the maximum urinary 
excretion rate; and the time of maximum excretion rate, determined at the 
mid-point of the collection period. The duration of time during which the urine 
concentrations were at least 30pg ml-’ was estimated from plots of urine 
concentration versus mid-point of the urine collection time. This minimum 
concentration has been reported to be effective against 90 per cent of the strains 
of Escherichia coli;l3 and this parameter has been employed in the past”14 to 
assess nitrofurantoin product bioequivalence. An analysis of variance and a 
Newman-Keuls a posteriori test were employed to determine statistically 
significant differences among products, subjects and study phases. 

Urine assay 

A high pressure liquid chromatographic method, based on the procedure of 
Aufrere et al.,’’ was employed to measure the nitrofurantoin urine concentra- 
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tions. One milliliter of urine was combined with 0-5 ml of a 100 pg ml-' solution 
of furazolidone (Norwich Eaton) internal standard in 10% dimethylsulfoxide 
and 0.5 ml of nitrofurantoin (Norwich Eaton) solution ranging in concentration 
from 5 to 100 pg ml-' in 10% dimethylsulfoxide. Ten per cent dimethylsulfoxide 
was substituted for the nitrofurantoin standards in the assay of the study urine 
samples. The mixtures were vortexed briefly, and 5 p1 was injected into the 
HPLC. The samples were shielded from light during each step. 

The mobile phase was prepared by diluting 0.6 ml of glacial acetic acid and 
800 ml of deionized water to 1 1 with methanol. The final pH was 5.0, adjusted 
with 4N sodium hydroxide. The mobile phase was degassed prior to use by 
filtration through a 0-45 pm filter, under vacuum. The HPLC system (Water 
Associates) consisted of a C18-pBondapak reversed-phase, 3.9 mm x 30 cm 
column; a Model M6000 pump set at 2 ml min-'; a Model 440 fixed wavelength 
detector, set at 365 nm, 0.02 AUFS; and a WISP auto-injector. The column 
temperature was maintained at 27 _+ 0.5" with a refrigerated water bath. 

The retention times for drug and internal standard were 5 and 6 min, 
respectively. The method exhibited excellent linearity, r =0.997, and no interfer- 
ing peaks were observed in pre-dose urine samples. The coefficient of variation 
was 5-8  per cent at 5 pg ml-' and 3.9 per cent at 80 pg m1-l. Aqueous solutions of 
nitrofurantoin and furazolidone exhibited significant degradation after I day of 
storage at room temperature, with exposure to laboratory lighting. In contrast 
samples stored at 4' in amber containers exhibited no degradation after 5 days. 

Dissolution studies 

The dissolution of each of the seven tablets was determined in triplicate, using 
USP apparatus 1 (basket method) and apparatus 2 (paddle method), Hanson 
Research Corp., Northridge, CA." The dissolution fluid consisted of 900 ml of 
0.1 N hydrochloric acid or pH 7.2 phosphate buffer. Temperature was main- 
tained at 37 f O S " ,  and the stirring rate was I00 rev min-'. The instrument was 
calibrated with the USP disintegrating prednisone reference tablets. lo A 5 ml 
aliquot of the dissolution fluid was removed after 5, 10, 20,30,45, and 60 min, 
with fluid replacement, and dissolved nitrofurantoin was determined spectro- 
photometrically at 375 nm. 

RESULTS AND DISCUSSION 

Urinary excretion studies 

The excretion of nitrofuratoin in the urine after administration of each 
product is summarized in Table 1. There were no significant differences (p > 
0.05) among the seven dosing periods, indicating the absence of any residual 
effects of preceding doses. The rank order of the products, in terms of cumu- 
lative per cent of dose excreted at each urine collection time, was relatively 
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constant for all collection times. The 50 mg products generally provided a 
greater per cent recovery. The aqueous solubility of nitrofurantoin has been 
reported to be 154 and 379 mg-I and pH 1.12 and 7.2, re~pectively.'~ Thus the in 
vivo dissolution of the 100 mg products may proceed more slowly than for the 50 
mg tablets because of the low solubility of the drug in the limited fluid volume of 
the gastrointestinal tract. During the first 4 h of urine collection there was a 
significantly greater urinary recovery found with Product 7 than for any of the 
other formulations. For the remainder of the collections only Products 7 and 2 
were significantly different. During the 23 h collection period there were no 
significant differences among the three 100 mg or among the four 50 mg 
formulations. The 32-42 per cent total recovery is consistent with previous 

The 50 mg products also exhibited a higher mean maximum excretion rate 
(ERmax), expressed as per cent of dose, although the only significant difference 
was between Product 7 and the other formulations. Based on a shorter time of 
maximum excretion rate (T',,), it also appeared that Product 7 was somewhat 
more rapidly absorbed than several of the other formulations, with Products 6 
and 2 having significantly longer T m a x  values than Product 7. In a strict sense the 
25-34 per cent greater ER,,, seen for Product 7 relative to the other 50 mg 
formulations would lead to a conclusion that the products are not bioequivalent. 
On the other hand, more rapid or complete absorption of an antimicrobial agent 
is not necessarily a matter of concern. However there may be a potential for 
increased gastrointestinal intolerance with more rapid absorption of nitro- 
furantoin, although this conclusion has been questioned.'* The somewhat 
more rapid absorption seen with Product 7 did not result in any reported 
instances of nausea among the 14 subjects, although nausea was reported on 
eight occasions for several of the other products. There were no significant 
differences among the 50 mg or among the 100 mg products, for the time interval 
during which the urine concentrations were maintained at or above 30 pg ml-I. 
These concentrations were present for 3.1-3-4 h for the 50 mg tablets, and for 
4.3-4.9 h for the 100 mg tablets, with the latter times being significantly longer 
(p<0.05) than those for the 50 mg tablets. 

16,17 

In vitro-in vivo relationships 

The per cent of nitrofurantoin dissolved at 30 and 60 min was determined with 
the basket and the paddle methods using 0-1 N hydrochloric acid and pH 7.2 
phosphate buffer. Table 2 illustrates the effect of pH on the dissolution of the 
tablets at 30 min. Product 7 with the basket method, and Product 1 with the 
paddle method, dissolved to a greater extent in acid than at pH 7.2. The remain- 
ing products were either equally well dissolved in either fluid, or were better 
dissolved in buffer. Bates et a1.l' found a two-fold decrease in the dissolution 
half-life of a commercial 100 mg tablet at pH 1.12 compared to pH 7.2, using a 
flask-paddle method at 200 rev min-'. However, Sutton et al. 2o noted either an 



326 M. C. MEYER. G. C. WOOD AND A. B. STRAUGHN 

Table 2. Effect of pH and apparatus on dissolution 

Mean % dissolved at 30 rnin (+ SD) 
Product Basket method Paddle method 
(dose) pH 1 pH 7.2 pH 1 pH 7.2 

7 70.5 93.7 106.5 
(50 mg) (2.3) (4.3) (1.0) 

57.9 
(6.2) 

(102) 

(4.9) 

(2.0) 

74.6 

105.2 

94.2 

90.9 
(12.3) 

607  
(1  3.9) 

104.4 
(3.3) 

increase, decrease or no change in dissolution for three commercial 50 mg 
tablets, using a dissolution-dialysis system at 100 rev min-' and acid or pH 7.2 
phosphate buffer. These authors also found a marked decrease in dissolution for 
one product with a pH 5.5  acetate buffer compared to similar dissolution with 

Table 3. Relationships between in vitro and in vivo measurements 

Correlation coefficient 
cumulative 

In vitro system T,,, 23 h % excreted ER,,, 

Basket, acid, 30 rnin -0.75 0..82 0.64 
Basket, acid, 60 min -0-42 0.67 0.50 
Basket, pH 7.2, 30 rnin 4 - 9 3  0.77 0.72 
Basket, pH 7.2, 60 rnin -0-94 0.70 0-70 
Paddle, acid, 30 rnin -0.79 0.73 0.75 

Paddle, acid, 60 min 4 6 1  071  0 6 6  
Paddle, pH 7.2, 30 rnin -0.81 0.57 0.43 
Paddle, pH 7.2, 60 rnin -0.04 0.21 0.3 1 
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the acid and pH 7.2 fluids.” These data indicate the pH-dependence of the 
dissolution process appears to be a function of the apparatus and the 
formulation. 

Attempts were made to relate the dissolution results to the in vivo measure- 
ments of cumulative per cent excreted at 23 h, E R m a x ,  and Tmax. Various combin- 
ations of the in vitro and the in vivo data were examined for correlation, and the 
results are summarized in Table 3. In general the basket method provided a 
greater degree of correlation than the paddle method. Since it is desirable to 
have an in vitro method which provides the best correlation with cumulative per 
cent excreted, Tmax and E R m a x ,  these results suggest a determination of the per 
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Figure 2. In vitro dissolution profiles (*SD) for the two products with the greatest difference in 
cumulative per cent excreted, T,,, and ER,,,. Dissolution determined with USP basket, 100 rev 

min-’ and pH 7.2 buffer 
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cent of drug dissolved at 30 min, using the basket method and pH 7.2 buffer, best 
meets this criterion. Figure 1 illustrates the relationship between the in vitro and 
in vivo data using this system. Figure 2 demonstrates the dissolution rate profiles 
for Products 2 and 7 which exhibited the greatest difference in cumulative per 
cent recovery, Tmax and ERmax. The dissolution tolerance specified in USP XX,' 
which was in effect at the time of the study, required not less than 25 per cent 
dissolution at 60 min, using the basket method, 100 rev min-' and pH 7.2 buffer. 
Each of the seven products were at least 40 per cent dissolved within 60 min, and 
thus passed the USP XX requirement. The current USP XXI tolerance contains 
the same specification, but adds a requirement of at least 85 per cent dissolution 
at 120 min." Based on the results of this study, it would appear that a better 
association between the in vitro and in vivo results could be achieved if the initial 
tolerance value was changed to not less than 25 per cent dissolution at 30 min 
instead of 60 min. 
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