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Nitrofurantoin in aqueous media was adminis- 
tered orally (PO), intraduodenally (ID), and in- 
traileally (II) to a limited number of human 
volunteers. The results showed that the extent of 
absorption was similar when the drug was admin- 
istered PO and ID. Relative to the PO and ID 
dosage routes, the drug was only about one-half as 
well absorbed when dosed II. 

Nitrofurantoin is clinically effective in treating 
urinary tract infections (D'Arcy, 1985). The phar- 
macokinetics of nitrofurantoin in animals and hu- 
marls has been reviewed (Conklin, 1978; Enzens- 
berger and Stille, 1983). Although information is 
available indicating that nitrofurantoin is prefer- 
entially absorbed from the intestine in animals 
(Buzard et al., 1961; Veronese et al., 1974), only 
limited information is available for man (Parrott 
and Matheson, 1977; Voemel et al., 1969). Using a 
small number of subjects, the opportunity was 
taken to obtain preliminary corresponding infor- 
mation in man. The drug was administered orally, 
intraduodenally, and intraileally as an aqueous 
nitrofurantoin monohydrate suspension (NFM) 
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and an aqueous nitrofurantoin sodium solution 
(NFNa). 

Six healthy male Caucasian volunteers (23 to 39 
years old, weight 60-90 kg) participated in the 
study. During the study, one subject voluntarily 
withdrew, and another failed to be properly in- 
tubated during one test period. Data are presented 
for the four subjects that completed the study. 

The study was conducted at Medical & Techni- 
cal Research Associates, Inc., Jamaica Plain, MA 
under the auspices of Norwich Eaton Pharmaceu- 
ticals, Inc. Informed consent was obtained from 
each volunteer. Complete physical examinations 
and clinical laboratory evaluations were per- 
formed on each subject prior to the study. No 
subjects exhibited overt symptoms or findings of 
disease (central nervous, cardiopulmonary, gastro- 
intestinal, hepatic, renal, or hemopoietic systems) 
or clinical laboratory values which might indicate 
potential interference with drug absorption, 
metabolism, or excretion. On the day before drug 
administration, an intestinal tube (Cantor tube ® , 
Becton Dickinson) was inserted through the nasal 
passage of fasted subjects scheduled for ID or II 
dosage. Just prior to drug administration, the tube 
was positioned, with the assistance of a fluoro- 
scope, for drug delivery into the second part of the 

0378-5173/89/$03.50 © 1989 Elsevier Science Publishers B.V. (Biomedical Division) 



178 

TABLE 1 

Plasma nitrofurantoin A UCs and urine nitrofurantoin dose recoveries following single oral (PO), intraduodenal (ID) and intraileal (11) 
doses of 100 mg of nitrofurantoin monohydrate and nitrofurantoin sodium 

Subject Nitrofurantoin monohydrate  Nitrofurantoin sodium 

No. PO ID II PO ID 

Mean 
+S.D.  
CV (%) 

Mean 
±S.D.  
CV (%) 

Plasma AUC  0-oo h ( # g .  h .  m1-1) Plasma A U C  0-oo h ( # g -  h-  m1-1)  

3.8 3.1 2.1 4.7 6.4 2.1 
3.5 2.8 1.2 4.1 3.2 1.1 
3.0 2,1 1.1 3.2 3.7 2.8 
3.0 2,7 1.6 2.3 2.4 1.7 
3.3 2.7 1.5 3.6 3.9 1.9 

±0.4  ±0.4  ±0.5 ±1.1 ±1.7 ±0.7  
13.2 15.5 31.8 29.5 ~ . 1  37.0 

D o s e r e c o v e r y 0 - 2 4 h ( % )  D o s e r e c o v e r y 0 - 2 4 h ( % )  

52.5 37.2 31.4 47.5 45.6 20.0 
42.3 45.6 13.1 34.1 56.9 10.6 
35.2 28.0 16.7 48.9 33.5 27.4 
33.8 22.1 10.0 35.9 15.9 17.5 
41.0 33.2 17.8 41.6 38.0 18.9 

+8.6 +10.3 +9.5 +7.7 +17.5 +6.9  
20.9 31.1 53.2 18.5 46.2 36.7 

duodenum or into the ileum, about 150 cm be- 
yond the ligament of Treitz. 

Fifty ml of NFM suspension or NFNa solution 
(100 mg nitrofurantoin) in water was prepared 
immediately prior to administration. The drug was 
administered to each fasted subject by one of the 
three dosage routes (PO, ID, or II). A rinse of 100 
ml water was administered by the same route as 

drug dosage. Single drug doses were administered 
weekly during six 24-h test periods, according to a 
randomized, complete crossover design so that 
each subject received both dosage forms by each 
route. 

Blood was collected (21 gauge needle) from a 
forearm vein by venipuncture using a heparinized 
evacuated container (Vacutainer ®, Becton Dickin- 

TABLE 2 

Relative fractions of drug dose absorbed (F) based on plasma nitrofurantoin A UCs and urine nitrofurantoin dose recoveries for single oral 
(PO), intraduodenal (ID), and intraileal (11) doses of 100 mg of nitrofurantoin monohydrate and nitrofurantoin sodium 

Subject Plasma Urine 

No. Nitrofurantoin Nitrofurantoin Nitrofurantoin Nitrofurantoin 
monobydrate F% a sodium F% a monohydrate  F% b sodium F% b 

I D / P O  I I / P O  I D / P O  I I / P O  I D / P O  I I / P O  I D / P O  I I / P O  

Mean 
_+S.D. 
CV (%) 

81.6 55.3 136.2 44.7 70.9 59.8 96,0 42.1 
80.0 34.3 78.0 26.8 107.8 31.0 166.9 31.1 
70.0 36,7 115.6 87.5 79.5 47.4 68.5 56.0 
90.0 53,3 104.3 73.9 65.4 29.6 44.3 48.7 

81.3 45.0 108.6 58.3 80.8 42.0 94.0 44.4 
+8.9  +12.1 +24.1 +28.0 +18.8 +14.4  +53.1 +10.5 
10.9 26.8 22.2 47.9 23.3 34.3 56.5 23.7 

a Relative fraction of dose absorbed, based on AUC.  
b Relative fraction of dose absorbed, based on close recovery. 
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TABLE 3 

Statistical results (paired t-test) for plasma nitrofurantoin A UCs and urine nitrofurantoin dose recoveries following single oral (PO), 
intraduodenal (ID), and intraileal (II) doses of 100 mg of nitrofurantoin monohydrate and nitrofurantoin sodium 

Nitrofurantoin monohydrate  vs. Nitrofurantoin monohydrate  

nitrofurantoin sodium Plasma A U C  Urine dose 

Plasma A U C  Urine dose recovery 
recovery 

Nitrofurantoin sodium 

Plasma A U C  Urine dose 
recovery 

PO NS NS PO vs. ID S NS 
ID NS NS PO vs. II S S 
II NS NS 

NS NS 
NS S 

NS = not significantly different (P  > 0.05). 
S ~ significantly different (P  < 0.05). 

son) 0, 15, 30, 45, and 60 rnin and 1.5, 2, 2.5, 3, 4, 
5, 6, 8, and 10 h after drug administration. The 
specimens were centrifuged immediately to obtain 
plasma. Voided urine was collected just before 
drug administration and at 0-1, 1-2, 2-3, 3-4, 
4-6, 6-8, 8-10, 10-12, 12-14, and 14-24 h inter- 
vals after drug dosage. Aliquots of plasma and 
urine were frozen ( - 2 0  ° C) until nitrofurantoin 
analysis at Kansas City Analytical Services, 
Shawnee, KS. The specimens were assayed accord- 
ing to high performance liquid chromatography 
methods specific for nitrofurantoin (Mason and 
Conklin, 1987a, b). 

Area under the plasma nitrofurantoin con- 
centration-time profile (AUC) was calculated by 
trapezoidal rule. Urine nitrofurantoin dose reo 
covery was calculated from mg of nitrofurantoin 
excreted and the mg of nitrofurantoin adminis- 
tered (determined from dosage form analysis). 
Fraction of dose absorbed (F)  was calculated 
using plasma drug AUC or urine drug dose re- 
covery data. The plasma drug AUCs and urine 
drug dose recoveries were evaluated statistically 
using a paired t-test. 

Plasma nitrofurantoin AUCs and urine dose 
recoveries determined for each subject are pre- 
sented in Table 1. Relative F values based on the 
plasma and urine data are shown in Table 2. The 
results of the statistical evaluations of the plasma 
and urine data are presented in Table 3. Although 
there was considerable intersubject variation in 
both the AUCs and dose recoveries, trends in the 
data were clearly evident. On the basis of both 
plasma and urine drug data, NFM and NFNa 

were absorbed to about the same extent when 
administered PO, ID, and II. NFM and NFNa 
were each absorbed to a similar extent when dosed 
PO and ID, but the relative absorption of both 
forms of nitrofurantoin was reduced by about 50% 
following II dosage. It is apparent that the pre- 
liminary information obtained for humans in this 
study is in agreement with information obtained 
for animals concerning gastrointestinal sites of 
nitrofurantoin absorption. 

On the basis of this preliminary information, 
nitrofurantoin liquids are apparently well ab- 
sorbed following drug dosage orally or intraduo- 
denally, with about 50% less absorption efficiency 
when placed in the ileum. There is no substantial 
difference between the absorption of the monohy- 
drate and the sodium salt forms of nitrofurantoin. 
These data should be taken into consideration 
when selecting animal models for nitrofurantoin 
absorption and also for the development of solid 
nitrofurantoin dosage forms. 
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