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We have previously published e high-performance liquid cbromatographic 
assay for the qua&it&ion of the urinary tract anti-infective ni&ofurantoin in 
plasma and urine ]I]. Subsequently, we isolated and identified, following 
anaerobic metabolism, two metabolites of nitrofurantoiu [2]_ These were the 
amino, 1-C [:(5-am&m-2-fura.nyl)methylene] amino] -2,~imidazolidinedione, ancl 
the openchain nitrile, 1-C [ (3-cyano-l-oxopropyl)methylene] ammo] -2,4imi- 
dazolidinedione [ 21. 

The purpuse of the present investigation was to develop an assay for both 
the amino and cyan0 metabohtes of nitrofurantoin. Since the assay was to be 
used for our bioavairabihty and pharmacokinetic studies, we wanted to develop 
a lapid, sensitive method for measurin g low levels of both metabolites in plas- 
ma and urine. The high-performance liquid chromatographic assay we describe 
here is rapid, sensitive and accurate. Furthermore no prior extraction and/or 
derivatization of the plasma or urine sampIes is required. 

EXPERIMENTAL 

We used a high-pressure liquid chromatogmph, Model ALC/GPC 244, Waters 
Assoc. (Milforci, amass., U.S.A.) characterized by a constant solvent flow at 
xmrking pressures up to 420 kg/cd &This model includes a U6K universal injec- 
tor and a dualchannel, fixed-wavelength ultravioo!et absorption detector. The 
instrument was fitted with a 250 mm X 3.2 mm I-L)_ 5-~m particle size, LiChro- 
sorb Cfs reversed-phase column (Altex, Berkeley, Calif., U.S.A.). The chroma- 
tcgn+h was operated &cratica.Uy at a flow-rate of 2 ml/mln. The wavelengths 
of detection were fixed at 280 and 365 run. A dual-pen recorder was used 
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(0mniScdbe Model A521LI; Houston Instruments, Austin, Texas, U.S.A.). 
Chart speed was 2.5 cm/min and full-scale response was 1 mY. 

Reagents 
: Chemiads. The amino. and cyano metabolites were prepared by cat&&c 
hydrogenation of nitrofurantoin over 5% palladium on charcoal (ICN Pharma- 
ceuticals, Plainview, N.Y., U.S.A.) [Z] _ After lyophilization, the amino was 
stored as the dry powder at -20”. Since the cyan0 tends to polymerize when 
the crystals are exposed to air, it was stored in a solution of methanol at -20”. 
The purity of each was >99.5% as confirmed by UV and chem&al ionization 
mass spectroscopy ]2]. The 5nitro-2-furoic acid, Lot 090447, was purchased 
from Aldrich (Milwaukee, W&x., U.S.A.). 

The methanol (gls-dismed, Burdick and Jackson Labs., Muskegon, M.ich., 
U.S.A.), and distilled w&m (glass-redistilled and stored in glass) were filtered 
through a 0.45~pm filter (FE&PO 4700 and HAWPO 4700; Millipore, Bedford, 
Mass., U.S.A.) before use. The acetonitrile (glass-distilled, Burdick and Jackson 
Labs.), and other chemicals were ACS reagent grade or better. 

Mobile pkse. The mobile phase consisted of methanol-O.02 M acetic acid 
(2.5:97.5). It was prepared by mixing 25 ml of methanol with 975 ml of water 
and adding 1.2 ml of glacial acetic acid. This mobile phase was degassed under 
vacuum before use. 

Bio~ogicd fluids. Human plasma that had been stored at -20” was obtained 
from the blood bank of the University of Cahfornia, San F’rancisco. The plasma 
was thawed to room temperature before use. Human urine from a female donor 
was collected daily. 

Plasma. Add 5 ~1 of a 520 pg1m.l solution of 5-nitro-2-furoic acid, the inter- 
nal standard, to 100 ,~l of plasma. Shake well, add 500 ~1 of-acetonitrile aud 
shake to mix. Centrifuge for IO min at 3000 g to precipitate the proteins_ Pour 
the supematant into a 4ml glass tube. Evaporate to dryness under nitrogen. 
Dissolve the residue in 200 ~1 of distilled water and inject onto the chromato- 
graph, Injection volumes of 30-120 ~1 were satisfactory for the entire range of 
plasma concentrations. The sensitivity of the 365-m detector was set at 0.01 
a_uf.s. for detection of the amino metabolite and the 5-nitro-2-furoic acid. The 
280~nm detector was set at 0.01 a.uf.s. for detection of the cyan0 metabolite. 
Operate the chromatograph at 2 ml/min at room temperature using the 
methanol-O.01 M acetic acid (2_5:97.5) mobile phase. Retention times for the 
5-nitro-2-furoic acid, cyan0 metabolite and amino‘ metabolite are 2,6 and 8 
min respectively. 

Urine. Add 5 ~1 of the 520 pg/ml solution of 5-nitro-2-furoic acid to 50 ~1 of 
urine and 50 elf of distilled water. Shake well and inject onto the chromato- 
graph. Injection volumes of 30-75 ~1 were satisfactory for the entire range of 
urine concentrations when the detector sensitivity was set at 0.01 a.u.f.s. at 
365 nm and O-05 auf s, at 280 run_ All other chromatographic conditions were 
identical to those described above for plasma. 

Standard curves were prepared by adding the cyan0 metabolite, the amino 
metaboiite and the 5-nitro-2-furoic acid to plasma or urine. The concentration 



of each metabolite is determined -by comparing the netabdSe:internal Ssan- 
dani peak height ratio to its standard curve of peak height ratios versus met&o- 
lite concen~on, With aJ.l cuxves we made a straight-Ene fit of the d&a by 
Ieastsquareslinear regression anatysis using the PROPHET system, a specialized 
computer resource developed by the Chemical/BiologieaI Infomation Handling 
Program of the National I3stitute5 of Eiealth, U.S.A. 

Stability study 
Phsma. Prepare plasma samples containing 20 fig/ml cf the amino metabdite 

and 20 Mg/ml of the cyauo met&olite and store at -2Q”. We ~&~xxxed anaL 
yses OR six separate days for one month. Thaw the soktio~. on the &: of anal- 
ysis, add the internal standard md proceed as described ahove for the pksma 
stand& curve. On each day of analysis construct a standard ame ad 
determine the metab&te concentrations of the stability study by comparing 
the peak height ratios with those of the standard curve. 

Urine. Prepare urine samples containing 15 pg/ml of the amino metabolite or 
120 trg/ml of the cyan0 metabolite and store at -20”. We performed analyses 
on six separate days over a per&d of three weeks. Thaw the soh&ions on the 
day of analysis, add internal standard and proceed as d&bed above for urine 
standard curves. On each day of analysis constmct a standard curve and deter- 
mine the concentration of each metabolite by comparing the peak height ratios 
with those of the standard curve. 

RESULTS AND DI!WUSSION 

Pharmacokinetic strrdies of nitrofurantoin following intravenous and oral 
T - - k&ion have shown that only 30-50% of the nitrofurantoin is re- 

covered unchanged in the urine 13-1X] _ At the time of these studies none of 
the nietaboliks had been identified in man. products of the metabolic reduc- 
tion of nitrokantoin, which cculd account for up to W-70% of the ad- 
ministered dose, have been implicated in the polyneuropathy, and possibly the 
pulmonary hypersensitmity that have been reported following long-term admin- 
i&ration of nitrofurantoin [lZ-141. These metabolites are probably also the 
end products of the metabolic pathway responsibie for the mutagenic activie 
of nitrofurantoin in bacterial and mvnmakm tissue culture systems [12,X5, 
Is]. Since we wanted to study the disposition of nitrofurantoin and its re- 
duced metabolites in man, we have developed a high-performance Iiquiq cbro- 
matugraphic asSay fOr quantiti3ting the amino aIEd CyCU.lO metaboIitf3 of nitro- 
_furatoin in plasma and urine. ‘The assay is raPid, sensitive and accurate. No ex- 
traction and/or derivatization is required. Fig. 1 shows a chromatogram for the 
quantitation of both metabolites in plasma, The retention times for the internal 
standard, the cyan0 metabotite and the amino metabolite are 2,6 and 8 min 
respectively_ The peak height ratio indicates a cyan0 concentration of 12 @g/ml 
and an amino concentration of 12 pg/ml_ standard curves were constructed by 
ad&g known amounts of each metabotite and the internal sWW TV plasma 
and plotting the peak height ratio versus concentration in Ng/mL Over a period 
of two months we constructed six plasma st+3ndard curves each containing five 
concentrations of both the amino and cyano metabolites. With 30 points the 
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Fig. 1. Chromatograms of (a) blank p&ma and (b) plasma with the amino metabolite (l), 
the cyan0 nxetabolite (Z), and Snitro-2-furoic acid, the internal standard (3). The detector 
was set at 365 urn (0.01 a.u.f.a.) ( --), and 280 urn (0.01 a.u.f.s.) f- - -1. The peak height 
ratios indicate an amino concentration of 12 &g/ml and a cyan0 concentration of 12 pg/ml. 

Fig. 2. Chromatograms of (a) blank urine and (b) urine with the amino metabolite (1), the 
cyan0 metaholite (Z), and 5-nitro-2-furoic acid, the internal standard (3). The detector was 
set a 365 nm (0.01 a.u_f,s.) (- ), and at 280 nm (0.05 a.u.fb.) (- - -). The peak height 
ratios indicate an amino concentration of 12 @g/ml and a cyan0 concbntration of 105 yg/ml. 
The peak labelled (4) is endogenous xanthines (see text for explanation). 

regression line for the amino in plasma was y = (0.138 + 0.009) x - (0.556 * 
0.139) with a correlation coefficient of 0.93. With 30 points the regression line 
for the cyan0 was y = (0.082 f 0.004) x - (0.040 C 0.073) with a correlation 
coefficient of 0.95. For both the amino and cyan0 the concentration range was 
4-25 @g/ml. 

Fig. 2 shows a chromatogrsm for the qua&&&ion of both metabolites in 
urine. The retention times for the internal standard, the cyan0 metibolite and 
the amino metabolite are 2; 6 and 8 min respectively. The peak height ratios in- 
dicate a cya~o concentration of 105 pg/ml and an amino concentration of 12 
pg/ml. Over a period of two months we constructed six standard curves. With 
29 points the regression line for the amino in urine was y = (0.085 I: 0.004) 
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x - (0.250 + 0.050) with a correktion coefficient of 0.97 over the coneen~- 
f&m range of 4-25 gg!mL With 29 points the regression line for the cyan0 was 
y = (0.0127 -c 0.0004) x - (0.186 t 0.029) with a eotition coefficient of 
0.98 over the concentration range of 20-130 pg/mL 

The p *- - I stability stud& were performed ever a period of one month 
for plasma and three weeks for urine. The results showed that the amino 
met&o&e B not stable for longer than 2-3 days even when stored &wen at 
-2OO. The cyan0 metabolite appears to be stable. However, it appears that 
some, although not alI, of the amino breaks down to the cyano. Thus, we 
would advise tkzt bath plasma and urine SampLes be analyzed for niti-- 
tohmd&3olites~soonaspossib~e a&ercollection. 

B&h metitik were analyzed af wavelengfhs close to their absorption 
maxhna The cyan0 has a X,, = 278 mn and the amino a hmax = 348 nm [2J _ 
As shown in Fig 2 the only potential h&.erference fkom endogenous substzmces 
appears to be in urine at 3 miu on the 280~nm detector. We have tentatively 
idexxtified this peak as ‘kanthines” since caffeke, theophytie and several di- 
methylpurines cochromatograph with this peak under the assay con&tions. 

With urine samples, where no precip&xtion is necessaq, analysescanbeper- 
formed in kss than 10 min per sample. In the case of plasma, cen~tion 
after protein precipitation is necessry because direct inje&ons of plasma onto 
the chromatogmph result in increases in operating pressure caused by the btid- 
up of proteti in the cokmn. The evaporation to dryness also requks addi- 
tio;ral time, usually about 15 min. When plasma and urine samples are coIkct& 
from volunteers or patients we divide them into two f&&ions. We analyze the 
first &action for nitrofurantoti using our previously pub&&d method [I]_ 
The second &action is used to analyze for the amino and cyan0 met&o&es. 
Both methods are simple, rapk? and accurate. We are currently u&g them for 
bbava%bjGm and pharmacoketic studies on nitrofurado~ and its metabo- 
lites folk&g intravenous and 0ra.I administration to normal voh&eers. 
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