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SUMMARY 

This paper describes a precise and sensitive method for analysis of nalidixic acid and its 
two major metaboiites in plasma and urine folIowing the oral administration of a therapeutic 
dose in humans. After addition of an internal standard (oxolinic acid), L-ml samples of phs- 
ma or urine are extracted at acidic pH with chloroform. Tke extracts are purified by re- 
extraction v&k sodium kydroside solution and then chloroform. Tke fiial extracts are 
evaporated to dryness, reconstituted in mobile phase and injected into a high-performance 
liquid chromatograph equipped with RP-8 column and UV detector apezmting at 254 nm_ 
Tke limit of sensitivity of tke method is lower than 0.5 rg/ml of plasma or urine for each 
compound. Tke applicability of the method to pharmacokinetic stndies of nakdixic acid in 
humans is demonstrated. 

Nalidixic acid, lethyl-l,4-dihydro-7-me~yL4-oxo-l,S-naphthyridine-3-car- 
boxy&c acid (MA) is an antibacterial agent [1,2] which is widely used in the 
treatment of urinary tract infections. 

Cont&ily to its metabolism which has been widely studied [S], the phar- 
macokinetics 6f NA in rnti are poorly described. This is probably due to the 
lack of an analytical method allowing to measure precisely NA concentra- 
tions &I biological fluids se@rately from its two major metabolites, 7-hydroxy- 
nalidjxic acid (HNA) and 7carb&ynalidixic acid (CNA). 

COOH & R = CH, NA 
- CbOH HNA 

-COOH CNA 

*To whom correspondence should be addressed. 
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Mo.st procedures used for qua&it&ion of NA are based on its fluorescence 
[2,4]. These techniques, which need large plasma vohnnes (I-3 d), are non- 
specific toward% the metaboh+&s and give relatively high blankvalues and non- 
linear c&b&ion curves. 

A high-performance liquid chromatographic (HPLC) method using an ion- 
exchange column has been recently described [5], in which no internal sf;an- 
dard was used, and the major metabolite in plasma, DNA, could not be deter- 
mined as it was not separated from the solvent peak in the system used. 

Two other HPLC methods have been developed. The. first TS] was devoted 
to the determination of CNA only, and the second [7] to ,vA exclusively. On 
the other hand, two gas cbromatographic methods have also been eStablished, 
but their application was limited to the determination of NA alone in tablets 
181 orinplaama f9]. 

In the present work, we describe a HPLC method which allows a precise and 
sensitive analysis of plasma and urine sampIes for NA, DNA and CNA simul- 
taneously, using a standard reversed-phase column and, as internal standard, 
oxolinic acid (OXA), a compound whose structure is near to NA. -An example 
of a pharmacokinetic study demonstrates its utility for the analysis of the three 
compounds in biological fluids. 

EXPERIMENTAL 

A Hewlett-Packard Model lOSIB high-performance liquid chromatograph 
was used, eqluipped with a Hewlett-Packard Model 1036A UV detector opera5 
ing at 254 run, and a RP-8 prepacked reversed-phase column, particle size IO 
pm, (HewletiPackard), (250 X 4.6 mm I.D.)_ 

Chemicals and reagenti 
NA (Negram), DNA and CNA were generously supplied by the Sterhng- 

Winthrop Research Institute (Rensselaer, N.Y., U.S.A.) and OXA was a gift 
from 8ubstantia Laboratories (Courbevoie, France). Methanol and chloroform 
(Merck, ‘Darn&&t, G-F-R.) were distilled before use. Ionexchange resin 
Dowex l-X4, 200-400 mesh, Cl- form was purchased from Roth (Rarlsruhe, 
G.P.R.). All other reagents were of analytical grade (Merck). 

The mobile phase consi.sted of 55% methanol and 45% phosphate buffer 
containing 7.5 g/l KH2PG4 and 2.5 g/l Na$iPOe (adjusted to pH 8.2 with 1 N 
sodium hydroxide). N,N,N-Trimethylcetyhunmonium bromide (2 g/l) (Merck) 
was added to the mixture. 

Stock solutions of internal standard (OXA) and the mixture of NA, DNA 
and CNA were prepared by dissolving 1 mg/ml of each compound in 0.03 N 
sodium hydroxide. 

Working solutions were prepared by diluting the stock solutions in 0.03 N 
sodium hydroxide to obtain various concentrations of the three compounds 
studied, between P and 50 pg/ml for plasma and between 10 and 200 pg/ml 
for urine, and a fixed concentration of OXA, 10 and 50 pg/ml for plasma and 
urine, respectively. 
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Correlation curves were obtained after adding 1 ml of each of these dilu+d 
solutions to I ml of corresponding biological fluid., 

Procedures 
Plasma extmctin_ To 1 ml of human plasma in a 15ml glass centrifuge tube, 

were added 1 ml of the internal standard solution (10 @g/ml), 0.5 ml of 1 N 
hydrochloric acid and 8 ml of freshly distilled chloroform. The tube was 
stoppered and placed on a rotating shaker (60 rpm) for 15 min. After centrif- 
ugation (15 min at 1200 g) 6.5 ml of the organic layer were transferred to 
another tube and extracted with 6 ml of 0.2 N sodium hydroxide for 15 min. 
Follow&g centrifugation (10 min), 5 ml of the aqueous phase were &ans- 
ferred to a new tube containing 2 ml of 1 N hydrdchloric acid and the mixture 
was extracted with 6 ml of chloroform for 15 min. After centrifugation (10 
min), 5 ml of the organic phase were transferred to a 10 ml conical tube and 
evaporated to dryness under a stream of nitrogen on a 45” water-bath. The 
residue was dissolved in 0.25-5 ml of mobile phase and 20 ~1 of this solution 
were injected onto the column by injection loop at a flow-rate of 0.6 ml/min 
under a pressure of about 30 bars at room temperature. 

Urine m#nzct&z. To 1 ml of human urine in a S-ml glass centrifuge tube, 
were added 1 ml of the internal standard solution (50 pg/ml), 0.5 ml of 1 N 
hydrochloric acid and S ml of freshly distilled chloroform. The tube was 
stoppered and placed on a rotating shaker (60 rpm) for 15 min. After cen- 
trifugation (10 min a% 1200 g) ‘7 ml of the organic phase were transferred 
to another tube and extracted with 6 ml of 0.2 N sodium hydroxide for 15 
min. Followiig centrifugation (10 min), 5 ml of the alkaline aqueous phase 
were loaded on a short column (4 nun I.D.) packed witi a glass wool plug 
and with ion-exchange resin Dowex l-X4 (1 cm). The complete OUHOW was 
followed by two bidistilled water washings of 2 ml each. The elution of the 
four compounds was performed by washing the column twice with 2.5 ml of 1 
N hydrochloric acid. The eluate was extracted with 6 ml of chloroform for I.5 
min. After centrifugation (10 min), 5 ml of the organic phase Were transferred 
imb a IO-ml conical tube and evaporated to dryness under a stream of nitrogen 
on a 45” water-bath. The residue was redissolved in 0.5-10 ml of mobile phase 
and this solution injected into the HPLC system. 

RESULTS AND DISCUSSION 

Specifici& 
Fig. IA shows that NA is clearly separated from its two metabolites. Under 

the prescribed conditions, the retention times were 7.0, 8.8, 13.8 and 15.4 
min for NNA, OXA, CNA and NA, respectively. 

Because nalidixic acid and related compounds gave very strongly tailing 
peaks in most zhromatographic systems, the paired-ion technique has been 
used. This procedure allowed the best separation. Symmetrical chromato- 
graphic peaks were obtained if the degree of ion-pair dissociation was kept 
constant. This was achieved when a high and con&& concentration of the 
counter-ion was maintained in the mobile phase. Such a situation can be ob- 
tained by adding a cation to the aqueous mobile phase, which brings about a 



Fig. 1. Clsr-togzars of (A) a misture of HNA, OXA, CNA and NA (50 ng of each coa- 
pound injected); (33) & blank plasma extract; (C) placmn extract of a subject given an oral 
dose oE nalidisic acid (W-A, OXA and NA, CNA is not present in plasma); a blsnk urine 
extract before (D) and after (E) the use of the ion-exchange resin; (F) urine extract of 
a subject given an oral dose of nakikic acid (HXA, OXA, CNA and NA)_ 

suitable ion-pair extraction of the counter-ion into the station& phase [9JO] - 
Valid results were obtained with N,N,N-trimetbylcet&mmonium bromide at 
a concentration of 2 g/l in the mobZe phase. 

Plasma components did not interfere (Fig. 1B and C), but in the case of 
urine, it appeared necessary to clear the extracts fkom endogenous substartces 
which gave a strong UV &sorption. For this purpose, several resins weretested, 
s.nd Dowex l-X4 (strongly b&c tion exchanger) was chosen because it gzwe 
the best recovery and cleaning. The residual peak observed in control urine has 
a retention time &&rent from that of CNA (Fig. ID, E and F). 

As shown in Fig. 2, the calibration graphs plotted as the peak height ratios 
of NA, HNA and CNA to the internal standard against the coucentr&ions of 
each composnd were straight lines- They were c&ulated by the least squares 
method md their equ.atior~ are listed in Table I. 

The concentration ranges .&used in plasma (l-50 pg/ml) and urine (IO- 
200 ctg/ml) were chosen to correspond to the expected concenkations in 
biological fluids after a single therapeutic w - - &r&ion -of_ NA- in humans. 

The detection Em& defined on the basis of tie amount of compound in- 
jec+ted which caused an ahsorption two times greater than the st.a&ard devia- 
tion of basekine noise, was found to be at 0.9, 2.1 and I.$-.ng, that is IO, 60 
and 15 q/ml of plasma for HNA, CNA and N&- respectively~ En urke, the 
detectiori limit was bigher than that observed in plasma,. since endogenous 
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CONCENTRATfON pg/nd 

Fig. 2. Elxtracted standard curves of (A) plasma and (B) urine spiked with HNA (o), CNA 
(I) and NA (A); each point represents t&e average of six determinations. 

substances increased the background noise, and found to be at 80, 420 and 
130 ng/ml for HNA, CNA and NA, respectively. 

Repmducibiiity and recovery 
In order to check the reproducibility of the extraction procedures used, 

various spiked p&nms and urines were repeatedly analysed. Table II shows 
the results obtaiued for several concentrations of HNA, CNA and NA. The 
overall mean coefficients of vzxr.iation were f 2.6%, f 4.8% and C 2.7% for 
HNA, CNA and NA, respectively. 

TABLE1 

~BARSTANDARDCURWZSDRTERMINA~ON 

Biological Compound No. of Slope Intercept 9 
fluid p0illts f SE_ c S.E. 

Plasma HNA 6 0.340 0.098 0.9987 
+ 0.074 + 0.0072 

CNA 6 0.061 0.011 0.9936 
+ 0.007 f 0.0007 

NA 6 0.227 0.049 0.9996 
i 0.026 c 0.0026 

Urine HNA 5 0.019 - 0.042 0.9993 
f 0.003 + 0.0003 

CNA 5 0.0046 - 0.010 0.9997 
f 0.0005 f O.GOOO5 

NA 5 0.014 - 0.004 0.9998 
* 0.0012 f 0.0001 
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TABLE Ii 

REPRODUCZBDXTYOFTHE ASSAYN ?im¶AN PLASMAANDURZNB 

Compound Biohgicsl Amountof Averageof ~Coefficieat 
fluid compcnud G&says ofvariation 
(IdI ;;z;d a9 IX) 

KNA 

CNA 

NA 

Pi;rsna 1 0.99 2.5 
2. 2.04 2.3 
5 5.13 2.9 

Urine 10 10.2 3.1 

:: 24.8 50.5 2.0 2.7 

Plagme 1 0.93 8.3 
2 l-97 7.2 
5 5.12 3.9 

Urine 10 9,69 4.4 
:: 49.7 25.9 3.7. 1.0 

Plasma. . L 0.97 3.7 
2 1.92 3.6 
5 5.04 9.6 

Urine 10 10.4 4.7 
25 24.3 1.8 
50 49.6 1.8 

TABLEm 

RECOVERY OF HNA,CNkNDNAFROMPL@MAANDuRINE; 

Biological Compound Added Found Recovery~ Mean 
fluid @&w h/mu (6) + SE. 

Plasma HNA 2 l-64 82.0 83.4 
5 4.14 82.8 21.8 

10 8.55 85.5 

CNA 2 0.65 32.5 33.3 
5 1.69 33.6 20.7 

10 3.37 33.7 

NA 2 1.89 94.5 97.9 
5 4-9s 99.2 r3.Q 

10 10.02 100.2 

Urine HNA 25 18.8 75.2 -75-3 
50 38.2 76.4 *f-l 

100 74.3 74.3 

CNA :8 7.8 31.2 30.3 
15.0 30.0 kO.8 

100 29.8 29.8 

NA 25 2219 91.6 ..~ 93.1 
50 46.9 93.8 k1.3 

100 93.8 93.8 



?he-peakhe&ht% measured after extraction were camp+ to those obtain- 
ed after injecting precise volumes of a scduti~n of known concenhtior onto 
&eBPLCkol~- by rnea~~.~ of. the. iu&&iqn zocp. The results, l&t& in Table _ . _. . _ 
II&. E+V $.ha~ EEJA .aud -MA wqe. correctly. extra&d, whereq only 30% of 
CM4 _m-~qvm. m_ psOr- recovw~ fqr CNA was due -to&s low solubility 
in cblorofomr. For the *&ree compounds, the recoveries obsem@ were similar 
for plasma and urine, indicating that the use of lomexchauge resiu iu the urine 
procedure did not alter the extraction phase. It must be noted that the i&em&_ 
standard was exlmcM with a recovery of 9’7.5% and 95.5% Car plasma and 
wine, tespectivefy; 

The method was applied -to pharmacokinetic studi+ of NA in humans. Figs. 
3 .aud 4 show the log plasma levels aud cumulative urinary excretion curves 
versus time after ~dmiuistration of a single oral dose of 1 g of NA to a healthy 
vohulte&. 

04 8l2 24 48 
tiOURS 

Fig. 3. Plasma level time curve obtained for NA (A) and HNA (0 j following a single oral. 
administzation of 1 g of nalidixic acid to a healthy volunteer (CNA was present in urine 
on@). 

Fig. 4. Cumulative urinary excretion of nonconjugated NA (A), HNA (0) and CNA (0) ob- 
served after a single oral administration of 1 g of nalidixic acid to a healthy volunteer. 

It must be noted that CNA could only be detected in urines. In plasma, NA 
concentrztion reached a maximum 425 ggfml) withiu 2 h and then decreased 
rapidly to 0.2 pg/ml 11 h following the admiuistration. Metabolite HNA ex- 
hibited a similar evolution but at lower levels than NA, and after a delay due to 
its formation from the parent drug. The cumulative uriuary excretion curves 
for the compounds indicated that nalidixic acid was maiuly elimiuated as HNA 
and CNA. 
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