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Simple and sensitive method for determination of metronidazole in
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Abstract

A simple and sensitive HPLC method for determination of metronidazole in human plasma has been developed. A step of
freezing the protein precipitate allowed an efficient separation of aqueous and organic phases minimizing the noise level and

21improved therefore the limit of quantitation (10 ng ml using 1 ml of plasma sample). The separation of compounds was
performed on a RP 18 column with acetonitrile–aqueous 0.01 M phosphate solution (15:85, v /v) as mobile phase. Detection
was performed by UV absorbance at 318 nm. Metronidazole was well resolved from the plasma constituents and internal
standard. An excellent linearity was observed between peak-height ratios plasma concentrations over a concentration range

21of 0.01 to 10 mg ml . Within-day and between-day precision (expressed by relative standard deviation) and accuracy (mean
21error in per cent) did not exceed 4% between 1 and 10 mg ml and 8.3 and 7.2% respectively for the limit of quantitation.

The method is suitable for bioavailability and pharmacokinetic studies in humans.  1998 Elsevier Science B.V. All rights
reserved.

Keywords: Human plasma; Metronidazole

211. Introduction tion [6,9] or with a high value at 500 ng ml (using
0.1 ml of plasma sample) [10]. The method de-

Metronidazole [1-(hydroxyethyl)-2-methyl-5-ni- veloped in this paper allowed to validate a limit of
21troimidazole] is a drug used for the treatment of the quantitation at 10 ng ml using 1 ml of plasma

protozoal infections and infections caused by an- sample.
aerobic micro-organisms. A large number of high-
performance liquid chromatographic methods have
been described to analyze metronidazole in body

2. Materials and methods
fluids [1–11]. Nevertheless, the limit of quantitation
was not given [1–5,7,8,11] or given without valida-

2.1. Chemicals

*Corresponding author. Fax: 133-4-73-26-38-74; e-mail:
lab.chimie.ana@u-clermont1.fr Metronidazole and tinidazole were purchased from
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Sigma (Saint Quentin Fallavier, France). Potassium trator. The sample was reconstituted in 0.5 ml of
dihydrogen phosphate was obtained from Merck mobile phase before injection onto the HPLC sys-
(Darmstadt, Germany). HPLC grade acetonitrile was tem.
purchased from SDS (Peypin, France).

2.5. Biological application

2.2. Chromatographic system
To demonstrate the applicability of the procedure

for measurement of metronidazole levels in phar-
The chromatography was carried out using an HP

macokinetic studies, 500 mg of metronidazole was
1050 instrument (Hewlett–Packard, Les Ulis,

orally administered to four healthy male volunteers.
France) equipped with a power supplier, an auto-

Blood samples were collected at 0, 0.25, 0.50, 0.75,
sampler and a UV spectrophotometric detector con-

1, 1.50, 2, 3, 4, 5, 7, 9, 12, 16, 24 and 36 h following
nected to a data collection system. The analytical

oral administration. Blood samples were centrifuged
column used was a LiChrospher 100 RP 18 (5 mm

and plasma were kept frozen at 2208C until analysis.
particle size, 12534 mm) from Merck. The mobile
phase, consisted of acetonitrile–0.01 M phosphate
solution (KH PO ), pH 4.7, 15:85, v /v, was de-2 4

3. Results and discussiongassed and filtered through a 0.45 mm filter (Milli-
pore, Saint-Quentin, Yvelines, France). The flow-rate

21 Fig. 1 shows typical chromatograms of a blankwas 1 ml min . The detection wavelength was 318
plasma, a plasma spiked with metronidazole (5nm. The injection volume was 20 ml and the run

21
mg ml ), a plasma spiked with tinidazole (IS at 5time was 6 min.

21
mg ml ) and a sample obtained from a volunteer

2.3. Calibration standards after oral administration of 500 mg of metronidazole
at 1 h. Metronidazole and IS were well resolved and

A stock solution of metronidazole was prepared by the retention times were 2.6 and 4.8 min, respective-
dissolving 100 mg in 100 ml of deionized water. ly. No interfering peaks were observed in the chro-
This solution was used to prepare working standard matogram of the blank human plasma.
solutions daily for different concentration between The peak–area ratios of metronidazole to the

21 210.1 mg ml and 0.1 mg ml by dilution in deion- internal standard were calculated and used to con-
ized water. struct calibration lines of peak–area ratio ( y) against

Calibration samples of metronidazole were pre- the respective sample concentration (x). Linear re-
pared in blank plasma. The plasma (1 ml) was gression analysis was used to calculate the slope,
supplemented with working standard solutions of intercept and correlation coefficient (r) of calibration
metronidazole at 0.01, 0.025, 0.05, 0.1, 0.5, 1, 2.5, 5 lines. The linearity was found to be quite satisfactory

21and 10 mg ml . and reproducible with time. The equations of mean
linear regression (n56) were y50.215x10.00101

212.4. Extraction procedure (r50.9998) for total range (0.01 to 10 mg ml ) and
y50.204x10.012 (r50.9990) for low range (0.01 to

21In a 5 ml glass tube, a plasma sample (1 ml) was 0.1 mg ml ).
mixed with 50 ml of the aqueous tinidazole internal The limit of quantitation (LOQ) was determined

21standard (100 mg ml ). Acetonitrile (1.5 ml) was after analyzing ten blank plasma samples. The mean
21added and the sample was vortex-mixed for 5 min calculated value 6SD was 1.6460.45 ng ml . The

and then centrifuged at 1600 g for 5 min. The tubes limit of detection, generally defined [12] as the mean
were capped and kept frozen at 2208C for 20 min. of the ten blank signals plus three times the SD of

21An aliquot (1 ml) of the surpernatant was trans- the blank, was 3 ng ml and the theoretical limit of
ferred to a 5 ml glass tube and the solvent was quantitation as the mean plus ten times the SD of the

21evaporated to dryness using a Speed–Vac concen- blank, was 6 ng ml . The mean of ten blank plasma
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21Fig. 1. (a) Chromatograms of a blank plasma [—], a plasma spiked with 5 mg ml of metronidazole (M) [----] and a plasma spiked with 5
21

mg ml of tinidazole (T) [....]. (b) Chromatogram of a sample obtained from a volunteer after oral administration of metronidazole (500
mg) at 1 h.
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Table 1
Precision and accuracy of metronidazole assay in plasma

a bTheoretical Calculated Precision Accuracy
21concentration (mg ml ) concentration (mean6SD) (%) (%)

21(mg ml )

Intra-assay (n510)
c0.01 0.010760.0009 8.2 17.2

1 0.9760.009 1.0 22.9
10 10.1360.112 1.1 11.3

Inter-assay (n56)
c0.01 0.010560.0009 8.3 14.6

1 0.9660.023 2.3 23.6
10 10.0060.076 0.8 10.01

a Relative standard deviation5[standard deviation (SD) /mean]3100.
b Relative error5[(found2added) /added]3100.
c Limit of quantitation.

21supplemented at 10 ng ml was 10.7360.89 (mean relative errors were 6.3, 0.3 and 4.1% respec-
21 21ng ml with a precision (RSD) of 8.2% and an tively for 0.05, 1 and 10 mg ml , n52).

accuracy (mean error in per cent) of 7.2%. Inter- Plasma concentration–time courses of metro-
assay precision and accuracy determined on six nidazole in four healthy subjects after single oral

21separate days at 10 ng ml were 8.3 and 4.6% dose of 500 mg are shown in Fig. 2. The metro-
21respectively. A concentration of 10 ng ml was nidazole was rapidly absorbed. A maximum plasma

21therefore considered as a validated limit of quantita- concentration at 7.7 mg ml was reached between 1
tion. h and 3 h. The half-life of metronidazole was about

Precision and accuracy were likewise determined 8.80 h .These findings are in agreement with previ-
21at 1 and 10 mg ml . Quite satisfactory results were ous studies [13].

obtained for both intra and inter-assays (Table 1) In summary, a rapid, sensitive HPLC method was
with a precision (RSD) ,3% and an accuracy (mean described for the determination of metronidazole in
error in per cent) ,4%. human plasma. Protein precipitation with acetonitrile

The results of the stability study, expressed as followed by a step of freezing which allowed an
mean concentration (6SD) and determined at vari- efficient separation of aqueous and organic phases
ous time intervals of storage at 2208C, are reported and therefore improved the limit of quantitation.
in Table 2. The stability of plasma samples kept Polar interferences are therefore decreased which
frozen for three months appears to be satisfactory affords a gain in signal to noise ratio and column life

Table 2
Stability of metronidazole in plasma

Means of calculated concentrations (n52) with SD and (mean relative errors)
21Days of storage For theoretical levels (mg ml )

at 2208C 0.050 1.00 10.00

J 0 0.05360.008 (16.0) 0.9560.02 (25.0) 9.7760.03 (22.3)
J 2 0.04960.002 (22.0) 0.9860.01 (22.0) 10.3460.39 (13.4)
J 8 0.05960.003 (118.0) 1.0760.01 (17.0) 10.9460.14 (19.4)
J 15 0.05860.004 (116.0) 0.9960.02 (21.0) 10.2360.26 (12.3)
J 22 0.05860.004 (116.0) 0.9760.01 (23.0) 10.1160.27 (11.1)
J 30 0.05660.006 (112.0) 1.0660.00 (16.0) 10.8060.25 (18.0)
J 93 0.04160.002 (218.0) 0.9660.03 (24.0) 10.6661.28 (16.6)
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Fig. 2. Plasma concentration–time profiles of metronidazole in four healthy subjects after single oral dose of 500 mg.
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