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Aim: To develop a new high-performance
liquid chromatography (HPLC) method for
simultaneous determination of the com-
bined drugs (ceftriaxone sodium, metron-
idazole, and levofloxacin) in human urine.
Methods: Ceftriaxone sodium, metronida-
zole, and levofloxacin were separated on
a Kromasil 100–5 C18 (250 mm × 4.6
mm, 5 μm, AKZO NOBEL, Bohus, Swe-
den) analytical column, using the mobile
phase consisted of 1.5 mM KH2PO4 (pH
4.5) with 0.0125% triethylamine–methnol
(70:30, v/v). Ceftriaxone sodium, metron-
idazole, and levofloxacin were detected by
a photodiode-array detector at 247, 320,
292 nm, respectively. Results: Under opti-
mal conditions, the effective separation of

ceftriaxone sodium, metronidazole, and lev-
ofloxacin was achieved. A good linearity
with the correlation coefficients more than
0.999 was demonstrated. The detection lim-
its of ceftriaxone sodium, metronidazole,
and levofloxacin were 0.05, 0.01, and 0.25
μg/ml, respectively, and the average recov-
eries in human urine were in the range from
97.73 to 100.7% with the average relative
standard deviation (RSD) in the range of
2.5% and 3.0%. Conclusion: The proposed
method was sensitive, accurate, and rapid.
This work may provide a reference for clin-
ical rational drug use and methodology for
the pharmacokinetics study of the combined
drugs. J. Clin. Lab. Anal. 26:486–492,
2012. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Ceftriaxone is a semisynthetic third-generation
cephalosporin antibiotic that is generally less active in
vitro against susceptible strains of staphylococci than first-
generation cephalosporins (1). Metronidazole is an anti-
biotic, especially effective against anaerobic infections
(2). Levofloxacin is the levo-enantiomer of ofloxacin,
a member of the fluoroquinolones, and a class of
synthetic antimicrobial agents. It has been found to
be involved in inhibition of bacterial topoisomerase
IV and DNA gyrase that are important enzymes re-
quired for DNA replication, transcription, repair, and
recombination, which was widely used in the treatment
of respiratory tract and urinary tract infections (3).
Levofloxacin is frequently combined with ceftriaxone
and/or metronidazole with favorable synergistic steriliza-
tion action. Levofloxacin–ceftriaxone (4,5), levofloxacin–
metronidazole (6), metronidazole–ceftriaxone (7, 8),
ciprofloxacin–metronidazole–ceftriaxone (9) have been

used in clinical treatment test. The advantages of these
drugs combination result in enhanced pharmacodynam-
ics, which may improve patient outcomes against certain
bacterial pathogens, especially penicillin-resistant Strep-
tococcus pneumoniae (8–10). These drugs can be adminis-
tered perorally or intravenously, and are excreted mainly
into the urine. In consequence, a great deal of attention has
been paid to its determination in various biological fluids.

A series of analytical techniques for the determination
of ceftriaxone (1), metronidazole (11), and levofloxacin
(12) were reviewed. Among them, high-performance
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liquid chromatography (HPLC) was widely used for the
determination of the three drugs, such as ceftriaxone in
plasma (13,14), metronidazole in serum (15–17), and lev-
ofloxacin in biological samples (18–22). Some researchers
investigated the compatible possibility of levofloxacin–
ceftriaxone (23), levofloxacin–metronidazole (24), and
metronidazole–ceftriaxone (25,26). There is no report for
simultaneously determining the three drugs in biological
fluid. The development of analytical method for simulta-
neous determination of the three drugs in biological fluid
is an important work for clinical rational drug use of the
combined drugs and methodology for the pharmacoki-
netics studies.

The purpose of this work is to develop a new method
for simultaneously determining the combined drugs in
human urine. In this report, a simple, sensitive, and precise
HPLC method is developed. It is useful and feasible for
the determination of the combined drugs in human urine
in most hospital laboratories.

EXPERIMENTAL

Instrumentation

The chromatographic system consisted of a Shimadzu
HPLC system equipped with an LC-10A Multisol-
vent Delivery System, a DGU-12A online degasser,
an SCL-10Avp gradient controller, a CTO-10Avp col-
umn thermostat, and a multi-wavelength SPD-M10Avp
photodiode-array detector (DAD) covering the range
190–800 nm, which was interfaced to a computer for data
acquisition using a CLASS-VP workstation (Shimadzu,
Kyoto, Japan). A Kromasil 100–5 C18 column (250 ×
4.6 mm, 5 μm) and a six-port valve with a 20 μl sam-
ple loop injector were also used. A centrifuge TGL-
16M (Xiangyi centrifuge Co., Hunan, China), ultrasonic
cleaner (Ultrasonic Instrument Co., Kunshan, China),
and PHS-3C pH meter (Shanghai Precision & Scientific
Instrument Co., Shanghai, China) were used in sample
treatment.

Reagents and Chemicals

Levofloxacin, metronidazole, and ceftriaxone sodium
were purchased from National Institute for the Con-
trol of Pharmaceutical and Biological Products (Beijing,
China). The methanol was filtered through a 0.22-μm
microporous membrane of polyvinylidene fluoride before
use.

Potassium dihydrogen phosphate, phosphoric acid, and
triethylamine were of analytical grade. Purified water
was prepared by an XGJ-30 highly pure water machine
(Yongcheng purification Science & Technology Co. Ltd.,
Beijing, China). Stock solution of ceftriaxone sodium

(500 μg/ml), levofloxacin (500 μg/ml), and metronida-
zole (200 μg/ml) was prepared in water, and stored in
refrigerator at −4◦C. A series of standard solutions were
prepared by diluting the stock solution with mobile phase,
their concentrations were 0.98, 1.96, 3.91, 7.81, 15.62,
62.5, and 125 μg/ml for levofloxacin; 0.24, 1.95, 3.91,
7.81, 15.62, 62.5, and 250 μg/ml for ceftriaxone sodium;
and 0.04, 0.78, 3.13, 6.25, 12.5, 25, and 100 μg/ml for
metronidazole. All standard solutions and buffer solu-
tions were prepared weekly, and filtered through 0.22-μm
cellulose acetate filters (Xinya Purification Material Fac-
tory, Shanghai, China) prior to injection.

Sample Treatment

The patient urine sample was provided by Hebei Uni-
versity Hospital. Since the patient urine sample contains
slightly urine proteins, to achieve better baseline and re-
covery the proteins pretreatment was necessary. A 6 ml
of acetonitrile was added in 2 ml of the urine sample or
spiked urine sample to remove the protein. The mixture
was shaken for 10 min, and then centrifuged at 13,420 ×
g force for 10 min, and 7.5 ml supernatant was obtained.
The supernatant was diluted with a mobile phase to make
analyte concentration within linear ranges and avoid in-
terference. The diluted supernatant was filtered through
0.22-μm microporous membrane of polyvinylidene fluo-
ride. The urine samples and urine samples spiked at differ-
ent concentrations were treated by same procedure above.
The filtrate was applied for HPLC analysis and recovery
test.

HPLC Analysis

The separation of levofloxacin, metronidazole, and cef-
triaxone sodium was carried out using a Kromasil 100–
5 C18 analytical column (250 × 4.6 mm id, 5 μm,
AKZO NOBEL, Bohus, Sweden), and a six-port valve
with a 20 μl sample loop injector was used. A mobile
phase composed of 1.5 mM potassium dihydrogen phos-
phate (adjust the pH to 4.5 with phosphoric acid) with
0.0125% triethylamine–methnol (70:30, v/v). The flow
rate of the mobile phase was set at 1.0 ml/min. A 20 μl
volume of sample solution was injected in the column.
The elutions were monitored by a photodiode-array de-
tector at 247 nm for ceftriaxone sodium, at 320 nm for
metronidazole, and 292 nm for levofloxacin. The linear
equations for the relationship between the peak areas of
analytes and their concentration were determined by least-
squares method. Quantification was carried out by using
standard curve calibration based on peak area toward
concentration.
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Fig. 1. Effect of different pH on the separation of the three drugs. (1) Ceftriaxone sodium, 10 μg/ml; (2) metronidazole, 2 μg/ml; (3) levofloxacin,
5 μg/ml.

RESULTS AND DISCUSSION

Optimization of Buffer pH

The pH value of running buffer influenced mainly the
resolution and the apparent mobility of the target ana-
lytes. Generally, for compounds with lower pKa values,
the dissociation ratio is higher and acidity is stronger. The
pH of buffer influences ionization of the analytes. The mo-
bile phase constituted of 1.5 mM KH2PO4 with 0.0125%
triethylamine–methanol (70:30, v/v) was adjusted with
phosphoric acid to different pH. The effect of pH on the
peak of the analytes is shown in Figure 1.

It has been found that when pH was 3.5 and 4.0, ceftri-
axone sodium and metronidazole could not be separated,
and when pH was 4.5 and 5.3, the three compounds can
be separated with the resolution of greater than 2. Some
effects of pH on retention time of the three compounds
with different degrees were observed. Metronidazole is a
basic compound with pKa value of 2.62 (27), the effect of
pH in the range of 3.5–5.3 on its retention time is weak.
Ceftriaxone is a basic compound with pKa value of 1.72,
3.15, and 4.34 (28), its retention time decreased with the
increase of pH because ceftriaxone molecule contains the
ionizable groups (–OH, –COOH, –NH2). Levofloxacin is
a zwitterion at physiological pH, possessing a carboxylic
group with pKa = 5.5, a piperazinyl group with pKa =

8.0, and another proton accepting function with pKa =
6.8 ± 0.3 (29). When pH increases from 3.5 to 4.5, its
retention time increased from 6.0 to 6.25 min, but when
pH increases to 5.3 its retention time increased to 7.4 min.
The buffer of pH 4.5 was used with high sensitivity and
resolution, so it was selected in further tests.

Effects of Buffer Concentration

The effects of buffer concentration from 5 to 30 mM on
retention time and the peak area were further tested. It was
observed that with increasing concentration of buffer, the
peak area and resolution for the three analytes increased
slightly, and retention time was increased. Using high-
concentration buffer, the possibility of barrage jamming
to the analytical column would be increased (30). So, 15
mM buffer was selected for further tests.

Selection of Proportions of Methanol in the Mobile
Phase

The effects of different proportions of methanol in the
mobile phase on the retention time and the peak area of
three analytes were investigated, as shown in Figure 2.

With the proportion of methanol varying from 20
to 35%, the retention time for three analytes decreased
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Fig. 2. Effect of different proportions of methanol in the mobile phase. (1) ceftriaxone sodium, 10 μg/ml; (2) metronidazole, 2 μg/ml;
(3) levofloxacin, 5 μg/ml; buffer concentration, 1.5 mM, pH 4.5; triethylamine, 0.0125%.

obviously, from 12.2 to 3.4 min for ceftriaxone sodium,
from 7.8 to 4.5 min for metronidazole, and from 17.8
to 4.5 min for levofloxacin. Otherwise, both peak area
and peak height increased with increasing proportion of
methanol, but when methanol proportion reaches up to
35%, the peaks of metronidazole and levofloxacin could
not be separated. The proportion of methanol in the mo-
bile phase was selected to be 30%, with higher sensitivity
and resolution for the three analytes.

Effect of Triethylamine

Using a mobile phase of 1.5 mM potassium dihy-
drogen phosphate buffer (pH 4.5) and methanol (70:30,
v/v), peak tails for levofloxacin, ceftriaxone sodium, and
metronidazole were observed because the three analytes
with nitrogenous group reacts with unreacted silanol on
18 alkyl bonded silica gel column, resulting in spread-
ing effect of chromatographic peak. Addition of triethy-
lamine in mobile phase could improve peak face because
the hydrophobic amine preferentially adsorbed on the
unreacted silanol on the silica carrier, but with increas-
ing dosage of diethylamide the retention time extended
and baseline instability was observed. Use of 0.0125% tri-
ethylamine overcame peak tails and improved separation
effect.

Specificity

Under the following optimal conditions—a mobile
phase of 1.5 mM potassium dihydrogen phosphate buffer
(pH 4.5) and methanol (70:30, v/v), and flow rate of
1.0 ml/min—the chromatograms of urine samples before
and after the administration for a patient, and the urine
sample after the administration spiked with 0.04 μg/ml of
metronidazole were observed. The representational chro-
matograms are shown in Figure 3.

The effective baseline separation of the analytes was
observed in different samples. No interfering peaks were
observed at the retention times of three analytes. Quan-
tification could be carried out by using standard curve
calibration.

Precision

The stability of combined solution of metronidazole–
ceftriaxone (7), ceftriaxone sodium–levofloxacin (22), and
metronidazole–levofloxacin (23) was investigated. The
combined solution is clear, and its pH retains unchanged
at room temperature within 8 h. In this work, preci-
sion was determined as both repeatability and intermedi-
ate precision, in accordance with ICH recommendations.
Repeatability was determined as intraday variation and
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Fig. 3. Chromatograms of patient urine samples. (A) Urine sample before the administration. (B) Urine sample after the administration of 1 g
ceftriaxone sodium and 0.1 g levofloxacin. (C) b + 0.04 μg/ml metronidazole; (1) ceftriaxone sodium; (2) metronidazole; (3) levofloxacin.

TABLE 1. Precision for the Determination of the Three Drugs in
Spiked Urine Sample

Repeatability Intermediate
(intra day precision

Combined Concentration precision)a (inter day)a

solution Drug (μg/ml) RSD (%) RSD (%)

1 Ceftriaxone
sodium

0.98 1.55 4.90

Metronidazole 0.39 1.55 1.92
Levofloxacin 0.98 1.83 3.79

2 Ceftriaxone
sodium

7.81 1.15 4.59

Metronidazole 3.13 0.19 2.81
Levofloxacin 7.81 1.41 4.60

3 Ceftriaxone
sodium

62.50 0.44 1.84

Metronidazole 25.00 0.42 0.89
Levofloxacin 62.50 0.77 0.52

aIndicates mean of six determinations.

intermediate precision was determined by measurement
of interday variation. The results of the repeatability and
intermediate precision experiments for analyzing the three
analytes in blank urines spiked at three different concen-
trations are shown in Table 1.

The data in Table 1 show that the average intraday vari-
ability (relative standard deviation [RSD]) of peak area
obtained for six determinations at three levels was in the
range of 0.44–1.55% for ceftriaxone sodium, 0.42–1.55%
for metronidazole, and 0.77–1.83% for levofloxacin. The
variabilities (RSDs) are less than 2%, it was shown that
that the variation of the results within the same day
was analyzed and statistically validated. The combined
solutions of the three drugs stored in a refrigerator at
−4◦C was determined within 3 days, the interday RSD
of peak area was 1.84–4.90% for ceftriaxone sodium,
0.89–2.81% for metronidazole, and 0.52–4.6% for lev-

ofloxacin. Among them, for a combined solution of the
three drugs with high concentration the intermediate pre-
cisions (RSD) are less than 2%, while for the others
with low concentration the intermediate precisions (RSD)
are more than 2%, which is possible due to the lack
of sufficient stability to the combined solutions within
3 days.

Linearity and Detection Limit

Linearity of the method was evaluated by determining
the three drugs in seven concentration points. The calibra-
tion curves of the peak area toward analyte concentration
were constructed by least-squares linear regression. The
equations of calibration curves obtained based on three
parallel measurements are listed in Table 2. It can be seen
that the linearity is very satisfactory.

The limit of detection (LOD) was considered the min-
imum analyte concentration yielding an S/N = 3, and
the limit of quantification (LOQ) was considered the
minimum analyte concentration yielding an S/N = 10.
The LOD values of the method were 0.05, 0.01, and
0.25 μg/ml for ceftriaxone sodium, metronidazole, and
levofloxacin, respectively, and their LOQ values were 0.17,
0.03, and 0.83 μg/ml. The LOD value of this method is
lower than that of cephalosporin by HPLC (13) and cap-
illary electrophoresis (31), metronidazole by HPLC (16),
and levofloxacin by HPLC (18, 19, 22).

Application

The three drugs can be administered perorally or in-
travenously, and they are excreted mainly into the urine.
Based on these information and the LODs of this method,
it was suggested that the effective detection for the three
drugs in patient urine after the administration could be
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TABLE 2. Analytical Performance of the Method

Analyte Linearity regression equation Correlation coefficient Linearity range (μg/ml) LOD (μg/ml) LOQ (μg/ml)

Ceftriaxone sodium A = 2.83 × 104C – 3.02 × 104 0.99986 0.24–250 0.05 0.17
Metronidazole A = 7.04 × 104C + 2.31 × 104 0.99967 0.04–100 0.01 0.03
Levofloxacin A = 9.63 × 104C – 8.75 × 104 0.99989 0.98–125 0.25 0.83

TABLE 3. Determination of Ceftriaxone Sodium, Metronidazole
and Levofloxacin in a Patient Urine Sample

RSD
Concentrationa Added Detected Recovery (n = 6)

Drug (μg/ml) (μg/ml) (μg/ml) (%) (%)

Ceftriaxone 2.18 1.74 4.32 110 1.9
sodium 2.18 4.29 98.4 3.4

2.62 4.44 92.5 3.8
Metronidazole N 0.04 0.04 100 5.4

20.00 20.31 102 1.2
75.00 75.16 100 1.0

Levofloxacin 2.23 1.78 3.85 96.0 2.6
2.23 4.39 98.4 3.3
2.68 4.85 98.8 2.7

aFor urine sample diluted by 37.5-fold. N, not detected.

achieved. However, there is no a compound preparation of
the three drugs, it is difficult to take patient urine sample
after the administration with all the three drugs. Patient
urine was obtained at 12 h after the administration of
1 g ceftriaxone sodium and 0.1 g levofloxacin. The urine
collected before dosing was employed as a blank. The
recovery test of the assays for the three drugs was deter-
mined by adding known amounts of these drugs to the
urine samples. The results are listed in Table 3.

The concentration of the two drugs in the diluted urine
sample was 2.18 and 2.23 μg/ml for ceftriaxone sodium
and levofloxacin, respectively. Considering dilution factor
(urine sample diluted by 37.5-fold), the concentration of
ceftriaxone sodium and levofloxacin in the patient urine
was 81.75 and 83.63 μg/ml, respectively.

The data showed that the average recovery was 100.3,
100.7, and 97.73% for ceftriaxone sodium, metronidazole,
and levofloxacin, respectively, and their average RSD was
3.0, 2.5, and 2.9%. The high percentage of recovery shows
that the method can be used for the determination of
analyzed drugs in human urine samples.

CONCLUSION

A new method for effective separation and simultaneous
determination of ceftriaxone sodium, metronidazole, and
levofloxacin by HPLC is proposed in the first time. The
present method offers advantages of speediness, simplic-
ity, sensitivity, and accuracy, and is applicable to the selec-

tive or simultaneous determination of the studied drugs.
The proposed method can be applied for routine determi-
nation of these drugs in human urine samples in clinical
studies, and may provide a reference for clinical rational
drug use of the combined drugs and methodology for the
pharmacokinetics studies by standard equipment.
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