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Abstract

A new reversed-phase high-performance liquid chromatography (RP-HPLC) method for the detection and
quantification of tazobactam in serum and haemofiltration fluid is described. The assay for these biological fluids
involves an extraction with diethyl ether followed by derivatization using 1,2,4-triazole. The mobile phase consisted
of phosphate buffer—methanol and the detection wavelength was 325 nm. The limit of detection was 0.05 ug/ml in
the two fluids and the calibration curves were linear over the range 0.1-50 ug/ml. For a tazobactam concentration
equal to 1, 5 or 20 ug ml~ ', the coefficients of variation were less than 5%. The assay was successfully applied to
the analysis of samples from drug monitoring in a patient with renal insufficiency undergoing continuous

venovenous haemofiltration (CVVH).

1. Introduction

Since the introduction of B-lactam antibiotics,
many organisms previously susceptible to penicil-
lins have developed resistance. The resistance is
often due to the presence of B-lactamase which
is able to catalyze the hydrolysis of the B-lactam
ring of penicillins. One way to restore the sen-
sitivity of resistant strains of bacteria to the
antibiotic is to coadminister a 8-lactamase inhib-
itor.

Tazobactam is a new B-lactamase inhibitor
belonging to the class of penicillanic acid sul-
fones (Fig. 1). It is being codeveloped as an
intravenous combination with piperacillin [1].
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Recently, a new method has been described for
the rapid determination of sulbactam and
tazobactam in human serum by RP-HPLC [2].
Tazobactam can be detected by RP-HPLC by
direct absorption at 220 nm [3,4], but the chro-
matograms show interferences from UV-absorb-
ing endogenous proteins. The use of a precolumn
derivatizing reagent eliminates this problem and
enables the measurement at trace levels in body
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Fig. 1. Chemical structure of tazobactam.
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fluids. Precolumn derivatization by imidazole and
1,2,4-triazole has been used to measure the two
other B-lactamase inhibitors, clavulanic acid and
sulbactam, in serum, plasma, urine and tissue
[5-7). In this paper, the development of the first
precolumn derivatization by 1,2,4-triazole for the
analysis of tazobactam is described.

2. Experimental
2.1. Reagents

All chemicals were of the analytical grade. The
following substances were used: tazobactam (so-
dium salt) (Lederle, Ourlins, France), 1,24 tri-
azole (Aldrich, Strasbourg, France), sulfuric acid
and phosphoric acid from Merck (Darmstadt,
Germany); diethyl ether and diammonium hy-
drogen phosphate from Prolabo (Paris, France);
sodium hydroxide (OSI, Dijon, France), metha-
nol and mercuric chloride (Carlo Erba, Rueil-
Malmaison, France).

2.2. Preparation of derivatizing reagent

The derivatizing reagent was prepared by
dissolving 4 g of 1,2,4-triazole in water, adding 10
M aqueous sodium hydroxyde to bring the solu-
tion to pH 9.0 and diluting to 20 ml with water.

2.3. Sample preparation

To 1 ml of serum or haemofiltrate, 100 ul of 3
M sulfuric acid and 4 ml of diethyl ether were
added. After vortex-mixing for 1 min and cen-
trifugation at 5500 g for 10 min, the organic layer
was transferred to a clean glass tube and then
evaporated to dryness at 37°C under a stream of
nitrogen. The residue was dissolved in 100 ul of
1,2,4-triazole reagent solution and 10 ul of 1%
(v/v) mercuric chloride in water solution was
added to the mixture. The specimen was incu-
bated for 30 min at 37°C. A 20-ul portion was
injected into the chromatograph with a Hamilton
syringe.

2.4. Apparatus

The analyses were carried out with a HPLC
Waters pump 501 (Saint Quentin en Yvelines,
France), an Interchim Rheodyne injection valve
Model 7161 (Montlugon, France) with a 20-ul
sample loop, a Merck L 4000 variable wave-
length UV spectrophotometer detector or a
Merck 4500 diode array detector (Nogent sur
Marne, France). A Merck Lichrospher RP (18)
column (125 mm X 4 mm LD. 5-um particle size)
(Nogent sur Marne, France) was used. The
mobile phase consisted of a diammonium hydro-
gen phosphate-methanol (99.5:0.5, v/v) mixture.
The pH of the solution was adjusted to 6.00 with
phosphoric acid and the solution was degassed by
sonication for 10 min. The flow-rate was 2.2
ml/min and the detection was performed at 325
nm. The chromatographic separations were car-
ried out at ambient temperature.

2.5. Assay validation

The standard curves for serum and haemofil-
trate were obtained by adding tazobactam to
drug-free biological fluids, to obtain a concen-
tration of 0.1-50 wg/ml. Standard serum and
haemofiltrates were prepared under operating
conditions as described above.

Accuracy and precision of the tazobactam
assay in the two biological fluids were deter-
mined by analyzing four replicates at each of
three concentration levels (1, 5 and 20 xg/ml).

2.6. Derivatization and HPLC separation

A single liquid-liquid extraction procedure
followed by evaporation of the organic phase and
reconstitution of the residue with 1,2,4-triazole
solution was used. Our study indicates that the
derivatizing reaction was optimal in terms of
detection sensitivity with a basic reagent solution
for a pH equal to 9.00. As an HgCl, solution was
needed for the stable formation of the
chromophoric derivative of sulbactam with 1,2,4-
triazole [8], this metallic ion was used by analogy
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and this was successful. The derivatized product
of tazobactam showed UV absorption maxima at
325 nm. The chromatograms of serum and
haemofiltrate from a subject receiving tazobac-
tam and blank serum and haemofiltrate are
shown in Fig. 2.

The analysis time for each sample was less
than 5 min. No chromatographic interference
from the blank samples was found. The specifici-
ty of the assay was demonstrated against the
coadministered antibiotic piperacillin.
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3. Results and discussion

3.1. Linearity, detection limit, accuracy and
precision

The calibration curves for tazobactam were
linear over the concentration range of 0.1 to 50
pg/ml. The equations determined from 5 differ-
ent concentrations (experiments repeated twice)
were y=—1.11+38461x (r*=0.981) for stan-
dard serum and y = —4.05 + 42559x (r* = 0.989)
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Fig. 2. Chromatograms of (A) blank serum, (B) blank haemofiltrate, (C) serum with 29.7 ug/ml of tazobactam, (D) haemofiltrate

with 12.6 ug/ml of tazobactam.
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Table 1
Precision and accuracy in serum (n =4)

Spiked concentration CV. Accuracy
(pg/ml) (%) (%)

1 47 95.9

5 42 97.1
20 2.4 101.3

for standard haemofiltrate where y is the peak
area for tazobactam and x is the concentration of
tazobactam in pg/ml, r is the correlation coeffi-
cient. The detection limit of the method in the
two biological fluids was 0.05 ug/ml. Our meth-
od is more sensitive than previously reported
RP-HPLC methods without derivatization [4].
Tables 1 and 2 show the precision (expressed as
coefficient of variation: CV.) and accuracy of the
tazobactam assays in serum and hemofiltrate.
The coefficients of variation were less than 5%
(n =4) over the concentration range 1-20 ug/
ml. The accuracy was between 95.9 and 102.0%.

3.2. Application

A patient undergoing CVVH received
piperacillin (4 g every 8 h) and tazobactam (1.5 g
every 8 h) for an infectious disease. The continu-
ous haemofiltration is an extracorporeal tech-
nique that is used to remove fluid, electrolytes
and other waste products from the blood supply
of critically ill patients with acute renal failure.
The determination of tazobactam concentrations
in serum and haemofiltration fluid of the subject
was carried out to ascertain the impact of CVVH
on drug elimination. Blood samples (7 ml) were
collected just before (0 h) and 1.5 h after each
dose. Three haemofiltrate samples (10 ml) were

Table 2
Precision and accuracy in haemofiltrate (n = 4)

Spiked concentration CV. Accuracy
(ug/ml) (%) (%)

1 3.6 99.3

5 4.5 102.0
20 29 98.8

Table 3
Peak and residual (RS) serum concentration of a patient
undergoing CVVH

Time Concentration
(h) (ug/ml)

RS 0 14.0

Peak 1.5 29.7

RS 8 20.7

Peak 95 338

collected at regular intervals between each dose.
The haemofiltrate concentration (12.6 to 34 ug/
ml) demonstrated the convective trans-mem-
brane movement of tazobactam, but the clear-
ance via haemofiltration could be significantly
lower than normal renal clearance because drug
accumulation was reported. Peak and residual
subtherapeutic serum concentrations are shown
in Table 3. These results involved dosage reduc-
tion of tazobactam to obtain the required drug
concentration (5 pg/ml).

These data must be extrapolated to the in-
dividual clinical situation with caution because of
large interindividual variation in the clinical
status of the subjects and the fact that this
analysis only reports one patient.

4. Conclusion

This newly developed RP-HPLC method for
tazobactam using precolumn derivatization is
highly sensitive and selective and has good repro-
ducibility. It can be used to measure concen-
trations of tazobactam at trace levels for pharma-
cokinetic studies or in serum for optimal clinical
management of patients.
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