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Abstract

A modified high performance liquid chromatography (HPLC) method for the quantification of vancomycin levels
in plasma and tissues is described. The method uses solid phase extraction (SPE) of vancomycin from the samples and
reversed phase HPLC with UV detection. The method was fully validated in terms of recovery, linearity, selectivity
and various stability conditions. Vancomycin was determined in plasma samples obtained from 15 patients
undergoing cardiopulmonary bypass, before and repeatedly during 12 h after drug administration. The vancomycin
levels in plasma were measured by HPLC and by fluorescence polarization immunoassay (FPIA) (TDX). The
following correlation was found: TDX =0.84 HPLC + 1.04. The mean vancomycin levels in skin, fat, atrium,
pericardium and sternum, before and after bypass, are reported. © 1998 Elsevier Science B.V. All rights reserved.
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several analytical methods, such as bioassay, ra-
dioimmunoassay (RIA), fluorescence polarization
immunoassay (FPIA) and high performance lig-
uid chromatography (HPLC) [3-9].

Among these methods, HPLC is the most sensi-
tive and specific and has the ability to detect low
levels with high precision and accuracy, although
not the simplest and least time consuming. HPLC
was used to detect vancomycin levels in tissues
and bones, where levels below the detection limit
of, e.g. FPIA, are expected. Several investigators
[10,11] employed solid phase extraction and re-

* Corresponding author. Tel: + 972 4 8250329; fax: + 972 4 versed phase HPLC and UV detection to deter-
8250684. mine low vancomycin levels.

1. Introduction

Vancomycin is a glycopeptide antibiotic, often
used against gram-positive bacteria, including me-
thicillin-resistant staphylococci [1,2]. Monitoring
vancomycin levels in the blood is considered use-
ful in order to avoid ototoxicity and nephrotoxic-
ity in patients under treatment and to ensure that
therapeutic concentrations are achieved.

Vancomycin can be monitored in plasma by
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We report a modified HPLC method, which
employs a gradient system for the determination
of vancomycin in plasma, tissues and bones. The
method was applied for the determination of van-
comycin at different stages of a coronary artery
bypass operation. We compared results obtained
for plasma samples by the modified HPLC
method with the FPIA results for 180 blood sam-
ples taken during cardiac surgery.

2. Materials and methods

2.1. Chemicals and reagents

Vancomycin hydrochloride (Vanco-Teva, Teva,
Netanya, Israel) was used in this study. The inter-
nal standard (IS) was tinidazole (Sigma, Israel).
Stock solutions in water were kept frozen (—
20°C). Analytical potassium dihydrogen phos-
phate was obtained from Merck (Germany).
Acetonitrile (HiPerSolv) and methanol (HiPer-
Solv) were from BDH (UK). All HPLC solvents
were filtered prior to use through a 0.2 pm filter
(Schleicher and Schuell). Sample clean-up solid
phase extraction cartridges (SPE) were C18 Bond
Elut, 3 cc 200 mg ' from Varian (Harbor City,
CA). Vancomycin kits for TDX were from Ab-
bott (Cat. No. 9523-60, Abbott Laboratories, Ab-
bott Park, IL).

2.2. Instrumentation

The HPLC system consisted of a gradient sys-
tem model HP-1050 with a UV-vis detector and
an autosampler (Hewlett-Packard). Chromato-
graphic separations were performed at ambient
temperature (23-25°C) on a Hypersil BDS C8
column; 10 cm x 4.6 mm, 3 pm (Shandon) with a
C8 2 cm guard column (Keystone Scientific). The
mobile phase consisted of 5 mM potassium dihy-
drogen phosphate buffer (pH 2.8)—acetonitrile,
and the following gradient was applied: 3% ace-
tonitrile for 1.5 min; 20% at 11.5 min, 20% at 14
min and 3% at 15 min; post time was 10 min. The
total run time was 25 min at a flow rate of 1.5 ml
min ~!. Detection of vancomycin and IS was at
282 nm. FPIA was performed on a TDX system
(Abbott Laboratories).

2.3. Sample preparation

2.3.1. Plasma samples

To 0.5 ml spiked plasma, 100 pl IS solution (20
pg ml—' in H,0) were added. This mixture (250
ul) was applied to the Bond Elut cartridge. The
cartridges were activated prior to use by succes-
sive washing with 3 ml methanol and 3 ml dis-
tilled water.

After centrifugation for 1 min at 250 rpm, the
cartridge was washed with 1.5 ml H,O. The eluate
was discarded and the cartridge was washed again
with a 3 ml methanol-water mixture (5:95 v/v).
Vancomycin and the IS were eluted by two suc-
cessive 300 pl washing with acetonitrile—50 mM
KH,PO, (50:50 v/v, pH =4.0, 1 min centrifuga-
tion at 250 rpm), and the eluate was evaporated
to dryness, and then reconstructed with 600 pl
water. This solution (100 pl) was injected into the
HPLC system.

The Bond-Elut cartridges were washed with one
volume of methanol followed by one volume of
water. Each cartridge was discarded after the
second run.

2.3.2. Tissues and sternum

The tissue and bone samples were rinsed with
saline and were pressed in sterile gauze to remove
contaminating blood, and then weighed. The sam-
ples were assayed against a calibration curve of
vancomycin in water. Water (500 pl) was added to
the (bone or tissue) samples which were then
homogenized. An additional 500 pl water were
added in order to remove all sample traces from
the homogenizer. The mixture was centrifuged in
order to avoid loss of material on the tube walls,
and then sonicated in an ice bath for 20 min. IS
(200 pl) was added to this mixture. A sample of
the upper layer (500 pl) was applied to the SPE
cartridge. The procedure from this point was the
same as for the plasma samples.

2.4. Validation of the HPLC method

Fifteen calibration curves of vancomycin,
within a concentration range of 0.5-75 pg ml~!
in plasma and 0.25-20 pg ml—! in water, were
run in order to establish linearity. The calibration
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curves were obtained by weighted (1/X?) linear
regression of the peak height of vancomycin ver-
sus vancomycin concentration. Recovery was cal-
culated by comparing the measured values of the
spiked samples with those of the standard
aqueous solutions of three concentrations,
namely, 2, 10 and 40 pg ml—!. The extraction
recovery of the IS was determined at 5 pg ml—1.
The stability was established with six replicates of
the three above mentioned concentrations, as fol-
lows: stability on the autosampler during 24 h,
long term stability up to 6 months at — 36°C, and
stability to two freeze-thaw cycles of the samples.
Inter-day reproducibility was measured at three
time points and the coefficients of variation were
7.5, 6.0 and 6.4% for 2, 10 and 40 pg ml—!,
respectively. The intra-day coefficients of varia-
tion, measured for eight replicates of each of the
above mentioned concentrations, were 11.2, 8.5
and 8.6%, respectively .

2.5. Assay of samples

In this study 180 blood samples, and 270 vari-
ous tissues and sternum samples were assayed by
HPLC. The calibration curves were performed
before each HPLC run. Two sets of quality con-
trols (QCs) at three different levels (2, 10 and 40
pug ml—! for blood and 1, 5 and 10 pg ml~! for
tissues and sternum) were tested with each HPLC
run. The runs were repeated if more than two QC
at different concentrations, or two QCs at the
same concentration, deviated by more than 20%
from their nominal range.

The blood samples were also analyzed by FPIA
(TDX) on the same day. Three standard QCs,
namely 12, 30 and 65 pg ml—! (Biorad) were
placed in each TDX monitoring cycle. The QC
results were not allowed to deviate by more than
20% from their expected values.

3. Results
3.1. Validation

Fig. 1 shows typical chromatograms. No inter-
fering peaks appear in the retention times of both

vancomycin and the IS, therefore the method is
proved to be selective. The extraction recoveries
of vancomycin are shown in Table 1.

Linearity was established over 15 calibration
curves, where Y =0.082X + 0.021 (mean correla-
tion coefficient = 0.9966) within the range 0.5-75
pug ml— ! Vancomycin was found to be stable to
two freeze-thaw cycles and no decomposition or
deterioration was observed in the vancomycin
concentration in the plasma samples kept at —
36°C for 6 months.

The limit of quantification (LOQ), which is
defined as the lowest concentration which was
determined within less than 20% precision and
accuracy, was 0.5 pg ml—'.

3.2. Blood samples

The precision and accuracy of the HPLC analy-
ses were evaluated from the quality controls in-
cluded in each run. The TDX analyses were
evaluated by daily testing three QC levels. The
results are summarized in Table 2.

The vancomycin levels in blood were deter-
mined during various stages of cardiac surgery,
for 15 patients. Altogether, 180 blood samples
and 270 tissue or sternum samples were analyzed.
The mean blood levels ranged between 56.4 + 20.5
pug ml ~! at the end of i.v. administration and ca.
7.6+23 ug ml—' 12 h after administration. The
mean plasma concentration—time curve, analyzed
by HPLC, is shown in Fig. 2.

The vancomycin levels obtained for 180 blood
samples by HPLC and FPIA were in good agree-
ment. We found: pg ml—! TDX = 0.84( 4+ 0.02)
pg ml—! HPLC + 1.04( £+ 0.38) pg ml—! with a
correlation coefficient r = 0.964. Fig. 3 shows the
correlation and the 95% confidence interval.

3.3. Tissues and sternum

In order to obtain reproducible results, the
minimal weight of tissues was 100 mg. Van-
comycin levels in tissues and sternum were calcu-
lated in pg g~ !, according to the following
relationship:
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Fig. 1. Representative chromatograms of: (a) blank plasma, (b) plasma spiked with IS, (c) plasma spiked with 0.5 pg ml—!
vancomycin (LOQ) and (d) plasma spiked with 50 pug ml~' vancomycin.
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The mean vancomycin levels (ug g ~!) in tissues and
sternum 3 h after vancomycin administration were:
leg skin, 15.8 +14.3; leg fat, 7.7 + 4.9; chest skin,
23.5 4+ 12.4; chest fat, 6.9 +4.4; sternum, 10.9 +
8.1; pericardium, 28.2 +12.9; and right atrium,
20.5+9.3.

Table 1
Extraction recoveries of vancomycin and IS

Amount (ug ml—1) Recovery (%) CV (%)
2 96.9 9.4
10 92.1 15.7
40 97.5 15.0
IS (5) 74.0 6.2

4. Discussion

The method we used for sample preparation is
a simplified modification of the methods described
previously [9,10]. The washes and extraction from
the SPE cartridges were carried out by placing the
cartridges in a centrifuge at 250 rpm, thus achieving
controlled suction through the cartridges. This also
allowed the handling of up to 48 samples simulta-
neously and, thus, to complete the sample prepara-
tion in a short time.

Various compounds were examined in order to
find internal standard which would be extracted
under the same conditions as vancomycin. Risto-
cetin, cephalexin and cefazolin had poor extraction
recovery, whereas teicoplanin, which has a similar
molecular structure to vancomycin, was unsuitable
due to the appearance of several wide endogenous
peaks in the chromatogram. Tinidazole coeluted
with vancomycin from the SPE cartridges in a good,
reproducible recovery and good separation was
achieved under the chromatographic conditions.
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Table 2
Precision and accuracy of the HPLC analyses

Nominal concentration (ug ml—") HPLC TDX

2 10 40 12 30 65
N 23 26 26 23 23 23
Observed concentration (ug ml~1') 1.99 + 0.41 10.59 + 0.84 40.61 +4.06 11.6 +1.2 28.2+23 63.5+ 6.6
CV (%) 20.6 8.0 10.0 10.2 8.2 10.4
Accuracy (%)* 20.6 8.2 7.9 8.8 8.6 8.4

* The accuracy, which represents the percentage deviation of the observed concentration from the nominal concentration, was

calculated according to:

Z\ [(ObservedConcentration — NominalConcentration)/Nominal Concentration]| % (100/n)

The elution of vancomycin and the IS from the
SPE cartridge was performed by applying two
successive portions of 1:1 acetonitrile in buffer.
Lower percentages of acetonitrile was found in-
sufficient to elute the IS.

A gradient was applied in order to increase the
signal-to-noise ratio, and hence increase the sensi-
tivity of the method. By applying the gradient the
column was washed of proteins and other impuri-
ties which tend to accumulate at the columns head
at the end of each run, and thus chromatograms
with no interfering peaks are obtained (Fig. 1).

Fig. 3 shows the good correlation between the
results obtained by HPLC and FPIA (TDX).
Similar correlations were found by other investi-
gators, i.e. Ristuccia et al. [5] observed that pg
ml~! TDX =1.0489 pg ml—! HPLC — 0.737 for
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Fig. 2. The mean plasma concentration—time curve of van-
comycin.

100 clinical specimens, Filburn et al. [6] report pg
ml~!' TDX = 0.8456 ug ml~—' HPLC + 3.3205 for
60 samples.

The results indicate that TDX analyses yield
reliable results for monitoring vancomycin levels
in blood samples, however, when low concentra-
tions (ug ml—"') are expected, as in the case for
tissues and sternum, only the more sensitive
HPLC method is appropriate.

In all tissue and bone samples the concentration
of vancomycin varied among the patients with a
relatively wide distribution of results. Similar dis-
tributions were also observed by other investiga-
tors [12—14]. Nevertheless, it is seen that
vancomycin is present in all the tissues involved in
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Fig. 3. The TDX-HPLC correlation for 180 blood samples.
The 95% confidence interval is shown.
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the surgery, and its concentration always exceeds
the MIC of the common contaminating patho-
gens, namely higher than ca. 2 pg ml—! [15].
Blood peak levels were obtained 1 h after van-
comycin administration (56.4 pg ml—') and these
levels remained above the MIC until the end of
the operation. Further discussion of this issue,
which is beyond the scope of this paper, is in
preparation [16].
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