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Abstract. An effective, selective and sensitive method for the determination of azithromycin in
plasma using high performance liquid chromatography-electrochemical detection (HPLC-ECD)
extracted by solid phase extraction was developed and validated. Clarithromycin was used as
an internal standard. Azithromycin was extracted from 1 ml of plasma using an Oasis HLB
solid-phase extraction cartridge and the elution was evaporated to dryness, dissolved in 100
pl mobile phase and 40 pl auto-injected into an HPLC system with a 200 pl loop. The mobile
phase was acetonitrile, methanol, phosphate buffer, 0.05M, pH 6.0 (20:20:60, v/v/v) with a
flow rate of 1.0 ml/minute. The lower limit of quantitation (LLOQ) was 10 ng/ml without interfer-
ing peaks. The calibration curve was linear (r?=0.9998) over a concentration range 10 to 400
ng/ml. The accuracy and precision were acceptable. The mean recoveries at 30, 100 and 200
ng/ml were 85.3+5.5%, 80.1+6.8% and 82.9+2.5%, respectively. Azithromycin was stable in
plasma for at least 6 hours at room temperature and 6 months storage at -80°C. The post-
preparation stability of spiked samples was more than 24 hours after preparation. The car-
tridge can be used two times providing a deviation of less than 4%. This method has adequate
sensitivity, specificity, accuracy and precision to measure azithromycin in human plasma and
is free from interference from the plasma matrix. The validated method was to quantify
azithromycin plasma concentrations in five healthy Thai volunteers after the administration of

500 mg azithromycin capsules.

INTRODUCTION

Azithromycin is an advanced-generation
macrolide antibiotic derived from erythromy-
cin and containing a methyl-substituted nitro-
gen in the lactone ring (Fig 1) (Hoepelmana
and Schneide, 1995). Azithromycin possesses
favorable pharmacokinetic (Bosnar et al, 2005)
and toxicological profiles (Kalilani et al, 2007).
It has shown intrinsic activity against Plasmo-
dium spp in vitro (Noedl et al, 2001; Ohrt et
al, 2002). Azithromycin has been successfully
used in combination with artemisinin deriva-
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tives and quinine for prophylaxis and treatment
of malaria (Krudsood et al, 2000; Noed! et al,
2001, 2006; Heppner et al, 2005; Miller et al,
2006). The high tissue concentration of
azithromycin in the liver makes the drug po-
tentially attractive as a causal prophylactic
antimalarial agent (Girard et al, 1987;
Andersen et al, 1994, 1995). Azithromycin has
also been found to be an effective alternate
to penicillin in the treatment of less severe
cases of leptospirosis (Ghouse et al, 2006).
Its efficacy is not inferior to that of doxycy-
cline for the treatment of leptospirosis and
scrub typhus (Phimda et al, 2007). Plasma
azithromycin concentrations not only provide
useful information about its systemic availabil-
ity, but also its potential therapeutic use for
malaria and leptospirosis treatment, when
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compared with the inhibitory concentrations
(Ohrt et al, 2002; Murray et al, 2004).

Azithromycin does not have a specific UV
chromophore and thus UV detection gives only
low sensitivity for the determination of
azithromycin in plasma. The methods that
have been reported are based on high perfor-
mance liquid chromatography (HPLC) with
fluorescence detection after pre-column
derivatization (Bahrami et al, 2005; Bahrami
and Mohammadi, 2006), or microbiological
assay (Riedel et al, 1992; Cérceles et al, 2005).
HPLC with electrochemical detection (HPLC-
ECD) has been widely used due to its high
sensitivity and precision without need of a
derivatization process. Kees et al (1998) used
cyanopropy! silica for the stationary phase of
an analytical column which proved to be at
least as efficient, and of better selectivity than
reverse phase C,,. The common methods that
have been used for sample extraction are di-
rect precipitation protein with acetonitrile or
methanol (Liu et al, 2007; Xue-Min et al, 2007)
and liquid-liquid extraction using organic sol-
vents (Kees et al, 1998; Chen et al, 2006). The
extract resulting from liquid-liquid extraction
indicated a high recovery of azithromycin but
was not clean (several potential interfering
peaks) and formed an emulsion when recon-
stituted with the mobile phase. Recently, an
analytical method with the highest sensitivity
using solid phase extraction (SPE) for
azithromycin plasma sample preparation and
HPLC with MS/MS detection was reported (Ke
et al, 2002). However, this method is not
readily available for most laboratories. A com-
bination of SPE and HPLC with ECD was ap-
plied to analyze azithromycin plasma concen-
trations in animals with moderate sensitivity
(Breitschwerdt et al, 1999). It is likely that the
application of SPE could provide lower peak
interferences and inter-analyst variation, com-
pared to those obtained from liquid-liquid ex-
traction. The objective of this study was to
develop and validate a simple, selective and
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sensitive HPLC-ECD method for determina-
tion of azithromycin in human plasma using
the SPE.

MATERIALS AND METHODS

Chemicals and materials

Azithromycin dihydrate (USP Reference
standard, purity 93.8%, Lot I0F079) and
clarithromycin, as the internal standard (IS),
(USP Reference standard, purity 97.7%, Lot
GOD356) were purchased from the United
States Pharmacopeal Convention (USA), with
a USP certificate of analysis. The chemical
structure of azithromycin and the IS are shown
in Fig 2. Methanol, acetonitrile, and the dibasic
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Fig 1-Structure of azithromycin (Andreotti et al,
2007).
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Fig 2—Structure of clarithromycin (Andreotti et al,
2007).
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potassium phosphate tri-hydrate were all HPLC
grade and purchased from BDH Chemicals
(Poole, Dorset, UK); potassium di-hydrogen
phosphate was purchased from Sigma (Sigma
Chemical, St Louis, MO). De-ionized water was
obtained from a Milli-Q de-ionized (DI) water
system (Millipore, Bedford, MA). Drug-free
plasma was obtained from the Blood Bank of
Srinagarind Hospital (Khon Kaen University).

Equipment and chromatographic conditions

The modular isocratic HPLC system con-
sisted of a Spectrasystem P2000 pump (San
Jose, CA), a Waters™ 717 (Waters, Milford,
MA) automatic sample injector and an
amperometric detector Model 105 (Precision
Instruments, France) with reference electrode
(Ag/AgCl) and voltage values set at 1.2V and
10 nA. Data acquisition was performed using
Clarity™ version 2.4.1.77 LC system software
(Waters, Milford, MA). The analytical column
was an Eclipse XDB-CN™ 5 um, 150 x 4.6
mm (Agilent Technologies, Palo Alto, CA) pro-
tected by a guard column Xterra RP18, 3.9 x
20mm (Waters, Milford, MA). The mobile
phase a was acetonitrile-methanol-phosphate
buffer, 0.05M, pH 6.0 (20:20:60, v/v/v) with a
flow rate of 1.0 ml/minute. The SPE cartridge
used was a hydrophilic-lipophilic balanced
copolymer extraction column (1 ml, 10 mg,
Waters Oasis HLB, Waters, Milford, MA). A
solid phase extraction manifold (Ashcroft)
was used to extract plasma and force sol-
vent through the columns by vacuum pump,
model DOA-V502-BN (GAST Manufacturing,
MI). The HPLC solvent mobile phase was fil-
tered through a 0.2 pm nylon membrane, de-
gassed by sonication, then online degassed
with a series 200 degasser (Perkin-Elmer Cor-
poration, Norwalk, CT). The temperature of
the HPLC column was kept at 25°C.

Preparation of calibration curves

Fresh preparations of stock solutions of
azithromycin (500 pg/ml) and clarithromycin (30
pg/ml) were prepared in methanol-water (70:30,
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v/v). The azithromycin stock solution was diluted
with a mobile phase to make a working solu-
tion at a concentration of 40 pg/ml. Calibration
standards were prepared by spiking the
azithromycin working solution into pooled drug-
free human plasma from the Blood Bank of
Srinagarind Hospital (total volume 500 ml) to
obtain concentrations of 10, 30, 50, 100, 200
and 400 ng/ml. The samples were mixed for 20
seconds and equilibrated for 1 hour and stored
frozen in aliquots at -80°C. Calibration curves
were constructed using the six calibration stan-
dards and calculated using peak area ratios for
azithromycin for the corresponding concentra-
tion. Linear calibration curves were generated
by a linear regression equation with r? not less
than 0.995 over the standard concentration.

Sample preparation

Frozen plasma samples were thawed at
room temperature, vortexed and then centri-
fuged for 3 minutes at 2,700g in order to sepa-
rate coagulated proteins and lipids from the
plasma matrix. The processes of sample ex-
traction were: conditioning the cartridge with 2
ml of methanol, allowing the cartridge to dry
under vacuum, equilibrating with 2 ml of water,
loading 1 ml of plasma sample and IS 20 pl of
30 pg/ml onto the Oasis HLB SPE columns,
washing with 1 ml of deionized (DI) water and
then 1 ml 5% v/v methanol in water, eluting with
1 ml of methanol (flow rate 0.5 ml/minute in
every step), evaporating the elute to dryness
with nitrogen gas 20 Ib%/inch at a temperature
of 25-30°C and reconstituting in 100 pl of mo-
bile phase, mixing and sonicating briefly. Forty
W of sample was auto-injected into the HPLC-
ECD system with a 200 pl loop. Precision of
injection was checked and the coefficient of
variation (%CV) was less than 5%.

Method validation

The processes of method validation and
their criteria followed the guidelines for
Bioanalytical Method Validation of the US FDA
(2001).
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Lower limit of quantification (LLOQ). The lower
limit of quantification (LLOQ) of the assay pro-
cedure was selected to be the lowest con-
centration of azithromycin (in five replicates of
spiked pooled drug-free human plasma) that
produced a peak area ten times the base line
noise at a sensitivity of 0.01 V, where the %CV
was within 20% and accuracy was within the
range 80-120% (US FDA, 2001).

Selectivity. The interference from the endog-
enous matrix by other components, such as
decomposition product metabolites in drug-
free human plasma samples from the Blood
Bank of Srinagarind Hospital from at least six
different donors were analyzed individually. In
addition, concomitant medication or com-
monly used drugs (paracetamol, diclofenac
sodium, ibuprofen, clindamycin hydrochloride,
loratadine and ambroxol hydrochloride) in the
samples was investigated by spiking the drugs
into drug-free plasma. Selectivity was as-
sessed by comparing the chromatograms of
the drug-free plasma from the six different
donors, the plasma spiked with the concomi-
tant drugs, and the plasma spiked with
azithromycin and IS.

Accuracy, intra- and inter-day precision. Intra-
and inter-day precision were determined as
%CV. The accuracies were calculated by di-
viding the measured concentrations by true
concentrations and expressing as a percent-
age. Intra-day precision and accuracy were
calculated using replicate (n=5) determinations
of spiked pooled human plasma at three dif-
ferent concentrations of azithromycin (30, 100
and 200 ng/ml) during a single analytical run.
The reproducibility (inter-day precision) of the
method was validated using the same three
different spiked plasma concentrations as
described above on three separate days. The
%CV for each concentration level did not ex-
ceed 15% and accuracy was within the range
of 85-115% (US FDA, 2001).

Recovery. The recoveries of azithromycin ex-
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traction at three different concentrations of the
spiked pooled plasma (30, 100 and 200 ng/
ml) were evaluated by assaying the samples
as described above and comparing the peak
areas of azithromycin with the IS, and then
comparing with those obtained from direct
injection of the azithromycin dissolved in
methanol at the same concentrations. The
mean recoveries were calculated at each con-
centration (n=5).

Stability. The short-term stability was exam-
ined by keeping two concentrations of the
spiked pooled plasma (30 and 200 ng/ml, n=3)
at room temperature and analyzed at 6 hours.
The auto-sampler stability of azithromycin was
tested by analysis of the two processed and
reconstituted samples as described above,
which were stored in the auto-sampler tray for
24 hours. The long-term stability of azithro-
mycin in plasma was tested after storage of
the spiked pooled plasma at the same con-
centrations as described above at -80°C for
24 weeks (sampling time: 0, 1, 3, 6,9, 12 and
24 weeks).

Preparation of quality control samples. Quality
control (QC) samples were prepared in plasma
using a stock solution separated from that
used to prepare the calibration curve, at the
three different concentrations of the spiked
pooled plasma (30, 100 and 200 ng/ml). The
QC samples were aliquoted into cryovials and
stored frozen at -80°C for use with each ana-
lytical run. The result of the QC samples gave
the basis for accepting or rejecting the run. At
least four of the six QC samples had to be
within = 15% of their nominal concentration
(US FDA, 2001).

The deviation of reused Oasis HLB cartridges

The percent deviation using the Oasis HLB
cartridges twice was determined. The percent
deviation was calculated by the average con-
centration of the first extraction minus the
average concentration of second extraction,
multiplied by 100 and divided by the average
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concentration of the first extraction. The devia-
tion for each of the three concentrations of
spiked pooled plasma (30, 100 and 200 ng/ml,
n=3) could not be more than £5%.

Application of the method to biological samples

The method was applied to the investi-
gation of the plasma concentration-time pro-
file of azithromycin following administration
of 500 mg azithromycin in a capsule. The vol-
unteers were healthy Thais (three males and
two females), aged between 20 and 45 years
with a body mass index of 18 - 24. The study
was approved by the Ethics and Scientific
Review Committee of Khon Kaen University.
Written informed consent was obtained from
the volunteers prior to study participation.
Blood samples (5 ml) were contained in hep-
arinized-coated plastic tubes at the follow-
ing time points: 0, 0.5, 1, 2, 2.5, 3, 4, 6, 9,
12, 24 and 48 hours after dosing. Blood
samples were centrifuged at 2,700g for 10
minutes. Plasma samples were collected and
stored at -80°C until analyzed using the pre-
sented method.

RESULTS

Method of SPE extraction

The important part of many chromato-
graphic methods in the assay of biological
samples is the elimination of interferences
during HPLC determination. A selective ex-
traction method used to purify and concen-
trate the samples prior to analysis is required.
The chosen SPE column, Oasis HLB, is of
polymeric construction designed to have a
hydrophilic-lipophilic balance (HLB) that gives
a high recovery rate and good reproducibility
for acidic, basic, and neutral compounds (In-
struction sheet, Waters Oasis). Azithromycin
was extracted from the spiked pooled plasma
and purified using Oasis HLB. Washing with 1
ml of DI water and 5% methanol provided ac-
ceptable recoveries and no peaks interfering
with determination of azithromycin or IS.

982

Method validation

The chromatographic system is appropri-
ate for determination of azithromycin in plasma
and can separate azithromycin and IS from
interfering peaks. Sensitivity can be increased
by applying higher detector voltages. The volt-
age of E=1.2V was sufficiently sensitive and
can detect an azithromycin plasma concen-
tration of 10 ng/ml. The %CV of auto injection
at 500 ng/ml in the mobile phase was 4.5%.

Selectivity

There was no interference from endo-
genous matrix components on individual
analysis of drug-free human plasma samples
(n=6) observed at the retention times for analy-
ses. The study showed that paracetamol,
diclofenac sodium, ibuprofen, clindamycin
hydrochloride, and ambroxol hydrochloride
were detected from the described analytical
method but did not give interference with the
analysis for azithromycin or IS. Their retention
times were earlier than those for azithromycin
and IS, ie ranging between 3 and 9 minutes.
Loratadine was not detected. The retention
times for IS and azithromycin in spiked plasma
are shown in Fig 3 (line A). The retention times
for IS and azithromycin were about 14.0 and
16.6 minutes respectively.

Linearity of calibration curves and lower limits
of quantification (LLOQ)

The correlation coefficient of the calibra-
tion curve was r?=0.9998 (n=5) which con-
firmed that the calibration curves were linear
over a concentration range of 10 to 400 ng/
ml, and the equation of the standard curve
was y = 0.001+0.0023x. The LLOQ was 10
ng/ml for which an acceptable accuracy (n=5)
was in the range 80-120% (111.14%) and a
precision below 20% (5.85%).

Precision and accuracy

The intra-day and inter-day precision and
accuracy for azithromycin were evaluated by
assaying the three concentrations of azithro-
mycin in spiked pooled plasma samples. In this
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assay, at each concentration, the intra-day pre-
cision was 5.7% or less, and the inter-day pre-
cision was 6.9% or less. The accuracy was in
range 98.6-101.9% (Table 1). The results dem-
onstrate the values were within the acceptable
range and the method is accurate and precise.
Recovery and stability

The mean recoveries determined for each
of the three concentrations (30, 100 and 200
ng/ml) of azithromycin were 85.3+5.5%,
80.1+6.8% and 82.9+2.5% (n=5), respectively.
All stability determinations were carried out
using 30 and 200 ng/ml azithromycin plasma
samples. No significant degradation occurred
under any of the experimental conditions. The
stability data are shown in Table 2. The stabil-
ity of the analyte specified in the US FDA crite-
rion (2001) was that the decrease from initial
value should not exceed 15%. The results of
the percentage deviation for each of the ex-

perimental conditions showed that azithromycin
was stable in plasma for at least 6 hours at
room temperature (RT) and stable at -80°C for
at least six months. After reconstituting with
mobile phase, it was stable for at least 24 hours
for auto-sampler injection.

Quality control samples

The control samples with concentrations
of 30, 100 and 200 ng/ml plasma azithromycin
were analyzed at the beginning and the end
of the analytical run. All the results were within
acceptable limits (+ 15% of their nominal
value).

The deviation of reused Oasis HLB cartridges

The percent deviation of extraction of
azithromycin in plasma by reusing Oasis HLB
cartridges is shown in Table 3. The Oasis HLB
cartridge can be reused in duplication with a
percent deviation of extraction of not more

Table 1
Accuracy and precision for the determination of azithromycin in plasma.

Added (ng/ml) Found&ng/ml) Intra-day, CV (%) Inter-day, CV (%) Accuracy (%)
(n=5) (n=5, 3 days) (n=5)
30 29.6+1.3 451 6.35 98.6
100 101.9+5.8 5.65 6.85 101.9
200 200.5+9.8 4.88 5.03 99.4
@ Mean * Standard deviation
Table 2
Stability of azithromycin plasma samples (n=3).
Experimental condition Initial concentration? Found? Deviation(%)
(ng/ml) (ng/ml)
Auto-sampler samples, 24 hour at RT 30.51 + 0.16 30.57 + 0.35 -0.20
1999 +24 1998+ 1.1 0.02
Plasma sample, 6 hour storage at RT (short-term) 33.1+14 34.2+38 3.6
206.9 £ 9.3 213.3+8.1 3.1
Plasma sample, 24 weeks storage at -80°C (long-term) 33.1+ 1.4 29.26 + 0.55 115
206.9 £ 9.3 1947+ 43 5.9

a8 Mean + Standard deviation
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Fig 3-The overlay of chromatograms of a drug-free
plasma (line A) and a spiked plasma sample
DISCUSSION with azithromycin 200 ng/ml (AZ) and IS 30
png/ml (line B) with mobile phase of acetoni-
The HPLC method with ECD for trile-methanol-0.05M phosphate buffer pH
the determination of azithromycin in o 6.0, (20:20:60,v/v/v); flow rate of 1.0 ml/min.
plasma is simple, selective and repro-
ducible. Although HPLC with MS or
MS/MS detection is highly sensitive, =
with the lowest reported LLOQ of 1 2
ng/ml (Chen et al, 2007), the instru- g
ments are expensive and not readily €
available in most laboratories. SPE g ™
extraction was developed for sample é
preparation. Washing the sample with
1 ml of water and 5% methanol was
. . ——— e —
sufficient to give an acceptably clean i —
chromatogram without interfering * £ S - zd
. . Time (hour)
peaks near the retention times for ) ) '

; ) ) Fig 4-Representative data showing plasma concen-
azithromycin and IS, with more than tration-time profiles of 5 healthy Thai volun-
80% recovery. The reconstituted teers after the administration of 500 mg
sample presented low albumin con- azithromycin capsules.

Table 3
The percent deviation of extraction of azithromycin in plasma using Oasis HLB cartridge two
times.

Concentration (ng/ml) (n=5) First extraction® (ng/ml) Second extraction® (ng/ml) Deviation (%)

30 27.26 + 0.82 27024 0.85
100 98.4+20 95.1+1.3 3.4
200 1953+ 2.2 1948 £ 2.1 0.23

a8 Mean + Standard deviation

984

Vol 39 No. 6 November 2008



DETERMINATION OF AzITHROMYCIN IN HUMAN PLASMA

tent and a clear solution. Its advantages over
the previously reported HPLC are: (1) it ob-
tained a clear reconstituted sample, (2) a lower
LLOQ (10 ng/ml) compared to that reported
by Breitschwerdt et al (1999) (30 ng/ml) and
(3) the Oasis HLB cartridge still had accuracy
with duplicate extractions. The method was
fully validated according to US FDA guidelines
(2001) for Bioanalytical Method Validation. This
method had good accuracy, precision, selec-
tivity and linearity. The amperometric detec-
tor had low background noise at high voltage
and the waiting time for stability was not more
than 1 hour when run continuously. The de-
tector recovered after about 2 hours at a flow
rate of 1 ml/minute after flushing with metha-
nol, and an overnight pause. The eluent was
based on a phosphate buffer because the
addition of ammonium acetate or tetra-butyl
ammonium to the mobile phase has been re-
ported to increase background noise (Kees et
al, 1998). The sensitivity of the detector was
reduced after running for 1 week continuously
or about 250 sample injections. Therefore, the
cell detector should be cleaned with DI water
every week or after about 250 injections. The
mobile phase could be recycled for at least 4
days.

In summary, SPE was selected to provide
simple, clean and efficient sample preparation.
The LLOQ of the HPLC method with ECD was
10 ng/ml. This method has been successfully
applied to the determination of plasma
azithromycin concentrations, and demon-
strated that the method was reproducible,
specific, precise and accurate.
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