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Abstract

A rapid and selective HPLC method is described and validated for measuring amphotericin B (AB) in plasma. The
procedure involves the solid phase extraction of AB from plasma by incorporating 1-amino-4-nitronaphthalene as an
internal standard during the last elution step in extraction followed by HPLC analysis with UV detection at 407 nm.
The chromatographic separation is achieved in less than 10 min on a reversed-phase C-18 column using acetonitrile-
disodium edetate (20 mM) (45:55, v/v) at pH 5.0 as eluent. A linear response over the concentration range of
0.0100–2.00 mg ml−1 is obtained having a detection limit of 0.00500 mg ml−1 for AB. The mean extraction recovery
is found to be 98.191.1% (n=15). The within-day and day-to-day R.S.D. were less than 2% (n=15) and 6.54%
(n=45) respectively. This method is applied for quantifying AB trough levels in the plasma of cancer patients who
have been on antifungal therapy with AmBisome®. It can further be applied either for AB therapeutic monitoring or
single/multiple pharmacokinetic analysis of AB in plasma. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The polyene antibiotic Amphotericin B (AB), a
natural fermentation product of Streptomyces
nodusus, is a member of macrocylic compounds

containing both carboxyl and amino groups. AB
has an amphipathic character due to the rigid
lipophilic chain of seven conjugated double bonds
on one side of the macrolide ring and the hy-
droxyl groups on the opposite side and this char-
acteristic structure is believed to be important in
its biological action [1]. Despite a broad sectrum
of antifungal activity, administration of AB as a
mixed-micellar dispersion with sodium deoxy-
cholate (Fungizone®, Bristol-Myers Squibb, USA)
is limited by severe dose-dependent toxicity. To
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reduce this toxicity several lipid-based formula-
tions of AB have been developed, such as a
liposomal formulation (AmBisome®, NeXtar
Pharmaceuticals, USA), a lipid complex of AB
with phospholipids (ABELCET®, Liposome
Company Inc., USA) and a colloidal dispersion of
AB with cholestryl sulfate (Amphocil®, Sequus
Pharmaceuticals, Inc., USA), and they are now
available in several countries [2–5]. Although
each of these novel products has its own pharma-
ceutical composition and pharmacokinetics, there
has been still limited data about their optimal
therapeutic dosages and disposition kinetics
[2,4,6–13]. In this respect, there has been a cur-
rent interest and need for rapid and reliable mea-
surements of AB plasma, whole blood and tissue
concentrations by using validated assays [2,14].
Several HPLC methods aiming at quantifying AB
in biological fluids and tissues have been reported
after applying either liquid–liquid extraction or
solid-phase extraction (SPE), and most of them
were based on the procedures described by
Nilsson-Ehle et al. [15], Warnock et al. [16], Golas
et al. [17], Mayhew et al. [18], Bach [19], Granich
et al. [20], Brasinne et al. [21], Wang et al. [22] and
Wasan et al. [23] with or without modifications
[4,6,9,24–29]. Among these procedures, the sam-
ple pretreatment using the SPE has been shown to
offer the required specificity by preventing the
endogenous peaks caused by the biological matrix
and N-acetyl amphotericin B has been one of the
recommended internal standards especially for the
SPE procedures [20]. However, this substance is
not commercially available and due to the
difficulties in its supply, the sample pretreatment
involving the SPE of AB were achieved without
using it or any other internal standard as de-
scribed in several studies [4,30–32]. The other
internal standards, such as p-nitrobenzyloxyamine
[17], p-nitrophenol [18], yellow 42 dye [19], 1-
amino-4-nitronaphthalene [3,20,24,27] and na-
tamycin [33], were incorporated during the
liquid–liquid extraction procedures due to their
solubility and spectrophotometric properties.
However, it is well known that the use of an
internal standard in an HPLC method involving
either SPE or liquid–liquid extraction compen-
sates for several technical variations occurring not

only during extraction and evaporation, but dur-
ing the chromatographic manipulations as well
[3,20]. Its use further was shown to improve the
performance characteristics of analytical parame-
ters examined in the assay validation [14].

Consequently, the purpose of the present study
was to establish a rapid and reliable HPLC
method for quantitation of AB in human plasma
that could be performed easily in research and
routine clinical laboratories with currently avail-
able equipment and materials. In this respect, a
modified HPLC method was established by evalu-
ating previously published HPLC assays for AB
quantitation from plasma and serum [15–32]. A
cheap and readily available internal standard,
such as 1-amino-4-nitronaphthalene, was used
during the SPE of AB from plasma, but it was
incorporated into the last elution mixture and
co-eluted with AB in order to control the extrac-
tion procedures and also the HPLC runs. Since
validated bioanalytical methods should be used
during in vivo drug analysis and pharmacokinetic
investigations, a validation protocol was estab-
lished by taking the recommendations of the con-
ference on ‘Analytical Methods Validation:
Bioavailability, Bioequivalence and Pharmacoki-
netic Studies’ [34], the guideline announced by the
International Conference on Harmonization
(ICH) on ‘Validation of Analytical Procedures:
Methodology’ [35] and some others into consider-
ation [36,37].

2. Experimental

2.1. Materials

HPLC grade acetonitrile and methanol
(MeOH) (E., Merck, Darmstadt, Germany) were
used during the analysis. AB (Bristol-Myers
Squibb, Princeton, NJ, USA) was obtained from
Er-Kim Drug Inc., (Istanbul, Turkey). 1-Amino-
4-nitronaphthalene as the internal standard was
supplied from Aldrich (Steinheim, Germany). An-
alytical grade dimethylsulfoxide (DMSO), dis-
odum edetate, disodium hydrogenphosphate,
potassium dihydrogenphosphate, and sodium
chloride were purchased from E., Merck, (Darm-
stadt, Germany). Deionized water was obtained
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by using a Millipore Milli-Q purification system
(Millipore, Milford, MA, USA).

2.2. Apparatus and chromatographic conditions

Analysis was performed using a Shimadzu (Ky-
oto, Japan) HPLC system consisting of a Model
LC-6A pump, a Model SPD-6AV UV–visible
spectrophotometric detector and a Chromatopac
CR3A integrator. The system was operated at
ambient temperature at a flow-rate of 1.0 ml
min−1 using a Bondapak C-18 mm reversed-phase
column (300×4.6 mm i.d., dp=5 m) (Waters,
Milford, MA, USA). Elution was carried out
isocratically with acetonitrile–disodium edetate
(20 mM) (45:55, v/v) at pH 5.0. The mobile phase
was filtered through a 0.45 mm nucleopore mem-
brane filter (Costar, Bodenheim, Germany) and
degassed using a sonication bath for at least 1/2 h.
A Rheodyne Model 7125 injection valve (Rheo-
dyne Inc., Cotati, USA) with a 100 ml fixed sam-
ple loop was used for sample injection. The UV
detection wavelength was 407 nm based on the
UV spectrum of AB in the mobile phase, which
was recorded by a UV–visible 16 Spectrophoto-
meter (Shimadzu, Kyoto, Japan) with 0.1 AUFS.

2.3. Solid-phase extraction

For the SPE, Sep-Pak Cartridges of 1 ml capac-
ity (C-18, 100 mg, Waters, Milipore, Milford,
MA, USA) and PH-EC columns of 1 ml capacity
(Phenyl, 100 mg, Internationale Chromatographie
Technologie (ICT), Basel, Switzerland) were used.
The Vac-Elut vacuum chamber was obtained
from Varian (Harbor City, CA, USA). The SPE
columns were attached to the Vac-Elut chamber
and conditioned by passing 2 ml of MeOH, 2 ml
of water and 3 ml of phosphate buffer (pH 7.4; 11
mM) that was prepared according to the British
Pharmacopoeia [38] at flow rates of about 1 ml
min−1. One ml of the sample, such as the plasma
sample, the standard working solution, the quality
control sample or the sample for stability study,
was used during the SPE. The sample to be
extracted was loaded to the SPE column at a rate
of about 0.2 ml min−1 and washed with 3 ml of
MeOH–phosphate buffer (pH 7.4; 11 mM)

(40:60, v/v) three times with a flow rate of about
1 ml min−1. After vacuum application for 2–3
min, 1 ml of acetonitrile–disodium edetate (2.5
mM) (60:40, v/v) at pH 4.2 containing 1 mg ml−1

of 1-amino-4-nitronaphthalene was added. AB
and the internal standard were eluted together
and finally 100 ml of the extract was injected
directly into the analytical column.

2.4. Preparation of plasma samples

The venous blood samples were obtained from
healthy human volunteers and from two cancer
patients on antifungal therapy with AmBisome®.
Prior the blood sampling, informed consent was
obtained from the patients according to the pro-
tocol approved by the Institutional Review Board
of the Hacettepe University [14]. All of the blood
samples were collected into the vacutainer tubes
containing tripotassium edetate as an anticoagu-
lant and centrifuged immediately for 10 min at
1500×g. During the validation of the assay and
construction of calibration curves fresh human
plasma was used. The plasma obtained from the
patients were divided into two fractions and kept
frozen at −20°C and duplicate measurements
were done for each fraction. Before SPE, each
fraction of the patient plasma was allowed to
thaw at room temperature in the dark and with-
out applying heat or ultrasonication. After adding
1 ml of phosphate buffer (pH 7.4; 11 mM) to 1 ml
of the plasma, the SPE was performed with 1 ml
of the diluted plasma.

2.5. Standard solutions

The stock standard solutions of AB (500 mg
ml−1) and 1-amino-4-nitronaphthalene (500 mg
ml−1) were prepared by dissolving 5.00 mg of
each of them separately in DMSO–MeOH (1:1,
v/v) mixture. The working standard solutions for
constructing calibration curves and for assay vali-
dation covering the range for intended use (1–
200%) were obtained from blank plasma spiked
with various amounts of the appropriately diluted
stock solution of AB. In this respect, first the
stock solution of AB was diluted with deionized
water to the concentrations of 50.0, 10.0 and 1.00
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mg ml−1 of AB and the required aliquots taken
from these solutions were spiked into the
plasma. After adjusting the volume of each
working standard solution to 1 ml with the
plasma, 1 ml of phosphate buffer (pH 7.4; 11
mM) was added and vortexed. Finally, 1 ml of
the resulting solution was used for the SPE.

2.6. Quality control samples

On every working day, the quality control
plasma samples in triplicates at three different
concentrations, one near to the lower range
(0.0150 mg ml−1), one in the mid range (1.00 mg
ml−1) and one in the upper range (1.80 mg
ml−1) of the calibration curve (1.50–180%) were
prepared and extracted in the manner described
in the SPE. They were incorporated randomly
into each run during the construction of calibra-
tion curves and along with the measurement of
unknown samples. The individual and overall
mean percent recovery of AB from the quality
control samples were calculated and R.S.D. val-
ues of maximum 15% provided the basis of ac-
ceptance criteria for the run.

2.7. Sample preparation for AB stability in
plasma

For the stability study the standard working
solution in plasma at 1.00 mg ml−1 of AB was
used and prepared as described previously. The
samples were stored in hermetically closed vials
under the following conditions: at 25°C exposed
to fluorescent light and at 25, 4 and −20°C in
the dark. One ml of the sample withdrawn from
each vial at the beginning and at the end of 1st,
10th, 30th days was extracted as described in
the SPE section. Each sample was assayed in
triplicate by HPLC under the final assay condi-
tions and the mean percent of drug remained
starting from the time zero were calculated

2.8. Preparation and storage conditions

All procedures during the preparation and the
SPE of the plasma samples, the standard solu-
tions and the quality control samples till chro-

matographic analysis were completed in a dark
room. The stock solutions, the standard working
solutions and the plasma samples were kept at
−20°C wrapped in aluminum foil in order to
prevent AB degradation

2.9. Validation of the assay

2.9.1. Linearity
The linearity was evaluated with seven blank

plasma spiked with various amounts of appro-
priately diluted stock standard solutions to form
working solutions of plasma containing 0.0100,
0.0500, 0.100, 0.500, 1.00, 1.50 and 2.00 mg
ml−1 of AB. For each concentration three mea-
surements were performed and calibration
curves based on the peak height ratio (PHR) of
AB to the internal standard versus nominal con-
centrations expressed in mg ml−1 of AB were
constructed. The data were statistically evaluated
by using a regression analysis software package
called EKKAR4.1 and the equations were calcu-
lated by least-square linear regression analysis.

2.9.2. Accuracy and reco6ery
In the accuracy evaluation three working

standard solutions in plasma covering the cali-
bration range and containing 0.0100, 1.00 and
2.00 mg ml−1 of AB were prepared as described
previously. Five consecutive measurements were
performed for each concentration within the
same day. The SPE recovery was calculated by
comparing the PHR of AB to the internal stan-
dard obtained from the extracted working stan-
dard solutions in plasma and those resulting
from the direct injection of the working stan-
dard solutions of AB prepared in the mobile
phase having the same concentrations of AB
and the internal standard. The individual and
the overall mean percent recovery were calcu-
lated and a R.S.D. value of maximum 15% was
set as the acceptance criteria.

2.9.3. Precision
The within-day and day-to-day analytical pre-

cision were determined by analyzing three differ-
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ent working standard solutions in plasma having
0.0200, 1.00 and 1.75 mg ml−1 of AB. Five con-
secutive measurements were performed for each
concentration within the same day and on three
different days. The acceptance criteria for within-
day and day-to-day R.S.D. values were not more
than 15%.

2.9.4. Sensiti6ity
The sensitivity in terms of detection and quanti-

tation limits were determined by using two differ-
ent working standard solutions in plasma having
0.00900 and 0.0100 mg ml−1 of AB, which were
prepared as described in the standard solutions
and the SPE sections. The concentration mea-
sured with suitable accuracy and precision was
accepted as the limit of quantitation. The limit of
detection at a signal-to-noise ratio of about 3:1
was regarded as the lowest detectable amount.

2.9.5. Selecti6ity
The selectivity of the HPLC method was

checked by analyzing different independent blank
human plasma samples. The chromatograms of
the blank plasma samples were compared with the
chromatograms obtained by plasma spiked with
AB and the plasma spiked with ten different
drugs that were potentially used during the ther-
apy of cancer patients who had fungal infections.
Furthermore, the chromatograms obtained from
the plasma samples of the cancer patients who
were on antifungal therapy were examined for
possible interference.

3. Results and discussion

The optimum conditions for the SPE of AB
from the plasma were established after performing
preliminary experiments with phenyl (PH-EC)
and octadecyl (Sep-Pak) columns [14]. The SPE
procedure involving phenyl columns described by
Bach et al. [19] produced inconsistent results and
low AB recovery in our experimental conditions
(data not shown). A rapid and an efficient SPE of
AB from the plasma was achieved by using C-18
columns according to Granich et al. [20] and
Wang et al. [31] with modifications. The SPE
procedure reported by Wang et al. [31] did not
involve any internal standard application. On the
contrary to the study presented by Granich et al.
[20], in which N-acetyl amphotericin B was the
internal standard during the SPE of AB from
serum, in our study 1-amino-4-nitronaphthalene
was used as the internal standard. It was incorpo-
rated during the last elution step of the extraction
procedure, while its high solubility in organic
solvents prevented its addition during the first
step. Since the pH of the final elution solvent or
the buffer used during SPE by Wang et al. [31]
was not reported, in our procedure the pH value
was optimized and a successful extraction effi-
ciency for AB was observed with the final elution
solvent containing acetonitrile – disodium edetate
(2.5 mM) (60:40, v/v) at pH 4.2. Finally, the
results dealing with the extraction efficiency in our
procedure, which covered the calibration range of
0.0100–2.00 mg ml−1 of AB were satisfactory and
better than previously reported procedures
[20,31,33]. Data on the accuracy evaluation of our

Table 1
Accuracy of the method for analysis of AB in spiked plasma samples

Added (%) Founda (%)Concentration (mg ml−1) Recoveryb (%) R.S.D. (%)

93.992.40.93890.02410.0100 5.81
0.76299.990.31.00 99.990.3100

2.00 1009120292 1.80200

4.51Mean9S.D., n=15 98.191.1
101\m\95.895% confidence limits

a Calculated from peak height ratio (AB/IS) and expressed as found amount in percent, mean9S.D., n=5.
b Calculated from peak height ratio (AB/IS) and expressed as recovery in percent, mean9S.D., n=5.
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method and the analytical recovery of AB deter-
mined was illustrated in Table 1. The individual
SPE recovery at low, medium and high concentra-
tions were 93.992.4% (R.S.D. 5.81%), 99.99
0.3% (R.S.D. 0.762%) and 10091% (R.S.D.
1.80%) respectively, whereas the mean SPE recov-
ery at all concentrations was 98.191.1% (R.S.D.
of 4.51%, n=15). In the study of Wang et al. [31],
although the calibration range was between 0.005
and 2.50 mg ml−1 of AB, the extraction efficiency
reported as an average (92%) covered the range of
0.025–2.50 mg ml−1. As a result, not only the
extraction efficiency at the lowest concentration
(0.005 mg ml−1), but the other validation parame-
ters, such as accuracy and precision over the
calibration range defined, was not taken into con-
sideration in their study. In this respect in our
study an improvement in the recovery has been
shown and this achievement was due to the com-
bination of carefully elaborated procedure of the
SPE and the sample handling during preparation
and storage conditions, since AB was also found
to be light sensitive. In addition to that, the use of
the internal standard controlled the variations,
especially during the chromatographic runs and
resulted in reproducible extraction recoveries and
thus improved the performance of the validation.

Reproducible chromatographic separation of
AB and the internal standard were established
after examining various chromatographic condi-
tions by injecting 100 ml of the extracted plasma
sample without concentrating. The resolution of
the internal standard was not achieved when
MeOH was present as a third component in the
mobile phase mixture of acetonitrile and disodium
edetate as reported by Kan et al. and Bach
[10,19]. For this reason, binary mixtures of aceto-
nitrile and disodium edetate in different composi-
tions were examined. However, poor
chromatographic resolution was observed by us-
ing the mobile phase consisting of acetonitrile –
disodium edetate (10 mM) (40:60, v/v) at pH 4.2
according to Granich et al. [20]. In their study, the
chromatographic separation of AB and 1-amino-
4-nitronaphthalene in serum was achieved after
applying a liquid–liquid extraction procedure
with MEOH. The retention times for AB and the
internal standard were reported to be 4.990.8

and 7.891.2 min, respectively [20]. In our study,
the molarity of disodium edetate and the pH were
further increased by visual inspection of the peaks
and the resolution was affected and improved
with the mobile phase having a composition of
acetonitrile–disodium edetate (20 mM) (45:55, v/
v) at pH 4.5. Actually, the composition of the
mobile phase in this latter case was same as
described by Gondal et al. [24], in which plasma
AB concentrations were determined by HPLC
after extraction with MeOH, but detailed infor-
mation about the resulting chromatograms and
the retention times were lacking. Finally, in our
experimental conditions reproducible chromato-
graphic separations were achieved by increasing
the pH of the mobile phase mixture of acetoni-
trile–edetate sodium (20 mM) (45:55, v/v) to 5.0.
During the analysis UV detection was performed
at 407 nm, which was observed to be suitable for
both AB and the internal standard, although in
some other studies detection at different wave-
lengths such as at 388 nm [18], 386 nm [19,20] or
382 nm [4,25,31] were mostly performed. Repre-
sentative chromatograms of AB and the internal
standard assayed in plasma were presented in Fig.
1. Typical chromatograms obtained for a blank
plasma sample and for a plasma sample obtained
from one of the cancer patients who had been
treated with Ambisome® were shown Fig. 2. The
retention times for AB and the internal standard
in the standard working solutions and the plasma
of patients were reproducible. The mean mea-
sured values for the retention times of AB and the
internal standard were 6.2790.01 min (R.S.D.
1.53%, n=10) and 3.7790.01 min (R.S.D.
1.11%, n=10), respectively on different occa-
sions. The retention time of AB found in our
study was consistent with the retention time (ap-
proximately 6–7 min) reported by Wang et al.
[31]. In our analysis, when the chromatograms
obtained from the blank plasma, the plasma sam-
ples of the patients on antifungal therapy, and the
plasma spiked with co-administered drugs, such
as cyclophosphamide, daunorubucine, cisplatine,
phenobarbital, diazepam, amikasin, ampicilline,
acetaminophen, acetylsalicylic acid and chlorpro-
mazine were examined, no endogenous com-
pounds were observed at the retention times of
both AB and the internal standard.
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Fig. 1. Representative chromatograms of the working standard solutions of AB in plasma containing 0.100 mg ml−1 of AB (a) and
1.00 mg ml−1 of AB (b). (1) Internal standard (1-amino-4-nitronaphthalene); (2) Amphotericin B.

The standard curves of AB in plasma were
linear over the specified range of 0.0100–2.00 mg
ml−1. A typical equation of the calibration curve
relating the PHR of AB to the internal standard

and the concentration of AB was y=1.00173x+
0.00127 with a coefficient of determination of
0.9997 and the intercept was not significantly
different from zero (P=0.05). AB calibration
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curves displayed good reproducibility for different
days, and the mean of the slope, intercept and
coefficient of determination were 1.010390.00879
(R.S.D. 1.50%, n=3), 0.0021790.000715
(R.S.D. 57%, n=3), and 0.999590.0000899
(R.S.D. 0.02%, n=3), respectively. Among two
different concentrations tested, the limit of quan-

titation defined as the lowest point of the calibra-
tion curve with acceptable accuracy and precision
was 0.0100 mg ml−1. The actual mean measured
concentration of AB at this level was found to be
0.0099790.0002 mg ml−1 (R.S.D. 5.42%, n=5).
The limit of detection as defined in the experimen-
tal section was 0.005 mg ml−1. In some of the

Fig. 2. Representative chromatograms of a blank plasma (a), and a patient’s plasma showing trough levels of AB (13999 ng ml−1)
before i.v. infusion of the second dose of AmBisome® (b). (1) Internal standard (1-amino-4-nitronaphthalene); (2) Amphotericin B.
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previous studies neither the quantitation limits
nor its validation were reported, whereas only
detection limits were given as sensitivity
[19,20,31]. In this respect, the sensitivity of AB
assay in plasma reported by Wang et al. [31] was
also 0.005 mg ml−1. The calibration range used in
their study was between 0.005 and 2.50 mg ml−1,
but the accuracy at the lowest point over the
calibration range was not demonstrated. Instead
of that, 0.025 mg ml−1 of AB was regarded as the
lowest concentration in the calibration range and
its validation was performed. On the other hand,
the sensitivity of the method reported by Gondal
et al. was 0.01 mg ml−1 for AB without making
an identification [24]. For this reason, in our study
the limit of quantitation and detection were defin-
itely described and an improvement in the quanti-
tation limit compared with previously published
studies [19,20,24,31] was demonstrated.

A summary of the results on precision derived
from the measured concentrations of the working
standard solutions in plasma at three different
concentrations were demonstrated in Tables 2 and
3, respectively. The within-day R.S.D. were less
than 2% at all concentrations and the day-to-day
R.S.D. for 45 measurements was found to be
6.54%. These results clearly indicated the repro-
ducibility and repeatability suited the purpose of
the analytical method.

During the construction of calibration curves
and the analysis of the samples, quality control
plasma samples at three concentrations were em-
ployed. The results dealing with the triplicate
analysis of three quality control samples at differ-
ent days (n=27) were demonstrated in Table 4.
The R.S.D. values for all measurements on
within-day and day-to-day basis were less than
15% with an overall R.S.D. of 4.88% for 27
measurements at three different days. Conse-

Table 2
Within-day precision of the method for analysis of AB in spiked plasma samples

R.S.D. (%)Concentration (mg ml−1) Recoveryb (%)Founda (%)Added (%)

20.0200 1.20100912.0090.01
100 98.390.61.00 98.390.6 1.34

1.75 98.490.8175 17291 1.83

99.090.4Mean9S.D., n=15 1.65
95% confidence limits 100\m\98.1

a Calculated from peak height ratio (AB/IS) and expressed as found amount in percent, mean9S.D., n=5.
b Calculated from peak height ratio (AB/IS) and expressed as recovery in percent, mean9S.D., n=5.

Table 3
Day-to-day precision of the method for analysis of AB in spiked plasma samples

PHRaPHRaAdded R.S.D.PHRaConcentration Recoveryc (%)Foundb

(%)(Day 1) (Day 3)(%) (%)(mg ml−1) (Day 2)

91.493.71.8590.080.022590.0010.0390.01 8.920.020290.000120.0200
0.97090.433 97.991.5 97.991.5 3.421001.00 0.99090.007 1.0190.45

175 1.7390.01 1.8290.811.75 1.7390.77 17594 10091 2.29
Mean9S.D., n=45 6.5496.690.9
95% confidence limits 98.5\m\94.7

a Peak height ratio (AB/IS), mean 9S.D., n=5.
b Calculated from PHR and expressed as found amount in percent, mean9S.D., n=15.
c Calculated from PHR and expressed as recovery in percent, mean9S.D., n=15.
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quently, during the measurements of plasma AB
trough concentrations of the patients these results
were taken into consideration and the concentra-
tions measured during the runs were accepted.
The plasma AB trough concentration of the first
patient who received the first dose of AmBisome®

by i.v. infusion was found to be 13999 ng ml−1

(R.S.D. 13.3%, n=4) (Fig. 2b). The second pa-
tient was on antifungal therapy with AmBisome®

for several days and the plasma AB trough con-
centration was 409911 ng ml−1 (R.S.D. 5.46%
n=4) at the end of 19 days.

Furthermore, during our preliminary studies
and the course of the study it has been found that
AB in plasma decomposes over time, when the
samples were exposed to light. Although the sta-
bility of AB in various solutions and biological
matrix at different temperatures were examined in
some of the previous studies [2,19,31,33,39], the
effect of light on AB degradation was not re-
ported. In our study, special attention was given
during the preparation and storage conditions of
the samples and standard solutions and all of the

procedures including the SPE, till analysis by
HPLC were carried out in the dark room. The
results dealing with the light and temperature
sensitivity of AB in plasma were demonstrated in
Table 5. The effect of light and temperature on
degradation of AB at 25°C was rapid and this
degradation could be prevented by protecting the
samples from the light exposure. In our study no
change in AB concentration was detected with the
plasma samples stored in the dark at −20°C for
30 days.

4. Conclusion

A sensitive and selective HPLC assay was de-
veloped for AB quantitation by using the SPE.
The SPE was demonstrated to have sufficient and
reproducible extraction efficiency for AB from 1
ml of diluted plasma and no endogenous interfer-
ing peaks were observed in the plasma of the
patients and the blank plasma spiked with AB or
other drugs. The addition of 1-amino-4-ni-

Table 4
Recovery of AB from the quality control samples at different days

Concentration (mg ml−1) Different daysDay 1 recoverya Day 2 recoverya (%) Day 3 recoverya

(%) recoveryb (%)(%)

97.894.5 (8.01)0.0150 93.595.66 (10.5)96.891.1 (1.93) 96.192.21 (6.88)
10091 (3.63)10393 (5.11)1.00 97.991.1 (1.97) 99.791.2 (2.17)

10290 (1.87)99.791.2 (2.17)99.390.4 (0.666)1.80 99.890.8 (2.35)

98.790.927 (4.88)Mean 9S.D., R.S.D. (%), n=27

a Calculated from PHR and expressed as recovery in percent (mean9S.D., R.S.D. (%), n=3).
b Calculated from PHR and expressed as recovery in percent (mean9S.D., R.S.D. (%), n=9).

Table 5
Stability of amphotericin B in human plasma

% Drug remainedaTime (day)

25°C (in the dark)25°C (light exposed) −20°C (in the dark)4°C (in the dark)

0 10091 (2.12)10090 (2.12) 10090 (2.12) 10091 (2.11)
99.591.0 (2.40) 99.991.0 (2.39)1 10092 (3.12) 10091 (2.18)
97.591.0 (1.83) 10091 (1.51)10091 (1.10)98.591.0 (1.83)10
85.690.3 (0.454) 91.690.3 (0.670)30 99.590.1 (0.218) 10091 (1.78)

a Calculated from PHR and expressed as the percent drug remained (mean9S.D., R.S.D. (%), n=3).
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tronaphthalene as the internal standard during
the last elution step in the SPE procedure en-
hanced the reliability and flexibility of the HPLC
assay for AB and improved the performance char-
acteristics of the analytic parameters in the valida-
tion procedure. The protocol of the assay
validation was explained in detail and fulfilled the
necessary requirements, in which the stability of
the plasma samples, the recovery, linearity, preci-
sion, accuracy and limit of quantitation of the
described method were shown to have satisfactory
results. Consequently, this method can be used in
the research and clinical laboratories, either for
AB therapeutic monitoring in plasma or single/
multiple-dose pharmacokinetic analysis of AB in
plasma of the patients that are hospitalized for
antifungal therapy with the liposomal and other
new lipid-based formulations of AB, since it offers
a rapid chromatographic analysis time and can be
performed on readily available equipment for rou-
tine use.
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