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bstract

Derivative spectroscopy has been utilised for the determination of amphotericin in various biological matrices including plasma, serum, urine

nd brain tissue. Whilst these methods have all been shown to be suitable for the determination of the drug in these matrices it has been reported
hat the application fails in the case of highly icteric plasma, this being due to the presence of high concentrations (>50 �M) of bilirubin. This
aper details the application of ratio spectra derivative spectroscopy to overcome the interference of bilirubin with amphotericin in such situations.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Amphotericin B [1] (Fig. 1) is a polyene macrolide antifun-
al agent used in the treatment of systemic fungal infections
specially in immunocompromised patients and for oral and
erioral infections. Various methods for the quantification of
mphotericin B in biological matrices using HPLC, LC/MS/MS,
LISA and UV–vis spectrophotometry have been described

1–12]. The UV–vis methods are all based on derivative spec-
ra and have been applied to the determination of amphotericin

in brain tissue [10], serum and urine [11] and plasma [12],
espectively. Monteil et al. [12] in describing the use of sec-
nd order derivative spectroscopy for the measurement of this
rug in plasma report excellent results with the exception of
amples obtained from highly icteric patients. In these samples
he authors reported that the high levels of bilirubin [2] (Fig. 1)
≥50 �M) give rise to interferences that affect the determination
f amphotericin. The problem arises from the fact that bilirubin
as an absorbance in the region of 400 nm which is the region

here amphotericin absorbances occur.
Salinas et al. [13] described the development of ratio spec-

ra derivative spectroscopy. In this methodology the spectra
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f various solutions containing different concentrations of two
omponents [M+N] are obtained and these spectra are divided
y a spectrum of one of the components [say N]. The “ratio
pectra” thus obtained are then differentiated with respect to
avelength and the derivative spectra amplitudes for a given
avelength are plotted against the concentration of M CM to
ive a calibration graph for that component. Application of the
ethod to an unknown sample containing both M and N, and

se of the calibration graph, will then enable the determination
f CM in the unknown mixture. The reverse procedure (divi-
ion by M) can be used to determine CN. This method was
uccessful and permitted the resolution of binary mixtures of
ompounds having overlapping spectra. (The full mathematical
asis of this method is described in detail in ref. [13] and is not
resented here). The method has been applied successfully to the
etermination of co-formulated pharmaceuticals in a number of
nstances [14–17].

The application of derivative spectroscopy has often been
sed for the determination of one compound in the presence
f a second interfering compound. However, in the case of the
nterference of bilirubin in plasma interfering with the deter-

ination of amphotericin this was reported to be unsuccessful.

e have therefore investigated the possible application of ratio

pectra derivative spectroscopy to the determination of ampho-
ericin B in the plasma to eliminate this interference due to
ilirubin.

mailto:j.millership@qub.ac.uk
dx.doi.org/10.1016/j.jpba.2007.12.043
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Fig. 1. The structures of am

. Experimental

.1. Instrumentation

Two spectrophotometers were used in this investigation:

Cary 50 Scan UV–vis Spectrophotometer (Varian).
Philips PU 8720 UV–vis Scanning Spectrophotometer.

UV scans were performed between 300 and 500 nm using a
0 mm path-length quartz cuvette purchased from Strana (Essex,
ngland).

.2. Materials

Amphotericin B (Amphotericin B from Streptomyces sp.
80% (HPLC)) and bilirubin (≥98%) were purchased from
igma (Poole, England). Amphotericin B was stored in refrig-
rator until required. Bilirubin was stored at −20 ◦C until
equired. Horse plasma (Heparinised) was purchased from

CS Biosciences Ltd (Buckingham, UK). The plasma was
tored at −20 ◦C until required. Dimethylsulfoxide (DMSO)
nd methanol were Laboratory Reagent Grade, purchased
rom Fisher Scientific UK Ltd (Loughborough, Leicestershire,

t
p

i

ricin (1) and bilirubin (2).

K). Potassium dihydrogen phosphate and disodium hydrogen
rthophosphate were purchased from Fisher Scientific UK Ltd
Loughborough, Leicestershire, UK). All water was processed
sing a Millipore-Q Reagent System (Waters, England).

.3. Methodology

.3.1. Preparation of solutions
A stock solution of amphotericin B was prepared (500 mg/l)

y dissolution in approximately 70 ml of DMSO/methanol
50/50, v/v). This was stirred for approximately 2 h at room
emperature protected from light. The mixture was transferred
nto a 100 ml volumetric flask and made up to 100 ml with the
MSO/methanol mixture. The flask was covered in aluminum

oil and stored in a refrigerator. The stock solution of ampho-
ericin was diluted with de-ionised water to produce a 25 mg/l
olution and then further dilutions were prepared again using
he de-ionised water. All solutions were protected from light.

The stock solution of amphotericin was diluted with horse
lasma to produce a 25 mg/l solution and then further dilu-

ions were prepared again using the plasma. All solutions were
rotected from light.

An alkaline solution of bilirubin 10 mg/100 ml was prepared
n phosphate buffer pH 7.4 which was treated 5 drops of NaOH
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2 M). The flask was covered in aluminum foil and stored in a
efrigerator.

.3.2. Determination of solutions of amphotericin B in
e-ionised water

Solutions of amphotericin (1.25–5 mg/l) in de-ionised water
ere prepared using the 25 mg/l solution and the zero order

pectra determined between 300 and 500 nm; a scan rate of
00 nm/min was used. The second order derivative spectra [with
moothing] were generated using the “Maths” function of the

inCary software. A calibration curve was constructed using
he zero to trough amplitude corresponding to the absorbance at
09 nm in the zero order spectra. Three test solutions of ampho-
ericin in de-ionised water (4.375, 3.000 and 1.875 mg/l) were
etermined as above and the accuracy and bias of the measured
oncentrations of amphotericin in these samples calculated. In
ll experiments each solution sample was prepared and analysed
n triplicate.

The above procedure was repeated but with the use of an
cetonitrile pretreatment step. To 1 ml of each solution was
dded 2 ml of acetonitrile and the mixture vortexed for 30 s.
he samples were then processed as above as were test samples.

Solutions of amphotericin (1.25–5 mg/l) in de-ionised water
ontaining bilirubin (51.3 �M) were prepared and the zero
rder spectra determined between 300 and 500 nm, a scan rate
f 200 nm/min was used. These zero order spectra were then
ivided by spectra of standard bilirubin solutions (51.3 �M or
5.7 �M) and the second order derivative spectra (with smooth-
ng) of these ratio spectra were generated using the “Maths”
unction of the WinCary software. A calibration curve was con-
tructed using the peak to trough amplitude corresponding to the
bsorbance at 409 nm in the zero order spectra. Three test solu-
ions (QC samples) of amphotericin in de-ionised water (4.375,
.000 and 1.875 mg/l) were determined and the accuracy and
ias of the measured concentrations of amphotericin in these
amples calculated.

The above procedure was repeated but with the use of an
cetonitrile pretreatment step. To 1 ml of each solution was
dded 2 ml of acetonitrile and the mixture vortexed for 30 s.
he samples were then processed as above along with the test
amples.

.3.3. Determination of solutions of amphotericin B in
lasma

Solutions of amphotericin (1.25–5 mg/l) in plasma were pre-
ared using the 25 mg/l solution and the zero order spectra
etermined between 300 and 500 nm; a scan rate of 200 nm/min
as used. The procedure undertaken in this section was repeated
n these samples as well as three test samples to determine bias
nd accuracy.

The procedure described above was repeated but with the use
f an acetonitrile pretreatment step. To 1 ml of each solution was
dded 2 ml of acetonitrile and the mixture vortexed for 30 s. The

amples were then processed as above as were test samples.

Solutions of amphotericin (1.25–5 mg/l) in plasma contain-
ng bilirubin (51.3 �M) were prepared and the zero order spectra
etermined between 300 and 500 nm, a scan rate of 200 nm/min
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as used. These zero order spectra were then divided by those
f standard bilirubin solutions (51.3 �M or 25.7 �M) and
he second order derivative spectra (with smoothing) of these
atio spectra were generated using the “Maths” function of the

inCary software. A calibration curve was constructed using
he peak to trough amplitude corresponding to the absorbance
t 409 nm in the zero order spectra. Three test solutions
f amphotericin in plasma (4.375, 3.000 and 1.875 mg/l)
ere determined and the accuracy and bias of the measured

oncentrations of amphotericin in these samples calculated.
The procedure described above in 2.3.8 was repeated but with

he use of an acetonitrile pretreatment step. To 1 ml of each
olution was added 2 ml of acetonitrile and the mixture vortexed
or 30 s. The samples were then processed as above as were test
amples.

The above procedure was repeated using two concentrations
f amphotericin (4.375 and 1.875 mg/l) and three concentrations
f bilirubin (64.1, 51.3 and 26.6 �M).

. Results and discussion

These studies were concerned with establishing the feasibility
f using ratio spectra derivative spectroscopy for the determina-
ion of amphotericin B in plasma in the presence of the bilirubin,
owever, preliminary investigations (described in outline only
or the sake of brevity) involved establishing the procedure in
queous solution and in plasma without bilirubin interference.
pectral investigations of both zero, first and higher order spectra
f amphotericin in water confirmed the findings reported by pre-
ious workers [10–12]. The zero order spectra of amphotericin
, bilirubin and a mixture of amphotericin B and bilirubin in
e-ionised water are presented in Fig. 2. The second derivative
pectrum of amphotericin B and the ratio spectra second deriva-
ive spectrum of amphotericin B in the presence of bilirubin in
e-ionised water (with bilirubin as the divisor) are presented
n Fig. 3. The zero order spectra of solutions of amphotericin
, bilirubin and amphotericin B in the presence of 51.3 �M
ilirubin clearly demonstrates the interference of bilirubin at
he concentration Monteil et al. [12] had suggested led to diffi-
ulties. Based on our initial investigations we decided to proceed
ith investigations using second order derivative spectroscopy

s had Monteil et al. [12]. When investigating the procedure
or the determination amphotericin B in de-ionised water in the
bsence of bilirubin the generated data were excellent in terms
he correlation coefficient of the calibration curve and the bias
nd %CV of the QC samples investigated. This was as expected,
ased on the previous literature. Investigations then focused on
queous samples containing varying concentrations of ampho-
ericin in the presence of 51.3 �M bilirubin. The data generated
or amphotericin B in de-ionised water in the presence of biliru-
in are based on the second derivative of the ratio spectra. The
ivision by bilirubin solutions (51.3 �M or 25.7 �M) to obtain
he ratio spectra indicated that the 51.3 �M solution resulted

n better data. Statistical data on calibration solutions and test
olutions (correlation coefficients, bias and %CV) were inferior
o those obtained in the absence of bilirubin. In the analytical
rocedures detailed by Monteil et al. [12] and Botslogu et al.
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ig. 2. Zero order spectra of solutions of amphotericin B (5 mg/l), bilirubin (51

11] when determining the drug in the biological matrices a pre-
reatment step involving addition of acetonitrile was included,
his procedure is presumably a protein precipitation step. We
herefore investigated this again in samples of amphotericin B
issolved in de-ionised water. Once again satisfactory analyt-
cal data were obtained, both in the absence and presence of
ilirubin, which suggested that the second derivative of the ratio
pectra (using a bilirubin solution as the divisor) was capable
f removing the interference of bilirubin. From these data we
lso concluded that the use of the acetonitrile pre-treatment step

esulted in more reliable analyses.

Our work then focused on the application of this method to
he analysis of amphotericin B in plasma samples. Due to the

t
s
t

ig. 3. The second derivative spectrum of amphotericin B in de-ionised water and the
ilirubin (51.3 �M) in de-ionised water using bilirubin (51.3 �M) as the divisor solut
) and amphotericin B (5 mg/l) plus bilirubin (51.3 �M) in de-ionised water.

ecent implementation of the Human Tissue Act in the UK in
his preliminary study we have utilised horse plasma in place of
uman plasma (Fig. 4).

Once again sets of standard samples of amphotericin were
repared in plasma in presence of bilirubin (51.3 �M), calibra-
ion curves were constructed and then QC solutions analysed.
hese procedures were then repeated with the inclusion of the
cetonitrile step. These results are presented in Table 1 and these
ata clearly indicate the feasibility of determining amphotericin
n plasma in the presence of bilirubin using ratio second deriva-

ive spectra. The results also indicate the superiority of the inclu-
ion of the acetonitrile pre-treatment step. In order to investigate
he applicability of the method we also investigated its applica-

ratio spectra second derivative spectrum of amphotericin B in the presence of
ion.
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Table 1
Statistical data for analysis of amphotericin B in plasma in the presence of bilirubin (51.3 �M) with and without an acetonitrile pre-treatment step using the ratio
spectra second derivative spectrum method

With no acetonitrile step With acetonitrile step

Equation y = −0.00255x − 0.00015 y = −0.00163x − 0.00048
Correlation coefficient (r) 0.9965 0.9915

Concentration of amphotericin (mg/l) Accuracy (bias %) Precision (%CV) Accuracy (bias %) Precision (%CV)

4.375 91.80 2. 77 96.00 2.94
3.125 113.02 1.35 106.20 1.89
1.875 102.20 4.07 98.90 1.18

Table 2
Statistical data for analysis of amphotericin B in plasma in the presence of bilirubin (64.1, 51.3 and 26.6 �M) with an acetonitrile pre-treatment step using the ratio
spectra second derivative spectrum method

Equation y = −0.00171x − 0.00049
Correlation coefficient (r) 0.9915

Concentration of amphotericin (mg/l) Concentration of bilirubin (�M) Accuracy (bias %) Precision (%CV)

4.375 64.1 102.9 2.7
4.375 51.3 105.2 1.2
4.375 26.6 107.8 1.2
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.875 64.1

.875 51.3

.875 26.6

ion with solutions containing constant amphotericin concen-
rations with variable bilirubin concentrations. The results are
resented in Table 2. These data again clearly demonstrate the
pplicability of the method. In the work by Monteil et al. [12]
hey had initially indicated the use of amphotericin concentra-
ions in the range 1.25–5 mg/l which we have repeated, however,
hey do report a linear range for their method of 0.05–5 mg/l and
hat the normal therapeutic range is 0.5–3.5 mg/l. In the present
tudy we were able to demonstrate a linear response in the range
.5–5 mg/l (y = 0.0018x + 0.0005; r = 0.9734), which covers the
ull therapeutic range. The inability to extend the lower range of
his calibration curve is possibly related to the extra step involved

n the production of the ratio spectra.

The basis for this study was the use of derivative spectroscopy
or the determination of amphotericin in biological matrices and
he reported problem that in plasma from highly icteric patients

ig. 4. The second derivative ratio spectra of amphotericin (4.00 and 5.00 mg/l)
n horse plasma containing 51.3 �M bilirubin.

[

[

[

99.3 0.8
98.1 6.3

105.5 1.4

he bilirubin present caused interference in this determination.
he results presented in this work suggest that ratio spectra
erivative spectroscopy is capable of removing the interference
f bilirubin in such circumstances. Actual patient samples could
ot be determined at this time due to procedural difficulties,
owever, the possible interference from metabolites of ampho-
ericin B should not be a problem due to the reported lack of

etabolism of amphotericin B [18].
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