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Abstract

A simple and reproducible HPLC method for the analysis of amphotericin B (AmB) in serum, lung and liver using
natamycin as the internal standard was developed. AmB and natamycin were extracted from serum, lung and liver and were
separated using an isocratic elution from a C , reversed-phase column. The mobile phase consisted of acetonitrile—10 mM
acetate buffer pH 4.0 (37:63, v/v). The HPLC system had two detectors in series. One was set at 303 nm and the other at
383 nm for the detection of natamycin and AmB, respectively. The retention times of AmB and natamycin were 15 and 6
min, respectively. The recovery efficiency was 96-70%. The limit of quantification was 0.1 pg/ml. The assay was
reproducible, the within-day coefficient of variation (n=6) was <8% for serum, lungs and liver. The between-day variability
(n=6) was <7.7% for serum, liver and lungs at 1 wg/ml or 1 wg/g tissue concentration. The assay was linear within the

range 1-40 pg/ml (r>=0.999).
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1. Introduction

Amphotericin B (AmB) is the most potent an-
tifungal agent and the drug of choice in serious
fungal infections. AmB binds to ergosterol, the sterol
of fungal membranes and destroys them ([1]. Its
major limitation is its toxicity, mainly nephrotoxici-
ty.

Encapsulation of AmB in liposomes reduces the
toxicity and increases the therapeutic index of the
drug [2,3]. Recently, several lipid AmB formulations
for intravenous administration have been used in
clinical trials [3,4]. We have developed several
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liposome AmB formulations and wish to study AmB
kinetics following aerosolization. The purpose of this
work is to develop and validate an HPLC method for
AmB using an internal standard. This method should
be capable of analyzing AmB concentrations not
only in serum, but also, in lung and liver following
an aerosol or intravenous administration.

Although several HPLC methods have been de-
veloped for AmB determination in biological fluids
[5-12], the majority of them do not use an internal
standard, and therefore samples have to be carefully
controlled, otherwise errors can be introduced which
can limit the reproducibility, precision and the
accuracy of the method [13]. There are only a few
methods for AmB analysis which utilize internal
standards such as N-acetylamphotericin B [11],
however this standard is not readily available. In
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another method p-nitrophenol has been utilized as
internal standard; the recovery of the method was
53-71% and the coefficient of variation was 18%
from human plasma [14]. p-Nitrobenzyloxyamine
has also been used as an internal standard in
quantifying AmB. The recovery was about 75% and
the reproducibility was 4%; however this method
was only used to detect AmB in plasma or serum
[10].

In this paper we describe the development of a
new sensitive, accurate and reproducible method for
analysis of AmB in serum, lung, and liver tissue.

2. Experimental
2.1. Chemicals

Amphotericin B was a gift from Bristol-Myers
Squibb  (Princeton, NJ, USA). Natamycin
(pimaricin), methanol and acetonitrile were pur-
chased from Sigma (St. Louis, MO, USA). Acetic
acid was purchased from Mallinckrodt (Paris, KY,
USA) and sodium acetate from Fisher Scientific (Fair
Lawn, NJ, USA). All reagents were HPLC grade.

2.2. Chromatographic system and conditions

A Waters (Milford, MA, USA) high-performance
chromatographic system which included a Waters
501 pump and a Waters 721 WISP autosampler was
used. The system also included a tunable absorbance
detector, Waters 486, which was used for the de-
tection of AmB at a wavelength of 383 nm and
another variable-wavelength detector, Waters 450,
which was used for the detection of natamycin at
A=303 nm. The analytical column was w-Bondapak
RP-C;, 10 wm, 3.9X300 mm. The guard column
was an Alltech (Deerfield, IL, USA) direct connect
refillable guard column, 2X30 mm packed bed filled
with pellicular C ; refill. The mobile phase consisted
of acetonitrile—acetate buffer 10 mM pH 4.0 (37:63,
v/v). The injection volume was 100 pl. The flow-
rate was 1 ml/min for the first 6 min and 2 ml/min
thereafter.

2.3. Preparation of standard solutions

A stock solution was prepared by dissolving 10
mg of AmB in a mixture of methanol-DMSO (1:1,
v/v). This solution was further diluted with a
mixture of methanol-acetonitrile—1 mM acetate
buffer pH 4.0 (5:4:1) to give a range of AmB
concentrations of 0.1-40 pg/ml.

A 0.1-ml volume of natamycin suspension (2.5
g/100 ml) was dissolved in methanol and serially
diluted to achieve 25 pg/ml. A 50-pl volume of
natamycin solution along with 50 pl of each of the
AmB concentrations were mixed with 0.5 ml of
blank serum or 0.5 g of tissue and homogenized. The
final amount of AmB per g of tissue or ml of serum
was 0.1-40 pg. Nine replicates of each of the final
concentration range samples were prepared and
stored at —20°C for further analysis. Then each
sample was mixed with 2 ml of methanol-acetic acid
(9:1, v/v), vortex-mixed for 30 s and left in the dark
for 1 h. The sample was centrifuged for 10 min at
1000 g and the supernatant was filtered through a
MSI 0.45-pm filter (Westboro, MA, USA). A 100-pl
aliquot of the filtrate was injected onto the HPLC
system. The standard curve was constructed using
the ratio of the area under the curve of AmB to the
area under the curve of natamycin. The ratios of
areas were plotted against the amount spiked. The
amounts of AmB for the standard curve used was
0.1, 025,05, 1, 2.5, 5, and 10 pg.

2.4. Tissue and serum extraction and preparation
of the samples

A 50-pl volume of internal standard solution (25
pg/ml) were added to preweighed tissue (0.1-0.2 g)
or serum sample (0.05-0.15 ml). The tissue samples
were mixed with 0.5 ml of 1 mM phosphate buffer,
pH 7.4 and homogenized using a manual glass
homogenizer. The homogenate or the spiked serum
samples were mixed with 2 ml methanol-acetic acid
(9:1, v/v). The mixture was vortex-mixed for 30 s
and left in dark for 1 h. Subsequently the sample was
centrifuged for 10 min at 1000 g and supernatant
was decanted and filtered (0.45 pm MSI, Westboro,
MA, USA). A quantity of 100 pl of the filtrate was
injected onto the HPLC system. During the analysis,
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Fig. 1. (A) Typical chromatogram of AmB (5 wg) and natamycin (internal standard, 1.25 pg) in serum obtained using two detectors
arranged in series. One detector was set at 383 nm for AmB and the other was set at 303 nm for the detection of natamycin. (B) Typical
chromatogram of blank serum without natamycin and AmB.
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care was taken to avoid exposure of the sample to
light.

3. Results and discussion

Table 2
Within-day reproducibility

Concentration CV.
found (mean*S.D.) (%) (%)
(pg/ml serum

Sample  Concentration
(n=4) spiked (pg/ml
serum or pg/g

tissue) or ug/g tissue)

Representative chromatographs of AmB and Serum ?(2)8 gggfg?‘;g (2’38 _;
natamycin are shoxyn in Fig. 1. The retention tm.le 10.0 10.01+0.247 240 01
for AmB was 15 min and the retention for natamycin Lungs 0.25 0.28+0.017 802 12
was 6 min. The method exhibited linearity over the 1.00 0.97+0.21 230 -3
range 1-40 pwg/ml (" =0.999) for serum, lung and 10.0 10.10.048 0.47 1
. N 1 97 —
liver. The column resolution was 11.2, Liver (;&5) gg‘;fg'g?z ?‘28 7‘3‘

The lowest detectable concentration at a signal-to- 10.0 10.6+0.342 3,40 6

noise ratio of 3:1 was 0.1 pg/ml. Better sensitivities
have been reported in the literature, however, this
method did not utilize an internal standard [12].

3.1. Recovery

The recovery study was performed by comparing
the concentration in the serum, lung and liver spiked
samples to the respective non-extracted standards
(AmB in solution). The area under the peak of each
serum, lung and liver sample was divided by the area
under the curve of the quality control sample and
multiplied by 100. The recovery for the internal
standard was calculated by dividing the area under
the curve of the natamycin in each sample by an
average of areas under the curve of all non-extracted
standards. The recovery results are shown in Table 1.
Recovery efficiency for AmB in serum averaged
91.5%, in lungs 74%, and liver 70%. The average
recovery for the internal standard was 83% in serum,
74% in lungs and 68% for liver. It has been reported

that variations in precolumns influenced the recovery
because of selective binding of AmB [14]. The
recovery of the serum was 91.5% which is in
agreement with some of the best AmB recoveries
obtained in the literature [11].

3.2. Variability and accuracy

The precision of the method was evaluated as vari-
ability within-day and between-day which were ex-
pressed as coefficient of variation (CV.). Results from
within-day and between-day variability are shown in
Table 2 and Table 3. The within-day variabilities (n=
4) of three AmB concentrations of serum, lung and
liver ranged within 0.47-8.0%, while the between-day
variability ranged within 0.8—13%.

The accuracy of the method was calculated as
[(amount found—amount spiked)/amount spiked]X
100. The results are summarized in Table 2 and

Table 1

Recoveries of amphotericin and natamycin internal standard

Sample Recovery (%)

(n=6) Low concentration (0.1 pg/ml) Medium concentration (1 pg/ml) High concentration (5 pg/ml)

Amphotericin

Accuracy

Serum 85.0 93.6 96.0
Lungs 72.7 75.0 742
Liver 67.0 71.0 71.0
Natamycin

Serum 72.6 90.0 87.9
Lungs 80.1 713 72.8

Liver 64.0 70.0 69.0
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Table 3
Between-day reproducibility
Sample [ Concentration Concentration CV. Accuracy
spiked (pg/ml found (mean*S.D.} (%) (%)
serum or pg/g (pg/ml serum
tissue) or pg/g tissue)
Serum 6 0.25 0.25=0.036 13.93 4.4
1.00 1.03%0.062 5.99 34
10.0 10.03x0.102 1.02 0.30
Lung 6 0.25 0.28+0.035 12.1 15.8
1.00 1.02+0.022 2.2 1.9
10.0 10.160.08 0.81 1.6
Liver 12 0.25 0.22%+0.16 7.3 -10
0.50 0.47x0.032 6.8 -43
1.00 1.0120.034 34 1.3
Table 3. The within-day accuracy was better than
12%. These data suggest that the method is accurate
and precise.
100
3.3. Application of the method
_ The assay described above has been successfully
§ } applied to determine the AmB lung tissue concen-
2 tration after administration of aerosolized liposomal
§ AmB. Mice were administered aerosolized AmB
Té, A encapsulated in negative liposomes and were killed
5 at certain times after the dose. The mouse lungs liver
ﬁ and serum were analysed for AmB. Fig. 2 shows the
£ lung concentration of AmB versus time. The con-
g 101 centration—time profile of the drug can be described
g by first order kinetics with a half-life of 4.5 days. As
E expected, AmB was not detected in serum and liver,
‘2 at least within the sensitivity limits of the assay.
8 Thus, aerosolization of liposomal amphotericin B
% may be a useful method of AmB administration for
g lung targeting which avoids the systemic toxicity of
o the drug.
4. Conclusion
P b L L The HPLC method described above is simple, fast,
0 2 4 6 8 10 12

Days after exposure

Fig. 2. Semilogarithmic plot of AmB concentration in lung versus
time after administration of 0.7 mg/kg aerosolized AmB in
negative liposomes. Symbols represent mean*S.D., n=3.

sensitive and reproducible. Moreover it uses a readi-
ly available internal standard, which further pro-
motes its precision and accuracy. Blank rodent serum
and tissues did not contain any endogenous materials
that interfered with the chromatography. This meth-
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od has been successfully used to study the phar-
macokinetics of aerosolized liposomal AmB in mice.
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