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ABSTRACT: Studies have shown that the dose-limiting toxicity of amphotericin B
(AmB), a key drug for systemic mycoses, depends on its self-aggregation state. In a step
toward understanding the various factors in blood mediating the toxicity of AmB, we
have investigated the effect of serum albumin, the most abundant plasma protein, on
the aggregation state of AmB using absorption spectroscopy. The critical aggregation
concentration (CAC) of AmB, which coincides with its concentration at the onset of
toxicity (hemolysis), was 1.1 mM, but rose in proportion to the level of serum albumin
(1.0 to 4.0% w/v). The CAC of AmB was 8.0 mM at 4.0% w/v serum albumin, which is
considerably higher than peak therapeutic levels of AmB in plasma (i.e., 2.0 mM).
Serum albumin (4.0% w/v) lowered the degree of aggregation of AmB (size of aggre-
gates) above the CAC and increased its solubility. The results suggest that serum
albumin attenuates the toxicity of AmB at a membrane level by affecting its aggrega-
tion state. In this way, serum albumin in blood may balance deleterious effects of AmB
mediated by serum low-density lipoproteins. ©2000 Wiley-Liss, Inc. and the American Phar-
maceutical Association J Pharm Sci 89: 1589–1593, 2000
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INTRODUCTION

Interest in the antifungal drug amphotericin B
(AmB) has grown dramatically because of a rise
in the incidence of systemic mycoses and a greater
understanding on its mechanism of drug action at
a membrane level.1,2 It has been firmly estab-
lished that the toxicity of AmB is related to its
aggregation state.1,3–5 AmB exerts dose-limiting
toxicity, such as nephrotoxicity. Aggregates of
AmB may directly cause membrane damage and
leakage of both mammalian and fungal cells.6,7

On the other hand, monomers or small aggregates
(dimers) of AmB selectively bind ergosterol, caus-
ing leakage of fungal cells. This understanding

has lead to renewed interest in the formulation of
AmB, in particular the delivery of monomeric or
deaggregated AmB.

As an amphiphilic molecule, AmB aggregates
in water above its critical aggregation concentra-
tion (CAC) of 1.0 mM, existing as monomers, oligo-
mers, and other higher ordered structures. The
relative proportion of these species depends on
several factors, including temperature, pH, and
concentration. Above its CAC, AmB easily aggre-
gates and precipitates out of solution as the level
of the drug rises. AmB in its standard formula-
tion, Fungizonet, is solubilized by sodium deoxy-
cholate at a 2:1 molar ratio. At this ratio, AmB is
highly aggregated and toxic, and may easily pre-
cipitate out of solution. At much higher ratios (50:
1) of surfactant to AmB (e.g., sodium deoxycho-
late, lauryl sucrose), surfactants deaggregate
AmB (likely mixed micelles).8,9 As a result, AmB

Correspondence to: G.S. Kwon (Telephone: 608-265-5183;
Fax: 608-262-3397; E-mail: gsk@pharmacy.wisc.edu)
Journal of Pharmaceutical Sciences, Vol. 89, 1589–1593 (2000)
© 2000 Wiley-Liss, Inc. and the American Pharmaceutical Association

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 89, NO. 12, DECEMBER 2000 1589



shows less acute toxicity in mice than AmB as
Fungizonet, although sodium deoxycholate itself
causes hemolysis.10

The effect of serum proteins, in particular se-
rum albumin, on the aggregation state of AmB is
poorly understood. It can be expected that AmB
binds serum albumin on the basis several studies
that demonstrate an amphiphile–serum albumin
interaction that competes with the self-aggrega-
tion of the amphiphiles.11 Brajtburg and co-
workers have demonstrated that AmB binds se-
rum proteins, including serum albumin, resulting
in reduced toxicity.12 Brezis and co-workers have
demonstrated that serum albumin administered
with AmB attenuates the in vitro and in vivo tox-
icity of the drug.13 Wasan and co-workers have
established that serum lipoproteins bind AmB
and influence the toxicity of the drug,14 but have
not addressed the issue of self-aggregation state.
The aim of the current research is to determine
the effects of serum albumin specifically on the
aggregation state of AmB, yielding an improved
understanding of how components in blood influ-
ence the toxicity of AmB and aiding efforts to find
more effective formulations of the drug.

MATERIALS AND METHODS

Materials

AmB was kindly provided by Dumex, Denmark.
Fungizonet was a gift from the School of Phar-
macy, University of Wisconsin-Madison. Bovine
serum albumin was purchased from Sigma (mini-
mum 98% fatty acid free). All other chemicals
were analytical grade and were used without pu-
rification.

Spectroscopic Analyses of Aggregation State
of AmB

Stock solutions of AmB and AmB as Fungizonet
were prepared at 1.90 ×10−3 M in dimethyl sulf-
oxide (DMSO) and isotonic phosphate buffer so-
lution (PBS), pH 7.4, respectively. Stock solutions
were stored at 4 °C in the dark. Various levels of
AmB were prepared by serial dilution with iso-
tonic PBS, pH 7.4, with or without serum albumin
(1.0 to 4.0%: w/v). AmB was incubated at 37 °C
for 30 min before spectroscopic analyses. The
level of DMSO was <1.0% (v/v). The molar absorp-
tivity (e) at various levels was determined with an
ultraviolet/visible (UV/vis) spectrophotometer
(Ultrospec 4000, Pharmacia) at 409 nm for AmB

or 414 nm for AmB with serum albumin to obtain
the CAC of AmB. Also, the ratio of the absorbance
at 348 nm (peak I) and the absorbance at 409 nm
(peak IV) of AmB was measured to assess the
degree of aggregation of AmB in isotonic PBS, pH
7.4, or in isotonic PBS, pH 7.4, containing serum
albumin (4.0% w/v).

In Vitro Hemolysis Induced by AmB

Blood was collected from male cows using sy-
ringes that had been filled in advance with acid
citrate dextrose. Whole blood was centrifuged at
2000 rpm for 10 min, and the supernatant and
buffy coat were pipetted off (three times). The
washed erythrocytes were diluted with isotonic
PBS pH 7.4. To determine the effect of serum al-
bumin on the hemolytic activity of AmB, a sus-
pension of erythrocytes was incubated with vari-
ous levels of AmB in either isotonic PBS, pH 7.4,
or a solution of serum albumin (1.0–4.0% w/v)
dissolved in isotonic PBS, pH 7.4. The samples
were incubated at 37 °C for 30 min. The tempera-
ture was reduced to 0 °C, and nonlyzed erythro-
cytes were removed by centrifugation for 20 s.
The supernatant was collected and analyzed for
hemoglobin by absorption spectroscopy at 576
nm. The percent of hemolysis was calculated with
the following equation: % hemolysis 4 100(A −
Ao)/(A100 − Ao), where A, Ao, and A100 are, respec-
tively, the absorbances of sample, control with no
AmB, and control in the presence of 20 mg/mL of
AmB as Fungizonet, which causes complete he-
molysis.

RESULTS AND DISCUSSION

Serum albumin changes the absorption spectrum
of AmB in a concentration-dependent manner
(Figure 1). AmB solubilized by a small amount of
DMSO and diluted with isotonic PBS, pH 7.4, dis-
plays a broad band centered at 346 nm, along
with smaller peaks at higher wavelengths, which
is characteristic of AmB in a highly aggregated
state.15 As the level of serum albumin rises, the
absorption spectrum of AmB changes, adopting a
spectrum of a heptaene chromophore. Binding be-
tween AmB and serum albumin causes a batho-
chromic shift of the absorption spectrum with
peaks at 348, 370, 389, and 414 nm, which is con-
sistent with results reported elsewhere.16,17 Oth-
ers have reported a similar bathochromic shift
when AmB binds ergosterol.18
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The CAC of AmB increases in the presence of
serum albumin in a concentration-dependent
manner, and the rise its CAC coincides with the
concentration of drug at the onset of hemolysis,
which is an in vitro measure of toxicity of AmB
induced at a membrane level (Figures 2 and
3).The CAC can be determined by measuring e409
of AmB or e414 of AmB with serum albumin as a
function of concentration.19e409 of AmB or e414 of
AmB with serum albumin versus 1/CT gives two
lines whose intercept is the CAC. The CACs of
AmB and AmB as Fungizonet are 1.1 and 0.4 mM,
respectively, whereas the CACs for AmB and
AmB as Fungizonet with serum albumin (4.0 %
w/v) are 8.0 and 5.6 mM , respectively.

Increasing the level of serum albumin from 1.0
to 4.0% w/v increases linearly the CAC of AmB
from 4.0 to 8.0 mM (Figure 3). In addition, the
concentration of AmB at the onset of hemolysis
increases linearly from 3.0 to 8.0 mM. From sta-
tistical analysis, there is no significant difference
between CAC and onset of hemolysis of AmB from
1.0 to 4.0% w/v serum albumin (one-tail t test; a
4 0.05; p > 0.1 in all cases). These results are
consistent with studies of Bolard and co-workers,
who have shown that the onset of potassium leak-
age from red blood cells coincides with the CAC of
AmB.20 This is the first time a plasma protein has
been shown to have an effect on the CAC of AmB
in relation to its toxicity in terms of hemolysis.

The degree of aggregation of AmB decreases in
the presence of serum albumin (Figure 4). The
ratio of Peak I (at 348 nm) to Peak IV (at 409 nm)
of AmB reflects the degree of aggregation. This
ratio is <0.25 when the drug is monomeric, and as
high as 2.0 for highly aggregated species.10 The
I/IV peak ratio of AmB rises as the level of drug
increases, and it is ∼1.8 at 20 mM. Light scatter-
ing measurements have revealed aggregation

Figure 3. The relationship between serum albumin
concentration (% w/v) and CAC together with the onset
of hemolysis. Key: (d) CAC (mM); (h) onset of hemoly-
sis (mM).

Figure 1. Spectrum of AmB (10 mg/mL) in isotonic
PBS, pH 7.4, and in 1.0–4.0% w/v of serum albumin
solution monitored by UV/vis spectrophotometry. Key:
(− ? −) in isotonic PBS, pH 7.4 (AmB spectrum); (…)
AmB and 1.0% w/v serum albumin; (− −) AmB and
2.0% w/v serum albumin; (——) AmB and 3.0% w/v ser-
um albumin; (- - -) AmB and 4.0% w/v serum albumin.
The “a” indicates the AmB peak at 409 nm, and “b”
indicates the AmB–serum albumin complex peak at
414 nm.

Figure 2. Molar absorptivity at 409 nm of AmB and
at 414 nm of AmB with serum albumin as a function of
the reciprocal of its concentration in isotonic PBS, pH
7.4, at 37 °C, with or without serum albumin (4.0%
w/v). Key: (d) AmB (serum albumin solution); (h) Fun-
gizonet (serum albumin solution); (m) Fungizonet (iso-
tonic PBS, pH 7.4); (s) AmB (isotonic PBS, pH 7.4).
The arrow indicates the CAC of AmB in isotonic PBS,
pH 7.4, from the intercept shown (n 4 3).
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numbers of 2000 at 20 mM.21 As a metastable
state, AmB eventually falls out of solution. The
I/IV peak ratio of AmB as Fungizonet also rises
as the level of drug increases. It is ∼3.1 at 20 mM.
AmB as Fungizonet stays in solution due to so-
dium deoxycholate. But the aggregates are large
and they can be removed from solution by a 0.22
mm filter at 100–200 mM. By contrast, serum al-
bumin causes the degree of aggregation to be re-
markably low. The I/V peak ratio of AmB rises
slightly from 0.30 at 5.0 mM to 0.52 at 20 mM. The
I/V peak ratio of AmB was slightly higher as Fun-
gizonet. AmB stays in solution as monomers and
small aggregates of AmB that may bind serum
albumin, precluding large aggregates of drug and
precipitation. Serum albumin has several drug-
binding domains.22 Additional studies are re-
quired to determine binding site(s) of AmB.

Serum albumin shifts the hemolysis curves of
AmB and AmB as Fungizonet to higher levels of
drug (Figure 5). In both cases, the CAC of AmB
coincides with the level of drug at the onset of
hemolysis (8.0 and 5.6 mM, respectively). If we
solely consider the effect of serum albumin on the
aggregation state of AmB, the drug should be
nontoxic at peak therapeutic levels of ∼2.0 mM.
But AmB is extremely toxic at these levels.23 It
appears that whereas serum albumin attenuates
the toxicity of AmB, other factors may potentiate
its toxicity. AmB can bind other serum proteins,
although serum albumin is the most abundant.

Ridente and co-workers have shown that there is
an absence of free monomeric AmB in the pres-
ence of low-density lipoprotein (LDL) at a concen-
tration >0.02 mg/mL in protein and 10−5 M total
AmB.24 However, these experiments were done in
the system containing only LDL, without serum
albumin. Wasan and co-workers have clearly
shown that serum lipoproteins bind and mediate
the toxicity of AmB at 20 mg/mL in plasma.14 Se-
rum high-density lipoproteins lower AmB toxic-
ity, whereas LDLs potentiate AmB toxicity.

Thus, serum albumin may be a factor in the
delivery of AmB in a monomeric state. Gruda and
co-workers have shown that phospholipid–sur-
factant micelles solubilize monomeric AmB,
hinder binding of the drug with serum lipopro-
teins, and lower its acute toxicity in animals.16

After intravenous administration, we speculate
that once the phospholipid–surfactant micelles
have been diluted with blood, serum albumin may
cause AmB to stay in a monomeric state or a
highly deaggregated state. On the other hand,
highly aggregated AmB of Fungizonet may bind
to serum lipoproteins or exert toxicity before suf-
ficient interaction with serum albumin. The deag-
gregation of AmB due to serum albumin occurs
over a period of 30 min (data not shown). We are
currently studying the kinetics of deaggregation
and related factors. A formulation of AmB based
on serum albumin has been considered.13 Brezis
and co-workers have shown that AmB adminis-

Figure 4. The A348/A409 peak ratio of AmB and Fun-
gizonet as a function of its concentration in isotonic
PBS, pH 7.4, at 37 °C, with or without serum albumin
(4.0% w/v; n 4 3). Key: (.) Fungizonet (isotonic PBS,
pH 7.4); (d) AmB (isotonic PBS, pH 7.4); (n) Fungi-
zonet (serum albumin solution); (s) AmB (serum albu-
min solution).

Figure 5. Hemolysis induced by AmB as a function of
its concentration in isotonic PBS, pH 7.4, at 37 °C, with
or without serum albumin (4.0% w/v; n 4 3). Key: (j)
Fungizonet (isotonic PBS, pH 7.4); (n) AmB (isotonic
PBS, pH 7.4); (s) Fungizonet (serum albumin solu-
tion); (d) AmB (serum albumin solution). Arrows de-
note the CAC. In each case, n 4 3.
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tered with serum albumin (presumably deaggre-
gated) has no effects on renal blood flow and renal
cortical oxygenation, whereas AmB as Fungi-
zonet causes severe renal damage (primary site of
AmB toxicity).

Lastly, serum albumin may influence the phar-
macokinetics of AmB by affecting the aggregation
state of the drug. Bertino and co-workers have
shown that the high liver uptake of AmB reflects
uptake of aggregated AmB, which is taken up by
fixed macrophages by phagocytosis.25 Monomeric
AmB deaggregated by serum albumin may have
different pharmacokinetics than AmB in an ag-
gregated state, thereby impacting its efficacy.
This hypothesis is under current study.

In conclusion, serum albumin increases the
CAC of AmB and therefore the level of drug at the
onset of hemolysis. Serum albumin also reduces
the degree of aggregation of AmB and increases
the solubility of the drug. Serum albumin has
similar effects on AmB as Fungizonet. Serum al-
bumin serves many roles in blood and it may act
as a mediator of the aggregation state and toxicity
of AmB. We speculate that carriers of monomeric
AmB release the drug to serum albumin upon in-
jection and dilution, and thus serum albumin may
be the “carrier” of deaggregated and nontoxic
AmB.
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