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Abstract

The structure of an amphotericin B emulsion-based delivery system (AmB-E) was investigated using spectroscopic
methods (electronic absorption and circular dichroism (CD)), photon correlation spectroscopy (PCS) and transmis-
sion electron microscopy (TEM) at various amphotericin B (AmB) concentrations, in comparison with AmB-deoxy-
cholate micelles, Fungizone® (Fungi-SS) and free AmB suspension (AmB-SS). Our results show that AmB-E
absorption and CD spectra, mean particle size determination by PCS and morphological examination are only weakly
concentration-dependent, between 5.10 ~° and 5.10~7 M, as compared with Fungizone® and free AmB suspension.
The only difference observed was at high dilution (5.10 ~8 M), where AmB dissociation appeared in spectroscopic
studies, together with emulsion droplet fusion observed in PCS. These data seem to indicate that AmB could be
located in the droplets of the emulsion, preferentially in the phospholipid layer, because AmB is not soluble in the
oil inner phase. All these results suggest that AmB-E is a system which has potential applications and merits further
evaluation. Copyright © 1996 Elsevier Science B.V.
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and acquired immunodeficiencies (Verhoeftf et al.,
1980).

Currently, amphotericin B remains one of the
most effective and widely used agents for treating
systemic mycoses caused by opportunistic fungi.
The clinical use of this agent, however, is prob-
lematic. Several reports (Bodey, 1966; Winston et
al., 1979) indicate that patients with deep mycoses
do not respond to amphotericin B therapy. More-
over, postmortem examination of patients with
apparent clinical resolution of infection after am-
photericin B therapy often reveals the presence of
Candida pseudohyphae at sites of diagnosed infec-
tion (Krick and Remington, 1976). The reasons
for the poor therapeutic efficacy of amphotericin
B in patients suffering from established infections
remain unclear. In most cases, the clinical use of
amphotericin B is limited by its dose-related
nephrotoxicity, which occurs in more than 80% of
patients (Perfect et al., 1991). Although nephro-
toxicity is largely reversible, most patients who
complete a full course of amphotericin B therapy
have residual impairment of kidney function
(Barnhart, 1985).

Ampbhotericin B is a lipophilic drug that binds
to sterols and intercalates into lipid bilayers (De
Kruijff and Demel, 1974). This suggests that am-
photericin B would be particulary suitable for use
with lipid-based delivery systems. Indeed, a large
amount of research (Graybill et al., 1982; Lopez-
Berestein et al., 1983, 1984; Mehta et al., 1984,
Lopez-Berestein, 1987; Janoff et al., 1988; Gondal
et al., 1989; Tyle and Frank, 1991) has shown that
incorporating amphotericin B into liposomes sig-
nificantly reduces the systemic toxicity of this
agent without a concomitant loss of efficacy
against experimental fungal infections. Recently,
clinical trials with liposomal formulations of this
agent have been carried out (Speller and
Warnock, 1991).

Other groups have shown that formulating am-
photericin B in a lipid-emulsion carrier does not
alter its antifungal activity; however, there is a
significant reduction in acute lethality and
nephrotoxicity (Kirsh et al., 1988) and the interac-
tion with red blood cells is reduced (Davis and
Washington, 1988; Souza et al., 1993)

The characteristic optical properties of ampho-
tericin B conferred by the presence of conjugated
double bonds, make the study of environmental
modifications by spectroscopic methods particu-
larly appealing. In fact, Bolard et al. (1980) have
shown that the electronic absorption and circular
dichroism spectra of the amphotericin B are con-
centration-dependent.

Jullien et al. (1989, 1990) demonstrated that the
toxicity of liposomal amphotericin B preparations
towards cells is due to the levels of amphotericin
B remaining free (unbound to the lipids) in these
preparations. This binding is easily determined by
electronic absorption and circular dichroism (CD)
spectra.

In this report we describe the spectroscopic
characteristics of an amphotericin B emulsion-
based delivery system as studied by electronic
absorption and CD spectra, and the morphology
of this emulsion as revealed by transmission elec-
tron microscopy. The results are compared with
those of the commercial form of amphotericin B
(Fungizone®).

2. Materials and methods
2.1. Materials

Amphotericin B was purchased from Sigma, St.
Quentin Fallavier, France. Amphotericin B as the
Fungizone® preparation (containing sodium de-
oxycholate and sodium phosphate) was supplied
by the Pharmacie Centrale des Hopitaux, Paris,
France. The following chemicals were obtained
from commercial sources and used without fur-
ther purification: the oily phase, a mixture of
saturated medium-chain fatty acids, (Mygliol 812)
came from Huls, Puteaux, France; the lipophilic
surfactant, egg lecithin (Lipoid E80) was from
D3F, Paris, France; and the organic solvents
(methanol and DMSQO) were obtained from Pro-
labo, Paris, France.

2.2. Preparation of solutions

A stock solution of amphotericin B (AmB-SS)
at 10~ * M was obtained by dissolving the drug in
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dimethyl sulfoxide (1 mg in 100 ul) and then in
methanol. This solution was used in the 2 h
following its preparation.

A stock solution of Fungizone® (Fungi-SS) at
5.10 73 M was prepared by dissolving the powder
in 5% glucose solution.

2.3. Preparation of injectable emulsions

Ampbhotericin B emulsions (AmB-E) were pro-
duced as described previously by Tabosa do Egito
et al. (1994). Briefly, amphotericin B (50 mg) was
dissolved in methanol (100 ml at 40°C), and
Mygliol (5 g) and Lipoid E80 (1.2 g) were added.
The oily alcoholic solution was slowly injected
into the aqueous phase (200 ml) under moderate
magnetic stirring. The aqueous phase immediately
turned milky with bluish opalescence as the result
of the formation of an emulsion. The mixture was
evaporated down to 30-40 ml at 45-50°C in
order to remove the methanol.

2.4. Electronic absorption and circular dichroism
(CD) spectra of amphotericin B delivery systems

Absorption and CD spectra of the AmB-SS,
Fungi-SS and AmB-E were obtained by disper-
sion of the stock solutions in phosphate-buffered
saline (PBS), pH 7.4, at various amphotericin B
concentrations. Amphotericin B emulsions were
recorded against a blank consisting of ampho-
tericin B-free emulsion, in the reference beam. The
path-lengths of the cuvettes used were 0.1 cm, 1
cm and 10 cm for the concentrations of 5.10°
M, 5107° M and 51077 M and 5.1078 M,
respectively. All spectra were recorded at 25°C.

Electronic absorption spectra were recorded
with a Varian Cary 219 spectrophotometer, Or-
say, France.

CD spectra were recorded with a Jobin-Yvon
Mark V. dichrograph, Longjumeau, France,
equipped with a thermostat.

2.5. Analytical ultracentrifugation experiments
Analytical ultracentrifugation experiments were

carried out on a Hettich (Tuttingen, France) ul-
tracentrifugation equipped with a type Microliter

15000 t/min (12000 x g) rotor. The samples of
AmB-E dispersed in PBS as a 5.10 ~° M solution
were ultracentrifuged for 10 min at 12000 x g.
The spectral alterations were recorded.

2.6. Transmission electronic microscope (TEM)
analysis

Morphological examination of various concen-
trations of Fungi-SS and AmB-E was carried out
using a transmission electron microscope (TEM)
JEOL 1010 following negative staining with
uranyl acetate solution (1.5% w/v).

2.7. Mean particle size studies

The mean particle size of dispersed AmB-SS,
Fungi-SS and AmB-E in PBS, was estimated by
photon correlation spectroscopy using a Super
Nanosizer NAMD, Coultronics, Andilly, France.

3. Results

3.1. Electronic absorption and circular dichroism
(CD) spectra of amphotericin B delivery systems

3.1.1. Dilution of Amphotericin B stock solutions
and Fungizone® in PBS

The CD and electronic absorption spectra of
the AmB-SS (Fig. 1) and Fungi-SS (Fig. 2) are
concentration-dependent. At low concentrations
(510~ M) the spectra were similar to those
obtained with methanol or other polar organic
solvents with only small red shifts (spectra not
shown). These spectra were characteristic of the
monomeric form of AmB in an aqueous environ-
ment. As the concentrations increased, the spectra
were progressively modified and above 5.10~° M
a completely new spectrum was observed with a
very intense bisignated curve, called a dichroic
doublet, characteristic of AmB self-association.
Its center corresponded to the absorption peak at
340 nm (AmB-SS) and at 330 nm (Fungi-SS). In
the case of Fungi-SS, the band at 340 nm (elec-
tronic absorption) and the dichroic doublet (CD)
centered at 340 nm were more intense than those
observed with AmB-SS.
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Fig. 1. Absorption and circular dichroism spectra of the AmB stock solution (AmB-SS) in PBS. The AmB concentrations were
51075 M (- x =), 510~ M (-*-), 510""M(--) and 5.10-% M (——).

3.1.2. Dispersion of amphotericin B emulsions in
PBS

The electronic absorption and CD spectra (Fig.
3) were poorly concentration-dependent except at
very low AmB concentration. At high AmB con-
centration (5.10—° M), the electronic absorption
and CD spectra showed that the position of the

band and the center of the dichroic doublet, char-
acteristic of self-associated AmB (327 nm), were
shifted with respect to the aqueous suspension of
AmB (340 nm) and to Fungi-SS (330 nm). Elec-
tronic absorption spectra revealed that the
monomeric AmB band at 409 nm was shifted to
415 nm. Dilutions below 5.10~5 M led to both a
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Fig. 2. Absorption and circular dichroism spectra of the Fungizone® stock solution (Fungi-SS) in PBS. The AmB concentrations
were 5105 M (= x —), 510 "¢ M (- +-), 5.10~7 M (--) and 5.10 "% M (—-).

slight increase of the amplitude of the band at 409
nm and a decrease of the intensity of the band at
327 nm (electronic absorption) and to a slight
reduction in the amplitude of the dichroic doublet
in CD. Although this reduction of AmB self-asso-
ciation was more pronounced at very high AmB

dilution (5.10 — # M), the AmB aggregation band and
doublet were still observed, while these had disap-
peared in AmB in aqueous suspension at 5.10 7 M.

No changes in the CD or electronic absorption
spectra were observed after analytical ultracentrifu-
gation of the AmB emulsions (Fig. 4).

21
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Fig. 3. Absorption and circular dichroism spectra of the amphotericin B emulsion (AmB-E) in PBS. The AmB concentrations were
S107° M (= x =), 51075 M (—+-), 5107 M (--) and 510 ~* M (—).

3.2. Mean particle size studies

No significative changes in the AmB emulsion
particle size (60 +49 nm to 182 + 119 nm) were
observed between 5.10~5 and 5.10-7 M. At

5.107% M the size increased to about 2300 nm
(Table 1).

The particle size of AmB-SS was concentration-
dependent. For low concentrations (5.10-8 M)
the size was 91 nm, however at high concentra-
tions it was higher than the upper limit of the
equipment ( > 10000 nm).

At high concentration Fungizone® aggregates
were also very large (> 10000 nm). Dilutions to
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Fig. 4. Absorption and circular dichroism spectra of the amphotericin B emulsion (5.10 ~® M) before (—-—) and after (- -) analytical
ultracentrifugation experiments.

lower concentrations decreased their size which, AmB emulsions were less electron-dense than

however, remained at about 2 ym. AmB-loaded emulsions. Nevertheless, no changes
in particle size were observed.

3.3. Transmission electronic microscope (TEM)

analysis
4.Discussion

The emulsions with (Fig. 5) or without (Fig. 6)
AmB had very different aspects. Indeed, the free The aim of new amphotericin B formulations is
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to reduce the toxicity of this potentiaily useful
anti-fungal drug. Many studies have suggested
that this toxicity is related to the physico-chemi-
cal state of the drug, and particularly to self-as-
sociated forms which are able to complex
cholesterol in mammalian cell membranes.
Therefore, it seemed important to determine the
state of the amphotericin B molecules in the
emulsions. Electronic absorption and circular
dichroism spectra are powerful tools for this
sort of analysis.

Our studies of an aqueous solution of ampho-
tericin B (AmB-SS) confirm the observations of
Mazerski et al. (1990), that the spectra are con-
centration-dependent. The monomeric form,
characterized by a band at 409 nm, is most
prominent in dilute aqueous preparations. At
higher concentrations, self-associated forms are
present, as evidenced by the very intense doublet
in the CD spectra (Ernst et al., 1981; Mazerski
et al., 1982; Strauss and Kral, 1982).

When the proprictary form of AmB, Fungi-
zone®, was diluted to 5.107¢® M in PBS, the
band characteristic of self-associated forms was
shifted to a slightly lower wavelength. We inter-
pret this as indicating that these forms are com-
plexed with deoxycholate. However, this shift
disappeared on further dilution. Since the de-
oxycholate concentration in Fungizone® diluted
to 51077 M AmB is very low and probably
below its critical micellar concentration (CMCQ),
it is possible that detergent molecules dissociate
from the AmB complex and dissolve in the wa-
ter. Thus, at high dilutions, Fungizone® behaves

Table 1
Mean particle sizes of AmB-SS, Fungi-SS and AmB-E at
different AmB concentrations

AmB concentra-  Particle size (nm)

tion (M)

AmB-SS*  Fungi-SS® AmB-E¢
5108 91425 23974560 232341767
51077 687 +223 27874707 182+119
5.10~¢ 2527+623  2230+703 139+84
51073 > 10000 > 10000 60449

*Amphotericin B stock solution.
®Fungizone® stock solution.
‘Amphotericin B emulsion.

like an aqueous solution of AmB (Lamy-Freund
et al., 1991).

The results obtained on dilution of the emul-
sion were in complete contrast. Firstly, except at
very low AmB concentration (5.10 =% M), neither
the electronic absorption spectra nor the CD spec-
tra varied greatly as a function of the AmB
concentration. The band due to self-associated
AmB (at 327 nm in this preparation) was main-
tained at high dilutions, while the proportion of
the monomeric form remained low. This suggests
that AmB is strongly associated with one compo-
nent of the emulsion. The fact that analytical
centrifugation did not change the spectra confirms
that this is a stable association. Theoretically,
AmB could be located either in the oily core of
the emulsion droplets or at the interface. In exper-
iments not reported here we found that AmB was
not soluble in the oil used (Mygliol 812); therefore
we assume that AmB is located in the phospho-
lipid layer, as already suggested by Washington et
al. (1988).

Particle size analysis confirmed the stability of
the amphotericin B emulsion. Droplet aggregation
was only observed at high AmB dilutions. This
makes the emulsion very suitable for parenteral
administration. In contrast, both the solution of
amphotericin B and the commercial preparation
(Fungizone®) produced very large particle sizes
(> 10000 nm) at 5.10 > M AmB. The instability
of Fungizone® after dilution could be one factor
determining its toxicity (Lamy-Freund et al.,
1991).

Liposomal and other lipid-based forms of am-
photericin B have been extensively studied, and
some are already in clinical use (Graybill et al,,
1982; Lopez-Berestein et al., 1983, 1984; Mehta et
al., 1984; Janoff et al., 1988). This sort of formu-
lation is able to reduce the toxicity of AmB,
compared to Fungizone®, while conserving its
therapeutic activity. According to Jullien et al.
(1990) these forms act as a reservoir of mono-
meric amphotericin B, which binds to the ergos-
terol of fungal cells but not to the cholesterol of
mammalian cells. The physico-chemical data ob-
tained in the present study suggest that a simi-
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Fig. 5. Transmission electronic microscopy of the AmB emulsion (AmB-E) at 2.5-10 ¢ M AmB concentration. Bar = 200 nm.

lar situation applies to the emulsion. Ampho-
tericin B is tightly complexed within the droplets,
and when it is released it is always in the
monomeric form, below the critical concentration
for self-association and hence toxicity. Prelimi-
nary studies in a mouse model have shown that
this form is indeed less toxic than Fungizone®
while retaining antifungal activity (Tabosa do

Egito et al., 1996). Furthermore, the emulsion
form may have some practical advantages over
those previously described in that it does not
include expensive semi-synthetic lipids and can be
prepared by a simple spontaneous emulsification
process which is amenable to scale-up. We there-
fore believe that further evaluation of this new
amphotericin B delivery system is merited.



26 E.S. Tabosa do Egito et al. | International Journal of Pharmaceutics 145 (1996) 17-27

Fig. 6. Transmission electronic microscopy of the emulsion without AmB. Bar =200 nm.

Acknowledgements

The first author is grateful for financial sup-
port from the Brazilian Ministry of Education
(CAPES). We thank L. Leroy for her technical
assistance in the spectroscopy studies, L.C.
Monte Egito for her technical assistance in the
particle size analysis and P.Y. Sizaret, from the
Université de Tours, Département de Micro-
scopie, for the transmission electron microscopic
analysis.

References

Barnhart, E.R., Fungizone Intravenous Physicians’ Desk Refer-
ence, 39th edn, Medical Economics, Oradell, NJ, 1985, pp.
1994-1996.

Bodey, G.P., Fungal infections complicating acute leukemia.
J. Chronic Dis., 19 (1966) 667-687.

Bodey, G.P., Infectious complications in the cancer patient.
Curr. Probl. Cancer, 1 (1977) 1-63.

Bolard, J., Seigneuret, M. and Boudet, G., Interaction between
phospholipid bilayer membranes and the polyene antibiotic
amphotericin B. Lipid state and cholesterol content depen-
dence. Biochim. Biophys. Acta, 599 (1980) 280-293.



E.S. Tabosa do Egito et al. | International Journal of Pharmaceutics 145 (1996) 17-27 27

Davis, S.S. and Washington, C., Surfactant-stabilized drug
emulsion. Eur. Patent Applied EP 296 (1988) 845.

De Kruijff, B. and Demel, R.A., Polyene antibiotic-sterol
interactions in membranes of acholeplasma laidlawii cells
and lecithin liposomes. 1lI-Molecular structure of the
polyene antibiotic-cholesterol complex. Biochim. Biophys.
Acta, 339 (1974) 57-70.

Ernst, C., Grange, J., Rinnert, H., Dupont, G. and Lematre,
J., Structure of amphotericin B aggregates as revealed by
UV and CD spectroscopies. Biopolyvmers, 20 (1981) 1575-
1588.

Gondal, J.A., Swartz, R.P. and Rahman, A., Therapeutic
evaluation of free and liposome-encapsulated amphotericin
B in the treatment of systemic Candidiasis in mice. Antimi-
crob. Agents Chemother., 33 (1989) 1544-1548.

Graybill, J.R., Craven, P.C., Taylor, R.L., Williams, D.M.
and Magee, W.E., Treatment of murine Cryptococcosis
with liposome-associated amphotericin B. J. Infect. Dis.,
145 (1982) 748--752.

Janoff, A.S., Boni, L.T., Popescu, M.C., Minchey, S.R..
Cullis, P.R., Madden, T.D., Taraschi, T., Gruner, S.M.,
Shyamsunder, E., Tate, M.W., Mendelsohn, R. and Bon-
ner. D.. Unusual lipid structures selectively reduce the
toxicity of amphotericin B. Proc. Natl. Acad. Sci. USA, 85
(1988) 6122--6126.

Jullien. S., Brajtburg, J. and Bolard, J., Affinity of ampho-
tericin B for phosphatidylcholine vesicles as a determinant
of the in-vitro cellular toxicity of liposomal preparations.
Biochim. Biophys. Acta, 1021 (1990) 39-45.

Jullien, S., Contrepois, A., Sligh, J.E., Domart, Y., Yeni, P.,
Brajtburg. J., Medoff. G. and Bolard, J., Study of the
effects of liposomal amphotericin B on Candida albicans,
Cryptococcus neoformans and erythrocytes by using small
unilamellar vesicles prepared from saturated phospho-
lipids. Antimicrob. Agents Chemother., 33 (1989) 345-349.

Kirsh, R., Goldstein, R., Tarloff, J., Parris, D., Hook, J..
Hanna, N., Bugelski, P. and Poste, G., An emulsion for-
mulation of amphotericin B improves the therapeutic index
when treating systemic murine candidiasis. J. Infect. Dis..
158. 5 (1988) 1065-1070.

Krick, J.A. and Remington, J.S., Opportunistic invasive fun-
gal infections in patients with [eukaemia and [ymphoma.
Clin. Lab. Haematol., 5 (1976) 249-310.

Lamy-Freund, M.T., Schreier, S., Peitzsch, R.M. and Reed,
W.F., Characterization and time dependence of ampho-
tericin B: deoxycholate aggregation by quasielastic light
scattering. J. Pharm. Sci., 80 (1991) 262-266.

Lopez-Berestein, G., Liposomes as carriers of antimicrobial
agents. Antimicrob. Agents Chemother., 31 (1987) 675-678.

Lopez-Berestein, G., Hopfer, R.L., Mehta, R., Mehta, K.,
Hersh, E.M. and Juliano, R.L., Liposome-encapsulated
amphotericin B for treatment of disseminated Candidiasis
in neutropenic mice. J. Infect. Dis., 150 (1984) 278 -283.

Lopez-Berestein, G., Mehta, R., Hopfer, R.L., Mills, K., Kasi,
L., Mehta, K., Fainstein, V., Luna, M., Hersh, E.M. and
Juliano, R., Treatment and prophylaxis of disseminated
infection due to Candida albicans in mice with liposome-en-
capsulated amphotericin B. J. Infect. Dis.. 147 (1983) 939 -
945.

Mazerski, J., Bolard, J. and Borowski, E., Self-association of
some polyene macrolide antibiotics in aqueous media.
Biochim. Biophys. Acta, 719 (1982) 11-17.

Mazerski, J., Grzybowska, J. and Borowski, E., Influence of
net charge on the aggregation and solubility behaviour of
amphotericin B and its derivatives in aqueous media. Eur.
Biophys. J.. 18 (1990) 159-164.

Mehta, R., Lopez-Berestein, G., Hopfer, R., Mills, K. and
Juliano, R.L., Liposomal amphotericin B is toxic to fungal
cells but not to mammalian cells. Biochim. Biophys. Acta.
770 (1984) 230-234.

Perfect, J.R., Pickard, W.W., Hunt, D.L., Palmer, B. and
Schell, W.A., The use of amphotericin B in nosocomial
fungal infection. Rev. Infect. Dis., 13 (1991) 474--479.

Singer, C., Kaplan, M.H. and Armstrong, D., Bacteremia and
fungemia complicating neoplastic disease. A study of 364
cases. Am. J. Med., 62 (1977) 731 -742.

Souza, L.C.. Maranhao, R.C., Schreier, S. and Campa, A.,
In-vitro and in-vivo studies of the decrease of amphotericin
B toxicity upon association with a triglyceride-rich emul-
sion. J. Antimicrob. Chemother., 32 (1993) 123-132.

Speller, D.C.E. and Warnock, D.D.. Liposomal amphotericin
B (AmBisome) in the treatment of systemic fungal infec-
tion, Based on paper presented at a symposium in Strat-
ford-on-Avon, UK, March. J. Antimicrob. Chemoiher..
(1991) 28, Suppl. B.

Strauss, G. and Kral, F., Borate complexes of amphotericin B:
Polymeric species and aggregates in aqueous solutions.
Biopolymers, 21 (1982) 459--470.

Tabosa do Egito, E.S., Fessi. H., Appel. M.. Puisieux, F..
Bolard, J. and Devissaguet, J-P., New techniques for
preparing submicronic emulsions: Application to ampho-
tericin B. S.7.P. Pharma Sci., 4 (1994) 155-162.

Tabosa do Egito, E.S., Appel, M., Fessi, H., Barratt, G..
Puisieux, F. and Devissaguet, J-P., In-vitro and in-vivo
evaluation of a new amphotericin B emulsion-based deliv-
ery system. J. Antimicrob. Chemother., 38 (1996) in press.

Tyle, P. and Frank, S.G., Phytosterol stabilized emulsions:
Correlation between rheologic and calorimetric studies.
Drug Dev. Ind. Pharm., 17(8) (1991) 1131 -114].

Verhoeff., J., Peterson, P.K. and Quie, P.G. (Eds.), Infections
in the Immunocompromised Host Pathogenesis, Prevention
and Therapy. Elsevier, North-Holland, Amsterdam, 1980.

Washington, C., Taylor, S.J. and Davis, S.S.. The structure of
colloidal formulations of amphotericin B. Inr. J. Pharm.,
46 (1988) 25 -30.

Winston, D.J., Gale, R.P., Meyer, D.V. and Young, LS,
Infectious complications of human bone marrow trans-
plantation. Medicine (Baltimore), 58 (1979) 1--31.



