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Abstract: This mini-review summarizes the development of the derivatives and conjugates of Amphotericin B (AMB) 
which have not been clinically applied so far but are therapeutically promising. Effects of chemical modifications of AMB 
upon biological activities of the resulting derivatives are discussed. The examples presented include variation of func-
tional groups in AMB, covalent conjugates with other molecules, poly(ethylene glycols) and polysaccharides. Possibilities 
of targeted delivery of AMB are discussed.  
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1. INTRODUCTION 

 Amphotericin B (AMB) (1) Fig. (1) is a polyene macro-
cyclic, membrane-active antifungal antibiotic drug, which 
was isolated in the second half of the 20th century from 
Streptomyces nodosus [1]. Absolute configuration of AMB 
was determined in 1970 by means of the single-crystal 
analysis of the N-iodoacetyl derivative of AMB [2]. The 
main structural motifs of AMB molecule are a 38-membered 
cyclic lactone, which is composed of a polyene moiety and a 
part carrying hydroxyl groups; this basic macrocycle is fur-
ther attached to the mycosamine molecule [3]. It should be 
emphasized that AMB still attracts attention of many re-
search teams for many reasons [4]. For example AMB be-
longs among efficient life-saving drugs in treatment of sys-
temic fungal infections [5], which occur in immunosuppres-
sive patients, e.g., after organ transplantations, in the cases of 
Acquired Immunodeficiency Syndrome (AIDS), and in pa-
tients suffering from tumors and hematological malignity. 
However, the mechanism of its biological action is not fully 
understood yet [4]. It is known that AMB action is based on 
the selective interaction with ergosterol. Ergosterol, which is 
located in plasmatic membranes of fungi, forms with AMB 
barrel-stave channels which disrupt their barrier function. 
The channels formed allow escaping of K+ ions and/or some 
small molecules, which eventually causes death of the fungal 
cell [6-9]. Clinical applications of AMB are particularly lim-
ited by its poor solubility in water and also by its potential 
organ toxicity, such as nephrotoxicity, which is explained by 
interaction of AMB with the cholesterol molecules present in 
membranes of mammalian cells [10-11]. In order to increase 
the therapeutic index of AMB, several pharmaceutical dos-
age forms are being used which enable solubilizing in aque- 
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ous medium. The oldest formulation designed for intrave-
nous administration is a micellar suspension of deoxycholic 
acid and AMB (Fungizone) [12]. In recent years new drug 
delivery systems such as liposomes, nanospheres (polymeric 
micelles) and microspheres have been also used for the for-
mulations of AMB [13-16]. Among clinically adopted cur-
rent pharmaceutical dosage forms of AMB belong non-
covalent lipid complexes (ABLC) [17, 18] and liposomal 
forms (AmBisome) [19], which are colloidal systems com-
posed of bio-degradable matrices and AMB. These formula-
tions ensure smoother release of AMB accompanied by its 
restricted distribution in the kidney, thereby lowering its 
nephrotoxicity [20]. In the case of the above-mentioned 
complexes, a significant increase in antifungal activity in 
vitro was observed [21]. On the other hand there exist a 
number of studies that have not shown an increase of the in 
vitro MICs of lipid AMB formulations [22]. The aim of this 
review is to summarize and discuss the existing findings 
concerning only covalent derivatives and conjugates of AMB 
with other molecules and polymeric carriers, to summarize 
the development in this area, and to draw attention to deriva-
tives and conjugates that have not been therapeutically ap-
plied yet, but are promising and can represent a more effi-
cient way of treatment of systemic fungal infections.  

2. DERIVATIVES OF AMB 

 The isolation of AMB (1) Fig. (1) (13-(R)), was followed 
by syntheses of its derivatives focused on increasing its 
therapeutic index or obtaining model substrates designed for 
studies of interactions with sterols cell membranes Figs. (1-
3). One of the earliest derivatives prepared was the methyl 
ester of AMB (2) [23, 24], which besides antifungal activity 
exhibits also inhibition activity towards HIV-1 [25]. In con-
trast to that, the methyl acetal 3 Fig. (1) (13-(S)), which is 
formed during heating of methanolic solution of AMB (60 
°C, 12 hours), represents an undesirable impurity occurring 
during isolation of AMB. This side product possesses half 
the antifungal activity (MIC50 = 1µg/ml) against Candida  
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albicans as compared with AMB itself [26]. Further modifi-
cations were performed using targeted synthesis modifying 
the amino group or the carboxyl group of AMB. Reductive 
amination of AMB (with 4-X-C6H4-CHO/Na(CN)BH3) gave 
substituted N-benzyl derivatives 4 Fig. (1), which exhibit 
antifungal activities comparable with that of AMB, but are 
three times less toxic for mice [27]. The acylation of amino 
group and amidation or esterification of carboxyl group gave 
products 5-12, which possess lower biological activities than 
free AMB [28-30]. Comparison of biological activities of the 
derivatives prepared (5-12), and the studies of their interac-
tions with sterols showed that the positively charged nitrogen 
atom of amino group in AMB is necessary for effective in-
teraction with ergosterol. However, it is still not clear what is 
the role of free carboxyl group. The findings [31] about in-
teractions of yeast membranes with exogenous polyamines 
led to synthesis of N,N-di-(3-aminopropyl)-AMB (13), 
which exhibits fifteen times higher inhibition activity (MIC 
= 0.018 µg/ml) against Saccharomyces cerevisae as com-
pared with free AMB (MIC = 0.28 µg/ml) [32, 33]. On the 
other hand, N,N-di-(4-butanoic acid)-AMB (14) lost its anti-
fungal activity (MIC > 10 µg/ml) [33]. Introduction of hex-
aethylene glycol fragment on nitrogen atom of amide-AMB 
gave a water-soluble analog 15. The in vitro tests of five 
isolated Candida albicans showed 15 to have potency simi-
lar to that of AMB [34]. Derivative 15 was administered to a 
mice infected intravenously with Candida albicans. The in 
vivo tests showed that compound 15 was well tolerated up  
to 30 mg/kg of body weight per dose, an amount that would 
be lethal with AMB. Later on, these authors examined [35, 
36] the efficiency of 15 against cutaneous infection with 

Leishmania amazonenzis and visceral infection with 
Leishmania donovani in susceptible BALB/c mice. The cu-
taneous lesions showed a remarkable response to therapy 
with 15 at the dose of 30 mg/kg body weight per day. At this 
dose (1-5 mg/kg/day), the efficiency of 15 was equivalent to, 
or better than AMB. Mice infected intravenously with 107 
Leishmania donovani promastigotes and treated with 15 
showed 4-log reduction in the parasite burden in the liver 
and spleen compared to untreated mice. Further semi-
synthetic derivatives of AMB that were prepared included 
ketones 16 [37]; however, their biological activities have not 
been completely evaluated yet [38].  

 Furthermore, the same authors published the preparation 
of (14R)-hydroxy-AMB methyl ester and its (14S)-epimer 
[39] and later also C-16 oximino and vinyl AMB derivatives 
17 [40] Fig. (2). These derivatives were prepared by the re-
action of a suitably protected AMB C-16 aldehyde with hy-
droxylamine derivatives and Wittig reagents, respectively, 
followed by sequential removal of the protecting groups. 
Compounds 17 possesses a potent antifungal activity in vi-
tro, similar or in some cases superior (R : (E)-CH=N–OCH3; 
MIC = 0.5 µg/ml; R = –CH=CH2; MIC = 2 µg/ml Candida 
albicans,) to that of AMB itself (MIC = 4 µg/ml). With the 
exception of the C-16 (Z)-methoxime AMB (EH50 = 2.7 
µg/ml), the other derivatives do not show significantly re-
duced hemolytic activity against mammalian erythrocytes 
compared with AMB (EH50 = 3.2 µg/ml). 

 A series of amide derivatives 18-21 Fig. (3) with hetero-
cyclic fragments was prepared for the purpose of systematic 
studies of interactions with lipid membranes [30, 41, 42]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Structure of AMB (1) and its derivatives 2-16. 
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Molecular dynamics simulation shows that N-(1-piperidinpro-
pionyl)-AMB methyl ester (18) and N-(N’-3-dimethylamino-
propylsuccinimido)-AMB methyl ester (19) penetrate deeper 
into hydrophobic region of lipid membrane and also exhibit 
lower toxicity as compared with AMB [41]. Low toxicity 
and biological activity comparable with that of AMB was 
found not only for derivatives 18-20, but also for methyl 
ester of N-methyl-N-D-fructosyl AMB 21 Fig. (3) and the 
corresponding free acid [30, 42].  

 Covalent conjugates 22-26 [43] and 27 [44] Fig. (4) were 
tested for their effects on penetration of K+ ions through 
phospholipide membranes. Besides the cholesterol conjugate 
25 [43], also the conjugate with ergosterol was prepared, and 
its arrangement in the solid phase was studied by NMR and 
CD spectra [45]. Covalent dimers of AMB were also pre-
pared [46] with linkages of different lengths between the 
amino group of one AMB molecule and carboxyl group of 
the other (–NH–CO–, –NH–CH2–CH2–CO–, –NH–CH2CO–
NH–(CH2)3–CO–). However, the dimers show more than 
five times lower activity against Aspergillus niger as com-
pared with free AMB. The fluoro derivatives 14-F-AMB and 

28-19F-AMB were synthesized to study the ion-channel for-
mation mechanisms; they exhibited antifungal activities 
similar to those of AMB itself [47]. The AMB derivatives 
that can be prepared by total synthesis involve not only the 
non-polyene analog of AMB [48] but also 35-deoxy AMB 
[49, 50].  

 Supramolecular systems are represented by the conju-
gates with substituted calix[4]arenes 28, 29 binding four 
molecules of AMB Fig. (5) [51]. These supramolecules adopt 
cone conformation that mimics the structure of a membrane 
pore. The antifungal activity of the conjugates was superior 
or similar to the free AMB. Furthermore, the hemotoxicity of 
these conjugates was considerably lower than that of mono-
meric AMB. The formation of ion channels in the lipid bi-
layer by the AMB-calix[4]arenes was studied by measuring 
the K+ efflux from various liposomes [51]. 

 Further studies include supramolecular conjugates 30 
with carbon nanotubes Fig. (6) [52-54]. These studies reveal 
that AMB covalently linked to the carbon nanotubes is taken 
up by mammalian cells without presenting any specific toxic 
effect. Furthermore, AMB bound to the carbon nanotubes 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Structures of derivatives 18-21. 

 

 

 

 

 

 

 

Fig. (2). Structure of C-16 oximino and vinyl AMB derivatives 17. 
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preserves its high antifungal activity (Candida albicans: 
MIC = 6.4 µg/ml; Candida parapsilosis: MIC = 1.6 µg/ml; 
Candida neoformans: MIC = 0.8 µg/ml). 

3. POLYMERIC CONJUGATES OF AMB 

3.1. Conjugates of AMB with Substituted PEGs 

 Currently used clinical formulations of AMB with poly-
meric carriers are of non-covalent nature [17-20]. However, 
over past several years some papers have appeared that de-
scribe syntheses and characterization of conjugates in which 
AMB and PEG are connected by a covalent bond. For medi-
cal applications of substituted PEGs the following properties 
are the most important: they are non-toxic for molecular 
weights above 400, non-immunogenic and non-antigenic, i.e. 
resistant to recognition by the immunity system of organism 
[55-58]. In our introductory paper [59] we described synthe-
sis of a conjugate in which ca 50 mol % AMB is bound by 
covalent carbamate link to mPEG, and the remaining 50 mol 
% is linked non-covalently in this conjugate. This non-
covalent bond is most probably realized by π–π interactions 
and/or by hydrogen bonds between the covalently linked and 
monomeric AMB molecules. This interaction is probably 

analogous to that [60] encountered in the case of aggregated 
forms of AMB Fig. (7). 

 Conjugate 31 possesses a very good solubility in water 
and its spectrum of antimycotic activity is similar to that of 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Structures of derivatives 22-27. 

 

 

 

 

 

 

 

Fig. (5). Structures of conjugates of AMB with calix[4]arenes 28 
and 29. 
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the liposomal and deoxycholate formulation. At present, 
pharmacokinetic studies of this conjugate in vivo on animal 
models are being performed. This work was continued by R. 
B. Greenwald’s team [61, 62]. They prepared a series of con-
jugates with PEG (e.g. 32, 33), where AMB is linked by a 
labile carbamate bond that is sensitive to blood esterases and 
decomposes in blood plasma via elimination mechanism to 
give free AMB (32: t1/2 = 2.9 hours, 33: t1/2 = 4 hours; blood 
plasma, rat) Fig. (8).  

 This labile bond between PEG and AMB is designed in 
such a way that the first, slowest step involves hydrolysis of 
ester linkage by the action of blood esterases. The primary 
product – prodrug – in the second step undergoes a very 

rapid base-catalyzed 1,6-benzyl elimination [63] giving qui-
nonemethide and carbamic acid of AMB. The quinoneme-
thide is immediately hydrated and the carbamic acid of AMB 
is rapidly decomposed into carbon dioxide and free AMB 
[61, 62]. This effective substance-releasing system can be 
suitable, e.g., for targeted distribution of cytostatics [64, 65], 
but it cannot be applied generally to any groups of drugs. For 
example, in the case of the conjugates 32-33 this way of drug 
release leads to a relatively fast increase of AMB concentra-
tion in blood circulation system. The AMB released in this 
way undergoes distribution [66] among the lipoproteins pre-
sent in blood (HDL, LDL). Fast increase of the AMB-LDL 
complex concentration in kidneys results in nephrotoxic ac-
tion [66, 67]. AMB is considered to have a dual mechanism 

 

 

 

 

 

 

 

 

 

 

Fig. (7). Preparation and structure of covalent/noncovalent conjugate 31. 

 

 

 

 

 

 

 

 

 

 

Fig. (6). AMB covalently linked to carbon nanotube 30. 
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of nephrotoxicity. First, it causes direct damage of the distal 
tubules presumably due to non-specific interactions with 
cholesterol (influenced by LDL). Second, it causes constric-
tion of afferent renal vascular perfusion, which in a dehy-

drated patient can lead to acute renal failure even after a sin-
gle dose of amphotericin B. Prolonged treatment of AMB 
can manifest a compensatory mechanism (renal-tubular 
glomerular feedback) with ongoing tubular damage [10, 11, 
13]. This is why many clinicians administer saline before 
and after AMB infusions to blunt this feedback mechanism 
[13]. Therefore, targeted conjugates of AMB with PEG were 
prepared and characterized: in these conjugates AMB is 
bound to prevent its cleavage in blood circulation system 
after intravenous application and thus ensuring its targeted 
release at the site attacked by fungal pathogens [68-70]. The 
first way to targeted antimycotic effect is based on utilization 
of the local pH decrease at the site of action of fungal patho-
gen [70]. Conjugates 34-36 which contain a pH-sensitive 
imino linkage were prepared for this purpose Fig. (9). 

 Conjugates 34-36 are relatively stable in phosphate 
buffer at pH = 7.4 (37 °C), i.e. less than 5 mol % of free 
AMB is cleaved from all these conjugates within 24 hours. 
Hydrolysis of imino bond takes place in acidic phosphate 
buffer (pH = 5.5, 37 °C) with formation of free AMB. The 
rate of acid-catalyzed hydrolysis is controlled by substitution 
of the benzene ring (t1/2 = 2 min for the ester and amide; t1/2 
= 45 min for the ether) Fig. (9). However, the acid-catalyzed 
hydrolysis does not depend on the molecular mass of the 
PEGs used. The conjugates having the ester linkage are en-
zymatically cleaved in human blood plasma and/or blood 
serum at pH = 7.4 (37 °C), the half-lives 2-5 hours being 
independent of the molecular mass of PEG (Mw = 5 000, 10 
000, 20 000). The hydrolysis of ester linkage primarily gives 
a relatively stable prodrug, namely 4-carboxybenzyliden-
imino-AMB, which is decomposed to AMB and 4-formyl-
benzoic acid only at pH < 7 (t1/2 = 2 min, pH = 5.5, 37 °C). 
The targeted AMB release takes place only via acid-
catalyzed hydrolysis of imino linkage either directly from the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8). Structure and principle of release of AMB from conjugates 
32 and 33. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (9). Structure and principle of AMB release from pH-sensitive conjugates 34-36. 
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polymeric conjugate or from the released prodrug Fig. (9). 
The values of LD50 determined in vivo (mouse) are 20.7 
mg/kg and 40.5 mg/kg for the conjugates with ester linkage 
(Mw = 10 000 and 5 000), which means that they are ca 6-11 
times less toxic than the free AMB [68]. The subsequent 
work [69] describes preparation and characterization of 
analogous conjugate 37 (poly(ethylene glycol)-[b-poly((L-
lysine)5]2-(AMB)12; Mw = 26 700) Fig. (10). In a phosphate 
buffer (pH = 5.5, 37 °C), the imine bonds undergo acid-
catalyzed hydrolysis with subsequent release of free AMB 
(t1/2 = 2 min.). The LD50 value of 37 determined in vivo 
(mouse) is 45 mg/kg [69]. 

 The second synthesized type of the covalent conjugate 
[70] was 38 (Mw = 25 160). In this conjugate, four AMB 
molecules are linked with sPEG. Conjugate 38 contains β-D-
glucopyranoside molecular trigger that is sensitive to β-
glucosidases (E.C.3.2.1.21). Moreover, the conjugate con-

tains two carbamate linkages: the trigger is bound to the 
polymer by a stable carbamate linkage, and AMB is bound to 
phenyl-β-D-glucopyranoside fragment by a labile carbamate 
linkage. The enzymatic hydrolysis of β-glucosidic trigger 
gives glucose, and the subsequent fast 1,6-elimination re-
leases free AMB Fig. (11).  

 The structure design of conjugate 38 Fig. (11) was in-
spired by the fact that many parasitic fungal pathogens, e.g., 
genera Aspergillus, Candida or Trichosporon possess spe-
cific hydrolases β-glucosidases (E.C.3.2.1.21) in their enzy-
matic outfit [71]. In the case of human organism, however, 
β-glucosidases are not present in healthy tissues [72, 73]. It 
can be presumed that – in contrast to the current intravenous 
forms used and the first types of covalent conjugates [17-22] 
– conjugates 37 and 38 should possess targeted release 
AMB, i.e. at the site of tissue attacked by fungal pathogen. 
This newly designed system can be applied generally also to 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (11). Structure and principle of targeted AMB release from β-glucosidase-sensitive conjugate 38. 

 

 

 

 

 

 

Fig. (10). Structure of conjugate 37 (poly(ethylene glycol)-[b-poly(L-lysine)5]2-(AMB)12). 
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the other drugs with antifungal activity. Of course, suitability 
of practical application will require further studies on animal 
models and their critical evaluation. 

3.1. Conjugates of AMB with Polysaccharides 

 Apart from poly(ethylene glycols), also bio-compatible 
polysaccharides were used as polymeric carriers for AMB 
[74-77]. Synthesized conjugate 39 (Mw = 23 000) con-
tains oxidized (KIO4) arabinogalactan, and AMB is bound by 
imino linkage Fig. (12) [74]. Conjugate 39 is very well solu-
ble in water and exhibits biological activity comparable with 
that of AMB (MIC = 2 µg/ml Candida albicans, Cryptococ-
cus neoormans, MICs, 0.1 to 0.2 µg/ml).  

 Reduction (NaBH4) of conjugate 39 gave conjugate 40 
Fig. (12), which is non-hemolytic and much safer than the 
micellar AMB-deoxycholate. Conjugate 40 was less toxic 
than conjugate 39 with mice (the maximum tolerated dose 
for 40: 50 mg/kg of body weight), and histopathology indi-
cated no damage to the liver or kidneys. This conjugate, 
similarly to the liposomal formulation (AmBisome), was 
more effective than AMB-deoxycholate in prolonging sur-
vival. It was more effective than both the liposomal and the 
deoxycholate formulations in eradicating yeast cells from 
target organs [74]. 

 Another paper [75] describes preparation of conjugates 
41 and 42, which are structurally similar to conjugates 39 
and 40 but possess higher molecular masses (Mw = 300 000-
480 000). These conjugates exhibit similar biological proper-
ties as the foregoing ones. The in vitro release of AMB from 
both imine 41 and amine 42 conjugates was examined in 
phosphate buffer (pH = 7.4). The authors report that besides 

the hydrolysis of imino bond of conjugate 41 there also takes 
place AMB release from amino conjugate 42. However, no 
real mechanism corresponds to hydrolysis of the bond poly-
mer–CH2–NH–AMB giving AMB–NH2. Most probably, the 
authors monitored an increase of undefined low-molecular 
AMB conjugate, which was probably formed by hydrolytic 
fragmentation of the polymeric carrier. This error cannot be 
excluded by the technique used: the drug release studies 
were conducted in a 2-compartment Perspex diffusion cell 
separated by a dialysis membrane of MWCO 3500. Free 
released AMB was estimated by UV absorbance at 405 nm. 
From our works [59, 68-70] it is obvious that the conjugates 
prepared by a modification of amino group in AMB possess 
UV/Vis spectra very similar to those of free AMB. For veri-
fication, it was necessary to determine free AMB amount by 
suitable separation technique (HPLC, GPC). The question 
that remains to be answered concerns the identity of the 
lower-molecular AMB bioactive conjugate. Probably it was 
a conjugate with saccharide fragments linked to the amino 
group of AMB. This conclusion is also confirmed by an ear-
lier-published paper [76] describing AMB conjugates with 
oxidized dextran (Mw = 40 000). The authors of this work 
concluded that the imine conjugate 43 released free AMB 
while the amine conjugate 44 did not. The dextran-AMB 
imine conjugate 43, which contains unreacted aldehyde 
groups, was then modified with ethanolamine to give conju-
gate 45 Fig. (12). This conjugate 45 was compared to dex-
tran-AMB amine 44 and imine 43 conjugates. Modification 
of an aldehyde groups with ethanolamine reduced the toxic-
ity at least 15-times. The effect on Leishmania major para-
sites was 5 times higher than that of the dextran-AMB amine 
conjugate 44. The conjugate 45 was at least 15 times less 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (12). Structures of conjugates 39-45. 
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hemolytic than free AMB. It is concluded that the aldehyde 
groups may contribute to the cell toxicity. The results have 
direct implications toward the safety of AMB-polysaccharide 
conjugates used against fungal and leishmanial infections. 
Another possible method of linking AMB to arabinogalactan 
via tosylate or mesylate derivatives was described in Ref. 
[77]. The prepared conjugates 46 and 47 Fig. (13) were solu-
ble in water and exhibited improved stability in aqueous so-
lutions as compared to the unbound drug. The conjugates 
showed comparable inhibition concentration values against 
the pathogenic yeast Candida albicans, and against 
Leishmania major parasites. They were about 60 times less 
hemolytic against sheep erythrocytes than the free AMB, and 
less toxic when injected i.v. to BALB/c mice [77]. 

CONCLUSION 

 The survey presented shows that the covalent derivatives 
of AMB prepared by the chemical modification of its func-
tional groups can exhibit both a significant lowering and a 
distinct increase of their biological activity as compared with 
free AMB. Apart from the finding that the positively charged 
nitrogen atom of amino group in AMB is necessary for ef-
fective interaction with ergosterol, it is impossible to state 
any further general principles of AMB modification that 
would result in increase of biological activity. The set of 
AMB derivatives synthesized represents promising analogs 
of AMB with a high potential of biological activity. The 
same is true also of the covalent AMB conjugates with other 
molecules, carbon nanotubes and polymers. The large thera-
peutic potential of these systems can be expected with AMB-
carbon nanotubes conjugates or with AMB-β-glucosidase-
sensitive conjugates, where the principle of targeted delivery 
of AMB can be generally applicable also to the other an-
timycotics. Polymeric conjugates of AMB with modified 
polysaccharides represent another promising way to increase 
the therapeutic index of AMB. The imino linkage between 
AMB and polymeric carrier also represents a potential alter-
native for targeted release of AMB to tissues with pathologi-
cally lowered pH values. Despite all the mentioned advan-
tages of the derivatives and polymeric conjugates of AMB, it 
has to be stated that the reported scale of these analogs does 
not reflect their broad clinical applications. However clinical 
applications require complete tests in accordance with exist-
ing legislation. On the other hand, in future these derivatives 
and conjugates will offer new possibilities of dealing with 
emerging resistance [78] of fungal pathogens towards AMB 
alone. We can expect further increase in a number of pub-
lished works dealing with new delivery systems for antimy-
cotics similarly as in the case of cancerostatic drugs [64, 65]. 

These papers will be probably oriented to polymeric 
nanoparticles (liposomes, nanotubes, dendrimers) and many 
of them will certainly show interesting properties. Research 
in this field is proceeding at a rapid pace, increasing the pos-
sibility that one or more of these vector-cargo complexes 
could reach the clinic in the not distant future. 
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ABBREVIATIONS 

AMB = Amphotericin B 

ABLC = Amphotericin B lipid complex 

BALB/c = Albino strain of laboratory mouse 

DMAP = 4-Dimethylaminopyridine 

DMF = Dimethylformamide 

HDL = High-density-lipoprotein 

LDL = Low-density-lipoprotein 

MWCO = Molecular weight cut-off 

PEG = Poly(ethylene glycol) 

mPEG = Methoxy poly(ethylene glycol) 

sPEG = Star poly(ethylene glycol) [pentaerythritol 
poly(ethylene glycol)ether] 

TRIS = 2-Amino-2-hydroxymethyl-propane-1,3-diol 
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