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SYNOPSIS 

The coupling of nystatin (Nys), a water-insoluble antifungal agent, to dextran via an imine 
or amine bond was systematically investigated. Dextran was first oxidized to dialdehyde 
dextran using potassium periodate, purified from the oxidizing agent, and reacted with Nys 
to form the Schiff base. The Schiff base was reduced to the amine using borohydride. All 
reactions took place in water. The purification of the oxidized dextran from the oxidizing 
agent was essential to prevent oxidative degradation of Nys at  the coupling step. The effects 
on the coupling yield of the following factors: dextran molecular weight, degree of oxidation 
(aldehyde content), Nys to dextran ratio, temperature, and reaction pH were studied. A 
95% coupling yield was obtained a t  the optimized coupling conditions: pH 8.9 f 0.1, 50% 
degree of oxidation, and initial ratio of Nys to dialdehyde dextran 1 : 2.5. In all experiments, 
dextran was decreased in molecular weight during the oxidation step. Both imine and 
amine forms of Nys-dextran conjugates were soluble in water and exhibited improved 
stability in aqueous solutions as compared to the unbound drug. The conjugates showed 
comparable minimum inhibitory concentration (MIC) values against Candida albicans and 
Cryptococcus neoforrnans. The conjugates were about 25 times less toxic than free Nys after 
a single injection in mice. 0 1996 John Wiley & Sons, Inc. 
Keywords: Nystatin dextran conjugates Candida polymer conjugates antifungal 
oxidized dextran 

INTRODUCTION 

Life-threatening fungal infections have become in- 
creasingly widespread, especially among immuno- 
compromised patients, such as those undergoing 
cancer treatment or transplantation and those with 
AIDS. The current treatment of severe systemic 
fungal infections is inadequate, due to limited avail- 
ability of effective parenteral drug formulations and 
the appearance of new opportunistic fungal infec- 
tions resistant to the marketed drugs. The pattern 
of new or newly resistant species emerging in re- 
sponse to widespread and prolonged drug treatment 
renders the development of new effective parenteral 
antifungal drug delivery systems highly important.' 

* To whom all correspondence should be addressed. 
Journal of Polymer Science: Parr A: Polymer Chemistry, Vol. 34.1229-1236 (19%) 
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Nystatin (Nys), a tetraene-diene antifungal agent, 
possesses a broad spectrum of activity. Problems 
associated with its insolubility in injectable solvents 
and high toxicity in iv injections have precluded its 
systemic administration.'S2 Nys is unstable in 
aqueous medium and is sensitive to oxidation and 
heat.3-6 Various dispersions of Nys have been used 
for oral and topical administration with beneficial 

Encapsulation of Nys in liposomes'*.'2 re- 
duced toxicity, improved the survival of mice in- 
fected with Candida albicans, and provided a means 
for intravenous administration of Nys that could 
make it an active systemic antifungal agent. How- 
ever, major technical difficulties associated with Nys 
leakage from liposomes, Nys chemical integrity, and 
liposome batch-to-batch reproducibility still need to 
be solved to allow applicative development of a 
pharmaceutical intravenous dosage form. Thus, 
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there is a need for an IV injectable nontoxic delivery 
system for Nys for optimal treatment of serious 
fungal diseases. 

The potential use of soluble macromolecular pro- 
drugs as a mean of achieving targeted drug delivery 
has attracted considerable interest in recent 
years.'"I7 Besides drug targeting, other important 
objectives may be achieved by using soluble drug 
carriers, including enhancement of drug solubility, 
stability of the therapeutic agent, prolonged circu- 
lation life-time, extended duration of activity, and 
reduction of side-effects and drug toxicity. The latter 
objectives may be obtained by employing macro- 
molecular transport groups without any apparent 
specificity for discrete cell-surface receptors. Nu- 
merous reviews have described the potential appli- 
cation of proteins, polypeptides, polysaccharides, 
and synthetic polymers as high molecular weight 
carriers for various therapeutically active com- 
pounds.'"'' 

Oxidized dextran has been used as a conjugate 
carrier for various proteins,'8-20 antibiotics, and some 
other low molecular weight drugs,21.22 mainly due to 
their inertness, biodegradability, and simplicity of 
preparation. In addition, the molecular weight of 
the activated carrier and the pH of coupling can be 
changed over a wide range to produce drug conju- 
gates with various prolongation effects. Oxidation 
degree of the polymer can be varied to a large extent, 
thus leading to various amounts of bound drug. The 
properties of preparations can also be regulated by 
choice of the appropriate polymer : drug ratio.'8,'Y.23 
In several reports, the excess oxidizing agent was 
not removed from dialdehyde dextran (DAD), thus 
oxidizing susceptible drugs, such as Nys during the 
coupling reaction. 

We report here the synthesis, characterization, 
and stability of Nys-dextran conjugates in order to 
provide aqueous-base injectable Nys formulations 
that possess improved antifungal activity with re- 
duced toxicity. 

MATERIALS AND METHODS 

Materials 

Nys powder (USP XXII, 5269 IU/mg) was a gift 
from Taro Pharmaceutics (Haifa, Israel). Dextran 
(MW 9300, 18,000, 40,000, 74,000), potassium per- 
iodate, sodium borohydride, and fluorescamine were 
purchased from Sigma (St. Louis, MO). All other 
reagents and solvents were analytical grade. 

Instrumentation 

Infrared (IR) spectroscopy (Anelect Instruments 
FT-IR model fx-6160) was performed using polymer 
dispersion in Nujol cast between two NaCl plates. 
Ultraviolet (UV) spectroscopy was performed using 
a Kontron Instruments Uvikon model 930. Molec- 
ular weight distribution of the dextran derivatives 
was estimated by high-pressure and low-pressure gel 
permeation chromatography (GPC) systems. The 
first consisted of a Spectra Physics (Darmstadt, 
Germany) PlOOO pump with UV detection (Applied 
Bioscience 759A Absorbency UV detector) at 254 
nm, a Rheodyne (Coatati, CA) injection valve with 
a 20 pL loop, and a Spectra Physics Data Jet inte- 
grator. Samples were eluted with double-distilled 
water (DDW) through a Bio-Sil R SEC-125 HPLC 
Gel Filtration Column 300 X 7.5 mm (Japan), at  a 
flow rate of 1 mL/min. 

The low-pressure GPC system comprised a 
Sephadex G-75 Column (a total volume of 55 mL 
and a void volume of 19 mL) and DDW as eluent. 
Molecular weights of the eluted dextran derivatives 
was estimated using dextran standards of MW range 
between 5000 and 110,000. Fluorescence was mea- 
sured using Spectrofluorimeter Jasco FB-770 (Japan 
Spectroscopic Co.). 'H-NMR spectra were obtained 
on a Varian 300 MHz spectrometer using D20 as 
solvent and TMS as external standard. 

Aldehyde content in DAD was determined by an 
iodometric method, DAD was reacted with excess 
of iodine/potassium iodide solution and the un- 
reacted iodine was reverse titrated by sodium thio- 
sulphate. The aldehyde content in DAD was cal- 
culated from the amount of reacted iodine. Total 
dextran content was determined by the anthrone 
met hod.24 

Preparation of Diaidehyde Dextran (DAD) 

DAD was prepared from the reaction of dextran with 
potassium periodate and purified by anion-exchange 
chromatography. In a typical experiment, dextran 
of average MW 40,000 (1 g, 0.0599 mol glucose units) 
was dissolved in 20.0 mL of DDW, potassium per- 
iodate (1.275 g, 0.0554 mol) was added, and the mix- 
ture was stirred at  room temperature for 2 h until 
potassium periodate was completely dissolved. The 
DAD formed was separated from excess periodate 
and reaction by-products by applying it through a 
column (6 X 80 mm, V, = 2.0 mL) filled with Dowex- 
1 in the acetate form. Dowex-acetate was obtained 
by the pre-treatment of the commercial anion ex- 
changer with aqueous 1M acetic acid solution. The 
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purified DAD at, a concentration of 50.0 mg/mL ex- 
hibited a degree of oxidation in the range of 50%, 
as determined by the iodometric method. DAD with 
5-50% degree of oxidation were obtained from re- 
action with a proportional amount of periodate un- 
der similar conditions. 

Conjugation of DAD and Nys 

Nys was conjugated to oxidized dextran under var- 
ious reaction conditions. Oxidized dextrans with a 
degree of oxidation between 5 and 50% were pre- 
pared from dextrans of a molecular weight ranged 
between 9300 and 74,000. The conjugation reactions 
were conducted in buffer solutions of pH range be- 
tween 7.0 and 10.0 at 4 and 37°C for 2-48 h under 
constant stirring. Dialdehyde dextran with a con- 
centration range of 10-35 mg/ml was reacted with 
4-20 mg/mL Nys. The imine conjugate was purified 
by dialysis through a 12,000 molecular weight cut- 
off dialysis tubing against deionized water for 24 or 
48 h a t  4°C and lyophilized to dryness. The amine 
derivative was obtained by reduction of the imine 
conjugate before purification by adding 1.2-4 molar 
excess of sodium borohydride to the conjugation so- 
lution at  4°C for 30 or 60 min with stirring. The 
amine conjugate was purified by dialysis through a 
12,000 molecular weight cut-off dialysis tubing, as 
described above, and stored in dry form following 
lyophilization. Sterile conjugates were obtained by 
sterile filtration through a 0.2 pm sterile filter 
(Schleicher & Schuell, Dassel, Germany) followed 
by lyophilization under sterile conditions. The ster- 
ility of the solutions was assessed using the Bactec 
46 apparatus (Johnson Laboratories, Towson, MD) 
measuring radioactive carbon dioxide quantitatively 
in Bactec culture vials inoculated with sample tests. 

In a typical experiment, 20.0 mL of purified DAD 
solution (25 mg/mL) was mixed with an equal vol- 
ume of 0.2M borate buffer solution pH 9.1, and 400.0 
mg of Nys was added to the polymer solution (10 
mg/mL). The pH value of the mixture was main- 
tained at  pH 8.9 -+ 0.1 for 16 h at 37OC. The crude 
conjugate was dialyzed against DDW for 30 h at  4°C 
using molecular porous membrane tubing with MW 
cutoff 12,000 followed by centrifugation for 10 min 
at 2000 rpm and lyophilization. The lyophilized 
light-yellow product (925 mg, 67% yield) contained 
35% of Nys (87% yield) as evaluated by UV absorp- 
tion at 416 nm. 

Nys content was determined from the reaction of 
aqueous solutions of Nys (2 mL) with 0.01% acetone 
solution of fluorescamine (1 mL). Nys concentra- 
tions ranging from 0.2-2000 pg/mL in 0.2M borate 

buffer pH 8.0 at room temperature. Emission spectra 
were recorded at  430-570 nm and 390 nm excita- 
t i ~ n . * ~  

Stability of Nys and Nys-dextran conjugates in 
various pH solutions was determined by UV ab- 
sorption at  416 nm. Solutions of Nys in DMSO : 
buffer 75 : 25 and Nys-dextran conjugates in phos- 
phate buffer at a pH range 3-9 (0.3 mg Nys/mL) 
were stored at  25°C for 20 h. The stability was de- 
termined relative to the initial UV absorption at  416 
nm. The heat stability was determined using drug 
solutions (0.3 mg Nys/mL) stored at 4,37, and 56°C. 

Effectiveness of Nys Conjugates 

The minimal inhibitory concentration (MIC) values 
of Nys and its conjugates were determined against 
Candida albicans CBS 562 (reference type strain) 
and Cryptoccocus neoformans B-3501 according to 
the agar dilution method using yeast nitrogen base 
medium (Difco).26 MIC for both fungi were deter- 
mined using Nys and Nys-dextran with Nys equiv- 
alent in concentration increments of 5, 10, 20, 40, 
and 60 pg/mL. 

RESULTS AND DISCUSSION 

Coupling Reaction 

Imine and amine Nys-dextran derivatives were pre- 
pared by the reaction of DAD and Nys, as described 
in Figure 1. Dextran was oxidized to DAD using po- 
tassium periodate and purified by ion exchange 

ell 
A * 1 Drug-NH, 

Drug = nystatin 

Figure 1. Schematic representation of binding of Nys 
to dextran via imine or amine bonds: (A) dextran; (B) 
dialdehyde dextran, DAD; (C) Nys-dextran imine con- 
jugate; (D) Nys-dextran amine conjugate. 
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425 475 525 

Wavelength (nm) 
575 

Figure 2. Typical differential emission spectra for sev- 
eral concentrations of free Nys using the fluorimetric 

method: (e) 2.5 pg/mL, (-+--) 5.. pg/mL, (-A -) 
10.0 pg/mL, (+) 25.0 pg/mL, (- 0 -) 50.0 pg/mL. 

chromatography before the conjugation step. The 
purification of DAD from periodate oxidation re- 
agent was necessary to  prevent degradation of Nys 
during the coupling reaction. The DAD derivative 
was reacted with Nys to  form an azomethene bond 
(Schiff bases) with the primary amino group of Nys. 
The drug-dextran azomethene bond was then re- 
duced to the amine bond using sodium borohydride. 
The unreacted aldehyde groups on the DAD are re- 
duced to the corresponding alcohols, which prevent 
further binding of the Nys-dextran conjugate to 
proteins and body components in uiuo. 

The conjugation yield was evaluated from the 

Concentration (pg/ml) 

Figure 3. Fluorescence of Nys and Nys-dextran con- 
jugates after reaction with fluorescamine: (0) Nys, (.) 
Nys imine conjugate, (A) Nys amine conjugate. 

concentration of Nys before and after the reaction 
with DAD using spectrafluorimetry which is based 
on the specific reaction of fluorescamine with the 
primary amine groups in free N ~ S . * ~  Nys concentra- 
tions from 0.05 to  0.2 mg/mL were accurately de- 
termined using this method. Typical differential 
emission spectra curves for fluorescamine deriva- 
tives of Nys are shown in Figure 2. The control probe 
curve (without Nys) was automatically subtracted. 
The pH does not significantly affect the fluorescence 
of Nys. The optimal Nys determination conditions 
were 0.2M borate buffer with a pH between 7 and 
8. The method is rapid, simple, highly reproducible, 
and can be easily applied for in vitro determination 
of drug release from a polymer matrix, emulsion, 

0 4 8 1 2  16 2 0  

Time (hours) 

Figure 4. Nys coupling to dialdehyde dextran as a 
function of time followed by the disappearance of Nys 
from the reaction mixture using the fluorimetric method. 
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Table I. Reaction Conditions and Yield for Nys Coupling to Dialdehyde Dextran (DAD) under Various Conditions 

Coupling Conditions 

Dextran DAD" Percentage of Time Temperature DAD NYS Yieldb 
Initial MW MW Oxidation PH (h) ("C) (mg/mL) (mg/mL) (%) 

9300 
9300 

18,000 
18,000 
18,000 
18,000 
40,000 
40,000 
40,000 
74,000 
74,000 

9000 
6000 

18,000 
15,000 
12,000 

9000 
15,000 
20,000 
14,000 
23,000 
20,000 

10 
50 
5 

12 
25 
50 
25 
50 
50 
25 
50 

7.0 2 
8.9 16 
7.5 6 
8.0 24 
8.5 16 
8.9 16 
9.5 2 
8.5 10 
8.9 20 

10.0 4 
8.9 16 

20 
37 

4 
20 
37 
37 

4 
20 
37 

4 
37 

35 
20 
20 
35 
20 
35 
35 
10 
25 
25 
25 

5 
10 
10 
15 
10 
10 
20 
10 
10 
15 
5 

3 
90 
5 

20 
50 
95 
70 
50 
95 
60 
95 

DAD with various degrees of oxidation were obtained by oxidation of dextran under various conditions (not shown). The oxidized 
dextrans were used for Nys counpling at various conditions. 

The coupling yield is determined as the % of bound Nys from the initial reacted Nys. 

liposomes, etc. The amine conjugated Nys-dextran 
possesses a significantly lower fluorescence than in- 
tact Nys at  a wide range of concentrations (Fig. 3). 
This method can be used to follow the conversion 
of Nys to Nys-conjugate. The decrease in Nys con- 
centration during the coupling reaction, which rep- 
resents the amount of Nys reacted with aldehyde 
dextran is shown in Figure 4. The coupling reaction 
was followed by measuring Nys concentration in the 
reaction mixture using the fluorimetry method. Al- 
ternatively, the concentration of active Nys was de- 
termined by UV measurements. A typical UV spec- 
trum of Nys is shown in Figure 5. The UV max for 
Nys are 290, 307, and 322 nm, however, the absor- 
bance at 400-420 nm is characteristic for active Nys. 
The UV absorbance of Nys a t  416 nm was correlated 
with its MIC against C. albicans. Accordingly, de- 
graded Nys that did not show UV absorbance at  416 
nm, did not show antifungal activity. To emphasize 
the importance of purification of DAD from perio- 
date before the addition of Nys for the coupling re- 
action, unpurified DAD was reacted with Nys and 
the UV absorbance and MIC of the conjugation 
product were determined. No UV absorbance at 
above 350 nm and no antifungal activity (all fungi 
remain alive) were found for the Nys conjugate pre- 
pared from unpurified DAD. 

Table I illustrates the influence of various factors 
on the conjugation yield of water-soluble Nys-dex- 
trans. Oxidized dextrans had lower MW compared 
to the starting nonoxidized dextrans. Coupling yields 
of up to 95% of the reacted Nys was obtained. The 
coupling yield was mostly affected by the reaction 

pH. The highest coupling yield was achieved when 
Nys a t  a concentration of 10 mg/mL was reacted 
with DAD of 50% degree of oxidation a t  a concen- 
tration of 25 mg/mL for 16 h at  37°C in a borate 
buffer solution pH 8.9 k 0.1. Despite the extensive 
degradation of the polymer during oxidation, the 
purified Nys-dextran conjugates had a defined peak 
of a narrow molecular weight distribution with no 
low molecular weight fractions or free Nys. 

The lyophilized conjugates were readily soluble 
in water at concentrations up to 100 mg/mL and 
were insoluble in DMSO or methanol, in contrast 
to the low solubility of free Nys in water (0.3 mg/ 
mL), and its high solubility in DMSO (30 mg/mL) 
and in methanol (1 mg/mL).*' 

1.0 7 

0.8 

ov 

e 
8 0.6 
E a 

2 0.4 
a 
d 

0.2 

0.0 
200 300 400 

Wavelength (nm) 

Figure 5. Typical UV spectra of dialdehyde dextran, 
Nys in DMSO/water 75 : 25, and Nys-dextran conjugates 
in water. 
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Figure 6. Stability of Nys-dextran in phosphate buffer 
stored at  37°C: (El) Nys imine conjugate, (m) free Nys 
solution containing dextran, (A) free Nys. Stability was 
determined by UV absorbance at  416 nm with drug con- 
centration of 0.3 mg/ml. 

The imine and amine Nys-dextran conjugates 
were characterized by UV, 'H-NMR, and IR. Typical 
UV spectra of the conjugates and Nys in DMSO : 
water are shown in Figure 5. The conjugates have 
similar spectra to that of Nys with slight shifts in 
peak wavelengths a t  416 and 380 nm which corre- 
spond to the Nys chromophore. The peak absor- 
bance a t  416 nm is characteristic of active Nys, it 
was thus useful for the determination of the activity 
of Nys. The main UV peak absorbances for Nys and 
Nys conjugates as determined in water-(a) Nys 416, 
394,322,307,292, and 232 nm; (b) for the unreduced 
imine derivative: 418, 393, 321, 307, 289, and 233; 
and (c) for the amine-reduced form: 416, 394, 322, 
307, 285, and 233 nm. UV calibration curves a t  416 
nm were made for the quantitative analysis of Nys 
and Nys conjugates. Nys was determined in DMSO 
and showed linearity between 0.06 and 2 mg/mL 
drug concentration. Linearity in water was between 
0.06 and 0.25 mg/mL, Nys conjugates in water 
showed linearity up to 5 mg/mL. 

The IR and 'H-NMR spectra of Nys-dextran 
conjugates were compared to that of the free Nys 
and unreacted dextran. Both the 'H-NMR and IR 
spectra of Nys-dextran conjugates contained the 
typical chemical shifts corresponding to  both Nys 
and dextran (data not shown). 

Stability Studies 

The stability of both imine and amine Nys conju- 
gates were determined in various solutions and at 
various temperatures. The Nys inactivation under 
various conditions has been reported.3 

The UV spectra can be used to monitor the sta- 
bility of Nys derivatives in solutions. As described 
above, the Nys UV absorption a t  416 nm is char- 

acteristic for active Nys, reduction in this peak size 
corresponds to the decrease in active Nys concen- 
tration. The peaks a t  the maximum absorption (300- 
320 nm) exist for both active and degraded Nys. 
Thus, UV a t  300-320 nm can not be used for mon- 
itoring Nys stability. Heat-degraded Nys and Nys- 
dextran conjugates (56°C for 24 h) had negligible 
absorbance above 350 nm. 

The conjugates were found to be stable in aqueous 
solutions for 100 h at 4 and 37°C. The stability of 
the synthesized conjugate in comparison to the un- 
bound Nys (in the presence and absence of dextran) 
in aqueous solutions (0.3 mg Nys/mL, a t  37°C) was 
studied by monitoring the UV absorbance a t  416 
nm, which corresponds to  intact Nys. The results 
presented in Figure 6 prove that Nys-DAD conju- 
gate practically retained its UV absorbance after 100 
h of storage. The solution of free Nys and the mix- 
ture of Nys with dextran were rapidly degraded, with 
the later being more stable. The presence of dextran 
in the solution stabilized the free Nys. 

The stability in aqueous solutions a t  various pH 
values (4-9) was studied. The stability was deter- 
mined by comparing the UV absorbance a t  416 nm 
a t  time zero and after 20 h. The stability is pH de- 
pendent; under basic conditions (pH 7-8) both con- 
jugates were stable, with the amine derivative being 
more stable. The conjugates were more stable a t  
acidic pH than the free Nys (Fig. 7). There was a 
34% decrease in UV absorbance at pH 5 after 20 h 
for Nys, while during this period the amine conjugate 

5 

Figure 7. Stability of Nys and Nys-dextran conjugates 
a t  various pH solutions: (0) Nys imine conjugate, (B) Nys 
amine conjugate, (A) free Nys. Stability was of a 0.3 mg/ 
ml solutions in DMSO : buffer (75 : 25) for Nys and buffer 
solutions for the conjugates. The stability was determined 
following the reduction in the UV absorbance a t  416 nm 
after 20 h of storage. 
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Figure 8. Stability of Nys conjugates as compared to 
free Nys in water solutions under various temperatures: 
(0) Nys amine conjugate a t  4"C, (A) Nys amine conjugate 
at  37"C, (A) Nys amine conjugate at  56"C, (W) Nys imine 
conjugate at  4"C, (+) Nys imine conjugate at  37"C, ( X )  
Nys imine conjugate at  56"C, (0) free Nys at 4"C, (0) 
free Nys at  37°C. Stability of solutions in deionized water 
(0.3 mg/mL) stored a t  4,37, and 56°C was determined by 
following the UV absorbance at  416 nm. 

lost 8% and the imine derivative 11%. Incubation 
at  above pH 7 decreased the absorbance for free Nys, 
while the conjugates did not change. These results 
corroborate our hypothesis that coupling Nys to 
DAD markedly increases its aqueous stability. 

The stability of Nys conjugates under various 
temperatures in water solutions was determined. 
Because of the low aqueous solubility of Nys, con- 
centrations of 0.3 mg Nys equiv/mL were used. The 
solutions were stored at  4, 37, and 56"C, and the 
stability was detected by following the UV absor- 
bance at  416 nm. The results presented in Figure 8 
show a rapid deterioration of the free Nys, whereas 
the Nys conjugates were significantly more stable, 
with the amine conjugate being more stable. Both 
Nys-dextran conjugates practically retained their 
UV absorbance after 100 h storage. When exposed 
to higher temperature (56"C), the conjugates un- 
derwent degradation, more significant for the imine 
derivative. When stored under dry conditions pro- 
tected from light and oxygen, the free Nys and its 
conjugates were stable for at  least 6 months. 

Antifungal Activity of Nys Conjugates 

The i n  uitro antifungal activity measured by MIC 
of Candida  albicans and Cryptococcus neoformans as 
representative fungi revealed that the conjugates are 
similarly active to the unbound drug. The MIC of 
the imine and amine conjugates of C. albicans and 

Cr. neoformans were 20 pg/mL and the MIC value 
of the free Nys was 10 pg/mL. 

The polymer conjugates exhibited decreased tox- 
icity (data not shown). No toxic signs were observed 
following a single-bolus IV injection in BALB/c male 
mice (weighing 20 g )  at a concentration of 100 mg 
Nys/kg, while the maximal tolerated dose of free 
Nys was 4 mg/kg. The results of the detailed toxicity 
and efficacy studies will be published separately. 

CONCLUSIONS 

A method for producing a stable water-soluble poly- 
saccharide conjugate of Nys is described. The drug 
was conjugated by a Schiff-base reaction with oxi- 
dized dextran. High conjugation yield of active Nys 
was obtained. The conjugates were highly water sol- 
uble and could be appropriately formulated for in- 
jection. The conjugates showed comparable MIC 
values against Candida  albicans and Cryptococcus 
neoformans. The conjugates were about 25 times less 
toxic than free Nys after a single injection in mice. 

This work was supported by grants from The Ministry of 
Absorption (G. Linden), The Ministry of Science and 
Art, and a grant from Larex International, St. Paul, MN, 
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malak for their contribution. 

REFERENCES AND N O T E S  

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

S. Sternberg, Science, 266, 1632-1634 ( 1994). 
J. M. Hamilton-Miller, Bacteriol. Rev., 37, 166-196 
(1973). 
D. M. Trachtenberg, E. I. Rodionovskaya, Z. V. Gor- 
dina, L. I. Rostovtseva, G. I. Kleiner, and A. M. Nagle, 
Antibiotiki, 11, 9-13 (1966). 
G. B. Lokshin, Yu. V., Zhdanovich, and A. D. Kuzov- 
kov, Antibiotiki, 11, 590-594 (1966). 
G. B. Lokshin, Yu. V., Zhdanovich, A. D. Kuzovkov, 
T. I. Volkova, V. Ya., Shtamer, and G. I. Kleiner, An- 
tibiotiki, 12, 196-200 ( 1967). 
G. I. Kleiner and N. V. Ionova, Antibiotiki, 8, 712- 
717 (1963). 
R. W. Holz, in Antibiotics, Mechanisms of action of 
antieukaryotic and antiuiral compounds, F. E. Hahn, 
Ed., Springer-Verlag, New York, 1979, Vol. 5,  Part 2, 

U. Carpentieri, M. E. Haggard, et  al., J. Pediatr., 92, 

M. W. DeGregorio, W. M. F. Lee, and C .  A. Reis, 
Cancer, 50,2780-2784 (1982). 
F. Meunier-Carpentier, Am. J. Med., 76, 652-656 
(1984). 

pp. 313-340. 

593-595 ( 1978). 



1236 DOMB ET AL. 

11. R. T. Mehta, R. L. Hopfer, L. A. Gunner, R. L. Juliano, 
and G. Lopez-Berestein, Antimicrob. Agents Chemo- 
ther., 31, 1897-1900 (1987). 

12. R. T. Mehta, R. L. Hopfer, M. C. Queen, R. L. Juliano, 
and G. Lopez-Berestein, Antimicrob. Agents Chem- 
ther., 31, 1901-1903 (1987). 

13. C. F. Meares, Ed., Prospectives in Bioconjugate Chem- 
istry, American Chemical Society, Washington DC, 
1993. 

14. R. Duncan, Anti-Cancer Drugs, 3, 175-210 (1992). 
15. H. Maeda, in Polymeric Site-Specific Pharmacother- 

apy, A. Domb, Ed., Wiley, Chichester, 1994, pp. 95- 
116. 

16. N. D. Heindel, H. R. Zhao, J. Leiby, J. M. Vandongen, 
C. J. Lacey, D. A. Lima, B. Shabsoung, and J. H. 
Buzby, Bwconjugate Chem., 1, 77-82 ( 1990). 

17. D. G. Hawang, M. E. Scott, and E. Hedaya, Biocon- 
jugate Chem., 1,309-313 (1990). 

18. S. Dumitriu, and M. Dumitriu, in Polymeric Bioma- 
teriak, S. Dumitriu, Ed., Dekker, New York, 1993, pp. 
435-724. 

19. G. M. Lindenbaum, M. F. Yakovleva, 0. A. Mirgo- 
rodskaya, B. V. Moskvichyov, and I. M. Tereshin, 
Prikl. Biokhim. Microbiol., 18( 2), 212-220 ( 1982). 

20. T. Wileman, M. Bennett, and J. Lilleyman, J.  Phurm. 

21. A. Maksimenko and V. Torchilin, Bull. Exp. Biol. 

22. A. Bernstein, E. Hurwitz, et  al. J. Natl. Cancer Zrzst., 

23. C. Larsen, Ed., Dextran Prodrugs. Physico-chem- 
ical and Chemical Aspects i n  Relation to In Vivo 
Properties, Villadsen & Christensen, Copenhagen, 
1990. 

Pharmacol., 36, 762-765 ( 1983). 

Med., 102, 1545-1547 ( 1986). 

60,379-384 ( 1978). 

24. J. Roe, J .  Biol. Chem., 208,889-896 (1954). 
25. S. Udenfriend, S. Stein, P. Bohlen, W. Dairman, W. 

Leimgruber, and M. Weigele, Science, 178, 871-872 
(1972). 

26. I. Polacheck, U. Zehavi, M. Naim, M. Levy, and R. 
Evron, Antimicrob. Agents Chemother., 30, 290-295 
( 1986). 

27. G. Michael, in Analytical Profiles of Drug Substances, 
K .  Florey, Ed., 1977, Vol. 6, pp. 341-421. 

Received January 27, 1995 
Accepted October 29, 1995 


