
Biochimica et Biophysica Acta, 985 (1989) 307-312 30"7 
Elsex'ier 

Concentration dependent dual effect of the monolauryl ester 
of sucrose on the antifungal activity and absorption spectra 

of arnphotericin B (Fungizone) 

J a n i n a  B r a j t b u r g  1 I l o n a  G r u d a  3 I s a b e l l e  D a i g l e  3 a n d  G e r a l d  M e d o f f  t,2 

t Infectious Diseases Division of the Department of Medicine. and " Department of MicrobioloK;'. 
Washington Unit;er~'ity School of Medione. St. Louis. MO (U.S.,4.) and ~ D~partement de chimie-biologie. 

Universit~ du Quebec ~ Trois-Rivi~res, Trois-Rivi~res. Quebec (Canada) 

(Received 28 March 1989) 
(Revised manuscript received 27 June 1989) 

Key words: Amphotericin B: Sucrose ester: Antifungal activity 

A mild detergent, the monolauryl ester of sucrose (LS), at concentrations which ranged from 0.008 to 0.03%. enhanced 
amphotericin B (AmB) toxicity against Saccharomyces cerevisiae and Cryptococcus neoformans cells. At higher 
concentrations, 0.06 to 2.5%, LS inhibited AmB effects on these two fungi. We analyzed changes in the absorption 
spectrum of Arab induced by LS at these two concentration ranges by comparing ratios (R values) of AraB absorbauce 
at  409 nm, the wavelength characteristic of non-aggregated (monomeric) AraB, to absorbance at 328 nm, the wavelength 
characteristic of aggregated AraB. Low concentra.*ions o! LS caused a decrease in R, whereas the higher LS 
concentrations increased R. Therefore, LS had concentration-dependent dual effects on the antifungai activity of AraB 
which correlated with shifts in the physical states of AraB. The concentration range of LS required to inhibit the 
antifungal effects of AraB was about 1000-fold greater than the previously reported concentrations required to inhibit 
AraB toxicity to mammalian cells (Grnda, I., Gauthler, E., Elherg, S., Brajtburg, J. and Medoff, G. (1988) Biuchem. 
Biophys. Res. Commun. 154, 954-958). This suggests that LS may be a useful agent to decrease Arab toxicity to host 
cells without affecting the antifungal effects. Moreover, increase in AmB toxicity induced by low concentrations of LS 
suggests the possibility that synergistic interaction between fatty acid esters and polyeue antibiotics may have 
therapeutic value. 

Introduction 

We have recently reported [1] that the toxicity of 
amphotericin B (AmB) for mouse erythrocytes and cul- 
tured mouse fibrob!asts, L-929 ceils, was decreased by 
addition of a mild non-ionic detergent, the mnnolauryl 
ester of sucrose (LS). This effect of LS was relatively 
specific because much higher concentrations (1000-fold) 
were required for a similar inhibition of AraB toxicity 
to Candida albicans cells. Here we measured the effects 
of a broad concentration range of LS on AmB toxicity 
to Saccharomyces cerevisiae and Cryptococcus neofor- 
mans cells. We found that the concentration of LS 
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required for the inhibitory effects of LS were compara- 
ble to those observed with C, albicans, In addition, we 
found that very low concentrations of LS induced the 
opposite effect, e.g., they enhanced the antifungal 
potency of AmB. These concentration-dependent dual 
effects of LS were also seen on the absorption spectra of 
AmB. We have tried to elucidate the physical basis of 
this biphasic action of LS on AmB spectra and its 
toxicity to cells. 

Materials and Methotts 

Chemicals. Cholesterol and ergosterol were purchased 
from Sigma, St. Louis, MO. The commercial Fungizone 
(E.R. Squibb and Sons, Princeton, N.I) was used for 
AraB. LS (catalog number L-1695) was a generous gift 
of Mitsubishi-Kasei Food Corporation (Tokyo, Japan). 
Pinacyanole was purchased from Aldrich Chemical 
Company (Milwaukee, WI). 
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Cellula, experiments. S. cerevisiae (strain from Hoff- 
man la Roche) and C. neoformans (strain 145A) were 
used to assay the effects of AraB, LS and AmB - LS. 
Final concentrations of cells were 2.5 • 107 fungal cells 
per ml of medium. The cell-associated K + was mea- 
sured in a flame photometer [2]; the cell viability was 
measured by plating cells on Sabouraud agar and count- 
ing colonies after 48 h of incubation. Assays were done 
as described previously [2] with minor modifications [i]. 

To facilitate comparisons of current data with previ- 
ous results, concentrations of AmB are expressed as 
# g / n i l  in the cellular experiments and as M (mol AmB - 
924) in the spectroscopic experiments. 

Spectroscopic experiments. Solutions of AmB (as 
Fungizone), sterols and LS were prepared as described 
previously [1]. Absorption spectra were recorded with a 
Varian 634 double beam spectrophotometer. 

Results 

Effects of LS  on the antifungal action of  A m B  
We compared retention of K + and viability of fungal 

cells exposed to different concentrations of LS alone. 
AraB alone, and the combined effects of different con- 
centrations of LS and AmB. Fig. l a  shows effects on 
K + retention by S. cerevisiae cells. LS alone, at all the 
concentrations assayed, did not affect the retention of 
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Fig. 1. Effects of LS on AMB-induced decrease in retention of K + (a) 
or viability Ib) of S. cerevi~iae cells. Cells were treated with LS in the 
absence of Arab and in the presence of concentrations of AmU shown 
in the figure. Data are from one representative ¢xperime,~t. Similar 

results were obtained in three other experiments. 

K + by S. cerevisiae cells. Likewise, 0.06 # g / m l  of AmB 
without LS did not lower the intracellular K +. Arab 
concentrations ( # g / m l )  of 0.12, 0.25, 0.50 and 1.0, in 
the absence of LS. induced decreases in cellular reten- 
tion of K + to 82, 48, 20 and 5.0% of the control levels, 
respectively. The addition of 0.0075% LS resulted in 
flight enhancement of these effects, whereas the maxi- 
mal enhancement occurred at 0.01570 LS. At this con- 
centration, cells retained, 60~ (0.06 / tg /ml  of AraB), 
28~ (0 .12 / tg /ml  of AraB), 15~ (0.25 # g / m l  of AraB) 
and 5~ (0.5/~g/ml of AraB) of the control levels of K +. 
Stepwise increases in LS concentration (0.03, 0.06 and 
0.12%) resulted in less enhancement of AraB action, and 
levels of 0.25 and 0.5~ were inhibitory. 

The effects of L.S. on AmB induced lethality to S. 
cerevisiae are shown in Fig. lb .  LS alone, at the con- 
centrations assayed, did not affect cell viability. Cells 
exposed to less than 2.0 F g / m l  of AmB alone formed 
almost as many colonies as control cells, whereas 2.0 
# g / m l  of AmB decreased S. eerevisiae viability to 60~ 
of the control level. When cells were exposed 0.5, 1.0 or 
2.0 # g / m l  of AmB and to 0.015~ of LS, the percentage 
of viable cells decreased to 70, 60 and 38% of control 
levels, respectively. The enhancement of AmB lethality 
by LS was less when 0.0370 of LS was used and was not 
observed at 0.06~ of LS. The inhibitory effect of higher 
LS concentrations occurred as a dose-dependent in- 
crease in the ability of AmB-treated cells to form col- 
onies. 4.0 F g / m l  of AmB alone killed 957o of the S. 
cerevisiae cells in the absence of LS; all concentrations 
of LS inhibited the activity of 4.0 # g / m l  of AmB and 
only 15~ killing was observed in the presence of 0.5~ of 
LS. 

Fig. 2a shows the effects of LS and Arab on reten- 
tion of K + by C. neoformans. LS alone, at concentra- 
tions of 0.0075-0.1270, decreased K + retention from 82 
to 75% of control levels. AmB alone, at concentrations 
of 0.04 or 0.12 # g / m l ,  decreased K + retention to 65 or 
20~ of control levels. LS at concentrations of 0.015~, 
added to these con=entrations of AmB, increased their 
effects; K + retention was 42% of control levels with 
0 .04 /sg /ml  of AmB and 157o with 0 .12/~g/ml  of AraB. 
LS concentrations higher than 0.03~ reversed the ef- 
fects of AmB on K + retention. Cells treated with 0.04 
# g / m l  AraB and 0.03~ LS or 0.12 / sg /ml  Arab and 
0.1270 LS retained about 80% of the control levels of 
K +, values comparable to those found in cells treated 
with these concentrations of LS in the absence of AraB. 

The effects of LS on AmB induced lethality to C. 
neoformans cells are shown in Fig. 2b. LS alone, at 
concentrations of 0.075-0.270, progressively decreased 
cell viability from 92 to 80% of control levels. AmB at 
0.2 and 0.4 p.g/ml, in the absence of LS, decreased cell 
viability to 78 and 18~ of control levels, respectively. In 
the presence of 0.015~ of LS, cell viability decreased to 
55% (0.2 # g / m l  of AraB) and 570 (0.4/~g/ml of AraB). 
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Fig. 2. Effects of LS on AmB-induced decrease in retention of K + (a) 
or viability (b) of C. neoformans cells. Cells were treated with LS in 
the absence of Arab and in the presence of concentrations of AraB 
shown in the figure. Data are from one representative experiment. 

Similar results were o~"~ined in three other experiments. 

The effects of 0.03% LS were similar to those seen at a 
concentration of 0.015% LS, whereas concentrations of 
LS greater than 0.03% inhibited the AmB effects on cell 
viability. Levels of viability cf  cells treated with 0.2 
F g / m l  of AmB anti 0.i2% LS or 0.4 / tg /ml  of AmB 
and 0.25% LS where similar to those c:msed by LS 
alone. 

From the data presented in Figs. 1 and 2 we calcu- 
lated the inhibitory potency of LS on the cellular effects 
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of AraB when the latter was used at concentrations 
which induced decreases in the measured indices to 
5-20% of control levels. The calculated molar ratios of 
LS concentrations required to decrease AmB effects by 
half to the AmB concentrations used were 17638 (K + 
retention) and 529 (viability) for S. cereoisiae and 8808 
(K ÷ retention) and 6626 (viability) for C. neofornzans 
cells. These values are similar to those which have been 
previously reported for LS inhibitory effects of AmB on 
C. albicans and about a 1000-fold greater than the 
corresponding values calculated for mouse cells [1]. 

Therefore although S. cerevisiae and C. neoformans 
ceils differed in their sensitivity to the toxic effects of 
LS and AraB (when these compound~ were used sep- 
arately), the pattern of LS - AmB interaction was 
comparable for these two fungi. Moreover, the pattern 
was the same for both the permeabilizing and lethal 
action of AmB. AmB was more active in the presence of 
low LS concentrations (0.015% of LS induced the grea- 
test change) and in a dose-dependent manner less active 
with further increases in LS concentrations. 

Effects of  L S  on the physical state of  Arab 
We next determined how the concentration depen- 

dent dual effects of LS on AmB toxicity to cells were 
related to effects on the physical state of Arab as 
measured by absorption spectra. 

The conformational changes to the Arab molecule 
caused by aggregation or association with other com- 
pounds are reflected in changes in absorption spectra 
[3-5]. The principle absorption band of free monomeric 
AmB is located at 409 nm. When the antibiotic aggre- 
gates, absorption at 409 nm decreases with a simulta- 
neous increase in absorption at the shorter wavelength 
regions. We have recently demonstrated [4] that depend- 
ing on its concentration and on the dispersing power of 
the medium, small aggregates with maximum ab- 
sorbance at 328 nm and larger species with a maximum 
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Fig. 3. Effect of LS on ratios of absorbances (R = A4og/A32s) of AraB dispersed in water. @, 1.5-10 -6 M AmB; z~ 6.5-10 -6 M AraB; o, 25.10 -6 
M AraB. 
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absorbance at 340 nm are formed by AmB. We used the 
ratio of absorbance at 409 nm to that at 328 rim, 
R=A4og/A32s, as a measure of the conformational  
change induced in AmB by its aggregation. 

Fig. 3 shows changes of R = A4og/A328 as function of 
adding increasing concentrations of LS to three con- 
centrations of Arab  (1 .5 .10  -6 M, 6 .5 -10  -6 M and  
25 .0 .10  -6 M) dispersed in water. Depending on the 
range of LS concentration used, two effects were ob- 
served. The progressive decreases in R are depicted on 
the left side, of the figure; the increases in R are 
presented on the right side of the figure (note the 
difference in the right and  left scales). The decreases in 
R were first seen for 1 .5 -10  -6 M AmB at 0.00005~ LS 
for 6 .5 .10  - °  M AmB at 0.00008% LS and  for 2 5 . 1 0  -6  
M AmB at 0.0003% LS. The decrease in R was maximal 
for all solutions of Arab  at  about  the same concentra-  
tions of LS (0.002%). In the range of LS concentrat ions 
of 0.002-0.01% (not shown in the figure), the decreases 
leveled off. At  concentration of  LS higher than 0.017O, 
the second effect, increase in R,  occurred. The progres- 
sive increase in R depended on the AmB concentration. 
Rmax, characteristic of monomeric AraB (close to 10), 
was reached at the lowest LS concentrat ion (0.05570) for  
the most dilute solution of Arab  (1 .5 .10  -6 M); at  
higher concentrations of LS (0.10%) for the AmB solu- 
tion of 6.5 • 10 -6 M, ~nd at the highest LS concentra-  
tion, 0.4%, for the most concentrated Arab  solution 
(25.0-10 -6 M). 

We next determined how different concentrat ions of  
LS affect the binding of AmB to ergosterol and  
cholesterol. These experiments were done in a 6.5% 
p r o p a n o l / w a t e r  solution because of the low solubilty of 
sterols in pure water. For  AmB-sterol complexes, the 
absorption at short wavelengths has a max imum at 348 
nm and therefore the ratio of absorbance at  409 nm to 
that at 348 nm (R  =A4og/A34s) was used as a measure 
of complex formation. Fig. 4 shows the spectral changes 
induced by different concentrat ions of LS on the spec- 
t rum of AraB alone and in the presence of an  equimolar  
concentration of sterols. In the absence of sterol, LS 
concentrations up to 0.005~ decreased the rat io (R  = 
A~9/A348) shghtly (from R = 1.4 to R = 0.7). R re- 
mained constant  with LS concentrat ions between 0.005 
to 0.017%, whereas concentrat ions higher than 0.017% 
increased this ratio. At a concentrat ion of 0.147o of LS, 
R approached the value of 4, characteristic of free 
monomeric AmB. Thus the relation between LS con- 
centration and its effect on AmB spectra was similar in 
wa te r /p ropano l  solution and  in water. In the absence 
of LS and in the presence of an  equimolar  concentra-  
tion of cholesterol or ergosterol, R :A409//A348 was 
about  0.4. In the presence of increasing concentrat ions 
of LS between 0.0002 to 0.017%, R increased slightly, 
up to about 0.6. In the range 0.017-0.14% LS and  in the 
presence of cholesterol, R increases to 3.5, the value 

40' 

_o 

3.0 

~2.0 < 

.<~°1. 0 

Q6 

02 
0001 0.003 0.005 0.007 001" 0.035 0.070 0.105 0.140 r 

%LS 
Fig. 4. Effect of LS on ratios of absorbances (R=A4og/Aj48) of 
6.5. l0 - 6 M AraB dispersed in 6.5~ propanol in the absence of sterols 
(O), in the presence of 6.5.10 -6 M cholesterol (A) or 6.5.10 -6 M 
ergosterol (o). Absorbances were measured 45 rain after preparation 

of solutions. 

similar to that  observed in the absence of sterols. In the 
presence of ergosterol, the increase in R was much 
smaller, only up  to 1.5. In agreement with previous 
findings [1], we interpret  this result as indicating that, 
under  these conditions,  the extent of complexing of 
AraB with ergosterol was much higher than with 
cholesterol. The same conclusion could be  drawn when 
AraB without  deoxycholate was assayed. In these ex- 
periments the concentrated solutions of  AmB in di- 
methyl sulfoxide were added to water  or  w a t e r / p r o p a n o l  
mixtures. 

Physical state of  L S  as a determinant of  its interaction 
with Arab 

A unique feature of our  da ta  was the nar row range of  
concentrat ions of  LS (0.015-0.03%) in which the LS 
effects on  cellular and  spectral properties of AmB 
changed rapidly. These observations suggested that  an  
abrup t  change in the physical state of LS in this con- 
centrat ion range could be responsible for  the change in 
its effects. We therefore determined whether  the critical 
micelle concentrat ion (cmc) of  LS occurred at  a similar 
concentrat ion range as the marked shifts in its effects. 
To determine the cmc of LS, we measured LS-induced 
changes in the absorpt ion spectrum of the dye Pina- 
cyanole. This dye was used as an  indicator  because its 
spectra in a surfactant  solution are very diffferent below 
and  above the cmc [6]. 

Fig. 5 shows a slight increase in the absorbance at  
two wavelengths of Pinacyanole induced by an increase 
in LS concentrat ion from 0 to 0.0005~ and  a plateau in 
the LS concentrat ion range 0.0005-0.017~.  At  LS con- 
centrat ions higher than 0.017%, abrupt  changes oc- 
curred. These changes indicate that  the cmc for LS is 
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Fig. 5. Effect of LS on absorbance of 0.5. l0 - s M aqueous solution of 
Pinacyanole. Absorbance was measured at 600-611 nm (o) and at 

550-567 nm (O). 

0.01-0.02%, a value comparable to that determined by 
others using different methods [7,8]. The similarity be- 
tween the region of cmc, and the concentrations of LS 
which resulted in dramatic effects on cellular and spec- 
tral properties of AmB implies that all of these phenom- 
ena may be related. 

D i s c u s s i o n  

Two opposite actions of LS on the toxic effects of 
AmB on fungal cells are presented here: an enhance- 
ment and an inhibition. LS is a detergent, and our 
observations add to the numerous previous reports on 
the bipbasic effects of detergents on absorption and 
activity of a variety of different drugs. The mechanisms 
of the duality of action of the detergents may differ 
with each drug and also with each detergent [9]. We 
have demonstrated here that the type of LS effect 
changed when the concentration of LS shifted from 
below to above the cmc. The changes in LS effects on 
the antifungal action of AraB were parallel to changes 
in AmB absorption spectra; the latter reflect the physi- 
cal state of AmB caused by aggregation or formation of 
complexes. 

At concentrations below the cmc, LS potentiated 
AraB toxicity to cells and decreased the absorption ratio 
A~9/A32 s (409 is the peak characteristic of monomeric 
AmB and 328 is the peak characteristic of aggregate 
AraB). The simplest explanation of these two observa- 
tions is that in this concentration range LS existed in 
the form of aggregates and that conaplexes were foc,,med 
between these aggregates and AmB. It is possible that 
deoxyeholate molecules were also associated with these 
complexes. The concentration of complexes increased 
progressively with the increase in LS concentration and 
reached maximum at cmc of LS. At this concentration 
the maximal potentiation effect of LS on AmB toxicity 
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to fungal cells was observed. This effect was indepen- 
dent of the concentration of AmB used. It is not clear 
why incorporation of AmB into LS or LS-deoxycholate 
aggregates potentiates its antifungal activity. The toxic 
effects of AraB on cells result from AraB binding to 
sterols incorporated into cell membrane [10,11], and 
therefore the possibility that LS acted as a promoter of 
AmB-sterol  interactions has to be considered. The 
analysis of the LS effects on the absorption spectra of 
AmB-sterol solutions did not, however, indicate any 
increase in Arab binding to sterol. Hopfer et al. [12] 
observed an increase in the anticandidal activity of 
AmB used together with liposomes. These workers raised 
the possibility that in complexing with liposomes Arab 
may De concentrated in the outermost layers of the 
liposomes, thereby increasing the concentration of 
available drug to the fungal cells. The alternative ex- 
planation is that the potentiation of Arab toxicity to 
fungal cells is related to a facilitated transport of the 
antibiotic complexed with LS across the polar fungal 
cell walls. Although the mechanism of potentiation re- 
mains unclear, our observations suggest the possibility 
that synergistic interactions between fatty acid esters 
and polyene antibiotics may have therapeutic value. 

At concentration above the cmc, LS inhibited AraB 
toxicity to fungal cells and increased the ratio cf the 
absorption peaks A4og//A32s. We have already shown 
that monomeric AmB does not form complexes with 
sterols [4,13]. Here we observed that progressive in- 
creases in LS concentrations caused increases in R and 
decreases in AmB-interactions with ergosterol. There- 
fore, although we do not know whether the increase in 
the monomeric form of AraB, as indicated in the in- 
crease in absorption at 409 nm, reflects AmB incorpora- 
tion into micelles a n d / o r  the deaggregation of AmB by 
these micelles, we can infer that the changes induced by 
LS in the physical state of Arab impaired its binding to 
sterols and therefore its anticelhilar activity. Recently it 
was demonstrated that the anticeUular action of Arab 
prepared with small unilamellar vesicles obtained from 
phospholipids could be attributed to the activity of 
AmB remaining unbound to the vesicles [14,15]. i t  also 
seems possible that in the experiments presented here, 
only AraB which did not undergo LS-induced changes 
formed bonds with sterols or damaged cells. AraB 
binds, however, more avidly to ergosterol than to 
cholesterol [11,16]. Moreover, when AraB exists mainly 
in a monomeric state, traces of the oligomer form of 
AmB (most probably a dimer) allow a cooperative 
reaction of AmB with ergosterol to occur which is not 
the case with cholesterol [4]. Thus, although at suffi- 
ciently high concentrations, LS inhibited AmB binding 
to both ergosterol and cholesterol and damage to both 
mammalian and fungal cells [11, the partial decrease in 
the active form of AmB impaired its binding to 
cholesterol more than its binding to ergosterol and 
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d a m a g e  to m a m m a l i a n  cells more  than its d a m a g e  to 
fungal cells. Probably,  a similar mechan i sm is at  least 
partially involved in the increased selectivity of  the 
toxicity to fungal compared  to m a m m a l i a n  cells of  A m B  
used in combinat ion  with l ipoproteins [17], lipid vesicles 
[18,19], or  other  lipid formulat ions [20]. The  a t tenuat ion  
of  toxicity to the host cells m a y  allow the adminis-  
trat ion of  increased doses of  A m B  to animals  or  to 
patients with fungal infections. Al though the enhanced  
therapeutic index of  l iposomal A m B  m a y  be  due  to a 
combinat ion  of  factors, this selective decrease in cellular 
toxicity of  AraB is one of  them [20]. 

In summary ,  the induction by  LS of  dual  changes  on  
A m B  spectra indicates a dual  effect of  LS on the 
physical state of  AmB.  The  LS-induced changes  in the 
physical state of  AraB can be  associated wi th  an  en-  
hancement  or  inhibition of  AraB ant ifungal  activity. 
Both of  these effects m a y  have  a role in improv ing  A m B  
therapy.  
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