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ABSTRACT

Varioussdt classes(chlorides: KCI, NaCl, MgCl,, CaCl,; sulfates: Na,SO,,
MgSO,, Na,SO,; carbonates: K,CO,, LiCO,, KHCO,) were added to the
reactional mediumin order to evaluate their effect on the selective activity
of amphotericin B (AmB) against the erythrocytes and yeasts (Candida
albicans). Only MgCl,, used with afinal concentration of 102 M, protects
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thehuman red blood cell from thetoxic effect of AmB; the erythrocyteslose
only 30% of their K*. Thissame salt increasesthe effectiveness of theAmB
against C albicansby 10%. MgSO, reducesthetoxicity of AmB against the

red blood cells by 10%.

INTRODUCTION

Invasive mycoses are associ ated with high mortal -
ity dueto thetime of the diagnosisand theground on
which they occur. The appearance of resistanceto an-
tifungal therapy in certain microorganismsand theinef-
ficiency of anantifungd thergpy to protect theorganism
againg invasionfrom certain pathogens condituteared
problemin public health. Over the past decade, there
has only been one antifungal therapy devel oped.

Despitethesignificant number of sideeffects, am-
photericin B (AmB), which has been used for more
than 40 years, still remainsto bethebest polyenic anti-
fungd druginmgor fungi infections, becauseof itsvery
broad spectrum, itsintensefungicidal effect, and the
appearanceof rdlatively few resistance cases'2?Y, The
provision of theazolated derivatives, which, contrary
totheAmB, areinhibitors of the growth of the fungi
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cellg™¥ and are better tolerated, raised great hopes.
Unfortunately, there appeared to be cases of increas-
ingly frequent resi stanceg2224,

To accurately determinethe cause of the systemic
mycoses, an understanding of the mechanism of action
of theamphotericin B, together withits mechanism of
toxicity, both based on an interaction of antifungd with
membranesterols, isessentidl.

Theinitia step of effectivenessor toxicity conssts
of an interaction with sterols of the plasmatic mem-
branes, inwhich thisantifunga shapesthepores. This
phenomenon involves an escape of the cytoplasmic
components, in particular, the potassium ions (K*).
These poresresult from the aggregati on of severa mol-
eculesof AmB insidethelipidic double-layered cyto-
plasmic membrane, so asto form akind of hollow roll
by which essentia ionsand cellular components can
escape”.
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Figurel: Kineticsof AmB-induced release of K* from human
erythrocytes, showing the influence of 102M of chlorates
(final concentration of AmB at 10°M ). Cellssuspensionsat

4x103cdlg/mL. Incubation at 37°C and pH 7.4. (-*- Control,
-L}-DM SO, - A-MgCl,, -x- NaCl, -+ KCl, - A-- CaCl,)

Moreover, theAmB isinsolubleinwatert?. Indeed,
inagqueous solution, theantifunga drugwasleft again
schematically inthree stated”: an aggregateformre-
sponsiblefor thetoxicity, an oligomeric form (essen-
tialy dimeric) endowed with lesstoxicity, and amono-
meric formthat isnot very toxic, whichisresponsible
for theantifunga activity. Balance between thesethree
formsisnot fixed. It variesaccording to the physico-
chemical environment of themolecul €524, Then, we
understand theimportance of the choiceof the support
of solubilizationinorder to reducetheproportion of the
toxicformsof AmB.

Inaddition, itisknown that thedivaent metd ions
affect theinteraction between antifungd polygenicandthe
cdls. Indeed, previousresearch has shown that magne-
sumand cddumdigurbtheeffect of nystatinand AmB on
erythrocytes'® and on Saccharomycescerevisiag®™19,

It appearsthat sdlts, inthe presence of AmB, play
asignificant roleintheactivity of thisdrug. According
to theHofmel ster theory, saltscan modify the physico-
chemical properties of water: lons known as
‘kosmotropic’ increase solubility in water, whereas ions
known as “chaotropic” reduce solubility!*?®. The
kosmotropic anions, such assulfate, citrate, or phos-
phate, reduce the solubility of AmB in agueous me-
dium, thusva orizing theoligomericforms, whereasthe
chaotropic anions, such as thiocyanate and
trichloracetate, completely solubilizeAmB anditsde-
rivatives?. Moreover, anincrease of ionic forcede-
creasesthe concentration of the monomersof ampho-
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Figure2: Kineticsof AmB-induced releaseof K* from human
erythrocytes, showing theinfluenceof 102M of carbonates
(final concentration of AmB at 10°M). Cellssuspensionsat

4x10%cdlg/mL. Incubation at 37°C and pH 7.4. (-#- Control,
-L}DM S0, - AK CO,-*- LiCO,, -+ KHCO,)

tericin B 3-dimethylaminopropylamid® and of N-me-
thyl-N-fructosyl amphotericin B methyl-ester
(MFAME)®,

Inthisstudy, weam to eval uatetheimpact of vari-
oussatsonthe sdlectivetoxicity of AmB. We studied
theeffect of carbonates, chlorides, and sulfatesonthe
sdlectivetoxicity of theAmB, aswell asthe phenom-
enon of ‘dormancy’ of Candida albicanscellsunder
theeffect of theAmB complexed with the monovaent
and divaentions, to explainthetherapeuticfaluresre-
lated to thisdrug.

MATERIALSAND METHODS

Biological materials

For thetestsof selectivetoxicity of AmB, we used
human red blood cdlls (universal modd of animal cdlls)
coming from ahedthy sngledonor (not presenting any
apparent pathology). In addition, we used the yeast
Candida albicansATCC 10231 American Type Cul-
ture Collection (Rockville, Mandelevium, USA) com-
ing from the Pasteur Institute of Paris. Thisstock is
maintained by successiveroad repairsongeloseY M
preserved at +4°C.

Methods
(1) Preparation of thehuman erythrocyte suspen-
sion

Human venous blood collected (from one healthy
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Figure3: Kineticsof AmB-induced release of K* from human
erythrocytes, showingtheinfluenceof 102M of sulfates(final

concentration of AmB at 10°M). Cellssuspensionsat 4x10°
cells/mL. Incubation at 37°C and pH 7.4. (-*- Control, -[ -
DM SO, -A-K,S0,, -x-MgSO0,, -+Na,S0,)

donor) in tubes contai ning heparin was centrifuged at
1,500xg for 10 minutes, removing plasmaand buffy
coat. Erythrocyteswerethen washed threetimeswith
PBS (150 mM NaCl, 10mM NaHPO,, 10mM
NaH_PO,; adjustedto pH 7.4), suspendedin PBSat a
hematocrit of 40%, and used on the same day.

(2) Preparation of theantifungal solutions

Amphotericin B wasakind gift of Bristol-Myers-
Squibb France (Ruell-Mamaison, France). Thedrug
was first diluted in DMSO at a concentration of
approximately 10 M and then spectrophotometricaly
adjusted to 10* M in DM SO (¢416=121 400) and
used immediately.

Preparation of salts

Threesalt classesfrom SIGMA prepared with an
initial concentration (1 M) werestudied:
(1) Chlorides: Potassium chloride (KCI), sodium
chloride (NaCl), magnesium chloride(MgCl,) and
caciumchloride(CaCl,);
Sulfates: Sodium sulfate (Na,SO,), magnesium
sulfate(MgSO,), and trisodium sulfate (Na,SO,);
Carbonates: Potassium carbonate (K,CO,),
lithium carbonate (LiCO,), and potassium
hydrogenocarbonate (KHCO,).

Evaluation of cytotoxicity of AmB against human
red blood cells

After theaddition of the antifungal solutionto a
final concentration of 10° M and saltswith afinal
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Figure4: Influenceof 102M of car bonateson thegrowth of
Candidaalbicans. I noculumsof 2x10°cells/mL . Incubation
at 30°C in continuous agitation. (-*- Control, - A-K ,CO,,
LiCO,, andKHCO,at pH 8.5, -IZI-KZCOS, LiCO,andKHCO,
atpH 6.2)

concentration of 10 mM, the red blood cells were
suspended inbuffer PBS, pH 7.4, 10mM, at arate of
4000 cells/mL. Erythrocytes, suspension wereincu-
bated at 37°C under continuous agitation for 90 min-
utes.

Aliguotsof 500 uL from the reactional solution were
carried out inregular intervals, and 2 mL of afrozen
solution of washing (NaCl 150 mM, MgCl, 2mM) was
added.

After centrifugation (1,500xg for 5 minutes), the
Supernatant wasrecovered, intrace lular potassum (K*),
which escaped from the cell, was tested by aflame
photometer (JENWAY /PFP7), and hemoglobin was
obtained by optical density at 548 nm.

Evaluation of theantifungal activity of AmB

CandidaalbicansATCC10231 cultureswere car-
riedout in YM liquid medium (pH 6.2+ 0.2) in the
presence and absence of the antifungal solution. The
cdlular starting concentrationis2x10° cells/mL.

The antifungal solution was added to the culture
medium at afinal concentration of 10° M &t the same
timeastheinoculum, which correspondsto time zero
of thegrowth. Saltswere also added to time zero of the
growth at afinal concentration of 102M.

Thecultureswerecariedouton’Y M in Steriletubes
of 50 mL containing 30 mL of culture medium. Incuba
tionwas carried out inanincubator of bend (Bioblock
ScientificROTATEST) with 30°C under agitation con-
tinuoudy with 130 tours/minute. The measurement of
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Figure5: Influence of 102M of chlorateson theactivity of
AmB (final concentration at 4x107M) toward thegrowth of
Candidaalbicans. I noculumsof 2x10¢cellmL. Incubation
at pH 6.2 and 30°C in continuous agitation. (-*- Control, -ll-
DM SO, - A-MCl,, - x-NaCl, -+KCl,-A-CaCl,)

the growth was performed by cellular numeration on
Malassez cellsevery 90 minutes.

RESULTS

Effect of theaddition of saltson theintra-erythro-
cyte K* leakage

Addition of thechlorides (NaCl, KCI, CaCl,, and
MgCl,), sulfates (K,SO,, MgSO,, and Na,SO,), or
carbonates (LiCO,, KHCO,, and K ,,CO,) totheeryth-
rocyte suspension inthe absence of AmB doesnot in-
duce hemolysisor any disturbance of intracdlular K*.
Moreover, pH of themediumismaintained at 7.4.

Inthe presence of 10°M of AmB, the erythrocytes
wereemptied completdly of their K* after 5 minutesof
incubetion. Thispotass um escapewasreduced by 10%
after theaddition of sdtssuchasNaCl, KCI, and CaCl,,
at arateof 102 M. On the other hand, the addition of
MgCl, under thesame experimental conditionsalowsa
sgnificant reduction of thisleskage of K*; thered blood
cdllspreserve 70% of their potassum contentsduring 90
minutesof follow-up (Figure 1).

Inthe presence of carbonates (LiCO, and KHCO,)
at 102 M inthereactional medium, the escape of po-
tassium, induced by AmB, was reduced by 30% and
20%, respectively (Figure 2).

Figure 3indicates that MgSO, and Na,SO,, at a
rate of 10 M in the reactional medium, reduce the
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Figure6 : Influence of 102M of sulfateson the activity of
AmB (final concentration at 4x107M) towar d thegrowth of
Candida albicans. | noculumsof 2x10°cells/mL . Incubation
at pH 6. 2and 30°C in continuous agitation. (-*- Control, -l
DM SO, -A-K,S0,, - x-MgSO0,, -+-Na,S0,)

leakage of K* by 10% after 90 minutesof incubation.

Thisleakage of K* isparallel tothelossof hemo-
globin. Indeed, thislossisabout 70%in the presence
of KClI, CaCl,, and Na,SO,, 65% with NaCl, 50%in
the presence of MgSO, and Na,SO,, 40%in the pres-
enceof LiCO, and KHCO,, and 35%inthe presence
of MgCl, (datanot shown).

Effect of addition of saltson theantifungal activ-
ity of AmB

The addition of MgSO,, NaCl, KCl, K_SO,, or
MgCl, at arateof 10> M inthemedium cultureandin
the absence of AmB inhibitsthe growth of Candida
albicansATCC10231 by 20% to 60%, compared to
apilot culturewithout any addition. CaCl,, completely
inhibitstheyeast growth. Thisinhibitionismaintained
for 24 hours, thenthecellsagain takeagrowth smilar
tothepilot culture.

It should be noted that, in the absence of AmB,
the addition of sulfatesand chloridesin the medium
culturedoes not induce any variation of the pH which
Ismaintained at 6.2. On the other hand, the addition
of carbonatesin the medium culture movesthe pH
toward 8.4. Because of the medium alkalization, and
under these experimental conditions, the growth of
yeastsiscompletely inhibited. Thisgrowthinhibition
isirreversible asthe pH of themedium ismaintained
at 6.2; theyeasts prolong their latency phase beyond
24 hours(Figure4).
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With 4x107 M of AmB, theyeastsarein the la-
tency phasefor 24 hours; then they multiply inaway
smilar tothepilot cdlsintheabsenceof anantifungal.
Thisresumption of growthisrelated to the dormancy
of yeasts(Boucheritand d., 2007).

Theadditionof chloridesintheculturemediumwith
afina concentration of 102 M increasesthe effective-
ness of thisdrug. Improvement variesaccording to sat
used. Indeed, itis20%inthe presence of MgCl,, 15%
inthe presence of KCI, and only 10%inthe presence
of NaCl (Figure5). Contrary to chlorides, theaddition
of sulfatesto the drug does not induce any significant
improvement inantifungd activity (Figure®6).

DISCUSSION

The work we undertook focused on thein vitro
determination of theeffect of theaddition of somesdts
onthesdectiveactivity of AmB. For testsof cytotoxic-
ity, weused auniversal model of animd cells(i.e., the
human red blood cellscoming from ahed thy singledo-
nor). Whilebeing fixed at membranesterols, AmB in-
ducesadisturbanceof the permeahility of thecells. The
first indicating eement of thisdisturbanceistheleskage
of intracellular K*, followed by that of other cellular
metabolites and lyses (Bolard and al., 1991). At the
red blood cell, lysesresultsintherel ease of hemoglo-
bin. Theantifungd effectivenessof thisdrugwaseva u-
ated on Candida albicansATCC10231, yeast respon-
sblefor 80% of thefungal infections.

According to theresultsobtained, it seemsthat the
toxicity of AmB toward theanimal cellsisnot modu-
lated by theionic environment of the antifungal one.
Indeed, thetoxicity of the antifungal wasreduced by
10% only inthe presence of sulfatesand chlorides; the
antifungd effectivenessagaing yeastsismaintained.

Although the carbonatesallowed asignificant im-
provement inthetherapeuticindex of AmB, thesignifi-
cant shift of pH (from 5.6+0.2 to 8.3+0.2) caused by
their addition to the culture medium isamajor disad-
vantage, as the pH isalso asignificant factor in the
modulation of antifungd activity!.

Only MgCl,, used with afinal concentration of
102M, protects the human red blood cell from the
toxic effect of AmB; the erythrocytes|ose only 30%
of their K*. Thisprotectionismaintained for fina con-

centrations of AmB going until 2x10° M, which cor-
respondsto 20 timestheinhibiting minimal concentra-
tion. Moreover, thissame salt increasesthe effective-
ness of theAmB against C albicans by 10%.

MgSO, reduces the toxicity of AmB against the
red blood cells by 10%. The difference existing be-
tween MgCl, and MgSO, could be dueto thefact that
SO, reducesthe solubility of AmB in agueous me-
dium; thissupportstheformation of toxic oligomersof
AmB for theanimal cells*4. Inaddition, SO, isless
permeablethan Cl1%8),
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