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Amphotericin B is a widely used polyene antifungal drug for the treatment of deep fungal
infections. This drug could cause pores on the cell membrane. In this work, we used the
dipalmitoylphosphatidylcholine monolayer as the model of cell membrane in half. The influence of
Na* ions on the interaction between amphotericin B and biomembrane were studied by analysis of
phase transition and thermodynamic properties of monolayers. The Na* ions may affect the
molecular orientation of amphotericin B, and it depends on the concentration of sodium ions. Low
concentration of Na* ions has an opposite effect to high concentration of that. The results are
helpful for obtaining some information on the influence mechanism in the level of sodium ions on
the interaction between amphotericin B and biomembrane in the angle of physics.
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Awmdorepunuia B ABagercs IMIMPOKO HCIIOJAb3YEMBIM ITOJIMEHOBLIM IIPOTUBOTPUOKOBBIM IIPe-
HapaToM JJIA JEeYeHUsS IMIy0OoOKuX IpuOKOBBIX MH(MEKIuil. OTOT IperapaT MOMKEeT BbI3BATh IIOPBI
HA KJeTrouHol memOpane. Mcmoib3oBanu ABYXCJAOUHBIN AunaiabMuTonadochaTuanixoauH B Ka-
JecTBe MOZENIN KJIeTOUHOH MeMOpaHbl. Binusaue noxHoB Na* Ha BsammogeiicTBue MexxmIy amdore-
puriaom B u 6GmomemMOpaHOl M3yUAIOCh IIyTEM aHAJAM3a (Pa3oBOro Iepexona 1 TePMOAMHAMUYECKUX
cBoiicTB MonocsaoeB. Monsl Nat MoryT BauATh Ha MoJeKyISpHYI0 opueHTanmuio amdorepunuaa B B
3aBUCHMOCTH OT UX KOHTeHTpanuu. Huskaa KoHIeHTpanua noHoB Na* okasbiBaeT mpoTHBOMONIOK-
HOe BJIUSHNE YeM UX BBICOKAs KOHIIEHTpaIusa. PesyabTaThl TOJIe3Hbl IS MOJIYyUeHus UHpOpMAaIiin
0 MexXaHu3Me BJIUAHUSA MOHOB HATPUA PAasHOM KOHIIEHTPAIIUY Ha B3aUMOJIEHCTBIE MeKIy aMpoTepi-
muHOM B 1 6rioMeMOpaHoil ¢ TOUKM 3peHusd (PUIUKII.

Buime pisHEX KOHIIEHTpaIriii ioHie HaTpilo Ha caMoocamkeHHA am@ortepuruay B i DPPC
Ha KOPAOHI po3miiy moritps-soga. Juan Wang, Tuo Li, Yahong Ma, Zongcheng Miao

Awvorepunina B € MUPOKO BUKOPHUCTOBYBAHUM TMOJi€HOBUM TPOTUTPUOKOBUM MPETIAPATOM
IS JIiKyBaHHSA TanbGOKMX TpuOKoBuX iHQexiil. Ileit mpemapar MoKe BUKJIWKATH IOPU HAa
KaiTrHHIST MeMOpani. ¥ po0oTi BUKOPUCTOBYBaAU ABOIIAPOBWI AinmamasMiTolmdocharuminxomsin
(DPPC) B sikoeTi Momeni kiiTunmoi mem6panu. Brus iomis Na* na Bsaemogiio mism amdortepu-
nuaoM B i GiomemMOGpaHo0 BHUBUEHO TIIAXOM aHAaizy ()asoBOTO TEPeXOAy i TePMOIMHAMIUHUX
BJIacTHBoOcTell MoHomapie. lorn Na* MoKyTh BILIMBaTH Ha MOJEKyJIAPHY opieHTamiro amdorepn-
nuEy B B same:xHOocTi Bin ix xommerrtpamnii. Husbka xormertpania iomis Na* mamae mpormimesx-
HUN BILINB Hi»X IX BHCOKa KOHIleHTpallid. Pesynaprary KOpuCHI s oTpuMaHHS imdopmariii
Ipo MexaHisM BILIMBY iOoHIB HaTpiio pisHol KoHIleHTpaIlil Ha B3aeMogio Mimx amdorepuiiu-
HOM B i GiomemOpaHOIO 3 TOUKU 30py (pisuKwm.
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1. Introduction

Amphotericin B (AmB) is a widely used
polyene antifungal drug for the treatment
of deep fungal infections [1]. Its pharma-
codynamic mechanism is that amphotericin
B can make pores formed on the membrane
of fungi, which causes to the dead of the
fungus [2]. However, when amphotericin B
exerts antifungal effects, it also could in-
fluence the property of the host cell mem-
brane [3, 4] and destroy the structure of the
cell membrane, which affect the transmem-
brane transport of normal living ions. So,
this drug has very serious toxic and side
effects. It is particularly easy to cause
nephrotoxicity in patients with proteinuria,
azotemia, hypokalemia, anemia and other
symptoms, which greatly limits its clinical
application. Therefore, the study of antifun-
gal molecular mechanism of amphotericin B
and its mechanism of cell membrane toxicity
has become an important scientific problem.

Many scholars have found that this mem-
brane pores by amphotericin B formed on
the membrane affects transmembrane trans-
port of metal cations, especially of potas-
sium [5]. At the same time, there is an
interplay between metal cations and am-
photericin B on the membrane. Gagos et al.
[6] found that potassium and sodium ions
can induce changes in the localization of
amphotericin B molecules on the membrane.
L.Becucci [7] found that caleium ions could
significantly promote the aggregation of
amphotericin B. In addition, R. Turcu et al.
[8] found that the intake of high sodium
salts can, to some extent, reduce the effect
of amphotericin B on mammalian cell mem-
brane permeability. It can be seen that po-
tassium, sodium and calcium ions may have
special effects on the aggregation of am-
photericin B on the membrane. However,
Most scholars have pay more attention to
the effects of potassium and calcium ions on
amphotericin B. The studies about the ef-
fects of sodium ions are limited. The special
role of sodium ions on the interaction be-
tween this drug and biomembrane can not
be ignored and is worth in-depth study.

In this work, we used the dipalmitoyl-
phosphatidylcholine (DPPC) monolayer as
the model of cell membrane in half. The
influence of Na* ions on the interaction be-
tween amphotericin B and biomembrane
were studied by analysis of phase transition
and thermodynamic properties of monolay-
ers. The results are helpful for obtaining
some information on the influence mecha-
nism in the molecular level of sodium ions
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on the interaction between amphotericin B
and biomembrane in the angle of physics.

2. Experimental

2.1 Materials

Dipalmitoylphosphatidylcholine (DPPC:
purity=99%), power amphotericin B (pu-
rity>75%) and Tris (hydroxymethyl) ami-
nomethane (Tris: purity >99.9%) were pur-
chased from Sigma, USA. The other chemi-
cals were of analytical grade and were used
without further purification. DPPC were
dissolved in a chloroform/methanol mixture
(9:1, v/v) to give a final concentration of
0.57 uM lipid membrane-forming solution.
AmB (0.70 uM) was dissolved to a concentra-
tion of approximately 6:104 M in a 3:1 (v/v)
mixture of dimethylformamide and 1 M HCI
(aq). A subphase buffer composed of 10 mM
Tris-HCl buffer, pH 7.4, was prepared for
the Langmuir experiment. High purity
water obtained from a Milli-Q plus water
purification system (18.2 MQ/em, Millipore,
USA) was used in all experiments.

2.2 Langmuir technique

A Langmuir trough (KSV-Minitrough,
Finland) was used to obtain the surface
pressure-area per molecule curves of the
monolayer at the air-water interface. A Wil-
helmy-type tensiometer was used as the
pressure sensor. The accuracy of the sensor
was 0.1 uN/m. A monolayer at the air-
water interface of the trough subphase
could be symmetrically compressed or ex-
panded with two Teflon barriers at a de-
sired rate. For all the experiments, the tem-
perature was maintained at 35+01 °C by an
external circulator, and the trough was
filled with buffer as the subphase.

Before each run, the Teflon trough
(trough size 323x75x56 mm) was washed
with ethanol and rinsed with purified
water. The appropriate volume of sample
solution was deposited at the air-water in-
terface with a Hamilton microsyringe.
Spreading solvent evaporation over 15 min
and then the monolayers were compressed
with a barrier speed of 20mm/min. The sur-
face pressure was recorded during the inter-
face compression process. Repeated experi-
ments were performed independently to con-
firm the reproducibility of the isotherm
measurements.
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Fig. 1. Surface pressure-area per molecule curves of mixed monolayers (4,, A,, A3 is the limiting
molecular area of the mixed monolayer in OmM, 140mM, 420mM Na*, respectively).
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Table. Limiting molecular area of the mixed monolayer

Limiting molecular| DPPC | X, g = 0.1\ X, 5 =103 X, 5=0.5| X, 5=0.7 | X, 5=0.9 AmB
area (A2)

Ay 71.3 71.6 55.7 46.2 46.3 63.8 85.9

A, 65.2 72.3 60.9 54.0 49.2 60.7 71.1

Agq 76.9 79.9 68.8 64.1 52.3 58.1 67.2

2.3 Thermodynamic parameters of mono-
layer

Compression modulus Cgl can be calcu-

lated according to the surface pressure-area
per molecule curve by the formula [9-11]:

_ Adm (1)
Cl=—qa

where A is the area per molecule at the
indicated surface pressure m. The minimum
of C;1 suggests the phase transition of
monolayer.

Excess Gibbs free energy of mixing
AG¢*¢ can suggest the information on the
intermolecular interaction of monolayer. It
was calculated for binary Langmuir mono-

layers at a given m value according to its
definition [12,13]:

m (2)
AGexe = N [ Aexeqn,
0

where N is Avogadro’s number.
A®XC ig the excess area defined as follows
[14, 15]:

Aexc = A12 - Ale - A2X2, (3)

where A;, is the mean molecular area at a
given © value for the binary monolayer, and A,
and A, are the molecular areas of components
1 and 2, respectively, at the same surface pres-
sure. X; and X, are the molar fractions of
single components in the mixed monolayer.
A, . can be calculated to determine
whether two components are immiscible or
ideally miscible. A negative value of AG®*¢

indicates that the intermolecular interaction
exhibits attraction [14].

3. Results and discussion

3.1 Phase transition of self-assembled
monolayers

In the process of self-assembly of pure
DPPC molecules at the air-water interface,
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as the concentration of Na' increases, the
extent of expansion for mA curves at the
liguid expansion phase is gradually en-
hanced. When X,,p = 0.1, 0.3, 0.7, the
extent of expansion has a similar change to
that of pure DPPC monolayer with the in-
creasing of Na* ions’ concentration. How-
ever, the difference is the extent of expan-
sion for curves at the liquid condensed
phase is also gradually enhanced in the
creasing of Na* ions’ concentration after ad-
diton of AmB.

The limit molecular area was calcu-
lated from the data points on the surface
pressure-area per molecular curve, and the
results are shown by dotted lines in the
Fig. 1. When the Na* ions’ concentration
was 0 uM, 140 uM, and 420 uM, the limit-
ing molecular area of the monolayer was A4,,
Ay, and Ao, respectively (Table).

For a pure DPPC monolayer curve, as the
concentration of Na‘* ions increases, the lim-
iting molecular area decreases firstly and
then increases, and Ay<A;<A43. When X4, 5,
the limiting molecular area also gradually
increases with the increase of sodium ions
(A;<Ay<A,). However, when, the area of the
limiting molecule gradually decreases with
the increase of the sodium ion concentration
(A3<Ay<A,), which is similar to that for
pure AmB monolayer. The difference is that
the change is more obvious.

The minimum value of C;! indicates the

phase transition point of the monolayer
film. From the Fig. 2, we can see that for
pure DPPC, when the concentration of Na*
is 420 mM, the curve has a phase transi-
tion point at over the surface pressure of
56 mN/m. When the concentration of Na* is
reduced to 140 uM, two phase transition
points appears at 32 mN/m and 48 mN/m.
This may be due to the fact that the orienta-
tion of the DPPC molecules at the interface
are affected by the Na* ions. At a certain
range of surface pressure, the DPPC mole-
cules may be rearranged. This phenomenon
can not be observed without sodium ions.
After addition of AmB, when X,,p,
the two phase transition points of mixed

Functional materials, 25, 3, 2018
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Fig. 8. Excess Gibbs free energy of mixed monolayers in OmM Na*(a), 140 mM Na*(b), 420 mM Na*(c)

monolayer at the surface pressure of 32 and
48 mN/m have disappeared in 140 mM Na*.
But when the sodium ions’ concentration
was 420 uM, the phase transition point at
56 mN/m is still present. As the proportion
of AmB continues to increase, the phase
transition point disappears.

It is shown that the concentration of so-
dium ion has a great influence on the phase
transition of DPPC monolayer. In addition,
AmB changes the phase transition of DPPC
at high surface pressures in the presence of
sodium ions.

3.2 Interaction between the

molecules

super-

When X,,.p, at the surface pressure of
5 or 10 mN/m, the excess gibbs free energy
is positive in the absence of Na* ions (Fig. 8).
This suggests that there is repulsion be-
tween the molecules. However, in the pres-
ence of Na* ions, the excess gibbs free en-
ergy is negative, which shows that the in-
teraction between molecules is gravity. In
addition, the larger the sodium concentra-
tion, the excess gibbs free energy of the
monolayer is smaller, which means the in-
teraction force between the molecules is
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weaker. Differently, at the surface pressure
of 15 or 20 mN/m, , the excess gibbs free
energy becomes positive when the concen-
tration sodium ions goes up to 420 mM, and
the intermolecular interactions become re-
pulsive.

When X 5,.p, at the surface pressure of 5
or 10 mN/m, the excess gibbs free energy is
positive and the intermolecular interac-
tions is repulsion. Differently, at the sur-
face pressure of 15 or 20 mN/m, the value
of excess gibbs free energy becomes nega-
tive, and the interaction between molecules
is shown as gravitation when the concentra-
tion of sodium ions is 140 mM. This indi-
cates that the sodium ions in appropriate
concentration could promote the tight ar-
rangement of molecules.

When X, .5 at 5 mN/m or 10 mN/m, the
value of the excess gibbs free energy is
positive. Moreover, with the increasing of
sodium ion concentration, the value of ex-
cessive gibbs free energy decreases gradu-
ally. It is shown that the interaction force
between molecules on the monolayer is re-
pulsion, and the repulsion decreases gradu-
ally as the increasing of sodium ion concen-
tration. When the surface pressure goes up
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to 15 and 20 mN/m, the value of the excess
gibbs free energy is positive,which is simi-
lar to that at low surface pressure. How-
ever, when in the presence of 140 mM Na*
ions, the excess gibbs free energy is maxi-
mal, and the repulsion between molecules is
stronger than that in other conditions of
this work. The interaction between molecules
is closely related to the distribution and ar-
rangement of molecules on the monolayer.

4. Conclusions

From the above, the effect of sodium ion
on the liquid expansion phase, the limiting
molecular area, phase transition and inter-
molecular forces of mixed monolayer films
depends on the composition of amphotericin
B in the membrane. The influence of sodium
ions on the limiting molecular area is rela-
tive to the proportion of amphotericin B in
mixed membrane. The smaller the area of
the limiting molecule, the smaller the dis-
tance between the molecules on the mixed
monolayer, and the closer the formation of
the monolayer. The effect of sodium ions on
the phase change of mixed monolayer is also
related to the concentration of amphotericin B.
With the increase of concentration of am-
photericin B at high surface pressure, so-
dium ions make the phase transition points
of mixed monolayer gradually disappear,
which shows that sodium ions mainly inter-
act with amphotericin B.

There is a correlation between the inter-
molecular forces and the monoclayer mem-
brane structure. The Na* ions may affect
the molecular orientation of amphotericin
B, and it may mainly depend on the concen-
tration of sodium ions. The low concentra-
tion of sodium ions could increase the at-
traction between molecules but the high
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concentration of sodium ions increases the
mutual repulsive force between molecules.
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