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Abstract: Acne vulgaris is one of the most common skin diseases, and its development is
closely linked to the overgrowth of the bacterium Cutibacterium acnes. More than half of
the strains of this bacterium are resistant to antibiotics, which has prompted scientists to
look for alternatives, such as antibacterial peptides, that can replace traditional drugs. Due
to its antioxidant properties, ascorbic acid may be a promising ally in the treatment of
acne. The aim of our study was to evaluate the effect of peptide (KWK),-KWWW-NH, (P5)
in the presence of ascorbic acid (AA) and its derivative (3-O-ethyl-L-ascorbic acid, EAA)
on the stability and organization of phosphatidylinositol monolayers (PI) at temperatures
of 25-35 °C. This study showed that the monolayers were in the expanded liquid state
(35.28-49.95 mN/m) or in the transition between the expanded liquid and condensed
phases (51.50-57.49 mN/m). Compression and decompression isotherms indicated the
highest flexibility of the PI + P5 system, where the compression reversibility coefficient of
isotherm values ranged from 80.59% to 97.77% and increased for each loop with increasing
temperature. At 35 °C, the surface pressure of the monolayer in the PI + P5, PI + P5 + AA
and PI + P5 + EAA systems changed less with time.

Keywords: compressibility coefficient; compression reversibility factor; antibacterial
peptides; ascorbic acid; 3-O-ethyl-L-ascorbic acid; phosphatidylinositol membrane

1. Introduction

Acne vulgaris, as a multifactorial disease, is influenced by many factors, such as ge-
netic predisposition [1], hormonal activity [2], overproduction of sebum in the sebaceous
glands [3], comedogenicity [4], Propionibacterium acnes [5] and diet [6]. Stress increases corti-
sol and androgen levels, which can increase sebum secretion and the symptoms of acne [7].
In addjition, air pollutants such as dust, smog and other chemicals can contribute to the
development of acne [8]. The misuse and overuse of antibiotics have significantly reduced
their effectiveness, leading to an increase in the number of resistant microorganisms. One
promising solution in the fight against drug resistance is the use of antimicrobial peptides
(AMPs), which are characterized by a broad spectrum of action [9,10]. AMPs are effective
in combating Gram-negative bacteria, which are a more difficult target than Gram-positive
bacteria. The outer cell membrane of Gram-negative bacteria acts as an additional barrier,
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impeding the penetration of many traditional antibiotics [11,12]. Most AMPs are charac-
terized by a positive charge (from +2 to +13), hydrophobicity and amphipathicity [13].
Increasing the charge can improve their antibacterial activity. One example are magainin II
derivatives: increasing the charge from +3 to +5 improved their efficacy, but further increas-
ing the charge, e.g., to +7, led to increased hemolytic activity and a loss of antimicrobial
properties [14]. Strong interactions of the peptide with the phospholipid head group may
be responsible for the lack of translocation of the peptide to the inner layer of the mem-
brane [15]. Peptides with an excessively low hydrophobicity may increase the probability
of dimerization, which makes their access to the bacterial membrane difficult. Increasing
this parameter, on the other hand, may allow for a deeper penetration of peptides into the
hydrophobic core of the membrane [16]. The amphipathicity of peptides is based on the
balance between cationic and hydrophobic residues, and its increase does not necessarily
affect antimicrobial activity but may lead to increased hemolysis [17]. According to studies
in the literature, different parameters play a unique role depending on the peptide sequence.
The search for new therapies against skin infections is an ongoing and dynamic process.
About 30% of people aged 11 to 30 years struggle with Acne vulgaris, which is not merely
an aesthetic problem. Acne can have serious psychological consequences, lowering the
self-esteem and self-confidence of patients [18]. Modern peptides intended for topical use
should have antimicrobial activity, minimal cytotoxicity and no, or highly limited, cytotoxic
effects [19]. Additionally, they may benefit from antioxidant properties and resistivity to
solar radiation [20].

Peptide (KWK),-KWWW-NH,, with a 4+ charge and a molar mass of 1588 g/mol,
used in previous publications as P5 (Figure 1), showed antimicrobial activity against Staphy-
lococcus aureus. The balanced number of polar lysine residues and nonpolar tryptophan
residues in this peptide could contribute to its significantly higher antioxidant activity
compared to its derivatives [21].
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Figure 1. Structure of tested peptide P5 [21].

The antimicrobial activity of the peptide absorbed onto polymeric-bacterial cellulose
(BC) produced by Komagataeibacter xylinum confirmed its potential use as a BC carrier
against S. aureus and C. acnes. One of the hypotheses was that this peptide could disrupt
the integrity of the bacterial membrane [21]. Substances with medium lipophilicity, of
logP value in the 1.0-3.0 range, exhibit optimal penetration ability, and the compounds
selected for our study met these criteria. Moreover, tryptophan residues in P5 show a
high affinity for the interphase regions of biological membranes, suggesting that tryp-
tophan can act as an anchoring molecule, binding the peptide to microbial cells. The
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concentration of the peptide used in the study, at 1000 mg/L, corresponded to the conce
ntrations of octenidine- or polyhexanide-based antiseptics, commonly used in skin and
wound care [22,23]. Studies have shown the lack of cytotoxicity of the P5 peptide towards
fibroblast lines [21], which may support the wound healing process in vivo by supporting
the function of fibroblasts [24]. The value of the diffusion coefficient of this compound was
0.0765 x 1072 cm?/s. Due to the presence of nonpolar side chains, it forms a monolayer
at the vacuum/water interface, which may be beneficial in the treatment of inflammation,
creating a natural protective barrier between the damaged area and the external environ-
ment [25]. Data in the literature indicate that solar energy can modify the conformation
of collagen molecules [26], but our results did not confirm the degradation of P5 bonds
under the influence of solar radiation [21]. Phosphatidylinositol, a component of lipid
membranes, plays a key role in cell function. Different substitutions of the inositol ring
may affect cellular processes such as endocytosis, exocytosis, signaling, or the functioning
of ion channels. Phosphatidylinositol, with triacylglycerol and other lipids, is part of the
cell envelope of the bacteria Cutibacterium acnes [27]. Ascorbic acid (AA) may support acne
therapy through anti-inflammatory effects, skin regeneration and reducing discoloration
and acne scars [28,29]. AA increases the photostability of collagen in the UV range. UV
radiation, via free radicals appearing in collagen, results in photodegradation; however,
the macromolecules may be restored due to electron donation from ascorbic acid [30,31].
The rapid degradation of AA poses challenges for the local delivery of the molecule in
cosmetic and pharmaceutical products. The physicochemical properties of AA, such as
its melting point (190-192 °C), partition coefficient (log P(o/w) = —1.85) and dissociation
constant (pKa = 4.25), are not optimal for transport through the skin [32]. Therefore, in
cosmetic products, 3-O-ethyl-l-ascorbic acid (EAA), a derivative of l-ascorbic acid with
an ethyl group on the third carbon atom, is used. This structural modification protects
the 3-OH group from ionization and thus the molecule from oxidation, but it also causes
changes in EAA’s physicochemical properties. The melting point, log P(o/w) value and
pKa value of EAA were determined to be 114.39 &+ 0.5 °C, —1.07 &£ 0.03 and 7.72 £ 0.01,
respectively. The penetration of EAA through the skin was observed with the following
carriers: 1.2-hexanediol, glycerol, propylene glycol, 1.2-pentanediol, isopropyl alcohol,
propylene glycol monolaurate and propylene glycol monocaprylate [33]. The temperature
of human skin reflects heat exchange conditions at the body—environment boundary [34].
The skin’s temperature acquires different values depending on the region of the face, the
with highest values found on the forehead and the lowest on the surface of the ears [35]. A
bilateral symmetry of cheek and ear temperature has been observed [36].

The aim of this study was to assess the influence of P5 peptide, ascorbic acid and
3-O-ethylascorbic acid in the aqueous subphase on the physicochemical properties of the
phosphatidylinositol monolayer at temperatures of 20 °C to 35 °C using the Langmuir
method. The obtained results may provide an answer to the question of which of the
oligopeptides studied by the authors build into or destabilize the model membrane and
thus could potentially support the treatment of acne. In a previous work, the authors
noticed that, for example, adding AA to the subphase caused a faster phase transition in
most of the tested systems. On the other hand, adding EAA to the subphase where the
peptides (WKWK),-KWKWK-NH; or (C12),-KKKK-NH,) were already present resulted
in a decrease in surface pressure of the phosphatidylinositol monolayer over time [37].

This research study aimed to select important factors affecting the stability, organiza-
tion and molecular interactions of model biological membranes. Reports in the literature
confirm temperature’s effect on the fluidity of membranes and thus on the environmental
interactions of other components of the structures. The data may support the design of
effective anti-acne preparations based on innovative molecules.
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2. Results and Discussion

2.1. Compression Isotherms of PI Monolayer Assessed over Aqueous Subphase with Peptide and
AA or EAA

The phosphatidylinositol (PI) monolayer was applied on two types of subphase
containing varied P5 and AA or EAA (Table 1). Subsequently, the compression isotherms
were recorded.

Table 1. The composition of the evaluated systems.

Evaluated Monolayer Subphase
Systems PI AA EAA P5
PI* _ _ _
PI+AA* 2.30 x 106 - -
PI+EAA* 120 x 101 — 2.30 x 10'6
PI + P5 - — 2.30 x 1016
PI +P5+ AA 2.30 x 106 - 2.30 x 106
PI + P5 + EAA — 2.30 x 106 2.30 x 106

* Reference [37] reports a former evaluation of monolayers 1-3, which were reassessed for comparison purposes.

An increase in surface pressure above zero was observed at all four temperatures
for a surface area per particle of about 103.65 A2/molecule for the PI monolayer over
the subphases with P5 and EAA or AA (Figure 2). The presence of P5 in the subphase
resulted in a shift in the respective surface pressure values towards lower values of area
per molecule. It was revealed that the collapse of the PI monolayers over the subphases
with P5 and EAA occurs at a higher surface pressure than the collapse of the PI monolayer
over the P5 and AA subphase at 20 °C, 25 °C and 30 °C. At 35 °C, the reverse result was
observed. For the PI + P5 + AA and PI + P5 + EAA systems at 20 °C, 30 °C and 35 °C,
the respective surface pressure values shifted towards a larger area per molecule, and a
plateau occurred at a lower surface pressure compared to the compression isotherm of the
PI + P5 system.

Based on the 7-A isotherm diagrams, the following parameters characterizing the
Langmuir monolayers formed by the given layer-forming compounds were determined:
Ay off—the value of the surface area per molecule at which an increase in surface pressure
(m) above 7 = 0 mN/ m is recorded; Teopapse—the value of the surface pressure at which
the monolayer collapses; A oliapse—the surface area per molecule at which the monolayer
collapses; X (Acollapse/ Alit-off); aL/Lc—slope of the linear part of the 7-A isotherm in the
range of the dynamic increase in surface pressure observed on the m—A isotherm. The
obtained results are presented in Table 2. The addition of P5 to the subphase resulted in a
reduction in the values of the apg/1c, Alift-off and Acollaps parameters of the PI monolayer
in most cases compared to the results for the Pl monolayer in the aqueous subphase. The
opposite phenomenon was observed for the results of the 7.o1aps parameter. For the PI + P5
system at the four temperatures, the addition of both AA and EAA resulted in an increase
in the values of the Ajif off, Acollapse and X parameters and a decrease in the 7tegjjapse 0f the
PI monolayer.
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Figure 2. The course of the compression isotherms of the PI (—)*, PI + AA ( )*, PI + EAA (—)*,
PI + P5 (—), PI + P5 + AA (—), PI + P5 + EAA (—) systems at a temperature of 20-35 °C.
* Reference [37] reports a former evaluation of monolayers 1-3, which were reassessed for
comparison purposes.
Table 2. Characteristic parameters of m—A isotherms: Ay og—lift-off area of surface pressure;
Acollapse—area corresponding to monolayer collapse; 7 papse—collapse pressure [mN/m]; x
(Acollapse/ Ajisroff); aLp/L.c—slope coefficient in range of dynamic increase in surface pressure of
m—A isotherm.
Evaluated Temperature . Ajift-off Acollapse T eollapse a
System Q) (A%/molec.) (A2/molec.) (mN/m) X LE/LC
20 101.35 13.50 38.43 0.13 —0.571
PI 25 101.27 17.09 38.89 0.17 —0.594
30 101.30 21.56 35.06 0.21 —0.573
35 101.26 21.38 35.08 0.21 —0.572
20 101.53 24.11 37.96 0.24 —0.588
25 102.80 33.73 21.23 0.33 —0.552
PI + AA
30 101.54 18.23 27.67 0.18 —0.529
35 101.54 34.00 3241 0.33 —0.547
20 100.72 13.50 41.74 0.13 —0.581
25 101.10 22.05 38.46 0.22 —0.586
PI + EAA
30 101.86 33.27 35.11 0.33 —0.558
35 101.60 13.68 29.97 0.13 —0.547
20 100.72 10.55 4441 0.10 —0.588
25 98.34 941 36.46 0.10 —0.549
PI +P5
30 98.13 5.00 39.01 0.05 —0.559

35 97.92 9.06 37.15 0.09 —0.553
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Table 2. Cont.
Evaluated Temperature Alift-off Acollapse Teollapse a
System O (A%/molec.) (A%/molec.) (mN/m) X LEALC
20 101.70 33.58 25.85 0.33 —0.545
25 100.53 12.70 26.19 0.13 —0.403
PI+P5+ AA
30 102.36 10.79 25.01 0.11 —0.569
35 101.83 11.21 29.21 0.11 —0.540
20 101.76 11.21 39.45 0.11 —0.559
25 102.06 12.51 34.45 0.12 —0.546
PI + P5+ EAA
30 102.12 14.31 29.09 0.14 —0.578
35 102.40 10.02 24.29 0.10 —0.575
2.2. Compressibility Coefficient of PI Monolayer Assessed over Aqueous Subphase with Peptide,
AAor EAA
Plots of the compressibility coefficient of the PI monolayer with AA, EAA or P5 in the
water subphase as a function of the surface area per molecule at temperatures of 20 °C,
25 °C, 30 °C and 35 °C are shown in Figure 3. For temperatures of 20 °C and 30 °C, the
curves of the PI + AA systems are shifted towards larger areas per molecule than for the PI
+ EAA systems or the PI monolayer alone on the water subphase. Adding the P5 peptide
to the subphase containing AA or EAA molecules resulted in an even greater shift in the
curves towards higher values of surface area per molecule for temperatures of 20 °C, 30 °C
and 35 °C compared to the systems without the peptide.
60 20°C
E 40 y y Ve 'E‘
3 T Z
5w :

Area per molecule [A2/molecule] Area per molecule [A2molecule]

50 70 90 30 50 70 90

C,' [mN/m]

Area per molecule [A2molecule] Area per molecule [A2molecule]

50 70 90 30 50 70 90

Figure 3. The compressibility coefficient as a function of the surface area per molecule of the PI
(—)*PI+AA( )*, PI+ EAA(—)* PI+P5(—), PI+P5+ AA (—),PI + P5+ EAA (—) systems ata
temperature of 20-35 °C. * Reference [37] reports a former evaluation of monolayers 1-3, which were
reassessed for comparison purposes.
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Table 3 presents the compressibility coefficients for the different systems. The addition
of AA or EAA to the subphase at 30 °C and 35 °C resulted in a decrease in the compressibil-
ity coefficient of the PI monolayer, and the opposite situation occurred at 20 °C and 25 °C.
Comparing the Cs ™! results for the PI monolayer and the PI system with P5 in the aqueous
subphase, we observed a decrease in the Cs~! value after the addition of the peptide at
all temperatures.

Table 3. Compressibility coefficient Cs~! [mN/m] values of the tested systems.

Evaluated 20°C 25°C 30°C 35°C
Systems
pPI* 1623 1818 48.22 19.95
PI+ AA * 49.39 51.58 4753 44.60
PI+ EAA * 4547 19.01 16.77 4701
PI+ D5 4539 13,85 4587 4547
PI+ D5+ AA 48.68 35.08 54.32 5150
PI + P5 + EAA 45.97 19,53 52.08 57.49

* Reference [37] reports a former evaluation of monolayers 1-3, which were reassessed for comparison purposes.

The addition of AA or EAA to the subphase of the PI + P5 system resulted in an
increase in the compressibility coefficient at all temperatures, except for the PI + P5 + AA
system at 25 °C. The value of the compressibility coefficient indicates that most of the layers
in the systems were in the expanded liquid state or on the border of the expanded and
condensed liquid state [38].

2.3. Compression and Expansion of PI Monolayer Assessed over Aqueous Subphase with Peptide,
AA or EAA

The compression and decompression isotherms for the PI monolayer with AA or EAA
in the aqueous subphase at temperatures of 20 °C, 25 °C, 30 °C and 35 °C are presented in
Figure 4 as three hysteresis loops. At 20 °C and 25 °C, the hysteresis of the PI monolayers
with EAA and AA in the aqueous subphase had a similar shape, and the width of each
successive loop decreased slightly. At 30 °C and 35 °C, the hysteresis of PI monolayers
with AA was clearly shifted towards smaller areas per molecule. At all temperatures,
hysteresis was characterized by a wider first loop compared to the two subsequent loops.
Decompression did not follow the compression path, and the maximum value of the surface
pressure was 33.4 mN/m.

The course of the hysteresis of the PI monolayer with P5 and AA and EAA in the
aqueous subphase is presented in Figure 5. At temperatures of 20 °C and 25 °C, the
hysteresis loop of the PI + P5 system was shifted towards smaller areas per molecule
compared to the system without the peptide, and the compression and decompression
curves were close to each other. In the case of the Pl monolayer and the PI + P5 + AA and PI
+ P5 + EAA systems, for both temperatures, the hysteresis was similar, with a slight shift in
the three PI hysteresis loops towards smaller areas per molecule. At temperatures of 30 °C
and 35 °C, in each system, the distance between compression and decompression increased
for each loop. At a surface pressure of 20-30 mN/m, for these temperatures, a flattening of
the loops occurs. The exception was the PI + P5 system, with a visibly narrower hysteresis
loop, as compared to the former data.

Based on the values obtained from hysteresis measurements, the compression re-
versibility coefficient of the R, isotherms was calculated, and the obtained results are
presented in Table 4. The addition of AA to the subphase caused a change in the Ry param-
eter of loops 1, 2 and 3 of the hysteresis of the PI monolayer: an increase in the value for
20 °C, slight changes for 25 °C and a decrease in the value for 30 °C and 35 °C. When only
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P5 was present in the subphase, an increase in the Ry of the PI monolayer hysteresis loops
1, 2 and 3 was observed for each temperature, with the exception being loop 1 at 30 °C. For
the PI + P5 system, adding both AA and EAA to the subphase caused a decrease in Ry for
each PI monolayer hysteresis loop at 20-35 °C.
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Figure 4. Hysteresis course of phosphatidylinositol PI monolayer (—)* with ascorbic acid
PI+ AA (' )* and 3-O-ethyl-ascorbic acid PI + EAA (-)* in the aqueous subphase at temperatures of
20-35 °C. * Reference [37] reports a former evaluation of monolayers 1-3, which were reassessed for
comparison purposes.
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Figure 5. The hysteresis course of the phosphatidylinositol PI monolayer (—)* in the presence of
P5; PI + P5 (—), ascorbic acid PI + P5 + AA (—) and 3-O-ethyl-ascorbic acid PI + P5 + EAA (—) in
the aqueous subphase at temperatures of 20-35 °C. * Reference [37] reports a former evaluation of
monolayers 1-3, which were reassessed for comparison purposes.
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Table 4. Isotherm compression reversibility coefficient Ry (%) for loops 1-3 of PI monolayers with P5,
AA and EAA peptides in the aqueous subphase.

Ry (%) Parameter for the Evaluated Systems

Temperature PI PI + AA PI + EAA PI + P5 PI+P5+AA PI+P5+EAA
loop 1 70.77 70.13 72.84 80.59 68.75 77.24
20 °C loop 2 73.06 81.89 80.04 88.67 78.96 86.20
loop 3 72.66 83.64 82.32 96.43 80.76 85.04
loop 1 74.54 73.30 72.63 87.34 71.75 73.51
25°C loop 2 77.57 77.64 80.30 90.32 78.46 79.72
loop 3 79.03 79.60 81.95 87.11 77.11 81.36
loop 1 86.81 59.59 67.03 83.47 72.62 73.35
30°C loop 2 77.23 73.46 76.80 97.06 71.13 77.70
loop 3 80.80 79.49 80.61 95.94 73.20 86.87
loop 1 66.43 51.74 60.53 87.34 69.49 77.60
35°C loop 2 79.77 69.83 74.97 93.87 68.66 75.34
loop 3 86.83 74.38 78.56 97.77 68.60 70.59

2.4. Surface Pressure of Evaluated Monolayers Versus Time in Assessed Systems

The influence of time laps on the surface pressure of the tested systems at 25 °C and
35 °C is shown in Figure 6. At 25 °C, a similarly decreasing course of surface pressure
against time could be observed for all assessed systems except PI + P5. Monolayers of
PI with EAA or AA in the subphase were characterized by a sudden decrease in surface
pressure occurring when EAA or AA was added to the subphase. However, the curves
became more flattened when time passed further. At 35 °C, monolayers of PI with P5 in
the aqueous subphase showed an increase in and then a stabilization of surface pressure
with time. After adding AA to the subphase, only at the beginning was a sudden decrease
in surface pressure observed, followed by an increase and stabilization.

Due to the increasing resistance of C. acnes to the antibiotics used so far, new methods
of treating its excessive growth are being developed [39]. According to our previous stud-
ies, peptides interact with the monolayers of phospholipid mixtures [25]. Thus, peptide
(KWK),-KWWW-NH, was selected for the research presented in this work. Its effect on
a monolayer composed of phosphatidylinositol [40] was assessed to check whether PI,
as a meager fraction of bacterial cell membranes, may be a target of interactions with
peptides. The carbon chains of phosphatidylinositol molecules in its monolayer on an
aqueous subphase are more rigid due to single carbon-carbon bonds, as compared to un-
saturated compounds. At the molecular level, unsaturated double bonds hinder molecular
packing, resulting in kinks in the hydrocarbon chain [41]. The addition of AA, EAA or P5
to the subphase influenced the properties of the PI monolayer. Due to the compression
of the monolayer, the distance between the PI molecules decreased, and simultaneously,
the strength of their mutual interactions increased. The recorded 7-A isotherms differed
slightly in the slope coefficient (ar g/ c) values in the range of the dynamic increase in the
mi-A isotherm surface pressure. The smaller the a; /1 ¢ value, the more feasible was the
rearrangement of the PI molecules at the water/air interface, where they formed a packed
monolayer [42]. The x parameter can be considered an indicator of molecular compress-
ibility, orientation changes and interactions between molecules during the compression
of the monolayer. In the case of the PI monolayer on the aqueous subphase, it increased
with increasing temperature. The lowest x values were obtained in systems with P5 in
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the aqueous subphase. This would indicate the presence of P5 molecules between the PI
monolayer molecules, which had a low tendency to form a monolayer at the water/vacuum
interface because they contained nonpolar side chains that contributed to this effect. In
this system, there was also a steric effect, which can be observed as a bulge at the surface
of the film [43]. The interaction between the cationic peptide and the negatively charged
part of phosphatidylinositol may add to this effect. For comparison, the x parameter for
azolectin and lecithin monolayers with P5 in the aqueous subphase was 0.078 and 0.072,
respectively, at 25 °C, which was more than 0.2 times lower than the values obtained for
the PI + P5 system under the same conditions [43]. The a1 ¢ value is also lower for the
azolectin monolayer and lecithin monolayer compared to the PI monolayer with P5 in the
aqueous subphase. This indicates an easier rearrangement of molecules at the water/air
interface and thus the formation of a more tightly packed monolayer in the case of azolectin
or lecithin. This is confirmed by the Cs~! values, which for the azolectin, lecithin and phos-
phatidylinositol monolayer were 64.7, 53.8 and 43.85, respectively [43]. Figure 7 presents
the values of the following parameters of the tested systems at a temperature of 20-35 °C:
Acollapse (AZ/ molec.), Tleollapse (mN/m) and Cs~ 1.
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Figure 6. Surface pressure values of assessed layers versus time at temperatures of 25 °C and
35 °C of the tested systems: PI (—)*, PI+ AA ( )*, P+ EAA ()%, PI+P5(—), PI+P5+ AA (),
PI + P5 + EAA (—) * Reference [37] reports a former evaluation of monolayers 1-3, which were
reassessed for comparison purposes.

It can be seen that the addition of P5 to the aqueous subphase in each system reduced
the Acolapse (A2 /molec.) values. The collapse mechanism depends on several factors,
including the structure of the polar head, the number of alkyl chains and the presence of
other substances in the subphase. The PI monolayer contains several OH groups in its
structure and can form hydrogen bonds with water molecules at the interface. P5, despite
its low surface activity, contains hydrophobic chains in its structure, which can penetrate
the alkyl chains of the phospholipid to some extent, according to similar research [44].
The collapse is dependent on the interaction of the monolayer with the subphase [45].
The surface pressure at which the multilayer collapses Tcojiapse (mN/m) decreases with
increasing temperature; this is also the case after adding EAA and P5 to the water subphase.
This is related to its elasticity, which increases with rising temperature. This may be the
result of the greater stability of PI in the presence of these two compounds, which have a
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larger hydrophobic part in their structure than AA [46,47]. It should be remembered that
the solubility of vitamin C changes with temperature, which has an additional impact on
the physicochemical properties of the PI monolayer [48].
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Figure 7. Parameter values of the tested systems at a temperature of 20-35 °C: Acojiapse (A% /molec.),
Tleollapse (mN/m), CS_1

The Ry (%) coefficient value indicates the lowest reversibility of the compression
process in the case of the PI + P5 system, which may be due to the strong interactions
of PI molecules with P5. In other cases, the values vary depending on the tested system
and temperature. The reversibility coefficient of isothermal compression in all systems
increased in the successive hysteresis loops at most temperatures, which confirms the thesis
that the interactions between the monolayer molecules are stabilized with the successive
compression and decompression isotherm; this was also observed by other researchers who
studied systems with chitosan and arachidic acid [49]. The flattening visible in Figure 5 for
the PI monolayer and the PI + P5 + AA and PI + P5 + EAA systems in the aqueous subphase
at temperatures of 30 °C and 35 °C could be a consequence of the phase transformation,
revealed also in monolayers of silsesquioxane [50].

Based on the obtained results, we can assume that there are interactions between
the compounds tested, as shown in Figure 8. Also, data obtained from FTIR and direct
surface tension measurements collected by researchers who used another type of peptide
support the concept of specific interactions between the peptides and EAA. Structural
antimicrobial activity, toxicity and pharmacokinetic studies conducted to date have been
aimed at assessing the effectiveness, safety and therapeutic potential of cationic peptides,
both in the treatment of infections and in other medical applications.
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Figure 8. Examples of interactions between the tested compounds.

3. Materials and Methods

3.1. Synthesis and Characterization of the Peptides
Preparation of the Peptides and Purity and Structure of the Peptides

The preparation, purification and determination of the structure of the peptides was
carried out as described in our earlier publication [21]. Peptide compounds were manually
synthesized by the Fmoc solid-phase (Iris Biotech, Marktredwitz, Germany) peptide synthe-
sis method using Rink Amide AM resin (Iris Biotech, Marktredwitz, Germany, particle size
149-74 um; loading 0.48 mmol/g). The amino acid coupling reaction was performed using
DIC (Merck, Darmstadt, Germany) and HOBt (Merck, Darmstadt, Germany) activators
with a threefold molar excess of each amino acid and activator dissolved in DMF/DCM
(1:1; v/v, Merck, Darmstadt, Germany). Deprotection was performed using 20% (v/v)
piperidine in DMF. The deanchoring of the peptides from the resin was achieved using
a mixture of TFA /TIS/H,0 (Merck, Darmstadt, Germany) in a volume ratio (95:2.5:2.5).
The purity of the peptides was analyzed by reversed-phase high-performance liquid chro-
matography (RP-HPLC) on a Shimadzu Nexera chromatograph with a DAD detector at
214 nm equipped with Eurospher columns (100 x 4.6 mm) (Knauer, Berlin, Germany)
using ACN:TFA (0.1%, Merck, Darmstadt, Germany and HyO:TFA (0.1%) as the mobile
phase. The identity of the peptides was verified by matrix-assisted laser desorption time of
flight (MALDI-TOF, Sciex, IL, USA) spectrometry on a MALDI-TOF/TOF 5800 instrument
(Sciex, IL, USA). Peptides with identities confirmed by MS spectra were lyophilized (Christ,
Hannover, Germany) and stored as dry powder at —20 °C.

3.2. Langmuir Films

To study monolayers formed of phosphatidylinositol (PI) on an aqueous subphase
with P5 in the presence of AA (Fagron, Modlniczka, Poland) or EAA (Merck, Darm-
stadt, Germany), a Langmuir-Wilhelmy trough manufactured by Kibron Microtrough
X in Helsinki (Finland), together with the accompanying FilmwareX 4.0 computer soft-
ware, was used. The balance consists of a polytetrafluoroethylene Teflontray measuring
23.7 em long and 7.9 cm wide, two movable Teflon barriers and a wire (used instead of
a Wilhelmy plate) weighing 48.2 mg and 0.5 mm in diameter made of platinum, which
ensures a negligible contact angle during the measurement. In order to avoid the introduc-
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tion of impurities, before each measurement, the platinum plate was rinsed with methanol,
then with water and ignited with a burner flame. The barriers moved at a speed of
10 mm/min. The cleanliness of the surface of the carrier phase was checked by measuring
the surface tension during the movement of the railings towards the center of the tank. If the
value of the voltage change did not exceed 0.30 mN/m, the surface was considered free of
impurities. Otherwise, the washing procedure was repeated. The tubs were placed on anti-
vibration tables. All measurements were performed with three repetitions. A Kriiss ther-
mostat (Kriiss, Hamburg, Germany) was used to maintain a constant temperature of 20 °C,
25 °C, 30 °C and 35 °C during the measurements. The obtained results were processed
using Microsoft Excel 2016.

3.3. Compression Isotherms of Phosphatidylinositol on the Aqueous Subphase with P5 and AA
or EAA

After checking the purity of the subphase, chloroform (Merck, Darmstadt, Germany)
and methanol (Merck, Darmstadt, Germany) were mixed in a ratio of 9:1,. and then phos-
phatidylinositol (C47Hg,NaO;13P, Sigma-Aldrich, St. Louis, MO, USA) was dissolved in
this mixture to obtain a concentration of 1.18 x 10~® mol/L. The phosphatidylinositol
solution prepared in this way was applied to the surface of the aqueous subphase. After
the evaporation of the solvent, the monolayer was symmetrically compressed to a surface
pressure of 5 mN/m. Then, 30 pL of an aqueous solution of the tested peptide at a concen-
tration of 1.27 x 1073 mol/L and 30 uL of an AA or EAA solution at a concentration of
1.27 x 1073 mol/L were introduced into the subphase. After 15 min of system stabilization,
the barriers were moved inwards at a speed of 10.02 mm/min. The force acting on the wire
was calculated according to the formula given in previous paper [51].

3.4. Hysteresis

Isotherm compression-decompression was used analogously to measure isotherm
compression. The same speed of moving and spreading the barrier was used (10 mm /min).
However, in this case, the recorded measurement was for 3 loops. The isotherm compres-
sion reversibility factor was calculated according to Georgiev et al. [52].

3.5. Compressibility Coefficient of the Monolayer

Compressibility, denoted as Cg, is a parameter that can be calculated from the course
of the 7-A isotherms commonly used to characterize monolayers. However, the concept
of a compressibility modulus, compressibility factor or compressibility coefficient is more
commonly used and defined as the reciprocal of compressibility [38].

3.6. Surface Pressure Changes over Time

A 15 pL phosphatidylinositol solution was applied to the aqueous subphase and
left for 15 min for the solvent to evaporate. Then, the monolayer was compressed to the
pressure range characteristic of natural biological membranes, i.e., 30 mN/m. Subsequently
30 pL of the antibacterial peptide under evaluation and 30 uL of AA or EAA were added to
the aqueous subphase. Surface pressure was measured at selected temperatures, 25 °C and
35 °C, for the entire period of 60 min after the addition of the AA or EAA subphase as a
function of time and constant surface area.

4. Conclusions

The molecular organization of the PI monolayer may change depending on the pres-
ence of ascorbic acid, 3-O-ethyl-L-ascorbic acid or P5 in the aqueous subphase and the
system temperature. Due to the cationic nature of P5, it can interact with the anionic
group of the phosphatidylinositol monolayer. The analysis of the compressibility coefficient
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shows that the most ordered monolayer was the PI + P5 + EAA system. With an increase
in temperature, its value increased. The results of this study can be used in the process of
designing new antimicrobial agents, especially those directed against Cutibacterium acne.
It is also worth extending this study to microbiological tests on and an assessment of the
anti-inflammatory properties of these systems.

Author Contributions: Conceptualization, I.G. and W.M.; methodology, 1.G. and W.M.; formal
analysis, 1.G. and W.M.; investigation, 1.G., LW.L., A.S., K.E.G. and WM,; resources, W.S., KE.G,,
WM. and W.S,; data curation, I.G. and W.M.; writing—original draft preparation, I.G. and W.M.;
writing—review and editing, 1. G., WM. and W.S.; visualization, .G., LW.L. and A.S.; supervision,
W.M.; project administration. .G. and W.M.; funding acquisition. W.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by Wroclaw Medical University, grant number SUBZ.D060.25.049.
The APC and research was funded by Wroclaw Medical University and Medical University of Gdansk,
grant number 01-50025/0008384/01/518/518/0/2025.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The scientific data are available from Wroclaw Medical University,
Department of Physical Chemistry and Biophysics.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Bataille, V.; Snieder, H.; MacGregor, A.].; Sasieni, P.; Spector, T.D. The influence of genetics and environmental factors in the
pathogenesis of acne: A twin study of acne in women. J. Investig. Dermatol. 2002, 119, 1317-1322. [PubMed]

2. Cibula, D.; Hill, M.; Vohradnikova, O.; Kuzel, D.; Fanta, M.; Zivny, J. The role of androgens in determining acne severity in adult
women. Br. |. Dermatol. 2000, 143, 399-404. [PubMed]

3. Zouboulis, C.C. Acne and sebaceous gland function. Clin. Dermatol. 2004, 22, 360-366.

4. Draelos, Z.D.; DiNardo, J.C. A re-evaluation of the comedogenicity concept. J. Am. Acad. Dermatol. 2006, 54, 507-512.

5. Dessinioti, C.; Katsambas, A.D. The role of Propionibacterium acnes in acne pathogenesis: Facts and controversies. Clin. Dermatol.
2010, 28, 2-7.

6. Bowe, W.P,; Joshi, S.S.; Shalita, A.R. Diet and acne. |. Am. Acad. Dermatol. 2010, 63, 124-141. [PubMed]

7. Jovi¢, A.; Marinovié, B.; Kostovi¢, K.; Ceovi¢, R.; Basta-Juzbagi¢, A.; Bukvi¢ Mokos, Z. The Impact of Pyschological Stress on Acne.
Acta Dermatovenerol. Croat. 2017, 25, 1133-1141. [PubMed]

8.  Krutmann, J.; Moyal, D.; Liu, W.; Kandahari, S.; Lee, G.S.; Nopadon, N.; Xiang, L.F.; Seité, S. Pollution and acne: Is there a link?
Clin. Cosmet. Investig. Dermatol. 2017, 10, 199-204.

9. Kumar, P; Kizhakkedathu, J.N.; Straus, S.K. Antimicrobial Peptides: Diversity, Mechanism of Action and Strategies to Improve
the Activity and Biocompatibility In Vivo. Biomolecules 2018, 8, 4. [CrossRef]

10. Xuan, J.; Feng, W.; Wang, J.; Wang, R.; Zhang, B.; Bo, L.; Chen, Z.; Yang, H.; Sun, L. Antimicrobial peptides for combating
drug-resistant bacterial infections. Drug Resist. Updates 2023, 68, 100954. [CrossRef]

11. Koo, H.B.; Seo, J. Antimicrobial peptides under clinical investigation. Pept. Sci. 2019, 111, e24122. [CrossRef]

12. Li,J.;Koh,]J; Liu, S.; Lakshminarayanan, R.; Verma, C.S.; Beuerman, R.W. Membrane Active Antimicrobial Peptides: Translating
Mechanistic Insights to Design. Front. Neurosci. 2017, 11, 73. [CrossRef]

13. Strem, M.B.; Haug, B.E.; Skar, M.L.; Stensen, W.; Stiberg, T.; Svendsen, ].S. The pharmacophore of short cationic antibacterial
peptides. J. Med. Chem. 2003, 46, 1567-1570. [CrossRef]

14. Dathe, M.; Nikolenko, H.; Meyer, J.; Beyermann, M.; Bienert, M. Optimization of the antimicrobial activity of magainin peptides
by modification of charge. FEBS Lett. 2001, 501, 146-150. [CrossRef] [PubMed]

15.  Yeaman, M.R.; Nannette, Y.Y. Mechanisms of antimicrobial peptide action and resistance. Pharmacol. Rev. 2003, 55, 27-55. [CrossRef]

16. Yin, LM.; Edwards, M.A,; Li, ].; Yip, C.M.; Deber, C.M. Roles of hydrophobicity and charge distribution of cationic antimicrobial
peptides in peptide-membrane interactions. J. Biol. Chem. 2012, 287, 7738-7745. [CrossRef] [PubMed]

17.  Chang, T.W.; Wei, S.Y.; Wang, S.H.; Wei, HM.; Wang, Y.J.; Wang, C.-F; Chen, C.; Liao, Y.-D. Hydrophobic residues are critical for

the helix-forming, hemolytic and bactericidal activities of amphipathic antimicrobial peptide TP4. PLoS ONE 2017, 12, e0186442.
[CrossRef] [PubMed]


https://www.ncbi.nlm.nih.gov/pubmed/12485434
https://www.ncbi.nlm.nih.gov/pubmed/10951152
https://www.ncbi.nlm.nih.gov/pubmed/20338665
https://www.ncbi.nlm.nih.gov/pubmed/28871928
https://doi.org/10.3390/biom8010004
https://doi.org/10.1016/j.drup.2023.100954
https://doi.org/10.1002/pep2.24122
https://doi.org/10.3389/fnins.2017.00073
https://doi.org/10.1021/jm0340039
https://doi.org/10.1016/S0014-5793(01)02648-5
https://www.ncbi.nlm.nih.gov/pubmed/11470274
https://doi.org/10.1124/pr.55.1.2
https://doi.org/10.1074/jbc.M111.303602
https://www.ncbi.nlm.nih.gov/pubmed/22253439
https://doi.org/10.1371/journal.pone.0186442
https://www.ncbi.nlm.nih.gov/pubmed/29040295

Int. J. Mol. Sci. 2025, 26, 3472 15 of 16

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

Wolkenstein, P.; Machovcova, A.; Szepietowski, ].C.; Tennstedt, D.; Veraldi, S.; Delarue, A. Acne prevalence and associations with
lifestyle: A cross-sectional online survey of adolescents/young adults in 7 European countries. J. Eur. Acad. Dermatol. Venereol.
2018, 32, 298-306. [CrossRef]

Mazurkiewicz-Pisarek, A.; Baran, J.; Ciach, T. Antimicrobial Peptides: Challenging Journey to the Pharmaceutical, Biomedical,
and Cosmeceutical Use. Int. |. Mol. Sci. 2023, 24, 9031. [CrossRef]

Zhang, Y.; Li, Y.; Quan, Z.; Xiao, P.; Duan, J.A. New Insights into Antioxidant Peptides: An Overview of Efficient Screening,
Evaluation Models, Molecular Mechanisms, and Applications. Antioxidants 2024, 13, 203. [CrossRef]

Golonka, I.; Greber, K.E.; Oleksy-Wawrzyniak, M.; Paleczny, J.; Dry$, A.; Junka, A.; Sawicki, W.; Musial, W. Antimicrobial and
Antioxidative Activity of Newly Synthesized Peptides Absorbed into Bacterial Cellulose Carrier against Acne vulgaris. Int. |. Mol.
Sci. 2021, 22, 7466. [CrossRef]

Kramer, A.; Eberlein, T.; Miiller, G.; Dissemond, J.; Assadian, O. Re-evaluation of polihexanide use in wound antisepsis in order
to clarify ambiguities of two animal studies. ]. Wound Care 2019, 28, 246-255. [PubMed]

Hiibner, N.-O.; Siebert, J.; Kramer, A. Octenidine Dihydrochloride, a Modern Antiseptic for Skin, Mucous Membranes and
Wounds. Ski. Pharmacol. Physiol. 2010, 23, 244-258.

Boraldi, F; Lofaro, F.D.; Bonacorsi, S.; Mazzilli, A.; Garcia-Fernandez, M.; Quaglino, D. The Role of Fibroblasts in Skin Homeostasis
and Repair. Biomedicines 2024, 12, 1586. [CrossRef]

Golonka, I.; Pucutek, J.E.; Greber, K.E.; Drys§, A.; Sawicki, W.; Musiat, W. Evaluation of the Effect of Antibacterial Peptides on
Model Monolayers. Int. ]. Mol. Sci. 2023, 24, 14861. [CrossRef] [PubMed]

Metreveli, N.O.; Jariashvili, K K.; Namicheishvili, L.O.; Svintradze, D.V.; Chikvaidze, E.N.; Sionkowska, A.; Skopinska, J. UV-vis
and FT-IR spectra of ultraviolet irradiated collagen in the presence of antioxidant ascorbic acid. Ecotoxicol. Environ. Saf. 2010,
73,448-455. [CrossRef]

Jeon, ].; Park, S.C.; Her, ].; Lee, J.W.; Han, ].-K.; Kim, Y.-K.; Kim, K.P; Ban, C. Comparative Lipidomic Profiling of the HumanCom-
mensal Bacterium Propionibacterium acnes and Its Extracellular Vesicles. RSC Adv. 2018, 8, 15241-15247.

Ravetti, S.; Clemente, C.; Brignone, S.; Hergert, L.; Allemandi, D.; Palma, S. Ascorbic Acid in Skin Health. Cosmetics 2019, 6, 58. [CrossRef]
Telang, P.S. Vitamin C in dermatology. Indian Dermatol. Online J. 2013, 4, 143-146. [CrossRef] [PubMed]

Kim, S; Kim, J.; Lee, YI; Jang, S.; Song, S.Y.; Lee, W.J.; Lee, ].H. Particulate matter-induced atmospheric skin aging is aggravated by
UVA and inhibited by a topical L-ascorbic acid compound. Photodermatol. Photoimmunol. Photomed. 2022, 38, 123-131. [PubMed]
Pandel, R.; PoljSak, B.; Godic, A.; Dahmane, R. Skin photoaging and the role of antioxidants in its prevention. ISRN Dermatol.
2013, 2013, 930164.

Pinnell, S.R.; Yang, H.; Omar, M.; Monteiro-Riviere, N.; DeBuys, H.V.; Walker, L.C.; Wang, Y.; Levine, M. Topical L-ascorbic acid:
Percutaneous absorption studies. Dermatol. Surg. 2001, 27, 137-142. [PubMed]

Iliopoulos, E; Sil, B.C.; Moore Robert, D.J.; Lucas, A.; Lane, M.E. 3-O-ethyl-l-ascorbic acid: Characterisation and investigation of
single solvent systems for delivery to the skin. Int. . Pharm. X 2019, 1, 100025. [PubMed]

Liu, Y.; Wang, L.; Liu, J.; Di, Y. A study of human skin and surface degrees in stable and unstable thermal environments. J. Therm.
Biol. 2013, 38, 440-448.

Lee, CM.; Jin, S.P; Doh, E.J.; Lee, D.H.; Chung, ].H. Regional Variation of Human Skin Surface Temperature. Ann. Dermatol. 2019,
31, 349-352.

Tian, X.; Yu, J.; Liu, W. Facial skin temperature and its relationship with overall thermal sensation in winter in Changsha, China.
Indoor Air 2022, 32, €13138.

Golonka, I; Lukasiewicz, LW.; Sebastiariczyk, A.; Greber, K.E.; Sawicki, W.; Musiat, W. The Influence of the Amphiphilic Properties of
Peptides on the Phosphatidylinositol Monolayer in the Presence of Ascorbic Acid. Int. |. Mol. Sci. 2024, 25, 12484. [CrossRef]
Davies, ].T.; Rideal, E.K. Interfacial Phenomena; Academic Press: New York, NY, USA, 1963.

Alkhawaja, E.; Hammadi, S.; Abdelmalek, M.; Mahasneh, N.; Alkhawaja, B.; Abdelmalek, S.M. Antibiotic resistant Cutibacterium
acnes among acne patients in Jordan: A cross sectional study. BMC Dermatol. 2020, 20, 17.

McLaughlin, J.; Watterson, S.; Layton, A.M.; Bjourson, A.].; Barnard, E.; McDowell, A. Propionibacterium acnes and Acne Vulgaris:
New Insights from the Integration of Population Genetic, Multi-Omic, Biochemical and Host-Microbe Studies. Microorganisms
2019, 7, 128. [CrossRef]

Martinez-Seara, H.; Rég, T.; Pasenkiewicz-Gierula, M.; Vattulainen, I.; Karttunen, M.; Reigada, R. Effect of double bond position
on lipid bilayer properties: Insight through atomistic simulations. J. Phys. Chem. B 2007, 111, 11162-11168. [CrossRef] [PubMed]
Suetsugu, S.; Kurisu, S.; Takenawa, T. Dynamic shaping of cellular membranes by phospholipids and membrane-deforming
proteins. Physiol. Rev. 2014, 94, 1219-1248. [CrossRef]

Golonka, I.; Greber, K.E.; Szyja, B.M.; Petrus, P.P; Puculek, ].E.; Musial, W. Effect of Newly Synthesized Structures of Peptides on
the Stability of the Monolayers Formed. Int. ]. Mol. Sci. 2023, 24, 4318. [CrossRef] [PubMed]

Goto, T.E; Caseli, L. Understanding the collapse mechanism in Langmuir monolayers through polarization modulation-infrared
reflection absorption spectroscopy. Langmuir 2013, 29, 9063-9071. [CrossRef]


https://doi.org/10.1111/jdv.14475
https://doi.org/10.3390/ijms24109031
https://doi.org/10.3390/antiox13020203
https://doi.org/10.3390/ijms22147466
https://www.ncbi.nlm.nih.gov/pubmed/30975054
https://doi.org/10.3390/biomedicines12071586
https://doi.org/10.3390/ijms241914861
https://www.ncbi.nlm.nih.gov/pubmed/37834308
https://doi.org/10.1016/j.ecoenv.2009.12.005
https://doi.org/10.3390/cosmetics6040058
https://doi.org/10.4103/2229-5178.110593
https://www.ncbi.nlm.nih.gov/pubmed/23741676
https://www.ncbi.nlm.nih.gov/pubmed/34411336
https://www.ncbi.nlm.nih.gov/pubmed/11207686
https://www.ncbi.nlm.nih.gov/pubmed/31517290
https://doi.org/10.3390/ijms252312484
https://doi.org/10.3390/microorganisms7050128
https://doi.org/10.1021/jp071894d
https://www.ncbi.nlm.nih.gov/pubmed/17760435
https://doi.org/10.1152/physrev.00040.2013
https://doi.org/10.3390/ijms24054318
https://www.ncbi.nlm.nih.gov/pubmed/36901749
https://doi.org/10.1021/la402044c

Int. J. Mol. Sci. 2025, 26, 3472 16 of 16

45.

46.

47.

48.

49.

50.

51.

52.

Partridge, M.; Wong, R.; Collins, M.; James, S.W.; Davis, E; Tatam, R.P; Séamus, P.J. Higson, Modifying monolayer behaviour by
incorporating subphase additives and improving Langmuir-Blodgett thin film deposition on optical fibres. Mater. Chem. Phys.
2014, 144, 179-185. [CrossRef]

Wydro, P.; Krajewska, B.; Hac-Wydro, K. Chitosan as a Lipid Binder: A Langmuir Monolayer Study of Chitosan—Lipid
Interactions. Biomacromolecules 2007, 8, 2611-2617. [CrossRef]

Ahmed, I; Dildar, L.; Haque, A ; Patra, P.; Mukhopadhyay, M.; Hazra, S.; Kulkarni, M.; Thomas, S.; Plaisier, ].R.; Dutta, S.B.; et al.
Chitosan-Fatty Acid Interaction Mediated Growth of Langmuir Monolayer and Langmuir-Blodgett Films. J. Colloid Interface Sci.
2018, 514, 433-442. [CrossRef] [PubMed]

Shalmashi, A.; Eliassi, A. Solubility of L-(+)-Ascorbic Acid in Water, Ethanol, Methanol, Propan-2-Ol, Acetone, Acetonitrile, Ethyl
Acetate, and Tetrahydrofuran from (293 to 323) K. J. Chem. Eng. Data 2008, 53, 1332-1334. [CrossRef]

Nath, ].; Nath, R K.; Chakraborty, A.; Husain, S.A. Monolayer characteristics of chitosan assembled in Langmuir films mixed with
arachidic acid. Surf. Rev. Lett. 2014, 21, 1450049. [CrossRef]

Banerjee, R.; Sanyal, M.K,; Bera, M.K.; Gibaud, A.; Lin, B.; Meron, M. Reversible monolayer-to-crystalline phase transition in
amphiphilic silsesquioxane at the air-water interface. Sci. Rep. 2015, 5, 8497. [CrossRef]

Sudheesh, S.; Ahmad, ]J. Effect of Wilhelmy Plate Material on Hysteresis of Langmuir Film Isotherms. Asian J. Chem. 2013,
25, 3535-3538. [CrossRef]

Georgiev, G.A.; Yokoi, N.; Ivanova, S.; Krastev, R.; Lalchev, Z. Surface chemistry study of the interactions of pharmaceutical
ingredients with human meibum films. Investig. Ophthalmol. Vis. Sci. 2012, 53, 4605-4615. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.matchemphys.2013.12.040
https://doi.org/10.1021/bm700453x
https://doi.org/10.1016/j.jcis.2017.12.037
https://www.ncbi.nlm.nih.gov/pubmed/29278799
https://doi.org/10.1021/je800056h
https://doi.org/10.1142/S0218625X14500498
https://doi.org/10.1038/srep08497
https://doi.org/10.14233/ajchem.2013.13213
https://doi.org/10.1167/iovs.12-9907
https://www.ncbi.nlm.nih.gov/pubmed/22695955

	Introduction 
	Results and Discussion 
	Compression Isotherms of PI Monolayer Assessed over Aqueous Subphase with Peptide and AA or EAA 
	Compressibility Coefficient of PI Monolayer Assessed over Aqueous Subphase with Peptide, AA or EAA 
	Compression and Expansion of PI Monolayer Assessed over Aqueous Subphase with Peptide, AA or EAA 
	Surface Pressure of Evaluated Monolayers Versus Time in Assessed Systems 

	Materials and Methods 
	Synthesis and Characterization of the Peptides 
	Langmuir Films 
	Compression Isotherms of Phosphatidylinositol on the Aqueous Subphase with P5 and AAor EAA 
	Hysteresis 
	Compressibility Coefficient of the Monolayer 
	Surface Pressure Changes over Time 

	Conclusions 
	References

