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ARTICLE INFO ABSTRACT

Keywords: The developing public interest in traditional medicine, especially plants-based drug, has prompted extensive

PAPC research on the potential of naturally existing compounds. Among these compounds, curcumin is currently one of

Liposomes the most studied substances. In this study, we elaborate the physical properties of diarachidonyl phosphatidyl

Curcumin . . . . .

. choline (DAPC) liposome using fluorescence method, where curcumin at low concentration was used as a probe

Phase transition temperature . s . .

Membrane permeability molecule. In the first place, the phase transition temperature of DAPC was determined by following the fluo-
rescence intensity of curcumin as a function of temperature, along with evaluating the effect of concentration of
curcumin in the presence or absence of chitosan oligosaccharide lactate as an additional protective layer. On the
other hand, quenching reactions using CPB and KI as quenchers reflected the ease of entry of different con-
centrations of these quenchers to the curcumin located in the hydrophobic core of the liposome which give new
insight about the lipophilicity and permeability of the DAPC membrane. Finally, the partition coefficient analysis
was investigated. It was concluded that curcumin has a higher partition coefficient at a temperature above the
phase transition temperature of DAPC liposomes where the liposome is in the fluid liquid crystalline phase.
Modulation of liposomes properties in the presence of chitosan oligosaccharide lactate layer was for the first time
investigated. Chitosan oligosaccharide lactate acts as protecting layer without changing the phase transition

temperature, but it affects the membrane permeability depending on solid gel and liquid crystalline phase.

1. Introduction

Numerous studies have demonstrated the ability to use liposomes to
achieve that purpose. Designed by self-association of amphiphilic lipids,
liposomes form a unique spherical structure which allow them to
encapsulate both hydrophilic and hydrophobic drugs [1]. Hence, they
can envelop poorly soluble molecules, like curcumin, enhancing thus its
solubility together with protecting it from degradation or metabolic
processes [2]. Furthermore, their choice as delivery vesicles is safe
because they do not induce immunity reaction when administrated as
they are formulated with materials that are naturally available in the
human body [3]. The main building blocks of liposomes is phospho-
lipids. Among all the various categories, phosphatidylcholine (PC) is the
most common lipid in cell membrane and the most abundant ingredient
of pulmonary surfactant, the reason why PC liposomes are widely used
as a model. 1,2-diarachidoyl-sn-glycero-3-phosphocholine (DAPC), is
one of the phospholipids that is present in numerous biological systems.

* Corresponding author.
E-mail address: dp03@aub.edu.lb (D. Patra).

https://doi.org/10.1016/j.colsurfb.2020.111546

It is a fully saturated PC lipid consisting of 20 CH; groups in the acyl tail
[4]. Despite its biological significance most to the study is concentrated
on DPPC (,2-Dipalmitoyl-sn-glycero-3-phosphocholine) and DMPC (1,
2-dimyristoyl-sn-glycero-3-phosphocholine) and not much work is re-
ported on DAPC.

Similarly, the use of liposomes is still restricted because they can
undergo hydrolysis which results in the loss of the loaded molecules, can
be oxidized and they have a short circulation half-life [5]. Coating li-
posomes surface with polymers, such as chitosan, was suggested as an
effective approach to protect and stabilize the liposomal curcumin sys-
tem. Chitosan possess physiochemical and biological properties which
make it a promising tool for drug delivery. Being a natural hydrophilic
cationic polymer derived from shellfish, chitosan possesses interesting
characteristics such as pH sensitivity, biocompatibility and low toxicity.
It forms a protective polyelectrolyte layer around anionic liposomes
established on the electrostatic interactions, without any chemical
linkage between the two components. Moreover, chitosan is considered
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to be biodegradable since it is metabolized by human enzymes [5,6].
There are many reports on interaction of chitosan with DMPC/DPPC
liposomes for various applications [6,7] but to our knowledge there is no
report on interaction of DAPC and chitosan oligosaccharide lactate.

Natural products, especially plants-based products, have historically
been used as source of medicine, even after the discovery of drug syn-
thesis technology [8]. Despite their usage in the prevention or treatment
of several diseases, their application is still limited by the lack of sci-
entific data. One of these few medicinal plants that has attracted the
interest of scientists and has been investigated a lot is Curcuma Longa
Linn  [9]. 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,
5-dione, known as curcumin, is a yellow pigment that can be isolated
from the roots of this traditional herbal remedy. This diphenolic
gold-colored spice has been widely used not only in food but also for
health care [10]. Studies and investigations on curcumin have proved its
anti-oxidant, anti-inflammatory and anti-cancerogenic activities which
lead to a growth in its demand as a supplement. Moreover, it was
demonstrated that curcumin is safe and non-toxic even at high doses as
8 g per day [11]. Considering the recent scientific bandwagon that
multi-targeted therapy is better than mono-targeted therapy for most
diseases, curcumin can be considered an ideal “Spice for Life” [10].
Unfortunately, the successful utilization of curcumin is burdened by
some of its disadvantageous properties: it is a hydrophobic compound,
quietly soluble in water, exhibiting also low stability under neutral pH
condition. This results in its very poor bioavailability restricting its
direct oral use [12]. To overcome these two problems (low stability and
bioavailability) and broaden its pharmaceutical applications, incorpo-
rating curcumin into delivery vesicular system has been suggested as
promising suitable administration route for curcumin [13].

Liposomal curcumin formulation has been used in many applica-
tions. It was reported that incorporating curcumin into liposomes vesi-
cles has many advantages such as enhancing the gastrointestinal
absorption and increasing the plasma antioxidant activity of curcumin
[14], having an inhibitory effect on cancer cell growth along with
antiangiogenic effects [15] and boosting the loading grade in cells [16].
Interaction of curcumin with DMPC and DPPC liposomes have been
reported for various applications [2,17]. There is no work on interaction
of curcumin with DAPC liposomes.

Our group has established curcumin as a molecular probe to study
DMPC [18], DPPC [4] and DSPC [19] liposomes. The fluorescence
spectrum of curcumin shifts to lower wavelength by increasing its
fluorescence intensity while getting incorporated into liposomes and as
a molecular probe can sense phase transition temperature of liposomes.
For the best of our knowledge, the physical properties of different li-
posomes as DPPC, DMPC, DSPC etc. are widely developed and pub-
lished. Nevertheless, no studies have been published and elaborated for
DAPC liposomes using curcumin and effect of chitosan on DAPC lipo-
somes. The main aim of current work was to use curcumin as a molecular
probe to investigate DAPC liposomes. DAPC has a longer hydrocarbon
chain length and higher phase transition temperature compared to
DMPC, DPPC and DSPC liposomes, thus, its behavior needs to be un-
derstood. This was done by observing the fluorescence intensity changes
of curcumin, based on the fact that its photophysical properties depends
strongly on the polarity and viscosity of its environment [16]. Moreover,
the influence of chitosan on the physical properties of the liposome was
also assessed.

2. Materials and methods
2.1. Materials

DAPC (1,2-diarachidoyl-sn-glycero-3-phosphocholine) was obtained
from Avanti Polar Lipids. Curcumin and 1-Hexadecylpyridinium bro-
mide (CPB) were obtained from Acros Organics and used as received.
Chitosan oligosaccharide lactate (chitosan) and potassium iodide (KI)
were obtained from Sigma Aldrich. The solvents used (ethanol,
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methanol, chloroform) are of spectroscopic grade and obtained from
Acros Organics or Sigma-Aldrich. The stock solution of membrane was
prepared in 50 mM mono- and dibasic phosphate buffer at pH 7.0.
Further dilution was made in 50 mM mono and dibasic phosphate buffer
at pH 7.0.

2.2. Liposomes preparation

DAPC liposomes were prepared by the solvent evaporation method.
To obtain a 1 mM stock solution, 4.231 mg of DAPC was dissolved in a
5 mL chloroform/ethanol mixture with a 1:1 vol ratio. After vortex for
few seconds, a rotary evaporator was used to evaporate the solvents at
35—40 °C. The thin film formed was dried under oven vacuum at 45 °C
for 10 min. Then, 5 mL of phosphate buffer at pH = 7 was added to
dissolve the film. During 5 min, the mixture was alternatively vortexed
for 30 s, then heated for another 30 s at 75 °C, 10 °C above the phase
transition temperature. Finally, desired amount of curcumin and chi-
tosan were added to evaluate the physical properties of the DAPC lipo-
somes in various conditions.

2.3. Sample preparation

Curcumin is poorly soluble in water, so the stock solution of curcu-
min was made in spectroscopic grade methanol. The final concentration
of methanol was negligible, <0.1 % in the measurement sample, and did
not affect the sample. For phase transition experiments, 0.5 mM of
curcumin solution was prepared. For quenching and partition coefficient
experiments, 100 pM of curcumin solution was prepared. CPB, KI and
chitosan oligosaccharide lactate were dissolved in DDW, to prepare
stock solutions of 1 mM, 5M and 5 mg/mL respectively. A desired
volume from these solutions was added to make the final concentration
in the liposome samples.

For phase transition temperature study, liposome concentration in a
cuvette (3 mL) was kept 100 pM with 1 pM of curcumin [4]. The volume
of the solution was completed to 3 mL with buffer solution (pH = 7). In
order to establish the effect of curcumin concentration, several experi-
ments were done in the curcumin concentration of 1, 10, 15, 20 and 25
pM. The total volume was completed with a 10 mM pH = 7 buffer so-
lution. Moreover, the effect of chitosan was also investigated. For this
purpose, 0.5 mg/mL of chitosan were added by withdrawing 300 pL
from a 5 mg/mL stock solution. For phase transition measurement, the
temperature was varied from 50 °C to 75 °C.

For quenching study liposome and curcumin concentration were
constant and kept at 100 pM and 1 pM respectively in all quenching
studies [19,20], whereas CPB final concentration was varied from 0, 25,
50, 100, 150, 200, 250-300 pM in the samples. Similarly, KI final con-
centration was varied from 0, 0.1, 0,2, 0.3, 0.5, 1-2 M. For quenching
study in the presence of chitosan oligosaccharide lactate, the final
concentration of chitosan oligosaccharide lactate used was 0.5 mg/mL.
During measurement, the total volume was completed to 3 mL with a
10 mM pH = 7 buffer solution.

For partition coefficient measurement, curcumin concentration was
1 pM in all trials [4]. When chitosan oligosaccharide lactate was added,
its concentration was also kept constant at 0.5 mg/mL. Liposomes con-
centration was varied from 0, 10, 20, 50, 100, 150, 200-250 pM. The
total volume in these samples was completed to 3 mL with a 10 mM
pH = 7 bulffer solution.

2.4. Spectroscopic measurements

Steady state fluorescence measurements were performed by a
Jobin-Yvon-Horiba fluorimeter and the fluorescence program. Emission
and excitation slits were both set at 5 nm with resolution increment of
1 nm. The fluorimeter is equipped with a 100 W Xenon lamp excitation
source and an R-928 detector operating at 950 V. For temperature
regulation, a thermostat was coupled to the sample holder and the
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temperature was noted by an external thermometer. All fluorescence
measurements were performed at an excitation wavelength of 425 nm
and emission spectra were collected at a wavelength range of
440—700 nm.

3. Results and discussion
3.1. Phase transition temperature

The phase transition temperature (Tm) is defined as the temperature
required to induce a change from the ordered gel phase to the lipid
physical state. In the former, the hydrocarbon chains are fully extended
and closely packed, while in the second state, the hydrocarbon chains
are disordered, randomly oriented and fluid. This is due to the melting of
the acyl chains in the hydrophobic core of the membrane.

For DAPC liposomes, this change occurs at around 66 °C, as
mentioned in Avanti Polar sheet where it’s coded as 20:0 PC. (https
://avantilipids.com/tech-support/physical-properties/phase-transit
ion-temps). In order to evaluate the effect of coating with a polymer like
chitosan, the phase transition temperature was monitored in the pres-
ence and absence of chitosan. Experimentally, the Tm was determined
by adding curcumin to the liposomes solution or to the liposomes-
chitosan solution, and measuring the fluorescence emission spectrum
of the resulting mixture with increasing of the temperature.

3.1.1. Effect of curcumin concentration

The phase transition temperature for DAPC is not yet established.
However, a normal phase transition experiment starts with an increasing
in the emission intensity, until it reaches a maximum, then it decreases
again. Hence, the maximum obtained reveals the Tm temperature of the
liposome [4,19]. Fig. 1A shows the change in the fluorescence emission
intensity of 1 pM curcumin in DAPC liposomes as a function of tem-
perature. Obviously, the fluorescence emission intensity increased with
temperature to a maximum at the phase transition temperature, then
after Tm, the intensity decreased continuously. This change in the
emission intensity is easily observed in Fig. 1B when plotting 1/I, ratio
versus the temperature. Hence, as depicted in Fig. 1A, the phase tran-
sition temperature measured for DAPC liposomes is in this case 64 °C,
which is very close to the value reported in Avanti Polar.

This observation can be associated to two factors running against
each other: the changes in the permeability of the DAPC liposomes and
the viscosity of the solvent. Below the Tm, the system is shifting from the
dense solid-gel phase to the more fluid liquid crystalline phase, thus,
curcumin can penetrate more the hydrophobic phase in DAPC mem-
brane. As a result, the fluorescence intensity of curcumin increases.
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Furthermore, as the temperature is increased, a blue shift occurred from
505 nm to 495 nm, which confirms the incorporation of curcumin into
the membrane. On the other hand, above the Tm, the viscosity of the
solvent becomes the dominant factor. Hence, as the medium becomes
less viscous at higher temperature, the emission intensity of curcumin
decreases continuously due to the fact that the emission intensity of a
fluorophore is directly proportional to the viscosity of the medium.

Accordingly, the fluorescence of curcumin was controlled by the
permeability factor prior to the Tm and by the viscosity factor after
reaching phase transition temperature [18].

Furthermore, the effect of molar concentration of curcumin on the
Tm of DAPC liposomes was also studied and the results are displayed in
Fig. 2.

Therefore, the concentration of curcumin was increased, and the
phase transition was measured at 1, 10, 15, 20 and 25 pM of curcumin.
It’s well noted that a shift in the Tm from 64 °C for 1 pM curcumin to 63,
62, 62 and 61 °C for 10, 15, 20 and 25 uM respectively. This can be
linked to the fact that as the population of curcumin is increasing, more
curcumin molecules are intercalating between the acyl chains of the
DAPC membrane. Hence, Van Der Waals interactions become weaker,
which require less energy to disrupt the ordered packing, thus the Tm

1,

Temperature (°C)

Fig. 2. Profile of temperature—fluorescence intensity of curcumin at various
molar ratio of curcumin concentration in DAPC liposomes.
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Fig. 1. (A) Fluorescence emission spectra of 1 pM curcumin in DAPC membrane at various temperatures and (B) Normalized fluorescence emission intensity of 1 pM

curcumin in DAPC membrane.
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decreases.

Interestingly, another effect of the increase in the molar concentra-
tion of curcumin is the red shift in the fluorescence emission maximum.
It was observed to shift from 495 nm for 1 pM to 502, 513, 517 and
520 nm for 10, 15, 20 and 25 pM of curcumin respectively. This
observation suggests that at high concentration, a larger population of
curcumin is exposed to aqueous medium as the penetration of curcumin
gets saturated [19].

3.1.2. With chitosan oligosaccharide lactate

Fig. 3A presents the variation of the emission intensity at different
temperatures for 1 pM curcumin, after the addition of 0.5 mg/mL of
chitosan. It follows a similar trend, where it reached a maximum at
Tm = 65 °C. Hence Fig. 3B displayed the variation of emission intensity
with temperature for 1 pM curcumin concentration, without and with
chitosan. It’s clear that the addition of chitosan had no significant effect
on the Tm, but it affected the emission intensity which increased. This
effect of chitosan is based on its location as it forms a coating layer on
the DAPC membrane, thus enhancing the encapsulation of curcumin in
the DAPC membrane.

3.2. Membrane permeability

Lipophilicity is considered as one of the important property of lipo-
somes. To study it, membrane permeability is usually anticipated, since
they are both strongly related. The permeability of a membrane is
correlated with the ease at which a molecule can intercalate into it
through passive transport. One way to investigate this property is by
following the rate constant (Ksv) of a quenching reaction happening
between a probe molecule located in the hydrophobic cavity of the
liposome and a quencher, bearing in mind that Ksv is directly propor-
tional to the quenching effect, which means that the higher it gets, the
more quenching is happening, the more the quencher is in contact with
the probe molecule [19].

Under steady state conditions the relationship derived by Stern and
Volmer describes quenching as Fo/F = 1 + Kgy [Q], where Fy and F are
the fluorescence intensities in the absence and presence of different
quencher concentration ([Q]) respectively, and Ksv is the Stern-Volmer
quenching constant, which is the slope of the linear equation.

3.2.1. Quenching study with CPB

CPB is a cationic surfactant that intercalates within the hydrophobic
part of the liposome membrane with its charged moiety exposed at the
surface, thus, if permeable enough, liposome will encourage contact
between CPB and hydrophobic probe like curcumin (See Scheme 1A).
The results are shown in Fig. 4A and B in the presence and absence of
chitosan respectively. The experimental data in graph 4A reveals that
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the fluorescence intensity of curcumin was quenched by CPB since it
decreases as concentration of CPB increases in the absence of chitosan,
while when adding chitosan, the emission intensity remained approxi-
mately constant. The ratio of Fo/F in both cases was plotted and illus-
trated in Fig. 4C. Graph Fig. 4C clearly indicates that the addition of
chitosan inhibits the quenching effect of CPB. The Stern-Volmer plot for
fluorescence quenching of curcumin by CPB in DAPC liposomes was
found to be linear, increasing without chitosan, and approximately
constant after addition of chitosan.

Table S1A summarizes the obtained results. As indicated, Ksv value
without chitosan was found to be 3291.03159 M ™!, much higher from
Ksv with chitosan, 85.6261 M ™"

The obtained results indicate that DAPC membrane is permeable to
CPB, since quenching occurred. However, the addition of chitosan ob-
structs CPB from entering into the liposome, forbidding by such the
interaction between CPB and curcumin. The mechanism by which CPB
quenches fluorescence of curcumin is by electron transfer process. When
curcumin absorbs the appropriate radiation and get excited, electron in
the excited state is transferred from its aromatic ring to electron defi-
cient N-atom of CPB [20]. For that, being a cationic polymer, chitosan
repels CPB which is also cationic, forbidding by such the electron
transfer between CPB and curcumin, which explains the wide difference
in Ksv values.

3.2.2. Quenching study with KI

KI is a water soluble chemical compound. I ions will therefore
remain in the aqueous environment around the liposomal-curcumin
system. Therefore, no quenching effect will occurred when using KI at
low concentration [19]. Hence, to confirm this statement quenching
experiment was done using KI in the presence or absence of chitosan.
The results are shown below. Fig. S1A represents the quenching without
chitosan and Fig. S1B represents the quenching with chitosan.

The experimental data obtained in both cases show clearly that no
quenching has occurred which is reflected by an almost constant fluo-
rescence emission intensity as KI concentration was increased. This is
confirmed as well in graph (Fig. S1C) where Io/I remain approximately
constant in both cases, and from the small and very close values of Ksv:
0.02837 M~! and 0.02577 M~! without and with chitosan respectively
(See Table S1B). These values have no significance.

These results reflect the fact that there is no contact between cur-
cumin which is largely present in the hydrophobic environment of the
liposomes, and ™ ions present in the aqueous environment.

The fact of adding an additional layer of chitosan discourages more
the contact between curcumin and I” by shielding more the curcumin
molecule in the liposomes, this is observed in Graph (C) where a slight
decrease in Io/I ratio is noted with chitosan.
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Fig. 3. (A) Fluorescence emission spectra of 1 pM curcumin in DAPC membrane at various temperatures, in the presence of chitosan oligosaccharide lactate and (B)
Comparative graphs for the variation of fluorescence emission intensity of 1 pM curcumin in DAPC membrane at various temperatures, with and without chitosan

oligosaccharide lactate.



M. Estephan et al.

A

Without chitosan

30341, o
§E80Y

With chitosan

B8N

Legend:
: Curcumin

fr: CPB

ma: Chitosan

Without chitosan

With chitosan

éﬁ \
Legend:

0 : Curcumin
mA: Chitosan

0
Room Temperature erature?soﬁ &% Above phase transion m
ggggg temperatare @@@gg

Colloids and Surfaces B: Biointerfaces 199 (2021) 111546

38

_ TR38 S
T ILLE

T AR

SOBL

&)

Bogol

-

MIANA
e’wm@ f 5
L‘g ; tem erature .

Scheme 1. (A) Quenching effect of CPB in the absence and presence of chitosan oligosaccharide lactate (chitosan); (B) Partition of curcumin in the absence and

presence of chitosan oligosaccharide lactate (chitosan).

3.3. Partition coefficient

Partition coefficient (Kp) is measured to evaluate the lipophilicty of a
compound. K, gives information about the portion associated of the
compound with the lipid. Fluorescence spectroscopy can be used to es-
timate the K}, value of any fluorescent molecule under a condition that
the fluorescence intensity of the portioning molecule is different when it
is in aqueous phase and when incorporated in the lipid membrane (See
Scheme 1B) [4].

In the present case, the fluorescence intensity of curcumin was
adopted as a framework to provide the partition coefficient of curcumin
into DAPC liposome, without and after coating the liposome with chi-
tosan. Kp is determined from the slope and intercept of the linear plot of
1/F against 1/[DAPC], using the following equation: 1/F = [55.6/
Kp*F#)1*(1/Lipid) + (1/F4), where F is fluorescence at a given liposome

concentration and Fyx is the fluorescence obtained from total curcumin
incorporated into the liposomes. DAPC liposome has a phase transition
temperature near 65 °C. Below this temperature, the liposome exists in
the solid gel phase and above it, it exists in the liquid crystalline phase.
The partition coefficients at room temperature and at 75°C were
measured while increasing the liposome concentration with and without
chitosan.

3.3.1. At room temperature

Fig. S2A and B represents the partition coefficient without chitosan
and in the presence of chitosan respectively. In both cases, the observed
increase in fluorescence intensity of curcumin as the concentration of
DAPC liposomes is increasing confirms incorporation of curcumin into
the membrane.

In addition, in both cases a blue shift was occurred (See Table S2A)
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Fig. 4. (A) Fluorescence emission spectra of curcumin in DAPC membrane at various CPB concentration in the absence of chitosan; (B) Fluorescence emission spectra
of curcumin in DAPC membrane at various CPB concentration in the presence of chitosan oligosaccharide lactate and (C) comparative graphs for the normalized
emission spectra of curcumin if DAPC membrane at various CPB concentration, without and with chitosan oligosaccharide lactate.

confirming that curcumin is able to penetrate into the lipid bilayer of
DAPC liposomes as it becomes more hindered from the aqueous media.

Hence Fig. S2C represents the linear plots of 1/F vs 1/[DAPC]. Using
Stern-Volmer equation and the values of slope and intercept summa-
rized in Table $2B, Kp is found to be 1.236 x 10° without chitosan,
much smaller than with chitosan which is equal to 7.047 x 10°. These
results confirm that at RT, chitosan enhance the encapsulation of cur-
cumin into DAPC membrane. Thus, chitosan represents a protective
layer for the liposomal-curcmin system.

3.3.2. Above phase transition temperature

Same results were obtained when heating the solution above its
phase transition temperature. Hence, when increasing the liposome
concentration, the emission intensity increases proportionally. This in-
crease was obtained in the presence and absence of chitosan (See
Fig. S3A and B).

However, the increase in the intensity was conjugated to a blue shift
of the peak (See Table S3A) indicating thereby the penetration of cur-
cumin into the lipid membrane.

Moreover, in order to get Kp value, the plot between 1/F and 1/
[DAPC] was illustrated (See Fig. S3C). Hence, the value of the slope and
intercept are summarized in Table S3B. Similar results were obtained as
the study done at room temperature were Kp value without chitosan was
equal to 3.512 x 10°. This value is smaller than that obtained when
using chitosan equal to 5.93214 x 10°. This is in accordance with the

results at RT, which reflects that chitosan forms a protective layer for the
liposomal-curcumin system.

3.3.3. Room temperature vs 75 °C

It is found that the partition coefficient value of curcumin in DAPC
liposome is ca 2.8-fold higher without chitosan, at the liquid crystalline
phase compared to that in solid gel phase. Higher value of Kp at the
liquid crystalline phase in comparison to the solid gel phase is judicious
because the liquid crystalline phase is more fluid and flexible, whereas
the solid gel phase is known to be more firm and compact [21]. This
founding confirms the results of previous reports for other membrane
systems and probe molecules [22,23]. A lower K|, is obtained for the
solid gel state compared with liquid crystalline phase due to the fact that
as the temperature increases, the membrane permeability is enhanced
which facilitates the incorporation of curcumin in the membrane.

However, this result was not the same when a chitosan layer was
added. It’s observed in Table S4 that the Kp value slightly decreases.
This can reflect the fact that at high temperature, chitosan can penetrate
more into the liquid crystalline state of the bilayer, which blocks the
passage of curcumin inside the membrane.

4. Conclusion

This study has shown that curcumin, a potential medicinal drug, can
bind effectively to a liposome membrane. By monitoring the
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fluorescence emission intensity of this fluorophore, the phase transition
temperature of DAPC liposomes was determined along with exploring
the effect of adding a coating polymer layer such as chitosan which had
no effect on the Tm, but only increased the emission intensity. However,
increasing curcumin concentration displayed a slight decrease in the
Tm. Furthermore, quenching studies displayed the permeability of
DAPC membranes to the hydrophobic CPB molecule which was reflected
by the decrease in the fluorescence emission intensity of curcumin, and
that curcumin is located in the hydrophobic core of the liposome since
the aqueous KI did not affect its emission intensity. Nevertheless, cur-
cumin remarkably intercalated with DAPC liposomes and the parti-
tioning of curcumin showed a dependence on the temperature, and on
the presence of chitosan. Chitosan did not change phase transition
temperature of DAPC liposomes but it changes membrane permeability
depending on solid gel or liquid crystalline phase.
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