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a  b  s  t  r  a  c  t

Dermal  drug  release  systems  are  an  important  area  of research  because  they  can  be  applied  to the skin
in  a non-invasive  procedure  using  a lower  concentration  of  drugs.  In this  study,  we  have developed  two
types  of  Layer-by-Layer  (LbL)  films  for  releasing  emodin  (EM).  In one  system,  EM was  intercalated  with
poly(ethylenimine)  PEI  and  poly(vinyl  sufonate)  (PVS)  polyelectrolytes,  forming  (PEI/PVS)2(PEI/EM)7; in
another, EM was  incorporated  in liposomes  obtained  by mixing  dipalmitoyl  phosphatidyl  glycerol  (DPPG)
and palmitoyl  oleoyl  phosphatidyl  glycerol  (POPG)  lipids,  forming  (PEI/PVS)2(PEI/DPPG-POPG-EM)7.
UV–vis  and  FTIR  spectroscopies  were  used  to  characterize  the  LbL  films.  These  showed  that  the  deposi-
tions  of  material  by  LbL  were  efficient,  with  increases  in  the absorbance  of  each  bilayer  evidencing  the
presence  of  EM  in  the  film.  The  (PEI/PVS)2(PEI/EM)7 and  (PEI/PVS)2(PEI/DPPG-POPG-EM)7 films  released
EM  in  three  and  five  days,  respectively.  The  cyclic  voltammetry  (CV)  assay  of  the  (PEI/PVS)2(PEI/EM)7
ransdermal applications results  are  in  agreement  with  UV–vis  measurements,  which  suggest  that  EM  was  protonated  in  acid  envi-
ronments,  while  the  CV  of  (PEI/PVS)2(PEI/DPPG-POPG-EM)7 demonstrated  distinct  protonation  behaviour
for EM  within  the  inner  liposome  structure,  even  in  acid  solutions.  Therefore,  this  study  presents  two
systems  based  on LbL films  and  provides  additional  details  about  the  release  of  EM  from  these  films  to
create  a viable  alternative  for transdermal  applications.

© 2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Skin diseases are ubiquitous across cultures, ages and subpop-
lations [1], and may  include atopic eczema, psoriasis, leg ulcers,
ycoses, urticarial, and cancers [2]. In addition, the skin can be

amaged by shocks, surgeries [3] and diseases such as diabetes
hich cause dermatological changes. When the skin is injured

r burned, the place under it is left unprotected and vulnerable
o infections [4]. The study of transdermal systems is therefore
ssential for both helping solve these problems and preventing the
evelopment of skin diseases, which can improve quality of life,
horten hospital stays, and reduce mortality.

Dermal drug delivery is becoming increasingly popular because

t may  be applied over the integrated skin, is non-invasive, is
ortable, allows the use of lower drug concentrations, and has
argeted action [4,5]. Transdermal systems may be built with the

∗ Corresponding author at: Rod. João Leme dos Santos, km 110, Itinga, CEP 18052-
80, Sorocaba, SP, Brazil.

E-mail address: marystela@ufscar.br (M.  Ferreira).

ttps://doi.org/10.1016/j.colsurfb.2017.11.030
927-7765/© 2017 Elsevier B.V. All rights reserved.
Layer-by-Layer (LbL) self-assembly technique [6–8], which is versa-
tile in terms of the large number of materials that can be employed,
simplicity in the fabrication method, and use of small quantities
of materials since the films are nanostructured. LbL films can be
assembled with different types of interactions, including hydro-
gen bonds, covalent bonds, charge-shift interactions or electrostatic
interactions. Many external stimuli can be used for delivery in
LbL films such as light [9], mechanical vibration [10], electricity
[11], changes in pH [12–15], ionic strength [16] and temperature
[17], for widely used molecules such as diclofenac [18], protein
lysozyme [19,20], neurotrophin [21], doxorubicin [22,23], metron-
idazole [24], thrombin and vancomycin [25] and ibuprofen [26].

LbL films for delivery can be constructed using polymers [27],
block copolymer micelles [28], silk fibroin [29], graphene [30],
and liposomes [17]. The LbL technique favours the preservation of
biomolecules activity [31] because of entrapped water in the film
structure. This effect is improved when the system is combined

with liposomes, which are colloidal vesicles formed by phospho-
lipids that have the ability to protect molecules encapsulated in
their inner structure [32–35]. Liposomes are used in delivery sys-
tems since they are biodegradable, biocompatible, non-toxic, and

https://doi.org/10.1016/j.colsurfb.2017.11.030
http://www.sciencedirect.com/science/journal/09277765
http://www.elsevier.com/locate/colsurfb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.colsurfb.2017.11.030&domain=pdf
mailto:marystela@ufscar.br
https://doi.org/10.1016/j.colsurfb.2017.11.030
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on-immunogenic, also allowing for loading of both hydrophilic
nd hydrophobic drugs [36]. Liposomes can be produced by lipids
uch as saturated phospholipids (dipalmitoyl phosphatidyl glycerol
DPPG)) and insaturated phospholipids (palmitoyl oleoyl phos-
hatidyl glycerol (POPG)). The properties of the liposomes as carrier
ystems are determined by the fluidity of the liposome and in this
ontext a mixture of saturated and insaturated phospholipids may
e an alternative to reach predetermined, desired characteristics.
or example, the glass transition temperature is 41 ◦C and −2 ◦C for
PPG and POPG, respectively, and the combination of these two

ipids may  allow for tuning liposome fluidity to promote a specific
rug release pattern. When applied in vivo, liposomes formed by
hospholipids are removed from the circulation by the phagocytic
ells, rapidly preventing the drug release action [37]. For this rea-
on, the immobilisation of liposome on a surface by LbL requires
hat it first be released from the film so that it may  enter the circu-
ation at a later point, therefore delaying the phagocytosing process.

Emodin, a natural compound also known as 1,3,8-trihydroxy-
-methylanthraquinone, is studied for its uses as an antibacterial,
nti-inflammatory, immunosuppressant, vasorelaxant, antiulcero-
enic, and antineoplastic agent [38,39]. The low water solubility
f emodin complicates its oral and intravenous application [40],
hich has motivated development of formulations using polox-

mers [41,42] and nanoemulsions with capryol, cremophor, and
ranscutol [43] or loading emodin in microspheres of polylactic
cid [44], mesosporous silica [45–47], silk-fibroin-coated lipo-
omes, and electrospinned blended nanofibrous membranes. Wang
t al. [29] produced an LbL film with cationic microgels of
oly(allylamine hydrochloride) with dextran (PAHD) and sodium
arboxymethyl cellulose (CMC) forming PAH/CMC and used this
aterial as a support for loading emodin borate and releas-

ng emodin. In this work, we immobilised emodin directly in
bL films with poly(ethyleneimine) PEI (PEI/EM)7 and incorpo-
ated emodin in a liposome formed by DPPG-POPG with PEI
ntercalated (PEI/DPPG-POPG-EM)7. The two films were tested in
n in vitro release assay and compared. Electrochemical studies
ere performed to obtain information on the films pH-dependent

ehaviours and predict their actions in biological systems. This
ork combines the efficiency of liposomes in drug delivery sys-

ems with the simplicity of LbL methods and shows the capacity
or applying both types of films in transdermal systems.

. Experimental section

.1. Materials

Emodin (molar mass 270.24 g mol−1) was obtained from plant
rangula, poly(ethyleneimine) (PEI, branched) and poly(vinyl
ufonate) (PVS) were purchased from Sigma-Aldrich. The phos-
holipids dipalmitoyl phosphatidyl glycerol (DPPG) and palmitoyl
leoyl phosphatidyl glycerol (POPG), with molar masses of
44.96 g mol−1 and 770.99 g mol−1, respectively, were purchased
rom Avanti Polar Lipids.

.2. Substrate

LbL films were assembled onto quartz slides for UV–vis spec-
roscopy and delivery tests, onto silicon substrates for FTIR
pectroscopy and on ITO-coated glass substrates (Indium-Tin
xide, one side coated on glass by Delta Technologies) for elec-

rochemical measurements. The quartz plates were cleaned with

H4OH/H2O2/H2O (1:1:5, v:v:v) and HCl/H2O2/H2O (1:1:6, v:v:v)
ydrophilization solutions at 75 ◦C for 10 min. ITO and silicon were
leaned with chloroform and isopropanol in a sonicator for 30 min
nd rinsed with ultrapure water (Sartorius system).
B: Biointerfaces 162 (2018) 69–75

2.3. Polymeric solutions

PEI and PVS solutions were prepared at concentrations
of 1 mg  mL−1 and 4 �L mL−1 respectively, in water for the
(PEI/PVS)2(PEI/DPPG-POPG-EM)7 film and in sodium phosphate
buffer at pH 8 for the (PEI/PVS)2(PEI/EM)7 film. Emodin was pre-
pared at 8.8 mmol L−1 in an ethanol stock solution and diluted to
1/10 in ethanol/buffer.

2.4. Liposomes preparation

The method used for incorporating emodin in liposomes was
based on a procedure described by Moraes et al. [34]. DPPG
and POPG at concentrations of 0.95 mmol  L−1 and 0.05 mmol L−1,
respectively, were dissolved in methanol/chloroform (1:8). Emodin
was previously dissolved in methanol at 24 mmol L−1. The organic
solvent was dried in a rotary evaporator. The lipid film was  hydrated
with ultrapure water and sonicated for 2 h. The liposomes were
evaluated using a Nanoparticle Tracking Analysis (NTA) apparatus
manufactured by Malvern Instruments (UK) with a NanoSigth LM
10 cell green laser of wavelength 532 nm and a camera CMOS (Com-
plementary Metal Oxide Semiconductor) with the softwareNanoSigth
(version 2.3). The liposomes were diluted 50 times, and each sam-
ple was measured five times. This technique was  used to determine
the size distribution and concentration of the liposomes.

2.5. LbL assembly

The LbL films were created with two bilayers of polyelectrolytes
as a cushion to reduce the influence of the substrate morphology on
film growth [48]. The (PEI/PVS)2(PEI/EM)7 film was  assembled by
immersing the substrate in PEI and PVS for 3 min  each and PEI and
EM (7 min), also intercalating with a washing procedure. This was
repeated for the (PEI/PVS)2(PEI/DPPG-POPG-EM)7 sample, which
was dipped in DPPG-POPG-EM solution for 10 min. This procedure
was repeated until seven bilayers had been formed. Film growth
was monitored by measuring the absorbance spectrum after each
bilayer was deposited using a Thermo Scientific Genesys 6 UV–vis
spectrophotometer at room temperature.

2.6. Film characterization

The films (PEI/PVS)2(PEI/EM)7, (PEI/PVS)2(PEI/DPPG-POPG-
EM)7, (PEI/PVS)10, emodin solution, and DPPG/POPG solution in
cast films were characterized by FTIR using an Agilent Technolo-
gies Cary 630 spectrometer with a baseline taken using silicon.
All measurements were carried out in the transmission mode.
Cyclic voltammetry measurements were performed under N2 flow
at potentials between −0.9 and 0.5 V versus a saturated calomel
electrode (SCE) at a scan rate of 0.1 V s−1 in Autolab PGSTAT 30
using a conventional electrochemical cell containing a sodium
phosphate buffer at pH 5.5, 6.7 or 8.0, and an auxiliary electrode
made of platinum foil (1 cm2); the SCE and the ITO working elec-
trodes were modified with LbL films of (PEI/PVS)2(PEI/EM)7 or
(PEI/PVS)2(PEI/DPPG-POPG-EM)7.

2.7. In vitro release of emodin

The release profile of emodin from the films was analysed using
an adapted support of a falcon tube cut to a height of 4 cm with gaps
of 2 by 1.5 cm.  A dialysis membrane with a molecular weight cut off
of 12000–16000 Da covered the support outside, and the films on

quartz were placed inside. The support was filled with PBS buffer
pH 7.4 inside and outside and kept at 37 ◦C in a water bath. The
solution outside the support was replaced at regular intervals (from
15 to 7200 min) and the concentration of emodin was  measured in
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Table  1
Values of mode, average and concentration of liposomes obtained by NTA.

Mode (nm) Average (nm) Concentration
(particles.mL−1)
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Fig. 2. UV–vis spectrum of each bilayer of (PEI/PVS)2(PEI/DPPG-POPG-EM)7 LbL film
and  the solution DPPG-POPG-EM prepared in water. Inset: absorbance vs num-
DPPG-POPG 167.5 ± 6.2 222.8 ± 3.8 6.59 × 1010 ± 3.36 × 109

DPPG-POPG-EM 172.6 ± 4.3 243,3 ± 4.7 5.42 1010 ± 3.57 × 109

ach collected solution by UV–vis spectroscopy. The absorbance
alues at 315 nm were used to quantify emodin and the results
ere expressed as cumulative released over time. All assays were
one in duplicate.

. Results and discussion

.1. Liposome characterization

The size distributions of the liposomes prepared with a mixture
f DPPG and POPG phospholipids containing emodin (DPPG-POPG-
M)  were measured with the NTA technique. The same procedure
as performed with liposomes (DPPG-POPG) without emodin for

omparison. The concentrations of DPPG-POPG and DPPG-POPG-
M were 6.59 × 1010 ± 3.36 × 109 and 5.42 × 1010 ± 3.57 × 109

articles mL−1, respectively. The mean sizes for the distribu-
ions were 222.8 ± 3.8 and 243.3 ± 4.7 nm and the modes were
67.5 ± 6.2 and 172.6 ± 4.3 for DPPG-POPG and DPPG-POPG-EM,
espectively, as given in Table 1. Hence, the presence of emodin
ncreases the mean size of the liposomes, without interfering with
heir formation. In addition, the liposomes with emodin (DPPG-
OPG-EM) showed a decrease in the number of particles per mL,
.e. emodin increases the number of lipids per liposome. The size of
iposomes reported here is consistent with Tah et al. who reported
50–300 nm liposomes formed from DPPG [49].

.2. LbL fabrication
LbL film fabrication was monitored by UV–vis spectroscopy for
ach deposition step. Fig. 1 shows the UV–vis spectra for emodin in
he ethanol/buffer solution and the (PEI/PVS)2(PEI/EM)7 LbL film;

ig. 1. UV–vis spectra of each bilayer of (PEI/PVS)2(PEI/EM)7 LbL film and emodin in
ater/ethanol solution. Inset: absorbance at � = 315 nm vs number of LbL films. The

rror bars represent the standard deviation of the absorbance at 315 nm for each
ilayer (n = 2). Above is the chemical structure of emodin with numbered carbons.
ber of bilayer at � = 315 nm.  The error bars represent the standard deviation of the
absorbance at 315 nm for each bilayer (n = 2).(For interpretation of the references to
colour in text, the reader is referred to the web version of this article.)

the chemical structure of emodin with numbered carbons is shown
at the top of the figure. The spectra of the solution and film show
the major bands of emodin at 215, 256, 315, and 490 nm [50,51],
the presence of which indicates that the structure of emodin was
preserved even after immobilisation. The band in the visible region
is associated with charge transfer from the phenolic moieties to the
carbonyl groups, and all bands are due to HOMO-LUMO transitions
(�-�*) [50–53]. The UV absorbance of the LbL film increased lin-
early with the number of deposition steps, indicating an effective
LbL assembly of the materials onto the quartz substrates.

Fig. 2 shows the UV–vis spectra of a liposome-DPPG-POPG-EM
solution (red line) and (PEI/PVS)2(PEI/EM)7 LbL film. In the DPPG-
POPG-EM solution, all the emodin UV bands are observed as in the
ethanol/buffer solution in Fig. 1; however, the bands are not well
resolved for the samples in the LbL film. This is attributed to the
light scattering caused by the large liposome particles with dif-
ferent sizes. The deposition is not regular since there is a marked
increase in absorbance between the third and sixth bilayer, while
the absorbance appears to reach a plateau on the seventh bilayer.
A similar behaviour was  identified by Geraldo et al. [26], who
related this to the viscoelastic properties of liposomes, which can be
deformed with LbL assembly and therefore experience a decrease in
deposition for the final bilayers [26,54]. Furthermore, the large size
of liposomes increases film roughness and hampers the accommo-
dation of materials on the surface for the outer bilayers. Despite the
irregular deposition, the emodin incorporated in the liposome was
effectively adsorbed onto the film substrate. A comparison between
Figs. 1 and 2 indicates that the emodin band shifted from 490 nm
in ethanol/buffer to 443 nm in the DPPG/POPG/EM film, which may
be attributed to a change in the protonation state. According to
da Cunha [51,53], the absorbance peak occurs at 440 nm for pro-
tonated emodin below pH 6, whereas deprotonated emodin has
maximum absorbance at 496 nm for alkaline solutions [51].

3.3. FTIR characterization

FTIR spectroscopy was  used to verify the presence of emodin
in the films and infer about possible molecular interactions, with
a comparison between cast films of the neat materials and the LbL
films, all of which deposited onto silicon wafers. Emodin was  dis-

solved in ethanol/buffer and DPPG-POPG in water. Incorporation
of emodin in the LbL film is confirmed by comparing the spectra in
Fig. 3A, where the main bands for emodin in the cast film are also
present in the spectrum for the (PEI/PVS)2(PEI/EM)7 LbL film. The
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Fig. 3. FTIR spectra for (A) cast film of emodin ( ), (PEI/PVS)10 LbL ( ) and (PEI/PVS)2(P
(  ) and (PEI/PVS)2(PEI/DPPG-POPG/EM)7 LbL ( ). Each of the films was  prepared on a s

Table 2
FTIR analysis of emodin, (PEI/PVS)10, and (PEI/PVS)2(PEI/EM)7 LbL films.

Emodin
(cm−1)

(PEI/PVS)10

(cm−1)
(PEI/PVS)2

(PEI/EM)7 (cm−1)
Assignments

526 526 C C [57]
865 865 C H out-of-plane C C

[55,57]
980 980 C H out-of-plane [57]

1030 1030 C C vibration of PEI [60]
1060 C C [56]

1067 C O [65]
1095 1095 C C [56]
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1180 Stretching of SO groups of
PVS [59]

modin bands at 526, 865, 980, 1060, and 1095 cm−1 are assigned
o C H and C C stretching [55–57], while the bands at 1030 and
180 cm−1 for the (PEI/PVS)10 LbL film are assigned to C C vibra-
ion of PEI and stretching of SO groups of PVS polymer [58–60]. In
he (PEI/PVS)2(PEI/EM)7 spectrum, the major bands originate from
modin. There are some shifts in the bands, though, most possibly
aused by interaction between emodin and the polymers [61]. The
180 cm−1 band of polyelectrolytes was not visible in the spectrum
f the (PEI/PVS)2(PEI/EM)7 LbL film, which may  be explained by the
mall number of PVS bilayers. The assignments of emodin, polyelec-
rolytes and (PEI/PVS)2(PEI/EM)7 are summarized in Table 2.

Fig. 3B shows the FTIR spectra of pure EM,  the DPPG/POPG lipo-
ome after film casting onto silicon, the films LbL (PEI/PVS)10 and
PEI/PVS)2(PEI/DPPG-POPG-EM)7. The DPPG/POPG exhibit peaks
t 1737 cm−1 due to carboxylic group stretching [62], 1464 cm−1

or CH scissoring [62], 1216 cm−1 for antisymmetric phosphate
tretching [63], 1091 cm−1 for symmetric phosphate stretching
63], and 1065 cm−1 for the symmetric stretching mode of C O C
63] characteristics of the liposomes. The signals at 1635 cm−1

eak related to the vibration of the benzyl group [64], 865
nd 526 cm−1 appear on the spectrum of emodin and on film
PEI/PVS)2(PEI/DPPG-POPG-EM)7 spectra, but the liposome peaks
re more intense than those on the emodin and polyelectrolyte
nd appear more on film, probably because they are large struc-
ures and are in greater amount. However, are two  peaks on
PEI/PVS)2(PEI/DPPG-POPG-EM)7 that are longer and wider, the
065 cm−1 526 cm−1, which are caused by the sum of emodin

nd liposome spectra. Therefore, the presence of emodin and
olyelectrolytes on film (PEI/PVS)2(PEI/EM)7 as emodin and lipo-
ome on film (PEI/PVS)2(PEI/DPPG-POPG-EM)7 on silicon surface
s proven and not appear new bands on film spectra compare
EI/EM)7 LbL ( ). (B) Cast film of emodin ( ) and DPPG-POPG ( ), (PEI/PVS)10 LbL
ilicon substrate.

to cast film, indicating electrostatic interactions between the
materials [62]. The assignments of emodin, polyelectrolytes, and
(PEI/PVS)2(PEI/DPPG-POPG-EM)7 are summarized in Table 3.

3.4. Release assays

In vitro release assays were performed with two  films,
(PEI/PVS)2(PEI/EM)7 and (PEI/PVS)2(PEI/DPPG-POPG-EM)7, to anal-
yse the performance of each system and reveal the influence of
the liposomes on the release profile of emodin. To quantify the
emodin released from the films by UV–vis, a detection wavelength
of 315 nm was  chosen because it provided the lowest limit of detec-
tion and quantification for emodin in solution.

The release profile of emodin by (PEI/PVS)2(PEI/EM)7 film
showed three different patterns: i) from 0 to 150 min  (the inset),
ii) from 150 to 750 min, and iii) from 750 to 4320 min (Fig. 4A). For
the (PEI/PVS)2(PEI/DPPG-POPG-EM)7 films, the release of emodin
(Fig. 4B) changes in the release profile were only observed after
1440 min, indicating that films with liposomes can prolong the
release of emodin. The liposomes were prepared from lipid mixture
of DPPG (with a glass transition temperature (Tg) = 41 ◦C) and POPG
(with Tg = −2 ◦C) [17], ratio (DPPG:POPG) (9.5:0.5) studied in previ-
ous work [32] that decrease the temperature of phase transition of
liposome, compared to that prepared with only DPPG, leaving the
chains less rigid to release the drug incorporated at physiological
conditions. This confirms that liposomes can retard the release of
a drug by nature of the fluidity of hydrophobic tails and therefore
can deliver the emodin gradually at temperatures near 37 ◦C. The
films showed different drug delivery patterns, and depending on
the application, either film may  present a favourable alternative
for the drug release of emodin.

3.5. Electrochemical studies of LbL films

The electrochemical studies with LbL films of emodin give
information about the behaviour of the drug in solutions at
different pH values. According to Pal and Jana [51,66], the
emodin molecule can be deprotonated in the positions of
carbon 3 (3-oxide-6-methyl-1,8-dihydroxy-9,10-anthraquinone),
8 (3,8-oxide-6-methyl-1-hydroxy-9,10-anthraquinone), and 1
(1,3,8-oxide-6-methyl-9,10-anthraquinone) as indicated in Fig. 1.

Fig. 5A and B show the cyclic voltammograms carried out at −0.9
and 0.5 V versus a saturated calomel electrode (SCE) using a conven-
tional electrochemical cell containing sodium phosphate buffer at
pH 5.5, 6.7, or 8 and an auxiliary electrode of platinum foil; the SCE
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Table  3
FTIR analysis of emodin, DPPG/POPG liposomes and (PEI/PVS)2(PEI/DPPG-POPG-EM)7 LbL film.

Emodin (cm−1) DPPG/POPG (cm−1) (PEI/PVS)2(PEI/DPPG-POPG-EM)7 (cm−1) Assignments

865 865 C H out-of-plane C C [55,57]
1065 1065 Symmetric stretching mode of C O C [63]
1091 1091 Symmetric phosphate stretching [63]
1216 1216 Antisymmetric phosphate stretching [63]
1464 1464 CH scissoring [62]

1635 1635 C O stretching [55]
1737 1737 Carboxylic group stretching [62]

Fig. 4. Release profile of emodin evaluated by UV–vis spectroscopy at 315 nm of external solution as function of time of: A) (PEI/PVS)2(PEI/EM)7 LbL film and B)
(PEI/PVS)2(PEI/DPPG-POPG-EM)7 LbL films. The inset in A) is a zoom between 0 and 750 min. The error bars represent the standard deviation of the absorbance at 315 nm
for  solution in different times (n = 2).
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ig. 5. Cyclic voltammetry of (A) (PEI/PVS)2(PEI/EM)7 and (B) (PEI/PVS)2(PEI/DPPG-
00  mV s−1.

nd the working electrodes of ITO were modified with the LbL films
PEI/PVS)2(PEI/EM)7 and (PEI/PVS)2(PEI/DPPG-POPG-EM)7 with a
can rate at 100 mV  s−1. The three characteristic peaks of emodin
re shown at pH 5.5 in Fig. 5A, which can be referred to as P1 and P2,
he pair of quasi-reversible redox, and P3, the irreversible anodic
eak [67]. P1 and P3 are related to the oxidation process, while P2
orresponds to reduction. The pKa of emodin in ethanol is 6.2 [53],
o below this pH (pH = 5.5) the drug is more protonated and shows
he three peaks owing of reduction and oxidation (Figs. 1 and 2). At
H 6.7, the oxidation peaks are less evident showing the deproto-
ated state of emodin in the LbL film. At pH 8, the oxidation peaks

isappear. Emodin is, therefore, a weak acid in that it loses pro-
ons to form anions. Considering the desired application of these
lms for transdermal systems, because the skin has a natural pH
elow 5 [68], weak acids cannot diffuse through the cell membrane
-EM)7 LbL film in sodium phosphate buffer in solutions with different pH values at

when deprotonated; therefore, the exposure of this LbL film to the
acidic environment of the skin may  promote diffusion across the
membrane [69].

The liposomes were prepared in water (acid) while the pure
emodin was  prepared in buffer/ethanol pH 8.0, and the correspond-
ing difference in the protonation state of emodin is indicated in
Figs. 1 and 2 in the UV–vis spectra of the solutions. The cyclic
voltammograms for (PEI/PVS)2(PEI/DPPG-POPG-EM)7 at pH 5.5
show the P2 and P3 peak, but not P1. This is also true for the sam-
ple at pH 8.0 in which P1 appears. The phenomenon is caused by
incorporation of emodin in a liposome, causing an interaction that

changes the behaviour of emodin within the structure, resulting in
changes to the electrochemical response.

Electrochemical studies show that (PEI/PVS)2(PEI/EM)7 has
good properties to be applied in acid environments as skin, has the
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x and redox peaks well defined and higher electrical current, in
ontrast, in (PEI/PVS)2(PEI/DPPG-POPG-EM)7 the presence of lipo-
ome on film helps to preserve the emodin structure prevented
he current effect on drug, which makes both of films able of being
pplied depending on the need.

. Conclusions

In this study, we have developed films Layer-by-Layer capa-
le of delivery emodin in pH and temperature physiological and
howed that liposomes can be obtained by a mixture of lipids
aving similar characteristic as size and encapsulation efficiency
ompared to conventional. The films were monitored by UV–vis
nd FTIR spectroscopy that provided relevant information about
he self-assembly, as efficient deposition of material using LbL tech-
ique, protonation state of emodin in solution, and the interaction
etween the materials on coating proving the building of layers.
omparing the delivery profile of emodin on films with and without

iposome we checked that using the vesicles the release of drug is
ore homogenous, due to encapsulation system. Cyclic voltamme-

ry of coatings revealed that the emodin immobilized on film and
xposed at acid pH is protonated which favors topical application
nd they are in good agreement with UV–vis spectra.
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