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ABSTRACT
Purpose Design imiquimod-loaded chitosan nanocapsules
for transdermal delivery and evaluate the depth of imiquimod
transdermal absorption as well as the kinetics of this absorp-
tion using Raman Microscopy, an innovative strategy to eval-
uate transdermal absorption. This nanovehicle included
Compritol 888ATO®, a novel excipient for formulating
nanosystems whose administration through the skin has not
been studied until now.
Methods Nanocapsules were made by solvent displacement
method and their physicochemical properties was measured
by DLS and laser-Doppler. For transdermal experiments,
newborn pig skin was used. The Raman spectra were
obtained using a laser excitation source at 532 nm and a
20/50X oil immersion objective.
Results The designed nanocapsules, presented nanometric
size (180 nm), a polydispersity index <0.2 and a zeta potential
+17. The controlled release effect of Compritol was observed,
with the finding that half of the drug was released at 24 h in
comparison with control (p< 0.05). It was verified through
Raman microscopy that imiquimod transdermal penetration

is dynamic, the nanocapsules take around 50 min to penetrate
the stratum corneum and 24 h after transdermal administra-
tion, the drug was in the inner layers of the skin.
Conclusions This study demonstrated the utility of Raman
Microscopy to evaluate the drugs transdermal penetration of
in the different layers of the skin.
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INTRODUCTION

Transdermal admistration has many advantages over oral ad-
ministration, such as reduce first-pass metabolism and de-
crease adverse effects, providing a dosing regimen that
decreases inter- and intra-patient variability, etc. (1).
However, since the function of the skin is to be a protective
barrier, its outermost layer, the stratum corneum, restricts the
passage of drugs (2,3). Once the molecule or drug crosses the
stratum corneum and reaches the deeper layers of the skin, it
can be absorbed systemically (4).

So, one of the strategies used to promote the transdermal
passage of drugs is their nanoencapsulation. It has been shown
that nanometer-sized systems can cross the skin and deliver
drugs to deeper layers of it (5). For the promoting effect of the
nanosystems to be maximized, they must have a size of less
than 500 nm so that they penetrate the skin not only through
the hair follicles but also through the stratum corneum (6,7).
Although the ideal size is still unknown, it is believed that
smaller systems penetrate the skin better (6,8,9).

In this study, the transdermal absorption of nanoencap-
sulated imiquimod was evaluated. Imiquimod is an immu-
nomodulatory drug used topically for cell carcinoma, ac-
tinic keratosis and genital and perianal warts (10).
However, some studies, using a commercial imiquimod
cream have shown that its absorption was practically null
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and skin retention was very low (3–19%) (11,12). This can
be explained by imiquimod’s physicochemical properties:
it is a hydrophobic molecule (log P: 3.0) and has poor
solubility in water (18 μg/mL) or organic solvents (e.g.
96 μg/mL in acetone, 120 μg/mL in propylene glycol)
(13). Therefore, designing a nanocarrier for imiquimod
with special components could improve its properties. For
example, imiquimod has a good solubility in fatty acids
(14). Therefore, using linoleic acid as chitosan nanocap-
sules’ constituent could help transport more drug. In addi-
tion, the use of an innovative excipient for the transdermal
administration, such as Compritol 888 ATO®, could in-
fluence the kinetic delivery of imiquimod since this func-
tion has been demonstrated when it was incorporated as a
lubricant or coating agent for oral solid dosage formula-
tions (15). Nevertheless the potential of compritol in trans-
dermal delivery has been largely unexplored. In transder-
mal studies compritol has been tested as an ingredient in
solid lipid nanoparticles (SLN), where the transdermal en-
hancer action when compared to others lipids (e.g. glyceryl
palmitostearate, Precirol® ATO 5) could be due to the
increase of the solubility of the active pharmaceutical in-
gredient (terbinafine) (16). More recently, studies have
shown that an increase of the amount of compritol in
SLN showed an increase in transdermal absorption of tri-
closan. This could be because of the occlusive effect of
compritol or other lipid contents over the skin (17).

In recent years, studies using Raman microscopy to evalu-
ate the transdermal penetration of different molecules (caf-
feine, flufenamic acid, oxaprozin), have been published
(18–21). This technique allows obtaining chemical and struc-
tural information of the skin, as well as the physical distribu-
tion of its constituents, with the advantage of it being a tech-
nique suitable for the analysis of biological aqueous samples
(tissue) because no water signal interference occurs (22,23). In
addition, it has the advantage of being a non-invasive method
that does not require sample preparation (24). Thus, this tech-
nique can be used to analyse the skin’s physiological compo-
nents or to evaluate molecular kinetics of transdermal pene-
tration (20,25–27). Raman spectroscopy analysis is based on
the examination of the light scattered by a material when a
monochromatic beam of light strikes it. A small portion of the
light is inelastically dispersed, undergoing small changes in the
frequency that is characteristic of the analysed material and
therefore a characteristic chemical fingerprint is generated for
this material (21,28).

In the present study, chitosan nanocapsules, using compo-
nents that promote their transdermal penetration and modify
their release, were designed. Raman microscopy was used to
study whether these imiquimod loaded- chitosan nanocap-
sules were able to cross the stratum corneum (the skin layer
that opposes the passage of molecules) and how their penetra-
tion kinetics was.

MATERIALS AND METHODS

Reagents

Potassium chloride, acetone, ethanol, methanol, sodium ace-
tate, acetic acid, SDS and imiquimod were purchased from
Merck (Germany). Poloxamer 188®, PEG-40 stearate®, am-
monium acetate, phosphate buffered saline and linoleic acid
were obtained from Sigma Aldrich (Germany). Formalin 37%
and xylol were obtained from Coprolan LTDA (Chile),
Chitosan HCl was purchased from Heppe Medical Chitosan
GmbH (Germany). Paraffin Paraplast Plus was obtained from
Leica Byosistems (Germany). Lipoid P75® and Compritol
888 ATO® were kindly donated by Lipoid (Germany) and
Gattefossé (France) respectively.

Preparation of Chitosan Nanocapsules

Chitosan nanocapsules (Cs NCs) were made using the solvent
displacement method (1,29). For the blank Cs NCs (without
imiquimod), the organic phase consisted in linoleic acid
(63 μL), PEG 40-stearate (7.5 mg) and lecithin (Lipoid
P75®, 7.5 mg) dissolved in 0.5 mL of ethanol; and
Compritol 888 ATO® (10 mg) dissolved in 5,0 mL of ethanol:
acetone 1:18. The aqueous phase was 10 mL water with chi-
tosan HCl (5 mg) and Poloxamer 188® (25 mg). The organic
phase was added to the aqueous phase by pressure, using a
syringe. For the complete evaporation of the organic solvents,
the mixture of both phases was deposited in a rotary evapo-
rator (Heidolph, Germany) until a final volume of 5 mL was
obtained. For imiquimod- loaded chitosan nanocapsules (Cs
NCs-Imq), 0.945 mg of this drug (Sartorius micro, Fisons
instruments, Italy) was dissolved in the same quantity as lino-
leic acid. Centrifugation was used to isolate the Cs NCs
(Universal 320 R, Hettich). For this, the sample was deposited
in Amicon® (10,000 MCWO) centrifuge tubes. The condi-
tions used were: 4000 RPM, 30 min, 4°C. The supernatant
was resuspended in an equal volume of purified water (isolat-
ed Cs NCs-Imq).

Physicochemical Characterization (Size, Polydispersity
Index and Zeta Potential)

The characterization of nanosystems was determined by mea-
suring their physicochemical properties such as size and poly-
dispersity index by Dynamic Light Scattering; and zeta poten-
tial (ζ potential) by laser-Doppler anenometry (NanoZS90 °
®, Malvern Instruments, Malvern, UK) (30,31). To measure
size, the samples were diluted in purified water, while to mea-
sure ζ potential, they were diluted in a 1 mM potassium chlo-
ride solution.
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Encapsulation Efficiency of Imiquimod

Imiquimod was quantified using Ultra High-Performance
Liquid Chromatography with a mass detector (UHPLC-
MS/MS, EkspertTM ultraLC 100, Denaher Coporation,
AB Sciex, SA). An Atlantis Silica HILIC Column (100 Å,
5 μm, 2.1 mm× 150 mm, Waters, USA) was used and the
mobile phase consisted of 20% methanol and 80% aqueous
5 mM ammonium acetate, with a flow of 0.5 mL/min without
a gradient. The total time of each chromatographic run was
4 min. The column was thermoregulated at 40°C and the
samples at 15°C. The injection volume was 10 μL.

The ionization method was positive and the mass/load
transitions that were analyzed were 241,014 to 185,000 and
from 241,014 to 113,900 with collision energies of 13 V and
19 V respectively. The parameters were CUR: 20 Psi, IS:
3500 v, GS1: 50 Psi, GS2: 50 Psi, CAD: 9 v, DP: 86 v, EP:
10 v. Under this method, the retention time of imiquimod was
1 min.

For the quantification of imiquimod, a calibration curve
was prepared each time the samples were analyzed. The con-
centrations of imiquimod used were 10, 20, 30, 40, 60 and 70
PPB, using methanol as solvent. An adequate curve was con-
sidered when the correlation coefficient r2 was >0.99.

The encapsulation efficiency of imiquimodwas determined
by calculating the ratio between the imiquimod quantified in
the isolated Cs NCs-Imq and the amount of this drug found in
the non-isolated Cs NCs-Imq (see 2.2).

Nanocapsule Stability

The stability of the Cs NCs-Imq, under physiological (PBS
pH 7.4, 37°C) and storage conditions (4°C) was evaluated.
This study was carried out through their physicochemical
characterization (size and polydispersity index) at different
times. For physiological condition the schedule was 0.5, 1, 2,
4, 6, 24 and 48 h, and for storage conditions was 0.25, 0.50,
0.75, 1, 2 and 3 month. During the whole test the samples
were protected from light (n= 3).

Freeze-Drying of Chitosan Nanocapsules

The Cs NCs-Imq were mixed with the same volume ofmilli Q
water or with cryoprotectants. Glucose, sorbitol and mannitol
at 5 and 10% w/vwere tested as cryoprotectant. 1 mL of these
mixtures 1:1 was frozen at −80°C overnight and then placed
in the freeze dryer (FreeZone®, Labconco, United States).
The process was at −50°C and a 0.1 mbar pressure. After
48 h, the samples were removed and stored in a desiccator
at room temperature and covered with light. To measure the
stability of the Cs NCs-Imq, the samples were resuspended in
their initial volume (0.5 mL of mili Q water) at different times:
day 1, week 1, 2, 4, 6 and 8; and their physicochemical

parameters were determined (see 2.3). The study was carried
out in triplicate (n= 3).

Imiquimod Release

The imiquimod release from the Cs NCs-Imq with and with-
out Compritol 888 ATO® (control) was studied by quantify-
ing the content of imiquimod released through UHPLC-MS/
MS. For this, side by side diffusion cells (0.78 cm2 area,
PermeGear. Inc. USA) were used separated by a cellulose
dialysis membrane (25 mm high, Sigma-Aldrich, Darmstadt,
Germany). The donor was 0.175 mL of the isolated Cs NCs-
Imq with 3.325 mL of acetate buffer pH 5.5 (imiquimod con-
centration of 0.189 mg/mL). The receptor solution was
3.5 mL of acetate buffer pH 5.5. The system was maintained
at 37°C, under stirring and protected from light throughout
the experiment. Samples of 2 mL of receptor solution were
taken at different times; 1, 3, 5, 20 and 24 h, replenishing
equal volumes of fresh solution for sink conditions were main-
tained throughout the experiment (32). Subsequently, these
samples were diluted in order to be quantified according to
the description in point 2.2.

Results are presented as mean ± SD (n= 3) and data were
analysed by the unparaded student test (p< 0.05).

Raman Spectra

The Raman spectra were obtained using a MicroRaman
(Witec alpha-300 RA, Confocal DT) a laser excitation source
at 532 nm and a 20X or 50X oil immersion objective (20).
The acquisition of the data was obtained by the Witec control
software and the analysis and interpretation of the spectral
information was carried out in Origin pro 2017 (20). The
spectrum of each of the components of the Cs NCs- Imq
(linoleic acid, Poloxamer 188®, PEG-40 stearate®, Lipoid
P75®, Compritol 888 ATO®, chitosan HCl, imiquimod)
and the CsNCs-Imq after transdermal experiments (see below
2.8) was obtained. Each sample was placed on a slide (25.4 ×
76.2 mm) in its physical state at room temperature, either
liquid or solid. The conditions used to obtain these spectra
were: step 6 or 30 and different integration time. (30s, 2 s or
60s). The skin and blank Cs NCs spectra were also obtained.

Transdermal Experiments

For these experiments, newborn pig skin was used (1,33,34),
which was extracted and then stored at−20°C before use (35).
The skin was cut to a suitable size and placed in Franz vertical
diffusion cells (area 4.15 cm2, Laboratory Glass Apparatus
Inc., USA), so that the epidermis was in contact with the
donor compartment. The system was kept at a constant tem-
perature (37°C), under agitation and protected from light
throughout the experiment. The donor solution consisted of
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1 mL of the Cs NCs-Imq and the receptor solution of approx-
imately 5 mL of acetate buffer pH 5.5. Throughout the ex-
periment, the latter was under sink conditions. After 24 h the
skin was removed and washed with methanol. Then, the skin
Raman spectra were collected. The choice of the area to be
measured was made by obtaining spectra from different sec-
tors of the analyte and the point where most information was
obtained.

Deepness of Imiquimod Transdermal Absorption
Studied by Raman Spectroscopy

When the imiquimod transdermal experiment was finished
(see 2.8), the skin was deposited 24 h in each of the following
solvents: formalin 10% in PBS, ethanol 50%, ethanol 75%,
ethanol 96%, ethanol 100% and Xilol. Finally, the skin was
left in paraffin for 30 days. At the end of the month, a paraffin
cube was formed with the skin inside. Then the skin was cut
with a microtome (0.16 μm) and deposited over a slide using
egg albumin. Subsequently, the paraffin was removed from
the slide by submerging the sections in xylol for 10 min. The
histological section was placed on the slide, moving the laser
manually from the epidermis to the hypodermis (perpendicu-
lar on the surface of the skin) (36). These measurements were
carried out at room temperature, using a 50X objective,
532 nm laser, 30 accumulations and integration time of 2 s.

Kinetic Evaluation of Imiquimod Transdermal
Penetration by Raman Microscopy

A study was done as described in 2.8 using a Franz cell built
and adapted to be placed on the microscope stage (area
4.15 cm2). A point of the skin was chosen, at a depth greater
than 20 μm to make sure that it had crossed the stratum
corneum and was in the deeper layers of the skin (37), which
was measured every 30 min for a total time of 6 h.

RESULTS AND DISCUSSION

In this study, chitosan nanocapsules for imiquimod transder-
mal administration were designed (Cs NCs-Imq) and their
transdermal penetration was evaluated by Raman
Microscopy.

The chitosan nanocapsules were prepared by solvent dis-
placement method (38), a method that does not need great
energy and generates nanosystems of reproducible size. A
syringe was used to add the oil phase on the aqueous phase by
pressure to obtain nanocapsules with smaller particle sizes (39) .

Some of the excipients used in the novel formulations were:
a) Compritol® 888 ATO, a lipid composed of a mixture of
different glycerol esters with behenic acid (C22 fatty acid) that
has been used for modified-release tablets for oral

administration (15,40) and which has also shown to be a trans-
dermal enhancer (16,17); b) linolenic acid, a fatty acid that
helps maintain the barrier function of the skin through
maturation and differentiation of the stratum corneum (41)
and which has been shown to help the healing of skin wounds
(42); and c) chitosan, a cationic polysaccharide extracted from
the shells of crustaceans composed of D-glucosamine and N-
acetyl-D-glucosamine (43), with mucoadhesive properties,
and capable of enhancing the transdermal passage of drugs
since it opens the tight junctions (7). Starting materials used in
our developed nanosystems are GRAS (Generally recognized
as Safe) and should not present cytotoxicity.

Characterization and Stability of the Designed
Nanosystems

The designed chitosan nanocapsules (see Table I) have a
nanometric size (~ 200 nm) and the polydispersion index
(PI) was always <0.3 (indicative of a single monomodal distri-
bution in particle size) (44,45). ζ potential was positive; indi-
cating that chitosan is arranged as a shell around the NCs-Imq
nanodroplets (1,43). Also, this surface property was not alter-
nating when imiquimod was incorporated into the chitosan
nanocapsules. The encapsulation efficacy was 73%, similar to
values reported for nanoencapsulation of other active ingre-
dients (1).

Additionally, imiquimod-loaded chitosan nanocapsules (Cs
NCs-Imq) proved to be stable for at least 48 h in physiological
condition since their particle size and PI practically did not
change in this condition (pH 7.4, 37°C,). However, under
storage conditions (4°C) at 2 weeks the particle size increased
by two-fold and PI >0.3. This increase in diameter after stor-
age condition has also been observed by other authors who
have studied solid lipid nanoparticles with Compritol® 888
ATO, suggesting that there could be a certain degree of par-
ticle flocculation under these conditions (46).

It was then studied whether the lyophilization process
could increase Cs NCs-Imq stability since it is known that this
form of drying improves the long-term stability of colloidal
nanoparticles (47,48). Figure 1 shows the physicochemical
properties of the Cs NCs-Imq after their freezing, studying
the dilution effect and the use of different cryoprotectants.

Firstly, it was observed that Cs NCs-Imq diluted in water
(1:1) lose their physicochemical properties and aggregation
can be seen, which shows the need to use cryoprotectants. It
was observed that when glucose or mannitol was used, an
increase in their respective concentrations caused an increase
in the size of the chitosan nanocapsules, without causing a
greater variation in the zeta potential. In the case of glucose,
there are several studies that report what has been observed.
For example, Sameti et al. report that when increasing glucose
from 5% to 10–20% to lyophilize cationic silica nanoparticles,
the particle size increased 2 to 4 times (49). This could be
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explained by the affinity through hydrogen bonds between
glucose and Poloxamer 188®, which causes these nanosys-
tems to increase in size when resuspended, with this increase
directly proportional to the glucose concentration (47).
Regarding mannitol, it was also observed that PI increased
when increasing the concentration of this sugar. This could
be due to its glass transition temperature that would prevent
its crystallization in an amorphous way (50); since one of the
proposed mechanisms in the lyophilization stabilization pro-
cess, is that the cyoprotectant forms an amorphous crystal that
protects the formulation from the stress of the water when
sublimating (51). The case of sorbitol was different because
the chitosan nanocapsules maintained their properties at the
highest concentration of this sugar (10%). To continue with
the studies of the stability of lyophilized chitosan nanocapsules
over time, 5% glucose was chosen as a cryoprotectant, be-
cause it has been reported that it is a more efficient cryopro-
tectant than sorbitol to stabilize nanosystems that incorporate
a hydrophobicmolecule, as is the case of the designed chitosan
nanocapsules (Cs NCs-Imq) (52).

Figure 2 shows the stability of freeze-drying chitosan nano-
capsules over time using 5% glucose. It is observed that the Cs
NCs-Imq size increased around 60 nm when they are lyoph-
ilized, but they maintained their nanometric properties for at
least 2 months (and PI <0.3). Furthermore, ζ potential
remained positive during that time, indicating that the chito-
san shell remains in the nanosystems after the freeze dried
process.

With these results it is verified that the designed chitosan
nanocapsules, which contain novel excipients (Compritol®
888 ATO, linoleic acid and chitosan) have the optimal size
to be administered through the skin (<500 nm) and that they
are stable for 48 h under physiological conditions and for at
least 2 months when they are lyophilized. Therefore, Cs NCs-
Imq have the adequate physical chemical properties to be
used as an imiquimod transdermal vehicle.

Imiquimod Release Profile

These studies were done to verify that the controlled release
properties attributable to Compritol® 888 ATO in solid
pharmaceutical forms are maintained when used as an excip-
ient to formulate transdermal chitosan nanocapsules.
Imiquimod release profiles from Cs NCs-Imq with and with-
out Compritol® 888 ATO (control) are shown in Fig. 3. It is
observed that Compritol® 888 ATO influences imiquimod’s
release. Specifically, at 24 h the Cs NCs-Imq without
Compritol® 888 deliver twice this drug in comparison with
control (p< 0.05). This shows that the Cs NCs-Imq compo-
nents were adequate to observe the controled release effect of
Compritol® 888 ATO. This is consistent with what has been
reported by other authors, which has shown that the compo-
nents of the formulations have a great influence on matrix
formation and drug release from Compritol® 888 ATO -
based matrix (40).

Table I Physicochemical Properties of Blank Chitosan Nanocapsules (Cs NCs) and Imiquimod-Loaded Chitosan Nanocapsules (Cs NCs-Imq). PI:
Polydispersion Index. Mean± S.D. (n≥ 3)

Nanosystem Size (nm) PI ζ Potential (mv) Encapsulation efficacy (%)

Cs NCs 226 ± 22 0.175 +16 + 1

Cs NCs-Imq 180 ± 17 0.178 +17 + 2 73 ± 4
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Fig. 1 Effect of cryoprotectants on imiquimod-loaded chitosan nanocapsule stability by freeze-drying. (a) Particle size (nm) and polydispersion index (PI). (b) ζ
Potential. Mean± S.D. (n=3).
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Transdermal Experiments by Raman Microscopy

In the transdermal penetration studies, newborn pig skin was
used, as it is similar to human skin in hair follicle density,
lipophilic composition and blood vessel distribution (34).

Figure 4 shows the Raman spectra obtained for each
imiquimod-loaded chitosan nanocapsule component and the
Cs NCs-Imq. All these spectra were compared with those
described in the bibliography (53,54). Analysing some spectra
it was observed that: a) For Compritol 888 ATO® the spec-
trum has characteristic bands of vibrations of C-C groups
(aliphatic chains) between 1080 and 1293 cm−1, groups CH2

and CH3 in 1438 cm−1, 2846 cm−1 and 2879 cm−1; it is not
possible to distinguish bands from ester or OH groups, possi-
bly because the relative intensity of the vibrational modes is
lower compared to other more active modes in Raman (54). b)
For imiquimod the following was observed: the characteristic
deformation bands of the aliphatic chains between 467 and
876 cm−1, the band of the isopropyl group at 1368 cm−1,

bands of the aromatic rings between 990 and 1034 cm−1

(54), the C-NH2 band in 1333 cm−1, the band of groups
CH2 and CH3 between 1400 and 1496 cm−1, the band of
heterocycles in 1618 cm−1, the band of C =C in 3078 cm−1

and the NH2 group band at 3175 cm−1 (54). c) For linoleic
acid the spectrum was similar to that reported (54); bands at
844, 914, 977, 1084, 1261 and 1300 cm−1 corresponding to
C-C are observed, the band of 1445 cm−1 assigned to coupled
deformations of CH2 and CH3, the band 1654 cm

−1 attribut-
ed to streaching C=C and COOH. Finally, bands at 2729,
2852 and 2903 cm-1 are assigned to νCHof the aliphatic CH2

and the band at 3017 cm-1 contains information of OH and
CH stretching modes.

The Raman spectrum of the skin used as a model in this
study was also obtained (see Fig. 5), with the observation that
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Fig. 2 Stability of freeze-drying chitosan nanocapsules over time. (a) Particle size (nm) and polydispersion index (PI). (b) ζ Potential. Cryoprotectant: 5% glucose.
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it presents fluorescence and a single band at 2924 cm-1, which
corresponds to aliphatic vibrations (25,55). Subsequently, the
Cs NCs-Imq spectra after transdermal experiments were
obtained (see Fig. 5), observing bands absent in the skin-only
spectrum. Analysing all this information, it was not possible to
identify a single characteristic band for Cs NCs-Imq.
Regarding this, Jamieson et al. (56) indicate that in order to
understand subtle changes in the Raman spectra when bio-
logical samples are used, the Raman spectrum should not be
considered as the result of the sum of all the compounds ob-
served there. Therefore, more than a band-by-band analysis,

trends within the spectrummust be identified. For this reason,
it was decided to evaluate the imiquimod transdermal pene-
tration by general spectra and not for a specific band.

Deepness of Imiquimod Transdermal Absorption by Raman

The Raman spectra obtained for the skin (histological sec-
tions) after 24 h in contact with Cs NCs-Imq are shown in
Fig. 6. It is observed that the imiquimod bands are seen at
depths greater than 20 μm (37,57), that is, the drug has al-
ready crossed the stratum corneum and it is found in deeper
layers of the skin, therefore it is available to be absorbed (4).
With these results, it is verified that Cs NCs-Imq transdermal
penetration can be studied using Raman microscopy and it is
possible to use this technique to know in which skin layer it is
found. This study demonstrates that Raman microscopy is an
alternative to determine the drug absorption in different layers
of the skin and it is less cumbersome to do so in comparison to
other methods, such as the case of microtome (13,58) or tape
stripping (12,14,59).

Kinetic Evaluation of Imiquimod Transdermal Penetration
by Raman

The Raman spectra of the kinetic study of Cs NCs-Imq trans-
dermal penetration for 6 h are shown in the Fig. 7. It is ob-
served that the process of penetration through the skin is dy-
namic. It is also observed that Cs NCs-Imq penetrate the
stratum corneum quickly (approximately 50 min), are present
in the skin approximately for 4 h and then tend to decrease.
One of the components of NCs-Imq is chitosan, which was

Skin

CS NCs-Imq after

transdermal experiment (24 h)

Fig. 5 Raman spectra of skin and imiquimod-loaded chitosan nanocapsules
(Cs NCs-Imq) after transdermal experiments (24 h).

Fig. 6 Transdermal penetration of
imiquimod-loaded chitosan nano-
capsules after 24 h: evaluation by
Raman.
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chosen as a polymeric cover giving a positive charge to nano-
capsules. Positively charged nanocapsules were designed be-
cause the residual amino acids of the skin at physiological pH
have a negative charge, and it is expected to find a greater
transdermal transport of cations than of anions (60–62).

This study demonstrates that Ramanmicroscopy is suitable
for studying the nanovehicles transdermal penetration. More
specifically, through Raman microscopy we demonstrate that
Cs NCs-Imq penetrate the stratum cornea and are available
to be absorbed.

CONCLUSIONS

In the present work, the chitosan nanocapsules designed for
imiquimod transdermal administration had nanometric size
(180 nm), a monomodal distribution in particle size, high en-
capsulation, good stability for at least 48 h in physiological
conditions and they maintained their physicochemical prop-
erties after 2 months when they were lyophilized. The effect of
Compritol® 888 ATO in the imiquimod control release was
observed. Using Ramanmicroscopy, it was demonstrated that
the designed imiquimod-loaded chitosan nanocapsules pene-
trate the skin dynamically and that it takes at least 50 min to
pass the stratum corneum.
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