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andrerb@usp.br; andre_rolim@uol.com.br

Pharmazie 62: 727–731 (2007) doi: 10.1691/ph.2007.10.7003

The interaction of the surfactant sodium dodecyl sulfate with the stratum corneum (SC) of shed snake
skin from Bothrops jararaca, used as a model membrane, was characterized qualitatively by FT-Raman
and infrared photoacoustic (PAS-FTIR) spectroscopy, used as analytical tools. Surfactant solutions
were 50.0 g � l�1 and 2.34 g � l�1 with treatment intervals of 4, 8 and 12 h. The employment of FT-Ra-
man and PAS-FTIR indicated increased hydration of the SC with alteration of the tissue topography.
The interaction of the SC with surfactant was increased by the tape-stripping process. The conse-
quent exposure of the internal layers of the tissue intensified the effect of the anionic surfactant, indi-
cating that this layer acted as an additional barrier.

1. Introduction

Surfactants are often used to modify the physical stability
of a number of topical pharmaceutical dosage forms and
such substances have an effect on the permeability of var-
ious biological membranes, including the skin. For this rea-
son they can increase the penetration of some other compo-
nents of pharmaceutical preparations (López et al. 2000).
As a fundamental stage of research into the penetration of
active substances through the skin, the selection of in vitro
models presents an important question. The ideal situation
is to employ human skin for in vitro assessment of the
permeation characteristics of drugs, although this model
membrane presents limitations such as insufficient avail-
ability and problems concerning storage. Experimental an-
imals, synthetic membranes and three-dimensional cul-
tures, as skin equivalents, have been utilized as alternative
membranes. There has been recent interest in the use of
shed snake skins as an alternative model membrane (Rigg
and Barry 1990; Turunen et al. 1993; Schmook et al.
2001; Widler et al. 2002; Ngawhirunpat et al. 2006).
Shed snake skin suggests itself as pure stratum corneum
possessing barrier properties similar to human skin. The
samples are obtained without sacrifice of the animals, are
easy to store and do not suffer microbiological deteriora-
tion, and also this model membrane addresses the question
of experimental ethics with animals and humans and is
ecologically sound (Itoh et al. 1990).
Raman (FT-Raman) and infrared photoacoustic (PAS-
FTIR) spectroscopy are useful analytical tools for the

study of the alterations provoked in the structure and orga-
nization of the stratum corneum by enhancers. Knowledge
of the characteristic spectrum of biomolecules that com-
pose the stratum corneum tissue, such as proteins and
lipids, allows the evaluation of the interactions of those
sites with enhancers, identified by modifications to typical
bands, involving intensity changes, band shifting and
broadening.
FT-Raman identified characteristic spectra for the stratum
corneum, as following: symmetric and asymmetric CH2

stretching at 2883 and 2852 cm�1, respectively, from
hydrocarbons of lipid chains, as well C––C stretching at
1126, 1082 and 1062 cm�1; another C––C stretching typi-
cally occurs at 1031 cm�1. The C––H stretching at
3060 cm�1, at least most of it, is from a-keratin (Williams
et al. 1993; Anigbogu et al. 1995).
The FT-Raman spectra from human and shed snake skin
stratum corneum are similar. These tissues show compar-
able constituents, but in different relative amounts. Some
differences were observed, such as an absence of C––S
stretching at 644 and 620 cm�1 and a C––H stretching at
2975 cm�1, in the spectral region of 2931–2883 cm�1,
from the shed snake skin (Williams and Barry 1994).
This research work focused on the evaluation and quali-
tative characterization of the interaction of the surfactant
sodium dodecyl sulfate with the stratum corneum of shed
snake skin from Bothrops jararaca, used as a model
membrane, employing FT-Raman and PAS-FTIR techni-
ques.
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2. Investigations, results and discussion

Anionic surfactants interact with the SC principally
through linkage with the protein fraction (keratin) by elec-
trostatic and hydrophobic bonding (Scheuplein and Ross
1970; Rhein et al. 1986). At neutral pH, a condition main-
tained in this study, keratin possesses negative residual
charge; interactions with anionic surfactants occur with the
hydrophobic portions of both the keratin and the surfac-
tant, exposing the negatively charged hydrophilic fraction
of the molecule, which acts as a water bonding site
(Breuer 1979).
As controls, SC samples in the intact and tape-stripped
states were immersed in distilled water for 8 h. Spectra
are shown in Fig 1.
The Raman spectra obtained with the SC model membrane
treated with SDS 50.0 g � l�1 for 4 and 8 h (Fig. 2) showed

an elevated signal intensity at 3100–2700 cm�1 when com-
pared with the control sample treated with water, while the
8 h treatment resulted in a more intense signal, demonstrat-
ing that modifications of the topography of the SC occurred.
The interaction level of the surfactant with the SC model
membrane depended, besides other factors, on the contact
period (Ananthapadmanabhan et al. 1996).
The 3100–2700 cm�1 signal is characteristic of the
stretching vibration of CH from CH3 and CH3 symmetric
and asymmetric lipids. The elevated Raman signal after
SDS treatment possibly reflected the interaction of the an-
ionic surfactant with keratin, since the hydrophobic chain
of the SDS molecule (C12) exhibits absorption bands of
symmetric and asymmetric CH2 stretching at the same wa-
velengths as the lipids.
The interaction of the anionic surfactant with the SC sam-
ples, without penetrating the internal layers, could explain
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Fig. 1: FT-Raman (a, c) and PAS-FTIR (b, d) spectra of SC model membrane from Bothrops jararaca in water for 8 h. (a) and (b) intact SC; (c) and (d)
tape-stripped samples

Fig. 2: FT-Raman spectrum of SC model membrane from Bothrops jararaca treated with SDS 50.0 g � l�1 for (a) 4 h and (b) 8 h



the absence of water afflux to the tissue, as was expected
on treatment with SDS. The additional layer of b-keratin
of the SC of shed snake skins from Bothrops jararaca
would be the potential reason for the superficial interac-
tion with SDS (Williams and Barry 1994).
Although the FT-Raman technique showed a low sensitiv-
ity to the presence of water, the increase in water content
was observed indirectly through the alterations in the
superficial topography of the SC, once dilated of the high-
er water content. This behavior was also observed by
Baby et al. (2006a), who employed differential scanning
calorimetry (DSC) to characterize the interaction of anio-
nic surfactant with a stratum corneum model membrane
from shed snake skin, which identified an elevation of the
temperature that caused water loss and keratin denatura-
tion from 130 to 140 �C. This occurrence indicated an in-
crease of water content in the tissue.
After the tape-stripping process, the SC of shed snake
skins from B. jararaca treated with solutions of SDS at
50.0 g � l�1 and 2.34 g � l�1 for 12 h showed a reduction in
the Raman signal in the range from 2800–3000 cm�1,
which was more intense for the samples treated with the
solution above the CMC, as shown in Fig. 3.
The reduction of Raman signal intensity is related to a lower
density of chemical groups that disperse light, present per
unit area of surface, indicating possible expansion of the SC
decurrently to the water content of the tissue, which caused
the increase in volume of the samples. This effect was ob-
served markedly in the SC treated with the higher concentra-
tion of SDS (50.0 g � l�1), suggesting that not only the mono-
mers of the surfactant were interacting with the SC, but also
the micellar species. The tape-stripping process removed the

superficial layers of the tissue and facilitated the interaction
of the surfactant with the deeper a-keratin layer and the lipid
matrix of the SC samples (Scheuplein and Ross 1970; Rhein
et al. 1986).
The FT-Raman results permitted the observation that the
supplementary layer of b-keratin in the SC of shed snake
skin acted as an additional barrier to the penetration of ex-
ternal substances (Itoh et al. 1990; Rigg and Barry 1990;
Williams and Barry 1994).
The PAS-FTIR spectra obtained for the SC of shed snake
skins from B. jararaca treated with 50.0 g � l�1 SDS solu-
tion for 4 and 8 h (Fig. 4) did not suffer significant altera-
tions in the region of 3600–3300 cm�1.
The 8 h treatment caused an intensification of the signal
at 2920–2850 cm�1, the stretching region of lipid CH, that
identified the presence of water in the superficial layer of
the SC samples, detected through the C12 chain of the
SDS and confirming the results obtained with the FT-Ra-
man technique. The contact time has been shown to be a
meaningful parameter in the process of the interaction of
SDS with keratin (Ananthapadmanabhan et al. 1996).
PAS-FTIR of tape-stripped SC samples treated with
50.0 g � l�1 and 2.34 g � l�1 (Fig. 5) SDS solutions showed
enhanced hydration identified by the broad bands in the
region 3600–3300 cm�1. Both concentrations gave similar
results, indicating that, even though the interaction with
the surfactant involved the monomer species that is smal-
ler and penetrates through the SC, micelles may have
acted as reservoir of monomers, keeping their concen-
tration in the solution constant (Vaddi et al. 2001). After
removing the superficial layers of the SC samples by the
tape-stripping process, the interaction of SDS with the
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Fig. 3: FT-Raman spectrum of tape-stripped SC model membrane from Bothrops jararaca treated with SDS (a) 50.0 g � l�1 and (b) 2.34 g � l�1 for 12 h

Fig. 4: PAS-FTIR spectrum of SC model membrane from Bothrops jararaca treated with SDS 50.0 g � l�1 for (a) 4 h and (b) 8 h



internal protein region (a-keratin enclosed by the lipid
matrix) was intensified when compared with intact SC
samples.
SDS adsorption to the protein portion of the SC samples
intensified the PAS-FTIR bands at 2920–2850 cm�1,
which is related to the stretching vibrations of SC lipid
CH coinciding with stretching vibration of the anionic sur-
factant dodecyl chain. No alterations were detected in the
1700–1600 cm�1 amide I band with respect to the keratin
conformation, indicating that the SDS did not cause mod-
ifications to the protein molecule, which would be one of
the mechanisms of action proposed for the interaction of
surfactants as enhancers (Rieger 1985; Walters et al. 1988;
Castellano et al. 2000).

3. Experimental

3.1. Chemicals

Sodium dodecyl sulfate (95.80% –– Stephanol ME-Dry) was purchased from
Stepan Quı́mica Ltd. (São Paulo, SP, Brazil). The surfactant sample has
anionic properties. Mono-hydrated citric acid was obtained from Anidrol
Produtos Quı́micas Ltd. (São Paulo, SP. Brazil). Purity of materials was as
stated by the suppliers. All chemicals were of pharmaceutical grade ob-
tained from commercial sources and were used as received, without any
further purification.

3.2. Surfactant solutions

Aqueous solutions of surfactant were 50.0 and 2.34 g � l�1 of active
material giving concentrations above and below the critical micellar
concentration (CMC). The pH of the solutions was adjusted to 6.5 to
7.0 with 10.0% (w/v) citric acid solution in deionized water, at room tem-
perature (25.0 � 1 �C), when required. The CMC value for SDS is
8.2� 10�3 mol � l�1 (Lodén, 1990; Baby et al., 2006a).

3.3. Preparation of SC model membranes from Bothrops jararaca

3.3.1. Whole SC model membrane

Ventral portions of shed snake skins were obtained from Bothrops jararaca
(Viperidae family), kindly given by Instituto Butantã (São Paulo, SP, Bra-
zil). SC model membranes were cut and washed in distilled water at room
temperature (25.0 � 1 �C), followed by immersing the samples in surfac-
tant solution (concentration above the CMC – 50.0 g � l�1). The times of
contact of the samples with the solution were 4 and 8 h, and at the end of
those periods, the SC model membranes were dried using quantitative filter
paper (CAAL n. 1541) with soft compressure.

3.3.2. Tape-stripped SC model membrane

Ventral portions of shed snake skins from B. jararaca were cut and washed
in current distilled water at room temperature (25.0 � 1 �C). Samples were
re-hydrated in distilled water by immersion in a Petri dish for 1 h, followed
by drying with quantitative filter paper, as described elsewhere (Baby et al.
2006b). The dried samples were left at room temperature (25.0 � 1 �C) for
30 min. The tape-stripping procedure was performed once with Transpore�

adhesive tape (100� 4.5 m – 3M, São Paulo, SP, Brazil) on the upper
layer of the samples under gentle pressure to mechanically remove the
superficial cells of the SC model membrane from B. jararaca (Baby et al.

2006b). The tape-stripped samples were placed in contact with the surfac-
tant solutions of 2.34 (below the CMC) and 50.0 g � l�1 for 12 h and after
this time, the SC model membranes were dried with quantitative filter paper.

3.4. FT-RAMAN

A Bruker RFS 100/S Raman spectrometer with OPUS software was used.
Samples were analyzed under the following conditions: laser power –
250 mW; number of co-additions – 256; resolution – 4 cm�1; and spectral
range – 3500 to 200 cm�1. Measurements were performed with three repli-
cates.

3.5. PAS-FTIR

Samples were cut large enough to fill the whole area of the photoacoustic
cell (MTEC 200) and covered with a metal device to avoid movement of
the samples. A flow of helium was used for 2 min to remove water and
CO2 molecules. A rubber composite was used as standard. Conditions
were: resolution – 4 cm�1; number of co-additions – 64; spectral range –
400 to 4000 cm�1; and velocity of mobile mirror – 0.05 cm s�1. Prior to
analysis, the spectrometer was evacuated and the measurements were in
three replicates. Results were analysed with the BOMEM PCDA program.
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effects of Span 20 with Tween 20 and Azone on the in vitro percuta-
neous penetration of compounds with different lipophilicities. Int J
Pharm 202: 133–140.

Rhein LD, Robbins CR, Fernee K, Cantore R (1986) Surfactant structure
effects on swelling of isolated human stratum corneum. J Soc Cosmet
Chem 37: 125–139.

Rieger MM (1985) Surfactants in cosmetics, New York, p. 133–194.

ORIGINAL ARTICLES

730 Pharmazie 62 (2007) 10

Fig. 5: PAS-FTIR spectrum of tape-stripped SC model membrane from Bothrops jararaca treated with SDS (a) 50.0 g � l�1 and (b) 2.34 g � l�1 for 12 h



Rigg PC, Barry BW (1990) Shed snake skin and hairless mouse skin as a
model membrane for human skin during permeation studies. J Invest
Dermatol 94: 235–240.

Scheuplein R, Ross L (1970) Effects of surfactants and solvents on the
permeability of epidermis. J Soc Cosmet Chem 21: 853–873.

Schmook FP, Meingassner JG, Billich A (2001) Comparison of human
skin or epidermis models with human and animal skin in in vitro percu-
taneous absorption. Int J Pharm 215: 51–56.

Ngawhirunpat T, Panomsuk S, Opanasopit P, Rojanarata T, Hatanaka T.
(2006) Comparison of the percutaneous absorption of hydrophilic and
lipophilic compounds in shed snake skin and human skin. Pharmazie
61: 331–335.

Turunen TM, Buyuktimkin S, Buyuktimkin N, Urtti A, Paronen P, Rytting
JH (1993) Enhanced delivery of 5-fluorouracil through skin by two new
transdermal penetration enhancers. Int J Pharm (92) 89–95.

Vaddi HK, Wang LZ, Ho PC, Chan YW, Chan SY (2001) Effects of cetri-
mide and ascorbic acid on in vitro human skin permeation of haloperi-
dol. Chem Pharm Bull 11: 1395–1400.

Walters KA, Walker M, Olejnik O (1988) Non-ionic surfactant effects on
hairless mouse skin permeability characteristic. J Pharm Pharmacol 40:
525–529.

Widler N, Sigrist A, Gafner FM (2002) Lipid analysis and transepidermal
water loss in snakes. IFSCC Magazine 5: 24–29.

Williams AC, Barry BW (1994). Comparison of Fourier Transform Raman
spectra of mammalian and reptilian skin. Analyst 119: 563–566.

Williams AC, Barry BW, Edwards HGM, Farwell DWA (1993) A critical
comparison of some Raman spectroscopic techniques for studies of hu-
man stratum corneum. Pharm Res 11: 1642–1647.

ORIGINAL ARTICLES

Pharmazie 62 (2007) 10 731


