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Abstract

Objective: This study aimed to investigate the biochemical alterations in hydration and skin proteins, which are
associated with the skin aging process, caused by cosmetic use. Background data: Many techniques have been
used to assess the effectiveness of cosmetics’ hydrating and anti-aging effects on skin. Recently, Raman spec-
troscopy has been shown to be a powerful, noninvasive tool that can monitor changes in the biomolecules of the
skin in real time. Materials and methods: Were analyzed human skin in vivo at the beginning of the experiment
(T0) and after 30 (T30) and 60 (T60) days of continuous use of a cosmetic product. Fourier-transform and
dispersive Raman spectroscopy were the used to examine the periorbicular right lateral eye region of 16 female
Brazilian volunteers, aged 60–75 years. Multivariate statistical analysis of principal components analysis (PCA)
and linear discriminant analysis were performed on all Raman spectra. Results: Using the cosmetic product for
30 days increased the intensity of the Raman bands for collagen, amide III (1250–1350 cm - 1) for proteins, and the
water (OH) stretching mode at 3250 cm - 1, suggesting that the treatment was effective. The changes observed at
T30 were not sustained at the same intensity for 60 days. Intensity variations in other bands may be related to
changes in the organization of the epidermis at the dermal matrix. Conclusions: The application of cosmetics
with active moisturizing and anti-aging properties helps to maintain the skin’s protective barrier and to slow the
intrinsic and extrinsic aging processes of the skin.

Introduction

Skin is a biological interface with the environment and
is highly metabolic, possesses the largest surface area of

any organ in the human body,1 and is composed of multiple
layers differing in molecular composition and function. Cos-
metic products are commonly used to help maintain skin
homeostasis, sustaining the skin’s water concentration and
minimizing the effects of aging. Monitoring biomolecules’
changes that occur after applying cosmetic ointments or
creams is crucial to evaluating the efficacy of these products
and/or treatments.

According to the Food and Drug Administration (FDA),
cosmetics are defined as substances obtained from animal,
vegetable, or mineral sources that do not cause physiological
alterations upon permeation. Most cosmetic products pene-
trate into the stratum corneum, epidermis, and even the

dermis, depending upon the physicochemical characteristics
of the molecules and the use of permeation promoters, or
delivery systems. 2–4

Currently, the use of cosmetics is increasing, principally
because of their ability to protect against ultraviolet (UV)
radiation, delay extrinsic aging, and prevent intrinsic chro-
nological aging.

The natural aging process of skin results in biological
changes that mainly occur because of decreases in the
dermal–epidermal interface. This decrease affects nutrient
transport between the skin’s layers, decreasing the extracel-
lular matrix, inducing fragmentation of elastic fibers,5 and
promoting reduction of collagen synthesis by impairing fi-
broblast activity.6 This process decreases the hydration af-
fecting the performance of the protective barrier of the
skin.7,8 Rhie et al. described enzymatic and nonenzymatic
changes that arise in the epidermis and dermis during the
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aging process, including a decrease or increase in the activ-
ities of certain antioxidant enzymes and molecules.9

Invasive techniques, such as tape stripping and biopsy,
provide fundamental knowledge about the skin and the effects
of skin products.10–12 However, such invasive methods lead to
changes in the molecular composition of the tissue, limiting
monitoring of structural and biochemical changes caused by
chronological, natural aging and induced, external aging. To
overcome these disadvantages, optical techniques, such as
optical coherence tomography (OCT) and Raman spectros-
copy, have been widely used to analyze the effects on the skin
of various products designed to increase hydration and slow
the aging process.13–16 The results using these noninvasive
methods are obtained in real time, in contrast to the more in-
trusive methods. OCT has specifically been used to study the
effects of moisturizers and sunscreens on skin elasticity and
hydration17 as well as to examine structural differences among
the skin of different ethnic groups.18 However, OCT does not
provide details regarding the molecular constituents and their
structure conformation in a given sample.

In vivo Raman spectroscopy can identify and characterize
biochemical changes arising from degenerative processes in
living tissues in real time. In addition to high sensitivity and
specificity, this method is noninvasive and can be used to
study the major constituents of the skin, such as lipids and
proteins, and hydration levels.9,17–22

Most studies using Raman spectroscopy have analyzed
the active ingredients of cosmeceuticals and their influence
on skin aging. However, studies that correlated the use of
cosmetic with the biochemical alterations in the skin caused
by the aging process are rare. Therefore, the main goal of the
current study was to analyze, by in vivo dispersive and
Fourier Transform (FT) Raman spectroscopy, the changes in
some biomolecules, such as protein structure and lipid
composition, as well as to determine the quality and hy-
dration quantity in aging skin in the absence or presence of
cosmetics.

Materials and Methods

Study approval

This study was performed according to ethical guidelines
and rules for research involving human subjects and was
approved by the Research Ethics Committee of the Uni-
versity of the Vale do Paraı́ba (UNIVAP) (protocol H48/
CEP/2008). All volunteers signed informed consent forms.

Selection criteria and procedures

In this experiment, a commercial anti-aging product was
used on all volunteers, following the fabricant instructions. The
in vivo experiments were performed on 16 women, aged 60–75
years, who were chosen for this study based on their answers
to a questionnaire that we administered. The exclusion factors
were prior history of or current dermatological pathologies,
irritation or sensitivity to cosmetic products, pregnancy or
lactation, and change of medication during the study.

Procedure for skin analysis and composition
of the cosmetic

To standardize the experiments and minimize the possible
interference in the Raman date from any other cosmetic

product, the volunteers did not use any type of hydrating or
anti-wrinkle cosmetic for 7 days before the experiment, as
well as on the day of the first Raman spectroscopic mea-
surement (T0). After 30 days (T30) and 60 days (T60) of
continuous use of a cosmetic, new measurements were ta-
ken. The cosmetics composition was mainly an oil-in-water
emulsion that contained plant extracts and antioxidant vi-
tamin, a chemistry sunscreen (protection UVA/UVB), natu-
ral moisturizers from vegetable sources, amino acids, and
peptides that act to increase collagen and membrane proteins
(PI-0503473-6). The volunteers used 100 mL of the product
twice a day for 60 days.

Before the start of each measurement, the volunteer re-
mained in an air-conditioned environment at a temperature
of 20.0 – 2.0�C and a relative humidity of 50.0 – 5.0% for
10 min. The skin area to be analyzed was cleaned with cotton
soaked in 1.5 mL of 97% ethanol.

Raman spectroscopy

Raman spectra were collected in the high (2800–3550 cm- 1)
and low (1070–1800 cm - 1) wave number regions in the
periorbicular right lateral eye region. A dispersive Raman
system with a 785-nm excitation source was used to obtain
the low frequency spectra. The excitation laser was guided
through an optical fiber (EMVISION LLC, Loxahatchee, FL)
coupled to a 785-nm bandpass filter in the proximal portion
and a notch filter in the distal portion. The power output of
the incident radiation was adjusted to 30 mW, and an inte-
gration time of 70 sec was used for each of the three points
measured in the orbicularis region. The spectrometer Spec-
traPro-2500i (Piacton) equipped with a CCD detector
(Spec10, Princeton) of 1340 · 400 pixels was used to collect
the Raman spectrum in conjunction with WIN SPEC soft-
ware.

The high-frequency region was measured using an RFS
100/S spectrometer (Bruker Optics, USA) equipped with
OPUS software (version 4.2, Bruker Optics). An Nd:YAG
laser with wavelength of 1064 nm was used as the excitation
source and guided using optical fiber. Raman spectra were
collected using a germanium (Ge) detector with 900 scans
and a spectral resolution of 4 cm - 1. Measurements were
made at two separate points in the same facial region. The
laser power applied to the skin surface was set to 70 mW.

Data processing

To remove the intrinsic fluorescence of the skin, baseline
subtraction was performed using a polynomial fitting of the
date using MATLAB� 6.0 (USA) software.23

The software ORIGIN� 7.5 (OriginLab Corporation, USA)
was used to fit the Raman bands obtained by FT-Raman
(Raman with Fourier transform) and Raman dispersive sys-
tems. For the low-frequency region, data were normalized
with the vibrational mode at 1445 cm - 1 (relating to angle
deformation, dCH2, lipids, and phospholipids), whereas for
the high-frequency region, the data were normalized to the
peak intensity at 2936 cm - 1 (corresponding to the stretching
mCH3 of lipids).13,21 This normalization is based on a normal
distribution, with a mean of zero and a standard deviation
equal to one, and the peak that was used as a reference
exhibited minimal intensity and bandwidth variation be-
tween the spectra. For the low-frequency region, principal
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component analysis (PCA) was used with mean centering.
Linear discriminant analysis was performed by PCA using
the covariance matrix.

Results

High frequency region: FT Raman spectroscopy

To determine the hydration profile, the water to protein
ratio was calculated using the integrated area relative to the
3230 cm - 1 peak (symmetric OH stretch) and protein (CH3

stretch) at 2936 cm - 1.21 Hydration at T30 and T60 were
compared with the control measurement for each volunteer
at T0. Figure 1a shows the average spectrum of each group at
T0, T30, and T60, and the assignment of the principal vi-
brational modes is described in Table 1.24–26 The average
intensity of the 3150–3350 cm - 1 region increased from T0 to
T30, whereas for T60, it showed a noticeable decrease. These
intensity variations may indicate changes in bonds within
the hydroxyl group dominated by O-H stretch modes. To
better visualize this variation in intensity, Fig. 1b shows the

difference between the spectra T30–T0 and T60–T0. To avoid
overlapping with the N-H vibration of protein spectra re-
gion, the integrated subtracted spectral area was calculated
in the range of 3100–3490 cm - 1, the region of the vibration of
water m (OH). The result shows that the integrated area of
T30–T0 increased by 130% as compared with the T60–T0
area. The increased change in the integrated area indicates
that the number of molecules of OH increased for T30 and
T60. However, the area variation for T30 was larger than for
T60, showing a significant improvement of the skin hydra-
tion profile.

To understand the reduction in the integrated area of the
OH region after T30 and knowing that environmental
changes can have direct effects on the skin, the climate
changes during measurement were analyzed. The environ-
ment suffered sudden climatic changes, and the mean
relative humidity was 24.3%, according to estimates made
by the meteorological station at UNIVAP—Urbanova. Ad-
ditionally, the skin hydration profile during the study period
was compared with the plot representing relative humidity

FIG. 1. (a) In vivo Raman spectrum in
the spectral range of 2800–3500 cm - 1.
The solid black line represents 30 days,
the dotted black line represents the ini-
tial time, and the gray line represents 60
days. (b) Subtraction spectra between
T30 and T60. (c) Comparison of the
water intensity (IWATER) and protein
intensity (IPROTEIN) for T60. The solid
line represents the adjustment between
the midpoints at T0, T30, and T60,
whereas the dotted line represents the
adjustment between the midpoints of
relative humidity for the same period.
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(Fig. 1c). The behavior of both curves was similar, increasing
during the first 30 days of product application and then
decreasing during the next 30 days, corroborating the Raman
spectroscopy data in Fig. 1a.

Low frequency region: Dispersive Raman
spectroscopy

Figure 2 shows the mean Raman data in the low frequency
region for each of the periods measured. The main peaks,
bands, and their corresponding assignments are shown in
Table 2.20,27,28 All spectra were normalized using the peak at
1445 cm - 1, assigned to lipids and phospholipids, which are
found in large quantities in the skin. Therefore, the low
variation in the intensity of this peak between the volunteers
allowed it to be used for standardization. Table 2 shows that
the Raman spectrum is characterized by mostly lipids and
proteins (collagen), as expected for the structural composi-
tion profile of skin.

In Fig. 3a, at T30 and T60, there was an increase in the
intensity of the amide III mode related to the tropocollagen,
whereas the amide I mode decreased in intensity after 30 days.

To verify the major changes around the Raman peaks of
interest, we calculated the first derivative spectra average for
T0, T30, and T60. Figure 3a shows the changes in the CH2

group and the amide III modes identified in this region,
which showed a marked doublet for T0, which decreased for
T30 and virtually disappeared for T60. In this range the
bands at 1258 and 1303 cm - 1 are attributed to amide III vi-
brations of proline-rich (nonpolar) and proline-poor (polar)
regions of tropocollagen (the precursor of collagen), respec-
tively. Changes in the ratio of these two bands have been
correlated with collagen degradation.29

Figure 3b shows the spectral range from 1621 to 1725 cm - 1,
indicating changes in two regions: from 1630 to 1664 cm - 1

(Region 1) and from 1712 to 1725 cm - 1 (Region 2) related to
amide I and to triglycerides, respectively. In Region 1, one of
the most notable features is the presence of a doublet peak
centered at 1650 cm - 1 for T0, which is smeared out for T30
and T60. The region around 1659 cm - 1 is associated with
collagen, with the triple-stranded helix stabilized by a large
number of interchain hydrogen bonds.29 Fourier transform
infrared (FTIR) spectroscopy has already beam used to assess
band displacement in the 1652–1658 cm - 1 region, which in-
dicates rupture of the triple helix molecule within the colla-
gen macromolecule beyond the emergence of the 1717 cm - 1

peak for degradation of collagen type IV by the metallo-
proteinase (MMP) trypsin.30

The absolute and relative changes in the amount of the
lipids (trans and gauche) and amides were estimated using
the following procedure: the integrated band area from 1076
to 1092 cm - 1 for lipids trans; the integrated area from 1108 to
1131 cm - 1 for lipids gauche; the integrated area from 1283
to 1308 cm - 1 for amide III; and the integrated area from 1628
to 1666 cm - 1 for amide I.23 The mean and the standard error
were calculated. The relative percentages of the quantity
variation for each biomolecule are shown in Table 3.

As seen in Table 3, the lipids trans presents an increase of
62.5%, in the ceramides concentration for T30 as well as for
T60. Furthermore, the concentration of lipids gauche de-
creased about 25% and 21.4% for T30 and T60, respectively.

To achieve a qualitative understanding of the data, PCA
was performed on the whole spectral range for all 48 Raman
spectra. Figure 3c shows the scatterplot of PC3 versus PC4,
indicating two distinct groupings of spectra. The grouping
on the left contained mostly the spectra of T30 and T60
separated along the PC3, whereas the group on the right
contained the spectra obtained at T0 and were separated

Table 1. Assignment of the Vibrational

Spectrum of Skin at High Frequency
24–26

Band
number

Peak position
(cm - 1) Structure Assignment

1 2890 m (CH2)s Phospholipids
2 2936 m (CH3)a Lipids and proteins
3 3066 m (CH) Olefin
4 3230 m (OH)s Water
5 3336 m (OH)a Water

N, stretch; s, symmetrical; a, asymmetrical.

FIG. 2. In vivo Raman spectra in the spectral range of 1070–
1800 cm - 1. The solid black line represents the initial mea-
surement (T0), the dotted black line represents 30 days (T30),
and the gray line represents 60 days (T60).

Table 2. Assignment of the Vibrational Spectrum

of Skin at Low Frequency
20,27,28

Band
number

Peak position
(cm - 1) Structure Assignment

1 1083 m (C-O) Lipids (ceramides)
2 1170 m (C-O-C)s,

m (C-C), q (CH3)
Lipids

3 1274 C = O a-Helix amide III
4 1310 CH, NH Amide III
5 1360 C = C, d (CH) Proteins
6 1659 m (C = O), m (C-N) Amide I (collagen)
7 1748 m (C = O) Ester (triglycerides)

v, stretch; s, symmetrical.
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along PC4. Another difference is that the spectra of T0 are
more dispersed, whereas the spectra of T30 and T60 are more
uniform and, with less variability between them. Using the
first five principal components (PC1, PC2, PC3, PC4 and
PC5), linear discriminant analysis was used to identify the
probability of spectra belonging to each group (Table 4). All
spectra of the first measurement (T0) showed 100% dis-
crimination, indicating that all were classified within the
same group. Meanwhile, the spectra of T30 showed 87.5%
discrimination, and of a total of 16 spectra, only two were
classified as T60. After 60 days of using the product (T60),
the discriminant percentage decreased to 62.5%, with six
spectra classified as T30. Interestingly, no spectrum of T30 or
T60 was classified as T0. This indicates that there was dif-
ferentiation between the first spectral measure when the
volunteer did not use the product, and 30 or 60 days after
using the cosmetic.

Discussion

The goal of this study was to evaluate any possible en-
hancing effects caused by commercial products on the hu-
man skin.

High frequency region: FT Raman spectroscopy

The high-frequency Raman region in Fig. 1b clearly
demonstrates how a change in relative humidity influences
skin hydration. Low humidity increases water evaporation
from the skin because the hydrolipidic mantle, the surface
layer of water and lipids, is flawed. This water loss is ag-
gravated by several factors, including aging. However, cos-
metic products containing active moisturizers are designed
to prevent water loss, reducing dryness and subsequent skin
flaking.31–33 In addition to protecting the skin, the continu-
ous use of such cosmetic products also maintains the skin’s
water balance, even after severe environmental changes such
as low relative humidity, excess heat, and wind.34 This effect
is depicted in Fig. 1c at T30, which shows significant im-
provement in comparison to the relative dehydration at T0.

FIG. 3. (a) Spectral region of 1200–1325 cm - 1 for the first
derivative. The main peaks relate to amide III. (b) Spectral
region of 1621–1725 cm - 1 for the first derivative. Region 1 is
related to amide I vibrational modes, and Region 2 is re-
lated to the triglyceride vibrational modes. (c) Scatterplot of
PC3 vs. PC4 for all 48 spectra in all three periods (T0, T30
and T60).

Table 3. Absolute (a.u.) and Relative (%) Intensity Values of Peak Area for Lipids Trans

and Gauche and Amides I and III

T0 T30 T60 T30/T0 T60/T0

Lipids trans (1076–1092 cm - 1) 0.08 – 0.02 0.13 – 0.04 0.13 – 0.04 62.5 62.5
Lipids gauche (1108–1131 cm - 1) 0.28 – 0.15 0.21 – 0.07 0.22 – 0.06 - 25.0 - 21.4
Amide III (1283–1308 cm - 1) 0.43 – 0.13 0.39 – 0.08 0.40 – 0.08 - 9.3 - 7.0
Amide I (1628–1666 cm - 1) 1.40 – 0.23 1.59 – 0.19 1.66 – 0.23 13.6 18.6

Table 4. Linear Discriminant Analysis

Linear discriminant analysis (%)

Classification group True group
T0 T30 T60

T0 100.0 0.0 0.0
T30 0.0 70.0 30.0
T60 0.0 16.6 83.4
Total 100.0 87.5 62.5
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This shows the possible protective effects of skin hydration
with the application of the commercial cosmetic products
used in this experiment. There was also a direct proportional
relationship between the CH2 group of the phospholipids at
2890 cm - 1 and the OH group at 3250 cm - 1. This finding in-
dicates that when water concentration increases in the skin,
there is also an increase in the phospholipid levels, because
these components prevent water loss.35,36

Low frequency region: Dispersive
Raman spectroscopy

The smeared out of the doublet peak that occur in the re-
gion around 1659 cm - 1 may be explained by structural
modification of the amide group after using the cosmetic
product. Because the Amide I stretching mode (C = O)is
weakly coupled to the stretching mode of the carbon–nitro-
gen bond and to the in-plane deformation mode of the ni-
trogen–hydrogen amide bond, the changes in the molecular
geometry by the degradation of collagen triple helix chain
may result in the dissociation of the triple helix into a simple
string or a double string37,38 because of changes in the pep-
tide bonds of the secondary structure. This collagen degra-
dation in T0, may be caused by MMPs that act on the
extracellular matrix, which is composed of collagen (types I
and III), elastin, proteoglycans, and fibronectins.

The amount of functional collagen and amide I in the skin
increased after T60. This effect is important, because the in-
crease of collagen quantity is not always related to the im-
provement of skin rigidity, but the conformation of the
molecules is more important to suppress the aging skin ef-
fects. Therefore, the increase of the functional collagen is
more important, because of its organized fiber state leading
to better extracellular matrix organization.

In this work, it was found that there was an increase in the
amount of lipids trans conformation from the use of the
cosmetic. In almost the same proportion, there was a de-
crease in the lipids gauche that represented a disordered
structure with less functionality in the extracellular matrix.
The ceramides were related to the organized lipids in the
extracelular matrix and therefore, the product acts by de-
creasing the amount of lipid that is not functional.

Conclusions

The results of this experiment demonstrate that Raman
spectroscopy can detect sensitive variations of biomolecules
in skin. Additionally, the data indicate that the application of
cosmetics with active moisturizing and anti-aging properties
helps to maintain the skin’s protective barrier, maintaining
hydration and slowing the intrinsic and extrinsic aging
processes. Lipids, collagen, and water, considered the main
components of skin, showed significant changes, even in
elderly volunteers.

In both the low-frequency region, which indirectly ana-
lyzed biomolecules related to the cellular aging process, such
as collagen, lipids, and MMPs, and the high-frequency re-
gion, which analyzed the percentage of water, the effects of
the cosmetic were greatest at T30. Generally, T60 showed
increases in the collagen and water bands demonstrating the
effect of treatment with the cosmetic product. Decreases in
other bands may be related to the organization of the epi-
dermis in the dermal matrix, resulting in greater adhesion to
the extracellular matrix.

It should be noted that after 30 days of treatment, de-
pending upon their age, the volunteers may use the product
less frequently or stop use once improvement of the skin be-
comes visually apparent. Changes in climate may also have
affected the study’s results, as was previously discussed.

These findings highlight the efficacy of the examined
cosmetic products and demonstrate that Raman spectros-
copy is an effective technique for analyzing processes
occurring in aging skin.
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Laboratório de Espectroscopia Vibracional Biomédica

Universidade do Vale do Paraı́ba- UNIVAP
Av. Shishima Hifumi, 2911

Urbanova, São José dos Campos
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