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We use terahertz time-domain spectroscopic imaging (THz-TDS) for the evaluation of moisturizing-
substances effects over stratum corneum samples. Excised stratum corneum (SC) of porcine skin was
used as an in-vitro skin model. We evaluate the interaction of SC samples with glycerine and lanolin, two
substances commonly used in moisturizers. In order to do this, THz images of SC samples after deposi-
tion of the substances were scanned. The response of the SC samples to a commercial moisturizer was
also analysed. Our results show that THz imaging is capable of sensing the distinct interaction mecha-
nisms of the substances with the SC samples. The occlusive nature of lanolin, the hyperosmotic behavior
of glycerine and the moisturizing effect of the commercial moisturizer can be observed using THz-TDS
imaging. © 2019 Optical Society of America

http://dx.doi.org/10.1364/ao.XX.XXXXXX

1. INTRODUCTION

The skin is a physical barrier that protects our body from poten-
tially dangerous exterior conditions. Dermatological products
or moisturizers are commonly used to mitigate the undesired
effects of a badly hydrated skin. Nowadays, an extensive num-
ber of moisturizers and skin-care products are available. Hence,
there is a continuous search of methods for evaluation of artifi-
cial dermal moisturizers. The development of real time imaging
methods for testing permeation and interaction of skin tissues
with such products is desirable. Among the existing methods,
the use of stratum corneum (SC) sampling offered a simple and
promising method for the testing of superficial drug-tissue in-
teraction and was the basis of dermatopharmacokinetics (DPK)
approach as test for topical drugs and substances [1–3]. How-
ever, the validation and optimization of the methodology has
presented important constraints [4]. Different optical and spec-
troscopic studies had also been reported [5, 6]. For example,
Wu et al. employed traditional confocal Raman microscopy to
probe in-vitro study on skin [7]. Qassem et al. performed in-vivo
measurements employing NIR spectroscopy in order to probe
skin optical response to the daily moisturizers [8]. However,
the real time spatial and temporal diffusion behavior of con-
ventional skin moisturizers is still lacking. THz spectroscopy
is a non-invasive and real time imaging technique with differ-
ent reported biomedical applications, particularly related to the

skin [9–13]. In the present work, we employed time-domain
terahertz spectroscopic imaging in order to visualize the in-vitro
interaction of conventional moisturizer substances with the stra-
tum corneum. With this test, we aim to explore the THz imaging
capabilities to test substances and products used as artificial skin
moisturizers.

2. MATERIALS AND METHODS

We analyzed the interaction of SC samples with glycerine, lano-
lin and a commercial moisturizer. Glycerine is a viscous liquid
that is used in pharmaceutical and skin care products. It is
normally used to improve smoothness and hydration of the
skin [14]. Lanolin is a grease wax similar to vaseline that is ex-
tensively used in cosmetics because of its emollient action. It
also forms an occlusive layer that prevents water molecules
to leave the skin [15]. Both glycerine and lanolin samples
were purchased from Sigma-Aldrich ©with ≥ 99.5% purity.
The commercial moisturizer used in this study is composed
of glycerine, petrolatum, mineral oil, glyceryl stearate, stearic
acid, cyclomethicone, dimethicone, polyethylene glycol, tri-
ethanolamine, propylparaben and purified water, as indicated
on the label. This commercial product is recommended for treat-
ing xerosis or dry skin.

The refraction index of the three substances listed earlier was
measured in the 0.5 - 1.5 THz band as a reference. For this,
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Fig. 1. (a) Attenuated total reflection layout used to determine
the complex index of refraction of moisturizing substances.
(b) Spectroscopic imaging setup used to scan SC samples and
visualize their interaction with moisturizing substances. (c)
Sample THz signal measured at each pixel of the scanning pro-
cess. The first peak corresponds to Air-PTFE interface and the
second pulse to PTFE-SC interface. t1, t2 and t3 in this image
mark the limits of integration of the pulse for the calculation of
the normalized intensity I.

we use a THz time domain spectrometer (T-ray 5000 from API
Advanced Photonix, Inc.) in attenuated total reflection (ATR)
configuration, as shown in figure 1(a). The complex index of
refraction ñ of each substance was calculated according to the
method described by Soltani et al. [16].

After characterizing the refractive index of the samples, we
studied the in-vitro interaction of the substances with stratum
corneum. The stratum corneum is the outermost layer of the skin
formed by dead skin-cells and fatty acids in a brick-like structure
with a thickness of approximately 20 µm. The SC protects our
body against external agents that could be toxic and regulates
the flux of humidity between our body and the surroundings.
It has been reported that the protective properties of the SC
can be affected by its state of hydration [17, 18]. When the
humidity content of the SC is low, the skin losses its flexibility
and permeability becoming vulnerable to external agents. SC
has soluble hygroscopic substances with low molecular weight
that act as natural moisturizers, their deficiency is related to dry
skin condition [19].

It has been reported that porcine ear skin ex-vivo is an ac-
cepted model for in vivo dermatopharmacokinetic studies in
humans [4]. Therefore, we analyze the effects of moisturizing
agents over porcine stratum corneum. The SC samples used in the
study were excised from porcine ears and treated morphologi-
cally in order to prevent any tissue damage. SC samples of 20
µm width were obtained with histology cuts. The excised sam-
ples were put on PTFE slabs for the THz analysis. 0.5 µL of each
substance was deposited individually over different SC samples.
Then, SC samples were scanned using a THz time domain imag-
ing spectrometer (T-ray 5000 from API Advanced Photonix, Inc.).
The weight of each substance per application area was calculated
according to OECD requirements for dermatological essays [20].
The imaging setup was in reflection configuration, as shown
in figure 1(b). The emitter and detector were perpendicular to
each other with a beam splitter at 45◦. Emitter-Detector module

moved over the x-y plane for sample scanning. Each pixel of
the scanning area contains a THz pulse in the time-domain with
reflection information from the air-PTFE and PTFE-SC interfaces.
An example of the signal obtained for each pixel is also shown in
figure 1(b). After application of the substances, we expect to see
changes in the PTFE-SC peak (second peak) due to effects of the
substances within SC samples. For glycerine and commercial
moisturizer sequential images were taken for 45 minutes and
for lanolin during 25 minutes. The images were recorded every
minute, each image took around 30 seconds to be scanned. For
each SC sample, we registered a reference image before sub-
stance treatment. The scanned areas were approximately 0.7cm2

with 0.1 mm x-y resolution. The room´s temperature and hu-
midity conditions were controlled at 20°C and 35% respectively,
in accordance with OECD requirements [20].

For the analysis, we first calculated the normalized intensity
(Iij) of THz signal, according to

Iij =

∫ t3
t2

E2
ij,PTFE−samdt∫ t2

t1
E2

ij,Air−PTFEdt
. (1)

THz pulses EAir−PTFE and EPTFE−sam were isolated and then
integrated within limits t1 − t2 and t2 − t3, respectively. Figure
1(b) shows the position of t1, t2 and t3 limits. The value Iij
was calculated for each pixel at i-th row and j-th column in
every registered image. After this, we calculate the change of
normalized intensity relative to the SC reference sample defined
as

∆Iij =
Iij − Iij,Re f

Iij,Re f
. (2)

In this equation, Iij,Re f refers to the normalized intensity of
the ij-th pixel obtained with Eq. (1) for the SC sample before
any substance was applied. Iij refers to the normalized intensity
Iij of same pixel after deposition of the moisturizing substance.
As Iij is time-dependent, we use this parameter to analyse the
relative change in the SC samples due to interaction with the
moisturizing substances.

3. RESULTS

We characterize optical properties of moisturizing substances in
the 0.5 to 1.5 THz band. Fig. 2 shows the calculated indexes of
refraction. The real and imaginary parts indicate that the sub-
stances have negligible dispersion and low extinction coefficient.
The commercial moisturizer shows slightly higher extinction
coefficient than glycerine and lanolin, most likely caused by its
water content. Neither of the substances have absorption peaks
in the region of interest.

For each material, selected ∆Iij images are shown in Figs. 3,
4 and 5. In Fig. 3, images (a), (b), (c) and (d) correspond to 0, 3,
10 and 30 minutes after glycerine treatment over SC samples. 0
minutes imply that the image was registered immediately after
application of the substance. Figs. 4 (a), (b) and (c) show interac-
tion of lanolin with SC at 0, 10 and 20 minutes after application.
Figs. 5 (a), (b), (c) and (d) correspond to 0, 12, 24 and 36 minutes
after the commercial moisturizer was deposited over SC sam-
ples. In the images, a brighter blue colour implies higher THz
reflection.

Reminding that each image depicts changes in the normal-
ized intensity (∆Iij) of THz signal, we calculated two parame-
ters in order to visualize modifications within SC samples after
agents treatment. The first investigates changes in THz reflection
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Fig. 2. Refractive indices n and extinction coefficients k of ana-
lyzed substances in the 0.5 to 1.5 THz band.

related to the diffusion of the substances. This parameter was
analysed by calculating the area at half value (AHV) of an image.
The half value of ∆Iij is determined by ‖∆Iij,max−∆Iij,min‖/2 for
the reference image. Here, max and min denote the maximum
and minimum values. After calculating this value, all pixels
of each image that have ∆Iij values less than this threshold are
integrated and multiplied by the size of the pixel (0.1× 0.1 mm2).
In figures 3, 4 and 5, the AHV is delimited with a white line.
The second analyzed parameter was the minimum value of ∆Iij
within an image. This is directly related with the amount of THz
signal that is reflected or transmitted by the sample. Figs. 3(e),
3(f), 4(d), 4(e), and 5(e), 5(f) show the evolution of the aforemen-
tioned parameters after the substances were applied. We notice
that all three materials have different change rate of AHV and
minimum value with time. While there are changes in glycerine
and commercial moisturizer images, lanolin appears to be static.
As each substance diffuses and interacts within SC samples, the
reflected THz signal increases or decreases modifying the AHV
and minimum value. The slope of these curves depends on the
effects that each substance has in the samples. In the follow-
ing section, the effect of each substance over the SC samples is
discussed. In addition, we correlate the observed results to the
known biological mechanisms of the studied substances.

4. DISCUSSION

As we previously stated, we expect changes in THz signal due
to the interaction of moisturizing substance with the stratum
corneum. Our results of ∆Ii show the change in normalized in-
tensity of the THz signal with respect to the initial state of every
SC sample. For glycerine, a change is clearly visible between
figure 3(a) and (d). The images show how the area of interaction
is increasing and becoming darker. This trend can also be seen
in figure 3(e) and (f). From 3(e) we see that the normalized THz
intensity is decreasing its value, making the AHV larger. Fur-
thermore, the minimum value of ∆Iij also decreases within the
first 10 minutes after treatment (3(f)). This observation agrees
with previous studies where glycerol has being reported as a
THz penetration agent increasing THz transmission within tis-
sue and therefore, reducing reflection and absorption[21, 22].
Furthermore, recent work reports glycerine as an efficient tissue-
dehydration agent increasing THz transmission through tissue
[23, 24]. In combination with our analysis, these studies indicate
that glycerine temporarily displaces water molecules in the tis-
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Fig. 3. THz images registered (a) immediately after glycerine
treatment on SC sample, and after (b) 3, (c) 10 and (d) 30 min-
utes after application. (e) Area at half value (AHV) respect to
time. The half value is marked with white lines in each of the
images as reference. (f) Minimum value of ∆Iij calculated for
every image taken at time t after application. Red spots in (e)
and (f) correspond to values of AHV and minimum value of
∆I for the presented images in (a), (b), (c) and (d).

sue, increasing THz transmission and therefore, reducing THz
reflection. In terms of the moisturizer effects, glycerine replaces
water molecules providing just an emollient effect instead of
attracting or keeping water content in the skin. In the case of
lanolin (figure 4), no real change is observed. Both, area and min-
imum are constant within the 25 minutes of measurements. It is
known that lanolin is an occlusive substance that forms a protec-
tive layer to avoid water interchange with the surroundings. As
water loss is prevented with the layer of lanolin, it is consistent
to have no changes in the state of the SC samples. Finally, we can
compare the behaviour of the commercial moisturizer against
the pure studied moisturizing substances. Clear differences with
respect to glycerine and lanolin can be seen. In this case, the
AHV is decreasing, contrary to the results of glycerine. This
implies that the normalized THz intensity is increasing its value.
As reported before, tissue with higher water content, as that of
cancerous tissue, show higher THz reflectivity [12, 25]. Then, an
increase of THz normalized intensity in time could be indicative
of higher water content in the studied samples. We can confirm
this observation with the trend in the minimum value. As seen
in figure 5, images are becoming brighter. Furthermore, the min-
imum value of the images is increasing (figure 5(f)), indicating
higher THz reflection. This would be the expected effect of a
moisturizer, the water content of SC sample is increasing, which
would help with dryness of the skin.
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Fig. 4. THz images registered (a) immediately after lanolin
treatment on SC sample, and after (b) 10 and (c) 20 minutes
after application. (d) AHV respect to time. The half value is
marked with white lines in each of the images as reference. (e)
Minimum value of ∆Iij calculated for every image taken at
time t after application. Red spots in (d) and (e) correspond to
values of AHV and minimum of ∆I for the presented images
in (a), (b) and (c).

5. CONCLUSIONS

In this work, we report the effects of glycerine, lanolin and a
commercial moisturizer over stratum corneum samples. We cal-
culated normalized intensity from THz images that show the
interaction of SC samples with moisturizing substances. Our
results show that after glycerine treatment, THz reflection de-
creases, confirming the hyperosmotic action of the substance, i.e.
glycerine replaces water molecules in the tissue providing just
an emollient effect. On the other hand, THz signal stays unaf-
fected after lanolin deposition, proving that lanolin maintains
the hydration state of the samples by forming an occlusive layer
that avoids interchange of water molecules with the surround-
ings. Finally, the THz reflection increases after interaction of
the commercial moisturizer with SC samples implying an incre-
ment on water content. This supports the expected behaviour
of a moisturizer. With this analysis, we show that THz spectro-
scopic imaging can be employed to visualize and distinguish
the mechanisms between different moisturizing or topical sub-
stances in real time. This gives a non-invasive tool for testing
topical-products effects used with dermatology or cosmetology
ends.
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Fig. 5. THz images registered (a) immediately after commer-
cial moisturizer treatment on SC sample, and after (b) 12, (c)
24 and (d) 36 minutes after application. (e) AHV respect to
time. The half value is marked with white lines in each of the
images as reference. (f) Minimum value of ∆Iij calculated for
every image taken at time t after application. Red spots in (c)
and (f) correspond to values of AHV and Minimum of ∆I for
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