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blue light

1. Introduction

The skin is the largest human organ, and it forms the first and 
one of the most important barriers and protective layers be-
tween the human body and its environment. In the course of 
increasing air pollution, human skin is exposed to increased 
stress in our modern urban world [1]. In addition to UV radi-
ation, it is also exposed to a variety of pollutants, particulate 
matter and ozone outdoors. In recent years, the influence of 
blue light on the skin has increasingly moved into the con-
sciousness of harmful external environmental influences. 

The solar energy hitting the Earth consists of UV radiation 
(280-400 nm), visible light (400-760 nm) and infrared radia-
tion (760 nm – 1 mm). For UV light, the damaging effect and 
the influence on skin physiology has been extensively proven 
[2,3,4].

In contrast, there are only a few investigations for the range 
of visible light beyond the UV spectrum, i.e. with wavelengths 
greater than 400 nm. When sunlight hits the skin, 4-7% is re-
flected by the stratum corneum (SC) [5]. The rest of the light 
is scattered on the fine structures of the skin, such as organ-
elles and collagen fibers, or absorbed in the deeper layers of 
the skin by photoacceptors. While most of the UV-B radiation 
is absorbed in the epidermis, about 80% of the UV-A radi-
ation penetrates to the dermal epidermal barrier and about 
10% reaches the hypodermis [6]. Visible light, i.e. with wave-
lengths greater than 400 nm, penetrates much deeper into 
the skin, about 20% reach the hypodermis [6]. 

In order for biological activity to be triggered in the skin, the 
irradiated light must be absorbed by photoacceptors and thus 
be able to pass into an excited state. The photoacceptors ex-
cited in this way can then act on other molecules and convert 
the light energy into a molecular reaction [7]. In the blue wave-
length range, flavoproteins, porphyrin-containing enzymes, 
bilirubins, retinol, carotenoids and melanin are classified as 
photoacceptors. These cause cellular reactions and clinical ef-
fects in the skin via various diverse biochemical processes [8].

It has often been described that the formation of reactive oxy-
gen species (ROS) and matrix-degrading enzymes is induced by 
radiation [9]. DNA damage, cell shrinkage and premature cell 
death are also described to be consequences of high-energy 
blue light in the skin. They lead to a reduced proliferation of 
fibroblasts as well as a reduced production of procollagen 1 
and ATP, so that the skin ages prematurely and fatigues as a 
result [10]. Blue light radiation as one of the possible causes of 
extrinsic skin aging is therefore becoming increasingly import-
ant in the cosmetics industry.

For the investigation of the effects of blue light on the skin, a 
look at the literature shows a variety of different methodologi-
cal approaches. For example, different light sources were used, 
so that a clear assignment of biochemical and cellular reactions 
to a certain wavelength range, that of blue light (400-480 nm), 
is difficult. The light sources used range from fiber optic sourc-
es with filter discs (400-700 nm) to multi-LED lamps with eight 
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The harmful effects of blue light rays on the skin are increasingly becoming the focus of the cosmetics industry and consumers. 
So far, only a few in vivo test methods for measuring the effects of blue light on the skin have been described in the literature. 

Direct detection methods that show the immediate effects of blue light on the collagen network of the skin are still missing. In 
the work presented here, a new in vivo test method for measuring the effect of blue light on the skin is presented. 
The skin of volunteer subjects was irradiated with a light source with a narrow emission spectrum and low-dose blue light (6 J/cm2). 
Before irradiation, and 1 hour respectively 24 hours after irradiation, we were able to detect the increase in MMP-1 concentration 
and the decrease in type 1 procollagen in the blister fluid of the suction blisters. We were able to visualize the collagen network 
with the help of scanning electron microscopy (SEM) on the underside of the suction blister roofs and quantitatively evaluate it 
with the help of an image analysis. Here, too, after blue light treatment, there was an increasing degradation of the collagen 
fibers as well as a decrease in the length of the collagen strands. 
The presented study can be used as an effective in vivo test method for products that want to reduce the negative effects of blue 
light on the skin and reduce premature skin aging. 
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the skin and the light source to avoid thermal influences of 
the blue light source. The skin surface was irradiated with 
blue light (450 nm) for 15 minutes on an area of 9 cm². The 
measurement of the total applied light was carried out with 
a UV meter and the FS VIS D2 E110 sensor. This resulted in a 
total energy of 5.5 J/cm2 after the 15 min, which was applied 
to the skin surface.
Suction blisters were taken before (t0), after 1 (t1) and 24 
hours (t2) after blue light treatment.

Generation of suction blisters

Suction blisters were created on the skin of each test area by 
using custom-made Plexiglas suction chambers with three cir-
cular openings of 7 mm in diameter. A vacuum of about 550 
- 850 mbar was applied, and the blisters were created over a 
period of 1.5 - 2.5 hours. The blisters formed in the diameter 
of the suction openings of the Plexiglas chamber, whereby after 
about 2 hours the epidermis slowly detached from the underly-
ing dermis. The blister fluid (interstitial fluid) was extracted with 
a sterile syringe and the roofs of the resulting suction blisters 
were then removed under sterile conditions. The resulting small 
wounds were treated with Hansaplast® Active Gel Strips. All 
wounds were completely healed and scar-free within 6-10 days. 

One hour and 24 (± 2) hours after blue light exposure, the 
formation of suction blisters was performed on the exposed 
as well as on the non-exposed areas to analyze the expression 
level of MMP-1 and procollagen type 1 in the blister fluid. 
The suction blister roofs were transferred to a fixing solution 
for the subsequent examination in the SEM and stored at 4°C 
until further use.

Determination of procollagen 1 and MMP-1

The suction blister fluid (interstitial liquid) was removed from 
each test area with a sterile syringe and stored at -80°C until 
further analysis. The procollagen 1 and MMP-1 content in the 
interstitial fluid of each sample was measured with ELISA kits. 
(RayBio® Human MMP-1 ELISA Kit, RayBiotech, Georgia, USA 
and Procollagen type IC-Peptide (PIP) EIA Kit, TaKaRa Japan). 

Scanning electron microscopy and image analysis

The suction blister roofs were re-fixed in osmium tetroxide, 
dehydrated in an ascending ethanol row and then critical 
point dried to avoid drying artifacts and thus optimally pre-
serve the fine structures on the dermal side of the suction 
blister roofs. For the subsequent SEM examination of the suc-
tion blister roofs, they were sputtered with gold. The image 
acquisition was carried out digitally. The quantitative analysis 
of the collagen and fiber structures was carried out using a 
Plugin from ImageJ. Before the calculation of the proportion 
of collagen and fiber structures is carried out, a coloring of 
the image material is selected in order to better distinguish 
fiber structures from the background. 
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different LEDs in the wavelength range from 412 to 940nm 
to LEDs with a very narrow emission spectrum around 450nm 
[11,12]. Likewise, the selected illumination intensities are very 
different (8 J/cm2 to 480 J/cm2) [13]. Against this background, 
the challenge was to use a standardized blue light source with 
a narrow irradiation spectrum and a maximum intensity at 450 
nm with the method presented here and thus to be able to 
make a clear assignment of the effects of blue light.

The further aim of this work was to develop a methodological 
approach that can directly map the effects of blue light treat-
ment on the collagen network of the skin. For this purpose, we 
used a blue light source with a very narrow emission spectrum, 
which enables a reproducible blue light application depending 
on the distance to the skin surface and the duration of irradi-
ation. After irradiation, suction blisters were generated, from 
which the interstitial fluid was taken for biochemical analysis. 
The suction blister roofs were used for microscopic examina-
tion to visualize and quantify the quality of the collagen and 
fiber network on the dermal side of the dermal/epidermal bar-
rier. Between blue light application and sampling, two time 
windows (1 hour and 24 hours) were applied to detect possible 
time delays in the skin’s response to blue light irradiation. The 
MMP-1 and procollagen peptide type 1 concentration in the 
interstitial fluid were analyzed; the morphology of the collagen 
and fiber network on the dermal side of the suction blister 
roofs using scanning electron microscopy (SEM).

Material and methods 

Subjects and study design

In this preliminary study, epidermis and skin fluids were ob-
tained from blue light exposed and non-exposed control skin 
of 3 healthy male and female Caucasian subjects (ages 50.7 
± 6.3 years; nonsmokers). Suction blisters were collected from 
unexposed skin and from blue-light exposed skin 1 and 24 
hours after exposure. The entire viable epidermis with intact 
basal layer was used for SEM examination, and the interstitial 
fluid within the suction blisters were used for the analysis of 
MMP-1 and procollagen-1 expression levels.

The pilot study was conducted in the laboratories of SGS IN-
STITUT FRESENIUS GmbH in accordance with the principles of 
the Declaration of Helsinki and its amendments, and a written 
declaration of consent was obtained from all subjects.

Blue light irradiation

The irradiation of the skin surface with blue light was carried 
out with an LED light source (MSD in-house development) 
with a narrow irradiation spectrum between 420-470 nm and 
the maximum intensity at 450 nm. The primary light intensity 
of this LED light source is 105 lm. Blue light was applied to the 
subjects’ forearm, maintaining a distance of 15 cm between 
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Results

The blue light used leads to an in-
crease in MMP-1 concentration in the 
subjects. The relative comparison be-
tween blue light exposed and untreat-
ed skin shows an increase in MMP-1 
values after just one hour (t1=1.3, Fig-
ure 1). This trend becomes even clearer 
after 24 hours. The exposed skin shows 
a doubling of the MMP-1 values (t2=2.1) 
compared to the untreated skin.

The blue light treatment shows a clear 
effect with regard to procollagen type I 
only after 24 hours. The relative content 
to the untreated skin area shows a re-
duction in the procollagen type I values 
with a value of 0.58 (Figure 2).

The SEM examinations after blue light 
treatment show a significant change in 
the collagen and fiber structure on the 
dermal side of the suction blister roofs, 
while in the control sample the fiber 
structures of the basal collagen struc-
tures are clearly recognizable and clear-
ly pronounced (Figure 3, A), these be-
come significantly less already 1h after 
blue light application (Figure 3, B). Not 
only are there numerically fewer fiber 
structures, but the diameter and length 
of the individual fibers also change. 24h 
after the blue light application, these 
collagen and fiber structures are sig-
nificantly reduced compared to the un-
treated control and the 1h value (Figure 3, C). Significantly 
fewer fiber structures are recognizable in number as well as 
in length and diameter of the individual fibers. This is also 
shown by the quantitative determination of collagen and 
fiber structures at higher magnification in the SEM. The ar-
eas colored red correspond to the fiber structure or collagen 
content in the respective image. Figure 4 shows the quanti-
tative evaluation of collagen and fiber contents. Compared 
to the area not exposed to blue light, significantly lower val-
ues are already shown one hour after the blue light appli-
cation, which are then reduced by another 37% 24 h after 
the blue light exposure compared to the non-exposed skin. 

Discussion

Skin aging induced by blue light is becoming increasingly 
important in the attention of the cosmetics industry and 
consumers. Against this background, we wanted to devel-

op a new in-vivo test method that allows to show effects 
on the collagen network even at a low doses of blue light.

For this purpose, during the development of this method, 
we extensively examined the undersides of suction blister 
roofs in the SEM and found that they are 20-25% covered 
with the stratum lucidum of the basement membrane, to 
which collagens and the fiber network are anchored in 
many ways. By means of immune markings, we were able 
to clearly prove in the course of the method development 
that the fiber structures are different collagens. 

Our data after blue light exposure of the skin show a 
decrease in collagen and fiber network as a function of 
time. Collagens, like many other structure giving fibers, 
are subject to constant up and down. It can therefore be 
assumed that over time, here after 1 and after 24 h, the 
biochemical framework conditions for the synthesis of col-
lagens become worse and the parameters responsible for 
the degradation of collagen increase. This is shown in the 

Fig. 1	 Analysis of suction blister fluid before (t0), as well as one (t1) and 24 (t2) hours after blue 
light exposure to the skin. Shown are the relative data of the specific matrix metalloprotein-
ase-1, i.e. the ratio between treated and untreated skin at the respective measurement times.
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Fig.2	 Analysis of suction blister fluid before (t0), as well as one (t1) and 24 (t2) hours after 
exposure to blue light on the skin. Shown are the relative data of procollagen type 1, i.e. the 
ratio between treated and untreated skin at the respective measurement times.
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Conclusion

With the pilot study presented here, we introduce a new in-vivo 
test method with the help of which the effects of blue light 
on the epidermis can be clearly demonstrated. The methodol-
ogy allows to investigate the influences on the collagen net-
work and the enzymes MMP-1 and procollagen type 1 even 
at a low blue light dosage. It is thus an effective in vivo test 
method for products that want to reduce the negative effects 
of blue light on the skin and reduce premature skin aging. 
A decisive advantage of the method is that the microscopic 
images give a direct image of the collagen network of the 
skin, so that meaningful and reproducible results can be ob-
tained even with a small number of cases.

study presented here in the 
analysis of the biochemical 
parameters MMP1 and pro-
collagen1. For the MMP1, it is 
clearly visible that there is an 
increase over time and thus 
could break down collagens. 
For procollagen type 1, a de-
crease in the concentration in 
the suction blister fluid can 
be seen, a build-up of colla-
gen fibers is thus not promot-
ed. However, if one compares 
the results found here with 
those in the literature, which 
are not always transferable as 
already described, there are 
some parallels. An increase in 
the concentrations of MMP1 
in the medium of the inves-
tigated 3D-RHE models could 
be shown after an application 
of visible light with an inten-
sity in between 65J/cm2 and 
180J/cm2 by Liebel et al 2012 [9]. 

These effects were also induced by ir-
radiation with UVA/B light. In 2010, Li-
ebmann and co-authors were able to 
show that irradiation of cells with light 
of the wavelength 412-426 nm has an 
influence on the proliferation of kerati-
nocytes [11], while Mahmoud and col-
leagues (2010) described an increasing 
pigmentation of the skin in an in vivo 
experiment with visible light without 
UVA content [13]. Similar results were 
also shown by Campiche and co-au-
thors (2020) [12]. In an in vivo study, 
after blue light irradiation of the skin 
with a light source of a narrow emis-
sion spectrum, it was demonstrated 
that treatment with a microalgae extract reduces the pig-
mentation of the skin.

In addition to the similarities described here, the studies 
have also shown that lighting intensity and illumination 
spectrum play just as much a role in the investigation of 
the effects of blue light on the skin as the enclosed skin 
type [11,12,13]. Against this background, we were sur-
prised that even with the low-threshold blue light applica-
tion used here, clear effects were visible. Further studies 
with a larger number of subjects and product applications 
will further complement the methodology presented here 
and further elucidate the effect of blue light on the skin.

Fig. 3	 Scanning electron microscopy (SEM) images of the collagen network at the suction blister roof un-
derside before blue light exposure (A, D), one hour after blue light exposure (B, E) and 24 hours after blue 
light exposure (C, F). Images A, B and C each show the original REM images, while images D, E and F show 
the collagen network outlined in red on the original images.

Fig.4	 Analysis of the areas covered with collagen and fiber network on the dermal side of the 
suction blister roofs before exposure to blue light (t0, untreated), as well as one (t1) and 24 
hours (t2) after blue light treatment.
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