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Introduction
Every day, our body interacts with hundreds of substances of 

all kinds: the air we breathe, the medicines we take, the snacks 
we eat. Our skin does the same.

Skin is the largest and fastest-growing organ of human 
body1; it is composed of two main layers: the epidermis (outer) 
and the dermis (inner). Cells in the epidermis are continually re-
placed: this process slows as we age. The dermis contains nerve 
endings, hair follicles, sweat glands and blood vessels. Together, 
these two layers provide us with protection and comfort.

Though it may seem to be no more than a covering for tissues, 
skin performs an excessively important role, protecting us from 
the external world: it provides a protection against mechanical, 
chemical, thermal and microbial factors, it helps us stay warm 
when it’s cold and it keeps stuff out, including germs and water.

Like any other organ it may be subject to disease, and its afflic-
tions take many forms. Skin conditions can result from an endless 
variety of causes ranging from heredity, allergy and fungal growth 
to bacterial, viral and parasitic infection; these may come from 
agents which reach the skin from outside, from the blood, or from 
an inherent instability of the epidermal cells. Moreover, skin is 
overexposed to risk factors, such as the ultraviolet (UV) radia-
tion arriving to earth surface and the environmental pollution, 
both inducing skin disorders, predominantly cutaneous malig-
nancies, immunosuppression and aging.

Last but not least, skin defines much of our standard for beau-
ty. A bright and youthful skin means health and vitality. Like eve-
ry part of our body, skin responds to care and attention: proper 
treatments can revitalize skin and slow the aging process, keep-
ing skin healthier and longer.

For all these reasons, nowadays the market calls for modern 
and more responsible skincare products, whose testing repre-
sents a crucial step for the evaluation of product safety and effi-
cacy. Rigorous material selection and testing are crucial so that 
products perform as expected and consumers are protected. De-
pending on the specific type of product, manufacturers should 
conduce specific testing to ensure the safety and usefulness of 
their cosmetic products. They may also perform additional tests to 
meet specific quality or performance requirements of consumers 
and buyers.

What in vitro solutions does the community offer?
The test industry is undergoing radical modifications: animal 

tests of cosmetic products and ingredients are now banished at 
European level. This restriction has been a significant driver to 
the in vitro testing sector in recent years. As a result, the indus-
try has seen technological advancements and innovations to 
make tests both more useful and cost effective.

In the cosmetics industry, in vitro testing is typically used to 
confirm the lack of certain toxic properties in cosmetic and per-
sonal care products, finally achieving regulatory approval. In vitro 
toxicology testing offers a non-animal alternative to the cosmet-
ics and personal care industry, allowing the effective evaluation of 
the potential of end products and ingredients to cause skin irrita-
tion, skin corrosion and other adverse side effects when consum-
ers use them. The main test methods are 2D cell-based and bio-
chemical assays, performed to assess acute toxicity, photo-toxic-
ity and mutagenicity. In particular, the most diffused tests are 
the cytotoxicity (according to UNI EN ISO 10993-10), the skin ir-
ritation (according to OECD 439), the determination of photo-
toxic potential (according to OECD 432), the determination of 
mutagenic potential (according to OECD 471), the determination 
of corrosive potential (according to OECD 435) and the cell viabil-
ity assay (MTT and/or NRU) tests. 

In vitro tests can also be used to test the efficacy of products, 
such as the absorption of a substance applied to skin. According 
to OECD guidelines, the absorption of a product through skin can 
be evaluated in vitro using a skin sample separating two cham-
bers of a diffusion cell. In this context, two main instruments 
have been using for in vitro diffusion tests: 3D skin equivalents 
and Franz cells 2, 3.

3D skin equivalents are easy-to-use highly differentiated in 
vitro human skins typically generated from primary human ke-
ratinocytes on a substrate containing human dermal fibroblasts. 
Skin equivalents are used to assess the efficacy and mode of ac-
tion of novel agents. They are grown at the air-liquid interface, 
which allows full epidermal stratification and epidermal-dermal 
interactions to occur. 3D skin equivalents may be removed from 
the insert by carefully cutting around the membrane edges with a 
scalpel. The skin is typically fragile and requires careful handling 
during removal. 

Franz Cell chambers are in vitro permeation assays frequently 
used in formulation development. Their main use is related to the 
measurement of drug release. They can be used with a synthetic 
membrane, a tissue construct or (more commonly) a biological 
sample that separates the donor compartment containing the test 
product from the receiver compartment filled with collection me-
dium. The lower compartment is maintained in agitation by a 
magnetic bar. In the cosmetics field, the test product is applied to * React4life S.r.l., Genova (Italy)
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the membrane via the top chamber. The bottom chamber contains 
fluid from which samples are taken at regular intervals for analy-
sis. This testing determines the amount of active that has perme-
ated the membrane at each time point. 

Although both 3D skin equivalents and Franz cells have been 
widely adopted in the cosmetic field as devices for testing, these 
systems have some limitations mainly related to their conforma-
tion. First, these systems limit the hosting of different skin tissues: 
skin biopsies and equivalents may in fact differ in terms of thick-
ness, shape and size, and the tissue chamber should take into 
consideration it. Moreover, the fluid present in 3D skin equiva-
lents and Franz cells is static in the upper compartments, while in 
Franz cells it is agitated in the lower compartment by a magnetic 
stirrer, thus avoiding the possibility to properly set the fluid ve-
locities as the physiological ones. 3D skin equivalents systems 
typically exist in different pre-established dimensions (e.g. 6 or 24 
well-plates), reducing their versatility; both in 3D skin equivalents 
and in Franz cells, fluid volumes can’t be adjusted. 

Until now the main instruments adopted for the in vitro tests 
allow to mimic only a segment of the skin organ environment 
(e.g. full thickness skin or a chemical diffusion across a mem-
brane); therefore at the moment it is not available a combined, 
realistic and fully compliant platform where cosmetic tests may 
be carried out according to the different end-user claims.

The revolution: MOOD by React4life

Trying to fill these gaps, the MOOD (Multi-Organ On Device) 
technology was born (see Figure 1).

equivalents in the cosmetics field, such as for example EpiSkin  
by SkinEthic, EpiDerm by MatTek, Epidermal Skin Test by  
CellSystems (see Figure 2). 

Fig. 1 – MOOD overcomes the current technologies used for cosmetic testing, 
providing a dynamic, versatile and more similar to the in vivo context.

Fig. 2 – The versatility of MOOD by React4life allows hosting skin biopsies from 
patients, equivalent skins, customized membranes or commercial membranes 
and filters. During the experiments, fluid can be sampled and analyzed (e.g. 
through spectrophotometric technique) and membrane can be observed by mo-
ving the donor chamber under an inverted optical microscope. At the end of the 
experiments, membranes can be fixed and stained to be observed with standard 
optical microscope, confocal microscope, scanning electron microscope, etc.

MOOD is an under patent device which supports the hosting 
and culture of tissues in a physiological and dynamic environ-
ment. Thanks to its conformation, MOOD can host cell monolay-
ers (e.g. keratinocytes of fibroblasts seeded on a porous mem-
brane), commercial filters or membranes, equivalent skins or  
skin biopsies. MOOD is compatible with the most used skin 

Within MOOD, fluids are dynamic, and their velocity can be 
easily chosen and adjusted in order to reproduce the physiologi-
cal speeds, such as the capillary blood velocity below the skin, or 
the polluted air above, or seawater turbulence to test the water 
resistance of sun protective products (SPF creams).

As regards transdermal tests, the winning feature of MOOD is 
the possibility to carry out both biological/structural analyses on 
the membrane (such as MTT proliferation tests, viability tests, 
microscopy analyses, compactness of the skin) and quantitative 
transdermal tests (such as to quantify the amount of compound/
pollution/radiation that has passed the skin). 

The value proposition of the MOOD technology is:
– Versatility, since MOOD can host equivalent skins, customized 
or commercialized membranes without size restrictions, as well as 
3D clinically relevant biopsies;
– Dynamicity, being equipped with fluidic circuits that maintain 
a physiological velocity of the fluid (air, liquid);
– Modularity, since it can be connected with other MOODs to 
mimic cross-talk between diverse organs. 

In the cosmetics field, specific in vitro tests can be provided 
with MOOD, such as the transdermal, the antipollution and the 
anti-UV tests. 

Transdermal tests (see Figure 3A)
New wellness compounds, drug formulations or other composites 
may be applied over the skin tissue cultured within MOOD and 
their passage through skin may be monitored and quantified over 
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time. In many cases, in fact, it is mandatory to evaluate if the cos-
metic formulation (i.e. cellulite cream) is able to fully pass through 
the epidermis and dermis tissue, finally reaching the lymphatic 
circuit.

 Advantages of MOOD with respect to standard techniques:
1. Possibility to host both human biopsies and artificial tissues of 
different size and thickness;
2. Possibility to mimic the blood capillary velocity or the lym-
phatic capillary velocity in the bottom chamber.
3. Possibility to evaluate and quantify over time the drug/com-
pound passage across the skin.

Anti-pollution tests (see Figure 3B)
MOOD allows hosting skin tissues and evaluating in a quantita-

tive way the quantity of heavy metals or other atmosphere pollut-
ants crossing the skin tissue, with and without the application of 
antipollution cosmetic products. The culture media placed below 
the skin is sampled over time and analyzed to quantify the per-
centage of pollution passed and to evaluate the percentage 
blocked by the treatment.

Advantages of MOOD with respect to standard techniques:
1. Possibility to host both human biopsies and artificial tissues of 
different size and thickness;
2. Possibility to mimic the blood capillary velocity in the bottom 
chamber;
3. Possibility to have a dynamic environment in the upper cham-
ber, useful for pollution particles to not settle after a few seconds.

Anti-UV tests of sun creams
This is an innovative test, laboratory validated and soon avail-

able for the entire market.
By using a specific UV-ray sensor embedded in the MOOD 

technology, the quantity of UV radiation passed through the skin 
after application of a sun cream may be quantified over time. In 
order to test the efficacy of waterproof products, the system may 
be used both in dry (air/liquid interface) and in wet (liquid/liquid 
interface) conditions. 

Advantages of MOOD with respect to standard techniques:
1. Possibility to host both human biopsies and artificial tissues of 
different size and thickness;
2. Possibility to mimic the blood capillary velocity in the bottom 
chamber;
3. Possibility to work both in air/liquid and liquid/liquid interface 
for the assessment of waterproof sun creams.

How does MOOD work?

MOOD consists of a main chamber representing the receiving 
compartment, inside which a second chamber, the donor com-
partment, can be stuck. The donor compartment can be directly 
represented by a 3D skin equivalent (EpiSkin by SkinEthic, Epi-
Derm by MatTek, Epidermal Skin Test by CellSystems, etc.) or by 
a provided support hosting a biopsy or an engineered membrane. 
MOOD has a cylindrical shape, recalling shape of a Petri dish, 
ensuring good maneuverability of the materials within.

MOOD is produced with a biocompatible USP class VI mate-
rial, suitable for working with biological and cellular parts.

MOOD is powered by a peristaltic pump, which allows setting 
the flow rate and the consequent fluid velocity inside the cham-
bers. MOOD can be filled with liquids or air depending on the 
test you are interested in. For example, to evaluate the effect of 
anti-pollution or sunscreen creams on skin, you can cultivate the 
skin in a classic air-liquid interface that allows the cream to be 
exposed to air and the skin to receive the necessary nutrients 
from the underlying culture medium. Contrariwise, to evaluate 
the resistance of waterproof creams, a liquid-liquid interface 
consisting of water in the upper chamber and culture medium in 
the lower chamber can be used.

MOOD is connected to the peristaltic pump through oxygen-
permeable tubes and three-way valves providing an easy replace-
ment and sampling of the culture medium and good mixing of the 
receptor solution in contact with the underside of the skin.

Fig. 3 – Some in vitro tests performed within MOOD technology: trans-dermal, 
anti-pollution and anti-UV.

Figure 3A

Figure 3B

Figure 3C



If necessary, MOOD can work into a standard humidified incu-
bator at controlled temperature and CO2.

During the experiments, fluid can be sampled over time 
and analyzed (e.g. through spectrophotometric technique or  
microscopy techniques); membrane can be also observed by 
moving the donor chamber under an inverted optical microscope 
(see Figure 4). 

Fig. 4 – the winning feature of MOOD is the possibility to carry out both biologi-
cal/structural analyses on the membrane (such as MTT proliferation tests, viabili-
ty tests, microscopy analyses, compactness of the skin) and quantitative transder-
mal tests (such as to quantify the amount of compound/pollution/radiation that 
has passed the skin).  

At the end of the experiments, membranes can be fixed and 
stained to be observed with standard optical microscope, confo-
cal microscope, scanning electron microscope, etc.

In the next future, MOOD may be used with different fluid 
configurations:
– Tangential flow configuration: the upper and the lower cham-
bers are perfused by two different and independent flows; the 
upper chamber receives a tangential fluid flow, mimicking the 
air-skin interaction. 
– Horizontal flow configuration: the upper and the lower 
chambers are perfused by two different and independent flows; 
the upper chamber receives a horizontal fluid flow, mimicking the 
fluid-skin interaction (e.g. water flow induced shear stress). 
– Perfusion flow configuration, suitable for 3D cells construct 
perfusion: the flow crosses the cells layer in vertical direction.
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