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Abstract

In vitro methods that can replace animal testing in the identification of skin sensitisers are now a reality. However, as cell
culture and related techniques usually rely on animal-derived products, these methods may be failing to address the
complete replacement of animals in safety assessment. The objective of this study was to identify the animal-derived
products that are used as part of in vitro methods for skin sensitisation testing. Thus, a systematic review of 156 articles
featuring 83 different in vitro methods was carried out and, from this review, the use of several animal-derived products
from different species was identified, with the use of fetal bovine serum being cited in most of the methods (78%). The use
of sera from other animals, monoclonal antibodies and animal proteins were also variously mentioned. While non-animal
alternatives are available and methods free of animal-derived products are emerging, most of the current methods
reported used at least one animal-derived product, which raises ethical and technical concerns. Therefore, to deliver
technically and ethically better in vitro methods for the safety assessment of chemicals, more effort should be made to
replace products of animal origin in existing methods and to avoid their use in the development of new method protocols.
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Introduction

Topically applied substances can give rise to allergic reac-

tions.! Contact allergy is a complex disease, with its
increasing prevalence leading to high costs for healthcare
systems.” In order to evaluate the safety of cosmetics, it is
mandatory to identify the sensitisation potential of sub-
stances, which was historically carried out by using ani-
mals, for example, the Guinea Pig Maximisation Test® and
the Local Lymph Node Assay*®; the latter has been pre-
ferred by regulatory authorities for several years.” How-
ever, in vivo tests are expensive, time-consuming,
ethically controversial and provide potentially questionable
results in terms of transferability to humans.® Thus, there is
a worldwide effort to perform safety assessments without
the use of animals, for example, the European Union imple-
mented a staged ban on the sale of cosmetics tested on
animals (starting with a ban on finished products in 2004,
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then ingredients in 2009 and the full ban in 2013),9 and
similar legislation is now a reality in many other
countries. '’

Advances in the understanding of cellular and molecular
mechanisms involved in the skin sensitisation process,
together with new technological platforms, have provided
opportunities to create new methods and strategies. Partic-
ularly in the field of skin sensitisation prediction, consid-
erable progress has been made in the development of
different approaches (including in vitro, in chemico and
in silico methods).''™'* Skin sensitisation is a complex
immunological process elicited by the covalent binding
of substances to skin proteins. In the induction phase, the
adverse outcome pathway (AOP) for skin sensitisation
includes the activation of keratinocytes, the processing of
the hapten—protein complex by skin dendritic cells (DCs)
and the presentation of parts of the processed complex to
naive T-cells, inducing differentiation and proliferation of
specific memory T-cells.'*

Due to the complexity of the process, a combination of
methods is needed to replace animal use in the identifica-
tion of skin sensitisers.'*!> These methods must apply the
mechanistic understanding of the immunological process, '®
incorporating the assessment of the key steps of the AOP.
In a regulatory decision-making process, it is expected that
integrated approaches to testing and assessment can effi-
ciently combine results from current in silico, in chemico
and in vitro methods with other relevant complementary
information (e.g. physico-chemical properties), to provide
reliable information.'*'”'® As the non-animal safety
assessment of skin sensitisation combines several in vitro
methods, and as these methods typically use animal-
derived products, we may be failing to address the com-
plete replacement of animals in skin sensitisation safety
assessment.

One of the most commonly used animal-derived prod-
ucts in these methods is fetal bovine serum (FBS), which is
also referred to as fetal calf serum (FCS). (It should be
noted, however, that neither FBS nor FCS are the same
as bovine calf serum.) FBS is added to cell culture medium
as a supplement, mainly as a source of hormones and
growth factors. To harvest FBS, bovine fetuses are taken
from pregnant cows sent for slaughter, and the blood of the
fetus is collected by cardiac puncture without anaesthesia.
As the animal is expected to be alive during this procedure,
the potential for suffering should be strongly consid-
ered.!”?’ In addition, the use of FBS has other associated
disadvantages, such as the risk of contamination, batch-to-
batch variation and the introduction of many unknown vari-
ables.?! Its use in alternative in vitro methods has been
increasingly criticised, not only for ethical but also for
technical and scientific reasons. While the use of FBS was
seen as crucial in the past, a reduction in its use, or pre-
ferably its replacement altogether, is now looking increas-
ingly feasible.*?

Most in vitro methods for chemical safety assessment
involve the exposure of human or animal tissues or cells (of
primary origin or cell lines) to the test chemical, in order to
determine the extent of its toxic effects. In skin sensitisa-
tion testing, the aim is to distinguish sensitising from non-
sensitising chemicals. This aim can be achieved in a range
of different ways, depending on the read-out parameter.
Immunological techniques are commonly used to obtain
these read-outs,”* and these techniques tend to use antibo-
dies that have historically been produced by using animals
and several other animal-derived products.

If the in vitro methods that are being used to replace
the in vivo studies employ animal-derived products, then
we are not completely replacing animals in chemical
safety assessment — but this is necessary in order to
have truly cruelty-free cosmetics. Thus, there is a need
for detailed information on what these products are,
whether there are any associated technical and ethical
issues, and whether animal-free replacements are indeed
available. Therefore, the main objective of this systema-
tic review was to identify the types of animal-derived
products that are currently being used in existing in vitro
methods that aim to replace the use of animals for the
prediction of skin sensitisation.

It was not our objective to compile an extensive list of
the existing in vitro methods for skin sensitisation, or to
compare them, as this has already been done by various
groups.''#2427 Our aim was to identify the various
animal-derived products that were being used in the meth-
ods, which turned out to be quite a challenging task, as not
all of the animal-derived products used were clearly men-
tioned in the articles analysed, or the use of an animal-
derived product was often completely omitted from the
method description. Furthermore, it was the case that some
types of product can often be derived from animals, but not
exclusively so.

Methods
Search strategy

Methods aimed at reducing and/or refining animal use in
testing were not included in this review. However, methods
that used animals as a source of cells were included, even
though they are not full replacement methods.

We searched MEDLINE® through PubMed, EMBASE,
the Latin American and Caribbean Health Science Litera-
ture (LILACS), and Cochrane Library databases, as well as
the Open Thesis and the Organisation for Economic
Co-operation and Development (OECD) repositories. The
literature search was performed in July 2015 and updated in
March 2019 by using various defined words and open terms
related to alternatives to animal testing, in vitro methods
and skin sensitisation. No language restrictions or other
limitations were applied. The reference list from each of
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the selected articles was searched manually, for additional
relevant papers.

Article selection

Selection of the articles was conducted by two reviewers
independently, and any disagreements were resolved by
consensus. The articles retrieved were evaluated for elig-
ibility in a two-step process. Firstly, the title and the
abstract were assessed, and those articles that clearly did
not fulfil the inclusion criteria were excluded. However, if
the abstract was unavailable but the title was clearly rele-
vant, or if a potential article was difficult to classify as
eligible for other reasons, then eligibility was assessed by
analysing the full text. Secondly, full texts were assessed,
and the specific reasons for the exclusion of each article
were recorded.

The inclusion criterion was specifically: ‘articles with
comprehensive descriptions of alternative in vitro methods
based on the use of mammalian cells, to identify potential
and/or potency of skin sensitisation’. Basic science papers
and those that did not propose an in vitro method for skin
sensitisation testing were excluded. Systematic and non-
systematic reviews, comparative studies and articles on
strategies for integrating different alternative methods were
included and analysed after data extraction from the articles
comprising a specific in vitro method, and those methods
that had not been previously identified were included (addi-
tional records).

Data extraction and analysis

The ‘Methods’ sections of the articles that fulfilled the
inclusion criteria were carefully analysed and the following
variables were extracted by two independent reviewers:
experimental platform; technique; read-out parameter;
animal-derived products that were clearly mentioned;
potentially animal-derived products that were mentioned
in the paper (when the products that were mentioned are
usually animal-derived, but no specific information was
provided regarding their source in that particular case); and
probable animal-derived products (animal-derived prod-
ucts that might have been used, but were not mentioned
in the paper).

Because different articles might describe the same tech-
nique or a single article might refer to more than one tech-
nique, articles featuring the same method (particularly with
regard to cell type, technique and read-out parameter) were
grouped. Methods were assigned to one of four categories:
(1) assessment of keratinocyte activation; (ii) assessment of
DC response; (iii) assessment of T-cell response; and (iv)
methods based on reconstructed epidermis, skin models or
explants (RSE). Only the main experimental platforms,
techniques or read-out parameters — or those showing

promising results — were included in the analysis. Tech-
niques used only for internal validation were not included.

Results

Articles and methods

A total of 850 articles were retrieved (Figure 1), comprising
739 found by searching the databases directly and 111
further papers identified from their reference lists. After
excluding 83 duplicates, the titles and abstracts of 767
articles were assessed. A total of 560 articles clearly did
not fulfil the inclusion criteria and thus were excluded.
After reading the full text of the remaining papers, 51 were
excluded: 21 either were not about in vitro methods, used
non-mammalian cells, or were not about skin sensitisation
testing; 26 were opinion pieces, state-of-the-art or other
reports, with no comprehensive description of the methods;
and the full text of the remaining four articles was unfor-
tunately unavailable. A total of 156 articles met all of the
inclusion criteria and these publications were analysed in
more detail, revealing that a total of 83 different methods
were featured. These methods were assessed and certain
characteristics recorded, as shown in Tables 1 to 4, namely:
the experimental platform; the read-out parameters; and
specific techniques. The assessment then looked at the use
of animal-derived products in detail, noting any that were:

a. clearly mentioned as such in the article;

b. mentioned and potentially animal-derived (i.e. the
source was not specified in the article); and

c. probably used (based on the type of technique
described), but were not actually mentioned.

Of the 83 methods, eight assessed keratinocyte activa-
tion (Table 1), 50 were based on the assessment of DC
response (Table 2), eight analysed T-cell response (Table 3)
and 17 were based on RSE and related models (Table 4).

A variety of experimental platforms were identified,
including human and non-human primary cells, cell
lineages and skin explants. The read-out parameters
included: activation of regulatory pathways; production
of inflammatory cytokines; expression of surface mar-
kers; and cell migration. The specific techniques recorded
were mainly histology; colorimetric and enzymatic
assays; immunohistochemistry; reverse transcription
polymerase chain reaction (RT-PCR); flow cytometry;
and *H-thymidine incorporation.

Some animal-derived products were clearly mentioned
in the methods (e.g. FBS), but this was not the case for all.
Some products, such as proteolytic enzymes (which are
used to detach cells), might be of animal origin, but this
uncertainty meant that we had to double-check on the man-
ufacturer’s website, where this information was not always
available. When there was no actual information available
regarding the source, the products that are usually animal-
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Articles identified through
databasesearching
(n=739)

Additional articlesidentified
from reference lists

(n=111)

Total articles
(n=2850)

Duplicatesremoval
(n=283)

Articles screened
(n = 767)

Articles excluded from title
and/orabstract
(n = 560)

for eligibility
(n=207)

Full-text articles assessed

Full text articles excluded
(n=51)
No full-text available (n = 4)

No in vitro method, no
mammalian cells, or no skin
sensitization test (n = 21)
Specialist opinion, state-of-the-

(n = 156)

Articles includedin review

art or other reports with no
method description (n = 26)

Figure |. Systematic review flow chart of article selection.

derived (e.g. trypsin) were classified as ‘potentially animal-
derived products’. In certain techniques, such as flow cyto-
metry, the use of animal-derived products is so common that
they are not routinely mentioned as such. This is the case for
bovine serum albumin (BSA) and other animal-derived
blocking agents. Therefore, such techniques were classified
as involving the use of ‘probable animal-derived products’.

FBS was the most prevalent animal-derived product
used. The use of animal sera, including FBS, and murine
and rabbit sera, was clearly mentioned in all of the analysed
methods to assess keratinocyte activation (Table 1), and in
the vast majority (94%j; 47/50) of the methods that assessed
DC response (Table 2). Among the methods for assessing
T-cell response (Table 3), 75% (6/8) used animal sera, and
some used human serum. A total of 35% (6/17) of the
methods based on RSE and related models used animal
sera, including FCS, FBS and mouse and goat sera
(Table 4). Overall, 78% of the methods analysed in this
systematic review used at least one type of animal serum.

BSA was clearly mentioned only in 25% (2/8) of the
methods to assess keratinocyte activation, in 40% (20/50)
of those assessing DC response, in 37% (3/8) of methods
assessing T-cell response and in 12% (2/17) of methods
employing RSE and related models.

Trypsin was clearly mentioned by 62% (5/8) of the
methods used to assess keratinocyte activation, 16%

(8/50) of the methods used to assess DC response and
12% (1/8) of methods used to assess T-cell response. How-
ever, trypsin use was not mentioned in any method employ-
ing RSE and related models (Table 4). In most articles,
trypsin was mentioned without any details of the manufac-
turer or source, hence it was considered to be a ‘potentially
animal-derived product’. In the other articles, the use of
trypsin was not directly mentioned, but it was probably
used in the culture of adherent cells or for dissociating
tissues, and so the method was classified as ‘animal-
derived products probably used’.

With regard to methods based on primary cells and cell
lines, 37% (3/8) of such methods employed to assess ker-
atinocyte activation, 4% (2/50) of those used to assess DC
response, 13% (1/8) of those used to assess T-cell response
and 6% (1/17) of those based on RSE and related models,
featured the use of animal (i.e. murine)-derived cells.

The use of monoclonal and/or polyclonal antibodies was
identified in 37% (3/8) of the methods to assess keratino-
cyte activation, 92% (46/50) of methods to assess DC
responses, 100% (8/8) of the methods to assess T-cell
response and 76% (13/17) of the methods based on RE
and related models.

Heparin was identified in the description of some meth-
ods that used human cord blood (which was collected in
tubes containing sodium heparin). In some cases, it was
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Alternatives to Laboratory Animals XX(X)

possible to identify the origin of the heparin (porcine
mucosa, according to the manufacturer’s website). How-
ever, for most of the methods that employed human blood
derivatives, it was not possible to identify the origin of the
heparin used.

Several other animal-derived products were identified,
such as bovine pituitary extract, collagen and dried
skimmed milk. The main products used are discussed
below, with their respective ethical and technical draw-
backs, and some examples of available alternatives.

Discussion

Animal sera

Animal sera, mainly FBS, was the most common animal-
derived product used in the methods described in our
selected sample of articles. FBS is an important source of
amino acids, vitamins, trace elements, hormones, growth
factors and other elements.'*® Although it is routinely
included as a culture medium supplement (and also in var-
ious cell freezing media, at a concentration of up to 90% v/
v), its use has been highly criticised for ethical reasons (see
‘Introduction’ section).'® Furthermore, alongside its high
cost,'* the use of animal serum also has scientific impli-
cations,?> as it represents a potential source of
contaminants and its undefined composition and high
inter-batch variability can lead to inconsistency between
experiments.'**">! Due to its high complexity, serum com-
position is inherently ill-defined.'>* Batch-to-batch varia-
bility is attributed to the animal’s diet, and geographical
and seasonal variations,'>*'>* which can cause quantitative
and qualitative variation in cell growth and differentiation
responses. ' >>1%¢

The elimination of animal sera from protocols could
greatly improve the quality of in vifro methods, which in
turn would have a positive impact on within-laboratory and
between-laboratory reproducibility, which are major con-
cerns in terms of validation and regulatory acceptance.'”!
Several FBS substitutes exist, including other animal-
derived products, such as newborn and adult bovine sera,
sera from other species (e.g. horse, pig and goat), tissue
extracts and bovine milk fractions.'*® Also, plant
extracts'>” and platelet-derived products'>® are available.
Human platelet lysate is a promising alternative,'”® as is
human serum, which has already been used in validated
alternative methods for skin sensitisation.***? These two
methods®®%? use commercial human plasma (pooled
human male AB plasma) as the source, which is more
defined than animal serum but is still ‘ill-defined’. As such
supplements are human-derived and contain unidentified
trace elements and unknown factors, their availability is
limited and they pose the risk of human pathogen transmis-
sion."®® The implications in terms of inter-batch variability
must be assessed for each specific method. As the

harvesting of plasma requires the use of an anticoagulant,
to be truly free of animal-derived products, the blood
harvesting and pooling process (for human serum or
platelet-derived products) must not use animal-derived
anticoagulants. For example, some commercially available
human platelet lysates are not completely free of animal
products because they use porcine-derived heparin in their
preparation.'®! However, there are ‘animal-free’ anticoagu-
lants that could be used, such as citrate.>*%2 Concerns
regarding animal-derived heparin also apply to all in vitro
methods that use blood-derived cells.

In order to avoid the use of FBS, a range of media
can be employed that are classified as ‘serum-free’ or
‘chemically defined’. However, it should be noted that
‘serum-free’ media often contain other animal-derived
components, such as albumin, hormones and growth fac-
tors.'®? Therefore, to ensure that cell culture methods are
completely free of animal-derived products, it is neces-
sary to use chemically defined media that are certified as
animal product-free.

Purified proteins can be of human, animal and non-
animal origin, but the risk of viral contamination remains
whenever human-derived or animal-derived substances are
used.'®® Recombinant proteins expressed in bacteria, yeast
or animal cells can be used as synthetic media supple-
ments.'® For some commercially available RSE models,
there is information on the culture medium used for their
production — for example, serum-free medium is used by
MatTek for the EpiDerm™ model.'*> However, in this
case, there is no information available on the source of
growth factors and hormones used, nor specific indication
that it is an animal origin-free method.

The use of chemically defined media is part of Good In
Vitro Method Practice (GIVIMP),'®® which is an attempt to
increase the reliance of in vitro methods by developing a
common standard.'>* Nowadays, a growing variety of che-
mically defined media are commercially available, which
also includes tailor-made options. In addition, a serum-free
media interactive online database is available open access
(http://fes-free.org).'*®

The EURL European Centre for the Validation of Alter-
native Methods (EURL ECVAM) Scientific Advisory
Committee has endorsed the use of non-animal-derived
products and stated that, for validation purposes, when the
use of non-animal alternatives to serum is not fulfilled, a
justification should be provided “including measures taken
to seek non animal alternatives” (see the OECD, Guidance
Document on Good In Vitro Method Practices'®).

Despite the high use of FBS found in this study, a recent
trend to reduce or eliminate it in some methods was
noticed. The first version of OECD Test Guideline (TG)
442D (ARE-Nrf2 Luciferase Test Method)'®® featured only
a KeratinoSens™-based method in which cells were cul-
tured in medium supplemented with 9% FCS.** The latest
version,>® which includes LuSens,?’ states that
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KeratinoSens culture “may be performed using human
reagents (human serum and recombinant human trypsin)
to achieve xeno-free cell culture”.

The use of chemically defined media has increasingly been
recommended to circumvent the drawbacks of animal and
human sera,'® and the successful adaptation of THP-1 cells
to chemically defined culture conditions has been reported.*
The three methods outlined in OECD TG 442E%* — that is,
human Cell Line Activation Test (h-CLAT),¥ U-SENS™!%
and the IL-8 Luc assay” — all include the use of animal-
derived products. However, with regard to the h-CLAT, it is
apromising development that THP-1 cells are used in this test,
and also that the method has recently been adapted to animal
product-free conditions by using human serum, human albu-
min and synthetic antibodies.®

When planning to replace animal serum, appropriate
shear-stress protection for the cells should be considered.
This is a necessary consideration, which is essential not only
in large-scale manufacturing processes that involve stirring
but also during seemingly trivial pipette manipulations in the
cell culture laboratory. FBS contains various components,
mainly albumin, that protect cells from shear stress, but the
non-ionic surfactant Pluronic® F68 is a commonly used
alternative that provides similar protection.'®”-'%®

Bovine serum albumin

BSA is a highly stable globular polypeptide chain isolated
from bovine blood, often fetal bovine blood (therefore,
with the same ethical implications as FBS). It is used in
several biochemical techniques as a stabiliser for other
solubilised proteins and is considered a universal blocking
agent in various immunological techniques.'®*!"°

When working with antibodies, the prevention of non-
specific binding is routinely achieved through the use of an
animal serum or albumin, or other animal-derived blocking
agent, such as dried skimmed milk, casein, whole normal
serum or fish gelatin.!”" Therefore, although the use of BSA
was mentioned in some of the analysed immunological pro-
tocols, the use of animal-derived products for this purpose was
highly probable, even if it was not specifically mentioned.

Despite the extensive use of BSA in immunological
methods, several non-animal alternative products exist,
including detergents, polymers,'”" plant proteins (such as
lectins)'”? and human serum albumin.®*!"”

Trypsin

Enzymes are often used to dissociate tissue and to detach
adherent cells prior to subculturing. Trypsin, usually
derived from the pancreas of pigs, is the most commonly
available enzyme for such purposes.'”® Trypsin was men-
tioned in 62% of the methods identified to assess keratino-
cyte activation, but only one method — the DB-ALM
protocol for KeratinoSens'’* in OECD TG 442E®* —

clearly mentioned the manufacturer (i.e. Gibco) and cata-
logue number, from which it could be confirmed that it was
derived from porcine pancreas. For the other four methods
of this type, it was not possible to identify the source of the
trypsin or the manufacturer. Thus, the trypsin was classified
as ‘potentially animal-derived’.

The use of animal-derived trypsin was clearly described
in only one of the 50 methods to assess DC response, in
which it was used to dissociate keratinocytes from fore-
skin.''? As the trypsin manufacturer (Invitrogen Corp., now
ThermoFisher Scientific) was mentioned in this case, it was
possible to identify its porcine origin. Whenever trypsin
was used for the isolation of cells from epidermal human
or animal skin,’*>! or for subculturing primary human ker-
atinocytes or keratinocyte lineages in co-culture with
DCs,"""''? most of the analysed methods did not state the
source or the manufacturer. Therefore, the trypsin was
again classified as ‘potentially animal-derived’.

Although trypsin was not mentioned in the many of the
papers analysed, its use was likely, in that most of the
methods involved adherent cells (e.g. keratinocytes and
fibroblasts), even if only as feeder layers. In addition, tryp-
sin is part of standard laboratory protocols for the disag-
gregation of tissues derived from humans or animals.
Therefore, trypsin was classified as an ‘animal-derived
product probably used’ in all methods that mentioned the
above procedures and did not specify the use of another
product. It was also likely that animal-derived trypsin
would have been used in a number of other methods, for
example, for subculturing the cells used to prepare condi-
tioned medium,”® or in the manufacturing of commercially
available reconstructed human epidermis.'?*%

In addition to animal welfare issues, trypsin can also
constitute a source of contamination, especially by myco-
plasma.'”> However, trypsin and other such proteases can
be obtained from a variety of sources: invertebrates (e.g.
Accutase®), bacteria (e.g. collagenase, dispase, pronase),
humans (recombinant human trypsin®®) and plants (e.g.
TrypLE™, TrypZean®).'”®

After detaching cells with trypsin, it is necessary to stop
its action (‘neutralisation’). This is usually performed by
the addition of animal serum (such as FBS), and it is such a
standard process when subculturing adherent cells that this
step is not usually mentioned in the method. The use of an
animal serum such as FBS for the neutralisation of trypsin
has the same ethical and technical implications as its use as
medium supplement. Importantly, it should be noted that a
further advantage of the non-animal-derived replacements
for trypsin is that they do not require neutralisation with
animal serum.

Primary cells of non-human origin

Some of the analysed methods to assess keratinocyte acti-
vation were based on murine cell lines,?® but primary
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animal cells such as skin cells obtained from the backs and
ears of BALB/c mice were also used.”® One of the methods
to assess the T-cell response used murine cells — specifi-
cally, a keratinocyte cell line (Pam 212) and T-cells and
macrophages from non-sensitised BALB/c mice.'**!*

According to the Three Rs principles (Replacement,
Reduction, Refinement), first put forward by Russell and
Burch in 1959,"”7 primary cells and tissues from non-
human animals are a partial replacement. From a scientific
point of view, in order to ensure that in vitro methods
mimic the ‘real-life’ response, the full replacement of ani-
mal cells and tissues with human cells (primary cells or cell
lines) and donated human tissues is desirable.

Antibodies

Since the development of the technology in the 1970s,
monoclonal antibodies have been produced by hybridomas,
which are myeloma cells fused with B-lymphocytes from
immunised animals. These hybridomas can be propagated
in vivo in ascites fluid (by injecting hybridomas into the
peritoneal cavity of animals to produce an antibody-rich
fluid as a response) or in vitro by culturing hybridoma cells
in culture flasks or bioreactors. Despite producing a higher
concentration of antibodies, the ascites method has many
disadvantages,'”® including considerable animal pain and
distress.'®® In fact, it has been phased out in many coun-
tries. The propagation of hybridomas in vitro constitutes a
refinement, but besides animal welfare considerations, the
production of antibodies by animal-based methods —
either directly (in the discovery phase) or indirectly (by
using FBS in the production phase) — also presents a num-
ber of scientific issues, such as the risk of contamination
and lot-to-lot variability.'®!

We identified a high level of antibody use in the analysed
articles, as most of the methods included immunological
techniques that rely on monoclonal and/or polyclonal anti-
bodies. Some of the methods employed several antibodies
from different manufacturers and species.®® While the man-
ufacturers of the antibodies were sometimes mentioned, the
production techniques were not, which made it difficult to
determine whether they involved animals and/or animal-
derived products. Therefore, when there was no clear infor-
mation on the production technique, the antibodies were
considered ‘potentially animal-derived products’, in view
of the fact that most traditional methods use animals.

Currently, high yields of antibodies can be produced in
vitro.'827 184 Despite the relatively high cost and long cul-
ture periods, mammalian cells have been the major host,
mainly due to their capacity for correct protein glycosyla-
tion and extracellular secretion. Recent advances in anti-
body engineering employ simpler cost-effective hosts as
bioreactors, such as yeast and bacteria (especially for
monoclonal antibody fragments)'® and plants.'*® It is now
possible to circumvent the limitations (and ethical
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implications) of animal-derived antibodies by using recom-
binant antibodies'®' and fully in vitro techniques with the
advent of synthetic antibodies.'®” Custom antibodies pro-
duced by phage-display technology have already been
shown to successfully replace animal-derived antibodies
in the h-CLAT.®

Other animal-derived products

The use of animal-derived products in non-animal alterna-
tive methods seems a contradiction in terms, but in fact
some in vitro methods actually use several or more. For
example, one experimental study involved the use of
bovine pituitary extract, BSA, goat serum, dried skimmed
milk and antibodies.'*' In some cases, the origin of the
products was unclear: for instance, Cao et al."'? mentioned
the use of a human keratinocyte growth supplement, which,
after checking the manufacturer’s website, was found to
include animal-derived bovine pituitary extract and
transferrin.

Other examples include the use of sheep erythrocytes to
purify T-cells,'?' 123188 and the use of collagen, which was
mentioned by three of the 16 methods involving RSE and
related models. Although significant efforts have been
made to produce recombinant non-animal collagen,'®’
unless otherwise stated, it was assumed that any collagen
used in the analysed methods was of animal origin due to its
lower cost. Only one method'** mentioned the manufactur-
ers of the collagens used — further investigation showed
that type-I collagen (from Nitta Gelatin, Osaka, Japan) can
be derived from porcine, bovine or fish raw materials,
while collagen vitrigel membrane (from Koken Co.,
Tokyo, Japan) is prepared from bovine dermis, according
to their respective websites.

Anticoagulants comprise another group of products
whose animal origin might not be particularly obvious.
Some methods that used human cord blood to generate
progenitor-derived cells stated that the blood collection
procedure was performed with collection tubes containing
sodium heparin as an anticoagulant. When the manufac-
turer was mentioned,®® it was possible to identify the
origin of the heparin (porcine mucosa). Heparin (which is
usually animal-derived) tends to be used in methods
involving animal or human blood collection, as it is often
preferred for this purpose over other anticoagulants such
as ethylenediaminetetraacetic acid (EDTA).'*° When
working with human blood derivatives, it is necessary to
investigate the method chosen for blood collection, as
animal-derived heparin is commonly used,'®' although
animal-free anticoagulants are available.*®%?

Reflections on cruelty-free cosmetics

Some animal-derived products are considered to be by-
products of the meat industry. Although their origin does
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not directly imply animal suffering per se (as is the case for
FBS), and the tissues (such as viscera) would probably be
discarded, they are derived from animals raised for human
consumption, which implies some extent of inherent ani-
mal suffering.

It is believed that the worldwide demand for FBS will
not be met by fetuses taken from cows that (by chance)
arrive pregnant at the slaughterhouse. It is actually a highly
profitable market, which produced around 500,000 litres of
FBS per year in the 1990s, from one to two million bovine
fetuses.'” The global sales volume of FBS surpassed
650,000 litres in 2017, and the global market was valued
at US$970 million in 2018.'°? Therefore, FBS should not
be considered to be a ‘by-product’. If FBS, or any so-called
animal ‘by-product’, is used in an alternative in vitro
method, then it should not be referred as animal-free.
Importantly, it seems that cosmetics can be mistakenly
referred to as ‘cruelty-free’, even when their ingredients
have been tested by using in vitro methods that make use
of such animal-derived products.

Animal-derived products have been used in animal cell
culture since its development at the beginning of the 19th
century. However, they are gradually being replaced by
products of synthetic origin.'®* Russell and Burch defined
replacement as the use of non-sentient material instead of a
sentient being, and absolute replacement as when “animals
are not required at all at any stage”.'”” Although, according
to this definition, in vitro methods for the safety assessment
of chemicals are replacement methods, this review shows
that, in most cases, the replacement is only partial. In our
opinion, historical reasons and a lack of public awareness
regarding ethical issues related to these animal-derived
products — and a consequent lack of demand for
changes — have hindered absolute replacement in this
field. However, in order to increase human-relevance,
and also due to animal welfare issues, there has been
a recent cosmetic industry requirement to eliminate
animal-derived products from in vitro methods. As
non-animal alternatives to these products provide ethical
and technical advantages, this issue should be further
discussed by the scientific community, funding agencies
and policymakers, in order to encourage a full replace-
ment of animal use in safety assessment.

Conclusions

The use of animal-derived products (mainly FBS, BSA,
trypsin and antibodies) in methods developed to replace
the use of animals in skin sensitisation testing is highly
prevalent. Given the conflicting nature of this situation,
some recent efforts have been made to adapt some alterna-
tive in vitro methods to exclude the use of animal (i.e. non-
human)-derived products.**-5%83

It was clear from this review that not all of the likely
animal-derived products used were mentioned in the

methods. Even when they were mentioned, in most cases,
it was not clear whether they were of animal origin. As the
use of animal-derived products brings a number of draw-
backs to in vitro methods, and also works against their
primary aim — that is to reduce and, preferably, eliminate
animal suffering — published papers should mention every
animal-derived product that is used in an in vitro method.
Conversely, when no animal-derived products are used,
this should be explicitly stated.

As most of the in vitro methods analysed in this review
involved the use of animal-derived products, it can be
implied that many beauty products are not as ‘cruelty-free’
as some cosmetic companies claim. The identification of
animal-derived products draws attention to this issue and
calls for efforts to replace these products in existing in vitro
methods and to avoid them in the development of new ones,
in order to provide technically and ethically better methods
for safety assessment.
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