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Animal-free in vitro technologies
https://nc3rs.org.uk/animal-free-in-vitro-technologies
The quality, consistency of formulation, and lack of validation of reagents used in scientific research has been identified as a major contributing factor to poor reproducibility [1]. Many of these reagents such as antibodies and fetal bovine serum are derived from animals, raising scientific and animal welfare concerns. There is a concerted effort across the biosciences to adopt human-based in vitro assays to replace animal models where possible and increase the predictivity of preclinical research [2]. However, the use of animal-derived reagents in these assays brings into question the validity, utility and robustness of these approaches and presents a barrier to their more widespread adoption.
The technology now exists to replace many of these animal-derived reagents with animal-free products. This resource provides information and guidance for adopting animal-free reagents both within individual laboratories and, in the long-term, whole institutions to deliver improved science, increased reproducibility and reduced animal use. Find out more about each animal-free technology using the categories below.
We also support novel approaches to develop and implement animal-free in vitro reagents through our Research Funding schemes and Innovation Platform.
Replacing Animal-derived antibodies with animal-free affinity reagents
· Non-animal-derived antibodies: antibodies developed using in vitro recombinant libraries that do not use animal immunisation during their generation or production.
· Affinity reagents: synthetically derived polypeptides or oligonucleotides that bind to defined, specific targets with high affinity comparable to animal-derived antibodies.
Non-animal-derived antibodies and affinity reagents are mature technologies that are commercially available, are amenable to most research applications and offer significant scientific benefits (summarised in Table 1). This is supported by a recent review from the EU Reference Laboratory for alternatives to animal testing (EURL ECVAM) [1] which recommends that animals should no longer be used for the development and production of antibodies for research.

Improving the human relevance of cell culture using animal-free culture media
· Growth factors – can be added in isolation as a cocktail and either human-derived or synthetic. Note that synthetic growth factors often have a higher level of standardisation.
· Human blood derivatives – serum albumin, serum, plasma and platelet lysates can be derived from human blood samples. Serum albumin can be synthesised from human-derived materials, and human platelet lysate can be isolated as a by-product of plasma preparations for example, from blood banks.
· Supplements derived from non-animal and non-human organisms – proteins, lipids and other components that are important for cell growth can be used to reduce or eliminate the need for animal-derived serums and can be extracted from plants, bacteria and yeast, for example plant-derived protein hydrolysates.  
Chemically defined media is completely free from serum (both animal and human-derived). All the chemical components and concentrations are known, eliminating batch-to-batch variation and improving quality control. However, some commercially available ‘serum-free’ media are not animal-free as they contain animal-derived supplements other than serum, such as keratinocyte serum-free media that may require the addition of bovine pituitary extract or immunological serum-free media that requires the addition of bovine serum albumin.  These products are not always optimal replacements for FBS-supplemented media as they may still incur batch variability.

Moving to animal-free scaffolds for the construction of 3D organotypic models
· Animal-free scaffolds appropriate for CIVMs are often either derived from existing structural proteins and polymers in nature, such as those derived from plants or fungi, or synthetically constructed. Each scaffold has specific properties that are useful for certain applications and may provide a scientific advantage over animal-derived scaffolds that are less specialised (see Table 1).
	Recombinant polymers
	Polymers observed in nature that can be synthesised using recombinant technologies, for example, procollagen production using bacteria [6].

	Micro-organism derived scaffolds
	Polymers found in micro-organisms offer potential use for the construction of scaffolds due to their wide abundance and flexibility, for example, fungal chitin has been used to construct scaffolds supporting human keratinocytes [7].

	Plant-derived scaffolds
	Polymers found in plants, such as cellulose and alginate, can be harvested and used to construct biocompatible scaffolds, for example, cellulose can be decellularized to generate pre-vascularised tissue engineering scaffolds [8].

	Nanomaterials
	Nanomaterials can mimic natural tissue conditions, and carbon nanomaterials are useful for tissue engineering due to their biocompatibility, for example, graphene foam can be used as a scaffold to support neural stem cells [9].

	Synthetic polymers
	Synthetic peptide substrates are produced to have properties for specific applications, for example, poly(ethylene glycol) (PEG) hydrogels can be used for the fabrication of bioactive scaffolds [10].

	Human-derived scaffolds
	Extra-cellular matrix or scaffold components can be derived from decellularised human tissue, for example, scaffold construction using decellularised amniotic membrane [11].



Further opportunities to replace animal-derived reagents and products in vitro
· Enzymes: Enzymes from animal-free sources are increasingly available, whether as recombinant enzymes or derivatives from plants or bacteria. Animal-free enzymes generally have minimal variability and lower risk of contamination [2]. Listed below are companies that offer a selection of animal-free enzymes for a variety of applications.
· Cells: The Swiss Institute of Bioinformatics hosts The Cellosaurus, a knowledge resource on cell lines which aims to describe all cell lines used in biomedical research [1]. It is a useful tool for users seeking to replace cell lines of animal-origin with those from human tissue, or to develop new assays with human cells. The use of human cells in in vitro models increases the relevance of experimental data, leading to improved translation of preclinical experiments. (Please note that the database also describes cell lines of animal-origin.)
· Good in vitro practice:
· We have an online resource library to provide information and guidance for experimental practices and principles, many of which have in vitro applicability such as increasing the use of human tissues and experimental design support.

· The European Union Reference Laboratory for alternatives to animal testing (ECVAM) maintains a publicly accessible collection of method summaries and protocols for alternatives to animal experimentation.

· The Organisation for Economic Co-operation and Development (OECD) has developed the Guidance Document on Good In Vitro Method Practices (GIVMP), which aims to foster confidence in in vitro methods and ensure resulting data are rigorous and reproducible.
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