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Policy makers should note that vertebrate 
fetuses can feel pain, and that different 
opinions exist amongst scientists as to the 
possible onset of pain experience in 
vertebrate fetuses. (…) 
….….. a relevant guideline may be issued. 
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 Fetuses are likely exposed to pain and/or 
discomfort and therefore current practice of 

fetal blood harvest is inhumane.  
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Statement 

on May 30th 2017 the EFSA published a scientific opinion on “Animal welfare aspects 
in respect of the slaughter or killing of pregnant livestock animals”:  
http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4782/full  
 

“It is very likely to extremely likely (i.e. with 90–
100% likelihood) that livestock fetuses in the last 

third of gestation have the anatomical and 
neurophysiological structures/correlates for 

experiencing pain and/or other forms of 
discomfort. 

 

http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4782/full


Recommendations to avoid foetal 
suffering  

• Blood collection must not begin until at 
least 5 min after slaughter 

• Fetus must not be allowed to breathe air 
after uterus removal 

• Otherwise, fetus must be killed by stunning 
• Fetal Calf Slaughter Welfare Protocol 

(Mellor & Gregory, 2003) 
 

 

Van der Valk et al (2004) Toxicology In Vitro 18 (1), 1-12 
 



In vitro method: alternative? 

FCS should NOT be used in an in vitro 
method when that method is developed 

to replace experimental animals!! 



Legal consequences 
Dir 2010/63/EU 

• Procedure: (art. 3.1): …any use, invasive or non-
invasive, of an animal for experimental or other scientific 
purposes, with known or unknown outcome…  

• Experimental animals: art. 1.3.a (ii) foetal forms of 
mammals as from the last third of their normal development 

Project review 
 

3rd workshop, 2016 



Scientific problems 

• Composition of FBS unknown 
• Qualitative and quantitative variations between 

serum batches 
• May contain different amounts of endotoxins, 

haemoglobin and other adverse factors 
• May be contaminated with viruses, bacteria, fungi, 

mycoplasms and prions  

Reproducibility of experiments 
Safety of products 



Wiest, 3rd workshop 



Conclusions 

When considering supplementing cell and tissue 
culture media with animal serum the “Not, 
unless….” principle should be applied.  
 
Preferentially, the medium should not contain 
any animal-derived component, unless it was 
proved to be an absolute requirement. 

Van der Valk et al, 2009 





OECD 

http://www.oecd.org/env/ehs/testing/OECD%20Final%20Draft%20GIVIMP.pdf 

…it is recommended to develop new in vitro methods with a 
serum-free, chemically-defined medium, to avoid potential 

sources of uncertainty that may be introduced by using animal 
serum (Jochems et al., 2002; Pamies et al., 2016). 



Workshop Copenhagen 
November 2009 

Sponsors 

Organisers 

The Danish In Vitro Toxicology Network  

Development of (fc) serum-free 
media 





Serum free medium 

Serum free media 
animal/human tissue or plant extracts 

 
Protein free media 

peptide fractions. Not defined. 
 
Animal-derived component free 

plant, bacteria or yeast components 
 
Chemically defined 

fully defined 

Van der Valk et al, 2004 

 



Platelet lysates 

 



Chemically-defined media 

Schulz, Workshop Foetal Bovine Serum. Past-Present-Future 

Medium is selective for specific cell types. 



Commercially available 
supplements 

• Limited information on ingredients 
• Change of composition without notice 
• Expensive 
• Formulations may vary between suppliers 
• Terminology: “xenogen-free," "animal-free", 

"serum free" and “chemically defined” 
 



Basal Medium 

• 50:50 (v/v) mixture of DMEM and Ham’s 
nutrient mixture F-12  
 

• ITS supplement (insulin, transferrin and 
selenium)  

Van der Valk et al, 2009 

 



Supplements  
 

• Hormones  
• Growth factors  
• Protease inhibitors  
• Protein hydrolysates  
• Shear force protectors  
• Proteins  
• Vitamins  
• Amino acids  
• Glutamine  
• Trace elements  
• Lipids  
• Antibiotics  
• Attachment factors  
• Osmolarity  

 
 Van der Valk et al, 2009 



Factorial design 

“Applying factorial design approaches have been 
shown to minimise the screening time, allow 
prediction for best medium formulation and can 
be used as a high throughput medium 
optimisation platform”. 

www.oecd.org/env/ehs/testing/OECD%20Final%20Draft%20GIVIMP.pdf 

Plackett-Burman design, Response Surface Methodology 





In vitro as true animal replacement: analysis of serum-free media in cell culture practice – Klaske Bos, 2018 



Expand pyramid 

• Other media formulations 
• Surface – pre-coating 
• Fluidic systems  

3rd workshop 



Media: scientific basis? 

The numerous available (commercial) media of 
today are still based on the early experimental 
work of G. Sato. Little fundamental research, on 
the development of serum-free media and the 
analysis of serum components, has been done 
since.  

In vitro as true animal replacement: analysis of serum-free media in cell culture practice – Klaske Bos, 2018 



Adaptation 



Adaptation 



Sung et al, 2014, Experimental Biology and Medicine, 0: 1–15 

The way forward 



Sung et al, 2014, Experimental Biology and Medicine, 0: 1–15 

Multi-Organ toxicity demonstration in a functional human in vitro system 
composed of four organs 
 

Oleaga et al, 2016, Scientific Reports | 6:20030 

Hickman, 3rd workshop 

The way forward 





Artificial meat 

• Using conventional culturing methods, but with relatively high 
serum concentrations of 300 mL L−1, the cells divide in up to 50 
population doublings over a period of a 7–8 weeks. Once sufficient 
cell numbers are obtained, they are divided in portions of 1.5 
million cells and each batch is submerged in a collagen/Matrigel™ 
gel that is displayed in a culture dish around a central hub of 
agarose gel. Over the course of the following days, the cells will self-
organize into a donut-shaped muscle fiber of 1 mm diameter. The 
tension that is developed in the ring structure by contraction of the 
muscle fiber is a strong stimulus for muscle maturation and protein 
production.[8] The muscle fiber is harvested after 3 weeks. For the 
85 g hamburger that was presented, cooked and sampled on 5 
August 2013 in London, we used 10 000 of these muscle strips. 

http://onlinelibrary.wiley.com/doi/10.1002/jsfa.6474/full 
 

http://onlinelibrary.wiley.com/doi/10.1002/jsfa.6474/full%23jsfa6474-bib-0008
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.6474/full
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Elsewhere, the artists have estimated that 
growing 10 g of tissue would require ‘serum 
from a whole calf (500 ml), which is killed solely 
for the purpose of producing the serum’ (Catts 
and Zurr, 2008: 133) 

 
 



Available resources for  
serum-free media 

• SEFREC 
http://www.sefrec.com/ 
 

• Dr Hadwen Trust 
http://www.drhadwentrust.org/science-and-
education/serum-free-media  
 

• LinkedIn Group Serum-free cell and tissue 
culture 

 

http://www.sefrec.com/
http://www.drhadwentrust.org/science-and-education/serum-free-media
http://www.drhadwentrust.org/science-and-education/serum-free-media


• Expand commercial with published 
information 

• Expand with user experiences 
• Free use 
• Funding required 

Available information sources 



FCS-free.org 







Actions 

Raise awareness: 
• scientists 
• funding organisations 
• regulatory authorities 
• National Committees 

 
• Complete database 

 



Recommendations 

1. Always check whether the performance of 
the cells has changed and whether the 
endpoints of the study are affected.  

2. When successful, share your formulation 
with colleagues, and through existing cell 
culture databases.  
 

Van der Valk et al, 2009 



Final conclusion 

Serum free media are: 
 

• Better for the animals 
 
 
 

• Better for research 



Thank You! 



OECD 

http://www.oecd.org/env/ehs/testing/OECD%20Final%20Draft%20GIVIMP.pdf 

…it is recommended to develop new in vitro methods with a serum-free, 
chemically-defined medium, to avoid potential sources of uncertainty that may be 
introduced by using animal serum (Jochems et al., 2002; Pamies et al., 2016). 

Batches of serum can differ dramatically in their ability to support the growth of 
cell lines due to variation in the concentration of growth factors and hormones, 
therefore, new batches should be tested on the appropriate cell line(s) for cell 
attachment, spreading, cloning efficiency, growth rates and activity in functional 
assays (Geraghty et al., 2014). 

These effects can be overcome by adaption to serum-free culture conditions 
(Section 4.3.3) using specific protocols (Beltran Paschoal et al., 2014; Leong et al., 
2017; Sinacore et al., 2000) for a gradual weaning of cells (van der Valk et al., 
2010). 
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