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The use of fetal bovine serum: ethical or scientific problem?
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Summary - Fetal bovine serum (FBS) is a common component of animal cell culture media.
FBS is harvested from bovine fetuses taken from pregnant cows during slaughter. FBS is
commonly harvested by means of a cardiac puncture without any form of anaesthesia. Fetuses
are likely exposed to pain and/or discomfort and therefore current practice of fetal blood
harvest is inhumane. Apart from moral concerns, several scientific and technical problems
exist regarding the application of FBS in cell culture. Efforts should be made to reduce and

preferably replace FBS by synthetic alternatives.
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Introduction

The technique of in vitro cell, tissue and organ culture is of great importance to science,
medicine and industry. Amongst others, it is considered a major replacement alternative in
animal experimentation (1, 2). Clearly, not every in vitro cell culture experiment or
production method is an alternative to an animal experiment per se (1). Developments as in
vitro fertilization, cloning and the creation of genetically modified animals rely on cell culture
(3). To culture cells in vitro, culture medium is added to the cells for nurture. Usually, the
medium contains fetal bovine serum (FBS) as FBS contains basic components, such as
hormones and growth factors. Serum is blood without cells, platelets and clotting factors.
Animal welfare concerns have been expressed concerning the methods employed in fetal
bovine blood harvesting (4-6). This raises questions about the value of in vitro techniques as
replacement alternatives. The aim of this paper is to describe the procedures used in fetal

blood collection, and to regard them from an ethical and scientific point of view.

Materials and Methods

Information is based upon literature study and responses to questionnaires. Information on
FBS harvesting methods was obtained by sending questionnaires to a variety of institutions in
Europe, North, Central and South America, Southern Africa and Australia/New Zealand:
Embassies and ministries covering agriculture and/or animal experimentation (77 entities
contacted), animal welfare and animal rights organisations (190 organisations), commercial
companies harvesting FBS (12 companies), commercial companies supplying FBS to end-
consumers (33 companies), research institutes and universities (76 entities). These institutions

were chosen as they were expected to have knowledge on FBS production methods, or to
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have contacts with such knowledge. Their contact addresses were obtained mostly from the
World Wide Web. The questionnaires contained standard questions on whether FBS harvest
takes place at all in the country of the entity addressed, and the procedures employed in FBS
harvest, as well as the volumes of blood and serum obtained from a bovine fetus. If technical
information was provided by a given entity, follow-up questionnaires were sometimes sent to
gain further insights. Information concerning pain in mammal fetuses, their resistance to lack
of oxygen, problems related to the use of FBS in cell culture, and alternatives to FBS was

obtained from the literature.

Results

Collecting factual data on fetal bovine blood collection proved more difficult than expected.
Overall response was 61%. Of the 388 contacted entities, 14 provided technical information:
9 serum harvesters, 1 serum supplier, 3 ministry departments and 1 research institute staff
member (a former USDA-inspector). Four suppliers and 1 harvester explicitly stated they

consider detailed information relating to the methods used for FBS-harvest to be confidential.

Origin of bovine fetuses

The bovine fetuses from which blood is drawn for (commercial) FBS production are obtained
from pregnant cows which are sent to slaughter for reasons such as crippling lameness, or
when slaughtering herds of extensively kept beef cattle. Cows and bulls roam free in such

herds, as a result of which several cows are pregnant at the time of slaughter (7).

Harvesting fetal blood
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Bovine fetal blood is commonly harvested by cardiac puncture, because it minimizes the
danger of serum contaminations with micro-organisms from the fetus itself, and its
environment. The procedure requires specially trained staff. Fetuses should be at least 3
months old; otherwise the heart is too small for puncture.

The general procedure of a cardiac puncture is the following (see diagram). At the time of
slaughter, the cow is found to be pregnant during evisceration (removal of the internal organs
in the thorax and abdomen during processing of the slaughtered cow). The reproductive tract
is removed from the carcass, and is dropped down a special stainless steel chute leading to the
calf processing area, a room that is separated from the rest of the abattoir floor. The calf is
removed quickly from the uterus and the umbilical cord is tied off, the fetus is cleaned from
amniotic fluid, and is disinfected.

A cardiac puncture is performed by inserting a needle between the ribs directly into the heart
of the unanaesthesised fetus and blood is extracted under vacuum into a sterile blood
collection bag via a tube. In the absence of a vacuum pump, fetal blood may be obtained by
means of gravity or massage. In this case the blood collection bag is placed at a level below
the fetus. Once the blood has been obtained, it is allowed to clot at low temperature, after
which the clotted substance is separated from the serum by refrigerated centrifugation. The
fetus is processed for animal feed and extraction of specific substances like fats and proteins,

among other things. A much less common technique is umbilical cord puncture.

The time that elapses between death of the mother cow as part of the regular slaughter
procedure and the puncture is found to be either about 5 minutes (2 harvesters, 1 scientist) or
about 25-30 minutes (1 harvester, 2 ministry departments). One harvester stated the ideal time

is less than 30 minutes. The procedure of bleeding itself lasts about 2 - 5 minutes, depending
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on the age of the fetus and the equipment. Hence, a bleeding procedure is ended about 5-10 or
25-35 minutes after death of the mother.

The amount of serum that is obtained depends on the size of the fetus, and thus on its age. As
a rough estimate, about 50 % of serum remains after clotting. A bovine fetus of 3 months
yields about 150 ml of raw FBS, at 6 months 350 ml and at 9 months (near-term) 550 ml. The
global production per year of raw FBS is estimated to be around 500,000 litres (8-11). Hence,
the number of bovine fetuses harvested annually should be greater than 1,000,000. A number
of 2,000,000 has been mentioned (8).

Since the fetus is expected to be alive during blood collection, its possible suffering is
considered. The described procedure may cause pain in the fetus, thus raising ethical
questions. First, literature on the resistance of fetuses to lack of oxygen is discussed. The
bovine fetus experiences anoxia, acute lack of oxygen, since oxygen-rich blood supply to the
placenta ceases upon death of the maternal animal. Lack of oxygen may interfere with neural

processes such as transmission of stimuli, and eventually leads to death.

Resistance of mammal fetuses to anoxia

Mammal fetuses and neonates show a remarkable resistance to anoxia, surviving anoxia
longer, compared to adults of the same species (12-31). For example, adult rabbits survive for
1.5 minutes in pure gaseous nitrogen while pre-term rabbit pups at 29 days of gestation
survive on average for 44 minutes, at 21 °C (13). Despite the fact that such data have been
generated for a diversity of species, including the underlying biological mechanisms, no such
study involving bovine (preterm) neonates was found.

Permanent brain damage occurs if anoxia is maintained longer then the time to last gasp, as
shown in young dogs (19) and neonates of rhesus monkeys and guinea pigs (12). Discomfort

might be experienced until actual brain damage occurs. Resistance to anoxia shows
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substantial inter-individual variation. Upon exposure of 195 rabbit newborns to gaseous
nitrogen at 35 °C, individual time to last gasp varied between 7 to 39 minutes, with a mean of
16 minutes (12). For 5 dog newborns exposed to gaseous nitrogen, values of 16 to 40 minutes
were found for time to last gasp at unmentioned temperature, with an average of 26 minutes
(19). In general, survival time of mammals in the absence of oxygen is a function of species,
age, environmental temperature and the mechanism, which causes lack of oxygen (12, 13-15,
17-31, 33).

Unlike adults, fetuses and neonates meet energy requirements during lack of oxygen with
anaerobic metabolism (12). Their increased resistance is further suggested to be related to
substantially lower cerebral oxygen requirements compared to the adult brain, as shown for
a.0. mice, rats, cats and dogs (12, 22, 24, 25). A third protective mechanism is that of
redistribution of blood flows in favour of brains, heart and adrenals (21, 23, 28, 29). In
general, resistance to anoxia or survival time increases with decreasing gestational age.
Because fetuses survive anoxia longer than adults, they may also longer be capable of
experiencing discomfort. Therefore also the capability of experiencing pain has to be taken
into account.

In conclusion, although anoxia will develop in the fetus after the umbilical cord has been cut,
it will not directly result in lowered brain function as it would in adult animals; the fetal calf

can be expected to have normal brain function at the time of heart puncture.

Pain and Nociception in the Mammal Fetus

Whether or not a mammal fetus or neonate can experience pain is an issue that only recently
gained attention of the scientific and medical community. About ten years ago, it was still
thought that human babies are less sensitive to pain; as a result surgery was performed on

premature and full-term babies without anaesthesia (34, 35). Recently, different scales of
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quantifying pain in human newborns at term (36-38) and pre-term (39, 40) have been
developed. When discussing this issue, one should distinguish between pain and nociception.
Pain refers to a (highly disturbing) sensation, thus requiring some level of consciousness;
nociception refers to the activity of neural pathways involved in the transmission of noxious
(potentially or actually tissue damaging) stimuli. Noxious stimuli do not necessarily lead to
pain sensation, but may elicit only reflexes (e.g. rapid withdrawal of affected limb). In deep
anaesthesia, both the ascending pathways and nociceptive reflexes are suppressed. For pain to
be experienced, the cerebral cortex and subcortical structures have to be functional (41).

The difficulties in describing pain are reflected by the multitude of definitions that has been
developed to try to describe this phenomenon (42-51). As animals - and neonates and fetuses
of any species - cannot tell an observing human that they are in physical pain, one should base
a judgment on what is considered to be reasonable from the available evidence. By consensus,
it is agreed that animals can feel pain post-natally (primarily mammals and other vertebrates).

Concerning mammal fetuses, an important question is that of fetal development: at which
stage of neural development is a fetus able to experience pain or discomfort? The term
discomfort encompasses any pain, distress, stress, discomfort, anxiety and / or fear - thus
being the antithesis of comfort or well-being. The newborns of different species are of
different maturity at birth. The newborns of rats, rabbits, mice and humans are less well
developed than those of guinea pigs, sheep, bovines, equines and pigs (12, 33). By consensus,
the human fetus is considered to be able to experience pain as from 24 weeks post-conception
(development of thalamo-cortical connections) (35, 38, 52-54), and to have the ability to
suffer as from 11 weeks post-conception (35). Suffering results from pain or distress being of
sufficient intensity or duration, or both (50). Sheep fetuses are suggested to be capable of
perceiving sensory stimuli at 15' weeks of gestation (term = 20 weeks) (33). Sheep, equine,

porcine and bovine fetuses are suggested to be able to feel pain “from the time at which the
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neural tube develops into a functional brain” (> 30% gestation) (55). Human, rat and cat
fetuses and neonates seem more susceptible to pain than adults, due to immaturity of the brain
stem mechanisms which dampen part of nociceptive transmissions in the spine. This
mechanism starts to develop in humans gradually not sooner than 33 weeks of gestation; in
rats, after day 7 post-partum (35, 52, 56-61). Hence it is suggested that both noxious stimuli
and even touch are regarded as nociceptive before this mechanism becomes functional (35,
52, 58). Thus a fetus might even experience some degree of pain or discomfort upon being
touched only.

The pain threshold increases with increasing age. In the absence of a functional cortex, lower
brain structures may function in a more complex manner than in its presence, as suggested for
humans (the thalamus and amygdala in particular may be involved in supporting some basic
form of consciousness) (35, 62, 63). It is stated that “the fetus could be aware and have
consciousness once lower structures [than the cortex] in the brain are formed. The degree of
consciousness is unknown and as yet unknowable” (35). Challenging the cortex of being the
sole site of consciousness is a matter of different opinions amongst scientists (35, 54). It is
worthwhile to note that it is not only the sense of pain that becomes active at a certain stage of
development in a mammal fetus: other recently discovered features of developing mammals
are e.g. their ability to learn (64), and to see or respond to visual stimulation (human as from
26 weeks gestational age; sheep as from 16’2 weeks of gestation; cats properly as from 26
days post-partum average) (32, 35, 64-66).

In conclusion, since it is likely that the bovine fetus is alive, it is to be expected that it will
experience pain and/or suffering at the moment of heart puncture for blood collection and

possibly for a period after that, until it actually dies.

Scientific problems of FBS in animal cell culture
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There are several technical and scientific problems related to the application of FBS in cell
culture. Its price and availability fluctuate due to variations in mondial livestock numbers,
importation regulations, beef and dairy prices, livestock feed costs and weather conditions (7,
10, 67).

Batch-to-batch variations (68-70) make it necessary to pre-test every batch before purchase.
The presence of many different growth and growth inhibition factors may lead to overgrowth
of e.g. fibroblasts in mixed cultures. From a scientific point of view it may be questioned
what the effects are of the absolute molecular composition of FBS relative to the serum of the
species, gender and developmental stage the cultured cells are derived from (70). Proper cell
growth does not necessarily coincide with proper cellular function (3). Fetal bovine serum can
interfere with genotypic and phenotypic cell stability (71, 72), and can influence experimental
outcome (5, 6, 71, 73-77). Serum can suppress cell spreading, attachment (78) and embryonal
tissue differentiation (76). Finally, serum can be contaminated with viruses, bacteria,
mycoplasmas, yeast, fungi, immunoglobulins, endotoxins, and possibly prions (11, 67, 72, 79-
85). These undesired substances can affect scientific experiments and bulk production of
proteins. Many substances present in FBS have not yet been identified (67, 86, 87) and of
many substances, which have been identified, the function on the cultured cells is unclear

(79).

Discussion

From the questionnaires, conflicting data were obtained with regard to the time of death of the

donor fetus. Contrary to the statement of the fetal heart functioning and the fetus being alive

during puncture (2 harvesters, 1 scientists, 1 supplier) are statements of entities that claim the
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heart does not function during puncture (1 harvester, 1 ministry department), the fetus being
dead (1 ministry department, 3 suppliers). One harvester claims fetal anoxia results in a state
of cerebral deterioration at the moment of bleeding comparable to that of adult bovines after
stunning during slaughter. In the light of these contradictions it is worth mentioning the
following. First, the amount of blood obtained by cardiac puncture from a non-functional
heart is minimal: only the amount in the heart itself can be harvested (1 supplier, 1 scientist).
“Effective electrical stunning causes cardiac arrest and so electrical stunning is not suitable
for the harvesting for blood from the heart.” (81). The average volumes harvested at 3, 6 and
9 months of gestation indicate circulatory functionality. Secondly, blood coagulates
immediately upon death (1 supplier). Thirdly, upon death the Na" / K" and Ca®’
electrochemical equilibria over cell membranes can no longer be maintained, as this requires
energy. As a result, Na" and Ca®" will diffuse out of tissue fluids into the cells, and K out of
cells into tissue fluids (32). The amounts of Na*, K*, and Ca”" present in analysed batches of
FBS (68, 69) show normal physiological values, be it that K'-levels are about twofold higher
due to the rough means (vacuum) of blood sampling (Duncker, pers. com., Erasmus
University Rotterdam, Faculty of Medicine, Dept. of Experimental Cardiology, August 9th,
2000). Finally, there are companies who do state that fetal blood harvest through cardiac
puncture represents an ethical problem (3 suppliers). From the above, we may conclude that

the fetus is alive at the time of cardiac puncture.

Fetal blood collection

Humane treatment implies that slaughterhouse staff, scientists and others involved in the
bleeding procedure should protect the fetus from potentially painful stimuli, i.e. guarantee
proper pain relief (88, 89). It is immoral to inflict preventable discomfort without good

reason: unjustly treating the fetus as insentient has much more negative impact than unjustly

10
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treating it as sentient (90). Since it is very likely that the fetus is alive at the time of blood
collection, the degree of neural development should be considered. Incomplete development
of the nervous system may result in a more profound experiencing of pain or discomfort in a
fetus. Exsanguination and cardiac puncture (penetrating skin, internal and external intercostal
muscles, costal pleura, heart muscle, and heart pleura) are both graded as severe discomfort in
unanaesthesised post-natal bovines (2). From this, we have to conclude that the current
practice of blood collection from fetal bovines causes suffering to these animals.

It has been mentioned that anoxia at the time of blood collection acts as anaesthesia. But, as
fetuses survive anoxia longer than adults, they may also experience discomfort longer. It may
strongly be questioned to what extent the effects of anoxia could be regarded as proper fetal
anaesthesia. A 35-minute arrest of brain circulation in 8-11 day old dogs did not result in loss
of flexion reflex until dogs were 45 days of age (19). Reflex responses to cutaneous
stimulation in anoxic newborns failed “shortly” before the last gasp (12). These data suggest
anoxia did not result in deep anaesthesia. Eventually brain damage occurs and the fetus will
die. If a bovine fetus is brain dead at the moment of bleeding, it will not experience
discomfort. The question when brain damage starts to occur in bovine fetuses at given
gestational age as a result of anoxia could not be answered through the literature. Whether or
not a fetus experiences discomfort from lack of oxygen in itself is unknown.

Considering the large variation between individuals of the same species in survival time to
anoxia, applying anaesthesia before bleeding would be appropriate. But, mammal fetuses and
neonates have a poor capacity to metabolise a variety of drugs. For example, 1-day old mice
die of doses of hexobarbitone of which adult mice only sleep for less than 5 minutes (91). The
method of choice for anaesthesia of bovine fetuses used for FBS harvest need not only to
comply with the above mentioned, but also with the aim of the procedure (serum harvest).

Close et al. state the fetuses of large mammals (like horses and bovines) could be euthanised

11
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by any means, which is considered acceptable for an adult (55). The use of different
chemicals like barbiturates may increase batch-to-batch variations and taint the serum itself.
A mechanical method, like a captive bolt, seems more appropriate. A bolt will induce brain

death if appropriately used.

Reducing and replacing FBS in animal cell culture

Since FBS is undefined, its application in culture media may alter the outcome of scientific
experiments involving cell cultures and make it difficult to compare similar experiments
performed with different batches of serum (6, 76). Hence, FBS may interfere with the
advancement of biological science (92, 93). FBS should be replaced or its use reduced in cell
culture both on scientific and moral grounds. As long as fetuses may be expected to
experience discomfort from the methods employed in FBS harvest it is a morally problematic
product. Even if a fetus was stunned prior to blood harvest the scientific problems discussed
above remain. Hence it is worthwhile to consider methods of reducing or replacing FBS in
cell culture. Most chemically defined (= synthetic) media are cell-type specific (7, 78, 94).
Most cell types would have been cultured successfully in synthetic media, except for
endothelial cells (72).

Another way of replacing FBS in media is using another type of animal derived serum (7, 86).
However, using animal sera inherently concerns animal welfare, apart from the question if
cells will grow well with another serum type. Fetal horse and fetal pig serum are harvested by
cardiac puncture as well and hence are no replacement alternatives to FBS. Concerns also
exist related to newborn calf serum production, e.g. suffering due to transport.

When a certain cultured cell type does not allow for replacement of FBS, applying reduced-
serum media can decrease its use. The volume of FBS in culture media varies between 5 and

20% (93). Usually, growth factors should be added to such media (7). Getting cells

12
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accustomed to a different culture medium composition often requires an adaptation or
weaning period; weaned DG44 cells showed improved cell growth in serum-free medium,
relative to unweaned DG44 cells (95). Finally, several institutions and companies offer the

service of developing serum-free media upon request.

Conclusion

Fetal bovine serum is both a scientifically and a morally problematic product. Its application
in cell culture experiments represents a scientific problem as FBS is undefined and may
interfere with the outcome of experiments. Harvesting bovine fetal blood by cardiac or
umbilical cord puncture without the refinement of pain relief, such as stunning with a captive
bolt, can be considered immoral. This has consequences for cell culture applications, which
currently rely on FBS as a medium component. The thought that cell culture techniques
requiring FBS are a replacement to the use of animals is a misconception. If refinement of
fetal blood harvesting methods can be endorsed, several scientific and technical problems
inherent to the biological origin of sera remain. It should therefore be questioned why animals
are used at all for such product. On moral and scientific grounds the most promising

alternative to FBS is the use of defined media.

Recommendations

e A discussion should be initiated on ethical and scientific aspects of the use of FBS.

13
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e The use of FBS for specific human or animal interests should be balanced against the
discomfort of the used animals.

e The development and subsequent use of synthetic media should be encouraged
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Diagram summarizing the fetal blood collection process

Slaughter of pregnant cow

v

Reproductive tract with fetus removed
from carcass and transported to calf
processing area

v

Calf removed, cleaned and
disinfected

X ™

Blood collection by heart puncture
through vacuum extraction, or
through gravity and massage

Less commonly, blood is collected by
umbilical cord puncture

™~ X

Blood clotting, serum separation
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