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Executive
summary

Fetal bovine serum is a complex natural product, containing a mix of biomolecules with both
growth promoting and growth inhibitory actions. FBS is used in cell culture to support cell
proliferation and maintenance. As a natural product, the composition of serum is highly variable
however, introducing batch to batch variation in the ability to support cell growth, a problem for
high yield cell culture.

It is envisaged that genetic and physiological differences between the donor animals which
underlie this variation could be exploited to the benefit of the whole value chain, with producers
and processors able to make the biggest contribution and therefore claim a significant share of
this benefit.

Candidate bioactives have been identified from the literature, based on those required for cell
growth and maintenance and those which varied with FBS bioactivity, with the priority candidates
being: the insulin-like growth factors (IGFs) and their binding proteins (IGFBPs), the fibroblast
growth factors (FGFs), transforming growth factor-B (TGF-B), the epidermal growth factors (EGF)
and the neuregulins (NRGs).

The evidence for both “nature and nurture” (genetics and environment) being able to affect these
candidate and other biochemical factors in fetal bovine serum, which are able to impact cell
growth and protein production, was then reviewed. The literature relating to other species was
alsoreviewed.

The review aimed to address three questions:

1. What is the evidence that breed of cattle or of sheep can influence biochemicals in blood
serum, likely to influence growth of developing cells or of mammalian cell culture?

e Specific intersubspecies crosses can substantially influence fetal IGF-I, depending
upon sex of the fetus.

o The effects of breed and genetics on fetal plasma levels of other candidate bioactives
are unknown.

2. What is the evidence that environmental factors such as nutrition, temperature, season,
drought can result in biochemical changes in blood serum likely to influence growth of
developing cells or of mammalian cell culture?

e The effects of these environmental factors on fetal plasma levels of other candidate
bioactives are unknown in the bovine.

e Nutrition and oxygen can alter fetal plasma levels of IGFs or related factors (ovine).

e Certain maternal micronutrients can substantially alter plasma IGF-2 in neonates
(rodents).

3. What is the evidence that physiological condition such as age, gender, pregnancy, size of
animal, stress, can result in biochemical changes in blood serum likely to influence growth of
developing cells or of mammalian cell culture?

e Increasing gestation substantially increases fetal plasma levels of candidate
bioactives, including IGF-I, IGF-2, as well as other growth promoting hormones.

e Increasing fetal weight increases plasma IGF-I, but not IGF-2, in late gestation.

e The effects of gestation, fetal size and stress on fetal plasma levels of other
candidate bioactives are unknown.
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There is evidence for major effects of genetics, environment and gestation on fetal bovine serum
levels of one (IGF-I) or more of the major bioactives, able to influence cell growth and survival.
There are major gaps in knowledge about the presence and/or modulation of levels of most
candidate bioactives by such factors, however, and in whether these can account for the
observed variations in bioactivity of batches of FBS. There is the opportunity to cost effectively
address these gaps through identification of relevant past, current or future projects or the design
of on farm and harvesting projects to provide samples for investigation.

The future applications of such knowledge may take the form of modifications to on-farm and/or
harvesting practices, including the development of new manipulations to mimic effects of IVF on
fetal serum IGF-1 to produce product specifically for FBS.

Recommendations

1.

The effects of intersubspecies crosses, gestation, fetal sex and weight and maternal weight
and condition on fetal serum levels of candidate bioactives (Tables 1, 2; prioritising IGFs
and related factors) be investigated (multiplex assays are available for most of these
candidate bioactives).

The feasibility of defining the effects of genetic, environmental and physiological factors on
fetal serum bioactives be investigated by survey of

a. MLA supported projects and other relevant projects in the bovine to identify those
which offer archived samples for analysis.

b. Onfarm and harvesting practices, which would enable collection of samples
classified according to some factors.

Concentrations of candidate bioactives be measured in batches of FBS and correlated with
bioactivity in various culture systems.

The effects of IVF on fetal serum concentrations of candidate bioactives and bioactivity in
different culture systems be determined and correlated.

The effects of selected micronutrient supplementation of the mother and its timing (targeting
epigenetic state) on fetal serum concentrations of candidate bioactives and bioactivity in
different culture systems be determined and correlated.
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1 Background

The background for this literature review was provided by Meat and Livestock Australia in the
Terms of Reference for Project Number A.Bit.0002, Nature and Nurture Impact on Bioactivity —

On Farm Manipulation of Bioactives.

The red meat bioactives industry in Australia is estimated to be worth $200mpa. MLA is aiming to
increase the profitability of the red meat industry by supporting the growth of the bioactives
industry. Our strategy is to facilitate growth by a combination of identifying new opportunities,
identifying new technologies and co-investing in R&D with potential value adders. Our priority is
to maximise the share of the added value that can be realised by the red meat producers and

processors.

The largest sector of the Australian red meat bioactives industry currently is blood products,
valued at $100m pa, which includes serum, plasma, fatty acids and growth factors. The greatest
potential for significant impact on the red meat industry in the short to medium term is therefore

seen to lie in growth of this sector.

The highest value blood products are those used by the pharmaceutical industry for the
manufacture of therapeutic and diagnostic chemicals. This is an expensive and capital intensive
production process and it is known that there is natural variation in the efficacy of sera in these
applications. The conventional solution by serum manufacturers to this variability is to combine
many batches of blood in order to “even-out” the variation. The opportunity exists however to
take advantage of this natural variation, and even to exploit it, in order to create products of

greater value to the pharmaceutical and diagnostic manufacturers.

It is envisaged that genetic and physiological differences between the donor animals which
underlie this variation could be exploited to the benefit of the whole value chain, with producers
and processors able to make the biggest contribution and therefore claim a significant share of
this benefit. It is recognised that only by developing products of real value to the pharmaceutical
and diagnostic manufacturers can profitability of the red meat bioactives industry be developed.
Before investing in the development of this capability, it is necessary to objectively assess both

the potential for impact and the likely value of the impact on pharma manufacturers.
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2 Project aims

This project aimed to investigate the potential for on farm manipulation of genetic, environmental
or physiological factors to influence levels of bioactive factors in blood serum. In particular this
project focused on the blood product, fetal bovine serum, as this was identified as a major red

meat bioactive of interest.

Therefore, the evidence for both “nature and nurture” (genetics and environment) being able to
affect biochemical factors in fetal bovine serum which are able to impact cell growth and protein

production was reviewed.

The review aimed to address the following questions, as detailed in the Terms of Reference for
Project Number A.Bit.0002, Nature and Nurture Impact on Bioactivity — On Farm Manipulation of

Bioactives provided by Meat and Livestock Australia:

. What is the evidence that breed of cattle or of sheep can influence biochemicals in blood

serum, likely to influence growth of developing cells or of mammalian cell culture?

. What is the evidence that environmental factors such as nutrition, temperature, season,
drought can result in biochemical changes in blood serum likely to influence growth of

developing cells or of mammalian cell culture?

. What is the evidence that physiological condition such as age, gender, pregnancy, size
of animal, stress, can result in biochemical changes in blood serum likely to influence

growth of developing cells or of mammalian cell culture?
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3 Bioactive compounds present in Fetal Bovine Serum

3.1 Identity of candidate bioactive factors that impact on cell growth

Fetal bovine serum is a complex natural product, and as such contains a complex mix of
biomolecules with both growth promoting and growth inhibitory actions (Coecke et al. 2005;
Zheng et al. 2006). FBS is used in cell culture to support cell proliferation and maintenance. To
provide a basis for the “nature vs nurture” literature review a list of known or candidate bioactive

compounds, important for mammalian cell culture and present in FBS was required.

Information relating to candidate bioactive components of FBS was researched and provided by
Associated Stephen Mahler and Mrs Vicki Snelson, through Project A.Bit.0003. This information
formed the basis for the review of factors that may influence the levels of these bioactives in fetal

blood, and is therefore also included here.

Table 1: Important components of FBS for mammalian cell culture

Component Function

Albumin (major protein component of | Provides buffering capacity; protection against shear;

serum) transport of fatty acids, steroids and fat soluble
vitamins; neutralization of toxic compounds such as
metal ions.

Growth factors Modulators of cell growth

Trace elements —including iron, zinc
and selenium

Metal transporters — including Provide transport for metals
transferrin and ceruloplasmin

Protease inhibitors - including alpha- Prevent proteolysis of cells and secreted proteins
1-antitrypsin and alpha-2-
macroglobulin (both broad spectrum)

Attachment factors — including Involved in binding of anchorage dependent cells to th
fibronectin, fetuin and laminin substratum
Polyamines —including putrescin, Required for cell growth, ion channel modulators

ornithine and spermidine

Lipids — including cholesterol, linoleic Involved in energy production, cell membrane
acid and steroids structure, and signalling

Vitamins Required for essential metabolic reactions
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Additional information as to the specific growth factors present in FBS and of importance for
culture of mammalian cells was also provided. Growth factors were identified by Project Project

A.Bit.0003 as the most important modulators of cell growth.

Table 2. Growth factors and their target cells

Growth Factor Major target cells

Interleukins Various, mainly cells mediating immunity and
inflammation.

Interferon-y Mainly lymphocytes and additional cells mediating
immunity and inflammation.

Colony stimulating factors Mainly haematopoietic stem cells

Erythropoietin Erythroid precursor cells

Thrombopoietin Mainly megakaryocytes

Neurotrophicfactors Several, but mainly neuronal cell populations.

Insulin Various

Insulin-like growth factors A very wide range of cells found in various tissue
types.

Epidermal growth factor Various, including epithelial and endothelial cells and
fibroblasts.

Platelet-derived growth factor Various, including fibroblasts, glial cells and smooth
muscle cells.

Fibroblast growth factors Various, including fibroblasts, osteoblasts, and
vascular endothelial cells

Transforming growth factors —a, 3 Various

Leukemia inhibitory factor Mainly haematopoietic stem cells.

(Walsh, Biopharmaceuticals, Biochemistry and Biotechnology, Wiley, Second Edition, 2003)

3.2 Variation in bioactive components between batches of fetal bovine serum

As a natural product, the composition of serum is variable. This introduces batch-to-batch
variation in the ability of the serum supplement to support cell growth. This variation in the
quality, type and concentration of components within FBS has been identified as a problem for
high yield cell culture (Coecke et al. 2005; Zheng et al. 2006). An understanding of the key
components that vary between batches of FBS of differing quality could provide an insight into 1)
the bioactive compounds that are important for cell growth and 2) the bioactive compounds with

the greatest variation potentially attributable to genetic, physiological or environmental factors.

The literature was therefore searched to identify studies characterising the variation in

composition of batches of FBS. Routine screening procedures used for FBS batches does
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include analysis of pH, total protein, albumin, immunoglobulin, and haemoglobin levels and tests
for endotoxin or viral contamination. However, surprisingly, there has been limited study of the

specific bioactive compounds that vary between FBS batches.

One study (Zheng et al. 2006) investigated variation between three batches of FBS, in terms of
ability to support growth of adult retinal epithelial pigment cells, and compared protein
composition of the batches. TGFp1, Glial growth factor (neuregulin-1), preprolGFl, bFGF and
IGFBP4 were detected in the FBS batch that supported the highest cell growth rate.

Two studies, published in the 1970s, comparing batches of FBS were identified. These studies
investigated serum components in general, rather than specific bioactive components. Bittles et
al. (1974) identified marked differences in levels of total protein, haemoglobin and inorganic
phosphate across 3 commercial batches of FBS. Concentrations of individual amino acids,
including taurine, glycine, cystine, histidine and arginine, also varied. Honn et al. (1975),
analysed chemical and hormone levels in 7 batches of FBS. In contrast to the previous report
(Bittles et al. 1974) they observed little variation in phosphate levels, but significant variation in
potassium levels between FBS batches. Cholesterol levels varied from 29-165 mg/dl, glucose
varied from 249-382 mg/dl and protein varied from 3.04-8.49 g/dl. Variation was also observed in
levels of a range of hormones, including thyroxine, growth hormone, cortisol, insulin and
glucagon between batches of FBS. The methods for analyses of these chemicals and hormones
have advanced significantly since the 1970s, and techniques for collecting and processing FBS
may also now vary significantly. However, these studies suggest that factors in addition to the

known bioactives may also vary considerably between batches of FBS.

3.3 Bioactive growth factors chosen for the Nature vs Nurture literature review

Based on the information provided by the study of Zheng et al (2006) and the understanding of
the importance of the growth factors for maintenance of cell growth, a subset of growth factors of
interest was generated to form the basis for the literature review. These growth factors are

summarised below.

3.3.1 Insulin-like growth factors-1 and —2 and their associated binding proteins

The insulin-like growth factors, IGF-1 and IGF-2, are peptide growth factors that influence
metabolism, proliferation and differentiation of a wide range of cell types (Stewart & Rotwein,
1996). The majority of actions of the IGFs are mediated via the Type 1 IGF receptor. An
additional IGF receptor, the Type 2 IGF receptor (IGF2R) preferentially binds IGF-2. The IGFs

circulate bound to one of 6 IGF binding proteins. The IGFBPs can both inhibit and enhance the

10
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actions of the IGFs, through modulation of the circulating concentrations of free IGF available to
bind tissue IGF receptors, and regulation of tissue delivery of the IGFs (Stewart & Rotwein,
1996). Both IGFs are produced by a wide range of tissues in the fetus, and a number of tissues
may contribute to circulating concentrations of the IGFs. IGF-2, in particular, is present in high
abundance in fetal tissues and fetal blood (Owens et al. 1994; Kind et al. 1995). An essential
role for the IGFs in regulating fetal growth has been demonstrated in transgenic mouse models,
where deletion of IGF-1, IGF-2 or the Type 1 receptor is associated with significant fetal growth
retardation, while deletion of the IGF2R is associated with increased blood levels of IGF-2 and
fetal overgrowth (Stewart & Rotwein, 1996). Fetal, placental and birth weights correlate with
plasma IGF-l in late gestation and term and with IGF-2 in some species (Owens, 1991).
Variations in fetal weight may therefore serve as a marker of the abundance of IGF-I in fetal

serum.

3.3.2 Fibroblast growth factors

Fibroblast growth factors are a family of polypeptide growth factors, consisting of at least 22
members. FGF-2, also known as basic FGF, was one of the earliest FGFs characterised
(Bottcher & Niehrs, 2005; Ornitz & Itoh, 2001). FGF-2 has mitogenic and angiogenic properties,
and FGFs are involved in a range of cell processes including differentiation, cell migration and
apoptosis (Bottcher & Niehrs, 2005; Ornitz & Itoh, 2001). Although FGF-2 lacks a signal peptide
sequence, suggesting it is not a secreted protein, it does leave the cell and is localised
predominantly to the cell surface and extracellular matrix, where it binds with high affinity to
heparin sulphate proteoglycans. FGF-2 is produced by many tissues in the human and rat fetus,
including the endothelium of arterial and venous blood vessels (Gonzalez et al, 1990; 1996). The
source of FGF-2 in fetal blood is not known, but the placenta and the vascular endothelium are
possible sources (Gonzalez et al. 1996; Hill et al. 1995a, b, 1997). In human pregnancy, FGF-2
in both maternal and umbilical cord serum is increased in diabetic pregnancies, and levels of
FGF-2 in cord serum correlate with fetal and placental weight (Arany & Hill, 1998; Hill et al,
1995a,b, 1997). This adds to the evidence for fetal weight serving as a potential marker for the

abundance of candidate bioactives in fetal serum.

3.3.3 Transforming growth factor-B

Members of the transforming growth factor-p (TGF-B) family are cytokines with biological roles in
growth and development, inflammation and repair and host immunity (Clark and Coker, 1998).
They elicit a range of actions including proliferation and differentiation, adhesion and cell
migration, and apoptosis in a range of cell types (Ingman and Robertson, 2002). TGF-B1, 2 and

B3 are alternative isoforms encoded by individual genes. In addition, the TGFB superfamily
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contains more than 30 proteins with 30-80% sequence homology, including TGFp, activins,
inhibins, bone morphogenic proteins, and growth differentiation factors (Kitisin et al. 2007).
TGFp is released from tissues in an inactive form, bound to a latency-associated peptide.
Release of bioactive TGF-3 from the latency peptide requires proteases, such as plasmin, and
differs depending on whether the latent peptide is bound to extracellular matrix, or is associated
with cell membrane associated mannose-6-phosphate receptor. The TGFps are expressed in a
range of fetal tissues in the mouse (Pelton et al. 1989, Wilcox & Derynck, 1988), with expression
varying across the different isoforms, and have roles in various functions including bone and lung

development, vasculogenesis and haematopoiesis.

3.3.4 Epidermal growth factor family

The EGF family consists of peptide growth factors that bind to the EGF family of receptors. The
EGF family includes epidermal growth factor (EGF), transforming growth factor-a (TGF-a),
heparin binding EGF like growth factor (HB-EGF), amphiregulin (AR), epiregulin (EPR) and the
neuregulins (NRGs). These proteins all contain an EGF-like sequence, and are mostly produced
as transmembrane proteins, requiring proteolytic processing to produce their mature forms. The
EGF receptor family consists of four members, ErbB1, ErbB2, ErbB3 and ErbB4, with actions of
TGFa and EGF exerted by binding ErbB1 and those of neuregulins via ErbB3 and ErbB4 (Dreux
etal. 2006).

Epidermal growth factor and transforming growth factor-a

Epidermal growth factor was originally detected based on its ability to accelerate tooth eruption
and eyelid opening in the newborn rat and was purifed from salivary glands, its most abundant
site of EGF protein in the rodent. EGF influences proliferation and differentiation, with effects
demonstrated in the skin, and epithelial tissues of the lung and cornea (Carpenter and Cohen,
1979). Transforming growth factor-a, has a wider distribution in adult tissues, compared to EGF,
and has demonstrated roles in a range of biological processes, including angiogenesis, wound
healing, and bone resorption (Lee et al. 1995). TGF-o and EGF are produced as integral
membrane proteins, requiring cleavage to produce the soluble form. The EGF receptor is widely
distributed in fetal tissues. It is suggested that TGF-a may be the major ligand for the receptor in
the fetus, although functions of EGF in the fetus, including effects on lung maturation are
implicated. TGF-a is expressed within a range of tissues in the fetal rat and human, including
brain, kidney, liver, gastrointestinal tract and lungs (Ruocco et al. 1996; Miettinen, 1993; Wilcox &
Derynck, 1988).
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Neuregulins
Neuregulins are signalling proteins that mediate cell-cell interactions in the nervous system,
heart, breast and other organ systems (Falls, 2003). The Neuregulin family has four members
(NRG1, NRG2, NRG3, NRG4). Most studies have concentrated on NRG1. The NRGs signal by
binding to the extracellular domain of the Erb3 or Erb4 receptors. At least 15 different mRNA
isoforms are produced from the human NRG1 gene. The isoforms differ in the type of EGF-like
domain they contain, the N-terminal sequence (type I, Il or II), and whether the isoform is initially
synthesised as a transmembrane or non-membrane protein, and this variation influences their
biological properties. Most NRGs are synthesized as transmembrane proteins, and it is likely that
they are proteolytically cleaved to act via paracrine signalling. One isoform, NRG 1I-B3 or glial

growth factor-2, may however, be produced as a soluble protein and be secreted from cells.

4 Fetal bovine serum - collection and processing

4.1 Collection procedures and processing

Information on current practices for collection and processing of FBS is essential to the
understanding of potential sources of variation, and whether potential on-farm manipulations
would be compatible with the subsequent processing. Interviews conducted by the Project teams
of A.Bit.0003 and 4 (Stephen Mahler, Vicki Snelson, John Friend) with FBS suppliers (Moregate
Biotech, SAFC Biosciences, Hyclone) provided important information as to the processes used
for collection of FBS. Current practice involves collection of batch sizes of 1000-2000 L of
serum. An individual fetus contributes from 200 ml to 2 litres of blood depending on the age and
size at the time of slaughter. Blood is collected into bags with an 800 ml capacity, and all bags
are filled. Therefore each bag may contain blood from between 1 to 3 fetuses. Following
centrifugation the serum is pooled into 4.5 litre bottles, filtered and pooled. Therefore, at least
220 x 4.5 L bottles will contribute to each 1000 L batch, containing serum from greater than 1000

fetuses (http://www.moregatebiotech.com). Blood is stored on ice at the abattoirs before

transport to the processing facilities. Variation in the processing time and in the handling
procedures could therefore contribute to differences in levels of peptide growth factors and

hormones.

A bovine fetus of 90 days gestation yields approximately 300 ml of blood and 150 ml of FBS
(Jochems 2002). Therefore, most fetuses contributing to the FBS pool could be estimated to be
of 90 days gestation or greater. It appears that no distinction is made between fetuses of
differing age, breed or indeed sex, and that even the bags of blood (of 800 ml capacity) may

contain samples collected from fetuses of diverse gestational age.
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5 Potential environmental, physiological and genetic influences on the levels of bioactives
in fetal bovine serum

Environmental, physiological and genetic factors that could 1) regulate the levels of the chosen
growth factors in fetal bovine serum, and 2) contribute to the variation between batches in the

levels of the chosen growth factors in fetal bovine serum were considered.

In particular the following were considered as potential factors that could contribute to variation in

fetal blood levels of bioactives

. Developmental stage and age
. Environmental Nutrition (level, quality and composition)
Temperature
Stress
Seasonal
Circadian
o Genetic Breeds and EBVs
. Epigenetic ART
Othe

r

A comprehensive literature search was conducted for studies reporting on the blood levels and
the regulation of each of the identified growth factors of interest in the bovine fetus (Search
Strategies are summarised in Appendix 1). Limited numbers of papers were identified that had
investigated the concentrations of, or variation in, levels of circulating bioactive growth factors in

the bovine fetus. Of the chosen growth factors only the insulin-like growth factors have been

studied in the bovine fetus. The search strategy and literature assessment was therefore also
extended to include information on variation in the levels of major hormones and metabolites in
the bovine fetus. Information relevant to the bovine fetus is summarised in the following sections
and Table 1.

5.1 Developmental stage and age

Fetal growth and birthweight in the cow are influenced by breed and genotype of sire, breed of
dam, calf sex, length of gestation, and physiological state of the dam, including parity, age,

weight (Holland and Odde, 1992). Highest rates of fetal growth occur around day 232 of



A.BIT.0002 - On farm manipulation of bioactives

gestation. As discussed above, fetuses from 90 days gestation to term are likely to contribute to
the FBS pool.

Developmental stage and age is likely to contribute to FBS variation, and categorising fetuses
according to gestational age, as determined by fetal weight, should reduce the variation. Five
studies reporting analysis of fetal plasma hormones and growth factors in the bovine fetus

throughout gestation were identified and are summarised below (Table 1).

5.1.1 Insulin-like growth factors

Highest plasma levels of IGF-I and IGF-2 in the bovine fetus are reported between 200 to 250
days gestation (Holland et al. 1997) (Table 1). IGF-1 and IGF-2 increase throughout gestation to
peak at day 232 of gestation and decline again to lower levels by day 274. Levels of IGF-2 in

bovine fetal serum are 2 to 10 times higher than IGF-I.

In fetuses of crossbred beef cows mean serum IGF-I during the second trimester was 29.8 ng/ml,
and 71.3 ng/ml during the third trimester. Serum IGF-| levels are ~20 ng/ml prior to day 100. The
peak level of IGF-I was ~100 ng/ml at 232 days gestation and IGF-I decreased to ~ 65 ng/ml
after day 250 gestation. Fetal serum IGF-| correlated positively with fetal body weight.

Mean serum IGF-2 levels were 238 + 55 ng/ml during the second trimester and 321 + 70 during
the third trimester. Serum IGF-2 levels are ~200-240 ng/ml prior to day 100 gestation. The peak
level of IGF-2 was ~360 ng/ml at 232 days gestation and IGF-2 levels decreased to ~320 ng/ml
after day 250 gestation. Fetal serum IGF-2 correlated positively with fetal body weight. Mean
umbilical serum venous-arterial differences for IGF-2 tended to increase with gestation, when

measured from 148 days, suggesting a possible placental source for fetal IGF-2.

5.1.2 Insulin

Reynolds et al. (1990) report no significant difference in plasma insulin at different gestational
ages (days 137, 180, 226, 250) in the bovine fetus (Table 1). Insulin levels in plasma collected
from the fetal vein ranged from 5.8 + 0.6 uU/ml at day 137 to 8.4 + 1.3 uU/ml at day 250.
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5.1.3 Growth hormone

Reynolds et al (1990) report higher concentrations of GH in fetal venous plasma at days 226 and
250 gestation, than at days 137 and 180 in the bovine fetus (Table 1). GH values measured in
fetal plasma ranged from 23.9 + 5.5 ng/ml at day 137 to 58.5 + 4.0 ng/ml at day 226 gestation.

5.1.4 Other hormones

Levels of placental lactogen were reported not to vary across gestation in the bovine fetus
(Holland et al.1997) (Table 1), although others report that placental lactogen decreases with
gestation, with values ranging from ~15 ng/ml at 110 days gestation to ~5 ng/ml at 230-270 days
gestation (Byatt et al. 1987).

Levels of prolactin in fetal serum increased from 4 ng/ml at 90 days, to 43 ng/ml at 180 days and
61 ng/ml at 260 days (Oxender et al. 1972).

Levels of thyroxine (T4) increased throughout gestation from 2.2 ug/dl at 90 days, to 11.7 ug/dl at
180 days and 17.2 pg/dl at 260 days (Hernandez et al. 1972).

Levels of testosterone are higher in male fetuses than female fetuses (5-10 x higher) and
decreased from 2.7 to 0.3 ng/ml between 90 and 260 days gestation (Mongkonpunya et al.
1975).

5.1.5 Other blood metabolites

Levels of glucose were reported not to change across gestation by Reynolds et al. (1990). Levels
of potassium (4.19 mEq/l, range 2.85-6.65), sodium (140 mEq/L, range 117-156), chloride (97.2
mEq/l, range 87.8-111), total calcium (10.79, mg/dl, range 7.78-12.79), total magnesium (4.5
mg/dl, range 3.10-6.40) and inorganic phosphorus (4.24 mg/dl, range 2.93-6.10) have been
measured in bovine fetuses from day 208 to 269 gestation. Potassium and phosphorus levels
increased close to term, but levels of sodium, chloride or magnesium did not vary (Wilson et al,
1977a, b).

Summary:
e There are major increases in fetal serum IGF-I, IGF-2, insulin, GH, Prolactin, T4 from mid
to late gestation, but not in fetal serum placental lactogen, while electrolytes were usually

unchanged.

e Fetal serum IGF-l and in some, but not all studies, IGF-2, increase with fetal weight.
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5.2 Environmental factors - Nutrition

The majority of studies of nutrition in the cow focus on birth weight, lactation or time to
subsequent conception as outcome measures. No studies directly manipulating maternal
nutrition and investigating the effects on levels of metabolites, growth factors or hormones in

bovine fetal blood were identified.

5.2.1 Insulin-like growth factors — effect of nutrition

Holland et al. (1997) report that maternal body weight was moderately correlated with fetal serum
IGF-l and IGF-2 (r=0.44, 0.36 respectively, P<0.01), in crossbred beef cows maintained on native
pasture in the USA and supplemented with alfalfa hay. This supports a positive influence of
maternal nutrition on IGFs in the bovine fetus. However, studies directly manipulating maternal
nutrition and investigating the effects on fetal blood levels of the IGFs were not identified in the

bovine.

Summary:

No studies reporting the direct effects of maternal body condition or nutrition on IGFs or any other

bioactive compounds in fetal blood were identified.

5.3 Environmental factors - Other environmental measures

Summary:
No studies were identified investigating the effects of Temperature, Stress, Season, or Circadian

cycles on blood composition in the bovine fetus.

5.4 Genetic and Epigenetic factors

In this section studies assessing the effects of genetic or potential epigenetic effects on IGFs

were assessed.
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5.4.1 Genetic variation

Birth weight varies significantly between cattle breeds. Whether this is associated with
differences in levels of bioactive compounds in fetal blood, between fetuses of different size
within breeds, has not been studied. In other species, levels of growth factors, such as IGF-I, are
correlated with fetal size in late gestation (Owens et al. 1994), suggesting that there may be
some variation between levels of IGF-I in bovine fetuses of differing growth potential. This has

been little studied.

Birthweight is one of the variables incorporated in the BREEDPLAN estimated breeding values
(http://breedplan.une.edu.au/). Therefore, it is possible to choose sires with an expected progeny
difference in birthweight. One study has assessed levels of IGF-I in fetal blood following breeding
from sires with expected progeny differences of high or low birthweight. Holland et al. (1997)
used semen of Polled Hereford sires with expected progeny differences of high and low
birthweight. Fetal genotype effects were detected for fetal blood levels of IGF-I, but not IGF-2,
with low growth potential fetuses (due to paternal genotype) having higher concentrations of IGF-

| than high growth potential fetuses. This was significant in the third, but not second trimester.

IGF-l is also moderately heritable (Moore et al. 2005). IGF-I has been suggested as a potential
marker for net feed efficiency. However, the aim of these breeding programs is to select for low
levels of IGF-l. Whether selection for IGF-I would influence fetal levels of IGF-I has not been

investigated.

One study has investigated variation in IGF-I in fetal blood from different breeds and
crossbreeds. Gore et al. (1994) compared three genotypes (Angus x Angus, Angus x Chiana,

Chiana x Chiana) and observed no differences in IGF-I in fetal blood between genotypes.

In crossbreeding programs, birthweight is also influenced by whether the genetics is inherited
from the paternal or maternal genome. For example, Brahman x Hereford calves are significantly
heavier at birth, than Hereford x Brahman calves, indicating that differences exist depending on
whether the Brahman genes are inherited from the sire or dam (Ellis et al. 1965; Amen et al.
2007). Whether these differences in fetal growth determined by the maternal or paternal
genotype are associated with differences in the levels of bioactive compounds in fetal blood has
not been studied. A subset of genes, known as imprinted genes, are differentially expressed
depending on whether they are inherited from the mother or father (Ferguson-Smith & Surani,
2001). IGF-2 and its receptor are imprinted genes in several species, including the bovine (Long
& Cai, 2007; Khatib et al. 2007). Whether variation in IGF-2 levels contributes to the differences

in fetal growth in the cross breeds has not been examined.
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A recent preliminary report has described major effects of intersubspecies matings between
Brahman (Bos primigenius indicus, Bi) and Angus (B. p. taurus, Bt) on plasma IGFs and growth
in the fetus in late gestation (Hiendleder et al 2008). These effects are seen only when a male Bi
is mated with a Bt female, which causes fetal overgrowth and increased plasma IGF-1 (+ 40%)
that is most pronounced in males (d150 gestation, term ~ 280 days). This intersubspecies mating
did not affect growth at mid-gestation, suggesting that the alterations in growth factor abundance
and growth emerge in the second half of gestation, although the precise timing is unclear. Fetal
plasma IGF-2 in late gestation did not vary with intersubspecies matings, while fetal plasma
IGFBPs and other growth factors or bioactives were not reported. Overall, this indicates that
genetic factors can strongly influence fetal plasma IGF-1 in late gestation, with marked sex

specific effects evident and that fetal growth is a marker of this endocrine impact.

5.4.2 Assisted Reproductive Technologies (in vitro embryo production)

Plasma levels of IGF-1 at day 150 of gestation are higher in bovine fetuses generated via
somatic cell nuclear transfer (30.3 + 2.3 ng/ml), compared with artificial insemination (19.1 + 5.5

ng/ml) or in vitro embryo production (24.2 + 2.5 ng/ml) (Ravelich et al. 2004).

Others report increased levels of IGF-I (~28 ng/ml) at day 80 gestation in fetuses developed
following in vitro fertilisation, compared with artificial insemination (~19 ng/ml) (Hiendleder et al.
2006). Similar increases were observed in plasma levels of glucose (~34 mg/dl vs ~19 mg/dl),
creatinine (~0.9 mg/dl vs ~0.7 mg/dl) and potassium (~10 mmol/l vs ~8mmol/l) (Hiendleder et al.
2006). These differences were dependent on the media used for embryo culture, however, as no
differences were observed in fetal blood parameters when the serum content of the media was

reduced from 10% estrous cow serum, to 5%.

Bovine fetal overgrowth, referred to a large offspring syndrome (LOS) can be induced by a range
of embryo manipulations in assisted reproductive technology, including in vitro fertilisation (IVF),
somatic cell nuclear transfer and cloning (Hiendleder et al 2008). These treatments are
considered to potentially alter expression and abundance of bioactives that are epigenetically
regulated, such as IGF-2, but also IGF-I, and certain IGFBPs and receptors (IGF2R). Epigenetic
state refers to modifications to DNA that do not change the nucleotide sequence, but do alter
expression of genes. IVF increased fetal plasma IGF-I and IGFBP-4, compared to SCNT and
control fetuses and fetal plasma soluble IGF2R, compared to controls, at the end of the first
trimester. This indicates that major perturbation of the periconceptional environment markedly
alters fetal plasma IGF-I and circulating IGFBPs, early in gestation. IVF also alters expression of

IGF-Il in a tissue specific manner compared to SCNT fetuses, but whether plasma IGF-Il is
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altered is not known. Whether these responses of the bovine fetus to ART persist into late

gestation is also not known.

Summary:
e Some intersubspecies hybrids substantially alter fetal plasma IGF-I in late gestation, but not

IGF-2 and in males only.

o |VF alters fetal plasma IGF-I and certain IGFBPs in early to mid gestation, but not IGF-2.

5.5 Immune responses

The bovine fetus can respond to an antigenic stimulus from around 120 days gestation (Schultz
et al. 1973). Viral or bacterial infections may therefore alter the immunoglobulin and antibody
profile of fetal serum. Fetal bovine serum batches are routinely tested for major viruses, such as
bovine viral diarrhoea virus (BVDV), and for antibodies to the virus (information provided by S
Mahler & V Snelson). BVDV is an infectious disease of cattle caused by a single-stranded RNA
virus, a member of the Pestivirus genus. BVDV infection of a pregnant cow results in fetal
infection. Fetuses infected in early gestation will either die, or will become a persistently infected
carrier of the virus, depending on the form of the virus they are infected with. Infection in later
gestation, however, results in the formation of antibodies to the BVDV (Bolin & Ridpath, 1998;

Brown et al. 1979). Batches contaminated with BVDV or its antibodies are excluded from use.

Few studies have investigated cytokines in fetal bovine blood. Levels of macrophage colony
stimulating factor (M-CSF) of 8.8 + 1.4 ng/ml have been reported in fetal bovine sera collected at
152-278 days of gestation. Serum levels in the fetus were higher than in the postnatal calves
(2.7 £ 1.5 ng/ml) (Yoshihara et al. 2003). Increased expression of IFN-y, tumour necrosis factor-
a and interleukin-10 has been reported in the spleen of bovine fetuses exposed experimentally to
a protozoan parasite at 140 days gestation, indicating that a cytokine response to infections
occurs (Almeria et al. 2003). Whether fetal serum levels of cytokines are altered following
infection has not been investigated. Whether altered levels of cytokines would contribute to

between batch variation in the maintenance of cell growth could be considered.

Summary:
Fetal bovine serum contains macrophage colony stimulating factor, but the presence of other

cytokines remains largely uninvestigated.
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5.6 Overall summary

Potential environmental, physiological and genetic influences on the levels of bioactives

in fetal bovine serum.

No studies were identified reporting natural or manipulated variation in transforming growth
factor-p, the fibroblast growth factors, epidermal growth factor, transforming growth factor-a

or the neuregulins in the bovine fetus.

There are major increases in fetal serum IGF-I, IGF-2, insulin, GH, Prolactin, T4 from mid
to late gestation, but not in fetal serum placental lactogen, while electrolytes were usually

unchanged.

Categorising fetuses according to gestational age could reduce some variation in levels of the

IGFs. Fetal weight can provide a surrogate marker of gestational age.

Fetal weight may also provide a marker of the abundance of certain bioactives such as the

IGFs. This may confound use of fetal weight as a marker of gestational age.

No studies reporting the direct effects of maternal body condition or nutrition on IGFs or any

other bioactive compounds in fetal blood were identified.

No studies were identified investigating the effects of Temperature, Stress, Season, or

Circadian cycles on blood composition in the bovine fetus.

Perturbation of the periconceptional environment can influence fetal growth, and alter fetal

plasma IGF-I and certain IGFBPs in early to mid gestation, but not IGF-II.

Genetics in terms of intersubspecies matings and parent specific genotype has major effects

on fetal plasma IGF-Il in late gestation and in males.

Fetal bovine serum contains macrophage colony stimulating factor, but the presence of

others remains largely uninvestigated.
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5.7 Recommendations

1. The effects of intersubspecies crosses, gestation, fetal sex and weight and maternal
weight and condition on fetal serum levels of candidate bioactives (Tables 1, 2; prioritising

IGFs and related factors) be investigated.

2. The feasibility of defining the effects of genetic, environmental and physiological factors

on fetal serum bioactives be investigated by survey of

a. MLA supported projects and other relevant projects in the bovine to identify those

which offer archived samples for analysis.

b. Onfarm and harvesting practices, which would enable collection of samples

classified according to some factors.

3. Concentrations of candidate bioactives be measured in batches of FBS and correlated

with bioactivity in various culture systems.

4. The effects of IVF on fetal serum concentrations of candidate bioactives and bioactivity in

different culture systems be determined and correlated.

5. The effects of selected micronutrient supplementation of the mother and its timing
(targeting epigenetic state) on fetal serum concentrations of candidate bioactives and

bioactivity in different culture systems be determined and correlated.
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6 Evidence from other species — effects of environmental, physiological, and genetic
influences on the levels of bioactives in the ovine fetus

Limited information was available on the circulating levels of bioactive growth factors in the
bovine fetus. Therefore, a literature search was also conducted for the ovine fetus. Literature
was searched for information on the chosen growth factors in ovine fetal blood, with the aim of
identifying physiological and environmental factors that influence circulating levels of the
bioactive factors. As for the bovine fetus, studies were identified that investigated variation in the
levels of the IGFs and their binding proteins in fetal sheep. However, no appropriate studies

could be identified assessing fetal blood levels of any of the other candidate growth factors.

6.1 Developmental Age and Stage — ovine fetus

Levels of IGF-I were highest from 120 days gestation in the fetal sheep (term = 150 days) (Table
2). Carr et al. (1995) reported higher levels of IGF-2 from 80 days of gestation in the fetal sheep.
Levels of the IGF binding proteins were also assessed. Highest levels of IGFBP-2 were observed
at 120 days gestation (Carr et al. 1995). Levels of IGFBP-4 increased linearly from day 45 to day
145 pregnancy (Carr et al. 1995). Therefore, studies in the sheep also indicate that levels of the

IGFs will be highest in the last third of pregnancy. This is consistent with findings in the bovine.

6.2 Environmental factors — ovine fetus

6.2.1 Nutrition

The effects of nutritional perturbations on blood levels of the IGFs and their binding proteins have
been assessed in a number of studies. The majority of these studies have been conducted under

laboratory conditions, and are not on-farm studies.

Restriction of maternal feed intake can reduce the levels of IGF-I in fetal blood by between 13 to
50% (Table 3). Many of these studies impose a substantial reduction in available nutrition for the
mother. Fetal plasma IGF-I is reduced (-32%) following restriction of pregnant ewes to 25% of
nutritional requirements for 20 days in late gestation (Bauer et al. 1995), and by 3-5 days
maternal starvation in late gestation (-30 to -50%) (Gallaher et al. 1998; Lee et al. 1997; Oliver et
al. 1996; Bassett et al. 1990). Some variation between studies is reported with one study
reporting no reduction in fetal plasma IGF-I in late gestation following restriction of ewes to 50%

metabolisable energy requirements from conception (Rae et al 2002). Undernutrition induced
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reductions in fetal plasma IGF-I do not necessarily persists, as nutrient restriction in mid
gestation (0.5 metabolisable energy requirements from day 28-77 gestation) followed by

adequate nutrition in late gestation did not alter fetal blood levels of IGF-I.

The effects of nutrient restriction in blood levels of IGF-2 in the fetus have been assessed in
fewer studies compared to IGF-1 and appear more variable, but reductions of between 17 to 27%
have been reported (Table 3). IGF-2 concentrations in fetal blood were reduced (-27%) following
3 or 5 days maternal fasting in late gestation (Oliver et al 1996). Fetal plasma IGF-2
concentrations also tend to be lower (-25%) following restriction of maternal intake by 75% for 20

days in late gestation (Bauer et al 1995).

In fetal sheep, plasma levels of IGF-1 and -2 vary considerably between studies. For example
levels of IGF-2 range across studies from 1400 to 375 ng/ml. This is likely to reflect the assays
used, rather than variation between breeds. Molecular sieving under acid conditions to remove
IGF binding proteins is required to prevent their interference in the IGF assay, and to provide

accurate assessment of IGF proteins levels (Owens et al. 1995).

Some studies have assessed the effect of nutrition on IGF binding proteins in the ovine fetus.
Maternal nutrient restriction or starvation consistently increases plasma levels of IGFBP-1 (Lee et
al. 1997; Gallaher et al. 1994; Osborn et al. 1992). Increased levels of IGFBP-2 in fetal plasma
were also reported following 72 h maternal starvation (Gallaher et al. 1994); however, no
differences in IGFBP-2 levels were reported in 3 other studies of maternal starvation or
undernutrition (Gallaher et al. 1998; Lee et al. 1997; Osborn et al. 1992). Levels of IGFBP-3 in
fetal blood were reduced by maternal feed restriction or starvation in 2 studies (Gallaher et al.
1998; Gallaher et al. 1994), but no differences were reported in 2 other studies following 3-5 days
maternal starvation (Osborn et al. 1992; Lee et al. 1997) (Table 3).

Summary:

e Undernutrition reduces fetal plasma IGF-I (-13 to -50%), IGF-2 (-17 to -27%) and IGFBP-3,
butincreases levels of the other IGFBPs, including IGFBP-1 (30 to 250%) in the ovine fetus.

e Manipulation of maternal nutrition or use of markers of this, such as body condition, may

enable collection of FBS according to differing bioactivity.
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6.2.2 Hypoxia or hyperthermia

The effect of maternal hypoxia on fetal plasma levels of the IGFs has also been assessed (Table
4). While this environmental factor may be of little on-farm relevance, acute hypoxia may be of

relevance at the time of collection of the fetal serum.

Acute maternal hypoxia (3 hours) reduced fetal plasma IGF-I (-23%), but not IGF-2 (lwamoto et
al. 1992). Non-significant reductions in IGF-l1 and IGF-2 were observed following 24 hours of
restricted uterine blood flow (McLellan et al. 1992). However, the restriction in uterine blood flow
was associated with a significant increase in fetal plasma levels of IGFBP-1 (75%) and a
significant decrease in plasma levels of IGFBP-2 (-40%). Hence, fetal plasma levels of IGFBPs

may be altered by short term changes in oxygen supply to the fetus.

No differences in fetal plasma levels of IGF-1 were observed following exposure of pregnant ewes

to hyperthermic conditions (35-40°C, compared to 20°C) (De Vrijer et al. 2006).

Summary:

e Hypoxia reduces fetal plasma IGF-1 and increases IGFBP-1.

6.2.3 Intrauterine growth restriction

Restriction of placental size reduces nutrient supply and restricts fetal growth in the sheep (Table
5). Plasma levels of IGF-I are significantly reduced in growth restricted fetal sheep and correlate
with fetal size (Owens et al. 1994; Kind et al. 1995). Plasma levels of IGF-2 were also
significantly reduced, but only in late gestation, in growth-restricted fetal sheep (Owens et al.
1994). This is consistent with findings in the bovine, that fetal weight is a marker of the

abundance of fetal serum IGFs.

Summary:

e Hypoxia reduces fetal plasma IGF-1 and increases IGFBP-1.

e Length of fetal hypoxia during collection of FBS may alter levels of IGF related bioactives.
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6.3 Overall summary

Potential environmental and physiological influences on the levels of bioactives in fetal

ovineserum.

e No studies were identified reporting natural or manipulated variation in transforming growth
factor-p, the fibroblast growth factors, epidermal growth factor, transforming growth factor-a

or the neuregulins in the ovine fetus.

e Studies that have investigated EGF in the ovine fetus have focused predominantly on
administration of EGF to the fetus to enhance wool follicle development or fetal growth, and

were therefore not included in the review.

e Studies of the effects of these influences in the ovine fetus have focused on the IGFs and the
IGFBPs.

e Restriction of nutrition of the pregnant ewe, by starvation or general restriction of maternal
feed intake, reduces fetal plasma levels of IGF-1 (-13 to -50%) and of IGF-2 (-17 to -27%).
Restriction of maternal nutrition increases fetal plasma levels of IGFBP-1 (30 to 250%).
Results obtained for IGFBP-3 and IGFBP-2 are variable. Some studies report a decrease in
plasma levels of IGFBP-3 and an increase in levels of IGFBP-2 following maternal nutrient

restriction.

e Hypoxia reduces fetal plasma IGF-I and increases IGFBP-1. Length of fetal hypoxia during

collection of FBS may alter levels of IGF related bioactives.

e Fetal plasma levels of IGF-I are reduced in growth restricted fetal sheep, following restriction
of placental size. Plasma levels of IGF-2 are reduced in late gestation in the growth-
restricted fetus. Fetal weight provides an indicator of levels of IGF related bioactives in fetal

plasma
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[ Evidence from other species - effects of environmental, physiological and genetic
influences on the levels of bioactives in the rodent fetus

7.1 Nutrition

The effects of nutritional perturbations such as maternal protein restriction or maternal starvation
in late gestation or of fetal oxygen deprivation by hypoxia or uterine artery ligation on blood levels
of the IGFs have been assessed in a number of studies in the rat. Maternal protein restriction or
starvation in late gestation reduces fetal plasma IGF-I in the rat fetus by 31 to 35% (Table 6)
(Muaku et al 1995; Bernstein et al 1991). Fetal hypoxia induced by bilateral uterine artery
ligation, but not maternal hypoxia, also reduces fetal plasma IGF-I and by about 46% (Table 6)

(Unterman et al 1993; Tapanainen et al 1994).

We have also recently described the effect of maternal folate supplementation from before and
throughout pregnancy on plasma IGF-2 in offspring from early in postnatal life (Owens JA,
personal communication). Plasma IGF-2 was increased by ~250% in offspring at day 7,
suggesting a major influence of maternal methyaltion status on neonatal IGF-2 production
(Owens JA, personal communication). If present before birth, this would identify the supply of
methyl groups for DNA methyaltion and control of epigenetic state and expression of labile genes

as a major influence over this and other imprinted or epigenetically labile genes for bioactives.

Summary:
e Undernutrition reduces fetal plasma IGF-I (-30%) in the rodent fetus.

e Fetal hypoxia also reduces fetal plasma IGF1 and to a more limited extent, IGF-2, in the

rodent fetus.

¢ Maternal folate supplementation increases plasma IGF-2 by 250% in the neonatal rat.
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TABLE 1. Bovine fetal serum metabolites and hormones according to development stag

Active Other
compoun Stage of pregnancy (term ~ 280 days) Breed Assay comment Gender | Ref.
Day <100 Day 100-200 Day 200-250 Day >250
2.5 (d137) Catheterised
Glucose (mM) 2.2 (d180) 2.1 (d226) 2.1 (d250) fetuses, fotal
; 5.8 (d137) vein results
Insulin (uU/ml) 6.3 (d180) 6.2 (d226) 8.4 (d250) Hereford RIAl. for reported here, Re)t/nclJId
erefor insulin values for s etal.
Growth 23.9(d137) andGH 1\ terine artery 1990
Hormone 37.8 (d180) 58.5 (d226) 49.3 (d250) also in paper
(ng/ml) GH highly
No correlation
20-70 Peak of 100 .
IGF-1 (ng/mil) 20 (steady ng/ml at day 65 fetatl W|thI ovel
increase) 232 maternal levels,
Crossbre IGF-2 umb vein
d beef conc.> umb
IGF-2 (ng/ml) 240 200-280 320-360 320 heifers artery.
semen from _ (placental No
Polled Acid source?) effects
hereford column  fotal Holland
(semen extraction, | /GF-land - offetal | ot g,
selected RIA 2 correlated gender | 1997.
to give with fetal on
Placental High or size IGFs
lactogen 27 24-19 20-15 20-15 Low measures.
(ng/mi) genetic No correlation
potential maternal breed
for growth) with fetal
hormones,
matarnal hady
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Active Other
compound Stage of pregnancy (term ~ 280 days) Breed Assay comments Gender | Ref.
Day <100 Day 100-200 Day 200-250 Day >250
Angus x
Anaus Acid No
IGF-I (ng/ml) Day 100 = 76 | Day 200 = 114 Chianina ethanql d|fferen_ces Gore et
(LSM) (LSM) X extraction | according to al. 1994
Chianina | RIA genotype.
; Thoracic
Prolactin ng/ml | 4 (d90 43 (d180 61 (d260
in ng (d90) ( ) ( ) artery at 90
Growth days,
hormone ng/mi 42 (d90) 65 (d180) 103 (d260) umbilical Oxender
Holstein RIA artery and etal.
vein at other 1972
LH ng/ml 3 (d90) 1.28 (d180) 0.85 (d260) ages, not
catheterised
Serum
T4
: Same as higherin | Hernande
Thﬁgg'”"](m) 2.2 (d90) 11.7 (d180) 17.2 (d260) Holstein | RIA Oxenderetal |female |z et
HgAEem 1972. fetuses | al.1972
ateach
age

LSM = least squares mean, values in brackets represent specific gestational ages at which measurements were made, RIA = radioimmunoassay.
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TABLE 2. Ovine fetal serum hormones according to development stage

Active compound Stage of pregnancy (term ~150 days) Breed Assay Other comments Ref
Samples collected from
D45 | D60 | D8O | D95 | D120 | D130 | D140 | D145 cord blood at PM or
from indwelling
umbilical catheters
Not given IGF-1 correlates positively | Carr et
Acid col with fetal weight, al 1995
IGF-1 (ng/ml) 22 40 43 08 68 98 98 RiA COUMA ) circulating IGFBP-3 and -
4,
Values are mean estimates
IGF-2 correlates
i ositively with circulatin
IGF-2 (ng/ml) 253 | 547 | 425 | 625 | 483 | 385 | 620 Foid column FORBP S, 9
Values are mean estimates
frarm 2 2 nilattad vinbiine
Values are mean estimates
IGFBP-3 (ug/ml) 0.7 | 05-09|06-15|08-1.2| 0.7-16 | 0.6-1.6 | 0.7-1.3 | 1.0-14 RIA from 2-3 plotted values.
Western IGFBP-2 and IGF-BP-4
ligand were assessed by
blot western ligand blotting.

IGFBP-2 and IGFBP-4

IGFBP-2 increased
throughout pregnancy
to peak at 120 d.

IGFBP-4 increased
linearly throughout
pregnancy from 45 to 145
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Activecompound Stage of pregnhancy Breed Assay Other comments Ref
d 50-80 d 90-110 d110-130 d 140-150
: Gluckman
Romney- | Acid Samples collected from
IGF-1 (U/ml) 0.29+0.15 0.5 0.65 0.79+0.18 Suffolk | Ethanol/RIA | indwelling catheters ?Q%Létler
Acid
IGF-2 (U/ml) 2.8 3.1 3.0 2.6 Ethanol/RR
A
d110-114 d127-130 d142-145
Welsh Acid column | Samples collected from Liet al
IGF-1 (ng/ml) 57 + 2 57 + 10 54+7 Mountain | RIA indwelling arterial 1996
catheters or from
umbilical artery at PM
Insulin (ng/ml) 0.26 Mixed Samples collected from | De Zegher
Western indwelling arterial etal 1988
breed catheters at 126-134 d
gestation. Effects of IGF-
| also assessed in this
Growthhormone 172 + 35

(ng/ml)

study. Values presented
here represent prelGF-I
infusion.

PM = post mortem, h=hours, d=days
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TABLE 3. Ovine fetal serum hormones studies involving environmental alterations —restricted maternal nutrition

Active compound Breed Assay Other comments Ref
Ad libitum Nutrient restricted
feeding groups _ _
Glucose (mMM) 1.1£0.08 0.79 £ 0.05 ** Restricted nutrition VS| Glucose oxidase | Samples collected from | Bauer et
_ » Ewes fed 25% indwelling arterial and al 1995
Insulin (ng/ml) 1.8 0.8 nutritional 0 RIA ;enous ctatpeters at 120
i ays gestation.
GH (ng/ml) 60 105 * requirements d RIA
N 120 gestation Acid ethanol
IGF-1 (ng/ml) 95 65 cryoprecipitation /RIA
IGF-2 (ng/ml) 1400 1050 # 2206%6 Acid column / RIA
Placental lactogen ** < 01
(ng/mi) 14 o# p Homologous RIA
Free fatty
acids (umol/l) 132 1642
. . Samples collected from
* Maternal starvation Glucose oxidase . ; . Bassett et
Glucose (mM) 1.08+0.11 0.83 £0.07 (Beckman indwelling arterial catheter | o0
after 7-2 n 72h maternal lucose analyser at 130-135 days
ctarvatian starvation Romney - |19 Yy gestation_
194 4 10.3 * . Suffolk | acid ethanol
IGF-1 (ng/ml) 176.1£15.2 - p<0.05 cryoprecipitation / Infusion of glucose to the
after 72h starvation
RIA ewe restored fetal levels
: s . Values are mean values
IGF-1 (ng/ml) ~120 ng/ml ~60 ng/ml Restricted nutrition Co_og\c/)vrtzjr(tehr cﬁ/%grgct:?;g?ilo/n in the ad lib fed and feed Staeilla1h9€9r8
Undernourished for restricted group at 115 d
60 d prior to mating gestation, independent of
- - then 30 d after preconception nutrition.
IGFBP-3 (ng/ml) 1200 ng/mll 500 ng/ml conception. RIA No effect of
) preconception
gg;r:;t:oofnagr?egt undernutrition (UN) on
restriction to ::53 Flevels a_t d 1?\]5'
blood glucose of had a greater decrease
60% ad lib fed in IGF-1and BP-3 levels
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Active compound Breed Assay Other comments Ref
Ad libitum Nutrient
faadina restricted
IGF-2 receptor was Maternal Samples collected from Gallaher
decreased by 30% by starvation indwelling catheters. et al
maternal starvation, followed by Coopworth- . 1994
IGF-2 receptor returned to 90% of glucose infusion Dorset | VVestern ligand blot
baseline values by 79 h maternal
fetal glucose i?fusion starvation starting d
or maternal refeedina .
125-130 gestation.
IGFBP-1 increased by gesla on
30% by maternal Followed by iv
IGFBP-1 starvation, restored to | infusion of 10% Western ligand blot
normal levels by fetal | glucose into the
glucose infusion or fetus.
IGFBP-2 increased by
20% by maternal
IGFBP-2 starvation, restored to Western ligand blot
normal levels by fetal
glucose infusion or
IGFBP-3 decreased by
~18% by maternal )
IGFBP-3 starvation, no effect of Western ligand blot
fetal
glucose infusion,
rociorad
Restricted nutrition Welsh Samples collected
Glucose (mM) 1.35+0.10 1.74 £ 0.20 1.2 x metabolizable Mountain from umbilical artery at ste;s;agg
Non-esterified energy Enzymatic methods | PM at 145 d gestation.
fatty acids (mM) 0.09 £ 0.01 0.06 +0.01* requirements Also measured cortisol,
(ME) vs 0.5 x ME from T3 and T4,
d 28 to 77 gestation. norepinephrine,
IGF-1 (nM) 12.58£1.39 13.49£0.93 ELISA OCTEIA IGFs | epinephrine. No
Measurements removed from binding| significant
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adequate proteins by IDS
nutrition from Release
d77 to 145. Reagent
* (p<0.05)
Active compound Breed Assa Other comments Re
Ad libitum Nutrient restricted
feeding groups
69.2+6.9-d 90 61.4+59-d90 : . Welsh | Ethanol-acetone- Samples collected b McMullen
IGF-1 (ng/ml) geS”'CteP' nutrition | y\1ountain | acetic acid cardiog puncture at 2v | etal 2005
104.8+14-d135| 90.5+13.3-d 135 starvation extraction, then RIA | 4t either d 90 or d 135
Reduced nutrition gestation.
from d 83, starved EI.‘ISA DtRG
Insulin (ng/ml) 0.23+0.02-d90| 0.22+0.02-d90 | from d 85 to d 90, lagnostics No effect of restricted
0.19+£0.02-d135| 0.17+0.01-d135 | thenrefed, nutrition on IGF-I or
measurements made insulin in this study.
atd 90 & 135
. Maternal starvation | Coopworth/ | YSI 2300 STAT Samples collected from Oliver et
Glucose (mM) 0.8+0.1 0.5+£0.0 . ; . al 1996
72 hours maternal Border glucose analyser mdwellmgt?]rt(tarlal and
starvation starting at d Acid ethanol venous catheters.
IGF-1 (nM) 13.5£1.5 79+13* 125-130 gestation cryoprecipitation /RIA IGF-l and IGF-2 in fetal
blood were reduced by 72
. . Acid ethanol hour fasting.
IGF-2 (nM) 151.9+8.4 111.5+3.6 p<0.05 cryoprecipitation /RIA
Insulin (nM) 0.3+£0.0 0.1+0.0* RIA
Glucose (mg/100 ml) 24.18 £6.32 6.01+£1.00* Maternal starvation Glucose oxidase kit | Samples collected Osborn et
from indwelling al 1992
Insulin (ng/ml) 0.69+£0.16 0.37£0.06 * 72 hours maternal RIA arterial and venous
2.3 fold starvation starting at d catheters.
IGFBP-1 increase in 123-134 geStatlon Western ||gand blot Study also investigated
No sianificant the effect of restoring
IGFBP-2 p el Western ligand blot | glucose by glucose
efrec infusion.
No significant ;
IGFBP-3 offect Western ligand blot
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IGFBP-4 No significant Western ligand blot
IGF-2 receptor No significant Western ligand blot
P effect 9
Active compound Breed Assa Other comments Re
Ad libitum Nutrient restricted
feeding aroups
. Maternal starvation Formic acid/acetone | Samples collected from Leeetal
IGF-1 (ng/ml) 45 27 extraction, then RIA | indwelling arterial, venous | 1997
5 d fast starting afc : ) and umbilical vein
IGF-2 (ng/ml) 375 310 * ~130 days gestation Formic acid/acetone | catheters.
extraction, then RIA .
* p<0.05 UI"II.tS for IGFBPs are

IGFBP-1 120 155 * Western ligand blot | 2roitrary -~

densitometric units.
IGFBP-2 210 215 Western ligand blot | 'GF-1and IGF-2

decreased by maternal

starvation.
IGFBP-3 150 140 Western ligand blot | IGFBP-1 was increased

by maternal starvation,
IGF-1 (ng/ml) 242 +14.9 213+£7.9 Restricted nutrition Scottish Samples collected from Rae et al

) Blackface indwelling arterial and 2002
Insulin (ulU/ml) 18.3+1.15 19.2+1.76 50% metabolisable venous catheters at
Triiodoth . energy d113 to 119 gestation.
rioaotnyronine * requirements from
0.24 £ 0.01 0.19+0.02 q
T3 (ng/ml) mating to d 119.
Thyroxine (ng/ml) 829+5.2 724146
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TABLE 4. Ovine fetal serum hormones studies involving environmental alterations —hypoxia or hyperthermia

Active compound Breed Assay Other comments Ref
Control Hypoxia

1.11 £ 0.18 (30 min) Acute hypoxia 114-124 days gestation. Iwamoto
Glucose (mM) 0.96+0.17 1.14+0.23 (60 min) « | Ewes made Glucose/lactate _Samp"?s collec_ted from etal 1992

1.26 + 0.40 (120 min) hvooxic for 3 hours analyser (YSI) indwelling arterial

1.23 £ 0.40 (180 min) * | MYP catheter.

. Ewes made hypoxic

80 (30 min) _ . by infusion of
GF1ogm) | o141 o o) fetgiaston, | nitogen o rachea.

70 (180 min) * ’ Acute hypoxia reduced

fetal plasma IGF-I, but
t IGF-2.

992 + 219 (30 min) rcid no

IGF-2 (ng/ml 934157 952 + 139 (60 min) ed
(ng/mi) 941 + 151 (120 min) extraction
873 + 171 (180 min) HPLC, RIA,
Control Hypoxia
(o)
(GF-1 (ng/m) 431+7.9 ?r?of’s‘i’;rfﬁiggwa'”es’ Hypoxia Acid Chromatography| 115-120 days McLellan et
Range 14.0-72.5 reduced) 24h of hypoxia by /RIA gestation Samples al 1992
75% of control values restriction of :
444.7 +89.4 e ' ; Acid Chromatography| collected from
IGF-2 (ng/ml) Range 97-775 gghigg)ﬁlcantly uterine blood flow /RIA indwelling arterial catheter.
. Plasma IGF values
Insulin (ng/ml) 0.7+£0.12 0.73+0.17 expressed in the paper
R as
Lactate (mg/di) 14 40-60 % of baseline values.
IGFBP-1 Increased by 75% Western ligand blot
IGFBP-2 Decreased by 40% Western ligand blot
IGFBP-3 IGFBP-3 not altered Western ligand blot
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IGFBP-4 IGFBP-4 not altered Western ligand blot
Active compound Breed Assay Other comments Ref
Control Hyperthermic
Insulin (UU/ml) 0.24 0.12 Maternal Columbia- | Mercodia ELISA Samples collected from De Vrijer
hyperthermia Rambouille | £t tion then umbilical vein at post- et al 2006
t : " mortem at d 90
C immunoradiometr .
IGF-1 (ng/ml) 52 48 Ewes m%‘”ta'”e" y gestation.
at 35-40~C,

Large variance in insulin

compared to values, decreased by

a)
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TABLE 5. Ovine fetal serum hormones studies involving environmental alterations —intrauterine growth retardation

Active compound Breed Assay Other comments Ref
Normal Growth retarded very
Growth
Border/ Enzymatic | Samples collected | Owens JA
0.71+£0.06 (120d) | 0.65+0.15(120d) | 0.47 £ 0.07 (120 d) | Fetal growth X ;
Glucose (mmol) | 65+ 004 (127 d) | 0.51+0.10 (127 d) | 0.40 + 0.12 (127d)* | retardation | Leicester assay from indwelling | et al 1994
due to arterial catheters
* * lacental ; Fetuses
: 140+ 9 (120 d) 95+7 (120 d) 38+7(120d) placent, Acid i~
IGF-A(ng/ml) 1437 13 (127d) | 74£24(127d)* | 16:2(127d)> | restriction HPLC RIA | classified as
normal, growth
* p<0.05 Acid retarded (2-6 SD
IGF-2 (ng/ml) 709 + 206 (120 d) | 1023 +269 (120d) | 744 + 157 (120d) | compared to HPLC,RIA | below mean) or
9 1181 +£290 (127 d) | 910 + 144 (127 d) 385+ 74 (127 d)* | hormal size very growth
at retarded (>6 SD
same age helow mean)
Normal Growth retarded
Fetal growth | Dorset Acid Samples collected | Kind KL et
N retardation HPLC,RIA | from indwelling al 1995
IGF-1 (ng/ml) 1577 121210 dueto / arterial catheters
placental Merino
restriction
* Acid
IGF-2 (ng/ml) 663 + 45 697 + 45 p<0.05 HPLC.RIA
Insulin (pg/ml) 772 +132 564 + 119 RIA
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TABLE 6. Rat fetal serum metabolites and hormones according to development stage, maternal nutritional treatment or oxygen deprivation

Stage of pregnancy

Breed

Assay

Other comments

Ref

d20

Wistar rats

Nutritional Restriction

Glucose (mM)

Effect of feeding a
20%(P20) vs 5%

(DEYnrntain dint

Muaku et
al 1995

IGF-1 (ng/ml)

145£10 (P20)

1001 (P5) p
<0.01

Non-
equilibrium
RIA

IGF-1 decreased in low
protein diet

IGF-2 (ng/ml)

Non-
equilibrium
RIA

No change in IGF-II

d14

d21

Wistar rats

Nutritional Restriction

Fernandez
- Twinn et
al 2003

Glucose (mM)

5.9+0.22

2.840.16 (LP)
p<0.0001

3.6+0.58

3.840.34 (LP)

Dams fed 40%

protein restricted
dint (1 D\

Insulin (pmol/l)

539+1231

41764 (LP)

No effect in d21 fetus on
leptin,prolactin,
corticosterone,

d20

Sprague-
Dawley

Rats fed 20% protein for
first 10-11 days gestation,
then isocaloric diet with 4%
casein (1 P)

Barone et
al 1998

Total plasma

protein (g/l)

13.6%1.0
(LP)

D~ N NA1

Protein restriction reduced
plasma protein but not plasma
albumin concentration.

Plasma Albumin (g/l)

12£1.0

Fed ad libitum, then
starved from d18-d21

Bernstein
IM et al

IGF-1 (ng/ml)

87.45+17.5

56.8+14.9
p <0.01

Acid
chromatogr
a phy, then
RIA

Maternal starvation resulted
in a marked reduction in fetal
plasma IGF-1

Page 45 of 84

44



Nature and nurture impact on bioactivity

| Stage of pregnancy | | | | Breed | Assay | Other comments | Ref
Experimental intrauterine
d21 Sprague- growth retardation Tapanainen et
Dawley (IUGR) induced by al 1994
hvpoxia (d14-21 of
Acid
IGF-1 (ug /1) 5919 5417 (IUGR) chromatogra
p
Acid
IGF-2 (ng/ml) 297+31 418£33 (IUGR) chromatogra
p hy, then
Small for gestational
d21 Sprague- age (SGA) model Unterman et
Dawley induced by bilateral al 1993
uterine arterial lination
7045 Doyble
Insulin (uU/ ml) 134112 D <0.001 antibody
: immunoassay
Acid
6515 extraction,
IGF-1 (ng/ml) 12049 0 <0.001 HPLC, then
RIA
Acid
IGF-2 (ng/ml) 760452 622412 et
RIA
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8.1 Appendix 1 Literature Survey Summary — bovine fetus

Search tools used
Web of Science
CurrentContents
PubMed
Professional and scientific society conference/meeting proceedings

Journals with a focus on Animal Production were searched independently: Journal of Animal
Science, Theriogenology, Australian Journal of Experimental Agriculture.

http://www.livestocklibrary.com.au/ The Livestock Library - developed and funded by the CRC
for Beef Genetic Technologies, the Australian Sheep Industry CRC, funded by Australian Wool
Innovation. Supported and hosted by the Dept. Agriculture and Food, Western Australia.

Due to the focus of the literature analysis being bovine fetal serum, an extensive review of all
literature relating to the “bovine fetus” was undertaken.

e “Bovine” and “fetus” resulted in 5024 publications in PubMed.

e The majority of articles focus on pregnancy complications associated with viral or
bacterialinfections.

e Current Contents search results were compared to detect any articles not cited by
PubMed.

e The list was reduced to 388 references with some relevance.

e 268 references of these were chosen for initial review of abstracts where available.

e 45 articles were obtained and reviewed and those that were relevant are included in the

report.
e Additional literature was accessed to provide background information to the bioactive
growth factors.

Literature Survey Summary —ovine fetus

A similar approach was taken to review the literature on the ovine fetus.
A summary of the literature accessed is provided below.

Search outcomes (number of references)

. EGF and fetus and sheep
EGF and fetus and ovine
FGF and fetus and sheep
FGF and fetus and ovine

a. Ovine and fetus 1563
b. Sheep and fetus 2591
c. IGF and fetus and sheep 121
d. IGF and fetus and ovine 66
e. Growth factor and fetus and sheep 242
f. Growth factor and fetus and ovine 139
g. Hormone and fetus and sheep 394
h. Hormone and fetus and ovine 374
i. Albumin and fetus and sheep 4

j-  Albumin and fetus and ovine 5

k. Insulin and fetus and sheep 115
I. Insulin and sheep and ovine 139
m

n.

0.

p.

A ~NO O

Page 47 of 84

46


http://www.livestocklibrary.com.au/

Nature and nurture impact on bioactivity

8.2 Appendix 2. Bovine fetus reference database

Generated and selected for initial review

Abdelrahman, M. M. and R. L. Kincaid (1993). "Deposition of copper, manganese, zinc, and
selenium in bovine fetal tissue at different stages of gestation." J Dairy Sci 76(11): 3588-93.

Abdelrahman, M. M. and R. L. Kincaid (1995). "Effect of selenium supplementation of cows on
maternal transfer of selenium to fetal and newborn calves." J Dairy Sci 78(3): 625-30.

Abe, T., M. Komatsu, et al. (1976). "The alpha-fetoprotein level in the sera of bovine fetuses and
calves." Nippon Juigaku Zasshi 38(4): 339-45.

Almeria, S., T. De Marez, et al. (2003). "Cytokine gene expression in dams and foetuses after
experimental Neospora caninum infection of heifers at 110 days of gestation." Parasite Immunol
25(7):383-92.

Alsemgeest, S. P., M. A. Taverne, et al. (1993). "Peripartum acute-phase protein serum amyloid-
A concentration in plasma of cows and fetuses." Am J Vet Res 54(1): 164-7.

Alterio, J., Y. Courtois, et al. (1990). "Acidic and basic fibroblast growth factor mRNAs are
expressed by skeletal muscle satellite cells." Biochem Biophys Res Commun 166(3): 1205-12.

Amen, T. S., A. D. Herring, et al. (2007). "Evaluation of reciprocal differences in Bos indicus x
Bos taurus backcross calves produced through embryo transfer: Il. Postweaning, carcass, and
meat traits." J Anim Sci 85(2): 373-9.

Andrianarivo, A. G., B. C. Barr, et al. (2001). "Immune responses in pregnant cattle and bovine
fetuses following experimental infection with Neospora caninum." Parasitol Res 87(10): 817-25.

Anthony, R. V., R. A. Bellows, et al. (1986). "Fetal growth of beef calves. Il. Effect of sire on
prenatal development of the calf and related placental characteristics." J Anim Sci 62(5): 1375-
87.

Antonoglou, O. and J. G. Georgatsos (1971). "Studies on a glycoprotein of fetal calf serum that
protects nucleic acids from acid precipitation." Proc Soc Exp Biol Med 136(4): 1360-2.

Arthur, G. H. (1969). "The fetal fluids of domestic animals." J Reprod Fertil Suppl 9: Suppl 9:45-
52.

Asari, M., K. Miura, et al. (1994). "Expression of carbonic anhydrase isozymes Il and Il in
developing bovine parotid gland." Histochemistry 101(2): 121-5.

Aurousseau, B., D. Gruffat, et al. (2006). "Gestation linked radical oxygen species fluxes and
vitamins and trace mineral deficiencies in the ruminant.” Reprod Nutr Dev 46(6): 601-20.

Baetz, A. L. and W. T. Hubbert (1974). "Vitamin A in the bovine fetus." Am J Vet Res 35(9):
1189-90.

Baetz, A. L., W. T. Hubbert, et al. (1971). "Changes in plasma levels of proteins and enzymes in
the fetal calf during gestation." Biol Neonate 18(5): 348-55.

Baetz, A. L., W. T. Hubbert, et al. (1975). "Developmental changes of free amino acids in bovine
fetal fluids with gestational age and the interrelationships between the amino acid concentrations
in the fluid compartments." J Reprod Fertil 44(3): 437-77.

Baetz, A. L., W. T. Hubbert, et al. (1975). "Developmental changes of tissue enzyme patterns in
the bovine fetus with gestational age." Biol Neonate 26(3-4): 232-40.

Baetz, A. L., W. T. Hubbert, et al. (1976). "Changes of biochemical constituents in bovine fetal

Page 48 of 84

47



Nature and nurture impact on bioactivity

fluids with gestational age." Am J Vet Res 37(9): 1047-52.

Baker, H., B. DeAngelis, et al. (1988). "Vitamins and other metabolites in various sera commonly
used for cell culturing." Experientia 44(11-12): 1007-10.

Balbierz, H. (1969). "Fetuin, one of the alpha-globulins in the serum of newborn calves." Arch
Immunol Ther Exp (Warsz) 17(2): 207-12.

Band, M. R., C. Olmstead, et al. (2002). "A 3800 gene microarray for cattle functional genomics:
comparison of gene expression in spleen, placenta, and brain." Anim Biotechnol 13(1): 163-72.

Barlet, J. P., T. M. Nguyen, et al. (1981). "Plasma levels of vitamin D metabolites in the bovine
species during the perinatal period." Reprod Nutr Dev 21(1): 127-34.

Barrington, G. M. and S. M. Parish (2001). "Bovine neonatal immunology." Vet Clin North Am
Food Anim Pract 17(3): 463-76.

Bastian, S. E., A. J. Dunbar, et al. (2001). "Measurement of betacellulin levels in bovine serum,
colostrum and milk." J Endocrinol 168(1): 203-12.

Bechet, D. M., C. Deval, et al. (1996). "Developmental control of cathepsin B expression in
bovine fetal muscles." Arch Biochem Biophys 334(2): 362-8.

Bell, A. W., R. Slepetis, et al. (1995). "Growth and accretion of energy and protein in the gravid
uterus during late pregnancy in Holstein cows." J Dairy Sci 78(9): 1954-61.

Bellows, R. A., R. B. Staigmiller, et al. (1993). "Effects of sire and dam on late-pregnancy
conceptus and hormone traits in beef cattle." J Anim Sci 71(3): 714-23.

Bergamaschi, M. A. C. M., W. R. R. Vicente, et al. (2002). "Effect of multiple gestations on bovine
fetal growth." A Hora Veterinaria 22(130).

Best, L. G., E. Gilbert-Barness, et al. (2006). ""Double-muscle" trait in cattle: a possible model for
Wiedemann-Beckwith syndrome." Fetal Pediatr Pathol 25(1): 9-20.

Bittles, A. H. (1974). "The comparative analysis of three batches of foetal bovine serum used in
tissue culture." Med Lab Technol 31(3): 253-5.

Blondin, P., P. W. Farin, et al. (2000). "In vitro production of embryos alters levels of insulin-like
growth factor-lIl messenger ribonucleic acid in bovine fetuses 63 days after transfer." Biol Reprod
62(2): 384-9.

Bohn, B. (1995). "Fatal bovine serum?" Biotechnology (N Y) 13(9): 926-7.

Bolander, F. F., L. C. Ulberg, et al. (1976). "Circulating placental lactogen levels in dairy and beef
cattle." Endocrinology 99(5): 1273-8.

Bolin, S. R. and J. F. Ridpath (1998). "Prevalence of bovine viral diarrhea virus genotypes and
antibody against those viral genotypes in fetal bovine serum." J Vet Diagn Invest 10(2): 135-9.

Bongso, T. A. and P. K. Basrur (1976). "Foetal fluids in cattle." Can Vet J 17(2): 38-41.

Boone, C. W., N. Mantel, et al. (1971). "Quality control studies on fetal bovine serum used in
tissue culture." In Vitro 7(3): 174-89.

Bordonaro, P. (1992). "Serum supply." Biotechnology (N Y) 10(4): 454.

Breukelman, S. P., J. M. Reinders, et al. (2004). "Fetometry and fetal heart rates between Day
35 and 108 in bovine pregnancies resulting from transfer of either MOET, IVP-co-culture or IVP-
SOF embryos." Theriogenology 61(5): 867-82.

Brock, K. V. and C. C. Chase (2000). "Development of a fetal challenge method for the

Page 4 of 84

48



Nature and nurture impact on bioactivity

evaluation of bovine viral diarrhea virus vaccines." Vet Microbiol 77(1-2): 209-14.

Brown, T. T., Jr., R. D. Schultz, et al. (1979). "Serological response of the bovine fetus to bovine
viral diarrhea virus." Infect Immun 25(1): 93-7.

Brownlie, J. (1990). "The pathogenesis of bovine virus diarrhoea virus infections." Rev Sci Tech
9(1): 43-59.

Buczinski, S. M., G. Fecteau, et al. (2007). "Fetal well-being assessment in bovine near-term
gestations: current knowledge and future perspectives arising from comparative medicine." Can
Vet J 48(2): 178-83.

Bump, E. A. and D. J. Reed (1977). "A unique property of fetal bovine serum: high levels of
protein-glutathione mixed disulfides." In Vitro 13(2): 115-8.

Buratini, J., Jr., A. B. Teixeira, et al. (2003). "Expression of fibroblast growth factor-8 (FGF-8) and
its cognate receptors (FGFR-3C and FGFR-4) in the bovine testis." Revista Brasileira de
Reproducao Animal 27(2): 193-195.

Byatt, J. C., C. R. Wallace, et al. (1987). "The concentration of bovine placental lactogen and the
incidence of different forms in fetal cotyledons and in fetal serum." Domest Anim Endocrinol 4(4):
231-41.

Byrom, N. A., M. A. Campbell, et al. (1977). "Thymosin-like activity in fetal calf serum?" Lancet
2(8048): 1132-3.

Cabianca, G., A. Rota, et al. (2007). "Expression of AMH in female fetal intersex gonads in the
bovine." Anat Histol Embryol 36(1): 24-6.

Care, A. D. (1980). "Calcium homeostasis in the fetus." J Dev Physiol 2(1-2): 85-99.
Care, A. D. (1997). "Fetal calcium homeostasis." Equine Vet J Suppl(24): 59-61.

Care, A. D. and R. Ross (1984). "Fetal calcium homeostasis." J Dev Physiol 6(1): 59-66.

Casaro, A. P., J. W. Kendrick, et al. (1971). "Response of the bovine fetus to bovine viral
diarrhea-mucosal disease virus." Am J Vet Res 32(10): 1543-62.

Cassar-Malek, 1., B. Picard, et al. (2007). "Relationships between thyroid status, tissue oxidative
metabolism, and muscle differentiation in bovine fetuses." Domest Anim Endocrinol 33(1): 91-
106.

Casteilla, L., C. Forest, et al. (1987). "Characterization of mitochondrial-uncoupling protein in
bovine fetus and newborn calf." Am J Physiol 252(5 Pt 1): E627-36.

Cezar, G. G., M. S. Bartolomei, et al. (2003). "Genome-wide epigenetic alterations in cloned
bovine fetuses." Biol Reprod 68(3): 1009-14.

Chan, J. S., H. A. Robertson, et al. (1978). "Maternal and fetal concentrations of ovine placental
lactogen measured by radioimmunoassay." Endocrinology 102(5): 1606-13.

Charleston, B., M. D. Fray, et al. (2001). "Establishment of persistent infection with non-
cytopathic bovine viral diarrhoea virus in cattle is associated with a failure to induce type |
interferon." J Gen Virol 82(Pt 8): 1893-7.

Chauvet, M. T., J. Chauvet, et al. (1984). "Ontogeny of the bovine neurohypophyseal hormone
precursors. Foetal neurohormones and neurophysins." Int J Pept Protein Res 24(1): 66-73.

Chen, H. T., L. A. Schuler, et al. (1997). "Growth hormone and Pit-1 expression in bovine fetal
lymphoid cells." Domestic Animal Endocrinology 14(6): 399-407.

Page 5 of 84

49



Nature and nurture impact on bioactivity

Chen, H. T., L. A. Schuler, et al. (1998). "Growth hormone receptor and regulation of gene
expression in fetal lymphoid cells." Molecular and Cellular Endocrinology 137(1): 21-29.

Clementi, M. E., R. Scatena, et al. (1996). "Oxygen transport by fetal bovine hemoglobin." J Mol
Biol 255(1): 229-34.

Comline, R. S. and M. Silver (1966). "The development of the adrenal medulla of the foetal and
new-born calf." J Physiol 183(2): 305-40.

Comline, R. S. and M. Silver (1976). "Some aspects of foetal and uteroplacental metabolism in
cows with indwelling umbilical and uterine vascular catheters." J Physiol 260(3): 571-86.

Conley, A. J., J. R. Head, et al. (1992). "Expression of steroidogenic enzymes in the bovine
placenta and fetal adrenal glands throughout gestation.” Endocrinology 130(5): 264 1-50.

Conner, G. H., M. Richardson, et al. (1977). "Immune responses of the bovine fetus." J Dairy Sci
60(2): 289-93.

Cordano, P., H. M. Hammon, et al. (2000). "mRNA of insulin-like growth factor (IGF)
quantification and presence of IGF binding proteins, and receptors for growth hormone, IGF-I
and insulin, determined by reverse transcribed polymerase chain reaction, in the liver of growing
and mature male cattle." Domestic Animal Endocrinology 19(3): 191-208.

Coxam, V., M. J. Davicco, et al. (1988). "Regulation of growth hormone release in fetal calves.”
Biol Neonate 54(3): 160-8.

Curchoe, C., S. Q. Zhang, et al. (2005). "Promoter-specific expression of the imprinted IGF2
gene in cattle (Bos taurus)." Biology of Reproduction 73(6): 1275-1281.

Czaplicki, J., B. Blonska, et al. (1981). "The effects of blood sera from calf fetuses in various
periods of fetal life on skin allograft survival time in mice and on human lymphocyte proliferation
in vitro." Thymus 3(1): 17-24.

Dabich, D., J. W. Geyer, et al. (1972). "Early developmental profile of arginase activity in fetal calf
livers." Comp Biochem Physiol B 43(4): 1029-32.

D'Agostino, J., J. B. Field, et al. (1985). "Ontogeny of immunoreactive insulin in the fetal bovine
pancreas." Endocrinology 116(3): 1108-16.

Davis, R. M., A. L. Baetz, et al. (1973). "Age-related change of LDH activity and isoenzyme
patterns in the bovine fetus." Biol Neonate 22(1): 64-77.

De Luca, C. and A. V. Thomas (1969). "Serum contributions to culture medium: comparative
dehydrogenase activity." Life Sci 8(22): 1145-56.

Decker, M., E. S. Chiu, et al. (1989). "Hyaluronic acid-stimulating activity in sera from the bovine
fetus and from breast cancer patients." Cancer Res 49(13): 3499-505.

Dindot, S. V., P. W. Farin, et al. (2004). "Epigenetic and genomic imprinting analysis in nuclear
transfer derived Bos gaurus/Bos taurus hybrid fetuses." Biol Reprod 71(2): 470-8.

Dindot, S. V., K. C. Kent, et al. (2004). "Conservation of genomic imprinting at the XIST, IGF2,
and GTL2 loci in the bovine." Mammalian Genome 15(12): 966-974.

Doctor, B. P., K. K. Smyth, et al. (1989). "Structural and immunochemical properties of fetal
bovine serum acetylcholinesterase." Prog Clin Biol Res 289: 305-16.

Dominguez, M. M., R. M. Liptrap, et al. (1988). "Steroidogenesis in fetal bovine gonads." Can J
Vet Res 52(4): 401-6.

Du, M., M. J. Zhu, et al. (2004). "Effect of nutrient restriction on calpain and calpastatin content of

Page 51 of 84

50



Nature and nurture impact on bioactivity

skeletal muscle from cows and fetuses." J Anim Sci 82(9): 2541-7.

Duris, M. P., G. Renand, et al. (1999). "Genetic variability of foetal bovine myoblasts in primary
culture." Histochem J 31(12): 753-60.

Durmowicz, A. G., M. G. Frid, et al. (1996). "Expression and localization of tropoelastin mRNA in
the developing bovine pulmonary artery is dependent on vascular cell phenotype." Am J Respir
Cell Mol Biol 14(6): 569-76.

Echternkamp, S. E. (1992). "Fetal development in cattle with multiple ovulations." J Anim Sci
70(8):2309-21.

Eley, R. M., W. W. Thatcher, et al. (1979). "Hormonal and physical changes associated with
bovine conceptus development." J Reprod Fertil 55(1): 181-90.

Eley, R. M., W. W. Thatcher, et al. (1978). "Development of the conceptus in the bovine." J Dairy
Sci61(4): 467-73.

Engellandt, T. and B. Tier (2002). "Genetic variances due to imprinted genes in cattle." Journal of
Animal Breeding and Genetics 119(3): 154-165.

Fairclough, R. J., J. T. Hunter, et al. (1975). "Plasma corticosteroid concentrations in the bovine
foetus near term." J Endocrinol 65(1): 139-40.

Ferrell, C. L., S. P. Ford, et al. (1983). "Blood flow, steroid secretion and nutrient uptake of the
gravid bovine uterus and fetus." J Anim Sci 56(3): 656-67.

Ferrell, C. L., D. B. Laster, et al. (1982). "Mineral accretion during prenatal growth of cattle." J
Anim Sci 54(3): 618-24.

Ferrell, C. L. and L. P. Reynolds (1992). "Uterine and umbilical blood flows and net nutrient
uptake by fetuses and uteroplacental tissues of cows gravid with either single or twin fetuses." J
Anim Sci 70(2): 426-33.

Fisher, L. J. and C. J. Williams (1978). "Effect of environmental factors and fetal and maternal
genotype on gestation length and birth weight of Holstein calves." J Dairy Sci 61(10): 1462-7.

Flisikowski, K., A. Maj, et al. (2005). "Nucleotide sequence and variation of IGF2 gene exon 6 in
Bos taurus and Bos indicus cattle." Animal Biotechnology 16(2): 203-208.

Foley, T. H., L. W. Holm, et al. (1967). "Preliminary observations on free amino acids in cow and
calf plasma in prolonged gestation." Am J Obstet Gynecol 99(8): 1106-8.

Ford, S. P., B. E. Burt, et al. (2005). "Effects of early maternal undernutrition and realimentation
on kidney development in the bovine fetus." Journal of the Society for Gynecologic Investigation
12(2): 115A-116A.

Forte, T. M., J. J. Bell-Quint, et al. (1981). "Lipoproteins of fetal and newborn calves and adult
steer: a study of developmental changes." Lipids 16(4): 240-5.

Fowden, A. L. (1997). "Comparative aspects of fetal carbohydrate metabolism." Equine Vet J
Suppl(24): 19-25.

Fox, R. A, D. S. Gregory, et al. (1974). "Migration inhibition factor (MIF) and migration
stimulation factor (MSF) in fetal calf serum." J Immunol 112(5): 1861-6.

Fox, R. A., J. M. MacSween, et al. (1978). "The biochemical and biological characterization of
macrophage migration inhibition factor isolated from fetal calf serum by affinity chromatography.”
Dev Comp Immunol 2(1): 147-60.

Frazier, M. L., R. A. Montagna, et al. (1981). "Insulin gene expression during development of the

Page 52 of 84

51



Nature and nurture impact on bioactivity

fetal bovine pancreas." Biochemistry 20(2): 367-71.
Fujimoto, B. and D. Kern (1991). "Low IgG fetal bovine serum." Am Biotechnol Lab 9(2): 54.

Ge, W., M. E. Davis, et al. (2001). "Association of a genetic marker with blood serum insulin-like
growth factor-1 concentration and growth traits in Angus cattle." Journal of Animal Science 79(7):
1757-1762.

Ge, W., M. E. Davis, et al. (2003). "Association of single nucleotide polymorphisms in the growth
hormone and growth hormone receptor genes with blood serum insulin-like growth factor |
concentration and growth traits in Angus cattle." Journal of Animal Science 81(3): 641-648.

Gjesdal, F. (1969). "Age determination of bovine foetuses." Acta Vet Scand 10(3): 197-218.

Godfredson, J. A., M. D. Holland, et al. (1991). "Hypertrophy and hyperplasia of bovine fetal
tissues during development: fetal liver insulin-like growth factor | mMRNA expression." J Anim Sci
69(3):1074-81.

Gore, M. T., R. B. Young, et al. (1994). "Growth and development of bovine fetuses and
neonates representing three genotypes." J Anim Sci 72(9): 2307-18.

Grigsby, J. S., W. D. Oxender, et al. (1974). "Serum insulin, glucose, and free fatty acids in the
cow and fetus during gestation." Proc Soc Exp Biol Med 147(3): 830-4.

Guilbault, L. A., G. L. Roy, et al. (1990). "Influence of breed of fetus on periparturient endocrine
responses and subsequent milk production of Ayrshire dams." J Dairy Sci 73(10): 2766-73.

Hamernik, D. L., S. Y. McFarland, et al. (1987). "Endocrine and body growth traits in heifers
exposed to testosterone-propionate during early fetal development." J Anim Sci 64(6): 1858-66.

Hart-Elcock, L., R. D. Baker, et al. (1990). "Growth of the early bovine fetus." Zentralbl
Veterinarmed A 37(4): 294-9.

Haugejorden, G., S. Waage, et al. (2006). "Pregnancy associated glycoproteins (PAG) in
postpartum cows, ewes, goats and their offspring." Theriogenology 66(8): 1976-84.

Hayes, J. F., B. R. Mangurkar, et al. (1985). "Effect of sire of fetus on subsequent 90-day
production of the Holstein dam." J Dairy Sci 68(5): 1286-9.

Hayman, E. G., M. D. Pierschbacher, et al. (1985). "Vitronectin--a major cell attachment-
promoting protein in fetal bovine serum." Exp Cell Res 160(2): 245-58.

Heap, R. B., A. K. Galil, et al. (1977). "Progesterone and oestrogen in pregnancy and parturition:
comparative aspects and hierarchical control." Ciba Found Symp(47): 127-57.

Herath, C. B., H. Ishiwata, et al. (2006). "Developmental aberrations of liver gene expression in
bovine fetuses derived from somatic cell nuclear transplantation." Cloning Stem Cells 8(2): 79-
95.

Hernandez, M. V., K. M. Etta, et al. (1972). "Thyroid function in the prenatal and neonatal
bovine." J Anim Sci 34(5): 780-5.

Heuwieser, W., E. Grunert, et al. (1993). "Maternal and fetal prostaglandin concentrations during
late gestation in dairy cattle." Prostaglandins 45(1): 35-46.

Hickson, R. E., S. T. Morris, et al. (2006). "Dystocia in beef heifers: a review of genetic and
nutritional influences." N Z Vet J 54(6): 256-64.

Hidiroglou, M. (1980). "Trace elements in the fetal and neonate ruminant: a review." Can Vet J
21(12): 328-35.

Page 53 of 84

52



Nature and nurture impact on bioactivity

Hidiroglou, M. and J. E. Knipfel (1981). "Maternal-fetal relationships of copper, manganese, and
sulfur in ruminants. A review." J Dairy Sci 64(8): 1637-47.

Hiendleder, S., K. Prelle, et al. (2004). "Nuclear-cytoplasmic interactions affect in utero
developmental capacity, phenotype, and cellular metabolism of bovine nuclear transfer fetuses."
Biol Reprod 70(4): 1196-205.

Hiendleder, S., M. Wirtz, et al. (2006). "Tissue-specific effects of in vitro fertilization procedures
on genomic cytosine methylation levels in overgrown and normal sized bovine fetuses." Biol
Reprod 75(1): 17-23.

Hinks, M. and C. J. Masters (1964). "Developmental Changes in Ruminant Lactate
Dehydrogenase." Biochemistry 3: 1789-91.

Hocquette, J. F., H. Sauerwein, et al. (2006). "Prenatal developmental changes in glucose
transporters, intermediary metabolism and hormonal receptors related to the IGF/insulin-glucose
axis in the heart and adipose tissue of bovines." Reproduction Nutrition Development 46(3): 257-
272.

Hoffmann, B., W. C. Wagner, et al. (1976). "Free and conjugated steroids in maternal and fetal
plasma in the cow near term." Biol Reprod 15(1): 126-33.

Hoffmann, B., W. C. Wagner, et al. (1977). "Endocrine relationships during late gestation and
parturition in the cow." Ciba Found Symp(47): 107-25.

Holland, M. D., K. L. Hossner, et al. (1997). "Serum concentrations of insulin-like growth factors
and placental lactogen during gestation in cattle. I. Fetal profiles." Domest Anim Endocrinol
14(4):231-9.

Holland, M. D. and K. G. Odde (1992). "Factors affecting calf birth weight: a review."
Theriogenology 38: 769-798.

Honn, K. V., J. A. Singley, et al. (1975). "Fetal bovine serum: a multivariate standard." Proc Soc
Exp Biol Med 149(2): 344-7.

Hossner, K. L., M. D. Holland, et al. (1997). "Serum concentrations of insulin-like growth factors
and placental lactogen during gestation in cattle. Il. Maternal profiles." Domest Anim Endocrinol
14(5): 316-24.

House, W. A. and A. W. Bell (1993). "Mineral accretion in the fetus and adnexa during late
gestation in Holstein cows." J Dairy Sci 76(10): 2999-3010.

House, W. A. and A. W. Bell (1994). "Sulfur and selenium accretion in the gravid uterus during
late gestation in Holstein cows." J Dairy Sci 77(7): 1860-9.

Hradecky, P. and E. Kudlac (1984). "Clinical evaluation of ketone bodies in body fluids of cows in
late pregnancy and their fetuses." Vet Res Commun 8(3): 195-202.

Hubbert, W. T. and E. J. Hollen (1971). "Cellular blood elements in the developing bovine fetus."
Am J Vet Res 32(8): 1213-9.

Hubbert, W. T. and W. J. Miller (1972). "-fetospecific serum proteins in bovine fetuses." Proc Soc
Exp Biol Med 141(2): 685-7.

Hubbert, W. T., O. H. Stalheim, et al. (1972). "Changes in organ weights and fluid volumes
during growth of the bovine fetus." Growth 36(3): 217-33.

Huebers, E., N. J. Nelson, et al. (1987). "Removal of transferrin from fetal bovine serum." J Lab
Clin Med 110(6): 719-25.

Page 54 of 84

53



Nature and nurture impact on bioactivity

Hunter, J. T., R. J. Fairclough, et al. (1977). "Foetal and maternal hormonal changes preceding
normal bovine parturition." Acta Endocrinol (Copenh) 84(3): 653-62.

Iksanov, R. G. (1968). "[A study of the blood and amniotic fluid in cattle]." Veterinariia 45(2): 102-
3.

Ishigooka, H., T. Kitaoka, et al. (1993). "Developmental expression of bFGF in the bovine retina."
Invest Ophthalmol Vis Sci 34(9): 2813-23.

Itoh, H., Y. Motoi, et al. (1997). "Immunohistochemical localization of alpha 1-acid glycoprotein in
liver tissues of bovine fetuses, newborn calves, and sick or healthy adult cattle." Am J Vet Res
58(7): 725-8.

Janowski, T. (1994). "Gestagens in peripheral, uterine, ovarian and fetal blood in cows near
term."” Exp Clin Endocrinol 102(3): 193-4.

Jayme, D. W., D. A. Epstein, et al. (1988). "Fetal bovine serum alternatives." Nature 334(6182):
547-8.

Jenkin, G., J. McFarlane, et al. (1995). "Inhibin and activin in embryonic and fetal development in
ruminants." J Reprod Fertil Suppl 49: 177-86.

Jentsch, W. (1987). "[Energy requirement of young female cattle. 3. Reproduction and products
of conception]." Arch Tierernahr 37(12): 1055-64.

Jochems, C. E., J. B. van der Valk, et al. (2002). "The use of fetal bovine serum: ethical or
scientific problem?" Altern Lab Anim 30(2): 219-27.

Johnson, E. R. (1974). "Growth in 6 bovine muscles from 150 days gestation to 630 days old."
Res Vet Sci 17(3): 273-9.

Kakuta, K., K. Orino, et al. (1997). "High levels of ferritin and its iron in fetal bovine serum." Comp
Biochem Physiol A Physiol 118(1): 165-9.

Kan, K. W. and R. L. Cruess (1987). "Gestational changes of thyroid hormone action in the
developing fetal bovine epiphysis." Calcif Tissue Int 41(6): 332-6.

Kasari, T. R. (1994). "Physiologic mechanisms of adaptation in the fetal calf at birth." Vet Clin
North Am Food Anim Pract 10(1): 127-36.

Kihara, H. and S. D. De la Flor (1968). "Arginase in fetal calf serum." Proc Soc Exp Biol Med
129(1): 303-4.

Kim, J. Y., D. H. Yoon, et al. (2005). "Identification of novel SNPs in bovine insulin-like growth
factor binding protein-3 (IGFBP3) gene." Asian-Australasian Journal of Animal Sciences 18(1): 3-
7.

Kindahl, H., B. Kornmatitsuk, et al. (2004). "The cow in endocrine focus before and after calving."
Reprod Domest Anim 39(4): 217-21.

Kindahl, H., B. Kornmatitsuk, et al. (2002). "Endocrine changes in late bovine pregnancy with
special emphasis on fetal well-being." Domest Anim Endocrinol 23(1-2): 321-8.

Kolb, E. and J. Seehawer (1998). "The development of the immune system and vitamin levels in
the bovine fetus and neonate: A review including the effect of vitamins on the immune system."”
Tierarztliche Umschau 53(12): 723-730.

Kubler, D., D. Gosenca, et al. (2007). "Proteolytic processing by matrix metalloproteinases and
phosphorylation by protein kinase CK2 of fetuin-A, the major globulin of fetal calf serum."
Biochimie 89(3): 410-8.

Page 55 of 84

54



Nature and nurture impact on bioactivity

Lai, P. C., L. L. Huang, et al. (1981). "Distribution of bovine fetuin and albumin in plasma,
allantoic and amniotic fluids during development." J Reprod Fertil 63(1): 53-60.

Lai, P. C., E. H. Peters, et al. (1978). "Bovine fetus-specific serum proteins. Purification and
characterization of alpha1-fetoprotein and immunological identification of alpha2- and beta-
fetoproteins." Biochim Biophys Acta 535(1): 138-49.

Lambert, S. (1992). "Serum supply." Biotechnology (N Y) 10(4): 454.

Langohr, I. M., G. W. Stevenson, et al. (2007). "Muscular pseudohypertrophy (steatosis) in a
bovine fetus." J Vet Diagn Invest 19(2): 198-201.

Lawton, D. E., F. M. Mead, et al. (2000). "Farmer record of pregnancy status pre-slaughter
compared with actual pregnancy status post-slaughter and prevalence of gross genital tract
abnormalities in New Zealand dairy cows." N Z Vet J 48(6): 160-5.

Lay, D. C., Jr., R. D. Randel, et al. (1997). "Effects of prenatal stress on the fetal calf." Domest
Anim Endocrinol 14(2): 73-80.

Leat, W. M. (1966). "Fatty acid composition of the plasma lipids of newborn and maternal
ruminants." Biochem J 98(2): 598-603.

Leat, W. M. (1971). "Digestion and metabolism of carbohydrates in the foetal and neonatal
ruminant." Proc Nutr Soc 30(3): 236-43.

Li, Q. G., R. Blacher, et al. (1990). "Isolation from fetal bovine serum of an apolipoprotein-H-like
protein which inhibits thymidine incorporation in fetal calf erythroid cells." Biochem J 267(1): 261-
4.

Liggitt, H. D., J. C. DeMartini, et al. (1982). "Immunologic responses of the bovine fetus to
parvovirus infection." Am J Vet Res 43(8): 1355-9.

Listrat, A., L. Belair, et al. (1999). "Insulin-like growth factor Il (IGF-II) mMRNA expression during
skeletal muscle development of double-muscled and normal bovine foetuses." Reproduction
Nutrition Development 39(1): 113-124.

Listrat, A., J. F. Hocquette, et al. (2005). "Growth hormone receptor gene expression in the
skeletal muscle of normal and double-muscled bovines during foetal development." Reproduction
Nutrition Development 45(4): 393-403.

Littledike, E. T., C. D. Arnaud, et al. (1972). "Calcitonin secretion in ovine, porcine, and bovine
fetuses." Proc Soc Exp Biol Med 139(2): 428-33.

Lomedico, P. T., S. J. Chan, et al. (1977). "Immunological and chemical characterization of
bovine preproinsulin." J Biol Chem 252(22): 7971-8.

Lonergan, P., A. C. Evans, et al. (2007). "Pregnancy and fetal characteristics after transfer of
vitrified in vivo and cloned bovine embryos." Theriogenology.

Long, J. E. and X. Cai (2007). "Igf-2r expression regulated by epigenetic modification and the
locus of gene imprinting disrupted in cloned cattle." Gene 388(1-2): 125-34.

Lucy, M. C., C. K. Boyd, et al. (1998). "Expression of somatotropin receptor messenger
ribonucleic acid in bovine tissues." J Dairy Sci 81(7): 1889-95.

MacNeil, M. D. and L. J. Koong (1983). "Improvements to the mathematical description of
prenatal growth." Growth 47(4): 371-80.

Maia, M., E. Oba, et al. (2004). "Steroid hormone concentrations in fetal plasma, amniotic and
allantoic fluids during early, midtrimester and late pregnancy of cows." Ars Veterinaria 20(3).

Page 56 of 84

55



Nature and nurture impact on bioactivity

Makoschey, B., P. T. van Gelder, et al. (2003). "Bovine viral diarrhoea virus antigen in foetal calf
serum batches and consequences of such contamination for vaccine production." Biologicals
31(3):203-8.

Malayer, J. R. and V. M. Woods (1998). "Development of oestrogen receptor expression and
hormone response in the uterus of the bovine fetus." J Reprod Fertil 112(2): 289-300.

Marcos, E., A. Mazur, et al. (1991). "Developmental changes in plasma apolipoproteins B and A-I
in fetal bovines." Biol Neonate 59(1): 22-9.

McKenzie, R. C., C. B. Harley, et al. (1990). "Fetal bovine serum contains an inhibitor of
interleukin-1." J Immunol Methods 133(1): 99-105.

Mongkonpunya, K., Y. C. Lin, et al. (1975). "Androgens in the bovine fetus and dam (38567)."
Proc Soc Exp Biol Med 148(2): 489-93.

Montiel, N., M. L. Gallango, et al. (1980). "Foetal and neonatal albumins in bovines: some
biochemical and immunochemical properties.” Aust J Exp Biol Med Sci 58(4): 381-9.

Muneta, Y., K. Yoshihara, et al. (2005). "Bovine IL-18 ELISA: detection of IL-18 in sera of
pregnant cow and newborn calf, and in colostrum." J Immunoassay Immunochem 26(3): 203-13.

Nancarrow, C. D. and R. F. Seamark (1968). "Progesterone metabolism in fetal blood." Steroids
12(3):367-79.

Nathanielsz, P. W. (1975). "Thyroid function in the fetus and newborn mammal." Br Med Bull
31(1): 51-6.

Nilson, J. H., K. J. Barringer, et al. (1980). "Ontogeny of pituitary hormone mRNAs in the bovine
fetus. Quantitation of pre-prolactin mMRNA as a function of gestation." J Biol Chem 255(12): 5871-
8.

Nilson, J. H., P. A. Fink, et al. (1983). "Developmental expression of growth hormone and
prolactin genes in the bovine pituitary." J Biol Chem 258(7): 4565-70.

Nishida, T., S. Ando, et al. (2001). "Establishment of a simple method for measurement of
chronic blood flow in uterine artery of pregnant cows." J Dairy Sci 84(7): 1621-6.

Oishi, M., H. Gohma, et al. (2004). "Generation of a total of 6483 expressed sequence tags from
60 day-old bovine whole fetus and fetal placenta." Anim Biotechnol 15(1): 1-8.

Olar, T. T. and A. S. Potts (1993). "Effect of fetal bovine serum of different gestational ages on
mouse embryo growth and development.” J Assist Reprod Genet 10(3): 236-8.

Onions, D. (2004). "Animal virus contaminants of biotechnology products." Dev Biol (Basel) 118:
155-63.

O'Rourke P, K., K. W. Entwistle, et al. (1991). "Fetal development and gestational changes in
Bos taurus and Bos indicus genotypes in the tropics." Theriogenology 36(5): 839-53.

Orzechowski, A., B. Gajkowska, et al. (2002). "Immunohistochemical analysis of bFGF, TGF-
beta1 and catalase in rectus abdominis muscle from cattle foetuses at 180 and 260 days post-
conception." Tissue Cell 34(6): 416-26.

Oshiro, Y. and E. H. Eylar (1968). "Physical and chemical studies on glycoproteins. 3. The
microheterogeneity of fetuin, a fetal calf serum glycoprotein." Arch Biochem Biophys 127(1): 476-
89.

Otieno, C. J., C. M. Wood, et al. (2002). "Expression of luteinizing hormone genes in bovine
conceptuses." Reproduction 123(1): 155-62.

Page 57 of 84

56



Nature and nurture impact on bioactivity

Oxender, W. D., E. M. Convey, et al. (1972). "Bovine fetal pituitary concentration and in vitro
synthesis of prolactin, GH, and LH." Proc Soc Exp Biol Med 139(3): 1017-21.

Oxender, W. D., H. D. Haps, et al. (1972). "Serum growth hormone, LH and prolactin in the
bovine fetus and neonate." J Anim Sci 35(1): 56-61.

Patel, O. V., M. Hirako, et al. (1996). "Plasma bovine placental lactogen concentration throughout
pregnancy in the cow; relationship to stage of pregnancy, fetal mass, number and postpartum
milk yield." Domest Anim Endocrinol 13(4): 351-9.

Payne, E. (1978). "The polyunsaturated fatty acid status of foetal and neonatal ruminants." Br J
Nutr 39(1): 53-9.

Perino, L. J. and G. P. Rupp (1994). "Immunization of the beef cow and its influence on fetal and
neonatal calf health." Vet Clin North Am Food Anim Pract 10(1): 15-34.

Peterson, A. J., J. T. Hunter, et al. (1975). "Oestrogens in bovine fetal and maternal plasma near
term." J Reprod Fertil 43(1): 179-81.

Pfuender, M., H. Sauerwein, et al. (1995). "The insulin-like growth factor-ll/mannose-6-phosphate
receptor is present in fetal bovine tissues throughout gestation." Domest Anim Endocrinol 12(4):
317-24.

Plavsic, M. Z. and G. Prodafikas (2001). "Evaluation of a new sandwich enzyme-linked
immunosorbent assay for detection of bovine viral diarrhea virus in unprocessed fetal bovine
serum." J Vet Diagn Invest 13(3): 261-2.

Plumlee, M. P., S. L. Hansard, et al. (1952). "Placental transfer and deposition of labeled calcium
in the developing bovine fetus." Am J Physiol 171(3): 678-86.

Prior, R. L. and D. B. Laster (1979). "Development of the bovine fetus." J Anim Sci 48(6): 1546-
53.

Prior, R. L., R. A. Scott, et al. (1979). "Maternal energy status and development of liver and
muscle in the bovine fetus." J Anim Sci 48(6): 1538-45.

Ravelich, S. R., B. H. Breier, et al. (2004). "Insulin-like growth factor-l1 and binding proteins 1, 2,
and 3 in bovine nuclear transfer pregnancies." Biol Reprod 70(2): 430-8.

Reynolds, L. P., C. L. Ferrell, et al. (1990). "Growth hormone, insulin and glucose concentrations
in bovine fetal and maternal plasmas at several stages of gestation." J Anim Sci 68(3): 725-33.

Reynolds, L. P. and D. A. Redmer (1995). "Utero-placental vascular development and placental
function." J Anim Sci 73(6): 1839-51.

Richardson, C., P. C. Jones, et al. (1990). "Estimation of the developmental age of the bovine
fetus and newborn calf." Vet Rec 126(12): 279-84.

Rinaldo, C. R, Jr., D. W. Isackson, et al. (1976). "Fetal and adult bovine interferon production
during bovine viral diarrhea virus infection." Infect Immun 14(3): 660-6.

Robinson, J. J., C. J. Ashworth, et al. (2006). "Nutrition and fertility in ruminant livestock." Animal
Feed Science and Technology 126(3-4): 259-276.

Roessmann, U., M. E. Velasco, et al. (1980). "Glial fibrillary acidic protein (GFAP) in ependymal
cells during development. An immunocytochemical study." Brain Res 200(1): 13-21.

Rossi, C. R., G. K. Kiesel, et al. (1976). "Immunoglobulin concentrations and bovine enterovirus
inhibitors in fetal bovine fluids." Cornell Vet 66(3): 381-6.

Rouffett, J., M. Dalle, et al. (1990). "Sodium intake by pregnant cows and plasma aldosterone

Page 58 of 84

57



Nature and nurture impact on bioactivity

and cortisol concentrations in the fetus during late pregnancy." J Dairy Sci 73(7): 1762-5.

Rudling, M. J. and C. O. Peterson (1985). "LDL receptors in bovine tissues assayed as the
heparin-sensitive binding of 125l-labeled LDL in homogenates: relation between liver LDL
receptors and serum cholesterol in the fetus and post term." Biochim Biophys Acta 836(1): 96-
104.

Sakamoto, N., K. Tsuji, et al. (2007). "Bovine apolipoprotein B-100 is a dominant immunogen in
therapeutic cell populations cultured in fetal calf serum in mice and humans." Blood 110(2): 501-
8.

Sangild, P. T., M. Schmidt, et al. (2000). "Blood chemistry, nutrient metabolism, and organ
weights in fetal and newborn calves derived from in vitro-produced bovine embryos." Biol Reprod
62(6): 1495-504.

Saxena, A., L. Raveh, et al. (1997). "Structure of glycan moieties responsible for the extended
circulatory life time of fetal bovine serum acetylcholinesterase and equine serum
butyrylcholinesterase." Biochemistry 36(24): 7481-9.

Schmidt, M., P. T. Sangild, et al. (2004). "A method to reduce the invasiveness of fetal
catheterization in the cow." Anim Reprod Sci 80(3-4): 193-200.

Schrader, A. D., M. J. Igbal, et al. (2003). "Gene expression in cloned bovine fetal liver." Cloning
Stem Cells 5(1): 63-9.

Schuler, L. A., R. J. Nagel, et al. (1997). "Prolactin receptor heterogeneity in bovine fetal and
maternal tissues." Endocrinology 138(8): 3187-94.

Schultz, R. D., H. W. Dunne, et al. (1973). "Ontogeny of the bovine immune response." Infect
Immun 7(6): 981-91.

Senogles, D. R., P. S. Paul, et al. (1979). "Ontogeny of T cells, B cells and monocytes in the
bovine foetus." Clin Exp Immunol 36(2): 299-303.

Shah, G. (1999). "Why do we still use serum in the production of biopharmaceuticals?" Dev Biol
Stand 99: 17-22.

Smith, S. B. and G. E. Carstens (2003). "Metabolism and development of bovine brown adipose
tissue." Journal of Dairy Science 86(Supplement 1).

Sparks, J. W. (1979). "Augmentation of the glucose supply in the fetus and newborn." Semin
Perinatol 3(2): 141-55.

Spendlove, R. S., D. Kern, et al. (1990). "A control for fetal bovine serum." Am Biotechnol Lab
8(16): 66.

Stallcup, O. T., D. L. Kreider, et al. (1990). "Histological development and histochemical
localization of enzymes in rumen and reticulum in bovine fetuses." J Anim Sci 68(6): 1773-89.

Steven, D. H. and J. London (1970). "The foetus and its membranes." Med Biol lllus 20(4): 218-
9.

Strbak, V. and F. Tomsik (1988). "Thyroid hormone levels in cow maternal and fetal sera during
last trimester of pregnancy." Endocrinol Exp 22(2): 113-6.

Strbak, V., F. Tomsik, et al. (1976). "Thyroid hormone in serum of fetal calf and pregnant cow
during the last trimester of pregnancy." Experientia 32(9): 1215-6.

Sugahara, K., H. Okamoto, et al. (1987). "Developmental changes in glycosaminoglycan
sulfotransferase activities in animal sera." Arch Biochem Biophys 258(2): 391-403.

Page 59 of 84

58



Nature and nurture impact on bioactivity

Suliman, H. B., P. A. Majiwa, et al. (1996). "Cloning of a cDNA encoding bovine erythropoietin
and analysis of its transcription in selected tissues." Gene 171(2): 275-80.

Surynek, J., J. lllek, et al. (1978). "[The levels of various mineral substances in the blood plasma
of bovine fetuses and their mothers in the third trimester of pregnancy]." Vet Med (Praha) 23(7):
385-90.

Suzuki, M., H. Shimokawa, et al. (1994). "Calcium-binding properties of fetuin in fetal bovine
serum." J Exp Zool 270(6): 501-7.

Szuba, Z., E. Kalisinska, et al. (1988). "Growth of body weight and length of bovine fetuses."
Anat Histol Embryol 17(1): 53-9.

Szuba, Z., E. Kalisinska, et al. (1992). "Prenatal growth and asymmetry of thyroid gland in the
cattle (Bos primigenius f. taurus)." Arch Vet Pol 32(3-4): 103-12.

Takanosu, M., H. Amasaki, et al. (1997). "ldentification of bovine decorin in the fetal bovine
rumen." J Vet Med Sci 59(2): 121-3.

Takeishi, M., S. Shibata, et al. (1989). "Adrenocorticotropin and cortisol levels in the plasma of
bovine fetuses and neonates." Nippon Juigaku Zasshi 51(5): 975-80.

Tanaka, Y., K. Nakada, et al. (2001). "Appearance and number of follicles and change in the
concentration of serum FSH in female bovine fetuses." Reproduction 121(5): 777-82.

Taylor, C. M., B. McLaughlin, et al. (1992). "Concentrations of endothelial-cell-stimulating
angiogenesis factor, a major component of human uterine angiogenesis factor, in human and
bovine embryonic tissues and decidua." J Reprod Fertil 94(2): 445-9.

Thiry, E., F. Schynts, et al. (2002). "Characteristics of the immune system of the bovine fetus and
neonate. Consequences for the prevention and diagnosis of viral infections." Annales De
Medecine Veterinaire 146(4): 225-232.

Thomas, A. L., R. S. Comline, et al. (1974). "Plasma thyrotrophin concentration in the foetal calf."
Experientia 30(10): 1226-8.

Thomsen, J. L. (1975). "Body length, head circumference, and weight of bovine fetuses:
prediction of gestational age." J Dairy Sci 58(9): 1370-3.

Tierney, T. J. and M. W. Simpson-Morgan (1997). "The proliferative responses of lymphocytes
from foetal calves and adult cattle." Vet Immunol Immunopathol 59(1-2): 49-64.

Tierney, T. J. and M. W. Simpson-Morgan (1997). "The immune response of foetal calves." Vet
Immunol Immunopathol 57(3-4): 229-38.

Torney, A. H., D. M. Robertson, et al. (1992). "Characterization of inhibin and related proteins in
bovine fetal testicular and ovarian extracts: evidence for the presence of inhibin subunit products
and FSH-suppressing protein." J Endocrinol 133(1): 111-20.

Trowbridge (1915). "Composition of the Bovine Fetus." The American Society of Animal
Production: 100-105.

Tung, A. K. and K. P. Siu (1987). "Evidence for presence of proinsulin-immunoreactive
glycoprotein(s) in fetal bovine pancreatic extracts." Diabetes 36(4): 491-9.

Urban, K., M. Hewicker-Trautwein, et al. (1998). "Immunohistochemical localization of transferrin
in the pre- and postnatal bovine brain." Anat Histol Embryol 27(1): 45-9.

Valenzano, K. J., J. Remmler, et al. (1995). "Soluble insulin-like growth factor ll/mannose 6-
phosphate receptor carries multiple high molecular weight forms of insulin-like growth factor Il in

Page 60 of 84

59



Nature and nurture impact on bioactivity

fetal bovine serum." J Biol Chem 270(27): 16441-8.

van der Valk, J., D. Mellor, et al. (2004). "The humane collection of fetal bovine serum and
possibilities for serum-free cell and tissue culture.” Toxicol In Vitro 18(1): 1-12.

van Oirschot, J. T., C. J. Bruschke, et al. (1999). "Vaccination of cattle against bovine viral
diarrhoea." Vet Microbiol 64(2-3): 169-83.

Van Saun, R. J., T. H. Herdt, et al. (1989). "Maternal and fetal vitamin E concentrations and
selenium-vitamin E interrelationships in dairy cattle." J Nutr 119(8): 1156-64.

Van Saun, R. J., T. H. Herdt, et al. (1989). "Maternal and fetal selenium concentrations and their
interrelationships in dairy cattle." J Nutr 119(8): 1128-37.

Voetsch, W. and F. A. Anderer (1992). "The ontogeny of bovine thymostimulin production in fetal
and postnatal age." Thymus 20(2): 127-33.

Wandji, S. A., M. A. Fortier, et al. (1992). "Differential response to gonadotropins and
prostaglandin E2 in ovarian tissue during prenatal and postnatal development in cattle." Biol
Reprod 46(6): 1034-41.

Wandji, S. A., G. Pelletier, et al. (1992). "Ontogeny and cellular localization of 125I-labeled
insulin-like growth factor-1, 125l-labeled follicle-stimulating hormone, and 125I-labeled human
chorionic gonadotropin binding sites in ovaries from bovine fetuses and neonatal calves." Biol
Reprod 47(5): 814-22.

Wandji, S. A., G. Pelletier, et al. (1992). "Ontogeny and cellular localization of 125I-labeled basic
fibroblast growth factor and 125I-labeled epidermal growth factor binding sites in ovaries from
bovine fetuses and neonatal calves." Biol Reprod 47(5): 807-13.

Wang, Y., S. E. Price, et al. (2003). "Cloning and characterization of the bovine class 1 and class
2 insulin-like growth factor-1 mRNAs." Domestic Animal Endocrinology 25(4): 315-328.

Watanabe, S., T. Akita, et al. (1978). "Sequential alterations of bovine serum LDH isozymes
during fetal development and early postnatal growth." Nippon Juigaku Zasshi 40(1): 93-5.

Wessman, S. J. and R. L. Levings (1999). "Benefits and risks due to animal serum used in cell
culture production." Dev Biol Stand 99: 3-8.

Widdowson, E. M. (1974). "Trace elements in foetal and early postnatal development." Proc Nutr
Soc 33(3): 275-84.

Wijayasinghe, M. S. (1986). "Glucose, acetate, and lactate metabolism in perirenal adipose
tissue of fetal and newborn calves." Pediatr Res 20(6): 542-4.

Wilson, G. D, J. T. Hunter, et al. (1977). "Fetal and maternal plasma electrolytes, blood gases,
and pH in dairy cows during late gestation." J Dairy Sci 60(7): 1110-6.

Wilson, G. D., J. T. Hunter, et al. (1977). "Fetal and maternal mineral concentrations in dairy
cattle during late pregnancy." J Dairy Sci 60(6): 935-41.

Wrobel, K. H., D. Bickel, et al. (1996). "Immunohistochemical demonstration of nerve growth
factor receptor in bovine testis." Cell Tissue Res 285(2): 189-97.

Yoshihara, K., K. Oshima, et al. (2003). "Quantitation of bovine macrophage colony-stimulating
factor in bovine serum by ELISA." Vet Immunol Immunopathol 95(3-4): 103-11.

Zaitoun, |. and H. Khatib (2006). "Assessment of genomic imprinting of SLC38A4, NNAT,
NAP1L5, and H19 in cattle." BMC Genet 7: 49.

Page 61 of 84

60



Nature and nurture impact on bioactivity

8.3 Appendix 3 - Ovine fetus reference database

Generated and selected for initial review

Aldoretta, P. W., T. D. Carver, et al. (1994). "Ovine Uteroplacental Glucose and Oxygen-
Metabolism in Relation to Chronic Changes in Maternal and Fetal Glucose-Concentrations."
Placenta 15(7): 753-764.

Aldoretta, P. W., T. D. Carver, et al. (1998). "Maturation of glucose-stimulated insulin secretion in
fetal sheep." Biology of the Neonate 73(6): 375-386.

Aldoretta, P. W. and W. W. Hay (1999). "Effect of glucose supply on ovine uteroplacental glucose
metabolism." American Journal of Physiology-Requlatory Integrative and Comparative
Physiology 277(4): R947-R958.

Anderson, M. S., J. He, et al. (2001). "Effects of selective hyperglycemia and hyperinsulinemia
on glucose transporters in fetal ovine skeletal muscle." American Journal of Physiology-
Regulatory Integrative and Comparative Physiology 281(4): R1256-R1263.

Anderson, M. S., M. Thamotharan, et al. (2005). "Effects of acute hyperinsulinemia on insulin
signal transduction and glucose transporters in ovine fetal skeletal muscle." American Journal of
Physiology-Regulatory Integrative and Comparative Physiology 288(2): R473-R481.

Bassett, J. M. and C. Hanson (1998). "Catecholamines inhibit growth in fetal sheep in the
absence of hypoxemia." American Journal of Physiology-Regulatory Integrative and Comparative
Physiology 43(6): R1536-R1545.

Bassett, J. M. and C. Hanson (2000). "Prevention of hypoinsulinemia modifies catecholamine
effects in fetal sheep." American Journal of Physiology-Regulatory Integrative and Comparative
Physiology278(5): R1171-R1181.

Bassett, J. M. and D. Madill (1974). "Influence of prolonged glucose infusions on plasma insulin
and growth hormone concentrations of foetal lambs." J Endocrinol 62(2): 299-309.

Bassett, N. S., B. H. Breier, et al. (1990). "Plasma-Clearance of Radiolabeled Igf-1 in the Late
Gestation Ovine Fetus." Journal of Developmental Physiology 14(2): 73-79.

Bassett, N. S. and P. D. Gluckman (1986). "Pulsatile Growth-Hormone Secretion in the Ovine
Fetus and Neonatal Lamb." Journal of Endocrinology 109(3): 307-312.

Bassett, N. S., M. H. Oliver, et al. (1990). "The effect of maternal starvation on plasma insulin-like
growth factor | concentrations in the late gestation ovine fetus." Pediatr Res 27(4 Pt 1): 401-4.

Bauer, M. K., B. B. Breier, et al. (2003). "Chronic pulsatile infusion of growth hormone to growth-
restricted fetal sheep increases circulating fetal insulin-like growth factor-1 levels but not fetal
growth." Journal of Endocrinology 177(1): 83-92.

Bauer, M. K., B. H. Breier, et al. (1995). "The Fetal Somatotropic Axis During Long-Term
Maternal Undernutrition in Sheep - Evidence for Nutritional Regulation in-Utero." Endocrinology
136(3): 1250-1257.

Bauer, M. K., J. E. Harding, et al. (1998). "Fetal growth and placental function." Molecular and
Cellular Endocrinology 140(1-2): 115-120.

Bauer, M. K., J. E. Harding, et al. (2000). "Exogenous GH infusion to late-gestational fetal sheep
does not alter fetal growth and metabolism." Journal of Endocrinology 166(3): 591-597.

Beanland, C., C. Browne, et al. (1995). "Fetal Plasma Insulin-Like Growth Factor-Binding
Protein-3 Concentrations Are Elevated Following Bilateral-Nephrectomy in Fetal Sheep."

Page 62 of 84

61



Nature and nurture impact on bioactivity

Reproduction Fertility and Development 7(3): 345-349.

Bell, A. W., D. E. Bauman, et al. (1998). Nutrition, Development and Efficacy of Growth Modifiers
in Livestock Species. 128: 360S-.

Bennet, L., M. H. Oliver, et al. (2001). "Differential changes in insulin-like growth factors and their
binding proteins following asphyxia in the preterm fetal sheep." Journal of Physiology-London
531(3):835-841.

Blahovec, J., Z. Kostecka, et al. (2001). "Mitogenic activity of high molecular weight forms of
insulin-like growth factor-11 in amniotic fluid." Journal of Endocrinology 169(3): 563-572.

Blahovec, J., Z. Kostecka, et al. (1997). "Peptidic components of sheep amniotic fluid regulate
cell proliferation of BP-A31 cells." Veterinarni Medicina 42(7): 185-189.

Bloomfield, F. H., M. K. Bauer, et al. (2002). "Amniotic IGF-I supplements improve gut growth but
reduce circulating IGF-I in growth-restricted fetal sheep." American Journal of Physiology-
Endocrinology and Metabolism 282(2): E259-E269.

Bloomfield, F. H., B. H. Breier, et al. (2002). "Fate of I-125-IGF-I administered into the amniotic
fluid of late-gestation fetal sheep." Pediatric Research 51(3): 361-369.

Bloomfield, F. H., M. H. Oliver, et al. (2007). "Effects of twinning, birth size, and postnatal growth
on glucose tolerance and hypothalamic-pituitary-adrenal function in postpubertal sheep."
American Journal of Physiology-Endocrinology and Metabolism 292(1): E231-E237.

Bloomfield, F. H., P. L. van Zijl, et al. (2002). "A chronic low dose infusion of insulin-like growth
factor | alters placental function but does not affect fetal growth." Reproduction Fertility and
Development 14(7): 393-400.

Bloomfield, F. H., P. L. van Zijl, et al. (2002). "Effects of intrauterine growth restriction and
intraamniotic insulin-like growth factor-1 treatment on blood and amniotic fluid concentrations and
on fetal gut uptake of amino acids in late-gestation ovine fetuses." Journal of Pediatric
Gastroenterology and Nutrition 35(3): 287-297.

Bloomfield, F. H., P. L. van Zijl, et al. (2006). "Effect of pulsatile growth hormone administration to
the growth-restricted fetal sheep on somatotrophic axis gene expression in fetal and placental
tissues." American Journal of Physiology-Endocrinology and Metabolism 291(2): E333-E339.

Boyle, D. W., S. C. Denne, et al. (1998). "Effect of rhIGF-I infusion on whole fetal and fetal
skeletal muscle protein metabolism in sheep." American Journal of Physiology-Endocrinology
and Metabolism 38(6): E1082-E1091.

Bozzola, M., K. Tettoni, et al. (1996). "Postnatal variations of growth hormone bioactivity and of
growth hormone-dependent factors." Archives of Pediatrics & Adolescent Medicine 150(10):
1068-1071.

Brace, R. A. and C. Y. Cheung (2004). "Amniotic fluid volume responses to amnio-infusion of
amniotic fluid versus lactated Ringer's solution in fetal sheep." Journal of the Society for
Gynecologic Investigation 11(6): 363-368.

Brace, R. A., C. Y. Cheung, et al. (2006). "Sources of amniotic fluid erythropoietin during
normoxia and hypoxia in fetal sheep." American Journal of Obstetrics and Gynecology 195(1):
246-254.

Brameld, J. M., A. Mostyn, et al. (2000). "Maternal nutrition alters the expression of insulin-like
growth factors in fetal sheep liver and skeletal muscle." Journal of Endocrinology 167(3): 429-
437.

Page 63 of 84

62



Nature and nurture impact on bioactivity

Brennan, K. A., D. M. Olson, et al. (2006). "Maternal nutrient restriction alters renal development
and blood pressure regulation of the offspring." Proceedings of the Nutrition Society 65(1): 116-
124.

Brooks, A. N., D. M. Hagan, et al. (1996). "Prenatal gonadotrophins in the sheep." Animal
Reproduction Science 42(1-4): 471-481.

Brown, L. D. and W. W. Hay (2006). "Effect of hyperinsulinemia on amino acid utilization and
oxidation independent of glucose metabolism in the ovine fetus." American Journal of
Physiology-Endocrinology and Metabolism 291(6): E1333-E1340.

Canny, B. J., I. R. Young, et al. (1998). "Hypothalamo-pituitary disconnection of the late-gestation
ovine fetus results in profound changes in cortisol secretion that are not reflected in
commensurate changes in adrenocorticotropin secretion." Endocrinology 139(7): 3210-3219.

Carr, J. M., J. A. Owens, et al. (1995). "Circulating Insulin-Like Growth-Factors (lgfs), Igf-Binding
Proteins (Igfbps) and Tissue Messenger-Rna Levels of Igfbp-2 and Igfbp-4 in the Ovine Fetus."
Journal of Endocrinology 145(3): 545-557.

Carver, T. D., S. M. Anderson, et al. (1995). "Glucose Suppression of Insulin-Secretion in
Chronically Hyperglycemic Fetal Sheep." Pediatric Research 38(5): 754-762.

Cheung, C. Y. (1997). "Vascular endothelial growth factor: Possible role in fetal development and
placental function." Journal of the Society for Gynecologic Investigation 4(4): 169-177.

Cheung, C. Y. and R. A. Brace (1998). "Ovine vascular endothelial growth factor: Nucleotide
sequence and expression in fetal tissues." Growth Factors 16(1): 11-+.

Cheung, C. Y., D. D. Johnson, et al. (1996). "Ontogeny of insulin-like growth factor-l and -Il gene
expression in ovine fetal heart." Journal of the Society for Gynecologic Investigation 3(6): 309-
315.

Corkins, M. R. and M. J. Fillenwarth (2006). "Fetal intestinal fibroblasts respond to insulin-like
growth factor (IGF)-1l better than adult intestinal fibroblasts." Bmc Developmental Biology 6.

Czikk, M. J., L. R. Green, et al. (2001). "Intermittent umbilical cord occlusion in the ovine fetus:
Effects on blood glucose, insulin, and glucagon and on pancreatic development." Journal of the
Society for Gynecologic Investigation 8(4): 191-197.

Daneshmand, S. S., C. Y. Cheung, et al. (2003). "Regulation of amniotic fluid volume by
intramembranous absorption in sheep: Role of passive permeability and vascular endothelial
growth factor." American Journal of Obstetrics and Gynecology 188(3): 786-793.

Das, U. G., J. He, et al. (2000). "Time-dependent physiological regulation of ovine placental
GLUT-3 glucose transporter protein." American Journal of Physiology-Reqgulatory Integrative and
Comparative Physiology 279(6): R2252-R2261.

Daughaday, W. H. and P. Rotwein (1989). "Insulin-Like Growth Factor-lI and Factor-li - Peptide,
Messenger Ribonucleic-Acid and Gene Structures, Serum, and Tissue Concentrations."
Endocrine Reviews 10(1): 68-91.

Davenport, M., A. D'Ercole, et al. (1990). "Effect of maternal fasting on fetal growth, serum
insulin-like growth factors (IGFs), and tissue IGF messenger ribonucleic acids." Endocrinology
126(4):2062-2067.

Davis, L. E., J. A. Widness, et al. (2003). "Renal and placental secretion of erythropoietin during
anemia or hypoxia in the ovine fetus." American Journal of Obstetrics and Gynecology 189(6):
1764-1770.

Page 64 of 84

63



Nature and nurture impact on bioactivity

De Blasio, M. J., K. L. Gatford, et al. (2007). "Placental restriction of fetal growth increases insulin
action, growth, and adiposity in the young lamb." Endocrinology 148(3): 1350-1358.

De Boo, H. A, P. L. Van Zijl, et al. (2005). "Arginine and mixed amino acids increase protein
accretion in the growth-restricted and normal ovine fetus by different mechanisms." Pediatric
Research 58(2): 270-277.

de los Rios, P. and D. J. Hill (1999). "Cellular localization and expression of insulin-like growth
factors (IGFs) and IGF binding proteins within the epiphyseal growth plate of the ovine fetus:
possible functional implications." Canadian Journal of Physiology and Pharmacology 77(4): 235-
249.

De los Rios, P. and D. J. Hill (2000). "Expression and release of insulin-like growth factor binding
proteins in isolated epiphyseal growth plate chondrocytes from the ovine fetus." Journal of
Cellular Physiology 183(2): 172-181.

De Vrijer, B., M. L. Davidsen, et al. (2006). "Altered placental and fetal expression of IGFs and
IGF-binding proteins associated with intrauterine growth restriction in fetal sheep during early
and mid-pregnancy." Pediatric Research 60(5): 507-512.

Delhanty, P. J. D. and V. K. M. Han (1993). "The Expression of Insulin-Like Growth-Factor (Igf)-
Binding Protein-2 and Igf-li Genes in the Tissues of the Developing Ovne Fetus." Endocrinology
132(1):41-52.

Dezegher, F., M. Bettendorf, et al. (1988). "Hormone Ontogeny in the Ovine Fetus .21. the Effect
of Insulin-Like Growth Factor-l on Plasma Fetal Growth-Hormone, Insulin and Glucose-
Concentrations." Endocrinology 123(1): 658-660.

Dong, F., S. P. Ford, et al. (2005). "Maternal nutrient restriction during early to mid gestation up-
regulates cardiac insulin-like growth factor (IGF) receptors associated with enlarged ventricular
size in fetal sheep." Growth Hormone & Igf Research 15(4): 291-299.

Driancourt, M. A., J. Fevre, et al. (2000). "Control of ovarian follicular growth and maturation by
the corpus luteum and the placenta during pregnancy in sheep." Journal of Reproduction and
Fertility 120(1): 151-158.

Ducsay, C. A., K. Hyatt, et al. (2006). "Long-term hypoxia increases leptin receptors and plasma
leptin concentrations in the late-gestation ovine fetus." American Journal of Physiology-
Regqulatory Integrative and Comparative Physiology 291(5): R1406-R1413.

Edwards, L. J. and C. McMillen (2001). "Maternal undernutrition increases arterial blood pressure
in the sheep fetus during late gestation." Journal of Physiology 533: 561-570.

Eremia, S. C., H. A. De Boo, et al. (2007). "Fetal and amniotic insulin-like growth factor-I
supplements improve growth rate in intrauterine growth restriction fetal sheep." Endocrinology
148(6):2963-2972.

Fahey, A. J., J. M. Brameld, et al. (2005). "Otogeny of factors associated with proliferation and
differentiation of muscle in the ovine fetus." Journal of Animal Science 83(10): 2330-2338.

Forhead, A. J., K. Curtis, et al. (2006). "Developmental control of iodothyronine deiodinases by
cortisol in the ovine fetus and placenta near term." Endocrinology 147(12): 5988-5994.

Forhead, A. J., J. Li, et al. (2002). "Thyroid hormones and the mRNA of the GH receptor and
IGFs in skeletal muscle of fetal sheep." American Journal of Physiology-Endocrinology and
Metabolism 282(1): E80-E86.

Forhead, A. J., J. Li, et al. (1998). "Control of hepatic insulin-like growth factor Il gene expression
by thyroid hormones in fetal sheep near term." American Journal of Physiology-Endocrinology

Page 65 of 84

64



Nature and nurture impact on bioactivity

and Metabolism 38(1): E149-E156.

Forhead, A. J., J. Li, et al. (2000). "Control of ovine hepatic growth hormone receptor and insulin-
like growth factor | by thyroid hormones in utero." American Journal of Physiology-Endocrinology
and Metabolism 278(6): E1166-E1174.

Fowden, A. L. (1995). "Endocrine Regulation of Fetal Growth." Reproduction Fertility and
Development 7(3): 351-363.

Fowden, A. L. (2003). "The insulin-like growth factors and feto-placental growth." Placenta 24(8-
9): 803-812.

Fowden, A. L., P. Hughes, et al. (1989). "The Effects of Insulin on the Growth-Rate of the Sheep
Fetus During Late Gestation." Quarterly Journal of Experimental Physiology and Cognate
Medical Sciences 74(5): 703-714.

Fowden, A. L. and M. Silver (1995). "The Effects of Thyroid-Hormones on Oxygen and Glucose-
Metabolism in the Sheep Fetus During Late-Gestation." Journal of Physiology-London 482(1):
203-213.

Fowlkes, J. and M. Freemark (1993). "Placental Lactogen-Binding Sites in Isolated Fetal
Fibroblasts - Characterization, Processing, and Regulation." Endocrinology 132(6): 2477-2483.

Francis, G. L., K. A. McNelil, et al. (1989). "Sheep insulin-like growth factors | and Il: sequences,
activities and assays." Endocrinology 124(3): 1173-83.

Gallaher, B. W., B. H. Breier, et al. (1998). "Fetal programming of insulin-like growth factor (IGF)-
| and IGF-binding protein-3: evidence for an altered response to undernutrition in late gestation
following exposure to periconceptual undernutrition in the sheep." Journal of Endocrinology
159(3): 501-508.

Gallaher, B. W., B. H. Breier, et al. (1992). "Ontogenic Differences in the Nutritional Regulation of
Circulating Igf Binding-Proteins in Sheep Plasma." Acta Endocrinologica 126(1): 49-54.

Gallaher, B. W., M. H. Oliver, et al. (1994). "Circulating Insulin-Like Growth-Factor li Mannose-6-
Phosphate Receptor and Insulin-Like Growth-Factor Binding-Proteins in Fetal Sheep Plasma Are
Regulated by Glucose and Insulin." European Journal of Endocrinology 131(4): 398-404.

Gate, J. J., L. Clarke, et al. (1999). "Chronic cold exposure has no effect on brown adipose tissue
in newborn lambs born to well-fed ewes." Reproduction Fertility and Development 11(7-8): 415-
418.

Gatford, K. L., P. A. Dalitz, et al. (2007). "Acute ethanol exposure in pregnancy alters the insulin-
like growth factor axis of fetal and maternal sheep." American Journal of Physiology-
Endocrinology and Metabolism 292(2): E494-E500.

Gaylord, T. D., W. H. Lee, et al. (1994). "Regulation of the Insulin-Like Growth-Factors and Their
Binding-Proteins in the Ovine Fetus." Pediatric Research 35(4): A67-A67.

Gentili, S., M. J. Waters, et al. (2006). "Differential regulation of suppressor of cytokine signaling-
3 in the liver and adipose tissue of the sheep fetus in late gestation." American Journal of
Physiology-Reqgulatory Integrative and Comparative Physiology 290(4): R1044-R1051.

Gluckman, P. D. (1995). "The Endocrine Regulation of Fetal Growth in Late-Gestation - the Role
of Insulin-Like Growth-Factors." Journal of Clinical Endocrinology and Metabolism 80(4): 1047-
1050.

Gluckman, P. D., B. H. Brier, et al. (1990). "Fetal growth in late gestation - a constrained pattern
of growth." Acta Paediatr Scand Suppl 367: 105-110.

Page 66 of 84

65



Nature and nurture impact on bioactivity

Gluckman, P. D. and J. H. Butler (1983). "Parturition-related changes in insulin-like growth
factors-l and -Il in the perinatal lamb." J Endocrinol 99(2): 223-32.

Gluckman, P. D. and J. E. Harding (1997). "The physiology and pathophysiology of intrauterine
growth retardation." Hormone Research 48: 11-16.

Gluckman, P. D. and C. S. Pinal (2002). "Maternal-placental-fetal interactions in the endocrine
regulation of fetal growth - Role of somatotrophic axes." Endocrine 19(1): 81-89.

Gluckman, P. D. and C. S. Pinal (2003). "Regulation of fetal growth by the somatotrophic axis."
Journal of Nutrition 133(5): 1741S-1746S.

Gray, S., B. S. Stonestreet, et al. (2006). "Skeletal muscle glucose transporter protein responses
to antenatal glucocorticoids in the ovine fetus." Journal of Endocrinology 189(2): 219-229.

Greenwood, P. L. and A. W. Bell (2002). "Consequences of intra-uterine growth retardation for
postnatal growth, metabolism and pathophysiology." Reproduction: 195-206.

Gresores, A., S. Anderson, et al. (1997). "Separate and joint effects of arginine and glucose on
ovine fetal insulin secretion." American Journal of Physiology-Endocrinology and Metabolism
35(1): E68-E73.

Grigsby, P. L., J. J. Hirst, et al. (2003). "Fetal responses to maternal and intra-amniotic
lipopolysaccharide administration in sheep." Biology of Reproduction 68(5): 1695-1702.

GruslinGiroux, A., L. E. Shields, et al. (1997). "Fetal plasma iron and restoration of red blood cell
mass after hemorrhage of the ovine fetus." American Journal of Obstetrics and Gynecology
177(5):1172-1177.

Harding, J. E., M. K. Bauer, et al. (1997). "Antenatal therapy for intrauterine growth retardation."
Acta Paediatrica 86: 196-200.

Harding, J. E. and B. M. Johnston (1995). Nutrition and fetal growth. 7: 539-547.

Hay, W. W. (1995). "Current Topic - Metabolic Interrelationships of Placenta and Fetus."
Placenta 16(1): 19-30.

Hay, W. W. (1995). "Regulation of Placental Metabolism by Glucose Supply." Reproduction
Fertility and Development 7(3): 365-375.

Hay, W. W. (2006). "Recent observations on the regulation of fetal metabolism by glucose."
Journal of Physiology-London 572(1): 17-24.

Hay, W. W., J. W. Sparks, et al. (1984). "Effect of Insulin on Glucose-Uptake by the Maternal
Hindlimb and Uterus, and by the Fetus in Conscious Pregnant Sheep." Journal of Endocrinology
100(1):119-124.

Heasman, L., J. Brameld, et al. (2000). "Maternal nutrient restriction during early to mid gestation
alters the relationship between insulin-like growth factor | and bodyweight at term in fetal sheep."
Reproduction Fertility and Development 12(7-8): 345-350.

Heasman, L., L. Clarke, et al. (1999). "The influence of maternal nutrient restriction in early to
mid-pregnancy on placental and fetal development in sheep." Proceedings of the Nutrition
Society 58(2): 283-288.

Hill, D. J. (1992). "Peptide Growth-Factor Interactions in Embryonic and Fetal Growth." Hormone
Research 38(5-6): 197-202.

Hodgkinson, S. C., G. S. G. Spencer, et al. (1991). "Distribution of Circulating Insulin-Like Growth
Factor-I (Igf-1) into Tissues." Endocrinology 129(4): 2085-2093.

Page 67 of 84

66



Nature and nurture impact on bioactivity

Hua, K. M., R. Ord, et al. (1993). "Regulation of Plasma and Tissue-Levels of Insulin-Like Growth
Factor-l by Nutrition and Treatment with Growth-Hormone in Sheep." Journal of Endocrinology
136(2):217-224.

Hull, A. D. and R. A. Brace (2001). "Erythrocyte and erythropoietin responses to hemorrhage in
the immature and near term ovine fetus." American Journal of Obstetrics and Gynecology 185(2):
501-506.

Hyatt, M. A., D. A. Walker, et al. (2004). "Ontogeny and nutritional manipulation of the hepatic
prolactin-growth hormone-insulin-like growth factor axis in the ovine fetus and in neonate and
juvenile sheep." Proceedings of the Nutrition Society 63(1): 127-135.

Iwamoto, H. S. and C. J. McConnell (1997). "Effect of fetal nephrectomy on insulin-like growth
factors and their binding proteins in sheep." Biology of the Neonate 71(2): 92-101.

Iwamoto, H. S., M. A. Murray, et al. (1992). "Effects of Acute Hypoxemia on Insulin-Like Growth-
Factors and Their Binding-Proteins in Fetal Sheep." American Journal of Physiology 263(6):
E1151-E1156.

Jenkin, G., J. McFarlane, et al. (1995). "Inhibin and Activin in Embryonic and Fetal Development
in Ruminants." Journal of Reproduction and Fertility: 177-186.

Jensen, E., C. E. Wood, et al. (2007). "Reduction of maternal adrenal steroids results in
increased VEGF protein without increased eNOS in the ovine placenta." Placenta 28(7): 658-
667.

Jensen, E. C., B. W. Gallaher, et al. (2002). "The effect of a chronic maternal cortisol infusion on
the late-gestation fetal sheep." Journal of Endocrinology 174(1).

Jensen, E. C., J. E. Harding, et al. (1999). "Metabolic effects of IGF-I in the growth retarded fetal
sheep." Journal of Endocrinology 161(3): 485-494.

Jensen, E. C., P. van Zijl, et al. (2000). "Effect of IGF-I on serine metabolism in fetal sheep."
Journal of Endocrinology 165(2): 261-269.

Johnson, J. D., D. L. Wetmore, et al. (1982). "Effect of Insulin on Plasma Amino-Acids in the
Sheep Fetus." Clinical Research 30(1): A144-A144.

Jozwik, M., C. Teng, et al. (2001). "Effects of branched-chain amino acids on placental amino
acid transfer and insulin and glucagon release in the ovine fetus." American Journal of Obstetrics
and Gynecology 185(2): 487-495.

Karimi, A., K. T. Ball, et al. (1996). "Exogenous infusion of adenosine depresses whole body O-2
use in fetal/neonatal sheep." Journal of Applied Physiology 81(2): 541-547.

Kaskous, S., J. Gottschalk, et al. (2003). "Investigations on the changes during pregnancy of
growth influencing and steroid hormones in the blood plasma of Awassi ewes in Syria." Berliner
Und Munchener Tierarztliche Wochenschrift 116(3-4): 108-116.

Kimble, R. M., B. H. Breier, et al. (1999). "Enteral IGF-l enhances fetal growth and
gastrointestinal development in oesophageal ligated fetal sheep." Journal of Endocrinology
162(2):227-235.

Kind, K. L., J. A. Owens, et al. (1996). "Intravenous infusion of insulin-like growth factor | in fetal
sheep reduces hepatic IGF-l1 and IGF-Il mMRNAs." American Journal of Physiology-Regulatory
Integrative and Comparative Physiology 40(6): R1632-R1637.

Kind, K. L., J. A. Owens, et al. (1995). "Effect of Restriction of Placental Growth on Expression of
Igfs in Fetal Sheep - Relationship to Fetal Growth, Circulating Igfs and Binding-Proteins." Journal

Page 68 of 84

67



Nature and nurture impact on bioactivity

of Endocrinology 146(1): 23-34.

Kostecka, Z. and J. Blahovec (2002). "Animal insulin-like growth factor binding proteins and their
biological functions." Veterinarni Medicina 47(2-3): 75-84.

Kostecka, Z., A. Sobekova, et al. (2006). "Influence of ruminant amniotic fluid fractions on
fibroblast and lymphocyte proliferation." Acta Veterinaria Brno 75(2): 169-174.

Lacroix, M.-C., E. Devinoy, et al. (1999). "Expression of Growth Hormone and Its Receptor in the
Placental and Feto-Maternal Environment during Early Pregnancy in Sheep." Endocrinology
140(12):5587-5597.

Lee, W. H., T. D. Gaylord, et al. (1997). "Nutritional regulation of circulating insulin-like growth
factors (IGFs) and their binding, proteins in the ovine fetus." Endocrine Journal 44(1): 163-173.

Leger, J., J. F. Oury, et al. (1996). "Growth factors and intrauterine growth retardation .1. Serum
growth hormone, insulin-like growth factor (IGF)-I, IGF-Il, and IGF binding protein 3 levels in
normally grown and growth-retarded human fetuses during the second half of gestation."
Pediatric Research 40(1): 94-100.

Li, J., A. J. Forhead, et al. (2002). "Control of growth hormone receptor and insulin-like growth
factor-1 expression by cortisol in ovine fetal skeletal muscle." Journal of Physiology-London
541(2):581-589.

Li, J., R. S. Gilmour, et al. (1999). "Activation of the adult mode of ovine growth hormone
receptor gene expression by cortisol during late fetal development." Faseb Journal 13(3): 545-
552.

Li, J., J. A. Owens, et al. (1996). "The ontogeny of hepatic growth hormone receptor and insulin-
like growth factor | gene expression in the sheep fetus during late gestation: Developmental
regulation by cortisol." Endocrinology 137(5): 1650-1657.

Li, J., J. C. Saunders, et al. (1993). "Insulin-Like Growth Factor-li Messenger-Ribonucleic-Acid
Expression in Fetal Tissues of the Sheep During Late Gestation - Effects of Cortisol."
Endocrinology 132(5): 2083-2089.

Liechty, E. A., D. W. Boyle, et al. (1999). "Aromatic amino acids are utilized and protein synthesis
is stimulated during amino acid infusion in the ovine fetus." Journal of Nutrition 129(6): 1161-
1166.

Liechty, E. A., D. W. Boyle, et al. (1996). "Effects of circulating IGF-I on glucose and amino acid
kinetics in the ovine fetus." American Journal of Physiology-Endocrinology and Metabolism 34(1):
E177-E185.

Liechty, E. A., D. W. Boyle, et al. (1999). "Glucose and amino acid kinetic response to graded
infusion of rhIGF-lI in the late gestation ovine fetus." American Journal of Physiology-
Endocrinology and Metabolism 277(3): E637-E543.

Liechty, E. A., D. W. Boyle, et al. (1993). "Increased Fetal Glucose-Concentration Decreases
Ovine Fetal Leucine Oxidation Independent of Insulin." American Journal of Physiology 265(4):
E617-E623.

Liechty, E. A. and S. C. Denne (1998). "Regulation of fetal amino acid metabolism: Substrate or
hormonal regulation?" Journal of Nutrition 128(2): 342S-346S.

Lim, G. B., M. Dodic, et al. (1996). "Regulation of erythropoietin gene expression in fetal sheep
by glucocorticoids." Endocrinology 137(5): 1658-1663.

Limesand, S. W. and W. W. Hay (2003). "Adaptation of ovine fetal pancreatic insulin secretion to

Page 69 of 84

68



Nature and nurture impact on bioactivity

chronic hypoglycaemia and euglycaemic correction." Journal of Physiology-London 547(1): 95-
105.

Liu, L., J. E. Harding, et al. (1994). "Maternal Insulin-Like Growth-Factor-lI Infusion Alters
Fetoplacental Carbohydrate and Protein-Metabolism in Pregnant Sheep." Endocrinology 135(3):
895-900.

Lok, F., J. A. Owens, et al. (1996). "Insulin-like growth factor | promotes growth selectively in fetal
sheep in late gestation." American Journal of Physiology-Regulatory Integrative and Comparative
Physiology 39(5): R1148-R1155.

Low, L. C. K., S. Y. M. Tam, et al. (2001). "Onset of significant GH dependence of serum 1GF-1
and IGF-binding protein 3 concentrations in early life." Pediatric Research 50(6): 737-742.

Lu, F., V. K. M. Han, et al. (1994). "Regulation of Insulin-Like Growth Factor-li Gene-Expression
in the Ovine Fetal Adrenal-Gland by Adrenocorticotropic Hormone and Cortisol." Endocrinology
134(6):2628-2635.

Lutz, L., L. Dufourny, et al. (2006). "Effect of nutrient restriction on the somatotropes and
substance P-immunoreactive cells in the pituitary of the female ovine fetus." Growth Hormone &
Igf Research 16(2): 108-118.

Lutz, L., N. Schoefield, et al. (2007). "No effect of nutrient restriction from gestational days 28 to
78 on immunocytochemically detectable growth hormone-releasing hormone (GHRH) neurons
and GHRH receptor colocalization in somatotropes of the ovine female fetus." Journal of
Chemical Neuroanatomy 33(1): 34-41.

MacLaughlin, S. M., S. K. Walker, et al. (2007). "Impact of periconceptional undernutrition on
adrenal growth and adrenal insulin-like growth factor and steroidogenic enzyme expression in the
sheep fetus during early pregnancy." Endocrinology 148(4): 1911-1920.

Mancojohnson, M. J., T. Carver, et al. (1994). "Hyperglycemia-Induced Hyperinsulinemia
Decreases Maternal and Fetal Plasma-Protein-C Concentration During Ovine Gestation."
Pediatric Research 36(3): 293-299.

Marsh, A. C., K. J. Gibson, et al. (2001). "Chronic effect of insulin-like growth factor | on renin
synthesis, secretion, and renal function in fetal sheep." American Journal of Physiology-
Regulatory Integrative and Comparative Physiology 281(1): R318-R326.

Marsh, A. C., K. J. Gibson, et al. (2001). "Insulin-like growth factor | alters renal function and
stimulates renin secretion in late gestation fetal sheep." Journal of Physiology-London 530(2):
253-262.

Mascio, C. E., A. K. Olison, et al. (2005). "Myocardial vascular and metabolic adaptations in
chronically anemic fetal sheep." American Journal of Physiology-Regulatory Integrative and
Comparative Physiology 289(6): R1736-R1745.

Matsumoto, L. C., L. Bogic, et al. (2002). "Prolonged hypoxia upregulates vascular endothelial
growth factor messenger RNA expression in ovine fetal membranes and placenta." American
Journal of Obstetrics and Gynecology 186(2): 303-310.

McLaren, R. J. and G. W. Montgomery (1999). "Genomic imprinting of the insulin-like growth
factor 2 gene in sheep." Mammalian Genome 10(6): 588-591.

McLellan, K. C., S. B. Hooper, et al. (1992). "Prolonged Hypoxia Induced by the Reduction of
Maternal Uterine Blood-Flow Alters Insulin-Like Growth Factor-Binding Protein-1 (lgfbp-1) and
Igfbp-2 Gene-Expression in the Ovine Fetus." Endocrinology 131(4): 1619-1628.

McMullen, S., J. C. Osgerby, et al. (2005). "The effects of acute nutrient restriction in the mid-

Page 70 of 84

69



Nature and nurture impact on bioactivity

gestational ewe on maternal and fetal nutrient status, the expression of placental growth factors
and fetal growth." Placenta 26(1): 25-33.

McNeill, D. M., R. W. Kelly, et al. (1997). "Insulin sensitivity and fetal growth in ewes maintained
in a moderate body condition compared with a lean body condition in late pregnancy." Australian
Journal of Agricultural Research 48(6): 753-758.

Miller, D. W., J. L. Harrison, et al. (2005). "Immunohistochemical evidence for an
endocrine/paracrine role for ghrelin in the reproductive tissues of sheep." Reproductive Biology
and Endocrinology 3.

Milley, J. R. (1993). "Ovine Fetal Protein-Metabolism During Decreased Glucose Delivery."
American Journal of Physiology 265(4): E525-E531.

Milley, J. R. (1998). "Ovine fetal leucine kinetics and protein metabolism during decreased
oxygen availability." American Journal of Physiology-Endocrinology and Metabolism 37(4): E618-
E626.

Milley, J. R., J. S. Papacostas, et al. (1986). "Effect of Insulin on Uptake of Metabolic Substrates
by the Sheep Fetus." American Journal of Physiology 251(3): E349-E3586.

Moritz, K. M., E. Cooper, et al. (1992). "The Effect of Hemorrhage on Erythropoietin
Concentration in the Mature Ovine Fetus." Journal of Developmental Physiology 17(3): 157-161.

Moritz, K. M., M. Macris, et al. (1999). "Foetal fluid balance and hormone status following
nephrectomy in the foetal sheep." Clinical and Experimental Pharmacology and Physiology
26(11):857-864.

Moritz, K. M. and E. M. Wintour (1992). "The Effect of Graded Hemorrhage on Erythropoietin
Production in the Immature Ovine Fetus." Clinical and Experimental Pharmacology and
Physiology 19(7): 503-508.

Muhlhausler, B. S. (2007). "Programming of the appetite-regulating neural network: A link
between maternal overnutrition and the programming of obesity?" Journal of Neuroendocrinology
19(1):67-72.

Muhlhausler, B. S., C. L. Adam, et al. (2005). "Impact of glucose infusion on the structural and
functional characteristics of adipose tissue and on hypothalamic gene expression for appetite
regulatory neuropeptides in the sheep fetus during late gestation." Journal of Physiology-London
565(1): 185-195.

Naimeh, L. G., B. C. Schutte, et al. (2001). "Ontogeny of the H19 gene in sheep and effect of
maternal fasting on its expression in the fetus." Endocrine Research 27(4): 417-431.

Nardo, L., I. R. Young, et al. (2000). "Influence of growth hormone on the lung growth response
to tracheal obstruction in fetal sheep." American Journal of Physiology-Lung Cellular _and
Molecular Physiology 278(3): L453-L459.

Ohmura, E., A. Jansen, et al. (1984). "Human Pancreatic Growth-Hormone Releasing-Factor
(Hpgrf-1-40) Stimulates Gh Release in the Ovine Fetus." Endocrinology 114(1): 299-301.

Oliver, M. H., F. H. Bloomfield, et al. (1999). "The maternal, fetal and postnatal somatotrophic
axes in intrauterine growth retardation." Biochemical Society Transactions 27(2): 69-73.

Oliver, M. H., J. E. Harding, et al. (1995). "The Effects of Ovine Placental-Lactogen Infusion on
Metabolites, Insulin-Like Growth-Factors and Binding-Proteins in the Fetal Sheep." Journal of
Endocrinology 144(2): 333-338.

Oliver, M. H., J. E. Harding, et al. (1992). "The Nutritional Regulation of Circulating Placental-

Page 71 of 84

70



Nature and nurture impact on bioactivity

Lactogen in Fetal Sheep." Pediatric Research 31(5): 520-523.

Oliver, M. H., J. E. Harding, et al. (1993). "Glucose but Not a Mixed Amino-Acid Infusion
Regulates Plasma Insulin-Like Growth Factor-l Concentrations in Fetal Sheep." Pediatric
Research 34(1): 62-65.

Oliver, M. H., J. E. Harding, et al. (1996). "Fetal insulin-like growth factor (IGF)-1 and IGF-Il are
regulated differently by glucose or insulin in the sheep fetus." Reproduction Fertility and
Development8(1): 167-172.

Osborn, B. H., J. Fowlkes, et al. (1992). "Nutritional Regulation of Insulin-Like Growth Factor-
Binding Protein Gene-Expression in the Ovine Fetus and Pregnant Ewe." Endocrinology 131(4):
1743-1750.

Osgerby, J. C., D. C. Wathes, et al. (2004). "The effect of maternal undernutrition on the
placental growth trajectory and the uterine insulin-like growth factor axis in the pregnant ewe."
Journal of Endocrinology 182(1): 89-103.

Owens, J. A. (1991). "Endocrine and Substrate Control of Fetal Growth - Placental and Maternal
Influences and Insulin-Like Growth-Factors." Reproduction Fertility and Development 3(5): 501-
517.

Owens, J. A,, K. L. Kind, et al. (1994). "Circulating Insulin-Like Growth Factor-l and Factor-li and
Substrates in Fetal Sheep Following Restriction of Placental Growth." Journal of Endocrinology
140(1):5-13.

Palmer, R. M., M. G. Thompson, et al. (1998). "Growth and metabolism of fetal and maternal
muscles of adolescent sheep on adequate or high feed intakes: possible role of protein kinase C-
alpha in fetal muscle growth." British Journal of Nutrition 79(4): 351-357.

Papparella, A., D. Berard, et al. (1994). "Circulatory and Metabolic Effects of Anemia in
Hyperinsulinemic Ovine Fetuses." American Journal of Physiology 266(1): H250-H257.

Philipps, A. F., T. S. Rosenkrantz, et al. (1991). "Effects of Fetal Insulin Deficiency on Growth in
Fetal Lambs." Diabetes 40(1): 20-27.

Phillips, I. D., J. T. Ross, et al. (1996). "The peptide ACTH(1-39), adrenal growth and
steroidogenesis in the sheep fetus after disconnection of the hypothalamus and pituitary.”
Journal of Physiology-London 491(3): 871-879.

Phillips, I. D., G. Simonetta, et al. (1996). "Placental restriction alters the functional development
of the pituitary-adrenal axis in the sheep fetus during late gestation." Pediatric Research 40(6):
861-866.

Quigley, S. P., D. O. Kleemann, et al. (2005). "Myogenesis in sheep is altered by maternal feed
intake during the peri-conception period." Animal Reproduction Science 87(3-4): 241-251.

Rae, M. T., S. M. Rhind, et al. (2002). "Maternal undernutrition alters triiodothyronine
concentrations and pituitary response to GnRH in fetal sheep." Journal of Endocrinology 173(3).

Ramadoss, J., H. A. Hogan, et al. (2006). "Binge alcohol exposure during all three trimesters
alters bone strength and growth in fetal sheep." Alcohol 38(3): 185-192.

Regnault, T. R. H., J. E. Friedman, et al. (2005). "Fetoplacental transport and utilization of amino
acids in IUGR - A review." Placenta 26: S52-S62.

Reynolds, T. S., K. R. Stevenson, et al. (1997). "Pregnancy-specific alterations in the expression
of the insulin-like growth factor system during early placental development in the ewe."
Endocrinology 138(3): 886-97.

Page 72 of 84

71



Nature and nurture impact on bioactivity

Rhoads, R. P., P. L. Greenwood, et al. (2000). "Nutritional regulation of the genes encoding the
acid-labile subunit and other components of the circulating insulin-like growth factor system in the
sheep." Journal of Animal Science 78(10): 2681-2689.

Robinson, J. J. (1996). "Nutrition and reproduction." Animal Reproduction Science 42(1-4): 25-
34.

Roelfsema, V., A. J. Gunn, et al. (2005). "The effect of mild hypothermia on insulin-like growth
factors after severe asphyxia in the preterm fetal sheep." Journal of the Society for Gynecologic
Investigation 12(4): 232-237.

Scheid, A., R. H. Wenger, et al. (2002). "Physiologically low oxygen concentrations determined in
fetal skin regulate hypoxia-inducible factor 1 and transforming growth factor beta 3." Faseb
Journal 16(1): 411-+.

Schoknecht, P. A., M. A. McGauire, et al. (1996). "Effect of chronic infusion of placental lactogen
on ovine fetal growth in late gestation." Domestic Animal Endocrinology 13(6): 519-528.

Schreiner, R. L., P. A. Nolen, et al. (1980). "Fetal and Maternal Hormonal Response to Starvation
in the Ewe." Pediatric Research 14(2): 103-108.

Shaikh, S., F. H. Bloomfield, et al. (2005). "Amniotic IGF-I supplementation of growth-restricted
fetal sheep alters IGF-I and IGF receptor type 1 mRNA and protein levels in placental and fetal
tissues." Journal of Endocrinology 186(1): 145-155.

Shen, W., P. Wisniowski, et al. (2003). Protein anabolic effects of insulin and IGF-I in the ovine
fetus. 284: E748-756.

Shen, W. H., D. W. Boyle, et al. (2002). "Distinct signaling pathways mediate insulin (INS) and
IGF-I-stimulated eukaryotic initiation factor 4F assembly in the ovine fetus." Faseb Journal 16(4):
A392-A393.

Shen, W. H., D. W. Boyle, et al. (2005). "Changes in 4E-BP1 and p70S6K phosphorylation in
skeletal muscle of the ovine fetus after prolonged maternal fasting: Effects of insulin and IGF-I."
Pediatric Research 58(5): 833-839.

Shen, W. H. and E. A. Liechty (2001). "Increased protein synthesis by IGF-l and insulin is
associated with alterations in elF4E in the ovine fetus." Faseb Journal 15(5): A758-A758.

Shen, W. H., D. Mallon, et al. (2002). "IGF-I and insulin regulate elF4F formation by different
mechanisms in muscle and liver in the ovine fetus." American Journal of Physiology-
Endocrinology and Metabolism 283(3): E593-E603.

Shen, W. H., P. Wisniowski, et al. (2003). "Protein anabolic effects of insulin and IGF-1 in the
ovine fetus." American Journal of Physiology-Endocrinology and Metabolism 284(4): E748-E756.

Shen, W. H., P. Wisniowski, et al. (2005). "Anabolic effects of insulin and IGF-I in the ovine fetus
are reduced by prolonged maternal fasting." American Journal of Physiology-Endocrinology and
Metabolism 288(5): E907-E913.

Shen, W. H., X. Yang, et al. (2001). "Effects of intravenous insulin-like growth factor-l and insulin
administration on insulin-like growth factor-binding proteins in the ovine fetus." Journal of
Endocrinology 171(1): 143-151.

Shields, L. E., J. A. Widness, et al. (1993). "Restoration of Fetal Red-Blood-Cells and Plasma-
Proteins after a Moderately Severe Hemorrhage in the Ovine Fetus." American Journal of
Obstetrics and Gynecology 169(6): 1472-1478.

Shields, L. E., J. A. Widness, et al. (1996). "The hematologic and plasma iron responses to

Page 73 of 84

72



Nature and nurture impact on bioactivity

severe fetal hemorrhage in the ovine fetus." American Journal of Obstetrics and Gynecology
174(1): 55-61.

Silberbach, M., D. F. Anderson, et al. (1994). "Effect of Atrial-Natriuretic-Peptide on Vascular
Permeation in the Ovine Fetus." Pediatric Research 35(5): 555-559.

Sloboda, D. M., J. P. Newnham, et al. (2002). "Repeated maternal glucocorticoid administration
and the developing liver in fetal sheep." Journal of Endocrinology 175(2): 535-543.

Soder, K. J., V. M. Thomas, et al. (1995). Influence of energy or protein supplementation during
midpregnancy on forage intake of ewes grazing Montana winter range. 73: 2853-2859.

Sohl, B. D., C. Y. Cheung, et al. (2001). "Erythropoietin responses to progressive blood loss over
10 days in the ovine fetus." American Journal of Physiology-Regulatory Integrative and
Comparative Physiology 281(4): R1051-R1058.

Spencer, G. S. G., A. A. Macdonald, et al. (1991). "Decreased Circulating Growth-Hormone
Levels Following Centrally Administered Insulin-Like Growth Factor-l Is Not Mediated by
Somatostatin in the Pig Fetus." Reproduction Nutrition Development 31(5): 585-590.

Stewart, C. E. and P. Rotwein (1996). "Growth, differentiation, and survival: multiple physiological
functions for insulin-like growth factors." Physiol Rev 76(4): 1005-26 *LHM: Available on-line:.

Stonestreet, B. S., L. D. Boyle, et al. (1996). "Circulatory and metabolic effects of alpha-
adrenergic blockade in the hyperinsulinemic ovine fetus." Journal of the Society for Gynecologic
Investigation 3(5): 241-249.

Stonestreet, B. S., E. Le, et al. (1993). "Circulatory and Metabolic Effects of Beta-Adrenergic-
Blockade in the Hyperinsulinemic Ovine Fetus." American Journal of Physiology 265(4): H1098-
H1106.

Symonds, M. E., A. Mostyn, et al. (2001). "Cytokines and cytokine receptors in fetal growth and
development." Biochemical Society Transactions 29: 33-37.

Thureen, P. J., S. M. Anderson, et al. (2000). "Regulation of uterine and umbilical amino acid
uptakes by maternal amino acid concentrations." American Journal of Physiology-Regulatory
Integrative and Comparative Physiology 279(3): R849-R859.

Thureen, P. J., K. A. Baron, et al. (2002). "Ovine placental and fetal arginine metabolism at
normal and increased maternal plasma arginine concentrations." Pediatric Research 51(4): 464-
471.

Thureen, P. J., J. F. Padbury, et al. (2001). "The effect of maternal hypoaminoacidaemia on
placental uptake and transport of amino acids in pregnant sheep." Placenta 22(2-3): 162-170.

Thureen, P. J., B. Scheer, et al. (2000). "Effect of hyperinsulinemia on amino acid utilization in
the ovine fetus." American Journal of Physiology-Endocrinology and Metabolism 279(6): E1294-
E1304.

Tuo, W. B., T. L. Ott, et al. (1993). "Natural-Killer-Cell Activity of Lymphocytes Exposed to Ovine,
Type-l, Trophoblast Interferon." American Journal of Reproductive Immunology 29(1): 26-34.

Van Natta, T. L., J. C. Ralphe, et al. (2004). "Ontogeny of vascular growth factors in perinatal
sheep myocardium." Journal of the Society for Gynecologic Investigation 11(8): 503-510.

Wallace, J. M., D. A. Bourke, et al. (2002). "Blood flows and nutrient uptakes in growth-restricted
pregnancies induced by overnourishing adolescent sheep." American Journal of Physiology-
Regulatory Integrative and Comparative Physiology 282(4): R1027-R1036.

Wallace, J. M., D. A. Bourke, et al. (2000). "Relationship between nutritionally-mediated placental

Page 74 of 84

73



Nature and nurture impact on bioactivity

growth restriction and fetal growth, body composition and endocrine status during late gestation
in adolescent sheep." Placenta 21(1): 100-108.

Wallace, J. M., J. S. Milne, et al. (2006). "Effect of diet composition on pregnancy outcome in
overnourished rapidly growing adolescent sheep." British Journal of Nutrition 96(6): 1060-1068.

Wallace, J. M., T. R. H. Regnault, et al. (2005). "Investigating the causes of low birth weight in
contrasting ovine paradigms." Journal of Physiology-London 565(1): 19-26.

Ward, J. W., F. B. P. Wooding, et al. (2004). "Ovine feto-placental metabolism." Journal of
Physiology-London554(2): 529-541.

Warnes, K. E., I. C. McMillen, et al. (2004). "Metyrapone infusion stimulates adrenal growth
without activating the cell cycle or the IGF system in the late gestation fetal sheep." Endocrine
Research 30(4): 535-539.

Widness, J. A., R. L. Schmidt, et al. (1995). "Erythropoietin Transplacental Passage - Review of
Animal Studies." Journal of Perinatal Medicine 23(1-2): 61-70.

Wilkening, R. B., D. W. Boyle, et al. (1994). "Amino-Acid-Uptake by the Fetal Ovine Hindlimb
under Normal and Euglycemic Hyperinsulinemic States." American Journal of Physiology 266(1):
E72-E78.

Wu, G., F. W. Bazer, et al. (2006). "BOARD-INVITED REVIEW: Intrauterine growth retardation:
Implications for the animal sciences." Journal of Animal Science 84(9): 2316-2337.

Zhang, L. N., R. L. Alexander, et al. (2002). "Red cell mass responses to daily erythropoietin and
iron injections in the ovine fetus." American Journal of Obstetrics and Gynecology 186(2): 315-
320.

Page 75 of 84

74



Nature and nurture impact on bioactivity

8.4 Appendix 4 - Rodent fetus reference database

Generated and selected for initial review

Anthony, R. V., S. L. Pratt, et al. (1995). "Placental Fetal Hormonal Interactions - Impact on Fetal
Growth." Journal of Animal Science 73(6): 1861-1871.

Ashkar, A. A. and B. A. Croy (1999). "Interferon-gamma contributes to the normalcy of murine
pregnancy." Biology of Reproduction 61(2): 493-502.

Barone, A., R. G. Harper, et al. (1998). "Placental copper transport in the rat. Ill: Interaction
between copper and iron in maternal protein deficiency." Placenta 19(1): 113-118.

Bastian, S. E. P., P. E. Walton, et al. (1993). "Plasma-Clearance and Tissue Distribution of
Labeled Insulin-Like Growth Factor-1 (Igf-1) and an Analog Lr3igf-l in Pregnant Rats." Journal of
Endocrinology 138(2): 327-336.

Batchelor, D. C., R. M. Lewis, et al. (1998). "Fetal rat lung epithelium has a functional growth
hormone receptor coupled to tyrosine kinase activity and insulin-like growth factor binding
protein-2 production.” Journal of Molecular Endocrinology 21(1): 73-84.

Benbow, A. L. and B. J. Waddell (1995). "Distribution and Metabolism of Maternal Progesterone
in the Uterus, Placenta, and Fetus During Rat Pregnancy." Biology of Reproduction 52(6): 1327-
1333.

Bernstein, I. M., M. M. Desouza, et al. (1991). "Insulin-Like Growth Factor-l in Substrate-
Deprived, Growth-Retarded Fetal Rats." Pediatric Research 30(2): 154-157.

Bihoreau, M. T., A. Ktorza, et al. (1984). "Invitro Study of the Secretion of Insulin by the Fetus of
the Hyperglycemic Female Rat." Journal De Physiologie 79(1): A7-A7.

Billat, C. L., J. M. Felix, et al. (1982). "Invitro and Invivo Regulation of Hepatic Erythropoiesis by
Erythropoietin and Glucocorticoids in the Rat Fetus." Experimental Hematology 10(1): 133-140.

Bonkobara, M., T. Boonrit, et al. (1997). "Effects of epidermal growth factor on maternal and
petal serum amino acid levels in rats." Journal of Veterinary Medical Science 59(11): 1053-1056.

Bossard, P., R. Parsa, et al. (1993). "Glucose-Administration Induces the Premature Expression
of Liver Glucokinase Gene in Newborn Rats - Relation with Dnase-I-Hypersensitive Sites."
European Journal of Biochemistry 215(3): 883-892.

Bourbon, J. and M. Gilbert (1981). "Role of Fetal Insulin in Glycogen-Metabolism in the Liver of
the Rat Fetus." Biology of the Neonate 40(1-2): 38-45.

Boylan, J. M. and P. A. Gruppuso (1996). "A comparative study of the hepatic mitogen-activated
protein kinase and Jun-NH2-terminal kinase pathways in the late-gestation fetal rat." Cell Growth
& Differentiation 7(9): 1261-1269.

Boylan, J. M. and P. A. Gruppuso (1998). "Uncoupling of hepatic, epidermal growth factor-
mediated mitogen-activated protein kinase activation in the fetal rat." Journal of Biological
Chemistry 273(6): 3784-3790.

Brawley, L., C. Torrens, et al. (2004). "Glycine rectifies vascular dysfunction induced by dietary
protein imbalance during pregnancy." Journal of Physiology-London 554(2): 497-504.

Breant, B., E. Gesina, et al. (2006). "Nutrition, glucocorticoids and pancreas development."
Hormone Research 65: 98-104.

Brennan, K. A., D. M. Olson, et al. (2006). "Maternal nutrient restriction alters renal development

Page 76 of 84

75



Nature and nurture impact on bioactivity

and blood pressure regulation of the offspring." Proceedings of the Nutrition Society 65(1): 116-
124.

Briere, N., J. Ferrari, et al. (1991). "Synergistic Influence of Epidermal Growth-Factor, Insulin and
Transferrin on Human Fetal Kidney in Culture." Biofactors 3(2): 113-120.

Burrin, D. G., Y. Petersen, et al. (2002). "Glucagon-like peptide 2: A nutrient-responsive gut
growth factor (Reprinted from vol 131, pg 709, 2001)." Journal of Nutrition 132(12): 709A-712A.

Burton, P. B. J., P. Quirke, et al. (1993). "Growth-Factor Expression During Rat Development - a
Comparison of Tgf-Beta-3, Tgf-Alpha, Bfgf, Pdgf and Pdgf-R." International Journal of
Experimental Pathology 74(1): 87-96.

Carbo, N., F. J. LopezSoriano, et al. (1996). "Tumour growth and fetal uptake of amino acids in
the pregnant rat." European Journal of Cancer 32A(8): 1413-1419.

Cederberg, J., C. M. Siman, et al. (2001). "Combined treatment with vitamin E and vitamin C
decreases oxidative stress and improves fetal outcome in experimental diabetic pregnancy."
Pediatric Research 49(6): 755-762.

Chailler, P. and N. Briere (1991). "Insulin Alters Cell-Proliferation During the Early Development
of Rodent Kidney." Cell Biology International Reports 15(10): 955-963.

Cheng, H. L., S. L. Schneider, et al. (1993). "Tgf-Beta-2 Gene and Protein Expression in
Maternal and Fetal Tissues at Various Stages of Murine Development." Journal of Reproductive
Immunology 25(2): 133-148.

Cherif, H., B. Reusens, et al. (1996). "Taurine stimulates insulin release of islets from rat fetus of
mothers fed a normal diet but not low protein one." Diabetologia 39: 622-622.

Constancia, M., E. Angiolini, et al. (2005). "Adaptation of nutrient supply to fetal demand in the
mouse involves interaction between the Igf2 gene and placental transporter systems."
Proceedings of the National Academy of Sciences of the United States of America 102(52):
19219-19224.

Constancia, M., M. Hemberger, et al. (2002). "Placental-specific IGF-Il is a major modulator of
placental and fetal growth." Nature 417(6892): 945-948.

Croy, B. A., S. Chantakru, et al. (2002). "Decidual natural killer cells: key regulators of placental
development (a review)." Journal of Reproductive Immunology 57(1-2): 151-168.

Davenport, M. L., J. Pucilowska, et al. (1992). "Tissue-Specific Expression of Insulin-Like
Growth-Factor Binding Protein-3 Protease Activity During Rat Pregnancy." Endocrinology 130(5):
2505-2512.

Deescobar, G. M., R. Calvo, et al. (1993). "Differential-Effects of Thyroid-Hormones on Growth
and Thyrotropic Hormones in Rat Fetuses near Term." Endocrinology 132(5): 2056-2064.

Deloof, S., A. Chatelain, et al. (1994). "Effects of Corticotropin-Releasing Factor, Arginine-
Vasopressin and Oxytocin on the Polymorphism of Plasma Adrenocorticotropic Hormone in the
Rat Fetus in Late Pregnancy." Biology of the Neonate 65(5): 331-339.

Denadai, B. S., I. D. Picarro, et al. (1994). "High-Intensity Exercise During Pregnancy of Rats -
Effects on Mother and Offspring." Comparative Biochemistry and Physiology a-Physiology
109(3): 727-740.

D'Mello, A. P. and Y. Liu (2006). "Effects of maternal immobilization stress on birth weight and
glucose homeostasis in the offspring." Psychoneuroendocrinology 31(3): 395-406.

Ducgoiran, P., B. Robert, et al. (1994). "Developmental Control of Ifn-Alpha Expression in Murine

Page 77 of 84

76



Nature and nurture impact on bioactivity

Embryos." Experimental Cell Research 214(2): 570-583.

El Khattabi, I., C. Remacle, et al. (2006). "The regulation of IGFs and IGFBPs by prolactin in
primary culture of fetal rat hepatocytes is influenced by maternal malnutrition." American Journal
of Physiology-Endocrinology and Metabolism 291(4): E835-E842.

Escalada, J., F. SanchezFranco, et al. (1997). "Regulation of growth hormone (GH) gene
expression and secretion during pregnancy and lactation in the rat: Role of insulin-like growth
factor-1, somatostatin, and GH-releasing hormone." Endocrinology 138(8): 3435-3443.

Fatayerji, N., G. L. Engelmann, et al. (1996). "In utero exposure to ethanol alters mRNA for
insulin-like growth factors and insulin-like growth factor-binding proteins in placenta and lung of
fetal rats."” Alcoholism-Clinical and Experimental Research 20(1): 94-100.

Fehmann, H. C., P. Jehle, et al. (1996). "Functional active receptors for insulin-like growth factor-
| (IGF-I) and IGF-II on insulin-, glucagon-, and somatostatin-producing cells." Metabolism-Clinical
and Experimental 45(6): 759-766.

Ferguson, M. W. J., P. M. Sharpe, et al. (1992). "Differential Expression of Insulin-Like Growth
Factors-1 and Factors-li (Igf-1 and Igf-1i), Messenger-Rna, Peptide and Binding-Protein 1 During
Mouse Palate Development - Comparison with Tgf-Beta Peptide Distribution." Journal of
Anatomy 181:219-238.

Fernandez-Twinn, D. S., S. E. Ozanne, et al. (2003). "The maternal endocrine environment in the
low-protein model of intra-uterine growth restriction." British Journal of Nutrition 90(4): 815-822.

Fiorotto, M. L., R. Lopez, et al. (2006). "Transplacental transfer of a growth hormone-releasing
hormone peptide from mother to fetus in the rat." DNA and Cell Biology 25(8): 429-437.

Frampton, R. J., H. A. Jonas, et al. (1991). "Increased Secretion of Insulin-Like Growth Factor-
Binding Proteins and Decreased Secretion of Insulin-Like Growth Factor-li by Muscle from
Growth-Retarded Neonatal Rats." Journal of Endocrinology 130(1): 33-42.

Fukumasu, Y., H. Fukumasu, et al. (1999). "Stimulation of fetal granulopoiesis by intrauterine
injection of recombinant human granulocyte colony-stimulating factor into rat fetuses." Biology of
the Neonate 75(6): 367-376.

Fukumoto, T. (1992). "Possible Developmental Interactions of Hematopoietic-Cells and
Hepatocytes in Fetal-Rat Liver." Biomedical Research-Tokyo 13(6): 385-413.

Garciaaragon, J., P. E. Lobie, et al. (1992). "Prenatal Expression of the Growth-Hormone (Gh)
Receptor-Binding Protein in the Rat - a Role for Gh in Embryonic and Fetal Development.”
Development114(4): 869-876.

Gargosky, S. E., P. E. Walton, et al. (1990). "Insulin-Like Growth Factor-I (Igf-1) and Igf-Binding
Proteins Both Decline in the Rat During Late Pregnancy." Journal of Endocrinology 127(3): 383-
390.

Gersting, J. A., R. D. Christensen, et al. (2004). "Effects of enterally administering granulocyte
colony-stimulating factor to suckling mice." Pediatric Research 55(5): 802-806.

Gersting, J. A., C. A. Kotto-Kome, et al. (2003). "Bioavailability of granulocyte colony-stimulating
factor administered enterally to suckling mice." Pharmacological Research 48(6): 643-647.

Gohlke, B. C., H. Fahnenstich, et al. (2004). "Longitudinal data for intrauterine levels of fetal IGF-
I and IGF-Il." Hormone Research 61(4): 200-204.

Goubau, S., B. D. Murphy, et al. (1996). "Insulin-like growth factor-I (IGF-1) colocalizes with IGF-
binding proteins (ICFBPs) in mouse and rat ovary." Endocrine 4(3): 213-221.

Page 78 of 84

77



Nature and nurture impact on bioactivity

Green, B. N., S. B. Jones, et al. (1994). "Distinct Expression Patterns of Insulin-Like Growth-
Factor Binding-Proteins 2 and 5 During Petal and Postnatal-Development." Endocrinology
134(2):954-962.

Gruppuso, P. A., T. D. Walker, et al. (1991). "Ontogeny of Hepatic Type-I Insulin-Like Growth-
Factor Receptors in the Rat." Pediatric Research 29(3): 226-230.

Haavisto, T., K. Nurmela, et al. (2001). "Prenatal testosterone and luteinizing hormone levels in
male rats exposed during pregnancy to 2,3,7,8-tetrachlorodibenzo-p-dioxin and diethylstilbestrol."
Molecular and Cellular Endocrinology 178(1-2): 169-179.

Han, R. N. N., J. Liu, et al. (1992). "Expression of Basic Fibroblast Growth-Factor and Receptor -
Immunolocalization Studies in Developing Rat Fetal Lung." Pediatric Research 31(5): 435-440.

Han, V. K. M., A. Smith, et al. (1992). "Mitogenic Activity of Epidermal Growth-Factor on
Newborn Rat Astroglia - Interaction with Insulin-Like Growth-Factors." Endocrinology 131(3):
1134-1142.

Hay, S. M., C. A. Maloney, et al. (2005). "Dietary folate, methionine and chotine deficiency
increases plasma homocysteine and modifies lipid metabolism in the dam, changing insulin in
the rat fetus." Pediatric Research 58(5): 1114-1114.

Herrera, E., |. Lopez-Soldado, et al. (2005). Experimental models for studying perinatal lipid
metabolism - Long-term effects of perinatal undernutrition. Early Nutrition and lIts Later
Consequences: New Opportunities. 569: 95-108.

Hill, D. J., J. Petrik, et al. (1998). "Growth factors and the regulation of fetal growth." Diabetes
Care 21: B60-B69.

Hill, J. M., S. K. McCune, et al. (1996). "Maternal vasoactive intestinal peptide and the regulation
of embryonic growth in the rodent." Journal of Clinical Investigation 97(1): 202-208.

Hogg, J., V. K. M. Han, et al. (1993). "Interactions of Nutrients, Insulin-Like Growth-Factors (lgfs)
and Igf-Binding Proteins in the Regulation of DNA-Synthesis by Isolated Fetal-Rat Islets of
Langerhans." Journal of Endocrinology 138(3): 401-412.

Hogg, J., D. J. Hill, et al. (1994). "The Ontogeny of Insulin-Like Growth-Factor (lgf) and Igf-
Binding Protein Gene-Expression in the Rat Pancreas." Journal of Molecular Endocrinology
13(1): 49-58.

Holemans, K., L. Aerts, et al. (2003). "Fetal growth restriction and consequences for the offspring
in animal models." Journal of the Society for Gynecologic Investigation 10(7): 392-399.

Holness, M. J. and M. C. Sugden (1999). "In late pregnancy insulin-dependent glucose transport
phosphorylation is selectively impaired and activation of glycogen synthase by insulin facilitated
in skeletal muscles of 24-h starved rats." Diabetologia 42(7): 802-811.

Horio, T., T. Maki, et al. (2005). "Production and autocrine/paracrine effects of endogenous
insulin-like growth factor-1 in rat cardiac fibroblasts." Regulatory Peptides 124(1-3): 65-72.

Johnson, S. E., J. L. Rothstein, et al. (1994). "Expression of Epidermal Growth-Factor Family
Gene Members in Early Mouse Development." Developmental Dynamics 201(3): 216-226.

Kakuya, F., M. Shirai, et al. (1997). "Effect of hypoxia on amniotic fluid erythropoietin levels in
fetal rats." Biology of the Neonate 72(2): 118-124.

Kaye, P. L. and H. G. Gardner (1999). "Preimplantation access to maternal insulin and albumin
increases fetal growth rate in mice." Human Reproduction 14(12): 3052-3059.

Keiver, K. and J. Weinberg (2004). "Effect of duration of maternal alcohol consumption on

Page 79 of 84

78



Nature and nurture impact on bioactivity

calcium metabolism and bone in the fetal rat." Alcoholism-Clinical and Experimental Research
28(3):456-467.

Kim, J. D., K. Nantosalonen, et al. (1993). "Evidence for Pituitary Regulation of Somatic Growth,
Insulin-Like Growth Factor-lI and Factor-li, and Their Binding-Proteins in the Fetal-Rat." Pediatric
Research 33(2): 144-151.

Kim, S., D. S. Lee, et al. (2005). "Interferon-gamma promotes abortion due to Brucella infection
in pregnant mice." Bmc Microbiology 5.

Kobayashi, S., D. R. Clemmons, et al. (1991). "Colocalization of Insulin-Like Growth Factor-
Binding Protein with Insulin-Like Growth Factor-1." American Journal of Physiology 261(1): F22-
F28.

Koike, S. and T. Noumura (1994). "Cell-Specific and Stage-Specific Expression of Basic Fgf in
the Developing Rat Gonads." Growth Regulation 4(2): 77-81.

Komatsu, S., M. Yamamoto, et al. (1997). "Ontogeny of somatostatin cells in the rat fetal
pancreas." Journal of Veterinary Medical Science 59(12): 1165-1166.

Kumar, P., B. Rathore, et al. (2006). "Role of TNF-alpha in prenatal alterations in dams of mice
under thermal stress." Laboratory Animals 40(2): 172-179.

Lampreave, F. and A. Pineiro (1992). "Concentrations of Major Plasma-Proteins in Serum and
Whole-Tissue Extracts of Porcine Fetuses During Development." Journal of Reproduction and
Fertility 95(2): 441-449.

Lee, M. S. and N. Sarvetnick (1997). "Fetal exposure to interferon-gamma leads to induction of
antigen-presenting molecules and leukocyte recruitment." Autoimmunity 25(3): 147-155.

Lee, S. H., R. Lancey, et al. (1993). "Ceruloplasmin and Copper Transport During the Latter Part
Gestation in the Rat." Proceedings of the Society for Experimental Biology and Medicine 203(4):
428-439.

Lee, W. H., R. R. Bowsher, et al. (1991). "Measurement of Insulin-Like Growth Factor-li in
Physiological Fluids and Tissues .2. Extraction and Quantification in Rat-Tissues." Endocrinology
128(2): 815-822.

Lesage, J., F. Del-Favero, et al. (2004). "Prenatal stress induces intrauterine growth restriction
and programmes glucose intolerance and feeding behaviour disturbances in the aged rat."
Journal of Endocrinology 181(2): 291-296.

Lesage, J., D. Hahn, et al. (2002). "Maternal undernutrition during late gestation-induced
intrauterine growth restriction in the rat is associated with impaired placental GLUT3 expression,
but does not correlate with endogenous corticosterone levels." Journal of Endocrinology 174(1).

Lewis, R. M., L. A. James, et al. (2001). "Effects of maternal iron restriction in the rat on hypoxia-
induced gene expression and fetal metabolite levels." British Journal of Nutrition 85(2): 193-201.

Li, J. H., T. Z. Hu, et al. (2004). "Effect of epidermal growth factor on pulmonary hypoplasia in
experimental diaphragmatic hernia." Journal of Pediatric Surgery 39(1): 37-42.

Lobie, P. E., J. Garciaaragon, et al. (1992). "Cellular-Localization of the Growth-Hormone
Binding-Protein in the Rat." Endocrinology 130(5): 3057-3065.

Lopez, M. F., P. Dikkes, et al. (1996). "Insulin-like growth factor Il affects the appearance and
glycogen content of glycogen cells in the murine placenta." Endocrinology 137(5): 2100-2108.

Lopezluna, P., J. Olea, et al. (1994). "Effect of Starvation on Lipoprotein-Lipase Activity in
Different Tissues During Gestation in the Rat." Biochimica Et Biophysica Acta-Lipids and Lipid

Page 80 of 84

79



Nature and nurture impact on bioactivity

Metabolism 1215(3): 275-279.

MacDonald, R. G., R. H. McCusker, et al. (1998). "Production of insulin-like growth factor | (IGF-
I) and IGF-binding proteins by rat intestinal stromal cells in vitro." Cellular and Molecular Life
Sciences 54(2): 158-166.

MacDonald, R. S. (1999). "The role of insulin-like growth factors in small intestinal cell growth
and development." Hormone and Metabolic Research 31(2-3): 103-113.

Malee, M. P. and K. Y. Wu (2001). "Adrenocortical activity and the response to stress in the
offspring from diabetic gestations in rats." Prenatal and Neonatal Medicine 6(3): 157-165.

Maloney, C. A., C. Lilley, et al. (2005). "The expression of growth-arrest genes in the liver and
kidney of the protein-restricted rat fetus." British Journal of Nuftrition 94(1): 12-18.

Mark, P. J., J. T. Smith, et al. (2006). "Placental and fetal growth retardation following partial
progesterone withdrawal in rat pregnancy." Placenta 27(2-3): 208-214.

Martin, A., A. Zorzano, et al. (1986). "Glucose-Tolerance Tests and Invivo Response to
Intravenous Insulin in the Unanesthetized Late Pregnant Rat and Their Consequences to the
Fetus." Diabetes & Metabolism 12(6): 302-307.

Mauceri, H. J., K. B. Becker, et al. (1996). "The influence of ethanol exposure on insulin-like
growth factor (IFG) type Il receptors in fetal rat tissues." Life Sciences 59(1): 51-60.

Menuelle, P., S. Babajko, et al. (1999). "Insulin-like growth factor (IGF) binding proteins modulate
the glucocorticoid-dependent biological effects of IGF-Il in cultured fetal rat hepatocytes."
Endocrinology 140(5): 2232-2240.

Morikawa, Y., M. Yoshimura, et al. (1994). "Growth-Factor-Like Substance in Amniotic-Fluid in
the Rat - Effect on the Development of Fetal Colonic Goblet Cells." Biology of the Neonate 66(2-
3): 100-105.

Mosier, H. D., E. M. Spencer, et al. (1987). "The Effect of Glucocorticoids on Plasma Insulin-Like
Growth Factor-lI Concentration in the Rat Fetus." Pediatric Research 22(1): 92-95.

Mottola, M. F., J. Mezzapelli, et al. (1993). "Training Effects on Maternal and Fetal Glucose-
Uptake Following Acute Exercise in the Rat." Medicine and Science in Sports and Exercise
25(7):841-846.

Muaku, S. M., V. Beauloye, et al. (1995). "Effects of Maternal Protein-Malnutrition on Fetal
Growth, Plasma Insulin-Like Growth-Factors, Insulin-Like Growth-Factor Binding-Proteins, and
Liver Insulin-Like Growth-Factor Gene-Expression in the Rat." Pediatric Research 37(3): 334-
342.

Nakago, S., T. Funakoshi, et al. (1999). "Regulation of circulating levels of IGF-I in pregnant rats:
changes in nitrogen balance correspond with changes in serum IGF-I concentrations." Journal of
Endocrinology 163(2): 373-377.

Nyirenda, M. J., R. S. Lindsay, et al. (1998). "Glucocorticoid exposure in late gestation
permanently programs rat hepatic phosphoenolpyruvate carboxykinase and glucocorticoid
receptor expression and causes glucose intolerance in adult offspring." Journal of Clinical
Investigation 101(10): 2174-2181.

Ohkawa, T., W. Rohde, et al. (1988). "The Effect of an Acute Maternal Stress on Beta-Endorphin
and Growth-Hormone Releasing-Factor in the Rat Fetus." Experimental and Clinical

Endocrinology 91(1): 35-42.
Olanrewaju, H. A., E. D. Sanzenbacher, et al. (1996). "Insulin-like growth factor | in suckling rat

Page 81 of 84

80



Nature and nurture impact on bioactivity

gastric contents." Digestive Diseases and Sciences 41(7): 1392-1397.

Oliveros, L., E. Callegari, et al. (1997). "Effect of sucrose feeding on glucose tolerance and their
relationship with lipid metabolism in maternal and fetal livers in rat." Archives of Physiology and
Biochemistry 105(7): 640-644.

Oliveros, L., I. Gimenez, et al. (1995). "Effect of Sucrose Feeding During Pregnancy on Rat
Maternal and Fetal Liver Lipid and Glycogen-Metabolism." Bioscience Biotechnology and
Biochemistry 59(3): 412-416.

Ostlund, E., P. Bang, et al. (1997). "Insulin-like growth factor | in fetal serum obtained by
cordocentesis is correlated with intrauterine growth retardation." Human Reproduction 12(4):
840-844.

Ozanne, S. E. and C. N. Hales (1999). "The long-term consequences of intra-uterine protein
malnutrition for glucose metabolism." Proceedings of the Nutrition Society 58(3): 615-619.

Perezcastillo, A., J. Bernal, et al. (1985). "The Early Ontogenesis of Thyroid-Hormone Receptor
in the Rat Fetus." Endocrinology 117(6): 2457-2461.

Peterside, I. E., M. A. Selak, et al. (2003). "Impaired oxidative phosphorylation in hepatic
mitochondria in growth-retarded rats." American Journal of Physiology-Endocrinology and
Metabolism 285(6): E1258-E1266.

Petrik, J., E. Arany, et al. (1998). "Apoptosis in the pancreatic islet cells of the neonatal rat is
associated with a reduced expression of insulin-like growth factor Il that may act as a survival
factor." Endocrinology 139(6): 2994-3004.

Petrik, J., B. Reusens, et al. (1999). "A low protein diet alters the balance of islet cell replication
and apoptosis in the fetal and neonatal rat and is associated with a reduced pancreatic
expression of insulin-like growth factor-11." Endocrinology 140(10): 4861-4873.

Phornphutkul, C., G. P. Frick, et al. (2000). "Hepatic growth hormone signaling in the late
gestation fetal rat." Endocrinology 141(10): 3527-3533.

Raaberg, L., E. Nexo, et al. (1995). "An Immunological Approach to Induction of Epidermal
Growth-Factor Deficiency - Induction and Characterization of Autoantibodies to Epidermal
Growth-Factor in Rats." Pediatric Research 37(2): 169-174.

Ramos, P. and E. Herrera (1995). "Reversion of Insulin-Resistance in the Rat During Late
Pregnancy by 72-H Glucose-Infusion." American Journal of Physiology-Endocrinology and
Metabolism 32(5): E858-E863.

Randhawa, R. and P. Cohen (2005). "The role of the insulin-like growth factor system in prenatal
growth." Molecular Genetics and Metabolism 86(1-2): 84-90.

Rees, W. D., S. M. Hay, et al. (2000). "Maternal protein deficiency causes hypermethylation of
DNA in the livers of rat fetuses." Journal of Nutrition 130(7): 1821-1826.

Regnault, T. R. H., J. E. Friedman, et al. (2005). "Fetoplacental transport and utilization of amino
acids in IUGR - A review." Placenta 26: S52-S62.

Reik, W., M. Constancia, et al. (2003). "Regulation of supply and demand for maternal nutrients
in mammals by imprinted genes." Journal of Physiology-London 547(1): 35-44.

Richardson, S. J., B. R. Southwell, et al. (2000). "The rat visceral yolk sac internalizes maternal
transferrin and secretes hydrolyzed products towards the fetus." Comparative Biochemistry and
Physiology B-Biochemistry & Molecular Biology 125(1): 29-36.

Scheid, A., R. H. Wenger, et al. (2002). "Physiologically low oxygen concentrations determined in

Page 82 of 84

81



Nature and nurture impact on bioactivity

fetal skin regulate hypoxia-inducible factor 1 and transforming growth factor beta 3." Faseb
Journal 16(1): 411-+.

Schofield, P. N. (1991). "Molecular-Biology of the Insulin-Like Growth-Factors - Gene Structure
and Expression." Acta Paediatrica Scandinavica: 83-90.

Schuster, S. J., S. T. Koury, et al. (1992). "Cellular Sites of Extrarenal and Renal Erythropoietin
Production in Anemic Rats." British Journal of Haematology 81(2): 153-159.

Schwartzbauer, G. and R. K. Menon (1998). "Regulation of growth hormone receptor gene
expression." Molecular Genetics and Metabolism 63(4): 243-253.

Seyoum, G., M. C. Robertson, et al. (1999). "Influence of rat placental lactogen-l on the
development of whole rat embryos in culture." Journal of Endocrinology 160(2): 231-237.

She, Q. B., J. J. Mukherjee, et al. (2000). "Placental alkaline phosphatase, insulin, and adenine
nucleotides or adenosine synergistically promote long-term survival of serum-starved mouse
embryo and human fetus fibroblasts." Cellular Signalling 12(9-10): 659-665.

She, Q. B., J. J. Mukherjee, et al. (2000). "Growth factor-like effects of placental alkaline
phosphatase in human fetus and mouse embryo fibroblasts." Febs Letters 469(2-3): 163-167.

Shen, W. H., D. Mallon, et al. (2002). "IGF-I and insulin regulate elF4F formation by different
mechanisms in muscle and liver in the ovine fetus." American Journal of Physiology-
Endocrinology and Metabolism 283(3): E593-E603.

Shigeta, H., M. Taga, et al. (1993). "Ontogeny and Distribution of Epidermal Growth-Factor
Immunoreactivity and Binding-Activity in the Mouse Fetal and Neonatal Tissues." Endocrine
Journal 40(6): 641-647.

Shigeta, K., Y. Hiramatsu, et al. (1992). "Urinary and Plasma Epidermal Growth-Factor Levels
Are Decreased in Neonates with Intrauterine Growth-Retardation and in Their Mothers." Biology
of the Neonate 62(2-3): 76-82.

Siman, C. M. and U. J. Eriksson (1997). "Vitamin C supplementation of the maternal diet reduces
the rate of malformation in the offspring of diabetic rats." Diabetologia 40(12): 1416-1424.

Simmons, J. G., E. C. Hoyt, et al. (1995). "Insulin-Like Growth-Factor-I and Epidermal Growth-
Factor Interact to Regulate Growth and Gene-Expression in lec-6 Intestinal Epithelial-Cells."
Molecular Endocrinology 9(9): 1157-1165.

Smith, J. T. and B. J. Waddell (2003). "Leptin distribution and metabolism in the pregnant rat:
Transplacental leptin passage increases in late gestation but is reduced by excess
glucocorticoids." Endocrinology 144(7): 3024-3030.

Solaroglu, I., A. Solaroglu, et al. (2003). "Erythropoietin prevents ischemia-reperfusion from
inducing oxidative damage in fetal rat brain." Childs Nervous System 19(1): 19-22.

Spatola, E., O. H. Pescovitz, et al. (1991). "Interaction of Growth Hormone-Releasing Hormone
with the Insulin-Like Growth-Factors During Prenatal Development in the Rat." Endocrinology
129(3): 1193-1200.

Spence, S., B. Mattson, et al. (1995). "Effects of Porcine Growth-Hormone on Pregnancy and
Fetal Neonatal Development in the Rat." Biology of the Neonate 68(1): 62-74.

Spencer, G. S. G., G. M. Robinson, et al. (1994). "Alteration of Maternal Growth-Hormone Levels
During Pregnancy Influences Both Fetal and Postnatal-Growth in Rats." Biology of the Neonate
66(2-3): 112-118.

Spicer, M. T., B. J. Stoecker, et al. (1998). "Maternal and fetal insulin-like growth factor system

Page 83 of 84

82



Nature and nurture impact on bioactivity

and embryonic survival during pregnancy in rats: Interaction between dietary chromium and
diabetes." Journal of Nutrition 128(12): 2341-2347.

Straus, D. S., G. T. Ooi, et al. (1991). "Expression of the Genes for Insulin-Like Growth Factor-I
(Igf-l), lgf-li, and Igf-Binding Proteins-1 and Proteins-2 in Fetal-Rat under Conditions of
Intrauterine Growth-Retardation Caused by Maternal Fasting." Endocrinology 128(1): 518-525.

Takaya, J., F. Yamato, et al. (2006). "Possible relationship between low birth weight and
magnesium status: from the standpoint of "fetal origin" hypothesis." Magnesium Research 19(1):
63-69.

Takei, H., S. lizuka, et al. (2007). "The herbal medicine Tokishakuyakusan increases fetal blood
glucose concentrations and growth hormone levels and improves intrauterine growth retardation
induced by N-omega-nitro-L-arginine methyl ester." Journal of Pharmacological Sciences 104(4):
319-328.

Tapanainen, P. J., P. Bang, et al. (1997). "Hypoxia-induced changes in insulin-like growth factors
and their binding proteins in pregnant rats." Hormone Research 48(5): 227-234.

Tapanainen, P. J., P. Bang, et al. (1994). "Maternal Hypoxia as a Model for Intrauterine Growth-
Retardation - Effects on Insulin-Like Growth-Factors and Their Binding-Proteins." Pediatric
Research 36(2): 152-158.

Tazuke, S. I., N. M. Mazure, et al. (1998). "Hypoxia stimulates insulin-like growth factor binding
protein 1 (IGFBP-1) gene expression in HepG2 cells: A possible model for IGFBP-1 expression
in fetal hypoxia." Proceedings of the National Academy of Sciences of the United States of
America 95(17): 10188-10193.

Testar, X., M. A. Lasuncion, et al. (1985). "Effects of Exogenous Insulin on Placental-Transfer of
Maternal Glucose to the Rat Fetus." Diabetologia 28(10): 743-748.

Unterman, T. G., R. A. Simmons, et al. (1993). "Circulating Levels of Insulin, Insulin-Like Growth
Factor-1 (Igf-1), Igf-li, and Igf-Binding Proteins in the Small-for-Gestational-Age Fetal-Rat."
Endocrinology 132(1): 327-336.

Verhaeghe, J., J. Billen, et al. (2001). "Insulin-like growth factor-binding protein-1 in umbilical
artery and vein of term fetuses with signs suggestive of distress during labor." Journal of
Endocrinology 170(3): 585-590.

Warburton, C. and L. Powellbraxton (1995). "Mouse Models of Igf-1 Deficiency Generated by
Gene Targeting." Receptor 5(1): 35-41.

Waters, M. J. and P. L. Kaye (2002). "The role of growth hormone in fetal development." Growth
Hormone & Igf Research 12(3): 137-146.

Wight, E., C. F. Kung, et al. (1998). "Chronic blockade of nitric oxide synthase and endothelin
receptors during pregnancy in the rat: Effect on pregnancy outcome." Journal of the Society for
Gynecologic Investigation 5(3): 132-139.

Woodall, S. M., B. H. Breier, et al. (1999). "Administration of growth hormone or IGF-| to
pregnant rats on a reduced diet throughout pregnancy does not prevent fetal intrauterine growth
retardation and elevated blood pressure in adult offspring." Journal of Endocrinology 163(1): 69-
77.

Yasuda, M., M. Yamamoto, et al. (2002). "Effects of epidermal growth factor (EGF) on fetal islet
B cells in vitro." Journal of Veterinary Medical Science 64(2): 101-105.

Zheng, Q. J., L. L. Levitsky, et al. (1992). "Glycogenesis in the Cultured Fetal and Adult-Rat
Hepatocyte Is Differently Regulated by Medium Glucose." Pediatric Research 32(6): 714-718.

Page 84 of 84

83





