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Abstract

Colostrum is the first milk produced by mammalian mothers and is essential for the health and survival of the newborn.
Bovine colostrum (BC) has greater concentrations of the bioactive components (i.e. immune and growth factors) than those
found in human colostrum. As a result, BC supplementation has been recently adopted by many sport competitors as a
means of enhancing immune function as well as improving performance. Improvements in physical performance associated
with BC supplementation may stem from the ability of BC to maintain gastrointestinal (GI) integrity by decreasing GI
permeability. During exercise in the heat, blood flow to the GI tract is reduced that leads to endotoxin leakage into circulation.
Endotoxins, such as lipopolysaccharide, can trigger an inflammatory cascade leading to physiological strain that, in turn,
increases heat storage and decreases time to exhaustion. GI permeability is lessened during passive heat stress following
BC supplementation, but the influence of BC supplementation on GI function during exercise heat stress remains to be

determined. The implications of endotoxemia during exercise in the heat is a matter of growing importance and warrants
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further study given the global increase in ambient temperatures during sport competitions.
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INTRODUCTION

A mammalian mother has an inherent ability to pas-
sively transfer her immunity to the vulnerable newborn
within the first 24 hours of its life. The transfer of col-
lected immunological information occurs via colostrum,
also referred to as the single most important management
factor in offspring health and survival (16). Colostrum is
the first mammalian milk produced by the mother during
the first few days following parturition (49). In addition to
transferring immunity, colostrum provides a complete diet
with all essential nutrients and passes on growth factors
that contribute to physical development (1). The discov-
ery of this highly concentrated bioactive milk has led to
the investigation of its effects on human health and per-
formance. Prior to the development of antibiotic drugs,
colostrum was given to weak older animals and humans
for immune system support as well as for the treatment
of bacterial infections (50). Given that bovine colostrum
(BC) has higher concentrations of the bioactive compo-
nents found in human colostrum, BC supplementation has
been popular among athletes as a means of enhancing im-
mune function and physical performance (43, 44).

It has been suggested that the improvements in physi-
cal performance associated with BC supplementation stem

primarily from the ability of BC to maintain gastrointesti-
nal (GI) integrity by decreasing its permeability and mod-
ulating inflammatory responses (27, 31, 54). For instance,
during high intensity exercise, blood flow to the GI tract
is reduced (11), which heavily compromises the integrity
of the intestinal walls (41). Due to a greater decrease in
plasma volume, the reduction in blood flow to the gut is
exacerbated during exercise in the heat (10, 40) that leads
to leakage of endotoxins into circulation (19). Reported
consequences of endotoxemia include impairment of mus-
cle contractile function, nausea, diarrhoea, and many oth-
ers that may contribute to accelerated fatigue and exhaus-
tion (48, 52). With a focus on GI integrity and immune
function, we review the literature investigating the effects
of BC supplementation on physical performance and heat
tolerance.

BOVINE COLOSTRUM

BC, the first milk produced by cows for their developing
offspring, provides rich amounts of acquired and innate
immune elements, and growth factors that regulate cell
proliferation and repair (1). Concentrations of the bioac-
tive components in BC as well as gut permeability of the
offspring progressively decline during the first 48 hours
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after birth (7, 29). Thus, greater consumption of BC imme-
diately following parturition is essential to ensure optimal
health and survival of the offspring (16).

Immunoglobulin (Ig) antibodies are the most abundant
components of the acquired immune system found in BC
(47). Differing concentrations of Ig isotopes have been
reported in BC, with IgG as the most plentiful, and to a
lesser extent, IgA and IgM (8). Synthesis and secretion of
a specific antibody by a B cell occurs in response to an
encounter with a foreign antigen, which contributes to the
development of our acquired immune system that is trans-
ferred from the mother, through passive immunization via
BC, to the offspring (47). The transfer of collected immu-
nity is critical for early life offspring survival by ensuring
a quick and efficient response to recognizable antigens un-
til its own immune system is fully developed (25). Com-
ponents that characterize our innate immune system have
also been identified in BC that provides the offspring with
non-specific recognition and response to pathogens. These
include neutrophils, macrophages, oligosaccharides, gan-
gliosides, acute-phase proteins, pro- and anti-inflammato-
ry cytokines, and antimicrobial proteins and peptides (47).
Furthermore, growth factors such as insulin like growth
factor 1, transforming growth factor beta, as well as epi-
dermal growth factor have also been identified in BC, with
the former having the highest concentration (32, 53).

That early life BC consumption is necessary for the
health and development of the newborn is not to be re-
futed. Yet the impact of BC supplementation on health and
physical performance in humans remains to be fully un-
derstood. The idea is that the plentiful immune and growth
factors found in BC will enhance immune function and
increase lean mass, that in turn, can lead to performance
enhancements and post-exercise recovery effectiveness.
Furthermore, potential improvements in physical perfor-
mance associated with BC supplementation may occur, at
least in part, by the ability of BC to lessen the physiologi-
cal impact of overtraining (21, 44, 45) that has been linked
to immune function in elite competitors (33, 42).

BOVINE COLOSTRUM, GASTROINTESTINAL
HEALTH AND IMMUNE FUNCTION

The rich source of growth factors in BC (e.g. insulin
like growth factor 1, transforming growth factor beta, and
epidermal growth factor) initiate growth and repair pro-
cesses within the GI tract and have a significant role in GI
maturation of newborn calves (53). In this light, a number
of investigations examined the efficacy of BC supplemen-
tation on mammalian GI health and integrity (6, 35, 36,
39). Playford and colleagues (35) introduced pre-treatment
with 0.5 or 1 ml of BC prior to administering indometha-
cin to a restraint rat model of gastric damage, and demon-
strated a dose-response reduction in gastric injury. These
findings are further supported by other animal studies that
investigated the protective qualities of BC against gut
damage induced by non-steroidal anti-inflammatory drugs
(NSAIDs) (20, 23, 28). In humans, gut permeability was
assessed in healthy male volunteers prior to and following
five days of NSAID intake either with or without BC in a
cross-over design. Results showed that simultaneous in-
take of BC with NSAID prevented a three-fold increase in
gut permeability that was reported with NSAID treatment
alone (36). The breakdown of ingested growth factors such

as transforming growth factor beta, consumed with BC,
is inhibited by casein and other enzyme inhibitors specifi-
cally contained within BC that preserve their structure and
function, which may explain, at least in part, the mainte-
nance of GI integrity associated with combined BC and
NSAID intake (38). The potential for BC supplementation
to maintain optimum GI permeability during short-term
NSAID treatment offers interesting insight for alternative
supplementation strategies to ameliorate endotoxemia as-
sociated with exercising in hot weather conditions.

Early intake of BC stimulates and regulates immune re-
sponses in newborn calves that are initiated by cytokines
such as interleukin (IL)-6, IL-1p, and tumour necrosis fac-
tor alpha (TNFa) (49). Shing and colleagues (46) conduct-
ed an in vitro experiment examining the influence of BC in
stimulating cytokine production by peripheral blood mon-
onuclear cells collected from resting healthy volunteers.
Interestingly, BC significantly increased the production of
interferon-y, IL-10, and IL-2 by peripheral blood mononu-
clear cells, but inhibited lipopolysaccharide (LPS)-stimu-
lated production of TNFaq, IL-6 and IL-4 (46). These find-
ings have significant implications regarding GI permeabil-
ity during exercise that will be further discussed in the next
section. Furthermore, the high concentration of Ig’s within
BC has provoked a number of investigations examining
the association of BC intake with exercise-induced immu-
nosuppression and the incidence of upper respiratory tract
infections (3, 13, 15, 34) that is commonly reported fol-
lowing intense exercise (9). Preliminary findings suggest
that BC intake in humans is associated with a reduction
in upper respiratory tract infection symptoms (3, 34) and
either an increase (13) or no change (45) in salivary IgA.
This relationship remains inconsistent and requires further
investigation, since salivary IgA has been suggested as the
primary mechanism responsible for reducing the incidence
of upper respiratory tract infections (3).

BOVINE COLOSTRUM SUPPLEMENTATION AND
EXERCISE HEAT TOLERANCE

Supplementation with BC has been shown to improve
exercise performance (18, 44). For example, five weeks
of BC supplementation (10 g/day) in highly trained cy-
clists significantly increased performance during a 40 km
time trial compared to placebo (44). In contrast, BC sup-
plementation for eight weeks (60 g/day) in physically ac-
tive males did not improve performance during an initial
incremental running test to exhaustion, but was associated
with a higher peak running speed during a subsequent run,
compared to placebo, indicating a potential enhancement
of recovery (5). During intense exercise, blood is distribut-
ed to the periphery and plasma volume is decreased, which
limits the amount of blood flow to the GI tract, particu-
larly in hot conditions (22, 41). As mentioned above, this
compromises the integrity of the GI intestinal walls result-
ing in the leakage of LPS into circulation, characteristic
of endotoxemia, which is believed to play a major role in
the aetiology of heat stroke (24, 26). For example, circulat-
ing LPS concentrations have been shown to be increased
in humans after experiencing heat stroke (2), in fatigued
endurance athletes (4), and heat-stressed mammals (17).
LPS is a cell-wall component of Gram-negative bacteria
and a well-known inducer of the innate immune response.
In circulation, LPS has the ability to initiate an inflamma-
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tory cascade through interaction with CD14 (LPS recep-
tor) and cell surface receptors such as toll-like receptor 4
(e.g. located on macrophages/monocytes) (51). For exam-
ple, endotoxemia reported in patients with heat stroke was
accompanied by a significant increase in circulating con-
centrations of TNFa and IL-1a, with levels significantly
reduced following post-cooling (2). The endotoxemia-in-
duced production of cytokines accelerates heat storage and
fatigue through the induction of fever-like symptoms, and
may influence fatigue directly through interaction with the
central nervous system or by impairing skeletal muscle
intrinsic force-generating capacity (48). Nevertheless, the
leakage of LPS into circulation substantially contributes to
the development of heat stroke and fatigue during exercise
in the heat, which could negatively impact physical per-
formance (10, 14). Although the available data are scarce,
agents that may reduce or prevent GI permeability, such as
BC, form an attractive field of future work for ameliorat-
ing the effects of endotoxemia and, thus, reduce the impact
of heat stress on physical performance.

A number of studies indicate that BC can contribute to GI
tract maintenance by recruiting healthy cells and by stimu-
lating the growth of epithelial cells, which line the entire
length of the GI tract (30, 37). To assess the efficacy of
BC supplementation on maintaining GI permeability dur-
ing heat stress, Prosser and colleagues (39) supplemented
rats with BC for seven days and assessed the transfer of
chromium-labelled ethylenediaminetetraacetic acid (Cr-
EDTA) from the gut to circulation while increasing their
core temperature to 41.5°C. The transfer of Cr-EDTA to
circulation was significantly less with BC supplementation
compared to heat-stress alone, which increased Cr-EDTA
transfer by 34-fold. The authors suggest the influence of
BC on maintaining tight junctions in epithelial cells as
a potential mechanism for preserving GI integrity (39).
Improvements in GI permeability during passive heating
following BC supplementation raises interesting ques-
tions regarding its influence during exercise heat stress,
which has, to date, not been examined. To our knowledge,
there is only study that has investigated the influence of
BC supplementation on GI permeability during exercise
to exhaustion (6). Buckley and colleagues supplemented
healthy males with BC (60 g/day), whey protein, or control
for eight weeks during exercise training (i.e. running three
times per week); they reported a significant increase in in-
testinal permeability following BC supplementation only,
compared to baseline, determined by the ratio of urinary
lactulose and rhamnose excretion (6). The authors sug-
gested that GI permeability after BC supplementation may
be increased in a healthy adult gut or that BC increased
the intestinal transport of macromolecules as it does in the
neonatal gut (6). A closer inspection of the data, however,
reveals that the BC group may have actually performed
better during the post-supplementation trial compared to
controls, a finding masked by a low sample size and sta-
tistical power. Thus, it is possible that the increase in gut
permeability after BC supplementation may have actually
occurred because of differences in exercise stress. Nev-
ertheless, more research is required to determine the in-
fluence of BC supplementation on GI permeability during
intense exercise, particularly during hot conditions, and to
determine who would benefit from BC ingestion, as well
as optimal BC dosage.

CONCLUDING REMARKS

The transfer of immune and growth factors via BC are
essential for the survival of newborn mammals. Exploit-
ing this condensed bioactive substance for the benefit of
improving physical performance has received recent at-
tention. The influence of BC supplementation on exercise
performance in the heat warrants further study based on
its potential to maintain GI permeability and thus, reduce
LPS leakage into circulation and delay fatigue. Research
in this area is still in its early stages and is only based on
a few studies. Questions still remain regarding which ex-
ercise type/intensity and environmental conditions would
necessitate BC supplementation, as well as the effects in
different populations, and optimal timing and dosage strat-
egies. Given that GI permeability is lessened during pas-
sive heat stress following BC supplementation supports
the notion that the benefits of BC may be transferable to
exercise and, even more, to exercise in hot environments.
The implication of LPS-induced cytokine production dur-
ing endotoxemia in causing fatigue during exercise in the
heat is a matter of growing importance given the global
increase in ambient temperatures that characterize current
climate change (12).
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