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Abstract: There is increasing awareness that a broad range of gastrointestinal diseases, and some
systemic diseases, are characterized by failure of the mucosal barrier. Bovine colostrum is a complex
biological fluid replete with growth factors, nutrients, hormones, and paracrine factors which have a
range of properties likely to contribute to mucosal healing in a wide range of infective, inflammatory,
and injury conditions. In this review, we describe the anatomy and physiology of the intestinal
barrier and how it may fail. We survey selected diseases in which disordered barrier function
contributes to disease pathogenesis or progression, and review the evidence for or against efficacy
of bovine colostrum in management. These disorders include enteropathy due to non-steroidal
anti-inflammatory drugs (NSAIDs), inflammatory bowel disease (IBD), necrotizing enterocolitis,
infectious diarrhea, intestinal failure, and damage due to cancer therapy. In animal models, bovine
colostrum benefits NSAID enteropathy, IBD, and intestinal failure. In human trials, there is substantial
evidence of efficacy of bovine colostrum in inflammatory bowel disease and in infectious diarrhea.
Given the robust scientific rationale for using bovine colostrum as a promoter of mucosal healing,
further work is needed to define its role in therapy.
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1. Introduction

Gastrointestinal and hepatobiliary diseases rank high among the contributors to
burden of disease in industrialized countries. Major costs are associated with hepatitis,
esophageal disease, abdominal pain, and inflammatory bowel disease [1,2]. Gastrointesti-
nal cancers [3] and inflammatory bowel disease (IBD) [4,5] appear to be increasing in low-
and middle-income countries too, though under-diagnosis introduces uncertainty into
available estimates.

Many gastrointestinal diseases are characterized by loss of mucosal integrity. This
includes macroscopic ulceration in peptic ulceration, IBD, reflux esophagitis, cancers, caus-
tic injury, esophageal candidiasis, and tuberculosis. In some disorders (coeliac disease
and other enteropathies, radiation- or chemotherapy-related mucositis, bowel ischemia),
the loss of integrity may be visible only on a microscopic scale or may require functional
testing (for example, permeability testing using lactulose) to detect [6,7]. Intestinal barrier
failure detectable in IBD [8], enteropathies [9], critical care [10], and mucositis [11] leads
to microbial translocation of bacteria, viruses, and their pathogen-associated molecular
pattern molecules (PAMPs) from gut lumen to systemic circulation and the lymphatic
system [12,13]. Microbial translocation then drives systemic inflammation [6,12,13]. There
is also increasing awareness of the adverse consequences of mucosal barrier failure in
disorders not primarily originating in the gut, notably sepsis in critical illness [10] and
HIV infection [12,13]. Furthermore, several disorders of the liver are accelerated by mi-
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crobial translocation [14], including alcoholic [15] and non-alcoholic fatty liver disease
(NAFLD) [16].

This narrative review sets out to explore the landscape for using bovine colostrum
(BC) as therapy for GI disorders, particularly those characterized by mucosal barrier
failure. We therefore begin by reviewing the mucosal barrier and its repair mechanisms,
which provide a rationale for the use of BC as therapy. Composition of BC has been
comprehensively reviewed in a companion paper in this supplement [17]. Hyperimmune
Bovine Colostrum (HBC) or extracted immunoglobulins for treatment of intestinal infection
have been used successfully for treatment of several intestinal infections including rotavirus,
Cryptosporidium spp., Shigella spp., and Clostridium difficile [18,19], but these will not be the
focus of this article. We searched for both human studies and those using animal models
in PubMed, using key words including “colostrum” and “diarrhea”, (“IBD” or “Crohn’s
disease” or “ulcerative colitis”), “necrotizing enterocolitis”, “short bowel syndrome”, “gut
inflammation”, “NSAID-induced gut injury”, (“cancer” or “malignancy”).

2. The Mucosal Barrier in the Gut

The primary function of the gut is digestion and absorption of nutrients from food.
However, the gut is also an ecological niche for billions of bacteria, viruses, protozoa,
and fungi: the microbiota. Ingested food also contains bacteria, viruses, protozoa, and
fungi, some of which may be pathogenic. The mucosal barrier refers to the anatomical and
functional boundary between the host and the environment enclosed within the gut lumen
(Figure 1). It comprises several elements:

1.  The gastric acid barrier limiting access to the intestine;

2. The mucus layer [20], which contains a diffusion gradient of antimicrobial factors
(nitric oxide, defensins, other antimicrobial peptides [21]) and immunoglobulins
(mainly secretory IgA);

3. The epithelium, a single cell monolayer joined by tight junctions and other cell
adhesion structures [22], and which is continuously replaced from the crypts;

4.  Intra-epithelial lymphocytes (IELs), a group of resident lymphocytes;

5. Lymphocytes and macrophages in the lamina propria, which circulate to mesenteric
lymph nodes and provide anamnestic immunity;

6. Downstream, the macrophage (Kupffer cell) compartment of the liver provides a
barrier against pathogens and pathogen-associated molecular patterns (PAMPs),
which escape the first four elements of the barrier listed above. This will not be
discussed further;

7.  The microbiota, which confers resistance to extraneous colonization.

Nevertheless, pathogens and toxins do succeed in breaching the mucosal barrier,
frequently when exposure is high, and the mucosa of the gastrointestinal tract has evolved
a range of mechanisms to prevent serious consequences [20].
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Figure 1. Major components of the mucosal barrier. The luminal stream is separated from the epithelium by the mucus
layer, which is the physical substrate for a concentration gradient of antimicrobial molecules which acts as a repellent,
protecting the stem cell compartment from microbial damage. The epithelium itself is the boundary between host and
luminal environment, replaced entirely every 3-5 days and therefore dependent on proliferative drivers and repair factors.
Organisms or their component molecules which traverse the epithelial boundary are then the target of innate and anamnestic
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immune responses.

3. Gastrointestinal Repair Mechanisms

The epithelium of the gut has one of the fastest turnover rates of all cell compartments
of the human body. Thus, with a turnover time of 3-5 days, cells which have been
damaged by pathogens or toxins are rapidly replaced. This critically important feature of
intestinal physiology allows complete recovery from life-threatening toxic attack during,
for example, cholera, when a substantial fraction of small intestinal enterocytes may have
been irreversibly intoxicated and committed to chloride secretion. Their replacement
leads to clinical recovery. The high turnover of the intestinal epithelium is dependent on
luminal nutrition, and starvation (withdrawal of luminal nutrients) leads to atrophy and
impairment of barrier function [23]. This is at least partly under the control of glucagon-like
peptide 2 (GLP2), a product of the glucagon gene, which has important trophic effects
on the intestine and therapeutic administration of which can drive mucosal hypertrophy
even when luminal nutrients have been withdrawn [24]. The actions of GLP2 are indirect,
mediated largely through neural and myofibroblast secretion of insulin-like growth factor-1
(IGF-1) [25].

Ulceration is a discontinuity in the epithelial surface. The factors which permit ulcers
to persist are unknown, but healing (restitution) of wounds in epithelial monolayers in vitro
has been well studied. Once a monolayer is wounded, cell migration from the margins,
accompanied by increased cell turnover, permits the breach to be covered and integrity to
be restored [26]. In vivo, injury is associated by dedifferentiation and emergence of injury-
associated cell types, including surface mucosal cells, ulcer-associated cells, mucosal neck
cells, spasmolytic polypeptide-expressing metaplasia (SPEM), and pyloric metaplasia [27].
Intriguingly, many of these injury-associated metaplastic cells generate mucins, which
suggests that restoration of the mucus layer is a key process in restitution. Polyamines
drive epithelial restitution through Ca?* signaling [28,29]. Peptide growth factors are also
required for these processes [17], including hormones (LnRH), cytokines, IGF-1, EGF, TGFx
and (3, PDGF, GH and GHRE, as well as milk fat globule proteins [30]. Colostrum provides
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many of these factors and enhances epithelial restitution [31]. This provides a clear rationale
for exploring the potential therapeutic use of colostrum for disorders characterized by loss
of epithelial integrity. It was observed many years ago that expression of receptors for many
growth factors is restricted to the basolateral surface of the enterocyte, suggesting that
trophic factors only act on the epithelium when its integrity has been breached; so-called
luminal surveillance [32]. Many of these factors have anti-inflammatory properties [33].
Innate immune receptors now also appear to play a role in restitution and repair [34]. While
EGF appeared to be the key driver of epithelial repair, there is now evidence that other
peptides, such as Neuregulin-1, which signal through EGFR-related pathways, may in fact
be more potent [35].

4. Clinical Applications: Colostrum as Therapy

Bovine colostrum has been evaluated for efficacy in a range of clinical disorders of
the stomach and intestine. One caveat which must be introduced prior to exploring the
evidence is that not all colostrum preparations are equally effective when tested by bioassay
(as opposed to merely measuring immunoreactivity of component peptides and proteins),
which may explain some variation in clinical study results (Table 1) [36].

Table 1. Summary of studies of potential therapeutic uses of bovine colostrum.

First Study . Number of .
Auth Country Population Year Participants (Human Conclusion
uthor opula .
Studies Only)
NSAID-Induced Gut Injury
Playford Colostrum preparation has major beneficial
etal. [37] UK Animal (Mice) 1999 effects in preventing NSAID-induced
gut injury
Kim BC ameliorated NSAID-induced intestinal
Korea Animal (rats) 2005 damage and bacterial translocation,
et al. [38] . . . .
especially when combined with glutamine
Cairangzhuo- Late BC aids in recovery and inhibition of
ma Japan Animal (mice) 2013 NSAID-induced small intestinal injury in
etal. [39] mouse model
Playford UK RCT 2001 Acute effect, 7; Compare(?l to indo?ethacin aloge, BC
et al. [40] (cross over) long-term, 22 reduced the 1?r}pact o %ndomethacm on gut
permeability only in the short term
Inflammatory Bowel Disease
Bovine milk components attenuated the
Kanwar New Animal (mice) 2016 severity of DSS-induced colitis in mice with
etal. [41] Zealand differing effectiveness against specific
disease parameters
Filipescu . . Pre-treatment of mice with BC reduces
et alf. [42] Ttaly Animal (mice) 2018 TNBS-induced intestinal damage
Hyperimmune BC reduces intestinal
Spalinger . . . inflammation by increasing Treg cell
efal. [23] Switzerland - Animal (mice) 2019 induction while degreasing accgumtﬁation of
pathogenic T cells
Playford Combination of BC and egg synergistically
et al. [44] UK Animal (mice) 2020 reduced indomethacin and DSS-induced
’ gut damage
Pre-treatment with BC modulates the
Menchetti . . expression of genes and the count of
et al. [45] ttaly Animal (mice) 2020 microl:‘)bes involve%:l in the etiopathogenesis
of colitis
Khan Mesalazine and BC enema improved
et al. [46] UK RCT 2002 14 symptoms in patients with left sided colitis

compared to mesalazine with placebo
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Table 1. Cont.

First Count Study
Author y Population

Number of

Year Participants (Human

Studies Only)

Conclusion

Infectious Diarrhea

Cell culture

Choudhry UK model of 2020 BC reduced enteropathogen-mediated
etal. [47] microbial damage in Caco-2 cells
translocation
BC products were effective in controlling
Lietal. [48] China Meta-analysis 2019 clinical symptoms and pathogenic agents in
children with infectious diarrhea
BC is effective in the treatment of acute
Barakat diarrhea and can be considered as adjuvant
etal. [49] Egypt RCT 2020 160 therapy in both viral and bacterial di;]arrhea
to prevent diarrhea-related complications
A BC and hen’s egg derived feed reduced
Gaensbauer acute non-bloody diarrheal duration in
etal. [50] Guatemala RCT 2017 301 children in a subg);oup with an identified
pathogen; the primary outcome was not met
Open
Saad multicentric, 2016 160 BC was effective in reducing the number of
etal. [51] noncompara- episodes of URTI and diarrhea in children
tive
Otto Hyperimmune BC is effective in protecting
etal. [52] Poland RCT 2011 90 adult volunteers against diarrhea caused
’ by ETEC
Kaducu Addition of BC-based supplement is
Uganda RCT 2011 87 effective in treatment of HIV-associated
et al. [53] . .
diarrhea in adults
BC supplementation may have beneficial
Eslamian RCT 2019 70 effects on integtinal perrr}eab.ility .and
etal. [54] gastrointestinal complications in
ICU-hospitalized patients
Addition of BC and egg to complementary
feeding in Malawian infants resulted in less
Bierut . linear growth faltering. Episodes of diarrhea
et al. [55] Malawi RCT 2021 267 and [S%diversity of th% 16% configuration of
fecal microbiota did not differ between the
treatment group and controls
Short Bowel Syndrome
A polymeric infant formula supplemented
Pari . with BC given to pig model of SBS was
aris . Animal . L Lo . .
1. [56] Australia (piglets) 2004 associated with 51gn.1f1cant increase in
eta Pig plasma GLP-2, suggesting the role of GLP-2
in intestinal adaptation post resection
In pig model of SBS, supplementation with
Nagy Animal 2004 colostrum protein concentrate resulted in
etal. [57] (piglets) normal weight gain and features of enhanced
morphologic adaptation
Pereira- Ani Following bowel resection, colostrum protein
.. . nimal L .
Fantini Australia oot 2008 concentrate significantly increased
et al. [58] (piglets) circulating levels of IGF-1 and IGFBPs
Aunsholt Animal Parenteral nutrition (PN) with minimal
et al. [59] Denmark (piglets) 2018 enteral nutrition with BC or formula induced
) similar intestinal adaption after resection
Aunsholt RCT Inclusion of bovine colostrum to the diet did
Denmark 2012 9 . . . .
et al. [60] (crossover) not improve intestinal function
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Table 1. Cont.

First Study . Number of .
Auth Country P lati Year Participants (Human Conclusion
uthor opulation .
Studies Only)
Lund BC did not significantly improve intestinal
Denmark RCT 2012 12 absorption, body composition, or functional
etal. [61] .
tests compared with the control
Necrotizing Enterocolitis
BC and human milk are both superior to
Jensen Denmark Animal 2013 formula in stimulating gut structure,
etal. [62] (piglets) function, and NEC resistance in
preterm piglets
The maturational and protective effects on
Animal the immature intestine decreased in the order
Lietal. [63] Denmark . 2014 BC > mature bovine milk >whole milk
(piglets) powder, but all three were markedly better
than formula
Stoy Animal Bovine colostrum restores intestinal function
. 2014 after initial formula-induced inflammation in
et al. [64] (piglets) .
preterm pigs
Initiating oropharyngeal COL in ELBW
Seigel Retrospective infants in the first 2 postnatal days appears
et al. [65] USA cohort 2013 369 feasible and safe and may be
nutritionally beneficial
The use of prophylactic enteral BC in VLBW
Balachandran . infants showed a trend toward increased
et al. [66] India RCT 2017 86 stool IL-6 and features of NEC; there were no
clinical benefits
Limited available evidence currently
suggests that oropharyngeal administration
Nasuf Systematic Qf mother’s .colostrum starting withig the
etal. [67] roview 2018 first 48 h of life does not reduce the risk of
: NEC, late-onset infection, or death until
discharge in preterm infants, including very
preterm, VLBW infants
ELFIN trial Enteral supplementation with bovine
investiga- RCT 2019 2203 lactoferrip (derived from milk) .did. not
tors reduce the risk of late-onset infection in very
group [68] preterm infants
BC does not reduce the incidences of NEC,
Tao Meta-analysis 2020 late onset sepsis, and death in preterm
et al. [69] of RCTs infants, but there is a trend toward a
positive effect
There was no significant reduction in the
Sharma . incidence of NEC in the BC group but there
et al. [70] India RCT 2020 17 was significant reductiongof 7}():lays of
hospital stay in the BC group
Sadeghirad . Bovine or human cc')lostrum has no effect on
etal, [71] Meta-analysis 2018 severe NEC, mortality, culture-proven sepsis,

feed intolerance, or length of stay

4.1. NSAID-Induced Gastrointestinal Injury

In an experimental model of NSAID-induced mucosal damage, BC reduced gastric
injury (assessed histologically) by up to 60% [37]. This effect could be replicated using
TGFp in similar amounts to that calculated to be present in the BC, and colostrum also
attenuated the reduction in small intestinal villus height due to indomethacin. Similar
results were obtained in a diclofenac model of intestinal injury in the rat, and a synergistic
effect of glutamine was also noted [38]. In an indomethacin-induced injury model in
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mice, villus height was also increased by the use of bovine colostrum (in this experiment
collected only after 5 days post-partum) [39]. Evidence for a similar protective effect
in humans is slender. In a small study in human volunteers, BC prevented the rise in
permeability induced by indomethacin treatment [40]. However, in long-term use, the rise
in permeability is barely measurable, and in the same study [40], no effect was observed
in this context. The authors concluded that the small intestine may undergo some degree
of adaptation, but there is as yet no direct evidence for this, and long-term NSAID users
experience ongoing blood loss. Further studies are needed of the effect of colostrum (with
or without other constituents) on NSAID enteropathy, as new approaches are needed to
this clinical problem.

4.2. Inflammatory Bowel Disease (IBD)

Inflammatory bowel disease (IBD) is a chronic, relapsing inflammatory disease of
the gastrointestinal tract that affects both children and adults [72-74]. Two major types
are described, ulcerative colitis and Crohn’s disease, but minor forms (collagenous colitis,
lymphocytic colitis) are also important. The cause of IBD is not known but host genetic fac-
tors, microbiota, and environmental factors are believed to interact, leading to an adverse
immune response in the GI tract. Treatment options for IBD include aminosalicylates, an-
tibiotics, steroids, immunomodulators, stem cell therapies, and surgery [75-77]. However,
none of these treatments are effective in all patients.

Bovine colostrum has shown some promising results in reducing inflammation and
symptoms in both animals and humans. In murine models of colitis, BC and its components
have been shown to prevent or reduce chemically induced colitis [39,41—45]. In a study
by Khan et al., BC was shown to improve symptoms and histological scores of patients
with distal colitis who received colostrum enemas in addition to mesalazine, compared to
controls who only received mesalazine [46]. Benefits have also been observed in children
with Crohn’s disease who receive nutritional supplements rich in TGF-f. Such formulas
are not only associated with improvement in the pediatric Crohn’s disease activity index
(PCDAI), but also in BMI and inflammatory markers [78,79]. TGF-{3 is a one of the major
growth factors present in colostrum and such results may point to the potential benefit of
BC as an adjunct therapy in patients with IBD.

4.3. Infectious Diarrhea

Diarrhea is a common problem in both adults and children. In immunocompetent and
well-nourished adults and children, diarrhea is usually self-limiting, but in malnourished
children and immunocompromised adults, it is more likely to persist, leading to worsening
malnutrition with metabolic and immune consequences. After the neonatal period, diarrhea
is the second leading cause of death for those under the age of 5 years [80]. Diarrhea also
predisposes children to undernutrition, which may have long-term consequences, such as
poor neurocognitive development [81,82]. Treatment of diarrhea focuses on maintaining
fluid and electrolyte balance as well as nutrition. Breastfeeding is well recognized to protect
against diarrhea incidence, hospitalization, and mortality [83,84].

The high concentration of immunoglobulins and antimicrobial factors present in
colostrum compared to mature milk may be of additional benefit in prevention and treat-
ment of infectious diarrhea in both children and adults, especially the immunocompro-
mised or malnourished. There is evidence for in vitro efficacy from two studies using cul-
tured Caco-2 cells which showed that BC, with or without egg, can reduce the pathogenic
effects of a range of pathogens [47,85].

A meta-analysis of 5 randomized control trials with a total of 324 children was con-
ducted by Li et al. [48]. The pooled analysis included healthy children, those with rotavirus
and Escherichia coli diarrhea and hospitalized children without diarrhea [48]. BC treatment
was associated with reductions in stool frequency and occurrence of diarrhea compared
to placebo. Since that analysis was undertaken, Barakat et al. [49] evaluated the effect of
giving BC to children under 5 years in Egypt who had acute diarrhea. In this double-blind
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randomized controlled trial, 160 children were enrolled with half receiving BC in addition
to standard care for acute diarrhea, while the other half only received standard care. The
BC group showed reduced frequency of vomiting, diarrhea, and reduced Vesikari (clinical
severity) scores after 48 h as compared to the control group; after 1 week, none of the
children in the BC group had diarrhea compared to the control group, where 13% of the
children still had diarrhea (p = 0.001). In Guatemala, duration of diarrhea was measured
in 301 children randomized to either a novel treatment containing specific antimicrobial
factors derived from BC and hen’s egg or placebo [50]. Although there was no effect on the
primary endpoint, in a subset of children with the targeted organisms, the treatment was
able to significantly shorten the diarrhea duration compared to placebo. In another study
from Egypt that included 160 children aged 1-6 years, Saad et al. observed a reduction in di-
arrhea and URTI episodes in children receiving BC [51]. Such results are very encouraging
because the children who experience the worst diarrhea outcomes usually have recurrent
or persistent diarrhea and mainly reside in developing countries. The use of BC would be
acceptable in most cultures in addition to being relatively cheap and safe. A number of
other studies have looked at the use of BC in children with diarrhea. Even though some
studies have shown little or no effect of BC on diarrhea frequency and duration, and some
of the beneficial effects reported were not the primary endpoints of the trials, the majority
of the studies have shown that BC has beneficial effects in diarrhea treatment [86]. Of the
18 studies reported, none showed worse outcomes in patients treated with BC, suggesting
a good safety record [86].

In adults, a randomized control trial involving 90 healthy adult volunteers showed
that BC is able to prevent diarrhea caused by enterotoxigenic Escherichia coli (ETEC) [52].
This study had two parts, the first of which comprised of 30 volunteers aged between
18 and 40 years. Fifteen (15) of these volunteers received BC tablets three times a day while
the other 15 received placebos. On the third day;, all the participants were given a solution
containing ~10° colony forming units of ETEC. Only 1 (7%) volunteer in the BC group
developed diarrhea compared to 11 (73%) in the placebo group (p = 0.005). Components in
BC were postulated to have interfered with the binding of ETEC to epithelial cells. In a
RCT in adult patients with HIV-related diarrhea in Uganda, BC reduced stool frequency
and fatigue, and permitted weight gain compared to routine care alone [53]. In a small
(n = 62) RCT in Iran in patients in an ICU setting, patients randomized to BC had reduced
microbial translocation (measured by LPS and zonulin) and experienced less diarrhea than
patients randomized to placebo [54].

Another condition characterized by polymicrobial intestinal infections, environmental
enteropathy, was the subject of another randomized controlled trial of BC with or without
egg in Malawi [55].

4.4. Short Bowel Syndrome; Intestinal Failure

Short bowel syndrome (SBS) is a debilitating malabsorption disorder arising from a
reduced functional small intestine. It usually arises from resection of large segments of
the small bowel secondary to conditions such as necrotizing enterocolitis (NEC), midgut
volvulus, mesenteric ischemia, trauma, or IBD [87-89]. Patients present with malabsorption
and malnutrition with prognosis largely depending on the amount of functional bowel
present, anatomy, and the ability of the remaining bowel to adapt. Currently, there is no
cure for SBS, and treatment options are costly in addition to adverse side effects in the long
term. Treatment options include total parenteral nutrition, modified diets, and drugs that
enhance intestinal adaption (growth hormone, teduglutide, and glutamine) [90,91].

The growth factors and other bioactive molecules in BC make it an attractive option
as a treatment adjuvant for promoting intestinal adaptation in SBS treatment. Promising
results from animal models of SBS suggest that the supplementation of diets with BC
led to weight gain and signs of intestinal adaptation [56-59]. However, results of clinical
trials have so far not shown similar results in terms of improvements in intestinal function
in children and adults [60,61,92], perhaps because measurement of endpoints requiring
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invasive sampling is more difficult than in animal models. Further clinical trials are needed
to identify the dosage or component/s of BC that may benefit patients with SBS.

4.5. Necrotizing Enterocolitis

Necrotizing enterocolitis (NEC) is a devastating intestinal disease that mainly affects
premature infants [62,93]. NEC is associated with mortality rates of 20-30%, with those
requiring surgery having the highest rates. The etiology is most likely multifactorial with
gestational age, reperfusion injury, and a proinflammation response playing a major role.
Treatment outcomes are usually poor and so there has been a focus on prevention and early
detection of NEC. The antibacterial, anti-inflammatory, and growth factors present in BC
has made it an attractive candidate for the prevention of NEC with promising results noted
in animal models [63—-65]. Human studies have so far not shown a significant benefit of
using colostrum or its components in reducing the incidence of, or mortality from, NEC in
preterm infants [66-71]. These conclusions are consistent with a recent meta-analysis [94],
but the meta-analysis did show a promising reduction in the time required to reach full
enteral feeding, an important stage in clinical recovery [94]. Clearly, future studies are
needed to define indications for BC in combination with other factors.

4.6. Intestinal Consequences of Cancer Treatment

In a pig model of doxorubicin-induced mucositis, colostrum reduced histological
lesions and improved the damage to disaccharidase and glucose uptake [95]. An RCT of
bovine colostrum in children undergoing chemotherapy for acute lymphocytic leukemia
showed no effect on fever, but a significant reduction in oral mucositis [96].

4.7. Use of BC in Combination with Other Nutraceuticals

Several of the studies referred to above have used BC in combination with egg deriva-
tives such as egg powder, but other combinations (such as proteins, carbohydrates, vi-
tamins, probiotics, and plant polyphenols) have been evaluated [17]. Zinc carnosine, in
combination with BC, reduced exercise-induced increases in intestinal permeability [97,98].
Probiotic combinations may be logical, as colostrum has prebiotic properties [37], which
may help create a favorable niche for some bacteria in the microbiota.

4.8. Other Conditions

The place of BC as therapy for other conditions such as reflux esophagitis, peptic
ulceration, or functional gastrointestinal disorders is harder to evaluate as the evidence
is limited. There are preclinical studies which show that BC can reduce NSAID-induced
gastric injury [37], and there is evidence that it can inhibit binding of Helicobacter pylori
to target cells [99]. Functional dyspepsia and irritable bowel syndrome are disorders
of neurosensation in the gut which have always been characterized by the absence of
structural abnormalities. However, recent evidence of minor changes in permeability
suggest that this is no longer absolutely true. Trials of BC in these disorders may now be
informative in terms of therapy and of understanding pathophysiology.

5. Conclusions

Bovine colostrum is a complex biological fluid replete with growth factors, nutrients,
hormones, and paracrine factors which have a range of properties likely to contribute to
mucosal healing in a wide range of infective, inflammatory, and injury conditions. Evidence
is building that these properties may be employed in several disorders to promote recovery
or in prevention.
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IGF-1, insulin-like growth factor-1; LHRH, luteinizing hormone release hormone; NEC, necrotizing
enterocolitis; NSAID, non-steroidal anti-inflammatory drug; PDGEF, platelet-derived growth factor;
SBS, short bowel syndrome; TGF, transforming growth factor.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

Williams, J.G.; Roberts, S.E.; Ali, M.F,; Cheung, W.Y.; Cohen, D.R.; Demery, G.; Edwards, A.; Greer, M.; Hellier, M.D;
Hutchings, H.A; et al. Gastroenterology services in the UK. The burden of disease, and the organisation and delivery of
services for gastrointestinal and liver disorders: A review of the evidence. Gut 2007, 56 (Suppl. 1), 1-113. [CrossRef] [PubMed]
Peery, A.F,; Crockett, S.D.; Murphy, C.C.; Lund, J.L.; Dellon, E.S.; Williams, ].L.; Jensen, E.T.; Shaheen, N.J.; Barritt, A.S.; Lieber,
S.R.; et al. Burden and Cost of Gastrointestinal, Liver, and Pancreatic Diseases in the United States: Update 2018. Gastroenterology
2019, 156, 254-272.e11. [CrossRef] [PubMed]

Arnold, M.; Abnet, C.C.; Neale, R.E.; Vignat, J.; Giovannucci, E.L.; McGlynn, K.A; Bray, F. Global Burden of 5 Major Types of
Gastrointestinal Cancer. Gastroenterology 2020, 159, 335-349.e15. [CrossRef] [PubMed]

Windsor, ].W.; Kaplan, G.G. Evolving Epidemiology of IBD. Curr. Gastroenterol. Rep. 2019, 21, 40. [CrossRef] [PubMed]

Hodges, P; Kelly, P. Inflammatory bowel disease in Africa: What is the current state of knowledge? Int. Health 2020, 12, 222-230.
[CrossRef]

Fukui, H. Increased Intestinal Permeability and Decreased Barrier Function: Does It Really Influence the Risk of Inflammation?
Inflamm. Intest. Dis. 2016, 1, 135-145. [CrossRef]

Lee, G.O.; Kosek, P; Lima, A.A,; Singh, R.; Yori, P.P; Olortegui, M.P.; Lamsam, J.L.; Oliveira, D.B.; Guerrant, R.L.; Kosek, M.
Lactulose: Mannitol diagnostic test by HPLC and LC-MSMS platforms: Considerations for field studies of intestinal barrier
function and environmental enteropathy. . Pediatr. Gastroenterol. Nutr. 2014, 59, 544-550. [CrossRef]

Aldars-Garcia, L.; Chaparro, M.; Gisbert, ]. Systematic Review: The Gut Microbiome and Its Potential Clinical Application in
Inflammatory Bowel Disease. Microorganisms 2021, 9, 977. [CrossRef]

Marie, C.; Ali, A.; Chandwe, K,; Petri, W.A_; Kelly, P. Pathophysiology of environmental enteric dysfunction and its impact on
oral vaccine efficacy. Mucosal Immunol. 2018, 11, 1290-1298. [CrossRef]

Strnad, P; Tacke, F; Koch, A.; Trautwein, PS.FT.A.K.C. Liver—Guardian, modifier and target of sepsis. Nat. Rev. Gastroenterol.
Hepatol. 2017, 14, 55-66. [CrossRef]

Van Vliet, M.].; Harmsen, H.J.; de Bont, E.S.; Tissing, W.J. The role of intestinal microbiota in the development and severity of
chemotherapy-induced mucositis. PLoS Pathog. 2010, 6, e1000879. [CrossRef]

Lujan, J.A.; Rugeles, M.T.; Taborda, N.A. Contribution of the Microbiota to Intestinal Homeostasis and its Role in the Pathogenesis
of HIV-1 Infection. Curr. HIV Res. 2019, 17, 13-25. [CrossRef]

Marchetti, G.; Tincati, C.; Silvestri, G. Microbial Translocation in the Pathogenesis of HIV Infection and AIDS. Clin. Microbiol. Rev.
2013, 26, 2-18. [CrossRef]

Micé-Carnero, M.; Rojano-Alfonso, C.; Alvarez-Mercado, A.L; Gracia-Sancho, |.; Casillas-Ramirez, A.; Peralta, C. Effects of Gut
Metabolites and Microbiota in Healthy and Marginal Livers Submitted to Surgery. Int. ]. Mol. Sci. 2020, 22, 44. [CrossRef]

Chi, X,; Pan, C.Q.; Liu, S.; Cheng, D.; Cao, Z.; Xing, H. Regulating Intestinal Microbiota in the Prevention and Treatment of
Alcohol-Related Liver Disease. Can. J. Gastroenterol. Hepatol. 2020, 2020, 6629196. [CrossRef]

Pierantonelli, I.; Svegliati-Baroni, G. Nonalcoholic Fatty Liver Disease: Basic Pathogenetic Mechanisms in the Progression From
NAFLD to NASH. Transplantation 2019, 103, el-e13. [CrossRef]

Playford, R.; Weiser, M. Bovine Colostrum: Its Constituents and Uses. Nutrients 2021, 13, 265. [CrossRef]

Steele, J.; Sponseller, J.; Schmidt, D.; Cohen, O.; Tzipori, S. Hyperimmune bovine colostrum for treatment of GI infections: A
review and update on Clostridium difficile. Hum. Vaccin. Immunother. 2013, 9, 1565-1568. [CrossRef]

Civra, A.; Altomare, A.; Francese, R.; Donalisio, M.; Aldini, G.; Lembo, D. Colostrum from cows immunized with a veterinary
vaccine against bovine rotavirus displays enhanced in vitro anti-human rotavirus activity. J. Dairy Sci. 2019, 102, 4857-4869.
[CrossRef]

Schroeder, B.O. Fight them or feed them: How the intestinal mucus layer manages the gut microbiota. Gastroenterol. Rep. 2019, 7,
3-12. [CrossRef]

Bevins, C.L.; Salzman, N. Paneth cells, antimicrobial peptides and maintenance of intestinal homeostasis. Nat. Rev. Genet. 2011, 9,
356-368. [CrossRef]


http://doi.org/10.1136/gut.2006.117598
http://www.ncbi.nlm.nih.gov/pubmed/17303614
http://doi.org/10.1053/j.gastro.2018.08.063
http://www.ncbi.nlm.nih.gov/pubmed/30315778
http://doi.org/10.1053/j.gastro.2020.02.068
http://www.ncbi.nlm.nih.gov/pubmed/32247694
http://doi.org/10.1007/s11894-019-0705-6
http://www.ncbi.nlm.nih.gov/pubmed/31338613
http://doi.org/10.1093/inthealth/ihaa005
http://doi.org/10.1159/000447252
http://doi.org/10.1097/MPG.0000000000000459
http://doi.org/10.3390/microorganisms9050977
http://doi.org/10.1038/s41385-018-0036-1
http://doi.org/10.1038/nrgastro.2016.168
http://doi.org/10.1371/journal.ppat.1000879
http://doi.org/10.2174/1570162X17666190311114808
http://doi.org/10.1128/CMR.00050-12
http://doi.org/10.3390/ijms22010044
http://doi.org/10.1155/2020/6629196
http://doi.org/10.1097/TP.0000000000002480
http://doi.org/10.3390/nu13010265
http://doi.org/10.4161/hv.24078
http://doi.org/10.3168/jds.2018-16016
http://doi.org/10.1093/gastro/goy052
http://doi.org/10.1038/nrmicro2546

Nutrients 2021, 13, 1956 11 of 14

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Paradis, T.; Begue, H.; Basmaciyan, L.; Dalle, F; Bon, F. Tight Junctions as a Key for Pathogens Invasion in Intestinal Epithelial
Cells. Int. ]. Mol. Sci. 2021, 22, 2506. [CrossRef]

Kelly, P. Starvation and Its Effects on the Gut. Adv. Nutr. 2020, 12, 897-903. [CrossRef]

Brubaker, P.L. Glucagon-like Peptide-2 and the Regulation of Intestinal Growth and Function. Compr. Physiol. 2011, 8, 1185-1210.
[CrossRef]

Fesler, Z.; Mitova, E.; Brubaker, P.L. GLP-2, EGF, and the Intestinal Epithelial IGF-1 Receptor Interactions in the Regulation of
Crypt Cell Proliferation. Endocrinology 2020, 161, bqaa040. [CrossRef]

Galura, G.M.; Chavez, L.O.; Robles, A.; McCallum, R. Gastroduodenal Injury: Role of Protective Factors. Curr. Gastroenterol. Rep.
2019, 21, 34. [CrossRef]

Goldenring, J.R. Pyloric metaplasia, pseudopyloric metaplasia, ulcer-associated cell lineage and spasmolytic polypeptide-
expressing metaplasia: Reparative lineages in the gastrointestinal mucosa. J. Pathol. 2018, 245, 132-137. [CrossRef]

Rao, J.N.; Rathor, N.; Zhuang, R.; Zou, T,; Liu, L.; Xiao, L.; Turner, D.J.; Wang, J.-Y. Polyamines regulate intestinal epithelial
restitution through TRPC1-mediated Ca2+ signaling by differentially modulating STIM1 and STIM2. Am. . Physiol. Physiol. 2012,
303, C308-C317. [CrossRef] [PubMed]

Timmons, J.; Chang, E.T.; Wang, J.-Y.; Rao, ].N. Polyamines and Gut Mucosal Homeostasis. . Gastrointest. Dig. Syst. 2012, 2, 1.
[CrossRef]

Chatterton, D.E.; Nguyen, D.N.; Bering, S.B.; Sangild, P.T. Anti-inflammatory mechanisms of bioactive milk proteins in the
intestine of newborns. Int. J. Biochem. Cell Biol. 2013, 45, 1730-1747. [CrossRef] [PubMed]

Blais, M.; Pouliot, Y.; Gauthier, S.; Boutin, Y.; Lessard, M. A gene expression programme induced by bovine colostrum whey
promotes growth and wound-healing processes in intestinal epithelial cells. J. Nutr. Sci. 2014, 3, e57. [CrossRef]

Playford, R.J.; Macdonald, C.E.; Johnson, W.S. Colostrum and milk-derived peptide growth factors for the treatment of gastroin-
testinal disorders. Am. J. Clin. Nutr. 2000, 72, 5-14. [CrossRef]

Asaro, J.A.; Khan, Z.; Brewer, M.; Klose, K.; Pesce, C.; Schanler, R.J.; Codipilly, C.N. Relationship Between Milk Fat Globule-
Epidermal Growth Factor 8 and Intestinal Cytokines in Infants Born Preterm. J. Pediatr. 2021, 230, 71-75.el. [CrossRef]

Stenson, W.F.; Ciorba, M.A. Nonmicrobial Activation of TLRs Controls Intestinal Growth, Wound Repair, and Radioprotection.
Front. Immunol. 2021, 11, 617510. [CrossRef]

Jardé, T.; Chan, W.H.; Rossello, F.J.; Kahlon, T.K.; Theocharous, M.; Arackal, T.K.; Flores, T.; Giraud, M.; Richards, E.; Chan, E.; et al.
Mesenchymal Niche-Derived Neuregulin-1 Drives Intestinal Stem Cell Proliferation and Regeneration of Damaged Epithelium.
Cell Stem Cell 2020, 27, 646-662.e7. [CrossRef]

Playford, R.].; Cattell, M.; Marchbank, T. Marked variability in bioactivity between commercially available bovine colostrum for
human use; implications for clinical trials. PLoS ONE 2020, 15, €0234719. [CrossRef]

Playford, R.J.; Floyd, D.N.; Macdonald, C.E.; Calnan, D.P,; Adenekan, R.O.; Johnson, W.; Goodlad, R.A.; Marchbank, T. Bovine
colostrum is a health food supplement which prevents NSAID induced gut damage. Gut 1999, 44, 653-658. [CrossRef]

Kim, J.W,; Jeon, WK.; Kim, E.J. Combined effects of bovine colostrum and glutamine in diclofenac-induced bacterial translocation
in rat. Clin. Nutr. 2005, 24, 785-793. [CrossRef]

Cairangzhuoma; Yamamoto, M.; Muranishi, H.; Inagaki, M.; Uchida, K.; Yamashita, K.; Saito, S.; Yabe, T.; Kanamaru, Y. Skimmed,
sterilized, and concentrated bovine late colostrum promotes both prevention and recovery from intestinal tissue damage in mice.
J. Dairy Sci. 2013, 96, 1347-1355. [CrossRef]

Playford, R.J.; Macdonald, C.E.; Calnan, D.P; Floyd, D.N.; Podas, T.; Johnson, W.; Wicks, A.C.; Bashir, O.; Marchbank, T. Co-
administration of the health food supplement, bovine colostrum, reduces the acute non-steroidal anti-inflammatory drug-induced
increase in intestinal permeability. Clin. Sci. 2001, 100, 627. [CrossRef]

Kanwar, J.; Kanwar, R.; Stathopoulos, S.; Haggarty, N.; MacGibbon, A.; Palmano, K.; Roy, K.; Rowan, A.; Krissansen, G.
Comparative activities of milk components in reversing chronic colitis. J. Dairy Sci. 2016, 99, 2488-2501. [CrossRef] [PubMed]
Filipescu, L.E.; Leonardi, L.; Menchetti, L.; Guelfi, G.; Traina, G.; Casagrande-Proietti, P.; Piro, F.; Quattrone, A.; Barbato, O.;
Brecchia, G. Preventive effects of bovine colostrum supplementation in TNBS-induced colitis in mice. PLoS ONE 2018, 13,
€0202929. [CrossRef] [PubMed]

Spalinger, M.R.; Atrott, K.; Baebler, K.; Schwarzfischer, M.; Melhem, H.; Peres, D.R.; Lalazar, G.; Rogler, G.; Scharl, M.; Frey-
Wagner, I. Administration of the Hyper-immune Bovine Colostrum Extract IMM-124E Ameliorates Experimental Murine Colitis.
J. Crohns Colitis 2018, 13, 785-797. [CrossRef] [PubMed]

Playford, R.J.; Garbowsky, M.; Marchbank, T. Pasteurized Chicken Egg Powder Stimulates Proliferation and Migration of AGS,
RIE1, and Caco-2 Cells and Reduces NSAID-Induced Injury in Mice and Colitis in Rats. . Nutr. 2020, 150, 1434-1442. [CrossRef]
Menchetti, L.; Curone, G.; Filipescu, LE.; Barbato, O.; Leonardi, L.; Guelfi, G.; Traina, G.; Casagrande-Proietti, P; Riva, F,;
Casano, A.B.; et al. The Prophylactic Use of Bovine Colostrum in a Murine Model of TNBS-Induced Colitis. Animals 2020, 10, 492.
[CrossRef]

Khan, Z.; Macdonald, C.; Wicks, A.C.; Holt, M.P;; Floyd, D.; Ghosh, S.; Wright, N.A.; Playford, R.J. Use of the ‘nutriceutical’,
bovine colostrum, for the treatment of distal colitis: Results from an initial study. Aliment. Pharmacol. Ther. 2002, 16, 1917-1922.
[CrossRef]

Choudhry, N.; Scott, F.; Edgar, M.; Sanger, G.].; Kelly, P. Reversal of Pathogen-Induced Barrier Defects in Intestinal Epithelial Cells
by Contra-pathogenicity Agents. Dig. Dis. Sci. 2021, 66, 88-104. [CrossRef]


http://doi.org/10.3390/ijms22052506
http://doi.org/10.1093/advances/nmaa135
http://doi.org/10.1002/cphy.c170055
http://doi.org/10.1210/endocr/bqaa040
http://doi.org/10.1007/s11894-019-0701-x
http://doi.org/10.1002/path.5066
http://doi.org/10.1152/ajpcell.00120.2012
http://www.ncbi.nlm.nih.gov/pubmed/22592407
http://doi.org/10.4172/2161-069X.S7-001
http://doi.org/10.1016/j.biocel.2013.04.028
http://www.ncbi.nlm.nih.gov/pubmed/23660296
http://doi.org/10.1017/jns.2014.56
http://doi.org/10.1093/ajcn/72.1.5
http://doi.org/10.1016/j.jpeds.2020.11.014
http://doi.org/10.3389/fimmu.2020.617510
http://doi.org/10.1016/j.stem.2020.06.021
http://doi.org/10.1371/journal.pone.0234719
http://doi.org/10.1136/gut.44.5.653
http://doi.org/10.1016/j.clnu.2005.04.004
http://doi.org/10.3168/jds.2012-5701
http://doi.org/10.1042/CS20010015
http://doi.org/10.3168/jds.2015-10122
http://www.ncbi.nlm.nih.gov/pubmed/26805965
http://doi.org/10.1371/journal.pone.0202929
http://www.ncbi.nlm.nih.gov/pubmed/30138385
http://doi.org/10.1093/ecco-jcc/jjy213
http://www.ncbi.nlm.nih.gov/pubmed/30590526
http://doi.org/10.1093/jn/nxaa083
http://doi.org/10.3390/ani10030492
http://doi.org/10.1046/j.1365-2036.2002.01354.x
http://doi.org/10.1007/s10620-020-06121-9

Nutrients 2021, 13, 1956 12 of 14

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Li, J.; Xu, Y.-W,; Jiang, J.-].; Song, Q.-K. Bovine colostrum and product intervention associated with relief of childhood infectious
diarrhea. Sci. Rep. 2019, 9, 3093. [CrossRef]

Barakat, S.H.; Meheissen, M.A.; Omar, O.M.; Elbana, D.A. Bovine Colostrum in the Treatment of Acute Diarrhea in Children: A
Double-Blinded Randomized Controlled Trial. J. Trop. Pediatr. 2019, 66, 46-55. [CrossRef]

Gaensbauer, J.T.; Melgar, M.A; Calvimontes, D.M.; Lamb, M.M.; Asturias, E.]J.; Contreras-Roldan, I.L.; Dominguez, S.R.; Robinson,
C.C.; Berman, S. Efficacy of a bovine colostrum and egg-based intervention in acute childhood diarrhoea in Guatemala: A
randomised, double-blind, placebo-controlled trial. BM] Glob. Health 2017, 2, €000452. [CrossRef]

Saad, K.; Abo-Elela, M.G.M.; El-Baseer, K.A.A.; Ahmed, A.E.; Ahmad, F-A.; Tawfeek, M.S.K.; Houfey, A.A.E.-; Aboul_Khair,
M.D.; Abdel-Salam, A.M.; Abo-Elgheit, A.; et al. Effects of bovine colostrum on recurrent respiratory tract infections and diarrhea
in children. Medicine 2016, 95, e4560. [CrossRef]

Otto, W.; Najnigier, B.; Stelmasiak, T.; Robins-Browne, R.M. Randomized control trials using a tablet formulation of hyperimmune
bovine colostrum to prevent diarrhea caused by enterotoxigenicEscherichia coliin volunteers. Scand. J. Gastroenterol. 2011, 46,
862-868. [CrossRef]

Kaducu, FO.; Okia, S.A.; Upenytho, G.; Elfstrand, L.; Florén, C.-H. Effect of bovine colostrum-based food supplement in the
treatment of HIV-associated diarrhea in Northern Uganda: A randomized controlled trial. Indian J. Gastroenterol. 2011, 30, 270-276.
[CrossRef]

Eslamian, G.; Ardehali, S.H.; Baghestani, A.-R.; Shariatpanahi, Z.V. Effects of early enteral bovine colostrum supplementation on
intestinal permeability in critically ill patients: A randomized, double-blind, placebo-controlled study. Nutrition 2019, 60, 106-111.
[CrossRef]

Bierut, T.; Duckworth, L.; Grabowsky, M.; Ordiz, M.I.; Laury, M.L.; Callaghan-Gillespie, M.; Maleta, K.; Manary, M.]. The effect of
bovine colostrum/egg supplementation compared with corn/soy flour in young Malawian children: A randomized, controlled
clinical trial. Am. J. Clin. Nutr. 2021, 113, 420-427. [CrossRef]

Paris, M.C.; Fuller, PJ.; Carstensen, B.; Nagy, E.; Taylor, R.G.; Sourial, M.; Holst, ].J.; Hartmann, B.; Binesm, J.E. Plasma GLP-2
Levels and Intestinal Markers in the Juvenile Pig During Intestinal Adaptation: Effects of Different Diet Regimens. Dig. Dis. Sci.
2004, 49, 1688-1695. [CrossRef]

Nagy, E.S.; Paris, M.C.; Taylor, R.G.; Fuller, PJ.; Sourial, M.; Justice, E; Bines, ].E. Colostrum Protein Concentrate Enhances
Intestinal Adaptation After Massive Small Bowel Resection in Juvenile Pigs. J. Pediatr. Gastroenterol. Nutr. 2004, 39, 487—-492.
[CrossRef]

Pereira-Fantini, PM.; Thomas, S.L.; Taylor, R.G.; Nagy, E.; Sourial, M.; Fuller, PJ.; Bines, J.E. Colostrum Supplementation Restores
Insulin-like Growth Factor -1 Levels and Alters Muscle Morphology Following Massive Small Bowel Resection. |. Parenter. Enter.
Nutr. 2008, 32, 266-275. [CrossRef]

Aunsholt, L.; Qvist, N.; Sangild, P.T.; Vegge, A.; Stoll, B.; Burrin, D.G.; Jeppesen, P.B.; Eriksen, T.; Husby, S.; Thymann, T. Minimal
Enteral Nutrition to Improve Adaptation After Intestinal Resection in Piglets and Infants. JPEN |. Parenter. Enteral. Nutr. 2018, 42,
446-454. [CrossRef]

Aunsholt, L.; Jeppesen, P.B.; Lund, P; Sangild, P.T.; Ifaoui, I.B.; Qvist, N.; Husby, S. Bovine colostrum to children with short bowel
syndrome: A randomized, double-blind, crossover pilot study. JPEN ]. Parenter. Enteral. Nutr. 2014, 38, 99-106. [CrossRef]
Lund, P; Sangild, P.T.; Aunsholt, L.; Hartmann, B.; Holst, ].].; Mortensen, J.; Mortensen, P.B.; Jeppesen, P.B. Randomised controlled
trial of colostrum to improve intestinal function in patients with short bowel syndrome. Eur. J. Clin. Nutr. 2012, 66, 1059-1065.
[CrossRef]

Jensen, M.L,; Sangild, P.T.; Lykke, M.; Schmidt, M.; Boye, M.; Jensen, B.B.; Thymann, T. Similar efficacy of human banked milk
and bovine colostrum to decrease incidence of necrotizing enterocolitis in preterm piglets. Am. J. Physiol. Integr. Comp. Physiol.
2013, 305, R4-R12. [CrossRef]

Li, Y,; Jensen, M.L.; Chatterton, D.E.; Jensen, B.B.; Thymann, T.; Kvistgaard, A.S.; Sangild, P.T. Raw bovine milk improves gut
responses to feeding relative to infant formula in preterm piglets. Am. J. Physiol. Liver Physiol. 2014, 306, G81-G90. [CrossRef]
[PubMed]

Stey, A.C.E; Heegaard, PM.; Thymann, T.; Bjerre, M.; Skovgaard, K.; Boye, M.; Stoll, B.; Schmidt, M.; Jensen, B.B.; Sangild, P.T.
Bovine colostrum improves intestinal function following formula-induced gut inflammation in preterm pigs. Clin. Nutr. 2014, 33,
322-329. [CrossRef] [PubMed]

Seigel, ] K.; Smith, P.B.; Ashley, PL.; Cotten, C.M.; Herbert, C.C.; King, B.A.; Maynor, A.R.; Neill, S.; Wynn, J.; Bidegain, M. Early
Administration of Oropharyngeal Colostrum to Extremely Low Birth Weight Infants. Breastfeed. Med. 2013, 8, 491-495. [CrossRef]
[PubMed]

Balachandran, B.; Dutta, S.; Singh, R.; Prasad, R.; Kumar, P. Bovine Colostrum in Prevention of Necrotizing Enterocolitis and
Sepsis in Very Low Birth Weight Neonates: A Randomized, Double-blind, Placebo-controlled Pilot Trial. J. Trop. Pediatr. 2016, 63,
10-17. [CrossRef]

Nasuf, AW.A_; Ojha, S.; Dorling, J. Oropharyngeal colostrum in preventing mortality and morbidity in preterm infants. Cochrane
Database Syst. Rev. 2018, 9, CD011921. [CrossRef]

ELFIN Trial Investigators Group. Enteral lactoferrin supplementation for very preterm infants: A randomised placebo-controlled
trial. Lancet 2019, 393, 423-433. [CrossRef]


http://doi.org/10.1038/s41598-019-39644-x
http://doi.org/10.1093/tropej/fmz029
http://doi.org/10.1136/bmjgh-2017-000452
http://doi.org/10.1097/MD.0000000000004560
http://doi.org/10.3109/00365521.2011.574726
http://doi.org/10.1007/s12664-011-0146-0
http://doi.org/10.1016/j.nut.2018.10.013
http://doi.org/10.1093/ajcn/nqaa325
http://doi.org/10.1023/B:DDAS.0000043388.52260.2f
http://doi.org/10.1097/00005176-200411000-00008
http://doi.org/10.1177/0148607108316197
http://doi.org/10.1177/0148607117690527
http://doi.org/10.1177/0148607112469630
http://doi.org/10.1038/ejcn.2012.93
http://doi.org/10.1152/ajpregu.00094.2013
http://doi.org/10.1152/ajpgi.00255.2013
http://www.ncbi.nlm.nih.gov/pubmed/24157971
http://doi.org/10.1016/j.clnu.2013.05.013
http://www.ncbi.nlm.nih.gov/pubmed/23791159
http://doi.org/10.1089/bfm.2013.0025
http://www.ncbi.nlm.nih.gov/pubmed/23805944
http://doi.org/10.1093/tropej/fmw029
http://doi.org/10.1002/14651858.CD011921.pub2
http://doi.org/10.1016/S0140-6736(18)32221-9

Nutrients 2021, 13, 1956 13 of 14

69.

70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.
89.

90.

91.

92.

93.

94.

95.

96.

Tao, ].; Mao, J.; Yang, J.; Su, Y. Effects of oropharyngeal administration of colostrum on the incidence of necrotizing enterocolitis,
late-onset sepsis, and death in preterm infants: A meta-analysis of RCTs. Eur. J. Clin. Nutr. 2020, 74, 1122-1131. [CrossRef]
Sharma, D.; Kaur, A.; Farahbakhsh, N.; Agarwal, S. Role of Oropharyngeal Administration of Colostrum in Very Low Birth
Weight Infants for Reducing Necrotizing Enterocolitis: A Randomized Controlled Trial. Am. ]. Perinatol. 2019, 37, 716-721.
[CrossRef]

Sadeghirad, B.; Morgan, R.L.; Zeraatkar, D.; Zea, A.M.; Couban, R.; Johnston, B.C.; Florez, I.D. Human and Bovine Colostrum for
Prevention of Necrotizing Enterocolitis: A Meta-analysis. Pediatrics 2018, 142, e20180767. [CrossRef]

Zhang, Y.Z.; Li, Y.Y. Inflammatory bowel disease: Pathogenesis. World ]. Gastroenterol. 2014, 20, 91-99. [CrossRef]

Wehkamp, J.; Gotz, M.; Herrlinger, K.; Steurer, W.; Stange, E.F. Inflammatory Bowel Disease. Dtsch. Aerzteblatt Online 2016, 113,
72-82. [CrossRef]

Guan, Q. A Comprehensive Review and Update on the Pathogenesis of Inflammatory Bowel Disease. J. Immunol. Res. 2019, 2019,
7247238. [CrossRef]

Lamb, C.A.; Kennedy, N.A ; Raine, T.; Hendy, P.A.; Smith, PJ.; Limdi, ].K.; Hayee, B.; Lomer, M.C.E.; Parkes, G.C.; Selinger, C.; et al.
British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel disease in adults. Gut 2019,
68 (Suppl. 3), s1-s106. [CrossRef]

Nadpara, N.; Reichenbach, Z.W.; Ehrlich, A.C.; Friedenberg, F. Current Status of Medical Therapy for Inflammatory Bowel
Disease: The Wealth of Medications. Dig. Dis. Sci. 2020, 65, 2769-2779. [CrossRef]

Seyedian, S.S.; Nokhostin, F.; Malamir, M.D. A review of the diagnosis, prevention, and treatment methods of inflammatory
bowel disease. J. Med. Life 2019, 12, 113-122. [CrossRef]

Hartman, C.; Berkowitz, D.; Weiss, B.; Shaoul, R.; Levine, A.; Adiv, O.E.; Shapira, R.; Fradkin, A.; Wilschanski, M.; Tamir, A.; et al.
Nutritional supplementation with polymeric diet enriched with transforming growth factor-beta 2 for children with Crohn’s
disease. Isr. Med. Assoc. ]. 2008, 10, 503-507.

Rubio, A.; Pigneur, B.; Garnier-Lengliné, H.; Talbotec, C.; Schmitz, J.; Canioni, D.; Goulet, O.; Ruemmele, EM. The efficacy of
exclusive nutritional therapy in paediatric Crohn’s disease, comparing fractionated oral vs. continuous enteral feeding. Aliment.
Pharmacol. Ther. 2011, 33, 1332-1339. [CrossRef]

Liu, L.; Oza, S.; Hogan, D.; Chu, Y.; Perin, J.; Zhu, J.; Lawn, J.E.; Cousens, S.; Mathers, C.; Black, R.E. Global, regional, and national
causes of under-5 mortality in 2000-15: An updated systematic analysis with implications for the Sustainable Development Goals.
Lancet 2016, 388, 3027-3035. [CrossRef]

De Onis, M.; Branca, F. Childhood stunting: A global perspective. Matern. Child Nutr. 2016, 12 (Suppl. 1), 12-26. [CrossRef]
Prendergast, A.; Kelly, P. Interactions between intestinal pathogens, enteropathy and malnutrition in developing countries. Curr.
Opin. Infect. Dis. 2016, 29, 229-236. [CrossRef]

Lamberti, L.M.; Fischer Walker, C.L.; Noiman, A_; Victora, C.; Black, R.E. Breastfeeding and the risk for diarrhea morbidity and
mortality. BMC Public Health 2011, 11 (Suppl. 3), S15. [CrossRef]

Santos, ES.; Santos, EC.S.; Dos Santos, L.H.; Leite, A.M.; De Mello, D.F. Breastfeeding and protection against diarrhea: An
integrative review of literature. Einstein (Sdo Paulo) 2015, 13, 435-440. [CrossRef]

Playford, R.J.; Choudhry, N.; Kelly, P.; Marchbank, T. Effects of Bovine Colostrum with or without Egg on In Vitro Bacterial-
Induced Intestinal Damage with Relevance for SIBO and Infectious Diarrhea. Nutrients 2021, 13, 1024. [CrossRef]

Ulfman, L.H.; Leusen, ] HW.; Savelkoul, H.E].; Warner, ].O.; Van Neerven, R.J.]. Effects of Bovine Inmunoglobulins on Immune
Function, Allergy, and Infection. Front. Nutr. 2018, 5, 52. [CrossRef]

Billiauws, L.; Corcos, O.; Joly, F. What’s new in short bowel syndrome? Curr. Opin. Clin. Nutr. Metab. Care 2018, 21, 313-318.
[CrossRef] [PubMed]

Shakhsheer, B.A.; Warner, B.W. Short Bowel Syndrome. Curr. Treat. Options Pediatr. 2019, 5, 494-505. [CrossRef]

Massironi, S.; Cavalcoli, F; Rausa, E.; Invernizzi, P.; Braga, M.; Vecchi, M. Understanding short bowel syndrome: Current status
and future perspectives. Dig. Liver Dis. 2020, 52, 253-261. [CrossRef]

Byrne, T.A,; Persinger, R.L.; Young, L.S.; Ziegler, T.R.; Wilmore, D.W. A New Treatment for Patients with Short-Bowel Syndrome
Growth Hormone, Glutamine, and a Modified Diet. Ann. Surg. 1995, 222, 243-255. [CrossRef]

Carter, B.A.; Cohran, V.C.; Cole, C.R,; Corkins, M.R.; Dimmitt, R.A.; Duggan, C.; Hill, S.; Horslen, S.; Lim, J.D.; Mercer, D.E; et al.
Outcomes from a 12-Week, Open-Label, Multicenter Clinical Trial of Teduglutide in Pediatric Short Bowel Syndrome. J. Pediatr.
2017, 181, 102-111.€5. [CrossRef] [PubMed]

Neu, J.; Walker, W.A. Necrotizing Enterocolitis. N. Engl. |. Med. 2011, 364, 255-264. [CrossRef] [PubMed]

Meister, A.L.; Doheny, K K.; Travagli, R.A. Necrotizing enterocolitis: It’s not all in the gut. Exp. Biol. Med. 2020, 245, 85-95.
[CrossRef] [PubMed]

Martin, J.; Howard, S.C.; Pillai, A.; Vogel, P.; Naren, A.P; Davis, S.; Ringwald-Smith, K.; Buddington, K.; Buddington, R.K. The
weaned pig as a model for Doxorubicin-induced mucositis. Chemotherapy 2014, 60, 24-36. [CrossRef]

Rathe, M.; De Pietri, S.; Wehner, P.S.; Frandsen, T.L.; Grell, K.; Schmiegelow, K.; Sangild, P.T.; Husby, S.; Miiller, K. Bovine
Colostrum Against Chemotherapy-Induced Gastrointestinal Toxicity in Children With Acute Lymphoblastic Leukemia: A
Randomized, Double-Blind, Placebo-Controlled Trial. J. Parenter. Enter. Nutr. 2020, 44, 337-347. [CrossRef]

Playford, R.J.; Marchbank, T. Oral zinc carnosine reduces multi-organ damage caused by gut ischemia/reperfusion in mice. J.
Funct. Foods 2021, 78, 104361. [CrossRef]


http://doi.org/10.1038/s41430-019-0552-4
http://doi.org/10.1055/s-0039-1688817
http://doi.org/10.1542/peds.2018-0767
http://doi.org/10.3748/wjg.v20.i1.91
http://doi.org/10.3238/arztebl.2016.0072
http://doi.org/10.1155/2019/7247238
http://doi.org/10.1136/gutjnl-2019-318484
http://doi.org/10.1007/s10620-020-06471-4
http://doi.org/10.25122/jml-2018-0075
http://doi.org/10.1111/j.1365-2036.2011.04662.x
http://doi.org/10.1016/S0140-6736(16)31593-8
http://doi.org/10.1111/mcn.12231
http://doi.org/10.1097/QCO.0000000000000261
http://doi.org/10.1186/1471-2458-11-S3-S15
http://doi.org/10.1590/S1679-45082015RW3107
http://doi.org/10.3390/nu13031024
http://doi.org/10.3389/fnut.2018.00052
http://doi.org/10.1097/MCO.0000000000000473
http://www.ncbi.nlm.nih.gov/pubmed/29702489
http://doi.org/10.1007/s40746-019-00179-y
http://doi.org/10.1016/j.dld.2019.11.013
http://doi.org/10.1097/00000658-199509000-00003
http://doi.org/10.1016/j.jpeds.2016.10.027
http://www.ncbi.nlm.nih.gov/pubmed/27855998
http://doi.org/10.1056/NEJMra1005408
http://www.ncbi.nlm.nih.gov/pubmed/21247316
http://doi.org/10.1177/1535370219891971
http://www.ncbi.nlm.nih.gov/pubmed/31810384
http://doi.org/10.1159/000365725
http://doi.org/10.1002/jpen.1528
http://doi.org/10.1016/j.jff.2021.104361

Nutrients 2021, 13, 1956 14 of 14

97. Davison, G.; Marchbank, T.; March, D.S.; Thatcher, R.; Playford, R.J. Zinc carnosine works with bovine colostrum in truncating
heavy exercise-induced increase in gut permeability in healthy volunteers. Am. . Clin. Nutr. 2016, 104, 526-536. [CrossRef]

98. Fischer, A.J.; Malmuthuge, N.; Guan, L.L.; Steele, M.A. Short communication: The effect of heat treatment of bovine colostrum on
the concentration of oligosaccharides in colostrum and in the intestine of neonatal male Holstein calves. J. Dairy Sci. 2018, 101,
401-407. [CrossRef]

99. Bitzan, M.; Gold, B.D; Philpott, D.J.; Huesca, M.; Sherman, PM.; Karch, H.; Lissner, R.; Lingwood, C.A.; Karmali, M.A. Inhibition
of Helicobacter pylori and Helicobacter mustelae binding to lipid receptors by bovine colostrum. J. Infect. Dis. 1998, 177, 955-961.
[CrossRef]


http://doi.org/10.3945/ajcn.116.134403
http://doi.org/10.3168/jds.2017-13533
http://doi.org/10.1086/515256

	Introduction 
	The Mucosal Barrier in the Gut 
	Gastrointestinal Repair Mechanisms 
	Clinical Applications: Colostrum as Therapy 
	NSAID-Induced Gastrointestinal Injury 
	Inflammatory Bowel Disease (IBD) 
	Infectious Diarrhea 
	Short Bowel Syndrome; Intestinal Failure 
	Necrotizing Enterocolitis 
	Intestinal Consequences of Cancer Treatment 
	Use of BC in Combination with Other Nutraceuticals 
	Other Conditions 

	Conclusions 
	References

