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Abstract

Bovine colostrum (BC) is the initial milk produced by cows after giving birth. It has been used to treat human diseases, such as
infections, inflammations, and cancers. Accumulating evidence suggests that bovine lactoferrin and bovine antibodies seem to be
the most important bioactive constituents in BC. Thus, BC has also been reviewed for its potential to deliver short-term protection
against coronavirus disease 2019 (COVID-19). In addition, it can potentially be explored as a precursor for peptide-based radiophar-
maceuticals. To date, several bioactive peptides have been isolated from BC, including casocidin-1, casecidin 15 and 17, isracidin,
caseicin A, B, and C. Like other peptides, bioactive peptides derived from BC could be used as a valuable precursor for radiopharma-
ceuticals either for diagnosis or therapy purposes. This review provides bovine colostrum’s biological activities and a perspective on
the potential use of peptides from BC for developing radiopharmaceuticals in nuclear medicine.
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Introduction
growth factors (Kelly 2003; Silva et al. 2019). Several bio-

active compounds in BC will be declining over the subse-
quent three days, suggesting that colostrum secreted on
the first day of calving is more critical than that secreted

Bovine colostrum (BC) is the milky fluid secreted by cows
in the first few days after giving birth that has important

potential to promote beneficial effects through the impro-
vement of immunological functions. In dairy cows, bovi-
ne antibodies are actively transported from the mammary
epithelial cells to the mammary gland by receptor-medi-
ated mechanisms, and are present in high concentration
in colostrum (Weiner et al. 1999; Hurley and Theil 2011).
BC contains a high concentration of nutrient and bioac-
tive components, such as carbohydrates, proteins, fat, im-
munoglobulins, vitamins, minerals, natural antimicrobial
agents (lactoferrin, lysozyme, and lactoperoxidase), and

in the later days of lactation. Thus, BC not only provides
nutrition but also offers passive immunity for the protecti-
on of newborns against various pathogens, boosts the ma-
turity of the immune system, promotes growth, provides
maturation, and enhances damaged tissue healing (Shing
et al. 2009; Franca-Botelho 2019; Menchetti et al. 2020).
As crucial as for calves, BC is also one of the valuable
components with rich health benefits for humans and has
been used as a dietary supplement (Glowka et al. 2020).
It is noteworthy that BC possesses unique nutritional and
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biological activities that can be species-specific or across
species, and therefore may also benefit a specific group
of humans (Rathe et al. 2014). Interestingly, the bioactive
composition of colostrum is highly variable, affecting by
many factors, including breed, health status, parity, nu-
trition, dry period duration, and time post-partum (Kelly
2003; McGrath et al. 2015). Accordingly, it is expected that
immunological activities expressed by specific BC prod-
ucts cannot necessarily be presumed to be a result that will
be yielded by all BC. The main immunological component
found in BC is immunoglobulin G (IgG), followed by im-
munoglobulin A (IgA) and immunoglobulin M (IgM).
Immunoglobulins, also called antibodies, have been ac-
knowledged for many years as the essential biomolecules
which display many biological roles, in particular as im-
munological protection against microbial pathogens and
toxins (Ulfman et al. 2018).

The biological effect of BC immunoglobulins on hu-
man health, especially for immune functions, has been
widely studied, and continues to be an area of interest. Ac-
cumulating evidence suggests that BC IgG could bind to
some variety of infectious bacteria, viruses, and allergens
(Ulfman et al. 2018). In vitro study revealed that polyva-
lent immunoglobulins derived from BC with the addition
of vitamin D3 showed beneficial effects on cytokine levels
and systemic inflammation in colorectal cancer patients
by suppressing the level of pro-inflammatory substances
and promoting the production of anti-inflammatory cy-
tokines, suggesting that these substances deserve further
investigation as a novel treatment in cancers and im-
mune-related disorders (Gasser et al. 2018) Studies also
revealed that BC could potentially be used against severe
acute respiratory syndrome (SARS), avian influenza, and
other human respiratory infections (Hurley and Theil
2011). More recently, bioactive components in BC either
isolated from vaccinated and unvaccinated cows have
been reviewed for their potential as a short-term protec-
tion agent against SARS-CoV-2 infection (COVID-19)
in humans and could be used as an alternative treatment
until a vaccine becomes commercially available (Jawhara
2020; Mann and Ndung’u 2020).

Prior to discovering antibiotics, BC has been employed
to cure numerous ailments, including bacteria-associated
infections and physical illness linked with immunity (Xu
et al. 2014). Additionally, many studies revealed that BC
has participated in multiple physiological and protective
effects in cancer and inflammation. These properties of
BC make it possible to be used as an innovative thera-
peutic strategy in various diseases. For example, the effect
of orally administrated bovine lactoferrin (bLf) has been
shown in many studies, and seems to have pharmacolog-
ical roles in reducing infection and inflammation, and
prevent carcinogenesis (Tomita et al. 2009). In this review,
we describe BC’s most important beneficial activities as
anti-inflammatory, anticancer, and anti-infective agents,
trying to identify its potential use for the development
of peptide-based radiopharmaceuticals in the future.
Systematic literature studies were carried out using the

following databases: Scopus, ScienceDirect, Medline, Pu-
bMed, and Google Scholar. The following keywords and
their combination were used: bovine colostrum, cow’s
milk, immunoglobulins, antibodies, antiviral, antibacteri-
al, anti-inflammatory, anticancer, radiolabelling, radionu-
clides, peptides, and radiopharmaceuticals.

Anti-infective activities of BC

To combat infectious diseases, several antimicrobial com-
pounds have been discovered so far (Upadhyay and Mishra
2017). Studies suggest that bioactive compounds in BC
may not only possess local effects but also contribute to
immunological networks, resulting in systemic outcomes
after contact with the gut mucosa (Rathe et al. 2014). Bovi-
ne immunoglobulin colostrum that interacts with patho-
genic agents could prevent infection, reduce gastrointesti-
nal inflammation, inhibits bacteria growth, and enhances
gastrointestinal barrier function in in vitro experiments
(Ulfman et al. 2018). BLf seems to be the most crucial
compound shown bacteriostatic and bactericidal activities
in both preclinical and clinical studies. In general, the an-
ti-infective role of bLf is due to two distinct mechanisms;
binding to free iron at the infection sites, thus preventing
microbial access to the essential substrate, and rupture the
cell membrane of pathogens (Superti 2020).

A study by Anand and colleagues demonstrated that
bLf could interact with parasite-host cells, such as red
blood cells and macrophages in specific mechanisms de-
pending on the level of iron saturation of lactoferrin. The
authors revealed that incubation of iron saturated lacto-
ferrin with bLf increases the phagocytic activity, produc-
tion of reactive oxygen species, and Toll-like receptor ex-
pression (Anand et al. 2015). Moreover, a clinical study
by Hu et al. revealed that bovine antibody-based oral
immunotherapy has significant activity in controlling the
Helicobacter pylori infection. After 28 days of treatment
with the bovine antibody, thirteen patients became nega-
tive from thirty antibody-treated subjects as indicated by
the C-14 urea breath test (Hu et al. 2015).

It was found that skimmed and concentrated late bo-
vine colostrum that contains a high concentration of IgG
exhibits anti-human rotavirus (HRV) activity in in vitro
model, and therefore may be potentially used as a natural
treatment, especially in immunocompromised subjects,
such as children and the elderly (Inagaki et al. 2013). Fur-
ther, Bojsen and co-workers showed that the addition of
bovine macromolecular whey protein (MMWP) could
reduce infection stimulated by four rotavirus strains (hu-
man (Wa), bovine (RF), porcine (YM), and simian (RRV))
in two human intestinal cell lines (FHs 74 Int and Caco-2)
(Bojsen A et al. 2007). Another study by Gunaydin and
colleagues revealed that a mixture of hyperimmune BC
(HBC) and an engineered probiotic strain of Lactobacillus
(L. rhamnosus GG) was effective in reducing the duration
of diarrhea in a rotavirus infection mouse model than
HBC alone (Gunaydin et al. 2014).
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Anti-inflammatory activities of BC

Some reports show that bLf can exert anti-inflammato-
ry effects in numerous preclinical and clinical studies
(Superti 2020). The anti-inflammatory activity of BC is
associated with the immunoregulation of cytokines sub-
stances, such as interleukins (IL-1p, IL-2, IL-6, IL-17), tu-
mour necrosis factor-a (TNF-a), interferon (IFN)-y, and
other non-antimicrobial compounds. Some studies have
shown that BC may also be beneficial to maintain gut ho-
meostatic and prevent inflammation in the gastrointes-
tinal disorder subjects (Rathe et al. 2014). For instance,
BC can reduce the level of interleukin (IL)-8 when Caco-
2 and HT29 cells were treated with TNF-a (Chae et al.
2017). It also exhibits good pharmacological activities by
modulating Toll-like receptor 4 (TLR4), microbiota, and
pro-inflammatory cytokines in a 2,4,6-trinitrobenzene
sulfonic acid (TNBS) animal model of induced colitis
(Menchetti et al. 2020).

In combination with glutamine, BC demonstrates
superior activity in reducing the non-steroidal anti-in-
flammatory drug (NSAID)-induced intestinal injury and
bacterial translocation in animal models compared to
the administration of BC or glutamine alone (Kim et al.
2005). Recent studies show that BC can reduce natural
killer (NK) cell and monocyte actions and lymphoprolif-
erative reactions to lipopolysaccharide (LPS) inducement
(Xu et al. 2014), stimulates the release of IFN- y, IL-10,
and IL-2 in human peripheral blood mononuclear cells
induced with LPS and phytohemagglutinin (Shing et al.
2009), prevents intestinal epithelial cells inflammation by
inhibiting the NF-kB pathway (An et al. 2009), and reduc-
es rheumatoid arthritis symptoms in a mouse model of
collagen-induced arthritis (Hung et al. 2018). Orally ad-
ministrated bLf seems to be an effective method for sys-
temic immune modulation by providing an initial role on
the intestinal immune system, followed by the secondary
effect in promoting systemic immunity. Studies reveal that
oral administration of bLf could promote IL-8 production
in intestinal epithelial cells and enhances CD4*, CD8",
and NK cells expression in the intestinal mucosa. Addi-
tionally, it was observed that bLf could increase the num-
ber of immune cells in the lymph nodes and spleen, and
facilitate the synthesis of Th-1 type cytokines (IP-12 and
IFN-y), which might be important to halt inflammation
(Yamauchi et al. 2006).

Anticancer activities of BC

Cancer is one of the significant public health concerns in
global societies with high unmet medical needs (Wong-
so et al. 2013; Nugraha et al. 2020). The typical treatment
strategies for cancer consist of chemotherapy, surgery,
radiotherapy, bone marrow transplants, or combination
therapies between those treatments. However, these stra-
tegies possess some limitations and side effects, for exam-
ple, treatment with chemical drugs could cause vital or-

gan toxicity and drug resistance, and radiotherapy results
in indirect damage to surrounding tissues as a consequen-
ce of radiation exposure, whereas surgery may sometimes
lead to tumour recurrence due to incomplete resection
of cancerous cells (Bagwe-Parab et al. 2020; Upadhayay
et al. 2020). Thus, there is a need for cost-effective, safe
novel therapies, and more effective drugs with minimum
side effects to provide better treatment to cancer patients
(Vadlakonda et al. 2017). The use of protein components
from bovine milk as natural compounds for cancer pre-
vention and treatment is currently a promising field of
research, as indicated by some encouraging results (Bag-
we-Parab et al. 2020).

BC contains two significant families of protein, namely
caseins and whey proteins. Lactoferrin, a globular glyco-
protein with a molecular mass of approximately 80 kDa is
one of the bioactive substances in caseins, and has been
investigated for its anti-inflammatory, antioxidant, and
anticancer properties (Pepe et al. 2013). In the past sev-
eral years, scientific evidence has overwhelmingly shown
that bLf exhibits different anticancer activities in multiple
preclinical and clinical studies. The anticancer activities
of bLf are probably due to the numerous cellular mech-
anisms, such as amelioration of immune activity, regu-
lation of the carcinogenic enzymes, inhibition of angio-
genesis, and induction of apoptosis (Superti 2020). In a
study by Zhang et al,, it was found that bLf could signifi-
cantly inhibit breast cancer cells (MCF-7, T-47D, Hs578T,
and MDA-MB-231) growth after 48 hours of treatment
(Zhang et al. 2015). Similarly, the effect of bLf on cancer
was demonstrated by Najmafshar and colleagues. In this
study, they revealed that the immobilization of bLf onto
graphene oxide increases anticancer potency of bLf, par-
ticularly by inhibiting the growth of tumour cells (Najma-
fshar et al. 2020).

Inadifferentstudy, 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl-2H-tetrazolium bromide (MTT) assay suggested
that treatment with 500 ug/ml of isolated lactoferrin from
bovine milk resulted in a very substantial reduction of the
oesophageal cancer cell line (KYSE-30) by 53% and 80%
after 20 and 62 hours, respectively, with no side effect on
surrounding normal cells (Farziyan et al. 2015). Guedes
and co-workers demonstrated that bLf selectively inhibits
two highly metastatic cancers, namely prostate cancer and
osteosarcoma cells during in vitro experiment (Guedes et
al. 2018). In addition, bLf has shown inhibitory potential
in chemically-induced colon cancer in rats by acting as
a blocking and a suppressing agent, suggesting a promis-
ing feature of bLf as a chemopreventive agent for human
colon carcinogenesis (Tsuda et al. 2006). BLf has been
investigated in a comparative study with natural human
lactoferrin (nhLf) on osteoblast. This study revealed that
bLf possessed a more significant effect on osteoblast pro-
liferation compared to nhLf in time- and dose-dependent
manners (Zhang et al. 2018).

Although oral delivery provides the most favoura-
ble method for supplementing bLf, the bioavailability of
orally administered bLf suffers from a number of factors
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associated with protein absorption (Yao et al. 2012). Stud-
ies suggested that bLf largely digested in the stomach due
to enzymatic activity, resulted in protein degradation.
Therefore, some approaches have been implemented to
prevent bLf degradation and allow bLf to reach the small
intestine, including microencapsulation, PEGylation,
absorption enhancers, and iron saturation. Of these ap-
proaches, microencapsulation is the most used method to
protect bLf from protease digestion (Superti 2020). Dix
and Wright demonstrated that absorption of bLF appears
to be enhanced with microencapsulation, as indicated by
immune cell response (Dix and Wright 2018). Similarly,
microencapsulation of Lf using bovine serum albumin
and tannic acid showed enhanced release of Lf in small
intestine than the control group with the same dose of
free Lf (Kilic et al. 2017). Like lactoferrin, bovine immu-
noglobulins and other protein constituents also possess
poor oral bioavailability. However, immunoglobulins
were found less susceptible to enzymatic degradation than
Lf. Some clinical studies suggest that orally administered
immunoglobulins from BC could resist gastric exposure
and complete proteolytic digestion in the gastrointestinal
tract, and therefore can be used as natural remedies for
patients with gastrointestinal disorders (Jasion and Bur-
nett 2015).

Future perspective:
Bovine peptide-based
radiopharmaceuticals

In recent years, the importance of naturally occurring
peptides in the pharmaceutical arena is rising rapidly.
Several peptides with various biological activities have
been isolated from enzymatic hydrolysis of colostrum and
milk-derived proteins in vitro and in vivo gastrointesti-
nal digest. These peptides possess a wide range of health
benefits such as antimicrobial, antithrombotic, opioid-li-
ke, immunomodulatory, and antihypertensive. It is worth
noting that the majority of bioactive peptides are origi-
nated from caseins, whereas only a few peptides could be
obtained from whey proteins (Birkemo et al. 2009; Jor-
gensen et al. 2010). Hence, casein is not only considered
as an energy source but also as a substance that plays an
important role in providing effective treatment of various
ailments (Playford and Weiser 2021).

In nuclear medicine, the use of peptide-based radi-
opharmaceuticals (radiopeptides) has proved useful for
diagnosis and therapy of many diseases, in particular
cancers (Rangger and Haubner 2020). This approach was
introduced into clinical settings more than two decades
ago, allowing for cancer to be visualized and treated (Fani
and Maecke 2012; Charron et al. 2016). Radiopharmaceu-
ticals can be defined as unique medical formulation con-
taining atoms of some radioactive elements that attached
to drug molecules (Fichna and Janecka 2003). Since some
receptors with small regulatory peptide ligands are over-
expressed in cancers, radiopeptides could be used to target

those receptors through a specific pathway. As a conse-
quence, various radiopeptides are currently under investi-
gation for both diagnostic imaging of cancer receptors and
peptide receptor radionuclide therapy (PRRT) (Jamous et
al. 2013). Therefore, like other natural peptides, bioactive
peptides derived from BC also have the potential to be de-
veloped as new diagnostic or therapeutic agents.

To date, numerous bioactive peptides have been iso-
lated from bovine milk, such as casocidin-1, casecidin 15
and 17, isracidin, caseicin A, B, and C. Casocidin-1 was
isolated and identified by Zucht et al. as a cationic bio-
peptide from acidified bovine milk. This peptide showed
potent antibacterial activity against Staphylococcus car-
nosus and Escherichia coli (Zucht et al. 1995). Casecidin
15, casecidin 17, and isracidin are antimicrobial peptides
found naturally in fresh BC. These peptides have been
reported to have potent antibacterial properties against
E. coli (Birkemo et al. 2009). Caseicin A, B, and C are three
peptides produced from the fragments of asl-casein and
exhibited antibacterial activity against two pathogenic
strains of bacteria, namely Enterobacter sakazakii ATCC
12868 and E. coli DPC5063 (Hayes et al. 2006).

Some methods have been used to label peptides with
radionuclides, including the direct introduction of radio-
active atoms (direct radiolabelling) and indirect labelling
using bifunctional chelating (BFC) agents (Edelmann et
al. 2019). In general, radiolabelling peptides using radi-
ometals requires the use of a BFC, while labelling using
iodine radionuclide can be performed directly without
the use of BFC (Dewulf et al. 2020). Several examples of
BFC agents used for radiolabelling peptides include dieth-
ylene triamine pentaacetic acid (DTPA), 1,4,7-triazacyc-
lononane-1,4,7-trisacetic acid (NOTA), 1,4,7,10-tetraaza-
cyclododecane-1,4,7,10-tetraacetic acid (DOTA), and
1,4,8,11-tetraazacyclododecane-1,4,8,11-tetraacetic  acid
(TETA) (Fig. 1) (Jamous et al. 2013; Charron et al. 2016).
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Figure 1. Chemical structure of several BFCs for peptide con-
jugation.

Furthermore, labelling of peptides can be performed
via radioactive halogen isotopes, such as fluorine-18,
bromine-76, iodine-131, and astatine-211 (Rangger and
Haubner 2020). Direct radioiodination of peptides using
potent oxidizing agents is one of the most extensively used
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Figure 2. Schematic direct radioiodination of peptide with iodine-131. Radioiodination at physiological pH (~ 7.0) [A] and pH

8.0-8.5 [B].

strategy due to its simplicity and robustness, especially for
peptides containing either tyrosine or histidine residue.
The labelling site for iodination of peptides at physiological
pH is tyrosine residues (Tolmachev et al. 2014; Mushtaq et
al. 2018), but it may also involve the histidine residues if
the pH is greater than 8.0-8.5 (Liddell 2002) (Fig. 2).

Some clinically relevant radionuclides that could be
used for labelling naturally occurring peptides either for
diagnosis or therapy purposes are summarized in Table 1
(Dash et al. 2013; Kawashima 2014; Wongso 2019; Zaheer
et al. 2019; Rangger and Haubner 2020).

Conclusion

BC is considered a rich source of bioactive constituents
that possesses several pharmacological activities such as
anti-infective, anti-inflammatory, and anticancer. Until
recently, BC has been used as a nutraceutical (a compound
that is used for both food and medical remedies). Alt-
hough bioactive peptides have been recognized as a pri-
vileged precursor for peptide-based radiopharmaceuticals
eligible for detection and treatment of various diseases,

References

An MJ, Cheon JH, Kim SW, Park JJ, Moon CM, Han SY, Kim ES, Kim TI,
Kim WH (2009) Bovine colostrum inhibits nuclear factor kB-me-
diated proinflammatory cytokine expression in intestinal epithelial
cells. Nutrition Research 29(4): 275-280. https://doi.org/10.1016/].
nutres.2009.03.011

Anand N, Kanwar RK, Dubey ML, Vahishta RK, Sehgal R, Verma AK, Kan-
war JR (2015) Effect of lactoferrin protein on red blood cells and macro-
phages: Mechanism of parasite-host interaction. Drug Design, Develop-
ment and Therapy 9: 3821-3835. https://doi.org/10.2147/DDDT.S77860

Bagwe-Parab S, Yadav P, Kaur G, Tuli HS, Buttar HS (2020) Therapeu-
tic applications of human and bovine colostrum in the treatment of
gastrointestinal diseases and distinctive cancer types: The current ev-
idence. Frontiers in Pharmacology 11: 1-12. https://doi.org/10.3389/
fphar.2020.01100

Birkemo GA, O’Sullivan O, Ross RP, Hill C (2009) Antimicrobial activity
of two peptides casecidin 15 and 17, found naturally in bovine colos-
trum. Journal of Applied Microbiology 106(1): 233-240. https://doi.
org/10.1111/j.1365-2672.2008.03996.x

Table 1. Representative radionuclides used for peptide labelling
and their physical parameters.

Radionuclide Half-life (t, ) Type of Emission
Technetium-99m (*™Tc) 6.0h Y
Gallium-68 (**Ga) 67.7 min g, EC
Todine-123 (') 13.2h EC, Y
Todine-124 (') 42d g+, EC
Iodine-125 (**1) 59.4d EC Y
Todine-131 (') 8.0d B, Y
Scandium-44 (*Sc) 4.0h B*
Copper-64 (“Cu) 12.7h B+ EC, B
Bromine-76 16.2h g+, EC
Fluorine-18 (**F) 109.8 min g+, EC
Carbon-11 ('C) 20.4 min B, EC
Astatine-211 72h a, EC
Zirconium-89 78.4h B, E
Yttrium-90 64.1h [ty
Lutetium-177 159.4 h B

Y: gamma ray emission; B*: positron emission; : electron emission; EC: electron
capture.

the use of peptides from BC remains largely unexplored.
Therefore, in-depth studies and novel strategies should be
implemented to explore the role of bovine peptides and to
achieve BC-based peptides application in clinical settings,
especially in nuclear medicine.

Bojsen A, Buesa J, Montava R, Kvistgaard AS, Kongsbak MB, Peters-
en TE, Heegaard CW, Rasmussen JT (2007) Inhibitory activities of
bovine macromolecular whey proteins on rotavirus infections in
vitro and in vivo. Journal of Dairy Science 90: 66-74. https://doi.
org/10.3168/jds.S50022-0302(07)72609-7

Chae A, Aitchison A, Day AS, Keenan JI (2017) Bovine colostrum
demonstrates anti-inflammatory and antibacterial activity in in vitro
models of intestinal inflammation and infection. Journal of Func-
tional Foods 28: 293-298. https://doi.org/10.1016/j.jff.2016.11.016

Charron CL, Hickey JL, Nsiama TK, Cruickshank DR, Turnbull WL,
Luyt LG (2016) Molecular imaging probes derived from natu-
ral peptides. Natural Product Reports 33(6): 761-800. https://doi.
org/10.1039/C5NP00083A

Dash A, Knapp FE Pillai MR (2013) Targeted radionuclide therapy-An
overview. Current Radiopharmaceuticals 6(3): 152-180. https://doi.
org/10.2174/18744710113066660023

Dewulf ], Adhikari K, Vangestel C, Wyngaert TVD, Elvas F (2020) De-
velopment of antibody immuno-PET/SPECT radiopharmaceuticals


https://doi.org/10.1016/j.nutres.2009.03.011
https://doi.org/10.1016/j.nutres.2009.03.011
https://doi.org/10.2147/DDDT.S77860
https://doi.org/10.3389/fphar.2020.01100
https://doi.org/10.3389/fphar.2020.01100
https://doi.org/10.1111/j.1365-2672.2008.03996.x
https://doi.org/10.1111/j.1365-2672.2008.03996.x
https://doi.org/10.3168/jds.S0022-0302(07)72609-7
https://doi.org/10.3168/jds.S0022-0302(07)72609-7
https://doi.org/10.1016/j.jff.2016.11.016
https://doi.org/10.1039/C5NP00083A
https://doi.org/10.1039/C5NP00083A
https://doi.org/10.2174/18744710113066660023
https://doi.org/10.2174/18744710113066660023

476

Kusumaningrum CE et al.: Potential use of bovine colostrum for peptide-based radiopharmaceuticals

for imaging of oncological disorders — An update. Cancers (Basel)
12(7): 1-29. https://doi.org/10.3390/cancers12071868

Dix C, Wright O (2018) Bioavailability of a novel form of microencapsu-
lated bovine lactoferrin and its effect on inflammatory markers and
the gut microbiome: A pilot study. Nutrients 10(8): 1-12. https://doi.
org/10.3390/nul0081115

Edelmann MR, Kettenberger H, Knaupp A, Schlothauer T, Otteneder
MB (2019) Radiolabeled IgG antibodies: Impact of various labels on
neonatal Fc receptor binding. Journal of Labelled Compounds and
Radiopharmaceuticals 62(11): 751-757. https://doi.org/10.1002/
jler.3793

Fani M, Maecke HR (2012) Radiopharmaceutical development of radio-
labelled peptides. European Journal of Nuclear Medicine and Molec-
ular Imaging 39: 11-30. https://doi.org/10.1007/s00259-011-2001-z

Farziyan MA, Moradian E, Rafiei A (2015) Anticancer effect of bovine
lactoferrin on human esophagus cancer cell line. Research in Molec-
ular Medicine 4(1): 18-23.

Fichna J, Janecka A (2003) Synthesis of target-specific radiolabeled
peptides for diagnostic imaging. Bioconjugate Chemistry 14: 3-7.
https://doi.org/10.1021/bc025542f

Franga-Botelho AD (2019) Beneficial components of colostrum for can-
cer patients: A mini-review focused on oxidative aspects and proper-
ties of colostrinin. Asian Oncology Research Journal 2(1): 1-6.

Gasser M, Lissner R, Waaga-Gasser AM (2018) Effect of polyvalent im-
munoglobulins on the cytokine cascade in monocytes from colorec-
tal cancer patients: Basis for a new adjuvant therapy. International
Journal of Clinical Pharmacology and Therapeutics 56(1): 34-37.
https://doi.org/10.5414/CP203163

Glowka N, Durkalec-Michalski K, Wozniewicz M (2020) Immunolog-
ical outcomes of bovine colostrum supplementation in trained and
physically active people: A systematic review and meta-analysis. Nu-
trients 12(4): 1-24. https://doi.org/10.3390/nu12041023

Guedes JP, Pereira CS, Rodrigues LR, Corte-Real M (2018) Bovine milk
lactoferrin selectively kills highly metastatic prostate cancer PC-3 and
osteosarcoma MG-63 cells in vitro. Frontiers in Oncology 8: 1-12.
https://doi.org/10.3389/fonc.2018.00200

Gunaydin G, Zhang R, Hammarstrom L, Marcotte H (2014) Engineered
Lactobacillus rhamnosus GG expressing IgG-binding domains of pro-
tein G: Capture of hyperimmune bovine colostrum antibodies and
protection against diarrhea in a mouse pup rotavirus infection model.
Vaccine 32(4): 470-477. https://doi.org/10.1016/j.vaccine.2013.11.057

Hayes M, Ross RP, Fitzgerald GE, Hill C, Stanton C (2006) Casein-de-
rived antimicrobial peptides generated by Lactobacillus acidophilus
DPC6026. Applied and Environmental Microbiology 72(3): 2260-
2264. https://doi.org/10.1128/AEM.72.3.2260-2264.2006

Hu D, Zhang E Zhou J, Xu B, Zhang H, Qiang ], Ren S, Shan B, Yin
C, Zhang Z, Wang X, Zhao C, Shi Z (2015) The clearance effect of
bovine anti-Helicobacter pylori antibody-containing milk in O blood
group Helicobacter pylori-infected patients: A randomized dou-
ble-blind clinical trial. Journal of Translational Medicine 13: 1-10.
https://doi.org/10.1186/s12967-015-0558-1

Hung LH, Wu CH, Lin BE, Hwang LS (2018) Hyperimmune colostrum
alleviates rheumatoid arthritis in a collagen-induced arthritis mu-
rine model. Journal of Dairy Science 101(5): 3778-3787. https://doi.
0rg/10.3168/jds.2017-13572

Hurley WL, Theil PK (2011) Perspectives on immunoglobulins in co-
lostrum and milk. Nutrients 3(4): 442-474. https://doi.org/10.3390/
nu3040442

Inagaki M, Yamamoto M, Cairangzhuoma, Xijier, Yabe T, Uchida K,
Kawasaki M, Nakagomi T, Nakagomi O, Minamoto N, Kanamaru Y
(2013) Multiple-dose therapy with bovine colostrum confers signifi-
cant protection against diarrhea in a mouse model of human rotavi-
rus-induced gastrointestinal disease. Journal of Dairy Science 96(2):
806-814. https://doi.org/10.3168/jds.2012-5847

Jamous M, Haberkorn U, Mier W (2013) Synthesis of peptide radiophar-
maceuticals for the therapy and diagnosis of tumor diseases. Mole-
cules 18(3): 3379-3409. https://doi.org/10.3390/molecules18033379

Jasion VS, Burnett BP (2015) Survival and digestibility of orally-admin-
istered immunoglobulin preparations containing IgG through the
gastrointestinal tract in humans. Nutrion Journal 14: 1-8. https://
doi.org/10.1186/s12937-015-0010-7

Jawhara S (2020) Can drinking microfiltered raw immune milk from
cows immunized against SARS-CoV-2 provide short-term protec-
tion against COVID-19? Frontiers in Immunology 11: 1-5. https://
doi.org/10.3389/fimmu.2020.01888

Jorgensen AL, Juul-Madsen HR, Stagsted J (2010) Colostrum and bioac-
tive, colostral peptides differentially modulate the innate immune re-
sponse of intestinal epithelial cells. Journal of Peptide Science 16(1):
21-30. https://doi.org/10.1002/psc.1190

Kawashima H (2014) Radioimmunotherapy: a specific treatment protocol
for cancer by cytotoxic radioisotopes conjugated to antibodies. Scien-
tific World Journal 2014: 1-11. https://doi.org/10.1155/2014/492061

Kelly GS (2003) Bovine colostrums: A review of clinical uses. Alternative
Medicine Review 8(4): 378-394.

Kilic E, Novoselova M, Lim SH, Pyataev NA, Pinyaev SI, Kulikov OA,
Sindeeva OA, Mayorova OA, Murney R, Antipina MN, Haigh B, Suk-
horukov GB, Kiryukhin MV (2017) Formulation for oral delivery of
lactoferrin based on bovine serum albumin and tannic acid multilay-
er microcapsules. Scientific Reports 7: 1-10. https://doi.org/10.1038/
srep44159

Kim JW, Jeon WK, Kim EJ (2005) Combined effects of bovine colos-
trum and glutamine in diclofenac-induced bacterial translocation
in rat. Clinical Nutrition 24(5): 785-793. https://doi.org/10.1016/j.
clnu.2005.04.004

Liddell JE (2002) Radioactive labelling of antibodies, in: encyclopedia of
life sciences, John Wiley & Sons, Ltd, New Jersey, 3 pp.

Mann JK, Ndung'u T (2020) The potential of lactoferrin, ovotransferrin and
lysozyme as antiviral and immune-modulating agents in COVID-19.
Future Virology 15(9): 609-624. https://doi.org/10.2217/fv1-2020-0170

McGrath BA, Fox PE, McSweeney PLH, Kelly AL (2015) Composition
and properties of bovine colostrum: A review. Dairy Science & Tech-
nology 96(2): 133-158. https://doi.org/10.1007/s13594-015-0258-x

Menchetti L, Curone G, Filipescu IE, Barbato O, Leonardi L, Guelfi G,
Traina G, Casagrande-Proietti P, Riva F, Casano AB, Piro F, Vigo D,
Quattrone A, Brecchia G (2020) The prophylactic use of bovine co-
lostrum in a murine model of TNBS-induced colitis. Animals (Basel)
10(3): 1-15. https://doi.org/10.3390/ani10030492

Mushtaq S, Nam YR, Kang JA, Choi DS, Park SH (2018) Efficient and
site-specific '*I-radioiodination of bioactive molecules using oxida-
tive condensation reaction. ACS Omega 3(6): 6903-6911. https://doi.
org/10.1021/acsomega.8b00416

Najmafshar A, Rostami M, Varshosaz ], Norouzian D, Shariat SZAS
(2020) Enhanced antitumor activity of bovine lactoferrin through
immobilization onto functionalized nano graphene oxide: An in vi-
tro/in vivo study. Drug Delivery 27(1): 1236-1247. https://doi.org/10
.1080/10717544.2020.1809558


https://doi.org/10.3390/cancers12071868
https://doi.org/10.3390/nu10081115
https://doi.org/10.3390/nu10081115
https://doi.org/10.1002/jlcr.3793
https://doi.org/10.1002/jlcr.3793
https://doi.org/10.1007/s00259-011-2001-z
https://doi.org/10.1021/bc025542f
https://doi.org/10.5414/CP203163
https://doi.org/10.3390/nu12041023
https://doi.org/10.3389/fonc.2018.00200
https://doi.org/10.1016/j.vaccine.2013.11.057
https://doi.org/10.1128/AEM.72.3.2260-2264.2006
https://doi.org/10.1186/s12967-015-0558-1
https://doi.org/10.3168/jds.2017-13572
https://doi.org/10.3168/jds.2017-13572
https://doi.org/10.3390/nu3040442
https://doi.org/10.3390/nu3040442
https://doi.org/10.3168/jds.2012-5847
https://doi.org/10.3390/molecules18033379
https://doi.org/10.1186/s12937-015-0010-7
https://doi.org/10.1186/s12937-015-0010-7
https://doi.org/10.3389/fimmu.2020.01888
https://doi.org/10.3389/fimmu.2020.01888
https://doi.org/10.1002/psc.1190
https://doi.org/10.1155/2014/492061
https://doi.org/10.1038/srep44159
https://doi.org/10.1038/srep44159
https://doi.org/10.1016/j.clnu.2005.04.004
https://doi.org/10.1016/j.clnu.2005.04.004
https://doi.org/10.2217/fvl-2020-0170
https://doi.org/10.1007/s13594-015-0258-x
https://doi.org/10.3390/ani10030492
https://doi.org/10.1021/acsomega.8b00416
https://doi.org/10.1021/acsomega.8b00416
https://doi.org/10.1080/10717544.2020.1809558
https://doi.org/10.1080/10717544.2020.1809558

Pharmacia 68(2): 471-477

477

Nugraha AS, Laksono TA, Firli LN, Putri CPZS, Pratoko DK, Zulfikar Z,
Untari LE, Wongso H, Lambert JM, Dillon CT, Keller PA (2020) An-
ti-cancer evaluation of depsides Isolated from Indonesian folious li-
chens: Physcia millegrana, Parmelia dilatata and Parmelia aurulenta.
Biomolecules 10(10): 1-10. https://doi.org/10.3390/biom 10101420

Pepe G, Tenore GC, Mastrocinque R, Stusio P, Campiglia P (2013) Poten-
tial anticarcinogenic peptides from bovine milk. Journal of Amino
Acids 2013: 1-8. https://doi.org/10.1155/2013/939804

Playford R], Weiser MJ (2021) Bovine colostrum: Its constituents and
uses. Nutrients 13(1): 1-23. https://doi.org/10.3390/nu13010265

Rangger C, Haubner R (2020) Radiolabelled peptides for Positron Emis-
sion Tomography and endoradiotherapy in oncology. Pharmaceuti-
cals (Basel) 13(2): 1-38. https://doi.org/10.3390/ph13020022

Rathe M, Muller K, Sangild PT, Husby S (2014) Clinical applications of
bovine colostrum therapy: A systematic review. Nutrition Reviews
72(4): 237-254. https://doi.org/10.1111/nure.12089

Shing CM, Peake JM, Suzuki K, Jenkins DG, Coombes JS (2009) Bo-
vine colostrum modulates cytokine production in human peripher-
al blood mononuclear cells stimulated with lipopolysaccharide and
phytohemagglutinin. Journal of Interferon & Cytokine Research
29(1): 37-44. https://doi.org/10.1089/jir.2008.0015

Silva EGO, Rangel AHN, Murmam R, Bezerra MF, Oliveira JPF (2019)
Bovine colostrum: Benefits of its use in human food. Food Science
and Technology 39: 355-362. https://doi.org/10.1590/fst. 14619

Superti F (2020) Lactoferrin from bovine milk: A protective companion
for life. Nutrients 12(9): 1-25. https://doi.org/10.3390/nu12092562

Tolmachev V, Orlova A, Andersson K (2014) Methods for radiolabel-
ling of monoclonal antibodies. Methods in Molecular Biology 1060:
309-330. https://doi.org/10.1007/978-1-62703-586-6_16

Tomita M, Wakabayashi H, Shin K, Yamauchi K, Yaeshima T, Iwatsu-
ki K (2009) Twenty-five years of research on bovine lactoferrin ap-
plications. Biochimie 91(1): 52-57. https://doi.org/10.1016/j.bio-
chi.2008.05.021

Tsuda H, Fukamachi K, Xu ], Sekine K, Ohkubo S, Takasuka N, ligo M
(2006) Prevention of carcinogenesis and cancer metastasis by bovine
lactoferrin. Proceedings of the Japan Academy, Ser. B. Japan, PJA Ser.
B, Japan, 208-215. https://doi.org/10.2183/pjab.82.208

Ulfman LH, Leusen JHW, Savelkoul HFJ, Warner JO, van Neerven R]JJ
(2018) Effects of bovine immunoglobulins on immune function,
allergy, and infection. Frontiers in Nutrition 5: 1-20. https://doi.
org/10.3389/fnut.2018.00052

Upadhayay S, Sharma N, Mantha AK, Dhiman M (2020) Anti-aancer
drug doxorubicin induced cardiotoxicity: Understanding the mech-
anisms involved in ROS generation resulting in mitochondrial dys-
function. Rasayan Journal of Chemistry 13(02): 1042-1053. https://
doi.org/10.31788/RJC.2020.1325603

Upadhyay PK, Mishra P (2017) Synthesis, antimicrobial and anticancer

of 5-(4-substituted-phenyl)-1,3,4-thiadiazole-2-amines.
Rasayan Journal of Chemistry 10(1): 254-262. https://doi.
org/10.7324/R]C.2017.1011573

Vadlakonda R, Nerella R, Srinivas SV (2017) Synthesis and cytotoxic
evaluation of novel aza indole derivatives. Rasayan Journal of Chem-
istry 10(4): 1316-1322. https://doi.org/10.7324/RJC.2017.1041914

Weiner C, Pan Q, Hurtig M, Boren T, Bostwick E, Hammarstrom I

activities

(1999) Passive immunity against human pathogens using bovine
antibodies. Clinical and Experimental Immunology 116: 193-205.
https://doi.org/10.1046/j.1365-2249.1999.00880.x

Wongso H (2019) Treatment of neuroendocrine tumors (NETs) using
somatostatin analogs: Current view, clinical achievements and future
Perspectives. Indonesian Journal of Cancer Chemoprevention 10(2):
101-113.  https://doi.org/10.14499/indonesianjcanchemoprev10is-
s2pp101-113

Wongso H, Zainuddin N, Iswahyudi (2013) Biodistribution and im-
aging of the *™Tc-glutathione radiopharmaceutical in white rats
induced with cancer. Atom Indonesia 39(3): 106-111. https://doi.
org/10.17146/aij.2013.250

Xu ML, Kim HJ, Kim HJ (2014) Effect of dietary bovine colostrum on
the responses of immune cells to stimulation with bacterial lipopoly-
saccharide. Archives of Pharmacal Research 37(4): 494-500. https://
doi.org/10.1007/s12272-013-0255-7

Yamauchi K, Wakabayashi W, Shin K, Takase M (2006) Bovine lactofer-
rin: Benefits and mechanism of action against infections. Biochemis-
try and Cell Biology 84(3): 291-296. https://doi.org/10.1139/006-054

Yao X, Bunt C, Cornish J, Quek SY, Wen ] (2012) Oral delivery of lacto-
ferrin: A review. International Journal of Peptide Research and Ther-
apeutics 19(2): 125-134. https://doi.org/10.1007/s10989-012-9326-8

Zaheer J, Kim H, Lee YJ, Kim JS, Lim SM (2019) Combination radio-
immunotherapy strategies for solid tumors. International Jour-
nal of Molecular Science 20(22): 1-17. https://doi.org/10.3390/
ijms20225579

Zhang JL, Han X, Shan Y], Zhang LW, Du M, Liu M, Yi HX, Ma Y (2018)
Effect of bovine lactoferrin and human lactoferrin on the prolifera-
tive activity of the osteoblast cell line MC3T3-E1 in vitro. Journal of
Dairy Science 101(3): 1827-1833. https://doi.org/10.3168/jds.2017-
13161

Zhang Y, Lima CE Rodrigues LR (2015) In vitro evaluation of bovine
lactoferrin potential as an anticancer agent. International Dairy Jour-
nal 40: 6-15. https://doi.org/10.1016/j.idairyj.2014.08.016

Zucht HD, Raida M, Adermann K, Magert HJ, Forssmann WG (1995)
Casocidin-I: A casein-alpha s2 derived peptide exhibits antibacterial
activity. Federation of European Biochemical Societies Letters 371:
185-188. https://doi.org/10.1016/0014-5793(95)00974-E


https://doi.org/10.3390/biom10101420
https://doi.org/10.1155/2013/939804
https://doi.org/10.3390/nu13010265
https://doi.org/10.3390/ph13020022
https://doi.org/10.1111/nure.12089
https://doi.org/10.1089/jir.2008.0015
https://doi.org/10.1590/fst.14619
https://doi.org/10.3390/nu12092562
https://doi.org/10.1007/978-1-62703-586-6_16
https://doi.org/10.1016/j.biochi.2008.05.021
https://doi.org/10.1016/j.biochi.2008.05.021
https://doi.org/10.2183/pjab.82.208
https://doi.org/10.3389/fnut.2018.00052
https://doi.org/10.3389/fnut.2018.00052
https://doi.org/10.31788/RJC.2020.1325603
https://doi.org/10.31788/RJC.2020.1325603
https://doi.org/10.7324/RJC.2017.1011573
https://doi.org/10.7324/RJC.2017.1011573
https://doi.org/10.7324/RJC.2017.1041914
https://doi.org/10.1046/j.1365-2249.1999.00880.x
https://doi.org/10.14499/indonesianjcanchemoprev10iss2pp101-113
https://doi.org/10.14499/indonesianjcanchemoprev10iss2pp101-113
https://doi.org/10.17146/aij.2013.250
https://doi.org/10.17146/aij.2013.250
https://doi.org/10.1007/s12272-013-0255-7
https://doi.org/10.1007/s12272-013-0255-7
https://doi.org/10.1139/o06-054
https://doi.org/10.1007/s10989-012-9326-8
https://doi.org/10.3390/ijms20225579
https://doi.org/10.3390/ijms20225579
https://doi.org/10.3168/jds.2017-13161
https://doi.org/10.3168/jds.2017-13161
https://doi.org/10.1016/j.idairyj.2014.08.016
https://doi.org/10.1016/0014-5793(95)00974-E

	Pharmacological activities and potential use of bovine colostrum for peptide-based radiopharmaceuticals: A review
	Abstract
	Introduction
	Anti-infective activities of BC
	Anti-inflammatory activities of BC
	Anticancer activities of BC
	Future perspective: Bovine peptide-based radiopharmaceuticals
	Conclusion
	References

