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FIGURE 2

Figure 5 SDS-PAGE
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FIGURE 5
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FIGURE 6

Cationic Fraction (CF) Action on Streptococcus uberis
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FIGURE 7
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FIGURE 8

Escherichia coli vs Individual and Recombined Cationic Fractions
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FIGURE 9

Staphylogpccus aureus vs Individual and Recombined Cationic Fractions
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FIGURE 10
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FIGURE 11

Escherichia coli
(in nutrient broth)
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FIGURE 12
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TREATMENT METHOD
TECHNICAL FIELD
[0001] This invention relates to a treatment method.
[0002] Inparticular it relates to a method of treating bovine

mastitis, and a method of producing the treatment composi-
tion.

BACKGROUND ART

[0003] Mastitis is an inflammatory disease of the mammary
gland of a mammal.

[0004] The inflammation is the result of infection by any of
a multitude of bacteria, mycoplasmas, yeast and fungi. The
range of different organisms that can cause mastitis and their
varying susceptibilities to antibiotics presents the greatest
challenge in the treatment and prevention of mastitis in dairy
COWS.

[0005] Bovine mastitis may be caused by Gram negative
bacteria such as Escherichia coli, Klebsiella species and
Enterbacter species, or by Gram-positive bacteria such as
Staphylococcus aureus, Enterococci species, and Strepto-
cocci such as Streptococcus uberus, Streptococcus agalac-
tiae and Streptococcus dysgalactiae, and by Mycoplasma
bovis.

[0006] Bacterial infection via the teats is the most common
cause of mastitis. There is an increased risk of intra-mam-
mary infection during the dry period because the teat is no
longer protected by the flow of milk through the teat. Milk is
known to have a natural anti-microbial action. Dairy cows are
bred for increased milk production. There is a negative cor-
relation between milk production capacity and resistance to
mastitis, attributable in part to the increased metabolic stress
associated with the synthesis of milk. The large volume of
milk may also overwhelm the natural defense systems in the
udder.

[0007] The teat canal plays a large part in preventing infec-
tions in the teat and udder such as mastitis. The teat canal has
several anatomical and physiological features that serve as a
barrier to penetration by bacterial.

[0008] The normal teat canal represents a physical barrier
to the penetration of bacteria and is the single most important
barrier to udder infection. Essentially, there are three main
defense mechanisms offered by the teat canal: adsorptive
capacity of keratin for bacteria, desiccation of the canal
lumen and desquamation of the keratin lining during milk
flow.

[0009] Besides being a physical barrier, the canal also con-
tains long chain fatty acids produced by continuous keratini-
zation of epithelial cells that are antibacterial, and a protein
called ubiquitin that acts as a general antiseptic against
incoming bacteria. In a healthy teat, the keratin plug mechani-
cally traps debris and bacteria and absorb them within the
extracellular lipid film (Bramley and Dodd, 1984).

[0010] Epithelial desquamation and milk flow during lac-
tation limit bacterial colonization in the teat canal. However,
at the beginning of the dry period when milk production
ceases, bacteria are able to colonize the teat canal, and mul-
tiply and subsequently infect the mammary gland.

[0011] Teat seal formulations are currently available—
however it is not known for these to include milk components,
such as lactoferrin or lactoperoxidase. These form a physical
barrier to the teat canal, thereby preventing entry of micro-
organisms during the dry period. Some of these formulations
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include antibiotics, or chemicals known to have anti-micro-
bial activity. Antibiotics require withholding periods which
can increase the time and effort required by the farmer, and
may not effectively target the pathogens causing the mastitis.
[0012] The primary treatment for bovine mastitis is the
administration of antibiotics such as penicillin. Antibiotics
belonging to the penicillin and cephalosporin family are most
effective against Gram-positive bacteria and have poor or
strain-dependent activity against Gram-negative pathogens.
A study in Poland (Malinowski et al, 2002) found that out of
517 strains of Staphylococcus aureus from subclinical and
clinical mastitis, more than 60% were resistant to penicillin
and ampicillin, more than 40% were resistant to amoxicillin,
30% were resistant to cephalosporin, 26% were resistant to
tetracycline or erythromycin and 54-55% were resistant to
lincomycin. Aminoglycosides have a broader spectrum of
activity but are not effective against bacteria with rapid
growth.

[0013] Bovine mastitis is of considerable economic signifi-
cance to the dairy industry. This is particularly due to the
following:

[0014] the high cost of the treatment,

[0015] the loss of milk during the infected period, and
subsequent withholding period following the use of anti-
biotics. if antibiotics are found in the milk supplied to a
dairy company, the whole batch may need to be dis-
carded, and the farmer may face large penalties.

[0016] cross-contamination within the herd

[0017] long-term loss of milk over the life of the animal
due to decreased mammary capacity

[0018] A numberof milk components have previously been
isolated, purified and discussed in relation to use to prevent or
treat mastitis, these include:

[0019] Lactoferrin (Lf), a glycoprotein which is present in
mammary gland secretion and many other exocrine secre-
tions of mammals, Lf is secreted predominately by surface
epithelia into the mucosal environment. Lactoferrin is a mul-
tifunctional protein that has antibacterial, antifungal, antivi-
ral, antitumour, anti-inflammatory, and immunoregulatory
properties

[0020] Lfis produced at high levels in nasal and tracheal
passages, and in gastric, genital and opthalmic secretions. Lf
is also produced at high levels in neutrophils where it is stored
in secondary granules and released during inflammation.
[0021] The mechanism by which Lf inhibits microbial
growth has not been fully elucidated. Its antimicrobial and
anti-inflammatory effects are believed to be as a result of a
number of different actions or functions of Lf.

[0022] The highly basic N terminal region of bovine lacto-
ferrin is essential for antimicrobial activity. The 25 N-termi-
nal amino acids may be removed by proteases to form Lacto-
ferricin (Lfcin). These proteases may be naturally occurring
in milk or serum, and many micro-organisms produce pro-
teases. LFcin is up to a 1000 fold more effective against some
micro-organisms than intact lactoferrin. Lfcin has been
shown to inhibit a diverse range of microorganisms such as
gram-negative bacteria, gram-positive bacteria, yeast, fila-
mentous fungi, and parasitic protozoa, including some anti-
biotic-resistant pathogens.

[0023] Lf binds to lipopolysaccharide. When Gram-nega-
tive bacteria are killed by the natural defense system of the
animal or by antimicrobial agents the release of lipopolysac-
charide from the cell walls of the bacteria provokes an inflam-
matory response. One ofthe primary actions of [f therefore is
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to bind the LPS and prevent the inflammatory response. Lf
also displays an immunomodulatory role by binding with
high affinity to bacterial endotoxin, thus protecting against
endotoxin lethal shock.

[0024] Lfis also an iron binding glycoprotein. Most micro
organisms need iron for growth and therefore Lf has the
potential to inhibit the growth of bacteria and even kill them
by depriving them of iron. The effectiveness of the anti-
bacterial activity of Lf depends on the iron requirement of the
organism, being availability of exogenous iron, and the con-
centration and degree of iron saturation of Lf. It has been
shown that natural Lfis bacteriostatic against a wide range of
micro organisms, including gram negative bacteria with high
iron requirements, and some gram positive organisms such as
Staphylococcus aureus which is a major mastitis pathogen.
[0025] Current commercial applications of bovine Lf
include infant formulas, fermented milks, nutritional iron
supplements, chewing gums, immune-enhancing nutraceuti-
cals, cosmetic formulas and feed and pet care supplements.
[0026] The increased concentrations of endogenous Lf in
milk during the dry period, and the bacteriostatic and bacte-
ricidal effects of exogenous [fhave lead to research in the use
of Lf for treating or preventing mastitis. This research has in
the past focused on increasing the purity and extraction rates
of Lf to increase the beneficial effect.

[0027] Another milk component is Lactoperoxidase (Lp), a
protein present in the mammary gland secretion and many
other exocrine secretions of mammals.

[0028] The Lactoperoxidase system consists of three com-
ponents—Ilactoperoxidase, thiocyanate and hydrogen perox-
ide, which are all present in fresh milk. Lp catalyses the
oxidation of thiocyanate by peroxide and generates interme-
diate products with antibacterial properties. Mammalian cells
are not affected by these oxidation products and the Lp sys-
tem may actually protect cells against the toxic effects of
hydrogen peroxide. Thiocyanate is present in the mammary,
salivary and thyroid glands and their secretions, in synovial,
cerebral, cervical and spinal fluids, in lymph and plasma, and
in organs such as stomach and kidney. Hydrogen peroxide,
the third component of the Lactoperoxidase system is not
normally detected in milk. It may be generated endogenously
by polymorphonuclear leucocytes in the process of phagocy-
tosis. Lactobacilli, lactococci and streptococci produce suf-
ficient hydrogen peroxide under aerobic conditions to acti-
vate the Lp system.

[0029] When provided with the substrate thiocyanate, Lp
generates the biocidal compound hypothiocyanite (OSCN™).
Halides also act as substrate for Lp. Kussendrager and Hoo-
ijdonk (2000) state that oxidation of even small amounts of I~
might be significant regarding antimicrobial action because
the LP—H,0,—SCN~ system is primarily bacteriostatic
whereas the LP—H,0,—1I" system is bactericidal.

[0030] The Lactoperoxidase system has bacteriostatic or
bactericidal activity on a variety of susceptible micro-organ-
isms including bacteria, fungi and viruses.

[0031] Lp has been used for the preservation of raw milk
during storage and transportation, to extend the shelf-life of
dairy products, as a preservative in cosmetics and pharma-
ceuticals. A number of oral hygiene products, such as mouth-
washes and toothpaste containing Lp are commercially avail-
able. Uses include wound treatment and opthalmic solutions.
[0032] Immunoglobulins are an important component of
milk and provide passive protection to the suckling young.
Although they are not strongly cationic some immunoglobu-
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lins, IgG, IgM, IgA and polymeric immunoglobulin receptor
(PIGR) are captured by cation exchange. Immunoglobulins
are important in the first line of defence against foreign invad-
ers. Immunoglobulins bind to micro-organisms and thus
opsonise them so that they are more easily recognized by
phagocytic cells.

[0033] A number of proteins and peptides belonging to the
ribonuclease superfamily have been identified in milk. Some
of'these have been purified and shown to have anti-viral and
anti-microbial activity. They are variously described as
RNase5, angiogenin 1, angiogenin 2 and lactogenin.

[0034] Angiogeninisasmall polypeptide that is implicated
in the formation of new blood vessels. Angiogenin is unique
among the many proteins that are involved in angiogenesis in
that it is also an enzyme with an amino acid sequence 33%
identical to that of bovine pancreatic ribonuclease (RNase A).
Moreover, although Ang has the same general catalytic prop-
erties as RNase A—it cleaves preferentially on the 3' side of
pyrimidines and follows a transphosphorylation/hydrolysis
mechanism—its activity differs markedly both in magnitude
and in specificity.

[0035] Although angiogenin contains counterparts for the
key catalytic residues of bovine pancreatic RNase A, it
cleaves standard RNase substrates 10°-10° times less effi-
ciently than does RNase A. Despite this apparent weakness,
the enzymatic activity of Ang appears to be essential for
biological activity: replacements of important active site resi-
dues invariably diminish ribonuclease and angiogenesis
activities in parallel, and a substitution that increases enzy-
matic activity also enhances angiogenic potency (http://en.
wikipedia.orq/wiki/Angiogenin May 2006).

[0036] The concentration in milk of a number of proteins
and peptides increases rapidly in response to trauma or infec-
tion. These are known as acute phase proteins (APP) and
include lactoferrin, the ribonucleases, N-acetyl glucosamini-
dase, serum amyloid A, p Defensin and lysozyme.

[0037] Work in the dairy field on developing treatment or
preventative uses of Lt and Lp have previously been focused
towards obtaining more pure and concentrated forms of these
proteins from milk.

[0038] For example WO 03/002090 discloses the use of Lf,
or pharmaceutically acceptable salts thereof to cows to pro-
vide a smooth transition of the mammary gland from a lacta-
tion period to a dry period. WO 03/002090 discloses the use
of small volumes (preferably 100-250 mg/udder) of Lf in
ointment or liquid form.

[0039] The use of extracted and purified Lf or Lp, or other
milk components for the treatment or prevention of mastitis
require the extraction, isolation and purification of more con-
centrated and pure versions of these components.

[0040] Unfortunately extraction and purification methods
can be time consuming, expensive and hard to develop and
implement, especially on a large scale.

[0041] Also, the pure products are not fully effective in
treating infection.

[0042] It is therefore desirable to have available a natural
product which is quick and easy to produce which effectively
prevents or treats bovine mastitis.

[0043] Allreferences, including any patents or patent appli-
cations cited in this specification are hereby incorporated by
reference. No admission is made that any reference consti-
tutes prior art. The discussion of the references states what
their authors assert, and the applicants reserve the right to
challenge the accuracy and pertinency of the cited docu-
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ments. [t will be clearly understood that, although a number of
prior art publications are referred to herein, this reference
does not constitute an admission that any of these documents
form part of the common general knowledge in the art, in New
Zealand or in any other country.

[0044] It is acknowledged that the term ‘comprise’ may,
under varying jurisdictions, be attributed with either an exclu-
sive or an inclusive meaning. For the purpose of this specifi-
cation, and unless otherwise noted, the term ‘comprise’ shall
have an inclusive meaning—i.e. that it will be taken to mean
an inclusion of not only the listed components it directly
references, but also other non-specified components or ele-
ments. This rationale will also be used when the term ‘com-
prised’ or ‘comprising’ is used in relation to one or more steps
in a method or process.

[0045] Itis an object of the present invention to address the
foregoing problems or at least to provide the public with a
useful choice.

[0046] Further aspects and advantages of the present inven-
tion will become apparent from the ensuing description
which is given by way of example only.

DISCLOSURE OF INVENTION

[0047] According to one aspect of the present invention
there is provided a treatment composition for treating or
preventing bovine mastitis,
[0048] the treatment composition characterised in that it
includes at least two components which have an isoelectric
point of or above substantially 6.8 and is extracted from milk,
or a milk derived substance.
[0049] Throughout this specification the treatment compo-
sition will be referred to as a cationic fraction.
[0050] Throughout this specification the term cationic frac-
tion should be taken as meaning a fraction of milk, being
cationic components that bind to cation exchange media. The
cationic fraction should be taken to include any component of
milk which has an isoelectric point of or above substantially
6.8.
[0051] In a preferred embodiment the treatment composi-
tion may be a cationic fraction which includes at least lacto-
ferrin, lactoperoxidase and angiogenin.
[0052] In one preferred embodiment the cationic fraction
may have the following characteristics:

[0053] a molecular weight distribution of 3,000-80,000

Daltons by SDS-PAGE,
[0054] isoelectric points of 6.8-11,
[0055] the main components are lactoferrin, lactoperoxi-
dase and angiogenin.

[0056] In a preferred embodiment, as well as the lactofer-
rin, lactoperoxidase and angiogenin the cationic fraction may
include a mixture of cationic peptides.
[0057] In a preferred embodiment, as well as the lactofer-
rin, lactoperoxidase and angiogenin the cationic fraction may
include at least one of the following: N-acetyl glucosamini-
dase, serum amyloid A, p Defensin or lysozyme.
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[0058] In a preferred embodiment the cationic fraction
shall be taken as meaning an extract which contains a number
of milk micro-components, specifically lactoferrin, lactoper-
oxidase, angiogenin, N-acetyl glucosaminidase, serum amy-
loid A, f§ Defensin or lysozyme.

[0059] Inapreferred embodiment the cationic fraction may
also include lactoferricin, a fragment of lactoferrin that is
claimed to be 10-1000 times more anti-microbial than intact
lactoferrin. In some embodiments the cationic fraction may
undergo further processing to enhance the content or ratio of
lactoferricin.

[0060] Inapreferred embodiment the cationic fraction may
also include CLP-1 (chitinase-like protein), or at least one
lysozyme-like component.

[0061] Inapreferred embodiment the cationic fraction may
also include at least one immunoglobulin. Immunoglobulin
(s) which could be expected to be present may include type G,
A, M, E or D immunoglobulin.

[0062] Inapreferred embodiment the cationic fraction may
include at least one micro-component.

[0063] Throughout this specification the term micro-com-
ponents should be taken as meaning bioactives with specific
functionality. The most well-known among them are lactof-
errin and lactoperoxidase, but a variety of cationic proteins
and peptides with biodefense properties also belong to this
group of micro-components.

[0064] It should be appreciated that many of the bioactives
known to be present in milk do not function alone but are
interactive whereby one activity facilitates or modulates the
action of another.

[0065] It is anticipated that the cationic fraction may also
include small amounts of a number of growth factors;
although these growth factors may be present at low levels
their action can be potent in stimulating cell repair. These
growth factors may include for example: EGF, IGF 1, TGF B1
and TGF B2.

[0066] Inapreferred embodiment the cationic fraction may
also include any other cationic compound of milk. Smolenski
et al. (2007) have recently reported on the identity and sig-
nificant number of minor proteins in bovine milk by Mass
Spectrometry (MS) and, in particular, identified a significant
number of minor milk proteins that are involved in host
defense. Their results are shown in Table 1. This also indicates
(in bold) those which may be included in the cationic fraction
of the present invention based on their isoelectric points. It
should be noted that Smolenski et al. (2007) used SDS-PAGE
methods that would not detect low concentration compo-
nents, such as angiogenin, polymeric immunoglobulin recep-
tor (PIGR) and growth factors.

[0067] Table 1. Host defense-related minor proteins iden-
tified from milk, showing those that may be extracted as part

of'the cationic fraction (bold) (reproduced from Smolenski et
al., 2007)

TABLE 1

Minor proteins identified in bovine milk.

ACC Number Protein Name

Function pl

NP_777250
1y

cathelicidin 1 (Bactenecin

antimicrobial properties 6.8%
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TABLE 1-continued
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Minor proteins identified in bovine milk.

ACC Number Protein Name Function pl
AAB64304  chitinase-like protein 1 eosinophil chemotactic properties 8.8
(CLP-1)
Q290092 endoplasmin precursor participates in the assembly of antibody 4.7
(GRP94/GP96) molecules and signalling molecule for
polymorphonuclear neutrophils
NP_776758 glucose regulated protein 58 regulates signalling by interacting with unknown
kDa stat3
NP_776770  heat shock 70 kDa protein 8 activated through proinflammatory 5.4
response mechanisms enhancing MMP-
9 expression in monocytic cells
NP_071705  heat shock 70kDa protein 5 upregulation in macrophages upon IL-4 unknown
(glucose-regulated protein)  stimulation
AAA18337  heat shock protein 27 inhibitor of neutrophil apoptosis 5.98%
BAA32525  heat shock protein 70 kDa  stress response (refolding and 5.68%
protein 1A degradation of denatured proteins)
AAC98391  immunoglobulin IgA antigen recognition X!
AANO7166  immunoglobulin IgD antigen recognition X!
AAB37381  immunoglobulin IgG antigen recognition X!
AANG60017  immunoglobulin IgM antigen recognition X!
AAQRR452  IRTA2 B-cell immunoglobulin super-family unknown
receptor
AAA30617  lactoferrin iron binding and antimicrobial 8.67*
peptide “lactoferricin”
NP_776358 lactoperoxidase oxidative peroxidase activity 8.327*
BAAO7085  lymphocyte cytosolic protein regulation of neutrophil integrin function 5.21*
1 (65K macrophage
protein/L-plastin)
P21758 macrophage scavenger mediate the binding, internalization and 5.7*
processing of negatively charged
macromolecules
AAA36383  nucleobindin 1 promotes production of DNA-speicific ~ 5.05%*
antibodies
NP_776998 peptidoglycan recognition  innate immunity pattern recognition 9.38%
protein molecule
XP_611685  S100 calcium binding associated with S1I00AR and implicated  6.29*
protein A9 (calgranulin B)  in inflammatory response
XP_593653  S100 calcium binding upregulation associated with 6.7
protein A1l (calgizzarin) proinflammatory response
NP_777076  S100 calcium binding antimicrobial peptide “calcitermin” 5.9
protein A12 (calgranulin C)
P42819 serum amyloid A protein involved in acute phase cytokine 6.94
signaling
CAA67117  xanthine dehydrogenase superoxide anion, hydrogen oxide 8.0

and peroxxynitrite production

1In?munoglobulins typically have isoelectric points the range of 5.0-9.5. As such, not all bind to the cationic exchange

resin.

*The isoelectric points of these proteins have been calculated based on the expected protein structure. (Swiss Prot/

TrEMBL, www.cxpasy.org).

[0068] Some ofthe cationic fraction components (e.g lacto-
ferrin, angiogenin) may also have minor variants,—such as
variations in amino acid sequence or in degree and type of
glycosylation, these minor variants, and their presence in the
cationic fraction should also be taken as being covered by the
present application.

[0069] According to a second aspect of the present inven-
tion there is provided a method of treating or preventing
bovine mastitis using a treatment compound substantially as
described above, the method characterised by the step of
applying the treatment compound onto or into at least one
bovine teat.

[0070] Throughout this specification the term mastitis
should be taken to include both clinical and sub-clinical mas-
titis. The term mastitis should also be taken to include bacte-
rial, microbial or any other form of mastitis.

[0071] It has long been known that at involution (cessation
of milking, drying off) there is increased production of the

defense proteins which have strong antimicrobial and antivi-
ral activity, immunomodulatory, and cell growth and repair
activities.

[0072] During intra-mammary infection or trauma, and
involution (cessation of milking, drying off) secretion of the
minor defense or regulatory proteins is enhanced (Reiter and
Oran, 1967; Schanbacher and Smith, 1975: Talhouk et al.,
1996).

[0073] The milk lipids (Isaacs et al., 1995) and glycolipids
(Newburg, 1996) and sphingolipids (Dillehay et al., 1994:
Merrill et al., 1995) also contribute to skin repair and the
defense against microbial and viral pathogens. The lipid com-
ponent of the keratin plug which forms in the teat canal also
has antimicrobial properties.

[0074] It is well known that lactoferrin, lactoperoxidase,
angiogenin, (RNase), N-acetyl glucosaminidase, serum amy-
loid A, f Defensin and lysozyme are all part of the innate
defense system. They play an important part of the natural
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host defense system against invading micro-organisms, pro-
tecting the eyes, the upper respiratory tract, the lactating
mammary gland and the intestinal tract of the new born infant.
[0075] In a preferred embodiment the cationic fraction
extracted from whole milk has the main proteins and growth
factors as shown in Tables 2 and 3.

TABLE 2

Sub-fractions from the cationic fraction principal components, as
identified by Mass Spectrometry (MS).

Total
Protein
Identity from MS (mg/ml) % of total estimated purity (%)
lactoperoxidase! 4.2 8.0% 95%
quiescin 1.6 3.0% 50%
jacalin-like protein 14 2.7% 60%
chitinase-like protein 0.4 0.8% 80%
angiogenin 10.0 19.0% 60%
lactoferrin 35.0 66.5% 95%
TABLE 3

Enzyme-linked Immunsorbent Assay (ELISA) measurement of
growth factors in the cationic fraction.

TGFB1 TGFB2

Fraction (ng/mg) (ng/mg) IGF1 (ng/mg) IGF2 (ng/mg)
angiogenin fraction 2.0 14.5 2.2 4.7
lactoperoxidase fraction 7.0 109.0 4.0 5.0
[0076] From the above tables, the ratios of the three major

components, lactoferrin, lactoperoxidase and angiogenin, are
6.2:1.2:1. This is a typical ratio of these main components, but
is indicative only.

[0077] Theinnate immune system is the first line of defense
against infection, and is up-regulated in response to inflam-
matory stimuli.

[0078] The characteristics of innate immunity include:
broad spectrum (non-specific) and lack of memory.

[0079] The applicants believe that the cationic fraction of
the present invention has a number of modes of action, which
act together to form a very effective treatment composition.
The cationic fraction has inhibitory (bacteriostatic), bacteri-
cidal and immune boosting effects. The synergistic action
between sub-components also increases the action of the
fraction, in particular in comparison with purified individual
sub-components. Similarly, synergistic action between the
fraction and the natural immune response can again increase
its effectiveness, by opsonising bacterial cells to make them
more recognizable by phagoocytes.

[0080] It is well known that bovine mastitis (and other
forms of mastitis) are a result of infection by a number of
differing bacterial species (or other microbial species). It is
envisioned that the effectiveness of the present invention to
treat mastitis also comes from the action of different sub-
components of the fraction acting on different infecting spe-
cies.

[0081] Foranin vivo antimicrobial, the basis for antimicro-
bial action could be said to have two primary mechanisms of
potential efficacy:

[0082]

[0083]

(1) direct effect of antimicrobial on pathogens, and
(2) immune-boosting activity on the target.
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[0084] The scientific basis of this hypothesis, however, is as
follows. The characteristics of innate immunity in an animal
are:

[0085] (i) broad spectrum (non-specific)
[0086] (ii) lack of memory for specific pathogens.
[0087] While an enormous number of antimicrobial pep-

tides with diverse sequences have been identified in mamma-
lian systems, a common feature is a cationic amphipathic
structure. This structural motif gives rise to a propensity to
bind to microbial lipids and disrupt membranes. But that
membrane permeabilisation is not always sufficient to cause
cell death. However, the synergistic action of a cationic pep-
tide and an agent that acts on the cytoplasm to cause cell death
may be bactericidal.

[0088] A fraction for milk including a range of the above
proteins has previously been extracted and used for the treat-
ment and prevention of periodontal diseases. For example,
U.S. Pat. No. 6,544,498 which discloses the extraction by
gradient elusion of a basic protein fraction which has an
isoelectric point between 7.5 and 11 and a molecular weight
distribution of 3,000 to 80,000 Daltons. A broad fraction has
also been used for the treatment of osteo problems (U.S. Pat.
No. 5,976,597). However, this fraction was limited to 2,000 to
24,000 Dalton, which would eliminate lactoferrin and lactop-
eroxidase from the fraction. Additionally, this fraction
required post-processing to be effective.

[0089] Mastitis is very different from periodontal disease,
for which U.S. Pat. No. 6,544,498 describes the use of a
similar fraction. It would not be obvious to one skilled in the
art to use the fraction of U.S. Pat. No. 6,544,498 to treat
bovine mastitis due to the significant differences between
these conditions:

[0090] Periodontal disease occurs in the mouth, affect-
ing the teeth and gums, where infection occurs on exter-
nal surfaces. This is a very different environment to the
mammary gland which is affected by mastitis on the
internal tissue surfaces of the alveoli, ducts and cisterns.

[0091] Periodontal disease leads to loss of alveolar bone.
This is irreversible, therefore requiring a preventative or
ameliorative treatment. This is again, in direct contrast
to mastitis, which leads to reversible tissue damage in
the mammary gland, if detected soon enough after onset.
For mastitis, preventative or ameliorative treatments are
generally not practical, due to the large number of ani-
mals to be treated, the manual labor requirements and
cost.

[0092] In periodontal disease bacterial entrance and
colonization occurs via and within the oral cavity. In
contrast, for mastitis cases, bacterial entrance and colo-
nization occurs via the teat canal. In mastitis cases bac-
terial colonization is aided by a constant rich biological
medium—milk.

[0093] U.S. Pat. No. 6,544,498 specifically states in the
background art section (paragraph 2) that the conven-
tional treatment using antibacterial mouthwashes has
low effectiveness. This indicates that the use of a general
antibacterial compound will not be effective. U.S. Pat.
No. 6,544,498 argues that the inventiveness of their
application is based on the fraction curbing the decrease
in alveolar bone and shows experimental data support-
ing this.

[0094] The disclosure in U.S. Pat. No. 6,544,498 discusses
a basic protein fraction which has the main components being
lactoperoxidase and lactoferrin. It is disclosed that a daily
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dose of 1-50 mg per day, of a composition having a fraction
content of 0.1-1.0% will be effective at preventing periodon-
tal disease.

[0095] U.S. Pat. No. 6,544,498 however, does not disclose
the requirement for detection or diagnosis prior to treatment,
that the fraction has any antimicrobial or other action (besides
periodontal disease), or the mechanism of action (either direct
or immune boosting) and does not teach, mention, discuss or
show that there are synergistic effects between the individual
sub components, as there are for the cationic fraction of the
present invention.

[0096] The advantages of the present invention over that in
U.S. Pat. No. 6,544,498 include the following:

[0097] Treatment of mastitis preferably requires the syn-
ergistic effect of all proteins in the fraction, rather than
just the three major components.

[0098] It is thought by the applicant that treatment of
mastitis combines both a direct antimicrobial effect with
an immune-boosting effect, including a synergistic
effect with the natural immune response.

[0099] The cationic fraction of the present invention is
extracted from milk from the mammary glands, concen-
trated and used to treat the same organ (i.e. mammary
glands) from which it was extracted. This is highly ben-
eficial as it provides a much more natural treatment. This
is not practical for oral applications.

[0100] In preferred embodiments the cationic fraction of
the present invention may be used on the same animal
species from which it is extracted. Again, this provides a
more species specific treatment, with components which
are not going to be considered ‘foreign’. Again, this is
not practical with human oral applications.

[0101] Daily preventative dosages of the cationic frac-
tion for treating mastitis are not required. Instead, treat-
ment on diagnosis of the condition is utilized.

[0102] Despite the industry moving towards more pure
forms of milk components, such as lactoferrin for the preven-
tion and treatment of bovine mastitis, the applicant has found
that the above components in the innate defense system may
not act individually as anti-inflammatory and antimicrobial
agents against the range of mastitis producing organisms.
[0103] The discovery of the effectiveness of the cationic
fraction of the present invention against the micro-organisms
which cause or characterize mastitis was made during studies
in the advantages in using bioactive fractions extracted on
farm versus factory processed milk bioactives. One of the key
advantages of bioactives such as lactoferrin (Lf) and lactop-
eroxidase (Lp), is their anti-microbial activity. Therefore, the
applicant set up trials to establish suitable bioassays for char-
acterizing the bioactivities using common pathogens. One of
those pathogens was Streptococcus uberis.

[0104] Interestingly, the applicant found that the inhibitory
effects against the pathogen diminished as the cationic bio-
active fractions became more purified. This was contrary to
common thinking as it is commonly understood that the purer
a component is, the more effective it will be.

[0105] Considering the origins of these bioactives in cows’
milk, the applicant believes they are produced in response to
immune challenges within the gland. If there are key bio-
chemical pathways leading to immune success within the
mammary gland, there would be synergistic actions between
the discrete bioactives, which actually leads to a successful
immune response. That is to say, purification of individual
parts of the cationic fraction may not be the key to a successful
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naturally-derived inhibitory product. This led to the hypoth-
esis, which was subsequently tested that the ‘total cationic
fraction’ ofthe present invention could be used as a successful
naturally-derived inhibitory product.

[0106] Inapreferred embodiment the cationic fraction may
be extracted from whole milk. However, this should not be
seen as limiting as the term milk should be taken to include
whole milk, skim milk or whey.

[0107] It is well known that many conditions affect lactof-
errin concentration, such as once or twice daily milking,
stress, age, breed, feed types and milking interval. It is antici-
pated that these factors may also effect the concentration of
components within the cationic fraction, or the fraction itself.
[0108] Itis also well known that many milk components are
increased in colostrum. Although the cationic fraction of the
present invention may be extracted from colostrums it is
anticipated that this will not be the main source for the fol-
lowing reasons: firstly there is only a short period of time
when colostrum is produced, and secondly colostrum is more
difficult to process through most extraction media, for
example cation exchange media.

[0109] It should be appreciated that the term milk may
include any raw (or unprocessed) milk. This is taken to
include raw milk which has been chilled, incubated, or stored,
at either a chilled or ambient temperature.

[0110] Throughout this specification the term ‘milk derived
substance’ should be taken as meaning any pre-processed
milk, i.e. not raw (or unprocessed) milk. It should be appre-
ciated that processing may include a number of standard or
unique processing procedures such as centrifugation, pas-
teurisation, acidification, or any other standard dairy factory
or processing techniques.

[0111] The term ‘milk derived substance’ should also be
taken to include any post-processing techniques. For
example, freeze-drying, solid product forms and liquid prod-
uct forms.

[0112] In one preferred embodiment the cationic fraction
may be extracted from bovine milk.

[0113] However, this should not be seen as limiting, as the
cationic fraction may also be extracted from other mamma-
lian species, including, but not limited to sheep, goats, but-
falo, camels and humans.

[0114] In one embodiment the proportions of the different
cationic components within the cationic fraction may be as
extracted, or concentrated.

[0115] However, this should not be seen as limiting, as it
may be desirable to alter or control the ratio of at least one, or
a number of components respectively. It should be appreci-
ated that any such alteration in the proportions of the cationic
fraction components are covered by this disclosure.

[0116] In one preferred embodiment the cationic fraction
may be extracted “on-farm”, during or directly after the milk-
ing process. This may be advantageous as some of the com-
ponents may be lost, damaged or denatured during subse-
quent handling, storage, fat removal, or other processing
steps.

[0117] However, this should not be seen as limiting as the
cationic fraction of the present invention may also be
extracted once the milk has been collected on farm, or after
the milk has left the farm during any further storage, transport
or processing step.

[0118] In the case of the cationic fraction being extracted
from milk that is processed in the usual manner involving
storage, transport and conversion to skim milk or whey the
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temperature should preferably be maintained at substantially
4-7° C. to minimize microbial growth.

[0119] In the case of the cationic fraction being extracted
from whole milk the temperature should preferably be main-
tained at not less than 35 C to ensure that lipids remain in a
liquid state so that they can easily pass through the extraction
material. And to ensure the bioactivity of the factors in the
cationic fraction are maintained at or close to the endogenous
state.

[0120] In an alternative embodiment the cationic fraction
may be extracted from genetically modified animals, for
example genetically modified enhancement of lactoferrin
production in dairy cows. One skilled in the art would realise
that extraction from the milk of genetically modified animals
may affect the ratio or concentrations of lactoferrin, or other
components in the cationic fraction, or a whole cascade ofkey
components.

[0121] In one preferred embodiment the cationic fraction
may be extracted from the same species of animal that the
treatment substance is intended to be used on. For example a
cationic fraction extracted from cow milk to treat/prevent
bovine mastitis, or a cationic fraction extracted from goat
milk to treat mastitis in goats.

[0122] In a preferred embodiment the final product or cat-
ionic fraction may be used for the treatment or prevention of
bovine mastitis.

[0123] One major advantage of the use of the cationic frac-
tion of the present invention in the prevention or treatment of
bovine mastitis is that it is from milk and is therefore consid-
ered to be natural and safe to use.

[0124] The cationic fraction of the present invention does
not have a withholding period as antibiotics, or many other
treatments do, and cannot contaminate the milk, as antibiotics
can, for example when the cow has been treated and recovered
from mastitis but may still have traces of antibiotics in the
milk.

[0125] Inapreferred embodiment the cationic fraction may
be used to form part of a final treatment composition, and
shall be referred to as such herein. However this should not be
seen as limiting as in some instances the cationic fraction
alone may be administered for the prevention and treatment
of bovine mastitis.

[0126] The final composition may also include other com-
pounds which may include antibiotics and analgesics.
[0127] For use in a milking cow the cationic fraction may
preferably be incorporated with an aqueous solution, such as
a buffer. This more dilute form could be prepared from a
concentrate, which was made from a concentration step, for
example, by ultrafiltration.

[0128] In one preferred embodiment the final treatment
composition may be in the form of a liquid.

[0129] This may include for example: teat sprays, teat
wipes, udder/teat washes, milking cluster backflush solutions
or intramammary formulations for either lactating or non-
lactating animals.

[0130] Liquid treatments for use in a milking cow may be
massaged or applied up into the udder after milking.

[0131] However this should not be seen as limiting, as the
final treatment composition could also be in the form of an oil,
an emulsion, a powder, a gel or cream or as a solid putty like
material.

[0132] In an alternative embodiment the final composition
may be in the form of a teat seal. One skilled in the art would
realize that the teat seal formulation may be in a range of
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configurations, for example, it may solidify after application,
or may in a more solid form. The teat seal type of treatment is
typically applied near or within the teat canal entrance.
[0133] Currently, it is anticipated that the dosage regime of
the composition of the present invention may be within the
range of 1 g/day ina 10 ml dose once a day for three days. This
relates to 1 g of total protein, made up to the 10 ml dose in a
pharmaceutically acceptable carrier or buffer, for example
Ringer’s salts.

[0134] Throughout this specification the term final treat-
ment composition should be taken as meaning the form in
which the cationic fraction is administered to the animal.
[0135] Thefinal treatment composition may include at least
one or more of the following:

[0136] carriers, buffers, preservatives, excipients or other
pharmaceutically acceptable components required to ensure
the cationic fraction is in a form that is easily dispensed, used
and is efficient for the purpose of preventing and treating
mastitis.

[0137] Inone embodiment the final treatment composition
may also include at least one component which is capable of
controlling the time release of the composition. This may be
used to effectively treat mastitis over an extended period of
time. Known components which could be used for this pur-
pose would be well known to one skilled in the art.

[0138] Inapreferred embodiment the cationic fraction may
be provided in the final treatment composition in a concen-
tration range of 2-20% (w/w). This concentration is believed
to provide the greatest ease in application with respect to the
volume being injected into the teat. It should be appreciated
that this may differ substantially based on the application
method or volume being used.

[0139] Inapreferred embodiment the cationic fraction may
be mixed with an inert liquid carrier.

[0140] In the embodiment where the final treatment com-
position is for use as a teat seal the final composition may also
incorporate any ‘hardening’ component added to block the
teat canal and physically prevent microbes from entering
same. In some instances the final treatment composition con-
figured for use as a teat seal may become substantially more
solid when placed in the teat canal, thereby also physically
preventing the entry of micro organisms.

[0141] In a preferred embodiment the cationic fraction of
the present invention may be used to treat cows during the
drying off or dry period.

[0142] In an alternative embodiment the cationic fraction
may be utilized during the milking or lactation period. In this
instance it is preferable that the cationic fraction, or final
product containing the fraction is in a liquid form as it is
undesirable to block teats during the milking period.

[0143] According to another aspect ofthe present invention
there is provided a treatment formulation which includes,
[0144] a treatment composition extracted from milk, or a
milk derived substance, wherein the fraction contains at least
two components with an isoelectric point of or greater than
substantially 6.8, and

[0145] a cell lysing substance.

[0146] In a preferred embodiment the treatment formula-
tion may be an antimicrobial.

[0147] In a preferred embodiment the treatment formula-
tion may also include one or more of the following:

[0148] 1. a peroxidase substrate, and/or
[0149] 2. hydrogen peroxide or a source of hydrogen
peroxide.
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[0150] In a preferred embodiment the treatment substance
may be the cationic fraction substantially as previously
described. This included lactoferrin, lactoperoxidase and
angiogenin as its main components.

[0151] Inapreferred embodiment the cell-lysing substance
may be any compatible compound, or combination of com-
pounds that are capable of fully, or partially lysing the cell
wall.

[0152] Inoneembodiment the cell lysing substance may be
a detergent-like substance.

[0153] In one preferred embodiment the cell lysing sub-
stance may be a monoglyceride.

[0154] In one preferred embodiment the monoglyceride
may be monolauryl glycerol.

[0155] Monolauryl glycerol is a monoglyceride consisting
of lauric acid covalently bonded to a glycerol molecule
through an ester linkage. Lauric acid is believed to have the
highest cell lysing action of any of the fatty acids which could
potentially be incorporated into the monoglyceride.

[0156] However, it should be appreciated that any other
monoglyceride—i.e. with a different fatty acid chain may
also be utilized, as long as this has some cell lysing action
[0157] Ina preferred embodiment the peroxidase substrate
may be any substrate or compound on which lactoperoxidase
or any other peroxidase enzymes may act.

[0158] In one preferred embodiment the peroxidase sub-
strate may be thiocyanate.

[0159] In one particular preferred embodiment the peroxi-
dase substrate may be potassium or sodium thiocyanate.
Alternatively any other thiocyanate which can act as a per-
oxidase substrate may be utilized.

[0160] Inapreferred embodiment the minimum concentra-
tion of peroxidase substrate is 20 ppm (when the peroxidase
substrate is sodium thiocyanate), 20 ppm (when the source of
hydrogen peroxide is ascorbate) and 5 ppm (when the cell
lysing agent is monolauryl glycerol) (as shown in vitro).
[0161] However, one skilled in the art would realize that
these may differ depending on the type of composition being
applied, i.e. a liquid or a paste and the specific site of appli-
cation or action.

[0162] One skilled in the art would also realize that in vivo,
the site of application may already have peroxidase substrate
present. In this case it may not be required to be included in
the formulation, or may be able to be included at a lower
concentration.

[0163] In a preferred embodiment the source of hydrogen
peroxide used may be ascorbate or ascorbic acid.

[0164] Ascorbate and ascorbic acid have been shown in
previous publications to be good substrates for peroxidase
enzymes. This is a preferred source of hydrogen peroxide as
it is stable—unlike peroxide itself.

[0165] Hydrogen peroxide is also a substrate of peroxidase
enzymes. Therefore, one skilled in the art would realize that
the same considerations would apply as discussed above in
relation to the peroxidase substrate.

[0166] Substrate (in the form of hydrogen peroxide or
another substrate) is preferably included for lactoperoxidase
only. Lactoperoxidase is the only one of the major compo-
nents of the cationic fraction which is an enzyme. A substrate
is required for lactoperoxidase (unless already present) in
order to convert thiocyanate to a biocidal compound.

[0167] It will be appreciated that the cationic fraction may
contain other enzymes, and that substrate for same may be
incorporated into the composition to increase efficiency.
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[0168] In a preferred embodiment the formulation contain-
ing additives may be used for dairy purposes as discussed
above in relation to the cationic fraction alone.
[0169] However, this should not be seen as limiting as the
formulation containing additives has a general antimicrobial
action, and could be used for a wide number of additional
applications. These include for example: soaps, cleaning
agents, food-grade coatings, wound/ulcer/cold sore dressings
or topical treatments to name a few. One skilled in the art
would readily realize that the formulation with additives
could be used in any application where a general antimicro-
bial agent is required.
[0170] The applicanthas found, as shown in the best modes
method section that, in vitro, the cationic fraction with the
addition of thiocyanate and ascorbate (i.e. a peroxidase sub-
strate and a source of hydrogen peroxide) has significantly
greater action against a range of bacterial species than the
isolated individual components of the fraction.
[0171] According to another aspect of the present invention
there is provided a method of extracting a treatment com-
pound substantially as described above from milk, including
the steps of:
[0172] a) passing milk through an extraction material,
and
[0173]
nents
[0174] wherein parameters of the extraction process
provides a cationic fraction which includes at least
lactoferrin, lactoperoxidase and angiogenin,

b) eluting a fraction of the bound milk compo-

[0175] the method characterised in that the step b) is con-
ducted once.
[0176] In a preferred embodiment the extraction material

may be a cation exchange material. This may either be in the
form of resin, expanded bed resin, magnetic beads, mem-
brane or other suitable form for large scale extraction.
[0177] In a preferred embodiment the cation exchange
material may be any material that has sufficient mechanical
strength to resist high pressures and maintain high flow rates.
[0178] In a preferred embodiment the cation exchange
resin may have a mean particle size in excess of 100 pm.
Resins in larger bead form have been developed for use with
viscous feed streams because they do not pack as closely as
smaller beads therefore there are wider channels so that there
is not excessive back-pressure.

[0179] Examples of suitable cation exchange resins are
SP-Sepharose Big Beads, SP-Sepharose Fast Flow, SP-Toyo-
pearl and S-Ceramic HyperD.

[0180] One example of an extraction and purification pro-
cess is as follows:

[0181] Lactoferrin binds firmly to cation exchange and is
the last major protein to elute in a salt gradient. Therefore a
single step elution with 1M salt (80 mS-100 mS) elutes all
proteins and peptides in a single fraction (cationic fraction).
Elution with 80-100 mS salt following a prior 40 mS elution
will yield a fraction that is primarily lactoferrin.

[0182] After lactoferrin, lactoperoxidase is the next most
abundant of the cationic proteins captured by ion exchange
from milk (0.03-0.075 mg/ml milk). In a salt gradient lactop-
eroxidase elutes from cation exchange before lactoferrin at
25-30 mS.

[0183] The growth factors EGF, IGF 1, !GF 2, TGF B1 and
TGF B2 are present in milk in ng/ml quantities, and have been
shown to be captured by cation exchange.
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[0184] A number of other biologically active cationic pep-
tides elute between lactoperoxidase and lactoferrin at 35-40
mS (intermediate fraction). Therefore the concentration of
saltused at each step in the elution determines whether these
biologically active peptides are in the lactoperoxidase frac-
tion or the lactoferrin fraction.

[0185] Immunoglobulins are eluted in low salt (15-20 mS).
[0186] Inapreferred embodiment the milk, or milk product
may be passed through a membrane having cationic exchange
properties, or a column packed with the cationic exchange
resin or a batch reactor with suspended cationic resin,
whereby the micro-components adsorb from the starting milk
or product thereof onto the cationic exchange resin or mem-
brane.

[0187] After adsorption of milk micro-components the cat-
ionic fraction is preferably extracted by elution with a salt
solution.

[0188] However, this should not be seen as limiting as
elution of the cationic fraction may also be via a shift in pH.
This method, however, is not popular in large scale commer-
cial processes as the high pH required to remove lactoferrin
from the resin could be damaging to the lactoferrin, or in the
present case any other components in the cationic fraction.

[0189] Ina preferred embodiment, before elution, the resin
or membrane may be rinsed with a salt solution. Preferably
the rinse solution may be sodium chloride or sodium bicar-
bonate, with conductivity between 5 and 10 mS (millisi-
emens/cm). This rinse step ensures that substantially all non-
adsorbed milk components are rinsed off the resin or out of
the membrane.

[0190] Inapreferred embodiment the cationic fraction may
be eluted in a salt gradient between substantially 10 mS and
100 mS conductivity (0.1 to 2.0 M salt).

[0191] Inapreferred embodiment the cationic fraction may
be eluted in a single fraction by passing a salt solution with
conductivity between 80 and 100 mS through the column or
membrane.

[0192] Inapreferred embodimentthe elution salt may pret-
erably be sodium chloride. However, this should not be seen
as limiting as other salts including sodium acetate, sodium
bicarbonate, ammonium bicarbonate, or potassium chloride
may be used.

[0193] Having the cationic fraction eluted in a one-step
elution provides a significant advantage. It decreases the
length of extraction time thereby decreasing the possibility of
bioactives being denatured. It also decreases the time, labour
and cost of the extraction process. This can provide a signifi-
cant advantage, especially on a large scale.

[0194] In a preferred embodiment after initial monitoring
of the protein levels in the eluted stream to determine the
concentration of salt and the volumes required to elute all the
protein, the typical large scale process operates on volumes
rather than continuous monitoring.

[0195] In a preferred embodiment the extraction may be
undertaken in a continuous manner.

[0196] In another preferred embodiment, the extraction
may be undertaken in a batch elution.

[0197] In the above preferred embodiments the cationic
fraction may be extracted by a ‘one-step’ process, by step
elution.

[0198] In an alternative embodiment the cationic fraction
may be extracted using a gradient elution.
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[0199] However this should not be seen as limiting as the
cationic fraction may also be extracted in independent frac-
tions and recombined to form the complete cationic fraction
at a later stage.

[0200] In some embodiments the cationic fraction may
undergo further treatments, by standard techniques known in
the art, for example, to remove salt, or to concentrate, or to
filter for sterility or to remove endotoxin. The concentrated
fraction may also be lyophilised.

[0201] Inapreferred embodiment the cationic fraction may
be concentrated to approximately 20% solids.

[0202] The present invention has a number of significant
advantages over prior methods of preventing and/or treating
bovine mastitis, these include the following:

[0203] Having the cationic fraction eluted in a one-step
elution decreases the length of extraction time required
for extraction, thereby decreasing the possibility of blo-
actives being denatured. It also decreases the time,
labour and cost of the extraction process. This can pro-
vide a significant advantage, especially on a large scale.

[0204] The cationic fraction of the present invention is
from milk and is therefore considered to be natural and
safe to use.

[0205] The cationic fraction of the present invention
does not have a withholding period as antibiotics, or
many other treatments do, and cannot contaminate the
milk or meat, as antibiotics can, for example when the
cow has been treated and recovered from mastitis but
may still have traces of antibiotics in the milk or meat.

[0206] It is more effective for the prevention and treat-
ment of bovine mastitis than each individual component
alone.

[0207] Provides a non-antibiotic treatment option for
organic farmers.

[0208] Provides a non-antibiotic treatment for those con-
cerned that the wide-spread use of antibiotics in animal
treatments is contributing to an increase in the incidence
of antibiotic resistance in bacteria.

[0209] Mastitis occurs in the mammary gland which is a
unique and specific environment. Mastitis is caused by a
wide range of pathogens making it difficult to treat with
a single compound. The formulation overcomes this
problem and is active against a number of mastitis (and
other) pathogenic species.

[0210] The formulation of the present invention can be
extracted from the organ and species on which it is to be
used—making it more specific.

[0211] It can be administered once mastitis has been
diagnosed.
[0212] Provides a synergistic effect between a number of

components within the cationic fraction—again includ-
ing efficiency and activity.

[0213] Provide a direct antimicrobial and anti-inflam-
matory effect as well as an immune boosting effect.

BRIEF DESCRIPTION OF DRAWINGS

[0214] Further aspects of the present invention will become
apparent from the following description which is given by
way of example only and with reference to the accompanying
drawings in which:

[0215] FIG. 1 shows the general elution profile of all the
fractions from cation exchange

[0216] FIG. 2 shows the fractions separated on SDS_
PAGE, and indicates the band that was excised for Mass
Spectroscopy and identified as bovine angiogenin,
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[0217] FIG. 3 shows a radial diffusion assay plate, for
Streptococcus uberis,

[0218] FIG. 4 shows a radial diffusion assay plate, for Sta-
phylococcus aureus,

[0219] FIG. 5 shows a graph of Escherichia coil inhibition
using the cationic fraction alone, and with 40 ppm of sodium
thiocyanate,

[0220] FIG. 6 shows a graph of Streptococcus uberis inhi-
bition using the cationic fraction alone, and with 75 ppm of
sodium thiocyanate and 150 ppm of ascorbate,

[0221] FIG. 7 shows a graph of Streptococcus uberis
growth using various ub-fractions of the cationic fraction, a
recombined cationic fraction and an unfractionated (whole)
cationic fraction,

[0222] FIG. 8 shows a graph of Escherichia coil growth
using various sub-fractions of the cationic fraction, a recom-
bined cationic fraction and an unfractionated (whole) cationic
fraction,

[0223] FIG. 9 shows a graph of Staphylococcus aureus
growth using various sub-fractions of the cationic fraction, a
recombined cationic fraction and an unfractionated (whole)
cationic fraction,

[0224] FIG. 10 shows a graph of the effect of the cationic
fraction on the growth of Streptococcus uberis in full cream
milk,

[0225] FIG. 11 shows a graph of the effect of the cationic
fraction on the growth of Escherichia coil in nutrient media in
a microtitre plate,

[0226] FIG. 12 shows a graph of the effect of the cationic
fraction on the growth of Staphylococcus aureus in nutrient
media in a microtitre plate.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0227] FIG. 1 shows the elution profile of the cationic frac-
tion from cation exchange. This represents all the protein
peaks (as detected at 280 nm) that would be present in a single
fraction eluted in a gradient from 80-100 mS. The main com-
ponents in the cationic fraction are immunoglogulin, lactop-
eroxidase, lactoferrin, and a group of minor components that
include angiogenin.

[0228] FIG. 2 shows the main fractions separated on SDS-
PAGE, and indicates the band that was excised for Mass
Spectroscopy and identified as bovine angiogenin.

[0229] Theimmunoglobulin fraction shows PIGR (76 kDa)
as the predominant band, and the heavy (52 kDa) and light
chains of immunoglobulin.

[0230] The Lp fraction is mainly lactoperoxidase with a
small amounts of heavy and light chains of immunoglobulin
and angiogenin.

[0231] The intermediate fraction has a prominent band of
lactoperoxidase and lactoferrin (80 kDa) and a band at around
15 kDa that was identified by Mass Spectrometry as angio-
genin, a band at approximately 13 kDa that was identified by
Mass Spectrometry as jacalin-like.

[0232] The Lf fraction is predominantly lactoferrin (80
kDa).

[0233] Experimentation Undertaken:

[0234] Totestthe hypothesis that the cationic fraction could

be used as a successful naturally-derived inhibitory product,
a variety of in vitro experiments have been conducted on the
inhibitory effect of the cationic fractions captured from milk
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by cation exchange. These experiments have been summa-
rized into several areas.

[0235] 1. Radial Diffusion (RD) agar assays

[0236] 2. Minimum Inhibitory Concentration (MIC)

assays in microtitre plates

[0237] The applicant has also tested various cationic sub-
fractions versus the total cationic fraction to determine inhi-
bition efficacy against the three most common major mastitis-
causing pathogens: Streprococcus uberis, Staphylococcus
aureus and Escherichia coli.
[0238] The applicants have also aimed to form a formula-
tion that is effective against all three pathogens. Since the
activity of the fraction was lower against certain pathogens,
the applicant has also explored various additives to the for-
mulation to achieve this ‘one formulation” goal.
[0239] 1. Extraction of the Cation Fraction
[0240] The process of producing the cationic fraction
involved fractionating milk through a cation exchange resin,
eluting the bound components from the resin using a salt
solution, which can be either a one-step high molarity (>1M)
saltor a gradient elution from a lower molarity up to over 1M,
collecting the eluted components in a single fraction, and then
desalting and purifying the collected fraction.
[0241] The cationic fraction was analysed for its constitu-
ent components, and the results shown in Tables 2 and 3
(reproduced below). Table 2 shows a typical result for yield
and identity of the major proteins identified in the cationic
protein fraction.
[0242] This particular cationic fraction was captured from
raw, whole milk. Growth factors, TGFB 1, TGFB 2, IGF1 and
IGF2 are present in low amounts, and are detectable by
ELISA in freeze dried concentrates (Table 3).

TABLE 2

Sub-fractions from the cationic fraction, as measured by Mass
Spectrometry (MS). (‘Lactoperoxidase was determined via extinction
coefficient rather than MS.)

Total
Protein
Identity from MS (mg/ml) % oftotal estimated purity (%)
lactoperoxidase’ 4.2 8.0% 95%
quiescin 1.6 3.0% 50%
jacalin-like protein 1.4 2.7% 60%
chitinase-like protein 0.4 0.8% 80%
angiogenin 10.0 19.0% 60%
lactoferrin 35.0 66.5% 95%
TABLE 3

Enzyme-linked Immunsorbent Assay (ELISA) measurement of
growth factors in the cationic fraction

TGFB1 TGFB2

Fraction (ng/mg) (ng/mg) IGF1 (ng/mg) IGF2 (ng/mg)
angiogenin fraction 2.0 14.5 2.2 4.7
lactoperoxidase fraction 7.0 109.0 4.0 5.0
[0243] 2 Radial Diffusion Assay
[0244] Methodology

[0245] Growth medium (appropriate for the selected

organism) was inoculated with a fresh culture of the
organism and poured in a thin layer into a petri dish.

[0246] When the agar set, wells were cut (with a sterile
cork borer), the agar plug was removed, and each well
was filled with a test sample.



US 2011/0008361 Al

[0247] The petri dishes were incubated overnight (at the
temperature appropriate for the organism).

[0248] If the test sample has inhibited the growth of the
organism, clear zones with no growth were observed
around the wells.

[0249] Results Summary

[0250] FIG. 3 shows aradial diffusion assay plate for Strep-
tococcus uberis. In this experiment, the goal was to test vari-
ous additives into the formulation, isolating the additives’
effect from the cationic fraction’s effects. On this plate, the
sources were (1) whole cationic fraction (20-40 mg/ml) with
sodium thiocyanate (500 ppm) and monoglyceride (250 ppm)
and (2) sodium thiocyanate (500 ppm) and monoglyceride
(250 ppm) alone. The total formulation is shown in four spots
starting clockwise from the ‘12 o’clock’ position. The addi-
tives alone spot is in the 10 o’clock position. Consistently
large and clear zones for the total formulation can be seen,
while no inhibition from the additives alone was observed.
[0251] FIG. 4 shows a radial diffusion assay plate tested
against Staphylococcus aureus. In this experiment, various
combinations of the cationic fraction with and without the
additives, sodium thiocyanate (500 ppm) and monoglyceride
(250 ppm), were used. While the inhibitory effects were less
than those against Streptococcus uberis, one can see that the
cationic fraction alone (3 o’clock position) and the total for-
mulation (6 o’clock position) resulted in inhibitory zones.
The additives alone (12 o’clock position) and the cationic
fraction with sodium thiocyanate (9 o’clock position)
achieved no inhibition, suggesting that the monoglyceride is
a key component for the formulation against Staphylococcus
aureus.

[0252] 3 Minimum Inhibitory Concentration (MIC) Assays
[0253] Assays in microtitre plates, while more time con-
suming, allow a greater range of dilutions of sample and
additives to be tested. Also samples can be taken from the
wells with no growth to determine whether the organisms
have been killed or merely inhibited.

[0254] Methodology

[0255] Dilutions of the test sample plus various additives
were placed in the wells of a microtitre plate.

[0256] A small inoculum of the bacterial culture was
added to each well.

[0257] The plate was incubated at the appropriate tem-
perature.
[0258] A spectrophotometric microtitre plate reader was

used to measure the turbidity (absorbance at 450 nm) in

each of 96 wells every 30 minutes for 18 hours.
[0259] Results Summary
[0260] Ingraphical form, FIG. 5 shows the extent of growth
of'the Escherichia coli indicated by the height of the bars. The
shortest bars show maximum inhibition of growth. For this
figure, the left-hand bars indicate that some inhibition of
growth is achieved with the cationic fraction alone at a con-
centration of 1 mg/ml. However, adding 40 ppm of sodium
thiocyanate to the cationic fraction allowed total growth inhi-
bition to occur at a cationic fraction concentration of 2 mg/ml.
This indicates that lactoperoxidase contributes to the antimi-
crobial activity when its substrate (thiocyanate) is included.
[0261] FIG. 6 shows theresults of a different formulation of
the cationic fraction against Streptococcus uberis, this time
using sodium thiocyanate (75 ppm) and ascorbate (150 ppm).
Against Streptococcus uberis, there is no inhibition in vitro
using the cationic fraction alone up to 0.8 mg/ml. However,
adding sodium thiocyanate and ascorbate shows an inhibitory
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effect occurring as low as 0.2 mg/ml of the cationic fraction.
This confirms that in the absence of milk (or another natural
source of substrates) the addition of thiocyanate (as substrate)
and ascorbate (as a source of peroxide) is essential for inhi-
bition of Streptococcus uberis.

[0262] Note that in FIG. 6, none of the additives were
totally inhibitory on their own. The samples labeled ‘0’ in the
figure are buffer-only and additive-only samples.

[0263] In order to determine conclusively that the total
cationic fraction is at work in a synergistic way, MIC experi-
ments were set up using Staphylococus aureus as the patho-
gens. A target formulation of sodium thiocyanate (20 ppm)
and ascorbate (20 ppm) was chosen from past experimental
work. The cationic fraction was fractionated by size-exclu-
sion chromatography into six (6) individual sub-fractions,
each containing a major bioactive protein constituent of the
total cationic fraction.

[0264] Each of these six (6) individual fractions was then
recombined to form a seventh treatment. Finally, an unfrac-
tionated cationic fraction was tested as an eighth treatment.
Concentrations of each cationic fraction were chosen such
that each sub-fraction protein content from Table 2 was
adjusted so that it was equivalent to its concentration in the
recombined sample.

[0265] FIG. 7 shows the growth of Streptococcus uberis
after 12 hr for each sample. Note that for this pathogen, the Lp
fraction itself shows as much inhibition as the total cationic
fraction. FIG. 8 shows the growth of Escherichia coil after 18
hr for each sample. For this pathogen, the total cationic frac-
tion is required to achieve maximum inhibition. This is also
the case for Staphylococcus aureus (F1G. 9). The conclusion
from these experiments is that, in order to achieve a target
formulation active against all three major mastitis pathogens,
the total cationic fraction is required. Recombining individual
sub-fractions could be used, however, a total eluted fraction
would be preferred.

[0266] At this stage, there is strong evidence that a total
cationic fraction from the milk inhibits the growth of all three
of the most common mastitis pathogens to varying degrees.
While pathogen-specific formulations could be made, we
also believe that a formulation can be achieved that can be
commonly used against all three pathogens.

[0267] 4. Test of Growth in Full Cream Milk and Nutrient
Media
[0268] The effect of the cationic fraction on the growth of

Streptococcus uberis in full cream milk was tested, with
results shown in FIG. 10.

[0269] At time zero autoclaved milk was inoculated with
0.1 ml of Streptococcus uberis (Y1000 dilution of logarithmic
phase growth in trypticase soy broth). After two hours cat-
ionic fraction at a final concentration of 5 mg protein/ml was
added to two flasks and two were kept as controls. Samples
were removed for plate counts at hourly intervals. The growth
curves (average ofthe plate counts) are shown in FIG. 10. The
addition of the cationic fraction has inhibited the growth of
Streptococcus uberis while the control has reached maximum
growth in 7 hours. This experiment shows that there was no
requirement for the addition of thiocyanate or ascorbate when
Streptococcus uberis was grown in milk.

[0270] The effect of the cationic fraction on the growth of
Escherichia coil and Staphylococus aureus is shown in FIGS.
11 and 12.

5. Efficacy Trial

[0271] The applicant is undertaking efficacy trials in the
next six months.
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[0272] The basis for this trial is as follows:

[0273] Aims: determine efficiency of treatment, and
whether there are any toxicity issues with either the
cationic fraction or additives/carries.

[0274] The carrier used in the trial is likely to be Ringer’s
salts—however this may differ from the carrier used in
the final commercial formulation.

[0275] The full cationic fraction and additives are being
used for the trial.

[0276] A repeat milk growth curve experiment is to be
used to determine the desired final concentration.

[0277] The concentrations to be used are as follows
(these may be higher than the final formulation):
[0278] Cationic fraction: 50-84 mg/ml
[0279] NaSCN: 20-100 ppm
[0280] Ascorbate: 20-100 ppm
[0281] Monoglycerol: 5-20 ppm

[0282] Size of dose is to be 10 ml, and will aim for 3
doses

[0283] Will focus on Streptococcus uberis sub-clinical
mastitis initially, will also possibly look at Staphyloco-
cus aureus.

[0284] Will initially look at 15 cases of sub clinical
Streptococcus uberis mastitis to ensure at least 10 valid
treatment subjects.

[0285] Selection criteria—no exclusions will be made on
lactation stage, age or breed.

[0286] Aspects of the present invention have been
described by way of example only and it should be appreci-
ated that modifications and additions may be made thereto
without departing from the scope thereof.
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1-52. (canceled)

53. A treatment formulation for the treatment or prevention
of microbial infection which includes a treatment composi-
tion extracted from whole milk, processed milk or a milk-
derived substance, wherein the composition contains a cat-
ionic fraction which includes any components of the whole
milk, processed milk or milk-derived substance with an iso-
electric point of or greater than substantially 6.8.

54. The treatment formulation of claim 53 wherein the
cationic fraction includes all components of the whole milk,
processed milk or milk-derived substance with an isoelectric
point of or greater than substantially 6.8.

55. The treatment formulation of claim 53 wherein the
formulation includes one or more of the following:

1. a peroxidase substrate, such as sodium thiocyanate, and/

or

2. hydrogen peroxide or a source of hydrogen peroxide,

such as ascorbate or ascorbic acid.

56. The treatment formulation of claim 53 wherein the
treatment composition includes chitinase-like protein (CLP-
D).

57. The treatment formulation of claim 53 wherein the
formulation includes a cell lysing substance.

58. The treatment formulation of claim 53 wherein the
treatment composition includes at least lactoferrin, lactoper-
oxidase and angiogenin.

59. The treatment formulation of claims 53 wherein the
treatment composition includes a mixture of cationic pep-
tides.

60. The treatment formulation of claim 53 wherein the
treatment composition includes one or more of the following:
N-acetyl glucosaminidase, serum amyloid A, [ defensin,
lysozyme, at least one immunoglobulin or at least one growth
factor.

61. The treatment formulation of claim 53 wherein at least
part of the treatment composition is extracted “on-farm”,
during or directly after the milking process.

62. A medicament formed from the treatment formulation
as claimed in claim 53 which includes one or more of the
following: antibiotics, analgesics, carriers, buffers, preserva-
tives, excipients, controlled release components, hardening
or any other pharmaceutically acceptable component.

63. A method of treating or preventing microbial infection
using the treatment formulation as claimed in claim 1, the
method comprising applying the treatment formulation into
or onto the infection site.
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64. A treatment formulation for the treatment or prevention
of bovine mastitis which includes a treatment composition
extracted from whole milk, processed milk or a milk-derived
substance, wherein the composition contains a cationic frac-
tion which includes any components of the whole milk, pro-
cessed milk or milk-derived substance with an isoelectric
point of or greater than substantially 6.8.

65. The treatment formulation of claim 64 that includes a
cell lysing substance.

66. The treatment formulation of claim 64 wherein the
formulation includes one or more of the following:

1. aperoxidase substrate, such as sodium thiocyanate, and/

or

2. hydrogen peroxide or a source of hydrogen peroxide,

such as ascorbate or ascorbic acid.

67. The treatment formulation of claim 64 wherein the
treatment composition includes chitinase-like protein (CLP-
D).

68. The treatment formulation of claim 65 wherein the cell
lysing substance is monoglyceride.

69. The treatment formulation of claim 64 wherein the
treatment composition includes at least lactoferrin, lactoper-
oxidase and angiogenin.
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70. The treatment formulation of claim 64 that includes a
mixture of cationic peptides.

71. The treatment formulation of claim 64 that includes one
or more of the following: N-acetyl glucosaminidase, serum
amyloid A, f defensin, lysozyme, at least one immunoglobu-
lin or at least one growth factor.

72. The treatment formulation of claim 64 wherein at least
part of the treatment composition is extracted “on-farm”,
during or directly after the milking process.

73. A medicament, such as a teat seal, teat spray, teat wipe,
udder/teat wash, milking cluster backflush solution or intra-
mammary formulation, formed from the treatment formula-
tion as claimed in claim 64 and which may include one or
more of the following: antibiotics, analgesics, carriers, buff-
ers, preservatives, excipients, controlled release components,
hardening or any other pharmaceutically acceptable compo-
nent.

74. A method treating or preventing bovine mastitis using
a treatment formulation as claimed in claim 64, the method
comprising applying the treatment formulation, medicament
or item into or onto a bovine teat.
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