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salts between 15 and 190 mg, preferably between 20 and 160 mg. Mixtures of type a) in which the topical mixture A) is administered
anally and used for the treatment and prevention of IBD, when administered vaginally is particulatly suitable for preventing and treat-
ing vaginal infections and preterm childbirth, when administered nasally is particularly suitable for the treatment and prevention of
Alzheimer's disease. The type b) mixture is administered only orally and is in particular suitable for the prevention and treatment of
viral virus infections which induce both intracellular and extracellular iron overload and an aggressive inflammatory response, such
as SARS-CoV-2.
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TITLE:

“Formulations for topic mucosal and/or oral systemic administrations containing a
mixture based on lactoferrin, more effective in iron uptake, for the prevention and

treatment of various pathologies”

FIELD OF THE INVENTION

The present invention relates to an innovative composition for significantly increasing the
efficacy of natural lactoferrin of any origin or recombinant lactoferrin, in chelating iron,
significantly increasing the activity thereof in decreasing the excess of available free iron,
index of a pathological disorder which significantly favours bacterial, fungal and viral
infections and the onset of a pathological state associated with iron homoeostasis and

inflammation disorders such as in Alzheimer’s, IBD or preterm childbirth.

BACKGROUND ART

While protected from commensal microbiota, human mucous membranes are exposed to
attack by numerous pathogenic microorganisms. For this reason, in addition to the
commensal microbiota which prevents the colonisation of pathogens, the mucous
membranes are wetted with secretions which, consisting of innate immunity proteins and
peptides, ensure an effective and complete protection from infections by pathogenic
bacteria and viruses. Among the innate immunity proteins, lactoferrin is of particular
importance, being the only one with a strong antibacterial and antiviral activity as well as
a remarkable multi-functionality (Rosa et al 2017). Lactoferrin, a highly cationic bilobed
glycoprotein (N-lobe and C-lobe) belonging to the transferrin family with a PM of about
80 kDa, can chelate two ferric ions per molecule. This primary function allows it to
subtract iron from the microorganisms which need it for multiplication. Like all iron-
binding proteins, lactoferrin sequesters iron through four canonical amino acids which
form the chelating site. Such a site is present in each lobe and is formed in lobe N by
AspS8, Tyr93, Tyr193 and His254 while in lobe C by Asp396, Tyrd34, Tyr527 and
His596. The stability of said binding varies according to the temperature, pH and integrity
of the glycoprotein (Rosa et al 2018) which can be digested by proteolytic enzymes in
fragments lacking the amino acid sequences fundamental for sequestering the ferric ion.
Iron, on the other hand, is important for almost all living cells as microorganisms, in order

to acquire it, have developed multiple transport systems ranging from the synthesis of
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siderophores, small PM molecules of about 600 kDa capable of chelating one ferric ion
per molecule (Petrik et al 2017), to that of enzymes with iron-reductase activity which
reduce ferric ions into easily acquired ferrous ions and to iron uptake directly by the
lactoferrin (Beddek and Schryvers 2010). The microorganisms thus engage a real battle
of chelating agents with the lactoferrin, whose result depends on the infections and
diseases of the host. Obviously, the outcome of this battle depends on the different affinity
for the ferric ion possessed by the various microbial acquisition systems with respect to
that of the lactoferrin. Although lactoferrin is the glycoprotein with the highest affinity
for the ferric ion (Kd of about 10*° M) among the proteins belonging to the family of
transferrins, under particular conditions the iron may or may not be released. Particularly
interesting is the fact that, unlike commensal microorganisms, pathogenic bacteria can,
like viruses, replicate within host cells. It follows that an excess of intracellular iron
favours not only bacterial but also viral replication, thus worsening the severity of
infections. Thus, the ability of lactoferrin to sequester iron entails an inhibitory action
against bacterial and viral multiplication, and therefore, by right, it is classified as a
natural protein with antimicrobial and antiviral activity (Valenti and Antonini 2005). With
bacteria multiplication inhibited, they do not reach a cell density such as to activate the
quorum sensing sequences which lead to the formation and development of biofilm (set
of bacteria and the exopolysaccharide synthesised thereby), a particular microbial
lifestyle very difficult to eradicate with the antimicrobial drugs known so far. If the
replication of the viruses is inhibited inside the host cells, the viral infection is inhibited.
Furthermore, lactoferrin also inhibits bacterial and viral adhesion to host cells and,
consequently, bacterial and viral internalisation into host cells. These inhibitions are due
to a binding of lactoferrin to the negatively charged surface components of bacteria and
viruses and/or the binding of lactoferrin to the glycosaminoglycans of the cell, compounds
of the extracellular matrix used by bacteria and viruses to adhere to and then enter the cell
(Rosa et al 2017; Mancinelli et al 2020; Sample et al 2020). Furthermore, if the number
of intracellular bacteria or pathogenic viruses decreases, the production of pro-
inflammatory cytokines by the infected epithelial cells and therefore the inflammatory
process also decreases, although it cannot be excluded that the anti-inflammatory activity
also depends on the lactoferrin itself which is able to enter the nucleus where it binds to
sequences encoding pro-inflammatory cytokines (Puddu et al 2011; Paesano et al 2012;
Rosa et al 2017), mainly including interleukin-6 (IL-6). A pathological increase in 1L-6

induces disorders in iron homoecostasis and inflammation, through an inhibition of
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ferroportin, the only protein capable of exporting iron from cells into circulation.
Consequently, in the absence of ferroportin, the harmful accumulation of intracellular iron
is observed. In the presence of lactoferrin, thanks to its ability to chelate iron it decreases
its accumulation as well as its anti-inflammatory action, ferroportin is synthesised again,
thus reactivating the export of iron which decreases the intracellular accumulation of such
an element.

In summary, in all diseases associated with an inflammatory process, a disorder of iron
homoeostasis occurs which consists of an iron overload in tissues and secretions which
favours bacterial and viral infections and induces cellular damage due to the formation of
reactive iron-dependent oxygen species. Consequently, lactoferrin can be used in the
prevention and treatment of all diseases in which an accumulation of intra and
extracellular iron is found and, therefore, not only of bacterial and viral infections but also
in Alzheimer’s, where said glycoprotein decreases the cerebral accumulation of iron and
the production of pro-inflammatory cytokines, in IBD where it contributes to the
restoration of the integrity of the intestinal barrier and the decrease of the related
inflammatory processes and also in preterm childbirth, where it performs an antibacterial,

antifungal, antiviral and anti-inflammatory action.
SUMMARY OF THE INVENTION

The Applicant has now found that it is possible to enhance the iron-chelating activity of
lactoferrin by adding sodium citrate and sodium bicarbonate in molar ratio understood as:
moles lactoferrin/ (moles sodium citrate + moles sodium bicarbonate) between 10 and

107 if the concentration of lactoferrin is between 10 and 200 mg.

In fact, this combination administered for topical and/or oral use is capable of performing a
more powerful antimicrobial and antiviral activity, subtracting iron more effectively and
chelating it more stably than lactoferrin alone or in the absence of sodium citrate and sodium
bicarbonate or added with sodium citrate alone or sodium bicarbonate alone.

The Applicant has further found that lactoferrin can be effectively used when
administered only orally at concentrations > 200mg up to 500mg, in this case using
appropriate ranges of concentrations of the above salts, as we will report in the

continuation of the present disclosure.
In fact, the object of the present invention is:

e a mixture containing from 10 up to 200 mg lactoferrin, sodium citrate and sodium

bicarbonate in the molar ratio range:
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(moli di lattoferrina)/(moli di sodio citrato + moli di sodio bicarbonato)

between 10*and 10~ when the lactoferrin is topically administered combined with the
oral administration of lactoferrin, sodium citrate and sodium bicarbonate in the same

molar ratio range
or

e a mixture containing lactoferrin > 200 mg up to 500 mg, preferably between 250 and
500mg with a total sodium citrate and sodium bicarbonate content comprised between
140 and 240 mg, preferably between 170 and 200 mg and i.e., with an amount of each
of said salts comprised between 15 and 190 mg, preferably between 20 and 160 mg.

In fact, the applicant has found that both mixtures are able to chelate iron with greater
effectivencess than lactoferrin alone, or added with sodium citrate alone, or with sodium
bicarbonate alone, and to exercise greater anti-inflammatory activity to be used in the
treatment and prevention of infections by bacteria and viruses, which colonise the nasal,

pulmonary, intestinal, vaginal, cervicovaginal and anal epithelia so as to:
e decrease the number of pathogenic bacteria and viruses, including SARS-CoV-2.
e inhibit biofilm formation,

e decrease the ability of bacteria and viruses to adhere and penetrate inside the host
cell.
Furthermore, through the decrease in iron overload and inflammation

lactoferrin is also capable of:

e inhibiting or decreasing the accumulation of iron and the inflammatory process
associated with Alzheimer’s,

e preventing and treating IBD,
e repairing lesions by restoring the integrity of the intestinal mucous membranes,
e inhibiting infections and decreasing the inflammation which causes preterm childbirth

The mixture according to the invention with lactoferrin comprised between 10 and 200
mg, preferably at concentrations comprised between 50 and 100 mg is administered
exclusively topically intranasally, intravaginally, cervicovaginally or intra-anally in the
form of a topical formulation A) nasally, vaginally or anally in the absence of iron
homoeostasis disorders; it is instead administered in combination with a systemic oral

formulation B) containing the lactoferrin, sodium citrate and sodium bicarbonate in the
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same molar ratio range as above, when the aforementioned diseases occur with iron
deficiency, anaemia or inflammatory anaemia or the aforementioned systemic oral
formulation B) is administered in combination with:

e said topical formulation A) nasally when cerebral iron overload and related

inflammatory processes are associated with Alzheimer’s,

e said topical formulation A) anally when the intestinal infection and inflammatory
intestinal process is associated with the inflammatory process is related to

Inflammatory Bowel Disease (IBD),

e said topical formulation A) vaginally when the vaginal infectious and inflammatory
process is associated with preterm childbirth.

If, on the other hand, the mixture contains lactoferrin > 200 up to S00 mg, preferably between
250 and 500 mg, and a total sodium citrate and sodium bicarbonate content comprised
between 140 and 240 mg, preferably between 170 and 200 mg in which each of said salts is
present in an amount between 15 and 190 mg, preferably between 20 and 160 mg, it is
administered exclusively orally twice a day and has been particularly effective in the
prevention and treatment of viral infections from DNA, RNA, enveloped or naked, in
particular from SARS-CoV-2 or other diseases in which an intracellular and extracellular
iron overload and an aggressive inflammatory response are observed.

Finally, a further object of the present invention is an oral composition comprising as active
ingredient lactoferrin in amounts > 200 up to 500 mg, preferably between 250 and 500 mg,
and a total content of sodium citrate and sodium bicarbonate between 140 and 240 mg,
preferably between 170 and 200 mg in which each of said salts is present in an amount
comprised between 15 and 190 mg, preferably between 20 and 160 mg, in combination with

suitable excipients and/or diluents.
DESCRIPTION OF THE FIGURES

Figure 1 depicts the ferric ion uptake site of lactoferrin containing the citrate in lobe N.

Figure 2 depicts the ferric ion uptake site of lactoferrin containing the bicarbonate

ion in lobe N. Key to the
figures:
His=histidine; Tyr=tyrosine; Asp=asparagine; Arg=arginine. The same identical bond can be

observed in lobe C.
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DETAILED DESCRIPTION OF THE INVENTION

For the purposes of the present invention lactoferrin means lactoferrin of any origin
(human, bovine, equine, murine, caprine, camel, buffalo and donkey) and recombinant
lactoferrins.

Without wishing to be bound to any scientific theory, the enhancement of the iron-chelating

activity
seems to occur according to the following pattern of reactions:[1]

2 sodium citrate + Fe’* —% ferric  dicitrate  (monocitrate-Fe’*-sodium
monocitrate)

ferric dicitrate+ sodium bicarbonate bicarbonate-Fe**+ 2 sodium
monocitrate

bicarbonateFe’* + lactoferrin lactoferrin-Fe**-sodium

bicarbonate

1]

This reaction, which highlights the ability of sodium bicarbonate to displace citrate in
ferric 1on uptake, does not however exclude the possibility that ferric monocitrate may
form a complex with lactoferrin and then be displaced from the bicarbonate which

stabilises the lactoferrin-Fe** bond according to the following pattern of reactions [2]:

2 sodium citrate + Fe’* > ferric dicitrate (monocitrate-Fe’ " -sodium

monocitrate)

ferric monocitrate + lactoferrin  —_y lactoferrin-Fe’*-sodium citrate

—

lactoferrin-Fe**-citrate + sodium bicarbonate lactoferrin-

Fé’*- bicarbonate + sodium monocitrate

2]

In other words, the sodium citrate is used to solubilise and chelate the ferric ion through
the formation of the ferric dicitrate, which in turn exchanges the iron with the bicarbonate
according to the following reaction: [3]

—

ferric dicitrate + sodium bicarbonate bicarbonateFe’* + 2 sodium

monocitrate
[3]

or forms a complex with lactoferrin (lactoferrin-Fe**-citrate) from which it is then
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displaced by the bicarbonate (lactoferrin-Fe**-bicarbonate) returning to sodium
monocitrate, which in turn reactivates the uptake cycle of the available ferric ions. Ferric
citrate and ferric bicarbonate are ideal compounds for transporting the ferric ion to one of
the two lactoferrin uptake sites, according to the pattern shown in Figures 1 and 2,
respectively.

Highly conserved in various species, lactoferrin is a glycoprotein consisting of 685 to 691
amino acids depending on the species, with an isoelectric point of approximately 9 and a
molecular weight of approximately 80 kDa with 3 or 5 glycosylation sites (human or
bovine, respectively). The binding affinity with iron is equal to Kd of about 102* M which
increases significantly in the mixture described above and is greater than the transferrins
which are responsible for the transport of iron and therefore release it more easily (Rosa
et al 2017). Native lactoferrin is produced in large amounts by extraction from bovine
milk, whereas recombinant human or bovine lactoferrin is produced by recombinant
DNA. Preferably bovine lactoferrin is used.

The term “mixture” means a composition having as active ingredients lactoferrin,
preferably of bovine origin, associated with sodium citrate and sodium bicarbonate in
which the molar ratio:

(moli di lattoferrina)/(moli di sodio citrato + moli di sodio bicarbonato)

is between 10 and 107 if the lactoferrin is used from 10 up to 200 mg, while if used at a
concentration of > 200 up to 500 mg, preferably between 250 and 500 mg with a total
content of sodium citrate and sodium bicarbonate comprised between 140 and 240 mg,
preferably between 170 and 200 mg, i.e., with an amount of each of said salts between 15
and 190 mg, preferably between 20 and 160 mg. The mixture with the lactoferrin at the
concentration up to 200 mg can be administered topically (intranasally, intravaginally or
intra-anally) in a liquid, semi-solid, solid or granular form containing in addition to the
lactoferrin, sodium citrate and sodium bicarbonate, excipients and/or diluents for
conventional use and suitable for the specific type of administration.

The mixture thus composed of lactoferrin, sodium citrate and sodium bicarbonate chelates
the ferric 1on more effectively, as shown in Table 1 below, and is applied in the prevention
and treatment of bacterial and viral infections, as well as in the reduction of excess intra-
and extra-cellular iron, inflammation and in the protection of lesions of the nasal, vaginal,
anal and intestinal mucous membranes.

Preferably in the mixture according to the invention the molar ratio lactoferrin

moles/(moles sodium bicarbonate+sodium citrate) is preferably between 3 and 7 x10™.
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The mixture is administered only intranasally or intravaginally or intra-anally, when the
infection with bacteria, fungi or pathogenic viruses is associated with inflammation of the
nasal or vaginal mucosa or cervicovaginal or intestinal mucosa, but is not associated with
iron deficiency or iron-deficiency anaemia or inflammatory anaemia. In addition, the
intranasal mixture is also administered to decrease cerebral iron overload such as in
Alzheimer’s. This topical application is combined with the administration of a systemic
oral formulation, when the infection is related to bacteria, fungi or pathogenic viruses or
cerebral iron overload is associated with inflammation and also with iron deficiency, iron-
deficiency anaemia or inflammatory anaemia.

The mixture 1s administered only topically intra-anally, as an anal formulation when the
microbial infection is associated with inflammation of the anal and intestinal mucous
membranes and in particular the infection is associated with bacteria, fungi or pathogenic
viruses, but is not associated with iron deficiency or iron-deficiency anaemia or
inflammatory anaemia. This topical application is combined with systemic oral
administration, when the infection related to bacteria, fungi or pathogenic viruses is
associated with inflammation and also with iron deficiency, iron-deficiency anaemia or
inflammatory anaemia.

The mixture 1s administered only topically intravaginally or cervicovaginally in the form
of a topical formulation A) intravaginally or cervicovaginally when the microbial
infection is associated with inflammation of the vagina and/or cervix and in particular the
infection is associated with bacteria, fungi or pathogenic viruses, but is not associated
with iron deficiency or iron-deficiency anaemia or inflammatory anaemia. This topical
application is combined with systemic oral administration when the infection related to
bacteria, fungi or pathogenic viruses is associated with inflammation and also with iron
deficiency, iron-deficiency anaemia or inflammatory anaemia.

The mixture is administered exclusively orally when the lactoferrin is > 200 up to 500 mg
with a total sodium citrate and sodium bicarbonate content comprised between 140 and
240 mg with an amount of each of said salts comprised between 15 and 190 mg, preferably
between 20 and 160 mg and the infection is associated with SARS-CoV-2 or its variants
or pathologies in which there is iron overload and a severe inflammatory state. In fact, the
mixture thus composed of lactoferrin, sodium citrate and sodium bicarbonate chelates the
ferric ion more effectively, as demonstrated in Table 2 below, and is applied in the
prevention and treatment of bacterial and viral infections, as well as in reducing intra and

extracellular iron excess and inflammation.
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For all the above reasons, the combined use of the topical formulation (intranasally or
intravaginally or intra-anally) of the mixture with the systemic oral formulation, if the
lactoferrin 1s administered at a concentration comprised between 10 and 200 mg,
represents the best treatment not only of bacterial and viral infections of the mucous
membranes, but also of nasal, cerebral, vaginal or intestinal inflammations including
Alzheimer’s, IBD and preterm childbirth as well as of iron-deficiency diseases, iron-
deficiency anaemia and inflammatory anaemia.

More generally, when the inflammation of the mucous membranes derives from a
pathological accumulation of available iron, from the production of reactive oxygen
species and from a high bacterial and viral replication, a consequent activation of
inflammatory processes optionally associated with iron deficiency or iron-deficiency
anaemia or inflammatory anaemia is observed and systemic topical and oral treatment is
preferred.

The mixture containing lactoferrin of any natural or recombinant origin, sodium citrate
and sodium bicarbonate in the above molar ratio ranges, or in the amounts cited
administered for topical (intranasal or intravaginal or intraanal) and/or systemic oral use,

in fact simultaneously performs:

1) antimicrobial activity against pathogenic bacteria as well as
iron-dependent antiviral activity and protection against infection,

i1) iron-dependent anti-biofilm activity,

i11) activity which inhibits the production of reactive iron-dependent oxygen species,

iv) activity inhibiting inflammatory processes induced by reactive iron-dependent oxygen

species,

v) antiadhesive activity against bacteria or viruses dependent on interaction with surface

components negatively loaded with bacteria and viruses and/or with cellular surface anionic

components,

vi) activity inhibiting the entry of bacteria or viruses dependent on the interaction with

surface components negatively charged with bacteria and viruses and/or with cellular

surface anionic components,
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vii) anti-inflammatory activity against the expression and synthesis of pro-inflammatory
cytokines such as IL-1p, IL-6, IL-8, TNF-a and NF-kB dependent on both the significant iron-

dependent decrease in the number of bacteria or viruses and the anti-inflammatory activity,
viil) anti-inflammatory activity dependent on intracellular microbial killing,
ix) activity modulating the expression of hepcidin and ferroportin,

X) activity inhibiting iron homoeostasis disorders (excess of iron in the tissues and

secretions and lack of iron in circulation),

x1) activity inhibiting the increased susceptibility of the host to bacterial and viral infections

induced by the accumulation of iron in tissues and secretions,

xil) prevention and treatment of iron deficiency, iron-deficiency anaemia and inflammatory

anaemia,

xiil)activity repairing mucosal lesions as well as maintaining the integrity of the epithelial
and nasal, intestinal and vaginal mucosal barrier whether or not linked to the persistence

of iron-dependent or independent inflammation,
xiv) activity decreasing intracerebral iron accumulation,
Xv) prevention activity in respect of IBDs,

xvi) prevention activity of preterm childbirth.

Furthermore, since the lactoferrin present in the mixture, thanks to sodium citrate and
sodium bicarbonate, chelates iron more effectively, in addition to the numerous activities
described above, the higher concentration of the form of iron-saturated lactoferrin makes
it more resistant to heat and the digestion of proteolytic enzymes present in all human
secretions including nasal, vaginal, anal and intestinal secretions. Furthermore, even if the
proteolytic enzymes digested lactoferrin at least in part, the enzymatic digestion would
separately produce the two lobes (lobe N 1-280 and lobe C 345-692) which, possessing
an iron binding site per lobe, would perform the same functions as intact lactoferrin, as
long as the two lobes are added together with sodium citrate and sodium bicarbonate. The
two lobes as well as the intact protein can chelate in addition to iron also copper, zinc,
cobalt, nickel and manganese, also necessary for bacterial development and therefore

involved in the antimicrobial activity of lactoferrin which, also in the uptake of the

10



10

15

20

25

30

WO 2022/064357 PCT/IB2021/058581

aforementioned ions, is enhanced by sodium citrate and sodium bicarbonate.

In a second aspect, the invention relates to a combined preparation for a simultancous,
sequential or separate administration, which comprises, as active components, a first
composition which can be administered topically, comprising the mixture with bovine
lactoferrin, sodium citrate and sodium bicarbonate in the above molar ratios and a second
composition for systemic oral administration, comprising the same mixture with bovine
lactoferrin, sodium citrate and sodium bicarbonate always in the above molar ratios.
Among the benefits obtained from the preparation according to the invention is the
advantage of simultancously resolving states of bacterial and wviral infection and
inflammation which occur optionally together with iron-deficiency, anaemia and
inflammatory anaemia, COVID-19, IBD and preterm childbirth. Furthermore, the greater
ability to chelate the iron of the mixture compared to lactoferrin alone is particularly
effective in decreasing the accumulation of iron and cerebral inflammation so as to make
it particularly indicated in the treatment of Alzheimer’s. Currently, the known products
and compositions not formulated as combined preparations for topical and oral use are
not capable of achieving such an effect simultaneously.

The two compositions can be defined by the same required and optional features as
indicated with respect to the formulations for topical and/or systemic oral administration
described above in the context of the use of the mixture.

In order to achieve an appreciable effect on both acute or chronic bacterial and viral
infection and inflammation, iron accumulation, lesion repair, maintenance of epithelial
and mucosal barrier integrity, iron-deficiency, anaemia and inflammatory anaemia,
Alzheimer’s, IBD and preterm childbirth, it is highly advantageous to follow the dosing
regimen described below.

If the first topical formulation A) is in a single-dose solid form (e.g., dissolvable
suppositories or tablets or intravaginal soluble granules or anal suppositories) or in
solution as in a nasal spray, the mixture to be administered two or more times a day until
the symptoms disappear contains a total amount of bovine lactoferrin preferably between
10 and 200 mg with sodium citrate and sodium bicarbonate added in a molar range in an
amount such that the molar ratio, moles lactoferrin/(moles sodium citrate + moles sodium
bicarbonate) is in the range 10 and 107, preferably 2x10™* and 7x10™,

More preferably, the aforesaid solid vaginal formulations (tablets or suppositories) or the
solid anal formulations (e.g., soluble suppositories or granules) contain between 100 and

200 mg lactoferrin and are preferably administered two to several times a day.

11
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For topical anal and intestinal administration, the formulations are preferably
suppositories containing preferably 100 mg to 200 mg of lactoferrin to be administered 2
or more times a day until the disappearance of symptoms associated with infections or
inflammations or lesions comprising those of the intestinal barrier typical of IBD or in the
case of preterm childbirth.

If the first composition is in liquid or semi-solid multiple-dose form (for example, a
solution for intranasal, intravaginal or anal administrations, sprays, gel sprays or
intranasal drops or intravaginal or anal creams), the mixture contains an amount of bovine
lactoferrin between 0.1-10% by weight/volume with added sodium citrate and sodium
bicarbonate in such quantities as to comply with the aforementioned 10*-10~ molar ratio.
It is advantageous to remain, also in this case, preferably in the range 10-30 mg of bovine
lactoferrin administration several times a day, until the disappearance of symptoms, as
indicated above for solid compositions. If the second (systemic oral) composition
administered in combination with the topical formulation is preferably in solid and single-
dose form (e.g., dissolvable capsules, tablets or granules), preferably this oral formulation
contains a total amount of bovine lactoferrin from 100 mg to 200 mg per capsule or tablet
or granules with sodium citrate and sodium bicarbonate added in such amounts that the
molar ratio of lactoferrin/moles of sodium citrate + sodium bicarbonate is in the range 10"
*and 107 to be administered twice or more a day until symptoms resolve, at least for one
month. It is preferred that both the topical and oral administrations of the mixture object
of the invention should be carried out away from meals.

The systemic oral composition administered only orally is preferably in solid, single-dose
form (e.g., dissolvable capsules, tablets, or granules), containing a total amount of bovine
lactoferrin comprised between an amount > 200 mg up to 500 mg with a total sodium
citrate and sodium bicarbonate content between 140 and 240 mg, preferably between 170
and 200 mg, and i.e., with a total amount of each of said salts between 15 to 190 mg,
preferably between 20 to 160 mg.

The amounts and topical and oral dosage administrations indicated above (defined as
complete "dosage regimens"), must be considered valid and preferred aspects also in
relation to the use of the mixture described above.

In addition to chelating iron more efficiently, the use of the mixture reduces more
effectively, compared to lactoferrin alone, the high expression and synthesis of pro-
inflammatory cytokines produced by infected epithelial cells and inhibits the production

of superoxides, which, in turn, perform a pro-inflammatory action, induce cell damage

12



10

15

20

25

30

WO 2022/064357 PCT/IB2021/058581

and cause organ dysfunctions.

Furthermore, again by way of example, the efficacy of the mixture in the treatment of
vaginal or cervicovaginal fungal infections by Candida albicans or bacterial infections by
anaerobic bacteria such as Gardnerella vaginalis, Prevotella spp., Mobiluncus spp.,
Ureaplasma, Mycoplasma, 1s demonstrated using in vitro cultures of Hela cells as a
model which mimics the condition in vivo. In this type of infection, the addition of the
mixture potently inhibits not only the development of Candida or Gardnerella vaginalis,
Prevotella spp., Mobiluncus spp., Ureaplasma, Mycoplasma, but also the expression and
synthesis of IL-6 by differently infected cells in culture. In these fungal or bacterial
infections, in case of severe iron-deficiency, anaemia or inflammatory anaemia, topical
administration should be combined with systemic oral administration in the treatment of
vaginal mucosal infections by mycetes or bacteria and the evaluation of the effectiveness
of the mixture is carried out not only by physical examination but also by counting
myecetes or bacteria before and after treatment and also through clinical parameters such
as the concentration of pro-inflammatory cytokines, epcidin in the blood and urine and
haematological parameters such as the number of red blood cells, the concentration of

haemoglobin, total serum iron and serum ferritin.

As far as viral infections are concerned, the disorders of iron homoecostasis, mainly
represented by an accumulation of intra and extracellular iron and a consequent
inflammatory state, are among the main predisposing factors. It follows that treatment
with the mixture of the above viral infections including those associated with SARS-CoV-
2 1s particularly indicated as the mixture simultaneously chelates excess iron more
effectively than lactoferrin alone or lactoferrin with sodium citrate alone or sodium
bicarbonate alone, decreases IL-6 and other pro-inflammatory cytokines as well as
prevents infection through virus-cell interaction mediated by binding to both virus
proteins and cell heparan sulphate proteoglycans.

In fact, in the case of patients with COVID-19, the oral administration of the mixture
containing, depending on the capsules, lactoferrin from > 200 mg up to 500 mg must be
equal to 420, 600, 800 and 1,000 mg per day to be taken away from meals (two capsules
per day containing different concentrations of lactoferrin). This treatment of two capsules
per day containing from 210 to 500 mg lactoferrin per capsule, to be taken depending on
the disease and its severity, by way of example, leads to greater inhibition of viral
infection (fewer days required for negative virus response in treated patients than in

untreated patients or those treated with lactoferrin alone), greater anti-inflammatory
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activity and greater protection from thromboembolic events.

By way of example, the mixture administered intranasally or orally to patients with
Alzheimer’s is more effective than lactoferrin alone in decreasing IL-6 and increasing IL-
10, an anti-inflammatory cytokine, as well as inhibiting the production of superoxides as
it more efficiently removes excess iron which, after treatment, is found in circulation
where the haematological parameters increase.

Also by way of example, the effectiveness of the mixture in the treatment of IBD is
evaluated through the protection of intestinal lesions, of any infections as well as the
maintenance or restoration of the integrity of the epithelial barrier. In these diseases, in
case of severe iron-deficiency, anaemia or inflammatory anaemia, topical administration
should be combined with systemic oral administration and the evaluation of the
effectiveness of the mixture is carried out not only by physical examination but also by
clinical parameters such as the concentration of pro-inflammatory cytokines, epcidin in
the blood and urine and haematological parameters such as the number of red blood cells,
the concentration of haemoglobin, total serum iron and serum ferritin.

The use of the mixture in the treatment of infectious and inflammatory diseases in all
human mucous membranes including nasal, vaginal and intestinal mucous membranes
and the ability to increase the haematological parameters together with the treatment of
Alzheimer’s disease, IBD and preterm childbirth are only some of the possible therapeutic
applications of the activity of simultaneously inhibiting the accumulation of iron, the
expression and synthesis of pro-inflammatory cytokines and the production of

superoxides.

The examples given here show that the therapeutic activity of the mixture in infections,
inflammatory processes and intra and extracellular iron overload can be used against
infectious and inflammatory diseases with particular attention to SARS-CoV-2 infections,
intestinal infections associated with IBD, vaginal and cervicovaginal infections associated
with preterm childbirth as well as to decrease cerebral iron overload and inflammation in
Alzheimer’s patients. In summary, the treatment by means of the mixture can be
considered extremely advantageous with respect to treatments with lactoferrin alone or
with other drugs currently in use, also being characterised by the absolute lack of toxicity
and by the fact that multiple diseases can be simultancously treated comprising infections,
pathological inflammations, disorders of iron homoeostasis possibly associated with
various diseases such as Alzheimer’s, IBD and preterm childbirth. It should also be noted

that, in vaginal or cervicovaginal infections, any classical antimicrobial treatment also
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involves the decrease of Lactobacilli, fundamental commensals in the natural defence
against infections, while lactoferrin does not affect its vitality or multiplication.
Furthermore, by inhibiting the synthesis of IL-6, the mixture consequently prevents the
synthesis of the epcidin modulated thereby, restoring the action of ferroportin, the only
protein capable of exporting iron from cells into circulation.

Furthermore, in the treatment of vaginal and intestinal mucosal lesions, the mixture leads

to healing lesions in an extremely short time compared to classic therapies or lactoferrin
alone.

Other features and advantages of the present invention including the treatment of preterm
childbirth will better result from the description of the following preferred embodiments,
comprised merely by way of non-limiting example.

Below is the procedure which demonstrates the highest efficacy of the mixture in
sequestering ferric ions with respect to bovine lactoferrin in the absence of sodium citrate
and sodium bicarbonate.

In vitro, the ability of lactoferrin of any origin to chelate iron is demonstrated by a series

of optical density (OD) readings at 468 nm based on an extinction coefficient of 0.54 for

a 1% solution of 100% iron-saturated lactoferrin, termed holo-lactoferrin.

In detail, 10 mg of bovine lactoferrin (bLf) are dissolved in 10 ml of saline solution and
the first reading is performed at 468 nm. The value obtained indicates the amount of iron
contained in the commercial preparation of lactoferrin or its degree of iron saturation by
the following proportion:

holo-lactoferrin (100%): 0.54 holo-lactoferrin extinction coefficient = X% (degree of
sample saturation): DO of the sample at 468 nm.

Using the same procedure, 10 mg of the same commercial lactoferrin sample are dissolved
in 10 ml of a 0.2 M solution of sodium citrate and the first reading is performed at 468 nm.
The value obtained indicates both the amount of iron contained in the commercial
preparation of lactoferrin or its degree of saturation in iron by means of the previous
proportion and the possible interference by the verified sodium citrate with respect to the DO
value recorded after dissolution of the lactoferrin in saline.

Using the same procedure again, 10 mg of the same commercial lactoferrin sample are
dissolved in 10 ml of a 0.1 M solution of sodium bicarbonate and the first reading is
performed at 468 nm. The value obtained indicates both the amount of iron contained in the
commercial preparation of lactoferrin or its degree of saturation in iron by means of the

previous proportion and the possible interference by the verified sodium bicarbonate with

15



10

15

20

25

WO 2022/064357 PCT/IB2021/058581

respect to the DO value recorded after dissolution of the lactoferrin in saline.

Using the same procedure, 10 mg of the same commercial sample are dissolved in 10 ml
of a solution containing 0.2 M sodium citrate and 0.1 M sodium bicarbonate and the first
reading is performed at 468 nm. The value obtained indicates both the amount of iron
contained in the commercial preparation of lactoferrin or its degree of saturation in iron by
means of the previous proportion and the possible interference of the bicarbonate and the
verified sodium citrate with respect to the DO value recorded after dissolution of the
lactoferrin in saline.

After the first reading of each of the 4 samples, it can be concluded that neither the saline or
sodium citrate or sodium bicarbonate or the combination of sodium citrate and sodium
bicarbonate interferes with the lactoferrin readings at DO 468 nm. Subsequently, 2.5 ul of
ferric chloride obtained from a 0.1 M ferric chloride solution are added and mixed to each
sample before reading at 468 nm.

This procedure is repeated until a sample indicates that complete iron saturation has been
reached, i.e., the value of 0.540. Once this value has been reached, 25 pl of the same ferric
chloride solution are added in a single addition in order to verify reaching equilibrium. The
results obtained are shown in Table 1. As can be seen, regardless of the components of the
mixture, the first reading values are similar and indicate an iron saturation of the commercial
lactoferrin of 9.4%.

Instead, the values obtained after the addition of 2.5 ul of ferric chloride are different from
those obtained when lactoferrin is added to sodium citrate (0.2 M) and sodium bicarbonate
(0.1 M), indicating the greater effectiveness of the mixture in chelating iron.

The lactoferrin dissolved in saline solution, either in sodium citrate alone or in sodium
bicarbonate alone, chelates iron with low efficacy (29%) and similarly in all three samples

described.

Table 1. Ability to chelate ferric ion by a commercial preparation of 9.44% saturated bovine

lactoferrin (bLf) (as shown by first reading) in different solutions.

ul Ferric 10 mg bLf 10mgbLfin | 10 mgbLfin | 10 mgbLfin
chloride in saline 0.2M sodium | 0.1M sodium 0.2M sodium
(0.1M) solution citrate bicarbonate citrate and in
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0.1M bicarbonate

0 0.050 0.052 0.051 0.050
2.5 0.068 0.067 0.069 0.105
2.5 0.083 0.098 0.099 0.168
2.5 0.096 0.107 0.103 0.256
2.5 0.103 0.115 0.114 0.330
2.5 0.110 0.122 0.129 0.411
2.5 0.123 0.131 0.131 0.470
2.5 0.123 0.139 0.135 0.498
2.5 0.142 0.146 0.142 0.540

Further

addition of 0.151 0.157 0.158 0.540

25 ul ferric

chloride

Therefore, as is very evident from Table 1, bovine lactoferrin is capable of binding the ferric
ion up to saturating the uptake sites 100% only in the presence of sodium citrate and
bicarbonate, while in saline solution or in the presence of only sodium citrate or bicarbonate,
the lactoferrin is never saturated 100%, but at most 29% indicating the poor ability to chelate

iron in the above conditions.

The solution of sodium citrate and bicarbonate enhances the ability of human, bovine,
equine, murine, caprine, camel, buffalo and donkey lactoferrin and recombinant human and
bovine lactoferrin to chelate iron.

The molar ratio of sodium citrate to sodium bicarbonate is comprised between 1 and 3,
preferably 2 as demonstrated by the above results in Table 1.

After this demonstration of the increased ability of lactoferrin to chelate iron, which
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underlies the multiple functions of lactoferrin, the efficacy of this mixture with bovine
lactoferrin alone was compared in infections and inflammations of nasal, vaginal, anal and
intestinal mucous membranes as well as in Alzheimer’s, IBD, preterm childbirth and iron-
deficiency, anaemia and inflammatory anaemia.

With regard to the effectiveness of concentrations of lactoferrin > 200 up to 500 mg added
with sodium citrate and bicarbonate in chelating iron, the following procedure demonstrates
that, even in the case of concentrations > 200 up to 500 mg, the highest effectiveness of the
mixture in sequestering ferric ions is attributable to lactoferrin plus sodium citrate and
sodium bicarbonate with respect to bovine lactoferrin in the absence of sodium citrate and
sodium bicarbonate or added with sodium citrate alone or sodium bicarbonate alone.

As already reported in Table 1, in vitro, the ability of lactoferrin of any origin to chelate iron
is demonstrated by a series of optical density (OD) readings at 468 nm based on an extinction
coefficient of 0.54 for a 1% solution of 100% iron saturated lactoferrin, termed holo-
lactoferrin.

In these new titrations (Table 2), the highest concentration of a new lactoferrin preparation
of 500 mg was dissolved in 10 ml of the different solutions [saline, sodium citrate (160
mg/10 ml), sodium bicarbonate (70 mg/10 ml) and sodium citrate and bicarbonate at the
above concentrations)]. By withdrawing 200 ul of the above solution, a concentration of 10
mg/ml of lactoferrin is obtained on which the procedure described above of the titration is
based. As regards sodium citrate and bicarbonate added to 500 mg lactoferrin, their
concentrations in the mixture, as already reported, correspond for sodium citrate at 160 mg
and for sodium bicarbonate at 70 mg. Obviously, the concentrations reported in Table 2 are
equivalent to those present in the 200 pl withdrawn for titration and dissolved in 1 ml of the
different solutions. The first reading referring to 10 mg of lactoferrin dissolved in 1 ml of
saline solution at 468 nm clearly indicates the amount of iron contained in the new
commercial preparation of lactoferrin or its degree of iron saturation by the following ratio:
holo-lactoferrin (100%): 0.54 holo-lactoferrin extinction coefficient = X% (degree of
sample saturation): DO of the sample at 468 nm.

Using the same procedure, 10 mg of the same commercial lactoferrin sample are dissolved
in 1 ml of a sodium citrate solution containing 3.2 mg and the first reading is performed at
468 nm. The value obtained indicates both the amount of iron contained in the commercial
preparation of lactoferrin or its degree of saturation in iron by means of the previous
proportion and the possible interference by the verified sodium citrate with respect to the

DO value recorded after dissolution of the lactoferrin in saline.
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Using the same procedure again, 10 mg of the same commercial lactoferrin sample are
dissolved in 1 ml of a solution containing 1.4 mg sodium bicarbonate and the first reading 1s
performed at 468 nm. The value obtained indicates both the amount of iron contained in the
commercial preparation of lactoferrin or its degree of saturation in iron by means of the
previous proportion and the possible interference by the verified sodium bicarbonate with
respect to the DO value recorded after dissolution of the lactoferrin in saline.

Using the same procedure, 10 mg of the same commercial sample are dissolved in 1 ml of a
solution containing 3.2 mg sodium citrate and 1.4 mg sodium bicarbonate and the first
reading is performed at 468 nm. The value obtained indicates both the amount of iron
contained in the commercial preparation of lactoferrin or its degree of saturation in iron by
means of the previous proportion and the possible interference of the bicarbonate and the
verified sodium citrate with respect to the DO value recorded after dissolution of the
lactoferrin in saline.

After the first reading of each of the 4 samples, it can be concluded that neither the saline
solution or sodium citrate or sodium bicarbonate or the combination of sodium citrate and
sodium bicarbonate interferes with the lactoferrin readings at DO 468 nm. 2.5 ul of ferric
chloride (0.01 M) are then added and mixed to each sample before reading at 468 nm.

This procedure is repeated until a sample indicates that complete iron saturation has been
reached, i.e., the value of 0.540. Once this value has been reached, 25 ul of the same ferric
chloride solution are added in a single addition in order to verify reaching equilibrium.

The results obtained with this new commercial preparation are shown in Table 2. As can be
seen, regardless of the components of the mixture, the first reading values are similar for all

conditions and indicate an iron saturation of the commercial lactoferrin of 13%.

Instead, the values obtained after the addition of ferric chloride (2.5 ul) to lactoferrin in the
presence of sodium citrate and sodium bicarbonate are different from those obtained when
lactoferrin is added to sodium citrate alone or sodium bicarbonate alone, indicating the
greater efficacy of the mixture in chelating iron. The lactoferrin dissolved in saline solution,
either in sodium citrate alone or in sodium bicarbonate alone, chelates iron with low efficacy
and similarly in all three samples described. In fact, the maximum value of iron uptake is

equal to 34%.

Table 2. Ability to chelate ferric ion by a commercial preparation of 13% saturated bovine

lactoferrin (bLf) (as shown by first reading) in different solutions.
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10 mg bLf +
10 mg bLf + 10 mg bLf+
10 mg bLfin i i 1.4 mg sodium
1.4 mg of sodium | 3.2 mg of sodium
1 ml saline bicarbonate
) R bicarbonate citrate
solution (SF} + 3.2 mg sodium
citrate
ul FERRIC
OPTICAL OPTICAL OPTICAL OPTICAL
CHLORIDE | ppnNgITY | DENSITY DENSITY DENSITY
(0.01M)

0 0.069 0.072 0.070 0.071

2.5 0.110 0.094 0.091 0.144

2.5 0.132 0.117 0.116 0.226

2.5 0.140 0.136 0.126 0.313

2.5 0.145 0.142 0.136 0.384

2.5 0.151 0.148 0.144 0.408

2.5 0.153 0.155 0.151 0.434

2.5 0.155 0.167 0.155 0.470

2.5 0.158 0.178 0.158 0.488

2.5 0.160 0.180 0.160 0.508

2.5 0.163 0.184 0.162 0.516

2.5 0.167 0.187 0.165 0.520

2.5 0.170 0.187 0.167 0.534

25 0.170 0.187 0.168 0.534

Example 1. Activity of the mixture against bacterial or fungal vaginal infections

Vaginal infections associated with bacteria or fungi can be treated by intravaginal

administration of lactoferrin alone. Despite the good efficacy demonstrated by lactoferrin

against vaginal infections of both bacterial and fungal origin, relapses were observed within

2 or 3 months. The intravaginal application of the mixture administered in tablets or
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suppositories including those with slow release does not induce relapses and the number of
bacteria (Gardnerella vaginalis, Prevotella spp., Mobiluncus spp., Ureaplasma,
Mpycoplasma) or Candida spp, determined before and after 7 days of treatment appears to be
significantly lower if the mixture is used. The vaginal tablets or suppositories contain 100
mg lactoferrin, 0.84 mmol sodium citrate dihydrate and 0.42 mmol sodium bicarbonate and
should be applied 2 to 4 times daily. The mixture contained in the vaginal tablets or
suppositories, despite having the same concentration of lactoferrin and despite being applied
the same number of times a day, is more effective than the preparation of lactoferrin which
does not contain sodium bicarbonate and sodium citrate since it chelates iron with greater
effectiveness and therefore has a greater antimicrobial activity. In the event of iron-
deficiency, anaemia or inflammatory anaemia, proceed by combining intravaginal topical
therapy with the mixture also with systemic oral therapy also with the mixture. Systemic oral

administration of lactoferrin alone requires 20 days of therapy to reach the values obtained

from the mixture in 4-10 days, depending on the severity of the infection.

Example 2. Activity of the mixture against infections due to Herpesvirus type 2, the

aetiological agent of genital herpes.

The cellular monolayer (HeLa cells) is infected with Herpesvirus type 2 in the presence of
100 pg/ml lactoferrin alone or of the mixture containing 100 pg/ml lactoferrin, 0.00084
mmol of sodium citrate dihydrate and 0.00042 mmol of sodium bicarbonate or in the absence
of lactoferrin. The monolayer is then incubated at 37°C for 48 h. After this period, the viral
concentration decreases and the level of IL-6 is tested by an enzyme immunoassay (ELISA).
The results referring to IL-6 are shown below in Table 3.

Table 3. Synthesis of IL-6 by HeLa cells infected with Herpesvirus type 2 in the absence of

lactoferrin, in the presence of lactoferrin or the mixture.

IL-6 pg/ml
Conditions No lactoferrin Addition of Addition of the
lactoferrin mixture
Uninfected 37 35 35
cells
Infected cells 380 126 57
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As the results show, the mixture decreases the concentration of IL-6 more than lactoferrin
alone.

In vivo applications: administration of intravaginal tablets or suppositories containing the
mixture with 100 mg of lactoferrin, 0.84 mmol of sodium citrate dihydrate and 0.42 mmol
of sodium bicarbonate from 2 to 4 times per day depending on the severity of the disease
leads to healing of the viral infection and any lesions after about 4-7 days of treatment
compared to the two weeks required by lactoferrin alone at the same concentration and
applied the same number of times per day. If the genital infection is associated with iron-
deficiency, anaemia or inflammatory anaemia, the mixture containing 100 mg of lactoferrin,
0.84 mmol of sodium citrate dihydrate and 0.42 mmol of sodium bicarbonate (citrate and
bicarbonate moles are not reported) is administered orally systemically at least twice daily
far from meals for 15 days, after which the haematological values are restored.

Example 3: Efficacy of the mixture against SARS-CoV-2 infection

Before infecting the cellular monolayer (Vero E6), SARS-CoV-2 at a multiplicity of
infection (MOI) of 0.01 is pre-incubated in the presence of 100 ug/ml lactoferrin alone or of
the mixture containing 100 ng/ml lactoferrin, 0.00084 mmol of sodium citrate dihydrate and
0.00042 mmol of sodium bicarbonate for 1 h at 37 °C or in the absence of lactoferrin.
Subsequently the SARS-CoV-2 infected monolayer is incubated at 37°C for 48 h. After 48h,
the monolayer was washed, fixed with 5% formaldehyde for 10 min at room temperature
and stained with 1% wviolet crystal for 5 min. The number of plaques was determined after
repeated washing. The data obtained showed that the plaque inhibition operated by the
mixture was, with respect to the control, equal to 4 logs and greater than the inhibition

operated by the lactoferrin alone which was equal to 2 logs (Table 4).

Table 4: Number of plaques in the presence of lactoferrin (100 ug/ml) or the mixture
determined on Vero E2 monolayer infected with 0.01 MOI of SARS-CoV-2

Infected monolayer
in the absence of

lactoferrin

Infected monolayer
In the presence of

lactoferrin

Infected monolayer
in the presence of

the mixture

Plaque

forming units

5x10°

1x10°

1x10

From the data in Table 4 it is clear that the mixture has greater antiviral activity
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than lactoferrin alone.

Example 4: Effectiveness of the mixture in Alzheimer’s patients

Since iron overload plays a pivotal role in the development and progression of Alzheimer’s,
in recent years the use of iron chelators has received a great deal of attention. However, the
entry of almost all drugs into the brain is complicated by the presence of the blood brain
barrier (BBB). In particular, iron chelators such as deferoxamine (DFO) show poor
bioavailability and induce some side effects such as neurotoxicity if treatment is prolonged
in the long term. In addition to these adverse effects, it is important to point out that, while
it is clear how DFO performs a specific iron-chelating action, its specific action against IL-
6 and iron protein expression in Alzheimer’s has never been investigated.

Unlike the iron chelators known so far, lactoferrin is emerging as an important natural
compound with a potent anti-inflammatory activity especially against IL-6 and consequently
able to down-regulate epcidin and up-regulate ferroportin. Therefore, lactoferrin not only
sequesters two iron atoms per molecule but, especially by decreasing IL-6, epcidin and iron
accumulation as well as increasing ferroportin synthesis, removes the root cause of the
harmful iron homoeostasis disorders in Alzheimer’s. Obviously, the mixture, being more
effective in chelating iron than lactoferrin alone and being able to cross the BBB due to the
presence of its receptors (LfR) on the membrane of the endothelial cells (Huang et al 2006),
can exercise its multiple functions. It is also interesting to note that, in pathological
conditions such as Alzheimer’s, an increase in LfR expression is observed on micro-vessels
and neurons so that lactoferrin is rapidly taken up by its own receptor and is available in the

brain.

Treatment with the intranasal mixture of the invention (lactoferrin 10 mg, 0.084 sodium
citrate dihydrate moles and 0.042 bicarbonate moles 3 times a day) combined with treatment
with the oral formulation mixture (100 mg 0.84 sodium citrate dihydrate moles and 0.42
sodium bicarbonate moles twice a day for three months) was particularly effective in
reducing serum IL-6 and increasing serum IL-10 without causing the undesirable effects

induced by other treatments.

Example 5. Activity of the mixture against bacterial, fungal or viral anal or intestinal

infections

Also in the case of anal or intestinal infections associated with bacteria or fungi or viruses,
lactoferrin alone has been shown to be effective even if the complete eradication of

pathogenic microorganisms cannot be achieved through twice-daily administration of
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suppositories containing 100 mg of lactoferrin. The twice daily anal application of the
suppositories containing the mixture (lactoferrin 100 mg, sodium citrate dihydrate 0.84
mmol and sodium bicarbonate 0.42 mmol) decreases the number of pathogenic
microorganisms more significantly with respect to lactoferrin alone. In the case of iron-
deficiency, anaemia or inflammatory anaemia, topical anal therapy with the mixture is also
associated with systemic oral therapy with the mixture. Oral administration of lactoferrin
alone requires 30 days of therapy to reach the values obtained from the mixture in only 15
days.

Also, the mixture repairs lesions due to inflammation in IBDs more effectively than
lactoferrin alone. In subjects in which bowel disease is associated with iron-deficiency,
anaemia and inflammatory anaemia, systemic oral administration of the mixture (100 mg
lactoferrin + 0.84 mmol sodium citrate dihydrate+ 0.42 mmol sodium bicarbonate) twice
daily away from meals is more effective in restoring haematological parameters than
lactoferrin alone (100 mg twice daily away from meals).

Example 6: Effectiveness of the mixture in the treatment of preterm childbirth

In pregnancy, iron-deficiency, anaemia, and inflammatory anaemia are associated with
preterm childbirth and increase its incidence. It follows that in order to prevent this disease,
pregnant women should be treated with the lactoferrin-containing mixture (100 mg twice
daily) by systemic oral use in order to restore haecmatological values. Despite this therapy,
in some women the symptoms of preterm childbirth (the onset of uterine contractions)
associated with high levels of IL-6, prostaglandins and shortening of the cervix are observed
due to the occurrence of vaginal infections and significant inflammatory phenomena. The
intravaginal administration of the mixture (100 mg lactoferrin, 0.84 mmol of sodium citrate
dihydrate and 0.42 mmol of sodium bicarbonate) in dissolvable tablets or suppositories at
least every 6-8 h, having a higher antimicrobial activity than lactoferrin alone (100 mg), has
a greater effectiveness in counteracting preterm childbirth. The results with better efficacy
are shown in Table 5.

Table 5. Intravaginal treatment with lactoferrin or the mixture in women with risk of

preterm childbirth
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Subjective Subjective Subjective
symptomatology and symptomatology and symptomatology and

objective parameters

(mean values) before

objective parameters (mean

values) after 7 days of

objective parameters

(average values) after 7

treatment treatment with lactoferrin days of treatment with the
every 8 h mixture every 8 h
2 -5 uterine -3 uterine 1-2 uterine
contractions contractions/day contractions/day
/day
IL-6 (pg/ml) IL-6 (pg/ml) IL-6 (pg/ml)
1,425 854 187

Fetal fibronectin (ng/ml)

Fetal fibronectin (ng/ml)

Fetal fibronectin (ng/ml)

>50 >50 <50
Prostaglandin E2 Prostaglandin E2 Prostaglandin E2
(pg/ml) (pg/ml) (pg/ml)
569 298 43
Fetal prostaglandin Fetal prostaglandin Fetal prostaglandin
(pg/ml) (pg/ml) (pg/ml)
1,234 832 320

From the results reported and from the inhibition of the further shortening of the cervix in
women treated with the intravaginal mixture, it is clear that the mixture, having a greater
antibacterial activity based on its greater ability to chelate iron, subtracting it from bacteria,

is significantly more effective in the treatment of preterm childbirth as demonstrated by

subjective and objective parameters.

Example 7. Activity of the mixture in the treatment of iron deficiency or anaemia

In the treatment of iron deficiency or anaemia, subjects must take capsules containing 100
mg of lactoferrin two or three times a day away from meals and for a duration of at least one

month or until the disease resolves. Table 6 compares the haematological parameters (mean
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values) obtained in 77 patients enrolled with iron deficiency or anaemic patients whose study
included 36 patients treated with capsules containing 100 mg of lactoferrin and 36 treated
with capsules containing 100 mg of lactoferrin added with sodium citrate dihydrate (0.84

mmol) and sodium bicarbonate (0.42 mmol) twice a day away from meals for 30 days.

Table 6. Observational study in 72 patients with iron deficiency and anaemia, of which 36
were treated twice a day for one month with capsules containing 100 mg of lactoferrin and
36 were treated twice a day with capsules containing 100 mg of lactoferrin plus sodium

citrate dihydrate (0.84 mmol) and sodium bicarbonate (0.42 mmol).

After 30 days of treatment with
Haematological Before treatment | Lactoferrin Mixture v
Parameters (mean 2 times daily 2 times daily
values)
Haemoglobin (g/dL) | 10.8+0.2 11.240.2 12.140.2
Red blood cells (x10%)| 3,900+35 4,027+20 4,550+10 13
Total serum iron 2547 50+£8 85+10
(ng/dL)
Ferritin Serum (ng/ml)| 1342 19+4 2443
Haematocrit (%) 28+6 3245 3543 20

Example 8. Activity of the mixture in the treatment of inflammatory anaemia

In the treatment of inflammatory anaemia, subjects must take capsules containing 100 mg
of lactoferrin three or four times daily away from meals and for a duration of at least one
month or until the disease resolves.

Table 7 compares the haematological parameters (mean values), the concentration of IL-6
in the serum of 60 patients enrolled with inflammatory anaemia whose study included 26
treated with capsules containing 100 mg of lactoferrin and 28 treated with capsules
containing 100 mg of lactoferrin plus sodium citrate dihydrate (0.84mmol) and sodium
bicarbonate (0.42mmol) three times a day away from meals for 30 days.

Table 7: Haematological parameters in patients with inflammatory anaemia treated with

lactoferrin or the mixture

After 30 days of treatment with
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Haematological Before treatment| Lactoferrin twice | Mixture twice

parameters (mean daily daily

values)

Haemoglobin (g/dL) 10.3+0.3 10.940.2 12.1+0.3

Red blood cells (x10%) 3,700+£39 4,045+28 4,580+12

Total serum iron 2148 4549 91+14
(ng/dL)

Ferritin Serum (ng/ml) 1043 1542 2645

IL-6 (pg/ml) 45413 3349 945
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CLAIMS

1. A mixture containing lactoferrin, sodium citrate, sodium bicarbonate in a molar ratio,
(lactoferrin moles)/(sodium citrate moles + sodium bicarbonate moles) comprised between
10 and 107, preferably between 2 and 7 x 10, for use in the treatment or prevention of
bacterial and wviral infections which colonise the epithelia at the nasal, vaginal,
cervicovaginal, anal and intestinal mucosal levels in order to:

e decrease the number of pathogenic bacteria and viruses,

inhibit biofilm formation, microbial ability to adhere and invade,

e inhibit or decrease the inflammatory process caused by infections, said
inflammatory process possibly being associated with iron deficiency, anaemia or
inflammatory anaemia or IBD,

e decreasc intracercbral iron overload as occurs in Alzheimer's,

e facilitate the repair of lesions,

e prevent preterm childbirth induced by vaginal infections and/or inflammations
optionally associated with iron deficiency, anaemia or inflammatory anaemia,

said mixture being administered only nasally, intravaginally to the nasal, vaginal and
cervicovaginal mucous membranes or topically intra-anally to the anal and intestinal mucous
membranes in the form of a topical formulation A) nasally, vaginally or anally, respectively,
in the absence of iron homoeostasis disorders, or said formulation A) being administered
nasally, vaginally or anally in combination with a systemic oral formulation B), containing
said mixture wherein the lactoferrin, sodium citrate and sodium bicarbonate are present in
the same molar ratio range as above, when said mucosal infections and the inflammatory
process thereof manifest with iron deficiency, anaemia or inflammatory anaemia, or

the aforementioned systemic oral formulation B) is administered in combination with

said nasal topical formulation A), when cerebral iron overload and the inflammatory

processes thereof are associated with Alzheimer's;

2. The mixture for use according to claim 1, wherein the following effects are obtained
simultaneously:

» significant inhibition of the multiplication of pathogenic bacteria and viruses

» inhibition of biofilm formation

» inhibition of bacterial and viral adhesiveness

» inhibition of pathogenic bacteria and viruses entering cells
» inhibition of pro-inflammatory cytokine synthesis
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prevention and treatment of IBD
restoration of iron homocostasis

inhibition of intracerebral iron overload

Y V V VY

restoration of the physiological values of haemoglobin, number of red blood cells, total

serum iron, serum ferritin, haematocrit percentage

Y

protection for vaginal or intestinal lesions

» prevention and treatment of preterm childbirth.

3. The mixture for use according to claim 1 or 2, wherein acute or chronic infections are
selected from those associated with bacteria in planktonic form or in optional or obligatory,

adhesion or intracellular biofilms.

4. The mixture for use according to any one of claims 1-3, where the treatment of iron
deficiency, anaemia, or inflammation anaemia with said systemic oral formulation induces
restoring of the physiological iron distribution among tissues and secretions and the

circulation.

5. A combined preparation which comprises a first topical A) nasal or vaginal or anal
formulation containing a mixture of lactoferrin, sodium citrate and sodium bicarbonate,
wherein the molar ratio, intended as lactoferrin moles/(sodium citrate moles + sodium
bicarbonate moles) is comprised between 10 and 10~ and preferably between 2 x10™* and
7x10, and a second systemic oral formulation B) comprising a mixture of lactoferrin,
sodium citrate and sodium bicarbonate wherein the molar ratio lactoferrin moles /(sodium
citrate moles + sodium bicarbonate moles) is comprised between 10 and 10~ and preferably

between 2 and 7 x 107,

6. The mixture for use according to any one of claims 1-4 or the combined preparation
according to claim 5, wherein the lactoferrin in the topical formulation A) and in the topical

formulation B) in amounts comprised between 10 and 200mg.

7. The mixture for use according to any one of claims 1- 4, or the combined preparation
according to claim 5 or 6, wherein the lactoferrin has a degree of iron saturation from 0% to
100%, preferably from 0% (limit included) to 100% (limit not included), more preferably

from 0% to 20% (limit included) saturation.
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8. The mixture for use according to any one of claims 1-4, or the combined preparation
according to any one of claims 5-7, wherein the saturation degree is obtained with one or
more Fe (I1I), Zn, Cu and Mn and wherein the lactoferrin is selected from one or more intact

lactoferrin, the N lobe, the C lobe and the iron-binding site-containing sequences.

9. The mixture for use according to any one of claims 1-4, or a combined preparation
according to any one of claims 5-8, wherein said nasal topical formulation is in drop form
or vaginal is in spray, tablets, ova, and granule form, preferably in dissolvable tablets or ova

form, or anal topical formulation is in form of dissolvable suppositories or granules.

10. The mixture for use according to any one of claims 1-4 or the combination preparation
according to any one of claims 5-9, wherein by said administration, intravaginally, intra-
anally 10 to 200mg lactoferrin is administered two or more times daily until resolution of

the pathology.

11. The mixture for use according to any one of claims 1-4 or the combined preparation
according to any one of claims from 5 to 10, wherein by the aforementioned intranasal route,
they are administered several times a day in solutions containing the lactoferrin in
concentrations comprised between 0.1 and 10% by weight/volume and the lactoferrin is

preferably contained in said solutions in amounts comprised between 10 and 30 mg.

12. The mixture for use according to any one of claims 1-4 or the combined preparation
according to any one of claims from 5 to 10, wherein said solid vaginal formulations
preferably being tablets or ova or the solid anal formulations, preferably the soluble
suppositories or granules contain between 100 and 200 mg of lactoferrin and are preferably

administered from two to several times a day.

13. The mixture for use or the combined preparation according to claims 1-4 or the combined
preparation according to any one of claims 5-12, wherein the oral formulation contains a
total amount of bovine lactoferrin from 100mg to 200mg to be administered two or more

times a day for at least one month.

31



10

15

WO 2022/064357 PCT/IB2021/058581

14. A mixture containing lactoferrin > of 200 up to 500 mg, preferably between 250 and
500mg, and a total content of sodium citrate and sodium bicarbonate comprised between
140 and 240 mg, preferably between 170 and 200mg in which each of said salts 1s present
in an amount comprised between 15 and 190 mg preferably between 20 and 160 mg
administered orally for use in the treatment and prevention of viral infections by DNA,

RNA, coated or naked viruses.

15. Mixture for use according to claim 14, wherein the virus is SARS-CoV-2 or other

viruses causing intracellular and extracellular iron overload and an inflammatory storm.

16. An oral composition comprising as an active ingredient lactoferrin in an amount > of 200
up to 500 mg, preferably between 250 and 500 mg, and a total content of sodium citrate and
sodium bicarbonate comprised between 140 and 240 mg, preferably between 170 and 200
mg wherein each of said is present in an amount comprised between 15 and 190 mg

preferably between 20 and 160 mg, in combination with suitable excipients and/or diluents.
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