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Use of SGLT-2 inhibitors in the drying-off of non-human mammals

FIELD OF THE INVENTION
The 1nvention relates to the field of medicine, in particular to the field of veterinary medicine. The invention
relates to the use of one or more SGLT-2 inhibitors or a pharmaceutically acceptable torm thereof in the dry-

ing-oft of a non-human mammal, preterably ruminants, more preterably a ruminant.

BACKGROUND INFORMATION

In dairy cows, the duration of lactation 1s usually approximately 10 months. After this period of lactation,
milking of the animal 1s often stopped abruptly, the backpressure of milk accumulating 1n the udder being an
important stimulate for involution of mammary cells to stop producing milk. The start of the dry period 1s a
challenge for the health of ruminants.

Udder engorgement and pain after drying off and/or milk leakage potentially leading to intra-mammary mi-
crobial infections and mastitis 1s a thread especially 1in dairy cattle with high milk yield. For every 5 kg ot
milk yield over 12.5 kg at dry-oft, the odds of an intra-mammary infection 1s increased by at least 77%.

As 1n other species, the sodium glucose linked transporter number 2 (SGLT-2) 1s predominantly expressed in
the bovine kidney. However, it 1s expressed at lower levels in the bovine mammary gland, liver, lung, spleen,
intestine, and skeletal muscle. The expression of SGLT-2 1n the bovine mammary gland 1s increased more
than 10-fold from late pregnancy to early lactation (Zhao FQ et al., J. Dairy Sci., 2005, 88: 2738-2748).
However, the physiological roles of the SGLTs in the mammary gland remain to be studied (Zhao FQ, J
Mammary Gland Biol Neoplasia 2014, 19: 3-7).

The current state of the art 1s “good management” — 1.e. progressive / gradual cessation of milking, and/or
feed reduction. These procedures need several days to yield effects and, therefore, most often these manage-
ment tools are not implemented because of convenience, but dairy cow are subject to a sudden, abrupt dry-
Off.

Besides, these good management procedures have clear drawbacks. The gradual cessation of milking does
increase the somatic cell count, 1.e. there 1s eventual commercial penalties to the milk price achieved. Inter-
mitted udder engorgement also clearly induces discomfort and stress. There are controversies about the et-
fects on milk leakage and/or incidence of intra-mammary infections. Similarly, feed restriction induces stress
and discomfort. Moreover, controversial reports are available of effects on milk leakage and, consequently,
the risk for intra-mammary infections. More important, feed restriction as needed for several days to eftec-
tively reduce the milk production clearly induces a negative energy balance. It this persists over several days,
the 1increase 1n blood non-esterified fatty acids (NEFAs) and ketone bodies may even induce “fatty liver syn-
drome’” and/or impair the general immune status. In addition, to what 1s described above also abrupt dry-oft
and painful udder engorgement also induces stress and stress 1s known to increase the susceptibility of ani-
mals to infections and, thus, adds on to the risk intra-mammary infections at start of the dry period. Thus,

cows at dry-off are prone for mastitis / metritis. For instance, also subclinical mastitis or sub-clinical ketosis
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are often unrecognized but may have negative eftects even on long term — 1.e. the subsequent reproduction

cycle / fertility and milk yield and/or milk quality.

Drugs with prolactin inhibitory effects like cabergoline may be used. Cabergoline 1s a synthetic ergot deriva-
tive, which 1s a potent dopamine receptor agonist on D2 receptors. It acts on dopamine receptors of prolactin
producing cells in the pituitary gland suppressing the prolactin production. Consequently, cabergoline admin-
istration induces a reduction of milk production leading to a reduction in udder engorgement and 1ntra-mam-
mary pressure at dry-oft. Cabergoline 1s registered in some countries for use 1n dairy cows as an aid in the
abrupt drying-otf by reducing milk production to reduce milk leakage at drying off, reduce the risk of new
intra-mammary infections (IMI) during the dry period and reduce discomtort. However, the marketing au-
thorizations for cabergoline 1n the EU were suspended 1n 2016 due to serious adverse effects, including the

death of several cows.

Further prior art 1s as follows:

Bertulat S et al., (J Dairy Sc1 2017, 100(4): 3220-3232) describe the effect of a single 1injection of cabergoline
at dry-oft on udder characteristics in high-yielding dairy cows.

EP 2 349 272 B1 relates to a veterinary composition comprising cabergoline for a use to induce lactation de-
pletion and promoting mammary involution 1n gestating ruminants.

EP 2 675 527 B1 relates to the use of a veterinary composition comprising cabergoline to be administered to
a ruminant in a specific dosage regimen.

Gross JJ et al. (J Amim Physiol Anim Nutr 2015, 99: 747-756) disclose the glucose transport and milk secre-
tion during manipulated plasma insulin and glucose concentrations and during LPS-1induced mastitis in dairy
COWS.

Lanctot S et al. (J Dairy Sci1 2017, 100(3): 2269-2281) describes the effect of intra-mammary infusion of chi-
tosan hydrogels at drying-off on bovine mammary gland involution.

Maynou G et al. (J Dairy Sci 2018, 101(12): 1-12) describe the effects of oral administration of acidogenic
boluses at dry-ott on pertormance and behavior of dairy cattle.

US 2004/0258778 Al relates to lactation cessation and breast engorgement compositions based on cabbage
extract and methods of use thereof.

US 2011/0245261 Al relates to an antiprolactinic veterinary composition to be administered to ruminants.
US 2014/0024670 Al relates to a veterinary anti-prolactin composition to be administered to ruminants.

US 4,412,993 A describes methods of treating pseudopregnancy, galactorrhea and mastitis in mammals, 1n
particular the dog.

US 6,391,849 B1 relates to a method and pharmaceutical composition for disrupting lactation 1n a mammary
gland and for treating and preventing mastitis.

US 3,133,916 B1 relates to the control of milk production and mammary involution.

US 9,487,557 B2 describes novel short peptides that are highly effective in inducing involution in a mam-

mary gland of a lactating mammal and cessation of milk production by the gland.
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US 9,744,158 B2 describes an antiprolactinic veterinary composition to be administered to ruminants.

WO 2004/113378 A2 relates to three novel peptides identified from cow’s milk for use in the modulation of
the milk secretion rate of a lactating cell.

WO 2009/143020 Al discloses methods for treating hyperuricemia employing an SGLT-2 inhibitor alone or
in combination with a supply of carbohydrate and/or in combination with an inhibitor of uric acid synthesis.
WO 2015/173584 Al discloses methods for avoiding an increase 1n glucagon associated with the administra-
tion of an SGLT-2 inhibitor via the co-administration of a DPP-1V inhibitor.

WO 2016/104643 Al discloses solid preparations for treating diabetes.

WO 2017/156632 Al describes a method of preventing intra-mammary infection and accelerating involution
by administration of a biological response modifier, specifically a chitosan solution to the teat of a lactating

mammal at drying-off.

Thus, there 1s a medical need for a safe, convenient and effective aid to reduce the risks for animal / udder /
mammary gland health and increase animal welfare with a management of sudden dry-off in non-human

mammals, preferably ruminants, which overcomes the problems of the prior art.

Summary of the Invention

The present invention concerns the use of at least one SGLT-2 inhibitor in a non-human mammal, preterably
ruminants, more preferably a ruminant, even more preterably for drying-oft of a non-human mammal, even
more preferably ruminants, most preferably a ruminant.

A corresponding method of drying-oftf of a non-human mammal, preferably ruminants, more preferably a ru-
minant, comprising administering at least one SGLT-2 inhibitor, a corresponding at least one SGLT-2 inhibi-
tor for use 1n a method of drying-oft of a non-human mammal, preferably ruminants, more preferably a rumi-
nant, as well as the corresponding use of at least one SGLT-2 inhibitor for the preparation of a medicament
for drying-off of a non-human mammal, preferably ruminants, more preferably a ruminant, are also intended

to be comprised by the present invention.

The present invention also concerns a method of improving and/or facilitating the drying-oft of a non-human
mammal, preferably ruminants, more preferably a ruminant, comprising administering to such a non-human
mammal, pretferably ruminant(s) at least one SGLT-2 inhibitor.

A corresponding use of at least one SGLT-2 inhibitor, wherein such at least one SGLT-2 inhibitor 1s adminis-
tered to a non-human mammal, preferably ruminants, more preferably a ruminant, a corresponding at least
one SGLT-2 inhibitor for use in a method of improving and/or tacilitating the drying-otf of a non-human
mammal, preferably ruminants, more preferably a ruminant, wherein such at least one SGLT-2 inhibitor 1s
administered to a non-human mammal, preferably ruminants, more preferably a ruminant, as well as the cor-
responding use of at least one SGLT-2 inhibitor for the preparation of a medicament for improving and/or

tacilitating the drying-otf of a non-human mammal, preferably ruminants, more preterably a ruminant,
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wherein such at least one SGLT-2 inhibitor 1s administered to a non-human mammal, preferably ruminants,

more preferably a ruminant, are also intended to be comprised by the present invention.

The present invention also concerns a method of reducing the milk production, preterably milk production
and/or secretion, 1n a pregnant and/or a lactating non-human mammal, preferably ruminants, more preferably
a pregnant and/or lactating ruminant, comprising administering to such non-human mammal, preterably ru-
minant(s), at least one SGLT-2 inhibitor.

A corresponding use of at least one SGLT-2 inhibitor, wherein such at least one SGLT-2 inhibitor 1s adminis-
tered to a non-human mammal, preferably ruminants, more preferably a ruminant, a corresponding at least
one SGLT-2 inhibitor for use in a method of reducing the milk production, preterably milk production and/or
secretion, 1n a pregnant and/or a lactating non-human mammals, preferably ruminants, more preferably a
pregnant and/or lactating ruminant, wherein such at least one SGLT-2 inhibitor 1s administered to a non-hu-
man mammal, preferably ruminants, more preferably a ruminant, as well as the corresponding use of at least
one SGLT-2 inhibitor for the preparation of a medicament for reducing the milk production, preferably milk
production and/or secretion, in a pregnant and/or a lactating non-human mammal, preferably ruminants, more
preferably a pregnant and/or lactating ruminant, wherein such at least one SGLT-2 inhibitor 1s administered
to a non-human mammal, preferably ruminants, more preferably a ruminant, are also intended to be com-

prised by the present invention.

The present invention also concerns a method of decreasing milk accumulation and/or engorgement in the
udder, preterably udder and/or mammary gland, of a non-human mammal, preterably ruminants, more pref-
erably a ruminant, comprising administering to such non-human mammal, preferably ruminant(s) at least one
SGLT-2 inhibitor.

A corresponding use of at least one SGLT-2 inhibitor, wherein such at least one SGLT-2 inhibitor 1s adminis-
tered to a non-human mammal, preferably ruminants, more preferably a ruminant, a corresponding at least
one SGLT-2 inhibitor for use in a method of decreasing milk accumulation and/or engorgement in the udder,
preferably udder and/or mammary gland, of a non-human mammal, preferably ruminants, more preterably a
ruminant, wherein such at least one SGLT-2 inhibitor 1s administered to a non-human mammal, preterably
ruminants, more preferably a ruminant, as well as the corresponding use of at least one SGLT-2 inhibitor for
the preparation of a medicament for decreasing milk accumulation and/or engorgement in the udder, prefera-
bly udder and/or mammary gland, of a non-human mammal, preterably ruminants, more preferably a rumi-
nant, wherein such at least one SGLT-2 inhibitor 1s administered to a non-human mammal, preterably rumi-

nants, more preferably a ruminant, are also intended to be comprised by the present invention.

The present invention also concerns a method of decreasing the discomfort associated with udder engorge-
ment, such as increasing the daily lying time and/or reduction of stress, of a non-human mammal, preterably
ruminants, more preferably a ruminant, comprising administering to such non-human mammal, preterably

ruminant(s) at least one SGLT-2 inhibitor.
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A corresponding use of at least one SGLT-2 inhibitor, wherein such at least one SGLT-2 inhibitor 1s adminis-
tered to a non-human mammal, preferably ruminants, more preferably a ruminant, a corresponding at least
one SGLT-2 inhibitor for use in a method of decreasing the discomtort associated with udder engorgement,
such as increasing the daily lying time and/or reduction of stress, of a non-human mammal, preferably rumi-
nants, more preferably a ruminant, wherein such at least one SGLT-2 inhibitor 1s administered to a non-hu-
man mammal, preterably ruminants, more preferably a ruminant, as well as the corresponding use of at least
one SGLT-2 inhibitor for the preparation of a medicament for decreasing the discomfort associated with ud-
der engorgement, such as increasing the daily lying time and/or reduction of stress, of a non-human mammal,
preferably ruminants, more preferably a ruminant, wherein such at least one SGLT-2 inhibitor 1s adminis-
tered to a non-human mammal, preferably ruminants, more preferably a ruminant, are also intended to be

comprised by the present invention.

The present invention also concerns a method of decreasing milk leakage after drying-ott of a non-human
mammal, preferably ruminants, more preferably a ruminant, comprising administering to such non-human
mammal, pretferably ruminant(s) at least one SGLT-2 inhibitor.

A corresponding use of at least one SGLT-2 inhibitor, wherein such at least one SGLT-2 inhibitor 1s adminis-
tered to a non-human mammal, preferably ruminants, more preferably a ruminant, a corresponding at least
one SGLT-2 inhibitor for use in a method of decreasing milk leakage after drying-off of a non-human mam-
mal, preferably ruminants, more preferably a ruminant, wherein such at least one SGLT-2 inhibitor 1s admin-
istered to a non-human mammal, pretferably ruminants, more preferably a ruminant, as well as the corre-
sponding use of at least one SGLT-2 inhibitor for the preparation of a medicament for decreasing milk leak-
age after drying-off of a non-human mammal, preferably ruminants, more preferably a ruminant, wherein
such at least one SGLT-2 inhibitor 1s administered to a non-human mammal, preferably ruminants, more

preferably a ruminant, are also intended to be comprised by the present invention.

The present invention also concerns a method of decreasing the incidence of intra-mammary infections
(IMI), preferably mastitis and/or metritis, in a non-human mammal, preterably ruminants, more preterably a
ruminant, comprising administering to such non-human mammal, preferably ruminant(s) at least one SGLT-2
inhibitor.

A corresponding use of at least one SGLT-2 inhibitor, wherein such at least one SGLT-2 inhibitor 1s adminis-
tered to a non-human mammal, preferably ruminants, more preferably a ruminant, a corresponding at least
one SGLT-2 inhibitor for use 1n a method of decreasing the incidence of intra-mammary infections (IMI),
preferably mastitis and/or metritis, in a non-human mammal, preterably ruminants, more preferably a rumi-
nant, wherein such at least one SGLT-2 inhibitor 1s administered to a non-human mammal, preterably rumi-
nants, more preferably a ruminant, as well as the corresponding use of at least one SGLT-2 inhibitor for the
preparation of a medicament tor decreasing the incidence of intra-mammary infections (IMI), preterably

mastitis and/or metritis, in a non-human mammal, preterably ruminants, more preferably a ruminant, wherein



10

15

WO 2021/105152 PCT/EP2020/083267

such at least one SGLT-2 inhibitor 1s administered to a non-human mammal, preferably ruminants, more

preferably a ruminant, are also intended to be comprised by the present invention.

In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the at least one SGLT-2 inhibitor 1s administered 1n a therapeutically etfective amount without exert-
ing any harmtul and/or abortifacient etffects on a pregnant non-human mammal, preferably ruminant(s),
and/or wherein the at least one SGLT-2 inhibitor 1s administered in a therapeutically effective amount with-
out exerting any negative effects on the subsequent reproduction cycle / fertility and mulk yield and/or milk
quality 1n the next lactation.

In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the at least one SGLT-2 inhibitor 1s administered in a therapeutically effective amount that addition-
ally or alternatively effects a reduction of the incidence of new intra-mammary infections (IMI) or mastitis in

the first month after start of the next lactation.

In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the at least one SGLT-2 inhibitor 1s selected trom the group consisting of:

(1) a glucopyranosyl-substituted benzene derivative of the formula (1)

?

wherein R! denotes cyano, Cl or methyl (most preferably cyano);

R?* denotes H, methyl, methoxy or hydroxy (most preferably H) and

R” denotes cyclopropyl, hydrogen, fluorine, chlorine, bromine, iodine, methyl, ethyl, propyl,
isopropyl, butyl, sec-butyl, 1so-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, cyclopentyl, cy-
clohexyl, 1-hydroxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cyclopentyl, 1-hydroxy-
cyclohexyl, ethinyl, ethoxy, difluoromethyl, trifluoromethyl, pentatluoroethyl, 2-hydroxyl-
ethyl, hydroxymethyl, 3-hydroxy-propyl, 2-hydroxy-2-methyl-prop-1-yl, 3-hydroxy-3-methyl-
but-1-yl, 1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-
1-hydroxy-1-trifluoromethyl-ethyl, 2-methoxy-ethyl, 2-ethoxy-ethyl, hydroxy, difluoro-
methyloxy, trifluoromethyloxy, 2-methyloxy-ethyloxy, methylsulfanyl, methylsulfinyl, meth-
lysulfonyl, ethylsulfinyl, ethylsulfonyl, trimethylsilyl, (R )-tetrahydrofuran-3-yloxy or (§)-tetra-
hydroturan-3-yloxy or cyano;

wherein R? is preferably selected from cyclopropyl, ethyl, ethinyl, ethoxy, (R )-tetrahydrofuran-

3-yloxy or (S)-tetrahydrofuran-3-yloxy; and most preferably R° is cyclopropyl,
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or a derivative thereof wherein one or more hydroxyl groups of the -D-glucopyranosyl group
are acylated with groups selected trom (C1-1z-alkyl)carbonyl, (C1.15-alkyl)oxycarbonyl, phe-
nylcarbonyl and phenyl-(C;-alkyl)-carbonyl;

(2) Velagliflozin, represented by formula (2):

(3)

(4)

s sgus e ¥ R v - '#i - :
: . ' ":‘. s :\: ’%K B vy, @ s . ;.:.~. .:_;'. : 3
H\: .:.§| |H :

(3) Empagliflozin, represented by formula (5):

(6) Luseogliflozin, represented by formula (6):
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(7) Totoglitlozin, represented by formula (7):

(3) Ipragliflozin, represented by formula (8):

(9)

(10)  Atigliflozin, represented by formula (10):

(11)
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(11A) Remogliflozin etabonate, represented by tormula (11A):

(12) athiophene derivative of the formula (12)
R

OH
wherein R denotes methoxy or trifluoromethoxy;
(13)  1-(B-D-glucopyranosyl)-4-methyl-3-[5-(4-fluorophenyl)-2-thienylmethyl|benzene, represented
by formula (13);

(14)  a spiroketal derivative of the formula (14):

wherein R denotes methoxy, trifluoromethoxy, ethoxy, ethyl, i1sopropyl or tert. butyl;

(15) apyrazole-O-glucoside derivative of the formula (15)

wherein
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R! denotes Ci.3-alkoxy,

L!, L? independently of each other denote H or F,

R® denotes H, (C3-alkyl)carbonyl, (C1.¢-alkyl)oxycarbonyl, phenyloxycarbonyl, ben-
zyloxycarbonyl or benzylcarbonyl;

(16)  Sotagliflozin, represented by formula (16):

(17)

(18) acompound represented by formula (18):

\

O
i
/

wherein

R®> denotes cyclopropyl, hydrogen, fluorine, chlorine, bromine, iodine, methyl, ethyl, pro-
pyl, 1sopropyl, butyl, sec-butyl, 1so-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, cy-

3 clopentyl, cyclohexyl, 1-hydroxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cyclo-
pentyl, 1-hydroxy-cyclohexyl, ethinyl, ethoxy, difluoromethyl, trifluoromethyl, pen-
tatluoroethyl, 2-hydroxyl-ethyl, hydroxymethyl, 3-hydroxy-propyl, 2-hydroxy-2-me-
thyl-prop-1-yl, 3-hydroxy-3-methyl-but-1-yl, 1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-
1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-1-hydroxy-1-trifluoromethyl-ethyl, 2-meth-
10 oxy-ethyl, 2-ethoxy-ethyl, hydroxy, difluoromethyloxy, trifluoromethyloxy, 2-

methyloxy-ethyloxy, methylsultanyl, methylsulfinyl, methlysultonyl, ethylsultinyl,
ethylsultonyl, trimethylsilyl, (R )-tetrahydrofuran-3-yloxy or ($)-tetrahydrofuran-3-yloxy

or cyano, wherein R? is preferably selected from cyclopropyl, ethyl, ethinyl, ethoxy,
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(R )-tetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy; and R> most preferably is
cyclopropyl,

or a derivative thercof wherein one or more hydroxyl groups of the B-D-glucopyranosyl
group are acylated with groups selected trom (C.;g-alkyl)carbonyl, (Ci.;g-alkyl)oxycarbonyl,
phenylcarbonyl and phenyl-(C;z-alkyl)-carbonyl;

(19) Bexagliflozin, represented by formula (19):

i g e ﬁ:ﬁ

(20) Janagliflozin, represented by formula (20):

(21) Ronglitlozin,

(22) Wanpaglitlozin.

In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the non-human mammal, preferably ruminant(s), 1s/are selected from the group consisting of: bo-
vine, canine, caprine, equine, feline, lagomorphs, ovine, porcine, rodent; preferably selected from the group
consisting of: cattle, cow, dog, goat, horse, pony, donkey, cat, sheep, p1g, rabbit, rat, mouse; more preferably
selected from the group consisting of: bovine, caprine, ovine, even more preferably selected from the group
consisting of: cattle, cow(s), goat(s), sheep; even more preferably selected trom the group consisting of: dairy
cattle, pregnant and/or lactating dairy cattle; most preferably selected trom the group consisting of: cow(s),

pregnant and/or lactating cow(s).

In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the at least one SGLT-2 inhibitor 1s administered orally, parenterally, rectally, intravaginally, intra-

venously, subcutaneously or intramuscularly, preterably subcutaneously, intramuscularly or intravenously.
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In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the at least one SGLT-2 inhibitor 1s administered at a dose of 0.01 mg/kg bodyweight to 10 mg/kg
bodyweight, preferably at a dose of 0.01 mg/kg bodyweight to 5 mg/kg bodyweight, more preferably at a
dose of 0.01 mg/kg bodyweight to 3 mg/kg bodyweight, even more preferably at a dose of 0.03 mg/kg body-
weight to 3 mg/kg bodyweight, most preferably at a dose of 0.03 mg/kg bodyweight or 0.3 mg/kg body-
weight or 3 mg/kg bodyweight.

In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the at least one SGLT-2 1inhibitor 1s administered once, twice, three-times, four-times, five-times,
six-times or daily for a week, preterably once only at start of drying-oft or twice as two treatments 24 hours

or 48 hours apart after last milking.

In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the at least one SGLT-2 inhibitor 1s velagliflozin and velagliflozin 1s administered as single SGLT-2
inhibitor, preferably orally, subcutaneously or intramuscularly, once only at start of drying-oft or twice (24 h
or 48 h apart) at a dose of 0.01 mg/kg bodyweight to 5 mg/kg bodyweight, more preferably 0.03 mg/kg body-
weight to 3 mg/kg bodyweight, even more preferably at a dose of 0.03 mg/kg bodyweight or 0.3 mg/kg body-
weight or 3 mg/kg bodyweight.

In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the at least one SGLT-2 inhibitor 1s administered betore, after or concomitantly with administering
at least one feed supplement, such as Bovikalc® Dry, to the non-human mammal, preferably ruminant(s),
and/or before, aftter or concomitantly with a reduction in feed offered to the non-human mammal, preferably

ruminant(s).

In one aspect, the present invention also concerns the use or methods as herein disclosed and/or claimed,
wherein the teed supplement comprises one or more acidifying agents selected from the group consisting of:
ammonium chloride, calcium chloride and/or calcium sulfate, more preterably comprises ammonium chlo-
ride and calcium chloride and calcium sulfate, even more prefterably comprises 5% (w/w) to 153% (w/w) am-
monium chloride and 40% (w/w) to 60% (w/w) calcium chloride and 15% (w/w) to 25% (w/w) calcium sul-
tate, most preterably comprises 10.4% (w/w) ammonium chloride and 51.9% (w/w) calcium chloride and

20.1% (w/w) calcium sulfate.

The advantages according to the present invention are one or more of the following:
- facilitates the start of the dry period at the end of lactation in a non-human mammal, preterably ruminant,

with a safe, effective and convenient parenteral injection of at least one SGL'T2 inhibitor;
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- overcomes the problems that even good management procedures have drawbacks, such as an increase ot
the somatic cell counts while still delivering milk 1n gradual cessation of milking prior to dry-oft;

- ameliorates discomtort and stress related good management as well as abrupt dry-oft, which 1s known to
impact the immune status negatively;

- 1ncreases the daily lying time and reduces stress, preterably on the days after dry-off;

- 1mproves the immune status and/or liver function of a non-human mammal, preferably ruminant, more
preferably dairy cow(s), after dry-oft;

- avoids scenarios like feed reduction induced negative energy balance with eventually excessive increase
in blood non-esterified fatty acids (NEFAs) and ketone bodies that may even induce “fatty liver syn-
drome” and/or impair the general immune status;

- advantageously influences the long-time performance of a non-human mammal, preferably ruminant, by
avolding the negative impact on subsequent reproduction cycle / fertility and milk yield and/or milk qual-

ity 1n the next lactation.

Detailed Description of the Invention
Betore the embodiments of the present invention are described in further detail, it shall be noted that as used

herein and in the appended claims, the singular forms "a", "an"”, and "the" include plural reference unless the

context clearly dictates otherwise.

Unless defined otherwise, all technical and scientific terms used herein have the same meanings as com-
monly understood by one of ordinary skill in the art to which this invention belongs. All given ranges and
values may vary by 1 to 5 % unless indicated otherwise or known otherwise by the person skilled in the art,
therefore, the term “about” was usually omitted from the description and claims. Although any methods and
materials similar or equivalent to those described herein can be used in the practice or testing of the present
invention, the preferred methods, devices, and materials are now described. All publications mentioned
herein are incorporated herein by reterence tor the purpose ot describing and disclosing the substances, ex-
cipients, carriers, and methodologies as reported in the publications which might be used 1n connection with
the invention. Nothing herein 1s to be construed as an admission that the invention 1s not entitled to antedate

such disclosure by virtue of prior invention.

In the course of the present invention, “drying-oft” 1s defined as follows: cessation of milking, preferably

milk secretion, of a lactating non-human mammal, preferably ruminant.

In the course of the present invention “1mproving and/or facilitating the drying-oft™ 1s defined as follows:

taster reduction of milk production, preferably milk secretion.
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In the course of the present invention the term “mastitis” refers to the inflammation of the mammary gland
caused by intra-mammary infection (IMI) with pathogens, mostly bacteria, but also yeast, fungi, or even al-
gae. “Mastitis™ 1s herein used to describe all forms of such inflammation, including subclinical and clinical

mastitis, clinical mastitis including mild, severe and chronic mastitis.

In the course of the present invention the term “udder engorgement” or “engorgement in the udder” refers to
the excessive accumulation of milk 1in the mammary gland, leading to pain and discomfort and/or milk leak-

age from the teats; also interchangeably, the term increased udder pressure 1s used.

In the course of the present invention the term “treatment effects” refers to an improvement and/or reduction
of a condition or incidence, and/or the improvement, reduction or increase of any etfect, index, marker level

or other parameter relating to a condition.

SGLT-2 inhibitors for use according to the invention include, but are not limited to, glucopyranosyl-substi-
tuted benzene derivatives, for example as described in WO 01/27128, WO 03/099836, WO 2005/092877,
WO 2006/034489, WO 2006/064033, WO 2006/117359, WO 2006/117360, WO 2007/025943,

WO 2007/028814, WO 2007/031548, WO 2007/093610, WO 2007/128749, WO 2008/049923,

WO 2008/055870, WO 2008/055940, WO 2009/022020 or WO 2009/02200s.

Moreover, the one or more SGLT-2 inhibitors for use according to the invention may be selected from the
group consisting of the following compounds or pharmaceutically acceptable torms thereot:

(1) a glucopyranosyl-substituted benzene derivative of the formula (1)

?

wherein R' denotes cyano, Cl or methyl (most preferably cyano);

R? denotes H, methyl, methoxy or hydroxy (most preferably H) and

R denotes cyclopropyl, hydrogen, fluorine, chlorine, bromine, iodine, methyl, ethyl, propyl,
1sopropyl, butyl, sec-butyl, 1so-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, cyclopentyl, cy-
clohexyl, 1-hydroxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cyclopentyl, 1-hydroxy-
cyclohexyl, ethinyl, ethoxy, difluoromethyl, trifluoromethyl, pentatluoroethyl, 2-hydroxyl-
ethyl, hydroxymethyl, 3-hydroxy-propyl, 2-hydroxy-2-methyl-prop-1-yl, 3-hydroxy-3-methyl-
but-1-yl, 1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-
1-hydroxy-1-trifluoromethyl-ethyl, 2-methoxy-ethyl, 2-ethoxy-ethyl, hydroxy, difluoro-
methyloxy, trifluoromethyloxy, 2-methyloxy-ethyloxy, methylsulfanyl, methylsulfinyl, meth-
lysulfonyl, ethylsulfinyl, ethylsulfonyl, trimethylsilyl, (R )-tetrahydrofuran-3-yloxy or (S )-tetra-

hydroturan-3-yloxy or cyano;
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wherein R? is preferably selected from cyclopropyl, ethyl, ethinyl, ethoxy, (R)-tetrahydrofuran-
3-yloxy or (S)-tetrahydrofuran-3-yloxy; and most preferably R? is cyclopropyl,
or a derivative thereof wherein one or more hydroxyl groups of the -D-glucopyranosyl group
are acylated with groups selected trom (C1-1z-alkyl)carbonyl, (C1.15-alkyl)oxycarbonyl, phe-
nylcarbonyl and phenyl-(C;-alkyl)-carbonyl;

(2) Velagliflozin, represented by tormula (2):

(3)

(4)

(5)

(6) Luseogliflozin, represented by formula (6):
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(7) Totoglitlozin, represented by formula (7):

“\_~CHj

(8) Ipragliflozin, represented by formula (8):

(9)

(10)  Atigliflozin, represented by formula (10):
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(11) Remogliflozin, represented by formula (11):

(12) athiophene derivative of the formula (12)
R

OH
wherein R denotes methoxy or trifluoromethoxy;
(13)  1-(B-D-glucopyranosyl)-4-methyl-3-[5-(4-fluorophenyl)-2-thienylmethyl|benzene, represented
by formula (13);
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(14)  a spiroketal derivative of the formula (14):

wherein R denotes methoxy, trifluoromethoxy, ethoxy, ethyl, i1sopropyl or tert. butyl;

(15) apyrazole-O-glucoside derivative of the formula (15)

wherein

R! denotes Ci3-alkoxy,

L!, L? independently of each other denote H or F,

R® denotes H, (Ci3-alkyl)carbonyl, (C1.¢-alkyl)oxycarbonyl, phenyloxycarbonyl, ben-
zyloxycarbonyl or benzylcarbonyl;

(16)  Sotagliflozin, represented by formula (16):

(17)  Serglitlozin, represented by formula (17):
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(18) acompound represented by formula (183):

N 3
7
7 R
O
HO\“‘\l/"’/OH
OH

wherein

R> denotes cyclopropyl, hydrogen, fluorine, chlorine, bromine, iodine, methyl, ethyl, pro-
pyl, 1sopropyl, butyl, sec-butyl, 1so-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, cy-

3 clopentyl, cyclohexyl, 1-hydroxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cyclo-
pentyl, 1-hydroxy-cyclohexyl, ethinyl, ethoxy, difluoromethyl, trifluvoromethyl, pen-
tatluoroethyl, 2-hydroxyl-ethyl, hydroxymethyl, 3-hydroxy-propyl, 2-hydroxy-2-me-
thyl-prop-1-yl, 3-hydroxy-3-methyl-but-1-yl, 1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-
1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-1-hydroxy-1-trifluoromethyl-ethyl, 2-meth-
10 oxy-ethyl, 2-ethoxy-ethyl, hydroxy, difluoromethyloxy, tritfluoromethyloxy, 2-

methyloxy-ethyloxy, methylsultanyl, methylsulfinyl, methlysultonyl, ethylsultinyl,
ethylsultonyl, trimethylsilyl, (R )-tetrahydrofuran-3-yloxy or ($)-tetrahydrofuran-3-yloxy
or cyano; and wherein R? is preferably selected from cyclopropyl, ethyl, ethinyl, ethoxy,

(R )-tetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy; and R? most preferably is
15 cyclopropyl,

or a derivative thereof wherein one or more hydroxyl groups of the -D-glucopyranosyl
group are acylated with groups selected trom (C.jg-alkyl)carbonyl, (C;.ig-alkyl)oxycarbonyl,
phenylcarbonyl and phenyl-(C;z-alkyl)-carbonyl;

(19) Bexagliflozin, represented by formula (19):
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(20)  Janagliflozin, represented by formula (20):

P B
SN

(21) Rongliflozin,

(22) Wanpaglitlozin.

The term "velagliflozin™ as employed herein refers to velagliflozin of the above structure as well as pharma-
ceutically acceptable torms thereof, including hydrates and solvates thereot, and crystalline forms thereof.
The compound, methods of its synthesis and co-crystals thereof are described in WO 2007/128749,

WO 2014/016381 and WO 2019/121509 for example.

The term "dapaglitlozin™ as employed herein refers to dapagliflozin of the above structure as well as pharma-
ceutically acceptable torms thereof, including hydrates and solvates thereot, and crystalline forms thereof.
The compound and methods of its synthesis are described in WO 03/099836 for example. Preferred hydrates,

solvates and crystalline forms are described 1n the patent applications WO 2008/116179 and
WO 2008/002824 for example.

The term "canagliflozin” as employed herein refers to canagliflozin of the above structure as well as pharma-
ceutically acceptable torms thereof, including hydrates and solvates thereot, and crystalline forms thereof.
The compound and methods of its synthesis are described in WO 2005/012326 and WO 2009/035969 for ex-

ample. Preterred hydrates, solvates and crystalline forms are described in the patent application

WO 2008/069327 for example.

The term "empagliflozin” as employed herein refers to empaglitlozin of the above structure as well as phar-

maceutically acceptable forms thereof, including hydrates and solvates thereot, and crystalline forms thereof.

The compound and methods of its synthesis are described in WO 2005/092877, WO 2006/120208 and
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WO 2011/039108 for example. A preferred crystalline form 1s described in the patent applications
WO 2006/117359 and WO 2011/039107 for example.

The term "atigliflozin™ as employed herein refers to atigliflozin of the above structure as well as pharmaceuti-
cally acceptable torms thereot, including hydrates and solvates thereot, and crystalline forms thereot. The

compound and methods of its synthesis are described in WO 2004/007517 for example.

The term "1praglitflozin™ as employed herein refers to ipragliflozin of the above structure as well as pharma-

ceutically acceptable forms thereof, including hydrates and solvates thereot, and crystalline forms thereof.

The compound and methods of its synthesis are described in WO 2004/080990, WO 2005/012326 and
WO 2007/114475 for example.

The term "tofoglitflozin” as employed herein refers to totfoglitlozin of the above structure as well as pharma-
ceutically acceptable torms thereot, including hydrates and solvates thereof, and crystalline forms thereof.

The compound and methods of its synthesis are described in WO 2007/140191 and WO 2008/013280 for ex-

ample.

The term "luseoglitflozin™ as employed herein refers to luseogliflozin of the above structure as well as phar-

maceutically acceptable torms thereof, including hydrates and solvates thereot, and crystalline forms thereot.

The term "ertuglitlozin™ as employed herein refers to ertuglitlozin of the above structure as well as pharma-

ceutically acceptable forms thereof, including hydrates and solvates thereot, and crystalline forms thereof.

The compound is described for example in WO 2010/023594.

The term "remoglitflozin” as employed herein refers to remoglitlozin of the above structure as well as phar-
maceutically acceptable forms thereot, including prodrugs of remogliflozin, in particular remoglitlozin

etabonate, including hydrates and solvates thereof, and crystalline forms thereof. Methods of 1ts synthesis are

described in the patent applications EP 1 213 296 and EP 1 354 888 for example.

The term "sergliflozin” as employed herein refers to serglitflozin of the above structure as well as pharmaceu-
tically acceptable torms thereot, including prodrugs of serglitflozin, in particular serglitlozin etabonate, in-

cluding hydrates and solvates thereof, and crystalline forms thereof. Methods for its manufacture are de-

scribed 1n the patent applications EP 1 344 780 and EP 1 489 089 for example.

The compound of formula (16) above, 1.e. sotaglitflozin, and 1ts manufacture are described for example 1n

WO 2008/042688 or WO 2009/014970.

Preferred SGLT-2 inhibitors are glucopyranosyl-substituted benzene derivatives. Optionally, one or more hy-
droxyl groups of the glucopyranosyl group in such one or more SGLT-2 inhibitors may be acylated with
groups selected trom (C_g-alkyl)carbonyl, (Ci15-alkyl)oxycarbonyl, phenylcarbonyl and phenyl-(C3-al-
kyl)-carbonyl.

More pretferred are glucopyranosyl-substituted benzonitrile derivatives of formula (1) as disclosed herein

above. Yet more preferred are glucopyranosyl-substituted benzonitrile derivatives of formula (13):
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wherein

R’ denotes cyclopropyl, hydrogen, fluorine, chlorine, bromine, 10dine, methyl, ethyl, propyl, 1sopropyl,
butyl, sec-butyl, 1so-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, cyclopentyl, cyclohexyl, 1-hy-
droxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cyclopentyl, 1-hydroxy-cyclohexyl, ethinyl, eth-
oxy, difluoromethyl, trifluoromethyl, pentatluoroethyl, 2-hydroxyl-ethyl, hydroxymethyl, 3-hydroxy-
propyl, 2-hydroxy-2-methyl-prop-1-yl, 3-hydroxy-3-methyl-but-1-yl, 1-hydroxy-1-methyl-ethyl,
2,2,2-trifluoro-1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-1-hydroxy- 1 -tritluoromethyl-ethyl, 2-meth-
oxy-ethyl, 2-ethoxy-ethyl, hydroxy, difluvoromethyloxy, trifluoromethyloxy, 2-methyloxy-ethyloxy,
methylsulfanyl, methylsultinyl, methlysulfonyl, ethylsultinyl, ethylsulfonyl, trimethylsilyl, (R )-tetra-
hydrofuran-3-yloxy or (§)-tetrahydrofuran-3-yloxy or cyano; and wherein R° is preferably selected
from cyclopropyl, ethyl, ethinyl, ethoxy, (R)-tetrahydrofuran-3-yloxy or (§)-tetrahydrofuran-3-yloxy;
and R® most preferably is cyclopropyl,

or a derivative thereof wherein one or more hydroxyl groups of the B-D-glucopyranosyl group are acylated
with groups selected from (C1-13-alkyl)carbonyl, (C.15-alkyl)oxycarbonyl, phenylcarbonyl and phenyl-(C 13-
alkyl)-carbonyl.

Preterably, such SGLT-2 inhibitor 1s velaglifozin as shown 1n formula (2). Optionally, one or more hydroxyl

groups of the B-D-glucopyranosyl group of velagliflozin may be acylated with groups selected from (C_13-

alkyl)carbonyl, (Ci1g-alkyl)oxycarbonyl, phenylcarbonyl and phenyl-(C;s-alkyl)-carbonyl.

Thus, 1n a preterred embodiment, the at least one SGLT-2 inhibitor according to the present invention 1s a
glucopyranosyl-substituted benzene derivative SGLT-2 inhibitor, preferably a SGLT-2 inhibitor of formula
(1), more preterably of tormula (18), or yet more prefterably of tormula (2), 1.e. velagliflozin, in each case as

defined herein above.

Herein, references to SGLT-2 inhibitors and/or their use according to the invention encompass pharmaceuti-

cally acceptable forms of the SGLT-2 inhibitors, unless otherwise stated.

According to the invention, any pharmaceutically acceptable form of the SGLT-2 inhibitor, e.g. of formula
(1), preterably tormula (18), more preferably formula (2), may be used. E.g. a crystalline form may be used.

Prodrug forms are also encompassed by the present invention.
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Prodrug forms may include, e.g., esters and/or hydrates. The term “prodrug” 1s also meant to include any co-
valently bonded carrier, which releases the active compound of the invention 1n vivo when the prodrug 1s ad-
ministered to a mammalian subject. Prodrugs of a compound of the invention may be prepared by moditying
functional groups present in the compound of the invention in such a way that the modifications are cleaved,

either in routine manipulation or in vivo, to the parent compound of the invention.

Crystalline forms for use according to the invention include a complex of an SGLT-2 inhibitor with one or
more amino acids (see e.g. WO 2014/016381) — so-called co-crystals. An amino acid for such use may be a
natural amino acid. The amino acid may be a proteogenic amino acid (including L-hydroxyproline), or a non-
proteogenic amino acid. The amino acid may be a D- or an L-amino acid. In some preterred embodiments,
the amino acid 1s proline (L-proline and/or D-proline, preterably L-proline). E.g., a crystalline complex / co-

crystal of velaglitlozin with proline (e.g. L-proline) and crystalline water 1s preferred.

Thus, herein 1s disclosed a crystalline complex / co-crystal between one or more natural amino acids and an
SGLT-2 inhibitor, e.g., a crystalline complex / co-cyrstal between one or more natural amino acids and a glu-
copyranosyl-substituted benzene derivative SGLT-2 inhibitor, preterably a SGLT-2 inhibitor of formula (1),

more preferably of formula (18) or yet more preferably of formula (2) (velaglitlozin).

Furthermore, the availability ot a well-defined crystalline form allows the purification ot the drug substance

by recrystallization.

Apart from the requirements indicated above, 1t should be generally borne in mind that any change to the
solid state of a pharmaceutical composition, which 1s capable of improving its physical and chemical stabil-

ity, gives a significant advantage over less stable torms of the same medicament.

A crystalline complex / co-crystal between a natural amino acid and an SGLT-2 inhibitor (e.g. a glucopyra-
nosyl-substituted benzene derivative or a SGLT-2 inhibitor of formula (1), or formula (18) or, particularly, of

formula (2), 1.e. velagliltozin) tulfills important requirements mentioned hereinbetore.

SGLT-2 inhibitors for use according to the invention may be prepared as pharmaceutical compositions. They
may be prepared as solid or as liquid formulations. In either case, they are preterably prepared for parenteral
administration, preferably in liquid form for parenteral administration (see e.g. WO 2017/032799). The
SGLT-2 inhibitors may, however, also be prepared, e.g., for oral administration. Solid formulations include
tablets, granular forms, and other solid forms such as suppositories. Among solid formulations, tablets and

granular forms are preferred.

Pharmaceutical compositions within the meaning of the present invention may comprise an SGLT-2 inhibitor
according to the present invention and one or more excipients. Any excipient that allows for, or supports, the
intended medical effect may be used. Such excipients are available to the skilled person. Usetul excipients

are for example anti-adherents (used to reduce the adhesion between the powder (granules) and the punch
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faces and thus prevent sticking to tablet punches), binders (solution binders or dry binders that hold the ingre-
dients together), coatings (to protect tablet ingredients from deterioration by moisture 1n the air and make
large or unpleasant-tasting tablets easier to swallow), disintegrants (to allow the tablet to break upon dilu-
tion), fillers, diluents, flavours, colours, glidants (flow regulators - to promote powder flow by reducing in-
terparticle friction and cohesion), lubricants (to prevent ingredients from clumping together and trom sticking

to the tablet punches or capsule filling machine), preservatives, sorbents, sweeteners etc.

Formulations according to the invention, e.g. solid formulations, may comprise carriers and/or disintegrants
selected trom the group of sugars and sugar alcohols, e.g. mannitol, lactose, starch, cellulose, microcrystal-

line cellulose and cellulose derivatives, e.g. methylcellulose, and the like.

Manufacturing procedures for formulations suitable for ruminants are known to the person skilled in the art,
and tor solid formulations comprise, e.g., direct compression, dry granulation and wet granulation. In the di-
rect compression process, the active ingredient and all other excipients are placed together in a compression
apparatus that 1s directly applied to press tablets out of this material. The resulting tablets can optionally be
coated afterwards 1n order to protect them physically and/or chemically, e.g. by a material known from the

state of the art.

A unit for administration, e.g. a single liquid dose or a unit of a solid formulation, e.g. a tablet, may comprise
0.1 mg to 10 mg, or e.g. 0.3 mg to 1 mg, 1 mg to 3 mg, 3 mg to 10 mg; or 3 to 2500 mg, or e.g. 5 to 2000 mg,
3 mg to 1500 mg, 10 mg to 1500 mg, 10 mg to 1000 mg, or 10-500 mg of an SGLT-2 inhibitor for use ac-
cording to the invention. As the skilled person would understand, the content of the SGLT-2 inhibitor in a
solid formulation, or any formulation as disclosed herein for administration to a ruminant, may be increased
or decreased as appropriate in proportion to the body weight ot the non-human mammal, preterably rumi-

nant, to be treated.

In one embodiment, a pharmaceutical composition for use according to the invention 1s designed for oral or
parenteral administration, preferably for parenteral administration. Especially the oral administration 1s ame-
liorated by excipients, which modity the smell and/or haptic properties of the pharmaceutical composition for

the intended patient, e.g. as described.

When the SGLT-2 inhibitor for use according to the invention 1s formulated for oral administration, it 1s pre-
ferred that excipients confer properties, e.g. palatability and/or chewability that render the formulation suita-

ble tor administration to a non-human mammal, preterably ruminant.

Also preferred are liquid formulations. Liquid formulations may be, e.g., solutions, syrups or suspensions.
They may be administered directly to the ruminant or may be mixed with the food and/or drink (e.g. drinking
water, or the like) of the ruminant. One advantage of a liquid formulation (similar to a formulation in granu-
lar form), 1s that such a dosage form allows precise dosing. For example, the SGLT-2 inhibitor may be dosed
precisely in proportion to the body mass of a non-human mammal, preferably ruminant. Typical composi-

tions of liquid formulations are known to the person skilled in the art.
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A practitioner skilled in the art can determine suitable doses for the uses of the present invention. Preferred
units dosing units include mg/kg bodyweight, 1.e. mg SGLT-2 inhibitor per body mass of the non-human
mammal, preferably ruminant. An SGLT-2 inhibitor of the present invention may, e.g., be administered in
doses of 0.01-10 mg/kg bodyweight per day, e.g. 0.01-5 mg/kg bodyweight per day, e.g. 0.01-4 mg/kg body-
weilght per day, e.g. 0.01-3 mg/kg bodyweight per day, e.g. 0.01-2 mg/kg bodyweight per day, e.g. 0.01-1.5
mg/kg bodyweight per day, e.g., 0.01-1 mg/kg bodyweight per day, e.g. 0.01-0.75 mg/kg bodyweight per
day, e.g. 0.01-0.5 mg/kg bodyweight per day, e.g. 0.01-0.4 mg/kg bodyweight per day; or 0.03 to 3.0 mg/kg
bodyweight per day, preferably from 0.02 to 2.0 mg/kg bodyweight per day, more preterably trom 0.01 to 1
mg/kg bodyweight per day. In another preferred embodiment, the dose 1s 0.03 mg/kg bodyweight or 0.3
mg/kg bodyweight or 3 mg/kg bodyweight. A practitioner skilled in the art 1s able to prepare an SGLT-2 1n-

hibitor of the invention for administration according to a desired dose.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1:

Figure 1 shows the correlation between velagliflozin plasma concentrations and urinary glucose excretion

normalized to urinary creatinine (glucose/creatinine) in Holstein-Frisian cows.

FIGURE 2:

Figure 2 depicts the delta values (kg) between mean atternoon (post meridian - PM) milking of two days be-
fore administration of velagliflozin and milk yield (individual values) about 8 hours after 1.v. administration
(PM milking) of three difterent doses of velaglitlozin (0.03 mg/kg bodyweight; 0.3 mg/kg bodyweight and 3
mg/kg bodyweight) in dairy cows. It further depicts the correlation between reduction of milk yield and ve-

lagliflozin plasma concentrations 8 hours after treatment in Holstein-EFrisian cows.

EXAMPLES

The following examples serve to turther illustrate the present invention; but the same should not be construed

as a limitation of the scope of the invention disclosed herein.

EXAMPLE 1 Pharmacokinetics (PK)/ Pharmacodynamics (PD) and milk reduction by a single ve-

lagliflozin dosing in lactating cows

Velagliflozin treatment 1s tested 1n n = 4 lactating Holstein-Frisian cows. In weekly intervals, velaglitlozin 1s
administered intravenously (1.v.) in increasing doses (0.03 mg/kg bodyweight — 0.3 mg/kg bodyweight — 3
mg/kg bodyweight) in the morning after AM (ante meridian) milking into the right jugular vein in a volume
of 2.5 ml of a propylene glycol based solution per 100 kg body weight. Blood samples tor determination of

velaglitlozin plasma levels and urine samples tor determination of glucose and creatinine levels are collected
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one day prior to treatment and ~8 hours, ~24 hours and ~48 hours post treatment and stored frozen until be-
ing analysed. Blood glucose and ketone body (beta-hydroxy-butyrate) concentrations are determined immedi-

ately after blood collection at the same time points.

The total urinary creatinine excreted per day 1s rather constant in mammals, thus, since urine volume was not
determined, the glucose to creatinine ratio was calculated as a surrogate of the total glucose excretion. All
animals are milked twice daily, 1n the morning (ante meridian - AM) and 1n the late afternoon (post meridian

- PM). Throughout the study, milk yield is recorded as kg per animal per milking.

Results:
e Velagliflozin plasma level show a linear dose to exposure relationship (see Fig. 1).

e The urinary glucose excretion normalized to urinary creatinine increases 1n a dose/exposure dependent

manner (F1g. 1).

e After treatment, the milk yield of the subsequent milking (PM) decreases in a dose/exposure depend-

ent manner (FF1g. 2).

e Of safety relevance, blood glucose or ketone body level were within normal reference ranges after

treatment with all dosages ot velaghitlozin.

Clearly, these effects are dependent on the plasma velagliflozin level, indicating that also other parenteral ad-
ministration routes — e.g. intramuscular or subcutaneous administrations are effective. It 1s thus concluded that
a single (e.g. parenteral) dose of at least one SGLT-2 inhibitor, such as velaglitflozin, can be sately employed

in lactating cows to reduce milk yield.

EXAMPLE 2  Reduction of milk production and udder engorgement

In studies 1n lactating cows, SGLT-2 inhibitor, such as velaglifozin, treatment can be pertormed as a single

parenteral administration, preterably s.c. or 1.m. or also as two treatments e.g. ~24 h or 48 h apart.

The treatment 1s also pertormed in combination with or subsequently to treatment with feed supplements, e.g.
Bovikalc® Dry, and/or a reduction in feed offered to the cow with the aim to reduce the milk production

prior to dry-oft.

Reduction 1n milk yield 1s evaluated by weighing of the milk yield per animal and per milking (see e.g. Ex-

ample 1).

Udder engorgement 1s evaluated by measuring the teat distance, by direct pressure measurements and/or
measuring udder firmness — indicative for engorgement using for instance a dynamometer (e.g. Penetel DFT
14; Agro Technologies, Forges-les-Eaux, France). These readings are compared between measurements be-
fore the last milking with those on the following days after dry-ott. However, also treatment effects on reduc-
tion 1n milk yield and udder engorgement can be compared between cows treated with at least one SGLT-2

inhibitor with cows that receive no treatment or cows offered a reduced teed ration only.
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EXAMPLE 3 Effects on milk composition and involution marker

In studies as described 1in Example 2, concurrent with the reduction in milk yield changes 1n the composition
of the milk / secreted fluid, indicating the involution of the secretory cells and/or the disruption of cellular
tight junctions are investigated. For instance, somatic cell counts, bovine serum albumin, lactose, potassium
and sodium as well as total protein, whey protein, casein protein, protease peptone, lactoterrin level and/or

the gelatinase activity are measured.

To achieve this, small amounts of mammary secretions (5 to 30 mL) are collected from alternating quarters

on several days after the last milking, 1.e. dry-off.

These readings are compared with measurements before the last milking compared with those on the follow-
ing days after dry-oft; but also treatment etfects may be compared between cows treated with at least one
SGLT-2 inhibitor, e.g. velaglitlozin, with cows that receive no treatment or cows offered a reduced teed ra-

tion only.

EXAMPLE 4 Reduction of milk leakage and intra-mammary infections (IMI) during dry period

In studies as described 1n Example 2, also 1n the first days atter dry-oft leakage of milk from the mammary
gland, 1.e. milk dropping or tlowing from any teat 1s evaluated. In addition, the udder quarter can be closely
monitored to detect symptoms of intra-mammary infections or mastitis, 1.e. warm or hot, sensitive or swollen
udder quarters. Besides, symptoms of systemic 1llness, e.g. signs of fever, rapid pulse, depression, weakness
and loss of appetite may be present. Also, small amounts of mammary secretions (5 to 50 mL) are collected
from alternating quarters on several days after the last milking, 1.e. dry-off to investigate eventual subclinical

intra-mammary infections / presence of microorganisms.

These readings are compared between cows treated with at least one SGLT-2 inhibitor, such as velaglitflozin,

with cows that receive no treatment or cows offered a reduced teed ration only.

EXAMPLE 5 Reduction of discomfort and stress caused by dry-off

In studies 1n pregnant, lactating cows, SGLT-2 inhibitor treatment, for instance by means of velagliflozin, 1s
installed typically e.g. in the eighth month of gestation at dry-off. The treatment 1s also performed 1n combi-
nation with or subsequently to treatment with teed supplements, e.g. Bovikalc® Dry, and/or a reduction in

teed offered to the cow with the aim to reduce the milk production prior to dry-off.

Stress and/or other discomfort measurements after dry-oftt are evaluated recording the time spent lying and /
or ruminating. In addition, the increase in the concentration of blood cortisol or faecal glucocorticoid metabo-

lites 1s measured.
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An udder pain score can be employed, 1.e. the behaviour of the cows may be classitied into 4 categories
(0=no udder pain; 1=light udder pain; 2=moderate udder pain and 3= severe udder pain) depending on their

reaction at udder palpation (from no behavioural response to refusal of the palpation).

These readings are compared between cows treated with at least one SGLT-2 inhibitor, such as velaglitlozin,

with cows that receive no treatment or cows otfered a reduced teed ration only.

EXAMPLE 6 Treatment in ruminants at dry-off - safety and long term effects

In studies in pregnant, lactating cows, treatment with at least one SGLT-2 inhibitor, such as velaglitflozin, can
be 1nstalled typically e.g. in the eighth month of gestation at dry-off. The treatment 1s pertormed as a single
administration or also as two treatments ~24 h or 48 h apart after last milking. The treatment 1s also per-
formed in combination with or subsequently to treatment with feed supplements, e.g. Bovikalc® Dry, and/or

a reduction in feed oftered to the cow with the aim to reduce the milk production prior to dry-off.

The safety of a for instance velagliflozin treatment can be assessed by evaluating the metabolic response of
the negative energy balance induced, 1.e. evaluating the blood glucose and ketone body, as well as the blood
lipid concentrations (e.g. NEFAs). In addition, the electrolyte balance of the cows 1s monitored, with e.g. spe-

cial emphasise on the calcium homeostasis.

The administration of at least one SGLT-2 inhibitor, such as velaglitlozin, even makes it possible to improve
the immune status and/or liver function of dairy cows. This can be measured by markers of a systemic proin-

flammatory status, e.g. acute phase proteins like serum amyloid A (SAA) or haptoglobulin.
Besides, the impact on the foetus or even abortive effects can be monitored.

Severity and 1incidence of safety relevant observations are compared between SGLT-2 inhibitor (e.g. velagli-
flozin) treated cows with cows that receive no treatment or cows offered a reduced feed ration. In addition, a
combined treatment with the SGLT-2 inhibitor, e.g. velagliflozin, and offering reduced feed ratios shows that
there 1s no adverse influence of the SGLT-2 inhibitor, e.g. velagliflozin, treatment at dry-oft on the safety of

a pregnant cow and the foetus.

In studies where the subsequent lactation 1s monitored it can be shown that treatment with at least one SGLT-
2 inhibitor, such as velaglitlozin, does not negatively atfect reproduction/tertility and/or milk yield and/or
quality of milk in the next lactation. In contrast, it can even reduce the incidence of new intra-mammary 1in-

fections or mastitis 1n the first month after start of the next lactation.

These readings are compared between cows treated with at least one SGLT-2 inhibitor, such as velaglitlozin,

with cows that receive no treatment or cows ottered a reduced feed ration only prior to dry-off.
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EXAMPLE 7 Dose/Pharmacodynamics (PD) of dapagliflozin after a single parenteral injection in

lactating ruminants

In studies 1n pregnant or non-pregnant, lactating cows, treatment with dapagliflozin 1s performed as described
in Example 1. I.e. employing a dose escalation design the cows receive a single parenteral 1njection contain-
ing dapagliflozin in weekly intervals. Urinary glucose and creatinine, blood glucose and ketone body concen-
tration and milk yield are measured. Pharmacodynamics data are evaluated as described in Example 1. Thus,

it 1s 1nvestigated:

e If the urinary glucose excretion normalized to urinary creatinine increases in a dose/exposure de-

pendent manner.

e That, after treatment, the milk yield ot the subsequent milking (PM) decreases in a dose/exposure

dependent manner.

e And also, if blood glucose or ketone body level stay within normal reference ranges after treatment

with all dosages.

Thus, similar to what 1s described with velaglitflozin, also for dapaglitlozin it 1s anticipated that a parenteral
treatment at a dose between 0.01 to 10 mg/kg bodyweight per injection has the potential to be safely em-
ployed 1n lactating cows to reduce milk yield and have beneticial effects if treatment 1s installed at dry-oft in

analogy to Examples 2 to 6 of the present invention.

EXAMPLE 8 Dose/ Pharmacodynamics (PD) of canagliflozin after a single parenteral injection in

lactating ruminants

In studies 1n pregnant or non-pregnant, lactating cows, treatment with canaglitlozin 1s pertormed as described
in Example 1. L.e. employing a dose escalation design the cows receive a single parenteral 1injection contain-

ing canaglitflozin in weekly intervals. Urinary glucose and creatinine, blood glucose and ketone body concen-
tration and milk yield are measured. Pharmacodynamic data are evaluated as described in Example 1. Thus, it

1S 1nvestigated:

e If the urinary glucose excretion normalized to urinary creatinine increases in a dose/exposure de-

pendent manner.

e That, after treatment, the milk yield of the subsequent milking (PM) decreases in a dose/exposure
dependent manner.

e And also, if blood glucose or ketone body level stay within normal reference ranges after treatment

with all dosages.

Thus, similar to what 1s described with velaglitlozin, also for canaglitlozin it 1s anticipated that a parenteral
treatment at a dose between 0.01 to 10 mg/kg bodyweight per injection has the potential to be safely em-
ployed 1n lactating cows to reduce milk yield and have beneticial effects if treatment 1s installed at dry-off in

analogy to Examples 2 to 6 of the present invention.



10

15

20

25

30

WO 2021/105152 PCT/EP2020/083267
- 3() -

EXAMPLE 9 Dose/ Pharmacodynamics (PD) of empagliflozin after a single parenteral injection in

lactating ruminants

In studies 1n pregnant or non-pregnant, lactating cows, treatment with empaglitlozin 1s pertormed as de-
scribed 1n Example 1. L.e. employing a dose escalation design the cows receive a single parenteral injection
containing empaglitlozin in weekly intervals. Urinary glucose and creatinine, blood glucose and ketone body
concentration and milk yield are measured. Pharmacodynamic data are evaluated as described in Example 1.

Thus, 1t 1s investigated:

e If the urinary glucose excretion normalized to urinary creatinine increases in a dose/exposure de-

pendent manner.

e That, after treatment, the milk yield of the subsequent milking (PM) decreases 1in a dose/exposure

dependent manner.

e And also, 1t blood glucose or ketone body level stay within normal reference ranges atter treatment

with all dosages.

Thus, similar to what 1s described with velaglitflozin, also for empagliflozin it 1s anticipated that a parenteral
treatment at a dose between 0.01 to 10 mg/kg bodyweight per injection has the potential to be safely em-
ployed 1n lactating cows to reduce milk yield and have beneticial effects if treatment 1s installed at dry-off in

analogy to Examples 2 to 6 of the present invention.

EXAMPLE 10 Dose / Pharmacodynamics (PD) of ertugliflozin after a single parenteral injection in

lactating ruminants

In studies 1n pregnant or non-pregnant, lactating cows, treatment with ertugliflozin 1s performed as described
in Example 1. I.e. employing a dose escalation design the cows receive a single parenteral injection contain-
ing ertugliflozin in weekly intervals. Urinary glucose and creatinine, blood glucose and ketone body concen-

tration and milk yield are measured. Pharmacodynamic data are evaluated as described in Example 1. Thus, it

1S 1nvestigated:

e If the urinary glucose excretion normalized to urinary creatinine increases in a dose/exposure de-

pendent manner.

e That, after treatment, the milk yield of the subsequent milking (PM) decreases in a dose/exposure

dependent manner.

e And also, if blood glucose or ketone body level stay within normal reference ranges after treatment

with all dosages.
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Thus, similar to what 1s described with velaglitlozin, also for ertugliflozin it 1s anticipated that a parenteral
treatment at a dose between 0.01 to 10 mg/kg bodyweight per injection has the potential to be safely em-
ployed in lactating cows to reduce milk yield and have beneficial etfects 1t treatment 1s installed at dry-off in

analogy to Examples 2 to 6 of the present invention.

EXAMPLE 11 Effects on milk composition and involution marker — ex vivo / in vitro assessment

The direct etftects of SGLT2 inhibition on the bovine mammary gland are studied in 1solated perfused bovine

udders as well as 1n (primary) bovine mammary epithelial cells (MECs).

The beneticial effects on the bovine mammary gland for dry-oft are shown e.g. in the milk like secretion ot
perfused udders and/or the supernatant in MEC cultures — the reduction of lactose and/or triglycerides are
measured. Also, the reduction of markers of milk production like beta-casein 1s quantitied, e.g. by determin-

ing the protein content in western blots of cell lysates.

In addition, the expression of involution marker are assessed. The exposure of perfused bovine udders and/or
bovine MECs with at least one SGLT2 inhibitor according to the present invention influences apoptosis
and/or autophagy. These effects are measured, e.g. by quantitying the expression of markers like transtorm-

ing growth factor - betal and/or sequestosome-1 (also known as p62).

EXAMPLE 12 Dose/ Pharmacodynamics (PD) of velagliflozin after a single administration in lactat-

ing laboratory animals

In studies 1n lactating laboratory animals, such as dogs, cats, rats, mice and/or rabbits, treatment with velagli-
tflozin 1s performed similar as described in Example 1. I.e. employing a dose escalation design the animals
receive a single parenteral injection or, alternatively, oral dosages containing velaglitlozin in weekly inter-
vals. Urinary glucose and creatinine, blood glucose and ketone body concentration and milk yield are meas-
ured. In laboratory animals, the milk yield 1s measured using a weigh-suckle-weigh method. Brietly, the
mother 1s separated from her pups for e.g. 3 h. Then the pups are weighed, allowed to suckle for e.g. 1 h, and
are weighed again. This procedure may be repeated several times per day, e.g. the day betore and the day of

treatment with velaglitlozin.

Pharmacodynamic read outs investigated are e.g.:

e If the urinary glucose excretion normalized to urinary creatinine increases in a dose/exposure de-
pendent manner.

e That, after treatment, the milk yield of the subsequent milking decreases 1n a dose/exposure depend-

ent manner.

e And also, 1t blood glucose or ketone body level stay within normal reference ranges after treatment

with all dosages.



10

15

20

25

30

35

WO 2021/105152 PCT/EP2020/083267

_32 -

These readings are compared between, before, or after treatment with velaglitlozin , or between animals that

are treated with velaglitlozin compared to others, that receive no treatment or placebo treatment.

The dose dependend reduction of milk secretion of velaglitlozin in cows (see Example 1) and laboratory ani-
mals indicate that SGLT2 inhibitors, like velaglitlozin, but also others can successtully treat any condition ot
an animal (preferably ruminants, dogs, cats, horses, p1gs) that 1s associated with an unwanted lactation — e.g.
dry-off in dairy ruminants (Example 1), pseudopregnancy / galactorrhea in animals (Example 17). But also, 1f
for other reasons it 1s required that whelping is to be discontinued abruptly, the treatment with at least one
SGLT2 inhibitor according to the present invention 1s anticipated to reduce the milk secretion and 1n addition
successtully reduce and/or prevent associated clinical signs — e.g. mammary engorgement, pain, milk leakage

and/or mastitis.

EXAMPLE 13 Dose / Pharmacodynamics (PD) of dapagliflozin after a single administration in lac-

tating laboratory animals

In studies 1n lactating laboratory animals, such as dogs, cats, rats, mice and/or rabbits, treatment with dapagli-
flozin 1s pertormed similar as described in Example 1. I.e. employing a dose escalation design the animals
receive a single parenteral injection or, alternatively, oral dosages containing dapaglitlozin in weekly inter-
vals. Urinary glucose and creatinine, blood glucose and ketone body concentration and milk yield are meas-
ured. In laboratory animals, the milk yield 1s measured using a weigh-suckle-weigh method. Brietly, the
mother 1s separated trom her pups for e.g. 3 h. Then the pups are weighed, allowed to suckle for e.g. 1 h, and
are weighed again. This procedure may be repeated several times per day, e.g. the day betore and the day of

treatment with dapaglitlozin.

Pharmacodynamic read outs investigated are e.g.:

e If the urinary glucose excretion normalized to urinary creatinine increases in a dose/exposure de-

pendent manner.

e That, after treatment, the milk yield of the subsequent milking decreases 1n a dose/exposure depend-

ent manner.

e And also, 1t blood glucose or ketone body level stay within normal reference ranges after treatment

with all dosages.

These readings are compared between, before, or after treatment with dapaglitlozin, or between animals that

are treated with dapaglitflozin compared to others, that receive no treatment or placebo treatment.

EXAMPLE 14 Dose/ Pharmacodynamics (PD) of canagliflozin after a single administration in lactat-

ing laboratory animals

In studies 1n lactating laboratory animals, such as dogs, cats, rats, mice and/or rabbits, treatment with canagli-

flozin 1s performed similar as described in Example 1. I.e. employing a dose escalation design the animals
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receive a single parenteral injection or, alternatively, oral dosages containing canaglitlozin in weekly inter-
vals. Urinary glucose and creatinine, blood glucose and ketone body concentration and milk yield are meas-
ured. In laboratory animals, the milk yield 1s measured using a weigh-suckle-weigh method. Brietly, the
mother 1s separated from her pups for e.g. 3 h. Then the pups are weighed, allowed to suckle tor e.g. 1 h, and
are weighed again. This procedure may be repeated several times per day, e.g. the day betore and the day of

treatment with canaglitlozin.

Pharmacodynamic read outs investigated are e.g.:

e If the urinary glucose excretion normalized to urinary creatinine increases in a dose/exposure de-

pendent manner.

e That, after treatment, the milk yield ot the subsequent milking decreases 1n a dose/exposure depend-

ent manner.

e And also, 1t blood glucose or ketone body level stay within normal reference ranges atter treatment

with all dosages.

These readings are compared between, before, or after treatment with canagliflozin, or between animals that

are treated with canagliflozin compared to others, that receive no treatment or placebo treatment.

EXAMPLE 15 Dose / Pharmacodynamics (PD) of empagliflozin after a single administration in lac-

tating laboratory animals

In studies 1n lactating laboratory animals, such as dogs, cats, rats, mice and/or rabbits, treatment with em-
pagliflozin 1s performed similar as described 1n Example 1. L.e. employing a dose escalation design the ani-
mals receive a single parenteral injection or, alternatively, oral dosages containing empaglitflozin in weekly
intervals. Urinary glucose and creatinine, blood glucose and ketone body concentration and milk yield are
measured. In laboratory animals, the milk yield 1s measured using a weigh-suckle-weigh method. Brietly, the
mother 1s separated trom her pups for e.g. 3 h. Then the pups are weighed, allowed to suckle for e.g. 1 h, and

are weighed again. This procedure may be repeated several times per day, e.g. the day before and the day of

treatment with empaglitlozin.

Pharmacodynamic read outs investigated are e.g.:

e If the urinary glucose excretion normalized to urinary creatinine increases in a dose/exposure de-
pendent manner.
e That, after treatment, the milk yield of the subsequent milking decreases 1n a dose/exposure depend-

ent manner.

e And also, 1t blood glucose or ketone body level stay within normal reference ranges after treatment

with all dosages.

These readings are compared between, before, or after treatment with empagliflozin, or between animals that

are treated with empaglitflozin compared to others, that receive no treatment or placebo treatment.
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EXAMPLE 16 Dose/Pharmacodynamics (PD) of ertugliflozin after a single administration in lactat-

ing laboratory animals

In studies 1n lactating laboratory animals, such as dogs, cats, rats, mice and/or rabbits, treatment with ertugli-
flozin 1s pertormed similar as described in Example 1. I.e. employing a dose escalation design the animals
receive a single parenteral injection or, alternatively, oral dosages containing ertugliflozin in weekly inter-
vals. Urinary glucose and creatinine, blood glucose and ketone body concentration and milk yield are meas-
ured. In laboratory animals, the milk yield 1s measured using a weigh-suckle-weigh method. Brietly, the
mother 1s separated trom her pups for e.g. 3 h. Then the pups are weighed, allowed to suckle for e.g. 1 h, and
are weighed again. This procedure may be repeated several times per day, e.g. the day betore and the day of

treatment with ertughitlozin.

Pharmacodynamic read outs investigated are e.g.:

e If the urinary glucose excretion normalized to urinary creatinine increases in a dose/exposure de-
pendent manner.

e That, after treatment, the milk yield of the subsequent milking decreases 1n a dose/exposure depend-

ent manner.

e And also, 1t blood glucose or ketone body level stay within normal reference ranges after treatment

with all dosages.

These readings are compared between, before, or after treatment with ertugliflozin, or between animals that

are treated with ertugliflozin compared to others, that receive no treatment or placebo treatment.

EXAMPLE 17 Treatment with SGLT2 inhibitors for the reduction of milk secretion in cases of un-

wanted lactation incl. e.g. galactorrhea and/or pseudopregnancy

The previous examples have described, that the administration of at least one SGLT?2 inhibitor according to
the present invention can successfully treat any condition of an animal (preferably ruminant, dog, cat, horse,
and/or p1g) that 1s associated with an unwanted lactation — e.g. dry-off 1n dairy ruminants (Example 1). Also,
other clinical conditions are often associated with an unwanted lactation, mammary engorgement and / or

milk leakage. E.g. this 1s encountered 1n dogs atfected by pseudopregnancy and/or galactorrhea.

In affected dogs, SGLT-2 inhibitor, such as velaglitozin, treatment can be pertormed as a parenteral admin-
istration, preferably s.c. or 1.m. or also by oral administration. The treatment may be a single treatment or re-

peated daily treatments e.g. ~24 h or 48 h apart until the symptoms resolve.

Responses to treatment are evaluated by visual inspection of the mammary gland area — 1.e. engorgement and
/ or milk leakage — and/or manual palpation to evaluate pain and/or evolving intra mammary inflammation.
Also, the resolution ot additional behavioural symptoms (e.g. depression, weight gain, vomiting, or appetite

loss) may be evaluated. The read outs may be reported on owner questionnaires.
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The tollowing clauses are also comprised by the present invention:

Use of at least one SGLT-2 inhibitor in ruminants, preterably for drying-oft of ruminants.

Method of improving and/or facilitating the drying-off of ruminants comprising administering to such

ruminants at least one SGL'T-2 inhibitor.

Method of reducing the milk production in pregnant and/or lactating ruminants comprising administer-

ing to such ruminants at least one SGLT-2 inhibitor.

Method of decreasing milk accumulation and/or engorgement in the udder of ruminants comprising ad-

ministering to such ruminants at least one SGLT-2 inhibitor.
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Method of decreasing the discomtort associated with udder engorgement, such as increasing the daily

lying time and/or reduction of stress, of ruminants comprising administering to such ruminants at least

one SGLT-2 inhibitor.

Method of decreasing milk leakage atter drying-off of ruminants comprising administering to such ru-

minants at least one SGL'T-2 inhibitor.

Method ot decreasing the incidence of intra-mammary infections (IMI), preterably mastitis and/or me-

tritis, 1n ruminants comprising administering to such ruminants at least one SGLT-2 inhibitor.

The use or method according to any one of clauses 1 to 7, wherein the at least one SGLT-2 inhibitor 1s
administered 1n a therapeutically effective amount without exerting any harmtul and/or abortifacient
effects on pregnant ruminants and/or wherein the at least one SGLT-2 1inhibitor 1s administered in a
therapeutically etfective amount without exerting any negative effects on the subsequent reproduction

cycle / fertility and milk yield and/or milk quality in the next lactation.

The use or method according to clause 8, wherein the at least one SGLT-2 inhibitor 1s administered in a
therapeutically etfective amount that additionally or alternatively effects a reduction of the incidence ot

new 1ntra-mammary infections (IMI) or mastitis in the first month after start ot the next lactation.

The use or method according to any one of clauses 1 to 9, wherein the at least one SGLT-2 inhibitor 1s

selected trom the group consisting of:

(1) a glucopyranosyl-substituted benzene derivative of the formula (1)

?

wherein R' denotes cyano, Cl or methyl (most preferably cyano);

R?* denotes H, methyl, methoxy or hydroxy (most preferably H) and

R’ denotes cyclopropyl, hydrogen, fluorine, chlorine, bromine, iodine, methyl, ethyl, propyl,
1sopropyl, butyl, sec-butyl, 1so-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, cyclopentyl, cy-
clohexyl, 1-hydroxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cyclopentyl, 1-hydroxy-
cyclohexyl, ethinyl, ethoxy, difluoromethyl, trifluoromethyl, pentatluoroethyl, 2-hydroxyl-
ethyl, hydroxymethyl, 3-hydroxy-propyl, 2-hydroxy-2-methyl-prop-1-yl, 3-hydroxy-3-methyl-
but-1-yl, 1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-1-hydroxy-1-methyl-ethyl, 2,2.2-trifluoro-
1-hydroxy-1-trifluoromethyl-ethyl, 2-methoxy-ethyl, 2-ethoxy-ethyl, hydroxy, difluoro-
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methyloxy, trifluoromethyloxy, 2-methyloxy-ethyloxy, methylsulfanyl, methylsulfinyl, meth-
lysulfonyl, ethylsulfinyl, ethylsulfonyl, trimethylsilyl, (R )-tetrahydrofuran-3-yloxy or ($)-tetra-
hydrofturan-3-yloxy or cyano;
wherein R° is preferably selected from cyclopropyl, ethyl, ethinyl, ethoxy, (R)-tetrahydrofuran-
3-yloxy or (S)-tetrahydrofuran-3-yloxy; and most preferably R’ is cyclopropyl,
or a derivative thereof wherein one or more hydroxyl groups of the $-D-glucopyranosyl group
are acylated with groups selected trom (C1-1z-alkyl)carbonyl, (C1.15-alkyl)oxycarbonyl, phe-
nylcarbonyl and phenyl-(C;3-alkyl)-carbonyl,;

(2) Velagliflozin, represented by formula (2):

(3)

(4)

(5)

(0) Luseoglitflozin, represented by formula (6):
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(7)

HO

(3) Ipragliflozin, represented by formula (8):

(9)

(10)  Atigliflozin, represented by formula (10):
OCH;

(11) Remogliflozin, represented by formula (11):
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(11A) Remoglitlozin etabonate, represented by formula (11 A):

(12) athiophene derivative of the formula (12)

R
7 S
y
o. .0
HO
HOY “OH
OH

wherein R denotes methoxy or trifluoromethoxys;
(13)  1-(B-D-glucopyranosyl)-4-methyl-3-[5-(4-fluorophenyl)-2-thienylmethyl|benzene, represented
by formula (13);

HO A

e

(14)  a spiroketal derivative of the formula (14):
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wherein R denotes methoxy, trifluoromethoxy, ethoxy, ethyl, isopropyl or tert. butyl;

(15) apyrazole-O-glucoside derivative of the formula (15)

wherein

R! denotes Ci3-alkoxy,

L', L? independently of each other denote H or F,

R® denotes H, (C1.3-alkyl)carbonyl, (C.¢-alkyl)oxycarbonyl, phenyloxycarbonyl, ben-
zyloxycarbonyl or benzylcarbonyl;

(16)  Sotagliflozin, represented by formula (16):

(17)

(18) acompound represented by formula (18):
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(19)

(20)

wherein

R®> denotes cyclopropyl, hydrogen, fluorine, chlorine, bromine, iodine, methyl, ethyl, pro-
pyl, 1sopropyl, butyl, sec-butyl, 1so-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, cy-
clopentyl, cyclohexyl, 1-hydroxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cyclo-
pentyl, 1-hydroxy-cyclohexyl, ethinyl, ethoxy, difluoromethyl, trifluoromethyl, pen-
tatluoroethyl, 2-hydroxyl-ethyl, hydroxymethyl, 3-hydroxy-propyl, 2-hydroxy-2-me-
thyl-prop-1-yl, 3-hydroxy-3-methyl-but-1-yl, 1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-
1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-1-hydroxy-1-trifluoromethyl-ethyl, 2-meth-
oxy-ethyl, 2-ethoxy-ethyl, hydroxy, difluoromethyloxy, trifluoromethyloxy, 2-
methyloxy-ethyloxy, methylsultanyl, methylsulfinyl, methlysultonyl, ethylsulfinyl,
ethylsultonyl, trimethylsilyl, (R )-tetrahydrofuran-3-yloxy or ($)-tetrahydrofuran-3-yloxy
or cyano, and wherein R? is preferably selected from cyclopropyl, ethyl, ethinyl, ethoxy,

(R)-tetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy; and R> most preferably is
cyclopropyl,

or a dertvative thereof wherein one or more hydroxyl groups of the -D-glucopyranosyl
group are acylated with groups selected trom (C.1g-alkyl)carbonyl, (C;.1g-alkyl)oxycarbonyl,
phenylcarbonyl and phenyl-(C;z-alkyl)-carbonyl;

Bexagliflozin, represented by formula (19):

Janagliflozin, represented by formula (20):
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The use or method according to any one of clauses 1 to 10, wherein the ruminants are selected from the
group consisting ot: bovine, caprine, ovine; more prefterably selected from the group consisting of: cat-
tle, cows, goats, sheep; even more preferably selected from the group consisting of: dairy cattle, preg-

nant and/or lactating dairy cattle; most preterably selected from the group consisting of: cows, pregnant

and/or lactating cows.

The use or method according to any one of clauses 1 to 11, wherein the at least one SGLT-2 inhibitor 1s
administered orally, parenterally, rectally, intravaginally, intravenously, subcutaneously or intramuscu-

larly, preterably subcutaneously, intramuscularly or intravenously.

The use or method according to any one of clauses 1 to 12, wherein the at least one SGLT-2 inhibitor 1s
administered at a dose of 0.01 mg/kg bodyweight to 10 mg/kg bodyweight, preferably at a dose of 0.01
mg/kg bodyweight to 5 mg/kg bodyweight, more preferably at a dose of 0.01 mg/kg bodyweight to 3
mg/kg bodyweight, even more preferably at a dose of 0.03 mg/kg bodyweight to 3 mg/kg bodyweight,
most preferably at a dose of 0.03 mg/kg bodyweight or 0.3 mg/kg bodyweight or 3 mg/kg bodyweight.

The use or method according to any one of clauses 1 to 13, wherein the at least one SGLT-2 inhibitor 1s
administered once, twice, three-times, four-times, five-times, six-times or daily for a week, preferably

once only at start of drying-oft or twice as two treatments 24 hours or 48 hours apart after last milking.

The use or method according to any one of clauses 1 to 14, wherein the at least one SGLT-2 inhibitor 1s
velaglitlozin and velaglitflozin 1s administered as single SGLT-2 inhibitor, preferably subcutaneously or
intramuscularly, once only at start of drying-otf or twice (24 h or 48 h apart) at a dose of 0.03 mg/kg
bodyweight to 3 mg/kg bodyweight, preferably at a dose of 0.03 mg/kg bodyweight or 0.3 mg/kg body-
weight or 3 mg/kg bodyweight.

The use or method according to any one of clauses 1 to 15, wherein the at least one SGLT-2 inhibitor 1s
administered betore, atter or concomitantly with administering at least one teed supplement, such as
Bovikalc® Dry, to the ruminant and/or before, after or concomitantly with a reduction in tfeed offered to

the ruminant.

The use or method according to clause 16, wherein the teed supplement comprises one or more acidity-

ing agents selected from the group consisting of: ammonium chloride, calcium chloride and/or calcium
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sultate, more preferably comprises ammonium chloride and calcium chloride and calcium sulfate, even
more preferably comprises 5% (w/w) to 15% (w/w) ammonium chloride and 40% (w/w) to 60% (w/w)
calcium chloride and 15% (w/w) to 25% (w/w) calcium sulfate, most preferably comprises 10.4% (w/w)

ammonium chloride and 51.9% (w/w) calcium chloride and 20.1% (w/w) calcium sulfate.
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CLAIMS

1.

Use of at least one SGLT-2 inhibitor for drying-oft of a non-human mammal, preferably ruminant.

Method of improving and/or tacilitating the drying-oft of a non-human mammal, preterably ruminant,
comprising administering to such non-human mammal, preferably ruminant, at least one SGLT-2 inhib-

1tor.

Method of reducing the milk production, preterably milk production and/or secretion, in a pregnant
and/or lactating non-human mammal, preferably ruminant, comprising administering to such non-hu-

man mammal, preferably ruminant, at least one SGLT-2 1nhibitor.

Method of decreasing milk accumulation and/or engorgement in the udder, preferably udder and/or
mammary gland, of a non-human mammal, preferably ruminant, comprising administering to such non-

human mammal, preferably ruminant, at least one SGLT-2 inhibitor.

Method of decreasing the discomtort associated with udder engorgement, such as increasing the daily
lying time and/or reduction of stress, of a non-human mammal, preterably ruminant, comprising admin-

istering to such non-human mammal, preterably ruminant, at least one SGLT-2 inhibitor.

Method of decreasing milk leakage after drying-oft of a non-human mammal, preterably ruminant,
comprising administering to such non-human mammal, preferably ruminant, at least one SGLT-2 inhib-

1tor.

Method of decreasing the incidence of intra-mammary infections (IMI), preferably mastitis and/or me-
tritis, in a non-human mammal, preferably ruminant, comprising administering to such non-human

mammal, preferably ruminant, at least one SGLT-2 inhibitor.

The use or method according to any one of claims 1 to 7, wherein the at least one SGLT-2 inhibitor 1s
administered 1n a therapeutically effective amount without exerting any harmtul and/or abortifacient
effects on a pregnant non-human mammal, preferably ruminant, and/or wherein the at least one SGLT-2
inhibitor 1s administered 1n a therapeutically effective amount without exerting any negative etfects on

the subsequent reproduction cycle / fertility and milk yield and/or milk quality in the next lactation.
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9.  The use or method according to claim 8, wherein the at least one SGLT-2 inhibitor 1s administered 1n a
therapeutically effective amount that additionally or alternatively effects a reduction of the incidence of

new intra-mammary infections (IMI) or mastitis in the first month after start of the next lactation.

10.  The use or method according to any one of claims 1 to 9, wherein the at least one SGLT-2 inhibitor 1s

selected from the group consisting of:

(1) a glucopyranosyl-substituted benzene derivative of the formula (1)

?

wherein R! denotes cyano, Cl or methyl (most preferably cyano);
R? denotes H, methyl, methoxy or hydroxy (most preferably H) and
R” denotes cyclopropyl, hydrogen, fluorine, chlorine, bromine, iodine, methyl, ethyl, propyl,
1sopropyl, butyl, sec-butyl, 1so-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, cyclopentyl, cy-
clohexyl, 1-hydroxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cyclopentyl, 1-hydroxy-
cyclohexyl, ethinyl, ethoxy, difluoromethyl, trifluoromethyl, pentatluoroethyl, 2-hydroxyl-
ethyl, hydroxymethyl, 3-hydroxy-propyl, 2-hydroxy-2-methyl-prop-1-yl, 3-hydroxy-3-methyl-
but-1-yl, 1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-
1-hydroxy-1-trifluoromethyl-ethyl, 2-methoxy-ethyl, 2-ethoxy-ethyl, hydroxy, difluoro-
methyloxy, trifluoromethyloxy, 2-methyloxy-ethyloxy, methylsulfanyl, methylsulfinyl, meth-
lysulfonyl, ethylsulfinyl, ethylsulfonyl, trimethylsilyl, (R )-tetrahydrofuran-3-yloxy or ($)-tetra-
hydrofturan-3-yloxy or cyano;
wherein R’ is preferably selected from cyclopropyl, ethyl, ethinyl, ethoxy, (R )-tetrahydrofuran-
3-yloxy or (S)-tetrahydrofuran-3-yloxy; and most preferably R” is cyclopropyl,
or a derivative thereof wherein one or more hydroxyl groups of the B-D-glucopyranosyl group
are acylated with groups selected trom (C1-13-alkyl)carbonyl, (C1.15-alkyl)oxycarbonyl, phe-
nylcarbonyl and phenyl-(C;3-alkyl)-carbonyl,;

(2) Velagliflozin, represented by formula (2):
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(3) Dapagliflozin, represented by formula (3):

Ao ... pofcuild

(4) Canaglitlozin, represented by formula (4):

(3) Empagliflozin, represented by formula (3):
O.,

(6) Luseogliflozin, represented by formula (6):

(7) Totoglitlozin, represented by formula (7):
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HO_

_CH,

(3) Ipragliflozin, represented by formula (8):

(9)

(10)  Atightlozin, represented by formula (10):

(11)

(11A) Remoglitlozin etabonate, represented by formula (11 A):
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._
C
(12) athiophene derivative of the formula (12)
R
/ S
VY
O O
HO
HO™ “OH
OH

wherein R denotes methoxy or trifluoromethoxy;
(13)  1-(B-D-glucopyranosyl)-4-methyl-3-[5-(4-fluorophenyl)-2-thienylmethyl|benzene, represented
by formula (13);

(14)  a spiroketal derivative of the formula (14):

wherein R denotes methoxy, trifluoromethoxy, ethoxy, ethyl, i1sopropyl or tert. butyl;

(15) apyrazole-O-glucoside derivative of the formula (15)
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wherein

R! denotes Ci.3-alkoxy,

L!, L? independently of each other denote H or F,

R° denotes H, (C13-alkyl)carbonyl, (C1.-alkyl)oxycarbonyl, phenyloxycarbonyl, ben-
zyloxycarbonyl or benzylcarbonyl;

(16)  Sotagliflozin, represented by formula (16):

(17)

(18)

wherein

R®> denotes cyclopropyl, hydrogen, fluorine, chlorine, bromine, iodine, methyl, ethyl, pro-
pyl, 1sopropyl, butyl, sec-butyl, 1so-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, cy-
clopentyl, cyclohexyl, 1-hydroxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cyclo-
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pentyl, 1-hydroxy-cyclohexyl, ethinyl, ethoxy, difluoromethyl, trifluoromethyl, pen-
tatluoroethyl, 2-hydroxyl-ethyl, hydroxymethyl, 3-hydroxy-propyl, 2-hydroxy-2-me-
thyl-prop-1-yl, 3-hydroxy-3-methyl-but-1-yl, 1-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-
|-hydroxy-1-methyl-ethyl, 2,2,2-trifluoro-1-hydroxy-1-trifluoromethyl-ethyl, 2-meth-
oxy-ethyl, 2-ethoxy-ethyl, hydroxy, difluoromethyloxy, trifluoromethyloxy, 2-
methyloxy-ethyloxy, methylsultanyl, methylsulfinyl, methlysultonyl, ethylsultinyl,
ethylsultonyl, trimethylsilyl, (R )-tetrahydrofuran-3-yloxy or ($)-tetrahydrofuran-3-yloxy
or cyano, and wherein R? is preferably selected from cyclopropyl, ethyl, ethinyl, ethoxy,

(R )-tetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy; and R> most preferably is
cyclopropyl,

or a derivative thercof wherein one or more hydroxyl groups of the B-D-glucopyranosyl
group are acylated with groups selected trom (C;.jg-alkyl)carbonyl, (C;.ig-alkyl)oxycarbonyl,
phenylcarbonyl and phenyl-(C;z-alkyl)-carbonyl;

(19) Bexagliflozin, represented by formula (19):

(20) Janagliflozin, represented by formula (20):

Ml e

(21) Rongliflozin,

(22) Wanpagliflozin.

The use or method according to any one of claims 1 to 10, wherein the non-human mammal, preterably
ruminant, 1s selected from the group consisting of: bovine, canine, caprine, equine, feline, lagomorphs,
ovine, porcine, rodent; preferably selected from the group consisting of: cattle, cow, dog, goat, horse,
pony, donkey, cat, sheep, pig, rabbit, rat, mouse; more preferably selected from the group consisting of:

bovine, caprine, ovine; even more preferably selected from the group consisting of: cattle, cow, goat,
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17.
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sheep; even more preferably selected from the group consisting of: dairy cattle, pregnant and/or lactat-
ing dairy cattle; most preferably selected from the group consisting of: cow, pregnant and/or lactating

COW.

The use or method according to any one of claims 1 to 11, wherein the at least one SGLT-2 inhibitor 1s
administered orally, parenterally, rectally, intravaginally, intravenously, subcutaneously or intramuscu-

larly, preterably subcutaneously, intramuscularly or intravenously.

The use or method according to any one of claims 1 to 12, wherein the at least one SGLT-2 inhibitor 1s
administered at a dose of 0.01 mg/kg bodyweight to 10 mg/kg bodyweight, preferably at a dose of 0.01
mg/kg bodyweight to 5 mg/kg bodyweight, more preferably at a dose of 0.01 mg/kg bodyweight to 3

mg/kg bodyweight, even more preferably at a dose of 0.03 mg/kg bodyweight to 3 mg/kg bodyweight,
most preferably at a dose of 0.03 mg/kg bodyweight or 0.3 mg/kg bodyweight or 3 mg/kg bodyweight.

The use or method according to any one of claims 1 to 13, wherein the at least one SGLT-2 inhibitor 1s
administered once, twice, three-times, four-times, five-times, six-times or daily for a week, preferably

once only at start of drying-oft or twice as two treatments 24 hours or 48 hours apart after last milking.

The use or method according to any one of claims 1 to 14, wherein the at least one SGLT-2 inhibitor 1s
velagliflozin and velaghitlozin 1s administered as single SGLT-2 inhibitor, preterably orally, subcutane-
ously or intramuscularly, once only at start of drying-off or twice (24 h or 48 h apart) at a dose of 0.01
mg/kg bodyweight to 5 mg/kg bodyweight, more preferably 0.03 mg/kg bodyweight to 3 mg/kg body-
weight, even more preferably at a dose of 0.03 mg/kg bodyweight or 0.3 mg/kg bodyweight or 3 mg/kg
bodyweight.

The use or method according to any one of claims 1 to 15, wherein the at least one SGLT-2 1nhibitor 1s
administered betfore, after or concomitantly with administering at least one feed supplement, such as
Bovikalc® Dry, to the non-human mammal, preferably ruminant, and/or betfore, after or concomitantly

with a reduction 1n feed oftered to the non-human mammal, preferably ruminant.

The use or method according to claim 16, wherein the feed supplement comprises one or more acidify-
ing agents selected from the group consisting of: ammonium chloride, calcium chloride and/or calcium
sulfate, more preferably comprises ammonium chloride and calcium chloride and calcium sultate, even

more preferably comprises 5% (w/w) to 13% (w/w) ammonium chloride and 40% (w/w) to 60% (w/w)
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calcium chloride and 15% (w/w) to 25% (w/w) calcium sulfate, most preferably comprises 10.4% (w/w)

ammonium chloride and 51.9% (w/w) calcium chloride and 20.1% (w/w) calcium sulfate.
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