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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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FIG. 10 A 
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FIG. 11 
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FIG. 13 
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FIG. 14 
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TREATMENT OF METABOLIC DISORDERS 
IN EQUINE ANIMALS 

FIELD OF THE INVENTION 

[0001] The present invention relates to veterinary medi 
cine, in particular to the treatment and/or prevention of meta 
bolic disorders in equine animals. 

BACKGROUND OF THE INVENTION 

[0002] Equine animals, e.g. horses, are affected by various 
metabolic disorders, including insulin resistance and hyper 
insulinaemia. Such insulin-related disorders in equine ani 
mals, for example, are only rarely associated with diabetes 
mellitus and hyperglycaemia as it is in humans or various 
other mammals. However, in equine animals, insulin also 
regulates vital metabolic functions; e.g. insulin drives glucose 
into tissues such as liver, adipose, and skeletal muscle; 
induces vasoconstrictive and vasodilatory pathways; and 
regulates protein and fat metabolism. Insulin-related disor 
ders thus have a severe and life-threatening impact on the 
health of equine animals. They are correlated or may be 
associated with a number of further equine disorders, condi 
tions or syndromes, including impaired glucose tolerance, 
dyslipidaemia, dysadipokinemia, obesity and/or regional adi 
posity, subclinical inflammation or systemic inflammation, in 
particularlow grade systemic inflammation, which also com 
prises adipose tissue. 
[0003] No satisfactory treatment is currently available for 
metabolic disorders such as insulin resistance, hyperinsuli 
naemia and associated disorders in equine animals. 
[0004] In human medicine, insulin resistance, e.g. when 
manifest as diabetes mellitus type 2, is a well-recognized 
condition, and may lead in particular to hyperglycaemia 
(pathologically increased plasma glucose levels). Several 
oral antihyperglycaemic drugs are approved for human dia 
betes. These drugs act, e.g. by stimulating pancreatic insulin 
secretion in a glucose-independent or glucose-dependent 
manner (sulfonylurea/meglitimides, or DPP IV inhibitors, 
respectively), by enhancing tissue sensitivity to insulin (bigu 
anides, thiazolidinediones), or by slowing postprandial intes 
tinal glucose absorption (alpha-glucosidase inhibitors). 
[0005] Other antihyperglycaemic approaches have been 
contemplated for treating diabetes and high blood sugar, 
including inhibition of the renal sodium-dependent glucose 
cotransporter SGLT2. SGLT2 in the kidney regulates glucose 
levels by mediating the reabsorption of glucose back into the 
plasma following filtration of the blood. SGLT2 inhibition 
thus induces glucosuria and may reduce blood glucose levels. 
[0006] SGLT2 inhibition has not previously been contem 
plated for use in equine animals, in particular in insulin 
resistant equine animals. In equine animals, insulin-resis 
tance, i.e. failure of tissues to respond appropriately to 
insulin, generally becomes manifest as hyperinsulinaemia. 
When insulin-resistant target tissues, e.g. skeletal muscle, 
have a reduced capacity for glucose uptake, the pancreas is 
stimulated to release more insulin, leading to hyperinsuli 
naemia. However, unlike in humans, e.g., insulin resistance in 
equine animals, e.g. horses, is generally not associated with 
hyperglycaemia (ref. 1: Frank et al., 2011, incorporated by 
reference). Insulin-resistant equine animals, e.g. horses, do 
not appear to have high blood glucose. For that reason, it 
would appear to be counter-intuitive to apply an approach that 
reduces blood glucose by transferring glucose out of the 
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blood into the urine, even if this was previously known in a 
context of high blood glucose. 

DISCLOSURE OF THE INVENTION 

SUMMARY OF THE INVENTION 

[0007] The present inventors have surprisingly found that 
inhibition of SGLT2 is effective and safe in the treatment 
and/or prevention of metabolic disorders in equine animals. 
The present invention thus provides the use of an SGLT2 
inhibitor or a pharmaceutically acceptable form thereof in the 
treatment and/or prevention of a metabolic disorder of an 
equine animal. Further aspects of the invention are defined 
below as well as in the claims. 
[0008] According to the invention, the metabolic disorder 
may be insulin resistance, hyperinsulinemia, and/or a clinical 
condition associated with insulin resistance and/or hyperin 
sulinaemia. 
[0009] The metabolic disorder, or said clinical condition 
associated with insulin resistance and/or hyperinsulinaemia, 
may be one or more disorder selected from insulin resistance, 
hyperinsulinemia, impaired glucose tolerance, dyslipidemia, 
dysadipokinemia, subclinical inflammation, systemic 
inflammation, low grade systemic inflammation, which also 
comprises adipose tissue, obesity, and/or regional adiposity. 
[0010] According to the invention, the equine animal may 
be suffering from one or more of impaired glucose tolerance, 
dyslipidemia, dysadipokinemia, subclinical inflammation, 
systemic inflammation, low grade systemic inflammation, 
which also comprises adipose tissue, obesity, and/or regional 
adiposity. 
[0011] According to the invention, impaired glucose toler 
ance, dyslipidemia, dysadipokinemia, subclinical inflamma 
tion, systemic inflammation, low grade systemic inflamma 
tion, which also comprises adipose tissue, obesity, regional 
adiposity may be associated with hyperinsulinemia and/or 
insulin resistance 
[0012] According to the invention, the metabolic disorder 
may be hyperinsulinemia and/or insulin resistance, and said 
hyperinsulinemia or insulin resistance may optionally be 
associated with one or more of impaired glucose tolerance, 
dyslipidemia, dysadipokinemia, subclinical inflammation, 
systemic inflammation, low grade systemic inflammation, 
which also comprises adipose tissue, obesity, and/or regional 
adiposity. 
[0013] The equine animal may, e.g., be a horse. The equine 
animal may, e.g., be a pony. The equine animal may be obese 
and/or exhibit regional adiposity. 
[0014] The pharmaceutically acceptable form of the 
SGLT2 inhibitor may be a crystalline complex between the 
SGLT2 inhibitor and one or more amino acids, e.g. proline. 
[0015] According to the invention, the SGLT2 inhibitor or 
pharmaceutically acceptable form thereof may be provided, 
e.g., for oral or parenteral administration, preferably for oral 
administration. 
[0016] The SGLT2 inhibitor or a pharmaceutically accept 
able form thereof may be administered in dosages of 0.01 to 
3.0 mg/kg body weight per day, preferably from 0.02 to 1.0 
mg/kg body weight per day, more preferably from 0.03 to 0.4 
mg/kg body weight per day. Thus, the SGLT2 inhibitor or 
pharmaceutically acceptable form thereof may be prepared 
for the administration of 0.01 to 3.0 mg/kg body weight per 
day, preferably from 0.02 to 1.0 mg/kg body weight per day, 
more preferably from 0.03 to 0.4 mg/kg body weight per day. 
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[0017] The SGLT2 inhibitor or pharmaceutically accept 
able form thereof is preferably administered only once per 
day. 
[0018] According to the present invention, any SGLT2 
inhibitor or pharmaceutically acceptable form thereofmay be 
used. In preferred embodiments, the SGLT2 inhibitor is a 
glucopyranosyl-substituted benzene derivative. A number of 
SGLT2 inhibitors which may be used according to the inven 
tion are described in detail herein below. 
[0019] The present invention also provides a pharmaceuti 
cal composition comprising an SGLT2 inhibitor or a pharma 
ceutically acceptable form thereof, for use according to the 
invention as disclosed herein. 
[0020] In the examples provided herein, therapeutic and 
prophylactic benefits resulting from inhibition of SGLT2 
according to the present invention are demonstrated experi 
mentally. Experimental data disclosed herein are intended to 
illustrate the invention, but not to have any limiting effect 
upon the scope of protection, which is defined herein below 
by the claims. 
[0021] In particular, the present inventors have surprisingly 
found that the use of an SGLT2 inhibitor according to the 
present invention advantageously leads to a reduction in insu 
lin resistance in treated, insulin resistant equine animals. That 
is, equivalently, the use of an SGLT2 inhibitor according to 
the present invention advantageously leads to increased insu 
lin sensitivity in treated, insulin resistant equine animals. 
[0022] The use of an SGLT2 inhibitor according to the 
present invention advantageously leads to reduced plasma 
insulin levels, i.e. allows effective treatment of hyperinsuli 
naemia. Thus, the use of an SGLT2 inhibitor according to the 
present invention advantageously leads to reduced baseline 
plasma insulin levels, and/or a reduced insulin excursion due 
to a glycemic challenge, e.g. as measured during an intrave 
nous glucose tolerance test (iv.GTT), an oral sugar test (OST) 
or after any other form of glucose intake, e.g. after a meal 
(postprandial insulin excursion). 
[0023] The use of an SGLT2 inhibitor according to the 
present invention advantageously leads to a reduction in 
hyperinsulinemia and surrogate markers of insulin resistance 
in treated, insulin resistant equine animals. 
[0024] The glucose excursion after a challenge with insulin 
(e.g. in an intravenous insulin tolerance test (iv.1TT)), or after 
a challenge with glucose (e.g. as measured during an intrave 
nous glucose tolerance test (iv.GTT), an oral sugar test (OST) 
or after any other form of glucose intake, e.g. after a meal 
(postprandial glucose excursion)), or as measured in a com 
bined glucose-insulin tolerance test (CGIT), of an equine 
animal treated in accordance with the invention is, advanta 
geously, also improved. That is, after a challenge with insulin, 
the decrease in glucose levels is greater and/or more rapid; or 
after a challenge with glucose, the glycemic peak of the 
glucose excursion is lowered and/or the duration of the glu 
cose excursion is reduced. 
[0025] The use of an SGLT2 inhibitor according to the 
present invention thus generally leads to improved (i.e. 
increased) glucose tolerance, i.e., equivalently, reduces glu 
cose intolerance. 
[0026] The use of an SGLT2 inhibitor according to the 
present invention advantageously also leads to a reduction in 
plasma levels of non-esterified fatty acids, or an improved 
elimination of non-esterified fatty acids (NEFAs) from the 
bloodstream e.g. after a challenge with insulin (e.g., as mea 
sured during an intravenous insulin tolerance test (iv.1TT)), or 
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after a challenge with glucose (e.g. as measured during an 
intravenous glucose tolerance test (iv.GTT), an oral sugar test 
(OST) or after any other form of glucose intake, e.g. after a 
meal, that initiates a blood insulin excursion, or as measured 
in a combined glucose-insulin tolerance test (CGIT). 
[0027] The use of an SGLT2 inhibitor according to the 
present invention advantageously also leads to a reduction in 
body fat and improved adipokine profile, e.g. reduced blood 
leptin levels. The invention is also associated with anti-obe 
sity effects, and/or lead to a decrease in body mass in an 
equine animal. In one aspect, the invention thus allows obe 
sity and/or obesity-related metabolic disorders to be managed 
in an equine animal. 
[0028] The use of an SGLT2 inhibitor according to the 
present invention generally reduces dyslipidaemia, dysadi 
pokinemia, obesity and/or regional adiposity. Thus, the use of 
SGLT2 inhibitors allow the treatment and prevention of dys 
lipidaemia, dysadipokinemia, obesity and/or regional adipos 
ity, in particular when associated with insulin resistance and/ 
or hyperinsulinemia in equine animal. 
[0029] Advantageously, the use of an SGLT2 inhibitor 
according to the present invention does not cause hypoglyce 
mia. 
[0030] The effects of the uses according to the present 
invention (i.e. the above-mentioned beneficial effects upon 
insulin resistance/sensitivity, insulin excursion, second phase 
insulin secretion, glucose tolerance, elimination of non-es 
terified fatty acids, body fat, and/or blood leptin levels are also 
advantageous in that they allow for the prevention of compli 
cations of insulin resistance and/or hyperinsulinaemia, and 
the treatment, prevention or control of further metabolic dis 
orders, symptoms and/or clinical conditions that are associ 
ated with insulin resistance and/or hyperinsulinaemia in 
equine animals. They thus allow the possibility of preventing 
ordelaying the onset of such complications, further metabolic 
disorders, symptoms and/or clinical conditions in equine ani 
mals. 
[0031] A further advantage of the present invention is that 
the use of SGLT2 inhibitors is effective against the metabolic 
disorders alone, i.e., if desired the use of an SGLT2 inhibitor 
in an equine animal provides a monotherapy (i.e. a stand 
alone therapy; i.e., no other medication is administered to the 
equine animal for the treatment and/or prevention of the same 
metabolic disorder). The invention also allows for the possi 
bility for combination therapy with another drug (e.g. a fur 
ther insulin sensitizing drug). 
[0032] The effects of using an SGLT2 inhibitor according 
to the present invention (e.g. the above-mentioned beneficial 
effects upon insulin resistance/sensitivity, plasma insulin lev 
els, insulin excursion, glucose excursion, glucose tolerance, 
elimination of non-esterified fatty acids, body fat, and/or 
blood leptin levels) may be relative to the same or a compa 
rable equine animal prior to administration of an SGLT2 
inhibitor according to the present invention, and/or relative to 
a comparable equine animal that has not received said treat 
ment (e.g. a placebo group). 
[0033] A further advantage of the present invention is that 
an SGLT2 inhibitor may effectively be administered to an 
equine animal orally, e.g. in liquid form. Moreover, SGLT2 
inhibitors according to the present invention can be adminis 
tered only once per day. These advantages allow for optimal 
dosing and compliance of the treated equine animal. 
[0034] Generally, the use of SGLT2 inhibitors according to 
the present invention may thus attenuate, delay or prevent the 
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progression of a metabolic disorder, e.g. the metabolic disor 
ders disclosed herein, or may delay or prevent the onset of 
metabolic disorders and their complications in equine ani 
mals. 
[0035] The invention also provides methods of treating or 
preventing metabolic disorders in equine animals, compris 
ing administering to an equine animal in need of such treat 
ment and/or prevention an effective dose of an SGLT2 inhibi 
tor as described herein. 

DEFINITIONS 

[0036) All values and concentrations presented herein are 
subject to inherent variations acceptable in biological science 
within an error of +10%. The term “about” also refers to this 
acceptable variation. 
[0037] Treatment effects disclosed herein (such as an 
improvement, reduction or delayed onset of a disorder, dis 
ease or condition, or the improvement, reduction, increase or 
delay of any effect, index, marker level or other parameter 
relating to a disorder, disease or condition) may be observed 
with a statistical significance of p-0.05, preferably -0.01. 
[0038] When reference is made herein to a deviation (e.g. 
an increase, elevation, excess, prolongation, raise, reduction, 
decrease, improvement, delay, abnormal levels, or any other 
change, alteration or deviation with respect to a reference), 
the deviation may be, e.g., by 5% or more, particularly 10% or 
more, more particularly 15% or more, more particularly 20% 
or more, more particularly 30% or more, more particularly 
40% or more, or more particularly 50% or more, with respect 
to the relevant reference value, unless otherwise stated. Typi 
cally, the deviation will be by at least 10%, i.e. 10% or more. 
The deviation may also be by 20%. The deviation may also be 
by 30%. The deviation may also be by 40%. The relevant 
reference value may be generated from a group of reference 
animals which are treated with placebo instead of an SGLT2 
inhibitor. 

[0039] Herein, an excursion, e.g. an insulin excursions or 
glucose excursion, designates a change in concentration or 
level in blood over time. The magnitude of excursions, e.g. 
insulin excursions or glucose excursions may be expressed as 
area-under-curve (AUC) values. 
[0040] Herein, the terms “active substance” or “active 
ingredient” encompass an SGLT2 inhibitor or any pharma 
ceutically acceptable form thereof (e.g. a prodrug or a crys 
talline form), for use according to the invention. In the case of 
a combination with one or additional active compound, the 
terms “active ingredient” or “active substance” may also 
include the additional active compound. 
[0041] Herein, the expression “associated with’, in particu 
lar encompasses the expression “caused by’’. 
[0042] Herein, iv.CTT refers to an intravenous glucose tol 
erance test. In an iv.CTT, 0.2 g dextrose perkg body mass may 
typically be employed. 
[0043] Herein, iv.ITT refers to an intravenous insulin toler 
ance test. In an iv.ITT, 0.03 U insulin per kg body mass may 
typically be employed. 
[0044] Herein, CGIT refers to a combined glucose-insulin 
tolerance test. In a CGIT, 0.15 mg glucose per kg body mass 
and 0.1 U insulin per kg body mass may typically be 
employed. 
[0045] Herein, OST refers to an oral sugar test. In an OST, 
0.15 mL corn syrup per kg body mass may typically be 
employed. 
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[0046] SGLT2 Inhibitors 
[0047] SGLT2 inhibitors for use according to the invention 
include, but are not limited to, glucopyranosyl-substituted 
benzene derivatives, for example as described in WOO1/ 
27128 (ref. 2), WOO3/099836 (ref. 3), WO2005/092877 (ref. 
4), WO2006/034489 (ref. 5), WO2006/064033 (ref. 6), 
WO2006/117359 (ref. 7), WO2006/117360 (ref. 8), 
WO2007/025943 (ref. 9), WO2007/028814 (ref. 10), 
WO2007/031548 (ref. 11), WO2007/093610 (ref. 12), 
WO2007/128749 (ref. 13), WO2008/049923 (ref. 14), 
WO2008/055870 (ref. 15), WO2008/055940 (ref. 16), 
WO2009/022020 (ref. 17) or WO2009/022008 (ref. 18), all 
herein incorporated by reference. 
[0048] Moreover, a SGLT2 inhibitor for use according to 
the invention may be selected from the group consisting of the 
following compounds or pharmaceutically acceptable forms 
thereof. 

[0049) (1) a glucopyranosyl-substituted benzene deriva 
tive of the formula (1) 

[0050] wherein R* denotes cyano, Clor methyl (most 
preferably cyano); 

[0051] R* denotes H, methyl, methoxy or hydroxy 
(most preferably H) and 

[0052] Rº denotes cyclopropyl, hydrogen, fluorine, 
chlorine, bromine, iodine, methyl, ethyl, propyl, iso 
propyl, butyl, sec-butyl, iso-butyl, tert-butyl, 3-me 
thyl-but-1-yl, cyclobutyl, cyclopentyl, cyclohexyl, 
1-hydroxy-cyclopropyl, 1-hydroxy-cyclobutyl, 1-hy 
droxy-cyclopentyl, 1-hydroxy-cyclohexyl, ethinyl, 
ethoxy, difluoromethyl, trifluoromethyl, pentafluoro 
ethyl, 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, difluoromethyloxy, 
trifluoromethyloxy, 2-methyloxy-ethyloxy, methyl 
sulfanyl, methylsulfinyl, methlysulfonyl, ethylsulfi 
nyl, ethylsulfonyl, trimethylsilyl, (R)-tetrahydrofu 
ran-3-yloxy or (S)-tetrahydrofuran-3-yloxy or cyano; 

[0053] wherein R3 is preferably selected from cyclo 
propyl, ethyl, ethinyl, ethoxy, (R)-tetrahydrofuran-3 
yloxy or (S)-tetrahydrofuran-3-yloxy; and most pref 
erably R3 is cyclopropyl, 

[0054] or a derivative thereof wherein one or more 
hydroxyl groups of the fl-D-glucopyranosyl group are 
acylated with groups selected from (C1-1s-alkyl)car 
bonyl, (C1-1s-alkyl)oxycarbonyl, phenylcarbonyl and 
phenyl-(C1-3-alkyl)-carbonyl: 
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[0055] (2) 1-cyano-2-(4-cyclopropyl-benzyl)-4-(5-D- [0059] (6) Luseogliflozin, represented by formula (6): 
glucopyranos-1-yl)-benzene, represented by formula 
(2): 

or Sch, 

[0056] (3) Dapagliflozin, represented by formula (3): OH 

[0060] (7) Tofogliflozin, represented by formula (7): 

OH Cl OS 2CH: 

O O HO HO O 
HO 

OH 
OH 

HO 

[0057] (4) Canagliflozin, represented by formula (4): OH 

CH3 

O O 

[0061] (8) Ipragliflozin, represented by formula (8): 

[0058] (5) Empagliflozin, represented by formula (5): 
[0062] (9) Ertugliflozin, represented by formula (9): 
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[0063) (10) Atigliflozin, represented by formula (10): 

OCH3 

HO 

OH 

HO 

OH 

[0064] (11) Remogliflozin, represented by formula (11): 

OH 

HO O 
HO SS 

[0065] (12) a thiophene derivative of the formula (12) 

(7-1) 

[0066] wherein R denotes methoxy or trifluo 
romethoxy; 

[0067] (13) 1-(5-D-glucopyranosyl)-4-methyl-3-[5-(4 
fluorophenyl)-2-thienylmethyl]benzene as described in 
WO2005/012326, represented by formula (13); 
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[0068] (14) a spiroketal derivative of the formula (14): 

(9-1) 

[0069] wherein R denotes methoxy, trifluoromethoxy, 
ethoxy, ethyl, isopropyl or tert, butyl, 

[0070) (15) a pyrazole-O-glucoside derivative of the for 
mula (15) 

(0071] wherein 
[0072] R' denotes C1-s-alkoxy, 
[0073] L', L* independently of each other denote Hor 

F. 

[0074] R* denotes H., (C-3-alkyl)carbonyl, (C-6 
alkyl)oxycarbonyl, phenyloxycarbonyl, benzyloxy 
carbonyl or benzylcarbonyl: 
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[0075] (16) a compound of the formula (16): 

Sp" C| 

** O S 

HO OH 

H s 
[0076] 

(17): 
(17) and Sergliflozin, represented by formula 

[0077] The term “dapagliflozin” as employed herein refers 
to dapagliflozin of the above structure as well as pharmaceu 
tically acceptable forms thereof, including hydrates and sol 
vates thereof, and crystalline forms thereof. The compound 
and methods of its synthesis are described in WOO3/099836 
(ref. 3), incorporated by reference, for example. Preferred 
hydrates, solvates and crystalline forms are described in the 
patent applications WO2008/116179 (ref. 19) and WO2008/ 
002824 (ref. 20), both incorporated by reference, for 
example. 
[0078] The term “canagliflozin” as employed herein refers 
to canagliflozin of the above structure as well as pharmaceu 
tically acceptable forms thereof, including hydrates and sol 
vates thereof, and crystalline forms thereof. The compound 
and methods of its synthesis are described in WO2005/ 
0.12326 (ref: 21) and WO2009/035969 (ref. 22), both incor 
porated by reference, for example. Preferred hydrates, sol 
vates and crystalline forms are described in the patent 
application WO2008/069327 (ref. 23), incorporated by ref 
erence for example. 
[0079] The term “empagliflozin” as employed herein refers 
to empagliflozin of the above structure as well as pharmaceu 
tically acceptable forms thereof, including hydrates and sol 
vates thereof, and crystalline forms thereof. The compound 
and methods of its synthesis are described in WO2005/ 
092877 (ref. 4), WO2006/120208 (ref. 24) and WO2011/ 
039108 (ref. 25), all incorporated by reference, for example. 
A preferred crystalline form is described in the patent appli 
cations WO2006/117359 (ref. 7) and WO2011/039107 (ref. 
26), incorporated by reference, for example. 
[0080] The term “atigliflozin” as employed herein refers to 
atigliflozin of the above structure as well as pharmaceutically 
acceptable forms thereof, including hydrates and solvates 
thereof, and crystalline forms thereof. The compound and 
methods of its synthesis are described in WO2004/007517 
(ref: 27), incorporated by reference, for example. 
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[0081] The term “ipragliflozin” as employed herein refers 
to ipragliflozin of the above structure as well as pharmaceu 
tically acceptable forms thereof, including hydrates and sol 
vates thereof, and crystalline forms thereof. The compound 
and methods of its synthesis are described in WO2004/ 
080990 (ref. 28), WO2005/012326 (ref. 21) and WO2007/ 
114475 (ref. 29), all incorporated by reference, for example. 
[0082] The term “tofogliflozin” as employed herein refers 
to tofogliflozin of the above structure as well as pharmaceu 
tically acceptable forms thereof, including hydrates and sol 
vates thereof, and crystalline forms thereof. The compound 
and methods of its synthesis are described in WO2007/ 
140191 (ref. 30) and WO2008/013280 (ref. 31), both incor 
porated by reference, for example. 
[0083] The term “luseogliflozin” as employed herein refers 
to luseogliflozin of the above structure as well as pharmaceu 
tically acceptable forms thereof, including hydrates and sol 
vates thereof, and crystalline forms thereof. 
[0084] The term “ertugliflozin” as employed herein refers 
to ertugliflozin of the above structure as well as pharmaceu 
tically acceptable forms thereof, including hydrates and sol 
vates thereof, and crystalline forms thereof. The compound is 
described for example in WO2010/023594 (ref.32), incorpo 
rated by reference. 
[0085] The term “remogliflozin” as employed herein refers 
to remogliflozin of the above structure as well as pharmaceu 
tically acceptable forms thereof, including prodrugs of 
remogliflozin, in particular remogliflozin etabonate, includ 
ing hydrates and solvates thereof, and crystalline forms 
thereof. Methods of its synthesis are described in the patent 
applications EP1213296 (ref. 33) and EP1354888 (ref. 34), 
both incorporated by reference, for example. 
[0086] The term “sergliflozin” as employed herein refers to 
sergliflozin of the above structure as well as pharmaceutically 
acceptable forms thereof, including prodrugs of sergliflozin, 
in particular sergliflozin etabonate, including hydrates and 
solvates thereof, and crystalline forms thereof. Methods for 
its manufacture are described in the patent applications 
EP1344780 (ref. 35) and EP1489089 (ref.36), both incorpo 
rated by reference, for example. 
[0087] The compound of formula (16) above and its manu 
facture are described for example in WO2008/042688 (ref. 
37) or WO2009/014970 (ref. 38), both incorporated by ref 
erence. 

[0088] Preferred SGLT2 inhibitors are glucopyranosyl 
substituted benzene derivatives. Optionally, one or more 
hydroxyl groups of the glucopyranosyl group in such an 
SGLT2 inhibitor may be acylated with groups selected from 
(C1-1s-alkyl)carbonyl, (C1-1s-alkyl)oxycarbonyl, phenylcar 
bonyl and phenyl-(C1-3-alkyl)-carbonyl. 
[0089) More preferred are glucopyranosyl-substituted ben 
zonitrile derivatives of formula (1) as disclosed herein above. 
Yet more preferred are glucopyranosyl-substituted benzoni 
trile derivatives of formula (18): 
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wherein 
R3 denotes cyclopropyl, hydrogen, fluorine, chlorine, bro 
mine, iodine, methyl, ethyl, propyl, isopropyl, butyl, sec 
butyl, iso-butyl, tert-butyl, 3-methyl-but-1-yl, cyclobutyl, 
cyclopentyl, cyclohexyl, 1-hydroxy-cyclopropyl, 1-hydroxy 
cyclobutyl, 1-hydroxy-cyclopentyl, 1-hydroxy-cyclohexyl, 
ethinyl, ethoxy, difluoromethyl, trifluoromethyl, pentafluoro 
ethyl, 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, 
difluoromethyloxy, trifluoromethyloxy, 2-methyloxy-ethy 
loxy, methylsulfanyl, methylsulfinyl, methlysulfonyl, ethyl 
sulfinyl, ethylsulfonyl, trimethylsilyl, (R)-tetrahydrofuran-3 
yloxy or (S)-tetrahydrofuran-3-yloxy or cyano (wherein R3 is 
preferably selected from cyclopropyl, ethyl, ethinyl, ethoxy, 
(R)-tetrahydrofuran-3-yloxy or (S)-tetrahydrofuran-3-yloxy; 
and R3 most preferably is cyclopropyl), or a derivative 
thereof wherein one or more hydroxyl groups of the fl-D 
glucopyranosyl group are acylated with groups selected from 
(C1-1s-alkyl)carbonyl, (C1-1s-alkyl)oxycarbonyl, phenylcar 
bonyl and phenyl-(C1-s-alkyl)-carbonyl. 
[0090] Preferably, such SGLT2 inhibitor is 1-cyano-2-(4 
cyclopropyl-benzyl)-4-(5-D-glucopyranos-1-yl)-benzene as 
shown in formula (2) (also referred to herein as “compound 
A”). Optionally, one or more hydroxyl groups of the fl-D 
glucopyranosyl group of compound A may be acylated with 
groups selected from (C1-1s-alkyl)carbonyl, (C1-1s-alkyl) 
oxycarbonyl, phenylcarbonyl and phenyl-(C1-3-alkyl)-carbo 
nyl. 
[0091] Thus, in preferred embodiments, a SGLT2 inhibitor 
according to the present invention is a glucopyranosyl-sub 
stituted benzene derivative SGLT2 inhibitor, preferably a 
SGLT2 inhibitor of formula (1), more preferably of formula 
(18), or yet more preferably of formula (2) (i.e. compound.A), 
in each case as defined herein above. 

Metabolic Disorders 

[0092] According to the invention, metabolic disorders or 
metabolic diseases are all kinds of disturbances of the energy 
metabolism, affecting e.g. the turnover of carbohydrates and/ 
or of fat. It is preferred to affect the control of the energy 
metabolism, especially the glucose metabolism by influenc 
ing the responsible regulatory network, e.g. via modulation of 
the activity and/or concentrations of insulin. 
[0093] The metabolic disorder may be an insulin-related 
disorder. In particular, the metabolic disorder may be insulin 
resistance (or, equivalently, impaired insulin sensitivity). 
Insulin resistance may be associated with a further metabolic 
disorder or clinical condition, e.g. insulin resistance may be 
associated with impaired glucose tolerance, dyslipidemia, 
dysadipokinemia, subclinical inflammation, systemic 
inflammation, low grade systemic inflammation, which also 
comprises adipose tissue, obesity and/or regional adiposity. 
[0094] The metabolic disorder may be hyperinsulinaemia. 
Hyperinsulinaemia may be associated with a further meta 
bolic disorder or clinical condition, e.g. hyperinsulinaemia 
may be associated with obesity and/or regional adiposity. 
[0095] In preferred embodiments, the metabolic disorder 
may be insulin resistance, hyperinsulinemia and/or a clinical 
condition associated with insulin resistance and/or hyperin 
sulinaemia. Treatment and/or prevention of a metabolic dis 
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order of an equine animal in accordance with the invention 
may be treatment and/or prevention of insulin resistance and/ 
or hyperinsulinaemia. 
[0096] Clinical conditions associated with insulin resis 
tance and/or hyperinsulinaemia are e.g. impaired glucose 
tolerance, dyslipidemia, dysadipokinemia, subclinical 
inflammation, systemic inflammation, low grade systemic 
inflammation, which also comprises adipose tissue, obesity 
and/or regional adiposity. Treatment and/or prevention of a 
metabolic disorder of an equine animal in accordance with 
the invention may be the treatment and/or prevention of 
impaired glucose tolerance, dyslipidemia, dysadipokinemia, 
subclinical inflammation, systemic inflammation, low grade 
systemic inflammation, which also comprises adipose tissue, 
obesity and/or regional adiposity in an equine animal. 
[0097] Herein, a metabolic disorder or clinical condition, 
e.g. a metabolic disorder or clinical condition associated with 
insulin resistance and/or hyperinsulinaemia may be impaired 
glucose tolerance. Hence, the treatment and/or prevention of 
a metabolic disorder of an equine animal in accordance with 
the invention may be the treatment and/or prevention of 
impaired glucose tolerance, preferably associated with insu 
lin resistance and/or hyperinsulinaemia in an equine animal. 
[0098] Herein, a metabolic disorder or clinical condition, 
e.g. a metabolic disorder or clinical condition associated with 
insulin resistance and/or hyperinsulinaemia may be dyslipi 
demia. Hence, the treatment and/or prevention of a metabolic 
disorder of an equine animal in accordance with the invention 
may be the treatment and/or prevention of dyslipidemia, pref 
erably associated with insulin resistance and/or hyperinsuli 
naemia in an equine animal. 
[0099] Herein, a metabolic disorder or clinical condition, 
e.g. a metabolic disorder or clinical condition associated with 
insulin resistance and/or hyperinsulinaemia may be dysadi 
pokinemia. Hence, the treatment and/or prevention of a meta 
bolic disorder of an equine animal in accordance with the 
invention may be treatment and/or prevention of dysadipoki 
nemia, preferably associated with insulin resistance and/or 
hyperinsulinaemia in an equine animal. 
[0100] Herein, a metabolic disorder or clinical condition, 
e.g. a metabolic disorder or clinical condition associated with 
insulin resistance and/or hyperinsulinaemia may be subclini 
cal inflammation or systemic inflammation, in particular low 
grade systemic inflammation, which also comprises adipose 
tissue. Hence, the treatment and/or prevention of a metabolic 
disorder of an equine animal in accordance with the invention 
may be treatment and/or prevention of subclinical inflamma 
tion or systemic inflammation, in particular low grade sys 
temic inflammation, which also comprises adipose tissue, 
preferably associated with insulin resistance and/or hyperin 
sulinaemia in an equine animal. 
[0101] Herein, a metabolic disorder or clinical condition, 
e.g. a metabolic disorder or clinical condition associated with 
insulin resistance and/or hyperinsulinaemia may be obesity. 
Hence, the treatment and/or prevention of a metabolic disor 
der of an equine animal in accordance with the invention may 
be treatment and/or prevention of obesity, preferably associ 
ated with insulin resistance and/or hyperinsulinaemia in an 
equine animal. 
[0102] Herein, a metabolic disorder or clinical condition, 
e.g. a metabolic disorder or clinical condition associated with 
insulin resistance and/or hyperinsulinaemia may be regional 
adiposity. Hence, the treatment and/or prevention of a meta 
bolic disorder of an equine animal in accordance with the 
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invention may be treatment and/or prevention of regional 
adiposity, preferably associated with insulin resistance and/or 
hyperinsulinaemia in an equine animal. 
[0103] In some embodiments, impaired glucose tolerance 
may be associated with obesity and/or regional adiposity. 
Hence, the treatment and/or prevention of a metabolic disor 
der of an equine animal in accordance with the invention may 
be treatment and/or prevention of impaired glucose tolerance 
associated with obesity and/or regional adiposity in an equine 
animal. 

[0104] Insulin resistance can be described as the condition 
in which normal amounts of insulin are inadequate to produce 
a normal insulin response from fat, muscle and liver cells. 
Insulin resistance infat cells reduces the effects of insulin and 
results in elevated hydrolysis of stored triglycerides in the 
absence of measures which either increase insulin sensitivity 
or which provide additional insulin. Increased mobilization 
of stored lipids in these cells elevates free fatty acids in the 
blood plasma. Insulin resistance in muscle cells reduces glu 
cose uptake (and so local storage of glucose as glycogen), 
whereas insulin resistance in liver cells results in impaired 
glycogen synthesis and a failure to suppress glucose produc 
tion. Elevated blood fatty acid levels, reduced muscle glucose 
uptake, and increased liver glucose production, may all con 
tribute to elevated blood glucose levels (hyperglycaemia), 
although hyperglycaemia is not a major issue e.g. in insulin 
resistant horses. In the horse, when insulin-resistant target 
tissues, e.g. skeletal muscle, have a reduced capacity for 
glucose uptake, the pancreas is stimulated to release more 
insulin, leading to hyperinsulinaemia. 
[0105] Surrogate indices of insulin sensitivity may be cal 
culated according to the QUICKI (quantitative insulin sensi 
tivity check index; 1/log(glucose"insulin)) for basal blood 
level. For dynamic testings, e.g. during a glucose challenge a 
modified Belfiore Index (1/log(AAUC-glucose”AAUC-insu 
lin)) can be employed. 
[0106] Insulin resistance may be presentin association with 
regional adiposity, e.g. cresty neck, tail fat depots, visceral 
adiposity, hypertension and dyslipidaemia involving elevated 
triglycerides, small dense low-density lipoprotein (sdLDL) 
particles, and decreased HDL cholesterol levels. With respect 
to visceral adiposity, a great deal of evidence in humans 
suggests two strong links with insulin resistance. First, unlike 
subcutaneous adipose tissue, visceral adipose cells produce 
significant amounts of proinflammatory cytokines such as 
tumor necrosis factor-alpha (TNF-a), and Interleukins-1 and 
-6, etc. In numerous experimental models, these proinflam 
matory cytokines profoundly disrupt normal insulin action in 
fat and muscle cells, and may be a major factor in causing the 
whole-body insulin resistance observed in human patients 
with visceral adiposity. Similar, in equines the different 
excessive regional fat depots contribute to low grade systemic 
inflammation. The cause of the vast majority of cases of 
insulin resistance remains unknown. There is clearly an inher 
ited component. However, there are some grounds for sus 
pecting that insulin resistance is related to a high-carbohy 
drate diet. Inflammation also seems to be implicated in 
causing insulin resistance. 
[0107] Hyperinsulinaemia can be described as a condition 
in which there are excess levels, i.e. more than about 10-20 
pu?L/mL of insulin circulating in the blood. As mentioned, it is 
commonly present in cases of, and may be a consequence of 
insulin resistance in equine animals. 
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[0108] Impaired glucose tolerance can be described as con 
dition in which the response to a after a glycemic challenge 
e.g. after a meal or after a loading test (glucose tolerance test) 
the glycemic peak of the glucose excursion is higher and/or 
the duration of the glucose excursion is prolonged. 
[0109] Dyslipidaemia or hyperlipidaemia is the presence of 
raised or abnormal levels of lipids and/or lipoproteins in the 
blood. Lipid and lipoprotein abnormalities are regarded as a 
highly modifiable risk factor for cardiovascular disease due to 
the influence of cholesterol. Glycerol is a precursor for the 
synthesis of triacylglycerols (triglycerides) and of phospho 
lipids in the liver and adipose tissue. When the body uses 
stored fat as a source of energy, glycerol and fatty acids are 
released into the bloodstream after hydrolysis of the triglyc 
erides. The glycerol component can be converted to glucose 
by the liver and provides energy for cellular metabolism. 
Normal levels of free fatty acids in the blood equine animals 
are concentrations of 50 to 100 mg/dl (0.6 to 1.2 mmol/l). 
Normal levels of triglycerides are e.g. up to around 50 mg/dL. 
Normal levels of blood cholesterol are, e.g., around 120 mg/dl 
for the horse. 
[0110] Dysadipokinemia can be described as a condition in 
which the circulating plasma levels of biologically active 
substances produced in adipose tissue that act in an autocrine/ 
paracrine or endocrine fashion is deviated. e.g. an elevation of 
leptin and/or a reduction of adiponectin. 
[0111] Subclinical inflammation or systemic inflamma 
tion, in particular low grade systemic inflammation is char 
acterized by increased expression and secretion of proinflam 
matory cytokines such as tumor necrosis factor-alpha and/or 
lower expression and secretion of anti-inflammatory cytok 
ines e.g. interleukin-10 and/or their respective receptors. 
[0112] Obesity can be described as a medical condition in 
which excess body fat has accumulated to the extent that it 
may have an adverse effect on health, leading to reduced life 
expectancy. In equines e.g. during physical examination a 
body condition scores of equal or more than 7 (out of 9) is 
encountered. 
[0113] Regional adiposity in equine animals can be 
described as a medical condition in which body fat (adipose 
tissue) accumulates in specific regions, e.g. the neck (cresty 
neck), either side of the tailhead, prepuce, in fat pads in the 
rump area, the mammary gland region, and/or in supraorbital 
fat pads. Regional adiposity also encompasses visceral adi 
posity, e.g. increased omental fat. 
[0114] Equine Animals 
[0115] Herein, the term “equine animal” may be used inter 
changeably with the term “equine” and encompasses any 
member of the genus Equus. It encompasses, e.g., any horse 
or pony, the taxonomic designations Equus ferus and/or 
Equus caballus, and/or the subspecies Equus ferus caballus. 
The equine animal may, e.g., be a domestic horse. 
[0116] Pharmaceutically Acceptable Forms 
[0117] Herein, references to SGLT2 inhibitors and/or their 
use according to the invention encompass pharmaceutically 
acceptable forms of the SGLT2 inhibitors, unless otherwise 
stated. 
[0118] According to the invention, any pharmaceutically 
acceptable form of the SGLT2 inhibitor (e.g. of formula (1), 
preferably formula (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. 
[0119) Prodrug forms may include, e.g., esters and/or 
hydrates. The term pro-drug is also meant to include any 
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covalently bonded carrier which releases the active com 
pound of the invention in vivo when the prodrug is adminis 
tered to a mammalian subject. Pro-drugs of a compound of 
the invention may be prepared by modifying functional 
groups present in the compound of the invention in such away 
that the modifications are cleaved, either in routine manipu 
lation or in vivo, to the parent compound of the invention. 
[0120) Crystalline forms for use according to the invention 
include a complex of an SGLT2 inhibitor with one or more 
amino acids (see e.g. WO 2014/016381, incorporated by ref 
erence). An amino acid for such use may be a natural amino 
acid. The amino acid may be a proteogenic amino acid (in 
cluding L-hydroxyproline), or a non-proteogenic amino acid. 
The amino acid may be a D- or an L-amino acid. In some 
preferred embodiments the amino acid is proline (L-proline 
and/or D-proline, preferably L-proline). E.g., a crystalline 
complex of 1-cyano-2-(4-cyclopropyl-benzyl)-4-(5-D-glu 
copyranos-1-yl)-benzene (formula (2); compound A) with 
proline (e.g. L-proline) is preferred. 
[012.1] Thus, herein is disclosed a crystalline complex 
between one or more natural amino acids and an SGLT2 
inhibitor, e.g., a crystalline complex between one or more 
natural amino acids and a glucopyranosyl-substituted ben 
zene derivative SGLT2 inhibitor, preferably a SGLT2 inhibi 
tor of formula (1), more preferably of formula (18) or yet 
more preferably of formula (2) (compound A). Thus, herein is 
disclosed a crystalline complex between one or more natural 
amino acids and 1-cyano-2-(4-cyclopropyl-benzyl)-4-(5-D 
glucopyranos-1-yl)-benzene (compound A). 
[0122] Further disclosed herein is the use of one or more 
crystalline complexes as defined hereinbefore or hereinafter 
for preparing a pharmaceutical composition which is suitable 
for the treatment and/or prevention of diseases or conditions 
which can be influenced by inhibiting sodium-dependent glu 
cose cotransporter SGLT, preferably SGLT2. Further dis 
closed herein is the use of one or more crystalline complexes 
as defined hereinbefore or hereinafter for preparing a phar 
maceutical composition for inhibiting the sodium-dependent 
glucose cotransporter SGLT2. 
[0123] A crystalline complex between one or more natural 
amino acids (e.g. proline, preferably L-proline) and an 
SGLT2 inhibitor, is a preferred pharmaceutically acceptable 
form of a SGLT2 inhibitor for use according to the present 
invention. In particular, a crystalline complex between one or 
more natural amino acids (e.g. proline, preferably L-proline) 
and a glucopyranosyl-substituted benzene derivative SGLT2 
inhibitor, preferably a SGLT2 inhibitor of formula (1), more 
preferably of formula (18) or yet more preferably of formula 
(2) (compound A) is a preferred pharmaceutically acceptable 
form of a SGLT2 inhibitor for use according to the present 
invention. A crystalline complex between one or more natural 
amino acids (e.g. proline, preferably L-proline) and 1-cyano 
2-(4-cyclopropyl-benzyl)-4-(5-D-glucopyranos-1-yl)-ben 
zene (compound A) is particularly preferred as a pharmaceu 
tically acceptable form of a SGLT2 inhibitor for use 
according to the present invention. 
[012.4] Also disclosed herein is a method for making one or 
more crystalline complexes as defined hereinbefore and here 
inafter, said method comprising the following steps: 

[0125] a. preparing a solution of the SGLT2 inhibitor 
(e.g. a glucopyranosyl-substituted benzene derivative, 
or a SGLT2 inhibitor of formula (1), preferably formula 
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(18) or more preferably formula (2), i.e. compound A) 
and the one or more natural amino acids in a solvent or 
a mixture of solvents; 

[0126] b. storing the solution to precipitate the crystal 
line complex out of solution; 

[0127) c. removing the precipitate from the solution; and 
[0128] d. drying the precipitate optionally until any 

excess of said solvent or mixture of solvents has been 
removed. 

[0129] A certain pharmaceutical activity is of course the 
basic prerequisite to be fulfilled by a pharmaceutically active 
agent before same is approved as a medicament on the mar 
ket. However, there are a variety of additional requirements a 
pharmaceutically active agent has to comply with. These 
requirements are based on various parameters which are con 
nected with the nature of the active substance itself. Without 
being restrictive, examples of these parameters are the stabil 
ity of the active agent under various environmental condi 
tions, its stability during production of the pharmaceutical 
formulation and the stability of the active agent in the final 
medicament compositions. The pharmaceutically active sub 
stance used for preparing the pharmaceutical compositions 
should be as pure as possible and its stability in long-term 
storage must be guaranteed under various environmental con 
ditions. This is essential to prevent the use of pharmaceutical 
compositions which contain, in addition to the actual active 
substance, breakdown products thereof, for example. In such 
cases the content of active substance in the medicament might 
be less than that specified. 
[0130] Uniform distribution of the medicament in the for 
mulation is a critical factor, particularly when the medica 
ment has to be given in low doses. To ensure uniform distri 
bution, the particle size of the active substance can be reduced 
to a suitable level, e.g. by grinding. Since breakdown of the 
pharmaceutically active substance as a side effect of the 
grinding (or micronizing) has to be avoided as far as possible, 
in spite of the hard conditions required during the process, it 
is essential that the active substance should be highly stable 
throughout the grinding process. Only if the active substance 
is sufficiently stable during the grinding process it is possible 
to produce a homogeneous pharmaceutical formulation 
which always contains the specified amount of active sub 
stance in a reproducible manner. 
[0131] Another problem which may arise in the grinding 
process for preparing the desired pharmaceutical formulation 
is the input of energy caused by this process and the stress on 
the surface of the crystals. This may in certain circumstances 
lead to polymorphous changes, to amorphization or to a 
change in the crystal lattice. Since the pharmaceutical quality 
of a pharmaceutical formulation requires that the active sub 
stance should always have the same crystalline morphology, 
the stability and properties of the crystalline active substance 
are subject to stringent requirements from this point of view 
as well. 
[0132] The stability of a pharmaceutically active substance 
is also important in pharmaceutical compositions for deter 
mining the shelf life of the particular medicament; the shelf 
life is the length of time during which the medicament can be 
administered without any risk. High stability of a medicament 
in the abovementioned pharmaceutical compositions under 
various storage conditions is therefore an additional advan 
tage for both the patient and the manufacturer. 
[0133] The absorption of moisture reduces the content of 
pharmaceutically active substance as a result of the increased 
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Especially the oral administration is ameliorated by excipi 
ents which modify the smell and/or haptic properties of the 
pharmaceutical composition for the intended patient, e.g. as 
described. 
[0185] When the SGLT2 inhibitor for use according to the 
invention is formulated for oral administration, it is preferred 
that excipients confer properties, e.g. palatability and/or 
chewability that render the formulation suitable for adminis 
tration to an equine animal. 
[0186] Also preferred are liquid formulations. Liquid for 
mulations may be, e.g., solutions, syrups or suspensions. 
They may be administered directly to the equine animal or 
may be mixed with the food and/or drink (e.g. drinking water, 
or the like) of the equine animal. One advantage of a liquid 
formulation (similar to a formulationingranular form), is that 
such a dosage form allows precise dosing. For example, the 
SGLT2 inhibitor may be dosed precisely in proportion to the 
body mass of an equine animal. Typical compositions of 
liquid formulations are known to the person skilled in the art. 
Apart from the active substance, liquid formulations may 
comprise e.g. solubilizing 

Dosing and Administration 
[0187] A practitioner skilled in the art can determine suit 
able doses for the uses of the present invention. Preferred 
units dosing units include mg/kg, i.e. mg SGLT2 inhibitor per 
body mass of the equine animal. An SGLT2 inhibitor of the 
invention may, e.g., be administered in doses of 0.01-5 mg/kg 
bodyweight per day, e.g. 0.01-4 mg/kg, e.g. 0.01-3 mg/kg, 
e.g. 0.01-2 mg/kg, e.g. 0.01-1.5 mg/kg, e.g., 0.01-1 mg/kg, 
e.g. 0.01-0.75 mg/kg, e.g. 0.01-0.5 mg/kg, e.g. 0.01-0.4 
mg/kg, e.g. 0.01-0.4 mg/kg bodyweight per day. Preferably 
the dose is 0.02-0.5 mg/kg bodyweight per day, more prefer 
ably 0.03-0.4 mg/kg bodyweight per day, e.g. 0.03-0.3 mg/kg 
bodyweight per day. 
[0188] In a preferred embodiment, the SGLT2 inhibitor or 
a pharmaceutically acceptable form thereof may be adminis 
tered in dosages of 0.01 to 3.0 mg/kg body weight per day, 
preferably from 0.02 to 1.0 mg/kg body weight per day, more 
preferably from 0.03 to 0.4 mg/kg body weight per day. Thus, 
the SGLT2 inhibitor or pharmaceutically acceptable form 
thereof may be prepared for the administration of 0.01 to 3.0 
mg/kg body weight per day, preferably from 0.02 to 1.0 
mg/kg body weight per day, more preferably from 0.03 to 0.4 
mg/kg body weight per day. 
[0189] A practitioner skilled in the art is able to prepare an 
SGLT2 inhibitor of the invention for administration accord 
ing to a desired dose. 
[0190] Preferably, according to the invention, an SGLT2 
inhibitor is administered no more than three times per day, 
more preferably no more than twice per day, most preferably 
only once per day. The frequency of administration can be 
adapted to the typical feeding rate of the equine animal. 
[0191] According to the invention, an SGLT2 inhibitor, e.g. 
compound A, may be administered such that an appropriate 
blood plasma concentration of the SGLT2 inhibitor is 
achieved (e.g. a maximal blood plasma concentration, or 
blood plasma concentration after a given time, e.g. 4, 8, 12 or 
24 hours after oral administration, preferably about 8 hours 
after oral administration). E.g., for compound A, the blood 
plasma concentration (e.g. maximal blood plasma concentra 
tion or blood plasma concentration after said given time after 
oral administration) may be within the range 2 to 4000 nM, 
e.g. 20 to 3000 nM, or e.g. 40 to 2000 nM. 
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[0192] Preferably, following administration and the time 
required for the SGLT2 inhibitor to reach the bloodstream, 
such levels are maintained in the blood over a time interval of 
at least 12 hours, more preferably at least 18 hours, most 
preferably at least 24 h. 
[0193] Preferably, according to the invention, an SGLT2 
inhibitor is administered orally, in liquid or solid form. The 
SGLT2 inhibitor may be administered directly to the animals 
mouth (e.g. using a syringe, preferably a body-weight-gradu 
ated syringe) or together with the animal’s food or drink (e.g. 
with its drinking water or the like), in each case preferably in 
liquid form. The SGLT2 inhibitors may, however, also be 
administered, e.g., parenterally, or by any other route of 
administration, e.g., rectally. 
[0194] The SGLT2 inhibitor may be used alone or in com 
bination with another drug. In some embodiments, the 
SGLT2 inhibitor is used in combination with one or more 
further oral antihyperglycaemic drugs. When the SGLT2 
inhibitor is used in combination with a further drug, the 
SGLT2 inhibitor and any further drug may be administered 
simultaneously, sequentially (in any order), and/or according 
to a chronologically staggered dosage regime. In such 
embodiments, when a further drug for combined administra 
tion with the SGLT2 inhibitor is not administered simulta 
neously with the SGLT2 inhibitor, the SGLT2 inhibitor and 
any further drug are preferably administered within a period 
of at least 2 weeks, 1 month, 2 months, 4 months, 6 months or 
longer, e.g. 12 months or more. 
[0195] In some embodiments the SGLT2 inhibitor 
(whether used alone or in combination with another drug) is 
not used in combination with 1-[(3-cyano-pyridin-2-yl)me 
thyl]-3-methyl-7-(2-butyn-1-yl)-8-[3-(R)-amino-piperidin 
1-yl]-xanthine or a pharmaceutically acceptable salt thereof, 
i.e. the equine animal is not treated with said compound. In 
some embodiments the SGLT2 inhibitor is not used in com 
bination with a DPP-IV inhibitor, i.e., the equine animal is not 
treated with a DPP-IV inhibitor. 

[0196) In some embodiments, the SGLT2 inhibitor is used 
as a monotherapy, i.e. stand-alone therapy, i.e. no other medi 
cation is administered to the equine animal for the treatment 
and/or prevention of the same metabolic disorder, i.e. the 
metabolic disorder for which the SGLT2 inhibitor is admin 
istered. E.g., no other medication is administered to the 
equine animal for the treatment and/or prevention of the same 
metabolic disorder within a period of at least 2, 3, or 4 weeks 
before and after administration of the SGLT2 inhibitor. 

BRIEF DESCRIPTION OF THE FIGURES 

[0197] FIG. 1 shows that doses of 0.3 mg/kg bodyweight or 
3 mg/kg bodyweight orally, or 1 mg/kg bodyweight i.v. of 
compound A, all caused prominent increases of urinary glu 
cose concentration in horses. 

[0198 FIG. 2 shows the correlation between compound A 
plasma level and urinary glucose excretion normalized to 
urinary creatinine (glucose/creatinine) 
[01991 FIG. 3 compares relative changes in blood glucose 
over a period of 0–210 minutes (mean values; baseline as 
covariate) in an oral sugar test (OST) in treated and control 
animals on day 28 of the treatment period (bold lines) with the 
same animals on day –14 before the beginning of the treat 
ment period (dotted lines). For comparison the fine dotted 
lines depicts the time course of the glucose excursion in the 
OST of a healthy glucose tolerant horse. 
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[02001 FIG. 4 shows the change of plasma glucose [m]\M] 
during a time courses after treatment with compound A or its 
vehicle and feeding. For the control group individual data are 
given, whereas for horses treated with compound Amean data 
are given for each dosing group (0.3 mg/kg bodyweight or 3 
mg/kg bodyweight orally, or 1 mg/kg bodyweight i.v.). 
[0201] FIG. 5 shows a time course of blood insulin concen 
trations ?u?U/mL) in insulin resistant horses during an OST 
after 4 weeks of treatment with compound A (solid lines) or 
its vehicle (dotted lines). Mean group values are given. Bold 
line: 2 h after compound/vehicle administration; thinner line: 
24 h after last compound/vehicle administration. 
[0202] FIG. 6 shows basal plasma insulin levels [m? U/mL) 
before treatment (day –12), on day 14 and on day 29 of 
treatment with compound A or its vehicle. Individual data 
(thin lines) and the group mean values (bold lines) are given. 
[0203] FIG. 7 shows the basal insulin sensitivity of treated 
and control horses as expressed by the QUICKI (quantitative 
insulin sensitivity check index, i.e. 1/(log(fasting insulin 
pmol/L)+log(fasting glucose mmol/L)). Measurements were 
taken before treatment (day –12), on day 14 and on day 29 of 
treatment with compound A or its vehicle. Individual data 
(thin lines) and the group mean values (bold lines) are given. 
[0204] FIG. 8 shows plasma insulin AUC (area under 
curve) values [m?(J/mL/min) (baseline as covariate) before 
treatment (day –12), on day 28 (2 h after compound/vehicle 
administration) and on day 30 (24 h after last compound/ 
vehicle administration) of treatment with compound A or its 
vehicle. Individual data (thin lines) and the group mean val 
ues (bold lines) are given. 
[0205] FIG. 9 shows the insulin sensitivity of treated and 
control horses as expressed by the Belfiore insulin sensitivity 
index (i.e. 1/(log(AUCAinsulinxAUCA glucose)). Measure 
ments were taken before treatment (day –12), on day 28 (2 h 
after compound/vehicle administration) and on day 30 (24 h 
after last compound/vehicle administration) of treatment with 
compound A or its vehicle. Individual data (thin lines) and the 
group mean values (bold lines) are given. 
[0206] FIG. 10 shows the time course of the elimination of 
non-esterified fatty acids (NEFAs, pueq/L) from the blood 
stream as measured during an intravenous insulin tolerance 
test (iviTT). Mean group values are given of the horses treated 
with compound A (solid lines) or its vehicle (dotted lines). 
Panel A shows the results of the iv.ITT prior to the treatment 
periode, Panel B represent the results after 5 weeks of treat 
ment. 

[0207] FIG. 11 shows the basal plasma leptin levels [ng/ 
mL) before treatment (day –12), on day 14 and on day 29 of 
treatment with compound A or its vehicle. Individual data 
(thin lines) and the group mean values (bold lines) are given. 
[0208] FIG. 12 shows the horses body mass [kg] before 
treatment (day –12), on day 14 and on day 29 of treatment 
with compound A or its vehicle. Individual data (thin lines) 
and the group mean values (bold lines) are given. 
[0209] FIG. 13 shows an X-ray powder diffraction pattern 
of a representative batch of a crystalline complex of com 
pound A with L-proline (1:1) 
[0210] FIG. 14 shows a DSC/TG diagram of a representa 
tive batch of a crystalline complex of compound A with 
L-proline (1:1) 

EXAMPLES 

[0211] The following examples show the beneficial thera 
peutic effects on glycaemic control and/or insulin resistance, 
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etc., of using of SGLT2 inhibitors in equine animals, accord 
ing to the present invention. These examples are intended to 
illustrate the invention in more detail without any limitation 
of the scope of the claims. 

Example 1 

Pharmacokinetics (PK)/Pharmacodynamics (PD) of 
Compound A Single Oral Dosing in Horses 

[0212] Compound A was administered to overnight fasted 
horses. The groups (n=3 per group) received a single oral or 
intravenous (i.v.) administration of either vehicle alone (puri 
fied water, macrogol 15, hydroxystearate) or vehicle contain 
ing the SGLT2 inhibitor at a dose of 0.3 mg/kg bodyweight 
and 3 mg/kg bodyweight orally and 1 mg/kg bodyweight i.v. 
PK/PD measurements were taken until day 3 after a single 
administration of compound A or its vehicle. 

TABLE 2 

Pharmacokinetic data, single dose 

Parameter 1 mg/kg i.v. 0.3 mg/kg p.o. 3.0 mg/kg p.o. 

tna, ?hour IIlê3.il 2 1 
Cºa, Inmol/L mean 353 3867 
AUCo -2, IIlê3.il 41251 2869 297.52 
[nmol h/1] 
T1/2 [hour IIlê3.il 7.9 8.5 8.2 

[0213) Pharmacodynamic Data: 
[0214] A prominent increase of urinary glucose concen 

tration was evident at all doses already 1 h after admin 
istration (mean group values: controls 0.6 mmol/L; 1 
mg/kg iv-253 mmol/L, 0.3 mg/kgpo-103 mmol/L; 3 
mg/kgpo-217 mmol/L) and was persistent for more than 
24 h (see 0). 

[0215] None of the doses of compound A altered the 
basal blood glucose level in horses as compared to nor 
mal reference values. 

[0216) None of the doses of compound A altered the 
renal function of horses. 

[0217] Urinary glucose excretion increase is clearly plasma 
compound exposure dependent, as shown in 0. 

Example 2 

The Effect of Compound A on Urinary and Blood 
Glucose as Well as Glucose Tolerance after Repeated 

Dosing in Horses 

[0218] Compound A was administered to freely fed nor 
moglycemic, hyperinsulinemic, insulin resistant, obese 
horses, which exhibit an impaired glucose tolerance. The 
groups (n=4 per group) received a once daily oral adminis 
tration of either vehicle alone (purified water, macrogol 15, 
hydroxystearate–0.2 mL/100 kg and approximately 35 mL 
of apple sauce) or vehicle containing the SGLT2 inhibitor in 
increasing doses up to 1 mg/kg for 4 weeks. The treated 
horses received a daily dose of compound A at 0.1 mg/kg 
bodyweight for the first 7 days, followed by 0.2 mg/kg body 
weight, from day 20 the dose was increased to 1 mg/kg 
bodyweight. Urinary glucose and blood glucose were mea 
sured. Additionally, to evaluate the glucose tolerance, blood 
glucose was measured during an oral sugar test (OST, corn 
syrup 0.15 mL/kg) was performed. Blood was collected via 
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jugular vein catheters. Blood samples were taken prior and at 
60, 90, 120, 150, 180, and 210 min relative to sugar applica 
tion. 

[0219) The urinary glucose concentration was signifi 
cantly elevated by the treatment—controls<1 mmol/L; 
treated—300 mmol/L. 

[0220) Basal blood glucose levels remained within nor 
mal ranges in all horses throughout the study. No 
hypoglycaemia was observed. 

[0221) FIG. 3 shows blood glucose levels over a period of 
0-210 minutes in an oral sugar test (OST) in animals treated 
with compound A and in control animals treated only with 
vehicle on day 28 of the treatment period. Mean values are 
shown (n=4 per group). 
[0222] Comparison of the glucose curves at the end of the 
study revealed a statistical significant tendency (p=0.066) for 
a reduction of the glucose AUC in the horses treated with 
compound A. The plasma glucose concentration at 90 min 
utes after the challenge was significantly (p=0.038) lower in 
the treated horses. 
[0223] These data indicate that treated horses experienced a 
significant improvement of their glucose tolerance. 

Example 3 

The Effect of Compound A on Postprandial Blood 
Glucose in Horses 

[0224] The following example shows the effect of com 
pound A on postprandial blood glucose in horses. Compound 
A was administered to overnight fasted horses. The groups 
(n=3 per group) received a single oral ori.v. administration of 
either vehicle alone (purified water, macrogol 15, hydroxys 
tearate) or vehicle containing the SGLT2 inhibitor at a dose of 
0.3 mg/kg and 3 mg/kg orally and 1 mg/kg i.v. Two hours after 
compound administration horses were fed a test meal. The 
postprandial glycaemia is quantified 2 hours thereafter and 
significantly blunted by all doses of compound A, as shown in 
0. Compound A is thus clearly capable of effectively reducing 
postprandial glucose levels in horses. 
[0225] The efficacy of SGLT2 inhibition in accordance 
with the invention in the treatment of pathological fasting 
glucose and/or insulin and/or impaired glucose tolerance can 
be tested using clinical studies. In studies over a shorter or 
longer period (e.g. 2-4 weeks or 1-2 years) the success of the 
treatment is examined by determining the fasting glucose and 
insulin values and/or the glucose values after a meal or after a 
loading test (oral glucose tolerance test or food tolerance test 
after a defined meal) after the end of the period of therapy for 
the study and comparing them with the values before the start 
of the study and/or with those of a placebo group. In addition, 
the fructosamine value can be determined before and after 
therapy and compared with the initial value and/or the pla 
cebo value. A significant drop in the fasting or non-fasting 
glucose and/or insulin and/or fructosamine levels demon 
strates the efficacy of the treatment. 

Example 4 

Effect Upon Insulin Sensitivity and Plasma Insulin 
Levels in Horses 

[0226] The following example shows the beneficial effect 
of compound A in insulin resistant obese horses. Compound 
A was administered to freely fed normoglycemic, obese 
horses. The groups (n=4 per group) received a once daily oral 
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administration of either vehicle alone (purified water, mac 
rogol 15, hydroxystearate–0.2 mL/100 kg and approxi 
mately 35 mL of apple sauce) or vehicle containing the 
SGLT2 inhibitor in increasing doses up to 1 mg/kg body 
weight for 4 weeks. The following experiment was performed 
prior to treatment, and at the end of the 4 week treatment 
period. The treated horses received a daily dose of compound 
A at 0.1 mg/kg bodyweight for the first 7 days, followed by 
0.2 mg/kg bodyweight, until day 20 from thereon until the end 
of the study the dose was increased to 1 mg/kg bodyweight. At 
days 28 and 30 the following experiment was performed 
twice, once approximately 2 h and another time approxi 
mately 24 h after the last administration of compound A or its 
vehicle. 
[0227] An oral sugar test (OST, corn syrup 0.15 mL/kg) 
was performed. Blood was collected via jugular vein cath 
eters. Blood samples were taken prior and at 60,90, 120, 150, 
180, and 210 min relative to sugar application. Glucose and 
insulin excursions were quantified by calculating the baseline 
corrected glucose AUC. 
[0228] The significance of differences of means between 
groups was evaluated by repeated-measures two-factor (time 
& treatment) ANOVA and post hoc multiple comparisons 
versus control or the respective baseline readings. 
[0229] The baseline corrected glucose excursion during the 
OST did not change during the study period or by the treat 
ment. The insulin excursion in control horses was not altered 
throughout the study period but was significantly reduced in 
treated horses as compared to pretreatment or control horses 
(p<0.05, see FIG. 8). 0 shows a time course of blood insulin 
concentrations ?u?u?/mL) in the insulin resistant obese horses 
during an OST after 4 weeks of treatment with compound A 
or its vehicle. 
[0230] Plasma insulin levels significantly decreased over 
the four-week treatment period in horses treated with com 
pound A, but remained essentially unchanged on average in 
control horses given vehicle only (see 0). 
[0231] Insulin sensitivity was significantly increased in 
treated horses as compared to pretreatment values. This was 
demonstrated by determining basal insulin sensitivity values 
as expressed by the QUICKY index (1/log(glucºins) and 
during the challenge (OST) by the modified Belfiore index 
(1/log(AAUC gluc”AAUC ins). As shown in 0 and in 0, in the 
course of the four-week treatment period, insulin sensitivity 
significantly increased in treated horses, but remained essen 
tially unchanged in control horses given vehicle only. 
[0232] These data indicate that the insulin resistance was 
significantly improved after a 2 to 4 week treatment with 
compound A. 

Example 5 

Effect Upon Dyslipidemia, Dysadipokinemia and 
Body Weight/Obesitas in Horses 

[0233] The following example shows the beneficial effect 
of compound A in insulin resistant obese horses. The details 
of the experiments are described in example 4. 
[0234] To test the effect of compound A treatment on blood 
lipid handling/elimination an intravenous insulin tolerance 
test (iv.1TT, 0.03 U insulin per kg body mass) was performed 
prior to start of and on day 35 of the treatment period. The test 
was performed prior to the morning feeding and approxi 
mately 24 h after the last administration of compound A or its 
vehicle (day 35 only). Blood was collected prior to and at 15, 
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30, 60,90, 120 and 150 minutes after the insulin challenge. 0 
shows a time course of baseline corrected blood NEFA con 
centrations [pueq/L) in the insulin resistant obese horses dur 
ing an iv.ITT. 
[0235] The baseline corrected NEFA elimination curve 
during the ITT was clearly not different between the groups 
prior to treatment (see FIG. 10, panel A). At the end of the 
treatment periode NEFA elimination was significantly 
improved by the compound A treatment (see FIG. 10, panel 
B). 
[0236] The use of an SGLT2 inhibitor according to the 
present invention advantageously also reduced blood leptin 
levels. As shown in FIG. 11, in the course of the four-week 
treatment period, plasma leptin concentrations significantly 
decreased in treated horses, but remained essentially 
unchanged in control horses given vehicle only. 
[0237] Additionally, the use of an SGLT2 inhibitor accord 
ing to the present invention also reduced significantly the 
body weight of obese horses treated with compound A (see 
FIG. 12) in the course of the four-week treatment period. 
[0238] These data indicate that after a 2 to 5 week treatment 
with compound A obese, insulin resistant horses showed sig 
nificantly improved handling of blood lipids (elimination 
after a challenge) and an improved adipokine profile with 
reduced blood leptin concentrations. Additionally, the body 
weight was significantly reduced by treatment with com 
pound A and indicates the potential to influence obesity and/ 
or regional adiposity in horses. 
[0239] The efficacy of SGLT2 inhibition in accordance 
with the invention in the treatment of pathological obesity 
and/or regional adiposity can be tested using clinical studies. 
In studies over a shorter or longer period (e.g. 3-6 months or 
1–2 years) the success of the treatment is examined by deter 
mining e.g. body weight, body condition scores, other mor 
phometric measurements or non-invasive body composition 
determination methods, e.g. ultrasound determination offat 
pad dimension or deuterium oxide dilution (heavy water) 
methods. A significant difference in these values during or at 
the end of the study, compared with the initial value or com 
pared with a placebo group, or a group given a different 
therapy, proves the efficacy of a pharmaceutical composition 
according to the invention in the reduction of obesitas and/or 
regional adipositas. 

Example 6 

Effects on Parameters of Inflammation 

[0240] Inclinical studies in horses with metabolic disorders 
according to the present invention running for different 
lengths of time (e.g. 2 weeks to 12 months) the effect of the 
treatment with SGLT2 inhibitors according to the invention 
on inflammation (be it subclinical inflammation, systemic 
inflammation, low grade systemic inflammation) is evaluated 
by determining in the blood stream for example the concen 
tration of proinflammatory cytokines (e.g. TNF-alpha or 
IL-6) or acute phase proteins (e.g. serum amyloid A or hap 
toglobulin). A significant fall in these values during or at the 
end of the study, compared with the initial value or compared 
with a placebo group, or a group given a different therapy, 
proves the efficacy of a pharmaceutical composition accord 
ing to the invention in the reduction of parameters of inflam 
mation in horses with metabolic disorders. 
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Example 7 

Preparation of 1-cyano-2-(4-cyclopropyl-benzyl)-4 
(fl-D-glucopyranos-1-yl)-benzene (compound A) 

[0241] In the foregoing and following text, H atoms of 
hydroxyl groups are not explicitly shown in every case in 
structural formulae. The following example of synthesis 
serves to illustrate a method of preparing 1-cyano-2-(4-cy 
clopropyl-benzyl)-4-(5-D-glucopyranos-1-yl)-benzene 
(compound A). A method of preparing its crystalline complex 
with L-proline is also described. It is to be regarded only as a 
possible method described by way of example, without 
restriction of the scope of the invention. The terms “room 
temperature” and “ambient temperature” are used inter 
changeably and denote temperatures of about 20° C. The 
following abbreviations are used: 
[0242] DMF dimethylformamide 
[0243] NMP N-methyl-2-pyrrolidone 
[0244] THF tetrahydrofuran 

Preparation of 
4-bromo-3-hydroxymethyl-1-iodo-benzene 

[0245] Oxalyl chloride (13.0 mL) is added to an ice-cold 
solution of 2-bromo-5-iodo-benzoic acid (49.5 g) in CH2Cl2 
(200 mL). DMF (0.2 mL) is added and the solution is stirred 
at room temperature for 6 h. Then, the solution is concen 
trated under reduced pressure and the residue is dissolved in 
THF (100 mL). The resulting solution is cooled in an ice-bath 
and LibH.4 (3.4 g) is added in portions. The cooling bath is 
removed and the mixture is stirred at room temperature for 1 
h. The reaction mixture is diluted with THF and treated with 
0.1 M hydrochloric acid. Then, the organic layer is separated 
and the aqueous layer is extracted with ethyl acetate. The 
combined organic layers are dried (Na2SO4) and the solvent 
is evaporated under reduced pressure to give the crude prod 
uct. 

[0246] Yield: 47.0 g (99% of theory) 

Preparation of 
4-bromo-3-chloromethyl-1-iodo-benzene 

[0247] Thionyl chloride (13 mL) is added to a suspension of 
4-bromo-3-hydroxymethyl-1-iodo-benzene (47.0 g) in 
dichloromethane (100 mL) containing DMF (0.1 mL). The 
mixture is stirred at ambient temperature for 3 h. Then, the 
solvent and the excess reagent is removed under reduced 
pressure. The residue is triturated with methanol and dried. 
[0248] Yield: 41.0 g (82% of theory) 

Preparation of 
4-bromo-1-iodo-3-phenoxymethyl-benzene 

[0249] Phenol (13 g) dissolved in 4 M KOH solution (60 
mL) is added to 4-bromo-3-chloromethyl-1-iodo-benzene 
(41.0 g) dissolved in acetone (50 mL). NaI(0.5 g) is added 
and the resulting mixture is stirred at 50° C. overnight. Then, 
water is added and the resulting mixture is extracted with 
ethyl acetate. The combined extracts are dried (Na2SO4) and 
the solvent is evaporated under reduced pressure. The residue 
is purified by chromatography on silica gel (cyclohexane/ 
ethyl acetate 19:1). 
(0250) Yield: 38.0 g (79% of theory) 
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Preparation of 1-bromo-4-(1-methoxy-D-glucopyra 
nos-1-yl)-2-(phenoxymethyl)-benzene 

[0251] A 2 M solution of iPrMgClin THF (11 mL) is added 
to dry LiCl (0.47 g) suspended in THF (11 mL). The mixture 
is stirred at room temperature until all the LiCl is dissolved. 
This solution is added dropwise to a solution of 4-bromo-1 
iodo-3-phenoxymethyl-benzene (8.0 g) in tetrahydrofuran 
(40 mL) cooled to —60° C. under argon atmosphere. The 
solution is warmed to -40° C. and then 2,3,4,6-tetrakis-O 
(trimethylsilyl)-D-glucopyranone (10.7 g, 90% pure) in tet 
rahydrofuran (5 mL) is added. The resulting solution is 
warmed to -5°C. in the cooling bath and stirred for another 
30 min at this temperature. Aqueous NH2Cl solution is added 
and the resultant mixture is extracted with ethyl acetate. The 
combined organic extracts are dried over sodium sulfate and 
the solvent is removed under reduced pressure. The residue is 
dissolved in methanol (80 mL) and treated with methane 
sulfonic acid (0.6 mL) to produce the more stable anomer 
solely. After stifling the reaction solution at 35-40°C. over 
night, the solution is neutralized with solid NaHCOs and the 
methanol is removed under reduced pressure. The remainder 
is diluted with aqueous NaHCOs solution and the resulting 
mixture is extracted with ethylacetate. The combined extracts 
are dried over sodium sulfate and the solvent is evaporated to 
yield the crude product that is submitted to reduction without 
further purification. 
[0252) Yield; 7.8 g (93% of theory) 

Preparation of 1-bromo-4-(2,3,4,6-tetra-O-acetyl-D 
glucopyranos-1-yl)-2-(phenoxymethyl)-benzene 

[0253] Boron trifluoride diethyletherate (4.9 mL) is added 
to a solution of 1-bromo-4-(1-methoxy-D-glucopyranos-1 
yl)-2-(phenoxymethyl)-benzene (8.7 g) and triethylsilane 
(9.1 mL) in dichloromethane (35 mL) and acetonitrile (50 
mL) cooled to -20° C. at such a rate that the temperature 
maintains below -10°C. The resultant solution is warmed to 
0° C. over a period of 1.5 h and then treated with aqueous 
sodium hydrogen carbonate solution. The resulting mixture is 
stirred for 0.5 h, the organic solvent is removed and the 
residue is extracted with ethyl acetate. The combined organic 
layers are dried over sodium sulfate and the solvent is 
removed. The residue is taken up in dichloromethane (50 mL) 
and pyridine (9.4 mL), acetic anhydride (9.3 mL) and 4-dim 
ethylaminopyridine (0.5 g) are added in succession to the 
solution. The solution is stirred for 1.5 hours at ambient 
temperature and then diluted with dichloromethane. This 
solution is washed twice with 1 M hydrochloric acid and dried 
over sodium sulfate. After the solventis removed, the residue 
is recrystallized from ethanol to furnish the product as a 
colorless solid. 
[0254] Yield: 6.78 g (60% of theory) 
[0255] Mass spectrum (ESI"); m/z =610/612 (Br) 
[M+NHalt 

Preparation of 2-(phenoxymethyl)-4-(2,3,4,6-tetra 
O-acetyl-D-glucopyranos-1-yl)-benzonitrile 

[0256] A flask charged with zinc cyanide (1.0 g), zinc (30 
mg), Pd2(dibenzylideneacetone)s”CHC1s (141 mg) and tri 
tert-butylphosphonium tetrafluoroborate (111 mg) is flushed 
with argon. Then a solution of 1-bromo-4-(2,3,4,6-tetra-O 
acetyl-D-glucopyranos-1-yl)-2-(phenoxymethyl)-benzene 
(5.4 g) in NMP (12 mL) is added and the resulting mixture is 
stirred at room temperature for 18 h. After dilution with ethyl 
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acetate, the mixture is filtered and the filtrate is washed with 
aqueous sodium hydrogen carbonate solution. The organic 
phase is dried (sodium sulfate) and the solvent is removed. 
The residue is recrystallized from ethanol. 
[0257] Yield: 4.10 g (84% of theory) 
[0258] Mass spectrum (ESI"); m/z=557 [M+NHa]" 
[0259] Alternatively, the compound described above is 
synthesized starting from 1-bromo-4-(2,3,4,6-tetra-O-acetyl 
D-glucopyranos-1-yl)-2-(phenoxymethyl)-benzene using 
copper(I) cyanide (2 equivalents) in NMP at 210°C. 

Preparation of 2-bromomethyl-4-(2,3,4,6-tetra-O 
acetyl-D-glucopyranos-1-yl)-benzonitrile 

[0260] A 33% solution of hydrobromic acid in acetic acid 
(15 mL) is added to a solution of 2-phenyloxymethyl-4-(2,3, 
4,6-tetra-O-acetyl-D-glucopyranos-1-yl)-benzonitrile (0.71 
g) and acetic anhydride (0.12 mL) in acetic acid (10 ml). The 
resulting solution is stirred at 55°C. for 6 hand then cooled in 
an ice-bath. The reaction mixture is neutralized with chilled 
aqueous potassium carbonate solution, and the resultant mix 
ture is extracted with ethyl acetate. The combined organic 
extracts are dried over sodium sulfate and the solvent is 
removed under reduced pressure. The residue is taken up in 
ethyl acetate/cyclohexane (1:5), and the precipitate is sepa 
rated by filtration and dried at 50° C. to give the pure product. 
[0261] Yield: 0.52 g (75% of theory) 
[0262] Mass spectrum (ESI*): m/z =543/545 (Br) 
[M+NHa]” 

Preparation of 4-cyclopropyl-phenylboronic acid 

[0263] 2.5 M solution of nEutyllithium in hexane (14.5 
mL) is added dropwise to 1-bromo-4-cyclopropyl-benzene 
(5.92 g) dissolved in THF (14 mL) and toluene (50 mL) and 
chilled to —70°C. The resultant solution is stirred at –70° C. 
for 30 min before triisopropyl borate (8.5 mL) is added. The 
solution is warmed to -20° C. and then treated with 4 M 
aqueous hydrochloric acid (15.5 mL). The reaction mixture is 
further warmed to room temperature and then the organic 
phase is separated. The aqueous phase is extracted with ethyl 
acetate and the combined organic phases are dried (sodium 
sulfate). The solvent is evaporated and the residue is washed 
with a mixture of ether and cyclohexane to give the product as 
a colorless solid. 

[0264] Yield: 2.92 g (60% of theory) 
[0265] Mass spectrum (ESIT): m/z =207 (C1) [M+HCOOT 

Preparation of 1-cyano-2-(4-cyclopropyl-benzyl)-4 
(fl-D-glucopyranos-1-yl)-benzene 

[0266] 
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[0267] An Ar filled flask is charged with 2-bromomethyl 
4-(2,3,4,6-tetra-O-acetyl-D-glucopyranos-1-yl)-benzonitrile 
(1.60 g), 4-cyclopropyl-phenylboronic acid (1.0 g), potas 
sium carbonate (1.85g) and a degassed 3:1 mixture of acetone 
and water (22 mL). The mixture is stirred at room temperature 
for 5 min, before it is cooled in an ice-bath. Then palladium 
dichloride (30 mg) is added and the reaction mixture is stirred 
for 16 hours at ambient temperature. The mixture is then 
diluted with brine and extracted with ethyl acetate. The com 
bined extracts are dried over sodium sulfate and the solventis 
removed under reduced pressure. The residue is dissolved in 
methanol (20 mL) and treated with 4 M aqueous potassium 
hydroxide solution (4 mL). The resulting solution is stirred at 
ambient temperature for 1 h and then neutralized with 1 M 
hydrochloric acid. The methanol is evaporated, and the resi 
due is diluted with brine and extracted with ethyl acetate. The 
organic extracts collected are dried over sodium sulfate, and 
the solvent is removed. The residue is chromatographed on 
silica gel (dichloromethane/methanol 1:0->8:1). 
[0268] Yield: 0.91 g (76% of theory) 
[0269| Mass spectrum (ESI"); m/z=413 [M+NHa]" 

Preparation of a crystalline complex (1:1) of 
compound A with L-proline 

[0270) L-proline (0.34 g) dissolved in 2.1 mL of a mixture 
of ethanol and water (volume ratio 10:1) is added to a solution 
of 1-cyano-2-(4-cyclopropyl-benzyl)-4-(5-D-glucopyranos 
1-yl)-benzene (1.17 g, obtained as described above) dissolved 
in 2 mL ethanol. The resulting solution is allowed to stand at 
ambient temperature. After about 16 h the crystalline com 
plex is isolated as white crystals by filtration. If necessary the 
crystallization may be initiated by scratching with a glass rod 
or metal spatula for example or by inoculating with seed 
crystals. Residual solventis removed by storing the crystals at 
slightly elevated temperature (30 to 50°C.) under vacuum for 
about 4 h to yield 1.27 g of the crystalline 1:1 complex of 
L-proline and 1-cyano-2-(4-cyclopropyl-benzyl)-4-(5-D 
glucopyranos-1-yl)-benzene. 
[0271] Several batches of the crystalline complex accord 
ing to the above preparation are obtained. The X-ray powder 
diffraction patterns coincide. The melting points are deter 
mined via DSC and evaluated as onset-temperature. 
Examples of melting points are approximately 89°C., 90°C., 
92°C., 101° C. and 110° C. The X-ray powder diffraction 
pattern as contained in Table 2 and as depicted in FIG. 13 and 
the DSC and TG diagram in FIG. 14 correspond to a batch 
with a melting point of approximately 90° C. 
[0272] The X-ray powder diffraction pattern of the crystal 
line complex of the compound A and L-proline (peaks up to 
30° in 20) is provided above in Table 1. 

Example 8 

Formulations 

[0273] Some examples of formulations are described in 
which the term “active substance” denotes an SGLT2 inhibi 
tor or pharmaceutically acceptable form thereof, e.g. a pro 
drug or a crystalline form, for use according to the invention. 
In the case of a combination with one or additional active 
substances, the term “active substance” may also include the 
additional active substance. 
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Tablets containing 100 mg of active substance 

Composition: 
1 tablet contains: 

active substance 100.0 mg 
lactose 80.0 mg 
corn starch 34.0 mg 
polyvinylpyrrolidone 4.0 mg 
magnesium stearate 2.0 mg 

220.0 mg 

[0274] Method of Preparation: 
[0275] The active substance, lactose and starch are mixed 
together and uniformly moistened with an aqueous solution 
of the polyvinylpyrrolidone. After the moist composition has 
been screened (2.0 mm mesh size) and dried in a rack-type 
drier at 50° C. it is screened again (1.5 mm mesh size) and the 
lubricant is added. The finished mixture is compressed to 
form tablets. 
Weight of tablet: 220 mg 
Diameter: 10 mm, biplanar, facetted on both sides and 
notched on one side. 

Tablets containing 150 mg of active substance 

Composition: 
1 tablet contains: 

active substance 150.0 mg 
powdered lactose 89.0 mg 
corn starch 40.0 mg 
colloidal silica 10.0 mg 
polyvinylpyrrolidone 10.0 mg 
magnesium stearate 1.0 mg 

300.0 mg 

[0276] Preparation: 
[0277] The active substance mixed with lactose, corn starch 
and silica is moistened with a 20% aqueous polyvinylpyrroli 
done solution and passed through a screen with a mesh size of 
1.5 mm. The granules, dried at 45°C., are passed through the 
same screen again and mixed with the specified amount of 
magnesium stearate. Tablets are pressed from the mixture. 
[0278] Weight of tablet: 300 mg 
[0279) die: 10 mm, flat 

Hard gelatine capsules containing 150 mg of active substance 

Composition: 
1 capsule contains: 

active substance 
corn starch (dried) 
lactose (powdered) 
magnesium stearate 

150.0 mg 
approx. 180.0 mg 
approx. 87.0 mg 

3.0 mg 

approx. 420.0 mg 

[0280] Preparation: 
[0281] The active substance is mixed with the excipients, 
passed through a screen with a mesh size of 0.75 mm and 
homogeneously mixed using a suitable apparatus. The fin 
ished mixture is packed into size 1 hard gelatine capsules. 
[0282] Capsule filling: approx. 320 mg 
[0283] Capsule shell: size 1 hard gelatine capsule. 
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Suppositories containing 150 mg of active substance 

Composition: 
1 suppository contains: 

active substance 150.0 mg 
polyethyleneglycol 1500 550.0 mg 
polyethyleneglycol 6000 460.0 mg 
polyoxyethylene sorbitan monostearate 840.0 mg 

2,000.0 mg 

[0284] Preparation: 
[0285) After the suppository mass has been melted the 
active substance is homogeneously distributed therein and the 
melt is poured into chilled molds. 

Ampoules containing 10 mg active substance 

Composition: 

active substance 10.0 mg 
0.01N hydrochloric acid/NaCl C.S. 
double-distilled water ad 2.0 ml 

[0286] Preparation: 
[0287] The active substance is dissolved in the necessary 
amount of 0.01 N HCl, made isotonic with common salt, 
filtered sterile and transferred into 2 ml ampoules. 

Ampoules containing 50 mg of active substance 

Composition: 

active substance 50.0 mg 
0.01N hydrochloric acid/NaCl C].S. 
double-distilled water ad 10.0 ml 

[0288] Preparation: 
[0289] The active substance is dissolved in the necessary 
amount of 0.01 N HCl, made isotonic with common salt, 
filtered sterile and transferred into 10 ml ampoules. 
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What is claimed is: 
1. An SGLT2 inhibitor or a pharmaceutically acceptable 

form thereof for use in the treatment and/or prevention of a 
metabolic disorder of an equine animal. 

2. The SGLT2 inhibitor or a pharmaceutically acceptable 
form thereof for a use according to claim 1, wherein the 
metabolic disorder is one or more disorders selected from 
insulin resistance, hyperinsulinemia, impaired glucose toler 
ance, dyslipidemia, dysadipokinemia, subclinical inflamma 
tion, systemic inflammation, low grade systemic inflamma 
tion, obesity, and/or regional adiposity, wherein preferably 
the metabolic disorder is insulin resistance, hyperinsuline 
mia, and/or a clinical condition associated with insulin resis 
tance and/or hyperinsulinaemia. 

3. The SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 2, wherein said 
clinical condition is one or more conditions selected from 
impaired glucose tolerance, dyslipidemia, dysadipokinemia, 
subclinical inflammation, systemic inflammation, low grade 
systemic inflammation, obesity, and/or regional adiposity. 

4. The SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 3, wherein the 
equine animal is suffering from one or more of impaired 
glucose tolerance, dyslipidemia, dysadipokinemia, subclini 
cal inflammation, systemic inflammation, low grade systemic 
inflammation, which also comprises adipose tissue, obesity, 
and/or regional adiposity. 

5. The SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 4, wherein said 
impaired glucose tolerance, dyslipidemia, dysadipokinemia, 
subclinical inflammation, systemic inflammation, low grade 
systemic inflammation, obesity, and/or regional adiposity is 
associated with insulin resistance and/or hyperinsulinemia. 

6. The SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 1, wherein the 
metabolic disorder is hyperinsulinemia and/or insulin resis 
tance, wherein said hyperinsulinemia or insulin resistance is 
optionally associated with one or more of impaired glucose 
tolerance, dyslipidemia, dysadipokinemia, subclinical 



US 2014/0303096 A1 

inflammation, systemic inflammation, low grade systemic 
inflammation, which also comprises adipose tissue, obesity, 
and/or regional adiposity. 

7. The SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 1, wherein the 
equine animal is a horse or a pony. 

8. The SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 1, wherein the 
equine animal is obese and/or exhibits regional adiposity. 

9. The pharmaceutically acceptable form of an SGLT2 
inhibitor for a use according to claim 1, wherein the pharma 
ceutically acceptable form is a crystalline complex between 
the SGLT2 inhibitor and one or more amino acids, preferably 
wherein the one or more amino acids is proline. 

10. The SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 1, for oral or 
parenteral administration, preferably for oral administration. 

11. The SGLT2 inhibitor or a pharmaceutically acceptable 
form thereof for a use according to claim 1, for the adminis 
tration of 0.01 to 3.0 mg/kg body weight per day. 

12. The SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 1, wherein such 
SGLT2 inhibitor or pharmaceutically acceptable form is to be 
administered only once per day. 

13. The SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 1, wherein the 
SGLT2 inhibitor is a glucopyranosyl-substituted benzene 
derivative. 

14. A SGLT2 inhibitor or pharmaceutically acceptable 
form thereof for a use according to claim 1, wherein said 
SGLT2 inhibitor is selected from the group consisting of: 

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

wherein R* denotes cyano, C1 or methyl; 
R* denotes H. methyl, methoxy or hydroxyl; and 
R* denotes cyclopropyl, hydrogen, fluorine, chlorine, 

bromine, iodine, methyl, ethyl, propyl, isopropyl, 
butyl, sec-butyl, iso-butyl, tert-butyl, 3-methyl-but-1 
yl, cyclobutyl, cyclopentyl, cyclohexyl, 1-hydroxy 
cyclopropyl, 1-hydroxy-cyclobutyl, 1-hydroxy-cy 
clopentyl, 1-hydroxy-cyclohexyl, ethinyl, ethoxy, 
difluoromethyl, trifluoromethyl, pentafluoroethyl, 
2-hydroxyl-ethyl, hydroxymethyl, 3-hydroxy-pro 
pyl, 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, difluoromethyloxy, 
trifluoromethyloxy, 2-methyloxy-ethyloxy, methyl 
sulfanyl, methylsulfinyl, methlysulfonyl, ethylsulfi 
nyl, ethylsulfonyl, trimethylsilyl, (R)-tetrahydrofu 
ran-3-yloxy or (S)-tetrahydrofuran-3-yloxy or cyano, 
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or a derivative thereof wherein one or more hydroxyl 
groups of the fl-D-glucopyranosyl group are acylated 
with groups selected from (C1-1s-alkyl)carbonyl, (C1. 
18-alkyl)oxycarbonyl, phenylcarbonyl and phenyl 
(Ch-s-alkyl)-carbonyl: 

(2) 1-cyano-2-(4-cyclopropyl-benzyl)-4-(5-D-glucopyra 
nos-1-yl)-benzene, represented by formula (2): 

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

OH C| OS 2Chs 

HO O 
HO 

OH 

(4) Canagliflozin, represented by formula (4): 
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(6) Luseogliflozin, represented by formula (6): (10) Atigliflozin, represented by formula (10): 

_^ OCH3 

S 

HO C HO | 
S OCH3 O O 

OH OH 

HO HO 

OH OH 

(7) Tofogliflozin, represented by formula (7): 
(11) Remogliflozin, represented by formula (11): 

(8) [pragliflozin, represented by formula (8): 

(12) a thiophene derivative of the formula (12) 

wherein R denotes methoxy or trifluoromethoxy; 
(13) 1-(B-D-glucopyranosyl)-4-methyl-3-[5-(4-fluo 

rophenyl)-2-thienylmethyl]benzene; represented by for 
mula (13): 
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R* denotes H. (C-3-alkyl)carbonyl, (C-6-alkyl)oxycar 
bonyl, phenyloxycarbonyl, benzyloxycarbonyl or 
benzylcarbonyl: 

(16) a compound of the formula (16): 

Sp" Cl 

** O S 
”, ...sº \ 

HO - OH 

H 

(14) a spiroketal derivative of the formula (14): (17) Sergliflozin, represented by formula (17): 

(9-1) 

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

(15) a pyrazole-O-glucoside derivative of the formula (15) 

wherein R* is selected from cyclopropyl, ethyl, ethinyl, 
ethoxy, (R)-tetrahydrofuran-3-yloxy or (S)-tetrahy 
drofuran-3-yloxy). 

15. A pharmaceutical composition comprising the SGLT2 
wherein inhibitor of claim 14 or a pharmaceutically acceptable form 
R" denotes C-3-alkoxy, thereof. 
L', L* independently of each other denote H or F. #: :#: ::: ::: :#: 

  

  

    


