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METHODS OF TREATING CHrRONKC INFLAMMATORY DISEASES

BACKGROUND OF THE INVENTION

{0881} Chronic  inflarpmatory  disease{s) (CID) underping the pathological coudition
characterized by chronic inflammation, defined as 3 prolonged and persistent pro-inflanunatory
state {1} C1D includes many commmon and uncotomon CID such as respiratory diseases {.g.,
astineg, chronie obstructive pulmonary disease, pneumonitis, and pulmonary fibrosis) (23,
ooular dissases (5.8, keratitis and age-related macular degeonsration} (3}, sulohmpume dissases
{(4), nephropathy (5), nsurodegenerative disgases {gg., Alzheimer’s disease, siroke,
Parkinson’s discase, and multiple sclerosis) (6); cardiovascular diseases {e.g.. atheroscierosis,
arteriosclerosis, aml myocarditis) (7), metabolic disorders (e.g., diabeles and cbesity) (8),
muscufoskeletal diseases {e.g., rheumatold arthritis and osteoporosis} (9, 1), periodountsl
disgases {e.g., pulpiis and periodoniitis) {11, digestive diseases {e.g., nom-alcoholic faity tiver
disgase, gasiroenteriils, and chronie inflanwmatory bowel discase} {12), and skin disorders {e.g.,
paoriasis and atopie dermatitis) (13, H4).

REE An epidemiological study showed that ClD is a leading cause of death throughout the
winld and has been increasing over the last three decades. It has begn gstinated that by 2038,
I71 miltion people will be affected by CID In the United States {18} There are various wypes
of anti-inflammiatory drugs 1o freat inflamoation, such as aspivin, antthistamines, COX-2
inhibitors, corticosteroid, and nonstercidal anti-inflammatory drugs (N8AIDsY,  However
there ave fnitations for long torny admisistration of such existing drugs due to side effests and

temporal efficacy.

BRIEF SUMMARY OF THE INVENTION

{003} Disclosed herein ts a method of treating a chronie inflammatory disease, the method
somprising administering 10 & sulject in nead thereof a therapeatically efective amownt of
caleium lactate.

{0041 Disclosed herein 15 @ method of treating Alzheimer’s diseass, Parkinson's diseass,
athsrosclerosis, andfor stroke, the method comprising administering to g subjest in need thereof
a therapeutically effective wnount of calehum lactate.

fopas) Also disclosed i3 2 method of beating multiple sclerosis, age-related macular

degeneration, nonakeoholic faity liver dissase (NAFLD), and/or rheuoatold arthritis, the
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method comprising admisistering 1o a subject in need theveol a therapeutically sffective
amount of calchum lactate. In some embodiments, the method is for treating NAFLD and the
NAFLD is nonalecholic steatohepatitls (INASH).

{1086} Also disclosed is a method of treating puipitis andior periodontitis, the method
comgprising administering to a subject in need thercof a thevapentically sffective amount of
calcium lactate,

8087} Further disclosed is a method of treating inflammatory bowel disease (IBD), the method
somprising administering to 2 subject in need thercof a therapeutically effective amount of
caloium lactate. In some embodiments, the IBIY is Crohn’s discase or uloerative colitis.

{B008] Forther disclosed is & msthod of treating spinal cord injury, corebral hemorrhage,
myocardial infarction, Kkeratitls, andfor diabetic vetinopathy, the method comprising
administering to 8 subject in need thereof a therapsutically effective amonnt of caleinm fctate,

[8669] Drisclosed herein is a meathod of treating asthma, pulmonary fibrosis, obesity,
gastroenteritis, chvonic inflammatory bowel discase, andfor atopic dermatitle, the method
comprising adwunistering ¢ a subject in need thereof a therapeutically sffective amount of
calvium lactate. Also disclosed hereln is & method of tresting chronic ahstructive puimonary
dissase, pneumonitis, Keratitls, atherosclerosis, arteriosclerosis, myocarditis, diabstes,
rheumatoid  arthritis, pulpitie, periodontitis, andior psoriasis, the wmethod comprising
administering to g subject in need thereof a therapeutically effective amount of calohsm laciate.
Also disclosed herain is 2 method of treating Alzheimer’s disease, stroke, Parkinson’s discase,
multiple sclerosis, age-related wacelar degeneration, vov-alecholic farty liver disease, sepsis,
andfor osteoporasis, the method comprising adminisiering 0 a subject in nead thersof a
therapeutically effactive amoeunt of calchum lactate

] In some embodiments, the caleium factate is administersd in a pharmaceuticsd
composition comprising a pharmacsutically acceptable carvier, excipient, andior dilvent. In
some smbodiments, the pharmaceotical composition is formulated Info Hguid, powder, asrosol,
njection, fluid transfusion, pateh, capsale, pill] tablet, depot, ov suppository.

{3011} In some embodiments, the pharmaceutical composition comprises a therapeutically
effsctive amount of calclum lactate a3 an active agent and a pharmaceutically acceptabie
palysaccharide, polymer, lipid, or combinations thereof.  In some smbodiments, the
pharmacentical composition comprises the calehan lactate and the polysaccharide, In some
smbodiments, a welght ratio of the calciom lactate to the polysaccharide is 1:<0.2 10 ©5. In
sotite embodiments, a weight ratio of the calcium lagtate 1o the polysaccharide is <02, In

sorne embodiments, a weight ratio of' the caloium lactate to the polysaccharide is 1412 to 15,
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ULV in some embodiments, the pharmaccutical composition further comprises a polymer
and/or Hpid. in sowe embodiments, the pharmaceutical composition further comprises the
polymer and Hpid, wherein the weight ratio of the polywer to the Hpid i B0 o 1530, Insome

embodiments, the weight ratio of the calcium lactate 1o the polymer and/or hipid i3 af least 11§,

ot

some embodiments, a weight ratio of the calolom lactate o the polymer and/or lipid is 115
0 1348

186131 in some embodiments, the pharmaceutical composition comprises the calcium lactate
and the polymer andior lipid o swme crabodiments, the pharmacemtival composition
somprises the polymer and lipld, wherein the weight ratio of the polymer to the Hpid s 101
o 1230, In some embodiments, 8 weight ratio of the caleium lactate to the polymer andior lipid
1§ gt beast B30 o some enmabodiments, the weight ratio of the caloium lactate to the polymer
andfor Hpid is 115 0 130,

{0014} in some embodiments, the composition te short-acting.  In some embadimewts, the
composition is lopg-scting.  In somie embodiments, ihe composition is an injectable
composition,

[H018) In some embodiments, the polysaccharide is a cellulose derivative, pectin, hyvaluronic
acid, starch, guar gum, chitosan, gelativ, collagen, alginate, alginic scid or combinations
thersof

[dd16} {n some embodiments, the polymer s a poloxamer, polyvinyvipyrrolidons, polyethylens
giveol (FEG), polvelveolic lactic acid (PLGA), or combinations theveof,

{06174 In some embodiments, the Hpid s 2 moms- or Ui-fatly acid glyeerin ester or
polvethyvlene giveol, polyethylene glyeol esters of vegetable oils, fatty acid propylene glyveol
eslers, sesame oil, sovbean oif, castor oil, com oil, palm oil, peanut nil, cacan oil, cotionseed
oil, sunflower seed oil, safflower ofl, almond ofl, olive oil bydrogenated off, oleic acid,
linolenic ackd, linoleie acid, palmitic acid, palmitoleic acld, arachadowic acld, myristic acid,
capie actd, caprviic scid, lauric acid, stesric acid, ethyl oleate, isopropy! palmitate,
octyldodecy] myristate, cetyl palmitate, lauryl alochol, oleyt alcobol, cetyl alcobol, steanyt
algahol, or combinations theveof,

{BB1E] in some embodiments, upon placement of the pharmaceutical composition in an i vitro
dissolution test comprising an elotion fest method at 30 rpm in 200 mi agueous medium
having a pH of 6. 8 11 37°C using a nylon filter having & pore size of 45 um, at least abowt 40%
of the active agent is released after & hows,

{8619y I some embodirnents, upon placement of the pharaceicsl composition i ay in vitro

dissolution fest comprising an ehution 1est method at 300 spm in 200 ml agueous medium
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having a pH of 6.8 at 37°C ustng & nvlon filtsr having 8 pore size of 45 pm, ai feast about 60%
of the active agent 1 refeased sher 12 hours.

{sa2d {n some embodiments, upon placement of the pharmaceutical composition in an & vitrg
dissolution test comprising an elwtion test method at 300 rpm in 200 mi agueous mediam
having 2 pH of 6,82 37°C asing & nvlon Gher having 8 pore size oF 48 pay, at least abowt 80%
of the active agent is released afier 24 howrs

{921} in some embodiments, opon placement of the pharmaceutical composition in an in vitro
shissobation tesl comprising an clution test method at 300 rpm in 200 ml agueous medium
having a pH of 6.8 a1 37°C using a nylon flier having & pore sive of 45 pm, at least about 90%%
of the active agent is released afier 48 howrs,

{10931 In some erebodiments, wherein upon placewment of the pharmaceutical composition in
an in vitre dissolution test comprising an elution test method at 300 rpm in 200 mi aqueous
medipm having a pH of 6.8 at 37°C using a nylon filter having a pote size of 43 pm, less than

about 40% of the active agent is released after 24 hours.

8623 fn some embodiments, upon placement of the pharmacewtical composition in an i vitro
dssolution fest comprising an elution fest method at 300 rpm in 200 mi aguoous medium
aving a pH of 6.8 at 37°C osing a nylon filter having a pore size of 45 pn, less than about
0% of the active agent is released after 48 hours,

{824y In some embodiments, spon placsment of the pharmaceutical composition in ax in vitro

dissolution fest comprising an olution test wethod at 300 rpsy in 200 mY aqocous medium

waving a pH of 8,8 at 37°C a;srg a nylon filter having a pare size of 45 pm, leas than abowt

3% of the active agent & released after 72 hours.
{028 In some embodirents, upon placement of the phanmaceutical composition in an in vitro

dissoletion test comprising an elution {est miethod at 300 rpm in 200 o agqueous medium
having a pH of 6.8 a1 37°C using & nylon filter having a pore size of 45 um, less than about
904% of the active agent is released alier 144 howrs.

[8825) {1 some smbodiments, the p‘narmaceui‘;cai composition is contgined in g sterile glass or
polyolefin container

a

{27 In sowe embodiments, the calohum lsclate is coated with a plantaceutically acceptable
enteric coating. In some embodimends, the exferic coating comprises hydroxypropyl methyl
cetlulose phthalate {(HPMCP), cellulose acetate phihalate (CAF), polyvinyl acetaie phthalate
{PYAP), shellar, polymer of methaerylic acid and an ester thereof] or combinations thereof. In
sorme embodinrents, the weight ratio of the calelum laciate 10 the enteric coating is 16:8.3 10

1163 In some embodiments, in an & vitre dissolution test comprising a USE Faddle method
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at a paddle speed of 50 rpm at 37°C, when the composition is placed in 8.1 HCH for 120 minutes
followed by adjusting to pH 6.8 with phosphate buffer, less than about 20% of the sctive agent
is released after 30 minutes, In some embodiments, in an in vitro dissolution test comprising
a USP Faddle method at & paddie spead of 30 rpm at 37°C, when the composition is placed in
0.1 N HC for 120 minutes followed by adjusting o pll 6.8 with phosphate buffer, jess than
30% of the active agent is released after 60 minntes. In some embodinments, 1n an in viso
dissolution test comprising a USP Paddie method at a paddle speed of 30 rpm at 37°C, when
the composition is placed in 80 N HCH for 120 minutes followed by adiosting 1o pH 6.8 with
phosphate buffer, less than 30% of the active sgent is released after 120 minutes, In some
smbodiments, i1 an in vitto dissolttion test comprising a USP Faddls method at a paddie speed
of 56 rpm at 37°C, when the composition is placed in 8.7 N HCY for 129 minutes followed by
adinsting to pH 6.8 with phosphate buffer, less than 10% of the active agent is released after
120 minuies.

{0281 In some embodiments, the calciem lactate {s provided in 3 food or nutricnt composition
eownprising calciom lactate.  In some ewbodiments, the food or autrent composition is an

injectable muritional supploment.

BRIEF BESCRIFTION OF THE FIGURES

{6025 FI1G. 1. Muman levkemic monocyte in vitro experhiment. Western biot results indicated
shat inflanmatory factor (NF-ub) was decressed by 2.8 mM calcium lactate trestment in THP-
1 celis (human leukemic monoeyte) under hypoxia condition.

{60636} FiG, 20 In vitro experiment of human leukentie monoovies differentiated into

.Jn

snacrophages. Western blot results indicated that inflamumatory factor (NF-xb) was decreased
v 2.3 s caleium lactate treatment in differentiated THET colis with PMA (phorbol-12-
myristate- | 3-acetate) (MO macrophage) under novmoxia and hypoxia conditions.

{0831} FIG. 3. Western blot results indicated that inflavematory factor (INF-xb) was decreased
by 2.5 mb calcium lactats treatment in differentiated THP-1 cells with interforon gamma (IFN-
vYand Lipopalysaccharide (LPS) (M1 macrophage) snder normoxia and hypogia conditions,

0032 FIG. 4. Western blot results indicated that inflanwnatory factor (KF-xb) was decrsased

by 2.5 mM calchum lactate treatment in differemtinted THP-1 cells with iverloukined (114}

o

and nterfeukin- 10 (1L-10) (M2 macrophage) nader notmoxia and hypoxia conditions,
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j33] FHZ 8 Liver flbeosis dn vitro experiment. Western blot resulis indicated that hvpoxia
inducible factor-Ta (MHIF-Ta) was decreased by 2.5 mM calotom lactate treatment in L30-2 cells
(human hepatic stellate cell} undey hypoxia condition.

{0034} FIG. 6 Human endothelia cells in vitre experiment. Western blot results indicated
that hypoxia-mediated factors (lactate dehydrogenase A were decrsased by 2.5 mM calolum
lactats treatment tn humas smbilical vein sadothelial cslls under hypoxia condition

HHRLY Fiz 7. Human fibroblast in vitro expsriment. Westorn blot resulis indicated that
lactate dehydrogenase B was increased by 2.5 mM calcium lactate treaument in CCDA8Co
cells (human eolon fibroblast) under hypoxia condition.

{0838} FIG. & Brain CI1D in vitro oxperiment.  Western blot results indicated that hyporiae
mediated factors were decreased by 2.5 mM calviums lactate treatment in SK-N-8H cells {brain
epithelinm) onder normoxia and hypoxia conditions,

37} FIG. 9, Liver CID in vitro experiment. Western blot resolts indicated that bypoxia-
mediated factors were changed by 2.5 mM calcium lactate veatment in HepG2 cells {(Hver
epithelium) usder hypoxia condition,

[B838] FIG. 10, Western blot resols indicated that inflammatory factor (TLR-4) was
decreased by 2.5 oM caloinm lactate treatment in Hep32 cells (fiver epithelium) under
hypoxia condition.

{86039} FIG, 1L Byve CID v witro exps:rimem. Western blot resolts indicated that h}*pexiav
mediated factors were decreased by 2.5 mM calcium lactate treatment in ARPE-19 cells {retinal
pigment epithelium) ender normoxia and hypoxia conditions.

Hirsg] FIG, 12, Inwnunooytochemistry rvesults indicated that bypoxia inducible factor-la
(HIF-lay was decrcased by 2.5 mM caloium lactate treatment in ARPE-1Y cells (retinal
pigment epiihelinm) vader hypoxia condition,

{8841} FIG. 13 The inununocytochemical results indicated that lactate dehvdrogenase A was
decreased by 2.8 mM calcinm lactate treatment in the ARPE-19 cells (vetinal pigmens
epithelium) under normoxia condition.

Hib 2} FIG. 14, The immunocyiochemical results indicated that inﬂammatmy factor (nuclear
factor-kappa B) was decreased by 2.5 mdM calcium lactate treatment i the ARPE-19 cells
{retinal pigment epithefiom) vader hypoxia condition.

R FIG, 15, The bnmuanogytochersival reselts indicated that inflammatory factor {toll Bke
receptor 4) was decreased by 2.5 mM caloium lactate freatment in the ARPE-19 cells (retinal

pigment epithelium) sader hypoxia condition.
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[B044] FIG. 16, The immunoeytochemical results indicated that tactate debiydrogenase B was
ingreased by 2.3 mM calcium lactate treatment in the ARPE-19 colls {retinal pigment
epithelivm} under kypoxia condition,

8845 FiG, 17, The i{mmunocytochomisal results indicated that drusen murker
{Apolipoprotein E) was decreased by 2.5 mM calciam lactate treatment in the ARPE-19 cells
{retinal pigrent epitheihum) under hypoxia condition.

HIETY FIG, 18, Westorn bloy results indicated that inflammatory factor (NF-xb) was
decreased by 2.3 mM calcium lactate treatment in ARPE-19 cells {retinal plgment epithelinm)
under Rypoxia condition,

[6847] FIG. 19 The photos show that there is no texicity in ARPE-19 cells {retinal plgment
epithelinm) by 2.5 mM calclam lactate treatment, Calclum laciate only plays an important role

ells
LR

it the metabolic change of injured spitheliat ¢
{0048} FIG, 240 Liver CID(NASH) in vivo experiment. The blood cheraisiry results indicated
that serum aspartate aminotransferase {(AST) and alanine aminowansforase (ALT) were
significantly decreased by 2 mgfy caloiuw lactate treatment. **F < 0.001 vs, methionine-
choling deficient (MCD. Results are MEAN & 8D
[804%} FIG, 21 Inununchistochemical results show that in the Hver steatosis way prevented

by 2 wmgfkg caloium lactate weatment,

IS FIG. 32, Immunobistechemical results show that in the liver Hpid droplets are not
present in the 2 mp/kg caleiom actate-treated group, similar to the control group, while they

arg found in the methionine-choline deficient (MCEY group.

HIS Y FIG. 23, Inmunohistochemical resudts show that in the liver immune cell infiltration
is decreased in the 2 mg/kg calchng lactate-treated group, similar to the control group, while

immane cell infiltration is inoreased s the methionine~choline deficient (MCE group,

{8052} FiG. 24, lmmunohistochemics! results show that in the lvey fbrosis is not present fo
the 2 mg'ky calcium factate~treated group, similar to the contraed group, while it is present in
the methionine-choline deficient (ML) group.

6883} FIG. 28, Woestern blot results indicated that inflammatory factor (NF-xBY was
decreased by 2.5 mM caloium lactaie treatment in the tssue of retinal pigment epithelivm.

{8854} FEG. 26, Immenchistochendeal results showed that the retinal pigment epitheliim was
recovered in a similar morphology to the normal control epitheliom by treatment with 2.5 oM
caleium lactate,

[8855] FIG. 27, Fluorescence images {or kesion of inner layer of chorold on flat-mount by

laser-induced age-refated macular degeneration {(AMI3.

Lo
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[eis6] FIG. 28, Fluorescence tmages for lesion of foner layer and neovascularization of

choroid on flat-mount by lassr-lnduced age-related macular degeneration (AMDY,

8857} FIG. 29, Experimoental scheme for establishing Alzheimer’s disease and stroke.
[8858] FIG, 30, Representative lmages for bramy damage by lipopolysaccharide (LPS)

Contralateral: novmal region. {psilateral: LPS injection,
{6638] FIG,. 31, Recovery of damaged brain tissue and reduction of microglia infiltration that

recraited upon brain damage.

{0868 FIG. 32, Bxperimental scheme for establishing Parkinson's disease.

{00611 Fi. 33 Recovery of dopaminergic neuren by treatment with caleium lactate,

{00621 FIG. 34, Experimental scheme for establishing multiple sclerosis,

{86} FIG, 38, Recovery of demyelinsted spinal cord and reduction of microglia infiliration

by treatment with caleium lactate,
o864 FIG. 36, Representative histological profiles of aorta tissues. The tissues in left and

middle side are hematoxylin and cosin {(H&E) staining. The tissuss in right side are oil red 0

staining.

REHS FIG. 37, Masson’s wicheome staining for periodontal tissues,

a6} FIG, 38, Masson's trichrome staining for ypper gun.

{8067} FIG, 39, Masson’s trichrome staining for foot and kneg joint tissues.

{0668} FIG. 4. Experimental schems for inducing Crohn’s discase.

{6063] FIG, 41, Representative images for hematoxylin and eosin (H&E) staining of Crobn’s
disease.

U] FIG. 42, Experiuental scheme for inducing colisis.

8871} FIG. 43, Representative images for hematoxylin and eosin (H&R) statning of colitis,

DETAILED DESCRIPTION OF THE INVENTION
§8672] Recently, many studies showed that CID s refated 0 advancing age and suggested

chronic inflammation as being assockaed with age-related immuono-senescence discasas (1-
258, Chronie inflammation was elucidated to ocowr via compiex hmtevactions between

h

parenchymal cells and sromal cells, such as inumune cells; sndothelial cells, and fibroblasts.
Among others, myeloid-originated cells, such as monocytes and activated macrophages, were
dentified as major effector cells in CID, Upon activation with bacierial lipopolysaccharide,
IFN-ganima, and damaged cells, macrophages produced many mfammatory cyiokines and

cleared endogenous and exogenous nflamymatory agents through transeriptional control by
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nuciear facsor-kappa B (NF-kB). Macrophages were also finther polarized to morg specialized
macrophage subtypes.  However, their finely controlled differentiation and activation of
myeloid cells were dysregulated in chronic inflanumation.  Local tissue hypoxia caosed the
metabolic changes of cells, such as parenchymal and strowal cells, through induction of
hypoxia inducible factors {HIFs). HIFg, especially HIF-1, contribute to the abnormal activation
of macrophages and are 8 major contributor o clvonie inflammutory response,

{8873} Most CiTs are characterized by inflanmmation. Injured tissue become resistant o blood
flow and delivery of oxygen, thus becoming a byporic environment,  Proinflammatory
mediators and a hypoxde condition can elicit an angiogenic response through the induction of
HIF-£. Additionally, a local inflapumatory reaction exists in most CID, including as vespirstory
dispases {e.g., asthima, chronie ohstructive pulmonary discase, pnoumnonilis, and pulmonary
fibrosis), acular diseases {e.g., Keratitls and age-velated macular degeneration), autoinunune
disenses, nephropathy, neurodegenerative diseases {e.g., Alzheimer’s discase, swoks,
Parkinson's disease, and nmbtiple sclerosis), cardiovascular diseases {e.p., atheroselerosis,
arteriosclerpsis, and myocarditis), wetabolic disoxders {e.g., diabstes and  obesity),
mauscdoskelotal diseasgs (e.g., rhoumatold arthritis and osteoporosis}, periodontal disgases
{o.g., pulpitis and periodontitis), digestive discases {e.g. non-alcoholic falty liver disease,
gastroenteritis, and chronic inflammatery bowel discase), and skin disorders {e.g., psoriasis
and atopic dermatitis).  During inflamumation, vascular permeability s increased and
monocytes, macrophages, platelets, mast cells, and other leukocyies arg recruited under the
attraction of chemokines, Therefore, disclosed herein are therapeutic approaches targeting
activation of macrophages and regulation of extracsHelar matrix degradation by targeting HIF-

i, NF-kB, and lactate delyedrogenase {(1.AD) A and B.

Methods of Treatment

{8874} Disclosed herein {5 g wethod of reating a chronic flammatory disease, the method
comprising administering 1o 8 sulject in need thereot a therapeutically effective amount of
caloium lactate,

R Disclosed herein is a mothod of weating Alzheimer’s disease, Parkinson’s disease,
atherosclerosis, andfor stroke, the method comprising administering to a subject in need thereof
a therapeutically effective amount of calcium lacute.

{9878) Also disclosed is a method of treating mubtiple sckeosis, age-related wacular
degencration, nonajooholic fatty ltver disease (NAFLE), and/or rheumatoid asthritls, the

method comprising adminisiering to & subject n need therecof a thevapeutically effective
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antount of calelurs lactate. In sowme embodiments, the method is for treating NAFLE and the
NAFLD is nonaleohalic steatohepatitis (NASH],

{84771 Alse disclosed is 3 method of treating pulpitis andfor periodontitis, the method
comprising administering fo 3 subject i need thereof 2 therapeutically effective amount of
calohum lactate.

[BO7R] Further disclosed is a method of treating inflanumatory bowel disease (1B}, the method
comprising administering to a2 subject in need thereof g therapeutically sffective ammut of
calcium lactate. In some embodiments, the {BD is Crobn's discase or uleerstive colitis.

(74 Further disclosed is a method of ireating spinal cord injury, cerebral hemorrhage,
myocardial infarction, keratitis, andior dJisbetic retivopathy, the method comprising
administering {0 a subject in need thereof a therapeutically effective amount of caloiowm lactate.

{6080} Disclosed herein are methods of treating astiuma, pulmonary fibrosis, obssity,
gastroentoritis, chroniv inflanumatory bowel discase, andfor atopic dermatitis, the method
compeising adminisiering 10 a subject in nesd thereof a therapsutically effective amount of
caloium lactate. Also disclosed herein are methods of treating chronic obstroctive pulmonary
discase, pnsumonitis, keratitls, atheroscleresis, arteriosclerosis, myocarditis, diabetes,
rhenmatold  arthritls, polpitis, periodontitis, andior psoriasis, the method comprising
administering to a subject in need thereof a therapeutically effective amount of calcium lactate,
Also disslosed herein are methods of treating Alzheimer’s disesse, stroke, Parkinson’s dissase,
multiple sclerosis, age-related macular degeneration, non-alcohniic fatly liver dizease, andior
sepsis, the method comprising adrinistering o a subject in need thereof a therapeutically
sitective amount of calcium lactate.

{00811 &lso disclosed herein ave wethods of treating osteoporosis, the method comprising
administering to 2 subject it need thereol a therapeutically effective amount of calohan lactate.

j0882} The term “subject”™ or “patiens” sncompasses mammals and non-mammalbs, Examples
of mammals include, but are not {raited o, any member of the mammaliap class: humans, non-
hurnan primates such as chimpanzess, snd other apes and monkey species: farm animals such
as caitle, horses, shesp, goats, swing; domestic aninals such as rabbits, dogs, and cass;
faboratory animaly mcluding rodents, such as rats, mice and guinea pigs, and the like
Bxaumples of nop-mammals include, bt are not Hmited to, birds, fish and the fike. In some
embodiments of the methods and compositions provided herein, the mammal is a human or a
ponhuman,

{8083} As used herein, “treat”, “treating”, or “treatment” of one or more of the diseases

disclosed herein by admunistration of the pharmaceutical compesition refers (o any lessening
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of severity, delay in onset, slowing of progression, or shortening of duration of one ar more of
the discases disclosed hersin, whether permanent or temporary, lasting or transient that can be
gitrivuted 0 or associated with administration of the composition.

The term “co-administration” or the ke, #s used hersin, ' meant to encompass
administration of the sslected two or more active agents to a single patient and is intendad to
include sreatnment regimens in which the agents are administered by the same or different roste
of administation or at the same or different time.

The pharmacewticel composition of the present disclosire can be administered in g
thevapedtically effective amount, and as uvsed herein, the torm “effective amount™ or
therapeutically effoctive amount” refors o an amount sufficient to treat or prevent dissases, at
a reasonable benefit/risk ratio applicable to any medical treatmeant or prevention. The eifective
dosage tevel can be determined depending on severity of the disease, activity of the drug or
active agent, 3 patient’s age, body weight, health and sex, sensitivity to the drug, administration
time, administration routs, and excretion rate of the composition of the present disclosure,
duration of treatment, drugs used simultaneousty or o combination with the composition of
the present disclosure, and other factors known in the medical field. The pharmaceutical
composition of the present disclosure can be administered alone or in combination with other
publicly-known drags or components known as known Tor treating one or more of the diseases
disciosed herein. It is imporiant to adminisier the composition in the minimum amount tha
can exhibit the maximum sifect withous causing sithe effects, in consideration of all the above
factors.

The pharmacentical composition of the present disclosure can be administered such that
the dosage per day of caloium lactate s, for example, abowt 10 rag/kg © abowt 1,000 mgike,
about 18 mg/kg to about 300 mg'ky, about 10 mygike to about 254 my/kg, sbout 10 mg'kg o
about 200 myfke, about 10 mgiyg o abmt 100 mygfkg, about 1 mg/kg to about 100 mp'kg,
about T mgfhg to about 75 mgikg, abmut | mgig to sbout 30 mgfkg. about 1 mykg o sbout
25 mg'kg, or ahout | mgXg to about 10 mgkg  The administration frequency of the
composition can be, but is not particularly limited to, onge, twice, three tmes, four times, efe,
divided doses a day.

The compositions containing the compound(s) described herein can be adninistered for
prophylactic and/or therapeuntic treatments. In therapeutic applications, the compositions are
administered to g patient already suflering from a dissase or condition, in gn amount sufficient

fos cure or at least partially arrest the Svmptoms of the disease or condition, Amounts effective

for thas use will depend on the severity and course of the dissase or condition, previous therapy,
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the patient’s health status, weiglht, and response to the drugs, and the judgment of the freating
physician. 1 is considered well within the skill of the art fr ong to determine such
therapeutically sffective amounts by routine experimentation {inchuding, but not imited to, a
dose escatation clinical sl

o prophylactic applications, compositions contaling the sctive agent described herein
are administered to a patient suaceptible o or otherwise at risk of ong or more of the diseases
disclosed herein. Such an amount is deflned o be a “prophvlactically effective amount or
dose.” In this use, the precise amounis also depend on the patient’s state ol health, weight, and
the fike. [t is considered wall within the skill of the art for one to determine such

prophylactically effective amounts by routine experimentation {e.g., 8 dose escalation clinical

wrial). Wheo used in a patiznt, effective amousnts for this use will depend on the severity and
sourse of the dissase, disorder or condition, previous therapy, the patient’s health status and

responss to the drugs, and the judgment of the treating physictan.
in the case whereln the patient’s condition dogs not improve, upon the doclor’s
discretion the administration of the active agent described herein can be administered

chrenically, that is, {or an extended perlod of tine, including throughout the dovation of the

I~

patient’s {ife in order to ameliorate ov otherwise control or imit the symptoms of the patient’s
disease or condition.

The amaount of @ given agent that will correspond to such an amount will vary depending
upent factors such as the particular compound, disease condition and s severity, the dentity
{c.g., age, weight, gender, et} of the subject or host in need of treatment, but can nevertheles
he routinely determingd in & mannsr known in the an acconding to the particular ciroumstances
surrounding the case, inchuding, e.g, the specific agent being administersd, the route of

administration, the condition being treated, and the subject or host being treated.

Pharmaceutical Compaositions

The term “calcium lactate™ refers to 2 type of lactate metal salt that can, for example,
exist gs a hydrate, represented By CeHpoCa 5H:0 In which caleium fon Ix bonded o lactate.
Calohum lactate can be in the form of white powder or granules at room temperature, or
anhydrons at a 12070 heating condition, and has a solubility of 3% {w/v}

Calcium lactate can be formulated into pharmacentical compositions for treating one or

move of the discases discloned hergin,
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In varlons embodiments, the invention provides a pharmaceutical composition
comprising a therapeutically effective amount of valcium lactate as an active agest for treating
ane or mors of the dissases disclosed hereln and a pharmacentizally accoptabie polysaccharide,
polvmer, lid, o combdinations thereofl In some embodiments, the phanmaceasical
composition comprises the calciinm Jactate and the polysaccharide,

o some embodiments, the invention provides an enteric coating of the calelum lactate
such that the active ageot is mrotected from the seidic covivonment of the stomach and absorbed
in the small intestine bafore it reaches the {arge intestine when the active agent is administered
orally.

The present invention also provides shorb-acting and long-acting pharmaceutical
compositions comprising calcium lactate. Iy some embodiments, the ong-acting compositions
comprise calciom lactated coalted with at least one enteric~coaling material such as
hydmxyprc\py& methyl cellulose phihale (HPMCP), cellolose acetate phthalate {(CAP),

vinyl aeetate phthalate (PVAP), shellac and a polvmer of methacrylic acid, and an ester
thersof,

The pharmaceutical composition of the invention can be formulated into
charnpaceutical preparations for oral administration.  Examples of the preparation include
powders, tablets, capsules, granules or syraps, tablets and capsuies, but not Bradted thereto,

Also provided herein are formulations of hydrogels particularly methyleellulose
poloxamer, pectln, and alginate hvdrogel which can remain in o solution or nanoparticle form
in viwo, and the gelcan form when injected jnto the body and allow sustained relesss of calehum
factate. The relatively short drug refease time which s the weakness of the hydrogel has been
improved by increasing the interaction between the drug and hydrogs! or by delaving the
diffsion of the drug wthe hydrogel

The weight ratio of the caloium lactate o the polysaccharide canbe, s, 102 40 15,
10.00 o L5, 1005 o 1S, or 10,1 to 18, The weight ratio of the calchum lactate to the
polysaccharide can be <82, The weight ratio of the calcium lactate 0 the polysaccharide
can be 1.2 0 113

in some embodiments, the pharmacssical composition further comprizes a polymer or
Hpid, The weight ratio of the calcium lactate o the polymer or fipid can be at feast 115, The
wel ght ratic of the calctum Jactate to the polymier or lipid can be 15 to 130, eg., L8 10 130,
1350 120, L3 o 110, Didto L30, 10w 120, or 120w 138

in some embodimets, the pharmacentical compaesition further comprises a polymer

and lipid. The weight ratio of the calcium lactate o the polymer and Hpid can be at least 115,
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The weight ratio of the calcium lactate to the polyiser and tipid can be 1810 130, eg, {510
£330, S0 1220, LS o LHY, 13010 VA0, D 0t 120, o 126 10 1330,

{8101} In some embodiments, the phanmacsutical composition comprises the calcimm laciate
and the polymer or lipid. The weight ratio of the calehum lastate to the polymer ar lipid can be
at least 115, The weight ratio of the calciom lactate to the polymier o Hipid can be 1510 1:30.
The weight ratio of the calcium laciate to the polvmer or lipid can be ¥ to 1130, e, 115 t0
P30, St 120, B 16, 1010 830, 10 o 120, or 123010 1:540,

{3162 In some embodiments, the pharmaceutical composition comprises the caleium lactate
and the ;miymer and liptd, The weight ratic of the caleinm factate fo the polymer and lipid can
be at feast 1:5, The weight ratin of the caloinm lactate 1o the polvmer and lipid can be 5 1o
1:30, The weight watio of the calcium lactate o the polyoer and Hpid can be 1:5 10 1236, c.g.,
B30 130, 85810 1228, BS o 110, Uil 136, 116 1o 1220, or 120w 130,

{61983} In some embodiments, the weight ratio of the polymer o the lipid can be 11 o 1150,

POLto 220, 10 1o 10, O e 625, 6T o 022, B0 Tt L0, BT 10 8.5, or 101 1o 102

18104] Bolysaccharides suitable for use in the composition can be a cellulose derivative {e.g.,
carboxymethyl cellplose {CMC), ethy] cellnlose (ECQ), bydroxypropyl methyl cellulose

{(HPMC}, methyl] cethdose (MY, pectin, hyvaluronie acid, starch, guar gum, chitosan, gelatin,
coflagen, algingte, alginic acid, or combinations thereof,

{6105 Polymers suitable for use in the composition can be 8 poloxamaer, polyvinylpyirolidone,
polyethylens glyeol (PEG), polyglyeolic lactic acid (PLGA), or combinations thereof,

{0106} Lipids suitable for use incthe composition can be a mone- or ii~fatty acid glycerin esler
or polysthviens ghveol, polyethylene glyeol esters of vegetable oils, fatty acid propyiene glyeol
esters, sosame obl, sovbean oil, castor oil, corn off, palm oif, peamp oil, cacan o], cotionssed
oll, sunflowsr seed ofl safflowsr oil, almond ofl, olive ofl, hvdrogenated off, oleic acid,
Hnolenic ackd, Hooleie acid, palmitic acid, palmitoleic acid, arschadonic acid, myristic acid,
capric acid, caprylic acid, lauric scid, stearlc scid, ethyl oleate, isopropy! palmitate,
eotyldodecyl myristate, acety! pabmitate, lauryl alcohol, oleyl alcobol, acetyl aloohal, stearyl
alcohol or combinations thessof,

a7y The invention {s funther direcied to a pharmaceutical compesition comprising a
{therapeutically effective ameount of caleium lactate 4s an active agent for treating one or msve
of the diseases disclosed bersin, wherein the calcium lactate is conted with a pharmaceutically
acceptable enteric comting. In some embodiments, the enteric coating comprises
fydronypropyl methyl cellulose phihalate (HPMUOP), celhdlose acelale phthalate (CAP),

polyvinyl acetate phthalate (PYAP), shellac, potviner of methaerylic acid and an eater therent]
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or combinations thereofl In somes embodiments, the waight ratio of the calclum lactate 1o the
enteric coating 1s 108 1o 10:13, 1005 w0 1L 10103 w0 185, 103 10 H:0.5 10 100,
10:0.5 10 1, 108 10 14,8,

FELOSY By “pharmaceutically ac«;‘-cmabiﬁ‘” as used herein, refors o material, such as a carsier or
dituent, which does not abrogate the biolngical activity or properties of the compound, and i3

relatively nontoxic, Le. the material can be administered to an individeal without causing

undesirable biologica! effects or interacting In a deleterious manner with any of the components

of the composition in which i is contained,

10189} A pharmaceutical composition, as used hereln, refors fo a mixture of calcium lactats
with other chemical conyponents that are pharmaceutically acceptable, such as but not limited

to carrigrs, stabilizers, diluents, disintogrants, suspending agents, ti}ick{tmng agents, hinders,
antimicrobial agents, antinsicrobial preservatives, antioxidants, and/or buffering agents. The
pharmaceutical composition facHtates administration of the caleium lctate o a subject,

{8118} The term “carrier,” s used herein, refers to relatively nomtoxic chemical compounds oy
agents that facilitate the ncorporation of a compound into cells or tissaes. The term “dilyest”
refers fo chemical compounds that are used o dilute the compound of isterest prior to delivery.
Difnents can also be ysed to siabilize compounds because they can provide a2 more stable
enviromnent, Pharmaceutically accoptable additives include dituents, bindsrs, solubilizers,
solubility enhancers, pore formers, osmotic agents, gas formers, lubricants and Ruidizers well
knows i the art, but not linited thereto.

{111 Diluents can include lactose, fructose, dextrose, sucrose, maltose, microcrystalline
celhulose, stasch, ealoium hydrogen phosphate, mannitol or 8 mixsure thersof, but not Nmdted
thereto.  Other dituents include microorystaliine cellulose, lactose, mannitol, caloium
phosphate and the like.

AR Examgles of binders can include povidone, hydeoxypropyleethulose, polyvinylaleohol,
hyvdroxypropylmethyleeliulose, carboxymethyl-cellulose sodium and theveof.

FIL13] Solubitizing agenis include surfactants, syclodextring and derivatives thereof] Hpophilic
substances or mixtures thereof, but ave not limited thereto,

14} Surfactants include water soluble or watsr dispersible nowdonie, ponpolar nonlonic,
aystonie, cationic, amphoteric or wonic surface activators or mixtures thereof, but are not limited
therefo.

[8115] Examples of disintergrants include crospovidone, eroscarmetiose sodium, glycolic acid
starch sodium, and examples of the lubricant include magnesium stearate, caleium stearate,

sodium stearyl fumarate and thereofl



{0115}

117

[0118]

ey

[0120]

RUPSY

WO 2019/138379 PCT/1B2019/050240
16

The pharmaceutical compositions of the invention can further include antimicrobial
agents, such as henzyl alcohol, chlorobutanol, phenylethyl alcohol, phenyvi-mercuric acetate,
potassium sorbate, and sorbic acid.  Antifungal agents include such compounds as benzote
acid, butylparaben, ethylparaben, methylparaben, propylparaben, and sodium benzoate,

Antimnicrobdal preservatives can be added o the pharmaceutical compositions of the
present invention in order 1o protect them againgt the growth of potentially harnmifud
microorganisms, which usually invade the agueous phase, but in sowme cases can also grow in
the oif phase of a composition. Thus, preservatives with both aqueous and Hpid solubility are
desivable. Soitable antimicrobial preservatives include, o.g., alkyi esters of p-hydroxybenzoic
acid, propionate salts, phenoxvethanol, meathylparaben sue:iium, propyiparaben sodium, sodinm
dehydroacetate, bewatkoniom chloride, benzethonium chloride, benzy! aloohol, hydantoin
derivatives, guaternary anvoonium compounds and cationic polymers, imidazolidingd urea,
diazolidiny! vrea, and trisodiunt ethylenediamine eiracetate (EDTA)

Astioxidants can be added to protect all of the ingredicnts of the pharmaceutical
compositions from damage or degradation by oxidizing agents present in the comnposition isedf
or the use environmend, &g, anoxomer, ascorby! palmitate, batylated hydroxyanisole,
butylated hydroxytohiene, hypophosphorous acid, potassin metablsulfite, propylocty! and
dodecyi gallate, sodiom metabisuliite, sulfir dioxide, and tocopharols,

Buffering agests can be used to maintain 8 desteed pH of the pharmaceutical
compositions once extablished, from the effects of outside agents and shifting cquilibvia of
cotnponents of the composition,

The pharmacentical compositions described bherein can be prepared following
techniques koown in the ary, for example, in Remington: The Science and Practics of
Pharmacy, Nincteenth Bd (Faston, Fa.: Mack Publishing Company, 1993} Hoover, John B,
R,aming&m’s Pharmaceutical Sciences, Mack Publishing Co., Baston, Pa. 1973 Liberman, H.
A. and Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel Decker, New York, MY,
1988; and Pharmaceutical Dossge Forvos snd Drog Delivery Systems, Seventh BEd. (Lippincog
Williams & Wikking 1999), herein incorporated by reference in their entivety,

in some embodiments, the pharmacentical compositions of the invention are short-
acting. The term “short-acting” refers to a composition that releases substastially all of the
active agent within 48 hours when tested in an in vitro dissolution test described here ins for
example, froms time of delivery, time §, entil about | hour to about 48 hours, unti about 3 hours
to about 24 hours, until about & hours to about 24 hours, or until about 12 hours 1w about 24

hours.
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{8122} For exsmple, upon placement of the composition in an in viro dissolution test
comprising an ¢lution test method {(e.g., from Labfine Co., Mumbai, India) at 300 rpm in 200
mid aguesous medium baviang a pH of 6.8 at 37°C using a mylon filter having 3 pore size of 45
g, at keast about 40% of the active agent is released afier 6 hours, at least about 60% of the
active agent is released afler 12 howrs, &t least sbout §0% of the active agent is released afier
24 hours, andfar at lesst abowt 0% of the active agens is releassed after 48 hours, {n some
embodiments, upon placemant of the composition Ju an in vitro dissolution test comprising an
slution test method {e.g., from Labfine Co., Muunbai, India) at 300 rpm in 200 mi aqueous
medium having a pH of 6.8 a1 37°C using a nylon filter having a pore size of 45 wny, at Jeast
about 40% o about 6% of the active agent i3 released after & howrs, at least about 60% to
sbout 80% of the sctive agent Is released afler 12 bours, at loast about 809 to about 80% of
the active agent is released after 24 hours, andfor a1 least about 90% to about 100% of the active
agent is released after 48 howys,
{83123 o some embodiments, the pharmaceatical compositions of the invention are Tong-
acting. The term “long-acting” Is intended (o mean composition that releases the active agent
stowly after the initial dosage, for example, from time of delivery, time 8, unti! about 48 hours
i about 192 hours, until about 72 hows 1o about 192 hours, antil about 98 hours 1o about 192
hiowrs, until about 128 hours to about {92 howrs, or until about 144 hours to about 192 hours.
[6134] in some embodiments, wpon placement of the composition tn an in vitro dissolution test
comprising an elution test wethod {2.g., from Labfine Co., Muubal, Indiay at 300 rpm in 280
m} aqueous mediun having a pH of 6.8 a1 37°C using a nylon filter having a pore sige of 45
win, less than about 40% of the active agent s released after 24 hours, less than about 60% of
the active agent 18 refeased afler 48 howrs, loss than about 80% of the active agesnt is released
afier 72 hours, less than showt 90% of the active agent is relcased alier 144 howrs, In some
embodimenis, upon placement of the compesition in an i vitro dissolution fest comprising an
slution test wethod {e.g., from Labfine Co., Mumbai, India) at 300 rpn v 200 mi mediam
having a pH of 6.8 at 37°C using a nylon filter having a pore size of 45 ym, about 2095 to about
0% of the active agent is released after 24 hours, about 209 1o about 40% of the gotive agent
is released after 24 hours, abowt 40% to about 70% of the active agent isreleased after 48 hours,
about 40% to abous 6095 of the active agent is released afier 48 hours, about 40% 10 about 80%
of the active agent is refeased after 72 hours, about S0% to about 3% of the active agent is
released afier 72 hours, about 63% o abowt 9096 of the active agent is released afier 144 hours,

or abouwt 70% to about 90% of the active agent is released afler 144 hours.
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T some smbodiments, spon placement of the composition i an in viteo dissolution test
comprising a USP Paddle method at a paddie speed of 50 rpm at 37°C, when the composition
is placed i 0.1 N HCH {or 120 minutes Sollowed by adjusting to pH 6.8 with phosphate bufl
fess than about 209 of the active agent ix released after 30 minutes, less than 30% of the active
agent is released after 60 minuies, less than 30% of the active agent is released afler 120
weirtes, and/or fess than 10% of the setive agent is released afler 120 minwes,

in somie embodiments, the pharmaceutioal compositions of the invention are injeciable
dosage forms. For parenteral injections, apmopsiste formulations can inchde aguesus or
nonaguecas solutions, preferably with plvsiologically compatible carriers,

Pharmacentical formulations for parenieral adndnistration inchide agueous sotutions of
the active compowl(s) in water-soluble form. Additionally, suspensions of the active agent
can be prepared as appropriate oily injection suspensions. Suitable tipids or Hpophilic carriers

nchude (atty oifs mueh as sesame ofl, or symbetic fatty actd esters, such as ethyl oleate or
friglyeerides, or Hposomes., The lipid can be & mono~ or wi-fatty acid glveerin wster or
polyethylene glyeol, polvethylene ghreol esters of vegetable oils, fy acid propylene glyveol
esters, sesame oil, soybean oil, castor otl, com ofl, palm oil, peanut ofl, cacao off, cottonseed
oif, sunflower sced oil, safflower oil, almond ofl, olive ail, hydrogenated o, nleio acid,
fnolenic amid, Brolele acid, palmitic scid, palmitolele acid, arachadonic seid, myristic acid,
sapric acid, caprylic acid, lawric scid, stearic scid, ethyl oleate, isopropyl palmiiate,
potvidodenyl myristate, cotyl palmitate, lauryl aleohol, oleyl aloohol, cetyl slcohol, stearyd
aloohol, or comwbinations thereof

Since the medical gpplication of hydrogels, mumerovs hydrogels have been developed
arwd studied in many fields, including the medical, pharmaceutical, and cosmetic industries.
Although hydrogels are generally blocompatible, they have various problems that are Hmdting
the delivery of a drug, and vavious offorts ave made 10 solve the problems. A hydvogel s a
three-dimuensional structure composed of a network of hydrophilic polymers. More than %0%
of the components are composed of water. Hydrogels have been actively studied in the
hiornedical feld dos 1o their simifarity to bio-tissue such as Mgh moisture content, porous
structure, refatively soft properties, and biocompatibility, Hydrogels can exhibit various
properties depending on the kind of polymier used as the main chain or the crosshinking wethod
adopted. When a polymer of polvacrytic actd series polymuer or a synthetie compound such as
polyvinyl alcohol is used, the biocompatibility s fow, bt the chemical modification is casy,
so that the engineering spplication 15 very casy. On the other hand, when natural compounds,

sspecially pectin, alginate, collagen, fibrin and hyaluronic are used as the main chain, the
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chemical modification is difficult. Nevertheless, there ave advantages of using these materials
that are biologically derived components, as it is suitabls for clinical application and theve are
few side effeors such as immuone inflammation reaction at the thne of ransplantation.

{t is the cross linking wethod that affects the provertios of the hydrogel as well as the
type of polymer used. Even i the same polymer is used as the main chain, the hydrogel having
completely different characteristics can be oblained i the crosslinking method is different. The
method of crosstinking bydrogels can be broadly divided into physical and chemical methads,
Physical crosslinking methods include lonle interaction, hydrophobic inferaction, hydrogen
hand, and reversible crosslinking by structural entangloment. These crosslinking methods can
gasily induce the formation of g three-dimensional network structure without the need for a
separate chemnical additive or complicated process. Un the other band, the chemical
crosslinking method typically forms covalent bond that result an freversible and stable
network as compared with the physical crosshinking method. Hydrogels with excellent

bigemupatibility and various physicochemical properties have been extensively studied in

binedical Selds such as drug delivery and tissue engineering. Most hydrogels exhibit shorter
drug release time than other drug delivery systewns dog 1o their high water content, and there i

a need to develop 2 system with a longer drug release time.

In some embodiments, the pharmaceutionl corppositions of the investion are oral
dosage forms, For oral adninistration, the compound deseribed herein can he formulated
readily by combining the active agent with pharmsceutically scceptable carriers ov sxeiplents
well known in the art. Soch carriers enable the active agent deseribed heveln to be formulated
as tablets, powders, pills, dragees, capsules, liguids, gels, syrups, alixirs, sharies, suspensions
and the like, for oral npestion by 2 patier o be treated.

Pharmaceutical preparations for oral use can be obtalned by mixing ong or more solid
carriers with the compound deseribed herein, optionally grinding the resulting mixture, and
processing the mixtuse of gramgles, after adding suitable auxiliaries, i desired, 1o obtain tablets
or dragee cores.  Suitable excipients include, but are not limited 1o, fitlers such as SUGRTS,
wwluding loctose, sucross, manmitol, or sorbitol; cellulose preparations such as: for example,
matre stasch, wheat starch, rice starch, potato starch, gelatin, gum tragascanth, methyleslhufose,
nsicroorystatiine ceflulose, hydroxypropyimethyleelivlose, sodium carboxymethyicellolose; or
others such ast polyvinylpyerolidone (PVE or povidone) or caleium phosphate.  IF desired,
disintegrating agengs can be added, such as the ross-linked croscarmellose sodiom,

polyvinylpyrrolidone, agar, or alginic acld or 2 salt theveof such as sodium alginate,
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[3ragee cores are provided with suitable coatings. For this purpose, concentrated sugar
sodutions can be used, which can optionally contain gum arghic, tale, polyvinyipyrrolidone,
carbopol gel, polvethviene ghyeol, and/or titaniuwy dioxide, lacquer solutions, and suitable
organie solvents or solvent mixtures. Dvestuffs or pigments can be added o the tablets or
dragee coatings for identification or to characterize different cornbinations of active compound
doses.

Pharmaceutical compositions can be formulated jn conventional manner using one oy
more pharmacestically acceptable carriers conprising excipienis and auxiligties which
facifitate processing of the active agent into proparations which can be used pharmaceutically.
Proper formmlation i dependent gpon the route of administration chosen.  Any of the well
known techniques can be used as suitable and as nnderstood in the arl. Pharmaosutical
compositions deseribed herein can be manufactured in g conventional manner, such as, by way
of example only, by mears of conventions! mixing, dissolving, granuniating, drages-making,
levigating, emulsitying, encapsulating, cnirapping or Compression processes

Agusous suspenstons can also contai aue or mave polymers as suspszmﬁng agents, The
polymer can be 3 poloxamer, polyvinylpyrrolidons, podvethylene ghyeot (PEG), polyglvoolic
{actic acid (PLGA), or combinations thereof. Other wsefid polymers include water-soluble
polymers such as cellulosic polvmers, .g., hvdeoxypropyl methyleelulose, and water-
insohible polvmers such as cross-linked carboxyl-containing polvmers, Useful compositions
can also include a mucosdhesive polymer, seleciad from, for example, carboxymethyleethulose,
carbomer {acrvhe acid polymen), poly{methyimethacrylar), polyacrylamide, polycarbophil,
gerylic acid/buty] acrviate copolymer, sodium alginate, and dextran.

{n some embodiments, provided are pharmaceutical dosage forms comprising calcham
lactate and a pharmaceutizally acceptable enteric coating in order 10 control the release of the
active agent. In some embodiments, the coating is & flm and, in another smbodiment, s a
membrane, The enteric coating, e.g., film or membrane, can serve o delay release wntil afier
the stomach and fo protect the active agent from gasiric fluid. The enteric coating can comprise
e of more substances preferably of a polymeric neture (6.2, methacryiates eto;
polysaccharides ot as desoribed o more detaill below) or combination of more than one such
substance, optioaally including other sxcipionts, such as, for example, plasticizers. in some
embodiments, the emeric coating comprises hydroxypropyl methyl cellulose phthalate
{HPMCP), cellulose acetate phihalate (CAPY, polyviny! acotate phihalate (PVAP), shellac,
polvimer of methacrylic acid and an gster thereof, or cowmbinations thereofl  In some

embadiments of the inveation the composition comprises & hydrogel-forming polymer and
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further polymers able to achieve a desived delay (or other change} in the release of the active
agent.

{8136} {n the case of tablets for oval use, carriers which are commonly used include lactose
and corn starch. Lubricating agents, such as magnesiom stearate, are also typieally added. For
oral administration in a capsule formy, useful diluents nclude lactoss and deded cormn starch

{137 The sterile injectable preparation can also be a sterile injectable suspension in a non-
toxie parenterally accepiable carrier such as lipids.

91381 The amount of caloium lactate incloded in the pharmacentics] compositions can be, but
15 not Hmited o, from 1 wiSs to SO widh, from 1 wide to 40 wids, from 1w 10 35 wi%, from
1 wits 1o 30 wite, from 1wt 10 20 wi?e, from T wi% (0 185 Wi, or from 1 wiSé {0 10 wibs
based on the ol weight of the final composition, The conventration of the calcium laciate
included o 2 stngle dose of the pharmaceutical composition can be, but is not limited to, 2.5
mM 1o 100 mM, 2.5 mM 10 50 md, 25 mM w0 25 mM, S mM o 100 mM, SmbM o 50 mM, 5
mbM o 25 mM, 10 mb o W0 mM, 10 miM 0 30 mM, or 10w 1025 mM,

{0138} Solid oral pharmaceutical compositions can be prepared by conventional techniques
such as dry granulation, direct compression, wet granulation, extraston spheronization, melt
granulation or compression coating, but wot Himited thereto. The coating can be applied as
deseribed below and cgn vary as fo thickness and density. The smoust of coating is defined
by the additional weight added to {gained by} the dry composition {o.g., bead or core containing
the calcium lactate) of the invention. Weight gain van he in the ravpe of 0.1%% to 530%, % ©
20%, Phato 15%, 3% to 10%, 3% to 12%, or 8% w 12%%,

140} The coating process can be carried out by avy seitable means such as, for example, by

of & coating machine which applies a solution of 3 polymer coat {as described above in
particular) (o the composition. Polymers for coating are either provided by the manufacturer
in ready-made solutions for direct ase or can be made up before wse folowing manufisturors’

mstructions,

Unit Dosages and Kits

{83141] The term “unit dosage form™ refors to s physically disoreie unit scitable as a singls
dosage, cach usit containing g predetermined quantity of sctive ingredient, it association with
a suitable pharmaceutical excig;ie:m, by which one or more s used throughout the dosing
regimen t© produce a desired therapeutic effoct, e.g., treating one or mare of the discases

disclosed hergin
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The pharmaceutical compositions deseribed berein can be in unit dosage forms sultable
for single adwministvstion of precise dosages. In usit dosage form, the formulation is divided
inte unit doses containing sppropriate quantities of one or more aotive agents. The wndt dosage
can be in the form of a package containing diserete quantities of the formulation. Non-limiting
examples are packaged tablets or capsules, and powders in vials or ampoules.  Aqucous
suspension  compositions can be packaged i sngle-dose non-reclosable containers.
Alternatively, multiple-dose reclosable containers can be used, in which case i s typieal o
inclide a presarvative in the compesitiorn. By way of example only, formudations for parenteral
injection can be presented in unit dosage form, which include, but are not Himited to ampoules,
or in nulti-dose containers.

The daily dosages appropriate for caleium factate can be from abost 1 mg/kg to about
1000 mgkg, about 10 mg'ka to about 750 mg/kyg, about 10 mg/kg to abms 300 mgikg, or about
100 mgfkg o 500 mgkg per body weight. As indicated datly dosage in the larger manunal,
incloding, but not Hmited to, hwmnans, Ix in the range front about § my to about 100,000 mg,
conveniently administered in divided doses, including, but not Hmited 1o, up to four thmes &
day or in long-scting fonn. Suitable onit dosage forms for administration include from about
10 myg to abowt 1000 my, about 100 mg to about 130 mg, abowt 300 mg to abowt 756 mg,
about 25 mg to about 250 mg, about 30 myg to about 100 mg, about 10 mg to abowy 200 mg, or
about (0 myg to about 250 mg of the active agent. The adrinistration frequency of the
composiion of the presert disclosurs can be, but is not particularly Hmited to, tuos, twice,
three times, four times, sto, divided doses a day. Al appropriate “sffective”™ amount i asy
individual case can be determined using techniques, such as a dose escalation study,

The foregoing ranges are merely suggestive, as the number of variables in regard to an
individeal treatment reghme is lavge, and considerable excursions from these recommended
values are nol uncomruol. Such dosages can be altored depending on a number of variables,
not fimited 10 the activity of die componnd used, the disease o condition to be wreated, the
mode of adwministration, the requirements of the individual subject, the severity of the disease
ar condition being treated, and the judgment of the practitioner.

Toxicity and therapentic efficacy of such therapeutic regimens can be determined by
standard pharmaceutical procedures i celf cultures or experimental animals, inchuding. but not
Himited to, the determination of the Lisy (the dose lethal to 30% of the population) and the
Bl (the dose therapeutically effective in 50% of the population). The dose ratio betwsen the
toxic and therapeutic e ffects is the thorapeutic index and 1t can be expressed as the ratio between

LIne and Blke, Compounds exhibiting high therapeutic jndices are prefored. The data
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obtained from cell cultuse assays and animal studies can be used in formulating a range of
dosage for use in human. The dosage of the active agent Hes preferably within a range of

circulating concenirations that include the Els with minimal toxiclty. The dosage can vary

»

within thiz range depending upon the dosage form emploved and the route of administration
utifized.

Accovding 1o the prosev invention, the pharmacentical compositions can be in the form
of a sterile injectable preparatiou, for example a3 sterile injectable aguecus or oleaginous
suspension,  The pharmacestical compositions of the present lnvention can be onally
administersd it any orally acceptable dosage form incliding, but not Himited o, capsales,
tablots, aqueous suspensions or sohstions.

The invention is alse divecied (0 a sterile glass or polyolefin contalner comprising a
pharmaceutical composition disclosed hereln. In some ermbodiments, the container is none
DEHP {Bis2-«cthylhexyl} phthalate {di-2-cthythexy! phthalate, dicthythexyi phthalate, DEHP,
dioety! phttalate, DOP} or noa-PVP {Polyvinvipyreolidons).

A kit conyprises suitable containers, such as boxes, dividual bottles, bags or ampouls

Suspension conwpositions can by packaged in
muliple-dose reclosably containers,

Ineorporated herein by reference in thelr entivety are USZ017/0360727A1, published
Dacember 21, 2017, and PCTABZOITA3409, Int’] Fillng Date: July 7, 2017, Also
incorporated herein by reference in their entivety are U8, Appl. No. 62/8168,923 §led January

12, 2018

EXAMPLER

Exawple i
Cell cultwre for age-related macular disease
Human retinal pigment epithelivm celt line, ARPE-19, was parchased from American
Type Colare Colleotion (Manassas, VA, USA)  The ARPE-19 cells were mainiined in
RPMIS40 containing 10% fotal bovine seram (Life Technologies, Gaithersburg, MD, US4,

160 1/ peniciiting and 100 pg/mi streptomycin {Welgene, Dacgn, South Korea).

}Elxampie 2

Cell cubture for Alzheimers disease
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{1531 Hisnan Brain cell Hne, SKE-N-SH, was purchassd from American Type Culture
Collection (Manassas, VA, USA)L  The SK-N.SH cells were maintained in REMIIS40
containing 10% fotsl bovine serum {Life Technologies, Galthershurg, MDY, USAL 100 (Lm]

penicillin, and 100 gg/mi streptomycin {Welgene, Daegu, South Xorea),

Example 3
Cedl cudture for fibroblast

(83531 Human Colon Fibroblast cell ling, COD-18-Co, was parchased from American Tvpe
Cultwre Collection {(Manassas, VA, USA)Y. The CCD-18Co cells wers malntained in DMEM
containing 10% fotal bovine serum {Life Technologies, Galthersburg, MD, USAY, 100 {U/mi

penicillin, and HH pedml streptomyein (Welgene, Daegy, South Korea).

Example 4
Cell cultare for non-glocholic steaiohepatitis (INASH)
{8153} Human Hepstoveihilar carcinoma cell tine, HepG2, was purchased from American

Tyvpe Culture Collection (Manassas, YA, USA). The HepG2 cells were maintained in RPMI

{640 containing 10% ial bovive serum {Life Technologies, Galthersburg, MD, USA)Y,

Himi peniciliin, and 100 pgfol streptomycin {(Welgene, Daegy, Sowth Korea),

Example 3

£

Celf culture for vasoular discase

{8154 Human Umnbilical Vein Endothelial call Hue, HUVEL, was purchased from American
Type Culture Collection (Manassas, VA, USAYL  The HUVEC cells were Endothelial Celd
Growth Mediure 2 realiained iy Endothelial Cell Growih Medium 2 Supplement MIX

{(FromoCell, Heidelberg, Germany)

Examiple &
Macrophage culture

{3185 Human Hepatic Stellate cell ling, LX-2, was purchased from Sigma-Aldrich (St Louis,
M, LISA). The LX-2 ceills were maintained in DMEM containing 2% fetal bovine serum
{Life Technologiss, Gaithershurg, MDY USA)L W) Himi penicilln, and ¥ pgimi
streptomyyein (Waégﬁne, Dacgn, South Kovea).

R Human Monoeyte cell fing, THP-1, was purchased from Asverican Type Culture

Collsction (Manassas, VA, USA) The THP-1 cells were maintained in RPMI1640 containing
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ovine serum {Life Technologies, Gaithersburg, MD, USA), 100 Winl penieillin,

pn

10% fetal
100 upfial streptomyvein (Welgene, Daegy, South Koren), and 0.35%uM 2-Mecapipethanol. Cell

T

were cuitured i both conditions, one condition is 2 humiditied atmosphere at 37°C containing

3% C0On, and another is hypoxia culture condition was maintained at 1% oxyeen, 5% and 94%
Exampde 7
Regents

Calchum lactate (Cala) and Hpopolysaccharide (LPS}) were purchased from Sigma-
Alddrieh (5t Louis, MO, USA) Z-mercaptocthano! was purchased from Gibeo (Grand Isfand,
NY, USA) Phorbol JZ-myriatate [3-acetate (PMA) was purchased from Enzo Lifesciens
(Enzo I)iagmsiic, MY, USA) Human Interferon-gamma, Homan Interleukin-d (IL~4) and
Humun Interteukin- 10 (JL-10) were purchased frony BPS Bioscience (San Diego, C4A, USA)L
Paraformaldehyde {PFA) solution {4%) was purchased from Biosesang (Riosesang Inc.,

Gyeonggt, Korea),

Exampie 8

Cell viability assay

The five cell wovie analyzer, JULI™ Br (NanoEnTek Ing., Seou, Korea) in ARPE-18

S

o

sells, was used to confivm the toxieity of Calia. Cells were seeded inte §-well cultues plates at
a density of 2.5 x 1 cells/well in medium, Afier 24 b incubation, te cells treated with 2.5
mM Cala for 12 he and 24 hr, The colls were continuousty monttored for 24 h during Cals

treatmie time, (34, 21

Example 9
Macrophage differentiation

The human mosooytic cell ling, THP-1, was purchased from American Type Culture
Collection (Manassas, VA, USAYL  THRI cells were maintained in RPMY 1640 media
{Hyclone Labovatories, inc, Logan, UT, USAY supplemented with 10% feial bovine serum
{Hvelone Laboratories, fnc., Logan, UT, USA), 100 TU/mi peniciilin (Welgene, Dsegn, South
Korea), 100 pg/mlt streptomycin {Welgene, Daegy, South Korea), and 8535 gM 2.
mercaptosthano] {Gibeo, Grand Tsland, WY, USA). THP-1 cell was maintained in a humidificd
atmosphere of 3% CO2, a1 37°C. THP-1 monoeytes are diffcrontiated into macrophagss by 12
& incubation with Phorbol 12-myristate 13-acetate (PMA) and 100 ugiml (Enzo Diagnostic,

NY, USA} in BPMI 1640 wedhm, Macrophages were polarized in M1 macrophages by 24 b
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incubation with 20 ng/ml of IFNwy {BPS Bioscience, San Diego, CA, USA} and 100 pg/ml of
LPS {(Sigma-Aldrich, 8t Louls, MO, USAY in RPMI 1640 medivm.  Macrophage M2
polarization was obtained by 24 h incubation with 20 ng/myd of 1L-4 (BPS Bioscience, San
Diego, CA, USAJ and 20 ng/ml of IL-10 (BPS Bloscience, San Diego, CA, USAY In RPMI

1640 medium, (33}

Example 10
Omptical chservation for cell viability

11661 The Hve cell movie analyzey, JuL™ Br (NanoEoTek Inc., Seoul, Korea) in ARPE-19
celly, was wsed 1o confinn the toxieity of Cala, Cells were seeded into &~well caltuse plates at
a density of 2.8 x HF cells/well in mediom. After 1 24 h incubation, the cells treated with 2.8
mM Calia for 12 hand 24 be. The cells were continuously monitored for 24 b during Calla

treatment time,

Example 11
Weatern blot analysis
fa1sl} To prepave whole cell lysate, cells were tyaed with lysis buffer (196 NP4, 825 %
sodivm deoxycholate, 150 mM Naly, 1 mb EDTA, 9% Triton X-100, 56 mM Tris-HCY {pH
7.4y, 1% Glycerol) with protease inhibltor cockiall {Roche, Basel, Switzerland) and
phosphatase mhibitors (NAsV Oy | wM, MNaF 100 mM). Then, protein concentration was
measured using the Bicinchoninic acid (BCA) assay kit {Thermo Scientific, Waltham, MA).
Whole cell or nuclear bysates were transferred onto polyvinylidene fluoride membranes (Mevek
Millipore, Billerica, Ma, LI5A). Afler blocking in 3% non-fat milk (Bio-Bad, Hercules, CA,
U SA} for § h, the membranes were incubated overnight at 4°C with primary antibody dilsted
g TBST containing 100 maM TrisoHCH {pH 7.3), 15 M NaCl, and 0.5% Tween-20 obtained
from Sigma-Aldrich, 10 which 5% B5A and 0.1% sodiom azide (Sigma-Aldrich) had besn
added. Specific primary antibodies to HIF-1a {1:1000), HIF-2a {11000y, LOH-A {1:1000),
LDH-B (1:1000}, TLR-4 (1:1000), NF-xB (1:1000), VEGF (1:1000), ctubulim (1:10060), Actin
(1000, and GAPDH (1:3000). The next day, the membranes were washed with TBST and
meubated for 2 b with anti-rabbit secondary antibody (1:10000), Invnunoblots were developed
gsing a wesiern blot detection reagent {Abclone, Seoul, Kores) and exposed o x-ray film

{Agfla, Leverkusen, Germany) according to the manufacturer’s protocol,

Example 12
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msmanocyiochemistry

ARPE-19 and SK-M-SH cells were fixed on blo~coated coverslips (BD binscience, San
Jose, CA, LISAY by 4% PRA for 20 min and ther incubated with the primary antibodies for 1§
h The primary anttbodies were ay follows: HiF-1e {1300, 8D Biosciences, San Jose, CA,
UBAY LEH-A (1:300, Santa Cruz Biotechnology, Sants Cruz, CA, USA)Y LDH-B (1:304,
Santa Cruz Biotechnology, Santa Crug, U4, USAR NFxB (1:300, Santa Uruz Biotechnology,
Santa Uruz, C4A, USAY TLRA4 gl 360, Santa Cruz Bictechnology, Santa Cruz, CA, USA)
apod {1:200, Santa Crez Biotechoology, Santa Uruz, €A, UBAL  Afler PBY wash, the cells
werg incubated with antbmouse secondary biotinylated antibody {12000, Vecior Laboratorie,
Burlingame, C4&, USA) and visualized with streptavidin conjugated to Fluorescein (Veotor
Laboratorie, Barlingame, CA, USAYL  Coverslips were mountad on microscope slides with
VECTASHIELD® Hard Set™ Mounting Medivm with DAPE {(Vector Laboratories
Burlingame, CA, USA). Confoeal fluorescence tmages were obtained with confocal laser

scanning ncroscopy (LSUM, Nikon AT+, Tokyn, Japan) ander a 60X ofl immersion lens.

Exanple 13
Animal Model for NASH

All experiments were performed under the institwtional guidelines established by the
Instiiutional Animal Care and Use Commiitize al Gachon University (JACUC2017-0008).
Female S-wesk-old CS78L/6 mice were purchased fovm KOATEC (Pyeongtack, South Korea)
and were fed Methionine-Choling diet (MCD) for 4 weeks. Whas the nuice weighed 15 g each,
the mice wers sutopsied randomly to identify nonaleobolic steatohepatitis (NASH). The mice

werg injected twice daily {B.1LD) with suboutaneous caleiunt lactate (2 mg'kg) for 4 weeks.

Example {4
Animal model for age-related macular depeveration

Al experiments were performed snder the Institsiona! guidelines established by the
Fnstitational Animal Care and Use Conunitice at Gachon Usniversity (TACUC-2017-0008).
Six~wegk~-old temnale CFTBL/S mive {20-25 g were purchased from Orignt {Charles River
Korea, Seoul, Koreal, All snimals were maintained iIn & [2-hour Hght'dark cvele (light on,
{(8:00) at 22°C-25°C with free access 10 food and water. The mice were placed individually in
an induction chamber, and anesthesia was induced with 2% isoflurane (HANA PHARM CO,,

;

Seoul, Koveal, The lesions wore {ndeced In each eye of the mice by laser photocoagulation

{SDL405-700, SD Laser, Chinal, The laser pulses were from bloe laser (wavelength, 405 nm;
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S Laser), Laser parameters were {00 wm spot size, 700 wow power and 1 s exposure time, A
tosal of 13 mice were randomized into three groups: (i) not subjected to laser Induction {n =
3% (1) subjected to Jaser borns and injected with the vehicle buffer (n = 8% and (1Y Cala,
2 mgﬁkgjday (BRI {n=7). Cala treatsoent was started the days afier laser photocoagulation

and was treated subcutaneonsty for 14 days. (33, 34)

Example 13
Histological analysis for MASH maodel
Mouse Hver tissues (n=3) were dissected and fixed in 4% paraformaldehvde PBS
solution for 15 hat 4°C. Figed liver tissues were embedded io paraffin and sectioned at 10 pm,
Slides were ncubated 8t 553°C for 2 b, and subsequently deparaffiized I wylens and
sefivdrated in g graded ethano! series and usedt for hematoxylin {Merek, Dammstadt, Germany)

and cosin {(H&E) staining (35). Paraffin seotions (10 gm thick) stained with H&E werg imaged

using & Leics DM 1H0 LED microscope (Leica Microgysterns, Wetzlar, Germany).

Exampls 16
Histological analysis for age-related macular degeneration
The histopathologic examination of retinal lesions was performed 2 weeks after 2

mg'ke of Cala was administered subcutansously, The enucleated eves were fixed with 4%
;}&raformaidahyds {PEAY for 24 b at 4°C, and eyes obtained by romoving the anterior segments
wire washed three times in phosphate-buiffored saline.  The fixed Sat-mounss werg debvydrated
in 8 graded seriex of ethanol and ambadded in paratfin. Paraffin sections {10 um thick) wes
stafned with hematoxylin (Merck, Darmstady, Germany) and eosin (Sigma-Aldeich, St Louis,
MO, USA) (H&L) and wery imaged using g Leica DM 1000 LED microscope (Leica
Microsystems, Wetrlar, Germaoy), The chospidal lesion and neovascularization on the {las

mounss ware observed by confocal microscopy (Carl Zeiss, Oberkochen, Germany),

Hrample 17
Masson Trichrome Stain

®Mouse Tiver tissues {p3) werg dissected and fixed 1o 4% parafrmaldebyds PBS
sofation for 15 b at 4°C, Fixed tissues were embedded in paraffin and sectioned at 5 mm,

Stides were tncvbated st 55°C for 2 h, and sebseguently deparaffinized in xvlene and

rehydrated in a graded ethanol series and re-fix in Bouln's selution for 1 e 8t 36°C, remove
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the yellow color o vinse running tap water for $-10 roin and stained Biebrich scarlet-acid
fuchsin solution for § min thew in phosphomotvbdic-phosphotengstic acid solution {ratic 1:1)
for 30 minutes, and asiline blue sohution and stain for 15 minutes, Rinse briefly in distitled
water and in 1% acetic acid solution for 3-8 min. Dehydrate 85% ethyl slcohol, absolute ethyl
alcohiol and clear in xylene, Mount with mounting medinm. Imaged wsing a Lelca DM 1000

LED microscope {Leica Microsystems, Wetzlar, Germany).

Example {8
Results

jB1&8] FIG. 1 Is gn in vitro experiment of buman leukemic monocytes. Western blot resulis
show that inflammatory factor (NFoxl) was decreased by 2.5 mM caloium lactate treatment in
THP-1 cells (human leulemic monocyie) hypoxia condition,

[3169] FIG. 2 is an in vitro experiment of human leukemic monocytes differentiated into
mactophages. Western blot results show that jnflammatory factor (NF-ub) was decreased by
2.5 mM calcium factate treatment in differentisted THP-1 cells with PMA {phorbol-12-
myristate-13-acetate) (MO macrophage) under normoxia and hypoxia conditions,

F8178] FIG. 3 provides Western blot results showing that inflammatory factor (NFoxb) was
deoreased by 2.5 mM calciam luctate treatment in differentiated THP-T cells with nterferon
gamma (M-} and lipopolysaccharide (LPS) (M1 macrophage) under normoxia and hypoxia
conditions.

{61714 FHG. 4 provides Western blot resnits showing that inflammatory factor (NF-xb) was
decreased by 2.5 mM calcium lactate treatment in differentiated THP-1 cells with interleukin
4 {(H~4) and interleukin-10 (1L-10) (M2 macrophage) under normoxia and hypoxia conditions.

HEL72] FIC: 5 is a liver fibrosis in vitro experiment. Western blot results show that hypoxia
inducible factor-ia {HIF-1u) was decreased by 2.5 mM calchum lactate treatment in LX-2 cells
{human hepatic stellate cell} under hypoxia condition.

{8173] FIG, 6 is a human endothelial cell in vitro experiment. Western blot results show that
hypoxia-mediated factors (lactate dehydrogenase A) were decregsed by 2.3 mM calciom lactate
treatment in human ambilical vein endothelial cells ander hypoxia condition,

18174} FIG. 7 is a human fibroblast in vitro experiment, Western blot results show that lactate
dehydrogenase B was increased by 2.5 mM calcum lactate weatment s CCD-18Co culls

{human colon fibroblast) under hypoxia condition.
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0178} FIG. § is a beain CID i vitro experiment. Western blot resuits show that hvpoxia-
mediated factors were decreased by 2.5 mM calcium Inctate treatment in SK-N-SH cells {brain
epithelium) under normoxis and hypoxia conditions,

{0176] FIG. 9 i3 a ver CID in vitro experiment. Western blot results show that hypoxia-
mediated factors were changed by 2.5 mM caloium lactate treatment in HepG2 cells {Hiver
epitheliom) under hypoxia condition.

{177) FIG. 10 provides Western blot results showing that inflammatory factor (TLR-4} was
decreased by 2.5 mM calcium lactate treatment in HepG2 cells (fiver epitheliam) under
hypoxia condition.

[8178] FIG. 11 is an eye O in vitvo experiment, Western blot results shesw that kypoxia-
mediated factors were decreased by 2.3 mM calcium lactate treatment in ARPE-19 cells {retinal
pigment epithelium) undsr noymoxia and hypoxia conditions,

[179] FIG 12 provides immunocytochemistry results showing that hvpoxia inducible factor-
T (FHF-Ta) was decreased by 2.5 mM calelom Jactate treatment in ARPE-19 celis {retinal
pigment epithelium} under hypoxia condition,

{188} F1G. 13 provides immunocytochemical results showing that lactate debydrogenase A
was decreased by 2.5 mM calcium lactate trestment in the ARPES19 celis {retinal pigment
epithelium} under normoxia eondition,

181 FIG. 14 provides immunocytochemical results shewing that inflammatory facter
{nuciear factor-kappa B) was decreased by 2.5 mM caloium jactate treatment in the ARPE-19
cells {retinal pigment epithelivm) under hypoxia condition,

[3183] FI3. 15 provides imvounocytochemical results showing that inflamwsatory factor (toll
like reseptor 4) was decreased by 2.5 mM caicium lactate treatment in the ARPE-12 celis
(retinal pigment epithelium) uader hypoxia condition.

{8183} FIG. 16 provides immunocytochemical resulis showing that lactate dehydrogenase B
wis increased by 2.5 mM calclum lactate treatment in the ARPE-19 cells {retinal pigment
epithelum} under hypoxia condition.

{8184} FIG, 17 provides immenocytochemical results showing that  drusen marker
{Apolipoprotein F) was decreased by 2.5 mM caloium lactate treatment In the ARPE-19 cells
{retinal pigment epitheliuny) under hypoxia condition.

8183 FIG. 18 provides Western hlot results showing that inflaramatory factor {(NF-xb) was
decreased by 2.5 mM caleium lactate treatruent in ARPE-19 cells (ratinal pigment epithelium)

under hypoxia condition,
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FIG. 19 shows that there 15 no toxicity v ARPE-19 cells (retinal pigment epithelium)
by 2.3 mM calcium lactate trestment,  Calciom lactate only plays an important role in the
metabolic change of injured epithelial cells.

FIG. 25 provides Westemn blot results showing that inflammatory factor (NF-xb) was
decreased by 2.5 mM calohurn lactate trestment in the tissue of retinal pigment epithelum.
Example 19
Targeting Dgestive disease (NFALD, NASH)

Materials and Methods

Antmal Modsl for liver discases, Al sxperiments were performed under the
institutional guidelines established by the Institutional Animal Care and Use Comnnitiee at
{achon University JACUC-2017-6008). Female S-week-old C37BL/6 mice were purchased
form KOATEC (Pveongtack, South Kovea) and were fed Methionine-Choline (MCD) dist for
4 weeks. The mice were injected twice daily (B.LD} with soboutancous calcium lactate {2
mg'hg) for 4 weeks. Histologieal analysis. Mouse Liver tasues (n=3) were dissected and fixed
in 4% paraformaldebyde PBS solution for 13 hat 4°C. Fixed liver tissues were embedded in
paraffin and sectioned at 10 pra. Slides wesre fncubated at 33°C for 2 h, and subsequently
deparaffinized in xylene and rehydrated in @ graded ethano! series and used for hewatoxylia
{Merck, Darmstadt, Germany) and eosin (H&E) stmining.  Paraffin sections {10 um thick)
stained with H&E were imaged using g Leolca DMV 1600 LED microscope (Leica Microsystems,
Wetzlar, Germany

Nasson Trichrome Stain, Mouse Liver tissues (n=3) were dissected and fixed fn 4%
pavaformaldehyds PRS solution for 15 hat 4°C. Fixed tissues were embedded in paraffin and
sectioned at 5 . Slides were incubated at 33 °C for 2 b, and subsequently deparaffinizad in
sylene and rehydrated in a graded ethanol serfes and re-fix in Bouin's solution for thr at 36°C,
remove the vellow color to rinse running tap water at S~1{ min and stained Biebrich scartet-
acid fuchsin soloton for 3 min than in phosphomolybdie-phosphotungstic acid solution {ratie
1:1} for 30 minutes, and aniline blue solution and stain for 15 minutes. Rinse briefly in distilled
water and i 19 acetic acid solution for 2-5 minutes. Dehydrate 85% cthyl aleohol, absolute
ethyi alcohol and clear in xylens, Meount with meunting medium, Imaged using 2 Leica DM
1060 LED microscope {Lelea Microsystems, Wetzlar, Germany).

FIG. 20 is a liver CTD {(NASH) i vivo experiment. To induce NASH, mice were fed
methionine-cholive defloient (MCDY) dist with pobyunsansated fay for 8§ wesks. The blood

chemistry vesults show that serum AST and ALT were significantly decreased by 2 ma/kg
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caletum lactate trealment. < (.001 va, methionine-choline deficient (MCD). Results ars
MEAN = 80
jo19} FIG. 21 provides immunohistocherical results showing that lipid droplets {white pores

in liver tissues) were not observed in the caloiom lactate-treated group while the B pé::: dmpiats
ware well observed n the methionins-choline deficient (MCD) group.  Wisatosis was
prevented by 2 mg/kg calolnn lactate treatment. The resulis show that steatosis is prevented
by caloln {actate treaiment,

18193 FI1G. 22 provides fmmunohistochemizal resulis showing that in the Bver lipid droplets
{white pores in Hver Hasues) are not present i the 2 mg'kg calclom lactate-treated group,
similar to the control group, while they ars found in the methinndue-choling deficient (MCDY
group.

{8194 FIG. 23 provides immunohiztochemical results showing that in the Hiver immune cell
infiltration is decreased in the 2 mg/kg calcium factate-wreated group, similar to the contraol
group, while immune cell infiltration is ncreased in the methionine-choline deficient (MUD)
roup.

{195} FIG, 24 provides immunohistochemical resudis showing that in the tver fibvosis
{collagen accumulation site; white arrows) 18 nod present in the 2 mp/kg calolum lactate-treated
group, similar to the contral group, while it is presest in the methionine-choline deficient
{MCDj group,

Hxampls 20
Targeting ocular disease (Age-related Macular Degeneration (AMD), Keratitis, and Diabetic

retinopathy}

[8196] Materials and Methods
97 Animale, Al experiments were performed under the institutional guidelines

stablished by ihe Institutional Awsimal Care and Use Committes at Gachon Usiversity
GACUC-2017-0008). Sheweek-0ld CATBL mice were purchased from Orient {Charles River
Korea, Seoul, Korea). All animals were maintained in a {2-hour light'dark cyele (light on,
O8:000 at 22-25°C with free access 1o food and water,

8198] Preparation of calcium lactate, Calobum lactate was purchased from Sigma Aldvich (St
Lentis, MO, USAYL  Two me,’kg of calelum lactate was dissobved in ssline for daily
subcutanecus infection {21 days

{6199} Animaal model for ooular disease. The mics were placed individually n an induction

chamber, and anesthesia was indoced with 2% soflurans (HANA PHARMCGO,, Seoul, Korea},
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The laser-induced rupture of Bruch's membrane was induced in both eves of mice by laser

photocoaguiation {SDL405-700, SD Laser, China). The laser pulses were from green laser
{wave length, 532 sy Visulas, $32; 5D Laser). Laser parameters were 100 wm spot size, 700
mw power and | § gxposurg time,

204 Preparation of choroidal flat mounts, Twenty one days alter laser injury, mice in cach
group were anesthetized and perfused through the lefl ventricle with 1.0 mb P8BS comntaining
25 mg fheoresesin Bsothincyanate-dextran (Sigma-Aldrich, St Louis, MO, USAY. Eyes were
enucleated and fixed in 4% pamsformaldehyde for 1 hour, Retimal pigment epihelium-
choroid-sclera eygoups were propared aftor hemiseoting the eye, with total removal of the leas,
vitrenys body, and reting. Retinal plgment epitheliom-chorpid-selera evecups were flattensd
fry the creasion of four or five radial fncisions, from the edge 1o the equator, and fat-mounied
in agua-mome,

f201] Histological analysiy. The fixed flat-mounts were dehydrated in a graded series of
ethanol and embedded in paraffin.  Paraffin sections (10 wm thick) were stained with
hematoxyiin (Merek, Darmstadt, Germany) and cosin Sigma-Aldrich, 8t Louds, MO, USAY
(HEE) and were fmaged using a Letca DM 000 LED microscope {Letea Microsystems,
Wetzlar, Germany), The choroidal lesion and neovascularization on the flat-mounts were
observed by confocal microscopy (Carl Zeisa, Oberkochen, Germany).

{ipdings Resulis

HIZ83] FIG. 26 provides representative images for HEE staining of lesion of inner layer of
choroidal lat-mount.  An abnormal morphology of retinal pigment epitheliinn was observed
after AMD induction (middie image). The morphology of the retival plgment epitheliom was

overed in 2 similar manner to the novmal control epithelbam (lefl image) by reatment with
2.5 mM calcium Bactate {right image},

{8204} FIG. 27 provides fluerescence images for kesion of inner layer of choroid on flat-mount
by laser-induced AMD. The choroidal lesion was observed after AMD induction (middle
image). The choroidal lesion was restored affer troatment with calclum lactate {right trage}

HUMIRY FIG. 28 provides fuorescence tmages for fesion of taver layer and neovascularization
of choroid on flat-moust by faser-induced AMEL The choroidal lesion and neovascularization
ware observed after AMD induction {middle image).  The choroidal lesion and
neovascularization were restored afler teabment with calcium lactate {right image}, same with

the normal control (Jeft tmage).

Example 21
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Targeiing Alzheimer & Stroke
[286] Materials and Methods
(3071 Animals, All experiments were carriad owt in accordange with anireal care guidelines

under Korean law (11737, rev’d April 5, 2013) and the guidelines sot by the Institutional
Andmal Care and Use Coromitiee at Gachon university {LCDE2018-0073). Bight-week old
male Spragus-Dawley (SIH rats were oblained from Samtako Co. {Osan, Gyeonggisda,
Republie of Korea) and bred under specific-pathogen-fres (8PF) conditions. Al animals were
maintained in g 12-howr Hght'dark ovcle at 22-25°C with free access to food and water.

[6288] Preparasion of Lipopolysaccharides {L8Y) and Caloium Lastate. Dissolve | mg of LPS
powder in bl of saline. Keep the tubes on jce 1T LPS Iy golng 1o be used fresh. For long
storage, sorew cap vials ave preforred. The aliquots were stored at -20°C, Caleium lactate was

purchased from Sigma Aldrich (8t Louis, MO, USA). Two mgfkg of calotum lactate were
dissolved in saline for daily subowtansous injection {21 days).

HEIG0] Intracrantal injection of LPS. The animals were placed in a small acrylic cage that was
coupled with an ancsthesia waching that allewed thew to breathe freely under gassous
anesthesia {2% isoffurane, Sparlanburg, 8T, USAY. Afler fill anesthesin of an animal was
achisved, it was positioned on an operating able {while maintaining the gaseous anesthesia)
with the superior aspect of the neck hyperexiended 1o expose the postericr region, The animal
fur of head was shaved with an clectric clipper, and the skin was swabbed with todins. LPS
was kept it on ice befors use. Al the surgical waterials disinfocted with 70% ethanol.
Hamilton syringe barrel inger space was cleaned with distilled water and 70% ethanol. The
Hamilion syringe was placed In the syringe holder, The animal in the sterentaxic apparatus
was placed on horizonatal position. A widline incision (about | om) on the skin of head was
made with the scalpel. The needie of Hamilton syringe was placed on the bregma. Read the
three coordinates (AF: -3.6, LM: 2.8, and DV -3.8) on the manipulator {in num} and write them
down; this was used for starting point, Slowly, set the DV coordinate of the injection poing;
this inserts the negdle Up into the brajn until the injection peint, The LPS solution {2 pl} was
released at an approximate flow rate of 6.5 pliniin, After the injection, the neadie was removed
very slowly. The wound area was elosed by suturing, and then disinfoctant was applied. The
vat was marked for further identification.

8214y Immunchistochemistry. Brain tissue was seationed a3 § pm on aryostat and stained for
histological examination. Microscopic images were obtained al 200X magnification. For
trnmunchistochensistry, sections werg bocked with 196 BSA and 1056 NGS in 0.05 M PBS for

{ h at room temperatuse and then reacted with rabbit anti-Iba-1 (1: 1000, Blogs, MA, USA  at
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4°C two overnights.  ABC staining system was used to visualize microglia {ba-1) In the
sections (Vector Laboratoriss, €4, USAL

{0211 Resuits

{0212 FiG. 29 provides an experimenial scheme for establishing Alzheimer and swroke
dizeasss, OMT-1 is caloium lactate. FHG. 30 provides representative images for showing
brain damage by LP3. Contralateral: normal vegion. Ipsilateral; LPS injection.

{8213} FI1G. 31 shows the recovery of damaged brain tissue and the reduction of microglis
infiltration that recruited ppon brain damage. The results show that the inflammatory reaction,

which sxacerbates Alzheimer's and stroke, is greatly redaced.

Hxample 22
Targeting Parkinson’s discase

{6214} Materials and Methods

{82158} Animals, Al experiments were carried out in accordancs with animal care guidelings
under Korean law (11737, rev’d Apetl &, 2013) and the goidelines set by the Institutional
Animal Care and Use Committes ot Gachon university (LCDE-2018-0073)  Eight-wesk old
male Sprague-Dawley (SIY rats were obwined from Ramtake (oo {Osan, Gyeonggi-do,
Republic of Koreg) and bred under specific-pathogen-~fres (SPF) condittons. Al animals werg
maintained in a {2-hour light'dark cycie at 22-237C with free access to food and water.

[B216] Preparstion of desipramineg, 6-0OHDA, and calcium lnctate. Desipramine (12,3 mp'ky;
noradrenalivg transporier blocker: Sigma Aldrich, St Louis, USAY was dissolved hy saline for
intraperitoneal injection, &-OHDA (20 pa/rat, Sigma Aldrich, 81 Losis, USAY was dissolved
in saling for intracranial injection, 2 mgdky of calcium lactate {Sigma Aldrich, St Louls, USA}
was dissolved in saline for daily sabowtancous injection (21 days).

{8217} Injection of desipramine and 6-0HDA, The animals were injected with desipramine
into the abdominal cavity (intraperitones! injection} 30 min before §-OHDA injection. 3¢ min
after Desiprawming injection, the animals were placed in a small acrylic cage that was conpled

with an anesthesia machine that allowed them to breathe freely under gaseous anesthesia (2%
isoflurane, Spariavburg, 3C, USAL  After full anesthesia of an animal was achieved, & was
positioned ow an operating table {while maintaining the gassous anesthesia) with the superior
agpect of the neck hyperextended 1o expose the posterior segion. The animal fur of head was
shaved with an electric clipper, and the skin was swabbed with ioding.  All the surgical
materials dislufected with 70% ethanol, Hamilton syringe bavee! inner space was cleaned with

distitled water aud 7% ethanol. The Hamilton syringe was placed i the syringe holder, The
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animal in the sicrootaxic appavatus was placed on horivontal position. A midiine incision
{about 1 om) on the skin of head was made with the sealpel. The needie of Hamilion syringe
was placed on the bregma, The three coordinates (AP 5.6, LM: 2.0, and DV -7.8) oo the
manipulator {in mum) were vead and used a8 the starting point. The DV coordinate of the
injestion point was sot slowly; this inserts the needie tip into the brain antil the injection point.
The 6~-0OHDA solution {20 ue/ 4 1) was reloased at an gpproximate flow rate of 1 ulfmin, After
the injection, the needle was removed very slowly, The wound area was closed by suturing,
and then disinfociant was applied. The rat was warked for finther Mentification,

{6218} Irmmuonohistochemistry. Brain tissue was sectioned at 3 win on cryostat and stained for
histological examination. Microscopie images were oblained at 200X wagnification. For
impmnobistochemistry, sections wore blocked with 1% BSA and 10% KRGS ki 0.05 d PBS for
th af roon temperatwre and then reacted with eabbit anti-tyrostoe hydroxylase {1:300,
Chemicon, Tokyo, Japan) at 4°C two ovemights, ABU stalning system was used to visealize

dopaminergic reuron in the seetions {Veetor Laboratories, CA, USA).

{81 Resolts
{8226] FIG. 32 provides an experimental schewe for ostablishing Parkinson’s disease. OMT-

110 ts calciom lactate,
8221} FIG. 33 shows the recovery of dopaminergic neuron by treatment with calctum lactate,

Parkinson's disgase is 2 pewrodegencrative disorder that affects dopamine-producing b

=

=

disrupting dopaminergic seurons in & specific area of the bram {substantia nigra}.

Example 23

Targeting Maltiple sclerosis and Spioal cord njury

22} Materials and Methods
{8223} Animals. All experiments were carried out in accordance with anima!l care guidelings

under Korean law {11737, rov'd April 5, 2013) and the guidelines set by the Tnstitutional
Animal Care and Use Committes at Gachoen university (LCDE2018-0073). Bighteweek old
male Sprague-Dawley (8D} rats were obtained from Samtako Co. {Osan, Gyeonggivdo,
Republic of Korea) and bred under specific-pathogen-free (SPF) conditions, Alt animals were
maintained in a 12-hour light/dark cyvele at 22.25°C with free access to food and water.
{0224} Preparation of Lipopolysaccharides (LPR} and Calcjum Lactate. Dissolve | mg of LPS
powder in 1 mi of saling. Keep the tubes on ice if LPS is going to be used fresh. For long

storage, use sorew cap visls are preferred. The aliquots were siored at deep Sreezer (26 °C)
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Caletum factate was purchased from Sigma Aldrich (86 Louls, USA). Two mgdky of calcium
lactate was dissolved in saling for daily subcutaneous injection (21 days).

Intraspinal injection of LPS. The antmals wote placed in a soallt acvylie cage that was
coupled with an anesthesia machine that allowed them to breathe freely under gassous
anesthesta (296 isoflurane, Spartanburg, SO, USAY  After full anesthesia of an animal was
gchisved, it was positioned on an operating table {while nmaintaining the gaseous anssthesia),
For intraspinal injection of LPS, the laminectomy site of rats was exposed. Two small holes,
b ram apard, were made in the dum over the lelt dorsal column. A volume of | pl of LPS
sofution was cavefully drawn up into a sterife Hamilton syringe, and the LPS solution was
slowly injected into the spinal vord, The syringe maimained in place for an additional 2 min

to prevent back-flux from the injection site. Then, the injzction site was closed by surgical

mmunohistochemistry,  Spinal cord tissue was sectionad af 3 pm on eryostat and
stained for histological examination.  Micrescopic bmages were obtained gt 200X
magnification, For imnwmohistochemistry, sections were blocked with 194 BSA and 0% NGS
in 0,65 M PES for ¥ hat oo teoperature and then veacted with vabbis anti-tha-1 (11006,
Rioss, MA, USA) ai 4°C two overnights. ABC staining system was used to visualize microglia
{Iha=1) in the sections {Vector Laboratories, CA, USA)

Results

FIG, 34 provides an experimental scheme for gstablishing multiple sclerosis. OMT-
1 H} is calelum factate.

FIG. 35 shows the recovery of demyelinate spinal cord and the reduction of microgha
infiltration by treatnent with calcium lactate, Demyelination of central nervous system and
trumune infiltration occur i association with inflanymation in a sumbser of disorders, ncluding

multiple sclerosis and spinal cord ffury.

Example 24

Targeting vascular disease (Atherosclerosis, corebral bomorthage, and myocardial infarction)
Materials and Methods
Animals. Al experiments were carried out In accordanse with animal care guidelings

under Kovean faw {11737, rev’d April 5, 2013) and the guidelines sst by the Institutional
Animal Care and Use Commitice at Gyeongg! blo canter 3017-11-0008, South Kovea), Fibe-

week old niale BALR/G ApoE™ mice were obminsd from Japan SLC Ine. (Shizuoka, Japan)
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and bred under specific-pathogen-free (SPF) conditions. All animals were maintained in a 12-
hour light/dark cycle at 22-25°C with free access to food and water.

[0232] Preparation of Calcium Lactate. Calcium lactate was purchased from Sigma Aldrich
(St.Louis, MO, USA). Two mg/kg of calcium lactate was dissolved in saline for daily
subcutaneous injection (21 days).

[0233] Animal model for vascular disease. BALB/c ApoE*" species is used for spontaneous
induction of vascular disease. In this investigation, a high fat (40%) diet was provided for 4
weeks to induce strong atherosclerosis.

[0234] Histological analysis. The thoracic aorta was transected, and a half of the aorta was
fixed in 10% neutral buffer formalin fixative solution. Then, histological analysis was
performed. Histological analysis was performed with H&E and Oil red O staining. Aortic wall
thickness, atherosclerotic plaque areas, foam cell numbers, and lipidated regions were
analyzed.

[0235] Statistical analysis. Statistical analysis was performed using SPSS statistics, and the
results were analyzed using Student t-test. Histologic analysis was performed using the Mann-
Whitney method. P < 0.05 was considered statistically significant.

[0236] Results

[0237] Table 1. Quantitative analysis for histological analysis. All clinical indicators of
arteriosclerosis were significantly increased after disease induction. However, the indicators
were significantly decreased after treatment with calcium lactate. *: significantly different
between G2 and G1, P < 0.05; ++: significantly different between G2 and G3, P <0.01; +:
significantly different between G2 and G3, P <0.05.

HISTOPATHOLOGICAL ANALYSIS MALE
MEAN ;
) ATHEROSCLEROTIC  poanfCELL LIPID DEPOSITED
AORTAWALL PLAQUE ) i
(um) (um’) (cells'mm-) (nu)
Gl 47712243 0.00£0.00 0.00£0.00 0.01x0.00
G2 147.51223.58" 0.50=0.08 135.75=31.76" 0.41=0.06"
G3 §5.83£8.707 0.10=0.03" 39.00=10.137 0.09=0.03™
Data were expressed as mean=S.E. M. The results were statistically analyzed by Afann-Fhimer

methods.

G1: Normal control (Saline); G2: Vehicle control (Saline); G3: Calcium lactate; G2-G3: High cholesterol
diet supplied ApoE-deficient mice (Atherosclerosis)

[0238] Evidence for direct targeting on Atherosclerosis

Table 2. Clinical blood chemistry
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CLINICAL BLOOD BIOCHEMISTRY (mgidl)  MALE
GROUF TOHD TG L. HDL
Gi 113.743.8 757518 1S.043.9 8734116
G0 20924434927 48,6468 15416230.87 20421177
G3 2328.0458.7 548628 [S37.1%14.2 1972437

Drats were expressed as meanaS.EM. statistically analyzed by vaaden? #oesf mvthods.

e statisticstly different betwenn G2 and G, P01
¥ statisticatly different berween G2 and G P<D.05

Gz Normal control (Saline, n=1)
G Vehicle controd {Raline, v=8)
€332 Pest article {Calciun {nctste pontahydrate, =R}
£32-0G3: High chelestorol dist supplicd ApoEdeficient mice
{8239} Pathogenic Tactors such as cholesteral (TCHO, LDL cholesterol (LDL), wrigiveerides
{TG, and HIL- cholesterol (HDL) were not controlled by calcium lactate. The comingd form
of caleium with lactate acts as a single ingredient divectly on the disease site {see FIG. 36).
2401 FIG. 36 provides representative histological profiles of the aorta tissues. The tissues in
left and middie side of plotures are 2 H&EE staining. The tissues in vight side of pictures are an
ol red staining for distinguishing the atherosclerotic lestons, The atherosclerotic lesions wers

deoreased by treatment with calolurn lactate.

Exanmple 25

Targeting periodontal discase {Pulpitis and Perindoaiitis)

{3241 Materials and Methods
{8242 Animals. Al experiments werns catried out in accordance with animal care guidelines
under Korsan law {11737, d April 5, 2013) and the gidelines set by the Institutional

Animal Care and Use Committee at Gachon undversity (LCDI2018-0073). Eight-week old

nale Sprague-Dawley (83} rats were obtained from Samiske Co. (Osan, Gysonggi-de,

Republic of Korea) and brad under specific-pathogen-free (8PF) conditions. All animals were
maintained in g 12-hour Hght/dark oyele at 22-23°C with free access to fond and watker

{8343} Preparation of Lipopolysaccharidex {LPS) and Calotum Lactate, Dissolve 1 mg of LPS

powder in 100 pl of saling. Keep the tubes on ice if LPS is going fo be used fresh. For long

stovage, use sorew cap vials are preferred. The aliquots were stored in o desp freezer (20°C)

Caleium laciate was purchased from Sigma Aldrich {(St.Louis, MO, USAY. Two mgkg of

calohum lactate was dissolved in saline for dally suboutancous injection 21 days),
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Animal modst for periodontal disesse.  Periodontal discase was indoced by
intragingival Injection of LPS {1 mg/100 pl} in sterile saline. A five hypodermic needle was
inserted at the mesiolateral aspect of the first right mandibular molar and the tip moved distally

50 that the injsction was made al the imerdental papilla between the first and sscond molars.
The injection was slowly made, and the needle held i place for 10 seeonds post injection o
ensure that the LPS was uot lost through the neadle track

Histological analysis. Rat gingiva including tooth were dissected and fixed in 4%
paraformaldehyde for I days 8t %0, Fixed tissues were embedded in paraffin and sectioned at
18 wm. Slides were incubated at 55°C for 2 &, and &ubseqiiﬁmiy depavaffinized in xylene and
rehydrated in a graded ethanol series and re-fix in Bown’s solution for | b, remove the yellow
colwr $o rinss running fap water for 5~10 min and stained with Bisbeich scarlet-actd fuchsin
sedution for § min than in phosphomolivbdic-phosphotungstic scid solution {ratie 1:1) for 30
myin, and snitine blue solution for 13 min. Rinse briefly in distilled water and in 1% acetic acid
solution for 5 min. Dehydrate 95% ethyl alcohol, shaohute ethyl aleohol and clesr in xylene,
RMoant with roounting medium, The stainged tissues were Imaged using a Lefca DM 1000 LED
microscope {Lelca Microsystems, Wesedar, Germany),

Results

FRy 37 shows Masson's trichrome staining for periodontal tissues,  LPS treatroent
inducss periodontal disease, which causes Joss of lipammenis and gingiva around the rout of
weath (middle image). The ligaments and gingiva were recovered afier treatment with calcium

jactats

i

vight image}, same with the normal control {(left image).

FIG. 38 shows Massow's trichrome staining for the upper gum. The upper gum around
the perindontal tissue that was treated with LPS shows abnormal morphology by sevire
inflamnsation {middle image). The morphology of the upper gum was recovered after

treatment with caleium lactate {right image}, sare with the normal control (left image).

Exarnple 26
Targsting Musculoskeletad discase (Rheomatoid Artheitis)

Materials and Methods

Animals. Al experiments were carried out in accordance with animal care guidelings
under Korean faw {11737, rev'd April 5 2013) and the guidelines set by the Institutional
Animal Care and Use Committee at Gyeonggl ho center 2017-11-0003, South Korga), Six-

week old male DBALA mice were obtained fram Japan SLC Inc. (Shizuoka, Japan) and bred
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pnsder specific-pathogen-free {SPF)} conditions. All avimals were maintained in a 12-hour
fight/dark oycle at 22-23°C with free access to fuod and water.

f8351] Preparation of agents. Two mg/ml Tyvpe 1 collagen was mixed with the same volume
of complete Fround's adjuvant ({CFA) for primary induction of rheumatoid arthritis, Tawo
mgfmb Type I collagen was mixed with the same volume of incomplete Freund's adjovant
{IFA) for secondary induction of vheamatond wihritis. Two mgkg of calchum lactate was

dissoived in saline for daily subeutancous injection (21 days)

{0252} Animal model for rheumatoid arthritis
{8253} Primary indugiion: 6.1 mL of the mised solution (Vype 1 collagen + CFAY was

injected subcutancously into the area of L35 omy from the base of tall of mive. The
administration site and depth were the same in all mice.

{8254] Secondary induction: 21 days afler primary induction, 8.1 mbL of the mixed solation
{Type H collagen + IFA) was injected subcutancously into the area of 1.5 om from the base of
tail of mice. The administration site and depth were the same in all mice.

2588 Histological analysis, The wmice foot and knee joint were dissecied and fixgd (%
paraformaldehyde) and decsleified for 2 days gt 4°C. The tissues were ambedded in paraffin
and sectioned 8t 15 pm. Slides wore incubated at 353°C for 2 b, and subscequentty deparaffinized
in xvlene and rehydrated n 8 graded sthanol se arwd stained with Bicbrich scarlet-acid
fuchsin solution for S min than in phﬂsphnmoiyha{ic~p.§msphmungstic acid solution (ratio 111)
for 30 min, and aniline blue solution for 15 min. Rinsg beiefly in distilled water and in 1%
acetic acid solution for 3 min. Dehydrate 95% ethyl aloohol, absolute cthyl alcohod and clear
in xylene. Mount with mounting medinm, The siained tissaes wore hnaged using a Lefca DM

10608 LED microscope (Leica Microsystoms, Wetzlar, Germany ).

182561 Results
{0257 FIG, 3¢ shows Masson's trichrome staining for foot and Kknee jolns tissues.

Inflammatory adema was observed in the toes and knee joint by rhoumatoid artheitis {middle
images). 21 days after treatraent with Calia, the inflammatory edema clearly decreased in the

toes and knee joint (ower images), and it was mowphologically recovered same with the normal

control {upper images).

Fxample 27
Targeting Digostive disease {(Inflammatory bowel disease: Crobn’s and Colitis)
{1238 Materials and Methods
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[825%] Animals, Al experiments were carried out in accordance with animal care guidelines
under Korean law (11737, rev’d Apeil §, 2013) and the guidelines set by the Institutional
Animai Care and Use Committes at Gachon upiversity (LODER2618-0073), Siv-wesk old male
Spragoe-Dawley (S13) rats were oblained frow Bamtako Co. {Osan, Gyeonggi-do, Republic of
Korea) and bred ander specific-pathogen-free (SPF) conditions,  All animals were maintaingd
i a 12-hour Bhght'dark oyvele &t 32-238°C with free access 1o {ood and water,

[62686] Agents and animal model. To induce Trohn's diswase and colitls, Indomethacin was
purchased from Sigma Chemical (St Louts, Missourl, USA) and was diasolved in saline. Two
mgiky of caloham lactate was dissolved in saling for daily submutancous injection (21 days),
Two models of inflammatory bowel disease were used. Urohn’s disease was induced by oml
adminiastration of indomethacin {7 mg'kg), and colitis was induced by subcufaneous injections
of Indomethacin {7 mg/kg) daily at a 24 b intervals (FIGs. 40 and 42).

{4261} Histological analysis. The fixed flatemounts were dehvdrated in g graded series of
cthanol and embedded n paraffin. Paraffin sectiony {5 um thick) were stained with
hematorylin (Merck, Darmstadt, Germoany) and cosin (Sigma-Aldrich, 81 Louis, MO, USA)
(H&E) and were inmaged using a Leica DM 1000 LED microscope (Leica Microsystems,

Wetrlar, Germany),

(8262 Resulis
{0283} FIG. 40 provides an experimental scheme for inducing Crotut’s diseass.
18254] FI5. 41 provides representative images for H&E staining of Crohn’s discase.

Transmural inflammation and linear ulkeeration in ntestine were ohserved after induction of
Crohn's disease (middie lmage). Four-week afler treatioent with Cala, the transmural
nflammation and Hinear wleeration were clearly decreased n the intesting] tissues {fower

images), and it was morphologically recovered samse with the normal control (upper Images).

{0265} FIG. 42 provides an experimental scheme for inducing colitis.
[8266] Fiz 43 provides representative images for H&E staining of colitis.  Superficial

ulceration, polyp, and Inflanumation ir intestine were observed after induction of colitis (middle
wnage).  Four-week after treatment with Cala, the Superficial ulcoration, polyp, and
inflansmation were clearly decreased in the intestinal tissees (Jower images), and B was

morphologically recoversd same with the normal control {upper images).

LR Some additional embodiments disclosed herely inclade but are not limited to the

following:
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H.

43

A method of weating asthma, pulmonary fibrosis, obesity, gastrosnteriis,

chronie Wmflaromatory bowel disease, and/or atopic dermatitis, the method

comprising administering to a subject in need thereof a therapeutically effective

amount of calcium lactate,

A method of treating chronic obstructive pulmonary disease, pneumonitis,

keratitia, atherosclerosts, arteriosclerosis, myocarditis, diabetes, vhewnatold

arthritis, pulpitis, periadmtitﬁs? andfor psoriasis, the method comprising

administering o a subject in nead thereof a therapeutically effective amount of

caloium lactate.

A method of eating Alzheimer’s disease, stroke, Parkinzon’s disease, multiple

sclerosis, age-refated macular degeneration, nov-alcoholic fatty liver disease,

sepsis, and/or osteoporosis, the method comprising administering o 8 subject

in need thereof a therapeutically effective amount of calcium lactate.

The methed of any one of embodimenis A-C, wherein the calcium lactate is

administered in a pharmaceutical composition comprising a pharmaceutically

acceptable carrier, excipleny, or dilnent.

The method of any one of embodiments A-D, wherein the pharmacsutical
mposition is formulated o figuid, powder, acrosol, injection, fhld

transfusion, patch, capsule, pill, tablet, depot, or suppository.

The method of any one of embodiments A-D), whereln the pharmaveutical

compostiion comprises a therapeutically effective amound of caleium lactate as

an sctve agent and a phamnaceutizally acceptable polysaccharide, polymer,

lipid, or sombinations thereof.

The method of embodiment F, wherein the pharmaceustical composition
ymprises the caleium lactate and the polysaccharide,

The method of embodiment G, whersin 8 weight ratio of the calchum lactate to

the polysaccharide is 1<0.2 to L5,

The method of embodiment (G, wherein a weight ratio of the calctom lactate 1o

the polysaccharide is 1:<0.2,

The method of embodiment G, wherein a weight ratio of the caletum lactate o

the polysaccharide is 102 to 13

The method of any one of smbodiment B, further comprising a polymer andfor

lipid,
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The method of sndbodiment K, further comprising the polymer and lipid,
wherein the weight ratio of the polymer to the lipid s 0.1 to 1150,

The method of any one of embodiments K-L, wherein the weight ratio of the
calcium lactate to the polyroer and/or Upid s at feast 13,

The method of smbodiment M, wherein a weight ratio of the caleivm factate 1o
the polymer and/or lipidis 1:5 to 1:30

The method of embodiment F, comprising the calehun lactate and the polvmer
andior lipid.

The method of embodiment {3, comprising the polymer and fipid, wherein the
weight ratio of the polvier to the lipid s 1:0.1 to 150,

The method of any one of cmbodiments O-P, whereln g weight ratio of the
calctumn lactate to the polymer andfor lipid 15 at least 1S,

The method of any ong of embodiments OQ, wherein the weight ratio of the
calehum {actate to the polymer andfor lipid is 1:5 to 130

The method of any one of embodiments O-R, whereln the composition Is short-
acting,

The method of any one of embodiments G-, wherein the composition is long-

acting.

The method of any one of embodiments F-T, wherein the composition is an
injectable compositing,

The method of any tne of entbodiments F-L, compeising the polysaccharide

that is a cethulose derivative, pectin, hyaluronic acid, starch, guar gum, chitosan,
gelating collagen, alginate, alginic acid or combinations thergof,

The method of any one of embodiments F-V, comprising the polymer that s a

poloxamer, polyvinyipyrrolidone, pobvetbylene glyeol ., polygiveslic
lactic acid {PLGA), or condsinations thereof
The method of any one of embodimsents F-W, comprising the lipid that is a

mono- o tri-fatty acid glveerin ester or polvethviene giveol, polyvethylens

ghyvool esters of vegetable oils, fafty acid propyiene glyeol esters, sesame of,
soyhean o, castor 0il, corn oil, palm ol peanut oil, cacao o, cottonseed o,
sunflower seed oil, safflower oil, almond oll, olive o, hydrogenatad oll, oleic
acid, Hinolenic asid, Huoleie acid, palmitic acid, palmitoleic acid, arachadonic

acid, woyristic acld, capric acid, caprylic scid, lauric acid, stearic acid, ethyl
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olsaty, isopropy! palmitale, cotvldedsoy! myristate, cetyl palmilase, lauryl
alechol, oleyl aleohel, cetyl alcohol, stearvl alcohad, or conthinations thereof,

Y. The method of any one of crabodiments F-8 and U-X, wherein upon placement
of the composition I an in vilro dissolution test comprising an slution test
method at 300 rpm in 200 mi agueous medivm having a pH of 6.8 at 37°C using
a wylon filter having a pore sixe of 48 gy, at least about 40% of the active agent

is released after 6 hours.

M

, The method of any one of embediments F-8 and U-Y, wherein upon placement
of the composition in an in vitvo dissolution test comprising an slution test
meshod at 300 rpm 10 200 s aquecus medinm having a pH of 6.8 a1t 37°C using
a nylon filter having a pore size of 43 um, 8l least about 60% of the active agent
s refeased after 12 hours.

AA. The method of any one of embodiments F-8 and U-Z, wherein upou placement

of the composition in an in vire dissolution tost comprising an clution test

methed at 300 spm in 200 ml aqueous mediom having a pH of 6.8 2t 37°C using

Q.7

a rivion filter having a pove size of 45 m, at least abont 8% of the active agent
is released after 24 hours.

BE.  The method of any one of embodiments P8 agnd U-AA, wherin upon
placement of the composition in an in vitro dissolution fest conprising an
elution test method at 300 rpm in 200 mi agueous medium having a pH of 6.8
at 3770 using & nylon fHter having & pore size of 43 pomy, at least about 9095 of
the active agent s released after 48 hours.

CC. The msthod of any one of cmbodiments F-H, LR, and T-X, wherein upon
placement of the composition in an in vitre dissolution fest comprising an
clution test method at 300 rpra in 200 el aguecus medium having a pH of 6.8
at 37°C using 2 nylon filter having a pore stee of 45 pm, less than about 40% of
the active agent (s released after 24 howss.

DD, The method of any one of enmbodiments F-H, I-R, and T-CC, wherein upon
placement of the composition in an in vitro disselution test comprising an
alution test method at 300 rpm in 200 mi aqueous medium having 2 pH of 6.8
#t 37°%C using a nyvlon filter having a pore size of 45 um, less than about 60% of
the active agemt is releassd after 48 hours.

EE.  The method of any one of evobodirwents F-H, FR, and CC-DD, wherein upon

placement of the composition In an in vitro dissolution test comprising an
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glution test method at 300 rpm {n 200 o aqueous medium having a pH of 6.8
at 37°C using s nylon filter having g pove stz of 45 um, less than about 80% o
the active agent is released after 72 howr

The method of any one of embodiments F-H, IR, and CC-EE, wherein upon
placement of the composition In an in viro dissolution test comprising an
elution test method at 300 rpm in 200 wl agueous medium having a pH of 6.8
at 37°C using a nylon filter having 2 pore size of 45 ywm, less than ahout 90% of

the active agent s released after 144 hours,

p=d

N 3

The method of any one of embodiments F-FF, wherein the composition is

contatned in a sterile glass or polyolefin container,

&

The method of any one of embodiments A-D, wherein the calcium factate is
coated with a pharmacentically scceptable enteric coating.
The wethod of embodiment HH, wherein the enteric coating comprises
fydroxypropyl methyl cellulose phihatate (HPMCP), cellulose acetate phthalate
{CAP), polyvinyl acetate phthalate (PVAP), shellac, polymer of methacrylie
acid and an ester thereof, or connbinations therent,
The method of any one of embodiments HH-, wherein the weight ratic of the
caleiuns lactate 16 the enteric coating is M08 w 1115
The method of any one of embodiments HH-IJ, wherein n an In vitro
dissolution test comprising a USP Paddie method at u paddie speed of 30 rpm
at 37°C, when the composition is placed fn 0.1 HOY for 120 minutes followed
by adiusting to pH 6.8 with phosphate buffer, less than about 20%6 of the sative
sgent is released after 34 minutes,
The method of any one of embodiments HH-KK, whergin in an in vito
dissolution test comprizing a USP Paddle method at a paddie spesd of 30 mpm
at 370, when the composition is placed i 8.1 N HCH for 120 minutes followed
by adjusting 1o pH 6.8 with phosphate buffer, less than 38% of the sctive agont
is released after 60 minntes.
The smethod of any one of embodiments HH-LL, whevein In an in vitro
dissolution test comprising 8 USPE Paddle method at a paddie speed of 30 rpm
at 37°C, when the composition is placed in 8.1 W HCH for 120 minwtes followed
by adiuating to pH 6.8 with phosphate bufler, less than 50% of the active agest

is released afler 120 minotes
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KN, The method of any one of embodiments HH-MM, wherein in an in viiro
dissolution test comprising a USP Paddie wethod at a paddle speed of 30 rpm
at 37°C, when the composition is placed in 6.1 N HCI for 120 minutes followed
by ad}usting to pH 6.8 with phosphate buffer, less than 10% of the active agent
is refeased after 120 minntes.

00, The method of any one of embodiments A-B, wherein the calcium lactat i
pravided in a food or nutrient composition comprising calciuns lactate.

PP The method of embodiment OO, wherein the composition {s an injectable

nutritional supplement.

The entivety of US. Appl No. 62/618,923, filed January 12, 2018, is incorporated

The foregoing description of the specific embodiments will so fully reveal the genersl
nature of the tnvention that othevs can, by applying knowladge within the skill ofthe wet, readily
modify and/or adapt for various applications, without departing from the general voncept of
the invention. Therefore, such adaptations and modifications are intended to be within the
meaning and range of equivalents of the disclosed embodiments, based on the teaching and
guidance presented herein. {1 s 1o be understood that the phraseology or terminclogy hergin is
for the purpose of description and not of Hmitation, such that the terminology or phraseology
of the present specification s 1o be interpreted by the skilled avtisan in ight of the reachings
and guidance.

The treadth and scope of the present invosntion should not be HUmited by any of the
above-deseribed exemplary embodiments, but should be defined only in accordance with the
following claims and their equivalests,

All of the various aspects, embuodinents, and options described hereiv can be combinegd

in any and all variations.
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