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METHOOS OF TREATING CHRONC INFLAMMATORY DISEASES

BACKGROUND OF THE INVENTION

{0861} Chronic  nflaromatory  discase{s} (CID) underping the pathological coundition
characterized by chronic inflammation, defined as 8 prolonged and persistent pro-inflammmatory
state (13, CID includes many common and uscoromon CID such as respiratory diseases {e.g.,
asthung, chronic obstructive pulmonary disease, pneumonitis, and pulmonary fibrosis) (2,
poular diszases (.8, keratitis and agesrelated macular degeneration} (3}, autoimpnins disease
{4), nephropathy {5), neurodegenerative dissases {eg., Alzhehmer’s disease, stroke,
Parkinson’s disgase, and mubtiple sclevosis) {6), cardiovascular diseases (e.g.. atheroscelerosis,
arteriosclerosis, amd myocarditis) (7}, melabolic disorders (e.g., diabeies and obesity) (&),

suscuioskeletal discases {e.g., rheumatold arthritis and osteoporosis} {9, 1), periodontal

diszases {o.g., puipis and pertodontiig) {11, digestive diseases {e.g., non-alcobolic Sty Hiver
diszage, gasirognteritis, and chronie inflanwnatory bowe! disease} {12}, and skin disorders {e.g.,
psoriasts and atopic dermatitis) (13, 14)

REE An gpidemiolagical study showed that C1D is a leading cause of death throughout the
world and has been increasing over the last three decades. It has been estinated that by 2034,
171 million people will be affected by CID In the United States (131, There are various types
of anti-inflammatory drugs 1o treat inflanwoation, such as asping, antihistamines, COX-2
inhibitors, corticosiernid, and nonstercidal anti-inflammatory dougs (NSAIDsY  However,
there are lmitations for long torny admindstration of such existing drugs due to side effects

temporal efficacy.

BRIEF SUMMARY OF THE INVENTION

{0003} Disclosed herein is a method of treating a chronie inflapnmatory disease, the method
somprising adminisiering 10 a subject in need thersof 8 therapautically effective amount of
cafoium lactate,

{80041 Disclosed herein 15 a method of treating Alzheimer’s diseass, Parkinson's disease,
atheroselerosis, and/or stroke, the method comprising administering 1o a subject n nged thersof
a therapeutically effective aoount of caleium lactate.

fonas) Also diso

,,,,

oxed I8 a method of treating multiple sclerosis, age-related macular

degeneration, nonalccholic farty ver dissase (NAFLD), andfor rheuwmatold arthritis, the
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method comprising admisistering 1o a subject in wneed thereof a therapeutically sffective
amount of caleium lactate. In some embodiments, the method is for treating NAFLD and the
NAFLD is nonaleoholic steatohepatitis (INASH).

{0006} Also disclosed is a method of teating pulpitis andéor periodontitis, the method
comprising adminisiering fo a subject iy seed thereof a therapeutically sffective amount of
calcium {actate.

[4867] Forther disclosed Is a method of reating inflammatory bowet disease (IBD), the method
comprising administering to a subject in need thereof a therapeutically effective ameount of
caloium lactate. In some embodiments, the 1BDY is Crohn’s disease or uloerative colitis,

{BO08] Further disclosed &5 a method of treating spinal cord injury, corebral hemorrhage

-x

3

myocardial  infarction, Keratitls, and/or diabetic retivopathy, the method comprising
administering to a subject in need thereof a therapsutically effective amonnt of caleiom fctat

[6609] Drisclosed herein is a method of treating asthma, pulmonary fibrosis, obesity,
gastroenteritls, chronic inflammatory bowel disease, andfor atopic dermatitis, the method
comprising administering 0 a subject in nesd thereof a therapeutically effective amount of
caloivm lactate. Also disclosed herein is & method of treating chronic obstructive puimonary
discase, pneumonitis, keratitis, atherosclerosiy, arteriosclerosis, myocarditis, diabstes
rheumatoid  arthritis, pulpitis, periodontitis, andior psoriasis, the method c{\“‘i}‘}“!»"‘g
administering to 3 subject in need thereof a therapeutically sffective amount of caloium lactate.
Also disclosed herein is 2 method of treating Alzheimer’s diseass, stroke, Rarkinson’s discase,
ultiple sclerosis, age-related wacular degeneration, now-alecholic faity Hver disease, sepsis,
and/or osteoporasis, the method comprising administering to a subject in nead thersof a
therapeutically effective amount of calchum lactate.

HE T In aome embndimem& the calclum factate is administersd in a pharmaceutical
comiposition comprising a pharmaceutically accsptable carvier, excipient, and/or diluent. In
some embodiments, the pharmaceutical composition is formulated Into liguid, powder, agrosol,
mjection, fluid transfusion, pateh, capsule, pill] ablet, depot, o suppository

{BO11} In some cmbodiments, the pharmaceutical composition comyprises a therapeutically
effective amount of calelum lactate 35 an active agent and a pharmaceutically acceptable
polysaccharide, polymer, lipid, wr combinations thereof.  In some embodiments, the
pharmacentical compoaition comprises the calcium lactate and the polysaccharide, n some
smbodiments, a weight ratio of the calcinm lactate to the polysaccharide is 1:<0.2 10 ©:5. In

(

some embodiments, a weight ratin of the calcium lactate to the polysaccharide is 1:<0.2, In

s
L

somne embodiments, a weight ratio of the caloium Jactate o the polyssccharide is 1:0.2 1o
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{88121 In some embodiments, the pharmacsutical composition Rother comprises a polymer

apdior lipid.  In sowe embodimenty, the pharmacentical composition further comprises the
polymer and Hpid, wherein the weight ratio of the polymer to the ipid s 1001 o 130, Insome
embodiments, the weight ratio of the calciue lactate to the polymer andfor hpad is at east 1.8,

in some embodiments, 3 weight ratio of the caloinm lactats to the polymer andfor lipid is 123

{8613} In some embodiments, the pharmacswtical composttion comprises the calclum lactate
and the polymer andior Hipid  in some erabodiments, the pharmaceutical composition
somprises the polymer and lipid, wherein the weight ratio of the polymer to the Bpid s 1:001
to 130, In some embodiments, a weight ratio of the caleium lactate to the polymer andfor lipid
s at fgast 15, o some embodimans, the weight ratio of the caleam lactate to the polvmer
andfor Hipid s 115 0 136,

{0014} in some embodiments, the composition s short-acting.  In some embodiments, the
compostion is lopg-scting.  In some embodiments, the composilion is an injectable
composition,

[86815] In some embodiments, the polysaccharide is a celiulose derivative, pectin, hvaluronic
acid, starch, guar g, chitosan, gelatin, collagen, alginale, algmic acid ov combinations
thereof

{8il16] fn some embodiments, the polymer s a poloxamer, polyvinyipyrrolidons, polysthyle

ghveol {PEG), polvgiyeolic lactic actd (PLGA), or combingtions thereof,

Pied

Y

{00174 in some embodiments, the Upid s a mons- or i-fatty acid glvesrin sster or
polvethylens giveol, pelvethiviene glyeol esters of wegetable ofls, fatty acid propylene glveol
esiers, sesame oif, sovbean oil, castor oil, corn oil, palm oil, peanut oil, cacan o, colionssed

3.

oil, sunflowsr seed oif, safflower ofl, almond ofl, ofive ofl bydrogenated oif, oleic acid

o 13

Hnolenic actd, linolete acid, palmitic acid, palmitolels acid, arachadonic acld, myrnistic acid,
caprie actd, caprviic acld, laurte acid, stearne acid, ethyl oleate, isopropy! paimitate,
octyldodecyl myristate, cetyl palmitate, lfauryl alechol, oleyl alcoboll cetyt alcobol, stearyl
algnhol, or combingtions theveof,

O8]} in some embodinents, upon placenment i the pharmaceutical composition in an in vitro
dissolution test comprising an elutton test method at 300 rpm in 200 mi agueous medium
having a pH of 6.8 a1 37°C using a nylon filer having a pore size of 43 pm, at east abowt 40%
of the active agent is released after & hows,

{8019 Inn some embodiments, upon placement of the pharmacewtical compositton fn an in vitro

dissolution test comprising an ehution test method at 300 rpm i 208 mi agueous medium
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faving a pH of 6.8 at 37°C using & nylon filler having & pore size of 45 pm, al least abosut 60%
of the active agent 1 refeased after 12 hours.

{8128 fo sonie envbodiments, upon placerent of the pharmaceutical composition inan i viten
dissolution fest comprising an elution test method at 300 rpm in 200 mi aqueous medium
having 2 pH ol 6,821 37°C asing a nylon fher having g pore sive 0743 vy, at least about 80%
of the active agent is released afier 24 houwrs,

{8021} In some embodiments, spon placement of the pharmaceutical composition in an In vitro
shissolution test comprising an elution test method at 300 spm in 200 ml agueous medium
having a pH of 6.8 a1 37°C using a nylon Bher having a pore sive of' 43 pm, at least about 80%

ofthe active agent is refeased after 48 howr

8023 In some ersbodiments, wherein upon placement of the pharmaceutical composition in

an in vitre dissolution test comprising an elution test method at 360 rpn in 200 mi aqueous
medinm having g pH of 6.8 at 37°C ssing a nylon filter having a pore size of 45 pm, less than
about 40% of the sctive agent is released after 24 hours.

{8623 fi some embodiments, upon placement of the pharmaceutical composition in an fn vitso
dissolution tgst comprising an elution test method at 300 rpm in 200 mi agusous medhnn
having a pHl of .8 at 37°C using a nylon filter having a pore size of 43 pm, less than abowt
&% of the active agent is released after 48 hours,

{0824] I some embodiments, spon placcment of the pharmaceutical composition in anin vitro

37

dissolution test comprising an elution test wethod at 300 rpm i 200 mi agecous medium

having a pH of 6.8 at 37°C u;rg a nylon filter having a pore size of 45 pm, leas than abowt

B% of the active agent is released afler 72 hours.
{B028] fn some embodiments, upon placernent of the pharmaceutical composition n an in vitro

dissolution test comprising an elution test method at 300 wpan in 200 mi agueons medium

e
ol
o
£
=
=
i
A
[t
=

having a pH of 6.8 at 37°C using & uylon filler having & pore size of 43 uny, less the
G0% of the active agent is released alier 144 hours.

18828] I soms smbodiments, the pharmaceutical composition is contained in a stesile glas

b

ar

polyolefin container,

W2

HIIZT) In some embodiments, the caloium lactate is coated with a pharmaceutically acceptabie

enteric coating. In some embodiments, the enteric coating comprises hydroxypropyl methyl

f‘

cetlutose phihalate (HPMOP), cethufose acetate phibalate (CAF), polyvinyl acetate phthalate
{PYAP), sheltar, polymer of methacrylic acid and an ester thereot, or combinations thereoll In
some embodiments, the welght ratio of the calclum lactate (9 the enterie coating s 1805 1o

L3, {n some embodiments, iv an @ vitro dissolution test comprising & USP Faddle method
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at @ paddie spoed of 30 rpm at 37°C, when the composition ts placed in 0.4 HCH for 120 minutes
fodlowed by adjusting to pH 6.8 with phosphate butfer, less than about 2096 of the active agent
i¢ released afler 30 minutes. In some embodiments, in an in vitro dissolution test comprising
a USP Paddle method at 3 paddie spead of 30 rpm at 37°C, when the composition is placed in
.1 N HCH for 120 minutes followed by adiusting to pH 6.8 with phosphate buffer, less than

30% of the active agent is released after 80 minptes. In some embodiments, 1 an in vitro

~r

dissolution test comprising a USSP Paddie method at a paddle speed of 30 rpmat 37°C, w

?’

en

3

the composition is placed in 8.1 N HCH for 120 minutes followed by m‘l}u&:&img 1o pH 6.8 with
phosphate buffer, less than 30% of the active sgeny is released sfter 120 minutes. In some
sinbodiments, in an i vitvo disselttion test comprising 2 USP Faddis method at a paddie speed
of 30 rpm at 37°C, when the composition is placed in .7 N HO for 129 mirates followed by
adinsting 1o pH 6.8 with phosphate buffer, less than 10% of the active agen s released after

120 mimyes.
{02&1 In some embodiments, the calciam lactate is provided in & fiod or mutvient composition
comnprising calcium lactate. In some ewbodiments, the food or nutrient composition s an

injectable nutritional supplement.

BRIEF DESCRIFUION OF THE FIGURES

{{H125] FIG. 1. Human keukemic monocyte in vitto experiment. Western biot results indicated
that inflapmatory factor (NF-b) was decressed by 2.3 mM calcium lactate teatment in THP-
I celis (hman lpukemic monocyvie) onder hyvpoxia condition,

{0638] FIG, 20 In vitro experimment of human lkukestic monoovies differcntiated into
macrophages. Western blot results ndicated that inflanmwoatory factor (NF-xh) was decreased
by 2.3 M caloium lactate freatment in differentiated THP1 eells with PMA {phorbel-12-
myristate- | 3-acetate} (MO macrophage) under normoxia and hypoxia conditions.,

{0631} FIG. 3. Western blot results indicated that inflammatory factor {NF-xiy) was decreased
by 2.5 mM calcium lactate reatment in difforentiated THP-1 colls with interferon ganuna (IFN-

¥Yand Lipopodvsaccharide (LPS) (M1 macrophage) onder normoxia and hypoxia conditions.

{0032 FIG. 4. Western biot results indicated that mflapwnatory factor (MF-xb) was decreased
by 2.5 mM ecaleium lactate treatnent in difforentiated THPT cells with interfeukin.g (114}

and wnterieukin- 10 (JL-10) (M2 macrophage) under normoyia and hypoxia conditions
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[833] FIG, 8 Liver fibrosis dn vitro experiment. Western blot resulis indicated that hypoxia

inducible factor-Ta (HIF-10) was decreased by 2.5 mb calctum lactate treatment in LX-2 celly
(human hepatio stellate cell) undey hypoxia condition.

{0034} FI1G. 6 Humen cndothelia colls in vitro experiment, Western blof results indicated
that hypoxia-mediated factors {Iactate debydrogenase A) wore decreased by 2.5 mM calchinm
lactate treatment in human umbilical vein endothelial cells ungder hypoxia condition

[HO35] Fifz. 7. Human fibroblast in vitro experiment. Western biot resalts indicated that
lactate dehvdrogenase B was increased by 2.5 mM calctum lactate treatment in CCD-18Co
cells (upnan colon fibroblast) under hypoxia condition.

{0836} FIG. 8 8rain C{D tn vitro experiment. Western blot results indicated that hypoxia-
medigted factors were decreassd by 2.5 mM caloium lactate reatment in SK-N-8H cells (bran
epithelinm) ander novmoxia and hypoxia conditions,

037} F1G. 9, Liver CID in vitvo experiment. Western Mot resalts indicated that hypoxia-
mediated factors were changed by 2.5 aaM calcium lactate teatiment in HepG2 cells (liver
epithelium) under hypoxia condition.

{B038] FEG. 18, Western ot resolts indicated that inllammatory factor (TLR-4) was
decreased by 2.5 mM calchum lactate treatment in Hep(GZ cells (Hiver eplthelium) under

hypoxia condition,

{8638} FIG, 1L Bye CID in vitro experiment. Western blot resalts indicard that hypoxia-
mediated factors were decreased by 2.5 md caloium lactate treatment in ARPE-19 cells {retingd

pigment epithelium) ander normoxis and hypoxia conditions.

RIS FIG, 12, Inununocyiochemistry results indicated that hypoxia inducible factor-ln
(HIF-1a) was decreased by 2.5 mM caloium lactate treatment in ARPE-19 celis (retinal
pigment epitheliom} under Bypoxia condition.

{8641} FIG, 13 The inumpnocytochemical resalts indicated that lactate debydrogenase A was
decreased by 2.3 mM calcium lactale troatmod In the ARPE-19 cells {retinal plgment
epithelium) under normoxia condition.

{42} FIG. 14, The immunocytochemical results indicated that inflammatory factor {nuclear

factor-kappa BY was decreased by 2.5 mM calcium lactate treatment in the ARPE-19 cells

=3

{retinal pigment epithefiom) vader h}pn\ia conditian,
o843} FiG, 15, The immunogytochernical results indicated that inflammatory factor (toll Hike
receptor 4) was decreased by 2.5 mM calchum lactate freatment i the ARPE-19 cells {retinal

pigment epithelivm) sader hypoxia condition.
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{80443 FIG. 16, The immunocytochemical results indicated that lactate dehydrogenase B was
ingreased by 2.5 mM caloium lactale treatment in the ARPE-1® colls {retinal pigment
epithelinm) ander hypoxia condition,

[8845] FIG, 17, The immunocyiochemizal results indicated that drusen marker
{Apolipoprotein E) was decreased by 2.5 mM calciam lactate treatment in the ARPE-19 ¢olls
{retinal pigment epithelhan) under hypoxia condition,

08461 FIG, 18 Western blot results indicated that inflammatory factor (NF-xb) was
decreased by 2.3 mM calclum factate treatment in ARPE-18 cells {retinal pigment epithelium)
under hypoxia condigton,

8647} FI1G. 19, The photos show that there is no toxicity in ARPE-19 cells {retinal pigment

epithetivm) by 2.5 mM calclem lactate treatment. Calclum lctate only plays an impostant role

it the metabolic change of injured opithelial cells,
[0848] FIG, 24, Liver CID(ONASH) in vivo experiment. The blood chewmistry resulis indicated

that serum aspartate aminotravsferase (AST) and alanine aminotransferase (ALT) were

significantly decreased by 2 mg/kg caloiuw lactate reatment. *¥P < 0.001 vs, methionine-
choline deficient (MDY}, Results are MEAN & 8D,

{6049} FiG, 21, Inununchistochemical results show that in the Hver steatosis way prevented

by 2 wogdkg caloium lgctate reatment.

HHIRH Fifz 32, Inununohistochemical results show that in the lhver Hpid droplets are not
present in the 2 mg/kg calvium Jactate-treated group, shmilar to the control group, while they

are found in the methionine-choline deficient (MCD) group.

{081 FIG. 23, Immunohistochemical resudts show that in the Hiver immune cell infiltration
i decreased in the 2 mg/kg calcium lactae-treated group, similar to the control group, while
imynune cell infiltration is inoreased in the methionine-choline deficient (MCE) group.

{80521 FiG. 24, Immunchistochemics] results show that in the lver fibrosis s not present in
the 2 meky calcium lactate-treated group, similar o the contred group, while it is prosent in

the methionine-choline deficient (MDY group.

(6653} FiG. 28, Western blot results indicated that inflamnatory factor (NF-xB) was
decreased by 2.3 mM calcium lactate treatment in the tissue of wriinal pigment epitheliom
(00854} FEG. 26, Immuonchistochendond results showed that the retinal pigment epithelium was

recovered in a similar morphology to the normal control epitheliom by treatment with 2.5 oM
caleiom lactate,
f0085] FIG. 27, Fluorescencs images for kesion of inner layer of chorold on flatvmount by

laser-induced age~related macular degeneration (AMIY

Ll
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56] FYG. 28, Fluoreseence tmages for lesion of inner laver and neovasoudarization of

chovoid on Pat-mount by laser-induced age-related macular degeneration (AMD

(8837} FIG. 29, Exporimental scheme for establishing Alsheimer’s disease and siroke,
{8058} FIG, 30, Represontative lmages for brain damage by lipopolysaccharide (LPS).

Contralateral: novmal region. Ipsilateral: LPS injection.
{8659] FIG, 31, Revovery of dasaged brain fissue and reduction of microghia infiltration that

recruited upon braln damage.

{0060} FI. 32, Experimental scherae for establishing Parkinson’s disease

{30611 Fiy. 33, Recovery of dopaminergic neuron by treatment with caleium lactate,

{0062} FIG. 34, Experimental scheme for establishing multiple selerosis.

{0863} FI1G. 35, Recovery of demyelinated spinal cord and reduction of microgiia Infiliration

by treatruent with caleium lactate,
8064} FIG. 36, Represemative histological profiles of aorta tissues. The lissues 1o left and

middle side are hematoxylin and cosin (H&E) staliing. The tissues in right side are ol red 0

sfaining.
Ei}ﬂé&ﬁ} FIG. 37, Masson's tricheome staining for periodontal tissues
66} FEG. 38, Masson’s trichrome staining for upper gum.
E 671 FIG, 38, Masson's wrichrome staining for foot and knes joint tissucs.
{B868] FIG. 40, Experimental scheme for indueing Urohn’s disvase.
{6869 FIG, 41, Representative images for hematoxyhin and cosin (H&E) staining of Crobn’s
disease.
{8078 FIG. 42, Experimental scheme for inducing colits.
{86711 FIG. 43, Representative images for hematoxylin and cosin (H&TD) staining of colitis,
DETAILED DESCRIPTION OF THE INVENTION
§8072] Recently, many studies showed that UID i related 10 advancing age and suggested

chronie inflammation as being assockated with age-related muno-senescence disgases (1-
28Y. Chronde inflanunation was elucidated vo occur via complex intevartions between
parenchymal cells and siromal cells, such as immune cells; endothelial cells, and fibroblasts.
Among others, myeloid-originated cells, such as monocytes and activated macrophages, were
dentified as major effector cells in €I, Upon activation with bacterial lipopolysaccharide,
{FN-gasoma, and damaged cells, macrophages produced many mflanunatory cytokines and

b

cleared endogenous and exogenous nflamymatory agents through transcriptional vontrol by

v



CA 03087953 2020-07-08

WO 2019/138379 PCT/IB2019/050240

nuctes factor-kappa B (NF-kB). Macrophages were also further polarized to morg spectalized
macrophags subtypes.  However, their finely controfled difforentiation and activation of
mivelond cells wers dysregulated in chronic inflammation.  Local tissue hypoxia caused the
metabolic changes of cells, such as parenchvmal and stromal cells, through induction of
hypoxis inducible factors (HIFs) HIFs, especially HIF-1, contribuie to the abnormal activation

of macrophages and arg 8 mygjor contributor to chronic inflammatory response,

{80733 Muost CID are characterized by inflapumation. Injured tissue become resistang 1o blood
flow and delwvery of oxygen, thus bscoming a byporic environment,  Proinflammatory

mediators and a hypoxie condition can elicht an angiogenic response through the induction of
HIF-1, Additionally, a local inflapmmatory reaction exists i most U, inclading as respiratory
shispases {e.g., asthima, chronis ohstructive pulmonary disease, pnownoniiis, and pulmonary

fibrosis), ocular diseases {e.g., Keratitls and age-velated macular degenevation), autoimmune
diseases, nephropathy, nsumds‘:gsnzra’;ivs discases {e.g., Alzheimer's discase, swoks,
Parkinson’s disease, and nwmltiple sclerosis), cardiovascular diseases {e.g., atherosclerosis,
arteriosclerpsis, and myocarditis), metabolic disoxders {e.g., diabstes and  obssity]

musculoskelotal diseases {e.g., rheumatold arthritis and osteoporosis), periodontal dissases
{o.g., pulpitis and perindontitis), digestive discases {e.g., non-alocholic fatty hiver ciése;ase,
gastroenteritis, and chronic inflanmmatory bowel disease), and sldn disorders {e.g., psovias

and atopic dermatitis).  During inflamumation, vascular permeability s increased and
monocyies, macrophages, platelets, mast cells, and other leukogyies arg recruited under the
attraction of chemokines, Therefore, disclesed herein are therapeutic approaches targeting
activation of suacrophages and regulation of extrace lular matrix degradation by targeting HIF-

1, NF-kB, and lactate delvvdrogenase {(LAD) A and B.

Methods of Treatment

{8674} Disclosed herein i5 8 wethod of reating a chronic flammatory disease, the method
corprising administeriog to 8 subject in need thereod 3 §herapemim‘siy sffective amount of
calchum lactate,

{BO7S] Disclosed hergin is a mothod of weating Alzheimer’s disease, Parkivson's disease,
atherosclerosis, anddor stroke, the method comprising adminisiering to a subject inneed thereof
a therapeutically effective amount of calcium factate.

{8876] Also disclosed is & method of treating multiple sclerosis, age-related macular
degeneration, nonalecholic fatty liver disease (NAFLEY, andior rheumatoid astheits, the

method comprising adminisiering 1o & subject in negd thereof a therapeutically sffective



CA 03087953 2020-07-08

WO 2019/138379 PCT/IB2019/050240
10

antount of caleiur lactate. In some enbodiments, the method is for treating NAFLDY and the
NAFLEY is nonaleoholic steatohepatitis (NASH;,

{08771 Alse disclosed i 3 method of treating pulpis andfor perfodontitis, the method
comprising administering fo 3 subject in need thereof a therapeutically effective amount of
caloham lactate.

{BO7R] Further disclosed s a method of treating inflanumatory bowel disease (1BEY, the method
comprising administering o & subject in peed thereof a therapentically sffective amount of
calcium lactate. In some ernbodiments, the 1B is Crohn’s disease or yleemtive onlitis.

(79 Further disclosed is a method of tresting spinal cord injury, cerebral hemorchage,
myocardial infarction, keratitis, andfor diabetic retivopathy, the method conprising
administering {0 a subject in need thereof a therapeutically effective amount of caloiom lactate,

1

[4084] Disclosed bherein are methods of treating asthuna, pulmonary fibrosis, obssity,

gastroenteritis, chroniv inflammatory bowel disease, andfor atopic dermatitis, the method
cowmprising adminisiering {0 a subject in need thereof a therapeatically effective amonnt of
saloium lactate. Also disclosed hergin are methods of treating chronic obstructive pulmonary

discase, pnoumonitis, keratitls, atherosclevosis, arieviosclerosis, myorarditis, diabetss,

rheomatoid  arthritis, puipitis, periodomitis, andfor psoriasis, the method comprising
administering 0 a subject in need thereo{ a therapewtically effective amount of calcium lactate,
Alse disslosed herein are methods of reating Alzheimer’s disease, stroke, Parkinson’s diseass,
multiple sclerosis, age-related macular degeneration, son-alcoholi fatty hver disease, andior
sepsis, the method comprising administering o a subject in need thereof a therapeutically
sfiective amount of calcium lactate,
{00811 Also disclosed herein are wethods of treating osteoporosis, the wethod comprising
administering to 2 subject in need thercof a thevapeutically effective amount of caleium lactate.
10082} The term “subject” or “patient” spcompasses mammals and non-mamnmals, Examples
of mammals melude, bt are not thaited to, any member of the mammalian class: hamans, nor
hurnan primates such as chimpauzess, and other apes and monkey species: farm animals such
as cattle, hovees, sheep, goats, swing; domestic animals such as rabbits, dogs, and cats;
faboratory animal including rodents, such as rals, mice and goinea pigs, and the ke
Examples of non-mammals inchade, but are not Emited 1o, birds, fish and the like. In some
embodiments of the methods and compositions provided herein, the mammal is a human or g
nponhuman,
{B0R3] As used hersin, “treat™, “treating”, v “treatment” of one or more of the diseases

disclosed herein by adwunistration of the pharmaceutical composition refers (0 any lessening
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of severity, delay in omset, slowing of progression, or shortening of duration of one or move of
the discases disclosed herein, whether permanent or tenporary, lasting or transient that can be
gtiributed 0 or gssociated with adminisiration of the composition.

The term “co-administration” or the like, as used beorsin, B mearnt to encompass
administration of the sselected two or more active agents {o a single patient and I8 intended 1o
include treatment regimens in which the agents are administered by the same or different route
of administration or at the same or different time.

The pharmaceutical composition of the present disclosure can be administsred in a
thevapedtically effective amount, and as osed heren, the term “effective amount™ or

therapeutically eifective amount” refers to an amount sufficlent to treat or prevent dissases, at

a reasonable benefitrisk ratio apyiicﬁb& {o any medical treatment or prevention. The effective
dosags tevel can be determined depending on severity of the disease, activity of the drag or

active agent, g patient’s age, body weight, health and sex, sensitivity to the drug, administration
time, administration route, and excretion rate of thy composition of the present disclosure,
duration of treatmens, drugs used simultancously or in combination with the composition of
the present disclosure, and other factors known o the medical field. The pharmaceutical
composition of the present disclosure can be administered alone or in combination with other
publichy-knowsn drags or components known as known for treating one or more of the diseases
disclosed herein. It ix imporiant to adminisier the composttion in the minimum amount that
can exhibit the maximum sffect withous causing skle effects, in consideration of all the above
factors.

The pharmaceutical composition of the present disclosure can be administered such that
the dosage per day of caloium lactate i, for exampde. about 10 mg/kg ©© about 1,000 myg/ ixg,

about 18 mg/ke to about 300 mgky, about 10 myg/ike to about 250 ke, about 10 mg/ky
about 200 mpdke, about 10 mgdky 1o about 100 mefkg, about 1 mag/ky to about 100 myp/ Exé:\
about 1 mgfkg to about 75 mg/ke, aboet | mgikg to about 50 mgfky. about T mgke o about
25 mg'kg, or ahout T mgky 1o about 10 mg'ke. The administration frequency of the
composition can be, bt is not particularly limited to, once, twice, three Umes, four times, efe.
divided doses a day,

The compositions containing the compound{(s) described heretn can be admunistered for
prophylactic and/or therapeutic treatments. In therapeutic applications, the compositions gre
administered o a patient already suffering from a dissase or condition, in an amount spfliclent
1oy cure or at least partially arrest the symptoms of the disease or condition. Amounts effective

for thas use will depend on the severity and course of the disease or condition, previous therapy,
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the patient’s health status, weight, and response o the drugs, and the udgment of the treating

physician, It is considered well within the skill of the art for one to determine such
sherapeutically sffective amounts by routine experimentation {including, but not Hmited to, a
dose eacalation clinjoal triaf).

In prophylactic applications, compositions containing the active agent described herein
are administored to 8 patient susceptible o or otherwise at risk of ong or more of the diseases
disclosed herein, Such an amount s deflned o be a “prophylactically effective amount or
dose.” In this use, the precise amounis also depend on the patient’s state of health, weight, and

the fike. It 8 considered well within the skill of the art for one to determine such
prophylactically effective amounts by routine experimentation {e.g., 8 dose escalation clinical
irigl), When used in & patient, effective amounts for this use will depend on the severity and
course of the disease, disorder or condition, previous therapy, the patient’s health status and
response to the drugs, and the hudgment of the treating physician.

In the case whereln the patient’s condition dogs nol tmprove, upon the i‘i‘mtor*g

discretion the administration of the active agent described herein can be administered

chronically, that s, for an extended period of tme, Including throughout the duvation of the

)

atient’s W in order to ameliorate ov otherwise control or Hmit the symptoms of the patient’s
disease or condition,

The amount of & given agent that will correspond to such an amount will vary depending
upon factors such as the particular compound, disease condition and its severity, the dentity
{c.g., age, weight, gender, etg.) of the subject or host in need of treatment, Ing can nevertheless
he routinely determingd in 8 mannsr known in the an according to the particular circumstances
surrounding the case, including, &g, the specific agemt being administersd, the rowte of

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

L]

Pharmaceutical Compositions

The ters “calcium lactate” refers to a fype of lactate metal salt that can, for exaraple,
exist gs a hydrate, represented by CeHpof:Ca 5H:0 in which caleium lon ix bonded to lactate.

Caloiam faciate can be in the form of white powder or granules al room temperature, of
anhydrous at & 120°C heating condition, and bas a sohubility of 3% (wiv)
Calctum kactate can be formulated into pharmaceutical compositions for tteating one or

more of the discases diselosed hergin,
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In varicns embodiments, the invention provides a pharmaceutical composition
comuprising a therapentically effective amoont of calcium lactate as an active agent for treating
one or more of the dissases disclosed herein and a pharmacentically acceptable polysaccharide,
polviner, lipid, or combinations thereofl In some embodiments, the pharmaceutical
composition comprises the calcinm lactate and the polvsaccharide.

T some embodiments, the invention provides s enteric coating of the calcium lactate
such that the active agent is protected from the acidic covivonment of the stomach and absorbed
in the simall intestine before it reaches the large intestine when the active agent is administered
orally.

The present invention alss provides short-acting and ong-acting pharmaceutical
compaositions comprising calcium lactate. by some enbrodiments, the long-acting compositions
comprise calolom lactated coated with at least one enteric-coating material such as
hydmxyprcspy‘t methyl cellulose phthalate (HPMCP), cellulose acetate phthalate (CAP),

oiyvinyl acetate phthalate (PVAP), shellac and a polymer of methacryle acid, and an ester
thereot,

The pharmaceutical composition of the mvention can be formulated into
pharvaceutiosl preparations for oral administration.  Examples of the preparation include
powders, tablets, capsules, granules or syraps, tablets and capsudes, but not himited thereto,

Alsp provided herein ave formulations of hydrogels particularly wethyvicellulose,
poloxamer, pectin, and alginate hvdrogel which can remain in a sohution or nanoparticle form

in vitro, snd the geloan form when injected into the body and allow sustained relesas of calcium

Vn\‘-
peed
Dt
&
[
s

relatively short drug release thoe which s the weakness of the hydrogel has been
trproved by increasing the interaction between the drug and hydroge! or by delaving the
diffusion of the drug o the hydrogel

The welght ratio of the calcium lactate o the polysaccharide can by, s, <02 10 13

0.0 to 15, 10O o 115, or 1:0.1 to 18, The weight ratio of the calchum lactate to the
polysaccharide can be 1:<0.2. The weight ratio of the calcium lactate 0 the polvsaccharide
can be 132 to 125,

In some embodiments, the pharmacewtical composition further comprizes a polymer or

Hipid. The weight ratic of the calcium lactate to the polyimer or lipid can be at east 15, The

weight ratio of the calcium lactate 1o the polymer ov lipid can be D3 to 130, eg., Fi o 130
X § 5 e 2

warn.

T80 120, 13t 110, Did o B30, 118w 120, or 20t 138,
in spme embodiments, the pharmacentical composition further comprises g polymer

and lipid. The weight ratio of the caloium lactate 1o the polymoer and Hpid can be at least 115
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The weight ratio of the caloium lactate to the polywer and lipid can be 18 10 B30, e, 1810

030, 1:5S10 820, S to 110, 11010 Y30, 10t 1220, or 12010 1:30.

{8181} In some embodiments, the pharmaceutical compuosition comprises the calcium lactate
and the polymer or lipid, The weight ratio of the calcium factate to the polymer or lipid can be
at least 115, The weight ratio of the caloium lactate to the polymer o Hpid can be 1:5 to 1:30,
The weight ratio of the calcium lactate to the polvmer or lipid ean be B¥ 10 1138, e, 15 t0
1230, 3o 120, S 110, 010 A0, B0 0 120, or 13010 13

{81431 In some embodiments, the pharmaceutical composition comprises the caleium lactate
and the polymer and lipid. The weight ratio of the calcium factuie fo the polymer and lipid can
be at least 15, The weight ratin of the caleivm lactate to the polymer and lpid can be 11510
1:30. The weight vatio of the calciom lactates 10 the polymer and Hptd can be 1:5 10 1:30, e,
D510 030, B8 1228, BS o 0, DG o 130, 1110 (o 128, or 1120w 130,

{6183} in some embodiments, the weight ratic of the polymer to the lipid can be 1001 to 1150,
POt 1220, B0l B0, B0l 85, 10 e B2, B0 o U], B8 0 0.8, or DG e 102

16184] Polysaccharides suliable fov use in the composition can by a cellulose derivative (s.g.,

P

carboxymethyvl cellalose (CMC), ethyl cellaloss (BL), hydroxypropyl methyl cellulose
(HPMCO}, methyl celhudose (MOY), pectisy, hevaloronie acid, starch, guar gum, chitosan, gelatin,

coflagen, algingte, algin acid, or combinations thereof,

{6185] Polymers suitable for use in the composition can be a poloxamer, polyvinyipyvrrolidone,
polyvethylene glveol {PEG), polvglyeolic lactic acid (PLOA), or combinations thereof,
{0106} Lipids suitable for use inthe composition can be a mong- or (i-fatty acid glycerin esler

or polyethviens glyeol, polyethylene glyeol esters of vegetable otls, fatty acid propylene glyeod
estevs, sesame oil, sovbean oil, castor oil, corn off, palm oif, peamut oil, cacao oil, colionseed
oil, sunflowsr sced ol safflowsr off, almond o, olive ofl, hyvdrogenated ofl, oleie acid,
Huolenic acid, Huolelo acid, palmitie acid, palmuslele acd, arachadonic acid, noyristic acid,
capric scid, caprylic acid, lauric soid, stearic acid, othyl oleate, isopropyl palmitate,
gotyldodecyl myristate, acetyl palmitate, fanryl alcohol, oley! alcohol, acetvl alcohal, stearyl
algohol, or combinations thereaf,

{61871 The invention is further directed to a pharmaceutical composilion comprising a
therapeutically effective amount of calelun lactats #s an aclive agent for treating one of fiwe
of the diseases disclosed herein, whersin the calcium lactate s conted with a pharmaceutically
acceptable enteric comting. In some embodiments, the enteric coaling comprises
hydroxypropy! methyl cellulose phihglate (HPMUP), celiulose acetate phthalate {CAP),

polyvinyl acetate phthalate (PYAP), shellac, polvimer of methacrylic acid and an ester thereod]
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or combinations thereot. fny soms embodiments, the waight ratio of the calcium lactate to the
enteric coating s 10:0.5 to W13, 10:0.5 to 11, 100003 wo 105, 0.5 10 10:3, 1005 10 1003,
FEQS w1, 105 10 13K

L8] By “pharmaceutically a&:cptab%@f" as used herein, refers a material, such as a carvier or
ditugnt, which does not abrogate the Wiokogical activity or properties of the compound, and i3

relatively nontoxie, Le., the material can be administered to an individoal withowt causing
undesirable biological effects or interacting in a deleterious manney with any of the components
>f the eomposition in which # is contained,

je189] A pharmaceutical composition, as used heveln, refors to a mixture of calcium lactats
with other chemical compaonests that are pharmaceutically acceptable, such as but not limited
to carriers, stabilizers, dilnents, disintogranss, suspending agents, thickening agents, hinders,
antimicrobial agents, antinicrobial preservatives, antioxidants, and/or buffering agents. The
pharmaceutical composition facilitates adminstration of the caleium lactate o a subject.

{8118} The term “carrier,” as used herein, refors to relatively nomtoxic chemical compounds o
agents that facihitate the incorporation of a compound into cells or tissaes, The teem “diluent”
refers 1o chemical compounds that are used to difute the compound of interest prior fo delivery.
Difoents can also be usad to siabilize compounds because they can provide a more stable
environment. Pharmaceutically acceptable additives inclade dituents, binders, solubiiizers,
solubility enhancers, pore formers, osmotic agents, gas formers, [ubricants and Buidizers well
known i the art, but not Hoted thereto.

{8111 Diluents can include faciose, fructose, dexirose, sucrose, maltose, microcrystalline
cellubose, starch, calolum hydrogen phosphate, mannitol or 8 mixture thersef, but not Hdted
thereto.  Other ditpents include microcrystaliine cellulnse, lactoss, mannitol, calcium
phosphate and the like.

il ¥4 Examples of binders can include povidone, hydroxypropylesiviose, polvvinylaleohol,

o

hydroxypropylmethyleeliulose, carboxymethyl-cellulose sodium and theveof.

{H113) Solubilizing agents include surfactants, syelodextring and devivatives thereod] Hpophilic
substances or mistures thereof, bt are not limited thereto,

{0114} Surfactants include water solubde or water dispersible nonionie, nonpolar nonionic,
anionie, cationic, amphoteric or onie surface activators or mixtures thereof, but are not limited
therelo.

[8115] Examples of disintergrants inchude crospovidone, croscarmeliose sodium, glycolic acid

starch sodium, and examples of the lubricant include magnesiunm stearate, caleium stearate,

sodium stearyl fumarate and thereofl
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The pharmaceutical commpositions of the invention can frther inclode antimicrobial
agenis, such as benzyl alcohol, chlorobutanol, phenylethyl aloohol, phenyvi-mercwric acetate,
potassiun sorbate, and sorbie acid. Antifungal agents include such compounds as benroi
acid, butylparaben, ethylparaben, methylparaben, propylparaben, and sodium benzoate,

Antimicrobial preservatives can be added o the pharmaceutical compositions of the
present invention in order io protect them against the growth of powentially harmful
microorganisms, which usually invade the agusous phase, but in sowne cases ean also grow in
the olf phase of a composition. Thus, praservatives with both agqueous and lipid solubility ave
desivable. Suitable antimicrobial preservatives include, e.g., alkyl esters of p-hydroxybenzoic
acid, propionats salts, phenoxyethanol, methylparaben sodivm, propylparaben sodium, sodiun
dehydroacetate, benvalkoniom chlonde, benzethonium chloride, bensyl aloohol, hydantoin
derivatives, gquatersary anwponium compounds and cationic polymers, imidazolidinyl urea,
diavolidiny! urea, snd trisodium ethylenediamine iracetate (EDTA)

Antioxidants can be added 1o protect all of the ingredisnts of the pharmaceutics
compositions from damage or degradation by oxidizing agents present in the coraposition self
or the use environmend, ¢.g., anoxomer, ascorbyl palmitate, botylated hydroxyanisols,
butylated hydroxyioluene, hypophosphorous acid, potassiwum metabisuifits, propyloctyl and
dodecyi gallate, sodium metabisuliite, sulfr dioxide, and tocopherols,

Buffering agents can be used to maimtain a deswed pH of the pharmaceutical
compositions once extablished, from the effects of outside agents and shifting equilibria of
comnponents of the compesition,

The pharmacentical compositions described herein can be prepared  following
techniques kaown in the ary, for example. in Remington: The Science and Practics of
Pharmacy, Nineteenth Bd {Easton, Pa. Mack Publishing Company, 1995} Hoover, John E.,

\

Remingion's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa. 1975 Liberman, H.
A, and Lachman, L., BEds., Pharmaceutical Dosage Forms, Marcel Decker, New York, N.Y.,
1980; and Pharmaceutical Dosage Foros and Drag Delivery Systems, Seventh Bd. (Lippincott
Wiiliams & Witking 1999), herein Incorporated by reference in thew entivety,

in some embodiments, the pharmacentical compositions of the invention are short-
acting, The term “short-acting™ refers to a conyposition that releases substantially all of the
active agent within 48 hours when tested {n an in vitro dissolution test described herein, for
example, from time of delivery, time §, antil about | hour to about 48 hours, until about 3 hours
to about 24 hours, until about & hours t© about 24 hours, or until about 12 hours o about 24

hours.
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16122} For example, upon placement of the composition in an in vitro dissolution test

pas)

comprising an clution test method {e.g., from Labfine Co., Mumbai, India) at 300 spm in 200
mi agqueous medivm baving a pH of 6.8 at 37°C using & wylon filter having a pove size of 45
pen, at keast about 40% of the active agent is released afler 6 howrs, at least about 60% of the
active agent is released after 12 howrs, #1 least about §0% of the active agent is released after
24 hours, andfor al least about 90% of the active agewd s released alier 48 hours, {n some
smbodiments, upon placenent of the composition In an in vitro dissoletion test comprising an
shution test method {e.g., from Labfine Co,, Mumbag, India) at 3008 rpny in 200 mi agueous
medium having a pH of 6.8 2t 37°C using a nylon filter having a pore size of 45 pm, at least
ghout 40% to about 60% of the active agent is released after 6 hours, at least about 60% to
about 80% of the sctive agent is released after 12 bours, at least about 80% to about 909 of
the active agent is released after 24 hours, andfor a1 least abouol 9% to about 100% of the active

agent is released after 48 hous,

{8123 o some embodiments, the pharmaceatical compositions of the invention are long-
acting. The term “long-acting” Is intended to mean composition that releases the active agent

sfowly after the initiaf dosage, fir example, from time of delivery, time 4, unti! about 48 hours
i about 192 hours, until about 72 hows 1o about 192 hours, entit about 96 hours 1o about 192
howrs, until abous 120 howrs 1o about 192 howrs, or until about 144 hours to about 192 hours.
[6134}) In some embadiments, upon placement of the composition in an in vitro dissoltion test
comprising an elution tost method {&.g., from Labfine Co, Mumbai, India} at 300 rpry in 200
i aqueous medium having & pH of 6.8 at 37°C using a nylon filter having a pore siee of 45
um, less than about 4096 of the active agent is released after 24 hours, less than about 6% of
the active agent (s released atter 48 howrs, loss than about 80% of the active agent is released
after 72 hours, Jess than abowt §0% of the active agent is released after 144 howrs. In some

embodiments, upon placement of the composition in an i vitro dissolution tost comprising an

slution test wethod (e.g, from Labfine Co., Mumbal, fndia) at 300 rpm b 280 mi mediom
havirg a pH of 6.8 at 37°C using a nylon filter having a pove size of 45 pm, about 2095 to about

S0% of the active agent is released after 24 hours, about 20% to about 40% of the sctive agent
is released after 24 hours, about 40% to about 70% of the active agent isreleased after 48 hours,
about 40% to about 669 of the active agent is released afier 48 hours, about 40% o about 808

of the active agent is released afler 72 hours, about 309 to about B0 of the active agent is
released after 72 hours, about 60% 1o about 90% of the active agent §s released afier 144 hours,

or about 709 to about 0% of the active agent is released after 144 hours,
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I some embodiments, spon placement of the composition in an In vivo dissolution test

comprising a USP Paddle method at a paddle speed of 50 rpm at . when the composition

is placed in QU M HCT v 120 mimtes ollowed by adjusting 1o pH 6.8 with phosphate buffer,

less than about 2096 of the active agent ix released afier 30 nunuies, fess than 30% of the active

&2
4147
&

o

ont is released after 60 minutes, less than 30% of the active apent I8 released afler 120

minotes, andfor less than 109 of the active agent 1 released aftor 120 mimustes,

in somne enibodiments, the pharmaceutical compositions of the invention are injeciable
dosage forms, For parenters] injections, appopriste {ommulations can inchude aqueous o
nonagueons sotutions, preferably with phyvsiologically conapattble carriers.

Pharmaceutical formulations for parcntera! adnunistration include aqueous solutions of
the active compoundis) in water-soluble form.  Additionally, suspensions of the sctive agent
can be prepared as appropriate ofly injection suspensions, Suitable tipids or Hpophific cariers
inchude fatty oils such as sesame ofl, or synthetic fatty actd esters, such as ethyl oleate or
friglyeorides, or liposomes. The Hpid can he g mono- or wi-fatty acid gheeorin ester or
polyethylene glyeol, polvethylene ghveol esters of vegetable oMy, &ty acid propylene glveol

estars, sesame oil, soybean otl, castor oil, com ofl, palm ol peanut oil, cacao o, cottonseed
ofl, sunflower seed oil, ssfflower oil, almond oil, olive nil, hydrogenated i, oleio acid,
finolenic acid, Hnolele actd, palmitic acid, pshnitoleic acid, arachadonic aeid, myristic acid,
capric acid, caprylic acid, lawrie acld, stearic acid, ethyl oleate, lsopropyl palmiiate,
potyidodeny! myristate, cotyl palmitate, lauryl alcohol, oleyl alcohol, cetyl sicohol, stearyt
alcohol, or combinations thereof

Since the wedical application of hydrogels, mumerous hydrogels have been developed
arud studied in maay fields, including the medical, pharmaceutical, and cosmetic industries.
Although hydrogels are gengrally blocompatible, they have varlous problems that ave Hnsiting
the delivery of a drag, and variows efforts are made 10 solve the problems, A hydrogel da a
three-dimensional structure composed of a network of hydrophilic polymers. More than %%
of the components are composed of water. Hyvdrogels have been actively studied in the
biomedical fleld dus 1o their similarity to bio-tissue such as high moisture content, porous
structure, refatively soft properties, and biocompatibility, Hydrogels can exhibit various
properties depending on the kind of polymer used as the main chain or the crossiinking method
adopted. When a polymer of polyacrylic actd series polymer or a synthetic compound such as
polvviny slechol is used, the biocompatibility is tow, bul the chomical modification is easy,

so that the enginecring application 18 very casy. On the other hand, when natural compounds,

sspecially peciln, alginate, collagen, fibrin and hyalwouic ave used as the main chan, the
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chemical modification s difficolt. Nevertheless, there ave advantages of using these materials
that are biclogically derived components, as it 15 suitable {or clinical application and theve are
few side effects such as immune inflammation reaction at the thne of ransplantation,

{t is the cross hinking method that affects the woperties of the hydrogel as well as the
type of polymer used. Even i the same polymer (s used as the main chain, the hydrogel having
completely different characteristios can be oblained if the crosslinking wethod is different. The
mathod of crossiinking hydrogels can be broadly divided into physical and chemical methods,
Physical crosslinking methods include ionie interaction, hydrophobic interaction, hydrogen
hond, and reversible crosslinking by structural entangloment. These crosslinking methods can
gasily induce the formation of a three-dunensional retwork structure without the meed for a

sgpasate chomical additive or complicated process. Un the other hand, the chemical
crosslinking method typically forms covalent bond that result an Grreversible and stable
network as compared with the physical orosshinking method, Hydrogels with excelient
bigeompatibility and various physicochemical properties have been extensively studied in

Q

biowedical felds such as drug delivery and Gissue engineering. Most hydrogels exhilit shorter

3.

Jrug release time than other drug delivery systerns due 1o their high water conteny, and there is
a need to dovelop 2 system with a longer drug release time.

In some embodiments, the pharmaceutics]l comnpositions of the Invention are oral
dosage forms, For aral adnunistration, the compound deseribed hereln can e formulated
readily by combining the active agent with pharmsacutically acceptable carriers ov excipients
well known in the art. Sach carriers enable the active agent desoribed herein to be formudated
as tablets, powders, pills, dragees, capsules, liquids, gels, syrups, slixirs, shuries, suspensions
and the like, for oral ingestion by a patiery fo be treated.

Pharmaceutical preparations for oral use can be obtained by mixing one or more solid
carriers with the covopound described herein, optionally grinding the resulting mixiure, and
processing the mixture of gramuyles, after adding suttable suxiliaries, i desired, 1o obtain tablets
or dragee cores. Suitable excipients lnclude, but are not fimited 1o, fitlers such as SUQRSS,
ueluding lactose, sucross, manniiol, or sorbitol; eellulose preparations such aw for example,
matre starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyvlcslhdose,

By

ine cefluloss, bydroxypropyhmethyleceliulose, sodivm carboxymethyiceliolose; or

~ o

o

wyicrosrysatii
athers such ast pobyvinylpyrrolidone (PYFE or povidose) or caleium phosphate. I desired,
disintegrating agents can be added, such as the cross-linked croscarmellose sodiom,

polyvinylpyrrolidone, agar, or alginic acld or a salt theveof such as sodium alginate.
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Drragee cores are provided with suitable coatings. For this purpose, concentrated sugar
sodutions can be used, which can optionally contain gum arabic, fale, polyvinylpyrrolidone,
carbaopol ged, polvethvierne giveol, and/or titaniuwy dioxide, lacquer solutions, and suitable
organic solvents or solvent mixtures. Dyestufis or pigments can b added o the tablets or
dragee coatings for identification or to characterize different combinations of active compound
doses.

Pharmaceuatical compositions can be formulated o conventional manner using one o
more pharmacantically acceptable carriers comprising excipients and auxilisries which
facilitate processing of the active agent into preparations which can be used pharmaceutically.
Proper fornudation ix dependent apon the route of administration chosen. Any of the weil
known technigues can be used as sultable and as understood in the art.  Pharmaesutical
compositions deseribed herein can be manufactured tn g conventional manner, such as, by way
of example only, by mears of conventional mixing, dissolving, granulating, drages-making,
Jevigating, emudsitying, encapsulating, endrapping or COMPression processes.

Agusous suspensions can also comtain one or more polymers as suspending agents, The
polymer can de a poloxamer, polyvinylpyrrolidone, polvethylone giveol {PEG), polyglveolic
lactic acid (PLGA), or combingtions thereof. Other usefid polvmers inclode water-soluble
polymers such as cellulosic polvmers, c.g., hvdroxypropyl methyleeliulose, and water-
insohible polvmers such as cross-linked carboxyl-containing polvmers, Useful compesitions
can also include a mucoadhesive polvmer, selecied from, for example, carboxymethyleethulose,
carbomer {acrylie acid polymer), poly{methylmethacrvlae), polvacrylamide, polycarbophil,
gorylic acid/buty! acrviate copolymer, sodium alginate, and dextran,

In some embodiments, provided are pharmaceatical dosage forms comprising calchen
lactate and a pharmaceutically acceptable enteric coating in order to control the release of the
active agent. In some embodiments, the coating is & ftlm and, in another embodiment, # is a
membrane, The enteric coating, e.g., film or membrane, can serve to delay release until aftey
the stomach and to protect the active agont from gastric fluid. The enteric coating can comprisg
mie or more substances preferably of & polymsric weture (¢.g., methacrylates eoteg
polysaccharides ot as described in more dewil below) or combination of more than one such
substance, optionally including other sxcipients, such as, for example, plasticizers. In some
embodiments, the enteric coating comprises hydroxypropyl methyl celfulose phthalate
{HPMCP), cellulose acetate phihalate (CAP), polyviny! acetate phihalate (PYAP), sheliac,
polvimer of methacrvlic acid and an gsier thereof, or combinations thereof.  In some

embodiments of the invention the composition comyprises 8 hydrogel-forming polymer and
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further polymers able to achicve 3 desived delay {or other change) in the release of the active

agent,

ri»-

{6138] ln the case of tablets for oval use, carriers which are commonly used nclude lactose

and corn starch. Lubricating agonts, such as magnesinm stearate, ave also Wypically added. For

oral administration in a capsule form, useful diluents include lactoss and deied corn starch.
HI137) The sterife injectable preparation can alsoe be a sterile imjectable suspension in 2 non-

toxic parerderally acceptable camrier such as lipids.

{0138] The amount of calcium lactate included in the pharmaceutical compositions can be, but
5 not Himited o, from 1wt to SO wil, from 1 wide to 40 wits, from 1 with ©0 395 wi%, from
1 wtds 1o 30 wi%e, from 1 wits 1o 20 wits, Fome T ot 10 15 wi%, or from 1 w96 to 10 wi%
based on the total weight of the final composition, The concentration of the calolom lactate
included in a single dose of the pharmaceutical compaosition can be, bot is not limited to, 2.5
b 1o 100 md, 2.5 ;M o 30 md, 23 mM o 23 md, S oMo 180 mM, SmbM o 50 mM, 3
mbd o 25 md, 10 mbd o 100 mM, 10 b 2 30 mM, or 18 v 1025 mM.

10139] Solid oral pharmaceutical compositions can be prepared by conventional techniques
such as dry granulation, direct compression, wet granalation, extrusion spheronization, melt
granolation of compression coating, but not Hmited theveto. The coating can be applied as
deseribed below and can vary as o thickness and density, The amoust of coating is defined

by the additional weight gdded 1o {gained by) the dry composttion {e.g., bead or core containing

the calclum lactate) of the invention. Weight gain van be o the range of 00196 to 30%, %o

20%, P9 to 15%, 3% o 10%, 3% to 12%, or B% 2 1 2%

HHL40 The coating process can be carried out by any seitable means such as, for example, by
use of a coating machine which applies a solution of 3 polymer coat {as described above in

particular) to the composition, Polymers for coating are either provided by the manufacturer
in ready-made solutions for direct use or can be made up before use foRowing manuficturers’

mstrustions,

Unit Dosages and Kits

{0141 The term “unit dosage form™ refors to a physically disorete unit seitable as a single
dosage, cach unit contaming a predetermined quantity of active ingredient, i association with
a suitable pharmaceutical excipient, by which one or more is used throughout the dosing
regimen © produce a desired therapeutic effect, ¢.g. treating one or more of the discases

disclpsed herain,
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The pharmaceutical corppositions desceribed hevein can be n unit dosage forms suitable

for single administration of precise dosages. In unit dosage formy, the formulation is divided

Py

inte unit doses containing sppropriate quantities of one o more active agents. The wnit dosage
can be in the fovas of a package containing diserete guantities of the formutation. Non-timiting
examples are packaged tablets or capsules, and powders in vials or ampoules.  Agqueous
suspension compositions  can be packaged W single-dose uon-reclosable comainers.
Alternatively, multiple-dose reclosable containers can be used, in which case it is typical
inchade a preservative in the composition. By way of example only, formulations for parenteral

~

injection can be presented in anit dosage form, which include, but are not limited to ampoules,
or in pulti-dose containers,

The daily dosages appropriate for caleium {actate can be from abost | mg'kg to about
1000 mgfkg, about 10 mgkyg 1o abowt 750 mg/kg, about 10 mg/kg to about S00 mgke, or about
100 mgfkg to 500 mg/kg per body weight. An indicated datly dosage i the larger mammal,
inrelading, but not Hmited to, bumans, Is in the range front about 5 myg to about 108,000 mg,
conveniently admimistered in divided doses, including, but not limited 1o, up to four times s
day or in long-acting fonn. Suitable unit dosage forms for administration include from sbowut
13 mg to abowt 1000 mg, about 180 myg {o about 10 mg, abowt 300 mg to abowt 750 mg,
about 25 mg to about 250 mg, about 30 myg to about 100 mg, about 10 mg to abomt 200 mg, ot
ahont 10 myg to about 250 mg of the active agent. The administration frequency of the
composition of the present disclosurs can be, bul is sot particularly limited to, ones, twice,
three times, four thoes, ste, divided doses a day. An appropriate “effective”™ amount in any

individual case can be detevmined using technigues, such as a dose escalation study.

The foregoing ranges are mergly suggestive, as the number of varigbles in regard (o an
individual treatment reglme is large, and considerable excursions from these recommended

values are not uncontmon.  Such dosages can be alicred depending on a number of varigbles,
not Himited o the actvity of the compound used, the disease or condition to be treated, the
mode of administration, the requirersents of the individual sublect, the severity of the discase

ar congdition 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 cubtures or experimental animals, including, but not
fimited to, the determination of the Ly {the dose lethal 10 30% of the population} and the

Eio (the dose therapewtically effeetive in 30% of the population). The dose ratio betwsen the

.

toxic and therapeutic e ffects is the thorapeutic index and it van be expressed as the ratio between

Llng and EDe. Compounds exhibiting high therapeutic indices are preferred. The daw

b3
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obtained from cell culture assays and animal studies can be used in formualating 8 range of
dosage for use in humwan, The dosage of the active agent Hes prefirably within a range of
circulating concentrations that include the EDso with minimal toxiclty, The dosage can vary
within this range depending upon the dosage form emploved and the route of administration
utiized.

j0146] According to the prosent invengion, the pharmacentical compositions can be In the form
of a sterile injectable preparation, for example a sterile injectable aqueous or oleaginous
suspenstion,  The pharmsceotical compositions of the prosend ivention can be orally
administerad in any orally acceptable dosage form including, but not limited o, capsales,
tablets, aqueous suspensions or sohstions.

{81471 The vention 18 also divected 0 a sterile glass or polyolefin contatner comprising a
pharmaceutical composition disclosed herein.  {n some embodiments, the contalner {s none
DEMP {Bis{2-cthythexyl} phthalate {di-d-ethylthexyl phthalate, disthythexyl phthalate, DEHP,
dioetyl philalate, THOPY or non-PV P {Polyvinyipyrrolidons).

{3148} A kit comprises suitable containers, suchas boxes, wdividual bottles, bags or ampoulss
Suspension  compositions can be packaged in single-dose non-reclosable contalners or
multipie-dose reclosable containers,

{149 Incorporated herein by reference in thelr entivety are US2017/0360727A1, published
December 21, 2017, and PCTAR2017/034091, Iwt’]l Filing Dater July 7, 2817 Also
incorporated Berein by reference n their entivety ave UL, Appl. N, 627616923 filed January
12, 2018,

EXAMPLEX

Example 1
Cell culture for age-related macuolar discase

{8158 Human retinal pigment epithelivm cell ine, ARPE-19, was purchased from American
Type Cultare Colloction (Manassas, VA, USA)Y. The ARPE-ID Cells were maintaingd in

I

RPMIUIE40 containing 10% fotal bovine serpm (Life Technologies, ()aitiwrsburg, MD, USA),

160 TU/md penicilling and 100 pg/mt streptomyein (Welgeoe, Daegu, South Korea

Example 2

Cel cubture for Alvheimer's diseass
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Hurnan Brain cell Hpe, SK-N-SH, was purchased from Amsrican Type Cultore
Collection (Manassas, VA, USA)  The SK-N-8H cells were maintained in RPMIETG40
containing 10% fetal bovine serum {Life Technologies, Galtherstrrg, MDY, USAY, 100 Hmi
peniciiiin, and 10 yg/ml streptomycin {Welgene, Daegy, South Korea),

Example 3
Cell culture for fibroblast

Human Colon Fibroblast ceoli line, COD-18-Co, was purchased from American Type
Cultwre Collection (Manassas, VA, USA)Y. The CCDB-18Co cells were maintained fu DMEM
containing 10% fotal bovine serum {Life Technologies, Gaithershurg, MO, USA)Y, 108 {U/mi

pevietiting and HIO pg/ml streptomyein {Welgene, Dasgy, South Korea).

Example 4
Celi culture for non-alcohalic steaiohepatitis INASH)

Human Hepsatocellular carcinoma cell ling, Hep(2, wias purchased from American
Type Cultwre Collection (Manassas, YA, USAY The HepG2 cells were maintaingd in RPMI

1640 containing 10% folal bovine serum {Life Technologies, Gaithersburg, MD, USA) 100

Wil peniciliing and 100 pgfml streptomycin (Welgene, Daegy, South Korea),

Example 3
Celf culture for vascular disease

Human Urobilical Vein Endothelial cell hine, HUVELD, was purchased from American
Type Culture Colleetion (Manassas, VA, USAYL  The HUVEC cells were Endothelial Cell
Growth Mediurg 2 mattained i Endothelial Cell Growth Mediom 2 Supplement MIX

{FromoCell, Heidelberg, Germany)

Example 6
Macrophage culture
Human Hepatic Stellate cell ing, LX-2, was purchased from Sigwa-Aldrich {8t Lous,

¢
M3, USAL The LX-2 cells worg matntained in DMEM containing 2% fetal bovine seram

{Life Technologive, Gaithersburg, M USAL UK Uil penicillin, and UH pg/ml

streptomyein {Welgene, Dacgs, South Korea).

Huran Monocyte cell fing, THP-1, was purchased from Asnerican Type Cultre

Colisetion (Manassas, VA, USA) The THE-1 cells were niaintained in RPMI1640 containing
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10% fetal bovine serum {Life Technologies, Gaithershurg, MD, USA), 100 IWiml pesicilling
100 pp/ml streptomyein {Welgene, Dacgu, South Korea), and 0.35uM 2-Mecapipethanol. Ceoll
were enltured i both vonditions, one condition is 2 humidified atmosphere at 37°C containing

3% Oy, and another §s hypoxia culture condition was maintained at 1% oxvgen, 5% and 94%%

Exampde 7
Regents

Calctumn lactate (Cala) and Upopolysaccharide (LPS) were purchased from Sigma-
Aldrich {8t Louts, MO, USA) 2-mercaptocthanol was purchased from (ibeo (Grand Island,
NY, USA). Phorbol P2-myriatate [3-acetate (PMA) was purchased from Enzo Lifesciences
(Enzo Diagnostic, NY, USA}  Human Interferpn-gamma, Human Interleukin-d (IL~4} and
Human Interleukin-10 (JL-10) were purchased fron BPS Biosclence (San Diego, T4, USA).
Paraformaldehyds (PFAY solution {4%) was purchased from Biosesang (Biosesang Inc.,

Gyeonggl, Korea),

The Hve cell movie anabyzer, Jub ™ Br (ManoEnTek Ing., Seowd, Korea) in ARPE-18
cells, was used to conflom the toxiclty of Calla. Cells were sexded into S-well culturs plates at
a density of 2.5 x 10% cellsiwell in medium. Afler 24 b incubation, the cells treated with 2.5
mM Cala for 12 he and 24 hr, The cells were continuously monitored for 24 h during Cala

treatment time, (38, 31)

Example 8
Macrophage differentiation

The human monooytic cell line, THP-1, was purchased from American Type Culture
Collection (Manassas, VA, USA)Y  THP-L cells were maintalned in RPMI 1640 media
{Hyvelone Labovatories, Inc,, Logan, UT, USA)Y supplementad with 16% ftal bovine serum
{Hyelone Laboratories, Inc., Logan, UT, USA}, 100 1UMmi peniciitin (Welgene, Daegn, South
Korea), 100 pg/ml streptomycin {(Welgens, Daegu, South Kores), and 088 gM 2.
mercaptosthano! (Gibeo, Grand Tsland, WY, USAY. THP-1 cell was maintained in a humidified
atmosphere of 3% CO2, at 37°C. THP~1 monogytes are differentiated nto macrophages by 12
& incubation with Phorbol 12-myristate 13-avetate (PMA) and 100 pp/ml (Enze Diagnostic,

2

NY, USA}Y in RPMI 1640 medium, Macrophages were polarized in M1 macnmhag esby 24 h
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incubation with 20 ng/rol of IFN-y (BPS Bioscience, San Diegn, CA, USA)Y and 100 pg/milof
LPS (Sigma-Aldrich, St Louls, MO, USAY in RPMI 1640 mediunt.  Macrophage M2
polarization was obtained by 24 h incabation with 20 ng/md of [L-4 (BPS Bioscience, San
Diego, CA, USA) and 20 ag/mil of IL-10 (BPS Bloscience, San Diego, CA, USAY in RPMI

'd

1640 medium, (32}

bExample 10

Urptical observation for oell viability

{6168] The Hve cell movie anaé}-‘m*, FaLI™ By (NanobaTek ine., Seoul, Korea) in ARPE-19
cells, was wed 1o confinm the toxiclty of Cala Cells were seeded into G-well calture plates at
a density of 2.8 x 1 cells/well in mediom. After 2 24 h incubation, the cells treated with 2.5

M Calia for 12 hand 24 he. The cells were continuously monitored for 24 & during Cala

treatment time,

Example 11
Weastern bot analys

3161} To prepave whole cell lysate, vells were tysed with lysis buffer (1% NP-40, 025 %
sodium degsyeholate, 150 mM NaCL | mM EDTA, 1% Triton X-100, 50 mM Tris-HC} {p;.;

7.4, 1% Glycerol) with protgase inhibitor cockiadl (Roche, Based, Switzerfand) ang

phosphatase mhibitors (NASYVGs 1 M, NaF 100 mM) Then, protein concentration was
measured using the Bicinchoninie scid {BCA) assay kit {Thermo Scientifie, Waltham, Ma).
Whole celf or nuclear hysates were transferred onto pu?ij«“vinyiidenc fluoride membranes (Mevrck
Miilipore, Billerica, MA, UBA) After blocking o non-fat milk (Bio-Rad, Hercules, CA,

USAY for § b, the membranes were tncubated overnight at 4°C with primary antibody diluted

a PBST containing 100 mM TriscHCEH (pH 7.3}, 1.5 M NaCl, and 6.5% Tween-20 obtaingd
from Sigma-Aldrich, 1o which 5% BSA and 0.1% sodium azide (Sigma-Aldrich) had besn

‘t

added. Spectfic primary antibodies to HIF-Ta {1:1000), HIF-2o {11000}, LOH-A (11000,
B 1{3{30;1 TUR-4 {1:1000), NF-«B (1:1000), VEGF (1:1000), c-tubulin (1:10060), Actin
), and GAPDH (1:3000), The next day, the membrases were washed with TBST and

',M.\

incubated for 2 b with anti-rabbit secomdary antibody (110000}, Invnunoblots were developed
asing & westem blot detection reagent {(Abclone, Seout, iiar*ra} and exposed 0 x-ray Hm

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

Example 12
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Immmunocyviochemistvy

ARPE-19 and SK-M-SH cells were fixed on blo-coated coverslips {BD binscience, San
Jose, CA, UISAY by 4% PFA for 20 min and then incubated with the primavy antibodies for (5
h. The primary antibodies were as follows: HiF-ie {0300, BD Biosciences, San Jose, TA,

UBAY, LDH-A (1:300, Santa Cruz Biotechnology, Sants Cruz, €A, USA) LDH-B (1:304,
Sania Cruz Biotechnology, Santa Cruz, T4, USAY NF-uB (1300, Santa Crue Biotechnology,
Santa CUruz, CA, USAY TLR-4 (1:300, Santa Cruz Bictechnology, Samta Cruz, TA, USAY
apob {1:200, Santa Craz Biotechnology, Santa Cruz, CA, USAL Afler PBS wash, the cells
werg incubated with antb-mouse secondary bintinvlated antibody {12000, Vector Laboratorie,
Burlingame, T4, USA} and visualized with streptavidin conjugated to Fluorescein (Vector
Laboratoriz, Burlingame, TA, USAY Coverslips were mountad on microscope slides with
YECTASHIELD® Hard Set™ Mounting Mediaom with DAPL {(Vector  Laboradories,
Burlingame, T4, USA). Confecal fluorescence tmages weve obtained with confocal laser

seananing microscopy (LSCM, Nikon A+, Tokyn, Japan) under a 60X off imumneralos lens.

Example 13
Antmal Model tor NASH

All experiments were performed under the instifutional guidelines cetablished by the
Institutional Animg! Care and Use Commitizge al Gachon University (JACUC-2017-0008).
Female S-week-old CS78L/6 mice were purchased form KOATEC (Pyeongtack, South Korea)
and were fed Methionine-Choline diet (MCD} for 4 wesks, When the paos weighed 15 geach,
the muice were sutopsied randomly 1o sdentify nonalvobolic steatohepatitis (NASHY. The mice

werg imjecied twice datly {B.1LD) with suboutanenus calehunt lactate (2 mg'kg) for 4 weeks,

Example {4
Animal model for age-related macular depeneration

Al experiments were performed under the tostitutional guidelings established by the
Institutional Animal Care and Use Convnittes st Gachon University (JACUC-2G17-0008),
Skx-week-old fomale USTBLG mice {20-25 g} were puschased fromt Orient {Charles River
Korea, Semu, Korea), Al animals were maintained in a 12-hour light'dark eyele (Hght on,
{(8:00% at 22°C-25°C with free access 10 food and water. The mice were placed fndividually in

an induction chamber, and anesthesia was induced with 2% isoflurane {HANA PHARM €O,

oy

Seoul, Koreal The lestons were indaced in sach eye of the mice by laser photecoagudation

{SDL405-700, S Laser, Ching). The laser pulses were from bloe laser {wavelength, 405 nny
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SE Laser). Laser parameters were {00 jm spot size, 700 mw power and 1 ¢ exposure fime, A
total of 13 mice were randomized iito thres groups: {i) not subjected to laser induction (n =
3% (1) subjected to laser bums and mjected with the vehicle buffer {n = 3% and (i) Cala

2 my/kg/day (B.LIN {n=7). Cala treatroent was started the days afier laser phmu-coagukméen

and was treated subcutanconsly for 14 days, (33, 34

Example 15

Histological analysis for MASH maoded

douse Hver tissues {n=3) were dissected and fixed in 4% paraformaldehvde PBS
sofution fir 18 hat 4°C. Figed liver tissues were embedded in paraffin and sectioned a1 10 pm,

Slides were ncubated 8t 35°C for 3§, and subseguently dcmrafﬁ"mizaé in wylens and
refivdrated in a graded ethanol series and used for hematoxylin {Merck, Darmstadt, Germany)
and cosin {H&E) staining (35}, Paraffin sections (10 am thick) stained with H&E were imaged

using & Leica DM 1008 LED wmicroscope (Leica Microsysterns, Wetzlar, Germany}.

Example 16
Histological analysis for age-related macular degeneration

The histopatholngic examination of retinal lesions was performed 2 weeks after 2

743

mg/kg of Cala was administered subcutansously, The enucleated eves were fixed with 4%
paraformaldehyde (PFA) for 24 b at 490, and eyves obtained by removing the anterior segments
ware washed three thoes in phosphate-bulfered saline. The fixed Bat~mounts were dehyvdrated
in 8 graded series of ethanol and embedded in paraffin, Paraffin scctions {10 wun thick) were
stained with hematoxviin (Merck, Darmstadt, Germany) and cosin (Sigma-Aldrich, St Louis,
MO, USAY (HER) and wers imaged using 3 Leica DM 1000 LED microscops (Leica
Microsystems, Wetddar, Genmany), The chorotdal lesion and neovascularization on the fas

mounts were observed by confocal microscopy (Carl Zeiss, Oberkochen, Germany).

e
i

ixample 1
Masson Trickrome Stain

Mouse fiver tissues {3} werg dissected and fixed in 4% paraformaldehyde PBS
sodetion for 15 b at 4°C. Fixed tissues were embedded in paraffin and sectioned at 5 mm,

Stides were tncubsated st 55°C for 2 b, and subsequently depsraffinized in xvlene and

rehydrated in a graded ethanol series aod re-fix in Boun's solution for 1 e at 536°C, semove
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the vellow coloy o rinse running tap water for $-10 moin and stained Biebrich scarlet-acid
fuchsin solution for § min then in phosphomolvbdic-phosphotangsiic acid solwtion {ratio 111
for 30 minutes, and antline blue solution and stain for 15 minutes. Rinse briefly in distilled
waler and in 1% acetic acid solution for 2-3 min. Dehydrate 95% ethyl akcohol, absolute ethyl
alcohot and clear in xylene. Mount with mounting medinm, Imaged using a Latea DM 1000

LED microscope (Leica Microgystems, Wetzlar, Germany).

Example {8
Results

[B168] FIG. 1 15 an in vitro experiment of human leukemic monogyles, Wastermn blot resulis
show that inflammatory factor (NPexly) was decreased by 2.5 mM calohum lactate treatment in
THP-1 cells (human leukemic monocyie) hypoxia condition,

{31691 FIG. 2 i an in vitro experiment of human leukenic monoeyies differentiated into
macrophagss. Western blot results show that inflammatory factor (NF-xb) was decreased by
2.5 mM calcium lactaie treatment in differentiated THP1 cells with PMA {phorbol-12-
myristate-1 3-acetate) (MO macrophage) snder novmonxia and hypoxia conditions,

{8178} FIG. 3 provides Wostern bl resulis showing that inflammatory {actor (NFaxb} was
deereased by 2.5 mM calciam lactate trestment in differentiated THP-1 cells with interferon
gamma (IFN=y} and lipopolysaccharide (LPS) (M1 macrophage} under normoxia and hypoxia
conditions,

{171 FHG. 4 provides Western blot reselts showing that inflammatory factor (NF-xb) was
decreased by 2.5 mM calcium lactate reatment in differentiated THP-T cells with interleukin-
4 {HL.-4) and interleukin- 10 (JL-10) (M2 macrophage) under normoxia and hypoxia conditions.

HHL72] FIG. § s a liver fibrosis In vitro experiment. Western blot results show that hypoxia
inducible factor-la (HIF-1a) was decreased by 2.5 mM calcium lactate treatioent in LX-2 vells

{human hepatic stetlate cefl} under hypoxia condition,

{9173} F1G, 6 is a human endothelial cell in vitro experiment. Western blot results show that
hypoxia-mediated factors {lactate dehydrogenase A) were decregsed by 1.3 mM calcium lactate

treatment in human ombilical vein endothehial cells ander hypoxia condition,

[174] FIGL 7 is a human fibroblast in vitro experiment, Western blot resalts show that lactate
dehvdrogenase B was increased by 2.5 mM calclum lactate wreatment in CCD-18Co colls

{human colon fibroblast) under hypoxia condition.
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3173 FIG. § is 8 brain CID in vitro experiment. Western blot results show that hypoxis-
1Y Y

mediated factors were decreased by 2.5 mb calcium lactate teatment in SK-K-8

H cells {(brain
epithelium) under normoxia and hypoxia conditions,

{8176} FIG. 9 is a liver CID In vitro experiment. Western blot results show that hypoxia-
mediated Tactors were changed by 2.5 mM calchom lactate treatment in HepG2 celis {liver
epitheliom) ander 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 Hepla2 cells (fiver epitheltumy under
bypoxia condition,

{8178} FIG. 11 s an eye CID in vitro experiment, Western blot results show that hypoxia-
mediated factors were decreassed by 2.3 mM caloiun Jactate treatment in ARPE-19 cells {retinal
pigment epithelium) under nosmoxia and hypoxia conditions,

81791 FIG. 12 provides immunocytochemistry results showing that hypoxia inducibie factor-
fo (FHF-1n) was decreased by 2.5 miM calelom Jactate treatment in ARPE-19 celis {retinal
pigment Qpiths‘:‘sium} under byvpoxia condition.

{3186} F1G, 13 provides mmunocytochemical results showing that laciate debydrogenase A
was decreased by 2.5 mM caleiumt lactate trestment in the ARPE-® cells {retinal pignient
epithelium} under pormoxia condition,

{181 FIG. 14 movides immunocytochemical results showing that inflammatory facter
{nuciear factor-kappa B) was decreased by 2.5 mM caloium factate treatment in the ARPE-19
cells {retinal pigment epithetium) under hypoxia condition.

{8183} FIG, 15 provides immunocytochemical results showing that inflammatory factor (toll
like regeptor 4) was decreased by 2.5 woM caiciom lactate treatment in the ARPE-19 celis
(retinal pigment epithelium) under hypoxia condition.

{8183} FIG, 16 provides intmunocytochemical resulis showing that lactate dehydrogenase B
wias increased by 2.5 mM calcium lactate treatment in the ARPE-19 celis {retinal pigment

epithelum} under bypoxia condition,

{B184] FIG. 17 provides immanocytochemical results showing that drusen macker
{Apolipoprotein B) was decreased by 2.5 mM calcium lactate treatment in the ARPE-19 ells

{retinal pigment epitheliun) under hypoxia condition.
{01835 FIG. 18 provides Western hlot results showing that inflamamatory factor (NF-xb} was
decreased by 2.5 mM caloium lactate treatment in ARPE-19 cells (refinal pigment epithelium}

ungder hypoxia condition,
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{8186} FIG. 19 shows that there i no toxicity jo ARPE-19 cells {retinad pigment epithelium)

by 2.5 mM calcium lactate weatment.  Calcium Jactate only plays an important role in the
metabolic change of injured epithelial colls.

{8187} FIG. 25 provides Western blot results showing that inflammatory factor (NF-xbj was
decreased by 2.5 mM caloium lactate trestment in the tissug of retinal pigment epitheliun,
Example 19
Targeting Digestive disease (NFALD, NASH)

{H{B8] Materials and Mothods
iﬁiS’%E Anipatl Mode! for fiver diseases, Al experiments were porformed under the
titutional guidelines established by the Instiutional Amimal Care and Uss Comnnitige af

{Gachon University (JACUC2017-0008). Fomale S-week-old C37BL/G mice were purchased

form KOATEC (Pveongtaek, South Korea) snd were fod Methionine-Choline (MCD) dist for

4 weeks. The mice were injected twice daily (B.LD} with sebastancous calcium lactate {2

mg'hg) for 4 weeks, Histologieal analyvsis. Monse Liver tasues (n=3) were dissected and fixed
in 4% paraformaldebyde PBS solution for 13 hat 4°C. Fixed Hver tissues were ombedded in
paraifin snd sectioned @t 10 pm. Slides were incubated at 33°C for 2 h, and subsequently
deparaffinized in xylene and rehydrated In & graded ethano! series and used for hemaloxylin
{Merck, Darmstadt, Germany) and eosin (H&E) staining. Paraffin sections {10 um thick)
stained with H&E were imaged using s Leica DM 1006 LED microscope (Leica Microsystems,
Wetelar, Germany

[R1%¢ Masson Trichrome Stain. Mouss Liver tissues (n=3) were dissscted and fixed fn 4%
paraformaldehyds PES solution for 15 hat 4. Fixed tigsues were embedded in paraffin and
sectioned at § nun. Slides were incubated at 88 °C for 2 b, and subsaquently deparaffinized in
sylene and rehydrated in a graded ethanol serfes and re-fix in Bouin’s solution for Hhr at 36°C,
remove the yellow color to rinse running tap water at S~1{ min and stained Bicbrich scariet-
acid fuchsin solution for 3 min than in phosphamolvbdic-phasphotungstic acid solution {mtio
1:1} for 30 minutes, snd aniline blue solution and stain for 15 minwes. Rinse briefly in distilled
water and in 19 acetic acid solution for 2-3 minutes. Dehydrate 93% ethyt alcohol, absolute
ethyi alcoho! and clear n xylene, Mount with mounting medium, Imaged using a Leica DM
1000 LED microscope {Leica Microsystems, Wetzlar, Genmany).

{8181} FIG. 20 & a liver C10 (NASH) i vivo experiment. To induce NASH, mice were fed
methionine-choline deficient (MCDY dist with polyunsatsrated fat for § weeks. The bload

chenmistry vesults show that serum AST snd ALT were significanily decreased by 2 maikg
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calcium lactate treatroent, **P < 0.001 va, methionine-choline deficient (MCD). Resulis ars
MEAN = 8{x,

{6192} FIG. 21 provides immunohistochemical results showing that lipid droplets {white pores
in liver tissues) were not observed in the caloium lactate-treated group while the lipid droplets

were well observed In the methionine-choling deficient (MUCD} group.  Wisatosis wa

174

prevented by 2 mg/kg calcium lactate teatment. The resulis show that steatosis is prevented
by calolum lactate treaimesnt,
3183 FI1G. 22 provides immunohistochemical results showing that in the Hver {ipid droplets
~

{white pores in Hver tissues) are not present i the 2 mg'kg calctom lactate-treated group,

sirnilar to the control group, while they ars found in the methionine-choline deficient (MUY

{8194} FIG. 23 provides inmunchistochemical results showing that in the liver immune cell

infiltration iz decregsed in the 2 mg'kg caleium lactate-treated group, similar to the control

group, while immuns ool infiltration is increased in the methionine-~choline deficient (MUD)
Qroup.
{3195} FIG, 24 provides immunohistochemical resulis showing that in the Hver fibrosis

{collagen accumulation site; white arrows) 18 not present in the 2 mpkg caloln lactate-treuted
group, simifar to the control group, while it s present in the mothionine-choline deficient
{MCD} group.
Example 20

Targeting ocnlar disease {Age-related Macular Degeneration (AMD), Keratitis, and Diabetic

retinopathy}
[6196] Materials and Methods
{197] Amimals, Al experiments were performed under the instiulional guidelines

stablished by the Instingtional Animal Care and Use Committes at Gachon University

(ACUC-2017-0008). Six-week~old CATBL mice were purchased from Ovient (Charles River

o

orea, Seoul, Korea). Al animals were maintained in a {2-hour hght/dark cyole (fight on,
08040 at 32-25°C with free access 1o food and water,

[B198] Preparation of calclum lactate, Caloham lactate was purchased from Sigma Aldrich (5t
Louis, MO, USAY  Twe mgkg of calcium lactate was dissobved in sshine for daily

3

subcutanecus injection (21 days)

K ;-/

{6199 Aniraal model for ocular diseass. The mice were placed ndividually n an induction

chamber, and anesthesia was induced with 2% isoflurans (HANA PHARM CQ,, Seoul, Korea}.
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The laser-induced rupture of Bruch's membrane was induced in both eyes of mice by lase
photocoaguiation {SDLAGS-700, SD Laser, Ching). The laser pulses were from groen laser

(wave length, 532 nm; Visulas, $32; 8D Laser). Laser parameters were 100 um spot size, 780
mw power and | § gxposure time.

[266 Preparation of choroidal flat mounts, Twenty one days aller faser jury, mice in cach
group wore anesthetized and perfused through the left ventricle with 1.0 mbl PBY containing
25 myg fluorescein isothincvanate-dextran (Sigma-Aldrich, StLouts, MO, USA). Eyes were
cnucleated and fixed i 4% paraformaldehyde for 1 hour,  Retimal plgment epitheliume
choroid-solera eyecups were prepared affor hemisecting the eye, with total rensoval of the lons,
vitreous body, and retina. Retinal ;}igmsni epithelium-choroid-sclera evecups were flattened
by the creation of four or five radial incisions, from the edge o the equator, and Jat-mounied
in agua-monpt,

a1 Histological analysis

\

)-“4'
wad

he fixed flat-mounts were dehydrated in & graded series of
ethanol and embedded in paraffin.  Paraffin sections (108 um thick} were stained with

hematoxyiin (Merck, Darnsstadt, Oormany) and eosin (Sigma-Aldrich, St Louds, MO, USA)

o

{(H&E) and were fmaged using a Letca DM 1000 LED microscope {Letea Microsystoms,

Wetzlar, Germany), The choroidal lesion and neovascularization on the flat-mounts wore

&y

observad by confocal microscopy (Carl Felss, Oberkochen, Germany),
263 Resulis
2831 FHG. 26 provides representative images for H&E staining of lesion of inner layer of

o

choreidal flat-mount.  An abnormal morphology of retinal pigment epithelium was observed

S

after AMD iduction (middie image). The morphology of the retinal pigment epitheliom was

recovered in 2 similar manner to the normal control epithelium (efl image) by reatment with
2.5 M calcium factate right image},

{8204] FIG. 27 provides fluorescence images for Jesion of inner laver of chornid on flat-mount
by laser-induced AMD. The choroidal lesion was observed after AMD induction {middle
image). The choroidal lesion was restored after treatment with calcium lactate {right image).

{0285} FIG. 28 provides fluorescence images for fesion of tnner fayer and neovascularization
of choroid on flat-mount by laser-induced AMD. The choroidal lesion and neovascularization
were observed after AMD  Induction {(middle image).  The choroidal lesion and
neovascularization were restored afler treatment with calclum jactate (right image}, same with

the pormat control (leff bmage).

Example 21
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Targeting Alzheimer & Stroke

Materials and Methods

Animals, Al experiments were carried out i accordance with aniresl care guidelines
under Korean law (11737, rev’d April 5, 2013) and the guidelines set by the Institutional
Animal Care and Use Coromitiee at Gachon university {(LCDI2018-0073). Bight-week old
male Spragus-Dawiey (80h rals were obtained from Samtake Co. {Osan, Gyeonggi-do,
Republic of Korea) sud bred under specific-pathogen-free (SPF) conditions, Al animals were

maintained in g 12-how Ught'dark cycle at 22-25°C with fres access to food and water.

Preparation of Lipopolysaccharides (LPY) and Caloium Lactate, Dissolve | mg of LBER
powder it T ml of saline. Keep the tubes on ice i LPS is golng to be used fresh. For long

o

storage, screw cap vials are preferred. The aliquots were stored at ~20°C, Calolum lactate was
purchassd from Sigma Aldrich (8% Louis, MO, USA) Two mg/ke of calctum {actate were
dissolved in saline for daily subatancous imection (21 days).

Iniracranial injection of P8, The antmals were placed o a small acrylic cage that was
coupled with an anesthesia wachine that allowed thewm to breathe freely under gascous
anesthesia (2% isoftwrane, Sparianburg, SAY Afler full apesthesia of an animal was
achieved, it was positioned on an Gpemﬁng able {while maintaining the gaseous anesthesia)
with the superior aspect of the neck hyperextended 1o expose the posterior region, The animal
fur of head was shaved with an electric olipper, and the skin was swabbed with todins. LPS
was kept It on ice before use. Al the surgical waterials disinfected with 70% ethanol
Hamilton syringe barrel inner space was cleancd with distilled water and 70% ethanol. The
Hamilton syringe was placed In the syringe holder, The animal in the sterentaxic apparatus
was placed on horizontal position. A widhine incision {about T om} on the skin of head was
made with the scalpel. The needic of Hamilton syringe was placed on the bregma. Read the
three coordinates (AR -3.6, LM 2.0, and DV -3.8) on the manipalator {in nun} and write them
down; this was used for starting point,  Slowly, set the DV coordinate of the ijection point;
this inserts the nesdle tp into the brain untit the injection peint, The LPS solution {2 pl} was
released at an approximate flow rate of 0.5 plfimin, After the igjection, the needls was removed
very slowly, The wound area was closed by suturing, and then disinfectant was applied. The
vat was marked for Qither identification.

Immunohistochenistry, Brain tissue was ssotioned at § pm on crvostat and stained oy
histological exanination, N,Eimmsmpic inages were obtained at 200X magnification.  For
iramunchistochemistey, sections were blocked with 19 BSA and 10%% NGS in .05 M PBS for

{ b at room temperature and then reacted with rabbit anti-Iba-1 (11000, Bloss, 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, LISAL

o2y Results
{212} FIG. 29 provides an experimemial scheme for estabiishing Alzheimer and siroks

diseasss, OMT-1H} is cadoium lactate. FIG. 30 provides representative images for showing
brain damage by LPS. Contralateral: normal veglon. Ipsilaterals LPS fujection.

8213 F1G. 31 shows the recovery of damaged brain tissue and the reduetion of microglis
infiliration that recruited vpon brain damage. The resulis show that the inflamsmatory reaction,

which exacerbates Alzheimer's and stroke, is greatly redoced,

Example 22

Targeting Parkinson’s discase

{8214} Materials and Methods
{0215} Animals, Al experiments wers carried out i accordancs with animal care guidelines

-

under Kovean law (11737, rev’d April &, 2013) and the guidelines set by the Institutional
Animnal Care and Use Committes st Gachon wniversity (LCDE2018-0073)  Eightowesk old
male Sprague-Dawiey (8D rats were obtained from Samtako Co. (Osan, Gyeonggi-do,

3

Republic of Korea) and bred under specific-pathoges-~free {SPF} conditions, Al animals were
maitained io g 12-hour light/dark eycle at 22-23°C with free access 1o food and water,

{8216] Preparation of desipraming, 6»GHDA, and calcimy lactate. Desipraming (12.5 mg/ky:

novadrenalivg transporter blocker: Sigma Aldrich, St Louis, USA) was dissolved iy saline for

intraperitoneal infection. &-OHDA (20 pgfivay, Sigma Aldrich, St Loats, USA) was dissolved

&2

in saling for intracranial injection, 2 mgfke of caleium lactate {Sigma Aldrich, 5t Louts, USA)

/

was dissobved fn saling for daily subaansous injection (21 days),

{82171 Injection of desipramine and 6-0HDA, The animals were Injected with desipramine
into the abdominal cavity (intraperitoneal injection) 30 min before §-OHDBA injection. 3¢ min

after Desipraming injection, the animals were placed tn a small acrylic cage that was coupled

with an anesthesia machine that allewed them to breathe
soflurane, Spanasburg, 8C, USA)L After full anesthesia of an animal was achieved, & was
positioned ow an operating table (while maintaining the gassous anesthesia) with the superior

aspect of the neck hyperextended o expose the posterior region. The animal fur of head was

shaved with an electric clipper, and the skin was swabbed with ioding.  All the surgical

)-‘»

materiale disinfected with 70% ethanol. Hawilton syringe bareel inner space was cleaned with

stitled water and 7% ethanal. The Hamilton syringe was placed i the syringe holder, The
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animal in the stereotaxic apparatus was placed on horizortal position. A midline incision
{about 1 cm) on the skin of bead was made with the sealpel, The veedle of Hamilion svringe

was placed on the bregma. The three coordinates (AP -5.6, LM 2.0, and DV Z7.8) on the
manipulator (i mm) were read and used 88 the starting pott. The DV coordinate of the
injection point was set slowly; this inserts the needie tip into the brain antid the injection point.
The 6-0OHDA solution {20 ug/ 4 wd) was releassd at an approximate flow rate of | ulimin, After
the injection, the needle was removed very slowly, The wound area was closed by suturing,
and then disinfeciant was applied. The rat was marked for fuvther identification,

{8218) immoenohistochemistry. Brain tissue was sectioned at 3 pm on cryostat and stained for
histological examingtion. Microscopic images were obtained at 200X magni‘f}mtim, For
immunobistochemistry, sections were blocked with 196 BSA and 10% NGS i (.05 M PBS for
th af room lempersture and then reacted with mabbit anti-tyrostne hydroxylase (1:300,
Chemicon, Tokyvo, Japan) at 4°C two overights. ABC staining system was used to visealize

dopaminergic neuron in the seetions {Veetor Labowmtories, CA, USA)

{828 Resuits
{82281 FIG. 32 provides an experimental seheme for establishing Parkinson’s disease. OMT-

110 ts calciam lactate,

{8221} FIG. 33 shows the recovery of dopaminergic vewron by treatment with caloium lactate,
Parkinson's disease is a pewrodegencrative disordsy that affects dopamine-producing by
disrupting dopaminergic neurons in & specific area of the bram {substantia nigra}.

Fxample 23

Targeting Maltiple sclerosis and Spinal cord jury

8222} Materials and Methods
{8223} Animals. All experiments were carried out in accordance with animal care guidelings

under Korean law {11737, rsov’d Qpril 3, 2013) and the guidelines set by the Institutional
Antmal Care and Use Conmmittes at Gachon university {LCDE2018-0073). Bight-week old
male Sprague-Dawley (SI3) wata were obtaived from Samtako Co. {Osan, Gyeonggi-do,
Republic of Korea) and bred under specific-pathogen-free (5PF) conditions. A antmals were
msintained in @ {2-hour light'dark cvele at 22.25°C with free actess (0 food and water.
{8224} Preparation of Lipopolysaccharides (LPR) and Calcium Lactate. Dissolve | mg of LPS
powder in 1 mi of saling. Keep the tubes on fog I LPS is going to be used fresh. For fong

storage, use serew cap vials are preferred. The aliquots were stored at deep freever (<26 °C)
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Calotum lactase was purchased from Sigma Aldrieh (84 Louis, USA). Two mgdeg of calcium
lactate was dissolved in saling for daily subcutaneous injection (21 days).

{8225] Fntraspinal injection of LPS. The antveals were placed in a small acrylic cage that was
coupled with an anesthesia machine that allowed themn 1o breathe freely under gaseous
anssthesia (236 isotlurane, Bpartanburg, SO USAL  After full ancsthesia of an apimal was
achigved, It was positioned on an operating table {while maintaining the gaseous anesthesia).
For intraspinal injection of LPS, the laminectomy site of rats was exposed. Two swall holes,
T ram apart, were made {n the dum over the left dorsal eolumn. A volome of | gl of LPS
sofution was cavefully drawn up into a sterile Hamilton syringe, and the LPS solution was
slowly injectsd nto the spinal vord. The syringe maintained in place for an additional 2 min
to prevent back-flux from the injection site. Then, the injzction site was closed by surgical
clips,

{6226] hamuonohistochemistry,  Spinal cord tissue was sectioned at 3 pm on eryostat and
stained  for histological examination.  Micrescopic bmages werg obtained gt 200X

magnification. For imnwnohistochemistry, sections were blocked with 194 BSA and HBS NGS
in 0,05 M PBS for | h at room temperature and then reacted with vabbit anti-foa-1 (1:1000,
Bioss, MA, USA) al 4°C two overnights. ABC staining system was used 10 visualize microglia

{Iha~11 in the sections {Vecior Laboratories, CA, USA)

fa22m Resulis
[GI28] FIG. 34 provides an experimental scheme for establishing multiple sclerosis. OMT-

110 i3 calelum lactate,

{229 FIG. 35 shows the recovery of demyelimate spinal cord and the reduction of microglia
infiltration by freatment with calciom lactate, Demyelination of centrad nervous system and
tumune infitration occur inassociation with inflamynation in a sumbsr of dsorders, ncluding

multiple sclerosis and spinal cord injury.

Example 24

Targeting vascular disease (Atherosclerosis, cercbral homorrhage, and myocardial infarction)
LR Materials and Methods
{6231} Animals. Al experiments were carried out in accordance with animal care guidelings

3

under Kovean faw {11737, rev’d April 8, 2013) and the guidelines set by the Instintional

Animal Care and Use Commitise at Gveonggd blo center (3017-11-0008, South Kovea), Fibe-

week old mak BALR/e ApoR™ mice were obwingd from Japan SLC Inc. (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 ApoEs" 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 FOAM CELL LIPID DEPOSITED
AORTAWALL PLAQUE _ i
(um) () (cellstun-) ()
Gl 47712243 0.00£0.00 0.00=0.00 0.01=0.00
G2 147.51+23 .58 0.50=0.08 135.75=31.76" 0.41=0.06"
G3 85.83=8.707 0.10=0.03" 39.00=10.137 0.09£0.037
Data were expressed as mean=S.E. N The results were statistically analyzed by Aann-MThimey

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 (mefdl)  MALE
GROUP | TCHD TG LD HDE.
Gi ENEERY 757818 15.042.9 8734110
G 2092.44349.2" 48.646.8 1541,6£30.47 220421177
G 232804587 54.8+2.8 1537.1214.2 1972437

Drats were sxpressed as meanteS E M. statistically analyzed by viudent fresf methods,

o statistioadly different betwern G2 and G, P<B.01
statisticatly differens berween G2 and Gl P08

G Normal control (Saline, n=3)

G3 Veohicle controd {Saline, n=8}

€13 Test anticle {Calciun Inglste pentshydrate, =R}
£32-G3: Migh cholestoro! dist supplicd Apob-deficient mice

{8239] Pathogenic factors such as cholesteral (TCHO), LDL cholesterol (LDBL), wigheerides

{TG}, and HDL- cholesterol (HBL) were not controlled by caloium lactate. The combingd form

of calehum with lactate aots as a single ingredient directly on the disease site {see FIG. 36)

{12401 FIG. 36 provides representative histological profiles of the aorta tissues. The tissuss in
left and middie side of plotures are a H&R stamning. The tissues in right side of pictures are an
ol red staining for distinguishing the wherosclerotic lestons, The atherosclerotic lpsions wers

decreased by freatment with calotury lactate.

Example 23
Targeting pertodontal discase {Pulpitis and Periodoniitis)

{8241} Materials and Methods

{6242} Ankmals. All experiments wers carried out in accordance with animal care guidelines
under korean law {11737, revised April 5, 2013} and the gidelines set by the Institutional
Animal Care and Use Committee at Gachon uiversity (LCDIRZ018-0073). Eighi-week old
male Spragus-Dawlsy (83} rats were obtawmed from Samiake (oo (Osan, Gyeonggi-do,
E{cpubl of korea) and bred under specific-pathogen-frec (SPF) conditions. All anbmals were
mamtained i a P2-hour light/dark oyele at 22-23°C with free access to food and waler

{8243 Preparation of Lipopolysaccharidex {LFS) and Calcium Lactate, Dissolve T mg of LPS
powder in 130 pl of saline. Keep the tubes on ice i LPS is going to be used fresh. For long
stovage, use sorew cap vials are preferred. The aliquots were stored i a deep freezer {30°0)
Caleium lactate was purchased from Sigma Aldrich (St.Louis, MO, USAY. Two mg/kg of

calohum lactate was dissolved in saling for daily subcutaneouny injection (21 days).
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{2441 Animal modst for ;}eria‘zd@ntai disease.  Pericdontal dissase was induced by
intragingival Injection of LES {1 mg/100 g} v sterile saline. A fing hypodermic neadle was
inserted at the mesiolateral aspeat of the first right mandibular molar and the tip moved distally

50 that the injsction was made at the interdental papilla between the first and sscond molars.
The injection was slowly made, and the needle held in place for 10 scconds post mjection to
ensure that the LP& was not {ost through the nesdle track.

{243 Histological analysis. Rat ginglva including tooth were dissected and fixed in 4%
paraformaldehyde for Tdays af $°0. Fixed tissues were embedded in parafin and ssctioned at
1 um. Slides were incubated at 35°C for 2 k, and sobsequently deparaffinized tn xyvlene and
rehydrated i a graded cthanol series and re~-fix in Bown's solution for 1 b, remove the yellow
color to rinse running tap water for 3~10 min and stained with Bishrich scarlet-acld fuchsin
solution for 3 min than in phosphomolyhdic-phosphotungstic scid solotion {ratio 1:1) for 30
muin, and aniline blue solution for 13 min. Rinse briefly in distilled water and in 1% acetic acid

-

solution for 3 min. Dehydrate 95% ethyl alcobol, sheolute ety alcohol and clear in xyviene,

o

,

NMoont with woounting medium, The stained tissues were Imaged using a Lelea DM 1006 LED
migroscope {Leica Microsystems, Wetddar, Germany},

{2461 Results

82471 FRG 37 shows Masson's trichrome staining for periodontal tissues,  LPS treatment
induces peripdontal disease, which causes loss of lipaments and ginghva aroond the root of
tooth (middle image). The ligaments and gingiva were recovered afier treatment with calcium

i

162481 FIG. 38 shows Massor's trichrome staining for the upper gum. The upper gum around

right image}, same with the normal control {left imagel

~

olals

ol

Lo
«F'“

the periodonmtal tissus that was treated with LPS shows sbnormal morphology by severe
inflammation {middle image). The morphology of the upper gum was recovered affer

treatment with caleium lactate {vight mage), sawe with the normal contrel (lefl image).

Example 26

Targeting Musculoskeletal discase (Rheumatoid Anthaitis)

{42484 Matorials and Methods
{23n Animals, All experiments were carried out in accordance with animal care guidelings

under Korean law {11737, rev'd April § 2013) and the guidelines set by the Instingional
Animal Care and Use Committee at Gyoonggl hio center (2017-11-0003, South Korga), Six-

week old male DBALAY mice were obiained from Japan SLC Inc. (Shizuoka, Japan) and bred
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under specific-pathogen-free {SPF) conditions. Al animals were mamtained in a 12-hour
fight/dark ovele at 22-235°C with free access to fnod and water.
{8251] Preparasion of agents. Two mg/ml Type H collagen was mixed with the same volume
reund’s adiuvant (CFAG for primary indaction of rheumatodd arthwitis, Two
mg/mb Type {1 collagen was mixed with the same volume of incomplete Fraumd's adjovant
{IFA} for secondary Induction of rheumatoid arthritis. Two mg/kg of calotum lactate was

dissobved in saline fow daly subcutancous injection {21 days).

{0252} Antmal model for rheumatold arthritis
{6233 Primary induction: 0. ml of the mixed solution (Type H collagen + {UFA) was

pasc.

injected subcutancously into the arca of L8 om from the base of il of mive. The
administration site and depth were the samg in all mice.

{8254} Secondary induction: 21 days afler primary induction, 8.1 mb of the mixed solution
{Type H collagen + IFA)Y was injected subcutancously inlo the area of 1.5 cm from the base of
tat] of wice. The administration site and depth were the same in all mice.

{0285] Histological analysis, The mice foot and knee joint were dissected and fixed {4%
paratormaldehyde} and decalcified for 2 days at 4°C, The tissues were embedded in paratfin
and sectioned at 13 pm. Slides were incubated at 55°C for 2 b, and subseguently deparaffinized
i xylene and rehydrated in 8 graded ethanol series and stained with Bicbrich scarlet-acid
fuchsin sobution for 5 min than in phosphomoivbdic-phosphotungstic acid solution (ratio 111}
for 30 min, and aniline blue solution for 15 min. Rinse beiefly in distilled water and in 1%
acetic acid solution for 3 min, Dehydrate 95% cthyl alcohol, absolute ethyl alooho! and olear
in xylene. Mount with mounting wedium, The stained fissues were hnaged usin clen DM

1004 LED microscope {Leica Microsystems, Wetzlar, Germany}

{8256} Results
{257 FIG. 3¢ shows Masson's trichrome slaining for foot and knee joimy tissuss.

i,

=

Inflammatory edema was olserved in the toes and Kneg joint by rhoumatoid artheitis (middle
images). 21 davs after treatraent with Cakla, the mflammatory edema clearly decreased in the
toes and knee joint (flower inmages), and it was morphologically recovered same with the normal
control {upper images).

Example 27

Targeting Digestive discase {Inflamratory bowed discase: CUrobn’s and Colitis)

{1238 Materials and Methods
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[259] Animals, All experiments were carried out in accordance with animal care guldelinss

under Korean law (11737, rev’d April §, 2013) and the guidelines set by the Institutional
Animat Care and Use Conumittes at Gachon university (LUDER2018-0073). Sicowesk old male
Sprague-Dawley (ST rats were obtained from Samtako Co. {Osan, Gyeonggi-do, Republic of
Korea) and bred onder specific-pathogen-free (83PF) conditions, Al animals were maintaingd
i a §2-hour lghtidark ovele at 32-25°C with free access 1o food and water,

[8266] Agents and animal model. To induce Urohn’s dissase and colitls, Indomethacin was
purchased from Sigma Chernical (St Louts, Missourl, USA) and was dissolved in saline. Two
mg'ky of calcium lactate was dissolved in saline for daily suboutancous injection (21 days).
Two models of inflammatory bowel disease were used. Urohn's disgase was induced by ol
administration of Indowmethacin {7 mgkg), snd colitis was induced by subcutancous injections
of fndomethacin {7 mg/kg) daily at a 24 b intervals (F1Gs. 40 and 42).

6261} i-i’istoiogécai analysis. The fixed flatemounis were dehydrated in 3 graded series of
cthano! and embedded in paraffin.  Paraffin sectiony (3 ww thick) were stained with
hematoxylin (Merck, Darmstady, (}ermany} and eosin {S%gmanﬁidrichg St Louis, MO, USA)
{H&E) and were imaged using a Leica DM 1000 LED microscops (Leica Microsystems,

Wetrdar, Germany).

{8262} Results
{6263} FIG. 40 provides an oxperimental schiente for inducing Crohn’s diseass,
{8364] FIG, 41 provides representative tmages for H&E staining of Crobn's discase

Transoural inflammation and linear ulceration in iniestine were observed after indugctipn of
Crohn's disease (middic image). Four-week after treativont with Cala, the travsswural
inflammation and Hinear wlceration were clearly deorcased n the mtestingl tissues (lower

images), and # was morphologically recovered same with the normal conteol {upper Images).

{6265} FIG, 42 provides an experimental scheme for inducing colitis.
[a2a6] Figx 43 provides representative bmages for NH&E staning of colitis. Superficial

uleeration, polyp, and inflanumation in intestine were observed after induction of colitis (middie
wnage).  Four-week after treatment with Cala, the Superficial ulcoration, polyp, and
inflammation were clearly decreased in the intestinal tissues (Jower images), and 1 owas

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

{2871 Some additional embodiments disclosed hereiln inclode but are not limited to the

following:
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A, A mathod of weating asthma, pulmonary fibrosis, obesity, gastrosnteritis,

i

H.

chronie wflaromatory bowel disease, sudfor atopic dermatitis, the method
comprising administering to a subject in need theveof a therapeutically effective

amount of calcium lactate,

A method of treating chronic obstructive pulmonary disease, pneumonitis,

keratitia, atherosclerosts, arterfosclerosis, myocarditis, diabetes, rhewmnatold

arthritis, pulpitis, periodentitis, andfor psoriasis, the method comprising

admuinistering {0 a subject in need thereol a therapeutically effective amount of

calohsm lactate,

A method of weating Alzheimer’s disease, stroke, Parkinaon’s disease, multiple

sclerosis, age-related roacular degeneration, non-alcoholic fatty liver disease,

sepsis, andfor osteoporosis, the method comprising administering to 2 subje

in need thereof a therapeutically effective amount of calcium lactate,

the methed of any one of embodiments A<, whereln the calcium lactate is

administered in & pharmaceutical composition comprising a pharmacsutically

aceeptable carrier, exciptent, or diluent,

The methed of any one of embodiments A-D, wherein the pharmacsutical
omposition s formuolated nte Hguid, powder, aerosol, injection, fuld

transfusion, patch, capsule, pill, tablet, depoy, or suppository

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

composition comprises a therapewtically effective amount of caleium lactate as

an active agent and a pharmaceutically aceeptable polysaccharide, polymer,

lipid, or combinations thereof.

The method of embodiment F, wherein the pharmaceutical composition
comiprises the caleium lactate and the polysaccharide.

The method of embodiment G, whergin a weight ratio of the calchm lactate to

the polysaccharide s 1202 to L5,

The method of embodiment 3, wherein a weight ratie of the calctum lactate to

the polysaccharide is 1:<0.2.

The method of embodiment 0, wherein a weight ratio of the calohun lactate to

the polysaccharide s 1:0.2 to 15,

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

pid,
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The method of embodiment K, further comprising the polymer and lipid,
wherein the weight ratio of the polymer o the lipid 1s BT o 1:50.

The method of any one of embodiments KL, wherein the weight ratio of the
calciam lactate to the polyvmer andfor Hipid is at keast 113,

The method of embodiment ‘M, wherein a weight ratio of the caleium lactate 1o
the polymer andfor lipid is 1:8 to 130,

The method of embodiment F, comprising the calcium lactate and the polvmer
andfor hipid.

The method of embodiment 3, comprising the polymer and lipid, whergin the
weight ratio of the polyrer to the Hipid s 1101 to 130,

The method of any one of embodiments O-F, wherein a weight ratio of the
salctuny lactate 1o the polymer andfor lipid is at least 13,

The method of any ong of embodiments O-Q, wherein the weight ratio of the
calclwm lactate to the polymer andor lipid s 115 w0 134

The method of any one of embodimenis O-R, wherein the compositioy is shost-
acting.

The method of any one of embediments O-R, wherein the composition is long
acting.

The method of any one of embodiments F-T, wherein the composition i3 an

iﬁj{:ct&.bie SOMpOsitiog,

»;;

w method of any one of embodiments F-L, comprising the polysaccharide
that is a cethulose derivative, pectin, hyaluronic acid, starch, guar gum, chitosan,
gelatin, collagen, alginate, alginic acid or combinations thergof

The method of any onc of embodiments F-V, comprising the polymer that is a
poloxamer, polyvinyipyrrolidone, podyvethylene glyeol {PE{}}, polyghveolic
factis acid (FLGA)L or combinations thereof,

The method of any ong of embodiments F-W, compeising the lipid that {8 a
mono- of tri-fatty acid glyveerin eater or polvethyviene ghveol, polvethylene

ghvool esters of vegetably oils, fatty acid propylene glyeol esters, sesame oil,

f’a

»Y

sovbean oil, castor oif, corn ol palm oil, peanut oil, cacao o, cottonseed oil,
sunflower seed oil, saffiower otl, almond oil, olive off, hvdrogenated ofl, oleic
acid, linolenic acid, Huoleic actd, palmitic acid, palmuoleic acid, arachadonic

¢

acid, royristic acid, capric acid, caprylic acid, lauric acid, stearie acid, ethyl
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olsats, Isopropy! palmitate, octvldodecy! muyristate, cetyl palmitate, lauryl
alcohol, oley! aleohol, cety] alcohol, stearyl alcohad, or combinations thersof,
Y. The methed of any ong of crnbodinnents F-8 and U-X, wherein upoen placement
of the composition In an in vitro dissolution test comprising an slution test
method at 300 rpm n 200 mi aguesus medivm havinga ;ﬁ'i of 6.8 &t 37°C using
a nylon filter having a pore stze o€ 48 pny, at least about 40% of the active agent

is released after & hours.

el

. The method of any one of embodiments F-8 and U-Y, wherein upon placement
of the composition in an in vitvo dissolution test comprising an slution test
method at 300 rpm i1 200 md aquecus medinm having a pH of 6.8 at 37°C using
a nylon filter having a pore stee of 43 um, at least about 60% of the active agent
is refeased afler 12 hours.

AA. The method of any one of embodiments F-8 and U-Z, wherein upou placement
of the composition it an in vitro dissolution test comprising an elution test
method at 300 ypm in 200 o aqueous mediam having a pH of 6.8 a1 37°C using
a nylon filter having a pore sfze of 45 pum, at least about 80% of the active agent
is refeased afler 24 hours.

BB, The meothod of any one of embodiments P8 and U-AA. wherein upon
placement of the composition in an in vitro dissolution test comprising an
elution test method at 360 rpm tn 200 mi aquesus medium having a pH of 6.8
at 37°C uning & nylon fHter having a pore size of 45 pm, at least about $09% of
the active agent is released after 48 hourss.

CC. The method of any one of embodiments F-H, LR, and T-X, wherein upon
placement of the composition in an iy vitro dissolution test comprising an

glution test method at 300 rpra in 200 mi agucous medium having a pH of 6.8
at 37°C using 2 nyvlon filter having a pore steg of 45 um, less than about 40% of
the active agent is released afier 24 hoars.

DD, The wethod of any one of enmbodiments F-H, FR, and T, wherein upon
placement of the compaosition in an in vitre dissolution test comprising an
clution test mothod at 300 rpm in 200 mi aqueous medium having 2 pH of 6.8
#t 37°C using a nyvion filler having a pore size of 43 um, less than about 60% of
the active agem is released afier 48 hours.

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

placement of the composition By an in vitro dissolution test comprising an
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glation test wmethod at 300 rpm v 200 s aquenus medium having a pH of 6.8

.

at 37°C using 8 aylon filter Raving a pove size of 43 um, less than about 86% of

m

P

he active agent is released aBler 72 hours

The method of any one of embodiments F-H, I-R, and CC-EE, whereln upon
placement of the composition I an in vitro dissolution test comprising an
eluticn test method at 300 rpre o 200 wl agueous medium having a pH of 6.8
at 37°C using a nyvilon filter having 8 pore yize of 45 wm, less than about %0% of
the active agent s released after 144 hours,

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 lactate is

coated with a pharmscentically scceptable enteric coating.

o

X ‘<

The method of embodiment HM, wherein the enteric coating comprizes
hyvdroxypropyl methyt cellulose phthalate (HPMOP), cellulose acetate phthalate
{CAP), polyvinyl acctate philulste (PVAP), shellac, polymer of methacrylic
acid and an ester thereof, or combinastions therenf

The method of any ove of embodiments HHL, wherein the weight ratic of the
caletum lactate 1o the enleric eonating 1s 10:0.5 w0 1115

The method of any one of cmbodiments HH-1I, wharein in an in vitro
digsolution test comprising a USP Paddle method at a paddle speed of 50 rpm
at 37°C, when the composttion is placed 8.1 HOY for {20 minutes follfowed
by adjusting to pH 6.8 with phosphate buffer, fess than about 20% of the active
agent is released after 36 minutes,

The method of any one of embodiments HM-KK, whersin in an in vitro
dissolution test comprising a USP Paddie method at a paddie speed of 30 mpm
at 37°C, when the composition is placed i 8.1 N HH for 120 minutes followed
by adjusting 1o pH 6.8 with phosphate buffer, less than 30% of the sctive agent
is reloased after 60 minntes.

The method of any ove of embodiments HH-LL, whereln in an in vitro
dissolution test comprising a USE Paddle method at a paddle speed of 530 rpm
at 37°C, when the composition is placed in 6.1 N HCH for 126 minutes followed
by adiusting to pH 6.8 with phosphate bufler, less than 30% of the active agent

is released after 120 minutes.
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MN.  The method of any ong of embodiments HH-MM, wherein in an in vilro
dissolution test comprising a USP Paddie method at a paddie s;}ami of 3G rpm
at 37°C, when the composition §s placed in 4.1 N HCI for 120 minutes followed
by adjusting to pH 6.8 with phosphate buffer, less than 10% of the active agent
is released after 120 minutes.

33, The method of any one of embodiments A~B, wherein the calcium lactate i

provided in a food or nutrient compaosition comprising caloium lactate.

e

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

nutritional supplement.

{8268} The entirety of UK. Appl No. 62/816,923, filed January 12, 2018, is Incorporated

{8269} The fovegoing description of the speeific embodiments will so fully revesl the general
nature of the vention that others can, by applying knowledge within the skil of the art, readily
modify and/or adapt for various applications, without departing from the gencral concept of
the invention. Therefore, such adaptations and modifications are infended to be within the
meaning and range of equivalents of the disclosed smbodiments, based on the teaching and
guidanece presented herein, 118 1o be understood that the phraseology or terminclogy hergin is

for the purpose of description and not of himitation, such that she erminology or phraseology
of the present specification is 1o be interpreted by the skilled artisan in Hght of the teachings
and guidance.

{27481 The breadth and scope of the present Invention should not be limited by any of the
above~deseribed exemplary ewbodiments, but should be defined ouly v accordance with the
following claims and thewr equivalesis,

{0271} Al ofthe vartous aspects, embuodiments, and options described herelvcan be combingd

in any and all variations.
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WHAT IS CLAIMED IS

i, A method of treating Alzheimer’s disease, Parkinson’s discase, athevosclerosis,
andlor stroke, the metbod comprising administering o0 g suhject in need ¢
therapeutically effective amounst of calcium lactate.

2. A method of weating multiple sclerosia, age-related macular degeneration,

nonaleobolic fatty Hver discase (NAFLDY, andfor rheumatowd arthritis, the method comprising

admintsiering to @ subject in need thereod 3 therapeutically effective amownt of calchum lactate.

-~

3. The method of claim 2, wherein the method s for treating NAFLD and the
fd

NAFLD ts nonalooholic steatohepatitis (NASH).

4. A miethod of treating pulpitis and/or perindontitls, the methed comprising

administering to 3 subject in need thereot a therapeutically effective amount of calcium lactate.

3. A method of treating inflammatory bowel discase (1B, the method
comprising administering 0 g subject in need Sereol a thergpeutically effective amount of

calcium lactate.

8. The method of claim 3, whercin the 1BD is Crohn’s disease or ulcerative colits.
7. A method of treating spial cord mpwry, cerebral hemosrhage, myocardial

infarction, keratiis, andfor diabetic retinopaihy, the method comprising adminisiering to a

sublect in need thereof a therapeutically effective amount of calcium lactate.

8. The method of any ope of claims 1-7, wherein the calcium lactate i

administered fn a phamaceutical composition comprising a pharmaceutically acceptable

carvier, exoipient, or diluent.

g, The method of any one of claims 1-8, wherein the phavmaceutical composition
is formulated into Hquid, powder, acrosol, injection, fluld wansfusion, patch, capsule, pitl,

tablet, depot, or suppository.
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. The method of any one of claims 1-8, wherein the pharmaceutical composition
comprises a therapeutically effective amount of calchum lactate as an active agent and a

pharmaceutically acceptable polysacchanide, polymer, lipid, or combinations thereof.

11, The method of claim 10, wherein the pharmaceutical composition comprises the

calcium lactate and the polysaccharide.

12, 'The method of claim 1, wherein a weight ratio of the calcium laciate to the

polysaccharide is <02

o4
=]
oy
fos g
L]

13, The method of claim 11, wherein a weight ratio of the calcium lactate ¢

polvsaccharide 1 1<0.2,

—
"'4

“claim 1], wheremn a weight ratio of the calcium lactate to the

,,,,
i
7";
s
by

»method of any one of claims 10-14, forther comprising a polymer andfor

fipid.

§6.  The method of claim 15, further comprising the polymer and lipid, wherein the

weight ratio of the polymer to the lipid s 1101 o LS

s
1

The method of any one of claims 1516, wherein the weight ratio of the calcium

factate to the polymer andfor Lipid is af Igast 113

18,  The method of claim 17, wherein a weight ratio of the calcium lactate 0 the

polymer andfor Hipid s 115 to 1340

18, The method of claim 1), comprising the caloinm lactate and the polymer andfor

lipid.

20, The method of claim 19, comprising the polymer and Hpid, wherein the weight

ratio of the pobymer o the lipid is 101 to 1130,

21, The method of any one of claims 1926, whereit a welight ratio of the caletom

factate to the polymer andfor hipid s at least 105,
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3

23 The method of any one of claims 19-21, wherein the weight ratio of the calcium

3

factate to the polymer anddor lipid is 1:3 to 1136,

3. The method of any one of clalims 13-32, wherein the composition 15 short-

24, The method of any one of claims 10-22, wherein the composition is long-acting.

3. The meothod of any ong of claims 10-24, wherein the composition s an

injectable compasition,

26,  The method of any one of glaims 18-25, comprising the polysaccharide that is
a cellulose derivative, pectin, byaluronic scid, starch, guar gum, chitosan, gelatin, collagen,

e

alginate, alginic acid or combinations thereof,

b

27, The method of any one of claims 10-26, comprising the polymer that s a
poloxarmer, polyvinylpyrrolidone, polyethylene glycol (REG), polyglycolic lactic acid (PLGAY,

or combinations thereof

28, The method of any ong of claims 10-27, cotnprising the Hipid that is a mono- or

tri-fatty acid glycerin ester or polysthylene glyool, polyethylene glycol esters of vegetable ils,

fatty acid propylens glyen! esters, sesame oif, soybean oil, castor oil corn ol palm oil, peanut
oil, csean ofl, cottonseed oil, sunflower seed ofl, safflower oif, almond oil, olive oil
fryd

ropenated oil, oleie acid, fnoleniv acid, linoleic acid, palmitic acid, palmitolelr asid,

p~

&

arachadonic acid, myristic acid, capriv acld, caprylic actd, lauric acid, stearic acid, ethyl oleate,

isopropy! palmitate, octyldodecy! myristate, cety! palmitate, lauryl aleohol, oleyt aluohol, cetyl

alechol, stearyt alochol, or combinations thereof

2%, The methed of any one of claims 10-23 and 25-29, wherein apon placement of

the comuposiiion in an i vitro dissolution test comprising an elution test methosd at 300 rpm n
Y ;‘

O

200 mi aquenus wedivm having & pH of 6.8 at 37°C using a nylon filter having a pore gize of

435 ., at least about 40% of the active agent is released after & hours,

30, The method of any one of claims 10-23 and 25-29, wherein ppon placement of

the composition in an in vitro dissohstion tes comprising an chution test method at 300 rpm in
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200 ml agueous medivm having a pH of 6.8 at 37°C using a nvlon filler having a pore size of

45 wm, at least about 53% of the active agent is relesssd after 12 houss,

b

i. The method of any one of claims 10-23 and 23-30, whereln upon placemens of
the composition in an in vitro dissolution teat comprising an elution test method at 300 rpm in
200 ml agueous medium having a pH of 6.8 at 37°C using a nylon {ilter having a pors size of

43 pm, at least aboyt 80% of the active agent is released after 24 hours,

32, The method of any one of clabms 123 and 23-

o

. wherein wpon placemsnt of

AKX

)

the composition in an iy vitro dissolution test comprising an elution est method at 300 rpm in
200 mi aqueous medion having g pH of 6.8 a1 37°C 4 fon filter having a pore size of
LU m FAGUSARLS MOMUNT RAVIDE 3 pri 41 0.2 &1 34 usmg QI H Higs hay HIE Q4 e 528 O

43 um, at lzast about S8 of the active agent is released after 48 hoars.

33. The method of any one of claims 10-12, 14-22, and 24.28, wherein upon
placement of the composition in au in vitro dissolution test comprising an elution test method

at 300 rpm in 200 wl agueous medium having a pH of 6.8 a1 37°C using a nyion filter having

a pore sixe of 43 um, loss than about 40% of the active agewt 15 refeased afier 24 hours,

34, The method of any ong of claims 10-12, 14-22, 3428, and 33, whersin upon

placement of the composition in an in vitro dissolution test comprising an clution test msthod

7o
¥

at 300 rpot 1 200 sl aqueous wedium having a pH of 6.8 at 37°C using a nylon filter hav

@

a pore size of 45 um, fess than about 60% of the active agent is released after 48 hours.

35, The methad of any one of claims 10-13, 14-22. 2428, and 33-34, wherein upon
placement of the composition in an o vitro dissolution {est comprising an elution test method

0 .

at 3690 rpny in 200 wl agqueous mediom having a pH of 6.8 a1 37°C using s nylow filter having

=

a pore size of 43 um, less than about 80% of the active agent is released afler 72 hours,

386. The method of any one of claims 10~12, 14-22, 24-28, and 33-35, wherein upon
placement of the composition in an in vitro dissolution test comprising an elution test method
at 300 rpm 10 200 ml agueous medium having a pH of 8.8 at 37°C using a nylon filter having

g pore size of 45 pm, less than abous 90% of the active agent is released after 144 hours.

37, The method of sny one of claims 10-36, wherein the composition is contaimed

in & sterile glass or polyolefin container,

o
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. wherein the calcium lactate is coated with

38, The method of any one of claims [-8
pharmaceutically scceptable enteriv coating

ethad of claim 38, whersin the eateric coating conprises kydroxypropyl
nyl acetate

'

ester thergof, of

3%, The meti
phihalate (HPMUP), cellulose acetate phihalate {CAP), polyvis
acrylic actd and an 3 combinations

methy! coliuiose
phthalate (PVAP), shellac, polymer of metha

theteof,
& 38-39, wherein the weight ratio of the calcium

The method of any one of clabm

440,
te the gntevic coating is 10510 I LS
i vitro dissolution test

laciate
ein in an in

he method of any one of claims 38-40, whey
paddle speed of 36 rpm at 37°C, when the compaosition

wed by adjusting to pH 6.8 with phosphate buffer,

oy

.

4
comprising a USP Paddie method at a

placed in 0.1 HCE for 126 minutes foll
sa than abo s of the acti gent is released after 30 minutes.

fess than about 209 of the active agent fe after 30 {
i i an in vitro dissolution ost

42, The method of any ong of claims 3841, whe
comprising a USP Paddle method at a paddie speed of 50 rpm at 37°C, when the composilion
i3 placed in 4.1 N HCH for 120 minutes followed by adjusting (o pH 8.8 with phosphate buffer,

of the active agent s released after 60 minutes.

leas than 30%
Fhe method of any one of claims 38-42, wherein in an in vitro dissohstion test

43,
comprising 8 USP Paddie method at 8 paddie spead of 50 rpm at 37°C, when the composition
HC for 120 minutes followsd by adjusting to pH 6.8 with phosphate buffer,

ctive agent is released after 120 mimstes

38

isplaced QA X

fess than 569 of the a
44, The method of any one of claims 38-43, wherein in an in vitro dissclotion test
thod at a paddie speed of 30 rpm at 3770, when the compasition

with phosphate bufter,

comprising a USP Paddie
fin G, N HC for 120 minwtes followed by adjusting to pH 6.8

is placec
1 is released after 120 minues

fess than 10% of the active agen
45, The method of any one of claims {27, wherein the calotum lactate is provided
iotate.

46,  The method of claim 43, wherein the composition 15 an injectable nutritional

supplement.
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