PHARMACEUTICAL COMPOSITION FOR PREVENTING AND TREAT ING
LIVER DISEASES, CONTAINING, AS ACTIVE INGREDIENT, C ROMOLYN OR
PHARMACEUTICALLY ACCEPTABLE SALT THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a pharmaceutaraposition for preventing or
treating various liver diseases including liverfasis, containing cromolyn or a

pharmaceutically acceptable salt thereof as ameactgredient.

BACKGROUND

[0002] Liver fibrosis (hepatic fibrosis) is the excessaszumulation of fibers in the liver that
results from liver disorders, which could have beaunsed by acute damage such as damage
to the liver cells due to hepatitis C or hepatttisirus, alcohol, toxins, etc. Reversible
wound-healing reactions against the damage redleainportant balance between liver repair
and scar formatiors¢e Reference Document No. 1). Chronic damage gridregdlaces

liver parenchyma to scar tissues, thereby eventuadiulting in liver cirrhosis.  Fibrosis is
also relevant to excessive wound-healing reactibichwvis caused by the excessive
accumulation of scar tissues such as extraceloddrix. When fibrosis spreads in the liver,
liver cirrhosis is caused, and consequently, coragibns such as hepatic failure and

hepatocellular carcinoma are caused which canttepdtient deaths.

[0003] Hepatic stellate cell (HSC) is a type of cell whidlygers diseases, and is an
important contributor to liver cirrhosis developmeaused by various causes of diseases

such as infection with the hepatitis virus and hda@onsumptionsee Reference Document
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No. 2). When HSC is activated, extracellular imatomponents, for example, collagen,
are accumulated excessively, and this resultsai$tortion of the hepatic vasculature and
architecture and increase in portal pressure, biyezausing the relevant symptoms. Such
series of events, in turn, activate HSC again, fousing a detrimental cycle which triggers
the process of liver cirrhosis (hepatocirrhosss Reference Document No. 3). HSC
proliferation and activation are mediated by vasisignaling $ee Reference Document No.
4), and since HSC signaling inhibitors have theeptél to be developed as antifibrotic
agents they have been studied continuously. Ttibaotic effects of several synthetic
compounds and biological drugs relate to HSC prddiion-related growth factors and
related signaling pathways which reduce the pnalifee response of HSGee Reference
Document Nos. 5 and 6).

[0004] For instance, curcumirsde Reference Document No. 7), a plant extract comgini
silymarin Gee Reference Document No. &jnkgo biloba extract éee Reference Document
No. 9), and Salvia extractge Reference Document No. 10) have been reportediicate
myofibroblasts, inhibit connective tissue growthtéas accumulated in the liveseg
Reference Document No. 11), and stimulate the seledthe components of fiber formation,
thus inhibiting the TGH: pathway which contributes to the profibrogenichpaty Gee

Reference Document No. 12).

[0005] As the fibrosis process progresses by HSC, hepata@amage becomes more severe.
During fibrosis, hepatocytes go through epitheti@senchymal transition (EMT3de
Reference Document Nos. 13 and 14) and senescarade telomere shorteningeg
Reference Document No. 15). As a result, hepagsdgise their function, and hepatic
failure occurs. Although most studies on treatnag@nts for hepatic fibrosis or liver
cirrhosis focus on HSC, HSC constitutes less th# @f liver, while hepatocytes occupy up
to 70% of the liver tissue, which are the parencalycells of the livergee Reference

Document Nos. 16 and 17). Therefore, in developimgw drug for the treatment of liver
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cirrhosis, the protection or recovery of the hepwytes from chronic damage is very
important. Such pharmacological strategy was dpesl as an effective tool for
discovering the chemical substance candidates hwdre regulators, based on the gene
expressiongee Reference Document No. 18). The above approacbearsed for re-

designing a new drug for treating a disease andldping a new drug.

[0006] In addition, a connectivity map is a noteworthyaaithm that is used for evaluating
the chemical substance candidates which alter gemessiongee Reference Document Nos.
19 and 20). The above pharmacological strateyyyidentify a candidate substance which
is expected to show high functionalityvivo and may make the drug development process

more effective.

[0007] Meanwhile, cromolyn is a compound which prevenésdécretion of histamine and
leukotriene from sensitized mast cells in the msamembrane of the lung and eyes, and is
known to indirectly prevent the calcium ions fromtexing the cells, even though its exact
working mechanism is not known yet. Furthermorenwlyn is known to inhibit
secondary bronchospasm caused by tachykinin biititig neural reflex in the lung, and is
known to inhibit the migration of immunocytes swahneutrophils, monocytes, eosinophils,
etc. and to downregulate the beta-2 functional gsaf lymphocytes. However, its effect

with respect to various liver diseases includingticirrhosis is not known.

[0008] Accordingly, as a result of the present inventeffgrt to develop a fundamental
therapeutic agent for liver cirrhosis, it was fouhdt cromolyn, which was selected by the
connectivity map, inhibits the accumulation of agién and the production of TGEwhich

are known as the major secretion marker of hegteitate cells (HSCs) and also suppresses
hepatocyte migration caused by TGF- Further, cromolyn was found to inhibit the

decrease of E-cadherin expression resulting fronT pkbgression and have an anti-
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senescence effect on hepatocytes. As a resulpyéisent invention was completed by
finding that cromolyn has the dual effect of inhiig the activity of HSCs and promoting the
recovery of hepatocyte function, and thus is capabbeing used as a fundamental
therapeutic agent for liver cirrhosis.
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DETAILED DESCRIPTION OF THE INVENTION

TECHNICAL PROBLEM TO BE SOLVED

[0044] The object of the present invention relates toamlaceutical composition and health
food for preventing and treating liver diseases gasmg cromolyn or a pharmaceutically

acceptable salt thereof as an active ingredient.

MEANS FOR SOLVING THE PROBLEM

[0045] In order to achieve the above object, the presemntion provides a pharmaceutical
composition for preventing and treating liver dsescomprising cromolyn or a
pharmaceutically acceptable salt thereof as ameactgredient.

[0046] In addition, the present invention provides he#dthd for preventing and ameliorating
liver diseases comprising cromolyn or a pharmacallyi acceptable salt thereof as an active

ingredient.

EFFECT OF THE INVENTION

[0047] The cromolyn of the present invention or its phazewdically acceptable salt inhibits
the accumulation of collagen and the productiom®F, which are known as the major
secretion marker of hepatic stellate cells (HS@sl also suppresses hepatocyte migration

caused by TGB- Further, it inhibits the decrease of E-cadhexpression resulting from
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EMT progression and has an anti-senescence efidutgatocytes. As a result, cromolyn
has the dual effect of inhibiting the activity o68s and promoting the recovery of
hepatocyte function, and thus can be used as afueictal therapeutic agent for various liver

diseases including liver cirrhosis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Figure 1 depicts a method for identifying an aet cirrhosis candidate agent using
the connectivity map.

[0049] Figure 2 verifies the effects on the proliferatamd cytotoxicity of hepatic stellate
cell (HSC) by using the candidate agent of thegaemvention;

[0050] A: HSC-T6 cell line was treated with the untreatedtrol, cromolyn, and ionomycin,
respectively, and then the effects on cell pradifien were confirmed by MTT assay;
[0051] B: LX-2 cell line was treated with the untreatechizol, cromolyn, and ionomycin,
respectively, and then the effects on cell prodifien were confirmed by MTT assay;
[0052] C: HSC-T6 cell line was treated with cromolyn aadamycin, respectively, in
different concentrations, and then the effectsydatoxicity were confirmed by LDH assay;
and

[0053] D: LX-2 cell line was treated with cromolyn and amycin, respectively, in different
concentrations, and then the effects on cytotoxiggre confirmed by LDH assay.

[0054] Figure 3 verifies the changes in the levels ofetect collagen and TGE-of hepatic
stellate cell line after treatment with cromolyn:

[0055] A: shows the relative amount of collagen in the HB&Cand LX-2 cell lines after
treating with cromolyn in different concentratiomsid

[0056] B: shows the relative amount of TGHA the HSC-T6 and LX-2 cell lines after

treating with cromolyn in different concentrations.



[0057] Figure 4 verifies the inhibitory effects on EMP ifeplial mesenchymal transition)
induced by TGH3 by the treatment with cromolyn in hepatocytes:

[0058] A: verifies the effects of cromolyn on cell motiat O and 48 hours after treating
with cromolyn, with or without TGHB-(2 ng/mL) through the wound analysis using a
microscope (Scale bar: 10n);

[0059] B: measured the wound healing distance, and thewssh in relative percentage by
comparing with the distance at 0 hour of the trestiwith cromolyn; and

[0060] C: verifies the changes in the expression of E-eddh

[0061] Figure 5 verifies the effect of cromolyn on the gwotion off3-galactosidase:

[0062] A: verifies the anti-senescence effect throfigialactosidase staining after treating
with cromolyn; and

[0063] B: verifies thef-galactosidase-positive cells at 3 days aftersb&ation of primary

hepatocytes through a microscope.

EMBODIMENTS

[0064] The present invention will be described below inrendetail.

[0065] The present invention provides a pharmaceuticalposition for preventing and

treating liver diseases comprising cromolyn or arpfaceutically acceptable salt thereof as

an active ingredient.

[0066] The cromolyn is a compound represented as [Fordjuialow.

[Formula 1]
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[0067] Preferably, the cromolyn inhibits the activity egatic stellate cell (HSC) and
promotes the recovery of hepatocyte function; npoederably, the inhibition of HSC activity
inhibits the accumulation of collagen and the priaun of TGFf in HSCs; and more
preferably the recovery of hepatocyte functiorhat the cromolyn shows a significant
inhibition of the decrease in E-cadherin expressiaused by EMT progression in

hepatocytes and anti-senescence effect on hepasoyit are not limited to the above.

[0068] The liver diseases are preferably selected frongtbep consisting of liver cirrhosis,
liver fibrosis, liver failure, liver cancer, andetitis, and more preferably are liver cirrhosis,

liver fibrosis, and liver failure.

[0069] In the specific embodiment of the present inventtbe present inventors primarily
selected the anti-liver cirrhosis candidate agbptasing the connectivity mapeg Table 1
and Figure 1), and then selected cromolyn and igieomin consideration of the side effects
for the second time.

[0070] Further, the present inventors selected cromolythedinal candidate agent through
confirmation of the effect on cytotoxicity with qgsct to HSCs since ionomycin has the
possibility of cytotoxicity gee Figure 2).

[0071] In addition, the present inventors confirmed whetitemolyn inhibits the

accumulation of collagen and the production of TG Mhich are known as the major
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secretion marker of activated HSCs. As a redudty found that cromolyn reduces the
accumulation of collagen and inhibits the produtid TGFf in a concentration-dependent
manner gee Figure 3).

[0072] Furthermore, the present inventors confirmed théitory effect of cromolyn on
hepatocyte EMT (epithelial-mesenchymal transitidtg .a result, they found that cromolyn
effectively inhibits the migration activity of hejaeytes and significantly inhibits the
decrease in E-cadherin expressisae Figure 4).

[0073] Further, the present inventors confirmed the amiescence effect of cromolyn on
hepatocytes, and found that cromolyn has a sigmfianti-senescence effect on hepatocytes
(see Figure 5).

[0074] Therefore, the cromolyn of the present inventiohardy inhibits the production of
TGF4 and the accumulation of collagen, which are knawithe major secretion marker of
HSCs, but also inhibits hepatocyte migration causethe treatment of hepatocytes with
TGF9, inhibits the decrease in E-cadherin espressiosethby EMT progression, and
shows an anti-senescence effect on hepatocytesbthehowing the dual effect of inhibiting
the activity of HSCs as well as promoting the rerg\of hepatocyte function. Therefore,
the cromolyn of the present invention can be usea fandamental pharmaceutical

composition for treating various liver diseasedudmg liver cirrhosis.

[0075] The present invention includes not only the cromabpresented by Formula 1, but
also all of its pharmaceutically acceptable salt$ solvates, hydrates, racemates, or
stereoisomers which can be manufactured therefrom.

[0076] The cromolyn of the present invention that is repreed by Formula 1 can be used in
the form of a pharmaceutically acceptable salt,amnthe salt, the acid addition salts formed
by a pharmaceutically acceptable free acid areutsefhe acid addition salts are obtained
from mineral acids such as hydrochloric acid, aiacid, phosphoric acid, sulfuric acid,

hydrobromic acid, hydroiodic acid, nitrous acidotiosphorous acid, and nontoxic organic
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acids such as aliphatic mono and dicarboxylatenyksubstituted alkanoate, hydroxyl
alkanoate and alkandioate, aromatic acids, aliplzatd aromatic sulfonic acid. Such
pharmaceutically non-toxic salts include sulfatgpgulfate, bisulfate, sulfite, bisulfite,
nitrate, phosphate, monohydrogen phosphate, dilggdrphosphate, metaphosphate,
pyrophosphate chloride, bromide, iodide, fluoridegtate, propionate, decanoate, caprylate,
acrylate, formate, isobutyrate, caprate, heptanpatpiolate, oxalate, malonate, succinate,
suberate, sebacate, fumarate, maleate, butyneidatedhexane-1,6-dioate, benzoate,
chlorobenzoate, methylbenzoate, dinitro benzoaudrdxybenzoate, methoxybenzoate,
phthalate, terephthalate, benzenesulfonate, tolsif@nate, chlorobenzenesulfonate, xylene
sulfonate, phenyl acetate, phenyl propionate, phautyrate, citrate, lactate, hydroxy
butyrate, glycollate, malate, tartrate, methanéosake, propane sulfonate, naphthalene-1-

sulfonate, naphthalene-2-sulfonate, or mandelate.

[0077] The acid addition salt according to the presengiion can be prepared by common
methods, for example, by dissolving the cromolypresented by Formula 1 in an excess
amount of acid solution, and precipitating the absalt by using a water-compatible organic
solvent, for instance, methanol, ethanol, acetoraeetonitrile.  Further, it can be prepared
by drying through evaporating the solvent or theess amount of acid in the mixture or

conducting suction filtration of the precipitatealts

[0078] In addition, a pharmaceutically acceptable metahilt can be prepared by using a
base. For example, salts of alkali metal or atleaBarth metal are obtained by dissolving a
compound in an excess amount of the solution @liatketal hydrides or alkaline earth metal
hydrides, filtering the salt of the non-soluble gmund, and evaporating and drying the
residual solution. Here, it is pharmaceuticallp@priate to prepare a sodium, potassium,

or calcium salt as the metallic salt. Further)\aessalt corresponding to the above is
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obtained by reacting an alkali metal or alkalingleanetal salt with an appropriate negative
salt (e.g., silver nitrate).

[0079] When formulating the above composition as a fortma the formulation is

prepared by using a commonly-used filler, extenbligiding agent, wetting agent,
disintegrating agent, diluent such as surfactdot,ae excipient.

[0080] A solid preparation for oral administration inclsde tablet, pill, powder, granule,
capsule, troche, etc., and such a solid preparaiprepared by mixing cromolyn represented
by Formula 1 with at least one excipient, for exmgptarch, calcium carbonate, sucrose or
lactose or gelatin, etc.  Further, lubricants pthan a simple excipient, such as
magnesium stearate, talc are also used. A lig@daration for oral administration includes
a suspension, a liquid preparation for internal esaulsion, or syrup, etc., and various
excipients other than water and liquid paraffinjehhare simple diluents, such as a wetting
agent, sweetening agent, flavoring agent, preseejaitc. can be included.

[0081] In the parenteral preparation, a sterilized solyti@mn-aqueous solution, suspension
solution, emulsion, lyophilized preparation, supforg preparation, etc. are included.

[0082] As a non-aqueous solution and suspension solyiropylene glycol, polyethylene
glycol, vegetable oils such as olive oil, injecaabkters such as ethyl oleate, etc. can be used.
Witepsol, Macrogol, Tween 61, cacao butter, lauringlycerol, gelatin, etc. can be used as

substrates for the suppository preparation.

[0083] The composition according to the present invensaadministered in a
pharmaceutically effective amount. In the presevntion, "a pharmaceutically effective
amount” indicates an amount sufficient to treatdisease with a reasonable benefit/risk ratio
that can be applied to medical treatment, andebel lof effective dose can be determined
depending on factors including the type of diseaseerity of symptoms, activity of the drug,
sensitivity to the drug, administration time, adisiration route and excretion ratio, treatment

period, concurrently used drugs, and other fadt@msare well known in the medical field.
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The composition of the present invention can beiaditered individually as a single drug or
co-administered with other drugs; can be admirestsubsequently or concurrently with the
conventional drugs; and can be administered inglesidose or multiple doses. lItis
important to administer the minimum amount that aahieve the maximum effect without
the side effects considering all of the above fa;tand this can be easily determined by a
person skilled in the art.

[0084] Specifically, the effective dose of the compoundoading to the present invention
may vary depending on the age, gender, weighteopéttient, and generally, it can be
administered 0.1 mg- 100 mg per 1 kg of weightfgrebly 0.5 mg- 10 mg daily or every
other day, or administered once, twice, or threes per day. However, the effective dose
can be increased or decreased depending on thaiattation route, severity of obesity,
gender, weight, age, etc., and thus, the abovedtms®not limit the scope of the present

invention in any way.

[0085] In addition, the present invention provides he#dthd for preventing or ameliorating
liver diseases, which comprises cromolyn or a plaeutically acceptable salt thereof as an
active ingredient.

[0086] The cromolyn of the present invention inhibits aoty the production of TGB-and

the accumulation of collagen, which is known asrttagor secretion marker of hepatic
stellate cells, but also hepatocyte migration cdumethe treatment of hepatocytes with TGF-
B and decrease in E-cadherin expression caused QydEdfression. Further, it has an
anti-senescence effect on hepatocytes. From thveabromolyn has the dual effect of
inhibiting the activity of HSCs and promoting thexovery of hepatocyte function, and thus

can be used as health food for preventing and arnaélg various liver diseases.

[0087] There is no limitation to the type of food to whiitte cromolyn of the present

invention is added. Examples of foods to whichdi@molyn can be added are drinks, meat,
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sausage, bread, biscuit, rice cake, chocolate ycandcks, confectioneries, pizza, ramen,
other noodles, gums, dairy products including iam, all sorts of soup, beverages,
alcoholic beverages and vitamin complex, dairy potsl and processed dairy products, etc.
and include all health foods which fall under tlemegral definition.

[0088] The cromolyn of the present invention can be addddod as is or can be used
together with other foods or food ingredients, aad be appropriately used according to the
conventional methods. The mixed amount of actigeadients can be properly determined
depending on the purpose of use (prevention oriaragbn). Generally, the amount of the
above compound added to health foods can be Opk@ by weight.  However, in case of
a long-term intake for the purpose of health angidmne, or control of health, the above
amount could be below the above range, and coulgéeé in excess of the above range since
there are no safety issues.

[0089] In a case where the composition for health foodting to the present invention is a
composition for a beverage, there is no specifinitéition to the ingredient other than
containing the above compound as an essential coempat the designated ratio. Further,
the composition may contain various flavors or ratoarbohydrates, etc. as additional
ingredients, like conventional beverages. Exampleéle natural carbohydrates can be
common saccharides such as monosaccharides (aapseg, fructose, etc.); disaccharides
(e.g., maltose, sucrose, etc.); and polysacchafelgs dextrin, cyclodextrin, etc.), and
glucose alcohol such as xylitol, sorbitol, erytbirietc. Other than the flavors mentioned
above, natural flavors (thaumatin, stevia extrad.( rebaudioside A, glycyrrhizin, etc.) and
synthetic flavors (saccharin, aspartame, etc.oeaadvantageously used as a flavor. The
ratio of natural carbohydrates is generally abotat 20 g, preferably about 5 to 10 g, per 100
of the composition of the present invention.

[0090] Further, the health food composition accordindhtgresent invention can contain
various nutritional supplements, vitamins, minefalsctrolytes), flavors such as synthetic

flavor and natural flavor, coloring agents and djzees (cheese, chocolate, etc.), pectic acid
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and its salts, alginic acid and its salt, orgarids, protective colloid, which is a viscosity
agent, pH regulator, stabilizer, preservative, ghyt, alcohol, carbonation agent used in soft
drinks, etc. Besides, the composition can corftagh for the preparation of natural fruit
juice and fruit juice and vegetable drink.

[0091] The above ingredients can be used individuallyna combination. The proportion
of the additives is not limited, but is generaljexted from 0.1 to about 20 parts by weight

per 100 parts by weight of the cromolyn of the preesnvention.

[0092] In the following, the present invention will be debed in detail with reference to the
working examples, experimental examples, and padjoarexamples.

[0093] However, the following working examples, experinsmxamples, and preparation
examples merely exemplify the present inventiowl, e present invention is not limited by

the following working examples, experimental exaespland preparation examples.

<Example 1> Cell culture and preparation of the corpound

[0094] The experiment was performed by using the LX-21d@d-T6 cell lines provided by
Professor Sang-Hyun Seung's research team (SetdahbldJniversity) and S.L. Friedman's
research team (School of Medicine at Mount Sin&A)J respectively, as the hepatic stellate
cells (HSC) of the present invention. Specificalhe experiment was conducted by
growing the cells at 3z and 5% CQ@in DMEM (Dulbecco's Modified Eagle Medium) to
which 10% of heat inactivated fetal bovine serurd &% of penicillin and streptomycin were
added.

[0095] Further, the experiment on hepatocytes was condunstésolating the primary
hepatocyte from the liver of a male C57BL6 mousarofund 6 weeks old.

[0096] Furthermore, ionomycin and cromolyn (cromoglicicdyevere purchased from

Cayman Chemical Company (Ann Arbor, USA) and S&mte Biotechnology (Santa Cruz,
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USA), respectively, and they were used after digsglin DMSO (dimethylsulfoxide) for the

in vitro experiments.

<Experimental Example 1> Selection of anti-liver grhosis candidate agents using the
connectivity map

[0097] GEO data was used to confirm the therapeutic sigeaf liver fibrosis or liver
cirrhosis based on the gene expression profile.

[0098] Specifically, to identify the profile of gene expston relating to liver fibrosis or liver
cirrhosis, among the GEO data provided by the N@id,microarray data of the liver
samples of liver cirrhosis from 40 patients andmalrliver samples from 6 people from
GSE25097 were used. First of all, probe ID of whige intensity was changed 2.5 times or
more was extracted. Then, the probe ID was combiméhe gene symbols. In order to
produce the connectivity map, upregulated gene8 géhes) or downregulated genes

(225 genes) were separated from the 2,226 geneadgnabowhich the above probe ID was
combined by applying 'logFC > 1.5 ' threshold fold-change to the livers sufferingnfro
liver cirrhosis, and then listed. Further, eacheggymbol of the two separated groups was
converted into probe ID corresponding to analyt&fymetrix HG U133A. Meanwhile,

the connectivity map was performed by using thehoedisclosed in Lamb J, Crawford ED,
Peck D et al. The connectivity map: using gene-expression sigeatto connect small
molecules, genes, and dised&®ence. 2006;313 1929-35.

[0099] As a result, as shown in Table 1, 20 candidatetagetich can cure liver cirrhosis

into a normal, healthy state, were discovered liyguthe connectivity map (Table 1).

[0100] Further, among the top 20 candidate agents, craamogkid (cromolyn; CID 2882),
MK-801 (Dizocilpine; CID 180081), iopanoic acid (@B735), ionomycin (CID 6912226),
and tolazamide (CID 5503), which have significasvgtues, were identified. Among the

five candidate agents above, MK-801 is a non-coitipetntagonist of the glutamate
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receptor, tolazamide is used by patients suffefrioign type Il diabetes by controlling glucose,
and iopanoic acid was developed to inhibit earipdi@ase enzymes. However, MK-801,
tolazamide, and iopanoic acid were prohibited flmeing used for treatment due to their side
effects in USA, and have the potential to cause sftects to patients suffering from liver
cirrhosis. Therefore, in the present inventiom, fitllowing experiments were conducted

using cromolyn and ionomycin.

[Table 1]
rank cmap name enrichment p
11MG-132 0.997|--
2|phenanthridinone 0.989|—
3| gefitinib 0.941|—
4|cromoglicic acid 0.929| 0.00964
5|splitomicin 0.906(-—
6|2-deoxy-D-glucose 0.897|~
7|cantharidin 0.894|—
8|dexverapamil 0.848(—
9|celastrol 0.826|-—
10|(-)-MK-801 0.817| 0.00205
11|iopanoic acid 0.815| 0.00223
12|ionomycin 0.805 0.015
13|flavoxate 0.803(—
14|trazodone 0.795|—
15|tracazolate 0.79(—
16|tolazamide 0.789] 0.01921
17|4,5-dianilinophthalimide 0.78|—
18|pararosaniline 0.779|—
19|DL-thiorphan 0.777|—
20|5252917 0.775|—

<Experimental Example 2> Identification of the cytdoxic effects against hepatic stellate
cells

<2-1> |ldentification of the effect on cell prolifeation using a MTT assay
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[0101] To confirm the proliferation activity on hepatieBate cells, a MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode) assay was performed, and the HSC-
T6 and LX2 cell lines obtained from <Example 1>abwere used as hepatic stellate cells.
[0102] Specifically, the MTT assay was performed by segthe cell suspensions of each
cell onto a 96-well plate at a density of 5 ¥ &6lls/well. Then, the MTT stock solution (5
mg/mL) in which MTT was dissolved in PBS (phospHaitéfered saline, pH 7.2) was
prepared, and 1oL of the MTT solution was added to each well afigration.  After
culturing for 4 hours at 3Z and 5% C@, the reaction was terminated by adding 18%f
solubilization solution to each well, and then tiedl viability was measured at an absorbance
of 620 nm using an ELISA (enzyme-linked immunosattassay) reader. Furthermore, cell
viability was measured by calculating the rati@bgorbance of the cells treated/untreated
with the candidate agents.

[0103] As shown in Figure 2, as the levels of cromolyn emmemycin increased, the
proliferation activity was confirmed to decreaseaspared to the untreated control group.
While in the HSC-T6 cell line a low level (OuM) of cromolyn and ionomycin treatment did
not show a significant effect, in the LX2 cell lina anti-proliferation effect was confirmed

even at the low level (0,AM) (Figures 2A and B).

<2-2> Confirmation of the cytotoxic effect using d.DH (lactate dehydrogenase) assay

[0104] To confirm whether the above result from the MT$agsin section <2-1> above
showed a reduced MTT value due to cell death, yi@axicities of cromolyn and ionomycin
were confirmed through a LDH assay.

[0105] Specifically, while gradually increasing the amauat cromolyn and ionomycin in an
independent cell culture medium, the amount of Lildased into the above culture medium
was measured, and the experiment was conductesitny & LDH cytotoxicity assay kit

(Cayman Chemical, USA) according to the method igiexy by the manufacturer.  First, the
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cells were grown in DMEM (Dulbecco's Modified Eagfiedium), to which 10% of heat
inactivated fetal bovine serum and 1% of peniciflid streptomycin were added, af(37

and 5% CQ. Then, the above cells were seeded in a 96-Wat pt a density of 2 x 10
/well. Cromolyn and ionomycin were added theretocreasing amounts. After 48 hours,
100uL of the supernatant from each well was transfetoettie new plates, 1QQ. of the
reaction solution was added to each well, the plate incubated with gentle shaking on an
orbital shaker for 30 minutes at the room tempeeatand then the absorbance was measured
at 490 nm with a plate reader.

[0106] As a result, as shown in Figures 2C and 2D, cromshpowed no cytotoxicity except
at the high level (1@M), while ionomycin was confirmed to induce celadle in a
concentration dependent manner.

[0107] As such, since ionomycin has the potential of @piity, the present invention

selected cromolyn as the final candidate and caedube following experiments.

<Experimental Example 3> Confirmation of cromolyn'sinhibitory effect on the
production of collagen and TGF§

[0108] To confirm whether cromolyn inhibits the productioinTGFfi and the accumulation
of collagen, which are known as the major secretianker of activated HSCs, LX-2 and
HCT-T6 cell lines were analyzed by ELISA.

[0109] Specifically, collagen was detected by using theuSiRed Total Collagen Detection
Kit (Chondrex, USA). The suspended cells were séeéal a 24-well plate at a density of
1 x 10 cells/well, and treated with various amounts eheolyn for 48 hours. Then, the
diluted solutions or standard samples were addédbtonL centrifuge tubes in duplicate.
Subsequently, each tube was incubated for 20 nsraiteoom temperature together with
500uL of the Sirius Red solution. The supernatant measoved, the tubes were washed
twice, and 20QL of the final supernatant was transferred to av@di-plate. The optical

density was measured at 510-550 nm.
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[0110] As a result, as shown in Figures 3A and 3B, aset of cromolyn increases, the
released collagen significantly decreases. Furthesugh ELISA, cromolyn was
confirmed to inhibit the production of TGFin a concentration-dependent manner

(Figures 3A and B).

< Experimental Example 4> Confirmation of the inhiktory effect of cromolyn on EMT
(epithelial-mesenchymal transition) of hepatocytes.

[0111] The effect of cromolyn on restoration in hepatosyt@s verified. The previous
various studies showed that liver fibrosis goesugh the EMT process (lwaisako K,
Brenner DA, Kisseleva T. What's new in liver fibigosThe origin of myofibroblasts in liver
fibrosis.Journal of gastroenterology and hepatology. 2012; 27 Suppl2: 65-8; Wiemann SU,
Satyanarayana A, Tsahuridu B al. Hepatocyte telomere shortening and senescence are
general markers of human liver cirrho$t&SEB journal: official publication of the
Federation of American Societies for Experimental Biology. 2002; 16: 935-42). Therefore,
the present inventors confirmed the motility ofnpary hepatocytes by treating cromolyn in
the presence and absence of T &hich induces EMT.

[0112] Specifically, cell motility according to treatmemith cromolyn was analyzed by
using the known wound assay in the presence armheb®f TGH3 (2 ng/mL), and the
healing distance of the wound was measured by a &84dy. Further, after treating with
TGF4 and cromolyn, changes in the E-cadherin expressamverified, which was
confirmed by treating primary hepatocytes with TG arl Bio Chem, USA) and then
conducting Western Blots using the antibody agdtisadherin (H-180) (Santa Cruz, USA).
In addition, tubulin was used as the loading cdntro

[0113] As a result, as shown in Figures 4A and B, in theeace of TGFB, the motility of
hepatocytes of the group treated with cromolynraditishow a significant difference as
compared to the untreated control group, but irptiesence of TGH3 it was confirmed that

TGF-B induced the migration of hepatocytes and cromeRectively inhibited the
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migration activity of hepatocytes by 15 % in terofishe migration distance. In addition, as
shown in Figure 4C, treatment with TBFRlecreased the expression level of E-cadherin
(lines 1, 4 of E-cadherin), which is similar to BT phenomenon, but co-culture of
cromolyn and hepatocytes showed to significanthylit the decrease in the expression of E-

cadherin in a concentration-dependent manner dtreteMT progress (Figure 4).

< Experimental Example 5> Confirmation of the antisenescence effect of cromolyn on
hepatocytes

[0114] Since senescence is a typical phenomenon of fiyrthe anti-senescence effect of
cromolyn on hepatocytes was confirmed by ugifgalactosidase staining, which is a
senescence index.

[0115] SA-B-gal (Senescendegalactosidase) staining was performed by using the
Senescencg-Galactosidase Staining Kit (Biovision, USA) acdaglto the method provided
by the manufacturer. Specifically, after washinthw?BS, the cells were fixed by 2%
formaldehyde and 0.2% glutaraldehyde in PBS fomirftutes at room temperature. The
fixed cells were washed with PBS, and incubateéttogy with X-gal staining solution for
24 hours at 37. The cells were visualized, and photographs waken with the Zeiss
PALM laser capture microdissection microscope (Zeermany).

[0116] As a result, as shown in Figure 5, three days afituring hepatocytes vitro, the
number of3-galactosidase-positive cells increased considgrabk by the cromolyn
treatment, the number gfgalactosidase-positive cells were found to deer@as

concentration-dependent manner (Figures 5 A and B).

[0117] Hereinafter, the preparation example for each pedjme according to the present

invention will be described. The below preparagxamples are to help the understanding

of the working of the present invention, but do imalicate that the preparation methods for
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the formulation according to the present invenaiom limited to the following preparation

examples below.

<Preparation Example 1> Preparation of the medicanets

<1-1> Preparation of powder

[0118] cromolyn 10 mg

[0119] sucrose 100 mg

[0120]talc 10 mg

[0121] The powder was prepared by pulverizing and mixivgabove ingredients, and then

filling them into sealed sachets.

<1-2> Preparation of tablets

[0122] cromolyn 10 mg

[0123] starch 100 mg

[0124] sucrose 100 mg

[0125] magnesium stearate 2 mg

[0126] According to the general preparation method foletabtablets were prepared by

mixing the above ingredients, and then tabletirgrttixture.

<1-3> Preparation of capsules

[0127] cromolyn 10 mg

[0128] crystalline cellulose 3 mg

[0129]lactose 15 mg

[0130] magnesium stearate 1 mg

[0131] According to the general preparation method foisags, capsules were prepared by

mixing the above ingredients, and then filling thixture into gelatin capsules.
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<1-4> Preparation of granules

[0132] cromolyn 10 mg

[0133] soybean extract 50 mg

[0134] glucose 200 mg

[0135] starch 500 mg

[0136] After mixing the above ingredients, the granulesenmepared by adding 100 mL of

30% ethanol to the mixture, forming granules byiryyat 60, and then filling into sachets.

<1-5> Preparation of pills

[0137] cromolyn 10 mg

[0138] lactose 1,500 mg

[0139] glycerin 1,500 mg

[0140] starch 980 mg

[0141] After mixing the above ingredients, the pills werepared to contain 4 g per 1 pill

according to the general preparation methods fts. pi

<1-6> Preparation of injections

[0142] cromolyn 10 mg

[0143] mannitol 180 mg

[0144] sterilized distilled water for injection 2,870 mg

[0145] NapgHPO,12H,0 30 mg

[0146] According to the general preparation method fogdtipns, the injection was prepared

by mixing the above ingredients so that one ampigains 2 mL.

<1-7> Preparation of liquid formulations
[0147] cromolyn 10 mg
[0148]isomerized glucose syrup 10,000 mg
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[0149] mannitol 5,000 mg
[0150] purified water g.s.

According to the general preparation method faniiformulations, the liquid formulation
was prepared by dissolving the above ingrediengairified water, adding a proper scent

thereto, and then filling the resulting productibottle and sterilizing it.

< Preparation Example 2> Preparation of food produts

<2-1> Preparation of food products from wheat flour

[0151]0.5-5.0 parts by weight of the cromolyn of the présnvention was added to wheat
flour and, by using the thus-obtained mixture, breake, cookies, crackers, and noodles

were prepared.

<2-2> Preparation of soup and gravies
[0152] By adding 0.1-5.0 parts by weight of the cromolyrthe present invention to soup
and gravies, soup and gravies for noodles and gsedemeat products for health were

prepared.

<2-3> Preparation of ground beef
[0153] Ground beef for health was prepared by adding 13 by weight of the cromolyn of

the present invention to ground beef.

<2-4> Preparation of dairy products
[0154]5-10 parts by weight of the cromolyn of the presemention was added to milk, and
various dairy products such as butter and ice cneare prepared by using the thus-obtained

milk.

<2-5> Preparation of sunsik (powder made of mixedrgins)
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[0155] Brown rice, barley, glutinous rice, and adlay walgharized by a known method and
dried. The dried product was roasted and thengpegpas powder having a particle size of
60 mesh by using a grinder.

[0156] In addition, black bean, black sesame, perilla s@egte steamed by a known method
and dried. The dried product was roasted and phgmared as powder having a particle size
of 60 mesh by using a grinder.

[0157] The cromolyn of the present invention was concésdrat a low pressure by a
vacuum evaporator, dried by a spray drying machimkehot-air drying machine. The thus-
obtained dried product was pulverized into a pkrisize of 60 mesh by a grinder, thereby

obtaining the dried powder.

[0158] The sunsik (powder made of mixed grains) was pegpbhy mixing grains, seeds and
nuts prepared in the above, and the cromolyn optasent invention in the following ratio:
[0159] grains (30 parts by weight of brown rice, 15 pastsveight of adlay, 20 parts by
weight of barley),

[0160] seeds and nuts (7 parts by weight of perilla se&garts by weight of black beans, 7
parts by weight of black sesame),

[0161] cromolyn of the present invention (3 parts by wéigh

[0162] Ganderma lucidum (0.5 parts by weight),

[0163] foxglove (0.5 parts by weight)

< Preparation Example 3> Preparation of beverages

<3-1> Preparation of health beverages

[0164] The supplementary ingredients such as high fruatose syrup (0.5%),
oligosaccharide (2%), sugar (2%), saline soluttb8%), and water (75%) were

homogeneously mixed with 5 g of the cromolyn of pnesent invention.  After flash
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pasteurization, the health beverage was prepargadikaging in a small packaging container

such as a glass bottle, plastic bottle, etc.

<3-2> Preparation of vegetable juice
[0165] Vegetable juice was prepared by adding 5 g of thenolyn of the present invention

to 1,000 mL of tomato or carrot juice.
<3-3> Preparation of fruit juice

[0166] Fruit juice was prepared by adding 1 g of the criymof the present invention to

1,000 mL of apple or grape juice.
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WHAT IS CLAIMED IS:

1. A pharmaceutical composition for preventing &medting liver diseases, comprising

cromolyn or a pharmaceutically acceptable saltetbieas an active ingredient.

2. The pharmaceutical composition for preventing @eating liver diseases according

to Claim 1, characterized in that the cromolyn epound represented by [Formula 1]

below:
[Formula 1]
0 o/\l/\o 0
OH
HO | | OH
O @
@) O
3. The pharmaceutical composition for preventing @eating liver diseases according

to Claim 1, characterized in that the cromolyn Iniisi the accumulation of collagen in

hepatic stellate cell (HSC).

4, The pharmaceutical composition for preventing @eating liver diseases according
to Claim 1, characterized in that the cromolyn Iniisi the production of TGB-in hepatic

stellate cell.

5. The pharmaceutical composition for preventing @eating liver diseases according
to Claim 1, characterized in that the cromolyn Initsi the decrease in expression of E-

cadherin in hepatocyte.
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6. The pharmaceutical composition for preventing @eating liver diseases according

to Claim 1, characterized in that the cromolyn &ais-senescence activity on hepatocytes.

7. The pharmaceutical composition for preventing @eating liver diseases according
to Claim 1, characterized in that the liver diseasgelected from the group consisting of

liver cirrhosis, liver fibrosis, liver failure, Ier cancer, and hepatitis.

8. A health food for preventing and amelioratinggfi diseases, comprising cromolyn or

a pharmaceutically acceptable salt thereof as twedogredient.

9. The health food for preventing and amelioratingr diseases according to Claim 8,
characterized in that the cromolyn inhibits the\aigt of hepatic stellate cell and recovers a

hepatocyte function.

10. The health food for preventing and amelioratingr diseases according to Claim 8,

characterized in that the liver disease is seleftted the group consisting of liver cirrhosis,

liver fibrosis, liver failure, liver cancer and ledjis.
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