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ABSTRACT

The present invention relates to compositions for use in treating fatty liver, reducing a
liver fat content, reducing a fat content in liver cells, or ameliorating liver diseases caused
by fatty liver or other associated disorders in a subject. The compositions may comprise:
an effective amount of a compound as an active ingredient selected from the group
consisting of mannitol, menthol, sucralose, eriodictyol and saccharin, or a combination
of any two or more thereof. Alternatively, the compositions may comprise an effective
amount of a combination as an active ingredient selected from the group consisting of
(1) a combination of saccharin and mannitol, (2) a combination of menthol and mannitol,
(3) a combination of sucralose and mannitol, (4) a combination of eriodictyol and
mannitol, (5) a combination of eriodictyol and sucralose, (6) a combination of menthol,

mannitol, and eriodictyol, or (7) a combination of sucralose, mannitol, and eriodictyol.
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TITLE OF THE INVENTION
COMPOUNDS EFFECTIVE IN TREATING HEPATOTOXICITY AND FATTY
LIVER DISEASES AND USES THEREOF

RELATED APPLICATION
[0001]  This application claims priority to 11.8. Provisional Application No.

627222959, filed on September 24, 2015, U.S. Provisional Application No.
621257697, filed on November 19, 2015, and Patent Cooperation Treaty Application

No.: PCT/CN2016/078039, filed on March 31, 20186.

TECHNOLOGY FIELD
{00021  The present invention relates to compounds effective in treating
hepatotoricity and fagty liver diseases and uses thereof.

BACKGROUND OF THE INVENTION
{00031  Injuries in organs may be caused by toxic agents such as a therapentic drug

when administered overdose which often leads to injuries in organs especially liver or

kidney. Acetaminophen {also known as Panadol) is also called parscetamol or

Noacetyl-para-aminophencl (APAP) and is the most widely used pain-refieving and

fever-reducing drug on the market.  Each vear, numercus cases of drug intoxication
or suicide are reported due to improper ase of APAR, and liver damags caused by
APAP is the main canse of severe diseases snd death.  Alcohols or organic solvents
such as carbon tetrachloride (CCLg) may also cause hepatotoxicity. A mumber of
chimical studios have demonstrated that hepatotoxicity induced by APAP is preventable
and early diagnosis along with real-time sdministration of the antidote
N-acetyleysteine INAC) can prevent the occarrence of hepatotoxicity.

[ooo4]  Early detection of acetaminophen overdose is necessary because the best
prognosis can be achieved if the antidote is given within 8 hours after poisoning.

The early signs of drug intoxication include discomfort, nausca and vomiting,
However, some putients may show no signs of intoxication at the early stage (stage 1)
even if their blood concentrations of acetaminophen are ut the poisoning levels and
their sbnormal Hver function is apparently aboormal. The signs of hepatotoxicity, such
as abdominal pain, persistent vomiting, jaundics, right upper quadrant pain, usually
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become apparent 24-48 hours after ingestion of & significant amount of
acetaminophen (stage 2).  Serum amintransferase usuatly starts 1o rise 16 hours after
administration with clinical symptoms.  Stage 3 usually oconrs 3-4 days after
administration and the degree of fiver damage as well as prognosis can be well
predicted at the time.  The signs of hepatotoxicity progress from mild symptoms
with elevated tiver function values (AST > LOGOILYL) to severe acute fulminant
hepatitis accompanied by metabolic acidosis, jaundice, hyperglycemia, AST >
1,0001F/L., abuormal blood dotting and hepatic/brain lesions.  Slage 4 will cause
oligutia renal fatlure or death in severe cases.

{00051  Some patients with acetaminophen intoxication show only mild bBver
damage but with severe renal foxicity which is mainly capsed by direct metabolism of
APAP in P-450s {cytochrome P430s « CYPs) of the renal tubule,  Nonetheless, acute
renal fatlure may also result from hepatorenal syndrome caused by acute liver failure
and the fraction excretion of Na (FeNa) can be used for differentiation primary renal
damage (FelNa > 1) from hepatorenal syndrome (FeNa> 1) The calculation formula
for FeNa is (Sodiun: unpary + Creatinine urinary) + {Sodiwn plasma + Creatinine
plasma) x 100,

f0008]  The peak concentration of acetaminophen in blood is schieved 1-2 hours
afier oral administyation and a3 significant amount is eliminated by liver, more than
0% is conjugated to glucuronide and solfate and form non~toxic metabolites and only
less than 3% is eliminated by different C¥Ps, including CYPIEY, OYP1AR and
CYP3A4, and among which CYP2ZE! and CYPLA2 are the mygjor enzymues for
metabolism. The metabolite produced by these enzymes,
Neacetyl-p-benzoquinoneimine (NAPQI) is a very active electrophile.  Under normal
conditions, NAPQI will react immediately with glutathione in the cell and form
non-toxic mercaptide.  Overdose of acetaminophen makes the consumption rate of
glutathione greater than ity synthesis rafe and when the glutathione level of the cell is
fower than the normal rasge of 30%, NAPQI will bind to lame molecales or nudleic
acids containing cysteing and lead to liver damage. From histochemical stains,
NAPQI will bind o the thiol group of cysteine and form a covalent bond in
centrilobular areas before ocourrence of liver cell necrosis.

o007} Patients with liver disease, alcohol addiction or who are taking drugs which
may induce the activity of P450 sach as carbamazepine, ethanol, Isoniazid,
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Phenobarbital {may be other barbiturates), Phenytoin, Sulfinpyrazone, Sulfonylursas,
Rifampin and Primidone are the susceptible groups of developing severe
hepatotoxicity caused by APAP and may casily die if the patient also develops
complications such ay adult respivatory distress syndrome, cerebral edema,
uncontraliazble bleeding, infection or Multipls orpan dysfunction syadrome (MODS).
Take alcohol for example, aleohol is mainly eliminated by CYP2E! of liverand Hs
mechanism of APAP intoxication is divided into three stages: at the first stage aleohol
competes the receptors for CYP2ET with APAP in the liver and the concentration of
NAPQI will reduce during the stage, at the second stage alcohol prolongs the half-life
of CYPZEL from 7 hours 10 37 hours which increases the level of CYP2E]L in the liver
and the concentration of WAPQT will slowly increase dusing this stage, and at the
third stage, during alcohol withdrawal, more CYP2E!T is found in the Hiverto
eliminate acetaminophen and conseguently the toxic metabolites of acetwminophen
increases significantly and lead 1o liver damage.  Recent studies hgve shown that
diallyl sulfide can effectively prevent hepatotoxirvity caused by acetaminophen in
mice and further demonstrated disllyl sulfide can inhibit the activity of CYPREL. It
is speculated that the protection mechanism of diallyl sulfide against hepatotoxicity
induced by acetaminophen is by inhibition of the production of the intermediate
WAPQE from acetaminophen.  Previous studies have suggested by inhibition the
consumption of reduced glutathione in Hver cells, oxidation activation, mitochondrial
dysfunction and DNA damage caused by NAPQI can be reduced and subsequently
minimize liver damage induced by acetaminophen.  For example, Panayx
sotoginseng, adenosine and its derivatives adenosine monophosphate, adenosine
diphosphate and adenosine friphosphate can prevent liver danmage induced by
acetaminophen through fhis protection mechanism.

fovosy  Fatry liver is considered another factor leading to liver damages.  Under
normal circumstances, fat accounts for 3% by weight of the liver.  Clinically, “fany
liver disease (FLIDY" means fat in the liver exceads 5% by weight of the liver, or more
than 10% of the liver cells show vesioular fatty changes in the Hiver tissue sections.
According 1o the causes of diseases, fatty liver can be divided into alcobolic fatty Hver
discases (AFLD), non-alccholic fatty Hver diseases (NAFLD), or other fatty liver
diseases derived from other faciors, such as drugs.  Fatty liver discases are
pathologically characterized by the appearance of fatty metamorphosis or steatosis,
steatohepatitis, or the like. By the percentage of liver cells suffering from sheatosis,
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fatty Hver is categorized as mild (<33%), moderate {33-66%) and severe (#66%).
Previously, fatty Hver was considered a benign and reversible condition, and thus less
taken seriously, but recent studies bad found that 1§ will lead to severs Hiver fibrosis
and cirrhosis, and even liver cancer.  As the population of obese people increases, the
prevalence of FLD also increases.

fo008}  The main cause of Hver diseases in Buropean and American countries is due
to chronic excessive drinking, therefore, the vast majority of liver diseases are caused
by alcohol lesions.  But over the past 15-20 years, NAFLD has become the first
canse of diseases to be considered for iver dysfunction in Europsan and American
countries. Thaler had ever described NAFLD in 1962, In 1980, Ludwig proposed
“Non-alcoholic steatohepatitis (NASH)” from accompanying NAFLD he found in a
group of obese female patients with diabetes and hyperlipidensia.  Thereafter, in
1986, Schaffner emphasized again that NASH played an important role in the
mechanism of fibrosis derivation in the course of NAFLD, Until 1998, Day found that
15-80% of patients with NASH were suffered from different degrees of fibrosis
derivation, so clinicians started to pay aftention to NAFLD.  Today, in addition o
AFLD, NASH is not just a stage in the natural progression of NAFLD in clinical
practice. Due fo the presence of NASH, NAFLID is no tonger considered a benign
Liver disease.

{0016}  Regarding the mechanism of NAFLD, Day and James in the United
Kingdom proposed Two-hit hypothesis based on a large number of clinical ressarches
and animal experiments.  Fadty liver occurs npon the first hit, and steatohepatitis
occurs ypon the second hit.  The first hit iz prompted by excessive scoumatation of
fad in the liver, which is caused by obesity, hyperlipidemia, g¢ic.  The second hit is
due to oxidative stress and the eifect of reaciive oxygen species (ROS) in
mitochondria, resulting in lipid peroxidation on the Hver cell membrane, release of
original inflammatory eytokines and free radicals, and fibrosis due to activation of
stellate cells, and leading to liver cell necrosis.  The mechanism of NASH involves
the peroxidation of tiglyceride, oxidative stress, ROS response, increased
peroxidation of lipids in Hver cells, or increase of cytokines and liver enzymes,
leading 1o a series of autoinumune interactions,

foo11}  The causes of fatty liver are mostly associated with long-term excessive
intake of snimal fat, protein, carbohydrates, excess calories transforming into far

accumulated in the body, leading to obesity and fatty Hiver. Patients with fasty liver
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may have normal blood GOT/GPT values. Therefore, a correct diagnosis of fatty liver
noust uve the abdominal ultrasound, which currently provides more than 97%
accuracy.

o012 Currently, there is 0o ideal drug providing specific therapentic effects for
ELD, the treatment guidelines of which atm at improving the potential risk factors or
controtling the progress of chronic diseases by using drugs.  H is recommended to
apply sympiomatic treatments according 1o the causes of falty liver.  For example,
those who suffering from fatty Hver caused by overweight should lose weight
moderately,  Aayone with slooholic fatty liver needs to quit drinking and eats a
balanced diet for improving the conditions.  Chemicals or drugs that damage Hiver
and lead to fatty liver diseases through long-term contact shall immediately be
stopped using.  Fatty Hver caused by diseases, such as bepatitis €, high blood fat,
ete., shall be treated by treating the oeiginal diseases, such as treating hepatitis C or
controfling blood lipids. However, if excessive triglycerides are due 1o personally
physical factors, it is hard 1o ameliorase fany liver diseases by losing weight.

{00131  However, the current drugs that are commonly used in clinical 1o lower
serum triglycerides and cholesterel are often accompanied with side effects, for
example, hepatotoxicity, myopathy such as myalgia, myvositis, rhabdomyolysis, and
the ftke.  Reparding the lipid-lowering drugs, muscle toxicity is the most notable side
effect. Especially, Stating shows the highest occurrenice of muscle toxicity, and fibric
acid follows.  In addition, the lipid-lowering drugs have a "fat driving" effect, which
“drives” blood lipids to the liver, where fat accumulation already exists and the influx
of lipids ix difficult to be processed, leading to excessive acoumulation of fat in the
Hver and making fotty Hver worse. It can be seen that the Hpid-lowering drugs are
not suitable for the treatment of FLID.

BRIEF SUMMARY OF THE INVENTION
{00141  In one aspect, the present invention provides new compounds, the structure
of which is represenied by Formuda (1) as follows

AN WA,

Formula (1),
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wherein

L is a smturated or unsaturated aliphatic group;

R is selected from the group consisting of hydrogen, a polyol group and a
saccharide group of ((3), wherein G is & monosaccharide residoe and p is an integer
frem 1o 100 wherein at least one of the hydroxy! groups in (G), is substinned by s
halogen atom,; and

Q is an integer from 2 to0 4, and each of R is the same or different,
or & pharmaceutically acceptable salt thereot,

o018}  In some embodiments, the compounds of the present invention are
represented by Formula (11) as follows:
R1-O-XACH; - X-O-Ry  Formula {11},

wherein

Xis O

R: and R; are the same or differemt, selected from the group consisting of
bydrogen, a polvol group and a saccharide group of (G), wherein G is 2
monosaccharide residue and p is an integer from 1 o 100 wherein at least one of the
bydroxyl groups in (), is substituied by a halogen atom, wherein when R; is
hydrogen, then Rz is not hydrogen; and

m is an integer from 1 10 40,

[o016}  In another aspedt, the present invention provides a pharmaceutical
conposition comprising at least one of the compounds as described herein or a
pharmaceuntically accepiable salt thereof together with s pharmaceutically acceptable
carrier.

o017]  In siill another sspect, the present invention provides a treatment method by
administering to a subject in need an effechive amount of at least one of the
compounds as described herein or a pharmaceatically acceptable salt thereof.

fo0i8]  In some embodiments, the method of the present invention 18 provided to
prevent or ireat a dissase or condition characterized by increased cvtochrome P450
activities or incrsased free radical levels in a subject in need thereof.

{00191  In some embodiments, the method of the present invention is provided to
prevent or treat organ injuries in a subject in need.

00201 In some embodiments, the method of the present rvention is provided to
prevent or trest hepatotoxicity in a subject in need,

o1l In some embodiments, the method of the present invention is provided to
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prevent or treat fatty Hiver, protect liver function or amelionate Hiver diseases caused by
fatty liver or other associated disorders,

{00221  In vet another aspect, the present invention provides use of the compounds
as desoribed herein or o pharmaceutically scceptable salt thereof for manufacturing a
medicament. In particular, the medicament is useful in preventing or treating (i3 a
disease or condition characterized by increased cytochrome P450 activities or
increased free radical level, Gi) organ injuries, and/or (iii) bepatotoxicity, and/or (iv)
preventing or treating fatty liver, protecting liver function or ameliorating liver
diseases caused by fatty liver or other sssociated disorders,

00281  The details of one or more embodiments of the invention are set forth in the
description below.  Other features or advantages of the present invention will be
apparent from the following detaifed description of several embodiments.

BRIER DESCRIPTION OF THE DRAWINGS
{00241  The foregoing summary, as well as the following detailed description of the
invention, will be better understood when read in conjunction with the appended
drawings. For the pwpose of illustrating the invention, there ave shown in the
drawings embodiments which are presently preferred. It should be understood,
however, that the invention is not Hmited to thy precise arrangements and
instrumentalities shown,
[0025]  In the drawings:
[oo26]  Fig.1 shows the percentage of pro-drug remain or ifs related metabolites
formation in bload (in viiro).
joa27}  Fig.2 shows the plasma conceniration vs. time profile for pro-drug and
sucralose after oral administration of pro-drug in 8D-rats.
{0028  Fig. 3 shows the plasma concentration vs. fime profile for mannitol after
oral administration of pro-drug in SDerats.
{00291  Fig. 4 shows the H&E staining results of iver tssues in animals.  (A) the
normal control, {B) the control group of APAP-induced liver injuries, {C) the positive
control group of treatment with NAC, (D) the experimental group of treatment with
mannitol (1.67 me/kg), (F) the expevimental group of ireatment with sucralose (1.67
wgrkg), (F) the experimental group of trestment with mannitol (2.51 mghkg) plus
sooralose {2.51 mghky), (G) the experimental group of treatment with mannitol

7
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{3 34mg/ke) plus sucralose {3.34 mgikg), and (H) the experimental group of treatment
with NAL and a combination of manniitol (3.34 mgfky) and sucralose (3.34 maikg).
fo0301  Fig 5 shows liver tissue sections taken from mice that were induced fatty
liver, and then treated with different test compounds by groups for four weeks.

[o031]  Fig. 6 shows s general schane of synthesis provess of the compound of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION
00321  Unless defined otherwise, all technical and scientific ferms used herein have
the same meanings as is commonly undesstood by one of skill in the art to which this
invention belongs.
§0033]  As used herein, the articles “a” and “an” refer to one or more than one {(f.a,
at least one) of the grammatical object of the article. By way of example, “an
elemeni” means one element or more than dne element.
00341 L Componnds
fooRs]  In one aspect, the present invention provides new compoands, the structure
of which is represented by Forroula (T} as follows

S preseeT

- —i G Formula {1},

wherein

1L is a saturated or unsaturated aliphatic group;

R is selected from the group consisting of hiydrogen, a polyol group and a
saccharide group of (G)y wherein G is 8 monosaccharide residue and p is an integer
from 1 1o 100 wherein at least one of the hydroxy! groups in (G), is substiiuted by a
halogen atom; and
£ is an integer from 2 10 4, and each of R is the same or different,
or a pharmaceutically accepiable salt thereof.

{00361  The term “aliphatic” or “aliphatic group”, as used herein, denotes a
hydrocarbon moiety that may be straight-chain (i.¢., unbranched), branched, or cyclic
{including fused, Lridging, and spiro-fused polycyclicy and may be completely
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saturated or may contain one or more units of ynsataration, but which is not aromatic,
In geneval, aliphatic groups comtain 1-40 carbon atoms. In soms smbodiments,
aliphatic groups contain 120 carbon atoms, or 1-12 carbon atoms, 1-8 carbon atoms,
or I-4 carbon atoms.  In some embodiments, aliphatic groups contain 3-20 carbon
stoms, or 312 carbon stoms, 3-8 carbon stoms, or 34 cwbon atoms.  Suitsble
aliphatic groups include, but are not limited to, linear or branched, slkyl, alkenyl, and
atkynyl groups, and hybrids thereof such as (pycloatkylatkyl, (cycloalkenyDalkyl or
{eysloatkyalkenyl.

{0037}  In certain embodiments, the L group in Formula (1) is selected from {(a) o
straight alkyl group, (b} a branched alkyl group, (¢} a stralght alky! group substituted
with u benzene ring, (d) a branched alkyl group substituted with a benzene ring, {¢) a

benzenyl group where the benzene ring contains a straight chain aliphatic group, and

{f} a benzenyl group where the benzene ring rontaing a brunch chain of gliphatic
Qrowy.

{038}  The term “polvol group”, as used herein, denctes an alcohol containing
multiple hydroxyl groups {two or more hydroxyl groups) per molecule.  Iu particular,
the polyol group can be linear or circular, substituted or unsubstituted, or mixtures
thereof, so long as the vesultant complex is watersoluble and pharmacentically
acceptable.

{00391  In some embodiments, the polyol group is a ©3-24 polyol, particulardy, &
£3-20 polyol, more particularly, a €3-12 polyol, or a C3-12 polyol, containing 2 or
more hydroxyl groups.

[0040] In more particular embodiments, the polyol group is represented by
-CH,(CHOH),CH,0OH wherein n is 1-22, 1-18, 1-10, or 1-6. In one certain example,
nis4.

[oo41]  Preferved polyols are sugar aleohals.  Bxamples of polyols include, but are
not limited to, 3-catbon polyols {eg glveerol, erythritol and threitol); S-carbon
polyols (e.g. arabitol, xylitol and ribitol), G-carbon polyols (e.g. mannitol, sorbitol,
galactitol, fucitol, iditol and inositol), 12-carbon polyvols {g.g volemiwi, isomalt,
maltitol and lactitol), 18-carbon polyols {(eg. malioinitol), and 24-carbon polvols
{maltotetraitol).

o042y In Formula (I), G vepresenits a monosacchanide vesidue The
monosaccharide as used herein is preferably a 6-carbon monosaccharide having the
chemical formula CgHipOg (e hexose).  The hexose may be in the D configuration,

9
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the L configuration, or & combination thereof, Hexoses are typically classified by
fonctional groups.  For example, aldohexoses have an aldebyde at position 1 such as
allose, alirose, glucose, mannose, gulose, idose, galactose, and talose; and
ketohexoses have a ketone at position 2 such as psicose, fructore, sorbose, and
tagatose. A hexose also contains ¢ hydroxyl groups and the aldehyde or ketone
functional group in the hexose may react with neighbouring hvdroxyl functional
groups 1o form intramolecular hemiaceials or hemiketals, respectively. If the
resulting cyclic sugar is o S-membered ring, it is 8 furanose, I the resulting cyclic
sugar is a 6-membersd ring, it is 8 pyranose. The ring spontaneously opens and
closes, allowing rotation to ocour about the bond between the carbonyl group and the
neighbouring carbon atom, vielding two distingt configurations {o and B).  The
hexose may be in either the 8§ configuration or the R configuration.

0043  According fo the present invention, at least one of the hydroxyl groups in
the one or more monosaccharide residues in formula (1) is substinged by 2 halogen
atom. Examples of the halogen atom includes chlorine, bromine amd iodine
Specifically, the balogen atom is chlorine,

[0044]  As used herein, the term 8" or “R” is o way 10 name an optical isomer by
its configuration, without involving a rveference molecule, which is called the RS
systern. It labels each chiral center R or § according to a svstem by which its ligands
are vach assigned a priority, according to the Cahn Ingold Prelog priority rles, based
on atomic number.  This system labels sach chiral center in a2 molecule {and also has
an extension to chiral molecules not involving chiral cemters).  If the compound has
two chiral centers, it can be labeled, for example, as an (5.5) isomer versus an (SR)
isomer.

fou4s}]  As used herein, the term “pharmaceutically acceptable salf” includes acid
addition salis.  “Pharmaceutically acceptable acid addition salts” refer © those salts
which retain the biclogical effectivensss and properties of the free bases, which are
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nittde acid, phosphoric acid and the like, and organic acids such as avetie acid,
propionic acid, pyruvic acid, maleic acid, malonic acid, succinic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic actd, salicylic acid, trifluorcacetic acid and the
tike.

00481  In some embodiments, in Formula (1), qis 2, 3 or 4, atleast one of the R

10
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{0047)  In certain embodiments, in Formula (1), qis 2.
foo48)  In such embodiments, the compound of the present nvention can be
represented by Formula (1) as follows:
RO X{CHa k- X~O-Ry  Formula (1),

wherein

Xis C=0;

R; and Ry are the same or different, selected from the group consisting of
hydrogen, a polyol group and & saccharide group of (G), wherein G is @
monosaccharide residue and p is an integer from 1 o 100 wherein at least one of the
hydroxyl groups in {G), i3 substituted by a halogen atom, wherein when Ry is
hydrogen, then Ry is not hydrogen; and

m ix an integer from 1 to 40,
or 2 pharmaceutically acceptable salt thereof.
f0048)  In certsin embodiments, in Formuls (i), By iz the polyol group and R, is the
saccharide group of {G},.  In such case, the compound of Formula () is deemed as »
canjugate of the polyol moiety linked to the sugar moiety by a linker via ester bonds.
In particular, the linker is represensted by ~O-X-{CHz ) X-0- (Formula (L)) wherein X
is C=0 and m is 140, 1-20, 112, 1.8 or 1.4, more particular, m 18 3-20, 3-12, 3-8 or
3-4.  In one certain example, o1 ix 4,

00801  In some embodiments, p is 2. The ssccharide group is represeuted by
~G-0-G;, wherein Gy and Gy are the same or different, selected from the group
consisting of an aldohexose and a ketohexose, and at least one of the hydroxyl groups
in Gy or ai least one of the hydroxyl groups in Gy is substituted by a halogen gtom,
foos1}  In some embodiments, Gy is glucose wherein one of the hydroxyl gronps is
substitoted by chloring; and Gx is fructose whersin two of the hydroxyl groups are
substituted by chlorine.

00821 In certain emabodiments, the saccharide group is represented by formula (1a)

*35
.0 O
ﬁ(}m «‘w‘w

: O
HO formula (Ta).
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o83}  Certain examples of the compound of the present invention are g5 follows:
{CORIR AR, SR OR J-6-(((2R. SR)-2 3-bis{chloromethyl }-3 4-dihydroxytetrahydro
furan-2-yDoxy -3 -chloro-4, 5-dihydroxytetrabpdro-2H-pyran-2-y methyl

{{2R3R 4R)-2,3,4,5 6-pentahydroxvhexyl) adipate

Formula 1, and

Céo~manniiol of Formulda 2

i

310

8o v
o4

' QN"]{N/\\/}LM

{00543 In another aspect, the prosent invention provides an intermediate of Formula €

Formula 2.

as follows:

o088}  The compound of Formula (I} can be chemically synthesized for example
by a provess s shown in the goneral scheme of Fig, 6.

{0086}  In particular, 3 linker agent that can provide one or more ~CQOH group o
perform esterification with an alcohol s provided. In step 1, the linker agent
providing g first ~-COOH group {others if available are protected) reacts with B having
a first free hydroxyl group {others if available are protected) to proceed with the first
esterification, producing the compound of Formula (I) where ¢ is 1. I siep 2, the
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finker agent providing a second ~CQOH group {(others if available are protested)
reacts with R having a second free hnedroxy! group {others if available are protected)
to proceed with the second esterification, producing the compound of Formula ()
where g is 2. In step 3, the linker agent providing a thisd ~COOH group (others if
available are protected) veacts with R having a third free hydroxyl proup (others if
available are protected) to proceed with the third esterification, producing the
gompound of Formula (1) where g is 3. In step 4, the linker agent providing a
fourth ~COQH group {others if available are protected) reacts with R having a fourth
free hydroxyl group (others if available are protected) o proceed with the fhird
exterification, producing the compound of Formula (1) where g is 4.

{00571  In some embodiments, the linker agent to perform the esterification is
represented by Formula (L.a)

P O-XA{CH - X-0-Py Formula (La}

wherein X and m are as defined above, and Py and P are the same or different and are
& protecting group or HL

o581 In some embodiments, the linker agent t© perform the estexification is
represented by Formula (La)

Formula {Lb}.
{00891  As used herein, a "protecting group® i3 a chemigal group that is attached (0 a
functional moiety (for example to the oxygen in a hydroxyl group or the nitrogen in
an amine group, replacing the lpdrogen) 1o protect the functional group from reacting
in an undesired way, A protecting group includes, for example, tbutyl group, a
eycloatkyl group {eg.. cvclohexyl group), an arvl group {eg. 24-dinitrophenyl
group), an aratkyl group {eg., benzyl group, 2.6-dichlorobenzyl group,
3-bromobenzyl group, 2-mitrobenzy! group, 4-dimethylcarbamoyibenzyl group, and
triphenyimethy] group), 2 tetrahydropyranyl group, an acyl group, an slkoxycarbonyl
group (e.g., tbutoxyearbonyl group) an aralkvloxycarbonyl group f{eg.,
benzyloxysabonyl group, 2-bromobenavioxycarbonyl RrOug, 2
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dialkylphosphinothiovl  group  {(e.g., dimethyiphosphinothioyl group) and a
diaryiphosphinothioyl group {e.g., diphenyiphosphinothioyl group). A preferred
protecting group includes an acyl group and the like.

{00607  In one certain example, Scheme 1 is provided in Example | showing the
particular synthesis process of the compound of the present invention.

fovetl 1L Uses of the compounds of the present invention

{00621  The compounds of the invention can be used as & medicament for treatment
methods.  In general, the compound of Formuls (1) acts as a prodrug that after
administration can twm into metabolites providing therapeutic effects as needed as
desoribed herein.  In one example, the compound of Formula {1} is compound F

which after adoinistration can tom nto mannitol, sucralose and Co-mamnitol, all of

which can act as P450 inhibitors and provide anti-hepatotoxicity effects, for example.

Ses exgmiples below,
{00631  The present invention provides a treatment method by administering 10 a
subject in need an effective amount of at least one of the compounds as deseribed
herein or 8 pharmaceutically accepiable salt thersof,
foos4]  Itis found that compounds of the invention are effective as P450 inhibitory,
for example.
00651 In some embodiments, the method of the present invention is pravided to
prevent or treat a dissase or condition characterized by increased cytochrame P450
activities in a subject in need thereof.
joussy  Examples of such diseases or conditions are listed in Table A

Table A

Diseases
alcoholic hepatitls hepatoblastoma
drug-induced hepatitis Liver, renal chronic disease
alcoholic liver cirrhosis obesity
liver disease ipoisoning
liver cirthosis insulin resistance
alcohol abuse chronic Hiver disease
isontazid toxicity hepatitis chronic
nonatcoholic steatobepatitis renal disesse
tuberculosis inflamamation
Hepatitis alvohol withdrawal

14
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Fatty liver disease alcoholic cirrhosis

Hepatocellular carcinoma liver damage

liver diseases alcoholic alcobolism

hepatitis halothane hepatitis toxic

fatty Hver alcoholic

fatty liver hepatic necrosis
atcohol-related disorders civrhosis

cerebrovascular disgase acute aleoholic hepatitis
coronary artery discase Liver, renal histopathology

Ethanol-induced and obesity-induced oxidant

Liver, renal cell damage .
streas and Hver injury

Liver, renal necrosis hegvy metal poisoning
hepatitis ¢ chronic tiver fibrosis
cardiovascular disease atherosclerosis

fooeT]  In some embodiments, the method of the present invention is provided to
prevent or treat a disease or condition characierized by increased free radical levels in
a subjeot in need thereof.

[0068]  In some embodiments, the method of the present invention is provided to
prevent or treat organ injuries in a subject in need.

00591  In particular examples, the organ injuries are in liver or kidney,

{00701  In particular examples, organ injuries ot hepatotoxicity are cangsed by a
therapeutic drug, CCly or lipid accumulation.

{00713 In particular examples, the therapeutic drug is acetaminophen.

00723 1o some embodiments, the method of the present invention s provided to
prevent or treaf hepatofoxicity in a subject in need.

{00731  In some embodiments, the method of the present invention i provided to
prevent of treat fanty liver, protecting liver function or ameliorating liver diseases
caused by fatty Hver or other associated disorders.

100741  Asused herein, the term “Hver fat content” refers to the content of fat that is
sccumulated in the liver of a subject and includes broadly defined lipids, such as
iriglyceride (TG) and cholesterol.  As used herein, the term “reducing liver fat
content” generally refers to the reduction of the content of abnormal liver fatina
subject, i.¢. to decrease the content of abnormal liver fat and, more particulady, to
tower the content of abnormal Hiver fat to normal level. For example, under normal
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clroumstance, fat accounts for 3% by weight of the iver,. 19 £t In the liver exceeds
3% by weight of the liver, it is determined as abnormal fat accomulation (the Hver fat
sontent described above is a relative percentage for exemplification, and may vary
due 1o ethnicity and other factors).  In a specific aspect, the term “reducing hiver fat
content” used herein could means that the content of sbnormal liver £t in & subject is
reduced, for example, from 5% by weight of the liver or more to 3% by weight of the
liver. Liver fat content can be assessed by standard analytical methods, including but
not limited to ulirasound anslysis, magnetic resonance imaging (MRI), magnetic
resonance spectroscopy (MRS), computed tomography (CT), and liver biopsy.

{00751 Asused herein, the term “Hver fonction” refers 10 one or more physiclogical
functions performed by the Hver Liver function can be analvaed by alot of
conventional assays, such as alanine aminotransferase (ALT) analysis or aspartate
transamingse { AST) analysis, According to the present invention, the compound
described herein can be used to maintain the lver fimction, including improvement of
the liver function and preventing the liver from damage.

0orel  As used herein, the term “Hver diseases” refers to Hver cell injury or
damage cansed by certain factors, which then potentially lead to liver dysfunction.
According to the present invention, the compound proposed herein can be used
ameliorate Hver diseases caused by fatty Hver in some embodiments.  More
particularly, “liver damage” used herein refers to liver with histological or
biochemical dysfunction, as comipared with normal iver.  In a specific embaodiment,
“liver damage” refers to liver lesions cansed by aleoholiv or non-alcoholic factors,
such as high fat diet or obesity, or therapeutic drogs or organie solvents.  In a specific
embodiment, “liver damage™ can be lver tissue damage with one or more
characteristics selected from steatosis, lobular inflammation, hepatocyte baliooning,
and vesicolar fat droplets produced by fiver cells.  In a specific embodiment, “liver
damage” can be biochemical dysfunction of liver, which can be determined from the
activity of alanine aminotransferase (ALT) or aspartate transaminase (AST). Highes
activity of ALT or AST indicates severer dysfunstion of Hiver's biochemical function,
{00771  Asused herein, the tferm “Hver antioxidant activity” refers to the sctivity or
ability against oxidative stress. Improvement of liver antioxidant sctivity of a subject
by the compound according to the present invention refers 1o, includes, but is not
himited to reducing oxidative stress or enhancing enzyme activity or content of the
members of antioxidant systems, The members of antioxidant systems may be
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ghutathione perosidase (GPx), glatathione {GSH), ghutathione reductase (GR), and/or
superoxide dismotase (SOD).

{078}  According to the present invention, the compound described herein includes
common excipients and bioflavonoids, which may be used to reduce liver fat content
and ameliorate associated disorders.  The tenm “associated disorders™ described
herein inclhudes the disorders caused by ashnormal accumulation of liver fat and
including, but not imited to fatty liver diseases, acute and chronic aleoholic fatty liver
diseases, acute and chronic non-aleoholic faity Hver diseases, acote and chronic
aleoholic hepatitis, acute and chronic non-aleoholic steatohepatitis, non-aglooholie
cirrhosis and aleoholic cirrhosis (FCD-9-CM Diagnosis Codes: 371 .8, 371.0, 8711,
371.2, 53713, 371 4, 5715, 571.9).

[0079)  As used herein, the term “preventing” refers to the preventive measures for
a disease or the symptams or conditions of a disease. The preventive measures include,
but are not imited 1o applving or administering one or more active agents to a subject
wha has not yet heen diagnosed 2z 8 patient suffering from the disease or the
symptoms or conditions of the disease but may be susceptible or prone io the disease.
The purpose of the preventive measures is to avoid, prevent, or postpons the
ocowrence of the disease or the symptoms or conditions of the disease.

00801  As used herein, the term “treating” refers to the therapeutic measures to a
disease or the symptoms or conditions of a disease. The therapeutic measures includs,
but are not Himited 1o applyving or administering one of more sctive agents 1o a subject
suffering from the disease or the symptoms or conditions of the disease or
exacerbation of the disease.  The purpose of the therapeutic measures is o {reat, cure,
mitigate, relieve, alter, remedy, ameliorate, improve, or affect the disease, the
sympioms or conditions of the disease, disability caused by the discase, or
exacerbation of the disease

[0081)]  As used herein, a “CYP2E1 inhibitor” is any compound, substance or
material that can inhibit CYP2ET activity. A sumber of assays are available for
analysis of the CYPIEL activity such as a human or rat liver microsome assay.

00821 Asused herein, 3 subject in need of the freatment according 1o the invention
includes human and non-buman mammals, Non-human mammals include, but are
oot Hmited to, companion animals such as cats, dogs and the like and farm animals
such as cuitle, horses, sheep, goats, swine and the like.

o83l The term “effective amount” or the like refers to that amount of an active
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agent suffivient 10 achigve a desired therapsutic, prophylactic, and/or biclogical effect
in a subject, such as reducing drug-induced side effects, or prohibiting, improving,
atleviating, reducing or preventing one or more symptoms or conditions or
progression of a disease. The actual effective amount may change depending on
various reasons, such as adminisration route and frequency, body weight and species
of the individual receiving said pharmuceuntical, and purpose of sdministration
Persons skilled in the art may determine the dosage in each case based on the
disclosure herein, established methods, and their own experience.

[o0843  The term g standard dose™ as nsed herein refers to an effective dose of o
therapentic agent that is recommended by authoritative sources in the pharmaceuntical
community including the Food and Dirug Administration and often used in routine
practice.  The term “a reduced dose” as used herein refers to a dose that is lower than
g standard dose but still retains substantially the same therapeutic effects of the same
therapeutic agent.  Specifically, according to the invention, a reduced dose of a
therapeutic drug is shont 902 or less, BOY: or less, 70% or less, 60% or less, 50% or
less, of standard therapeutic dose of the therapewtic drug.

fooss}  In some embodiments, an effective amount of notive ingredients as used
herein may be formulated with a pharmaceutically acceptable camier into a
pharmaceuntical composition of an appropriate form for the purpose of delivery and
absorption.

00861  As used herein, “pharmaceutically acceptable” mweans that the carrder is
compatible witly the active ingredient in the composition, and preferably can stabilize
said active ingredient and is safe {0 the individual receiving the treabmient.  Said
carrier may be a diluent, vehicle, excipient, or matrix to the active ingredient.  The
composition may sdditionally comprise lubricanis; wotting agents, emulsifying and
suspending  agents; preservatives, swecteners, and flavoring  agents. The
composition of the present invention can provide the effect of rapid, contimued, or
delayed release of the active ingredient afler administeation to the patient.

foos7}  Ascording fo the present invemion, the form of said composition may be
tablets, pills, powder, lozenges, packeis, froches, elixers, suspensions, lofions,
solutions, wyrups, soft and hard gelatin capsules, suppositories, stenlized injection
fluid, and packaged powder.

foogs}] The composition of the present imvemtion muy be delivered via any
physiologically acceptable route, such as oral, parenteral {such as inframuscular,
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inravenous, subcutaneous, aod intraperitoneal), transdermal, suppository, and
intranasal methods,  Regarding parenteral administration, it is preferably used in the
form of a sterile water solution, which may comprise other substances, such as salts or
glucose sufficient to wmake the solution isotonic to blood.  Preparation of an
appropriate parenteral composition under sterile conditions may be accomplished with
standard pharmacological techniques well known to persons skilled in the art, and no
gxtra greative labor is required.

fo0881  In certain embodiments, the compound of Formuda (1) of the present
invention or a pharmacentically aceeptable salt thereof can be used in preventing or
treating injuries in organs e.g. in lver or kidney, which may be caused by overdose of
therapentiv drugs {e.g acetaminophen) or exposure of alochol, a chemical agent, &
biomoleciude or any substance that may cause toxic effects in these organs.

foosa}  Specifically, injuries in liver may include injuries, damages or loss of
hepatic cells or tissues, lending to abnorma!l Hver fimctions or contems of liver
proteins.  In some embodiments, the liver injuries az described herein are acute liver
injuries which mean liver injuries of relatively rapid onset e.g less than 12 week,
particularly less than 6 woeeks duration from fime of onset of symptoms.  In some
embodiments, patients with acute liver injuries ave with no background of chronic
hepatic diseases.

fo091}  Specifically, injuries in kidoey may inchude injuries, damages or loss of
renal cells or tissues, leading o abuormal renal functions.  Soch renal injuries may
be identified, for example, by a decrease in glomenular filtration rate, a reduction in
uring output, an increase in serum creatinine, an increase in seram cystatin C, etc. In
some embodiments, the renal injuries 85 desoribed herein are acute renal injuries,
which may mean an abrupt or rapid decline in renal filtration function, for example,
within 14 days, preferably within 7 days, more preferably within 72 hours, and siill
mure preferably within 48 hours.

00921  In one particular embodiment, the compound of Formda (I) of the present
invention or 2 pharmacentically accepiable saht thereof is capable of preventing or
treating an undesired condition caused by NAPQI {N-gcetyl-p-benzoquinone imine)},
{00931  Therefore, the present invention provides use of the compound of Formula
{1 of the present invention or a pharmacentically accepiable salt thereof for
manufacturing & medicament for preveming or treating an undesired condition cawsed

by NAPQI (N-acetyl-p-benzoquinone imine} in a subject.  The present invention also
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provides a method for preventing or treating an undesired condition caused by
NAPQI (N-acetyl-p-benzoquinone imine) in a subject in need, comprising
administering to the subject the compound of Formula (I) of the present invention or
a pharmaceutically acceptable salt thereof in an amount effective to prevent or treat
the undesired condition.

[0084] III. Combined use of compound of the present invention with other
active agent

[0095] The compound of the present invention and/or its metabolites can be
administered in combination with one or more additional active agents, particularly
those acting as P450 inhibitors and/or providing anti-hepatotoxicity activities and/or
those with anti-fatty liver activities, so as to provide a synergistic effect, for example.
[0096] Some active agents acting as P450 inhibitors (named "a first active
agent(s)™) are described in PCT/CN2013/087049 (USSN 14/441,317). Particular
examples of such P450 inhibitors include but are not limited to

polyethylene glycol sorbitan monolaurate (Tween™ 20), microcrystalline cellulose,
dicalcium phosphate dihydrate, Brij™ 35, saccharin, mannitol, Cremophor™ RH40,
sucralose, crospovidone, sodium starch glycolate, Eudragit™ S100, croscarmellose
sodium, Pluronic™ F68, menthol, low-substituted hydroxypropy! cellulose,
pregelatinized starch, Dextrates NF hydrated, citric acid, Cremophor™ EL, Aerosil™
200, Myny™ 52, sorbic acid, lemon oil, hydroxypropyl cellulose, Sorbitol, acesulfame
potassium, hydroxypropyl methylcellulose, lactose monohydrate, maltodextrin, Brij™
58, Brij™ 76, Tween™ 80, Tween™ 40, PEG 400, PEG 4000, PEG 8000, Span™ 60,
sodium benzoate, hydroxy ethylmethylcellulose, methylcellulose, Span™ 80, sodium
cyclamate, glyceryl behenate, oxide red, glycerin monostearate, Copovidone K28,
starch acetate, magnesium stearate, sodium lawryl sulfate, Providone K30, PEG 2000,
and N-acetylcysteine (NAC) and any combination thereof.

[0097] In certain embodiments, the one or more first active agents to be used in
combination with the compound of Formula (I) of the present invention are selected
from the group consisting of dicalcium phosphate dehydrate, menthol, mannitol,
sucralose, N-acetylcysteine (NAC) and any combination thereof.

[0098] Some active agents with anti-fatty liver activities (named "a second active
agent") are described in PCT/CN2016/078039. Particular examples of active agents
with
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anti-fatty Hver activities include but are not limited (i) a second active agent selected
from the group consisting of sodium lawry! sulfate, menthol, sucralose, mannitol,
sorbitol, saccharin, glyoerin, sodivm benzoate, oxide red, pregelatinized starch,
sodium cyclamate, sorbic acid, lemon oil, citvic acid, butylated hydroxyanisole,
poneirin, isovitexin, eriodictyal, ergosterol, fmyroens, hyperoside, {+)-catechin,
galangin, morin, scindopitysin, didymin, gossypin, huteolin-7-glucoside, (+)-taxifolin,
trans-cinnamic acid, diosmin, linarin, xylitol, luteclin, swertiamarin, puerarin,
phioridzin, sinensetin, {-)}-cpigativeatechin, kaempferol, ursolic acid, silymarin,
{+)}-Himonene, hesperidin, {-}-epicatechin-3-gallate, silybin, formononetin, myristic
acid ethyl ester, sicosapentaencic acid (EPA), wongonin, povidone K-30,
protocatechuic acid, umbslliferone, hesperitin, nordihydroguaiaretic acid,
nechesperiding, naringin, (-}-epicatechin, glyeyrrhizin, baicalin, quercitrin, baicalein
and any combinations thereof.

{0098]  In certain embodiments, the ope or more second active agents 1o be used in
combination with the compound of Formula (1) of the present invention are selected
from the group consisting of sodivm lawry! salfate, menthol, sucralose, mannitol,
sorbitol, saccharin, glycerin, sodium benzoate, oxide red, pregelatinized starch,
sodium cyclamate, sorbic acid, lemon oil, oiide acid, butylated hedroxyanisole,
poncirin, isovitexin, edodictyol, ergosterol, B-myrecene, hyperoside, (+)-catechin,
galangin, morin, sciadopitysin, didvmin, gossypin, lateolin-7-glucoside, {+)-tagifolin,
trang~cinnamic ackd, diosmin, linarin, xyhitol, luteolin, swertiamarnin, and any
combinations thereof.

00100]  In certain embodiments, the one or more seoond active agends fo be used in
combination with the compound of Formula (1) of the present invention are selecied
from the group consisting of puerarin, phioridain, sinensetin, {-)-epigaliocatechin,
kasmpferol, vrsolic acid, sitymarin, {+)-limonene, hesperidin, (-)-epicatechin-3-gallate,
silvbin, formononedin, myristic acid ethyl ester, eicosapentasnoic acid (EPA),
wongonin, povidone K-30, protocatechuic acid, umbelliferone, hesperitin,
nordibydroguaisretic acid, neohesperidin, naringin, (-)}-epicatechin, glyeyrrhizin,
baicalin, querciirin, baicalein and any combinations thereof

003011 In certain embodiments, the one or more second active agents to be used in
combination with the comypound of Formala (I} of the present invention are selected
from the group consisting of eriodictyol, mannitol, menthol, sucralose, saccharin, and
any combinations thereof.
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001021  In cortain embodiments, the ong or more second active agents to be used in
combination with the compound of Foronila (I} of the present invention are sslected
from the group consisting of (1} a combination of saccharin and manpitol, (2) a
combination of menthol and manniiol, (3} a combination of sucralose and manuitol, (4)
a cembination of eriodictyol and mannitol, {3} a combination of eriodictyol and
sucralose, {6) a combination of menthol, mannitol, and erodictyol, and (M) &
sombination of sucralose, mannitoel, and eriodictyol.

[00103] Specifically, the compound of Formula (1) or a pharmacentically acceptable
sait thereof and the one or more additional agents can be administered simupltaneously
or sequentially.

foo104]  In the present invention, i is further provided that the compound of Formula
(1) of the present invention or a pharmacentically acceptable salt thereof is capable of
preventing or tresting an undesired condition caused by NAPQT
{N-acetyl-p-benzoguinone imine),

fo01e8]  As a partionlar embodiments, the present invention provides a combination
of the compound of Formula (1) andfor its metabolites with N-acetylcysteine (NAC).
The prevent invention also provides o method for asdministering N-gcetyleysicine
{NACY in a subject in need, comprising administering 1o the subject NAC in
combination with the compound of Formula {T) andfor 1ts metabolites. Inone
embodiment, the combination or the method of the present invention is effective in
preventing or treating a disease or disorder for which NAC is effective.  In some
embodiments, the disease or disorder to be treated or prevented by NAC is selected
from the group consisting of Myoclonus Eptlepsy, acute respivatory distress syndrome,
beavy metal poisoning, influenzs infeciion, heart disease, Sjogren’s syndroms,
chromic bronchitis, epilepsy (Unverricht-Lundborg type) and HIV infection,

fo0106]  The present invention is Rurther illustrated by the following examples,

which are provided for the purpose of demonstration rather than limitation.

{00107  Examples

oo108]  Example 1: Bynthesis of Compound of Formula 1 (compound ¥} of the
present invention

{00109 Synthetization of
2RIV AR, SRER)--{{{ 2R SR} 2. S-bis(chloromethyl M3 d-dihydroay tetrabydro
furan-2-yhoxy}-3-chloro-4,5-dilrydroxytetrahydro-2H-pyran-2-yhmethyl
{2RIRAR)-2,3,4.8, 6-pentabhydroxyhexyl) adipate (Formuda 1) {(compound F)
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pentahydroxyhexyl) adipate (Formula 1) (compound F)

[00110] The synthetic strategy for the synthesis of Formula 1 (Compound F) is shown
in Scheme 1.

[00111] Scheme 1

M 1. HMDS, TMISOTTY, CHy
P M o BRGNS
, TBAF
Bn on %Lm NaH
i}, manmnitol
A

”{5 pyidine

[E— 2
TG py HO, H
HMDS, TMSOTI o) 9 ° ” ' |
A 1 o o L p [~ RW.‘ I‘W ™ | H

I m
OHiCla e [ pcc, pmar
™ Tisd S || pem, 0°C rarcah

(i}, sucralose (@1 D i

"o, E
o
N OO AT
Hy P g

HMDS = hexamethyldisilazane

TMSOTf = Trimethylsilyl trifluoromethanesulfonate
10 TBAF = Tetrabutylammonium fluoride

THF = tetrahydrofuran

TMS = trimethylsilyl

DCC = dicyclohexylcarbodiimid

DMAP = 4-Dimethylaminopyridine

DCM = dichloromethane

DMF = N,N’-dimethylformamide
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DIBAL = Diisobutylatuminum
Bn = Benzyl ether
o1121  General methods
{001131  All chemicals were obtained from commercial sources and used as received
unless otherwise stated.
fo0114] The chromatographic purity of products was assessed in 8 condition as
follows:
Mobile phase composition  A; Methanol: HoO=395(v/v), Contain 0.05% NH,OH
B: Methanol « HyO=958/5(vfv), Contain 0.05% NHOH

Chromatography systeny
Time Pamp B Cone
¢ 15
1 15
5 86
5.1 15
10 18
Column type Waters™ Acquity UPLC HSSTs, 1.8 gun, 100 » 2.1mm
Autosampler temperature 4
Column oven temperature 45°C
Flow rate 0.35 ml/min
Analysis fime 10 min
Injection volume Sul
Retention time 4.8 min

{001157 The MS analysis was condusied in 8 condition as follows:

Mass spectrometer settings:

Mass spectrometer Triple Quadrupole MS {AP] Qurap5500)
Applied Biosystem, Inc.

Detection MRM negative mode

Pro-drog DV H88.9 ~ nz 1809

{00116 Bruker AMX-300 NMR spectrometer in MeOH-d 8y 330, 8¢ 49.0) or
CDCH By 7.24, & 77.0) using Bruker’s standard pulse program; in the HMOQC and
HMBC experiments, A = 1 s and /= 140, 8 Hx, respectively, the correlation maps
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consisted of 512 « 1 K data points per spectrom, sach composed of 16 1o 64
transients.

901171 L1 mannitol (compound (i) to compound (B)

oot18]  1LL1 mannitel (compound (i) to compound {i}-1

J
2%, l,“ {,ﬂ\,}
H ?H G 4,
N R o
2

S oM 9™
o
5
mannitol, compound (i) compound (i1

001191  To a solution of D-mannitol (25g, 0.137 mol) in DMF (250 m) was added
benzaldchyde (30 mi, 0.345 mmol) at v snder Ar To the mixture was added
concentrated sulfuric acid (10 mL) dropwise at 0 °C.  After being allowed to warm
10 up gradually o the r1,, the mixture was stirred for 3 day. Then the mixture was poored
inte ice water (250 mL} and n-hexane {200 ml) under vigorous stirring. After the
mixture was wam up 10 i, the precipitate was filtered and washed with n-hexane.
The precipitate was suspended in chloroform and heated under reflux for 18 min
under vigorous stirring. When the mixture reached ri., the undissolved precipitate
15 was collected and Reorystallization from EtOH gave desired product as white solid
{9.86 g, 20%).Rs= 0.45 (EA/Hex = 1/1}.
fo0120] 1.1.2 componnd (ip-1 to componnd (§3-2

2
gy B, {,QN . §'r‘-x,

0.
ejg.,m § ) o
0 '\.\gﬁaw [TV o) Q mn
cre o
e Ao 27
compound (1)1 compound (12

20 peoi21]  To a solution of 1,3.4,8-dibenzylidene (10g, 27.9 mmol) in DMF (100 mL)
was added benzyl bromide (7.96 ml., 66.96 mmmol) at ©.t. under Ar. The mixiure was
cooled to 0 "C then 60% NaH (2.68 g &5.96 numol) was added in few time. After
being allowed to warm up gradually to the rt, the mixture was stirred for pvernight.
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Then the reaction was quenched by water(dropwise) and extracted with NaHCOy
and dichloromethane. The orpanic laver was dried with MaSQ, concentrated in
vacuum. The residue was purified by column chromatography on sifica gel to afford
desived product. (1039 g, 69%). Ry= 0.2 (BA/Hex = 1/6).

001221  1.1.3 compound {(i}-2 to compound (B)

Caghesls
BIW: 540,65
corapound (i)-2 compound (B)

001231  To a solution of 2 5-dibenzyl-1,3.4.6-dibenzylidens (1.5g, 2.78 mmol} in
toluene (12.5 mL) was cooled to -18 °C {fce-salt bath}). 1.2 M DIBAL was added (18.3
mil., 22.3 mmol) dropwise and wasmed to rt. After 1.5 h, the reaction was cooled to 0
°C then quenched by MeOH and 15% KONy, The mixtare was extracted with DCM,
organic layer was dry with MgSO, and concentrated in vacuum. The residue was
purify by column chromatography on silics gel to afford desired product. (709 mg,
47%). Ry= 0.1 (EA/HEX = 145},
004241 1.2 Sucralose (compound (i)} to componnd (D)
{00125] 1L.2.1 compounnd (i) to componnd {ii)-1

1 {QH

m&'ﬁ " &
ﬁﬂw
He

g}

¢ AOTMS
%
I
?m%w
Tases o

sucralose, compound (i) compound (i)-1

fo0128]  To a solution of sucrslose {1 g 2.5 mmeol) in DOM (10 mL) was added
HMDS (2.6 mlL, 12.57 mmol) and TMSBOTE (45 gL, 0.25 mmol). The reaction was
stirred for overnight in x.t. The reaction was concentrated in vacuum and pass through
the cotton, wash by hexane. The filtrate was concentrated again in vacoum 1o get the
product in guant. (1.9 g, quant.). Ry= 0.9 (EAMHEX= 1/8),

001271  L2.2 compound {ii}-1 1o compound (D)
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TMS8O

compound (ii)-1 compound (D)

[00127] To a solution of penta-TMS sucralose (5g, 6.6 mmol) in pyridine (150 mL)
5 wasadded 0.1 M pyridine-TsCl solution (6.6 mL) and stirred for 3 days with open flask.

The reaction was concentrate in vacuum and purified by column chromatography on

silica gel to afford desired product.(1.4 g 30%). Ry= 0.5 (EA/HEX = 1/8).

[00128] 1.3 Synthesis of 6-0x0-6-((2R,3R,4R)-2,3.4-tris(benzyloxy)-4-(2-phenyl-

1,3-dioxolan-4-yl)butoxy)hexanoic acid (compound (C))

[00129] In a flame dry R.B. flask compound A (165 mg, 1 eq.) was dissolved in DCM
(5 mL) at 0°C, then to this was added pyridine (0.2 mL) and DMAP (50 mg). Reaction
mixture was then stirred for 10 min, followed by Comp. B (59 mg, 1.5 eq.) was added.
Reaction mixture was then stirred at room temperature for 5 h. TLC confirmed the

10

15 completion of reaction. Reaction mixture was evaporated to dryness of rotavapour
under reduced pressure. The crude compound was further purified by column
chromatography to afford the desired compound as a colorless oil (136 mg, 67%).
[00130] 1.4 Synthesis of ((2R,35,4R,5R,6R)-6-(((2R,5R)-2,5-bis(chloromethyl)-
3,4-bis((trimethylsilyl) oxy)tetrahydrofuran-2-yl)oxy)-3-chloro-4,5-

20  bis((trimethylsilyl)oxy)tetrahydro-2H-pyran-2-yl)methyl (2R,3R4R)-2,3,4-
tris(benzyloxy)-4-(2-phenyl-1,3-dioxolan-4-yl)butyl) adipate
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[00131] To ice cold solution of compound C (100 mg, 1.0eq.) in DCM was added
DCC (35mg, 1.15 eq.) and stirred for 10 min. Then to this Compound D (112 mg, 1.2
5 eq.)and DMAP (5 mg, 0.25 eq. catalytic) was added. Reaction mixture was allowed to
warm to rt and stirred for 4 hours. TLC confirmed the completion of reaction. Reaction
mixture was evaporated to dryness on rotavapour under reduced pressure. The crude
compound was then purified by column chromatography using neutral silica gel and 5
to 15 % ethyl acetate in Hexane with 1% Triethyl amine as an eluent to afford desired
10  compound E as a colourless oil (84 mg, 42%).
[00132] 1.5 Synthesis of ((2R,3R,4R,5R,6R)-6-(((2R,5R)-2,5-bis(chloromethyl)-
3,4-dihydroxytetrahydro furan-2-yl)oxy)-3-chloro-4,5-dihydroxytetrahydro-2H-
pyran-2-yD)methyl ((2R,3R,4R)-2,3,4,5,6-pentahydroxyhexyl) adipate (compound
F)
15

@L

HEY'
CagHeaClaig
MW ‘!mza 42

: ;:&“M \
i

20
[00133] In a flame dry Single neck R.B. flask compound E (500 mg, 1 eq.) was
dissolved in dry McOH ( 20 mL), solution was then degassed by nitrogen gas (Nitrogen
gas syringe was deep inside the solution and Nitrogen was purge for 15
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min. ). Then 10% Bd-C (200 mg, 33% wiw) was added cautionsly to reaction mixgure.
Finally, reaction mixture was stirved under hydrogen balloon pressure for 6 hours.
TLC confirmed the completion of reaction. Reaction mixture was then filtered
through celite bed and the bed was washed with dry methanol. The filirate was
evaporated to drvness of rotavapour ander reduced pressurg. Final compound was
then kept wnder high vacuum to afford desired final compound ¥ as colorless
semisolid or white solid (190 mg, 73%).  The structure of compound F were
identified by high-resolution mass spectrophotometry and PC NMR.

oo1as]  Example 2: Compound ¥ az a prodrug, generating metabolites when
incubated with blood (in vitro}

0136 2.1 Materials and Methods

001371  Fresh human whole- blood were used for drug hydrolysis studies. Drog
{Himg, compound F} was dissolved in Iml solution (208 methanol) Thug
hydrolysis (n=3) was performed in 20ml. of fresh whole-blood aliguots containing
1.0mg of drug in a $0-ml. Slask thermostat at 37°C  in a shaking water bath.  Attime
0, the drog was added, and after various times of incubation, the blood samples were
sotlested at 0.25, 0.5, 033, 0.75, 1, 2, 4, 6, 12 and Z4hrs. Blood sample were used 1
mi acetonitrile to gquench the enzymatic hwdrolysis of the drug as samples were
obtained. Pro-drug and its related metabolites, such as Co-mannitol, mannitol and
sucralose in blood were determined by An APL QTrap5500 wiple-quadrupale mass
spectrometer equipped with an ion-spray (E81) source. The EST interface was nsed in
the negative-ion mode.

[00138] 2.2 Results

1001391  The pro-drug was monitored at 2 transition of m/z 688 9-»180.9, Sucralose
was monitored at a transition of mfz 395 359 mamnitol was monitored at a
fransition of miz 4523 -»273.3; Co-mannitol was monitored at a transition of mfz 309
»101.1. Al the compounds were identified by high-resolation mass
spectrophotometry and ¢ NMR.  The structare of Ct-mannitol Formuda (2)) is as
follows:
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(001401 The hydrolysis of pro-drug in blood was expressed by plotting the percentage
of Pro-drug remaining and the percentage of sucralose, mannitol and C6-mannitol
increasing versus time after inoubation of the pro-drog in blood (Fig. 1), The results
shows that compound F acts as a pro-drug which turns into its metabolites including
sucraloss, mannitol and Co-mannitol alter incubated with blood i vk,

fov141] Example 3: Pharmacokinetics study in 83D (Sprague Dawley)-rats {in
vivo)

001421 3.1 Materials and Methods

(001431 SD-rats were omally administered pro-drug at a dose of 3.67 my'kg BW,
Blood samples were collected into heparinized micro centrifuge tubes at intervals of 0,
05, 1,2 4, 6,8 12 and 24 b Plasma samples were immudiately oblained by
centrifuging the blood samples at 8,000 rpm for 10 min. The plasma samples were
then stored at -B0°C uniit use.  The plasma samples were analyzed for pro-drug and
its related metsbolites, such as mannitol and sucralose by APL QTrapiS0D
triple~-quadrupole mass spectrometer equipped with an ion-spray (ESD source. The
ESH interface was used in the negative-ion mode.

[00144] 3.2 Results

00148 The pro-drug was monitored at 2 transition of m/z 688.9-2180.9, Sucralose
was monitored at a transition of mfz 395 2339, mannitol was monitored at a
transition of m/fz 4523 -2273.3; Cé-mannitol was monitored at a fransition of m/z 309
~»101.1.

jooi48]  Fig 2 and Fig 3 shows the plasma concentration time carves of pro-drug
and its related metabolites, such as sucralose and mannifol in SD-rafs with single oral
dosing of 3.67 mgke pro-deag, respectively.  The results shows that compound F
acis as @ pro-drug which converts into iis mefabolites including sucralose, mannitol
and Ch-mannitol after administration in animals in vivo

00147} Example 4: CYP2E] inhibitory activity assays

00148} 4.1 Materials and Methods

{00149}  This example is preparation of microsomes from buman Hiver for in vie
screening of CYP450 isozyme inhibijors.  Effective human hepatic CYP430 isozvime
inhibitors were tested and the principle for testing the CYP450 isoxyme tnhibitors is
based on the reaction of microsomal CYP450 isozyme prepared from the Hver of
different origin and its specific substrate Chlorzoxazone (CZX).  After addition of
the test sample, the amount of CYP450 ifsozyme metabolite standard 8-0H-CZX
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{&-Hydroxy-Chlorzoxazone) is specific used for cateudation of the CYP430 isozyme
{CYPED) inhibition ratio of the test sample by using the amount of 6-OH-CEX of the
sontrol group as the baseline.

{00150 Al samples were tested in wiplicate. To determing the percentage
inhibition, each text compound was dissolved in 1, 2, 4 pg/ml. to ithyee differem
concentrations.  The CYP2EL activity levels in the presence of the test compounds
were compared with the control incubations, The 500-pl. reaction mixture,
containing 0.5 mg of microsomal protein, was incubated with 320 M CZX in the
presence of 5 mM MgCly and 1 mM NADPH in 30 mM phosphate buffer with pH 7.4
at 37°C for 30 min.  The reaction was terminated by ice-cold acetonitrile, and then
4-hydroxyl tolbutamide was added as an internal standard.  The organic phase was
evaporated to dryness and reconstituted into the mobile phase (methanol: water = 1:1)
prior to liquid chromatography-tandem mass spectrometry {LO-MSMS) analysis.
An AP 3000 triple-quadrupole mass spectrometer equipped with an ion-spray (ESI
source was used to determine 6-0H-CZX in the human hiver micrasomes.  The ESI
interface was used in the positive-ion mode.  The 6-OH-CZX was monifored at a
transition of /2 284 .5~ 1855,

o051} Analysis of the results: convert the detected signal values obtained from
LOMS/ME into the amount {pmol) of CYP450 isozyme metabolite standard
6-Hydroxy-Chlorzoxazone vsing the control group as the baseline, ie. the CYP450
isozvme inhibition ratio of the control group is 0% The CYP450 isozyme activity
fevels in the presence of the lest compounds were compared with the control
incubations.

001521 4.2 Resulfs

fo0153] Diethyldithiocarbamic acid (DDTC) is a well-known inhibitor of CYP2EL
Al a concentration of 100 pM, DDTC treatment resulied in 90.9% inhibition of
CYP2EL in human Hver microsomes {measured using CZX as a CYP2ET substrate).
On the basis of the observed inhibiiory activity of DDTC, we tested the new
compound (pro-drug) and its refated mesbolites for CYPZED inhibidon at
concentrations of 4, 2 and 1 goml,  The resulis gs summarized in Table L

Table 1. The inhibition ratios of CYP2E} inhibitors from in-vitro screening of
homan liver microsomes

Test compound CYP 2EY inlubition ratio £%9)

Test concentration dpeml, 1 2 ueml C 1 gk
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Test compound CYP 2E1 inhibition ratio {30}
Test concentration 4 aszml, 2 g, 1 pemi
Control group 4 G {
Positive control (DDTC) gtfg m ?ff?’%z g i}ﬁ;i»? 4
Pro-drog 437 2.8 333241 177207
Metabloite 1 (rannitol) 403+ 1.6 4.1 4.1 G124
Metabolite 2 (sucralose) 329446 0228 251%14
Intermediate metabolite
{CG-mannitol with . K & YT 10 % & 2 92
protecing groups, 3228 58 k17 405 £23
Formula C)

{00184} The CYP 2B} inhibition matios of the test compound detected in the buman
Bver microsomes are shown in Table 1. From the results, test compounds, including

the pro-drug (compound F) and its metabolites ie mannitol, sucralose and

S Co-mannitol with protecting group (Formula ), have been demonstrated to be

effective as P430 ZET inhibitors, among which 4 pg/ml intermediate metabolite of

pro-drug (e CGanannitol with protecting groups, Formula ) showed the best

inhibition effoct (70.3 & 2,.8%G),

fon188]  Example 8: Assays of Hiver injuries induced by acetaminophen (APAP)
16 and OCL

ooisel 5.1 Maderials and Methody

001577 5,1.1 Reagents

(001881 All crganic solvents are HPLC grade and are purchased from Tedia

(Fairfield, OH, USA). APAP is purchased from Sigma {8t Louis, MO USA),
15 galactose injectable solution is manufactured by Southern Photochemical Co. and is

prepared by dissolving 400 g of galactose {(Sigma) in | L of buffer solution containing

isotonic salts for injections.

Pois9]  5.1.2 Animals

jo0160]  Mdale 8D (Sprague-Dawley} mats weighing 175-280 g were purchased from
20 the National Laboratory Animal Center (NLAC), Taiwan. The study was conducted in

aceordance with the Guidelines for Conducting Animal Studies of the National Health

Research Iastitute and all rats were placed in the siv/humidity conteolled environment

under the 12 hours of day/12 hours of night gycle and with unlimited water and food

supply. During the course of the study, the weights of sty were monitored
25  continuously with novmal water supply.
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oo1e1] 513 Treatments

Pois2] 5131 Liver tnjuries induced by APAP

fooi63]  Mannitol and sucralose were used to perform the animal test (raf) in view of
Hiver injuries induced by APAP

[00164]  In the normal control (Group 1), animals were not fed with APAP. Inthe
control group of APAP-induced liver injuries {(Group 2), animals were fed with a
single dose of APAP in the amount of 2,000 mg per kilogram of body weight o
induce hepatotoxicity.  In the positive control group of freatment with NAC {Group
33, smimals were fod with a single dose of APAP in the amount of 2,000 mg per
kilogram of body weight to induce hepatotoxicity, and 4 hours later, a 24-hour
treatment period by tubs feeding was started, tncluding first administration of 140 mg
of NAC (per kilogram of body weight) and later administration of 70 mg of NAC (per
kilogram of body weight) every 4 hoors for five times.  In the experimental group
{Group 4), animals were fed with a single dose of APAP in the amount of 2,000 mg
per kilogram of body weight to induce hepatotoxicity, and 4 hours later, 8 24-hour
{reatment period by tube feeding was started, including six dosing with the ingredients
of the present invention every 4 hours, as follows:

{a} (Group 4.1} administration of mannitol at a dose ess than or equivalent to 100
mg per person every 4 hours for 24 hours,

{b} (Group 4.2) administration of double dose of mannitol as in Group 4.1 gvery 4
hours for 24 hours,

{c} {Group 4.3): administration of sucralose at a dose less than or equivalent to 100
myg per person every 4 hours for 24 hours,

{d} {(Group 4.4). administration of double dose of sucralose of Group 4.3 every 4
hours for 24 hours,

{e} (Group 4.5y sdministration of a combination of 0.5 times the dose of manniiol
as in Group 4.1 and 0.5 times the dose of sucralose as in Group 4.3 per kilogram of
body weight every 4 hours for 24 hours,

{ (Group 4.6). administration of a combination of the dose of mannitol as in
Group 4.1 and the dose of sucralose as in Group 4.3 every 4 hours for 24 hours,

(&) (Group 4.7} sdministration of a combination of 1.5 times the dose of mannitol
as in Group 4.1 and 1.5 times the dose of sucralose as in Group 4.3 every 4 hours for
24 hours,

(k) {Group 4.8); administration of a combination of double dose of mannitol as in
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Group 4.1 and double dose of sucralose as in Group 4.3 every 4 hours for 24 hours,
and

() {Group 4.9): first administration of 140 myg of NAC per kilogram of body weight
and later administration of a combination of 70 mg of NAC plus double dose of
mannitol as in Group 4.1 and double dose of sucralose as in Group 4.3 gvery 4 hours
for five times.
o168y  After the 24-hour treatment period, blood was collected from the tail artery
of the rats for AST/SET assays. Subsequently, rats were subjected to GSP tests.
Finally, rats were sacrificed snd histological analysis was performed,
o166]  5.1.3.2 liver injuries tnduced by CClL
{00167] Mannitol and sucralose were chosen from the active ingredients as
described herein 1o perform the animal test (mice) in view of Hver injuries induced by
CCl
foo168] In the norms! control, animals were administered with normal saline by
intraperitones] injection.  In the control group of CCLy induced liver injuries, animals
were intraperitoneally injected with 10 mifkg CCl, (#0% in com o) o induce
hepatotoxicity. In the experimental group, animals were intraperitoneslly injected
with 10 mlifkg CCl: (40% in com oil) to induce hepatotoxicity, and 4 hours later,
different ingredients of the present invention were administered by wbe feeding.
Blood was collected from the mice before administration with the ingredients of the
present invention or at 24 hours after administration with the ingredients of the
present invention for AST/ALT assays.  Finally, animals were sacrificed at day 2 and
blood were collected for AST/ALT assay and histological analysis was performed.
001681 On the other hand, other experimental groups of mice were fed with the
ingredients of the present invention for 12 weeks and the mice were subjected to GSP
tests,
fooi7g]  5.1.4 Blood samples
o0171)  After completion of the freatments, rats were sacrificed under ether
anesthesia, and blood was collscted from the il artery of the rats and placed in a test
tube containing EDTA. The plasma was centrifuged at 13,000 at 4°C for 15 minutes
gnd the isolated plasma was transferred to Eppendor! tubes in aliquots and stored at
~8U°C,
001721  5.1.5 Biechemical analysis
001731 Liver damage is quantified by measwing plasma AST and ALY activity.
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AST and ALT are common indicators of hepatotoxicity and are measured by using the
Bynchron LX1 725 system (Bechman Instruments, 118

o174 5.1.6 Optic microscope

font178)  Following scerification of the rats, histological analysis was performed.
Liver samples were fixed with 10%% phosphate-butfersd formalin, dehydrated an
embedded in paraffin, Sections were prepared in § pm thickness and then stained with
hematoxylin and eosin and subjected to Periodic acid Schiff stain (PAS). The stained
sections were ubserved under the optic microscope.

otrel 517 Quantitative tests of Hiver function

001777 Afier the study was completed, all rats were subjected to GSP test. Rats
were i.v. injected with 0.4 g/ml BW galactose solution 0.5 g/kg within 30 seconds and
one blood sample was collected at 8, 10, 15, 30, 45 and 60 minutes post injection
from the tail vein Colorimetric galactose dehydropenase is used 10 quantify the
conventration of galactose and the test concentration ranges from 50 to 1,000 pp/mi.
The within-day variation of gach concentration is calculated using standard deviation
and coeflicient of variation {CV) and the mesimum aliowable coefficient of variation
is 0% CV, whereas day-to-day variation is examined by comparing the slope and
intercept of calibration curves. The GSP is the blood galactose concentration obtained
60 seconds after siopping the 30-second injection.

[o0178] 5.1.8 Statistical analysis

001791 Al data are represented in mean & standard deviation (31) and the results
are calculated using ANCOVA o determine the significance. Statistical Package of the
Social Science program {Version 13, PSS Inc.} is used for caloylations followed by
post hov test o examine the least significant difference for multiple comparisons so as
fo confirm the significant differences between groups and the average difference
betwees groups was significant p <0.08.

00180] 5.2 Resulis

fo0181]  5.2.1 Mannitol and sucralose and other ingredients are effective in
treating liver injories induced by APAR

{00182 The results are shown in Table 2.

{00183 Table 2

Fotal Swrvival

Liver fanction GSp ASY ALY . N
parameters mg/l)y  (UA) QUL f:jé (D‘jj};;“f
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Group 1 Novmal

control (NC, 6=6) 22024 18616 6516 00%00 343

Group 2: APAP o ven s AR
control {2,000 s HE TRE sex0s  wm
mgkg, n=12) a ” )
Group 3: NAC
(140mgfkg of NAC 393 & 428 & 221 & 4.2
followed by 5 x ER*A 2L BOFER 0. geH 36
7omg/ke NAC at 4h : "
intervals, =6}
Group 4.1 (n=3)
{Mannitol at a dose S6S & 455 % 200 4.0
less than or equivalent 'l‘:f"f;*‘é‘* A, ;&* ke Ry 173
to 100 mg per person) ’
X8
Group 4.2 (n=3) I . AR P
{Double dose of Group ;g,f ,ﬁ; gg S e ; g’f o ,{g‘:},‘;ﬁg‘ 343
4.1 {mannitol)) x& N
Group 4.3 {n=3}
{Sucralose at 3 dose vy . i
tess than or equivalent g;:‘: ,ﬁ z?jﬁ i gf*ﬁ .;;giig, 343
to 100 myg per person) ’ " '
X6
Group 4.4 (n=3) x _ . .
{Double dose of Group ;gfﬁ gg 35, ig ,? ,f,; ﬁéﬁ f[* 373
4.3 (sucralose)) x6 ‘
Group 4.5 {(n>3)
{0.5 times the dose of
Group 4.1 (mannitol) 332 % 360 & 149 2.0 i
+0.5 imes the dosg of  61*%* gires Joak R1 i
Group 4.3 (sucralose))
X6
Growp 4.6 (n=3}
{the dose of Group 4.1 271 103 & & &
{mannitol) + the dose §§ 5 o 314 ,fﬁ iii‘*’* 3%1* - 56
of Group 4.3 ' ’
{sucralose)) x6
Group 4.7 (n==3)
{1.5 times the dose of
Group 4.1 {(mannitol) 263 & 203 & 83 % 1.0 an
+ 1.5 times the dose of kX M 24883 o kdda 1o -
Giroup 4.3 (sucrglose))
x5
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Group 4.8 (n=3)
{double dose of Group
4.1 {mannitol} +
double dose of Group
4.3 {sucralose)) x6

Group 4.9 {(n=3)

140 mg/kg NAC + §x

{70 mg NAC + double & ‘e 88 4 +

dose of Group 4.1 gggm* ézﬁfma g}f&w q';}gmw 6/6
{mannitol} + double ‘ ) ) '

dose of Group 4.3

{sucralose))

227 % 159 69 & 8052

AGERA 3 haad Hlisaa 0. S%*F% &6/6

Group 8 (n=0)

{Acrosil 200 at a dose 280 % 247 % 68 & 28
less than or equivalent 2 S 4% {gRe¥ 1.o¥¥e
to 100 myg per parson)

&6

Group 6 (06}

{Sadium starch 204 ‘

) ; 04 & 248 81 % 2.7 .
glycolate atg dose fess Q¥ES Y A pEEH T 6/6
than or equivalent to - N
100mg per person)

Group 7 (=)
(Crospovidane at a 3724 3= 1755 284

dose less than or ey e Kb B 676
equivalent to 100mg 90 40 61 1.5

per person)

Group 8 (n=6)

{Microcrystalline g . 1y oy &

celtulose at a dose less ;’23 g; gé L‘i ;’;’;fﬁ ﬁ,"}ii}k 66
than or equivalent to i = ‘

100mg per person)

Group 9 (n=6)
per person} )

*p < 0.08, ¥ D01, *HEp < 0.008: compatison of the experimental groups with
APAP control

{00184) The results show that liver injurics has ocourred in the APAP hepatotoxicity
5 group. In contrast, such liver injuries and survival rate can be improved by use of
mannitol and/or sucralose, in & dose dependent manner.  Especially, 2 combination of
mannitol and sucralose achieves a synergistic effect; the results are similar to those of

normal control and even better than the positive contral of standard treatment with
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NAC, Inaddition, other ingredients including Aerosil 200, Sodium starch glyvoolate,
Crospovidone, Microcrystalline cellulose and Povidone K30 wre found effective in
treating the liver injuries, also better than the positive control of standard treatment
with NAC,

[o01a8] The improved results are alzo reflected in the corresponding liver tissues.
fov188]
sections from the rats in the APAP hepatotoxicity group showed that hepatocytes

Fig. 4 shows the results of the histological analysis. The liver tissue
surrounding the central vein are broken with visible vacuolization and reduced
number of nucleyses, some hepatocytes even showed the signs of necrosis and liver
damage is more severe when compared with the hepatocytes from rats in the normal
control group (Fig. 4B).  On the contrary, Hver structure of rats in the vontrol group
are normal, the hepatocytes are intact and armanged in order with no vacuolization
{Fig 4A).
mannitol and/or sucratose, the hepatocytes are relatively intact with vigible nucleus

As for the liver sections from the experimental groups with treatment by

and less vacuolization (Fig. 4D, E, F, G, Hy.  Especially, a combination of mannitol
and sucralose achieves the best protective effect (Fig 4GY; the results are even betfter
than the positive control of standard treatment with NAC (Fig. 4C).

001871 5.2.2 Manaitol is effective in treating liver injuries indueed by CCly
001887  The results are shown in Table 3.
001897 TYable 3

Liver fonction parameters
Groups GSP(mg/Ly  AST(I/L) ALY {IU/L) zfé?; HAL
Normal comtrol { n=10) 315248 88 20 37417 0000
(oo PUOLBIOUD 9144 205%e  BISE2UEMT  TIORITAN 6242100
Daose of kaempirol less
than or equivalent to ank EARAR ‘ —_— Ly as
100mg per person 456 191 198 + 185 128 1 40 43+1.3
{010}
Pose of
gpigatiocetechin-3~gall
ate less than or 312 &£ 140%%% 144 & 4R 95 & 3GHes 1.7 £ 0.9%%»

equivalent to 100 mg
per person {(p=10)
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Dose of quercetin toss

thanor equivalentto  agc. mgaes (IS 40MNY 03826744 L1k 0788

1K mg per person

(#=10)

Dose of vmaannitel loss

than or equivalent to ‘ ‘ - o
100mg per person 290 3 TEEEE 9Lk 2g T 22%%% D8k g5rnn

Statistic analysis: Anova and LSD tesis.
by <0005, M*p < Q.01, *p <005, compatison of the experimental groups with CCly

control group,

fon1a0]

The results show that liver injuries has oecurred in the CCly control group.

In contrast, such liver injuries can be improved by use of mannitol,

{00191}
{oo192)
ooy
{00194

Example 6: Assays of Fatty Liver

6.1 Materials and Methods

6.1.1 Cell limes and cell culture media

The activity of the various ingredients as described herein, including

mansitol and sucrsiose and others, in reduction of fat content was analyzed by using
buman hepatoma cell ine Hep G2.

fou198]

Dutbecco’s Modified Eagle’s Medium (DMEM) was wsed to prepare

DMEM culture Nos, A-F listed in Table 4 for carrying out subsequent experiments.

00196}

Table 4 Preparations of DMEM culture media Nog, A-F

DMEM culiores  Preparation inethods

No. A

DMEM was dissolved in 1,400 mi of water with stirring, and then
2 g of 4- (2-hydroxyethyl) -1-piperazine-cthanesulfonic acid
{HEPES) was added o fonm a solution, 1o which a sodium
bicarbonate solution {4 g of sadium bicarbonate powder dissolved
in 400 mi of water by stirring) was added, and the volume was
made up 0 2,000 mi. with water, The pH of the resuhing scolution
was adjusted to 2.3 4 0.05 by adding SN HCL After being filiersd
through a 0.2 pm sterile membrane, the final solution was
dispensed into sterile serum vials and stored at 4°C.

No. B

50 ml of deactivated fotal bovine serum (FBS), 5 mi. of sodivm
pyruvate {100 mM)}, 3 mi. of penicillin {100 U/mL) and
streptomycin (100 mL), and § mL of MEM non-essential amino
acid solution{ 100X) were added into 450 mi. of DMEM culiure
No. A,

No. C

5 mL of sodiun perovate (100 mM), 5 mik of penicillin (100
U/mL ) and streptomycin (100 UimL), and § mL of MEM
non-essential amino acid sohutionf 100X) were added into 450 wml.
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of DMEM culture No. A,

No, D DMEM culiure No. B was added into the oleate/albumin complex.
The oleate/albumin complex was prepared according to the method
presented by Van Harken et all in 1969 {J Biol Chem. 1969 May
10; 244(9)2278-85}. The method included taking 25 wmi of
DMEM culture No, A, into which § g of bovine serum albumin
{BSA) was added, and then 5 N sodium hydroxide solution was
added to adjust the pH 10 7.4 to form a mixtare, The mixture was
then placed in an ice bath at 0°C to form the BSA solution. The
oleie acid was dissolved in $0 mi of aleohol (95%) and then titvated
to the phenolphthalein iration endpoint with IN sodium hydroxide
solation. The alcohol was blown away by flowing helium, The
resulting sodium oleate was dissolved in DMEM calture No., Aat
377C to form a sodium oleate solution. At last, the BSA solution
was added dropwise into the sodium oleaie solution with stiering to
form the oleate/albumin complex solution,

Ne. B Various amowts of silymarin were dissolved in DMEM cultire
No. C,
No F Various amoums of the test compounds of the present invention

were dissolved in DIMEM cubture Mo, €.

foo1e7]  The DMEM cultures Nos. A-F were preserved at 2-8°C, and warmed upin a
water bath at 37°C before the experiments.

1001981 6.1.2 cell connts and survivability test

001991  Dead cells would take up 0.4% typan blue and then had a color, whersas
Hve cells exclude certain dyes dus to the intact cell membranes and had a clear color
100 Wl of cell suspension and equal volume of 0.4% trypan blue were mived
uniformly to form a mixture. Some of the mixture {(about 20 pl) was added info the
groove above the chamber of the hemocytometer, which was then coversd with a
wover ship

vingunder the optical missoscope. Livecells werenot stalned, and
dead vells were bliie,

o200 6.1.3 Oleie acid-induced formation of fatty liver cells from HepG2 cell
lines

[00201] HepG2 cell lines {15+10° cells) were cultured in DMEM culture No. B,
incubated in an incubator with 5% CQ, at 37°C for 24 hours, cultured in DMEM
culture No. C (serum-free medium) for 24 hours, and finally celtwed in DMEM
culture No. I¥ {containing oleate/altbumin complex) for another 48 hours to induce
HepG2 cell lines o form fatty liver cells.

002021  6.1.4 Treatmenis Tor each group of fatty liver cells

(002037 HepG2 cell lines were divided inte six groups, including (1) Blank: no
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treatment; {2) DMSO group: cells from Blank were treated with dimethyl sulfoxide
{DMBOY, (3) Control: induction with oleic acid o form fatty liver celly; (4} Vehicle
group: faity liver cells formed by induction with oleic acid were treated with DMSO;
{5) Positive control: fatty Hver cells were treated with silymarin; and (8} Test Group:
fatty Bver cells were treated with varions compounds of the present invention.

foo204]  6.1.5 Determination of triglyceride (TG) in cells

fpoz2es;  After incubation for 72 hours, the treated cells from each group were
successively washed twice in PBE, and then incubated with 0.5 mi of rypsin/EDTA
for 3 minmses. Afierwards, the cells were soraped with 2 ml of PBS and then
transferred o the cenirifige twbe to be shattered by ultrasonic. A volume of 20 gl cell
extracts was iaken to determine the content of protein. TG determination was
performed using commercially available combination of agents (Randox). The TG
content obtained above was divided by the protein content 10 get a mtio, which
represented the relative coment of TG in cells,

fo0208]  6.1.6 Animals for experiments

002077 BS mice recommended in the specification “Method for evaluating the liver
protection and health care efficacies of health food” announced by the Department of
Health of Taiwan were chosen for animal testing.  Move than four mice were used in
each group of the pre-test, while more than twelve mice were used in sach group of
the confirmatory test. Male mice bred at 2322°C in an animal room with 55 & 15%
refative humidity under nommal Bght'dark cycle (7:00 AM-7:00 PM lights on/7:00
PM-T:D0 AM lights off} and weighing 13-23 g were purchased from BioLASCO
{Taipei) and housed at Laboratory Animal Center in National Defense Medical Center.
The animal test was carried out according 1o the guideline for animal experiment of
National Healih Research Institutes.  Mice were fed with normal feed at 3-8 g/day
and unlimited supply of water for 1-2 weeks and investigated for health condition.
The weight of mice was recorded once a week.

f00208] 6.1.7 Animal grouping

{ooze9) The tested animals were grouped randomly into Blank, High Fat Dist
control {(HFD), Positive Control {(P5), and Test group. The animals of Blank were fed
with normal feed.  The animals of HED were fod with high fat feed.  The animals of
PR were fod with high fat feed, and additionally fod with silymarin (5 mg/kg/day) by a
tube, The animals of Test group were fed with high fat feed, and additionally fed with
test compounds by s tube.
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002101  6.1.8 Test methods

{00214] The animals of Blank were fed casually with normal feed for 12 weeks,
while the animals of HFD, PS8, and Test group were fod casually with high fat feed for
12 weeks.  After 8 weeks of feeding, the animuals of Blank and HED were fed with
deionized water by 2 tube once & day; the animals of PS were fed with silymarin by &
tube once a day; and the animals of Test Group were fed with test compounds by a
tube once a day for a duration of 4 or 8 weeks,

fo02121  Before testing and in the eighth, twelfth, and sixteenth week after testing,
blood was collegted from the cheek or the heart, At the end of testing, all mice were
weighted and then sacrificed, and blood was coliected from the cheek or the heant
simultancousty. The blood specimens of mice rested at room temperature for one
bour o clot, and then the serum was separated by centrifugation in a refrigeration
centrifuge at 15700 x g at 4°C for 5 minutes.  Afterwards, biochemical indices of
liver function, including aspartate transaminase (AKT), alanine sminotransferase
(ALT), triglyceride (TG), total cholesterol {TCHO/TC), low-density lpoprotein
cholesterol  (LDI-C), and high-density lipoprotein cholesterol  (HDL-C), were
detected by the automatic blood biochemistry analyzer.

02137 In addition, abdominal fat and Hlver specimens were taken from the
abdomens of sacrificed mice and weighted to compare the weight of fat and liver and
obtain the ratio of liver weight to body weight.  Two tissue blocks with a volume of
approximately 1 om® were cot from the largest right lobe of liver, fixed in 10% neutral
formalin solution, and then embedded with paraffin for sectioning. The cut sections
proceeded with HEE staining for histopathological observation.  Moreover, the rest
of the liver was frozen for preservation and detection of the confents of triglvceride
and fotal cholesterol in the Hver. Furthermore, the Biver function of animals of each
group were analyzed by Galactose Single Point Method, which was recognized and
recommended for quantification of remaining liver fimetion ia clinical use by UK.
FDA and Ministry of Health and Welfare, Taiwan. At the end of the tests, 0.5 g of
galactose (G.SP® 0.4 g/ml) per kg of animal was administered via intravenous.
One hour after the administration, about 8.5 mi of whole blood was taken by using a
filter paper to evaluate liver function of mice.  The higher the value of GSP was, the
worse the remaining liver function would be. {(FDA: “Guidance for Industry:
Pharmacokinetics in Patients with Impaired. Hepatic Function-Swdy Design, Data
Analysis and Impact on Dosing and. Labeling. 2003,
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o214  6,1.9 Histopathological tissue sectioning:

002151 At the end of the test, all mice were sacrificed. One tissue block with a
volume of approximately 1 cm® was cut from the largest right Jobe of fiver, fixed in
10% neutral formalin, and then dehydrated and hyalinized in vations concentrations
of ethanot (30 ~ 30~ 70 + 95 « 99.5%) and xyviene. Afterwards, xylene was replaced with
hot paraffin solution. At last, the tissue was embedded with paraffin solution. The
finished paraffin specimen was out imo § pm-thickness paraffin sections by the
nricrotome. The sections were pasted on clean slides, dried at 37°C, and then stained

by H&E staining.

002161  6.1.10 hematoxylin and eosin siaining (HXE)

o217  Liver lissue sections were deparaffinized in xviene for 30 minutes, and then
successively rehydrated twice in 99.5%, 93%, 70%, 50%, and 30 % aqueous sthanol
for 30 minutes respectively.  Afler being soaked in distilled water for 19 minutes, the
sections could be stained.  The sections were first immersed in hematoxylin for 30
seconds to stain cell nucled, then washed with distilled water for a fow minutes,
stained with eosin for 2-5 minutes, and washed with distilled water for a few minutes
again.  After staining process was finished, the sections were dehivdrated
successively in 50%, 709, 95%, and 100% agqueous ethanol twice for 30 seconds
respectively, hvalinized twice in xylene, and finally sealed and stored with mounting
muedia.

{o0218]  6.1.11 RHistopathological Observation

[00249) In order {0 observe the changes of lesion, fat accumulation, necrosis, or
fibrosis in Hver cells when there was an ongoing liver damage, Biver tissues were HEE
stained 1o evaluate the degree of lver faf accumudation. Al the histopathological
sections were cut from the same position on the largest right lobe of liver for
eliminating bias in subjective observation, and then subject to pathological staining,
Az for the assessment of semi-quantitative analesis in pathology, it had W be
zonfirmed by a physician or a veterinary pathologist who conducted a double-blind
analysis to score (NAS score) and compare all the sections withoot knowing the test
design. At last, the differential analysis of each group was performed by statistical
methods.

002201 6.1.12 Analysis of liver antioxidant capacity

foog21]  About 0.1 g of liver fissue was takon from the sacrificed animal and
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homogenized by centrifuge with a biomasher for 10 minutes, A 9-fold weight {wiw)
of buffer (pH 7.4, 30 mmol/l. Teis-HCL 180 mmol/l. KCI) was added io the
homogenized tissue, which was then mixed well by a Vortex mixer for use. The
resulting homogenization solution saraples of Hver tissue was used fo analyze the
various members of liver antioxidant systems, inclading glutathione peroxidase (GPx),
glutathione (GSH), glutathione reductase {Grd), and superoxide dismutase {SOD).
Methods of refated analysis can be found in the known literatures, for example, the
draft of “Method for evaluating the liver protection and health carve efficacies of health
food™ announced by the Ministry of Health and Welfare, Tatwan,

02227 6.1.13 Statistical Analysis

fo0223] Al data were expressed as means & standard deviation (SD). Statistically
significam difference of the test results was determined by caleulation of one-way
ANOVA using Statisticsl Package of the Socigl Science program, Version 13, SPSS
Inc. Thereafter, multiple comparisons were carred omt by using least significant
difference method in post hoo test to confinn the significant difference between
groups. The average difference between groups is judged to be significant when p <
D05,

o224 6.2 Resulls

02281  6.2.1 Cell Experiments

fonaze} In cell experiments, the resufts of TG content reduction in Hep(2 cells
determined in Positive Control {sitvmarin) were listed in Table 5.

fooz27}  Table 5: Efficacy of silvmarin in redoction of TG content in HepG2 faf cells
of Positive Control

Silymarin concentration TG content in cells Reduction rate of
(M} {ug/mg protein) TG (%)

¢ {Conirol) 50,43 & 4,60 -

1.0 44,17+ 2.41 29+ 8

30 44,59 % 11.583 28210

10 2058 £ 912 63 & 11

100 2048 £ 4.76 T8 3

002281 The resulis of TG content reduction in Hep(G2 fat cells determined using
constant concentration of test compounds were shown in Table 6. 1t can be seen
from the resolis that the test compounds exhibited different degrees of TG content
reduction effects in fatty liver cells formed from induced Hep(R cells under the
sondition of constant fest concentration, as compared with Control.  The equation for
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caiculating reduction rate (%) of TG was as follows: [1 - (TQ content of Test Group -
TG content of Blank) / (TG content of Oleic acid induction Group -~ TG content of
Blank)]} x 100 %.

f002291 Table 6: TG content in fatty liver cells reduced by test compounds

Tested substances (1.0 uM) TG reduction rate (36)
Sitymarin Control 3533 = 1.96
{Puerarin 40 91 * 773
Poloridin 4235 x 605
IDaidzein 423 4 534
Sodium Isuryl sulfate 38.73 & 465
iPongirin 38,12 & 722
Sinensetin 36.97 484
i{-3-Epigaliocatechin 36,78 % H.67
iKamnpfem& 36.51 & 478
sovitexin 3593 & 335
{Ursolic Acid 3586 & R
Eriodictyol 3501 % 087
(+)-Limonene 3502 & 1004
[Hesperidin 3481 = 525
IErgosterol 1419 & 369
!ﬁ»myrcene 33,97 & 1122
(-)>-Epicatechin-3-gallate 32.7 & 433
ki{ypmside 30.51 + 28
Silybin 30,26 & 324
{(#)-Catechin 20,87 & 402
iFﬂrmmmmﬁn 29.55 % 144
IMyristic acid ethyl ester 2888 & 391
i("izalmgin 28.11 & 862
Sucralose 26.68 293
{Eicosapentaenoic actd (EPA) 26.15 *  6.14
IMorin 2584 & 1065
IMannitol 2235 % 574
45
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Scladopitvsin 21.83 * 504
Wongonin 20,78 = 112
{Didymin 20,37 1269
k}wsyﬁin N N o RBLA & 463
Sorbitol 2006 & 2587
fLateolin-7-glucoside 19.33 £ 459
[Povidone K-30 1893 & 513
f?mtmtmhum acid 18.57 & 76
¢+)-Taxifolin 1791 & 835
Saccharin 17.53 * 656
iUmbelliferone 17.4 & 257
IGtycerin 1623 & 435
[Hlesperitin 1608 & 555
INordihydroguaiaretic acid 1592 % 23
Trans-Cinnamic Acid 1583 + 082
Sodivm benzoate 14.35 + 486
iOxide red 13.59 & 208
INeohesperidin 1329 & 721
INasingin 1268 = 372
IDiosmin 1186 % 373
{(~}~Epi¢mmhm 1076 & 892
!Giyn}'rrh:izin 1055 & 7.4
Linasin looa & 1234
tBa%caiin 931 * 621
lQusemitrin I8.15 & 9.24
Xylitol 7.36 * 634
iBajcalein 708 =  10.88
ILuteolin f6.05 + 1523
Swertiamarin 672 = 1104
{Butylated hydroxyanisole l6.21 = 38
Sodivm cyclamate 4,77 & 449
}Memhﬂi ;66.24 & 1.87
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ICitric acid 255 X 4@
lLeman oil j0.56 107
IPregelatinized starch 7.18 = 1341
Sarbic acid 2.03 & 198

f00230] Table 6-1: A portion of test compounds from Tuble 6 that reduced TG
content in fatty Hiver cells

Tested substances (1.0 uM) TG reduction rate (7o)
Puerarin 49.91 & 773
Phlogidazin 42,35 #6035
Daidzein 42.3 534
Sinensetin 36,97 + 484
i(--Epigallocatechin 36.78 #  5.67
Kaempferol 36.51 & 478
frsolic Acid 35.86 892
Silymarin of Control 35.33 & 1.96
{+)-Limoneng 35.02 & 10,04
Hesperidin 34.81 & 528
i{-1-Epicatechin-3-gallate 32.7 & 4,33
Silybin 30.26 x 324
Formononetin 2855 144
Myristic acid ethyl ester 28,88 k 3.91
Ficosapentaenoic acid (EPA) 26.15 + 614
Wongonin 20.78 x 112
Povidone K-30 i8.93 & 513
Protocatechuicacid 11857 & 76
Umbelliferone 174 & 257
Hesperitin 16.08 & 558
Nordibydroguaiaresic acid 1592 & 2.3
Mechesperidin 13.38 & 721
MNaringin 12.69 & 372
j{-)>-Epicatechin 1076 & BHT
47
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|Glycyrhizin 10,55 £ 74

Baicalin 19.21 % 6.21
{Quercitrin S, 15 #0924
Baicalein N e &k 1088

fo0231] Table 6-2: A postion of test compounds {Bioflavonoids) from Table 6 that
reduced TG content in fatty liver cells

L

Tested substances (1.0 uM) TG reduction rate (94)
{Poncirin 3812 * 7,22
Tsovitexin 3393 % 335
{Eriodictyol 35.11 % Q.87
t&rgmstemi 34.19 & 3.89
iﬁ~mymm: 33.97 + 1122
tﬁypem&ida 30.51 * 28
l+)-Catechin 2057 %402
{(}aiangina 28.11 = 862
IMorin 2584 & 10.65
Sciadopityan 21.83 504
Didymin 2037 k1269
IGossypin 2025 %463
ILuteolin-T-glucoside 1933 2459
l+)-Taxifolin 1791 % 835
Trans-Cinpamic Acid 1583 & 082
iDiosmin 11.80 & 3.73
{inarin Io.24 + 1234
Kylitol 7.36 & 6,34
HLateolin j6.95 & 15.23
Swertiamarin ’6,’?‘2 % 11.04
002321  Table 6-3: A portion of test compounds {excipients) from Table 6 that
reduced TG comtent in fatty Hiver cells
Tosted subsmees (LOBN) TG reduction rate 8
48
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Sodium lauryl sulfate 38.73 & 4.65
Svcralose 26.68 & 293
IMannitol 22.35 # 8.74
Sorbitol N o ROOSs & QN7
Saccharin 17.53 A& B0
1Glyeerin 16,23 & 425
Sodium benzoate 14,35 4 486
Oxide red 13.59 & 2.08
Butylated hydroxyanisole j6.21 & 3.8
Sodinm cyclamate 4.77 & 449
fenthol 166,24 & 187
ICitric acid 255 k443
{Lemon oil fose = 107
IPregelatinized starch 7,18 % 13.41
Sorbic acid 2.03 & 196

[00233)  6.2.2 Animal Experiments

002347  In the animal experiments, all the animals were treated to induce fatty Hiver,
gxcept the animals of Blank that were fed with pormal feed.  After cight weeks, the
animals of each group were given different treatment for four or eight weeks in
addition to the original feed. The animals of Blank and HFD were fod with
detonized water; the animals of PS were fod with silymarin; and the animals of Test
Group were fod with different fest sompounds, including puerarin, phloddzin,
eriodictyol, sucralose, mannitol, saccharin, hesperitin, menthol, and combinations
thereof.

o238y 6.2,2.1 The effects on body weight, liver weight, and weight of bedy fat
of animals and safety evaluation of test compounds

{00238 From the results of animal experiments, the liver weight, weight of body fat,
and increase of body weight of anbinals of each group were histed in Table 7-1 and
742,

{00237}  Table 7-1: The analysis results of Hver weight and weight of body fat due
test compounds

Items Abdowminal Fat weight  Liver weight
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Linit g 2

Blank (n=13} 6.6 & B2 A% 1.6 = 02 06
HED (p=12) 28 % 0.4 1.6 & D4 2.8
Positive Controd

Silymarin 5.0 mg/kyg (p=0) 2.0 + 0.4 A% 17 & .3 AR
Silymarin 1.8 mg/kg (n-6) 23 % 08 1.5 & 0.1
Single test compound

Phloridzin 2.5 mg/kg {(n6) 23 + 0.6 ¥ 1.3 + 08 *
Eriodiciyol 2.5 mg/kg {n6) 2.7 * 0.6 3 & @1 ¥
Sucralose 7.5 mg/ky (=6} 2.4 & (1.3 1.4 + 0.1
Sucralose 1.5 mp/kg (n=6) 2.1 & 06 3 1.5 & 0.2
Menthol 1.5 mgrkg (056) 2.3 & 0.6 * 1.6 & 0.2
Manoitol 7.5 mgfkg {06} 2.4 & 0.3 14 & 0.1
Mannitol 4.5 mgtkg (n=6) 27 * 0.3 14 & 0.2
Mannitol 1.8 mg/kg {n6) 2.0 & 3 ¥ 14 & 0.2
Saccharin 1,5 my/kg (n=3) 23 % 0.5 1.5 & 0.1
Puerarin 2.5 myfkg (n=6) 28 & 0.3 1.4 + 0.2
Hesperitin 2.5 mg/kg (=6} 3.0 & 0.5 1.5 & 0,1
Combinations of two test compounds

fi‘“’:’f;z’; i?'?gz’;; (et 27 %04 1.4 %02 27
r:tiﬁigiﬁiﬂ;:;(g (163 30 %05 1.6 %03 30
?i:}:;hgi; ﬁiﬁ;z@g (16) 23 % 06 15 %03 23
Combinations of three test compounds

Menthol + Manaitolt Briodictyol & 06 14 & 02 26

S mgdka + 5 mpfky + .8 mgtkg(n=6)

Data were expressed as means 5D, Statistical difference resulted from ANOVA and LED
was denoted by words, ¥p<).05, ¥¥p<0.01, #¥¥p<0,005, as compared with HFD.

Hesperitin TG triglyceride
Pueranin TC: totad cholesterol
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frems Abdominal fat weight  Liver weight

Unit g g

Erodictyol
Phloridzin
Mannitol
Menthol
Socralose
Saccharin

{00288] Table 7-2: The analysis results of increase of body weight due to test

compounds

Items Increase of body weight
Unit g

Blhank (n=13) 15.6 & 79
HFD {(n=12) 40 & 84
Positive Control

Silvmario 5.0 mgfke (o6) 102 & 32.7
Silyroarin 1.5 mg/kg (w6) 0% 43
Single test compound

Phloridzin 2.5 mg/kg {(n=6) 137 & 0.7
Erodictyol 2.5 mgikg (o=6) 83 & 6.7
Sucralose 7.5 mgfkg (p=6) 8.3 * 3.4
Sucratose 1.5 mpfky (=6) 17.0 & 8.6
Menthol 1.5 my/ke (n=6) 196 & 80
Mannitol 7.5 mgkg (=6 ) 103 & 85
Mannitol 4.5 mgfkg {(n=6) 111 & 7.7
Mannital 1.5 mgfkg (n=6} 0y & 74
Saccharin L5 mg/kg (n=3) QET & AT
Pueravin 2.5 mg'kg (n=6) 2.7 & 331 #
Hesperitin 2.5 mgkg {n=6) 45 & 83
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frems Encrease of body weight

Unit g
Combinations of two test compounds
saocharin + Mannitod
Safm i : ‘m;mq 16.6 . 64
1.5 mafkg +1.5 megfkg (n=h)
Menthol + Mannito! .
4.5 mghky +4.5 mgkg (096} 13.6 30
Menthol + Mannitol

enihol T anno 149 % 63

1.5 mpkg + 1.5 mgikg (n~6)

Combinations of three test compounds

Menthol + Maonitol+ Eriedictyol

_ | .
5 mglkg + 5 mg/kg + .8 mg/hg (n=6) 2.7 = 39

Data were expressed as means 5D, Statistical difference resulted from ANOVA and LED was
denoted by words, ¥p<Q.05, *¥p<0.01, ***p<0.003, as compared with HFD,

TG triglyceride
Hesperitin TC: total cholesterol
Pucrarin
Erodictyol
Phioridzin
Mannitol
Menthol
Sucralose
Saccharin

{00239 It was shown from the results that the weight of abdominal faf increased in
animals induced with fatty liver  Among the test compounds administered separately,
manniiol, menthol, and sucralose could reduce the weight of abdominal fat in animals
3 significantly.
f002401 In addition, no abnormal condition was observed in animals of Test Group
afler the test compounds were administered, No animal died during the test.
Occurrence of diseases or clinical symptoms caused by the test compounds was not
observed from necropsy studies of sacrificial animals afier the tests.  Therefore, the
10 test compounds were safe,
fo02411  6.2.1.2 The test compounds are effective in reducing lipid in liver
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[oo2421 Fig 5 showed the mice that were induced (o exhibit fany iver whose liver
cells neur hepatic portal area {including the bile duct, portal vein, hepatic artery) were
sovered with many large vesicular fat droplets and hepatocellular ballooning appeared,
indicating that the animal model of fatty Hver was saccessfully established by
induction.

fo0243]  The results of animal experiments showed that a plurality of test compounds
gxhibited the effects of lipid reduction in animal livers after administration for a
period of 4 or B weeks.,  The results were shown in Tables 8-1 and 8.2,

foo244] Table 8-1; Test compounds could reduce liver lipids in animals
{administration period of 4 wegks)

ftemns TG in liver TC in liver

Unit mg/y liver mg/g liver

Blank (p=13} 25.0 & 92 wRR 2.5 & (g ¥u®
HFD (n=12) 1320 & 692 6.6 & 3.5
Positive Control

Silymarin 5.0 mg/kg (n=t) 468 & 144 *** 30 & 0B we»
Silymarin 1.5 mg/kg (n=8) 69.9 & 323 ** 37 & 0.4 »*
Single tost compound

Phloridein 2.5 mg/kg (n=6) 489 2 141 329 & 0.5 A%
Eriodictyol 5.0 mg/kg {n=6) §42 & 180 ** 3.0 & 0.9 anw
Eriodictyol 2.5 mg/kg (n=6) 43.1 + 131 % 38 &} %
Sucralose 7.5 mg/kg (0=6) 568 & 00 *e* 50 + .9
Sucralese LS mghkg {n=6} 689 & 3TE ¥= 3.0 * 05 %
Menthol 1.5 mg/kg (n=6) 87.3 x 723 % 4.4 & 38 ¥
Mansnitol 7.8 mg/kg (n=6) 538 & 244 wwn 47 & 1.2
Mannitol 4.8 mg/kg {n=6} TLE & 488 #x~ 73 + 2.8
Mananitol 1.5 meg/kg (06} 618 2 326 *F 34 % 4 "%
Saccharin L5 me/kg {023 ) 4.0 & 414 2.8 # LE **
Puerarin 2.8 mg/kg (nv6) 894 3 491 * 6.7 & 2.7
Hesperitin 2.5 mg/kg {(n~6) 67.8 & I66 &% 37 & 0,7 ##

Combinations of two test compounds
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Trerus TG in liver T in liver

Unit mgfy liver my/g Hiver

Saccharin + Mannitol
1.5 mg/kg +1.5 mp/kg (n=6)
Menthol + Mannitol
4.5 mgkg + 4.8 mg/kg (=6}
Menthol + Mannitol
15 mg/kg + L3 mg/kg {n=6 )
Menthol + Maopito!

S mghkg + 5 mglkg (n26)
Combinations of three test compounds
Menthol + Mannitol+ Eriodictyol

716 & J2H wew ] & 2.8

54.3 * (1.8 Aws

310 & 112 Aww 6.9 & 1.7

966 774 39 & 1.7

83.1 % 509 * 6.0 & 2.3

Diatn were exprossed as means :8D. Statistical difference resulted from ANOVA and L8D was
denoted by words, *p<0.05, *#p<0.01, ***p3<0.003, a3 compared with HFD.

TG wriglyceride

TC: total cholesterol

Hesperttin
Pusrarin
Edodictyol
Phloridzin
Mannitol
Menthol
Sucralose
Saccharin

fo0248] Table 8-2. Test compounds could redoce liver lipids in animals
{administration period of B weeks)

Hems T ia liver TC in hiver
Unit myg/g liver mg/g liver
Blank (n=7) 2.6 & 3.8 % 38 & Q4 A
HED (n=8) 1873 + 912 121 = 7.3

Combinations of two test compounds

Sucralose + Mannitol
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Ttems TG in Heer TC in liver

Unit mgfg liver myg/y liver

Sucralose + Mannitol

1.5 mg/kg + 1.5 mg/kg (0=5) 1444 %399 60 % 127

Eriodictyol + Mannitol

Eriodictyol + Sucralose

Combinations of three test compounds

Sucralose + Mannitol + Eriodictyol " : ‘

Data were expressed as means £8D. Statistical difference resulted from ANOVA and LED was
dencted by words, *p<.05, *¥p<f} (1, **%p20 005, as compared with HFD.

Ertodictyol TG triglyceride
Mannitol TC: total cholesterol
Sucralose

{00246 The results showed that TG and TC increased in liver of mice induced with
fatty liver.  Among the test compounds administered separately, hesperitin, puerarin,
eriodictyol, phloridzin, mamnitol, menthol, snd sucralose could redoce TG in liver
significantly, In particular, an excellent effect of about 67% reduction in liver TG
content (p<0.005) was achieved after 4-week treatment of eriodiciyol.  In addition,
hesperitin, eriodictyol, phlorddzin, manpitol, menthol, sucralose, and saccharin could
reduce TC in liver significantly. Specifically, an excellent effect of about 56%
reduction in liver TC content (p<0.005) was achieved after doweek treatment of
saccharin.

002471 When the combination of two test compounds was administered, the
combination of saccharin and mannitol, the combination of menthol and mannitol, the
sombination of susralose and mannitol, the combiration of erdodictyol and mannitol,
or the combination of eriodictyol and sucralose could reduce liver TG significantly.
In particular, an excellent effect of about 77% reduction in Hver TG content {p<0.003)
could be achieved after oweek treatment of the combination of menthol and mannitol;
and an excellent effect of abont 78% reduction in liver TG content (p<0.003) could be
schieved after 8~week freatment of the combination of sriodictyol and sucralose. In
addition, the combination of sucralose and mannitol, the combination of eriodictyol
and manniol, or the combination of eriodictyol and sucralose could reduce liver TC
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content significantly, in which an excellent effect of about 77% reduction in liver TC
content {(p<0.0053 could be achieved after B-week treatment of the combination of
griodictyol and sucralose,

f002481 When the combination of threg test compounds was administered, the
combination of menthol, mannitad, and erodicivol or the combination of sucralose,
mannitol, and eriodictyol could reduce liver TG significantly. In particular, an
sxcellemt effect of about 79% reduction in Hver TG content (p<0.005) could be
achieved after B-week treatment of the combingtion of sucralose, mannifol, and
eriodictyol. Tn addition, the combination of sucralose, mannitol, and eriodictyol could
reduce Hiver TC significantly.

{00249]  6.2.2.3 The test componnds ave offective in reducing liver damage
002501 6,2.2.3.1 Effects of reduction in Hyver fat and liver damage of liver tissue
fo0284] The results of animal experiments showed that a plurality of test compounds
exhibited the efficacies of liver fat and liver tissue damage reduction during the test
periond of 4 weeks. Fig 5 showed liver tissue damage of animals having farty Hiver.
The liver tissue damage incladed many large vesicular fat droplets covering liver cells
near hepatic portal ares (inclading the bile duct, porial vein, hepatic aricry) and
hepatocelludar ballooning. By comparison, affer being treated by sibymarin, menthol,
eriodictyol, or mannitol for 4 weeks, large vesicular far droplets within liver cells in
liver tissue section were significantly reduced. A portion of small broken droplets was
still observed in mice treated with silymarin, but the liver tissue type of mice treated
with menthol, eriodictyol, or mannitol was close to that of animals in Blank group,
indicating mild fatty liver diseases. Furthermore, the resolt of NAS scoring was
shown in Table 9.

fou2szy Table 9 The test compounds could reduce the condition of liver damage in

animals

Hems NAS

Unit mg/y Hver

Blank (n=13} 7 08 wA
HFD (n=12) 33 = 1.7
Positive Control

Sitymarin 5.0 mg/kg (p=0} 2.8 % D4 wRR
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ftems NAS

Unit mg/y liver
Silymarin 1.5 mg/kg (n=6) .5 * 68 *
Single test compound

Phiordzin 2.5 mglkg (=6} 1.8 + 1.0
Eriodictyol 5.0 mg/kg (n=6)

Eriodictyol 2.5 mg/kg (n=6) 1.5 & 08 %
Eriodictyol 7.5 mg/kg (n=6) 18 2 1.1
Eriadictyol 1.5 mgfkg {(w6) 1.8 & 2.0
Menthol 1.5 mu/kg (1w6) 1.8 & 1.6
Mannitol 7.5 mg/ky (86 ) 1.7 + 08 ¥
Mannitol 4.3 mgfkg (n=6) 2.7 & 1.9
Mannitol 1.5 mg/kg {06 ) 1.3 + 58 ¥

Saccharin 1.5 mgky (13 )

Puerarin 2.5 mghkg (06

Hesperitin 2.5 mg/kg (0=6) 1.7 * 0.5
Combinations of two test compounds
Saccharin + Manuitol
1.5 mgfkg +1.5 mp/kg (n=6}
Menthol + Mannitol
entho seito o & 14

4.5 mgfkg + 4.5 mgkg (n=6)

Menthol + Mannitol

e W
1.5 mg/kg + 1.5 mg/kg (n=6) o7 %03

Menthol + Mangitol

. 5 & 1.3
Smgfkg + .5 mgfkg (n=6) 2 *
Combinations of three test compounds
Menthol + Mannitol+ Eriodictyol
entho sonitol+ Eviodicty 2.0 + 1.4

S mg/kg + .5 mg/kg + .8 mgky (n=6)

Data were expressed as means 8D, Statistical difference resulted from ANOVA aud LSD was
denoted by words, *p<0.05, *¥p<0.01, ***p<0.008, as compared with HFD.

Hesperitin
Puerarin
Eriodictyol
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ftems NAS

Uit mg/p liver

Phicvidzin
Mannitol
Menthol
Sucralose
Saccharin

ooRs3; NAS (Nonalooholic Fatty Liver Disease Activily Score) indicated the
{Hepatology., 2005
Jun;41{631313-21], and comprehensively evaluated the degree of steatosis, lobular

activity score  of wnon-alooholic  fatty liver  discases

inflammation, and hepatocyte ballooning. The score sheet was shown in Table 10

Higher score indicated severer iver damage.

Table 10: NAS Evaluation Project
Hems Score Degree Definition and Description
Steatosis 0 <8% Refers to smount of surface area involved by
steatosis as evaluated on low to medivm
power examination; minimal steatosis (5%}
receives a score of O to avoid giving excess
weight to biopsies with very liftle fatty
change
1 A-33%
2 i >»33-66%
3 >66%
Lobular 0 | Nofoci Acidophil bodies are not included in this
inflammation assessment, nor is portal inflasomation
1 <2 foei /200X
2 | X4 fock f200x
3 |4 foci 200x
Hepatooyte 9 None
batlooning 1 | few balloon The term “few" means rare but definite
cells ballponed hepatocytes as well as cases that
are diagnostically borderline,
2 Many cells Most cases with prominent ballooning also
fprominent had mallory's hyaline, but Mallory's hyaline
ballooning s not scored separaiely for the NAS,

j002543 The resulis showed that liver fissue damage ocourred in mice induced with
fatty Hiver (NAS increasing). Among the test compounds administered separately,
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eriodictyol and mannitol could reduce liver damage significantly, It is notable that
when the combination of two compoumds was administered, the combination of
menthol and mannitol achieved an excellent effect. There was hardly any liver
damage appearing.  The NAS was the same with that of the Blank.

{00288 6.2.2.3.2 Effects of reduction in liver dysfunciion

foos8]  The results of animal experiments showed that a plurality of test compounds
gxhibited the efficacies of liver dysfunction reduction in animals during
administration period of 4 or 8 weeks. The resudls were showed in Table 11-1 and
Table 11-2,

002877 Table 11-1; Test compounds could reduce liver dysfunction in animals
{administration pedod of 4 wesks)

Iems ALY AST

Ulnit UL Ui

Blank (n=13) 326 & 160 At 1122 & B39 o wes
HED (n=12) 1 & 452 1868 & 1008
Positive Conwrol

Silymarin 5.0 mg/kg (n>6) 339 + 93 v 168.1 & 426
Silymarin 1.5 mg/kg (n=06) 438 % 187 ¥ 1536 = 623
Single test compound

Mannitol 7.5 mg/kg (0=6) 230 & 108 wex 33 & LT Rew
Mannitol 4.5 mgkg (n=8) 44.8 + 18D = 107.6 & 54.3
Mannitol L5 mg/kg (06} 408 % 4 * 187.2 & 1421
Rucralose 7.8 mg/kg {n=6) 323 x HiE A% 74.3 3 1846
Sucralose 1.8 mg/kg (0=6) 309 & 168 w1270 % 312
Eriodictyol 5.0 mg/kg (n=3) 414 263 * 614 & 423
Eriedictyol 2.5 mg/hg (n=6) 337 £ 185 **% 1009 & 420
Puoerarin 2.5 mgkg (ns6) 34.4 & 14T PR 669 & BE e
Phloridzin 2.5 mp/kg (0+6) 35.7 E- N 1619 & 06,2
Hesperitin 2.5 mg/kg (n=6) 368 & 221 w» 724 S § AR
Menthol 1.5 mg/hg (n~6) 415 & 137 ¢ 1209 & 371
Saccharin 1.5 mg/kg (n=3) 507 & 297 1704 & 288

Date Rec¢ue/Date Received 2024-03-19

59



Trerus ALY AST

Unit WL L

Combinations of two test compounds
Aenthol -+ Mannit

Menthol m’i ol . ; 235 & 178§ =2 0.4 + &2 B
Somghkg + S mgihg (nw6)

Menthol + Mannitol

5. & 4%  wuw 26, & 7.5 AR
15 mg/kg + L8 mg/kg (n=6) 18.7 43 .8 7

Sucratose + Mannitob

T8 mgikg +7.5 mpkg (n=6) 43.5 * 182 914 % 218 ®
fj;::;z; :xﬁ;ﬁaﬁ; (n=6) 52.4 * 34.0 22.1 & 238 *
S omgly +7.Smghs (2=4) 94 =105 1510+ 542
:g:;i:;f :;;;:?: wed ) k. 3 S L X B 438 & 676
Racchavin + Manunitol $17 £ 542 0.0 ‘37 wee

1.5 mg/kg +1L.8 mg'kg (n=6)

Combinations of three test compounds

Menthol + Mannitol + Eviedictyel

; y ‘ *: & 3@7 Sk ! o ) ’ i

DPata were expressed as means 28D, Statistical difference resulted from ANOVA and LSD was
denoted by words, ¥p<0,08, ¥¥p<0,01, ¥¥¥p<0.0035, as compared with HFD.

Hesperitin
Puerarin
Hesperitin
Puerarin
Erodictyol
Phloridzin
Mannitol
Menthol
Sucraloss
Saccharin

ALT: alanine aminotransferase
AST: aspartate transaminase

fon258)  Table 11-2: Test compounds could reduce liver dysfunction in animals
{administration period of § weeks)
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Treyus ALY AST

7.5 mg/kg + 7.5 mg/kg + 2.5 mg/kg (n=6)

Unit UA UL
Blank {n=7) H5.1 F 2B =2 226 + 4.3 Raw
HFD {(n=8} 1.9 & 262 094 & 46.4
Combinations of two test compounds
Sucralose + Mannitol ‘ ,

3 2 '&: Oﬂ 05 * E £ **m
T8 mg/kg +7.5 mpgikg {n=58) 924 16 ® 144
Sucratoset Mannitol

12.5 & 23, 3, % 36,
1.5 mgkg +1.5 mgrky (n=d) H25 & 238 93.0 6.0
Combinations of three test compounds
fose + Maunnitol + Eriodic

Sucralose + Maonitol + Eriodictyol 400 =122 ann

Daata were expressed as means 28D, Siatistical difference resulted from ANOVA and LSD was

denoted by words. *p<0.03, #¥p<(.01, *¥*p<0.005, as compared with HFD.

Mannitol

Sucralose . . .
ALT: alanine aminotransterase

AST: aspartate transanvinase

{o02891  ALT and AST are most commonty used as enzyme indicators to reflect the
biochemical dysfunction of liver Under normal circumstances, these enzymes
present in Bver cells. However, when liver cells are damaged, they will leak.
Iocreases of serum ALT and AST values gonerally reflect liver inflanunation and liver
dysfunction.

foo2e0]  The resulis showed that animals induced with fatty liver {ALT and AST
values increasing) suffered from liver dysfunction. Among the test compounds
administered separately, all the hesperitin, pueraria, eriodictyol, pldoridain, maanitol,
menthol, sucralose, and saccharin could reduce ALT and AST values sigonificantly.
In particular, excellent effects of about 64% reduction in ALT value (p<0.005} and
ghout 50% reduction in AST wvalue (p=0.005) could be achivved after 4oweek
treatment of mannitol.

§00261] When the combination of tweo test compounds was administered, both the
combination of menthol and mannitol, and the combination of erodictyol and

61

Date Rec¢ue/Date Received 2024-03-19



L4

10

15

sucralose could reduce ALY value significantly,  Also, the sombination of menthol
and maoniol, the combination of sucralose and mannitol, or the combination of
saccharin and manaitol could reduce AST value significantly. In particular, excellent
effects of about 76% reduction in ALT value (p<0.005) and about 62% reduction in
AST value (p<0.003) could be achieved after 4-week treatment of the combination of
munthol and mannitol,

{0o2623 When the combination of three test compounds was administered, the
combination of sucralose, mannitol, and eviodicivol could reduce ALT value
signmificantly {(p<0.005),

Po2637  6.2.2.4 The test compounnds can improve liver antioxidant activity
foo2e4]  The resulis of animal experiments showed that a plurality of test compounds
exhibited the efficacies of fiver antioxidant activity improvement in animals doring
the test periad of 4 weeks. The results were showed in Table 12-1 and Table 122,
fo0265] Table 12-1: Test compounds could improve liver antioxidam activity in
animals {Gpx and GSH)

Items Gpx GSH
Tinit AL L
Blank {n=10}) 25880 =+ 5248 12241 % 985
HFD (=8} IZ2E & IVR2 1830 & 2038
Positive Control
Sitymarin 8.0 mg/kg (o=6) 33583 £ 120583 #»% 13988 & 30E
Single test compound
Mannitol 7.8 mg/kyg (n=6) I73RI & 66851 ARr LTT & 4891 Aww
Mannitol 4.5 mg/kg (n=6) 34233 & 8478 v 16080 & 3089 =
Mannitol L5 mg/kg (n=6} 25800 & 5585.2 1502.5 & 2769 *
Puerarin 2.5 mg/hg (0263 38817 & 10867 *** 14981 & 1509 *
Sucralose 7.5 mg/kg {(n=87} 33340 % 37N x= 16091 & 2081 *»
Sucralose L8 mg/kg {0=6) 29950 x 6511 14480 & 2815
Phioridein 2.5 mg/kg (1:6) 32340 £ 5081 ** 13877 & 1682
Hesperitin 2.5 mg/kg {n=6) 31333 = 3169 » 17426 & 2418 »»»
Eriodictyol 2.5 mg/kg (n=6) 30833 * 3789 ** 1302.0 & 2411
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Ttems Gpx GSH

Unit UL WL

Menthol 1.5 mg/kg (026) 20217 & 85402 14327 & 1040

Data were expressed as meang 280D, Statistical difference resulted from ANOVA and LED was
denoted by words. *p<0.05, **p<i.01, ***p=01.0085, as compared with HFD.

Hesperitin

Puerarin Gpx: glufathione peroxidase
Hesperitin GSH: glutathions

Puerarin

Eriodictyol

Phiondzin

Mannitel

Menthol

Sucralose

pozes] Table 12-2: Test compounds could improve Hver antioxidant activity in
anigals (Grd and SOD)

Trems Grd SOD

Linit UAL UL

Blank {(n~10) 1238 2 309 3803 & 388

HED (n=8} 82.1 + 217 377 & 493

Pasitive Control

Silymarin 5.0 mg/kg {(nw6) 8.9 & 292 4389 & 892 »

Single test compound

Mannitol 7.8 mg/kg (n=6)} e = 320 B 462.8 & S52.8

Mannitol 4.8 mg/kg {n=6) 1oL % 184  * 429.2 x BS.Z

Mannito! 1.5 mg/kg (=63 L S e | 3673 & 386

Poerarin 2.5 mg/kg (n=6) 990 & 172 434.8 & 59.8

Sucralose 7.5 mg/hkg {06} %04 & 172 399.0 & 34.8

Sucralose L5 mg/kg {n=6) 10006 = 186 330 = 504

Phloridzin 2.5 mg/kg {163 822 & 33.6 41L5 & 875
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Trerus Gird 80D

Unit LHL LA

Hesperitin 2.5 mg/kg (n=6) 1628 = 283 408.3 % 667
Eviodictyol 2.8 mg/kg {n=6) 868 = 187 3859 2 34.0
Menthol 1.3 mgfkg (06} 952 % 162 427.9 + 41.9

Data were expressed as means 250, Statigtical difference resulted from ANOVA and LSD was
denoted by words. $p<0.05, *¥p<0.01, ¥ p<Q.005, as compared with HFD,

Hesperitin
Puerarin
Hesperitin
Puerarin
Friodictyol
Phloridein
Mannitol
Menthol
Sucralose

Grd: Glutathione reduciase
80D Superoxide dismutase

fooz67y  CGpx, GSH, Grd and SOD are comunon members of liver antioxidant
systems that can reduce oxidative stress in the liver and prevent liver from damage
caused by oxidative stress. Increases of Gpx, G8H, Grd and SOD values indicate liver
3 maintaining better antioxidant activity.
jooes] The resulis showed that the anticxidant activity of mice induced with fatty
Hver was reduced. Among the test compounds administered separately, all the
hesperitin, puerarin, eriodictyol, phloridzin, mannitol, and sucralose could improve
mtioxidant activity significantly,  In particular, excellent effects of substantial
10 increases in Gpx, GSH, Grd, and 80D levels (p<0.005) were achieved after 4-week
treatment of mannitol,
002691 In summary, the compounds as tested including mannitol and sucralose and
others can reduce fat content in the liver, reduce liver damage, and improve liver
antioxidant activity. These compounds had besn confomed safe through animal
15 experiments and found having potentisl 1o be developed into health food or drugs for
reducing liver fat and ameliorating associated disorders, such as fatty liver diseases,
acate and chronie stecholic fatty liver diseases, acute and chronic aon-alecholic falty
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fiver discases (NAFLD), acute and chronis alooholis hepatitis, acute and chronic
non-alcoholic  steatohepatitis, non-alcoholic cirvhosis, and  alcoholic cirvhosis
{(ICD-9-CM diagnosis Codes: 5718, 371.0, 5711, $71.2, 8713, 371 .4, 3715, 571.9).
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CLAIMS

What is claimed is:
1. A composition for use in treating fatty liver, reducing a liver fat content, reducing a
fat content in liver cells, or ameliorating liver diseases caused by fatty liver or other

associated disorders in a subject, which comprises

(1) an effective amount of a compound as an active ingredient selected from the group
consisting of mannitol, menthol, sucralose, eriodictyol and saccharin, or a combination of any

two or more thercof; or

(i1) an effective amount of a combination as an active ingredient selected from the group
consisting of (1) a combination of saccharin and mannitol, (2) a combination of menthol and
mannitol, (3) a combination of sucralose and mannitol, (4) a combination of eriodictyol and
mannitol, (5) a combination of eriodictyol and sucralose, (6) a combination of menthol,

mannitol, and eriodictyol, or (7) a combination of sucralose, mannitol, and eriodictyol.

2. The composition of claim 1, which further comprises sorbitol, glycerin, sodium
benzoate, oxide red, pregelatinized starch, sodium cyclamate, sorbic acid, lemon oil, citric
acid, butylated hydroxyanisole, poncirin, isovitexin, ergosterol, p-myrcene, hyperoside, (+)-
catechin, galangin, morin, sciadopitysin, didymin, gossypin, luteolin-7-glucoside, (+)-
taxifolin, trans-cinnamic acid, diosmin, linarin, xylitol, luteolin, and swertiamarin, puerarin,
phloridzin, sinensetin, (-)-epigallocatechin, kaempferol, ursolic acid, silymarin, (+)-limonene,
hesperidin, (-)-epicatechin-3-gallate, silybin, formononetin, myristic acid ethyl ester,
eicosapentaenoic acid (EPA), wogonin, povidone K-30, protocatechuic acid, umbelliferone,
hesperitin, nordihydroguaiaretic acid, necohesperidin, naringin, (-)-epicatechin, glycyrrhizin,

baicalin, quercitrin, and/or baicalein.

3. The composition of any one of claims 1-2, wherein the liver disease or other
associated disorders are selected from the group consisting of acute and chronic alcoholic
fatty liver, acute and chronic non-alcoholic fatty liver, acute and chronic alcoholic hepatitis,
acute and chronic non-alcoholic steatohepatitis, non-alcoholic cirrhosis and alcoholic

cirrhosis.

4. The composition of any one of claims 1-3, wherein the subject is a patient with non-

alcoholic fatty liver discases or obese individuals.
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5. The composition of any one of claims 1-4, which is a drug, a food additive, or health
food.

6. Use of a composition for manufacturing a medicament for treating fatty liver, reducing
a liver fat content, reducing a fat content in liver cells, or ameliorating liver diseases caused
by fatty liver or other associated disorders in a subject, wherein the composition comprises

(1) an effective amount of a compound as an active ingredient selected from the group
consisting of mannitol, menthol, sucralose, eriodictyol and saccharin, or a combination of any
two or more thercof; or

(i1) an effective amount of a combination as an active ingredient selected from the group
consisting of (1) a combination of saccharin and mannitol, (2) a combination of menthol and
mannitol, (3) a combination of sucralose and mannitol, (4) a combination of eriodictyol and
mannitol, (5) a combination of eriodictyol and sucralose, (6) a combination of menthol,

mannitol, and eriodictyol, or (7) a combination of sucralose, mannitol, and eriodictyol.

7. Use of claim 6, wherein the composition further comprises sorbitol, glycerin, sodium
benzoate, oxide red, pregelatinized starch, sodium cyclamate, sorbic acid, lemon oil, citric
acid, butylated hydroxyanisole, poncirin, isovitexin, ergosterol, p-myrcene, hyperoside, (+)-
catechin, galangin, morin, sciadopitysin, didymin, gossypin, luteolin-7-glucoside, (+)-
taxifolin, trans-cinnamic acid, diosmin, linarin, xylitol, luteolin, and swertiamarin, puerarin,
phloridzin, sinensetin, (-)-epigallocatechin, kaempferol, ursolic acid, silymarin, (+)-limonene,
hesperidin, (-)-epicatechin-3-gallate, silybin, formononetin, myristic acid ethyl ester,
eicosapentaenoic acid (EPA), wogonin, povidone K-30, protocatechuic acid, umbelliferone,
hesperitin, nordihydroguaiaretic acid, necohesperidin, naringin, (-)-epicatechin, glycyrrhizin,

baicalin, quercitrin, and/or baicalein.

8. The use of any one of claims 6-7, wherein the liver disease or other associated
disorders are selected from the group consisting of acute and chronic alcoholic fatty liver,
acute and chronic non-alcoholic fatty liver, acute and chronic alcoholic hepatitis, acute and

chronic non-alcoholic steatohepatitis, non-alcoholic cirrhosis and alcoholic cirrhosis.
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