
PHARMACEUTICAL COMPOSITION FOR THE TREATMENT OR
PREVENTION OF DISEASES INVOLVING OBESITY, DIABETES,
METABOLIC SYNDROME, NEURODEGENERATIVE DISEASES AND
MITOCHONDRIA DYSFUNCTIONDISEASES FIELD OF THE
INVENTION The present invention relates to a
pharmaceutical composition for the treatment and/or
prevention of various diseases involving obesity,
diabetes, metabolic syndromes, degenerative diseases
and mitochondrial dysfunction-related diseases.
BACKGROUND OF THE INVENTION Obesity, a condition in
which an amount of body fat is abnormally higher than
standard body weight, refers to a disease resulting
from accumulation of surplus calories in adipose
tissues of the body when calorie intake is greater
than calorie expenditure. Complications caused from
obesity include, for example hypertension, myocardiac
infarction, varicosis, pulmonary embolism, coronary
artery diseases, cerebral hemorrhage, senile dementia,
Parkinson's disease, type 2 diabetes, hyperlipidemia,
cerebral apoplexy, various cancers (such as uterine
cancer, breast cancer, prostate cancer, colon cancer
and the like), heart diseases, gall bladder diseases,
sleep apnea syndrome, arthritis, infertility, venous
ulcer, sudden death, fatty liver, hypertrophic
cardiomyopathy (HCM), thromboembolism, esophagitis,
abdominal wall hernia(Ventral Hernia), urinary
incontinence, cardiovascular diseases, endocrine
diseases and the like (Obesity Research Vol. 12(8),
2004, 1197-121 1). Diabetes is a systemic metabolic
disorder resulting from multiple environmental and
genetic factors, and refers to a condition
characterized by abnormally elevated blood glucose
levels due to absolute or relative deficiency of
insulin in the body. Complications of diabetes
includes, for example hypoglycemia, ketoacidosis,
hyperosmolar coma, macrovascular complications,
diabetic retinopathy, diabetic neuropathy, diabetic
nephropathy and the like. Metabolic syndromes refer to
syndromes accompanied by health risk factors such as
hypertriglyceridemia, hypertension, glycometabolism
disorders, blood coagulation disorders and obesity.
According to the ATP III criteria of the National
Cholesterol Education Program (NCEP) published in
2001, individuals are diagnosed with the metabolic
syndrome by the presence of three or more of the
following components: 1) A waistline of 40 inches (102
cm) or more for men and 35 inches (88 cm) or more for
women (central obesity as measured by waist
circumference), 2) A triglyceride level above 150
mg/dl, 3) A high density lipoprotein level (HDL) less
than 40 mg/dl (men) or under 50 mg/dl (women), 4) A
blood pressure of 130/85 mm Hg or higher and 5) A
fasting blood glucose level greater than 110 mg/dl.
Insulin resistance refers to a phenomenon wherein,
even though insulin is normally secreted in the body,
"supply of glucose into cells" performed by insulin
does not work properly. Therefore, glucose in the
blood cannot enter cells, thus causing hyperglycemia,
and further, cells themselves cannot perform normal
functions thereof due to a shortage of glucose,
leading to the manifestation of metabolic syndrome.The
degenerative disease is the term derived from
pathological findings, thus meaning the condition
which is accompanied by "decreases in consumption of
oxygen", and refers to a degenerative disease wherein
dysfunction of mitochondria, which is an organelle
that generates energy using oxygen within the cell, is
related to senescence. As examples of the degenerative
disease, mention may be made of neurodegenerative
disease such as Alzheimer's disease, Parkinson's
disease and Huntington's disease (Korean Society of
Medical Biochemistry and Molecular Biology News, 2004,
11(2), 16-22). Diseases arising from mitochondrial
dysfunction may include for example, mitochondrial
swelling due to mitochondrial membrane potential
malfunction, functional disorders due to oxidative
stress such as by the action of active oxygen species
or free radicals, functional disorders due to genetic
factors, and diseases due to functional deficiency of
oxidative phosphorylation mechanisms for energy
production of mitochondria. Specific examples of
diseases, developed by the above-mentioned
pathological causes, may include multiple sclerosis,
encephalomyelitis, cerebral radiculitis, peripheral
neuropathy, Reye's syndrome, Friedrich's ataxia,
Alpers syndrome, MELAS, migraine, psychosis,
depression, seizure and dementia, paralytic episode,
optic atrophy, optic neuropathy, retinitis pigmentosa,
cataract, hyperaldosteronemia, hypoparathyroidism,
myopathy, amyotrophy, myoglobinuria, hypotonia,
myalgia, the decrease of exercise tolerance, renal
tubulopathy, renal failure, 



hepatic failure, liver function failure, hepatomegaly,
red blood cell anemia (irondeficiency anemia),
neutropenia, thrombocytopenia, diarrhea, villous
atrophy, multiple vomiting, dysphagia, constipation,
sensorineural hearing loss (SNHL), epilepsy, mental
retardation, Alzheimer's disease, Parkinson's disease
and Huntington's disease (see, for example US Patent
No. 6,183,948, Korean Patent Laid-open Publication No.
2004-7005109, Journal of clinical investigation 111,
303-312, 2003, Mitochondria 74, 1188- 1199, 2003,
Biochimica et Biophysica acta 1658 (2004) 80-88). The
above-mentioned obesity, diabetes, metabolic
syndromes, degenerative diseases and mitochondrial
dysfunction-related diseases will be collectively
referred to as "disease syndromes" hereinafter. At
present, the most effective way to ameliorate or fight
against the conditions associated with such disease
syndromes is known to be getting more exercise and
losing weight, and dietary control. All of the
currently effective ways of fighting against the
disease syndromes have in common the fact that they
facilitate energy metabolism, thus resulting in
maximized expenditure of surplus energy in the body
leading to prevention of energy accumulation.
Effective expenditure of such surplus energy is
considered a method for treating the disease
syndromes. Promoting energy metabolism is most
important for effective elimination of surplus energy.
For this purpose, it is essential to achieve
inhibition of lipogenesis, inhibition of
gluconeogenesis, facilitation of glucose consumption,
facilitation of fat oxidation, facilitation of
biogenesis of mitochondria which is a central
apparatus of energy metabolism and collective
activation of factors involved in metabolic
activation. There is yet little known about targets to
treat the disease-syndromes, whereas numerous target
proteins or genes are known only for treating
individual diseases and therefore there have been
proposed some methods for the prevention or treatment
of such diseases via use of the above-mentioned
corresponding target proteins or genes. However, there
is still a room for further significant improvement
even in treatment of individual diseases such as
metabolic syndromes including obesity, diabetes and
the like. In spite of the fact that a great deal of
studies have been conducted on treatment ofdiseases,
there are yet no drugs available for the treatment of
various diseases resulting from excess energy intake
and aging. Most of diseases including obesity,
diabetes, metabolic syndromes, degenerative diseases
and mitochondrial dysfunction-related diseases, i.e.,
large numbers of diseases including disease syndromes,
stem from imbalance of energy metabolism and
oxidation-reduction state. For this reason, the
present invention has also employed a method of
confirming the presence/absence of activation effects
on AMPactivated protein kinase (AMPK), as the most
fundamental primary test to confirm biological
efficacy of compounds of interest on disease
syndromes. Meanwhile, once AMPK is activated, a
variety of physiological events are consequently
affected in the downstream of the mechanism thereof.
In this regard, factors to be regulated and expression
phenomena are provided as follows. 1. Glvcometabolism
In muscle tissues and myocardial tissues, AMPK
promotes muscle contraction and thereby facilitates
intake of glucose. That is, AMPK activates GLUT 1, or
induces migration of GLUT 4 to a plasma membrane,
regardless of insulin action, resulting in increased
glucose uptake into cells (Arch. Biochem, Biophys.
380, 347-352, 2000, J. Appl. Physiol. 91, 1073-1083,
2001). After increasing glucose uptake into cells,
AMPK activates hexokinase, thereby increasing flux of
glycometabolism processes and simultaneously
inhibiting glycogen synthesis. It is known that in
myocardial tissues under ischemic conditions, AMPK
activates a phosphorylation process of 6-
phosphofructo-2-kinase (PFK-2), with consequent
activation of a metabolic cascade leading to increased
flux of glycometabolism (Curr. Biol. 10, 1247-1255,
2000). Inaddition, it was confirmed that activation of
AMPK in the liver inhibits release of glucose from
hepatocytes, and activity of phosphoenolpyruvate
carboxykinase (PEPCK) and glucose-6-phosphatase, which
are gluconeogenesis enzymes, is inhibited by AMPK
(Diabetes 49, 896-903, 2000). This is because AMPK
independently takes part in regulation of a blood
glucose level via inhibition of release of glucose
from the liver, irrespective of insulin. 2.
Mitochondrial Biogenesis One important function of
mitochondria is to carry out an oxidative
phosphorylation process, which converts energy
produced from fuel metabolites such as glucose and
fatty acids into ATP. It is known that the incidence
of disorders in mitochondrial functions is involved in
a pathogenic mechanism of various degenerative
diseases associated with senescence, such as diabetes,
cardiovascular diseases, 



Parkinson's disease and senile dementia (Curr. Opin.
Cell Biol. 15, 706-716, 2003). Peterson, et al
(Science 300, 1140-1142, 2003) have suggested the
possibility that deteriorated mitochondrial function
is a probable pathogenic cause of insulin resistance
syndrome, with reporting that oxidative
phosphorylation functions of mitochondria were
weakened by about 40% in the elderly. Lee, et al
(Diabetes Res. Clin. Pract. 42, 161-167, 1998) have
confirmed that a decrease in the content of
mitochondrial DNA in the peripheral blood is initiated
from before the incidence of diabetes. Biogenesis of
mitochondria in muscles is known to be promoted by an
adaptive reaction in which metabolic activity of
oxidative phosphorylation of muscle cells is increased
by chronic energy depletion and exercise. Zong, et al
(Proc Natl. Acad. Sci. USA 99: 15983-15987, 2002) have
revealed that, using a transgenic mouse in which AMPK
was genetically inactivated, AMPK is required for
mitochondrial biogenesis in skeletal muscle
underconditions in which chronic energy deprivation
was induced. Further, Putman, et al (J. Physiol. 551,
169-178, 2003) have demonstrated the hypothesis that
AMPK in association with continuous exercise is
involved in an increase of mitochondrial volume.
Meanwhile, it was confirmed that AMPK increases gene
expression of a peroxisome proliferator-activated
receptor gamma coactivator Ia(PGC- Ia) which is known
to play an important role in mitochondrial biogenesis
(Endocr. Rev. 24, 78-90, 2003). Raynald, et al (Am. J.
Physiol. Endocrinol. Metab. 281, 1340, 2001) have
suggested that a nuclear respiratory factor-1 (NRF-I),
which is a gene essential for transcription of
proteins associated with a mitochondrial respiratory
system as well as mitochondrial transcription and
replication, plays an important role to increase
oxidation capability in muscle cells in response to
chronic energy stress. Therefore, NRF-I consequently
participates in an increase of mitochondrial
biogenesis. In addition, it is known that enzymatic
activity of citrate synthase and 3-hydroxyacyl-CoA
dehydrogenase, known as being increased in conjunction
with increased amounts of UCP-3 protein and mRNA
thereof and increased mitochondrial volume, is
increased by activation of AMPK (J. Physiol. 551,
169-178, 2003). 3. Fat metabolism regulation and AMPK
Upon reviewing a mechanism of AMPK participating in
fat metabolism, AMPK induces phosphorylation of
acetyl-CoA carboxylase, thereby resulting in
inhibition of fatty acid synthesis. Therefore, AMPK is
known to facilitate fatty acid oxidation, by the
action of decreasing an intracellular concentration of
malonyl-CoA that is an intermediate of fatty acid
synthesis and is an inhibitor of carnitine palmitoyl-
CoA transferase I (CPT I). CPT I is an enzyme
essential for a fatty acid oxidationprocess wherein
fatty acids enter mitochondria and are oxidized, and
is known under the control of malonyl-CoA. In
addition, AMPK is known to inhibit activity of HMG-CoA
reductase and glycerol phosphate acyl transferase
(GPAT), involved in synthesis of cholesterol and
triacylglycerol, through phosphorylation (J. Biol.
Chem. 277, 32571- 32577, 2002, J. Appl. Physiol. 92,
2475-2482, 2002). Meanwhile, it was found that
activation of AMPK in the liver inhibits the activity
of pyruvate kinase, fatty acid synthase and ACC
through phosphorylation of
carbohydrate-response-element-binding protein (ChREBP)
(J. Biol. Chem. 277, 3829- 3835, 2002). In addition,
activity of sterol-regulatory-element binding
protein-1 (SREBP-I), which plays an important role in
differentiation of adipocytes, is also inhibited by
the action of AMPK, which results then in inhibition
of adipocyte differentiation. 4. Protein synthesis
regulation and AMPK In the protein synthesis process,
AMPK inhibits synthesis of proteins via inhibition of
mTOR and r70S6K by activating TSC, or AMPK inhibits
translation elongation via activation of elongation
factor-2 (eEF2) kinase and inactivation of eEF2
through phosphorylation thereof. It was found that
eEF2 kinase is a direct substrate for AMPK (J. Biol.
Chem. 278, 41970-41976, 2003). As discussed above,
AMPK is known to play a central role in energy
metabolism of glucose, protein and fat in vitro and in
vivo. Neil, et al (Nature drug discovery, 3(April),
340, 2004) has asserted that AMPK and Malonyl-CoA are
possible targets for the treatment of metabolic
syndromes, and they have also stated that patients
suffering from metabolic syndromes can be
characterized by insulin resistance,
obesity,hypertension, dyslipidemia, and dysfunction of
pancreatic beta cells, type II diabetes and
manifestation of arteriosclerosis. It was hypothesized
that a common feature linking these multiple
abnormalities is dysregulation of AMPK/Malonyl-CoA
energy levelsensing and signaling network. It was
proposed that such dysregulation leads to alterations
in cellular fatty-acid metabolism that in turn cause
abnormal fat 



accumulation, cellular dysfunction and ultimately
disease. Evidence is also presented that factors
activating AMPK and/or reducing malonyl-CoA levels
might reverse these abnormalities and syndromes or
prevent incidence of these diseases. Roger, et al
(Cell, 117, 145-151, 2004) have suggested that AMPK
may be a possible target to control obesity by
lowering activity of hypothalamic AMPK, thereby
increasing a content of malonyl-CoA and then
regulating appetite for food intake. Lee, et al
(Nature medicine, 13(June), 2004) have suggested that
alpha-lipoic acid can exert anti-obesity effects by
suppressing hypothalamic AMPK activity, thus
controlling appetite. They have also reported that
alpha-lipoic acid promotes fat metabolism via
activation of AMPK in muscle tissues, not
hypothalamus, and alphalipoic acid is therapeutically
effective for the treatment of obesity because it
facilitates energy expenditure by activating UCP-I,
particularly in adipocytes. Diraison, et al (Diabetes
53, S84-91, 2004) have reported that activation of
AMPK in pancreatic cells leads to four-fold increases
in expression of the gut hormone peptide YY
responsible for appetite control and thus appetite can
be regulated by the action of AMPK in other tissues
other than hypothalamus. Nandakumar, et al (Progress
in lipid research 42, 238-256, 2003) have proposed
that, in ischemic heart diseases, AMPK would be a
target to treat ischemia reperfusion injuries via
regulation of fat and glucose metabolism.Min, et al
(Am. J. Physiol. Gastrointest Liver Physiol 287, G1-6,
2004) have reported that AMPK is effective for
regulation of alcoholic fatty liver. Genevieve, et al
(J. Biol. Chem. 279, 20767-74, 2004) have reported
that activation of AMPK inhibits activity of an iNOS
enzyme that is an inflammation mediator in chronic
inflammatory conditions or endotoxin shock, including
obesityrelated diabetes and thus AMPK will be
effective for developing new medicines having a
mechanism capable of enhancing insulin sensitivity. In
addition, they have reported that inhibition of iNOS
activity is effected by activation of AMPK, and thus
this finding is clinically applicable to diseases such
as septicemia, multiple sclerosis, myocardial
infarction, inflammatory bowel diseases and pancreatic
beta-cell dysfunction. Zing-ping et al (FEBS Letters
443, 285-289, 1999) have reported that AMPK activates
endothelial NO synthase through phosphorylation, in
the presence of Cacalmodulin in murine muscle cells
and myocardial cells. This represents that AMPK is
implicated in heart diseases including angina
pectoris. Javier, et al (Genes & Develop. 2004) have
reported that a lifespan can be extended by limiting
utilization of energy and such a prolonged lifespan is
achieved in a manner that an in vivo AMP/ATP ratio is
increased and therefore the a2 subunit of AMPK is
activated by AMP. Therefore, they have suggested that
AMPK may function as a sensor to detect the
relationship between lifespan extension and energy
level and insulin-like signal information. Meanwhile,
Danshen (Salvia miltiorrhiza) has been widely used as
an important herbal medicine in Northeast Asia regions
since ancient times, and is wellknown to have
excellent effects on prevention and treatment of
various cardiovascular diseases. Upon focusing our
attention to such therapeutic efficacy of Danshen,
theinventors of the present invention have suggested
that main ingredients of Danshen are superb medicinal
substances capable of treating various diseases such
as obesity, diabetes and metabolic syndromes. For
example, see Korean Patent Nos. 2003- 0099556,
2003-0099557, 2003-0099657, 2003-0099658,
2004-0036195, 2004-0036197 and 2004-0050200, assigned
to the present applicant. In particular, the present
inventors have revealed that main principles of
Danshen including Cryptotanshinone, 15,16-
Dihydrotanshinone, Tanshinone H-A, and Tanshinone I
can treat metabolic syndrome diseases. crytotanshi
pone Dihydrotanshinone Tanshinone II-A Tanshinone I
SUMMARY OF THE INVENTION As a result of a variety of
extensive and intensive studies and experiments based
on the facts as described above, the inventors of the
present invention have newly confirmed that
naphthoquinone-based compounds such as b-lapachone
{7,8-dihydro-
2,2-dimethyl-2H-naphtho(2,3-6)dihydropyran-7,8-dione},
dunnione {2,3,3-tirmethyl-
2,3,4,5-tetrahydro-naphtho(2,3-
)dihydrofuran-6,7-dione}, a-dunnione {2,3,3-
tirmethyl-2,3,4,5-tetrahydro-naphtho(2,3-
)dihydrofuran-6,7-dione} , nocardinone A, nocardinone
B, lantalucratin A, lantalucratin B and lantalucratin
C can also be used in the prevention or treatment of
various diseases such as obesity, diabetes, metabolic
syndromes, degenerative diseases and diseases
associated with mitochondrial dysfunction.b-lapachone
is a naturally occurring plant product derived from
lapachol (a 



naphthoquinone) obtained from the lapacho tree
(Tabebuia avellanedae) which is native to South
America. Dunnione and a-dunnione are also obtained
from the leaves of Streptocarpus dunnii native to
South America. Since ancient times in South America,
these natural tricyclic naphthoquinone derivatives
have been widely used as an anti cancer drug and in
the treatment of Chagas disease which is typically
endemic in South America, and are also known to exert
excellent therapeutic effects. In particular, as their
pharmacological actions as the anti-cancer drug are
generally known to western countries, these tricyclic
naphthoquinone derivatives have lately attracted
considerable attention from people. In fact, as
disclosed in US Patent No. 5,969,163, such tricyclic
naphthoquinone derivative compounds are currently
developed as a variety of anti cancer drugs by many
research groups and institutions. b lapachone dunnione
a -dunnione nocardinone B However, despite a variety
of researches and studies, it still remains unknown
the fact that such naphthoquinone compounds have
therapeutic efficacy for treating or preventing
obesity, diabetes, metabolic syndromes, degenerative
diseases and diseases associated with mitochondrial
dysfunction. Based on the fact that the
above-mentioned naphthoquinone compounds such as
b-lapachone, dunnione, a-dunnione, nocardinone A,
nocardinone B, lantalucratin A, lantalucratin B and
lantalucratin C have chemical basic structures similar
to those ofTanshinone derivatives extracted from
Danshen, the inventors of the present invention have
investigated their pharmacological actions as
therapeutic and prophylactic agents for metabolic
syndromes. That is, the present inventor have
attempted to examine whether naphthoquinone compounds
as disclosed in the present invention activate AMPK in
cells and tissues. Then, in order to examine
profoundly therapeutic effects of the compounds for
"disease syndromes" including obesity, diabetes,
metabolic syndromes, degenerative diseases and
mitochondrial dysfunction-related diseases based on
results thus obtained, the present inventor have
examined therapeutic effects for the treatment and/or
prevention of disease syndromes including obesity,
diabetes and metabolic syndromes, through various
experiments using ob/ob mice, a animal model of
obesity caused by decreased secretion of leptin.
Consequently, the present inventors have confirmed
that the naphthoquinone compounds in accordance with
the present invention have excellent effects on the
treatment and/or prevention of disease syndromes. The
present invention has been completed based on these
findings. Therefore, an object of the present
invention is to provide a pharmaceutical composition
comprising, as an active ingredient, a naphthoquinone
compound which is therapeutically effective for the
treatment and prevention of disease syndromes such as
obesity, diabetes, metabolic syndromes, degenerative
diseases and mitochondrial dysfunction-related
diseases. BRIEF DESCRIPTION OF THE DRAWINGS The above
and other objects, features and other advantages of
the present invention will be more clearly understood
from the following detailed description taken in
conjunction with the accompanying drawings, in
which:FIGS. 1 through 3 are graphs showing fat
distribution in terms of numerical values according to
each organ of C57BL/6JL Lep ob/Lep ob mice which were
administered with a pharmaceutical composition in
accordance with the present invention; FIG. 4 is a
photograph showing effects of b-lapachone on
regulation of phosphorylation of AMPK and ACC in
cells; FIG. 5 is a photograph showing effects of
b-lapachone on phosphorylation of endothelial nitric
oxide synthase (eNOS); FIGS. 6A to 6C are graphs
showing effects of b-lapachone on activation of AMPK
in C57BL/6 mice; FIG. 7 is a photograph showing
effects of b-lapachone on phosphorylation of AMPK &
ACC in C57BL/6 mice; FIGS. 8A through 8F are graphs
showing effects of b-lapachone on transcript
expression of proteins involved in lipid metabolism of
C57BL/6 mice; FIGS. 9A through 9C are graphs showing
effects of b-lapachone on transcript expression of
proteins involved in glucose metabolism of C57BL/6
mice; FIGS. 1OA through 1OE are graphs showing effects
of b-lapachone on transcript expression of proteins
involved in mitochondrial biogenesis of C57BL/6 mice;
FIGS. H A through H F are graphs showing effects of
b-lapachone on transcript expression of proteins in
involved energy metabolism in C57BL/6 mice;FIG. 12A
through 12F are graphs showing effects of b-lapachone
on transcript 



expression of SIRT-related proteins in C57BL/6 mice;
FIG. 13 is a graph showing effects of b-lapachone on
transcript expression of UCPl and UCP2 genes in
C57BL/6 mice; FIGS. 14A and 14B are graphs showing
changes in body weight and diet with respect to the
passage of time, after administration of b-lapachone
in DIO C57BL/6 mice; FIG. 15 is a graph comparing
weight changes in various organs between the treatment
group and control group after administration of
b-lapachone to DIO C57BL/6 mice; FIGS. 16A through 16C
are photographs showing whole laparotomized states of
animals after administration of b-lapachone to DIO
C57BL/6 mice and results of oil red O staining and EM
examination on fat accumulation in liver tissues; FIG.
17 is a photograph showing comparison results of the
size of adipocyte in gonadal adipose tissues after
administration of b-lapachone to DIO C57BL/6 mice;
FIG. 18 is a graph showing changes in concentrations
of blood lipid, glucose and hormone with respect to
the passage of time after administration of
b-lapachone to DIO C57BL/6 mice; FIG. 19 is a
photograph showing comparison results of H&E staining
of brown adipose tissues after administration of
b-lapachone to DIO C57BL/6 mice; FIG. 20 is a
photograph showing results of EM examination of brown
adipose tissue after administration of b-lapachone to
DIO C57BL/6 mice;FIGS. 2 1A to 21E are graphs and
photographs showing changes in dietary intake/g body
weight, body weight and accumulation amount of fat,
and EM examination results of tissue, after
administration of b-lapachone to leptin
receptordeficient (ob/ob) mice; FIG. 22 is a graph
showing effects of b-lapachone on spontaneous
locomotor activity after administration of b-lapachone
to DIO C57BL/6 mice; FIG. 23 is a graph showing
effects of b-lapachone on enhancement of physical
endurance after administration of b-lapachone to DIO
C57BL/6 mice; and FIG. 24 is a graph showing effects
of b-lapachone on Respiratory Quotient (RQ) after
administration of b-lapachone to DIO C57BL/6 mice.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS In
accordance with an aspect of the present invention,
the above and other objects can be accomplished by the
provision of a pharmaceutical composition for the
treatment and/or prevention of disease syndromes such
as obesity, diabetes, metabolic syndromes,
degenerative diseases and mitochondrial
dysfunction-related diseases, comprising: (a) a
therapeutically effective amount of a compound
represented by Formula I below:wherein R1 and R2 are
each independently hydrogen, halogen, alkoxy, hydroxy
or lower alkyl having 1 to 6 carbon atoms; R3, R4, R ,
R6, R7 and R are each independently hydrogen, hydroxy,
C1-C alkyl, alkene or alkoxy, cycloalkyl,
heterocycloalkyl, aryl or heteroaryl, or two
substituents of R3 to R may be taken together to form
a cyclic structure which may be saturated or partially
or completely unsaturated; and n is 0 or 1, with
proviso that when n is 0, carbon atoms adjacent to n
form a cyclic structure via a direct bond; or a
pharmaceutically acceptable salt, prodrug, solvate or
isomer thereof, and (b) a pharmaceutically acceptable
carrier, a diluent or an excipient, or any combination
thereof. In order to confirm therapeutic and
prophylactic effects of the compound of Formula I on
disease syndromes, the present inventors, as will be
illustrated in Experimental Examples hereinafter, have
measured activity of the compound of Formula I on AMPK
activity in myoblast cells (C2C12) and suppression of
cellular differentiation in preadipocytes (3T3-L1 and
F442A cells) and as a result, have confirmed that such
a compound exhibits superior AMPK activation effects
and inhibitory effects of adipocyte differentiation.
In addition, the present inventors have further
confirmed that therapeutic and prophylactic effects of
disease syndromes by the compound of Formula I were
examined through in vivo experiments using ob/ob mice,
a model of obesity, db/db mice, a model of
obesity/diabetes, DIO (diet-induced obesity) mice,
caused by high fatdietary conditions, and Zucker fa/fa
rats, a model of obesity/diabetes, and as a result,
the compound of Formula I was highly therapeutically
effective. Therefore, it is expected that the
pharmaceutical composition in accordance 



with the present invention, comprising the compound of
Formula I as an active ingredient, can treat and
prevent a variety of disease syndromes as defined in
the present invention via activation of AMPK. As used
herein, the term "pharmaceutically acceptable salt"
means a formulation of a compound that does not cause
significant irritation to an organism to which it is
administered and does not abrogate the biological
activity and properties of the compound. Examples of
the pharmaceutical salt may include acid addition
salts of the compound (I) with acids capable of
forming a non-toxic acid addition salt containing
pharmaceutically acceptable anions, for example,
inorganic acids such as hydrochloric acid, sulfuric
acid, nitric acid, phosphoric acid, hydrobromic acid
and hydroiodic acid; organic carbonic acids such as
tartaric acid, formic acid, citric acid, acetic acid,
trichloroacetic acid, trifluoroacetic acid, gluconic
acid, benzoic acid, lactic acid, fumaric acid, maleic
acid and salicylic acid; or sulfonic acids such as
methanesulfonic acid, ethanesulfonic acid,
benzenesulfonic acid and p-toluenesulfonic acid.
Specifically, examples of pharmaceutically acceptable
carboxylic acid salts include salts with alkali metals
or alkaline earth metals such as lithium, sodium,
potassium, calcium and magnesium, salts with amino
acids such as arginine, lysine and guanidine, salts
with organic bases such as dicyclohexylamine,
N-methyl-D-glucamine, tris(hydroxymethyl)methylamine,
diethanoamine, choline and triethylamine. The compound
of Formula I in accordance with the present invention
may be converted into salts thereof, by conventional
methods well-known in the art.As used herein, the term
"prodrug" means an agent that is converted into the
parent drug in vivo. Prodrugs are often useful
because, in some situations, they may be easier to
administer than the parent drug. They may, for
instance, be bioavailable by oral administration,
whereas the parent may be not. The prodrugs may also
have improved solubility in pharmaceutical
compositions over the parent drug. An example of a
prodrug, without limitation, would be a compound of
the present invention which is administered as an
ester (the "prodrug") to facilitate transport across a
cell membrane where water-solubility is detrimental to
mobility, but which then is metabolically hydrolyzed
to the carboxylic acid, the active entity, once inside
the cell where water-solubility is beneficial. A
further example of the prodrug might be a short
peptide (polyamino acid) bonded to an acidic group,
where the peptide is metabolized to reveal the active
moiety. As used herein, the term "solvate" means a
compound of the present invention or a salt thereof,
which further includes a stoichiometric or
non-stoichiometric amount of a solvent bound thereto
by non-covalent intermolecular forces. Preferred
solvents are volatile, non-toxic, and/or acceptable
for administration to humans. Where the solvent is
water, the solvate refers to a hydrate. As used
herein, the term "isomer" means a compound of the
present invention or a salt thereof, that has the same
chemical formula or molecular formula but is optically
or sterically different therefrom. Unless otherwise
specified, the term "compound of Formula I " is
intended to encompass a compound per se, and a
pharmaceutically acceptable salt, prodrug, solvate and
isomer thereof.As used herein, the term "alkyl" refers
to an aliphatic hydrocarbon group. The alkyl moiety
may be a "saturated alkyl" group, which means that it
does not contain any alkene or alkyne moieties.
Alternatively, the alkyl moiety may also be an
"unsaturated alkyl" moiety, which means that it
contains at least one alkene or alkyne moiety. The
term "alkene" moiety refers to a group in which at
least two carbon atoms form at least one carbon-carbon
double bond, and an "alkyne" moiety refers to a group
in which at least two carbon atoms form at least one
carbon-carbon triple bond. The alkyl moiety,
regardless of whether it is substituted or
unsubstituted, may be branched, linear or cyclic. As
used herein, the term "heterocycloalkyl" means a
carbocyclic group in which one or more ring carbon
atoms are substituted with oxygen, nitrogen or sulfur
and which includes, for example, but is not limited to
furan, thiophene, pyrrole, pyrroline, pyrrolidine,
oxazole, thiazole, imidazole, imidazoline,
imidazolidine, pyrazole, pyrazoline, pyrazolidine,
isothiazole, triazole, thiadiazole, pyran, pyridine,
piperidine, morpholine, thiomorpholine, pyridazine,
pyrimidine, pyrazine, piperazine and triazine. As used
herein, the term "aryl" refers to an aromatic
substituent group which has at least one ring having a
conjugated pi (p) electron system and includes both
carbocyclic aryl (for example, phenyl) and
heterocyclic aryl (for example, pyridine) 



groups. This term includes monocyclic or fused-ring
polycyclic (i.e., rings which share adjacent pairs of
carbon atoms) groups. As used herein, the term
"heteroaryl" refers to an aromatic group that contains
at least one heterocyclic ring.Examples of aryl or
heteroaryl include, but are not limited to, phenyl,
furan, pyran, pyridyl, pyrimidyl and triazyl. R1, R ,
R , R4, R5, R6, R7 and R8 in Formula I in accordance
with the present invention may be optionally
substituted. When substituted, the substituent
group(s) is(are) one or more group(s) individually and
independently selected from cycloalkyl, aryl,
heteroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy,
mercapto, alkylthio, arylthio, cyano, halogen,
carbonyl, thiocarbonyl, O-carbamyl, N-carbamyl,
0-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido,
S-sulfonamido, N-sulfonamido, C-carboxy, O-carboxy,
isocyanato, thiocyanato, isothiocyanato, nitro, silyl,
trihalomethanesulfonyl, and amino including mono- and
di-substituted amino, and protected derivatives
thereof. Among compounds of Formula I, preferred are
compounds of Formulae II through IV below. Compounds
of Formula II are compounds wherein n is 0 and
adjacent carbon atoms form a cyclic structure (furan
ring) via a direct bond therebetween and are often
referred to as "furan compounds" or
'"furano-o-naphthoquinone derivatives" hereinafter.
Compounds of Formula III are compounds wherein n is 1
and are often referred to as "pyran compounds" or
"pyrano-o-naphthoquinone" hereinafter.In Formula I,
each R1 and R is particularly preferably hydrogen.
Among the furan compounds of Formula II, particularly
preferred are compounds of Formula Ha wherein R1, R2
and R4 are independently hydrogen, or compounds of
Formula Hb wherein R1, R2 and R6 are independently
hydrogen. Further, among the pyran compounds of
Formula III, particularly preferred are compounds of
Formula Ilia wherein R1, R2, R5, R , R7 and R8 are
independently hydrogen.The term "pharmaceutical
composition" as used herein means a mixture of a
compound of Formula I with other chemical components,
such as diluents or carriers. The pharmaceutical
composition facilitates administration of the compound
to an organism. Various techniques of administering a
compound are known in the art and include, but are not
limited to oral, injection, aerosol, parenteral and
topical administrations. Pharmaceutical compositions
can also be obtained by reacting compounds of interest
with acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid,
methanesulfonic acid, p-toluenesulfonic acid,
salicylic acid and the like. The term "therapeutically
effective amount" means an amount of an active
ingredient that is effective to relieve or reduce to
some extent one or more of the symptoms of the disease
in need of treatment, or to retard initiation of
clinical markers or symptoms of a disease in need of
prevention, when the compound is administered. Thus, a
therapeutically effective amount refers to an amount
of the active ingredient which exhibit effects of (i)
reversing the rate of progress of a disease; (ii)
inhibiting to some extent further progress of the
disease; and/or, (iii) relieving to some extent (or,
preferably, eliminating) one or more symptoms
associated with the disease. The therapeutically
effective amount may be empirically determined by
experimentingwith the compounds concerned in known in
vivo and in vitro model systems for a disease in need
of treatment. The term "carrier" means a chemical
compound that facilitates the incorporation of a
compound into cells or tissues. For example, dimethyl
sulfoxide (DMSO) is a commonly utilized carrier as it
facilitates the uptake of many organic compounds into
the cells or tissues of an organism. The term
"diluent" defines chemical compounds diluted in water
that will dissolve the compound of interest as well as
stabilize the biologically active form of the
compound. Salts dissolved in buffered solutions are
utilized as diluents in the art. One commonly used
buffer solution is phosphate buffered saline (PBS)
because it mimics the ionic strength conditions of
human body fluid. Since buffer salts can control the
pH of a solution at low concentrations, a buffer
diluent rarely modifies the biological activity of a
compound. The compounds described herein may be
administered to a human patient per se, or in the form
of pharmaceutical compositions in which they are mixed
with other active ingredients, as in combination
therapy, or suitable carriers or excipient(s).
Techniques for formulation and administration of the
compounds may be found in "Remington's Pharmaceutical
Sciences," Mack Publishing Co., Easton, PA, 18th 



edition, 1990. In the pharmaceutical composition in
accordance with the present invention, compounds of
Formula I, as will be illustrated hereinafter, can be
prepared by conventional methods known in the art
and/or various processes which are based upon the
general technologies and practices in the organic
chemistry synthesis field. The preparation processes
described below are only exemplary ones and other
processes canalso be employed. As such, the scope of
the instant invention is not limited to the following
processes. Preparation method 1: Synthesis of lapachol
derivative and acid-catalyzed cyclization b-lapachone
is obtained in a relatively small amount from the
lapacho tree, whereas lapachol, used as a raw material
for synthesis of b-lapachone, is obtained in a
considerably large amount from the lapacho tree.
Therefore, a process for synthesis of b-lapachone
utilizing lapachol was already developed long time
ago. That is, as taught by L. F. Fieser in J. Am.
Chem. Scoc. 49 (1927), 857, b-lapachone is obtained in
a relatively high yield by mixing lapachol and
sulfuric acid and vigorously stirring the resulting
mixture at room temperature. As such, tricyclic
naphthoquinone (pyrano-onaphthoquinone and
furano-o-naphthoquinone) derivatives having a
relatively simple chemical structure are generally
synthesized in a relatively high yield via cyclization
using sulfuric acid as a catalyst, as in Reaction
scheme below. Based on this process, a variety of
compounds of Formula I can be synthesized. Lapachol
b-lapachone More specifically, the above synthesis
process may be summarized as follows.That is, when
2-hydroxy-l,4-naphthoquinone is reacted with various
allylic bromides or equivalents thereof in the
presence of a base, a C-alkylation product and an
O-alkylation product are concurrently obtained. It is
also possible to synthesize either of two derivatives
only depending upon reaction conditions. Since
O-alkylated derivative is converted into another type
of C-alkylated derivative through Claisen
Rearrangement by refluxing the O-alkylated derivative
using a solvent such as toluene or xylene, it is
possible to obtain various types of
3-substituted-2-hydroxy-l,4-naphthoquinone
derivatives. The various types of C-alkylated
derivatives thus obtained may be subjected to
cyclization using sulfuric acid as a catalyst, thereby
being capable of synthesizing pyrano-o-naphthoquinone
or furano-o-naphthoquinone derivatives among compounds
of Formula I. Preparation method 2: Diels-Alder
reaction using 3-methylene-1,2.4-
DHlnaphthalenetrioneAs taught by V. Nair et al,
Tetrahedron Lett. 42 (2001), 4549-4551, it is reported
that a variety of pyrano-o-naphthoquinone derivatives
can be relatively easily synthesized by subjecting
3-methylene-l,2,4-[3H]naphthalenetrione, produced upon
heating 2-hydroxy-l,4-naphthoquinone and formaldehyde
together, to Diels-Alder reaction with various olefin
compounds. This method is advantageous in that various
forms of pyrano-o-naphtho-quinone derivatives can be
synthesized in a relatively simplified manner, as
compared to induction of cyclization of lapachol
derivatives using sulfuric acid as a catalyst.
Preparation method 3: Haloakylation and cyclization by
radical reaction The same method used in synthesis of
Cryptotanshinone and 15,16-dihydrotanshinone can also
be conveniently employed for synthesis of
furano-onaphthoquinone derivatives. That is, as taught
by A. C. Baillie et al (J. Chem. Soc. (C) 1968,
48-52), 2-haloethyl or 3-haloethyl radical chemical
species, derived from 3- halopropanoic acid or
4-halobutanoic acid derivative, can be reacted with
2-hydroxy- 1,4-naphthoquinone to thereby synthesize
3-(2-haloethyl or 3-halopropyl)-2-hydroxy-
1,4-naphthoquinone which is then subjected to
cyclization under suitable acidic catalyst conditions
to synthesize various pyrano-o-naphthoquinone or
furano-o-naphthoquinone derivatives.Preparation method
4 : Cyclization of 4,5-benzofurandione by Diets-Alder
reaction Another method used in synthesis of
Cryptotanshinone and 15,16-dihydrotanshinone may be a
method taught by J. K. Snyder et al (Tetrahedron
Letters 28 (1987), 3427-3430). According to this
method, furano-o-naphthoquinone derivatives can be
synthesized by cycloaddition via Diels-Alder reaction
between 4,5- benzofurandione derivatives and various
diene derivatives. 1) Heating 2) Dehydrogenntion In
addition, based on the above-mentioned preparation
methods, various derivatives may be synthesized using
relevant synthesis methods, depending upon kinds of
substituents. Specific examples of derivatives thus
synthesized and methods are exemplified in Table 1
below. Specific preparation methods will be described
in the 



following Examples. [Table 1]METHOD AND APPARATUSFOR
SIGNALINGMAXIMUM UE TRANSMITTER POWER INFORMATION TO
BASE STATION FOR SCHEDULING OF UPLINK
PACKETTRANSMISSION IN A MOBILE COMMUNICATION SYSTEM
BACKGROUND OF THE INVENTION Field of the Invention :
The present invention relates generally to a mobile
communication system for supporting an enhanced uplink
dedicated transport channel service. In particular,
the present invention relates to a method and
apparatus for scheduling uplink packet transmissions
from User Equipments (UEs) based on information
received from a Serving Radio Network Controller
(SRNC) in a Node B. Description of the Related Art :
An asynchronous Wideband Code Division Multiple Access
(WCDMA) communication system uses an Enhanced Uplink
Dedicated CHannel (E-DCH). The E-DCH was designed to
improve the performance of uplink packet transmission
in the WCDMA communication system. New techniques have
been introduced to the E-DCH transmission, including
Adaptive Modulation and Coding (AMC), Hybrid Automatic
Repeat reQuest (HARQ), and shorter Transmission Time
Interval (TTI). AMC and HARQ are existing schemes
adopted for High Speed Downlink Packet Access (HSDPA).
A TTI is a time unit in which one data block is
carried on a physical channel. In HSDPA, a Node B
(instead of a Radio Network Controller (RNC)), is
responsible for uplink scheduling as well as downlink
scheduling. Accordingly, the uplink Node Bcontrolled
scheduling differs from the downlink Node B-controlled
scheduling. FIG. 1 illustrates uplink packet
transmission on the E-DCH in a typical mobile
communication system. Referring to FIG. 1, reference
numeral 100 denotes a Node B supporting the E-DCH
service and reference numerals 101 to 104 denote UEs
using the EDCH. The Node B 100 schedules E-DCHs for
the UEs 101 to 104 based on their channel conditions.
The scheduling is carried out such that a lower rate
is allocated to a UE that is remote from the Node B
100, and a higher rate is allocated to a nearby UE to
avoid a noise rise measurement at the Node B 100
exceeding a target noise rise.FIG. 2 is a diagram
illustrating a signal flow for a typical E-DCH
transmission and reception procedure between a UE 202
and a serving Node B 201. Referring to FIG. 2, the
Node B 201 and the UE 202 set up an E-DCH between them
in step 203. Step 203 involves message transmissions
on dedicated transport channels. The UE 202 transmits
scheduling information to the Node B 201 in step 204.
The scheduling information may contain the transmit
(Tx) power, the Tx power margin, or the amount of
buffered transmission data of the UE 202. The uplink
channel status of the UE 202 can be estimated from the
Tx power and the Tx power margin. In step 2 11, the
Node B 201 monitors scheduling information from a
plurality of UEs to schedule uplink data transmissions
from the individual UEs. How the scheduling is
performed may vary with the Node B 201, which will be
described in greater detail below. If the Node B 201
decides to approve an uplink packet transmission from
the UE 202, it transmits scheduling assignment
information, i.e. a scheduling grant to the UE 202 in
step 205. In step 212, the UE 202 determines the
Transport Format (TF) of the EDCH based on the
scheduling assignment information. The UE 202 then
transmits control information about the E-DCH and
E-DCH data to the Node B 201 at a data rate and a
transmission timing determined according to the
scheduling assignment information in steps 206 and
207. The Node B 200 checks for errors in the E-DCH
control information and the E-DCH data in step 213. In
the presence of errors in either of the E-DCH control
information and the E-DCH data, the Node B 201
transmits a Negative ACKnowledgement (NACK) signal to
the UE 202 on an ACK/NACK channel, whereas in the
absence of errors in both, the Node B 201 transmits an
ACK signal to the UE 202 on the ACK/NACK channel in
step 208. The Node B 201 determines a data rate for
the UE 202 by scheduling 



based on the scheduling information received in step
204. The Node B 201 must allocate appropriate data
rates and transmission timings to the plurality of
UEs. For this purpose, the Node B 201 allocates
resources to the UEs by performing scheduling such
that uplink Rise over Thermal (RoT) at the Node B 201
does not exceed a target RoT. Accordingly, more
resources are allocated to a UE in a good channel
condition in order to improve overall system
performance. Now a description will be made of a
procedure for scheduling E-DCHtransmissions from UEs
in the Node B. As stated above, the Node B 201
performs scheduling such that the RoT of the Node B
201 does not exceed the target RoT and such that
capacity is maximized as well. The scheduling is based
on the scheduling information received from the UEs in
step 204 of FIG. 2. The scheduling information is
signaled to the Node B 201 as follows. One method of
signaling the scheduling information comprises steps
such that each UE signals its Tx power to the Node B
201. The UE may additionally signal a queue size
indicating the amount of data buffered in its buffer.
The Node B 201 estimates the uplink channel status of
the UE from the Tx power, to thereby allocate
appropriate resources to the UE. This signaling method
will now be described in greater detail with reference
to FIG. 1. The UEs 101 to 104 are separated from the
Node B 100 by different distances. The UE 101 is
nearest and the UE 104 is farthest. Thus, the UE 101
transmits an uplink channel at the weakest power
level, whereas the UE 104 transmits an uplink channel
at the strongest power level. Accordingly, to achieve
the highest performance under the same RoT
measurement, scheduling is done so that power is
inversely proportional to data rate. That is, the Node
B 100 schedules uplink data transmission in the manner
that allocates a higher data rate to the nearest UE
101 with the lowest transmit power, and a lower data
rate to the farthest UE 104 with the highest transmit
power. The above-described scheduling is called
maximum Channel-tointerference (C/I) scheduling.
However, if each UE signals channel information only,
the Node B may lose flexibility in scheduling due to
the absence of information about the Tx power margin
of the UE. Even though many resources are allocated to
a UE in a good uplink channel status, if the UE does
not have a sufficient power margin, it cannot utilize
the allocated resources fully. For example, since the
UE 101 is near to the Node B 100 and thus can transmit
data at a low transmit power level, the Node B 100 can
allocate a relatively high data rate to the UE 101.
Yet, if the UE 101 does not have a sufficient transmit
power margin, full utilization of the allocated
resources is impossible. That is, because the Node B
100 has no knowledge of the available Tx power margin
of the UE 101, it cannot make an effective decision as
to how many resources are to be allocated to the UE
101 . Another method of signaling the scheduling
information comprises steps to signal the Tx power
margin of the UE as the scheduling information. After-
Areceiving Tx power margins from a plurality of UEs,
the Node B allocates resources to the UEs by
scheduling based on the Tx power margins in the manner
that increases cell performance. This signaling method
also has a distinctive drawback in that the Node B
cannot accurately estimate the channel condition of
each UE. The uplink channel status of the UE cannot be
derived accurately from the Tx power margin
information only. As a consequence, the C/I scheduling
scheme based on channel condition is not viable. For
instance, when the UEs 101 to 104 signal their Tx
power margins to the Node B 100, the Node B 100
allocates more resources to a UE having a greater Tx
power margin, and less resources to a UE having a
smaller Tx power margin. However, when a UE has a
sufficient transmit power margin but is placed in a
bad channel condition, the Node B does not actually
allocate as many resources as corresponding to the Tx
power margin. Even if the Node B does allocate such
resources, the bad channel condition leads to failed
data transmission and reception, thereby decreasing
channel capacity. Accordingly, a need exists for a
system and method for effectively and efficiently
signaling UE information for use in uplink packet
transmission in a mobile communication system. SUMMARY
OF THE INVENTION 



An object of embodiments of the present invention is
to substantially solve at least the above problems
and/or disadvantages and to provide at least the
advantages described below. Accordingly, embodiments
of the present invention provide a method and
apparatus for signaling the total available Tx power
of its E-DCH by each E-DCH-supporting UE. According to
one aspect of embodiments of the present invention, a
method is provided for scheduling an uplink data
service in a mobile communication system supporting
the uplink data service. The method comprises a step
in which a Node B receives one of a Tx power and a Tx
power margin from a UE. The Tx power and the Tx power
margin comprise uplink channel status information of
the UE. The method further comprises a step in which
the Node B receives a maximum UE transmitter power
from an RNC. The maximum UE transmitter power
comprises the lower of a maximum allowed UL Tx power
determined for the UE by the RNC and a maximum Tx
power corresponding to apower class of the UE. The
method further comprises a step in which the Node B
schedules uplink packet transmission from the UE based
on the uplink channel status information and the
maximum UE transmitter power. According to another
aspect of embodiments of the present invention, a
method is provided for scheduling an uplink data
service in an RNC in a mobile communication system
supporting the uplink data service. The method
comprises a step in which UE capability information
including a maximum Tx power of a UE is received from
the UE. The method further comprises steps in which it
is determined whether a maximum allowed UL Tx power
exists for the UE, and in the presence of the maximum
allowed UL Tx power, the lower of the maximum allowed
UL Tx power and the maximum Tx power is selected as a
maximum UE transmitter power for the UE, and the
maximum UE transmitter power is signaled to a Node B
communicating with the UE. According to another aspect
of embodiments of the present invention, a method is
provided for scheduling an uplink data service in a
mobile communication system supporting the uplink data
service. The method comprises a step in which a UE
signals one of its Tx power and its Tx power margin,
and the amount of buffered data to be transmitted, to
a Node B. The Tx power and the Tx power margin
comprise uplink channel status information of the UE.
The method further comprises steps in which the UE
receives a scheduling grant from the Node B, wherein
the scheduling grant is determined by the Node B based
on a maximum UE transmitter power, and the Tx power or
the Tx power margin, and the maximum UE transmitter
power is selected to be the lower of a maximum allowed
UL Tx power and a maximum Tx power corresponding to a
power class of the UE by the RNC. The method still
further comprises a step in which the UE transmits
uplink data to the Node B according to the scheduling
grant. According to still another aspect of
embodiments of the present invention, an apparatus is
provided for scheduling an uplink high-speed packet
data service in a mobile communication system
supporting uplink data service. The apparatus
comprises an RNC for receiving UE capability
information including a maximum Tx power of a UE from
the UE, determining whether a maximum allowed UL Tx
power exists for the UE3 and selecting the lower of
the maximum allowed UL Tx power and the maximum Tx
power as a maximum UE transmitter power for the UE, in
the presence of the maximum allowed UL Tx power. The
apparatus further comprises a Node B for receiving one
of a Tx power and a Txpower margin from the UE. The Tx
power and the Tx power margin comprise uplink channel
status information of the UE. The Node B receives the
maximum UE transmitter power from the RNC, and
schedules uplink packet transmission from the UE based
on the uplink channel status information and the
maximum UE transmitter power. According to yet another
aspect of embodiments of the present invention, an
apparatus is provided for scheduling an uplink data
service in a UE in a mobile communication system
supporting the uplink data service. The apparatus
comprises a scheduling information transmitter for
signaling one of a Tx power and a Tx power margin, and
the amount of buffered data to be transmitted to a
Node B. The Tx power and the Tx power margin comprise
uplink channel status information of the UE. The
apparatus further comprises a scheduling assignment
information receiver for receiving a scheduling grant
from the Node B. The scheduling grant is determined by
the Node B based on a maximum UE 



transmitter power, and the Tx power or the Tx power
margin, and the maximum UE transmitter power is
selected to be the lower of a maximum allowed UL Tx
power and a maximum Tx power corresponding to a power
class of the UE by the RNC. The apparatus still
further comprises a controller for controlling
transmission of uplink data to the Node B according to
the scheduling grant. BRIEF DESCRIPTION OF THE
DRAWINGS The above and other objects, features and
advantages of embodiments of the present invention
will become more apparent from the following detailed
description when taken in conjunction with the
accompanying drawings, in which: FIG. 1 illustrates
uplink packet transmission on the E-DCH in a typical
mobile communication system; FIG. 2 is a diagram
illustrating a signal flow for a typical E-DCH
transmission and reception procedure; FIG. 3 is a
diagram illustrating exemplary signaling of maximum Tx
power information according to an embodiment of the
present invention; FIG. 4 is a diagram illustrating
exemplary signaling of maximum allowed uplink (UL) Tx
power information according to an embodiment of the
present invention; FIG. 5 illustrates an exemplary
system configuration according to anembodiment of the
present invention; FIG. 6 is a flowchart illustrating
an exemplary operation of a Serving Radio Network
Controller (SRNC) according to an embodiment of the
present invention; FIG. 7 illustrates an exemplary
system configuration according to another embodiment
of the present invention; FIG. 8 is a block diagram of
an exemplary UE according to embodiments of the
present invention; and FIG. 9 is a flowchart
illustrating an exemplary operation of the UE
according to embodiments of the present invention.
Throughout the drawings, like reference numerals will
be understood to refer to like parts, components and
structures. DETAILED DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS Exemplary embodiments of the present
invention will be described herein below with
reference to the accompanying drawings. In the
following description, well-known functions or
constructions are not described in detail since they
would obscure the invention in unnecessary detail.
Embodiments of the present invention provide a system
and method for optimal scheduling of UEs supporting
the E-DCH. To do so, a Node B takes into account the
Tx power margins and Tx powers of the UEs. In addition
to the method for direct transmission of the
scheduling information from the UEs to the Node B on
physical channels, the following exemplary methods can
be used for efficiently signaling the scheduling
information according to embodiments of the present
invention. Tx power (Tx(power)) and Tx power margin
(Tx(margin)) representing uplink channel status
information are typically in the relationship
represented by the following Equation (1).
Tx(power)+Tx(margin) =Maximum UE transmitter power (1)
According to Equation (1), a maximum UE transmitter
power is the sum of a Tx power and a Tx power margin.
Hence if the Node B has knowledge of the maximum UE
transmitterpower of a UE, even though it receives only
one of the Tx power and the Tx power margin from the
UE, it can estimate the other information by using
Equation (1), thereby enabling efficient scheduling.
As described above, the Node B allocates resources to
UEs using the EDCH through scheduling based on
scheduling information received from the UEs. In this
context, an exemplary method and apparatus can be
provided for informing the Node B of the maximum UE
transmitter power of a UE in accordance with
embodiments of the present invention. Two factors
associated with the maximum UE transmitter power, i.e.
maximum Tx power and maximum allowed UL Tx power, will
be described in greater detail below. 



Four Tx power classes are defined for the E-DCH
depending on UE capability, as illustrated by way of
example in Table 1 below. Table 1 Table 1 specifies
maximum Tx powers and power error limits with which
UEs can physically transmit data according to the
power classes of the UEs. For a UE with Power Class 3,
the maximum Tx power is +24 dBm, and the power error
limit ranges from +IdB to -3dB. Operating Bands
represent three WCDMA bands. The UE can report the
maximum Tx power corresponding to its power class to
an SRNC by Radio Resource Control (RR.C) signaling.
FIG. 3 is a diagram illustrating exemplary signaling
of maximum Tx power information from the UE to the
SRNC according to embodiments of the present
invention. Referring to FIG. 3, a UE 301 signals UE
capability information 303 set as a physical value to
an SRNC 302 by an RR.C message. The UE capability
information 303 comprises maximum Tx power information
corresponding to the power class of the UE 301, but is
not limited thereto.The SRNC 302 restricts a maximum
UL Tx power for every UE within the cell coverage of
the Node B in order to efficiently manage the
resources of the cell. This maximum UL Tx power is
called maximum allowed UL Tx power and its range is
given by way of example in Table 2 below. Table 2 FIG.
4 is a diagram illustrating exemplary signaling of
maximum allowed UL Tx power information from the SRNC
to the UE according to an embodiment of the present
invention. Referring to FIG. 4, an SRNC 402 signals a
maximum allowed UL Tx power 403 to a UE 401 by an RRC
message. The RRC message comprises a System
Information Block (SIB) or a dedicated message, but is
not limited thereto. In relation to the maximum UE
transmitter power, the UE has knowledge of both the
maximum Tx power corresponding to its power class and
the maximum allowed UL Tx power signaled by the SRNC.
The maximum UE transmitter power available to the UE
at a given time instant is the lower of the maximum Tx
power and the maximum allowed UL Tx power as
illustrated by Equation (2) below. MaximumUE
transmitter power =miniMaximum allowed UL Tx
power,Maximum Tx power) (2) Accordingly, an embodiment
of the present invention provides a method of enabling
the Node B to determine the maximum Tx power available
to the UE at a given time instant, i.e. the maximum UE
transmitter power. The UE directly signals either its
Tx power or Tx power margin to the Node B. The SRNC
informs the Node B of the maximum UE transmitter power
of the UE by Node B Application Protocol (NBAP)
signaling or in data payload on a user plane. Because
the UE operates by selecting the lower of the maximum
Tx power and the maximum allowed UL Tx power as the
maximum UE transmitterpower, the Node B does not need
to receive information indicating the UE's selection
from the SRNC, which might otherwise incur unnecessary
overhead. Therefore, the SRNC signals the maximum UE
transmitter power being the lower of the maximum Tx
power and the maximum allowed UL Tx power to the Node
B in an embodiment of the present invention. Exemplary
operation and signaling of the SRNC will be described
in greater detail below with reference to first and
second exemplary embodiments of the present invention.
First Exemplary Embodiment In a first exemplary
embodiment of the present invention, the RNC selects
information required for the Node B between the
maximum allowed UL Tx power and the maximum Tx power
and signals the selected information to the Node B,
and the UE transmits its Tx power margin to the Node
B. More specifically, the UE signals its Tx power
margin to the Node B on a physical channel, and the
RNC signals the maximum UE transmitter power to the
Node B by NBAP signaling or in data payload on a user
plane via an Iub connection. The maximum UE
transmitter power is delivered by defining a new NBAP
message for the E-DCH, or modifying an existing NBAP
message. If a user-plane message is used, a change is
incurred to the user plane correspondingly. The RNC
selects one of the maximum allowed UL Tx power and the
maximum Tx power as the maximum UE transmitter power
according to a 



predetermined criterion and signals the maximum UE
transmitter power to the Node B by an NBAP message for
the E-DCH or a user-plane message. FIG. 5 illustrates
signaling among the RNC, the Node B and the UE
according to the first exemplary embodiment of the
present invention. Referring to FIG. 5, a UE 503
receives the E-DCH service and a RNC 501 receives UE
capability information 506 from the UE 503 by an RRC
message. The RNC 501 thus detects the type of the UE
503 from UE type information set in the UE capability
information 506 and acquires the maximum Tx power of
the UE 503 from UE power class information included in
the UE type information. The RNC 501 signals a maximum
allowed UL Tx power 505 to the UE 503, and determines
the maximum UE transmitter power of the UE 503 using
the maximum Tx power and the maximum allowed UL Tx
power. When the E-DCH service starts, the RNC 501
signals the maximum UE transmitter power 507 to the
Node B 502 by an NBAP message. Duringtransmitting the
E-DCH, the UE 503 signals its Tx power margin 504 to
the Node B 502 periodically on a physical channel.
Thus, by receiving knowledge of the maximum UE
transmitter power 507 and the Tx power margin 504, the
Node B 502 can calculate the Tx power of the UE 503 by
using Equation (1). In this way, the Node B 502
acquires both the Tx power and the Tx power margin as
the uplink channel information of the UE 503 and thus
performs more efficient, optimal scheduling. FIG. 6 is
a flowchart illustrating an exemplary operation for
determining the maximum UE transmitter power to be
included in an NBAP message in the SRNC according to
an embodiment of the present invention. The SRNC makes
a decision as to which one to select between the
maximum allowed UL Tx power and the maximum Tx power
as the maximum UE transmitter power. The maximum
allowed UL Tx power can be common to all UEs within a
cell or dedicated to a particular UE. Referring to
FIG. 6, the RNC determines whether a maximum allowed
UL Tx power already exists for the UE in step 601. In
the absence of the maximum allowed UL Tx power, the
RNC sets the maximum UE transmitter power of the UE to
the maximum Tx power corresponding to the power class
of the UE, received from the UE, in step 605. In the
presence of the maximum allowed UL Tx power, the RNC
determines whether the maximum allowed UL Tx power is
common information or dedicated information in step
602. Steps 601 and 602 are typical operations beyond
the scope of embodiments of the present invention. If
the maximum allowed UL Tx power is common information,
the SRNC compares the common maximum allowed UL Tx
power with the maximum Tx power in step 603. If the
common maximum allowed UL Tx power is less than the
maximum Tx power, the RNC sets the maximum UE
transmitter power to the common maximum allowed UL Tx
power in step 606. If the common maximum allowed UL Tx
power is equal to or greater than the maximum Tx
power, the SRNC sets the maximum UE transmitter power
to the maximum Tx power in step 607. If the maximum
allowed UL Tx power is dedicated information in step
602, the SRNC compares the dedicated maximum allowed
UL Tx power with the maximum Tx power in step 604. If
the dedicated maximum allowed UL Tx power is less than
the maximum Tx power, the RNC sets the maximum UE
transmitterpower to the dedicated maximum allowed UL
Tx power in step 608. If the dedicated maximum allowed
UL Tx power is equal to or greater than the maximum Tx
power, the SRNC sets the maximum UE transmitter power
to the maximum Tx power in step 607. After setting the
maximum UE transmitter power in steps 605 to 608, the
RNC signals the maximum UE transmitter power to the
Node B by an NBAP message or a user-plane message in
step 609. Second Exemplary Embodiment In a second
exemplary embodiment of the present invention, the RNC
selects information required for the Node B between
the maximum allowed UL Tx power and the maximum Tx
power and signals the selected information to the Node
B, and the UE transmits its Tx power to the Node B.
More specifically, the UE signals its Tx power to the
Node B on a physical channel, and the RNC signals the
maximum UE transmitter power to the 



Node B by NBAP signaling via an Iub connection. The
maximum UE transmitter power is set in a new NBAP
message defined for the E-DCH, or in a modified one of
an existing NBAP message. The RNC selects one of the
maximum allowed UL Tx power and the maximum Tx power
as the maximum UE transmitter power according to a
predetermined criterion and signals the maximum UE
transmitter power to the Node B by an NBAP message for
the E-DCH or a user-plane message. FIG. 7 illustrates
signaling among the RNC, the Node B and the UE
according to the second exemplary embodiment of the
present invention. Referring to FIG. 7, a UE 703
receives the E-DCH service and an RNC 701 receives UE
capability information 706 from the UE 703. The RNC
701 thus detects the type of the UE 703 from UE type
information set in the UE capability information and
also acquires the maximum Tx power of the UE 703 from
UE power class information included in the UE type
information. The SRNC 701 signals a maximum allowed UL
Tx power 705 to the UE 703, and determines the maximum
UE transmitter power of the UE 703 using the maximum
Tx power and the maximum allowed ULTx power. When the
E-DCH service starts, the SRNC 701 signals the maximum
UE transmitter power to the Node B 702 by an NBAP
message 707. During transmitting the E-DCH, the UE 703
signals its Tx power 704 to the Node B 702periodically
on a physical channel. Thus, by receiving knowledge of
the maximum UE transmitter power 707 and the Tx power
704, the Node B 702 can calculate the Tx power margin
of the UE 703 by using Equation (1). In this way, the
Node B 702 acquires both the Tx power and the Tx power
margin and thus performs more efficient, optimal
scheduling. The operation for determining the maximum
UE transmitter power to be included in an NBAP message
in the RNC is performed in substantially the same
manner as illustrated in FIG. 6 and thus further
description is not provided. FIG. 8 is a block diagram
of an exemplary UE according to embodiments of the
present invention. Referring to FIG. 8, a UE 800
comprises a scheduling information transmitter 801 for
transmitting scheduling information to a Node B, a
scheduling assignment information receiver 803 for
receiving scheduling information from the Node B, and
a controller 805. The scheduling information
transmitter 801 signals at least one of a Tx power and
a Tx power margin from which the uplink channel status
of the UE can be derived, and the amount of buffered
data to be transmitted to the Node B, The Node B
determines a scheduling grant (i.e. scheduling
assignment information) indicating a data rate and
transmission timing for the UE 800 based on a maximum
UE transmitter power signaled by the SRNC in
accordance with the procedure of FIG. 7, and the Tx
power or Tx power margin received from the UE 800, and
transmits the scheduling grant to the scheduling
assignment information receiver 803 of the UE 800. The
scheduling assignment information receiver 803
provides the scheduling assignment information to the
controller 805. The controller 805 transmits E-DCH
data based on the data rate and transmission timing
acquired from the scheduling assignment information.
FIG. 9 is a flowchart illustrating an exemplary
operation of the UE according to embodiments of the
present invention. Referring to FIG. 9, the UE signals
at least one of a Tx power and a Tx power margin from
which the uplink channel status of the UE can be
derived, and the amount of buffered data to be
transmitted, to the Node B in step 901. In step 903,
the UE receives scheduling assignment information from
the Node B. The Node B determines the scheduling
assignment information indicating a data rate and
transmission timing for the UE according to a
maximumUE transmitter power determined by the SRNC and
the Tx power or Tx power margin received from the UE.
The UE transmits E-DCH data based on the data rate and
the transmission timing in step 905. Embodiments of
the present invention as described above provide a
number of benefits, including for example, the
following major effects. Information associated with
Node B-controlled scheduling is effectively signaled
among a UE, a Node B and an RNC in a mobile
communication system 



supporting the E-DCH. Therefore, the Node B-controlled
scheduling becomes more efficient and optimized, and
thus the overall system performance is increased.
While the invention has been shown and described with
reference to certain exemplary embodiments thereof, it
will be understood by those skilled in the art that
various changes in form and details may be made
therein without departing from the spirit and scope of
the invention as defined by the appended claims.WHAT
IS CLAIMED IS: 1. A method of scheduling an uplink
data service in a mobile communication system
supporting the uplink data service, comprising the
steps of: receiving one of a transmit (Tx) power and a
Tx power margin from a user equipment (UE) by a Node
B, the Tx power and the Tx power margin comprising
uplink channel status information of the UE; receiving
a maximum UE transmitter power from a radio network
controller (RNC) by the Node B, the maximum UE
transmitter power comprising a lower of a maximum
allowed uplink (UL) Tx power determined for the UE by
the RNC and a maximum Tx power corresponding to a
power class of the UE; and scheduling uplink packet
transmission from the UE based on the uplink channel
status information and the maximum UE transmitter
power by the Node B. 2. The method of claim 1, further
comprising the step of: determining the Tx power or
the Tx power margin not received from the UE by
subtracting the Tx power or the Tx power margin
received from the UE from the maximum UE transmitter
power. 3. The method of claim 1, further comprising
the steps of: receiving UE capability information
comprising the maximum Tx power of the UE from the UE
by the RNC; determining whether the maximum allowed UL
Tx power exists for the UE by the RNC; comparing the
maximum allowed UL Tx power with the maximum Tx power
by the RNC if the maximum allowed UL Tx power exists;
and selecting the lower of the maximum allowed UL Tx
power and the maximum Tx power as the maximum UE
transmitter power by the RNC. 4. The method of claim
3, wherein the maximum allowed UL Tx power comprises
common information or dedicated information.5. The
method of claim 3, further comprising the step of:
setting the maximum UE transmitter power to the
maximum Tx power by the RNC if the maximum allowed UL
Tx power does not exist. 6. A method of scheduling an
uplink data service in a radio network controller
(RNC) in a mobile communication system supporting the
uplink data service, comprising the steps of:
receiving user equipment (UE) capability information
comprising a maximum Tx power of a UE from the UE;
determining whether a maximum allowed uplink (UL)
transmit (Tx) power exists for the UE; and selecting
the lower of the maximum allowed UL Tx power and the
maximum Tx power as a maximum UE transmitter power for
the UE if the maximum allowed UL Tx power exists, and
signaling the maximum UE transmitter power to a Node B
communicating with the UE. 7. The method of claim 6,
wherein the maximum allowed UL Tx power comprises
common information or dedicated information. 8. The
method of claim 6, further comprising the step of:
setting the maximum UE transmitter power to the
maximum Tx power if the maximum allowed UL Tx power
does not exist. 9. A method of scheduling an uplink
data service in a mobile communication system
supporting the uplink data service, comprising the
steps of: signaling one of a transmit (Tx) power and a
Tx power margin of a user equipment (UE) and the
amount of buffered data to be transmitted to a Node B
by the UE, the Tx power and the Tx power margin
comprising uplink channel status 



information of the UE; receiving a scheduling grant
from the Node B by the UE, the scheduling grant being
determined by the Node B based on a maximum UE
transmitter power, and the Tx power or the Tx power
margin, and the maximum UE transmitter power being
selected to be the lower of a maximum allowed uplink
(UL) Tx power and a maximum Tx power corresponding to
a power class of theUE by the RNC; and transmitting
uplink data to the Node B according to the scheduling
grant by the UE. 10. The method of claim 9, further
comprising the steps of: receiving UE capability
information comprising the maximum Tx power from the
UE by the RNC; determining whether the maximum allowed
UL Tx power exists for the UE by the RNC; and
selecting the lower of the maximum allowed UL Tx power
and the maximum Tx power as the maximum UE transmitter
power by the RNC if the maximum allowed UL Tx power
exists, and signaling the maximum UE transmitter power
to the Node B by the RNC. 11. The method of claim 10,
wherein the maximum allowed UL Tx power comprises
common infopnation or dedicated information. 12. The
method of claim 10, further comprising the step of:
setting the maximum UE transmitter power to the
maximum Tx power by the RNC if the maximum allowed UL
Tx power does not exist. 13. An apparatus for
scheduling an uplink high-speed packet data service in
a mobile communication system supporting uplink data
service, comprising: a radio network controller (RNC)
for receiving user equipment (UE) capability
information comprising a maximum transmit (Tx) power
of a UE from the UE, determining whether a maximum
allowed uplink (UL) Tx power exists for the UE, and
selecting the lower of the maximum allowed UL Tx power
and the maximum Tx power as a maximum UE transmitter
power for the UE if the maximum allowed UL Tx power
exists; and a Node B for receiving one of a Tx power
and a Tx power margin from the UE, the Tx power and
the Tx power margin comprising uplink channel status
information of the UE, receiving the maximum UE
transmitter power from the RNC, and scheduling uplink
packet transmission from the UE based on the uplink
channel status information and the maximum UE
transmitter power.14. The apparatus of claim 13,
wherein the Node B is configured to determine the Tx
power or the Tx power margin not received from the UE
by subtracting the Tx power or the Tx power margin
received from the UE from the maximum UE transmitter
power. 15. The apparatus of claim 13, wherein the
maximum allowed UL Tx power comprises common
information or dedicated information. 16. The
apparatus of claim 13, wherein the RNC is configured
to set the maximum UE transmitter power to the maximum
Tx power if the maximum allowed UL Tx power does not
exist. 17. An apparatus for scheduling an uplink data
service in a user equipment (UE) in a mobile
communication system supporting the uplink data
service, comprising: a scheduling information
transmitter for signaling one of a transmit (Tx) power
and a Tx power margin of the UE and the amount of
buffered data to be transmitted to a Node B, the Tx
power and the Tx power margin comprising uplink
channel status information of the UE; a scheduling
assignment information receiver for receiving a
scheduling grant from the Node B, the scheduling grant
being determined by the Node B based on a maximum UE
transmitter power, and the Tx power or the Tx power
margin, and the maximum UE transmitter power being
selected to be the lower of a maximum allowed uplink
(UL) Tx power and a maximum Tx power corresponding to
a power class of the UE by the RNC; and a controller
for controlling transmission of uplink data to the
Node B according to the scheduling grant. 18. The
apparatus of claim 17, wherein the maximum allowed UL
Tx power comprises common information or dedicated
information. 


