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COMPOSITION FOR INCREASING EXPRESSION OF PGC-1α 

 

Technical Field 

This application claims priority to and the 5 

benefit of Korean Patent Application No. 10-2016-

0004383 filed in the Korean Intellectual Property 

Office on 13 January 2016, the disclosure of which is 

incorporated herein by reference. 

The present invention provides a composition for 10 

preventing or treating various diseases caused by 

mitochondrial dysfunction due to the decreased PGC- 1α 

expression. 

 

Background Art 15 

Cell fate is regulated by the balance and 

combination of factors to maintain cell survival an d 

factors to induce cell death.  The signaling of cel l 

death stimulating factors begins cell death process es 

through various predetermined routes, and the 20 

representative process thereof is apoptosis.  The c ell 

death process of apoptosis, which is characterized by 

distinctive changes in forms of chromatin condensat ion 

and nuclear division, occurs through the activity o f 

caspase enzymes due to the cell death stimulating 25 

factors in the mitochondrial inner membrane, and th is 

process occurs with the transduction through the 

mitochondrial outer membrane (Galluzzi et al., 2007 ; 

Kroemer et al., 2009)[1] (Chipuk et al., 2010; Youl e 

and Strasser, 2008)[2].  Such apoptosis through 30 

mitochondria begins by various stimulations, such a s 

developmental programs, DNA damage, deficiency in 

growth factors and nutrients, viral infection, and 

oxidative stress (Youle and Strasser, 2008)[3].  

However, abnormal induction of apoptosis is an obvi ous 35 

cause of diseases.  The abnormal induction of apopt osis 
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causes, for example, neurodegeneration, ischemia 

reperfusion injury, autoimmune diseases, and the li ke 

(Fadeel and Orrenius, 2005)[4].  Recent research re sults 

results confirmed various diseases that may be caus ed by 

PGC-1α functions and PGC-1 α dysregulation in the cell death 5 

and survival. 

 

1. Neurodegenerative diseases 

Neurodegenerative diseases, such as Alzheimer's dis ease 

(AD), Parkinson's disease (PD), Huntington's diseas e (HD), 10 

and amyotrophic lateral sclerosis (ALS), are caused  by 

gradual dysfunctions and apoptosis of nerve cells ( Jones et 

al., 2012)[5].  The overall signs of these diseases  result 

from the loss of nerve cells in specific parts.  It  can be 

seen that PGC-1 α is directly associated with such 15 

neurodegenerative diseases, from the hyperactivity caused by 

neurodegeneration and the lesions apparent in the s triatal 

region of the brain unlike lesions less abundant in  the 

cerebral cortex, which can be observed in PGC-1 α knock-out 

mice (Lin et al., 2004)[6].  It can be seen, togeth er with 20 

these findings, that PGC-1 α plays an important role in 

maintaining nerve cell functions by confirming vacu olar 

lesions shown in the central nervous system of PGC- 1α knock-

out mice (Leone et al., 2005)[7]. 

 25 

The pathophysiological phenomena of AD, such as 

mitochondrial oxidative dysfunction, mitochondrial 

production degradation, and brain dysfunction in th e brain 

of AD patients, are due to mitochondrial dysfunctio n 

(Chaturvedi & Flint, 2013)[8].  Especially, PGC-1 α expression 30 

decreases in the Alzheimer patient brain, which res ults in 

apoptosis of nerve cells due to reduced mitochondri al 

production and functions and increased oxidative st ress 

(Katsouri et al., 2011; Qin et al., 2009)[9, 10].  The 

decreased PGC-1 α expression increases the expression of 35 

BACE1, which breaks and cleaves the amyloid precurs or 
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protein, causing AD, to produce β-amyloid, to 

thereby increase the amount of β-amyloid, causing 

mitochondrial dysfunction and apoptosis (Wang et al ., 

2013)[11]. 

 5 

Single nucleotide polymorphisms of PGC-1 α gene 

(PPARGC1A) is significantly associated with increas ed 

risks of PD and HD (Clark et al., 2011; Weydt et al ., 

2009)[12, 13].  The PGC-1 α gene expression is decreased 

in AD, PD, and HD patients as well as in mouse HD 10 

models (Cui et al., 2006; Qin et al., 2009; Rangana than 

et al., 2009; Weydt et al., 2006; Xiang et al., 201 1; 

Zheng et al., 2010)[14-19].  Thus, the artificial 

expression of PGC-1 α in HD model cell culture 

significantly reduces the apoptosis of nerve cells 15 

(Chaturvedi et al., 2009)[20].  In addition, PGC-1 α 

overexpression improves motor performance through m otor 

neurons of ALS model mice (Zhao et al., 2011)[21].  Due 

to such PGC-1 α functions closely associated with 

neurodegenerative diseases, mechanisms of 20 

pharmacological activation of PGC-1 α are emerging as 

new methods for curing various neurodegenerative 

diseases. 

 

2. Aging phenomenon by reactive oxygen species 25 

(ROS) 

PGC-1α plays a key role in initiating defense 

mechanisms in PGC1-oxidative stress situations 

(Chaturvedi & Flint, 2013)[22].  This interlocks wi th 

functions in neurodegenerative diseases, and the 30 

amounts of mitrochondrial respiration-related compl exes 

and uncoupling protein (UCP) increase by PGC1- α 

overexpression (St-Pierre et al., 2003)[23].  These  

increases occur with the expression increases of 

protein groups that detoxify reactive oxygen specie s 35 

(ROS) in mitochondria and cytoplasm (Cowell et al.,  
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2009)[24].  The first study, revealing the roles of  PGC-1 α 

in ROS metabolisms, reported that the ectopic expre ssion of 

PGC-1α in muscular cells increases the expression of 

superoxide dismutase 2 (SOD2), scavenging superoxid e, and 

glutathione peroxidase (GPX1), scavenging hydrogen peroxide 5 

(St-Pierre et al., 2003)[23].  Through advanced res earch 

since then, it was investigated that all types of R OX 

detoxification enzymes present in various intercell ular 

organs, such as mitochondria, cytoplasm, and peroxi somes, 

are regulated by PGC-1 α (St-Pierre et al., 2006; Valle et 10 

al., 2005)[25, 26].  These studies also established  the 

physiological importance in ROS metabolic programs regulated 

by PGC-1 α.  It can be seen that PGC-1 α performs 

cytoprotective functions in oxidative stress situat ions 

since the suppression of PGC-1 α expression prevents the 15 

increase in ROS detoxification protein groups (St-P ierre et 

al., 2006)[25]. 

In addition, aging-related chronic diseases, for 

example, degenerative brain diseases, metabolic dis eases, 

and cardiovascular diseases, precede cell aging or organism 20 

aging.  These diseases increase stress by reactive oxygen 

species, sterile inflammation, mitochondrial dysfun ction, 

DNA damage, and telomere dysfunction and shortening .  The 

understanding of common mechanisms of these phenome na has 

been incomplete until now, but a paper recently has  reported 25 

that the removal of PGC-1 α shortens telomeres and induces 

DNA damages, causing vascular aging and atheroscler osis 

(Xiong, S 2015)[27].  According to the paper, the r emoval of 

PGC-1α reduced the activity and expression of telomere 

reverse transcriptase (TERT), which maintains the l ength of 30 

telomeres, and increased the activity and expressio n of p53.  

This study shows that PGC-1 α plays a key role in alleviating 

aging and aging-causing chronic diseases. 

 

3. Regarding vascular diseases or myocardial diseas es 35 

Anti-oxidative functions of PGC-1 α are associated with 
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the protection of vascular endothelial cells.  Like  

in neural models, the increase of PGC-1 α expression in 

human vascular endothelial cells produces mitochond ria 

and increases ROS detoxification enzyme groups (Val le 

et al., 2005)[26].  The application of ROS to bovin e 5 

endothelial cells increases PGC-1 α and intercellular 

anti-oxidative functions (Borniquel et al., 2006)[2 8].  

The application of artificial oxidative stress afte r 

the overexpression of PGC-1 α in human vascular 

endothelial cells reduces the intercellular ROS 10 

increase and obstructs the caspase 3 activity (Vall e et 

al., 2005)[26].  The major cause of death is heart 

failure in mouse PGC-1 α and PGC-1 β double knock-out 

models (Lai et al., 2008)[29], and the PGC-1 α decrease 

is associated with stress heart failure and myocard ial 15 

cell death in congestive heart failure mouse models  

(Garnier et al., 2003)[30].  As such, PGC-1 α plays an 

important role in the metabolism and growth of 

myocardial cells. 

 20 

4. Muscle loss and related diseases 

Anti-oxidative functions of PGC-1 α is associated 

with muscle maintaining and strengthening functions .  

The reduced muscle mass and degraded muscular funct ions 

(senile muscle loss, sarcopenia, or muscular 25 

dysfunction) have a wide range of adverse effects o n 

from hormone-related diseases to intracellular 

homeostasis maintenance.  Several studies have reve aled 

that increased PGC-1 α expression (motor or gene 

expression) in muscular cells can resolve mitochond rial 30 

dysfunction, which causes muscle loss, to maintain 

muscle [31-38]. 

 

5. Fat removal and body temperature maintenance 

In PGC-1 α null mice, the expression of 35 

mitochondrial genes, which contain various genes ac ting 
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as components of the electronic transfer system 

(ETC), was decreased to lower respiration (Lin et a l., 2004; 

Leone et al., 2005)[6, 7].  These reduced mitrochon drial 

mitrochondrial functions damaged physiological proc esses 

dependent on mitochondrial metabolic processes.  Ac tually, 5 

the PGC-1 α deficient mice could not increase the expression 

of UCP1, of which the expression is increased by th e 

exposure to cold, showed sensitivity to cold (Lin e t al., 

2004; Leone et al., 2005)[6, 7].  These mice had re duced 

motor ability compared with normal mice (Leone et a l., 10 

2005)[7].  The mitochondrial production was increas ed and the 

mitochondrial gene expression was increased in tran sgenic 

mice overexpressing PGC-1 α in the heart and muscle in 

contrast to mice lacking PGC-1 α (Lehman et al . , 2000; Lin et 

al . , 2002b; Wende et al . , 2007).  These studies show that the 15 

in vivo  presence or absence of PGC-1 α has an important 

effect on mitochondrial physiology.  The increased PGC-1α in 

beige or brite preadipocytes induces the differenti ation of 

beige or brite adipocytes into brown adipocytes to oxidize 

fatty acids, increasing the ability to radiate heat  from the 20 

body instead of producing ATP.  In addition, PGC-1 α also 

removes fat [39-42]. 

 

As is well known, the subcutaneous fat is composed of 

granular layers surrounded by cellulite.  This subc utaneous 25 

fat is not well decomposed by exercise.  The reason  is that 

the lipolytic enzymes in the body are blocked by th e 

cellulite.  Conventionally, a procedure of physical ly sucking 

adipocytes by inserting a catheter called a acupunc ture 

needle is prevalent, and such a procedure causes pa in on a 30 

patient undergoing the procedure, and thus general 

anesthesia usually precedes the procedure.  However , it 

cannot be excluded that general anesthesia may act as a risk 

factor to a patient undergoing the procedure, and t he 

insertion of the catheter inevitably causes interna l 35 

bleeding and increases the tissue recovery time res ulting 
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therefrom. 

In lipolysis using injection (injection 

lipolysis), a drug capable of lipolysis is directly  

subcutaneously injected into a fat site to dissolve  and 

discharge fat, and representative products therefor  5 

comprise Lipostabil®, Lipodissolve, Lipo-zap, and F lab-

Jab, which are known as PPC injection.  These PPC 

injections are composed of phosphatidylcholine and 

deoxycholic acid for maintaining phosphatidylcholin e in 

a liquid state, and are special medicines that were  10 

first approved as an aid for treating hepatic coma for 

patients failing into a coma caused by cirrhosis.  

However, the PPC injections are misused as unauthor ized 

fat removers as the PPC injections are known to deg rade 

adipocytes to lose weight when injected into the fa t 15 

area.  Phosphatidylcholines are main materials 

constituting cellular membranes, and it has been 

thought that the phosphatidylcholines allow fatty 

components to be well dissolved in the blood, and 

dissolve adipocytes of fat tissues to discharge the  fat 20 

in the adipocytes out of the adipocytes.  

Theoretically, the PPC injections can be used for 

remove a small amount of subcutaneous fat and cellu lite 

that are topically limited, but the PPC injection per 

se  does not remove fat.  The mechanisms of action of 25 

PPC injections were not revealed.  Most of the stud ies 

on PPC injections are dependent on subjective 

assessment of patients, and there are no study resu lts 

of objectively showing changes in subcutaneous fat 

mass.  The U.S. FDA does not approve the use of 30 

phosphatidylcholines for the reduction of subcutane ous 

fat because of the lack of data on efficacy and saf ety 

of PPC injections, and warns against the indiscrimi nate 

use thereof.  In addition, there is literature 

reporting adverse effects on steatohepatitis, skin,  and 35 

respiratory system. 
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Therefore, the present inventors endeavored to 

develop materials capable of safely degrading body fats in 

in order to overcome side effects of medicines and problems 

problems of chronic diseases. 

 5 

6. Regarding aging 

Aging is a complex and heterogeneous state involvin g 

several changes occurring over time.  Actually, in the cases 

of the failure to meet energetic demands, the dysfu nction in 

some physiological processes and the increased stre ss 10 

contribute to a state of aging.  Mitochondria have been at 

the center of aging for a long period of time since  

mitochondrial functions are generally reduced with aging 

(Quinlan et al., 2011)[43].  For example, mitochond rial 

functions, together with PGC-1 α and PGC1b, are reduced 15 

during telomere dysfunction, and this situation is 

associated with aging (Sahin et al . , 2011)[44]. 

In aging studies, the most prominent hypothesis is 

“free radical theory of ageing”, in which the ROS p roduction 

increased by mitochondria and the resulting oxidati ve damage 20 

are factors to determine aging (Quinlan et al . , 2011)[43].  

Specifically, mitochondrial DNA (mtDNA) mutations a re 

thought to play a core role in mitochondrial malfun ction 

associated with aging.  Mitochondrial polymerase c (POLG) 

mouse models (Kujoth et al . , 2005; Trifunovic et al., 25 

2004)[45, 46] have helped to highlight the importan ce of 

mitochondria in aging.  POLG is DNA polymerase loca ted in 

mitochondria, and involved in mitochondrial DNA rep lication 

and DNA repair.  Mice with mutations in POLG have i ncreased 

mitochondrial DNA mutations, show alopecia (hair lo ss), and 30 

have osteoporosis and cardiomyopathy, and these sym ptoms are 

associated with aging (Kujoth et al., 2005; Trifuno vic et 

al., 2004)[45, 46].  In order to test whether mitoc hondrial 

increase through PGC-1 α expression could improve external 

phenotypes of POLG mice, these mice were crossed wi th MCK-35 

PGC-1α Tg mice (Lin et al . , 2002b)[47].  Mice expressing 
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mutant POLG and PGC-1 α increased mitochondrial 

activity in the heart and skeletal muscle, which 

resulted in improvements in these tissue functions 

compared with mice expressing only mutant GOLG (Dil lon 

et al., 2012)[48].  These data highlighted that 5 

elevated mitochondrial functions have beneficial 

effects regardless of mitochondrial DNA mutations.  

Importantly, the elevated expression of PGC-1 α during 

the lifetime delays the onset of symptoms associate d 

with aging, such as loss of muscle mass (sarcopenia ) 10 

(Wenz et al., 2009)[49].  These improved functions are 

attributed to the lowering of oxidative damage 

accumulation by age and mitochondrial malfunctions 

(Wenz et al., 2009)[49].  Collectively, these studi es 

show that PGC-1 α delays the onset of aging-related 15 

symptoms and mitigates the effects of oxidative dam age 

that has occurred. 

 

Detailed Description of the Invention 

Technical Problem 20 

The present inventors intend to provide a 

composition for preventing or treating various dise ases 

by mitochondrial dysfuntion caused by a decrease in  

PGC-1α expression, the composition comprising an active 

ingredient represented by general formula I: 25 

General formula I: S-(MS)p-(MS)q 

In the general formula, S is sialic acid; and 

(MS)p and (MS)q each are independently a monosaccha ride 

residue. 

An aspect of the present invention is to provide 30 

a composition for the treatment and/or care of a 

condition, disorder and/or disease, comprising 

neurodegenerative diseases, metabolic diseases, top ical 

fat removal and lipid metabolism-related diseases, 

aging and diseases caused by aging, muscle loss 35 

(sarcopenia, cachexia) and disease caused by muscle  
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loss, which are prevented, alleviated, and treated by 

increasing activity and production of mitochondria- related 

related enzymes, such as PGC-1 α, ultimately increasing 

activity and production of mitochondria. 

Throughout the entire specification, many patent 5 

documents are referenced and their citations are 

represented.  The disclosures of cited patent docum ents are 

entirely incorporated by reference into the present  

specification, and the level of the technical field  within 

which the present invention falls and details of th e present 10 

invention are explained more clearly. 

 

Technical Solution 

In accordance with an aspect of the present inventi on, 

there is provided a composition for preventing or t reating a 15 

disease or symptom associated with a decrease in pe roxisome 

proliferator-activated receptor coactivator 1-alpha  (PGC-1 α) 

expression, the composition comprising, as an activ e 

ingredient, a compound represented by general formu la I or a 

salt, hydrate, or solvate thereof: 20 

General formula I: S-(MS)p-(MS)q 

In the general formula, S is sialic acid; and (MS)p  and 

(MS)q each are independently a monosaccharide resid ue. 

In accordance with an aspect of the present inventi on, 

there is provided a composition for the treatment o r 25 

treatment of a condition, disorder and/or disease, 

comprising neurodegenerative diseases, metabolic di seases, 

topical fat removal and lipid metabolism-related di seases, 

aging and diseases caused by aging, muscle loss (sa rcopenia, 

cachexia) and disease caused by muscle loss, which are 30 

prevented, alleviated, and treated by increasing th e 

expression of peroxisome proliferator-activated rec eptor 

coactivator 1-alpha (PGC-1 α) as a transcription 

coactivvator, and which are caused by mitochondrial  

dysfucntion caused by a decrease in (PGC-1 α) expression, the 35 

composition comprising, as an active ingredient, a compound 
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represented by general formula I. 

The composition for prevenitng or treating 

varioius diseases by mitochondrial dysfuction accor ding 

to the present inveniton to attain such purposes 

comprising, as an active ingredient, a compound 5 

represented by general formula I: 

General formula I: S-(MS)p-(MS)q 

In the general formula, S is sialic acid; and 

(MS)p and (MS)q each are independently a monosaccha ride 

residue. 10 

 

The present inventors endeavored to develop 

materials preventing PGC-1 α expression decrease and the 

resulting mitochondrial dysfunction, which are caus es 

of various diseases.  As a result, it was confirmed  15 

that in neurodegenerative disease mouse models, 

sialyloligosaccharides induce the increases in PGC- 1α 

expression and mitochondrial functions, and thus ca n 

improve the behaviors according to neurodegenerativ e 

diseases and can prevent or treat neurodegenerative  20 

diseases caused by the PGC-1 α expression decrease and 

mitochondrial dysfunction, muscle loss and resultin g 

diseases, vascular diseases, aging, and disease cau sed 

by aging. 

In the composition of the present invention, the 25 

active ingredient is a compound of general formula I, 

or a salt, hydrate, or solvate thereof.  In general  

formula I, S represents sialic acid.  Sialic acid m ay 

be linked with (MS)p in various manners, but is lin ked 

to a monosaccharide compound (MS)p via α2,3 linkage or 30 

α2,6 linkage.  Modified sialic acid, instead of sial ic 

acid, may be positioned at S.  For example, a 

modification in which H of -OH group on carbon no. 4 of 

sialic acid is substituted with another substituent  or 

OH thereof is substituted with another substituent may 35 

be positioned at S.  The substitution may be a 
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substitution with (e.g., H is a C1-C4 alkyl group).   The 

C1-C4 alkyl group may be methyl, ethyl, propyl, or butyl.  

Most preferably, unmodified sialic acid is position ed at S. 

The monosaccharide compounds corresponding to (MS)p  and 

(MS)q may also correspond to any monosaccharide com pound, 5 

and examples thereof comprise tetroses (e.g., eryth rose and 

threose), pentoses (e.g., ribose, arabinose, xylose , and 

lyxose), and hexoses (allose, altrose, glucose, man nose, 

gulose, idose, galactose, and talose).  The monosac charide 

compounds positioned at (MS)p and (MS)q are prefera bly 10 

pentoses or hexoses, more preferably hexoses, still  more 

preferably glucose, mannose, or galactose, and most  

preferably glucose or galactose.  The monosaccharid e compound 

corresponding to (MS)p and (MS)q may be D- or L-

stereoisomers, and most preferably D-stereoisomers.  15 

The same or different monosaccharide compounds, 

preferably different monosaccharide compounds may b e 

positioned at (MS)p and (MS)q. 

According to a preferable embodiment of the present  

invention, (MS)p is galactose or glucose and (MS)q is 20 

glucose or galactose, and most preferably, (MS)p is  

galactose and (MS)q is glucose.  When (MS)p is gala ctose and 

(MS)q is glucose, the disaccharide compound lactose  is 

obtained. 

The monosaccharide compounds corresponding to (MS) p and 25 

(MS) q may be modified or unmodified.  For example, a mod ified 

monosaccharide compound may be one in which H of th e -OH 

group may be substituted with an acetyl group and O H thereof 

may be substituteed with an N-acetyl group.  Prefer ably, the 

monosaccharide compounds corresponding to (MS) p and (MS) q may 30 

be unmodified monosaccharide compounds. 

According to a preferable embodiment of the present  

invention, the compound of general formula I used a s an 

active ingredient is sialyllactose.  Sialyllactose,  which is 

used as an active ingredient in the present inventi on, is a 35 

compound formed by sequentially linking galactose a nd 
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glucose to sialic acid. 

Sialic acid may be linked to galactose in various 

manners, for example, via α-2,3 or α-2,6 linkage.  

Sialic acid may be modified, and for example a 

modification in which H of -OH group on carbon no. 4 of 5 

sialic acid is substituted with another substituent  or 

OH thereof is substituted with another substituent may 

be positioned at S.  The substitution may be a 

substitution with (e.g., H is a C1-C4 alkyl group).   

The C1-C4 alkyl group may be methyl, ethyl, propyl,  or 10 

butyl. The galactose and glucose of sialyllactose m ay 

have D- or L-stereoisomers, and most preferably D-

stereoisomers.  The galactose and glucose of 

sialyllactose are modified or unmodified.  For exam ple, 

a modified monosaccharide compound may be one in wh ich 15 

H of the -OH group may be substituted with an acety l 

group and OH thereof may be substituted with an N-

acetyl group.  Preferably, the galactose and glucos e of 

sialyllactose are unmodified monosaccharide compoun ds. 

According to a preferable embodiment of the 20 

present invention, the sialyllactose used as an act ive 

ingredient in the present invention is α-NeuNAc-(2 →3)-

β-D-Gal-(1 →4)-D-Glc or α-NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-

Glc [NeuNAc: N-Acetylneuraminyl, Gal:Galactose, Glc : 

Glucose].  α-NeuNAc-(2 →3)- β-D-Gal-(1 →4)-D-Glc is a 25 

substance found in GM3 ganglioside, and α-NeuNAc-(2 →6)-

β-D-Gal-(1 →4)-D-Glc is an isomer of the substance. 

More preferably, the sialyllactose used as an 

active ingredient in the present invention is α-NeuNAc-

(2 →6)- β-D-Gal-(1 →4)-D-Glc.  As validated in the 30 

examples below, α-NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc has 

superior efficacy to α-NeuNAc-(2 →3)- β-D-Gal-(1 →4)-D-

Glc. 

One that is used as an active ingredient in the 

composition of the present invention may be the 35 

compound per se as well as a pharmaceutically 
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acceptable salt, hydrate, or solvate thereof. 

The term “pharmaceutically acceptable salt” refers to a 

salt of the compound that produces desired pharmaco logical 

effects, that is, increasing PGC-1 α expression and 

mitochondrial functions.  Examples of this salt are  formed by 5 

using inorganic acids, such as hydrochloride, hydro bromide, 

and hydroiodide, and organic acids, such as acetate , 

adipate, alginate, aspartate, benzoate, benzenesulf onate, p-

toluenesulfonate, bisulfate, sulfamate, sulfate, 

naphthylate, butyrate, citrate, camphorate, 10 

camphorsulfonate, cyclopentane propionate, diglucon ate, 

dodecylsulfate, ethane sulfonate, fumarate, glucohe ptanoate, 

glycerophosphate, hemisulfate, heptanoate, hexanoat e, 2-

hydroxyethane sulfate, lactate, maleate, methane su lfonate, 

2-naphthalene sulfonate, nicotinate, oxalate, tosyl ate, and 15 

undecanoate. 

The term “pharmaceutically acceptable hydrate” refe rs 

to a hydrate of the compound that has desired 

pharmacological effects.  The term “pharmaceuticall y 

acceptable solvate” refers to a solvate of the comp ound that 20 

has desired pharmacological effects.  The hydrate a nd solvate 

may be also prepared by using the acids. 

The composition of the present invention comprises,  as 

an active ingredient, the foregoing compound of gen eral 

formula 1, or a pharmaceutically acceptable salt, h ydrate, 25 

or solvate thereof induces the increases in PGC-1 α 

expression and mitochondrial functions, ultimately 

exhibiting prevention or treatments activities of 

neurodegenerative diseases, vascular diseases, and aging. 

As used herein, the term “neurodegenerative disease ” 30 

refers to a generic term of diseases in which certa in brain 

cell groups of the brain and spinal cord gradually lose 

functions thereof and the number of brain cells dec reases.  

The nerve cells of the brain and spinal cord have a  wide 

variety of functions depending on their location, a nd thus 35 

show a great variety of clinical aspects depending on which 
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location the nerve cells are first damaged and lose  

functioning and depending on what form such dysfunc tion 

progresses. 

In an embodiment of the present invention, the 

the neurodegenerative disease is any one selected f rom 5 

the group consisting of Alzheimer's disease (AD), 

amyotrophic lateral sclerosis (ALS, Lou Gehrig's 

disease), Duchenne muscular dystrophy, Parkinson's 

disease (PD), Huntington's disease (HD), Pick's 

disease, Kuf's disease, Mohr-Tranebjerg syndrome, 10 

Wilson's disease, sporadic Alzheimer's disease, 

sporadic atrophic lateral sclerosis, sporadic 

Parkinson's disease, autonomic function change, sle ep 

disorder, neuropsychiatric disorder, depression, 

schizophrenia, schizoaffective disorder, Korsakov's  15 

psychosis, mania, anxiety disorder, phobic disorder , 

learning or memory impairment, amnesia or age-relat ed 

memory loss, attention deficit disorder, mood 

depressive disorder, major depressive disorder, 

anankastic personality disorder, psychoactive subst ance 20 

use disorder, panic disorder, bipolar affective 

disorder, migraine, hyperactivity disorder, and 

dyskinesia. 

More specifically, the neurodegenerative diseases 

comprise acute, subacute, or chronic neurodegenerat ive 25 

diseases. 

The acute neurodegenerative diseases of the 

present invention comprise stroke, cerebral infarct ion, 

cerebral hemorrhage, head injury, or spinal cord 

injury, and the subacute neurodegenerative diseases  30 

comprise demyelinating diseases, neurologic 

paraneoplastic syndrome, subacute combined 

degeneration, subacute necrotizing encephalitis, or  

subacute sclerosing encephalitis.  The chronic 

neurodegenerative diseases of the present invention  35 

comprise memory loss (including senile dementia, 
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vascular dementia, diffusive white matter disease 

(Binswanger's disease), dementia of endocrine or me tabolic 

metabolic origin, dementia of head trauma and diffu se brain 

brain damage, dementia pugilistica, and frontal lob e 

dementia), Alzheimer's disease, Pick's disease, dif fuse Lewy 5 

Body disease, progressive supranuclear palsy (Steel -

Richardson syndrome), multiple system degeneration,  chronic 

epileptic conditions associated with neurodegenerat ion, 

motor neuron diseases (including amyotrophic latera l 

sclerosis, degenerative ataxias, cortical basal 10 

degeneration, ALS-Parkinson's-Dementia complex of G uam, 

subacute sclerosing panencephalitis, Huntington's d isease, 

Parkinson's disease, synucleinopathies, primary pro gressive 

aphasia, striatonigral degeneration, Machado-Joseph  

disease/spinocerebellar ataxia, and olivopontocereb ellar 15 

degenerations), Gilles De La Tourette's disease, bu lbar and 

pseudobulbar palsy, spinal and spinobulbar muscular  atrophy 

(Kennedy's disease), multiple sclerosis, primary la teral 

sclerosis, familial spastic paraplegia, Werdnig-Hof fmann 

disease, Kugelberg-Welander disease, Tay-Sach's dis ease, 20 

Sandhoff disease, familial spastic disease, Wohlfar t-

Kugelberg-Welander disease, spastic paraparesis, pr ogressive 

multi-focal leukoencephalopathy, familial dysautono mia 

(Riley-Day syndrome), and prion diseases (including  

Creutzfeldt-Jakob, Gerstmann-Sträussler-Scheinker d isease, 25 

Kuru, and fatal familial insomnia). 

The metabolic diseases, lipid metabolism-related 

diseases, aging and diseases caused by aging, and m uscle 

loss (sarcopenia, cachexia) and diseases caused by muscle 

loss of the present invention are selected from the  group 30 

consisting of changes to gluconeogenesis, celluliti s, 

gynecomastia, pseudogynecomastia, lipoatrophy, agin g, 

photoaging, cutaneous traumas, reepithelialization of 

injuries, dehydration of the skin, xerosis, keratin ization 

disorders, calluses, hard skin, psoriasis, skin les ions 35 

associated with lupus, seborrheic dermatitis, senil e 
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dermatitis, dandruff, cradle cap, seborrhea, 

hyperseborrhea of acne, solar dermatitis, seborrhei c 

keratosis, senile keratosis, actinic keratosis, 

photoinduced keratosis, follicular keratosis, acne,  

nevus, change in the function of fibroblasts, nodul ar 5 

fasciitis, scleroderma, Dupuytren's contracture, 

Sebaceous gland disorder, acne rosacea, polymorphic  

acne, comedones, polymorphous, rosacea, nodulocysti c 

acne, conglobate acne, senile acne, ichthyosis, 

Darier's disease, keratoderma palmoplantaris, 10 

leukoplakia, mucosal lichen, cutaneous lichen, ecze ma, 

common warts, flat warts, epidermodysplasia 

verruciformis, oral papillomatosis, lupus 

erythematosus, bullous diseases, bullous pemphigoid , 

scleroderma, pigmentation disorders, vitiligo, alop ecia 15 

areata, Lewy Body disease, neurofibrillary tangles,  

Rosenthal fibers, Mallory's hyaline, myasthenia gra vis, 

Gilles de la Tourette syndrome, multiple sclerosis,  

amyotrophic lateral sclerosis, progressive supranuc lear 

palsy, epilepsy, Creutzfeldt-Jakob disease, deafnes s-20 

dystonia syndrome, Leigh's disease, Leber's heredit ary 

optic neuropathy, dystonia, motor neuron disease, 

neuropathy syndrome, ataxia and retinitis pigmentos a, 

maternally inherited Leigh's disease, Friedreich's 

ataxia, and hereditary spastic paraplegia. 25 

In an embodiment of the present inveniton, the 

composition of the present inveniton is selected fr om 

the group consisting of suspensions, syrups, emulsi ons, 

liposomes, extracts, powders, granules, tablets, 

sustained-release preparations, and capsules. 30 

In an embodiment of the present invention, the 

composition of the present inveniton is a compositi on 

for oral administration, and is in a dosage form of  a 

drug delivery system comprising liposomes or a 

sustained-release preparation. 35 

In an embodiment of the present invention, when 
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the composition of the present inveniton is a 

composition for parenteral administration, the comp osition 

composition may be in a dosage form of a drug deliv ery 

system comprising liposomes and an ultrasound contr ast agent 

or a sustained-release preparation. 5 

The composition of the present invention may be 

prepared as a pharmaceutical composition, a cosmeti c 

composition, a nutraceutical composition, or a food  

composition. 

According to a preferable embodiment of the present  10 

invention, the composition of the present invention  

comprises: (a) a pharmaceutically effective amount of the 

foregoing compound of general formula I of the pres ent 

invention; and (b) a pharmaceutically acceptable ca rrier. 

As used herein, the term “pharmaceutically effectiv e 15 

amount" refers to an amount sufficient to attain ef ficacy or 

activity of the foregoing compound of general formu la I. 

In cases where the composition of the present inven tion 

is prepared into a pharmaceutical composition, the 

pharmaceutical composition of the present invention  20 

comprises a pharmaceutically acceptable carrier.  T he 

pharmaceutically acceptable carrier contained in th e 

pharmaceutical composition of the present invention  is 

ordinarily used at the time of formulation, and exa mples 

thereof may comprise, but are not limited to, lacto se, 25 

dextrose, sucrose, sorbitol, mannitol, starch, acac ia gum, 

calcium phosphate, alginate, gelatin, calcium silic ate, 

microcrystalline cellulose, polyvinylpyrrolidone, c ellulose, 

water, syrup, methyl cellulose, methyl hydroxybenzo ate, 

propyl hydroxybenzoate, talc, magnesium stearate, a nd 30 

mineral oil.  The pharmaceutical composition of the  present 

invention may further comprise a lubricant, a wetti ng agent, 

a sweetening agent, a flavoring agent, an emulsifie r, a 

suspending agent, a preservative, and the like, in addition 

to the above ingredients.  Suitable pharmaceuticall y 35 

acceptable carriers and agents are described in det ail in 
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Remington's Pharmaceutical Sciences  (19th ed., 

1995). 

The pharmaceutical composition of the present 

invention may be administered orally or parenterall y.  

Examples of parenteral administration may comprise 5 

intravenous injection, subcutaneous injection, 

intramuscular injection, intraperitoneal injection,  

transdermal injection, mucosal administration, 

administration of eye drops, and the like. 

A proper dose of the pharmaceutical composition 10 

of the present invention may vary depending on vari ous 

factors, such as the method for formulation, the ma nner 

of administration, patient’s age, body weight, gend er, 

morbidity, and diet, the time of administration, th e 

excretion rate, and the response sensitivity.  15 

Preferably, the dose of the pharmaceutical composit ion 

of the present invention is 0.0001-1000 mg/kg (body  

weight), for example, 0.001-800 mg/kg (body weight) , or 

0.001-600 mg/kg (body weight) per day in adults.  I n 

addition, the pharmaceutical composition may be 20 

administered once or several times a day at a 

predetermined time interval according to the judgme nt 

of a doctor or pharmacist. 

The pharmaceutical composition of the present 

invention may be formulated into a unit dosage form  or 25 

may be prepared in a multi-dose container by using a 

pharmaceutically acceptable carrier and/or excipien t 

according to the method easily conducted by a perso n 

having an ordinary skill in the art to which the 

present invention pertains. 30 

According to a preferable embodiment of the 

present invention, the dosage form of the compositi on 

of the present invention may be solutions, suspensi ons, 

syrups, emulsions, liposomes, extracts, powders, 

granules, tablets, sustained-release preparations, and 35 

capsules, and the composition of the present invent ion 
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may further comprises a dispersant or a stabilizer.  

Specifically, according to the route of administrat ion, 

the solid dosage form for oral administration compr ises 

capsules, tablets, pills, powders, and granules.  I n these 

solid dosage forms, active compounds may be mixed w ith at 5 

least one inert, pharmaceutically acceptable excipi ent or 

carrier (e.g., sodium citrate or dicalcium phosphat e) and/or 

a) fillers or extenders (e.g., starches, lactose, s ucrose, 

glucose, mannitol, and silicic acid), b) binders (e .g., 

carboxymethylcellulose, alginate, gelatin, 10 

polyvinylpyrrolidinone, sucrose, and Arabia gum, c)  

moisturizing agents (e.g., glycerol), d) disintegra ting 

agents (e.g., agar-agar, calcium carbonate, potato or 

tapioca starch, alginic acid, predetermined silicat e, and 

sodium carbonate), e) solution retarders (e.g., par affin), 15 

f) absorption accelerators (e.g., quaternary ammoni um 

compounds), g) wetting agents (e.g., cetyl alcohol and 

glycerol monostearate), h) absorbents (e.g., kaolin  and 

bentonite clay), and i) lubricants (e.g., talc, cal cium 

stearate, magnesium stearate, solid polyethylene gl ycols, 20 

sodium lauryl sulfate, and mixtures thereof).  In t he case of 

capsules, tablets and pills, the dosage form thereo f may 

also comprise buffers. 

In addition, the active compounds may be used as 25 

excipients, such as lactose or milk sugar, as well as 

fillers in soft and hard gelatin capsules using hig h-

molecular weight polyethylene glycols and the like.  

The solid administration forms of tablets, sugar co ated 

tablets, capsules, pills, and granules can be prepa red with 30 

coatings and shells, such as enteric coatings and o ther 

coatings well known in the pharmaceutical field.  T hese may 

optionally comprise an opacifier, and they may be f ormulated 

such that only the active ingredient is released at  a 

particular site in the gastrointestinal tract in a sustained 35 

manner or preferentially.  Also, if necessary, the active 
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compounds may be prepared into microcapsules 

together with at least one of the excipients. 

Liquid dosage forms for oral administration 

comprise pharmaceutically acceptable emulsions, 

solvents, suspensions, syrups, and elixirs.  In 5 

addition to the active compounds, the liquid dosage  

forms may comprise inert diluents commonly used in the 

art, such as, water or other solvents, solubilizers , 

and emulsifiers (e.g., ethyl alcohol, isopropyl 

alcohol, ethyl carbonate, ethyl acetate, benzyl 10 

alcohol, benzyl benzoate, propylene glycol, 1,3-

butylene glycol, dimethyl formamide), oils (in 

particular, cottonseed oil, groundnut, corn oil, ge rm 

oil, olive oil, castor oil, or sesame oil), glycero l, 

tetrahydrofuryl alcohol, polyethylene glycol, and f atty 15 

acid ester of sorbitan, and mixtures thereof.  Besi des 

the inert diluents, the oral composition may also 

comprise adjuvants, such as a wetting agent, an 

emulsifier, a suspending agent, a sweetening agent,  a 

flavoring agent, and an aroma. 20 A dosage form for rectal or vaginal 20 

administration is preferably a suppository which ca n be 

prepared by mixing the compound of the present 

invention with a suitable non-irritating adjuvant o r 

carrier (e.g., cocoa butter, polyethylene glycol, o r 

suppository wax), which is a solid at room temperat ure 25 

but a liquid at the body temperature and therefore 

melts in the rectum or vaginal cavity to releases t he 

active compound. 

A suitable dosage form for parenteral injection 

may comprise a physiologically acceptable sterile 30 

aqueous or non-aqueous solution, a dispersion, a 

suspension, or an emulsion, and a sterile powder wh ich 

can be reconfigured into a sterile injectable solut ion 

or dispersion.  Suitable examples of the aqueous or  

non-aqueous carrier, diluent, solvent, or vehicle 35 

comprise water, ethanol, polyols(propylene glycol, 
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polyethylene glycol, glycerol, etc.), vegetable 

oils (olive oil), injectable organic esters (e.g., ethyl 

oleate), and adequate mixtures thereof. 

In addition, the composition of the present inventi on 

may comprise an adjuvant, such as a preservative, a  wetting 5 

agent, an emulsifier, and a dispersant.  The action s of 

microorganisms may be suppressed by various anti-ba cterial 

and anti-fungal agents (e.g., paraben, chlorobutano l, 

phenol, sorbic acid, etc.).  In addition, the compo sition of 

the present invention may preferably comprise 10 

osmoregulators, such as sugar and sodium chloride.  The 

prolonged absorption of the injectable formulation may be 

attained by using absorption delaying agents (e.g.,  aluminum 

monostearate and gelatin). 

A suspension, in addition to the active compounds, may 15 

comprise a suspending agent (e.g., ethoxylated isos tearyl 

alcohol, polyoxyethylene sorbitol and sorbitan este r, 

microcrystalline cellulose, aluminum metahydroxide,  

bentonite, agar-agar, tragacanth, or mixtures there of). 

In some cases, in order to prolong drug effects, it  is 20 

desirable to slow the absorption of drugs from subc utaneous 

or intramuscular injection.   This may be accomplis hed by 

using a liquid suspension of crystalline or amorpho us 

material having poor water solubility.  Here, the r ate of 

drug absorption depends on the rate of dissolution,  which 25 

may depend on the crystal size and crystalline form .  

Meanwhile, the delayed absorption of a parenterally  

administered drug form is accomplished by dissolvin g or 

suspending a drug in an oil vehicle. 

An injectable depot form is made by forming drug 30 

microencapsulated matrices into biodegradable polym ers, such 

as polylactide-polyglycolide.  The rate of drug rel ease may 

be controlled depending on the ratio of drug to pol ymer and 

the properties of the particular polymer used. 

Other examples of the biodegradable polymer compris e 35 

poly(orthoester) and poly(anhydride).  In addition,  a depot 
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injectable dosage form is prepared by 

encapsulating a drug in liposomes or microemulsions  

that are compatible with the body tissue. 

An injectable dosage form may be sterilized by, 

for example, filtration through a bacteria-retainin g 5 

filter, or by incorporating a sterilizing agent in the 

form of a sterile solid composition that can be 

dissolved or dispersed in sterile water or some oth er 

sterile injectable medium immediately before use. 

According to a preferable embodiment of the 10 

present invention, the composition of the present 

invention is a composition for oral administration,  

which is liposomes or a sustained-release preparati on. 

According to another preferable embodiment of the 

present invention, the composition of the present 15 

invention is a composition for parenteral 

administration, and is in a dosage form of liposome s or 

a sustained-release preparation. 

When the pharmaceutical composition of the 

present invention is prepared in a dosage form for oral 20 

administration as well as a dosage form for parente ral 

administration (preferably, intravenous 

administration), the pharmaceutical composition is in a 

dosage form of liposomes or a sustained-release 

preparation. 25 

The pharmaceutical composition of the present 

invention may be encapsulated in a liposome to prov ide 

the stability of a dosage form for drug delivery.  The 

liposomes used in the present invention may be prep ared 

by mixtures comprising polyols, surfactants, 30 

phospholipids, fatty acids, and water (Prescott, Ed ., 

Methods in Cell Biology, (XIV), p.33et seq.(1976)).  

The polyols used in the liposomes are not 

particularly limited, and preferable examples there of 

comprise propylene glycol, dipropylene glycol, 1,3-35 

butylene glycol, glycerin, methylpropanediol, isopr ene 
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glycol, pentylene glycol, erythritol, xylitol, and 

sorbitol, most preferably propylene glycol. 

The surfactant used in the preparation of liposomes  may 

be any surfactant known in the art, and examples th ereof 

comprise an anionic surfactant, a cationic surfacta nt, an 5 

amphoteric surfactant, and a non-ionic surfactant, 

preferably an anionic surfactant and a non-ionic su rfactant.  

Specific examples of the anionic surfactant compris e 

alkylacyl glutamates, alkyl phosphates, alkyl lacta tes, 

dialkyl phosphates, and trialkyl phosphates.  Speci fic 10 

examples of the non-ionic surfactant comprise alkox ylated 

alkyl ethers, alkoxylated alkyl esters, alkyl 

polyglycosides, polyglyceryl esters, and sugar este rs.  Most 

preferably, polysorbates belonging to the non-ionic  

surfactants are used. 15 

A phospholipid, which is another component used in the 

preparation of liposomes, is an amphoteric lipid, a nd 

examples thereof comprise natural phospholipids (e. g., yolk 

lecithin, soybean lecithin, or sphingomyelin) and s ynthetic 

phospholipids (e.g., dipalmitoylphosphatidylcholine  or 20 

hydrogenated lecithin), and a preferable example th ereof is 

lecithin.  More preferably, the lecithin is natural ly 

occurring unsaturated lecithin or saturated lecithi n 

extracted from soybeans or egg yolks.  In general, naturally 

occurring lecithin comprises 23-95% of phosphatidyl cholines 25 

and 20% or more of phosphatidyl ethanolamines. 

The fatty acids used in the preparation of liposome s 

are higher fatty acids, and preferable examples the reof 

comprise saturated or unsaturated fatty acids of C1 2-22 

alkyl chains, for example, lauric acid, myristic ac id, 30 

palmitic acid, stearic acid, oleic acid, and linole ic acid.  

In general, the water used in the preparation of li posomes 

is deionized distilled water. 

The liposomes may be prepared by various methods kn own 

in the art, but most preferably, may be prepared by  applying 35 

a mixture comprising the ingredients to a high-pres sure 
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homogenizer. 

The thus prepared liposome systems have an 

advantage that the systems can maximize drug delive ry 

by dissolving various poorly soluble materials and 

stabilizing unstable materials. 5 

The pharmaceutical composition of the present 

invention may be prepared into a sustained-release 

preparation to continuously maintain an effective b lood 

level of the effective ingredient, thereby reducing  the 

number of times of taking medications to improve th e 10 

drug compliance. 

The sustained-release preparations are formulated 

to comprise a sustained-release carrier and other 

adjuvants in addition to the active ingredient of t he 

present invention.  The sustained-release carrier u sed 15 

in the present invention may comprise various 

sustained-release carriers known in the art, and 

preferably polyethylene oxide. 

In addition, the pharmaceutical composition of 

the present invention may comprise, as the other 20 

adjuvant, a diluent carrier that is commonly in the  

pharmaceutical field.  Examples of the diluent carr ier 

used for this purpose comprise lactose, dextrin, 

starch, microcrystalline cellulose, calcium hydroge n 

phosphate, calcium carbonate, sugar, and silicon 25 

dioxide.  In addition, the pharmaceutical compositi on 

of the present invention may comprise a glidant for  

improving flowability, such as zinc stearate or 

magnesium stearate, and the other adjuvant that may  be 

used in the pharmaceutical field. 30 

 

The pharmaceutical composition of the present 

invention can be used alone, but may further compri se 

typical active ingredients that are used for 

neurological diseases, vascular disease, aging, and  35 

muscle loss, which have been mentioned in the prese nt 
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technique, and in these cases, the pharmaceutical 

composition of the present invention may be used as  a more 

more effective composition by synergistic effects. 

The composition of the present invention may be 

prepared in the form of a cosmetic composition.  Th e cosmetic 5 

composition of the present invention may be formula ted into 

any dosage form that is conventionally prepared, an d 

examples thereof may comprise solutions, suspension s, 

emulsions, pastes, gels, creams, lotions, powders, soaps, 

surfactant-containing cleansers, oils, powder found ations, 10 

emulsion foundations, wax foundations, and sprays, but are 

not limited thereto.  More specifically, the cosmet ic 

composition of the present invention may be prepare d in the 

dosage form of emollient lotion, nourishing lotion,  

nourishing cream, massage cream, essence, eye cream , 15 

cleansing cream, cleansing foam, cleansing water, p ack, 

spray, or powder. 

Animal oil, plant oil, wax, paraffin, starch, traca nt, 

a cellulose derivative, polyethylene glycol, silico ne, 

bentonite, silica, talc, or zinc oxide may be used as a 20 

carrier ingredient in cases where the dosage form o f the 

present invention is a paste, cream, lotion, or gel . 

Lactose, talc, silica, aluminum hydroxide, calcium 

silicate, or a polyamide powder may be used as a ca rrier 

ingredient in cases where the dosage form of the pr esent 25 

invention is a powder or spray.  Especially, in cas es where 

the dosage form of the present invention is a spray , the 

spray may further comprise a propellant, such as 

chlorofluorohydrocarbon, propane/butane, or dimethy l ether. 

A solvent, a solubilizer, or an emulsifier may be u sed 30 

as a carrier component in cases where the dosage fo rm of the 

present invention is a solution or emulsion, and ex amples 

thereof comprise water, ethanol, isopropanol, ethyl  

carbonate, ethyl acetate, benzyl alcohol, benzyl be nzoate, 

propylene glycol, 1,3-butyl glycol oil, glycerol al iphatic 35 

ester, polyethylene glycol, or fatty acid ester of sorbitan. 
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A liquid diluent (such as water, ethanol, or 

propylene glycol), a suspending agent (such as 

ethoxylated isostearyl alcohol, polyoxyethylene 

sorbitol ester, or polyoxyethylene sorbitan ester),  

microcrystalline cellulose, aluminum metahydroxide,  5 

bentonite, agar, or tragacanth may be used as a car rier 

ingredient in cases where the dosage form of the 

present invention is a suspension. 

Aliphatic alcohol sulfate, aliphatic alcohol 

ether sulfate, sulfosuccinate monoester, isethionat e, 10 

imidazolium derivatives, methyl taurate, sarcosinat e, 

fatty acid amide ether sulfate, alkyl amido betaine , 

aliphatic alcohol, fatty acid glyceride, fatty acid  

diethanolamide, plant oil, lanoline derivatives, or  

ethoxylated glycerol fatty acid ester may be used a s a 15 

carrier ingredient in cases where the dosage form o f 

the present invention is a surfactant-containing 

cleanser. 

The ingredients contained in the cosmetic 

composition of the present invention comprise 20 

ingredients that are usually used in the cosmetic 

composition, in addition to the active ingredient a nd 

the carrier ingredients, and for example, may compr ise 

common adjuvants, such as anti-oxidants, stabilizer s, 

solubilizers, vitamins, pigments, and flavoring age nts. 25 

In cases where the composition of the present 

invention is prepared into a food composition (or 

nutraceutical composition), the food composition 

comprises the compound of general formula I as an 

active ingredient and ingredients that are ordinari ly 30 

added at the time of food manufacturing, and exampl es 

thereof may comprise proteins, carbohydrates, fats,  

nutrients, seasonings, and flavoring agents.  Examp les 

of the carbohydrate comprise monosaccharides, e.g.,  

glucose, fructose, etc.; disaccharides, e.g., malto se, 35 

sucrose, oligosaccharide, etc.; and polysaccharides , 
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such as sugars (e.g., dextrin, cyclodextrin, etc.) 

and sugar alcohols (e.g., xylitol, sorbitol, erythr itol, 

etc.).  Examples of the flavoring agent may compris e natural 

natural flavoring agents (thaumatin, and stevia ext ract 

(e.g., rebaudioside A, glycyrrhizin, etc.)) and syn thetic 5 

flavoring agents (saccharin, aspartame, etc.). 

For example, when the food composition of the prese nt 

invention is prepared into a drink, the food compos ition may 

further comprise, in addition to the compound of ge neral 

formula I of the present invention, citric acid, li quefied 10 

fructose, sugar, glucose, acetic acid, malic acid, fruit 

juice, an Eucommia ulmoides  extract, a jujube extract, and a 

licorice extract. 

 

In an embodiment of the present invention, the 15 

composition of the present invention is incorporate d in a 

sitological, cosmetical, or pharmaceutical delivery  system 

or sustained-release system selected from the group  

consisting of liposomes, mixed liposomes, oleosomes , 

niosomes, ethosomes, millicapsules, microcapsules, 20 

nanocapsules, nanostructured lipid media, sponges, 

cyclodextrins, vesicles, micelles, mixed micelles o f 

surfactants, surfactant-phospholipid mixed micelles , 

millispheres, microspheres, nanospheres, liposphere s, 

microemulsions, nanoemulsions, miniparticles, 25 

milliparticles, microparticles, nanoparticles, and solid 

lipid nanoparticles. 

In an embodiment of the present invention, the 

nanocapsules of the present invention comprise 

microemulsions. 30 

In an embodiment of the present invention, the 

composition of the present invention is for use by topical, 

oral, or parenteral application.  Specifically, for  example, 

the topical administration of the present invention  

comprises dermal administration. 35 

The topical application of the present invention, 
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specifically, for example, the dermal 

administration may be performed by iontophoresis, 

ultrasonophoresis, electroporation, mechanical 

pressure, osmotic pressure gradient, occlusive cure , 

microinjection, needleless injection by pressure, u se 5 

of micro-electro-patches, use of face masks, or any  

combination thereof, but is not limited thereto. 

In an embodiment of the present invention, the 

composition of the present invention increases the 

expression of PGC-1 α.  Therefore, the composition of 10 

the present invention can be used in the prevention , 

alleviation, or treatment of a symptom or disease 

associated with PGC-1 α reduction. 

In an embodiment of the present invention, the 

composition of the present invention is for use for  the 15 

treatment and/or cure of the skin.  More specifical ly, 

the treatment and/or care of the skin is the reduct ion, 

delay and/or prevention of symptoms of aging and/or  

photoaging. 

In an embodiment of the present invention, the 20 

composition of the present invention is for use in 

reducing the volume of adipose tissue . 

In an embodiment of the present invention, the 

composition of the present invention is for use in 

reducing the content of triglycerides in the adipos e 25 

tissue. 

More specifically, for example, the adipose 

tissue is subcutaneous adipose tissue. 

In an embodiment of the present invention, the 

subcutaneous adipose tissue of the present inventio n is 30 

the subcutaneous adipose tissue of the femoral regi on, 

chest, a lower part of the neck, neckline, buttocks , 

face, lips, cheeks, eyelids and/or hands. 

Still another embodiment of the present 

invention, the adipose tissue of the present invent ion 35 

is any adipose tissue that may be formed in the bod y, 
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including adipose tissue formed by fat embolism. 

In an embodiment of the present invention, the 

composition of the present invention is for use in 

increasing the skin temperature. 

In accordance with another aspect of the present 5 

invention, there is provided a sitological, cosmeti cal, or 

pharmaceutical composition comprising a sitological ly, 

cosmetically, or pharmaceutically effective amount of at 

least one general formula I or acceptable salt acco rding to 

other aspects of the present invention, and at leas t one 10 

sitologically, cosmetically, or pharmaceutically ac ceptable 

excipient or adjuvant. 

According to an embodiment of the present invention , 

general formula I of the present invention,  a mixt ure 

thereof, and/or a sitologically, cosmetically, or 15 

pharmaceutically acceptable salt thereof is confirm ed in a 

state of being adsorbed on a sitologically, cosmeti cally, or 

pharmaceutically acceptable solid organic polymer o r solid 

mineral support, which is formed by talc, bentonite , silica, 

starch, and maltodextrin. 20 

In an embodiment of the present invention, the 

composition of the present invention is provided in  a dosage 

form selected from the group consisting of creams, multiple 

emulsions, anhydrous compositions, aqueous dispersi ons, 

oils, milks, balsams, foams, lotions, gels, cream g els, 25 

hydroalcoholic solutions, hydroglycolic solutions, 

liniments, sera, soaps, shampoos, conditioners, ser ums, 

ointments, mousses, pomades, powders, bars, pencils , sprays, 

aerosols, capsules, gelatin capsules, soft capsules , hard 

capsules, tablets, sugar coated tablets, granules, chewing 30 

gum, solutions, suspensions, emulsions, syrups, eli xirs, 

polysaccharide films, jellies, and gelatins. 

In an embodiment of the present invention, the 

composition of the present invention is confirmed i n a state 

of being incorporated into a product selected from the group 35 

consisting of under-eye concealers, makeup foundati ons, 



 31

make-up removal lotions, make-up removal milks, 

eye shadows, lipsticks, lip glosses, lip protectors , 

and powders. 

In an embodiment of the present invention, 

general formula I, a mixture thereof, and/or a 5 

sitologically, cosmetically, or pharmaceutically 

acceptable salt thereof is incorporated into fabric s, 

nonwoven fabrics, or medical apparatuses. 

In an embodiment of the present invention, the 

fabrics, nonwoven fabrics, or medical apparatuses o f 10 

the present invention are selected from the group 

consisting of bandages, gauzes, t-shirts, tights, 

socks, underwear, girdles, gloves, diapers, sanitar y 

napkins, dressings, bedspreads, wipes, adhesive 

patches, non-adhesive patches, occlusive patches, 15 

micro-electric patches, and face masks. 

In an embodiment of the present invention, the 

composition of the present invention further compri ses 

a sitologically, cosmetically, or pharmaceutically 

effective amount of at least one adjuvant selected from 20 

the group consisting of other PGC-1 α regulators, other 

PPARγ regulators, preparations for reducing adipocyte 

triglycerides, preparations for delaying adipocyte 

differentiation, lipolytic agents or lipolysis 

stimulators, anti-cellulite agents, adipogenetic 25 

agents, acetylcholine-receptor clustering inhibitor s, 

muscle contraction inhibitors, anti-cholinergic age nts, 

elastase inhibitors, matrix metalloproteinase 

inhibitors, melanin synthesis stimulators or inhibi tors 

or depigmenting agents, propigmenting agents, self-30 

tanning agents, anti-aging agents, NO-synthase 

inhibitors, 5 α-reductase-inhibitors, lysyl-hydroxylase 

and/or prolyl-hydroxylase inhibitors, anti-oxidant 

agents, free radical scavengers and/or anti-atmosph eric 

pollution agents, reactive carbonyl species scaveng ers, 35 

anti-glycation agents, anti-histaminic agents, anti -
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viral agents, anti-parasitic agents, emulsifiers, 

emollients, organic solvents, liquid propellants, s kin 

conditioners, wetting agents, moisture retaining su bstances, 

substances, α- and β-hydroxy acids, moisturizing agents, 

dermal hydrolases, vitamins, amino acids, proteins,  pigments 5 

or colorants, dyes, biopolymers, gelling polymers, viscosity 

increasing agents, surfactants, softening agents, b inders, 

preservatives, anti-wrinkling agents, agents capabl e of 

reducing or treating bags under eyes, exfoliating a gents, 

desquamating agents, keratolytic agents, anti-bacte rial 10 

agents, anti-fungal agents, fungistatic agents, bac tericidal 

agents, bacteriostatic agents, dermal or stimulator s, 

elastin synthesis stimulators, decorin synthesis 

stimulators, laminin synthesis stimulators, defensi n 

stimulators, chaperone stimulators, cAMP synthesis 15 

stimulators, thermal-shock proteins, HSP70 synthesi s 

stimulators, thermal-shock protein synthesis stimul ators, 

aquaporin synthesis stimulators, hyaluronic acid sy nthesis 

stimulators, fibronectin synthesis stimulators, sir tuin 

synthesis stimulators, agents stimulating the synth esis of 20 

stratum corneum components and lipids, ceramides, f atty 

acids, collagen degradation inhibitors, elastin deg radation 

inhibitors, serine protease inhibitors, fibroblast 

proliferation stimulators, keratinocyte proliferati on 

stimulators, melanocyte proliferation stimulators, 25 

keratinocyte differentiation stimulators, 

acetylcholinesterase inhibitors, skin relaxants, 

glycosaminoglycan synthesis stimulators, hyperkerat osis 

inhibitors, comedolytic agents, DNA repairing agent s, DNA 

protecting agents, stabilizers, anti-pruritic agent s, agents 30 

for the treatment and/or care of sensitive skin, fi rming 

agents, redensifying agents, restructuring agents, anti-

stretch mark agents, sebum production regulators, a nti-

sudorific agents, healing stimulators, coadjuvant h ealing 

agents, re-epithelialization stimulators, coadjuvan t re-35 

epithelialization agents, cytokine growth factors, sedative 
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agents, anti-inflammatory agents, anesthetic 

agents, agents acting on capillary circulation and/ or 

microcirculation, vascular permeability inhibitors,  

venotonic agents, agents acting on cellular 

metabolisms, agents for improving dermal-epidermal 5 

junction, hair growth inducers or retarders, flavor ing 

agents, chelating agents, plant extracts, essential  

oils, marine extracts, agents obtained from biologi cal 

fermentation processes, mineral salts, cell extract s, 

sunscreens, and organic or mineral photoprotective 10 

agents having activity against UV A and/or B, and 

mixtures thereof. 

In an embodiment of the present invention, the 

adjuvant of the present invention is derived from 

synthesis origin, plant extracts, biological 15 

fermentation processes, or a combination of synthes is 

or biotechnology processes. 

In an embodiment of the present invention, the 

composition of the present invenitn further compris es a 

pharmaceutically effective amount of at least one a nti-20 

diabetic agent. 

In an embodiment of the present invention, the 

adjuvant of the present invention is selected from the 

group consisting of agents for increasing or decrea sing 

the content of triglycerides in adipose tissue, age nts 25 

for for increasing or delaying adipocyte 

differentiation, lipolytic agents and/or venotonic 

agents. 

In an embodiment of the present invention, the 

agents for increasing or decreasing the content of 30 

triglycerides in adipose tissue, agents for delayin g 

adipocyte differentiation, anti-cellulite agents, 

lipolytic agents and/or venotonic agents of the pre sent 

invention are selected from the group consisting of  

forskolin, caffeine, escin, carnitine, coenzyme A, 35 

lipase, glaucine, esculin, visnadine, sarsasapogeni n, 
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extracts of Coffea Arabica , extracts of Coleus 

forskohlii , extracts of Anemarrhena apshodeloides , and a 

a mixture of water, glycerin, lecithin, caffeine, e xtracts 

extracts of Butcher's broom ( Ruscus Aculeatus ), 

maltodextrin, silica, triethanolamine hydroiodide, propylene 5 

glycol, extracts of ivy ( Hedera helix ), carnitine, escin, 

tripepide-1, xanthan gum, carrageenan (Chondrus cri spus), 

and disodium EDTA. 

In an embodiment of the present invention, the adju vant 

of the present invention is selected from the group  10 

consisting of firming agents, redensifying agents, and 

restructuring agents. 

In an embodiment of the present invention, the firm ing 

agents, redensifying agents, and restructuring agen ts of the 

present invention are selected from the group consi sting of 15 

Pseudoalteromonas  fermented extracts, tripeptide-10 

citrulline, acetylarginyl- tryptophyl diphenylglici ne, 

hexapeptide-10, and a mixture of Pseudoalteromonas  

fermentation extracts, hydrolyzed wheat proteins, h ydrolyzed 

soy proteins, tripeptide-10 citrulline, and tripept ide-1. 20 

In an embodiment of the present invention, the adju vant 

of the present invention is selected from anti-stre tch mark 

agents.  More specifically, for example, the anti-s tretch 

mark agents of the present invention are selected f rom the 

group consisting of extracts of Centella Asiatica , extracts 25 

of Rosa canina , extracts of Rosa moschata , extracts of Rosa 

rubiginosa , and a mixture of water, caprylyl/capryl 

glucoside, lecithin, glycerin, Pseudoalteromonas  ferment 

extract, acetyl tripeptide-30 citrulline, pentapept ide-18, 

xanthan gum, and caprylyl glycol. 30 

In an embodiment of the present invention, the adju vant 

of the present invention is selected from anti-wrin kling 

agents or anti-aging agents. 

In an embodiment of the present invention, the anti -

wrinkling agents or anti-aging agents of the presen t 35 

invention are selected from the group consisting of : acetyl 
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heptapeptide-8; acetyl heptapeptide-4; acetyl 

octapeptide-3; pentapeptide-18; acetylhexapeptide-3 0; a 

mixture of hydrolyzed wheat proteins, hydrolyzed so y 

proteins, and tripeptide-1; a mixture of 

diaminopropionyl tripeptide-33, tripeptide-10 5 

citrulline, Pseudoalteromonas fermentation extract,  

hydrolyzed wheat proteins, hydrolyzed soy proteins,  and 

tripeptide-10 citrulline, and tripeptide-1; a mixtu re 

of acetyl tetrapeptide-5, acetyltripeptide-30 

citrulline, acetylarginyltriphenyldiphenylglycine, 10 

acetyltetrappeptide-22, dimethylmethoxychromanol, 

dimethylmethoxychromanyl palmitate, Pseudoalteromonas  

fermentation extract, lysine HCl, lecithin, and 

tripeptide-9 citrulline; and a mixture of lysine HC l, 

lecithin and tripeptide 10 citrulline. 15 

 

In accordance with another aspect of the present 

invention, there is provided a method for preparing  a 

compound represented by general formula I below, a 

sitologically, cosmetically, or pharmaceutically 20 

acceptable salt thereof, or a mixture thereof, the 

method comprising performing a reaction in a solid 

phase or a solution: 

General formula I S-(MS)p-(MS)q 

In the general formula, S is sialic acid; and 25 

(MS)p and (MS)q each are independently a monosaccha ride 

residue. 

 

In accordance with another aspect of the present 

invention, there is provided a composition for body  fat 30 

degradation, the composition comprising, as an acti ve 

ingredient, a compound represented by general formu la I 

below: 

General formula I: S-(MS) p-(MS) q 

In general formula I, S is sialic acid, and (MS) p 35 

and (MS) q each are independently a monosaccharide 
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residue. 

In an embodiment of the present invention, in gener al 

formula I of the present invention, (MS) p is galactose and 

(MS) q is glucose. 

In an embodiment of the present invention, the comp ound 5 

of general formula I of the present inveniton is 

sialyllactose. 

In an embodiment of the present invention, the 

sialyllactose of the present inveniton is α-NeuNAc-(2 →3)- β-

D-Gal-(1 →4)-D-Glc or α-NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc. 10 

In an embodiment of the present invention, the 

sialyllactose of the present inveniton is α -NeuNAc-(2 →6)- β -

D-Gal-(1 →4)-D-Glc. 

In an embodiment of the present invention, the 

composition of the present inveniton is a pharmaceu tical 15 

composition. 

In an embodiment of the present invention, the 

composition of the present inveniton is a dosage fo rm 

selected from the group consisting of solutions, 

suspensions, syrups, emulsions, liposomes, powders,  20 

granules, tablets, sustained-release preparations, and 

capsules. 

In an embodiment of the present invention, the 

composition of the present inveniton is a compositi on for 

parenteral administration, and is in a dosage form of a 25 

liposome or sustained-release preparation. 

In an embodiment of the present invention, the 

composition of the present inveniton is a compositi on for 

oral administration, and is in a dosage form of a l iposome 

or sustained-release preparation. 30 

In an embodiment of the present invention, the 

composition of the present inveniton is a nutraceut ical 

composition or food composition. 

 

According to another aspect of the present inventio n, 35 

the present invention provides a method for the pre vention 
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or treatment of a disease or symptom relates to the  

decrease of PGC-1 α expression in a subject, the method 

comprising administering the composition of any one  of 

other embodiments of the present invention to a sub ject 

in need thereof.  The disease or symptom associated  5 

with a decrease in PGC-1 α expression is as descried in 

other aspects of the present invention. 

In an embodiment of the present invention, the 

treatment method of the present invention further 

comprises, before the administering step, measuring  the 10 

expression level of PGC-1 α in cells from a sample 

isolated from the subject.  The expression level of  

PGC-1α of the present invention can be measured by 

using any method known in the art without limitatio n.  

A sample isolated from the subject of the present 15 

invention refers to a sample isolated from a subjec t 

having cells expressing PGC-1 α, but is not particularly 

limited. 

In an embodiment of the present invention, it is 

observed whether or not the expression level of PGC -1 α 20 

of the present inveniton is decreased compared with  a 

normal control group, and then, if decreased, the 

administering step is performed on the subject. 

In an embodiment of the present invention, the 

normal control group of the present invnetion 25 

corresponds cells obtained from a normal person or a 

subject showing no disease or symptom associated wi th a 

decrease in PGC-1 α expression. 

In an embodiment of the present invention, the 

sample of the present invention is obtained from a 30 

particular tissue or organ.  The particular tissue or 

organ of the present invention means the tissue or 

organ related with a disease or symptom associated with 

a decrease in PGC-1 α expression level, and may be 

properly the disease or symptom. 35 

In an embodiment of the present invention, the 
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administration of the present invention is a topica l 

administration with respect to a particular tissue in which 

which the measured expression level of PGC-1 α is decreased 

decreased compared with the control group. 

 5 

In accordance with another aspect of the present 

invention, there is provided a method for degrading  body 

fat, the method comprising administering the compos ition of 

any one of another aspect of the present invention to a 

subject in need thereof. 10 

In an embodiment of the present invention, the meth od 

further comprises, before the administering step, m easuring 

the expression level of PGC-1 α in cells from a sample 

isolated from the subject.  The expression level of  PGC-1 α of 

the present invention can be measured by using any method 15 

known in the art without limitation.  A sample isol ated from 

the subject of the present invention refers to a sa mple 

isolated from a subject having cells expressing PGC -1 α, but 

is not particularly limited. 

In an embodiment of the present invention, it is 20 

observed whether or not the expression level of PGC -1 α is 

decreased compared with the average expression leve l of PGC-

1α in an average body weight group, and then, if decr eased, 

the administering step is performed on the subject.  

In an embodiment of the present invention, the aver age 25 

body weight group of the present invention means a set of 

populations having a weight the same as the average  weight 

of populations who have the same height as a target  object.  

A sampling group for measuring the body weight of t he 

average body weight group may be randomly selected from the 30 

populations belonging to the same race or ethnicity  as the 

subject, and at least 10 or more, preferably 50 or more, and 

more preferably 100 or more persons, the average bo dy weight 

of which is measured and can be used as an average body 

weight for selecting the average body weight group.   35 

Alternatively, conventionally known statistical val ues may 



 39

be used. 

In an embodiment of the present invention, the 

cells of the present invention are obtained from a 

subject belonging to the foregoing average body wei ght 

group. 5 In an embodiment of the present invention, the 5 

sample of the present invention is obtained from 

particular tissues or organs.  The particular tissu es 

or organs of the present invention can be properly 

selected from sites with higher fat contents, compa red 

with the average body type of the average body weig ht 10 

group. 

In an embodiemnt of the  present inventon, the 

administration of the  present invention is a topic al 

administration with respect to a particular tissue in 

which the measured expression level of PGC-1 α is 15 

decreased compared with the control group. 

 

Advantageous Effects 

The composition according to the present 

invention exhibits no toxicity in animals used in 20 

respective disease models.  Furthermore, the 

composition according to the present invention 

increases the expression of PGC-1 α, which relates to 

mitochondrial functions, and the other relating gen es 

(fibronectin type III domain containing 5 (Fndc5), 25 

estrogen-related receptor alpha (Erra), uncoupling 

protein 1 (UCP-1), brain-derived neurotrophic facto r 

(BDNF), superoxide dismutase 2 (SOD2), and glutathi one 

peroxidase 1 (GPX1)), more remarkably, compared wit h a 

control group, in various organs including the brai n 30 

and hippocampus, when the composition is injected i nto 

animal model test groups and normal animal test gro ups 

for various brain diseases (AD, PD, HD, and the lik e), 

stroke, aging stimulation, and skin tests.  

Furthermore, the composition according to the prese nt 35 

invention shows improved behaviors in the basic 
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behavioral tests for various brain diseases (AD, PD , HD, 

and the like).  Therefore, the composition of the p resent 

invention can be advantageously used as a pharmaceu tical 

composition for preventing or treating a condition,  

disorder, and/or disease, comprising PGC-1 α-related 5 

neurodegenerative diseases, metabolic diseases, top ical fat 

removal and lipid metabolism-related diseases, agin g and 

diseases caused by aging, and muscle loss (sarcopen ia, 

cachexia) and disease caused by muscle loss. 

 10 

Brief Description of the Drawings 

FIGS. 1a, 1b, and 1c show the gene expression chang es 

in organs (FIG. 1a), skeletal muscles (FIG. 1b), an d 

abdominal fat (FIG. 1c) by the treatment with 6'-

sialyllactoase (SL) in normal mouse models.  FIGS. 1d, 1e, 15 

and 1f show the gene expression changes in organs ( FIG. 1d), 

skeletal muscles (FIG. 1e), and abdominal fat (FIG.  1f) by 

the treatment with 3'-SL in normal mouse models. 

FIGS. 2a and 2b show the numerical values (FIG. 2a)  and 

western blots (FIG. 2b) of PGC-1 α protein expression changes 20 

in the brain and hippocampus. 

FIG. 3 shows the gene expression changes by the 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in nerve 

cells. 

FIG. 4 shows the gene expression changes by the 25 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in C2C12 

immature muscle cells. 

FIGS. 5a and 5b show the numerical values of (gene 

expression level of the (Alzheimer's disease model)  

group)/gene expression level of the control group),  (gene 30 

expression level of the (Alzheimer's disease model + 3 ′-SL) 

group)/gene expression level of the control group),  and 

(gene expression level of the (Alzheimer's disease model + 

6′-SL) group)/gene expression level of the control gr oup) in 

respective organs with respect to relative gene exp ression 35 

changes in the brain and hippocampus compared with the 
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control group. 

FIG. 6 shows the numerical value of escape time 

in the cognitive ability test when a control group,  an 

(Alzheimer's disease model) group, an (Alzheimer's 

disease model + 3 ′-SL) group, and an (Alzheimer's 5 

disease model + 6 ′-SL) group were subjected to the 

cognitive ability test (Morris water maze) for 7 da ys. 

FIGS. 7a and 7b show the gene expression changes 

by the treatment with SL (3 ′-SL & 6 ′-SL) compositions 

in Parkinson's disease models. 10 

FIG. 8 shows the behavior test results in 

Parkinson's disease animal models. 

FIGS. 9a and 9b show the gene expression changes 

by the treatment with SL compositions in 

epilepsy/convulsion brain disease models. 15 

FIGS. 10a and 10b show the gene expression 

changes by the treatment with SL (3 ′-SL & 6 ′-SL) 

compositions in Huntington's disease models. 

FIG. 11 shows the rotarod travel test results in 

Huntington's disease models. 20 

FIG. 12 shows the observation results of ischemic 

volume in ischemic models. 

FIG. 13 shows the MLPT test score changes by SL 

(3 ′-SL & 6 ′-SL) treatment after ICH induction 

FIG. 14 shows the gene expression changes by the 25 

treatment with SL compositions in mouse models. 

FIG. 15 shows subcutaneous fat reduction effects 

when SL (3 ′-SL & 6 ′-SL) compositions were topically 

administered in mouse models. 

FIGS. 16a and 16b show the gene expression 30 

changes by the treatment with SL (3 ′-SL & 6 ′-SL) 

compositions in aging stimulating models.   

FIGS. 17a and 17b show the measurement results of 

intercellular H 2O2 (ROS values) (FIG. 17a) and the 

measurement results of mitochondrial superoxide 35 

production (FIG. 17b).   
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FIGS. 18a and 18b show the measurement results of 

telomerase activity by the administration of SL (3 ′-SL & 6 ′-

& 6 ′-SL) compositions. 

FIGS. 19a and 19b show the measurement results of 

intercellular H 2O2 (ROS values) (FIG. 19a) and the 5 

measurement results of mitochondrial superoxide pro duction 

(FIG. 19b).   

FIGS. 20a and 20b show the analysis results of 

telomerase activity by the treatment of arterioscle rosis 

models (ApoE -/- ; FIG. 20a) and MASMs (FIG. 20b) with SL (3 ′-10 

SL & 6 ′-SL).   

FIGS. 21a and 21b show the gene expression changes by 

the treatment with SL (3 ′-SL & 6 ′-SL) compositions in skin 

test models.   

FIGS. 22a and 22b show the intercellular fat change s 15 

when 6’-sialyllactose (FIG. 22a) and 3’-sialyllacto se (FIG. 

22b) were administered into differentiated adipocyt es. 

FIGS. 23a and 23b show the optical microscopic imag es 

of cells, showing the intercellular fat changes whe n 6’-

sialyllactose (FIG. 23a) and 3’-sialyllactose (FIG.  23b) 20 

were administered into differentiated adipocytes. 

FIG. 24 shows the effect of 6’-sialyllactose on cel l 

viability in differentiated adipocytes. 

FIG. 25 shows the glycerol secretion changes by 

sialyllactose in differentiated adipocytes. 25 

FIGS. 26a and 26b show the skin changes of high-fat  

diet mice by subcontenous injection of sialyllactos e. 

 

Mode for Carrying Out the Invention 

Hereinafter, the present invention will be describe d in 30 

detail with reference to examples.  These examples are only 

for illustrating the present invention more specifi cally, 

and it will be apparent to those skilled in the art  that the 

scope of the present invention is not limited by th ese 

examples. 35 
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Example 1:  Evaluation of gene expression 

stimulation by treatment with SL (3 ′-SL & 6 ′-SL) 

compositions in normal mouse models 

In order to investigate relative gene expression 

changes by organs compared with before SL (3 ′-SL & 6 ′-5 

SL) aministration, 4-week-old C57BL/6 mice were 

purchased from Dooyeul Biotech (Korea).  Water was 

freely accessible, and a commercially available pel let 

feed (Dooyeul Biotech, Korea) was given for two wee ks.  

At 6 weeks of age, the mice (initial body weight, 10 

average 21.4±1.1 g) were randomly divided into thre e 

groups (composed of eight mice for each group) belo w, 

and the diets were maintained for 10 weeks (a total  of 

24 animals): 

- Control group: Normal diet mouse group 15 

- 3’-SL administration group: Separate 

administration with 3’-sialyllactose (3 ′-SL, Sigma) 

(oral administration of 0.1 mg per kg of mouse weig ht 

per day) in addition to the normal diet group 

- 6’-SL administration group: Separate 20 

administration with 6’-sialyllactose (6 ′-SL, Sigma) 

(oral administration of 0.1 mg per kg of mouse weig ht 

per day) in addition to the normal diet group 

Sialyllactose or deionized water was orally 

administered daily.  The mice were kept in animal r ooms 25 

for 10 weeks, fasted for 12 hours, and sacrificed.  The 

dietary intake and body weight change were measured  

every 5 days.  3’-Sialyllactose (3 ′-N-acetylneuraminyl-

D-lactose, 3 ′-sialyl-D-lactose, or α-NeuNAc-(2 →3)- β-D-

Gal-(1 →4)-DGlc) or 6’-sialyllactose (6 ′-N-30 

acetylneuraminyl-lactose, 6 ′-sialyl-D-lactose, or α-

NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc) was purchased from 

Sigma-Aldrich. 

 

The gene expression changes by administration of 35 

the SL (3 ′-SL & 6 ′-SL) compositions were quantitatively 
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compared for eight main organs (heart, hippocampus,  

brain, spinal cord, lung, liver, spleen, and kidney ), three 

three skeletal muscles (soleus muscle, quadriceps f emoris 

femoris muscle, and gastrocnemius muscle), and abdo minal 

fat.  RNA was extracted by TRIzol agent (Invitrogen ).  cDNA 5 

was synthesized by using RNA, which has been extrac ted as 

above and quanti-fied, and a reverse transcription system 

(Promega, USA).  The expression patterns of PGC-1 α and 

related genes were measured by using pre-designed p rimers 

and probes (Applied Biosystems; PGC-1 α, Mm00447181_m1, 10 

GAPDH, and Mm99999915_q1) for the synthesized cDNA and 

analysis targets (Fndc5, PGC-1 α, Erra, UCP1, SOD2, and 

GPX1).  The Rotor-Gene 3000 system (Corbett Researc h, Sydney, 

Austrailia) was used for PCR reaction and analysis,  and the 

results are shown in FIG. 1. 15 

In FIG. 1, the relative gene expression changes by 

organs compared with before SL (3 ′-SL & 6 ′-SL) aministration 

were expressed by values of (gene expression levels  of SL-

administration groups)/(gene expression level of th e control 

group).  As for 6 ′-SL, as can be seen from most of the organs 20 

(FIG. 1a), skeletal muscles (FIG. 1b), and abodomin al fat 

(FIG. 1c), the 6’-SL administration groups were hig her than 

the negative control group in view of the expressio n levels 

of several analysis targets (Fndc5, PGC-1 α, Erra, and UCP1) 

including PGC-1 α in several body parts.  That is, it could be 25 

confirmed that 6 ′-SL stimulated the expression of PGC-1 α and 

related genes in several organs, mucles, and fat of  normal 

mice.  As for 3 ′-SL, as can be seen from most of the organs 

(FIG. 1d), skeletal muscles (FIG. 1e), and abodomin al fat 

(FIG. 1f), the 3’-SL administration groups were hig her than 30 

the negative control group in view of the expressio n levels 

of several analysis targets in several body parts, but were 

less effective than the 6’-SL administration groups . 

FIGS. 1a, 1b, and 1c show the gene expression chang es 

in organs (FIG. 1a), skeletal muscles (FIG. 1b), an d 35 

abdominal fat (FIG. 1c) by the treatment with 6'-SL  in 
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normal mouse models.  FIGS. 1d, 1e, and 1f show the  

gene expression changes in organs (FIG. 1d), skelet al 

muscles (FIG. 1e), and abdominal fat (FIG. 1f) by t he 

treatment with 3'-SL in normal mouse models.  In FI GS. 

1a to 1f, the vertical axes represent the relative gene 5 

expression ratio compared with the control group. 

 

Example 2: Evaluation of PGC-1 α protein 

expression stimulation by the treatment with SL (3' -SL 

& 6'-SL) compositions in the brain and hippocampus of 10 

old mouse models 

In order to investigate the relative protein 

expression in the brain compared with before SL (3 ′-SL 

& 6 ′-SL) aministration, 4-week-old ICR mice were 

purchased from Central Lab Animal (Korea).  Water w as 15 

freely accessible, and a commercially available pel let 

feed (Dooyeul Biotech, Korea) was given for two wee ks.  

At 6 weeks of age, the mice (initial body weight, 

average 20.3±1.5 g) were randomly divided into thre e 

groups (composed of eight mice for each group) belo w, 20 

and the diets were maintained for 42 weeks (a total  of 

24 animals). 

- Control group: Normal diet mouse group 

- 3’-SL administration group: Treatment with 3’-

sialyllactose (3 ′-SL, Sigma) (oral administration of 25 

0.1 mg per kg of mouse weight per day) in addition to 

the normal diet group 

- 6’-SL administration group: Treatment with 6’-

sialyllactose (6 ′-SL, Sigma) (oral administration of 

0.1 mg per kg of mouse weight per day) in addition to 30 

the normal diet group 

Sialyllactose or DW was orally administered 

daily.  The mice were kept in animal rooms for 42 

weeks, fasted for 12 hours, and sacrificed.  The 

dietary intake and body weight change were measured  35 

every 5 days.  3’-Sialyllactose (3 ′-N-Acetylneuraminyl-
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D-lactose, 3 ′-Sialyl-D- lactose, or α-NeuNAc-(2 →3)- β-

D-Gal-(1 →4)-DGlc) or 6’-sialyllactose (6 ′-N-

acetylneuraminyl-lactose, 6 ′-sialyl-D-lactose, or α-NeuNAc-

NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc) was purchased from Sigma-

Aldrich. 5 

FIG. 2 shows numerical values (FIG. 2a) and western  

blots (FIG. 2b) of PGC-1 α protein expression changes in the 

brain and hippocampus.  In FIG. 2b, BB1 6' represen ts 6 ′-SL.  

The “PGC-1 α protein expression level” and “GAPDH protein 

expression level” in each site were quanti-fied, an d the 10 

relative ratio of the values, (PGC-1 α protein expression 

level)/(GAPDH protein expression level) was numeric ally 

expressed for the control group, 3’-SL administrati on group, 

and 6’-SL administration group.  The PGC-1 α expression level 

was much higher in the 6’-SL administration group r ather 15 

than the negative control group in both of the brai n and 

hippocampus.  That is, it could be confirmed that 6 ′-SL 

stimulated the expression of PGC-1 α protein in several sites 

of the brain of normal mice. 

 20 

FIG. 2 shows the PGC-1 α protein expression changes in 

the brain and hippocampus by the administration of SL 

compositions in aged mouse models.  6-Week-old male  ICR mice 

were grouped into the control group and the 6 ′-SL 

administration group (8 animals per group), which w ere then 25 

subjected to a dietary control test for 42 weeks.  The mice 

were sacrificed and then the brain and hippocampus were 

extracted.  The cerebral cortex was extracted from the brain.  

The PGC-1 α protein expression changes in the extracted brain 

and hippocampus were expressed by numerical values (FIG. 2a) 30 

and western blots (FIG. 2b). 

 

Example 3: Evaluation of gene expression stimulation by 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in nerve cell 

test 35 

In order to investigate whether SL (3 ′-SL & 6 ′-SL) also 
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has an effect of stimulating the expression of PGC-

1α gene and related genes in nerve cells, the followi ng 

test was carried out. 

Neuroblasts (Neuro-2a, American Type Culture 

Collection, USA) were cultured in DMEM supplemented  5 

with 10% fetal bovine serum, 100U penicillin, and 0 .1 

mg/mL streptomycin in each well of 6-well plates at  37 ℃ 

in 5% CO 2/95% atmospheric conditions.  Neuro-2a cells 

correspond to the fast-growing mouse neuroblastoma cell 

line.  After Neuro-2a cells were seeded at a densit y of 10 

6000 cells per well, SL was added at a concentratio n of 

0.1 mg/ml into the wells showing a confluency of ab out 

5x10 6 cells/ml, followed by incubation for 24 hours 

under the same conditions.  SL (3'-SL or 6'-SL) 

materials were the same as those described in Examp le 15 

1.  Unless otherwise stated, SL (3'-SL or 6'-SL) an d 

the use concentrations thereof are understood to be  the 

same as those described in Example 1.  The negative  

control group was treated with physiological saline  

with 1/1000 of the volume of the medium.  The cells  20 

treated with each sample were incubated at 37 ℃ for 24 

hours, and then washed twice with cool saline solut ion, 

and RNA was extracted using TRIzol agent (Invitroge n).  

The expression patterns of PGC-1 α and related genes 

were measured by using pre-designed primers and pro bes 25 

(Applied Biosystems; PGC-1 α, Mm00447181_m1, GAPDH, and 

Mm99999915_q1) for the synthesized cDNA and analysi s 

targets (Fndc5, PGC-1 α, Erra, UCP1, BDNF, SOD2, and 

GPX1).  The Rotor-Gene 3000 system (Corbett Researc h, 

Sydney, Australia) was used for PCR reaction and 30 

analysis, and the results are shown in FIG. 3. 

 

FIG. 3 shows the gene expression changes by the 

treatment with SL (3 ′-SL & 6 ′-SL) composition in nerve 

cells.  As shown in FIG. 3, as a result of comparin g 35 

the administration groups, in which Neuro-2a cells were 
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treated with SL (3 ′-SL & 6 ′- SL) for 24 hours, and the 

control group without the treatment, the SL (3 ′-SL & 6 ′-SL) 

6′-SL) administration groups showed significant incre ases in 

increases in expression levels of several analysis targets 

(Fndc5, PGC-1 α, Erra, UCP1, BDNF, SOD2, and GPX1) including 5 

PGC-1α, compared with the negative control group.  It cou ld 

be confirmed that 6 ′-SL stimulated the expression of PGC-1 α 

and related genes in nerve cells, and the stimulati on effect 

of 3 ′-SL was lower than that of 6 ′-SL. 

 10 

Example 4: Evaluation of gene expression stimulation by 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in muscle 

cell test 

In order to investigate whether SL actually has an 

effect of stimulating the expression of PGC-1 α gene in mucle 15 

cells, the following test was carried out. 

C2C12 immanture muscle cells were prepared from the  

purchase from American Tissue Culture Collection (A TCC, 

USA).  The cells were cultured in Dulbecco’s modifi ed Eagle’s 

medium (DMEM, Gibco, USA) supplemented with 10% fet al bovine 20 

serum (FBS, USA) in a 5% CO 2 incubator at 37 ℃ until the cells 

grew to confluency of 70%, while the medium was exc hanged 

every two days.  The differentiation into muscle ce lls was 

induced by culturing in a medium containing 2% hors e serum 

(HS, Gibco, USA).  The mucle cells cultured in the medium 25 

containing 2% HS for 4 days were treated with SL wi th 

various concentrations.  The negative control group  was 

treated with physiological saline with 1/1000 of th e volume 

of the medium.  The cells treated with each sample were 

incubated at 37 ℃ for 24 hours, and then washed twice with 30 

cool saline solution, and RNA was extracted using T RIzol 

agent (Invitrogen).  cDNA was synthesized by using 1㎍/ ㎕ of 

RNA, which has been extracted as above and quantifi ed, and a 

reverse transcription system (Promega, USA). 

The expression patterns of PGC-1 α and related genes 35 

were measured by using pre-designed primers and pro bes 
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(Applied Biosystems; PGC-1 α, Mm00447181_m1, GAPDH, 

and Mm99999915_q1) for the synthesized cDNA and 

analysis targets (Fndc5, PGC-1 α, Erra, UCP1, SOD2, and 

GPX1).  The Rotor-Gene 3000 system (Corbett Researc h, 

Sydney, Australia) was used for PCR reaction and 5 

analysis, and the results are shown in FIG. 4. 

FIG. 4 shows the gene expression changes by the 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in C2C12 

immature musclue cells.  As shown in FIG. 4, as a 

result of comparing the administration groups, in w hich 10 

C2C12 immature mucle cells were treated with SL (3 ′-SL 

& 6 ′-SL) for 24 hours, and the control group without 

the treatment, the SL (3 ′-SL & 6 ′-SL) administration 

groups showed significant increases in expression 

levels of several analysis targets (Fndc5, PGC-1 α, 15 

Erra, UCP1, BDNF, SOD2, and GPX1) including PGC-1 α, 

compared with the negative control group.  It could  be 

confirmed that 6 ′-SL stimulated the expression of PGC-

1α and related genes in C2C12 immature mucle cells, a nd 

the stimulation effect of 3 ′-SL was lower than that of 20 

6′-SL. 

 

Example 5: Evaluations of gene expression 

stimulation and cognitive ability improvement by 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in 25 

Alzheimer's brain disease models 

In order to investigate the changes in gene 

expression and cognitive ability by the treatment w ith 

SL (3 ′-SL & 6 ′-SL) compositions in Alzheimer's brain 

disease models, 6-week-old mice were purchased from  30 

Central Lab Animal (Korea).  Water was freely 

accessible, and a commercially available pellet fee d 

(Dooyeul Biotech, Korea) was given for two weeks.  At 8 

weeks of age, the mice were divided into three grou ps 

(composed of eight mice for each group): Eight 8-we ek-35 

old male c57/BL6 mice (normal mice; initial body 
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weight, average 35.6 ± 3.3g) treated with a normal diet 

were used for a control group.  The 8-week-old male  

Alzheimer's disease model mice (3xTg; initial body weight, 

weight, average 33.9±2.8g) were radndomly divided i nto three 

different dietary treatment groups (eight mice per group) 5 

below, and these diets were maintained for 10 weeks  (total 

32 animals): 

- Control group: Normal mice fed with a normal diet  

without SL administration (8 animals) 

- (Alzheimer's disease model) group:  Alzheimer dis ease 10 

models fed with a normal diet without SL administra tion (8 

animals) 

- (Alzheimer's disease model + 3'-SL) group:  Alzhe imer 

disease models separately administered with 3’-sial yllactose 

(3 ′-SL, Sigma) (oral administration of 0.1 mg per kg o f 15 

mouse weight per day) in addition to the normal die tary 

group (8 animals) 

- (Alzheimer's disease model + 6'-SL) group: Alzhei mer 

disease models separately administered with 6’-sial yllactose 

(6 ′-SL, Sigma) (oral administration of 0.1 mg per kg o f 20 

mouse weight per day) in addition to the normal die tary 

group (8 animals) 

Sialyllactose or DW was orally administered daily.  The 

mice were kept in animal rooms for 10 weeks, fasted  for 12 

hours, and sacrificed.  The dietary intake and body  weight 25 

change were measured every 5 days.  3’-Sialyllactos e (3 ′-N-

Acetylneuraminyl-D-lactose, 3 ′-Sialyl-D-lactose, or α-

NeuNAc-(2 →3)- β-D-Gal-(1 →4)-DGlc) or 6’-sialyllactose (6 ′-N-

acetylneuraminyl-lactose, 6 ′-sialyl-D-lactose, or α-NeuNAc-

(2 →6)- β-D-Gal-(1 →4)-D-Glc) was purchased from Sigma-Aldrich. 30 

 

The gene expression changes by the treatment with S L 

(3 ′-SL & 6 ′-SL) compositions were quantitatively compared in 

two main organs (brain and hippocampus) associated with bran 

diseases.  The cerebral cortex was used for the bra in.  RNA 35 

was extracted by TRIzol agent (Invitrogen).  cDNA w as 
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synthesized by using RNA, which has been 

extracted as above and quantified, and a reverse 

transcription system (Promega, USA).  The expressio n 

patterns of PGC-1 α and related genes were measured by 

using pre-designed primers and probes (Applied 5 

Biosystems; PGC-1 α, Mm00447181_m1, GAPDH, and 

Mm99999915_q1) for the synthesized cDNA and analysi s 

targets (Fndc5, PGC-1 α, Erra, UCP1, BDNF, SOD2, and 

GPX1).  The Rotor-Gene 3000 system (Corbett Researc h, 

Sydney, Australia) was used for PCR reaction and 10 

analysis, and the results are shown in FIG. 5. 

 

FIG. 5 shows the gene expression changes by the 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in 

Alzheimer disease models.  FIG. 5 shows the numeric al 15 

values of (gene expression level of the (Alzheimer' s 

disease model) group)/gene expression level of the 

control group), (gene expression level of the 

(Alzheimer's disease model + 3 ′-SL) group)/gene 

expression level of the control group), and (gene 20 

expression level of the (Alzheimer's disease model + 

6′-SL) group)/gene expression level of the control 

group) in respective organs with respect to relativ e 

gene expression changes in the brain and hippocampu s 

compared with the control group.  The 8-week-old ma le 25 

Alzheimer's disease model (3xTg) mice were grouped into 

SL administration groups and an SL non-administrati on 

group (8 animals per group), and then subjected to a 

dietary control test for 10 weeks, and the gene 

expression levels in the test groups were compared with 30 

that in the normal mice (c57/BL6) with a normal die t.  

As shown in FIG. 5, on the basis of the normal mous e 

control group with a normal diet, the expression le vels 

of several analysis targets (Fndc5, Erra, UCP1, BDN F, 

SOD2, and GPX1) including PGC-1 α in the brain (FIG. 5a) 35 

and hippocampus (FIG. 5b) were somewhat lower in th e 
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6’-SL administration (Alzheimer's disease model + 

6′-SL) group compared with the normal control group, but 

were very high in the 6’-SL administration (Alzheim er's 

disease model + 6 ′-SL) group compared with the SL-non-

administration (Alzheimer's disease model) group.  It could 5 

be seen that 3 ′-SL was relatively low compared with 6 ′-SL in 

view of related gene expression stimulation effects .  That 

is, 6 ′-SL showed significant increases in expression leve ls 

of PGC-1 α and related genes (Fndc5, PGC-1 α, Erra, UCP1, 

BDNF, SOD2, and GPX1) in the brain and hippocampus of 10 

Alzhhimer’s deisease model mice. 

 

FIG. 6 shows the numerical values of escape time in  the 

cognitive ability test when a control group, an (Al zheimer's 

disease model) group, an (Alzheimer's disease model  + 3 ′-SL) 15 

group, and an (Alzheimer's disease model + 6 ′-SL) group were 

subjected to the cognitive ability test (Morris wat er maze) 

for 7 days.  It could be seen that the escape tim i n the 

cognitive ability test was almost constant without 

improvement even after the lapse of the test time i n the SL 20 

non-administration (Alzheimer's disease model) grou p, but 

the escape time in the test in the 6’-SL administra tion 

(Alzheimer's disease model + 6 ′-SL) group was definitely 

fast, but somewhat decreased compared with the norm al mouse 

control group with a normal diet.  It could be seen  that 3 ′-25 

SL was relatively low compared with 6 ′-SL in view of the 

cognitive ability improvement effects.  That is, it  could be 

confirmed that 6 ′-SL improved the cognitive ability best in 

Alzheimer's disease model mice. 

 30 

Example 6: Evaluations of gene expression stimulation 

and behavior improvement by treatment with SL (3 ′-SL & 6 ′-

SL) compositions in Parkinson's brain disease model s 

In order to investigate the changes in gene express ion 

and behavior improvement by the treatment with SL ( 3′-SL & 35 

6′-SL) compositions in Parkinson's brain disease mode ls, 13-
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week-old normal SD rats and Parkinson's brain 

disease models were purchased from Central Lab Anim al 

(Korea).  Water was freely accessible, and a 

commercially available pellet feed (Dooyeul Biotech , 

Korea) was given for one week.  At 14 weeks of age,  the 5 

SD rats were divided into four groups (composed of 8 

animals per group): Eight 14-week-old male SD rats 

(normal rats; initial body weight, average 355.6 ± 

32.3g) treated with a normal diet were used for a 

control group.  The 6-OHDA induced SD rat Parkinson 's 10 

disease models, which were administered with 6-

hydroxydopamine (6-OHDA) at 8 weeks of age and supp lied 

at 13 weeks of age, were randomly divided into thre e 

different dietary treatment groups below (8 animals  per 

group), and these diets were maintained from 14 wee ks 15 

of age for 10 weeks (total 32 animals): 

- Control group: Normal rats fed with a normal 

diet without SL administration (8 animals) 

- (Parkinson's disease model) group:  Parkinson's 

disease models fed with a normal diet without SL 20 

administration (8 animals) 

- (Parkinson's disease model +3'-SL) group: 

Parkinson's disease models treated with 3’-

sialyllactose (3 ′-SL, Sigma) (oral administration of 

0.1 mg per kg of rat weight per day) in addition to  the 25 

normal diet group (8 animals) 

- (Parkinson's disease model +6'-SL) group: 

Parkinson's disease models treated with 6’-

sialyllactose (6 ′-SL, Sigma) (oral administration of 

0.1 mg per kg of rat weight per day) in addition to  the 30 

normal diet group (8 animals) 

Sialyllactose or DW was orally administered 

daily.  The rats were kept in animal rooms for 10 

weeks, fasted for 12 hours, and sacrificed.  The 

dietary intake and body weight change were measured  35 

every 5 days.  3’-Sialyllactose (3 ′-N-Acetylneuraminyl-
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D-lactose, 3 ′-Sialyl-D- lactose, or α-NeuNAc-(2 →3)- β-

D-Gal-(1 →4)-DGlc) or 6’-sialyllactose (6 ′-N-

acetylneuraminyl-lactose, 6 ′-sialyl-D-lactose, or α-NeuNAc-

NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc) was purchased from Sigma-

Aldrich. 5 

 

The gene expression changes by the treatment with S L 

(3 ′-SL & 6 ′-SL) compositions were quantitatively compared in 

two main organs (brain and hippocampus) associated with bran 

diseases.  RNA was extracted by TRIzol agent (Invit rogen).  10 

cDNA was synthesized by using RNA, which has been e xtracted 

as above and quantified, and a reverse transcriptio n system 

(Promega, USA).  The expression patterns of PGC-1 α and 

related genes were measured by using pre-designed p rimers 

and probes (Applied Biosystems; PGC-1 α, Mm00447181_m1, 15 

GAPDH, and Mm99999915_q1) for the synthesized cDNA and 

analysis targets (Fndc5, PGC-1 α, Erra, UCP1, BDNF, SOD2, and 

GPX1).  The Rotor-Gene 3000 system (Corbett Researc h, Sydney, 

Australia) was used for PCR reaction and analysis, and the 

results are shown in FIGS. 7a and 7b. 20 

FIGS. 7a and 7b show the gene expression changes by  the 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in 

Parkinson's disease models.  The 6-OHDA induced SD rat 

Parkinson's disease models, which were administered  with 6-

OHDA at 8 weeks of age and supplied at 13 weeks of age, were 25 

grouped into SL (3 ′-SL & 6 ′-SL) administration groups and an 

SL non-administration group (8 animals per group), and then 

subjected to a dietary control test for 8 weeks, an d the 

gene expression levels of the test groups were comp ared with 

that in the control group in which 13-week-old male  SD rats 30 

(normal) were fed with a normal diet.  FIGS. 7a and  7b show 

the numerical values of (gene expression level of t he 

(Parkinson's disease model) group)/gene expression level of 

the control group), (gene expression level of the 

(Parkinson's disease model + 3 ′-SL) group)/gene expression 35 

level of the control group), and (gene expression l evel of 
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the (Parkinson's disease model + 6 ′-SL) 

group)/gene expression level of the control group) in 

respective organs with respect to the gene expressi on 

changes in the brain and hippocampus compared with the 

normal rats.  As a result, as shown in FIGS. 7a and  7b, 5 

on the basis of the normal rat control group with a  

normal diet, the expression levels of several analy sis 

targets (Fndc5, Erra, UCP1, BDNF, SOD2, and GPX1) 

including PGC-1 α in the brain (FIG. 7a) and hippocampus 

(FIG. 7b) were somewhat lower in the 6’-SL 10 

administration (Parkinson's disease model + 6 ′-SL) 

group compared with the normal control group, but w ere 

very high in the 6’-SL administration group compare d 

with the SL non-administration (Parkinson's disease  

model) group.  It could be seen that 3 ′-SL was 15 

relatively low compared with 6 ′-SL in view of the gene 

expression stimulation effects.  That is, 6 ′-SL showed 

significant increases in expression levels of PGC-1 α 

and related genes in the brain and hippocampus of 

Parkinson's disease model rats. 20 

 

FIG. 8 shows the behavior test results on 

Parkinson's disease models.  In FIG. 8, the vertica l 

axis represents the corner turn time and the descen t 

time as a result of carrying out behavioral ability  25 

tests (corner turn and descent) using a vertical 

grating device on a control group, (Parkinson's dis ease 

model) group, (Parkinson's disease model + 3’-SL) 

group, and (Parkinson's disease model + 6’-SL) grou p.  

The vertical grating device was in the form of an 30 

opened box of 5cm X 55cm X 8cm, and the frant face was 

formed of a wiring of 0.8cm X 0.8cm and the other 

surfaces were formed of black plexiglass.  The bott om 

was made 5 cm longer for safety.  In the test, the mice 

were placed in an upward direction at a distance of  3 35 

cm from the top of the device, and were allowed to 
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acclimate to the device three times for two days be fore 

testing.  The above procedure was repeated if the r at could 

could not come down within 60 seconds.  The corner turn time 

time is the time it takes for a rat facing upwards to turn 

turn downwards, and the descent time is the time ob tained by 5 

subtracting the corner turn time from the overall t est time 

for which the rat turns at the corner and descends to the 

bottom. 

As shown in FIG. 8, the corner turn time and descen t 

time in the SL non-administration (Parkinson's dise ase 10 

model) group were two or three times longer than th ose in 

the normal rat control group with a normal diet, an d the 

corner turn time and descent time in the 6’-SL 

administration (Parkinson's disease model + 6’ SL) group 

were almost similar to those in the control group.  That is, 15 

it could be confirmed that 6 ′-SL improved behavioral ability 

(corner turn or descent) in Parkinson's disease mod el rats.  

It could be seen that 3 ′-SL was relatively low compared with 

6′-SL in view of the behavioral ability improvement e ffects. 

 20 

Example 7: Evaluation of gene expression stimulation by 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in 

epilepsy/convulsion brain disease models 

In order to investigate the gene expression changes  by 

the treatment with SL (3 ′-SL & 6 ′-SL) compositions in 25 

epilepsy/convulsion brain disease models, 4-week-ol d normal 

SD rats and epilepsy/convulsion brain disease model s (Noda 

epileptic rat, NER) were purchased from Central Lab  Animal 

(Korea).  Water was freely accessible, and a commer cially 

available pellet feed (Dooyeul Biotech, Korea) was given for 30 

two weeks.  At 6 weeks of age, the SD rats were div ided into 

four groups (composed of 8 animals per group): Eigh t 6-week-

old male SD rats (normal rats; initial body weight,  average 

176.3 ± 13.3g) treated with a normal diet were used  for a 

control group.  The 6-week-old male epilepsy/convul sion brain 35 

disease models (initial body weight, average 181.8± 11.3g) 
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were randomly divided into three different dietary 

treatment groups (8 animals per group) below, and t hese 

diets were maintained from 6 weeks of age for 10 we eks 

(total 32 animals): 

- Control group: Normal rats fed with a normal 5 

diet without SL administration (8 animals) 

- (Epilepsy/convulsion brain disease model) 

group:  Epilepsy/convulsion brain disease models fe d 

with a normal diet without SL administration (8 

animals) 10 

- (Epilepsy/convulsion brain disease model + 3’-

SL) group:  Epilepsy/convulsion brain disease model s 

treated with 3’-sialyllactose (3 ′-SL, Sigma) (oral 

administration of 0.1 mg per kg of rat weight per d ay) 

in addition to the normal dietary group (8 animals)  15 

- (Epilepsy/convulsion brain disease model + 6’-

SL) group:  Epilepsy/convulsion brain disease model s 

treated with 6’-sialyllactose (6 ′-SL, Sigma) (oral 

administration of 0.1 mg per kg of rat weight per d ay) 

in addition to the normal dietary group (8 animals)  20 

Sialyllactose or DW was orally administered 

daily.  The rats were kept in animal rooms for 10 

weeks, fasted for 12 hours, and sacrificed.  The 

dietary intake and body weight change were measured  

every 5 days.  3’-Sialyllactose (3 ′-N-Acetylneuraminyl-25 

D-lactose, 3 ′-Sialyl-D-lactose, or α-NeuNAc-(2 →3)- β-D-

Gal-(1 →4)-DGlc) or 6’-sialyllactose (6 ′-N-

acetylneuraminyl-lactose, 6 ′-sialyl-D-lactose, or α-

NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc) was purchased from 

Sigma-Aldrich. 30 

 

The gene expression changes by the treatment with 

SL (3 ′-SL & 6 ′-SL) compositions were quantitatively 

compared in two main organs (brain and hippocampus)  

associated with bran diseases.  RNA was extracted b y 35 

TRIzol agent (Invitrogen).  cDNA was synthesized by  



 58

using RNA, which has been extracted as above and 

quantified, and a reverse transcription system (Pro mega, 

(Promega, USA).  The expression patterns of PGC-1 α and 

related genes were measured by using pre-designed p rimers 

and probes (Applied Biosystems; PGC-1 α, Mm00447181_m1, 5 

999915_q1) for the synthesized cDNA and analysis ta rgets 

(Fndc5, PGC-1 α, Erra, UCP1, BDNF, SOD2, and GPX1).  The 

Rotor-Gene 3000 system (Corbett Research, Sydney, A ustralia) 

was used for PCR reaction and analysis, and the res ults are 

shown in FIG. 9. 10 

 

FIGS. 9a and 9b show the gene expression changes by  the 

treatment with SL compositions in epilepsy/convulsi on brain 

disease models.  In FIGS. 9a and 9b, the vertical a xes 

represent the numerical values of (gene expression level of 15 

the (epilepsy/convulsion brain disease model) group )/gene 

expression level of the control group), (gene expre ssion 

level of the (epilepsy/convulsion brain disease mod el + 3 ′-

SL) group)/gene expression level of the control gro up), and 

(gene expression level of the (epilepsy/convulsion brain 20 

disease model + 6 ′-SL) group)/gene expression level of the 

control group) in respective organs with respect to  relative 

gene expression changes in the brain or hippocampus  compared 

with the control group.  The 6-week-old epilepsy/co nvulsion 

brain disease models were grouped into SL administr ation 25 

groups and an SL non-administration group (8 animal s per 

group), and then subjected to a dietary control tes t for 10 

weeks, and the gene expression levels in the test g roups 

were compared with that in the control group in whi ch 6-

week-old male SD rats (normal) were fed with a norm al diet.  30 

As a result, as shown in FIGS. 9a and 9b, on the ba sis of 

the normal rat control group with a normal diet, th e 

expression levels of several analysis targets (Fndc 5, Erra, 

UCP1, BDNF, SOD2, and GPX1) including PGC-1 α in the brain 

(FIG. 9a) and hippocampus (FIG. 9b) were somewhat l ower in 35 

the SL administration (epilepsy/convulsion brain di sease 
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model + SL) groups compared with the normal control  

group, but were very high in the SL administration 

groups compared with the SL non-administration 

(epilepsy/convulsion brain disease model) group.  T hat 

is, 6 ′-SL showed significant increases in expression 5 

levels of PGC-1 α and related genes in the brain and 

hippocampus of epilepsy/convulsion brain disease mo dels 

rats.  It could be seen that 3 ′-SL was relatively low 

compared with 6 ′-SL in view of the gene expression 

stimulation effects. 10 

 

Example 8: Evaluations of gene expression 

stimulation and rotarod travel time improvement by 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in 

Huntington's brain disease models 15 

In order to investigate the changes in gene 

expression and cognitive ability by the treatment w ith 

SL (3 ′-SL & 6 ′-SL) compositions in Huntington's brain 

disease model, 4-week-old mice were purchased from 

Central Lab Animal (Korea).  Water was freely 20 

accessible, and a commercially available pellet fee d 

(Dooyeul Biotech, Korea) was given for one week.  A t 5 

weeks of age, the mice were divided into three grou ps 

(composed of eight mice for each group): Eight 5-we ek-

old male c57/BL6 mice (normal mice; initial body 25 

weight, average 25.3 ± 4.3g) treated with a normal diet 

were used for a control group.  The 5-week-old male  

Huntington's disease model mice (R6/2 series 

(B6CBATg(HDexon1)62Gpb/3J, 111 CAGs) transgenic HD 

mice; initial body weight, average 26.9±4.8 g) were  30 

randomly divided into three different dietary treat ment 

groups (eight mice per group), and these diets were  

maintained for 10 weeks (total 32 animals): 

- Control group: Normal mice fed with a normal 

diet without SL administration (8 animals) 35 

- (Huntington's disease model) group:  
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Huntington's disease models fed with a normal diet 

without SL administration (8 animals) 

- (Huntington's disease model +3'-SL) group: 

Huntington's disease models treated with 3’-sialyll actose 

(3 ′-SL, Sigma) (oral administration of 0.1 mg per kg o f 5 

mouse weight per day) in addition to the normal die t group 

(8 animals) 

- (Huntington's disease model +6'-SL) group: 

Huntington's disease models treated with 6’-sialyll actose 

(6 ′-SL, Sigma) (oral administration of 0.1 mg per kg o f 10 

mouse weight per day) in addition to the normal die t group 

(8 animals) 

Sialyllactose or DW was orally administered daily.  The 

mice were kept in animal rooms for 10 weeks, fasted  for 12 

hours, and sacrificed.  The dietary intake and body  weight 15 

change were measured every 5 days.  3’-Sialyllactos e (3 ′-N-

Acetylneuraminyl-D-lactose, 3 ′-Sialyl-D-lactose, or α-

NeuNAc-(2 →3)- β-D-Gal-(1 →4)-DGlc) or 6’-sialyllactose (6 ′-N-

acetylneuraminyl-lactose, 6 ′-sialyl-D-lactose, or α-NeuNAc-

(2 →6)- β-D-Gal-(1 →4)-D-Glc) was purchased from Sigma-Aldrich. 20 

 

The gene expression changes by the treatment with S L 

(3 ′-SL & 6 ′-SL) compositions were quantitatively compared in 

two main organs (brain and hippocampus) associated with bran 

diseases.  RNA was extracted by TRIzol agent (Invit rogen).  25 

cDNA was synthesized by using RNA, which has been e xtracted 

as above and quantified, and a reverse transcriptio n system 

(Promega, USA).  The expression patterns of PGC-1 α and 

related genes were measured by using pre-designed p rimers 

and probes (Applied Biosystems; PGC-1 α, Mm00447181_m1, 30 

GAPDH, and Mm99999915_q1) for the synthesized cDNA and 

analysis targets (Fndc5, PGC-1 α, Erra, UCP1, BDNF, SOD2, and 

GPX1).  The Rotor-Gene 3000 system (Corbett Researc h, Sydney, 

Australia) was used for PCR reaction and analysis, and the 

results are shown in FIG. 10. 35 

 



 61

FIGS. 10a and 10b show the gene expression 

changes by the treatment with SL (3 ′-SL & 6 ′-SL) 

compositions in Huntington's disease models.  FIGS.  10a 

and 10b show the numerical values of (gene expressi on 

level of the (Huntington's disease model) group)/ge ne 5 

expression level of the control group), (gene 

expression level of the (Huntington's disease model  + 

3’-SL) group)/gene expression level of the control 

group), and (gene expression level of the (Huntingt on's 

disease model + 6 ′-SL) group)/gene expression level of 10 

the control group) in respective organs with respec t to 

the gene expression changes in the brain and 

hippocampus compared with the normal mice control 

group.  The 5-week-old male Huntington's disease mo del 

mice were grouped into SL (3 ′-SL & 6 ′-SL) 15 

administration groups and an SL non-administration 

group (8 animals per group), and then subjected to a 

dietary control test for 10 weeks, and the gene 

expression levels in the test groups were compared with 

that in the normal mice (c57/BL6) with a normal die t.  20 

As a result, as shown in FIGS. 10a and 10b, on the 

basis of the normal mouse control group with a norm al 

diet, the expression levels of several analysis tar gets 

(Fndc5, Erra, UCP1, BDNF, SOD2, and GPX1) including  

PGC-1α in the brain (FIG. 10a) and hippocampus (FIG. 25 

10b) were somewhat lower in the 6’-SL administratio n 

(Huntington's disease model + 6 ′-SL) group compared 

with the normal control group, but were very excell ent 

in the 6’-SL administration group compared with the  SL 

non-administration (Huntington's disease model) gro up.  30 

That is, 6 ′-SL showed significant increases in 

expression levels of PGC-1 α and related genes in the 

brain and hippocampus of Huntington's disease model  

mice.  It could be seen that 3 ′-SL was relatively low 

compared with 6 ′-SL in view of the gene expression 35 

stimulation effects. 
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In addition, the behavior improvement was evaluated  

through the rotarod travel time changes of the (Hun tington's 

disease model) group, (Huntington's disease model +  3’-SL) 

group, and (Huntington's disease model + 6’-SL) gro up, 5 

compared with the normal mouse with a normal diet.  The 

rotarod travel test is to investigate the changes o f the 

numerical values of (rotarod travel time of (Huntin gton's 

disease model) group)/rotarod travel time of the co ntrol 

group), (rotarod travel time of the (Huntington's d isease 10 

model + 3 ′-SL) group)/rotarod travel time of the control 

group), and (rotarod travel time of the (Huntington 's 

disease model + 6 ′-SL) group)/rotarod travel time of the 

control group).  The rotarod travel time was measur ed by 

using a rotarod device (rod accelerating at a revol ution 15 

speed of 4-40 rpm through 3 minutes, Jungdo Instrum ents, 

Korea).  After 4-week-old mice were practiced on th e rotarod 

test, the rotarod test was performed from 5 weeks o f age, 

and the mean time to fall was measured. 

 20 

FIG. 11 shows the rotarod travel test results in 

Huntington's disease models.  In FIG. 11, the verti cal axis 

represents the numerical values of (rotarod travel time of 

(Huntington's disease model) group)/rotarod travel time of 

the control group), (rotarod travel time of the 25 

(Huntington's disease model + 3 ′-SL) group)/rotarod travel 

time of the control group), and (rotarod travel tim e of the 

(Huntington's disease model + 6 ′-SL) group)/rotarod travel 

time of the control group).  As a result, as shown in FIG. 

11, when the rotarod travel tests for the Huntingto n's 30 

disease model) group, (Huntington's disease model +  3’-SL) 

group, and (Huntington's disease model + 6’-SL) gro up were 

campared with the normal mouse control group with a  normal 

diet, the rotarod travel time was increased in the 6’-SL 

administration (Huntington's disease model + 6’-SL)  group 35 

compared with the SL non-administration group (Hunt ington's 
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disease model) group, and the travel time increasin g 

effect of 3’-SL was less than that of 6’-SL.  That is, 

it could be confirmed that 6 ′-SL stimulated the 

behavior improvement best in Huntington's disease 

models. 5 

 

Example 9: Changes in ischemic volume and MLPT 

score by treatment with SL (3 ′-SL & 6 ′-SL) compositions 

in stroke models 

In order to investigate the changes in ischemic 10 

volume and modified limb placing test (MLPT) score by 

treatment with SL (3 ′-SL & 6 ′-SL) compositions in 

stroke models, 4-week-old mice were purchased from 

Central Lab Animal (Korea).  Water was freely 

accessible, and a commercially available pellet fee d 15 

(Dooyeul Biotech, Korea) was given for one week.  

Stroke models involving temporary and permanent mid dle 

cerebral artery (MCA) occlusion and intracerebral 

hemorrhage (ICH) were fabricated using 6-week-old m ale 

Sprague-Dawley rats (weight, average 185.3 ± 15.8 g ) 20 

and male BALB/c mice weight, average 24.6±3.8 g).  For 

the comparision of SL aministration effects, the mi ce, 

one hour after stroke induction, were randomly grou ped 

into three different intraperitoneal administration  

groups (8 animals per group, 24 animals in total) 25 

below, and then intraperitoneally administered: 

- - Control group: Lysis buffer control group 

medium intraperitoneal administration group (8 anim als) 

- 3’-SL treatment: 3’-SL lysis buffer medium 

intraperitoneal administration group (8 animals) 30 

- 6’-SL treatment: 6’-SL lysis buffer medium 

intraperitoneal administration group (8 animals) 

Local cerebral infarction mouse models were used 

as additional cerebral infarction models, and in th ese 

models, SL (3'-SL & 6'-SL) was intraperitoneally 35 

administered 3 hours after cerebral infarction 
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introduction: 

- Control group: Lysis buffer control group medium 

intraperitoneal administration group (8 animals) 

- 3’-SL treatment: 3’-SL lysis buffer medium 

intraperitoneal administration group (8 animals) 5 

- 6’-SL treatment: 6’-SL lysis buffer medium 

intraperitoneal administration group (8 animals) 

The ischemic volume measurement was conducted by 

measuring the volume of the ischemic area (infarct and 

boundary region thereof) using 2,3,7-triphenyltetra zolium 10 

chloride (TTC), 24 hours after ischemic induction, as 

follows.  After brain extraction, the frontal tip w as cut 

into 1 mm thickness, and immersed in 2% TCC solutio n.  The 

stained slices were then fixed with PBS-4% paraform aldehyde, 

and the ischemic site and hemispherical region of e ach slice 15 

were measured using an image analysis system.  The values due 

to brain edema were corrected as follows: corrected  ischemic 

volume value: measured ischemic area × 1-{[(ipsilat eral 

hemisphere area-contralateral hemisphere area)/cont ralateral 

hemisphere]}.  The ischemic volume was expressed as  a 20 

percentage of the total hemispherical volume. 

 

FIG. 12 shows the observation resulst of the ischem ic 

volume in ischemic models.  FIG. 12 shows the obser vation 

results of the in vivo ischemic neuronal damage protective 25 

effects of SL when mouse models with temporary and permanent 

middle cerebral artery (MCA) occlusion were treated  with 3’- 

or 6’-SL.  As shown in FIG. 12, the reduction of is chemic 

volume by 6'-SL treatment were about 50% in all of local 

cerebellar permanent ischemia models (50%), local c erebellar 30 

temporal ischemia models (60%), and local cerebral permanent 

occlusion models (40%).  It could be seen that 3 ′-SL were 

relatively low compared with 6 ′-SL in view of the ischemic 

neuronal damage protective effects. 

 35 

In addition, in order to investigate the 
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neurodegeneration inhibition by SL (3 ′-SL & 6 ′-SL) 

in ICH models, the MLPT test was conducted.  The ML PT 

test was conducted one day before, one day after, a nd 

three days after ICH induction.  The model was 

suspended at 10 cm above a table, and the stretch o f 5 

the forelimbs toward the table was scored (0 points  for 

normal stretch and 1 point for abnormal fexion).  N ext, 

the forelimbs of the model were allowed to move thr ough 

the edge, and each forelimb was pulled down gently,  and 

the retrieval and placement were checked (forelimb,  10 

second task; hind limb, third task).  Finally, the rat 

was placed toward the table edge to check for later al 

placement of the forelimbs.  The evaluation results  for 

three tasks were scored in the following manner:  0  

points for normal performance, 1 point for performa nce 15 

with a delay (at least 2 seconds) or incomplete 

performance, and 2 points for no performance.  A to tal 

of seven points indicates maximal neurological defi cit, 

and a score of 0 points indicates normal performanc e. 

 20 

FIG. 13 shows the MLPT test score changes by SL 

(3 ′-SL & 6 ′-SL) treatment after ICH induction  As shown 

in FIG. 13, as can be seen from the results on the 

first day and the third day after IHC model inducti on, 

the MLPT test score was lower when the ICH models w ere 25 

treated with 6’-SL compared with the control group.   

That is, the neurodegeneration inhibitoy effects by  6’-

SL treatment were observed.  It could be seen that 3′-

SL were relatively low compared with 6 ′-SL in view of 

the neurodegeneration inhibitoy effects. 30 

 

Example 10:  Abdominal fat gene expression changes 

and topical fat removal evaluation by treatment wit h SL 

(3 ′-SL & 6 ′-SL) compostions 

 35 

In order to investigate gene expression changes 
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and topical fat removal effects by treatment with S L 

(3 ′-SL & 6 ′-SL) compostion in mouse models, 4-week-old male 

male ob mouse (C57BL/6J-ob/ob) models were purchase d from 

from Central Lab Animal (Korea).  Water was freely 

accessible, and a high-fat diet (Rodent Diet with 6 0 kcal% 5 

fat) was supplied for two weeks.  6-Week-old male o b mouse 

(C57BL/6J-ob/ob) models (initial body weight, avera ge 34.2 ± 

3.7 g) were randomly grouped into three different d ietary 

treatment groups (8 animals per group) below, and t hese 

diets were maintained for 10 weeks (a total of 24 a nimals): 10 

- Control group: Models fed with a high-fat diet 

(Rodent Diet with 60 kcal% fat) without SL treatmen t (8 

animals) 

- 3’-SL administration group: Models treated with 3 ’-

sialyllactose (3 ′-SL, Sigma) (oral administration of 0.1 mg 15 

per kg of mouse weight per day) in addition to the high-fat 

diet group (8 animals) 

- 6’-SL administration group: Models treated with 6 ’-

sialyllactose (6 ′-SL, Sigma) (oral administration of 0.1 mg 

per kg of mouse weight per day) in addition to the high-fat 20 

diet group (8 animals) 

Sialyllactose or DW was orally administered daily.  The 

mice were kept in animal rooms for 10 weeks, fasted  for 12 

hours, and sacrificed.  The dietary intake and body  weight 

change were measured every 5 days.  3’-Sialyllactos e (3 ′-N-25 

Acetylneuraminyl-D-lactose, 3 ′-Sialyl-D-lactose, or α-

NeuNAc-(2 →3)- β-D-Gal-(1 →4)-DGlc) or 6’-sialyllactose (6 ′-N-

acetylneuraminyl-lactose, 6 ′-sialyl-D-lactose, or α-NeuNAc-

(2 →6)- β-D-Gal-(1 →4)-D-Glc) was purchased from Sigma-Aldrich. 

 30 

Gene expression changes by the treatment with SL (3 ′-SL 

& 6 ′-SL) compositions were quantitatively compared in t he 

abdominal part.  RNA was extracted by TRIzol agent 

(Invitrogen).  cDNA was synthesized by using RNA, w hich has 

been extracted as above and quantified, and a rever se 35 

transcription system (Promega, USA).  The expressio n patterns 
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of PGC-1 α and related genes were measured by using 

pre-designed primers and probes (Applied Biosystems ; 

PGC-1α, Mm00447181_m1, GAPDH, and Mm99999915_q1) for 

the synthesized cDNA and analysis targets (Fndc5, P GC-

1α, Erra, UCP1, SOD2, and GPX1).  The Rotor-Gene 3000  5 

system (Corbett Research, Sydney, Australia) was us ed 

for PCR reaction and analysis, and the results are 

shown in FIG. 14. 

 

FIG. 14 shows gene expression changes by the 10 

treatment with SL compositions in mouse models.  In  

FIG. 14, the vertical axis represents the ratio of the 

abdominal fat gene expression in the models fed wit h a 

high-fat diet compared with SL administration, whic h 

show the numerical values of (the gene expression l evel 15 

of the 3’-SL administration group/the gene expressi on 

level of the control group) and (the gene expressio n 

level of the 6’-SL administration group/the gene 

expression level of the control group) in the abdom inal 

fat.  6-Week-old male mice were divided into the 20 

control group and the SL administration groups (8 

animals per group), which were subjected to a high- fat 

dietary control test for 10 weeks.  As a result, as  

shown in FIG. 14, the 6'-SL administration group sh owed 

about two-time significant increases in expression 25 

levels of several analysis targets (Fndc5, PGC-1 α, 

Erra, UCP1, SOD2, and GPX1) compared with the negat ive 

control group.  It could be seen that 3 ′-SL was 

relatively low compared with 6 ′-SL in view of the 

expression stimulation effects of PGC-1 α and related 30 

genes. 

 

In addition, in the ob mouse (C57BL/6J-ob/ob) 

models fed with a high-fat diet without SL treatmen t, 

the topical fat removal effect by SL (3 ′-SL & 6 ′-SL) 35 

administration using a meso roller (0.5 mm, INTO MR , 
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Intomedi Inc.) was investigated.  Specifically, 

the hairs on the dorsal side of the rat were shaved , and 0.1 

M SL in the saline buffer was applied to the skin, and was 

absorbed into the skin by rubbing with the meso rol ler.  The 

control group was tested by the same method except that the 5 

buffer was used without SL.  The results are shown in FIG. 

15.  FIG. 15 shows gene expression changes when SL (3 ′-SL & 

6′-SL) compositions were topically administered in th e mouse 

models.  In FIG. 15, 3'-SL, 6'-SL, and CTL represen t the 3'-

SL administration group, the 6'-SL administration g roup, and 10 

the control group, respectively.   After feeding wi th a high-

fat diet for 10 weeks, SL (3 ′-SL & 6 ′-SL) compositions were 

topically administered on day 0 and day 4 using the  meso 

roller, and then dermoscopy observation was conduct ed on day 

7.  The observation results are shown. 15 

As a result, as shown in FIG. 15, it could be confi rmed 

that the topical fat was removed in the portion adm inistered 

with 6’-SL using the meso roller compared with the negative 

control portion.  It could be seen that 3 ′-SL was relatively 

low compared with 6 ′-SL in view of the topical fat removing 20 

effects. 

 

Example 11:  Gene expression changes by body parts and 

aging-related chronic disease preventing effect thr ough 

telomere functions and ROS control by the treatment  with SL 25 

(3 ′-SL & 6 ′-SL) compositions in aging stimulation models 

In order to investigate the gene expression changes  by 

body parts by the treatment with SL (3 ′-SL & 6 ′-SL) 

compositions in aging stimulation models, 4-week-ol d male 

aging stimulation model mice (SAM P1/Sku Slc) were purchased 30 

from Central Lab Animal (Korea).  Water was freely 

accessible, and a commercially available pellet fee d 

(Dooyeul Biotech, Korea) was given for one week.  6 -Week-old 

male aging stimulation model mice (initial body wei ght, 

average 28.8 ± 2.3g) were randomly grouped into thr ee 35 

different dietary treatment groups (8 animals per g roup) 
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below, and these diets were maintained for 12 weeks  

(a total of 24 animals): 

- Control group: Normal mice fed with a normal 

diet without SL administration (8 animals) 

- 3’-SL administration group: Aging stimulation 5 

models treated with 3’-sialyllactose (3 ′-SL, Sigma) 

(oral administration of 0.1 mg per kg of mouse weig ht 

per day) in addition to the normal diet group (8 

animals) 

- 6’-SL administration group: Aging stimulation 10 

models treated with 6’-sialyllactose (6 ′-SL, Sigma) 

(oral administration of 0.1 mg per kg of mouse weig ht 

per day) in addition to the normal diet group (8 

animals) 

Sialyllactose or DW was orally administered 15 

daily.  The mice were kept in animal rooms for 14 

weeks, fasted for 12 hours, and sacrificed.  The 

dietary intake and body weight change were measured  

every 5 days.  3’-Sialyllactose (3 ′-N-Acetylneuraminyl-

D-lactose, 3 ′-Sialyl-D-lactose, or α-NeuNAc-(2 →3)- β-D-20 

Gal-(1 →4)-DGlc) or 6’-sialyllactose (6 ′-N-

acetylneuraminyl-lactose, 6 ′-sialyl-D-lactose, or α-

NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc) was purchased from 

Sigma-Aldrich. 

 25 

The gene expression changes by administration of 

the SL (3 ′-SL & 6 ′-SL) compositions were quantitatively 

compared for eight main organs (heart, hippocampus,  

brain, spinal cord, lung, liver, spleen, and kidney ), 

three skeletal muscles (soleus muscle, quadriceps 30 

femoris muscle, and gastrocnemius muscle), and the 

like.  RNA was extracted by TRIzol agent (Invitroge n).  

cDNA was synthesized by using RNA, which has been 

extracted as above and quantified, and a reverse 

transcription system (Promega, USA).  The expressio n 35 

patterns of PGC-1 α and related genes were measured by 
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using pre-designed primers and probes (Applied 

Biosystems; PGC-1 α, Mm00447181_m1, GAPDH, and Mm99999915_q1) 

Mm99999915_q1) for the synthesized cDNA and analysi s targets 

targets (Fndc5, PGC-1 α, Erra, UCP1, SOD2, and GPX1).  The 

Rotor-Gene 3000 system (Corbett Research, Sydney, A ustralia) 5 

was used for PCR reaction and analysis, and the res ults are 

shown in FIG. 16. 

FIGS. 16a and 16b show the gene expression changes by 

the treatment with SL (3 ′-SL & 6 ′-SL) compositions in aging 

stimulating models.  The 6-week-old male aging stim ulation 10 

model mice (SAM P1/Sku Slc) were grouped into the c ontrol 

group, 3’-SL administration group, and 6’-SL admini stration 

group (8 animals per group), and then subjected to a dietary 

control test for 12 weeks.  In FIGS. 16a and 16b, t he 

vertical axes represent the relative gene expressio n changes 15 

by body parts compared with before SL (3 ′-SL & 6 ′-SL) 

administration, which show the numerical values of (the gene 

expression level of the 3’-SL administration group/ the gene 

expression level of the control group) and (the gen e 

expression level of the 6’-SL administration group/ the gene 20 

expression level of the control group) in the respe ctive 

body parts.  As a result, as shown in FIGS. 16a and  16b, both 

of 3 ′-SL (FIG. 16a) and 6 ′-SL (FIG. 16b) showed significant 

increases in expression levels of several analysis targest 

(Fndc5, PGC-1 α, Erra, UCP1, SOD2, and GPX1) in most of the 25 

organs and skeletal muscles, and 3 ′-SL was relatively low 

compared with 6 ′-SL in view of the gene expression 

stimulation effects of analysis targets. 

 

In addition, for cell-level tests, mouse aortic smo oth 30 

muscle cells (MASMs) were isolated from the control  group 

fed with a high-fat diet (Rodent Diet with 60 kcal%  fat) 

without SL administration (Griendling et al., 1991) , and the 

SL (3 ′-SL & 6 ′-SL) compositions were added to the culture 

liquid, followed by incubation.  For intracellular H2O2 35 

measurement (ROS values), the cells were cultured i n 12-well 
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culture plates immersed in 0.1% bovin calf serum.  

The intracellular ROS values were measured using 

H2DCFDA.  For assay, the cells were cultured togeth er 

with H2DCFDA in HBSS buffer for 30 minutes.  The ce lls 

were trypsinized, washed, and lysed in HBSS.  The 5 

fluorescence values were measured immediately by a 

CytoFluor plate reader (FIG. 17a). 

 

For the measurement of mitochondrial superoxide 

production, mitochondrial ROS was measured using 10 

MitoSOX Red (mitochondrial superoxide fluorescent 

marker).  MASMs were extracted, and incubated with 

MitoSOX (4 µM) in the dark room at 37 ℃ for 20 minutes.  

The MitoSOX fluorescence was quanti-fied by the cel l 

fluorescence intensity read using a fluorescent pla te 15 

reader (480 nm excitation / 580 nm emission) (Figur e 

17b). 

 

In FIGS. 17a and 17b, MASMs were extracted from 

the aging stimulatin model mouse control group, and  the 20 

SL (3 ′-SL & 6 ′-SL) compositions were added to the 

culture liquid to conduct comparision.  For 

intracellular H2O2 (ROS values) measurement, the ce lls 

were cultured together H2DCFDA (FIG. 17a), and for 

mitochondrial ROS measurement, the cells were cultu red 25 

together with MitoSOX Red (mitochondrial superoxide  

fluorescent marker (FIG. 17a).  The intracellular H 2O2 

and mitochondrial superoxide production were quanti -

fied by a fluorescence plate reader.  It could be s een 

that the compositions dropped the ROS values and 30 

inhibited the mitochondrial superoxide production. 

 

FIGS. 17a and 17b show the measurement results of 

intercellular H 2O2 (ROS values) (FIG. 17a) and the 

measurement results of mitochondrial superoxide 35 

production (FIG. 17b).  MASMs were extracted from t he 
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aging stimulatin model mice (SAM P1/Sku Slc), and t he SL 

(3 ′-SL & 6 ′-SL) compositions were added to the culture 

liquid to conduct comparision  For intracellular H2 O2 

measurement, the cells were cultured together H2DCF DA (FIG. 

17a), and for mitochondrial ROS measurement, the ce lls were 5 

cultured together with MitoSOX Red (mitochondrial s uperoxide 

fluorescent marker (FIG. 17a).  The intracellular H 2O2 and 

mitochondrial superoxide production were quanti-fie d by a 

fluorescence plate reader.  It could be seen that t he SL (3 ′-

SL & 6 ′-SL) compositions dropped the ROS values and 10 

inhibited the mitochondrial superoxide production. 

 

In FIGS. 18a and 18b, the telomerase activity was 

measured using TRAP protocol (Wright et al., 1995).   In 

summary, cell pellets were lysed in CHAPS lysis sol vent 15 

(containing ribnuclease inhibitor), followed by inc ubation 

at 4 ℃ for 30 minutes.  Cell extracts (1 mg) were TRAPeze  

reaction mix (telomerase substrate (TS) primer, flu orescent-

labeled RP (reverse) primer, control standard templ ate, and 

sulforhodamine-labeled standard K2 primer).  The TS  primer 20 

was elongated at 30 ℃ for 30 minutes, and then PCR was 

performed.  The fluorescence of the thus obtained T RAP 

product was measured using a fluorescent plate read er to 

quanti-fy telomerase activity.  Relative telomerase  activity 

was normalized by the ratio of native fluorouracil to 25 

sulforhodamine (internal control standard), express ed as a 

percentage.  Fluorescein (M0250) was purchased from  Marker 

Gene Technologies, Inc.  H2-dichlorofluorescin diac etate 

(DCFDA) was purchased from Molecular Probes.  MitoS OXTM Red, 

MitoTracker Green FM, and MitoTracker® Orange CMTMR os (MTO) 30 

were purchased from Invitrogen.  10,000x SYBR® Gold  dye was 

purchased from Molecular Probes, Inc..  Nuclear/Cyt osol 

fractionation kit (K266-100) was purchased from Bio Vision.  

TRAPeze® XL telomerase detection kit (S7707) was pu rchased 

from MILLIPORE.  Telomere PNA FISH Kit/Cy3 (K5326) was 35 

purchased from Dako. 
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FIGS. 18a and 18b show the measurement results of 

telomerase activity by the administration of SL (3 ′-SL 

& 6 ′-SL) compositions.  Through these values, TERT and 

anti-oxidant/electrophile-responsive element (ARE/E RE) 5 

nerve pathway activation could be deduced (Xiong et  

al., 2015, Cell Reports 12, 1391-1399).  The aging 

stimulation models (FIG. 18a) and MASMs (FIG. 18b) were 

treated with SL (3 ′-SL & 6 ′-SL) to analyze telomerase 

activity.  FIG. 18a shows the data of in vivo analy sis 10 

of telomerase activity in the aorta sample extracte d 

from the control group, 3'-SL administration group,  and 

6'-SL administration group.  FIG. 18b shows the dat a of 

in vitro analysis of temomerase activity when the 

smooth muscle cells of the control group were isola ted 15 

(Griendling et al., 1991) and MASMs were cultured f or 1 

day in 12-well culture plates treated with SL (3'-S L & 

6'-SL).  The test results showed that the 

administration of the SL (3 ′-SL & 6 ′-SL) compositions 

increased telomerase activity.  These results sugge st 20 

that the SL (3'-SL & 6'-SL) compositions may be 

associated with TERT dysfunction and DNA damage 

recovery (increased telomerase activity –TERT 

expression) through increased PGC-1 α. 

 25 

Example 12: Aging-related chronic disease 

preventing effect through telomere functions and RO S 

control by the treatment with SL (3 ′-SL & 6 ′-SL) 

compositions in arteriosclerosis models 

It has been recently reported that the removal of 30 

PGC-1α gene results in vascular aging, atherosclerosis, 

telomere dysfunction and length reduction, DNA dama ge, 

decreased expression and activity of telomerase rev erse 

transcriptase (TERT), and increased p53 (Xiong et a l., 

2015, Cell Reports 12, 1391-1399). 35 
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In general, ApoE -/-  mice increase the sensitivity to 

oxidative stress and inflammation and rapidly devel op 

atherosclerosis wounds observed in persons, and thu s the 

mice were used as representative models of arterios clerosis 

(Weiss et al., 2001).  Therefore, ApoE -/-  mice (C57BL/6 based) 5 

were purchased from Jackson Laboratory.  The genoty pe was 

identified by PCR using tail DNA. 

 

In order to investigate the aging-related chronic 

disease preventing effect through the control of te lomerase 10 

functions and DNA damage by the treatment with SL ( 3′-SL & 

6′-SL) compositions in arteriosclerosis models, two t ypes of 

24-week-old male model mice (PGC-1 α
+/+ ApoE-/- ) were randomly 

grouped into three different dietary treatment grou ps (8 

animals per group) below, and the diets were mainta ined for 15 

6 weeks (a total of 24 animals): 

- Control group: Arteriosclerosis models fed with a  

high-fat diet (Rodent Diet with 60 kcal% fat) (8 an imals) 

- 3’-SL administration group: Arteriosclerosis mode ls 

treated with 3’-sialyllactose (3 ′-SL, Sigma) (oral 20 

administration of 0.1 mg per kg of mouse weight per  day) in 

addition to the high-fat diet group (8 animals) 

- 6’-SL administration group: Arteriosclerosis mode ls 

treated with 6’-sialyllactose (6 ′-SL, Sigma) (oral 

administration of 0.1 mg per kg of mouse weight per  day) in 25 

addition to the high-fat diet group (8 animals) 

 

For cell-level tests, mouse aortic smooth muscle ce lls 

(MASMs) were isolated from the control group fed wi th a 

high-fat diet (Rodent Diet with 60 kcal% fat) witho ut SL 30 

administration (Griendling et al., 1991), and the S L (3 ′-SL 

& 6 ′-SL) compositions were added to the culture liquid,  

followed by comparison.  For intracellular H 2O2 measurement 

(ROS values), the cells were cultured in 12-well cu lture 

plates immersed in 0.1% bovine calf serum.  The int racellular 35 

ROS values were measured using H2DCFDA.  For assay,  the cells 
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were cultured together with H2DCFDA in HBSS buffer 

for 30 minutes.  The cells were trypsinized, washed , 

and lysed in HBSS.  The fluorescence values were 

measured immediately by a CytoFluor plate reader (F IG. 

19a). 5 

For the measurement of mitochondrial superoxide 

production, mitochondrial ROS was measured using 

MitoSOX Red (mitochondrial superoxide fluorescent 

marker).  MASMs were extracted, and incubated with 

MitoSOX (4 µM) in the dark room at 37 ℃ for 20 minutes.  10 

The MitoSOX fluorescence was quantified by the cell  

fluorescence intensity read using a fluorescent pla te 

reader (480 nm excitation / 580 nm emission) (Figur e 

19b). 

In FIGS. 19a and 19b, MASMs were extracted from 15 

the model mouse (PGC-1 α
+/+ ApoE-/- ) control group, and the 

SL (3 ′-SL & 6 ′-SL) compositions were added to the 

culture liquid to conduct comparison.  For 

intracellular H2O2 (ROS values) measurement, the ce lls 

were cultured together H2DCFDA (FIG. 19a), and for 20 

mitochondrial ROS measurement, the cells were cultu red 

together with MitoSOX Red (mitochondrial superoxide  

fluorescent marker (FIG. 19a).  The intracellular H 2O2 

and mitochondrial superoxide production were quanti fied 

by a fluorescence plate reader.  It could be seen t hat 25 

the compositions dropped the ROS values and inhibit ed 

the mitochondrial superoxide production. 

 

FIGS. 19a and 19b show the measurement results of 

intercellular H 2O2 (ROS values) (FIG. 19a) and the 30 

measurement results of mitochondrial superoxide 

production (FIG. 19b).  MASMs were extracted from t he 

model mice (PGC-1 α
+/+ ApoE-/- ), and the SL (3 ′-SL & 6 ′-SL) 

compositions were added to the culture liquid to 

conduct comparison.  For intracellular H2O2 35 

measurement, the cells were cultured together H2DCF DA 
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(FIG. 19a), and for mitochondrial ROS 

measurement, the cells were cultured together with MitoSOX 

Red (mitochondrial superoxide fluorescent marker (F IG. 19a).  

The intracellular H 2O2 and mitochondrial superoxide 

production were quantified by a fluorescence plate reader.  5 

It could be seen that the SL (3 ′-SL & 6 ′-SL) compositions 

dropped the ROS values and inhibited the mitochondr ial 

superoxide production. 

 

In FIG. 20, the telomerase activity was measured us ing 10 

TRAP protocol (Wright et al., 1995).  In summary, c ell 

pellets were lysed in CHAPS lysis solvent (containi ng 

ribonuclease inhibitor), followed by incubation at 4℃ for 30 

minutes.  Cell extracts (1 mg) were TRAPeze reactio n mix 

(telomerase substrate (TS) primer, fluorescent-labe led RP 15 

(reverse) primer, control standard template, and 

sulforhodamine-labeled standard K2 primer).  The TS  primer 

was elongated at 30 ℃ for 30 minutes, and then PCR was 

performed.  The fluorescence of the thus obtained T RAP 

product was measured using a fluorescent plate read er to 20 

quantify telomerase activity.  Relative telomerase activity 

was normalized by the ratio of native fluorouracil to 

sulforhodamine (internal control standard), express ed as a 

percentage.  Fluorescein (M0250) was purchased from  Marker 

Gene Technologies, Inc.  H2-dichlorofluorescin diac etate 25 

(DCFDA) was purchased from Molecular Probes.  MitoS OXTM Red, 

MitoTracker Green FM, and MitoTracker® Orange CMTMR os (MTO) 

were purchased from Invitrogen.  10,000x SYBR® Gold  dye was 

purchased from Molecular Probes, Inc.  Nuclear/Cyto sol 

fractionation kit (K266-100) was purchased from Bio Vision.  30 

TRAPeze® XL telomerase detection kit (S7707) was pu rchased 

from MILLIPORE.  Telomere PNA FISH Kit/Cy3 (K5326) was 

purchased from Dako. 

 

FIGS. 20a and 20b show the measurement results of 35 

telomerase activity by the administration of SL (3 ′-SL & 6 ′-
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SL) compositions.  Through these values, TERT and 

anti-oxidant/electrophile-responsive element (ARE/E RE) 

nerve pathway activation could be deduced (Xiong et  

al., 2015, Cell Reports 12, 1391-1399). 

FIGS. 20a and 20b show the analysis results of 5 

telomerase activity by the treatment of 

arteriosclerosis models (ApoE -/- ; FIG. 20a) and MASMs 

(FIG. 20b) with SL (3 ′-SL & 6 ′-SL).  FIG. 20a shows the 

data of in vivo analysis of telomerase activity in the 

aorta sample extracted from the control group, 3'-S L 10 

administration group, and 6'-SL administration grou p.  

FIG. 20b shows the data of in vitro analysis of 

telomerase activity when the smooth muscle cells of  the 

control group were isolated (Griendling et al., 199 1) 

and MASMs were cultured for 1 day in 12-well cultur e 15 

plates treated with SL (3'-SL & 6'-SL).  The test 

results showed that the administration of the SL (3 ′-SL 

& 6 ′-SL) compositions increased telomerase activity.  

These results suggest that the SL (3'-SL & 6'-SL) 

compositions may be associated with TERT dysfunctio n 20 

and DNA damage recovery (increased telomerase activ ity 

–TERT expression) through increased PGC-1 α. 

 

Example 13: Gene expression changes by body parts 

by the treatment with SL (3 ′-SL & 6 ′-SL) compositions 25 

in skin test 

In order to investigate the gene expression 

chages by body parts by the treatment with the SL ( 3′-

SL & 6 ′-SL) compositions in skin test models, 6-week-

old male skin test model (HRM2) mice (hairless 30 

appearance containing melanin) were randomly groupe d 

into three different dietary treatment groups (8 

animals per group, a total of 24 animals) below, an d 

the diets (AIN-76A, Dyets, USA) were maintained for  10 

weeks.  The UV irradiation (black spot, wrinkle tes t), 35 

skin sensitivity test, skin irritation test, 



 78

subcutaneous absorption test, or the like were cond ucted 

using a portable color-difference meter (CR-10, Min olta, 

Japan): 

 

- Control group: Group fed with a normal diet (8 5 

animals) 

-- 3’-SL administration group: Models treated with 3’-

sialyllactose (3 ′-SL, Sigma) (oral administration of 0.1 mg 

per kg of mouse weight per day) in addition to the normal 

diet group (8 animals) 10 

-- 6’-SL administration group: Models treated with 6’-

sialyllactose (6 ′-SL, Sigma) (oral administration of 0.1 mg 

per kg of mouse weight per day) in addition to the normal 

diet group (8 animals) 

 15 

It could be seen that the SL (3 ′-SL & 6 ′-SL) 

administration groups showed much improved skin com pared 

with the control group in view of the UV irradiatio n (black 

spot, wrinkle test), skin sensitivity test, skin ir ritation 

test, subcutaneous absorption test, or the like.  T he gene 20 

expression changes by administration of the SL (3 ′-SL & 6 ′-

SL) compositions were quantitatively compared for e ight main 

organs (heart, hippocampus, brain, spinal cord, lun g, liver, 

spleen, and kidney), three skeletal muscles (soleus  muscle, 

quadriceps femoris muscle, and gastrocnemius muscle ), and 25 

the like.  RNA was extracted by TRIzol agent (Invit rogen).  

cDNA was synthesized by using RNA, which has been e xtracted 

as above and quantified, and a reverse transcriptio n system 

(Promega, USA).  The expression patterns of PGC-1 α and 

related genes were measured by using pre-designed p rimers 30 

and probes (Applied Biosystems; PGC-1 α, Mm00447181_m1, 

GAPDH, and Mm99999915_q1) for the synthesized cDNA and 

analysis targets (Fndc5, PGC-1 α, Erra, UCP1, SOD2, and 

GPX1).  The Rotor-Gene 3000 system (Corbett Researc h, Sydney, 

Australia) was used for PCR reaction and analysis, and the 35 

results are shown in FIGS. 21a and 21b. 



 79

 

In FIGS. 21a and 21b, the relative gene 

expression changes by body parts compared with befo re 

SL (3 ′-SL & 6 ′-SL) administration were numerically 

expressed by (the gene expression level of the 3’-S L 5 

administration group/the gene expression level of t he 

control group) and (the gene expression level of th e 

6’-SL administration group/the gene expression leve l of 

the control group) in the respective body parts.  T he 

expression levels of several analysis targets (Fndc 5, 10 

PGC-1α, Erra, UCP1, SOD2, and GPX1) including PGC-1 α in 

several body parts were very excellent in the 6’-SL  

administration group compared with the negative con trol 

group.  That is, it could be confirmed that 6 ′-SL 

stimulated the expression of PGC-1 α and related genes 15 

in several organs and mucles of normal mice.  It co uld 

be seen that 3 ′-SL was relatively low compared with 6 ′-

SL in view of the gene expression stimulation effec ts 

of the analysis targets. 

 20 

FIGS. 21a and 21b show the gene expression 

changes by the treatment with SL (3 ′-SL & 6 ′-SL) 

compositions in skin test models.  6-Week-old male skin 

test model (HRM2) mice were randomly grouped into t he 

control group and the SL (3 ′-SL & 6 ′-SL) administration 25 

groups (8 animals per group), and subjected to a 

dieatery control test for 10 weeks.  The relative g ene 

expression changes compared with before SL (3 ′-SL & 6 ′-

SL) administration were numerically expressed by (t he 

gene expression level of the 3’-SL administration 30 

group/the gene expression level of the control grou p) 

and (the gene expression level of the 6’-SL 

administration group/the gene expression level of t he 

control group), which are relative ratios of the va lues 

obtained by quanti-fying “the gene expression level  of 35 

the SL administration group” and “the gene expressi on 
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level of the control group gene” in each body part.   The 

significant increases in expression levels of sever a 

analysis targets (Fndc5, PGC-1 α, Erra, UCP1, SOD2, and GPX1) 

were observed in most of organs and skeletal muscle s.  It 

could be seen that 3 ′-SL (FIG. 21a) was relatively low 5 

compared with 6 ′-SL (FIG. 21b) in view of the gene 

expression stimulation effects of analysis targets.  

 

Example 14: Effects of siallylactose (3 ′-SL & 6 ′-SL) 

composition on differentiated adipocytes 10 

(1) 3T3-L1 cell culture and differentiation 

3T3-L1 adipocytes were purchased from Korean Cell L ine 

Bank.  For the culture and maintenance of 3T3-L1 ad ipocytes, 

the cells were subcultured in Dulbecco’s modified E agle’s 

medium (DMEM, Welgene, Korea) supplemented with 10%  bovin 15 

calf serum (FCS, Welgene, Korea) in a 5% CO 2 incubator at 37 ℃  

3T3-L1 adipocytes were divided into six groups as f ollows: 

NT; Normal differentiated cell group (control group ), 

sialyllactose test group; 1, 10, 100, 1000, and 100 00 µM 

test groups treated with sialyllactose (SL, Sigma-A ldrich, 20 

USA).  For cell differentiation, the cells were dis pensed in 

6-well plates at a density of 2 × 10 5 cells per well, and 

grown to 100% confluency.  After 2 days, the test g roups were 

treated with DMEM medium containing 10% fetal bovin e serum 

(FBS, Welgene, Korea), MDI solution (0.5 mM 25 

isobutylmethylxanthine (IBMX, Sigma-Aldrich, USA), 1 µM 

dexamethasone (Sigma-Aldrich, USA), and 1 µg/mL insulin 

(Sigma-Aldrich, USA)), and again treated with DMEM 

containing 10% FBS and 1 µg/mL insulin.  Thereafter, the 

cells were differentiated into adipocytes while the  medium 30 

was exchanged with DMEM supplemented with 10% FBS e very two 

days.  At the end of differentiation, DMEM medium 

supplemented with 10% FBS was treated with 3’-sialy llactose 

or 6’-sialyllactose at 0, 0.01, 0.1, 1, and 10mM fo r 10 

days. 35 

(2) Oil-Red O staining  
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After differentiation in 6-well plates, 3T3-

L1 adipocytes treated with ’-sialyllactose or 6’-

sialyllactose were washed two times with PBS, and t hen 

2 ml of 10% formalin (Sigma-Aldrich, USA) was added  

thereto to fix the adipocytes at room temperature f or 5 

10 minutes.  After the fixed cells were dried, the 

cells were treated with 1 ml of Oil Red O stain rea gent 

(Sigma-Aldrich, USA) for 20 minutes, and then 

sufficiently washed four times with distilled water  to 

remove the Oil Red O stain reagent.  Thereafter, 1 ml 10 

of 100% isopropanol (Sigma-Aldrich, USA) was added to 

effuse stained adipocytes, and then the amount of 

accumulated fat was measured using absorbance at 50 0 

nm. 

(3) Free glycerol measurement 15 

The medium, obtained by treating 3T3-L1 

adipocytes differentiated in 6-well plates with 6’-

siallylactose at concentrations of 0, 0.01, 0.1, 1,  and 

10 mM, and culturing the adipocytes for 10 days, wa s 

sampled in an eppendorf tube, followed by free glyc erol 20 

analysis using a glycerol cell-based assay kit (cay man, 

10011725, USA).  100 uL of free glycerol reagent wa s 

added to 25ul of the medium, followed by incubation  at 

room temperature for 15 minutes, and then the 

absorbance was measured at 540nm. 25 

(4) Cell viability measurement 

After differentiation, 3T3-L1 adipocytes treated 

with 6’-siallylactose were measured for cell viabil ity 

using a cell counting kit-8 (Dojindo Molecular 

Technologies, Inc. USA).  After drug treatment, 10 uL 30 

of CCK-8 reagent was added, followed by incubation for 

2 hours, and the absorbance was measured at 450 nm.  

As can be confirmed from FIGS. 22 and 23, the 

intracellular fat was reduced by the addition of 

siallylactode in the differentiated adipocytes, and  35 

especially, the intracellular fat was greatly reduc ed 
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in the test groups with 6'- siallylactose added.   

 

FIGS. 22a and 22b show the intercellular fat change s 

when 6’-siallactose (FIG. 22a) and 3’-siallactose ( FIG. 22b) 

were administered into differentiated adipocytes.  NT 5 

represents a control group, and 0.01, 0.1, 1, and 1 0 mM 

represent test groups with 0.01, 0.1, 1, 10 mM 6'-

siallylactose (FIG. 22a) and 3'-siallylactose (FIG.  22b), 

respectively.   

FIGS. 23a and 23b are optical microscopic images of  10 

cells (Oil red O test) showing intercellular fat ch anges 

when 6’-siallactose (FIG. 23a) and 3’-siallactose ( FIG. 23b) 

were administered into differentiated adipocytes.  In the 

drawings, NT represents a control group, and 0.01, 0.1, 1, 

and 10 mM represent test groups treated with 0.01, 0.1, 1, 15 

10 mM 6'-siallylactose (FIG. 23a) and 3'-siallylact ose (FIG. 

23b), respectively. 

 

As can be confirmed from FIG. 24, siallylactoses di d 

not affect cell viability up to 10 mM in differenti ated 20 

adipocytes. 

 

FIG. 24 shows the effect of 6’-sialyllactose on cel l 

viability in differentiated adipocytes.  NT represe nts a 

control group, and 0.01, 0.1, 1, 10, and 100 mM rep resent 25 

test groups treated with 0.01, 0.1, 1, 10, and 100 mM 6'-

siallylactose, respectively. 

 

In additioin, as can be confirmed from FIG. 25, 

siallylactoses reduced intracellular fat by increas ing the 30 

glycerol secretion of adipocytes in a dose-dependen t manner. 

Sialyllactoses stimulated the glycerol secretion 

regardless of cell viability in differentiated adip ocytes, 

and especially, 6'-sialyllactose significantly redu ced 

intracellular fat. 35 

FIG. 25 shows glycerol secretion changes by 
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sialyllactose in differentiated 

adipocytes   In the drawings, NT represents a contr ol 

group, and 0.01, 0.1, 1, and 10 mM represent test 

groups with 0.01, 0.1, 1, 10 mM 3'-siallylactose, 

respectively.   5 

 

Example 15: Subcutaneous fat changes of high-fat 

diet mice by subcutaneous injection of siallylactos e 

(3 ′-SL & 6 ′-SL) compositions 

(1) High-fact diet mice 10 

4-Week-old C56BL/6 mice were purchased from 

Dooyeul Biotech (Korea).  Water was freely accessib le, 

and a commercially available pellet feed (Dooyeul 

Biotech, Korea) was given for one week.  A high-fac t 

(60% fat) diet purchased from Research Diets (New 15 

Brunswick, U.S.A) was supplied for 28 days to const ruct 

fat-accumulated mice. 

(2) Siallylactose subcutaneous injection 

0.5 ml of 100 mM 3’-siallylactose or 6’-

siallylactose dissolved in a phosphate buffer was 20 

subcutaneously injected two times (day 0 and day 4)  

into four to five sites of the dorsal region of the  

mouse having fat accumulation induced by a high-fat  

diet.  On day 4 and 7, the skin was observed by the  

naked eye and dermoscopy.  A phosphate buffer was u sed 25 

as a control group (CTL). 

As can be confirmed from FIGS. 26a and 26b, the 

subcutaneous injection of siallylactoses reduced th e 

subcutaneous fat in igh-fat diet mice, thereby indu cing 

the wrinkles on the skin surface.  Especially, 6’-30 

siallylactose greatly reduced subcutaneous fat. 

 

FIGS. 26a and 26b show skin changes of high-fat 

diet mice by subcontenous injection of sialyllactos es.  

The skin changes were confirmed by the naked eye an d 35 

dermoscopy (FIGS. 26a and 26b).  CTL represents a 
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control group, and 3'- sillylactose (3’-SL) and 6'-

sillylactose (6’-SL) represent test groups. 
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Claims 

 

1. A composition for preventing or treating a 

disease or symptom associated with a decrease in 

peroxisome proliferator-activated receptor coactiva tor 5 

1-alpha (PGC-1 α) expression, the composition 

comprising, as an active ingredient, a compound 

represented by general formula I or a salt, hydrate , or 

solvate thereof: 

General formula I: S-(MS)p-(MS)q 10 

wherein S is sialic acid; and (MS)p and (MS)q 

each are independently a monosaccharide residue. 

 

2. The composition of claim 1, wherein the 

disease or symptom associated with a decrease in PG C-1 α 15 

expression is selected from the group consisting of  

neurodegenerative diseases, metabolic diseases, top ical 

fat removal and lipid metabolism-related diseases, 

aging and diseases caused by aging, and muscle loss  

(sarcopenia, cachexia), and disease caused by muscl e 20 

loss. 

 

3. The composition of claim 1, wherein the 

compound is α-NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc. 

 25 

4. The composition of claim 2, wherein the 

neurodegenerative diseases are selected from the gr oup 

consisting of Alzheimer's disease (AD), amyotrophic  

lateral sclerosis (ALS, Lou Gehrig's disease), Duch enne 

muscular dystrophy, Parkinson's disease (PD), 30 

Huntington's disease (HD), Pick's disease, Kuf's 

disease, Mohr-Tranebjerg syndrome, Wilson's disease , 

sporadic Alzheimer's disease, sporadic atrophic lat eral 

sclerosis, sporadic Parkinson's disease, autonomic 

function change, sleep disorder, neuropsychiatric 35 

disorder, depression, schizophrenia, schizoaffectiv e 
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disorder, Korsakov's psychosis, mania, anxiety 

disorder, phobic disorder, learning or memory impai rment, 

impairment, amnesia or age-related memory loss, att ention 

attention deficit disorder, mood depressive disorde r, major 

depressive disorder, anankastic personality disorde r, 5 

psychoactive substance use disorder, panic disorder , bipolar 

affective disorder, migraine, hyperactivity disorde r, and 

dyskinesia. 

 

5. The composition of claim 4, wherein the 10 

neurodegenerative diseases comprise acute, subacute , or 

chronic neurodegenerative diseases. 

 

6. The composition of claim 5, wherein the acute 

neurodegenerative diseases comprise stroke, cerebra l 15 

infarction, cerebral hemorrhage, head injury, or sp inal cord 

injury; and wherein the subacute neurodegenerative diseases 

comprise demyelinating diseases, neurologic paraneo plastic 

syndrome, subacute combined degeneration, subacute 

necrotizing encephalitis, or subacute sclerosing 20 

encephalitis. 

 

7. The composition of claim 5, wherein the chronic 

neurodegenerative diseases comprise memory loss (in cluding 

senile dementia, vascular dementia, diffusive white  matter 25 

disease (Binswanger's disease), dementia of endocri ne or 

metabolic origin, dementia of head trauma and diffu se brain 

damage, dementia pugilistica, and frontal lobe deme ntia), 

Alzheimer's disease, Pick's disease, diffuse Lewy B ody 

disease, progressive supranuclear palsy (Steel-Rich ardson 30 

syndrome), multiple system degeneration, chronic ep ileptic 

conditions associated with neurodegeneration, amyot rophic 

lateral sclerosis, degenerative ataxias, cortical b asal 

degeneration, ALS-Parkinson's-Dementia complex of G uam, 

subacute sclerosing panencephalitis, Huntington's d isease, 35 

Parkinson's disease, synucleinopathies, primary pro gressive 
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aphasia, striatonigral degeneration, Machado-

Joseph disease/spinocerebellar ataxia, motor neuron  

diseases including olivopontocerebellar degeneratio ns, 

Gilles De La Tourette's disease, bulbar and 

pseudobulbar palsy, spinal and spinobulbar muscular  5 

atrophy (Kennedy's disease), multiple sclerosis, 

primary lateral sclerosis, familial spastic paraple gia, 

Werdnig-Hoffmann disease, Kugelberg-Welander diseas e, 

Tay-Sach's disease, Sandhoff disease, familial spas tic 

disease, Wohlfart-Kugelberg-Welander disease, spast ic 10 

paraparesis, progressive multi-focal 

leukoencephalopathy, familial dysautonomia (Riley-D ay 

syndrome), and prion diseases (including Creutzfeld t-

Jakob, Gerstmann-Sträussler-Scheinker disease, Kuru , 

and fatal familial insomnia). 15 

 

8. The composition of claim 2, wherein the 

metabolic diseases, lipid metabolism-related diseas es, 

aging and diseases caused by aging, and muscle loss  

(sarcopenia, cachexia) and diseases caused by muscl e 20 

loss are selected from the group consisting of chan ges 

to gluconeogenesis, cellulitis, gynecomastia, 

pseudogynecomastia, lipoatrophy, aging, photoaging,  

cutaneous traumas, reepithelialization of injuries,  

dehydration of the skin, xerosis, keratinization 25 

disorders, calluses, hard skin, psoriasis, skin les ions 

associated with lupus, seborrheic dermatitis, senil e 

dermatitis, dandruff, cradle cap, seborrhea, 

hyperseborrhea of acne, solar dermatitis, seborrhei c 

keratosis, senile keratosis, actinic keratosis, 30 

photoinduced keratosis, follicular keratosis, acne,  

nevus, change in the function of fibroblasts, nodul ar 

fasciitis, scleroderma, Dupuytren's contracture, 

Sebaceous gland disorder, acne rosacea, polymorphic  

acne, comedones, polymorphous, rosacea, nodulocysti c 35 

acne, conglobate acne, senile acne, ichthyosis, 
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Darier's disease, keratoderma palmoplantaris, leuko plakia, 

mucosal lichen, cutaneous lichen, eczema, common wa rts, flat 

warts, epidermodysplasia verruciformis, oral papill omatosis, 

lupus erythematosus, bullous diseases, bullous pemp higoid, 

scleroderma, pigmentation disorders, vitiligo, alop ecia 5 

areata, Lewy Body disease, neurofibrillary tangles,  

Rosenthal fibers, Mallory's hyaline, myasthenia gra vis, 

Gilles de la Tourette syndrome, multiple sclerosis,  

amyotrophic lateral sclerosis, progressive supranuc lear 

palsy, epilepsy, Creutzfeldt-Jakob disease, deafnes s-10 

dystonia syndrome, Leigh's disease, Leber's heredit ary optic 

neuropathy, dystonia, motor neuron disease, neuropa thy 

syndrome, ataxia and retinitis pigmentosa, maternal ly 

inherited Leigh's disease, Friedreich's ataxia, and  

hereditary spastic paraplegia. 15 

 

9. The composition of claim 1, wherein the 

composition is in a dosage form selected from the g roup 

consisting of solutions, suspensions, syrups, emuls ions, 

liposomes, powders, granules, tablets, sustained-re lease 20 

preparations, and capsules. 

 

10. The composition of claim 9, wherein the 

composition is a composition for oral administratio n, and is 

in a dosage form of a drug delivery system comprisi ng 25 

liposomes or a sustained-release preparation. 

 

11. The composition of claim 9, wherein the 

composition is a composition for parenteral adminis tration, 

and is in a dosage form of a drug delivery system c omprising 30 

liposomes and an ultrasound contrast agent or a sus tained-

release preparation. 

 

12. The composition of claim 1, wherein the 

composition is a pharmaceutical composition, a func tional 35 

cosmetic composition, a nutraceutical composition, or a food 
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composition. 

 

13. The composition of claim 1, wherein the 

salt is a pharmaceutically, cosmetically, or 

sitologically acceptable salt. 5 

 

14. The composition of claim 12, wherein the 

composition is incorporated in a sitological, 

cosmetical, or pharmaceutical delivery system or 

sustained-release system selected from the group 10 

consisting of liposomes, mixed liposomes, oleosomes , 

niosomes, ethosomes, millicapsules, microcapsules, 

nanocapsules, nanostructured lipid media, sponges, 

cyclodextrins, vesicles, micelles, mixed micelles o f 

surfactants, surfactant-phospholipid mixed micelles , 15 

millispheres, microspheres, nanospheres, liposphere s, 

microemulsions, nanoemulsions, miniparticles, 

milliparticles, microparticles, nanoparticles, and 

solid lipid nanoparticles. 

 20 

15. The composition of claim 14, wherein the 

nanocapsules comprise microemulsions. 

 

16. The composition of claim 14, wherein the 

composition is for use by topical, oral, or parente ral 25 

application. 

 

17. The composition of claim 16, wherein the 

topical application is performed by iontophoresis, 

ultrasonophoresis, electroporation, mechanical 30 

pressure, osmotic pressure gradient, occlusive cure , 

microinjection, needless injection by pressure, use  of 

micro-electro-patches, use of face masks, or any 

combination thereof. 

 35 

18. The composition of claim 1, wherein the 
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composition increases PGC-1 α expression. 

 

19. The composition of claim 1, wherein the 

composition is for use in the treatment and/or care  of skin. 

 5 

20. The composition of claim 1, wherein the 

composition is for use in reducing the volume of ad ipose 

tissue. 

 

21. The composition of claim 1, wherein the 10 

composition is for use in reducing the content of 

triglycerides in adipose tissue. 

 

22. The composition of claim 20 or 21, wherein the 

adipose tissue is subcutaneous adipose tissue. 15 

 

23. The composition of claim 22, wherein the 

subcutaneous adipose tissue is subcutaneous adipose  tissue 

of the femoral region, chest, a lower part of the n eck, 

neckline, buttocks, face, lips, cheeks, eyelids and /or 20 

hands. 

 

24. The composition of claim 20 or 21, wherein the 

adipose tissue is any adipose tissue that may be fo rmed in 

the body, including adipose tissue formed by fat em bolism. 25 

 

25. The composition of claim 19, wherein the 

treatment and/or care is the reduction, delay and/o r 

prevention of a symptom of aging and/or photoaging.  

 30 

26. The composition of claim 1, wherein the 

composition is for use in increasing the skin tempe rature. 

 

27. A method for preparing a compound represented b y 

general formula I below, a sitologically, cosmetica lly, or 35 

pharmaceutically acceptable salt thereof, or a mixt ure 
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thereof, the method comprising performing a 

reaction in a solid phase or a solution: 

General formula I S-(MS)p-(MS)q 

wherein S is sialic acid; and (MS)p and (MS)q each are 

independently a monosaccharide residue. 5 

 

28. A sitological, cosmetical, or 

pharmaceutical composition comprising a sitological ly, 

cosmetically, or pharmaceutically effective amount of 

at least one general formula I or acceptable salt o f 10 

any one of claims 12 to 26, and at least one 

sitologically, cosmetically, or pharmaceutically 

acceptable excipient or adjuvant. 

 

29. The composition of any one of claims 12 to 15 

26, wherein general formula I, a mixture thereof, 

and/or a sitologically, cosmetically, or 

pharmaceutically acceptable salt thereof is confirm ed 

in a state of being adsorbed on a sitologically, 

cosmetically, or pharmaceutically acceptable solid 20 

organic polymer or solid mineral support, which is 

formed by talc, bentonite, silica, starch, and 

maltodextrin. 

 

30. The composition of any one of claims 12 to 25 

26, 28, and 29, wherein the composition is provided  in 

a dosage form selected from the group consisting of  

creams, multiple emulsions, anhydrous compositions,  

aqueous dispersions, oils, milks, balsams, foams, 

lotions, gels, cream gels, hydroalcoholic solutions , 30 

hydroglycolic solutions, liniments, sera, soaps, 

shampoos, conditioners, serums, ointments, mousses,  

pomades, powders, bars, pencils, sprays, aerosols, 

capsules, gelatin capsules, soft capsules, hard 

capsules, tablets, sugar coated tablets, granules, 35 

chewing gum, solutions, suspensions, emulsions, syr ups, 
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elixirs, polysaccharide films, jellies, and gelatin s. 

 

31. The composition of any one of claims 12 to 26, 

28, and 29, wherein the composition is confirmed in  a state 

of being incorporated into a product selected from the group 5 

consisting of under-eye concealers, makeup foundati ons, 

make-up removal lotions, make-up removal milks, eye  shadows, 

lipsticks, lip glosses, lip protectors, and powders . 

 10 

32. The composition of any one of claims 12 to 26, 

28, and 29 to 31, wherein general formula I, a mixt ure 

thereof, and/or a sitologically, cosmetically, or 

pharmaceutically acceptable salt thereof is incorpo rated 

into fabrics, nonwoven fabrics, or medical apparatu ses. 15 

 

33. The composition of claim 33, wherein the fabric s, 

nonwoven fabrics, or medical apparatuses are select ed from 

the group consisting of bandages, gauzes, t-shirts,  tights, 

socks, underwear, girdles, gloves, diapers, sanitar y 20 

napkins, dressings, bedspreads, wipes, adhesive pat ches, 

non-adhesive patches, occlusive patches, micro-elec tric 

patches, and face masks. 

 

34. The composition of any one of claims 12 to 26, 25 

28, and 29, wherein the composition further compris es a 

sitologically, cosmetically, or pharmaceutically ef fective 

amount of at least one adjuvant selected from the g roup 

consisting of other PGC-1 α regulators, other PPAR γ 

regulators, preparations for reducing adipocyte 30 

triglycerides, preparations for delaying adipocyte 

differentiation, lipolytic agents or lipolysis stim ulators, 

anti-cellulite agents, adipogenetic agents, acetylc holine-

receptor clustering inhibitors, muscle contraction 

inhibitors, anti-cholinergic agents, elastase inhib itors, 35 

matrix metalloproteinase inhibitors, melanin synthe sis 
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stimulators or inhibitors or depigmenting agents, 

propigmenting agents, self-tanning agents, anti-agi ng 

agents, NO-synthase inhibitors, 5 α-reductase-

lysyl-hydroxylase and/or prolyl-hydroxylase inhibit ors, 

anti-oxidant agents, free radical scavengers and/or  5 

anti-atmospheric pollution agents, reactive carbony l 

species scavengers, anti-glycation agents, anti-

histaminic agents, anti-viral agents, anti-parasiti c 

agents, emulsifiers, emollients, organic solvents, 

liquid propellants, skin conditioners, wetting agen ts, 10 

moisture retaining substances, α- and β-hydroxy acids, 

moisturizing agents, dermal hydrolases, vitamins, a mino 

acids, proteins, pigments or colorants, dyes, 

biopolymers, gelling polymers, viscosity increasing  

agents, surfactants, softening agents, binders, 15 

preservatives, anti-wrinkling agents, agents capabl e of 

reducing or treating bags under eyes, exfoliating 

agents, desquamating agents, keratolytic agents, an ti-

bacterial agents, anti-fungal agents, fungistatic 

agents, bactericidal agents, bacteriostatic agents,  20 

elastin synthesis stimulators, decorin synthesis 

stimulators, laminin synthesis stimulators, defensi n 

stimulators, chaperone stimulators, cAMP synthesis 

stimulators, thermal-shock proteins, HSP70 synthesi s 

stimulators, thermal-shock protein synthesis 25 

stimulators, aquaporin synthesis stimulators, 

hyaluronic acid synthesis stimulators, fibronectin 

synthesis stimulators, sirtuin synthesis stimulator s, 

agents stimulating the synthesis of stratum corneum  

components and lipids, ceramides, fatty acids, coll agen 30 

degradation inhibitors, elastin degradation inhibit ors, 

serine protease inhibitors, fibroblast proliferatio n 

stimulators, keratinocyte proliferation stimulators , 

melanocyte proliferation stimulators, keratinocyte 

differentiation stimulators, acetylcholinesterase 35 

inhibitors, skin relaxants, glycosaminoglycan synth esis 
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stimulators, hyperkeratosis inhibitors, comedolytic  

agents, DNA repairing agents, DNA protecting agents , 

stabilizers, anti-pruritic agents, agents for the t reatment 

treatment and/or care of sensitive skin, firming ag ents, 

redensifying agents, restructuring agents, anti-str etch mark 5 

agents, sebum production regulators, anti-sudorific  agents, 

healing stimulators, coadjuvant healing agents, re-

epithelialization stimulators, coadjuvant re-

epithelialization agents, cytokine growth factors, sedative 

agents, anti-inflammatory agents, anesthetic agents , agents 10 

acting on capillary circulation and/or microcircula tion, 

vascular permeability inhibitors, venotonic agents,  agents 

acting on cellular metabolisms, agents for improvin g dermal-

epidermal junction, hair growth inducers or retarde rs, 

flavoring agents, chelating agents, plant extracts,  15 

essential oils, marine extracts, agents obtained fr om 

biological fermentation processes, mineral salts, c ell 

extracts, sunscreens, and organic or mineral photop rotective 

agents having activity against UV A and/or B, and m ixtures 

thereof. 20 

 

35. The composition of claim 34, wherein the adjuva nt 

is derived from synthesis origin, plant extracts, b iological 

fermentation processes, or a combination of synthes is or 

biotechnology processes. 25 

 

36. The composition of claim 34 or 35, wherein the 

composition further comprises a pharmaceutically ef fective 

amount of at least one anti-diabetic agent. 

 30 

37. The composition of claim 35 or 36, wherein the 

adjuvant is selected from the group consisting of a gents for 

increasing or decreasing the content of triglycerid es in 

adipose tissue, agents for for increasing or delayi ng 

adipocyte differentiation, lipolytic agents and/or venotonic 35 

agents. 
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38. The composition of claim 37, wherein the 

agents for increasing or decreasing the content of 

triglycerides in adipose tissue, agents for delayin g 

adipocyte differentiation, anti-cellulite agents, 5 

lipolytic agents and/or venotonic agents are select ed 

from the group consisting of forskolin, caffeine, 

escin, carnitine, coenzyme A, lipase, glaucine, 

esculin, visnadine, sarsasapogenin, extracts of Coffea 

Arabica , extracts of Coleus forskohlii , extracts of 10 

Anemarrhena apshodeloides , and a mixture of water, 

glycerin, lecithin, caffeine, extracts of Butcher's  

broom ( Ruscus Aculeatus ), maltodextrin, silica, 

triethanolamine hydroiodide, propylene glycol, extr acts 

of ivy ( Hedera helix ), carnitine, escin, tripepide-1, 15 

xanthan gum, carrageenan (Chondrus crispus), and 

disodium EDTA.  

39. The composition of claim 38, wherein the 

adjuvant is selected from the group consisting of 

firming agents, redensifying agents, and restructur ing 20 

agents. 

 

40. The composition of claim 39, wherein the 

firming agents, redensifying agents, and restructur ing 

agents are selected from the group consisting of 25 

Pseudoalteromonas  fermented extracts, tripeptide-10 

citrulline, acetylarginyl- tryptophyl diphenylglici ne, 

hexapeptide-10, and a mixture of Pseudoalteromonas  

fermentation extracts, hydrolyzed wheat proteins, 

hydrolyzed soy proteins, tripeptide-10 citrulline, and 30 

tripeptide-1. 

 

41. The composition of claim 39 or 40, wherein 

the adjuvant is selected from anti-stretch mark age nts. 

 35 

42. The composition of claim 41, wherein he 
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anti-stretch mark agents are selected from the grou p 

consisting of extracts of Centella Asiatica , extracts of 

of Rosa canina , extracts of Rosa moschata , extracts of Rosa 

Rosa rubiginosa , and a mixture of water, caprylyl/capryl 

glucoside, lecithin, glycerin, Pseudoalteromonas  ferment 5 

extract, acetyl tripeptide-30 citrulline, pentapept ide-18, 

xanthan gum, and caprylyl glycol. 

 

43. The composition of claim 41 or 42, wherein the 

adjuvant is selected from anti-wrinkling agents or anti-10 

aging agents. 

 

44. The composition of claim 43, wherein the anti-

wrinkling agents or anti-aging agents are selected from the 

group consisting of: acetyl heptapeptide-8; acetyl 15 

heptapeptide-4; acetyl octapeptide-3; pentapeptide- 18; 

acetylhexapeptide-30; a mixture of hydrolyzed wheat  

proteins, hydrolyzed soy proteins, and tripeptide-1 ; a 

mixture of diaminopropionyl tripeptide-33, tripepti de-10 

citrulline, Pseudoalteromonas fermentation extract,  20 

hydrolyzed wheat proteins, hydrolyzed soy proteins,  and 

tripeptide-10 citrulline, and tripeptide-1; a mixtu re of 

acetyl tetrapeptide-5, acetyltripeptide-30 citrulli ne, 

acetylarginyltriphenyldiphenylglycine, acetyltetrap peptide-

22, dimethylmethoxychromanol, dimethylmethoxychroma nyl 25 

palmitate, Pseudoalteromonas  fermentation extract, lysine 

HCl, lecithin, and tripeptide-9 citrulline; and a m ixture of 

lysine HCl, lecithin and tripeptide 10 citrulline. 

 

45. A composition for body fat degradation, the 30 

composition comprising, as an active ingredient, a compound 

represented by general formula I below: 

General formula I: S-(MS) p-(MS) q 

wherein, in general formula I, S is sialic acid, an d (MS) p 

and (MS) q each are independently a monosaccharide residue. 35 
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46. The composition of claim 45, wherein, 

in general formula I, (MS) p is galactose and (MS) q is 

glucose. 

 

47. The composition of claim 46, wherein the 5 

compound of general formula I is sialyllactose. 

 

48. The composition of claim 46, wherein the 

sialyllactose is α-NeuNAc-(2 →3)- β-D-Gal-(1 →4)-D-Glc or 

α-NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc.   10 

 

49. The composition of claim 48, wherein the 

sialyllactose is α-NeuNAc-(2 →6)- β-D-Gal-(1 →4)-D-Glc. 

 

50. The composition of claim 45, wherein the 15 

composition is a pharmaceutical composition. 

 

51. The composition of claim 45, wherein the 

composition is a dosage form selected from the grou p 

consisting of solutions, suspensions, syrups, 20 

emulsions, liposomes, powders, granules, tablets, 

sustained-release preparations, and capsules. 

 

52. The composition of claim 51, wherein the 

composition is a composition for parenteral 25 

administration, and is in a dosage form of a liposo me 

or sustained-release preparation. 

 

53. The composition of claim 51, wherein the 

composition is a composition for oral administratio n, 30 

and is in a dosage form of a liposome or sustained-

release preparation. 

 

54. The composition of claim 45, wherein the 

composition is a nutraceutical composition or food 35 

composition. 
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55. A method for the prevention or treatment of a 

disease or symptom associated with a decrease in PG C-1 α 

expression in a subject, the method comprising admi nistering 

the composition of any one of claims 1 to 44 to a s ubject in 5 

need thereof. 

 

56. The method of claim 55, further comprising, 

before the administering step, measuring the expres sion 

level of PGC-1 α in cells from a sample isolated from the 10 

subject. 

 

57. The method of claim 56, wherein it is observed 

whether or not the expression level of PGC-1 α is decreased 

compared with a normal control group, and then, if 15 

decreased, the administering step is performed on t he 

subject. 

 

58. The method of claim 57, wherein the normal 

control group corresponds cells obtained from a nor mal 20 

person or a subject showing no disease or symptom a ssociated 

with a decrease in PGC-1 α expression. 

 

59. The method of claim 56, wherein the sample is 

obtained from a particular tissue or organ. 25 

 

60. The method of claim 55, wherein the 

administration is a topical administration with res pect to a 

particular tissue in which the measured expression level of 

PGC-1α is decreased compared with the control group. 30 

 

61. A method for degrading body fat, the method 

comprising administering the composition of any one  of 

claims 45 to 54 to a subject in need thereof. 

 35 

62. The method of claim 61, further comprising, 
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before the administering step, measuring the 

expression level of PGC-1 α in cells from a sample 

isolated from the subject. 

 

63. The method of claim 62, wherein it is 5 

observed whether or not the expression level of PGC -1 α 

is decreased compared with a normal control group, and 

then, if decreased, the administering step is perfo rmed 

on the subject. 

 10 

64. The method of claim 63, wherein the normal 

control group corresponds cells obtained from a nor mal 

person or a subject showing no disease or symptom 

associated with a decrease in PGC-1 α expression. 

 15 

65. The method of claim 62, wherein the sample 

is obtained from a particular tissue or organ. 

 

66. The method of claim 61, wherein the 

administration is a topical administration with res pect 20 

to a particular tissue in which the measured expres sion 

level of PGC-1 α is decreased compared with the control 

group. 


