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SUMMARY

1. Title of project: Development of Functional Foods for Inhibition of Muscle Atrophy

with Korean Mistletoe

2. Key words: anti—aging, sarcopenia, mistletoe, muscle atrophy, hypertrophy,

Atrogin—1, MuRF1, betulinic acid, triterphenoids

3. Institute: School of Life Science, Handong Global University

4. Principle Investigator: Prof. Jong Bae Kim

5. Associated Company: Samyang Genex R&D Center

6. Project Period: 2012.08.08.~2014.08.07

Korean mistletoe is a semi—parasitic plant that is known to possess numerous
beneficial properties such as anti—cancer and anti—diabetic. In this relatively
unexplored field, we aimed to describe the effect of the Korean mistletoe and
triterphenoid(Betulinic acid) on denervation— and fasting—induced skeletal muscle
atrophy. Both in vitro and in vivo experiments have been implemented, where the
results of the in vitro experiments indicated not only of the inhibitory activity of
Korean mistletoe on muscle atrophy, but also of hypertrophic effect. More specifically,
E3 ubiquitin ligases, Atrogin—1 and MURF1, that are upregulated during muscle
atrophy were found to be downregulated by the treatment of Korean mistletoe and
BA. At the same time, the Akt—-mTOR pathway was found to be upregulated and thus
promoted muscle hypertrophy, enhancing muscle strength and exercise capacity. A
similar pattern was observed in the in vivo experiment when mice were either fed
chow supplemented with Korean mistletoe extract at 0.3% and 1.5% of their total diet,
or administered 200mg/kg or 500mg/kg of Korean mistletoe extract by oral gavage. In
conclusion, the present study shows that Korean mistletoe extract and BA effectively
reverses skeletal muscle atrophy induced by fasting and denervation.

Our purpose is to prove the health benefit of Korean mistletoe extract, and to obtain



an approval of "Functional Ingredient for Health Functional Food". Manufacturing
process and process controls of mistletoe extract powder were established and the
finished product specification is satisfactory. Chlorogenic acid was selected as a
marker compound of mistletoe extract powder. Functionality content and consumption
amount were studied. Clinical protocol were reviewed and passed IRB. For the
purpose of commercialization of mistletoe extract powder, we studied various types

products— tablets, rice noodles, candies, beverages, drinks, shake, stick jelly etc.

_10_
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2.2.3. Claims on muscle function
Comments received

- Clauns related to sarcopenia as stopping or decreasing muscle strength decline in the elderly were
proposed.

- There was a request to consider health claims on recovery (e.g. from stiffness, muscle fatigue,
muscle ache. mobility and general fatigue) after the exercise phase. claims on relhydration, and
claims on muscle metabolism as beneficial physiological effects per se.

Panel consideration of comments received

The improvement, maintenance or reduced loss of muscle function (e.g. muscle strength) is
considered to be a beneficial physiological effect. Outcome measures of muscle function which may
be appropnate for the assessment of the claimed effect in humans in the context of a particular type of
exercise or physical activity should be indicated (e.g. one repetition maximum weight lifting,
1sokinetic knee extension torque and isometric handgrip strength). Also changes in muscle structure
(e.g. muscle mass, muscle shape, number and type of muscle fibres, muscle damage and muscle tissue
repair) contnbuting to the improvement, mamtenance or reduced loss of muscle function (e.g. muscle
strength) can be considered beneficial physiological effects. Evidence on whether (and the extent to
which) specific changes mn muscle structure mav lead to changes mm muscle function should be
provided. and will be considered on a case-by-case basis.

Faster recovery from water loss, muscle fatigue, muscle soreness or muscle damage after exercise,
contributing to the restoration of muscle function (e.g. muscle strength) can be considered beneficial
physiological effects. Subjective measures of muscle fatigue or muscle soreness may be used as
supportive evidence in this context

A new section specifically addressing claims on muscle function has been added to the gwdance
document (Section 35).

<5 7|5 (muscle function)

- Sarcopenia®}e] #HHAP Aoz w32 Q) 8 i o] YERE A9

- T ¥ IEHE 2 Y=, & 4, i 9=),
A 4= 3} (dehydration) o A, 3k A&l dgFo =z <8 thAlolA] health claimo]
e s ojof 3k
- 2 7)) =) A, 74, £ A T 2 fF9s AelHl JES $9)
e Eojof gt
HW L= (ARM) FA (one repetition maximum weight lifting), isokinetic knee
extension torque, isometric handgrip strength &

o+ Txo ¥t

o) E& % D% R

[e] 2= = S 2= S
¥, AR ek E R, 2 A9, 2 e 22 8n
TE T R A, SR 2 BT, S ESARETEH e % T 2 £ g
o = S & S 2= [e]
e A dFols & dE

Ref. Outcome of a public consultation on the Draft Opinion of the EFSA Panel on Dietetic
Products, Nutrition, and Allergies (NDA) on a draft guidance on the scientific requirements

for health claims related to physical performance, Supporting Publications 2012:315 [1]
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<% 7]l 7]°](muscle function)
@) AHgwH o) Astaxanthin® 7] W3 A = health claimoZ
AL-8-3t7]ol = ek grhal dekgk

2.4, Contribution to normal muscle function (ID 1685)

The claimed effect is “muscle function”. The Panel assumes that the target population is the general
population.

The references provided in reflation to this claim included human intervention studies on the effects of
astaxanthin on endurance capacity, endurance performance, muscle strength, and muscle fatigue
during exercise, and animal studies on the effects of astaxanthin on exercise-induced skeletal and
cardiac muscle damage, and skeletal muscle fatigue. The Panel notes that from the information
provided the aspect of muscle function which is the subject of the health claim is unclear.

Astaxanthin®] 7%, QAlA A 7-9, A4 +&Ed, <9, 5 T < I=2, =49
[e]

AT $EoE sl WAE FAD Aee A9, wAS Az s JTE FA

Ref. Scientific Opinion on the substantiation of health claims related to astaxanthin and
protection of the skin from UV-induced damage (ID 1687, 1979), defence against
Helicobacter pylori (ID 1686), contribution to normal spermatogenesis (ID 1688),
contribution to normal muscle function (ID 1685), and “immune system”(ID 1689, 1919,
1980) pursuant to Article 13(1) of Regulation (EC) No 1924/2006 [2]

(W4) m=x AFees - FDA(Food and Drug Administration)olA <33

sarcopenia
@ sarcopeniast THEE DA 75 Bz glglon), woloA Auix oz 47
AT 5 de Ao=E oo #HydE AuS A=

05:  Arethere concerns related to the data specific to the geriatric population that could be
considered in the planning of the clinical studies?

AS:  Depending on the mechanism of action of the drug and/or the characteristics of the disease,
certain specific adverse events and age-related efficacy endpoints should be actively sought in
the geriatric population. e.g.. effects on cognitive function, balance and falls. urinary
incontinence or retention. weight loss. and sarcopenia. This may require specific testing. e.g.. for
cognitive function. Applicants should also refer to disease specific guidances for specific
recommendations concerning the evaluation of both efficacy and safety in geriatric patients.

E7 studies in support of special populations: Geriatrics(=21)
AN Aol =90 23S 93 A Al s oF sl A2
Al eke] MAYFo|Y AR 5EA, 54 o]dwhs, w3t #dd g5 we =904 I

o) AA 8, Ty A QdFoly QM A|F 74 sarcopenia &

Ref. Guidance for Industry: E7 Studies in Support of Special Populations: Geriatrics,
Questions and Answers, FDA [3]
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€ A Atol Z(type I, type 1)
@ H2 (muscle strength)
<A A & (muscle protein synthesis rate) =5, A1 4 %59 7FAx

(Ref. &Ads, HAd5202011) [4], &sAeste] 7%, gho]ZALe]dA(2006) (5],

FEBS J. 280(17):4294-4314 [6], Int J Biochem Cell Biol 37(10):1974-84 [7])

(th) 2 9= (muscle atrophy)

® Aol
O AE2AT, AED, wuEe] 46 Sl AE 27} ZolmE AL o E
@ =59 H7} ZolEo] Ao =85S oFFAY

@ 4

A 4, AAY H3 DEXA, MRI, CT, BIA
2 o) == (muscle strength)

o
Jo
0,

A =9 (muscle fiber cross—sectional areas), & & (limb circumferences)
AAb: el&d, HbAlc, TGs, free T4, TSH, CRP, TNF-a, 99 % 4&®¥ %
%]: Hﬂx] ?'SPE]::LO {3_:/\21 éj_-/‘\l—)
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f Abo]l Z(type I, type )
I} N

oo
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i 2 3+ S (muscle protein synthesis rate)

(Ref. &sA2]st, 4 &52(2011) [4], &2 ste] 7%, gho] ZAfo]12(2006) [5], Cell

Metab 8;13(6):627-38 [8], FEBS J. 280(17):4294-4314 [6], Int J Biochem Cell
Biol 37(10):1974-84 [7])

(8}) 29 (muscle strength) %3}
O 89 A9

@D we ouz A7 wag

@ e 250 AFS oAU Al AYBoE £5YL WA & Yk Y

@ SATE: 2ol Folx Fgel Avkh QAT i Avhy oY W FE
oS WEF 5 gl Ao BF A

= 83 SAFEL DS Aol S
@ =% B vho] oty
@P 1RM testing(single repetition maximal strength)
P z dolE
e A3 7I1AE ol &3 v 31(103])
@ 3 34 Al(dynamometer)
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@ FAH
@) & Z¥H(muscle soreness), *
(strain), #4 Y, =0+F, 8.&F
© ulo] 2 mtA
eh AL A, AAY AskE: DEXA, MRI, CT, BIA
) o] A1A%2 wjE g (Short Physical Performance Battery)
245 S =g (muscle fiber cross—sectional areas), 2 =d|(limb circumferences)
AL &5 (walking speed), 400m H.3) HAAL 6% B3 HA}
IL-6 5%

FF(edema), <+ H7l(swelling), <+ A7+ I

(Ref. J Nutr Health Aging 13(8):724-8 [12], J Nutr Health Aging 13(8): 708-712
[13], J Nutr Health Aging 15(10): 834-846 [14], ] Am Geriatr Soc 60(1):16-23

[15], Clin Interv Aging 7:225-34 [16], Am J Clin Nutr 93(2):402-12 [17])
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AR EBiol ASANe FPF F BHES B BEEL AASAL
FAAEE B9 2T FSsho] o) AgHAT
(b A5 FEW A
AAAE QRS Aol MHz] WA F oA Adslel A5z FHach
AR E Bl ASANe T F BHES B BEEL AASAL
BRAZE B3] RS 5ol 4ol Agdsinh

(3) SHA XA Gld By A}
(7}) C2C12 A3 wi <
upg-2~ TObA XSl C2C12 AIXEE 37T, 5% CO2 x4 10%  Fetal Bovine
Serum (FBS), 1% Penicillin/Streptomycin®] %% Dulbeco's Modified Eagle's
Medium(DMEM) Hjx]e wjFAZIth M3E7F Zdo]E] 90% o] =W 2%  Horse
Serum, 1% Penicillin/Streptomycin®] ¥ DMEM ®j{x & n}io] Fiu E317}
SEE Ao AFE-gH
(h) AE Ay = AE &l
Zb = AES FHste FRj" AEe| AHEsta AIZbEE HNEXE 345
AHEAIZEA] 20T el ’ghe)
(th) @4 g
Bichinchominic acid (BCA) assayS ©]&3dlo] AMZ W wwzdS AHaksich 2719
TElolo] wuidel FE= Ag HopA HW 17Fe] oo
biuert reactiono]etil tth R HHEo] 93] FElo]eo FYPe ol

= [e]
Hluwd AFAS Hol=d, olgdA FAdH 8 ol&o] Al BCAY AHHFH o
Astste] BCA-Cu+ complexE dAstth o] &H3A= 562 nmolA 3k &3S
el A 8o AMe walAS Rt o] A 3}

Rl 562 nmolAe] FAEAEE
standard curve¢} WMo =M Alm wWFel g AT £ QY 8 FX).
Standard2+ Bovine Serum Albumin (BSA)S AF&3}% BSA2l standard curve2}
Hlaste]l Alg ] oheld S FRFgtomxn d7)dsA 2 o duwdre vud
T AA S
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Step 1) Step 2)
OH- 2 BCA

Protein U _
[cys.teine, cystine, + Cux Temperature.dependenl cul-
tyrosine, tryptophan reaction
amino acid residues)

BCA-Cul+
Complex

(2}) SDS-PAGE
izl o] A7) A%F o] %A (polypeptide chain & Zo], Ex% Protein folding,
posttranslational modification)& ©]-&3te] @M AE 7+ Flo AR&st= 7|0t
Sodium Dodecyl Sulfate (SDS)&= ®HAE o] F=2 A&sle 542 HE dwds
Bog uw AFE3FA 9 =8 resolution power®t T#AA O F thFdE =)ol E o=
Abg3ltl. Acrylamide2t N, N’-methylene bisacrylamide®] 2719 71579} A8 oz
H| 7} &9l Fgtsle]  polymer ¥4, Ammonimum sulfate (APS)S 7lnA=
Tetramethylethylenediamine (TEMED)E ZvwjA 2 A}&3ci (g 9 FZ).

|— Gel cassette

—— Anode s Han?iltnn
1 1 buffer buffer g

Negative I = '
electrode & i
= | chamber Sample !

Anade [+) ===y Cathode (-} ‘
i'\.-‘U'J".".r UL LT FULILALANT

Power source

Tank

Separate protein
bands

a9 9. A79F U

AMEH O AT AR GE AES 7 welld 20 ul® ¥al 145Vel A 1A3E
30+7F HojEr
(7}) Western blot
SDS-PAGEE %3] g% AZo] & AL 4TA 200 mASl AFZ 247 &9
A

transfer #4 S &3] membrane®] &7t membraneo] skim milkZ T2 w4 o]
A ¥EE coating ¥ F Atz I g FAE o]&ste] 54 At
Ae A St} universal FAE ol &8sl st T ARt dEE 5 Q1A she] 1
el Grof wep Wi=e] R O wd s SRlti(ad 10 FE)
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Detection in Western Blots

Detection Signal
ﬂ (colorimetric or chemiluminescent)

k Enzyme Substrate

Enzyme-conjugated —
Secondary Antibody

Primary Antibody

Target Protein

Membrane Containing Transferred Protein

a9 10. 2" B3 2EAE

(4) 25 AEAAS RNA 238 A= &4
(7F) C2C12 A3 wj ek
upg-2 oA XD C2C12 AIXEE 37T, 5% CO2 x4 10%  Fetal Bovine
Serum (FBS), 1% Penicillin/Streptomycin®] % Dulbeco's Modified Eagle's
Medium(DMEM) Bj=]el]l i A zith M EZ7F F#olEol 90% o]/ ¥ 2% Horse
Serum, 1% Penicillin/Streptomycin®] &% DMEM ®JA| = wpFo] Fi #3317}
s EH A ARE-gho)
(h) AE Ay = AxE &l
Zb R AES THlste ERlE AlEe] AYstal APEER A
AFEAZEA] -20C ol K
(th) RNA F=
RNA FZ=o& INtRONAF] easy-spinIM Total RNA Extraction KitE ©]-83}¢]
g = AA S
(2}) RNA 4=
F=3% RNAT= AZF ABE& 3 4749 vx¢ ¢k T Fdste] HAF
AF-&-3} A T
(v}) RT-PCR
d7E 9driee] RNAE olF7hee] DNARTH =<t
vivoelAl RNA AAE 3T F gl7] "o Hoh <
H}Ao] FHa3y o]E JHAHReverse transcription, RT)gtargicl o =
5o 72 DNAE A E 24 DNA (complementary DNA, cDNA)Ztal ¥ 231 71 cDNAE
template PCR& 3dh= Z<& RT-PCRol#tal 3th. RT-PCR #4< &8 AFd
RNAE DNA= Wgéto] Bt} kol A wEolA Hasdt(ad 11 F=x).
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(v}) Real-time PCR

Hr
Nlo

ol

p—

0
"
pat
oW

71 %949 template DNA Y]

TR
+

o

0

o

=0

[e]

=

end-pointol| /] #2415 7] ufj &

ul

=

ol t}.

7] w2l

Real-time PCR

1 o]

A

il

7

919

¢+

=

o

0

o
0

)

Hr
Njo

—_—
o

Hr

atoq

S

o 12417 A o2 =99l on/offE x4

SEN
[e)

T

d] o
=
4

‘|.

<]
=
=

2]
Ly
a

2=
=]

5% 9 ICR male W}$~ &
2C 9 &x¢ 50%9

A% PCR (quantitative PCR, gPCR)©] &}
Real-Time PCRS %3

7h)
+

el
T
ron!
o)

mH

K

i

]
i
Ho
o)
o
el

N

;OU
ol

< PBSel =59

3T
=

71Ek Al

&}

S

=

o

=

=

gavage)

7 -5 (oral

o=

a

S
&

15

H
fus

o4
- 36 -

fex]
s

i70f

How

ks

gk

3=

&

3

S
&

w2}



FSAtt.

ey
] Mﬂoﬁ
~ S =
%o &_.Eon./n o
| . i
& w0 Eow 2 :
B _@o._@ ,ww_mm i M w_
o_a c.__.dlﬂe an S Hn L
» 4 B 5Tw |
o) o :ﬂﬁ) F
S L__o1 Lﬂrze |
e U o -
o = e Nrﬂm
£ :.;o_w 2 z
> %]% 3§ .1
: Lﬂulwr %Q H
= oo %Hr ﬁﬁ
5 __oTPov. mMuﬁc +3
it w2 |
o) ™ _ﬁb |
o = 3 T
5 . T OE =
> =27 =
X M%w .
g Xﬁ q_6L
o Doy 2B
. — < ® - <
O e
nEmM %%ﬂl
— ni.e_z i
file) B Tl O_ul
T o SR ) 55T
D : = Sa.__.dl
= Mo £= 2
o N ro mﬂm o
%ﬂ%%%n&m Hm%ﬁa
Eomc@?éx?%ﬂmzﬁﬂ
aﬂ_ﬂﬁoqo_eaﬁ#@%%e@ _
@%ﬂ%%ﬂ%%%@%@ :
SN _
G M%ﬂ%ﬁ%ﬂr@r : : ! :
W Do o 3w d < i &
: : ; i %,.__ﬁ
T T T o 2 _ _ j
E ||

_37_

a4
12. HEAFZ(F) R H]



. 2203 = (201372014)

1) 5%
EfH v xol= A&o] muscle atrophydl W& &3 714,

(2) SFAZAA Y dilF IdH ZA}
(7F) C2C12 Al nlj %
upg-2~ TRObA XL C2C12 AIXEE 37T, 5% CO2 x4 10%  Fetal Bovine
Serum (FBS), 1% Penicillin/Streptomycin®] &% Dulbeco's Modified Eagle's
Medium(DMEM) s #]ell sjekAlzich A E7F Zdo]Ed] 90% o]4 x4 2% Horse
Serum, 1% Penicillin/Streptomycin®] &% DMEM ®ix& u}io] Fiu E317}
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(h AZ A 2 AlE &8
7+ e AES Fv|ste] F=ulE AlXEed AHYstm APER AEE 3]
AREAIZEA] -20C ol B33
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Bichinchominic acid (BCA) assayS ©]&3dlo] AMZ W v zdS AHaksic} 2719
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standard curve®t Bl o= Alg TwlHol FE& ALY 4 vl Standard= &
Bovine Serum Albumin (BSA)<& A3t BSA®| standard curve®t Hlulsto] A&
W d@id Fs AFgoEN A7 A 2 o diAdz g vlad 5 A g
(2}) SDS-PAGE
izl o] A7l A5 o] F A (polypeptide chain @ Zeo], #x2F Protein folding,
posttranslational modification)= ©]-83to T dE ko] o A&3t= 7]&olt).
Sodium Dodecyl Sulfate (SDS)+= WAAET W T2 AlEsts 2d= He oWds
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3041+ dojFE
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template® PCRE 3l 3S RT-PCRel#tal vl RT-PCR #AE& &3 A=d
RNAE DNA=® ®Wgato] wr} koA 5ol x H el
(¥}) Real-time PCR
Ikl PCRE 5% o|% H ) =
A=Y =7 7F B] wdel] Al FA o] of <
end-pointoll /] #2415 7] W&o Z7]o] FJE template DNAS] S &ldh 4 glt).
ol Hr|gdE WY wie =SHs7l flel JiEE Zo] Real-time PCR oty =
uf

=
THE FE SRS ANGOR RUHYs] FEHE 32 33T 5 )

N
ol

(G

N
)

4) 58 rd = 9= 49

hH AHEE AL

57% 2] ICR male vk Edl& Sopefol ] Farshe] ARGSlAh AbS 2=d2 23
2Ce] 219k 50%°] FE FASAL 1223k HASR 2] on/offs =4 dto]
ojuf SR 2319 o] =3

+
st owbel B4 FAAAL ARG 45E 2429
9 *

AN AFEA 4olF 5 QES



B
<M
B!
i
=i

il
H
Ho

o

o]
el

R
<

< PBSY] =9

sl

=
s %

gavage)

7 -5 (oral

UREA o=

.

—~
file)

il

TR
o

—~

.rOL

N

(th) dg=¢f #Hs}

dF5A7] &9

(tai vein blood)<

& ol
= "1

tol mol

B

o

o
o
m

i)
T

o
o

w

ﬁo

e RE

3ol

averting o] &
=

3

17

A

&l

ol &

sheiet.

& Al

Fed &A1 7F GliuA]

35
Y ©

&

Al
=2

I~ O~
TE&

ko

A

el
=8

J_HO

e of

o O
zo

tf B AF 2 (Quadricep)

)

T lysis buffer <ol A

ool

ki3

o]&3lt}.  Sacrifice

©
=

H] & (Gastrocnemius)

=
=

12 7] (homogenizer)

-(:51_

==
1}

bl ol zro}

o]-§3

_40_



3. AFAL Hg 2 A%
7F 12Pd = (201272013)
(1) ASols B4 T3 F

(7V) in vitro

Y gz ToAE AN ASE] FEES 3

<
@O AMPK (AMP activated protein kinase)®] 7]%

AMPKS| 229l 7155 29 139 tehd ulsh o] ztF Aedel 248 1
= dF 9 sensord 9GS w@Eeth A, <5, AWAE, A 2 o] g
3 PFe WAL 53 THole AW TEF F4E 2050 Y v ES=Y
o} biogenesis®= #oJE 3}7] wtol ¢ TR vlo]Q wiATH

Brain +[AMP]
(hypothalamus) VIATP]
AT Leptin, :
e Fatty acid uptake, oxidation
Glucose uptake
Mitochondrial biogenesis
''''' Pancreatic  cell
DA . Insulin

Fatty acid oxidation secretion

Glucose uptake

Glycolysis

1. @S Fatty acid synthesis
Fatty acid synthesis Cholesterol synthesis
Lipolysis
Figure 15-6
Lehninger Principles of Bioch y, Eifth Edition
© 2008 W. H. Freeman and Company
19 13. AMPKY %8 BAE
@ AMPK®] 7]+ w74
@) AMPK (AMP activated protein kinase):= exercise, low glucose, heat shock &
o WS- activation¥ ©] glucose transportE Z43d}l+= protein®d
@ 53] &5 WelA= GLUTIL, GLUT4el 98-S v A translocation®] ¥yl 3}

1
T

o] glucose uptakeZE 74| 7|
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o] 9o = mitochondrial activity & Z7FA7]& Q2 xE delx] 9L,

@ AMPK phosphorylationE 93k A3 =4 2 Ay
@b mFg-2~ LolA A C2C120 A-fAro] FE2E(KME)S 100ug/ml =2 A8
© protein extraction § anti-AMPK (Cell signaling) A& A}&3Fe] Western
blotting 2! A]

@ Aol FEE 98] AMPKS| phosphorylation® %38 activation =5 FA}

e Al 2™ 149 22 ZAdE Ak I 140 yEbd mhep o] BiA g
Tl M= AMPKe] 24 A3 yehux &2 wbd Aa oAM= A St

[}
s w4l

30min 1h 3h 6h 30min 1ih 3h 6h

NT KME

a9 14. Ao F&E9] AMPK< 43} (phosphorylation)dl "] X+ <&

() &% AE U muscle atrophy, hypertrophy ## pathwayolA #A$%o] &
B 53 &9l

(D muscle atrophy ## biomarker(Z 38 15)

*,,-,‘Qnuuﬂfluunulf“”

A RLEEEIE0SE05005505005
OO - ] I!' l’\
= TR
[ )
g [ aAampk ) _——
l o Pem )
MEK | lil. PGC1-o |
o M T Mitochondrial
activity
v a ¢ ey 2 , = __ - <« 2
= 2 Rk o \ e [ Atrogin-1 | Murfl |
(e ) O e ) " Q ) \,\ - ‘,\ / Ol Sl
l l L AAAAN N
v =
= o i Protein
MAPK Glut4 v _SEK . SHERELE degradation
—_— excocylosis - J’ S
b Protein
Mytogenesis synthesis
&

Differentiation

Ref. Mechanisms regulating skeletal muscle growth and atrophy
Schiaffino S, et al. FEBS J. 2013

29 15. 25 $=(atrophy) 7]1A ¢ #A3= F Q8 Biomarker$t 3=
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@ Muscle atrophy®] 717 7] &2 874
@) Muscle atrophy, hypertrophy®} #H ¥ main pathway PI3KE &3 Akt
pathway® &34 &
@ o] % muscle atrophy2} #HE pathwayi= ool AHdg oz FAS FiE<l

=

e Muscle atrophyZE ¥ ©7]+= biomarkerts @93 E3S =235+ Atrogin-13
Murfl (muscle ring finger protein-1)2.& <4el4 UL

¢ 0] 52 ubiquitin ligase?] ¥F S & protein degradatione Uo7 T8 UH
AaE 47 muscle atrophyS Z#3sHA H.

e o] ¥ biomarkert FoxO(forkhead box class O)ol <& 2odo] A% =4 o]
FoxO¢] &#dS =4 3= A9 biomarker’F mTORS} PGCl-aZ &4 U+

e= mTORS$ PGCl-ao 2l3] FoxO¢ wdo] JAIHW, o= <l
Atrogin-1% Murfl9 2@ Fo] #A3A Hu, ZHAHHO=Z protein
degradation =3 YA H A 59 muscle atrophy’} Z43sA ©

@ FoxO A% z=x1 % A
P vl TFolAM A C2C12¢ AS-Ao] FEFES 100ug/mle == A
@ anti-FoxO(Cell signaling) 345 AF&3}e] Western blottmg-e— A A]
@ A¥x: ¥ 169 YEG mkep o] AfAe]l FEEC 9 FoxO9
phosphorylation®] <7}§2 &<l
e FoxO% 7-% phosphorylation ¥ inactivation(&&43}) ¥ o]= Akt 4wt
gk 712 FoxO7F ©<214k3k(dephophorylation) ¥ ©] activation®+= A& A=

p

e o] AH}E T Aol FEE] 7Eo &zl PIBK/Akt pathwayE &3l
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Relative amount of PGC1a/b-actin
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NT BA OA UA KME YJ)

a9 16. AFAol F&E0] FoxO 2@ wA+= FF
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b PGCl-a¥} Sirt 23ld v A= 93 (29 17 F
o g4l FEFEo] Sirtld} PGCl-a9] HdHS S7/HAHS
e UEIOE AE3 UARTIE U $2 %*é% R
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a9 17. A9l 2%E37 UAZl PGCl-q, Sirtl 2@ v x&= 43

W Atrogin-12 Murfl®] 2& =] wx= g8 =AH(ZH 18 )
e Atrogin-17 Murfl& @& 9] degradatione ZZIA|7]E= @ AZA =S
AAAN7 = 295 27 S o] F @ AS A Gl dojtof s} 71
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Relative amount of Murf1/B-actin

a9 18. A$Ae] 3%E3 UAZl Atrogin-1, Murfl 23] v X &= A3

@ A& ol Z2AE B3 IA dFHAHT AMPKY &4S FF Sirtl, PGCl-a

o W F7let HFAHOZ muscle atrophyE FH doJ]E Atrogin-1,

Murfle] @8 227 Jebde A8 & 3lA Hol & A7 &R =

AE T8 T UE 2 2392 3.

(t}) muscle hypertrophy &% biomarker

(D Muscle hypertrophy (v t))e] 7] uj 7

@) Muscle hypertrophy+= protein synthesis, cell differentiation, mytogenesis,

mitochondrial activitys 2 S71E &3 o|FA (29 19)

© E3] skeletal muscleol 4+ PI3K/Akt pathway”’} muscle hypertrophyel] <%
TS 7AYol B Abd AT ARE Fa deA

@ 9FoA insulin =< insulin like growh factor£°| insulin receptor®} W33}
PI3K (phosphoinositide 3-kinase)ol <¢J3} Akt’} phosphorylation ¥ %A

activation ¥

@ Activated Akt downstream® mTOR(mammalian target of rapamycin)=

activation A%

mTORE S6K(S6 kinase)®t SREBPI1-c(sterol regulatory element binding
proteinl)E activation A|7]™H, o] ZA¥}H S =2 protein synthesisE 78}

F"]Oi L‘TE ]EH}\];’]

insulin receptoroll A A}=o] A& %= MAP kinase pathway$ 74-%- mytogenesis

9} cell differentiations Xl Ao ®E dd A UE= FQ pathway = <.

@  Akte] AS$ AMPKe A AS160¢] S Z=7FA A GLUT4(glucose

transporter 4)2] translocations 927 glucose uptakeE A7+ 9SS F
a >

gl o] ARE 53] ddx 858 YEUE VAR E 2e #do] 9

1o
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FoxD 1 i AMPK

Mitochondrial
activity

[ Atrogin-1 | Murfl |

B s Protein
{ mAPK | Gluta ey & degradation
3 - excocytosis - i e

Protein
Mytogenesis synthesis

Differentiation

Ref. Mechanisms regulating skeletal muscle growth and atrophy
Schiaffino S, et al. FEBS J. 2013

a9 19, 2% $ % (hypertrophy) 71 & ¢ &3t

T8 biomarker$t F 2

@ Akt/S6k/mTOR/Erk A3d =7 2 Ay}
@b -2~ FobAlE C2C120 AF-4Ao] FE5=5 100ug/mle] == g
© protein extraction & anti-Akt, anti-S6k, anti-mTOR, anti-Erk(Cell signaling)
A& A&t Western blotting S A Al 8te] ZALE
@ A% (29 20 Fa)
° 74 [e) /\Lo] _iry‘z \=

=5 (KME)7} Akt pathwayS "% 7Z3tAl &4 3 (activation) Al

28 we BYS UEdh 53

BAZ} Be #4S L}E}»ﬂ e W% grlze At AF AZA BA B

of iE Aew 2l AAl(el; x}m}—ﬂr 283 5 de T =A%
o
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=

| &Y &, T F)E A}

o Erk &Asto® A
T F2 295 YERQIT
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14 14

0- 0-
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pS6K/totalSek

pErk/total
C2C12

NT BA OA UA KME YJ

P-mTOR

a9 20. AgAe] F&E] Akt/S6k/mTOR/Erk &8 v = 9%
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2)9 9L A FAFGL

26 compound 27 compound

Chemica! Formula: Ca3HygN,05 Chemical Formula: Ca3Hz6N,0,
Exact Mass: 504.37 Exact Mass: 502.36
Molecular Weight: 504.75 Molecular Weight: 502.73
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<Abstract> Korean mistletoe is a semi—parasitic plant that is known to possess
numerous beneficial properties such as anti—cancer and anti—diabetic. Previously, it
was shown that Korean mistletoe extract (KMH) is capable of inhibiting
biomarkers related to muscle atrophy in murine muscle cells, while simultaneously
These

properties were investigated in two in vivo models, fasting and denervation,

increasing the activation of biomarkers related to muscle hypertrophy.

which are known to cause muscle atrophy. Mice were either fasted for 24 hours
before orally administrating KMH, or had sciastic nerves of their right-hind leg
cut before being fed KMH incorporated chow. Results of the present study
in KMH

demonstrated through treadmill and swimming tests. In addition, KMH inclusive

suggest enhanced muscle activity and mass treated mice as

diet reduced biomarkers of atrophy (Atrogin-1 and MURFI1) while increasing
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biomarkers of hypertrophy (e.g. Akt, AMPK and mTOR). In conclusion, the
current study indicates that dietary intake of KMH shows beneficial effects

against muscle atrophy.
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2013. 5. 13
=sil7|2h ZE0sta oksiiist

HEBAES HRL
ARMURE: D & H A
R I
o R OE AN LM E

a9 30. AfAe] AREE 44 43

o}
NEE FEEY o 2 kg A3 Y. TLC+= precoated silica gel plate
, silica gel column chromatography+ Kieselgel

(Kieselgel 60F2s4, Merck, NJ, USA)E
AleFL Sigma

60 (Art. 7734, 70-230 mesh, Merck, NJ, USA)S A&39dc}t. 7]
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AHMO, USA)ZFE T4t

@ F=
Aol +2 1.9 kgs 100% methanol (MeOH) 2 8- ol A 4A13F 23] 35
FE3o] o} & 7+t H=3o] MeOH extract 433.23 g& At A FA R A
& 9lste] MeOH 525 HPLCE #A¢ 27 19 3last 22 2745 4%
), o 74 gteo] & Ao dAEE Rt 328 o vA(sat®) & ARA
w

Adle= Aol 7V npEA S Ao Ity Qi)

A FAE

RUN

o] He]lE $9l3te] MeOH extractE Zof #4t

3]

3]

}:I

o

X171 % methylene chloride
(CHoCl) 05 L& 33] v FE3te] CHCl 8 366 g AL,
o] ethyl acetate (EtOAc) 0.5 LZ 33 #4u] FE3}4] EtOAc +
o] #ES& HPLCE 43 ®3te w EtOAc #3914 Rt 32

< =53 dist

01 g& At
S

of =#st= 3}

gzel WAzt AEHe] o LS Wyow ARALS A v (29

31b). o] w A&-3 HPLC =7

Table 13 2t}

Table 1. HPLC conditions for Viscum album var. coloratum fractions

HPLC pump
Detector
Wavelength
Column
Flow rate

Injection volume

Binary Waters 1525 (Waters 1525)
Dual A Absorbance Detector (Waters 2487)
254 nm

Therme Hypersil-keystone ( 250 X 4.6 mm)

Mobile phase

0.8 ml/min
10yl
Time Flow Solvent A (%) Solvent B (%)
(min) {mL/min) (H20-1% HOAc) (MeOH-1% HOAc)
0 80 20
5 80 20
45 0.8 0 100
50 0 100
60 80 20
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29 31. HPLC chromatogram of Viscum album var. coloratum.
(a) HPLC chromatogram of MeOH extract
(b) HPLC chromatogram of EtOAc fraction.
(c) HPLC chromatogram of CH:Cls fraction.

EtOAc #3 901 g< silica gel column chromatography [10x60 cm,
CHyClo-MeOH (100:1-5:1)18Fe] fr. 1789 871¢] w8 o=2 Y+t TLC 59 &<l
S Fote] Ax Aoz A sgE] fr. 8o Atk AES A v fr. 8 2.8
g H20-MeOH 559 &3t &uj& RP column chromatography (10x60 cm)& A
Alste] fr. 8-1 7 fr. 839 37 fraction®Z YAt} o]F fr. 8-3 250 mgS thA|
silica gel column chromatography [CH:Cl.-MeOH = (10:1-5:1), 10x60 cml]3}e] 43
mg? " HAH(Compound 1) AATt olef e e #HS 19 320 B
skeitt.
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Viscum album var. coloratum ( 1.9 kg)

‘ *Refluxed with MeOH 15 L for 4h X 2

MeOH extract(433.23 g)
*Suspended in R0 / EtOAC X2

*Suspended in Ha0 / CHaCli X2

EtOAc fraction (9 g)

= 5i0:7734 CC.(10 X 60 cm)
* CH:CL: s MeOH (100:1~51)

CHzClz fraction (3.66 g)

Frl~7 Fr.8 ( 2790 mg)

*RP column chromatography (10 X 80 cm,Lichro-prep RP-18)
* H:0:Me0H=5:5

Fré-1 Frs-2 Fr.3-3 (250 mg)

+5i0.7734 CC (10 X 60 cm)
* CH:Cl: - MeOH =10:1~51

o

Fr8-3-1 Fr.8-3-2 Fr.8-3-3 (43 mg)

19 32. Isolation procedures of Compound 1 from the MeOH extract of V. album
var. coloratum.

(th NEHEY 23 7& &4

O AN 2 MS 4]
Compound 12 FeClsoll &FdHtgS WEUo] & % phenold OH groups T
a3 9le Aew WHHA FAB-MS 24 A% m/z 609914 [M+1]peak?t 7
Hom, m/z 3159 peak® W Fo] pentose®t hexose’} 77} 3+ B4 Adlw o
= WEA ] dFom AZEA

@ NMR #4
"H- 2 BC-NMR spectra™ Bruker Avance Digital 400 spectrometer (Karlsrube,
Germany)= 4007 100MHzell A 72k =483tk Chemical shift= TMSE F&=
A2 &to] § (ppm)= HEFH AT
'H- 2 “C-NMRel Azl FAB-MSelA el Az wFo] compound 1<
CosHzO159] #A241& 7k Ao o Z= vk 'H-NMRoIA 6 638 % 6.83 (27}
1H, d, /=22 Hz)9 signalZ2%¥ meta-coupling proton®] <E#j7} g1y o §
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763 (1H, d, J=2.1 Hz), 7.23(1H, d, /=8.7 Hz) % 7.67 (1H, dd, J=2.1, 87 Hz)°lA
8 A el 1,34-tri-substituted benzene ring®] resonance’} ¥ ¢t}

ol Aol Axtel § 7.04(1H)l “eERS singlet, § 129(1H)o A YEH intramolecular
hydrogen bonded hydroxyl proton 2% "|5°] compound 12 5% | hydroxyl”]
7} A1gkE flavone AlE9] =Y AomE FAHIT 1 ooj9d k= § 3.83% 391
(7} 3H, s)lA F 7N methoxyl signale] #== %o, § 531 (1H, d, J=5.5 Hz)
o} 544 (1H, s)°olA 22| anomeric proton®] =% At}

w3 13C-NMRo| A& 25 2870¢] carbon signale] &= om  § 181.9901A4 q,
B-unsaturated ketone % & 163.3, 161.0, 165.1, 149.5, 149.0914 oxygenated
aromatic sp” B27F B T3 § 97.87 108291 4= 2] anomeric proton
o8 AZtE o] A= resonance’t #SHA. o] 4] 717]EA dataE TS = W)
compound 1< flavone®] &24S 7IA™H 7, 37, 4" 9 & F ol methoxyl % %7]
= A3 vy A 3 3o pentose?} hexose’t glycosided S 3l Y+ IFFE=E
e AT

ol¢t FAE FFEES NMR dataEs TdoNA AAs] ¥ A3} compound 12
homoflavoyadorinin B (3~ ,7-dimethoxyluteolin-4 ~ —~O-[apiosyl (1—2) glucoside])2}
1 71714 data’b &8 XA (Seo et al, 2004) [18].

o] 3stEol Fx= 29 339, NMR spectrai= I3 34¢], NMR data: Table 2
of Z+z} vrebi At

M.W: 608.5 OCHs OH

OH
HO

OH

29 33. Chemical structure of homoflavoyadorinin B
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13 34. 'H- and ®C-NMR spectra of compound 1 isolated from V. album var.

coloratum
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Table2.NMRdataofcompoundl1

lH ISC

z,
©)

163.3

7.04(1H, s) 104.2

181.9

161.0

6.38(1H, d, J=2.2 Hz) 98.0

165.1

6.83(1H, d, J=2.2 Hz) 92.7

157.2

104.7

123.8

7.63(1H, d, J=2.1 Hz) 109.9

149.5

149.0

7.23(1H, d, J=8.7 Hz) 114.7
, 7.67(1H, dd, J=2.1, 8.7

6 119.7

Hz)
7—0CHs3 3.88(3H, s) 55.9
3'—0CH; 3.91(3H, s) 56.0

Glucose

1 5.31(1H, d, J=5.5 Hz) 97.8
76.9
74.6
69.8
77.6
6 60.4

© 0 N O O b= W N

—
()

~

~ ~

O & W N =

~

O = W N

Apiose

1 5.44(1H, s) 108.2
75.9
79.2
73.8
64.3

o1 B~ W N




1A Thermo Hypersil-keystone (250x4.6 mm)S Al-&3tlon, Ay &%
<, %2 0.8 mL/min, 10 plZ injection volume®. 2 AA3A T} T3+ o] 54t
= 1% acetic acid”t _%L_'GLQ HO (A)9} MeCN (B)E AR&3ste] #Hx 95 (A) 5
) v/v %% AlEEEe] 5E 65 (A) 1 35 (B) v/v %2 gradient® & §, 18E 714
FTAAZL F, 202 ©HAl 95 (A) 15 (B) v/v%Zt H =5 A4S
Homoflavoyadorinin B¢ ) & 34o] 336 nmAdS 7Hetksto] @%fﬂr’é}% 336
nm= AA3Act o] Wl homoflavoyadorinin B8] RtE= oF 14% o|lom 2 359
UERH whel o] o] oA & AR Wl glo]l 20 ofujell Aol il
Shaw o] 9l A FAE homoflavoyadorinin BE #4138 4= 1 3ith

ol#]3t 2 HPLC x71& ol# Table 39 £°Fal9l

oo1E ]
o016
o014 ]
o012
oo o]
=
o.00s ]
0006 -]
0004 ]
ooz
0000
¥ r T T T - o r T T
0 .00 2 00 4 o0 & 00 & .00 1000 1200 1400 21600 1800 2000
hrtes
o.100] g
0.0=0] -
0.0s0]
o.07F0]
0050
= o.oso]
0.040 ]
0.0
o.0z0]
o010 J =
o000
o.00 200 4 o0 .00 =00 1000 1200 1400 241500 1s00 2000
Pinrte =

a9 35. HPLC profile of V. album var. coloratum (upper) and homoflavoyadorinin
B (lower) under optimal condition established
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Table 3. Optimal HPLC condition for homoflavoyadorinin B quantification in V.
album var. coloratum

HPLC pump Binary Waters 1525 (Waters 1525)
Detector Dual A Absorbance Detector (Waters 2487)
Wavelength 336 nm
Column Thermo Hypersil-keystone ( 250 X 4.6 mm)
Flow rate 0.8 ml/min
Injection volume 10l
Time Flow Solvent A (%) Solvent B (%)
(min} (mL/min) (H20-1% HOACc) (MeCN-1% HOAc )
0 95 5
Mobile phase
5 65 35
0.8
18 65 35
20 95 5

o]

2] homoflavoyadorinin B¢ <l

ofN

@ Aol 22
- LC-UV #4

] YJER = Rt 14.09

71 9] %%’1’3} 3‘33] datag AAISFA] &S} co-injection®l] 2]

stod 1 Rt #to]l sdstths AME S ettt ol 8 PDAE o]&3% UV pattern

A A Faad e sige]l AY Y ASE HFo o] peak’t
BYS & F AdH (ZF 36).
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200 220 240 260 280 300 320 340 360 380 400 420 440 480 480 S00 520 5S40 5
Wisarvelanoth [nm]

-40
-60 =
-80

-1 00
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200 220 240 2ZE0 280 300 320 340 360 380 400 420 440 460 4850 S00 S20 ¢

e P i o e s T

19 36. Comparison of UV pattern at Rt 14.09 peak (upper) and

homoflavoyadorinin B
- LC-MS +4

1oy g4g A5S 918 LC-MS/MSE ©]-&3 homoflavoyadorinin BE 7 -5-4o]
MeOH extract ¢ 7 A skt 224 =71-& Table 49 2t}
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Table 4. LC-MS/MS conditions for homoflavoyadorinin B

Instrument LC-MS/MS (TSQ Vantage, Thermo)
Column Luna-phenyl-hexyl (100 X 2 mm, 5 um)
Mobile phase MeCN with 1% formic acid/water with 1% formic acid

(85:15, v/v)

Column temperature  40C

Ionization mode ESI negative ion mode
Injection volume 3 uL

Flow rate 0.25 mL/min

Full scan mass 200-650

Single Extracted Ion Monitoring % SRM (Selected Reaction Monitoring)
LC-MS/MS #45 %53 7940 F%%E37 homoflavoyadorinin BE #2413 23}
a9 37 2 389 e AP o] Aol F%E T homoflavoyadorinin Be] &

A Fagd = Jddem 4= fragmentation pattern¥ & AX3ITHIY

470

las
1042 050 077 193 142 181 208 271 302 331 354 d33_3-35J|\,‘_‘ 494 578 609 41 EB1 12 774 806 B35 B74 893 955 983
Lo (5 BB e Bt B e e e | S A T 2 L M B M e B S et e B L B S I o B A 2 M O e 2
0.0 05 10 15 20 25 30 35 40 a5 5.0 55 6.0 65 75 a0 a5 a0 95

Time {miiri)

a./u

472

!

. 1480 -

] 03¢ D63 086 138165 214 2.70 327 355 401 4371 | U 493542 572 643 676 7.27 757 175 837 865 891 913 966
e i T R A S A e e I S e R TR
00 05 10 15 20 25 30 35 40 45 50 55 6O 65 70 75 80 85 980 95

Time (min)

a3 37. SIM of homflavoyadorin B (upper) and V. album var. coloratum MeOH

extract (lower)
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% 38. SRM of homflavoyadorin B (upper) and V. album var. coloratum MeOH
extract (lower)
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P
313 -2xMe =m/z 282 i

HO

1Y 39. Expected fragmentation pattern of homflavoyadorin B

(v}) A EAJE e HA : Homoflavoyadorinin Be A ZFAH A

@

= A4

by

Aol FE=E5E 7P o] B, A o] A& So|d & EEA
1%l homoflavoyadorinin BE #A-$-4tole] #FARF7E 93 A
t}. Table 3o YEIH o2 HPLCE Fdste &8 AAS 27 2189 &
Z70 4 #2]3 homoflavoyadorinin BE 96.0%¢] %5 ERNSIT (2 ¥ 40).

0.1 o0 —

e

0.090
0.080]
0.070]
0.060

= 0.0s0]
0.040-]

000 —

OO0 —

8

000 —

)

(mie ] 200 4 o0 .00 = lu] 1000 1200 14 00 16 O 1500 20 00
Pediriste =

[=plulele]

a9 40. HPLC chromatogram of Homoflavoyadorinin B isolated from V. album

var. coloratum
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HPLC #2439 2H, peak area®t F%E7He] AA#AAE ol &t HAFIS D33
o (2" 41). 1 Ay P AaAF[RY)E 099909 2

0.05 pg/ml, LOQL 0.165 ug/mle] o2 LIERYE o] W] EA417]71¢] LOD (limit
of detection) ¥ signal ™ noised H]7} 322 AAII}FoW, LOQ (imit of
quantification) ¥+ LOD x 339 w9 %2 T3Pt 3k peak areao] s RSD
= 1.34%, retention time°l ™3+ RSDE 021% % "¢ 453 AAAHS et
(Table 5 2 6).

Table 5. Range, linearity, purity, content, LOD and LOQ

Linear Correlation
range(ug) LOD (ug/mb) LOQ (ug/mb) coefficient
5~30 0.05 0.165 0.999

Table 6. Reproducibility on peak area and retention time

Injection Peak area Retention time (min)
Com d RSD RSD
poun amount(ug) Average SD (%) Average SD (%)

Homoflavoyadorinin

B 10 3267257 438095 1.34 14.08 003 021
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a9 41. Calibration curves of homoflavoyadorinin B

ot
ME
S

@ A$%o] % homoflavoyadorinin B &+

Agaol F AE PR FFL SHA7) A AgHol BT 100 mgE x5}
AH7)E ol ste] BOH 20 mlz 30% F 3¢ w3 FZagith o2/ de 5%
g ClAAZ o3t F, oo Pt AABFIE FE3e] 332 mge EOH

extract & 9t} o]= 10 ml EtOHe| =<9 3 o] & 1 mlE FH3 045 um
membrane filter® o 3t t}& HPLC & A3 om HPLCY FUZHE 10 ul ©]

Atk
AN .

TEE Q3 A3 965 + 035 %5 YHEIW oW ATH AAol B F A HA
Rowg *5_173??} homoflavoyadorinin B¢ $t&Fs 3 Ay Hdx ¥ g 9
836.6t1 ng/go =2 YESTH

() AEAEY AF 2o L AL

Hl & A 9-4Folo] Eo]3til major 3FEZ HH*S} 54s
EOggE o] &35te]  HElgh £ NMR

L=y
5
homoflavoyadorinin BE X #AdEo=z AAST F U

e <3
2 Thermo Hypersil-keystone (250x4.6 mm), +%< 0.8 mL/min, °] X422+ 1%
acetic acid’} Z3He H.O (A)2F MeCN (B)E AF&3te] Hx 95 (A) : 5 (B) v/v %=
AlZtsle] 5% 65 (A) @ 35 (B) v/v %2 gradient® + ¥, IS%W}X] %XV\]?_] <,
203l thAl 95 (A) 1 5 (B) v/vx® &&3te 21S g4
+ UV 336 nmE ©] &3ttt o] oA v& A9 s 3l
2ol Yol dfxo] 9dE A EAE homoflavoyadorinin BE 22418 4 it} o] &

A ZZo| A homoflavoyadorinin®] Rt= ¢F 14% o] o

X
ME
o
rot
A
=3
ox,
ME
1o,
My
k1
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96% °] A tt.

Ag-4o] FEE T 9 homoflavoyadorinin B9 &A1& &<lsty] 9lste] F+=339
co-injection, LC-UV, LC-MS/MSE H|u A st Ay Rt 14879 e peak”}
homoflavoyadorinin B¢l A& &g = At}

w3 A 3#4dE homoyadorinin BE o]-&ste] AFAS 23 Ay AFde] 4
AlTR2)E 099908 AXAE HA oW LOD+= 0.05 ug/ml, LOQ+ 0.165 ug/mle] <
TO 2 UERTH

ol sty E BEAWWS o] &3t ALAo] 9 homoflavoyadorinin Be] 3FeFS &
A5k A3 836.6+176 ng/g ol oBE Aol TEAEFS F4 HUE A% VIEF
Fo g o]o] oF +20% W 670 T 1000 ngS A A= Aol vpHAT Aow ek
=

(A AELEY AA - F3 £

Seo, J. H., Choi, Y.H., Kim, K.S. (2004) Active Principles of the Methanol Extract
of Korean Mistletoe Responsible for the Inhibitory Effect on the Proliferation of
Human Tumor Cell Lines. Kor. J. Pharmacogn. 35(2): 1347138
) A$o] 22E HYlo] BE 24 W 24

(7hH F2E B899 FF, FEE 508 84 Hg S F8 A

T FERE TR D T S B A 7EEd A

Nz g 2EEI A5 F3E 710 B4 vash W, WS FERl 4 lE
AHE 3 AR Fohslelol . Wg FER 9L Alee 2L 7w )
_]
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P values were determined by one-way ANOVA with turkey's test

1.5q

Relative amount of IL-6/B-actin

6h treatment

P values were <0.05 for KMH, and <0.05 for KMC(heat).

Relative amount of UCP1/B-actin

1.5

6h treatment

Relative amount of UCP2/B-actin

=
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o
i
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6h treatment

Relative amount of UCP3/B-actin

6h treatment

P values were determined by one-way ANOVA with turkey's test

P values were <0.05 for KMH.

Relative amount of PGC1a/B-actin

2.0

1.54

0.5

0.0~

)
2
\\‘0

(&)
&

o Q&
&

6h treatment

Relative amount of PGC1b/B-actin

1.5+

6h treatment
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@) muscle sample 30mgS ©]8, RNA extraction kit(INTRON)E A}-83}e] total
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SREBP-1c, PDK49] primer®}t $H7| realtime PCR <=3 &l
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#dE FAAC  atrogin-13 murfle] EEFo]  UduAlgE VHZQOH H] 2l
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= T___‘
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in vivo(hypertrophy)
P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test. P values were <0.05 for KMHO0.3%.

Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for dweeks before sacrificed.

1.5+

Relative amount of Murf1/B-actin

in vivo(hypertrophy)
P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test.

Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.

2.5+

2.04

1.54

1.0+

0.5

Relative amount of PGC1a/B-actin

-6& 4]
0°¢ & &
in vivo(hypertrophy)
P values were determined by one-way ANOVA with Newman-Keuls

Multiple Comparison Test. P values were <0.01 for KMH0.3%, and
<0.05 for KMH1.5%.

Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.

£
% 2.0+
@
T 154
n
s
£ 1.0
=
g
o 0.5-
@
2
®
& S K3
(4ad & &>
in vivo(hypertrophy)

P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test.

Maouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.

Y 4. AgAe] £2E Fojo] BE AP Bhex mde] £F A fA% A

® H)& %A muscle atrophy 299 25 W §2A2 A3 (2Y 45)

@p muscle sample 30mg< ©]
RNAE F=3 3 cDNAE
7 realtime PCR 43 &,

o]-8 RNA extraction kit(INTRON)E A}-£3}e] total
4 skl SREBP-1c, PDK4, GLUT4¢] primer<} &

@ Muscle sample®lA] %3 RNAE ©| 83 realtime PCR 2 g9 Az, A4k

N

et RS gl

-
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/‘\_]_
3} 3#H FHA<¢l SREBP-1c % PDK49] & ako] tjzZtol] H|s] A A =
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2.54

2.04

1.54

1.04

0.0-

Relative amount of SREBP1c/B-actin

> s\ o\e
«° > s
ooo & &
in vivo(hypertrophy)

P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test. P values were <0.05 for KMH1.5%.

Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.
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in vivo(hypertrophy)
P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test. P values were <0.005 for KMHD.3%,
and <0.05 for KMH1.5%.

Mouse were provided ad libiturn access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.

1.5 *

Relative amount of GLUT4/B-actin

& g

o°° & &
in vivo(hypertrophy)

P values were determined by one-way ANOWVA with Newman-Keuls

Multiple Comparison Test. P values were <0.01 for KMH1.5%.

g°

Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.

I9 45, AFAo] FEE Fold & ABAED vh¢s 2 7 A W3}

® ¥ &35 A muscle atrophy 2929 2§ U @wld W3 (2E 46)

@ Muscle samples protein lysis buffer(INTRON)E ©]& protein 5% % western
blotting S ©]&3slo] Tl o A A
@) Muscle hypertrophy # % biomarkerES (Akt, Erk, mTOR, S6K) &<l3s+ A}

Akt-mTOR pathway©ll activation =2 =7} d<ld 4 AU L.
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154

dekk
KRk
10
In vivo
5 Hypertrophy
PBS | PBS | PBS | PBS | Ho.3 I HO.3 | HO.3 | Ho.3 | HL5 | H15 I H15 | HLS
P-Akt
0-
& 3 B Total-Akt
Ay >
pAkt/totalAkt GAPDH
P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test. P values were <0.005 for KMHO0.3%,
and <0.005 for KMH1.5%.
Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.
2.0+
1.5
In vivo
Hypertrophy
PBS I PBS | PBS I PBS I HO.3 I HO.3 I HO.3 I HO.3 | HLS I HL5 I HLS I HLS
& 5° §°
Q & &
PANPKtotalAVIPK T S G sea—
P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test.
Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.
2.0q
In vivo
Hypertrophy
PBS | PBS | PBS | PBS | HO.3 | HO.3 | HO.3 | HO.3 | HLS I HL5 | HLS | HLS
P-Erk
< 5 8
Q Qp. ~$\.
Total-Erk
pErk/totalErk

P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test.

Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.
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44
34
2 In vivo
Hypertrophy
14 PBS | PBS | PBS ] PBS | HO.3 | HO.3 | HO.3 | Ho.3 I HL5 | HLS | HLS | HL5
ol P-Sok_|Fassine = mumes Sm—_——
<l o\o o\e -
N > 9
pS6K/totalS6k
P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test. P values were <0.05 for KMH1.5%.
Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.
5_
k%
4
3_
24 In vivo
Hypertrophy
14 PBS | PBS | PBS | PBS | HO.3 | HO.3 | HO.3 | HO.3 | HLS | HL5 | HL5 | HLS
. FmTOR _
& 3 $*
R & & .
Total-mTOR

P values were determined by one-way ANOVA with Newman-Keuls
Multiple Comparison Test. P values were <0.01 for KMH0.3%.

Mouse were provided ad libitum access to control diet, control diet
with 0.3% KMH, or 1.5% KMH for 4weeks before sacrificed.
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(W) 5249 (n ivo)dlAe 94+ A3 o8

D 2014 A3FEANAYESS (KSBMB)Al £ A9 in vivo 59 A+ AFRE
Hgtoe 2 ¥AE 9 R

Kwangil Chi’, Juseong;eong‘ Inbo Kim?, lieun Lee!, Min-Sun Moon? and Jong-bae Kim®

. P, € Korea
Korea
ABSTRACT BACKGROUND
Korean mistletoe & a ‘plant dhat is know to posses mmersas

The pathways motulafing fhe state of e skeletal mscle are complex and
" convoluted with it currently
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their dght-hind leg cut before bemg fed KMH incorporated chow. Remls of

the present smdy sazsest mbmced mmuscle activity and mass in KME treated

mice a5 demonstrated through treadmil and swimming fests. In addifon,

KMEH inclusive diet reduced biomarkers of atrophy (Atrog-1 axd MURF1}
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concnsion, the current srudy
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RESULTS
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.
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Figure 2. FASTING; \mm;ﬂrmfmldmmh‘nm!mvgnn\k
fice wifh eifer KME at

UA at Stk (UALSD), every 12 ours. A macle weight m 3: B2 aRvA
expression levelof atrogin 1.

A ) &

&y Qf’s"sf’,f J‘ffu”;pl" af‘ﬁ#a‘p"‘!‘
Figure 4 DENERVATION B; Mice had e sciti 1506 KN [Hor 030 UA fir 4 weels. A:
muscle weight in mg, B: mRNA expression level of arogin 1, Coani - by it n 2 e engi in . am F- arfvation seveh of Akt and mTOR: G
Ind B freacm respacively:

CONCLUSION REFERENCES

SN retnces e epresson of avophy—ssociated sme, atrognl, vhie ' Cavl el H0E gy iquia e e o
enbancios e activation of hypertrophy-ascciatel sigualing patuay
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‘be able to mitigate, 10 2 certain degree, e present lack of therapies for :-wm nimﬂﬂnﬂw‘mw-ﬁ*-‘mﬁ«ﬁm
musscle atrophy. One g3

a9 47. in vivo 239 §3|%x] X2 @R

<Abstract> Korean mistletoe is a semi-parasitic plant that is known to possess
numerous beneficial properties such as anti—cancer and anti—diabetic. Previously, it
was shown that Korean mistletoe extract (KMH) is capable of inhibiting biomarkers
related to muscle atrophy in murine muscle cells, while simultaneously increasing the
activation of biomarkers related to muscle hypertrophy. These properties were
investigated in two in vivo models, fasting and denervation, which are known to
cause muscle atrophy. Mice were either fasted for 24 hours before orally
administrating KMH, or had sciastic nerves of their right-hind leg cut before being
fed KMH incorporated chow. Results of the present study suggest enhanced muscle

activity and mass in KMH treated mice as demonstrated through treadmill and
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swimming tests. In addition, KMH inclusive diet reduced biomarkers of atrophy
(Atrogin-1 and MURF1) while increasing biomarkers of hypertrophy (e.g. AKkt,
AMPK and mTOR). In conclusion, the current study indicates that dietary intake of
KMH shows beneficial effects against muscle atrophy.

(2) EFHEYxolE 429 24 &3 &<
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RNAE F=3F & cDNAE 343} atrogin-1, murfl, PGCl-a, Sirt12] primer

9} 3t/ realtime PCR 43}
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@ Aol AU =4 54

- Texture AnalyzerE o]-&3&ko] 2h

- Hardness, Adhesivenes =4 %71

N FH
o
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2
Lo
fol
B

A o] EAJ(Hardness, Adhesivenes, Tensilestrength) 574
2 PastaFirmness/stickiness rig(HDP/PFS),

pretestspeed 2.0mm/sec, testspeed 0.5mm/sec, posttestspeed 0.5mm/sec, time

2sec, distance 75%(% strain)Z 3} &

- Tensilestrength =4 Z7-& pretestspeed3.0mm/sec, testspeed 3.0mm/sec,

posttestspeed 5.0mm/sec, distancel00mm= 3}

T A= 1 A= 2 A= 3
Hardness(g) 2,215 4521 3,301
Adhesiveness -113.00 -45.35 -53.01

Tensilestrength(g) 10.06 16.22 18.07

- A 819 4%, ISP7F 39 A il Ay WA
FEgSHAAR geEs A3to]l FAEHAE
Tensilestrength®] 74-¢- 9/ SAH = ow, F24 L2

- Al52+ Hardness7} Tha =2 #Ho g
FAANTNE Aow By

- A839] A3 AlRE1F A529 FHEEe Hardness@t
et E718 M-S Fdeke Ho®E By

it
o
EL
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D AFdo|FEEo] 53t A4 A~ I

A5 A 81 A 82 A3 A& A=

A 4 32.57 32.07 30.57 29.77 29.07

H] ol 7] A 20.00 18.00 17.00 16.00 16.00

vl gk ot Hjo] ~ 20.00 18.00 17.00 16.00 16.00
A 7.30 7.30 7.30 7.30 7.30
L FETHE 6.00 6.00 6.00 6.00 6.00
Aol FEE 5.00 5.00 5.00 5.00 5.00
AbE 7] 2 - 450 450 4.50 4.50
thAwpe 7] 2 - - 3.50 350 350
ot Aber 3.50 3.50 3.50 3.50 3.50
2]l A 2.80 2.80 2.80 2.80 2.80
217§ 4rat - - - 2.80 2.80
2 3t 0.80 0.80 0.80 0.80 0.80
7N 7] 2= - - - - 0.70
JFuF T 0.70 0.70 0.70 0.70 0.70
7 2 0.60 0.60 0.60 0.60 0.60
nEE gtk 0.50 0.50 0.50 0.50 0.50
Sy dR/AA 0.20 0.20 0.20 0.20 0.20
ZYAE~ 0.03 0.03 0.03 0.03 0.03

B 100.00 100.00 100.00 100.00 100.00
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(W4) AsAols 373 AAZAZFAY AT

DAY A ABAAUL AERE B ATLd AAF FoIA S,

TE L B 52 B &3 Bj 34
WA 350 350 350 350
TEEAH 250 250 250 250
A 100 100 100 100
AFAdo] FE2EY 3 10 20 50
A4 5 5 5) 5

- EE AR AfAe] 579 st F& 22 5 gy

- Aaole] o] smobAw AT o] Mo Afatole] o] wrEo]

- Aatol FERwo] s00l el A= Agate] Edko] wol He]

- g Ul #eEsh A Aol FEERe s& 10 osirh 9wl

Al
2

o
Y

20

P ERE:

Alg 1 Passionfruit flavor 0.02

Mixfruit flavor 0.02

A

XH
S

=4

o
b

A ]

o 1

fol

Passionfruit flavor 0.01

|
2]

oo
1y

/\_111 A1

o 1

fol

Citrus Mix flavor 0.04

- ASarels] AYBAH Aol 2% Felehs A

o
R
v}

o
=)
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@ AgArol Arel Az
T A1 N2
A g 350 350
DE EAY 250 250
A 100 100
Aol FEEH 3 10
A 5= 5 5
2§ A 15
Citrus Mix flavor 0.04 0.04

el 1 ZUR=
a9 55. A4l AY AAFE
® AS-Ao] 7AYo #5H7}
- H7MA AT 2 A AF Y 20 A vl #eE U 218
- 37 A3 G6H %)
5 7Y 1 Ny 2
24 75 4.0 4.0
g# VEE 33 25
g V) E= 2.3 2.0
olul o]F 9o F= 2 27
AubA el uke] Ve 3.0 2.4
® 2%
- I H7MA Y AAel AAY Vs ETF Eof Al TheAd &9
- 93 QojAM= EFHSH 7"\”4 2R U= 3 i 18 ¢ ASshs Aoz Yeld
- Y 1, 29} ¥y AgetR ot AREAQl "he] 7| E
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® Asato] BYAFS] Wsu 7t
- ATA 2 gA 949 209 O e
- 7t AREGH HE)

TH7F X3

el

T8 W 1 w3 2 Hi gt 3
A4 7EE 45 45 45
9 VE= 4.0 3.8 35
ot A= (67F 7H A 4.2 4.0 3.7
gt V5% 3 3.2 4.0
1w o]H 2= 1 1 1
A A AEE 35 3.7 3.8

- ool lojA Af-ole] FaFo] gopAH Aol e Mol Fefd.

ol W auEAe ue @, W 3] HA9l Mo Aol prowtpe A%

I 56. AFAol FH AAF
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() ASANE HIMS ARAIESE N
O Mt EBEx o A9 A8 27 AEIE B Aol HHE LolsA &,
Aol A Al e HHoz 3 dykes Y 24 F Y VEE
o og AE3E
@ S59AM9 HA ASHo|FE=E TF A4
TR icagl Hl &2 Hl 33 Hl &4 l &5 &6
7--4ko] 3} 0.1% 0.25% 0.5% 1% 2% 3%
g 4% *¥5 ¥z & %5 FE | kel Al b
e 4 F¥5 5 F¥5 F¥5 ¥z %5
&5 7ol Ful | egEA A 2} =7 oF7F 2&ubk | YA &t s Ay

RETA

[e)

g wgel 71
5 0.19% A7k A Ae
sow, 1% W7t

AER=

B3
Fael

A7} od e Ao uel.

%101}

of thek ¢+ g H~

[e)
S

iS4 iS5
AGEE arlol ote A%

395 7(47].

, 0.25% %

& ltﬂ 2% 247} Al

By 6

] i] 7(4 l:ﬂ-/Kg 7].‘:0—/\3 o]

1 7H-E

&ylo]

& ol 1} 2wl EwA
EE AAS A7} 3%71A
Ab =7 3 ?L*r
el 2% ol

- A SR8 AAE TEY AxEAHE A (Spectrophotometer  SA2000,
Nippon Denshoku)& ©]&35le] =% 35T, % 75%2 7I&z2HdA 0, 25, 4.
65 A%stH By 7|3t wE MarE gl
- AEE= A7 AMAAE AFE3Ee] Hunter 22AIQ] L, a, b #2 &35k e,
LS HE as ANE bE NS Y, FAHAHoE L e
0(HA)~100(314), a gt -80(=A)~100(HA), b #< -80(7d 4 ~70(3HA) 2
LHER.
T Hj 91 Hl} 2 ) &3 Hj &4 vl 25 vl 26
A 54l 0.1% 0.25% 0.5% 1% 2% 3%
L (Lightness) 95.05 91.75 82.21 70.02 48.88 32.42
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a (Redness) -1.93 -2.51 -1.98 1.63 10.25 158
b (Yellowness) 11.23 17.47 32.79 45.78 53.87 47.63
MK} Z )
100
. \\
60 N
%0 \ === | (Lightness)
\ == a(Redness)
20 b(Yellowness)
0
0.10% 0.25% 0.50% 1% 2% 3%
-20
Aol gt
a9 58. AfAe] Fd mE A A

- A e FEEL HeFE Lge Badd Pt AdAE A
el oL, bake A<53ste] yellowness7F 5718 agt 94 A5dte] HS
Frhetth 3% W7k A reks 4R 19

- 20014k A7k A Aol UR Bl fw A EE B4 %
@ AgAo] &5 AF MY
@ Aol Agao] &
A G A 1S 0.04
Al 1 Passionfruit flavor 0.02
Mixfruit flavor 0.02
28 HA 15 0.04
AR 2
Passionfruit flavor 0.01
R R e P 0.04
Al 3
Citrus Mix flavor 0.04
S AGA) JEE e AR W B PR
- Asaele] ol wk ATEY AR Ak o2 o R2Z & Ab Ao
Qo] A Stk Bee
- AT UE #AeE3rr A9 A 7 ol gl &2 Citrus mix flavorz2 gt
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T SH1-1 812 &51-3
AA 713 % 3.8 4.4 4.7
A 7z 36 3.7 3.7
L2 = 3.8 3.8 3.8
olm] o] Hr 3.8 3.6 35
A4l "kl 73 % 39 3.8 36
@ A&
- W5 7L A Aol AAle] NF At ok A JheA 9l
- AaelE 05% Hrbetel AEF A, Be 540 MG ¢4 AoR ek
- avlA 24} AYE Fobol Aol Fapel wal, A 2 ReHIF 5
Aol A AF NG MeA 7k 1Y
- A H7F A3 mE FA] Vs HE
(v}) A$Aol A AAe &5 T
- AA AR AN Re) g 275 Aol R7hEel oy B 1wl ofe] F
B A Ao A R7EA 4e Aow AlRE
- dURs FTU A 24 S A 28 P A R =9
- A<} Thole] Fo vhe A Bl $E AL UE
@ Agaol A A4 FFshe vds 2 F AR
HNE ey 0.05
Az 1 H }.E
SRS 0.04
P k=13 0.05
AE 2 [l
Hd gk 0.04
S H AA X 0.05
Ag 3 3] -1 _i
S RERC 0.04
S| H)| A~A X 0.05
Ag 4 3] H] _4
gk 0.04
2279 0.05
=2 ——
S RERe 0.04
2=23F 0.05
NE 6 ‘J
sk 0.04
@ &mol Az
s1H gl 3kS dE st AGAo] 58 Alx
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TH A8l AB2 A83 Al84 A 85 A|E6
A A 96.637 96.637 | 96.637 | 96.637 | 96.637 | 96.637
3 55 1.2 1.2 1.2 1.2 1.2 1.2
Sherd g 1 1 1 1 1 1
HAAO|FEE 0.5 0.5 0.5 0.5 0.5 0.5
YA FFZY 0.4 0.4 0.4 0.4 0.4 0.4
ST AL 0.168 0.168 0.168 0.168 0.168 0.168
NerdFEE52Z 0.05 0.05
U AAAZZEREY 0.05 0.05
ERIYFESEET 0.05 0.05
3] B 3} 0.04 0.04 0.04
gk 0.04 0.04 0.04
3322 DFF-1 0.005 0.005 0.005 0.005 0.005 0.005
@ Aol 59 #A5H7}
- H7MAd A4 2 A AF Y 20 A bl #AEE U 28
- 37 A3 %6GHE %)
T8 A g1 A182 A|83 A 84 A 85 A 86
AN 7 BT 4.2 4.2 4.3 43 4.2 4.2
9 7z % 38 3.8 3.8 37 3.8 38
=2 = 34 35 36 3.7 35 35
297 73 32 35 36 39 36 36
AarAel ok Vs % 3.1 36 37 39 3.2 35
- AgAbole} slH| a2 TEEte] ARE Al AR VSR VMY =2 Ao® YERd
- ]BEH T A5k 9 gro] E |q] 9 of gy o] Fof Aok o YER
- 2Fo} A o] o] Y= AbEES EFYY] &5 i HE
@ B|v|2=A HIF ASAe] 5
AQAro] FEE LI U AAAE HULste] &8 4T
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£ 734 AF F8 A4

19k 29t 3¢t
Aol FE2E 1Y HIFAHF 1,000mg 1,000 mg 1,500 mg
A e 600mg EF¥9 8 AHA | 500mg EFYE FA | 500mg EFYE AHA
A W Ay 149 34 19 44, 19 64,
14 3%, 13 14 1¢ 23], 13] 24 1¢ 3%, 13] 24
Aol FEE 1,000 mg 1,000 mg 1,000 mg
HlEFT Bl 2.0mg (200%) 2.0mg (200%) 2.0mg (200%)
HIEFT B2 2.4mg (200%) 2.4mg (200%) 2.4mg (200%)
A tjolopal 26 mg (200%) 26 mg (200%) 26mg (200%)
B HE 10 mg (200%) 10 mg (200%) 10mg (200%)
ol 2F HIELR] B6 3 mg (200%) 3 mg (200%) 3mg (200%)
A4t 250ug (100%) 250ug (100%) 250ug (100%)
H Q& 60ug (200%) 60ug (200%) 60ug (200%)
H]EFY B12 2ug (200%) 2ug (200%) 2ug (200%)
oA 12mg (100%) 12mg (100%) 12mg (100%)

- Aol FE=E, YEH, ot FE& AA APst e
kAol FA I HH(Wet Granulation) &2 A A &9 Aol "ol F
UNoB R FRoY F4 T5 AT AMESHA] ¥, 4 dE & e et
= QA wiskelE st

Hardness %
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8 AT AAAE wl ] (9 1 %)

1<k 2t 32t
AGdol FE2E 1,000mg 1,000 mg 1,500 mg
Aol FH 600mg EFIE A S0mg EFAE A S00mg EFIE A
A W A 194 34 19 44, 19 64,
1¢ 33, 13 14 1¢ 23], 13] 24 1¢ 3%, 13] 24

AFA | FEE 55.6000 50.0000 50.0000

HIElY Bl1Z4EA 0.1524 0.1372 0.0914

HIE}Yl B2 0.1481 0.1333 0.0889

Lfolol4l 1.6049 1.4444 0.9630

TERAZ S 0.6710 0.6039 0.4026

Hj HIElT] B6EAHY 0.2258 0.2033 0.1355
o A4t 0.0174 0.0156 0.0104
H] H] Q €l 0.0037 0.0033 0.0022
(%) HlE}Tl B12 0.1235 0.1111 0.0741
Akslold 0.9260 0.8340 0.5560

EHl = 15.0000 18.0000 20.0000
AHJAEZQ 2~ 12.9072 17.0139 19.5059

ofm| =t 11.1200 10.0000 6.6700

gl o} Akl 1) 1.5000 1.5000 1.5000
A 100.0000 100.0000 100.0000

ofu| A4k Wae Hddetd 13.12%, 2olil 13.12%, WEH W 12.6%, zholil
AAbd 1.55%, ZebE =2 12.28%, olA=EolAil 945%, Wyl 9.45%, 3| ~H U,
9.45%, Eded 683%, EHEY 315%° wgv= &3 oireito = 1Y

200mg AFHE 7Tz Hgg

jus)
—=
)
=

N
N
ol
N
oX,

(o]

Y
ol
Ol
Q
[o

H =
AFE] A4 B 8~15 kPa w87l 2+ 10~12 kPaol 2 ¢Hgh
mpEEE gAY T FY Aol BEHE AEE Be AoR O gl YeTS
& FAA, E7, £ FA)AA 9 sEo] A&
A wieu = AEp el o3 Btge] rbestal, BhY &/ o] A et
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£ 9.1 AA 84 34

AE A ME B s C
AA 4% (Hardness, kPa) 6.88 11.96 1598

phEE 1A (42, 13) 1.25 % 041 % 0.39 %
vhEE 23 (432, 23)) 1.98 % 0.79 % 0.77 %
vhELE 33 (44, 33)) 277 % 1.03 % 1.06 %

CRI ] 8§ 8§

<% 27t B ok A B A A= xw AT A

AA AR

E 10. 2¢ BA 84 AFA

A& D AE E AEF
A A 7%= (Hardness, kPa) 8.19 14.84 17.02

nhEE 12 (4%, 13]) 045 % 0.20 % 0.22 %
nhELE 22 (43, 23]) 0.78 % 0.39 % 0.43 %
nhELE 32 (43, 33]) 0.98 % 0.58 % 0.60 %

N A - 12 ®l=

S #7t By A et g A et B 2w 723 A

A AR

©® A&

- Aol FE=S MEIARE VIsAARE sha, AlERl B, ofd, opw =4k EH}
5o 2% £4 04 9% dRoR @ APEAE A4 AF A4 sl
w4 AREA 2w, 7 AR 5L AW £Ree B ey Mg A

2t 3h

- 132 -



O ME =4 2 715 Ask Al 27t = AFAlFEES S0ml 4= AEel
Agstol AG7IeAFoRM I Tlee Asteta o S =0l HE
AEsE dE A A eAE AEE WL shaak &

@ A7 FOEZHN Aol AE M

& 9] 50ml)

AlE 1 AlE 2 A& 3 AE 4
-0l & E (mg)/H 200mg 500mg 1,000mg 1,500mg
19 33, 14 23], 19 13, 19 13,
AAH 2 Y 13 14 13 14 13 14 13 14
600mg/2 | 1000mg/4 | 1,000mg/9 | 1,500mg/
Ao FE= 0.40 1.00 2.00 3.00
TEEAH 6.00 6.00 6.00 6.00
A 2 & 4.00 4.00 4.00 4.00
& = 3.60 3.60 3.60 3.60
B oy = 1.60 1.60 1.60 1.60
El-$-2 1.00 1.00 1.00 1.00
1 3] P
As=9 1.00 1.00 1.00 1.
(%) o 9 OO
TAAE 0.23 0.23 0.23 0.23
B3 gFEE 0.20 0.20 0.20 0.20
g A 2~ HH] o} 0.07 0.07 0.07 0.07
N 0.06 0.06 0.06 0.06
L-7l24d 0.02 0.02 0.02 0.02
A A 5= 81.82 81.22 80.22 79.22
A 100 100 100 100

- Aol 9F 7 ASEolFEE I

o
lg F&E/day(A5%2o] 95 oF 10g)E 7]
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15.16




A} T3 3.85 4.23 3.68 2.69
¢ UEE 3.69 3.85 3.38 2.85
b5 i e =S 4.15 431 3.08 2.38
239374 4.00 4.31 3.00 2.77
ARl 3w 4.00 4.46 3.08 2.62
- g7t AREGH HE)
AMA TS

-2 1

== A2 2

=l A2 3

-\ 2 4

29 62 Al AF ARE AW EE

a9 63. Aol 50mL AE
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AF3F 500mg 3 ol

3101

w0l
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ol 35
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5

AAl A= 2%1 500mge] A
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2;531—%1: o

3

R
1,000mg
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N

o

175
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ﬂ
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;O._
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(oh) ASAoFEE AA7I54F &9 A AF AT

D AL B AL 2R olgdte] Austy 29 Ael AFS ARFoRA,
Agaole] HAT urh §oldtA sHu xud HYFS WH ASde] AL
st At .

Hl) 2] (%) AlE 1 AlE 2 A& 3 NE 4

Aol FE 5 (mg) /3 100 300 500 1,000
A W a3 A" AA | 14 33, 1Y 23], 19 13,
SERS 13 1~2% 13] 1% 13] 1%

Aol FEE 0.66 1.98 3.30 6.60

Fr 715 o7 AT 7.00 7.00 7.00 7.00

ol ARELE Y 7.00 7.00 7.00 7.00

ARG 6.00 6.00 6.00 6.00

HEols 5o 5.00 5.00 5.00 5.00

ANF2ErET 5.00 5.00 5.00 5.00

g 559 4.00 4.00 4.00 4.00

A= 4.00 4.00 4.00 4.00

e EY YA E 3.00 3.00 3.00 3.00

(%)

Heota g 2.00 2.00 2.00 2.00

ek 0.60 0.60 0.60 0.60

ZA~ENA 0.60 0.60 0.60 0.60

Fhe} 7] 0.60 0.60 0.60 0.60

T4t 0.20 0.20 0.20 0.20

EdgaFEE 0.20 0.20 0.20 0.20

F A2 2 o} 0.15 0.15 0.15 0.15

A 53.99 52.67 51.35 48.05

A 100 100 100 100
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5% 1838S W 300mg gHel A= 27 7+ g
- Aol FEE 3 500mg o] ol A Aol ml-- XA AL = sto] v 2zt
=
@ Afaol =284y 54
<pH>
pH
3.00 3.13 3.23 341
AgolRE R Hrel Fabgel We pHAt Sk AEE wal
- 2y Ay A=A hHAdS A 474 AR BT pH 4.00]8t® A3 g
<A 7>
Z2 1t
o ER— TR TR
- AnAFL (+++) ¢ AGETS v|FoR (+) @ wfg FgH (+++++) 1 W FFow
A3
- AR 1, 2 (AgHF=E T 100~300mg)el AF A A=t HE
AP AR 3, 49 ATE da A A B
- =g Aol Azs agds A AFEeFEE dE2 100~300mg FEol
3,
w6 o) o]l gle AY AFsE s Ao wiEs [, 2AZEN]
7het7Id 3 A4 06% FeoR 14 s WE VE
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(3) 1A &-&A@ Protocol AAF 2xdE B Fx)

ZhH @A 295 9A dE ALAY FEo| 8l

2 ekA REES Al F 57HA 9 7S Alekst
b %% Z7FHmuscle hypertrophy)ol =&<4 & 4 AdFyth
W ¥ (muscle strength) 43le] =& & + 54T
@ =204 < FAa/EAH(sarcopenia)s dlWsted B s £ 7 AsUL
@ H&5A A4 (disuse atrophy)S dWalEd =S = 4 Ad5yrh
< 7l Ask A Egs FH
@ 7tss &7 AR
@) =N S5 FA/E2A (sarcopenia) A WEEY =S & ¢ AU

> B 22 MY AT Ao 1Y

@ "< ¥ (muscle strength) 23t =& =
— 7]Eo] L ool QlouR YTy &

oX,

(1) vpolevwtA 2 &4 F&5 H4 (ke
@O A& W A Randomized, Double-blind, Placebo-controlled
@ &=k 50~T70A]
@ A3 WH: supplement
@ A& 717k 125 (F 43] W screening, 0, 6, 125F)
® IRB ¢!
® &7A: ANOVA, Duncun’s multiple range test (SAS program)
@ w}o] L mt7
b 12 7154 B7F HF

A w2 Dual energy X-ray absorptiometry (DEXA) [0, 125]

@ 27 7154 B AE

- 2% YA} A E: =2 olE Y (creatinine) [0, 6, 125]
7 AE E

& 22 =4A(hand held dynamometer), 400m 27| [0, 6, 125F]
ZA % TNF-a, IL-6 [0, 6, 12%]
=]

Az (9 d A2 59 A muscle mTOR, p70s6k, atrogen, Murf-1 [0, 1257]
J A

Ay B AT
O A B2 B E oldwg U
© BHAFE, W, A AR, DA
@ QP FEAAAHLREAGA D e GA}
ORERES
G B Aol HolE Folshm, AW B AT A
@ w604 oldoR 2 BaES A A
@ A 28 P, AF D WS Y A



©
2
PR
N
N

b AHA W A 45 ool ZF thrbell FEFS mIA= ofokE, deRAY A A
VA Ee AAS A5
@ ARA BT A 670 ool AR FoAg =
@ thso Aslo] e BT
- A SE N RS
Frals AEEAAY, 222y HAA $5ET 126 mg/dL o3 4%
- 2715 Zel(AST, ALT 7 Askx] 9] 258 o] 5)
- Al7]%5 Aol (Creatinine A44% (1.2mg/dL) Z=3})
- @A T B3RS B s Adks
- T Y
@ FE = 3 FTEA
AFAZE 2 Aol Fostrlel FAdsithal et Ve A E
Al A Foluh Al A ol FfE Aol gk Aol = A

(Ref. J Nutr Health Aging 13(8):724-8 [12}, J Nutr Health Aging 13(8): 708-712 [13}, ]
Nutr Health Aging 15(10): 834-846 [14}, ] Am Geriatr Soc 60(1):16-23 [15}, Clin
Interv Aging 7:225-34 [16}, Am J Clin Nutr 93(2):402-12 [17])

(4) AAHEANEE AAF A2 QAdE B F=x)
A7 525 AXQAD vFdeololA aigh dA 2 wist 29

(B) AF4e FE= R EdHEdkoE AHEY AA HE& AFAGA, 2x9=

gy

(7h AAHEAE CRO HA A4 vl 2F= CRO

(WD) AAHEAIFS AT 12 F2A H7F ¥, 23 724 H7F i S 83 o A

(H) QAHEAE =8 A7 718 24 2xd=dd 24)

= Fudde] 1adk: 6€o FEH, = A T8 5 19 HAHATF HA =
QA A S S AAF
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. 239 = (201372014)

(1) A4l 249 Ag7Ivt =4

h AEed A3 R 244

O AEEH HAA
o) AGAo|FEER Do X EEAZ Chlorogenic acidE % A A3
O 1AdEdA AE BF FTHFoR MASFIYY  homoflavoyadorinin @ BE

T T ol Yol R

4 B3 AR=HEE | A=

@ A4y A5E AN F AFAHA 2008 LIHS "ARTFAE NEAE Fg
71548 98 %3 A FHA“YA Chlorogenic acidE 7$-%to] FEE°
AxEAdZ FHSE AHHZE deow, a7 5 FAF YA Chlogenic  acid
EAHel ggeol ¥ 4 HAE 7hed Aol glEol e FAHY
Mol oA gom, Aant 55 Fotd AYH EEEEY FYE &olF
FH 5ol o], Chlorogenic acidE& A EEHd FHZA HES

@ A A F FdmvleAEATLA E HAAE olFEEte B4S AAE Ay
FEY Lot ¥=Z Chlorogenic &#o] dAsAH, 49 AMAHE =31,
%% <% Chlorogenic acid 3% % homoflavoyadorinin .t} o} 9159 #2
¥+3 2 7eAd 959 AEEZHZE Chlorogenic acids H3 A4g

OH
2% 65. Chlorogenic acid T+& %
IUPAC % # : (1S,3R,4R,5R)-3-{[(27)-3-(3,4-dihydroxyphenyl)
prop—2-enoylloxy}-1,4,5-trihydroxycyclohexanecarboxylic acid

@ AxEH 24 9
@) Chlorogenic acidi= HPLC(Agilent Technologies, Agilent 1260 infinity,
Singapore)& ©]-&3to] 43 FAWHLS FH o olEzxa 4 &9
Chlorogenic acid #4193} 43k
W As 2 Ak
- Ao FEED L S HE AT we dagAlS Fa AT A5 AFE
- Chlorogenic acid (%% : HWI ANALYTIK GmbH(Germany), Product No :
0050-05-90, purity : 94.69%
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i
Smg AT ¥ 50ml #lAZFe~Add ¥ 30%
8 ¥, 49 wER 5] AL

& HPLC ¥4 %& &9 2 A3¢
E

w12

- X889 . Chlorogenic acid ¢}
HghES o83t
- AlE &A1
* Algm °F 120mgE 100ml W2 E2f~Fef Y=t}
* 30% ™WE-E 30mlS 7ske] 207 35C°ﬂ7‘i &g =3
* 30% WEEE HIE 100mlz 9E & 1057 259
« @B ZHE(0.45um hydrophilic PTEE)® o3 & Holo g 3t}
@ HPLC s
- . C18 (4.6 x 250mm, 5um)

o

FOE!

o}
2]

- d9 2% 40T

- TAdF 5w

- o]54F &vl A : Phosphoric acid : Water = 0.5 : 99.5(v/v)
o]+ &l B : Phosphoric acid : Acrtonitrile = 0.5 : 99.5(v/v)

I
- Gradient =4 :

Time(min) | % Solvent A | % Solvent B Flow(ml/min)
0 92 8 1.2
1 92 8 1.2
20 16) 25 1.2
33 16) 25 1.2
35 0 100 1.2
36 92 8 1.2
40 92 8 1.2

- 7% 1.2ml/min
- A=7] : DAD detector (330nm)

Ak
o _ANBEA T (ug/mL) < B8 (mL) x FE3E &= < 3 w5
Chlorogenicacid(mg/g) = Al & ok (g) %1000
FFEZ 2 A9Mo|FEE Y HPLC Hole Hla
EFEd 9@ AgAolFEEwe] HPLC ¥4 do]lg 9] Chlorogenic acid ¥ 3%
sbargz EAG wkeb o], o] ®BA zAdA T 4R B3 glo]
Ao o)l FE R o] dgxo] 9t X FAE Chlorogenic acid® ¥4 8 4
A AT
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mAU

]

-
(=]

= ] 5

—
=

DAD1 A, 5ig=330.4 Ref=360,100 (CHLOROGENL...ID\CHLOROGENIC ACID(2) 2013-11-06 11-32-31\CHLOROGENICD006.D)
o«
=
o

<17.000

(a)

=

T
min|

mAL ]

DAD1 A, Sig=330.4 Ref=360,100 (CHLOROGENI..IDNMCHLOROGENIC ACID(2) 2013-11-06 11-32-31\CHLOROGENICO007.D)
o

E

-

<17.000

(b)

7.286

6.705

|

| |
\ |

[ |“, 1
l J. | | || ! n I Yo\
- lr’ L s '\ ST VD | P ERSTCHRPUST R | P | = S0 S S S 1 W Y | .

min|

2% 66. HPLC Z=ZvwtE19 o 93 (a) Chlorogenic acid EF8& < %

() Aol 22T
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@ AEA 2

o,

l

AFAES 30% wWero] gaste] F 70 pg/mlo® ZFA S °]E stock
solution®. & &tk o] fMS GdAHo R Al Fx7F oF 1, 2, 4, 17, 70
pg/mi7b HEE F 5/fe s AAsidew 7 ZF &9 045 um
membrane filter2 o] ¥}&}o] HPLC #413}a, peak area®t =7+ AH#AAE o]
g3to] AHMS AgaAT (2 67). 2 A3 A ABAAFRHE 19 A
AL BYow, LODE 0011 pg/ml, LOQE 0.042 ug/mle] o2 e
o] uwj FA17]712] LOD (limit of detection) = signal t noise®] H|7} 3 ojAto &
AAstgd o, LOQ (limit of quantification) = signal ™ noise?] H]7} 10 o] A<

32}
gl FER To

_

’

HEFE2% No. Std MeOH (ug/mL) 3 214(Peak) S| Ml
51 500 500 1.08 8.37 64
52 500 500 217 16.57 32
S3 300 900 4.34 33.08 16
54 300 900 17.35 134.26 4
55 1000 0 69.41 533.20 1

600.00

500.00

400.00

300.00

200.00

100.00

0.00

y=76827x+ 01172
R*=1 /

/

—

0.00

T T T T T T 1
10.00 20.00 30.00 40.00 50.00 60.00 70.00 BO.00

a9 67. Chlorogenic acid A#FA 8=
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@ A ¥ E3A Chlorogenic acid 4 A3 2 73 A<t
o]de A WHoE AL AAYE AxdE ASHNFEEE T AREE
Chlorogenic acidE AA| 2 FA7|#AS T3 43 23 134 ~ 1.87 mg/gel 4
BAE Rgom o ARES HEoR ASHo|FEE L] Chlorogenic acid 77
2 12 ~ 20 mg/go = Aot
ot No. | SMT130909 SMT130910 SMT130911 SMT140226
Chlorogenic acid (mg/g)
- - 1.34 1.81 1.81 1.62
QA7 A4 A
Chlorogenic acid (mg/g)
) 1.34 1.86 1.87 1.44
AR 22 At
AE = M2 EMeT =y = i id =tak
ME e IE = A4 |& B2 |28z |Chlorogenic acid &2 Z=ma
(ug/ml) (ml) (@ (ug/g)
SMT120909-1 1217 1.57 1 100 01201 1206.28
SMT130909-2 12.09 1.64 1 100 0.1204 1360.40 31.50
SMT130809-3 12.09 164 1 100 0.1203 136145
a3 12.12 1.61 1342.74
M e Al S|MET Al 1l &2k H id =F2F
M=oy HPLC Area IE = S A |8 52 |28 ZF |Chlorogenic acid &2 ExEi
(ug/ml) (ml) (g) (ug/g)
SMT130910-1 16.91 224 1 100 0.1204 1862.03
SMT130910-2 16.84 2.23 E 100 0.1206 1851.52 6.06
SMT130910-3 16.91 224 1 100 0.1204 1862.00
oA 16.89 2.24 1858.52
AME = M2 B&8en N i id =tk
wEm T |12 5 514 |2 S|4 8m] |2#F 2k | Chlorogenic acid 2H&! Eam
(ug/ml) (ml) () {ug/g)
SMT130911-1 16.95 225 1 100 0.1203 1867.43
SMT130911-2 16.89 224 1 100 0.1203 1860.98 12,90
SMT130911-3 17.10 2.26 E 100 0.1201 1885.84
Ha 16.98 2.25 1871.42
ANE = M2 Bl&deT Al 2 2k i id =tak
M=oy HPLC Area 1E = S|4 A |8 542 |22 |Chlorogenic acid &2 EEEA
{ug/ml) {ml) (g) (ug/g)
SMT140228-1 117.14 TaEL 1 100 1.0640 1419.93
SMT140228-2 117.22 1512 1 100 1.0424 145043 15.26
SMT140228-3 117.37 15.14 1 100 1.0543 1435.84
oA 117.24 15:12 1435.40
19 68. Lot® Chlorogenic acid &% =4 A3}
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Al D2013100655 =
H A4 3 A

A7 ASgol 2R ELT AET | ams00-n1
ozl JA T | ettty E % A o] A 4
T | AE XY 5T TS dEE 688
AzHE Aeddd 2013-10-16
iEEEE S AAATNE | D2013100655
As7t S8 Aol AN AAE G g, ANTE = Dol A 3
NEYE 2% A3

chlorogenic acid(mg/g) 1.81mg/g FA1
(mg/kg) 0.4135mg/kg 94
%] 4 (mg/kg) 0.2185mg/kg 294
7+=5 (mg/kg) 0.0311mg/kg 94
F+2(ng/kg) ERE LR
o gt =4 Rk
o & (Kcal/100g) 360.44Kcal/100g 7143
S SHE (%) 77.15%(2 01 F 0.19% FH) A3
2 A (%) 10.94% Skl
ZA % (%) 0.94% oA
FE(%) 5.45% o] &}
5] & (%) 5.52% o] ™o}
U}E £ (mg/100g) 60.20mg/100g o] go}
2 o]+ (%) 0.19% o] AT
H] ol x| 4] (mg/kg) BHE o]
o €] (mg/kg) BdE o] A
&= (ng/kg) B4E o]
4= (mg/kg) B4z k]
A= (mg/kg) EHE o]

[chlorogenic acid]¥#2) - A A&
[H o)A F1EME-A247)5 2 EF2/3-26-12 o] A (A11%)

2013 109 204
#FNTHEAT

HEFAR715AEES £ 2715 EATL http://www.khsi re.kr A 8 AX(031)628-0400~1

a9 69. Af4dol FEE2% W FF7HFATE AAEAEA




(W) dzF AAS 93 95 g5 vt =
D AFANFEEL AN AZX T &Y
Aol 1Y g F A Alx FAS STV sAFAZIE GMP GA<)
(F s FA s FHatel ofefst 2ol Y.
Exkl 37 || AN F
o A9 ¥o] AR (200~300kg)E FZD2L| | on ~nso
25 | A gn T gAE e, W e d2ele
B - FZ7] 2" A, 20002 E
12k 100TCAA 8AIZF o] =& & o|F R =
2z | |- A4g9= sgeds AE, 40009 AL (Brix) 574
T T 1um A9 dalz 259 o3 | |- 23R Gri0 54
o]% um — T= AL 8 X) =578
23} 4] AAFE sFstal 100CelA 23
F= FZ3ol] AFYA=Z o] F3lhry,
Al A=A Asz 2 on | |- 2 Brix) =74
O]% um = T= AL 58 X)) =578
T= o]l BS 25~30Brix®= A< 7 &= - 1382 (Brix) =4
sq | [RUIE of5te] HAEVE EEa
g | | g FERIR T0%, #H=ER30% e e
s - &317]0 2~H 2 QA 5008 H
o] 3 100M 4] ="~ oJygo=z o]F
= AAGYE
- inlet temp 175C, outlet temp 80T
R e . DE P E
= - 542 80kg/Hr
AR
m SR OB 52 AAE T T “AE A A
3

a¥ 70. A FEEE ANAZTE BHE
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@ 3 Lot A$4o]

Mo

Ton

: Lot No. SMT130910

o

o
o
K
o
-

Ho

SESE
™ S2IRSY
I = M|
(@] — <+ |
(@) o <t ™M
_ﬂ_l
a
o
-
(@)
D~
~
(@)
Cle
o) o
| |9
W el
ol Ral ey pe ey
o mm%%%%
| 1 o ||| Holen |-
N0 N
N N @@@
222 Fes| B
QIO ||| O,
OO ||| —H|N M
— D= <F|— —
{4
ol T |T
No| - |Ro| 0
= |=r %FT
|| |om
F(T|B| |-
L
e |
o | | N (X3 | ] |3 |
ﬂooTﬂuﬂu;ﬁiaauT
Mo | | | | Ho| & |7 [T

@ X ¥ &2 Chlorogenic acid ¥4 Z3 ¢ w3 A<t

A%

gl o g 7 9-Ato] FEE 2ol Chlorogenic acid 7742 1.2

3k
.

1=}
D

1.87 mg/g4]

144 ~

g

Chlorogenic acid®]

iy

~ 2.0 mg/gle & AR
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Lot No.
o SMT130910 | SMT130911 SMT140226 | ¥laL (743 A<

A g g

YHmg/kg) 0.3987 0.4135 - 1.0 o3}
=) 2 (mg/kg) 0.1985 0.2185 - 1.0 °o]3&}
=& (mg/kg) 0.0288 0.0311 - 0.5 ©]3}
Z+2(mg/kg) EHE 2105 - 0.5 ©o]3a}
o) o =4 =4 A =4
A2 (Kcal/100g) - 360.44 - -
EFE3HE(%) - 77.15 - -

Z el A (%) - 10.94 - -

Z A 9H(%) - 0.94 - -

T (%) - 5.45 - -

3] 5(%) - 5.52 - -
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Zleow AxWAS 283 &% A (%F 1460mg/day), Gut volumes <83
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FEE Y lg/day), 1E&HF AFAF (AfA FEEF +Z lg/day)o =
At &

@ AA 2AdZ AsEet X FEEF  Chlorogenic acid %2 22 1.34 mg/g,
1.81mg/g, 1.8lmg/g, 1.62mg/g¥ o] uygtorw o]ie ZAyE nigoz
Aol FZEETY] F4 H7ME fg VEdHFeEA 12 ~ 20 mg/g &=
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TE HEAF AEZFANINE | A BFNAHE
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entAZE RS AT F AdT

« AXEAHS FEI §F A

© 400 ~ 1,000 mg/kg BW x 0.081 (conversion factor) x 60 kg x ~ 1 (safety
factor) = ~ 1,460 mg/d

(Ref: FDA Guidance for Industry Estimating the Maximum Safe Starting Dose in Initial

Clinical Trials for Therapeuticsin Adult Healthy Volunteers. USDHHS & FDA, 2005
[20])

e Gut volumes &3k &3 2HA
: 14 ~ 35 mg/d x 110 (conversion factor) = 1,540 ~ 3,850 mg /d
(Ref: C. Casteleyn, A. Rekecki, A. Van der Aa, P. Simoens, W. Van den Broeck (2010)

Surface area assessment of the murine intestinal tract as a prerequisite for oral
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dose translation from mouse to man. Lab Anim 44: 176-183 [21], C. Schiller, C. P.
Frohlich, T. Giessmann, W. Siegmund, H. Monnikes, N. Hosten, W. Weitschies
(2005) Intestinal fluid volumes and transit of dosage forms as assessed by magnetic
resonance imaging. 22(10):971-9 [22])

mﬁ

e Gut surface areas 83+ & A

: 14 ~ 35 mg x 140 (conversion factor) = 1,960 ~ 4,900 mg/d

(Ref: J. M. DeSesso, C. F. Jacobson (2001) Anatomical and physiological parameters
affecting gastrointestinal absorption in humans and rats. 39(3):209-28 [23], C.
Casteleyn, A. Rekecki, A. Van der Aa, P. Simoens, W. Van den Broeck (2010)
Surface area assessment of the murine intestinal tract as a prerequisite for oral
dose translation from mouse to man. Lab Anim 44: 176-183 [21])
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mRNA Expression Signatures
of Human Skeletal Muscle Atrophy Identify
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of atrophy-inducing stresses. A natural compound
enriched in_ apples, wursolic acid reduced muscile
i lated muscle hypertrophy in
mice. It did so by enhancing skeletal muscle
iNnsulin/IGF-I1 signaling and inhibiting atrophy-associ-
ated skeletal muscle mRMA expression. Importantly,
ursolic acid's effects on Mmuscle were accompanied
by reductions in adiposity, fasting blood glucose,
and plasma cholesterol and triglycerides. These find-
ings identify a potential therapy for muscle atrophy
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mRNA Expression Signatures
of Human Skeletal Muscle Atrophy Identify
a Natural Compound that Increases Muscle Mass

Steven D. Kunkel,'® Manish Suneja,! Scott M. Ebert,! Kale S. Bongers,” Daniel K. Fox,? Sharon E. Malmberg,'
Fariborz Alipour,® Richard K. Shields,* and Christopher M. Adams'.2.5*

TDepartment of Internal Medicine

2Department of Molecular Physiology and Biophysics

“Department of Speech Pathology and Audiclogy

“Graduzte Program in Physical Therapy and Rehabilitation Science

Roy J. and Lucille A. Carver College of Medicine, The University of lowa, lowa Gity, IA 52242, USA

“Department of Veterans Affairs Medical Center, lowa Gity, 1A 52246, USA

*Correspondence: christopher-adams@uiowa edu
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SUMMARY Previous studies demonstrated that skeletal muscle atrophy is

driven by conserved changes in skeletal muscle gene expression

Skeletal muscle atrophy is a common and debili-
tating condition that lacks a pharmacologic therapy.
To develop a potential therapy, we identified 63
mRNAs that were regulated by fasting in both human
and mouse muscle, and 29 mRNAs that were regu-
lated by both fasting and spinal cord injury in human
muscle. We used these two unbiased mRNA expres-
sion signatures of muscle atrophy to query the

(Bodine et al., 2001a; Sandri et al., 2004), We therefore hypoth-
esized that pharmacologic compounds with opposite effects
on gene expression might inhibit skeletal muscle atrophy. To
test this, we first determined an mRNA expression signature of
ane atrophy-inducing stress (fasting) in human and mouse
skeletal muscle. We then used these unbiased data in conjunc-
tion with the Connectivity Map (Lamb et al., 2006) to identify
candidate small molecule inhibitors of muscle atrophy. This

approach identified a natural compound that may have applica-

Connectivity Map, which singled out ursolic acid as tions in the treatment of human skeletal muscle atrophy.

a compound whose signature was opposite to those
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Disease Models & Mechanisms 6, 25-33 (2013) dok10.1242/dmm.010389
Cellular and molecular mechanisms of muscle
atrophy
Paolo Bonaldo' and Marco Sandri'?
Skeletal muscle is a plastic organ that is maintained by multiple pathways regulating cell and protein turnover. During
muscle atrophy, proteclytic systems are activated, and contractile proteins and organelles are removed, resulting in the
shrinkage of muscle fibers. Excessive loss of muscle mass is associated with poor prognosis in several diseases,
including myopathies and muscular dystrophies, as well as in systemic disorders such as cancer, diabetes, sepsis and
heart failure. Muscle loss also occurs during aging. In this paper, we review the key mechanisms that regulate the
turnover of contractile proteins and organelles in muscle tissue, and discuss how impairments in these mechanisms can
contribute to muscle atrophy. We also discuss how protein synthesis and degradation are coordinately regulated by
signaling pathways that are influenced by mechanical stress, physical activity, and the availability of nutrients and
growth factors. Understanding how these pathways regulate muscle mass will provide new therapeutic targets for the
prevention and treatment of muscle atrophy in metabolic and neuromuscular diseases.
Introduction adulthood (Amthor et al., 2009; Blaauw et al.,, 2009; McCarthy et
= Musclesare the largest protein reservoir in the body. Muscles serve  al., 2011; Ratfaello et al, 2010; Sartori et al., 2009).
5 asa source of amino acids that can be used for energy production Atrophy is defined as a decrease in the size of a tissue or organ
= by various organs (including the heart, liver and brain) during  due to cellular shrinkage; the decrease in cell size is caused by the
o= catabolic periods, such as in cancer, sepsis, burn injury, heart failure  loss of organelles, cytoplasm and proteins. This Review discusses
i) and AIDS. However, excessive protein degradation in skeletal the latest findings and emerging concepts related to pathways
muscle, and the ensuing muscle loss (cachexia), is highly controlling muscle atrophy in physiclogical and pathological
detrimental for the economy of the human body and can lead to  conditions. In particular, we focus on the ubiquitin-proteasome
= death. Moreover, excessive loss of muscle massisa poor prognostic  machinery and the autophagy-lysosome machinery, the two most
o indicator and can impair the efficacy of many different therapeutic  important cell proteolytic systems that control protein turnover in
\r-?: treatments. Thus, cachexia ultimately aggravates diseases, and muscle. The involvement of these systems in muscle
fL increases morbidity and mortality. The maintenance of healthy  physiopathology, as well as the signaling pathways controlling their
19 ol=0o A=) 5 = Hl= =] =] 7 ol=l o = a1 <
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Atrophy-related ubiquitin ligases, atrogin-1 and MuRF1 are
up-regulated in aged rat Tibialis Anterior muscle

a - rod 1 se b oqaa c
Stephan Clavel ®, Anne-Sophie Coldefy *, Emilie Kurkdjian®, Jerome Salles ©,
- s N PO 1
Iréne Margaritis b Benoit Derijard **
® Lahoratoire de Physiolagie Cellulaire ot Moldculaire, CNRS UMR 06548, Faculté des Sciences,
Université de Nice Sophia Antipolis, 28 Averiue Valiose, 06108 Nice Cedex 2, Fran
PEA 3837, Universitd de Nice Sophia Antipolis, 261 mute de Grenoble, BP 3259, 06205 Nice Cedex 3, France
“ Laboratoire de Nutrition Humaine, CRNH Auvergne, BP 321, 58 ne de Monialembert, 63009 Clermont Ferrand Cedex 1, France
Received 5 April 2006; received in revised form 7 June 2006 acoepisd 17 July 2006
Available online 1 September 2006

Abstraet

A phenotypic feature of aging is skeletal muscle wasting. 1tis characterized by a loss of muscle massand srength. Age-related loss of muscle mass
occurs through a reduction in the rate of protein synthesis, an inencase in protein degradation or a combination of both. However, the underlying
mechanismisstill poorly understood. To test the hypothesis that the ubiquitin-proteasome pathway contributes to this phenomenon, we studied MuR FI
and atrogin- | expression in Tibialis Anteriarmuscle of agedrats, These two E3 ligases are considered as sensitive markers of muscle pmteindegradation
by the ubiquitin-proteasome system. Our resultsrevealed that, inskelet] muscle of agedrats; the dechine in muscle mass s accompanied by anincrease in
the level of axidized proteins and ubiguitin conjugates (90%) whereas the functionality of the proteasome remains constant compared (o young rts.
Furthermore. the level of both MuRF1 and atrogin- 1 mRNA is markedly up-regulated in aged muscle (respectively % 2 and x2.5). Taken together these
dataargue for the involvement of the ubiguitin-proteasome pathway in sarcopenia of fast-twitch muscle, in particular through increased expression of
MuRFI and atrogin- 1. Moreover, we observed a decreasein the IGF-1/AK signalling pathways and clevated level of TNFa mRNA in aged rat muscle.
Therefore, IGF-1/Akt and TNFu represent potential mediators implicited in the regulation of MuRFI and atrogin-1 genes during seing.

(3 2006 Elsevier Ireland Lid All rights reserved.

Keywonds: Sarcopenia: E3 ligase: Ubiquitin-protessome pathway: MuRFL: Atregin-1

& 9=3 A4S atrogin-1, MuRF1e] sk 7|25 A Fs =Foz 9 APRIS npox
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Endocrine (2013) 43:12-21
DOL 10.1007/512020-012-9751 -7

REVIEW

Atrogin-1, MuRF-1, and sarcopenia

Jonathan P. Gumucio « Christopher L. Mendias

Received: 29 May 2012/ Accepted: 9 July 2012/ Published online: 20 July 2012
© Springer Science+ Business Media, LLC 2012

Abstract  Sarcopenia is one of the leading causes of  reduced function and quality of life that patients with sar-

disability in the elderly. Despite the growing prevalence of
sarcopenia, the molecular mechanisms that control aging-
related changes in muscle mass are not fully understood.
The ubiquitin proteasome system is one of the major
pathways that regulate muscle protein degradation, and this
system plays a central role in controlling muscle size.
Atrogin-1 and MuRF-1 are two E3 ubiquitin ligases that
are important regulators of ubiquitin-mediated protein
degradation in skeletal muscle. In this review, we will
discuss: (i) aging-related changes to skeletal muscle
structure and function; (ii) the regulation of protein syn-
thesis and protein degradation by IGF-1, TGF-f, and
myostatin, with emphasis on the control of atrogin-1 and

copenia endure [2]. Preventing and treating sarcopenia can
be challenging, but many recent studies have provided
important insight into the cellular and molecular etiology
of aging-associated decreases in muscle mass, and these
findings may be quite useful in the development of new
therapies to prevent and treat sarcopenia. This review will
provide an overview of the diagnosis and epidemiology of
sarcopenia, discuss the role of atrogin-1. MuRF-1. and the
E3 ubiquitin ligase system in the aging-related loss of
muscle mass, and describe therapeutic interventions for the
prevention and treatment of sarcopenia

While the original defimtion of sarcopenia encompassed
all elderly individuals, there is considerable variation in the

Sarcopenia®} atrogin—1, MuRF-19] #Alol thale] A st gl = o2 5 AXoA &
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ABSTRACT

Loss of skeletal muscle mass occurs during aging (sarcopenia), dis-
ecase (cachexia), o iatrophy), Thisarticle contrasts and com-
pares the metabolic causes of loss of muscle resulting from these
conditions. An understanding of the underlying causes of musele loss
iscritical for the development of strategics and therapies to preserve

At

muscle mass and function. Loss of skeletal muscle protein results from
un
radat
actert

balance between the rate of muscle protein synthe:
- Cachexia, sarcopenia, and atrophy due to inac
d by a loss of muscle mass. Each of these conditions results in
a metaholic adaptation of increased protein degradation (cachexia),
decreased rate of muscle protein synthesis (inactivity ), or an alteration
inbath (sarcopenia). The elinical consequences of hedrest may mimic
those of cachexia, including mpid loss of muscle. insulin resismnce.
and weakness. Prophylaxis against bedrest-induced atrophy includes
nutrition support with an emphasis on high-quality protein. Nutri-
tional supplementation alone may not prevent muscle loss secondary
to cachexia

. but, in combination with the use of an anabolic agent, it
may slow or prevent muscle loss, Am J Clin Nuir 201091

(suppl):11235-78.

INTRODUCTION

Cachexia is a metabolic condition that is always associated
with an underying illness and inflammation. It is characterized
by loss of skeletal muscle and body weight. Nutritional inter-
ventions have shown limited success in preserving fat but not
muscle mass, Sarcopenia is the age-associated loss of skeletal
muscle and function. Sarcopenia is a life-long process with
a complex and multifactorial etiology. The effects of nactivity,
and in panicular bedrest. may mimic those of cachexia. However,
there are important metabolic distinctions with significant nu-
tritional implications.

Cachexia has long been recognized as 2 condition associated

Skeletal muscle loss: cachexia, sarcopenia, and inac:ti\.'ityHa

associated with malignant cancers (3); chronic heart failure (4), or
chronic kidney disease (5). Chronic obstractive pulmonary disease
(COPD) is associated with inflammation and muscle wasting (6).

Clinical studies have shown that the preservation of body fatness
and skeletal muscle in cachectic patients can decrease monality
risk (2,7, 8). However, important questionsremain in the Lreatment
of cachexia. If the metabolic consequence of cachexia is loss of
skeletal muscle, will strategies to conserve muscle in cachectic
conditions improve mortality and morbidity? Weight loss and
extreme loss ofbody fat are the most obvious clinical manifestation
of cachexia. Do strategies designed to maintain body weight,
irréspective ofcomposition of the weight, havea positiveinfiuence
on outcomes? In addition. as cachexia is associated with an un-
derying discase, patients are often hospitalized or become ex-
tremely inactive as aresult of the manifestations of the disease. Isit,
therefore, possible to separate the effects of immobilization and
inactivity from the metabolic effects of cachexia?

SKEL

TAL MUSCLE AND CACHEXIA

As noted, muscle wasting is important in the pathophysiology
of cachexia and a major cause of fatigue (9) in patients. Ac-
celerated or exaggerated loss of skeletal muscle mass dis-
tinguishes cachexia from weight loss that is due solely to reduced
energy intake, Several groups of investigators have sug gested that
actomyosin, actin, and myosin are selectively targeted for deg-
radation in clinical conditions associated with cachexia (10-12),
Acharyya etal (10) wrote that “cachectic factors are remarkably
selective in targeting myosin heavy chain.” In mice with colon-26
tumors, they found that 2 markers of inflammation that are
typically elevated with cachexia, tumor necrosis factor-x and
interferon-y, reduce the expression of myosin. They also re-
ported that loss of myosin protein was associated with the
ubiquitin-dependent proteosome pathway. These data suggest
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Invited Review

Am T Physiol Cell Physiol 287- C834—C843, 2004;
10.115Y/ajpeell 00579.2003.

The molecular basis of skeletal muscle atrophy

Robert W. Jackman and Susan C. Kandarian

Boston University, Dapartment of Health Sciences, Boston, Massachusetts 02215

Jackman, Robert W., and Susan C. Kandarian. The molecular hasis of

skeletal muscle atrophy. Am J Physiol Cell Phyvsiol 287- C834-CB843. 2004
10.1152/ajpcell 00579.2003.—Skeletal mmuscle atrophy attributable to mmscular
inactivity has significant adverse functional consequences. While the initiating
physiological event leading to atrophy seems to be the loss of muscle tension and
a good deal of the physiology of nmscle atrophy has been characterized, little is
known about the triggers or the molecular signaling events underlying this process.
Decreases in protein synthesis and mereases in protein degradation both have been
shown to confnibute to muscle protemn loss due to disuse. and recent work has
delineated elements of both synthetic and proteolytic processes underlying muscle
atrophy. It 15 also becoming evident that interactions ameng known proteolytic
pathways (ubiquitin-proteasome. lysosomal. and calpain) are involved in muscle
proteolysis during atrophy. Factors such as TNF-o. glucocoriicoids. myostatin. and
reactive oxygen species can induce muscle protein loss under specified conditions.
Also. it is now apparent that the transcription factor NF-xB is a key intracelinlar
signal transducer in disuse atrophy. Transcriptional profiles of atrophying muscle
show both up- and downregulation of various genes over time, thus providing
forther evidence that there are multiple concurrent processes involved in muscle
atrophy. The purpose of this review is to synthesize our current understanding of
the molecular regulation of muscle atrophy. We also discuss how ongoing work
should uncover more about the molecular underpinnings of muscle wasting.
particularly that due to disuse.

protein synthesis: protein degradation: nuclear factor-xB: disuse; unloading: ca-
chexia

OVERVIEW

Skeletal muscle atrophy s a change that occurs in muscles of
adult ammals as a result of the conditions of disuse (e.g.
immobilization. denervation. muscle unloading). agmmg, starva-
ion. and a number of disease states (1.e.. cachexia). Regardless

After the initial physiological stimulus. in which the skeletal
muscle no longer bears weight or contracts with tension,
molecules involved with disuse atrophy. such as intiating
triggers, signaling proteins. and affected targets. carry out the
process of muscle protein loss. While 1t has been well estab-
lished that puscle disuse due to the removal of weisht beanne
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Am J Physiol Regul Integr Comp Physiol 284: R1249 R1254, 2003;
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IL-1B stimulates IL-6 production in cultured skeletal muscle cells
through activation of MAP kinase signaling pathway and NF-«kB

Guangjo Luo,"* Dan D. Hershko,'* Bruce W. Robh,!

Curtis .JJ. Wray,! and Per-Olof Hasselgren?

'Department of Surgery, University of Cincinnati, Cincinnati, and Shriners Haspitals
for Children, Cincinnati, Ohio 45267; and *Department of Surgery, Beth Israel
Deaconess Medical Center, Harvard Medical School, Boston, Massachusetts 02215

Submitted 18 August 2002; accepted in final form 23 January 2003

Luo, Guangjo, Dan D. Hershko, Bruce W. Robb, Cur-
tis .J. Wray, and Per-Olof Hasselgren. IL-18 stimulates
IL-6 production in culfured skeletal muscle cells through
activation of MAP kinase signaling pathway and NF-xB. Am
o Physiol Regul Integr Comp Physiol 284: R1249-R1254, 2003;
10.1152/ajpregu.00490.2002.—Recent studies suggest that the
skeletal muscle may be a significant site of [L-6 production in
various conditions, including exercise, inflammation, hypoper-
fusion, denervation, and local muscle injury, The mediators and
molecular mechanisms regulating muscle IL-6 production are
poorly understood. We tested the hypothesis that I1-6 produc-
tion in muscle cells is regulated by IL-1f and that mitogen-
activated protein (MAP) kinase signaling and NF-«B activation
are involved in I1-1p-induced IL-6 production. Cultured C2C12
cells, a mouse skeletal muscle cell line, were treated with
different concentrations (0.1-2 ng/ml) of TL-1 in the absence or
presence of the p38 MAP kinase inhibitor SB-208350 or the
p42/44 inhibitor PD-88059. Protein and gene expression of IL-6
were determined by ELISA and real-time PCR, respectively.
NF-xB DNA binding activity was determined by electrophoretic
mohility shift assay and by transfecting myocytes with a Tucif-
erase reporter plasmid containing a promoter construct with
multiple repeats of NF-xB binding site. Treatment of myotubes
with IL-18 resulted in a dose- and time-dependent increase of
IL-6 production accompanied by an ~25-fold increase in [1-6
mENA levels. IL-1p stimulated NF-xB DNA binding activity

mune tissues, such as the liver and spleen, there is
growing evidence that other tissues as well may be an
important source of IL-6. In particular, recent studies
suggest that skeletal muscle may be a significant site
of IL-6 production in various conditions. Thus in-
creased gene expression and production of IL-6 in skel-
etal muscle were reported during exercise (14, 21),
muscle inflammation (2), hypoperfusion (31), and after
denervation (16) or local musele injury (1).

IL-6 produced in skeletal musele may have both local
and systemic biological effects. For example, previous
studies suggest that IL-6 released from muscle during
exercise can stimulate lipolysis in adipose tissue and
glycogenolysis in liver (22). IL-6 is a major regulator of
acute-phase protein synthesis in the liver, and al-
though the Kupffer cells are probably the most impor-
tant source of IL-6 regulating hepatocyte protein syn-
thesis, it is possible that 11-6 from muscle may con-
tribute to the regulation of acute-phase protein
production during inflammation. Locally, IL-6 has tro-
phic effects and may participate in tissue repair after
injury and in regeneration of muscle tissue in dystro-
phy and after denervation (12, 16, 17). There is also
evidence that IL-6 may regulate muscle protein degra-
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Muscle-derived interleukin-6: mechanisms for activation

and possible biological roles

MARK A. FEBBRAIO** AND BENTE KLARLUND PEDERSEN®'

#The Copenhagen Muscle Research Centre and "The Department of Infectious Diseases,
Rigshospitalet, The University of Copenhagen, Copenhagen, Denmark; and “The Department of
Physiology, The University of Melbourne, Parkville, Victoria, Australia

ABSTRACT It has recently been demonstrated that
the marked increase in the systemic concentration of
cytokine interleukin-6 (IL-6) seen with exercise origi-
nates from the contracting limb and that skeletal mus-
cle cells per se are the likely source of the production.
This review izes the possibl for
activation and biological consequences of muscle-de-
rived IL-6. It appears that intramuscular IL-6 is stimu-
lated by complex signaling cascades initiated by both
calcium (Ca®") -dependent and -independent stimuli. Tt
also seems likely that skeletal muscle produces IL-6 to
aid in metabolic h is during peri-
ods of altered metabolic demand such as muscular
exercise or insulin stimulation. It may do so via local
and/or systemic effects. This review also explores the
efficacy that TL-6 may be used as a therapeutic drug in
wreating metabolic disorders such as obesity, type 2
diabetes, and atherosclerosis.—Febbraio, M. A., Ped-
ersen, B. K. Muscle-derived interleukin 6: mechanisms
for activation and possible biologieal roles. FASER]. 16,
13351347 (2002)

h
meg

Key Words: cyiokines - tipolysis - intracellular signaling - me-
labolism - calcium - glycogen + melabolic syndrome

IT nas BEEN well demonstrated that the plasma con-
centration of interleukin-6 (T1-6) increases up o

structure and a shared receptor subunit (the transmem-
brane glycoprotein 130) (12, 13). 116 is a variably
glycosylated protein with a molecular mass of 22-27
kDa depending on the cellular source and amount of
posi-translational modification. It is synthesized as a
precursar protein of 212 amino acids (aa), with a 28 aa
signal sequence and a 184 aa mature segment (13). 116
is produced by many different cells, but the main
sources in vivo are stimulated monocytes/macro-
phages, fibroblasts, and vascular endothelial cells (14),
indicative ol its role in the modulation of the immune
system. Other cells known 1o express IL-6 include
keratinocytes, ostcoblasts, T cells, B cells, neutrophils,
eosinophils, mast cells, smooth muscle cells (14), and
skeleral musele cells (15). Typical stimuli for 11-6
production are I1-1, TN, and bacterial endotoxin
(14). lypoxia induces 1L-6 in cultured endothelial cells
(16) and hypoxia in vivo elevates plasma IL-6 (17, 18).
Therefore, like many cywokines, IL-6 is a ubiquitous
protein, stmulated by many physiological and patho-
logical stressors (for review, see rel 2). Recently, how-
ever, the observaton that 10-35% of the body's basal
circulating 116 is derived from adipose tissue (19) has
stimulated interest in this cytokine as a possible medi-
ator of metabolic processes.

THE I1-6 RESPONSE TO EXERCISE
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Research article

Sirt1 enhances skeletal muscle insulin
sensitivity in mice during caloric restriction

Simon Schenk,*2 Carrie E. McCurdy,? Andrew Philp,2 Mark Z. Chen,! Michael J. Holliday,?
Gautum K. Bandyopadhyay,! Olivia Osborn,' Keith Baar,* and Jerrold M. Olefsky!

'Division of Endocrinology and Metabolism, Department of Medicine, and *Department of Orthopazdic Surgery, LCSD,
La Jolla, Califormia, USA. Depariment of Pediatrics, School of Medicine. University of Colorado Denver,
Aurora, Golorado, USA. ‘Departmant of Neurcbiology, Physiology, and Behavior, UCD, Davis, California, USA.

Skeletal muscle insulin resistance is a key component of the etiology of type 2 diabetes. Caloric restriction (CR)
enhances the sensitivity of skeletal muscle to insulin. However, the molecular signals within skeletal muscle link-
ing CRto improved insulin action remain largely unknown. Recently, the mammalian ortholog of Sir2, sirtuin 1
(Sirt1), has been identified as a potential transducer of perturbations in cellular energy flux into subsequent
metabolic adaprarions, including modularion of skeleral muscle insulin action. Here, we have demonstrared
that CR increases Sirtl deacetylase activity in skeletal muscle in mice, in parallel with enhanced insulin-stimulat-
ed phosphoinositide 3-kinase (PI3K) signaling and glucose uptake. These adaptations in skeletal muscle insulin
acrion were complerely abrogared in mice lacking Sirtl deacerylase acriviry. Mechanistically, Sirrl was found ro
be required for the deacetylation and inactivation of the transcription factor Stat3 during CR, which resulted in
decreased gene and protein expression of the p55c/p50a subunits of PI3K, thereby promoting more efficient
PI3K signaling during insulin stimulation. Thus, these data demonstrare thar Sire1 is an integral signaling node
in skeletal muscle linking CR to improved insulin action, primarily via modulation of PI3K signaling.

Introduction Sirt] demonstrate a metabolic profile resembling that of CR (15)

Skeletal muscle insulin resistance is a common metabolic disor-
der in obese and aged individuals and a key contriburor to the
etiology of type 2 diabetes (1). Moderate caloric restriction (CR;

Constdering thart Sirtl is sensitive to changes in NAD" and the
NAD*/NADH ratio and activation of Sirt] can enhance skeletal
muscle insulin sensitivity, the objective of this study was to inves-

a 10%-40% reduction below ad Libicum [AL] intake) enhances  ogate whether Sirtl is the putanive signaling node linking CR to
skeleral muscle insulin sensitivity and reverses insulin resistance  enhanced skeletal muscle insulin signaling and sensirviry.
inaged and obese skeletal muscle (2-8). However, the molecular

signals within skeletal muscle linking CR to improved insulin  Results

action are incompletely defined, CR-induced improvements in  Mause model, To address the rale of Sirt1 deacetylase activity in
insulin-stimulated glucose uptake by skeletal muscle in response  the enhancement of skeletal muscle insulin sensitivity with CR,

Sirtlo] u}$2 FSAELY Q4w IS /AT E =R o2 Sirtl¥ PGC-1& F4a.3
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Betulinic Acid for Cancer Treatment and Prevention

Simone Fulda

University Children’s Hospital. Eythstr. 24, 89075 Ulm. Germany
Tel.: +49-731 500 57034; Fax: +49-731 500 57042; E-mail: simone.fulda@uniklinik-ulm de

Received: 13 May 2008, in revised form: 3 June 2008 / Aceepted: 4 June 2008 / Published: 27 June
2008

Abstract: Betulinic acid is a natural product with a range of biological effects. for example
potent antitumior activity. This anticancer property is linked to its ability to induce
apoptotic cell death in cancer cells by triggering the mitochondrial pathway of apoptosis.
In contrast to the cytotoxicity of betulinic acid against a variety of cancer types. normal
cells and tissue are relatively resistant to betulinic acid, pomting to a therapeutic window.
Compounds that exert a direct action on mitochondria present promising experimental
cancer therapeutics. since they may trigger cell death under circumstances in which
standard chemotherapeutics fail. Thus. mitochondrion-targeted agents such as betulinic
acid hold orcat promise as a novel therapeutic strateov in the treatment of human cancers.
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Betulinic acid derivatives as HIV-1

antivirals

Christopher Aiken' and Chin Ho Chen?

'Department of Microbiclogy and Immunology, Vanderbilt University School of Medicine, Nashville, TN 37232, USA
*Department of Surgery, Duke University Medical Center, Durham, NC 27710, USA

Betulinic acid (BA) derivatives are low molecular weight
organic compounds synthesized from a plant-derived
natural product. Several BA derivatives are potent and
highly selective inhibitors of HIV-1. Depending on the
specific side-chain modification, these compounds func-
tion by inhibiting HIV fusion or, as recently demon-
strated, by interfering with a specific step in HIV-1
maturation. BA derivatives have potential as novel HIV-1
therapies, and additional studies of their mechanisms of
action are likely to further define the novel targets of these
compounds and elucidate the basic biology of HIV-1
fusion and maturation. In this review, recent studies of the
novel mechanisms of action of this interesting class of
antiviral compounds are discussed.

The need for new HIV antivirals

The therapeutic management of HIV infection depends on
the availability of potent and specific chemical inhibitors
of virus replication. Currently, the majority of elinically
available anti-HIV drugs target reverse transcriptase
(RT) or protease (PR), the two key viral enzymes. RT
inhibitors include both nucleoside analogs and non-

Discovery of betulinic acid derivatives as inhibitors of
HIV replication

BA (Figure 1) is a natural product that is present in a
variety of plants. The molecule is a member of the
triterpene family of compounds that is moderately water
soluble and relatively nontoxic. In the 1980s, researchers
identified triterpenes as potential anti-cancer agents
[1-3]. Subsequentily, several triterpenes were found to be
inhibitors of HIV-1 replication [4,5]. In an independent
line of investigation, Lee, Fujioka and colleagues [6]
identified BA and dihydrobetulinic acid as antiviral
compounds present in extracts of leaves of the clove-like
plant Syzigium claviflorum. This group of medicinal
chemists later synthesized a panel of BA derivatives
containing side-chain modifications at C3 and C28
positions of the BA scaffold [7,8]. Several of the modifi-
cations resulted in enhanced antiviral potency, resulting
in the effective inhibition of HIV-1 replication at nanomo-
lar concentrations. Studies in cell culture revealed two
potential mechanisms of action. First, the BA derivatives
ontaining modifications to the carboxylic acid group at
position C28 appeared to inhibit HIV-1 entry into cells
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ABSTRACT

Betulimic acid 15 a known natural product which has gained a lot of attention in the recent years smnce 1t exhibats a var-
ety of biological and medicinal properties. This review provides the most important biological properiies of betulimc

acid.
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1. Introduction

Bemlmc acid, (38-hydroxy-lup-20(29)-en-28-01c acid)
(Figure 1) is a naturally occurmring pentacyclic lupane-
type tnterpenoid which exhibits a vanety of biclogical
and medicinal properties such as mhibition of human 1m-
munodeficiency virus (HIV) [1.2], ant-bactenial [2.3].
anti-malarial [4]. ant-inflammatory [5-8] anthelmintic
[9]. antmociceptive [10]. ant-HSV-1 [11.12]. and ann-
cancer activities [13-16]. Betulinic acid is widely distri-
buted throughout the plant kingdom [17]. The birch tree
(Betula spp.. Betulaceae) 1s one of the most widely re-
ported sources of betulinic acid and betulin which can be
obtamned m considerable quantities [18-20]. Betulinic acid

Betulinic acid was isolated from the MeOH extract of
the aerial part of Vietnamese Orthosiphon stamineus and
tested for 1ts cytotoxicity towards Inghly liver metastatic
murine colon 26-L5 carcinoma cells [30]. It was found
that betulinic acid shows the cytotoxicity with an EDsp
value of 75.4 pg/ml

Betulinic acid was obtained from the ethanol extract of
Engelhardtia serrata Bl by bioassay-guided isolation
and was tested for its cytotoxic and apoptosis-inducing
activities against the K562 cell line [31]. Bemlinic acid
showed an inhibitory activity on the growth of K562 tu-
mor cell line with ICs; value of 6.25 pg/ml and also in-
duced 35% apoptosis at 25 pg/ml

Betulinic acid was isolated from the CHCl; extract of
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