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Abstract

Objective : This study is achieved to know the way that we can use metabolomics for the

scientific research of Korean medicine.

Results : We elucidate that metabolomics can be contributed to four ways for objectification of

Korean medicine
1. Diagnosis of BeunJungLonChi(GiE&aia) .

2. Application toward Personalized medicine.

3. Quantification of Herbal medicine.

4. Evaluation of efficacy/safety for Korean medicine formulation

Conclusion : Metabolomics opens up a new opportunity to reinvestigate Korean medicine from
holistic perspective. Furthermore, Metabolomics is expected to provide effective method in

research of acupuncture and meridian.
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Fig. 7. Pharmaco-metabonomic ~ modelling
procedure: spectroscopic data on pre-dose metabolic
fingerprints (X matrix) from biofluids such as urine
and plasma are statistically linked to outcome
(quantitative toxicity (Y1) drug metabolism (Y2)
matrixes) of a drug intervention via multivariate
statistics such as partial least squares methods.
Typically, 20 -50% of all data is used in the training
set construction. The predictive power of the models
is then tested using a test set or a cross-validation
set to assess modelrobustness. It is also possible as
an additional test to avoid overfitting of data, to
deliberately permute the training set matrixes to
induce a false model that should have a very low
predictive capabilityZS).
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Fig. 8. a, A scores plot from PCA of the 1H
NMR spectra of urine samples obtained before
dosing male Sprague - Dawley rats  with
galactosamine hydrochloride (800mgkg™). Each
point represents an individual rat, with colour-coding
according to post-dose behaviour. b, A scores plot
from PCA of urinary data obtained before dosing
male Sprague - Dawleyz”.
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Fig. 9. Effects of Ginkgo leaf extracts on rat.
Score plot(blue, controls; red, Ginkgo treated; green,
Ginkgo treated, mildly stressed) of urinary NMR
spectra of rats treated with Ginkgo versus control rats
(left, each point represents a complete NMR spectrum).
The shift of Ginkgo treated groups in horizontal
direction away from the controls can be ascribed to
an effect of Ginkgo. The shift in vertical direction is
supposed to reflect stress. The factor spectru(right)
represents NMR signals, and thus metabolites. that are
lower in control than treated animals(negative
direction) and larger in control than in treated
animals(positive direction) in urine of rats treated with
Ginkgo™.

- 162 -



vk obde}l Hikigel d mHm =
H7b vehde Aol sl dAbA Z2 3
AYP(Fig. 10, 11)& B3t ¥4 B3
7F Atk

=)

@ moroskoylglyceral
ool
L/wr’a.m i
! P —— 2-mowopanitin chos ol
.‘_\
L/ h / \ sulmw N /
N S T SO
= ) butanci acid
[r— (3 oy phanyl) busysz acid /
‘ R —— 5 f
octadecencic cil \
I uriding (/ |\ ;/‘“""
I ‘ [ | l ‘
WA | . f \l | Ml
sizcaanci aid
<) /
o Degaliclors
obie aeid
h dyeinm ot / — slarire /
I / | ! i /{[[
S O AT G 1 S\ T el
a T [ w00 750 1) % Tiho 1306 ) a0 ™

TR

Fig. 10. Typical GC-MS total ion current (TIC)
chromatograms of urine on day 10 from the treatment
group (A), model group (B) and control group (C)¥.

HALA| EH(Metabolomics)ofl CHet &t

Fig. 11. Comparison of metabolic profiles from the
control group (black diamond), model group (red
diamond), and treatment group (blue diamond) at
different time points: pre-dose (A), day 3 (B) and day
10 (C). Each dot in the PCA scores plot represents
the data obtained from a rat™.

Iv. 22

) A4 H(Metabolomics) 9] THARA] 419

I 5A WS A doA= clustering
T} pattern 1"&:%“ JAE A JAZ <

Agke @elst olze) AnsE 99 o
3 Ang ATk

E3] 248t tAFEC @} biofluid®)
A Bt & e Anste] o
St A 9 k=9 3oty aFo Hrt 7
5 AN, A EHE FIAe
kAo FF, F4 5 Hrtel g AR
gt 9 %33 2AE AASATY

ol&2 A WA g (Metabolomics)S 32
g4 #HAA & BT s

ok g e 2 A5 avte Aas
of 24 AAE AeE Helt

s
1. Ter Kuile BH, Westerhoff HYV.
Transcriptome  meets  metabolome:
Transcriptome  meets  metabolome:

hierarchical and metabolic regulation
of the glycolytic pathway. FEBS Lett.
2001 ;5 500(3) = 169-71.

2. =W, AL M e
A} 2000 - 5.

3. 234, f24 24

ol o3k APgAA

- 163 -



4.

oo

©

MRt - &

A% A AT
1997 : 1-106.

Ogawa K, Kojima T, Matsumoto C,
Kamegai S, Oyama T, Shibagaki Y,

Muramoto H, et al. Identification of a

7 ol AT,

predictive biomarker for the beneficial
effect  of

traditional) medicine Kkeishibukuryogan

a Kampo (Japanese
in rheumatoid arthritis patients. Clin
Biochem. 2007 ; 40(15) @ 1113-21.

Dunne VG, Bhattachayya S, Besser M,
Rae C, Griffin JL. Metabolites from
fluid

subarachnoid haemorrhage

cerebrospinal In  aneurysmal

correlate
with vasospasm and clinical outcome:
a pattern-recognition 1H NMR study.

NMR Biomed. 2005 ; 18(1) : 24-33.

. Raamsdonk LM, Teusink B, Broadhurst

D, Zhang N, Hayes A, Walsh MC, et

al. A functional genomics strategy
that uses metabolome data to reveal
the phenotype of silent mutations. Nat
Biotechnol. 2001 ; 19(1) : 45-50.

Sabatine MS, Liu E, Morrow DA,
Heller E, McCarroll R, Wiegand R, et
al. Metabolomic identification of novel
biomaker of myocardical

Circulation. 2005 ; 112(25) :

ischemia.
3868-75.

Aol g gad, g 3

Mgt dFAR 2002 ¢ 172-9.
RIHT. AP N .
CONREE i, 1998 ¢ 1-6, 48-55,

82-3, 128-9, 134-5, 158.

=}

F

a1z .,
=laal

12.

13.

14.

15.

16.

17.

- 164 -

P
&=013

C PRFRE hEEIMREEE. R PR

EREAr et 1990 @ 17-24, 35-6.

BRI, hEETHEN RS, it

R EEEE R B . 1998 1 40-3.

LRY, AL, BN, RS T b e
DUREmS, SRR R, 1999 ¢ 62-3.

JEI B, R, R, EEA. A E
T 0107 36 A B 5 P 1 A B e B R AR
R R RS, 1998 5 12 ¢ 12-4.
BITTL, PR, PREIL, e, SRAA,
B AR TR 601 M i R AR
Tk A ne i, KL C3bsz G 1y i 5 F
T B 28 B b a B S G RS, 1998
; 1(1) ¢ 1-2.

Bathen TF, Engan T, Krane ],

Axelson  D. Analysis and classifica—

tion of proton NMR pectra of
lipoprotein  fractions from healthy
volunteers and patients with

cancer or CHD. Anticancer Res. 2000
; 20(4) : 2393-408.

Bogdanov M, Matson WR, Wang L,
Matson T, Saunders-Pullman R,
Bressman SS, et al. Metabolomic

profiling to develop blood biomarkers
for Parkinson’'s disease. Brain. 2008 ;
131(Pt 2) : 389-96.

Kim KR, Park HG, Paik MJ, Ryu HS,
OH KS, Myung SW, Liebich HM:
Gas

pattern recognition analysis of urinary

chromatographic profiling and

organic acids from uterine myoma

patients and cervical cancer patients. ]



18.

19.

20.

21.

22.

23.

24.

Chromatogr B Biomed Sci Appl. 1998
; 712(1-2) : 11-22.
o] &%, °o]S% A 7. A& o EAL.
2000 : 463.

oA FF olAwmt APl st H st
o g wF ofqk o R ekl
2007 : B2.

Clayton TA, Lindon JC, Cloarec O,
Antti H, Charuel C, Hanton G, et al
Pharmaco-metabonomic  phenotyping
and personalized drug treatment.
Nature. 2006 ; 440(7087) : 1073-7.
Kaddurah-Daouk R, Kristal BS,
Weinshilboum RM. Metabolomics: a
global biochemical approach to drug
response and disease. Annu Rev
Pharmacol Toxicol. 2008 ; 48 : 653-83.
Boelsma E, Lamers R]J, Hendriks HF,
van Nesselrooij JH, Roza L. Evidence
of the regulatory effect of Ginkgo
biloba extract on skin blood flow and
of
metabolites in healthy humans. Planta
Med. 2004 ; 70(11) : 1052-7.

Nicholson JK. Global systems biology,

study its effects on urinary

personalized medicine and molecular
epidemiology. Mol Syst Biol. 2006 ; 2
B2

Cho HW, Kim SB, Jeong MK, Park Y,
Miller NG, TR, et
Discovery of metabolite feature for the
of high
resolution NMR spectra. Int J Data

Ziegler al.

modelling and analysis

CHAFA| SHMetabolomics)ol| CHEr &

25.

26.

27.

28.

29.

30.

Min Bioinform. 2008 ; 2(2) @ 176-92.
dev] HEERYAE o§F kb F

HARA Z 2019 AW JHAITE Wl

Mg E_E%EHT‘TH 2007: 2, 10-70, 71.

A, s EY EEAk AR Koean J.
1 347-9.

g AL 2000

Dietary culture, 1988 ; 3(4) :
A RERARE A&
s 112.

Verpoorte R, Van der Hijden R,
Hoopen HJG, Memelink ]. Metabolic

A

engineering of plant  secondary
metabolite pathways for the
production of fine chemicals.
Biotechnol Lett. 1999 : 21 @ 467-79.

Cavaliere B, De Nino A, Hayet F,
Lazez A, Macchione B, Moncef C, et
al. A metabolomic approach to the
evaluation of the origin of extra virgin
oil. a convenient statistical
of
analytical data. ] Agric Food Chem.
2007 ; 55(4) : 1454-62.

Tikunov Y, Lommen A, de Vos CH,
Verhoeven HA, Bino R]J, Hall RD, et
al. A novel approach for nontargeted
data
Large-scale profiling of tomato fruit
volatiles. Plant Physiol. 2005 ; 139(3) :

1125-37.

olive

treatment mass  spectrometric

analysis  for  metabolomics:

31. Pongsuwan W, Fukusaki E, Bamba T,

- 165 -

Yonetani T, Yamahara T, Kobayashi
A. Prediction of Japanese green tea

ranking by gas chromatography/mass



32.

33.

34.

35.

36.

37.

38.

39.

- &

x|

spectrometry-based hydrophilic

metabolite fingerprinting. J Agric Food

Chem. 2007 ; 55(2) : 231-6.

WS, MR E5Y Y HEgel &+

sk AT (- Hamoll RSk, Kk

Ba B B EE, 1999 5 7(1) ¢ 177-87.

AR HUA SFA], o]af,
ThEAIZ ] wWE Q1A

A J. Kor. Pharm Sci.

:23-9.

MH, Robichaud RC. A

Hippocratic screen for pure or crude

drug materials. Lloydla. 1962 ; 25

320-31.

87 WEEIS i e 9

A 2002 ¢ 25-41.

Yuan R, Lin Y. Traditional Chinese

medicine:

Malone

an approach to scientific

proof and clinical validation.
Pharmacol Ther. 2000 ; 86(2) : 191-8.
Stermitz FR, Lorenz P, Tawara JN,
Zenewicz LA, Lewis K. Synergy in a
medicinal plant: antimicrobial action of
by 5~

multidrug

berberine potentiated

methoxyhydnocarpin, a
pump inhibitor. Proc Natl Acad Sci.

2000 ; 97(4) @ 1433-7.

Mechoulam R, Crawn J, Paton
WDM(eds). Cannabis and its
Derivatives. London: Oxford

University Press. 1972 : 1-13.
Williamson EM, Whalley B]J. Cannabis

a1z .,
=laal

40.

41.

42.

43.

- 166 -

P
&=013

as a medicine:evidence for synergy.
26th LOF Symposium 15 February
2002. Leiden: Leiden University Press.
2002 @ 7-8.

Roddick JG, Rijnenberg AL, Osman
SF. Synergistic interaction between
potato glycoalkaloids a-solanine and a
in relation to
of
ecological implication. ] Chem Ecol.
1998 ; 14 : 889-902.

Wang X, Su M, Qiu Y, Ni Y, Zhao T,

Zhou M, et al. Metabolic regulatory

—-chaconine

destabilization cell membranes:

network alterations in response to

acute cold stress and ginsenoside
intervention. ] Proteome Res. 2007 ;
6(9) @ 3449-55.

Wang M, Lamers R], Korthout HA,
van Nesselrooij JH, Witkamp RF, van
der Heijden R, et al. Metabolomics in
the of

bridging traditional Chinese medicine

context systems  biology:

and molecular pharmacology.

Phytother Res. 2005 ; 19(3) : 173-82.
Qui Y, Chen M, Su M, Xie G, Li X,
Zhou M,

reveals therapeutic effects of Herba

et al. Metabolic profiling

Cistanches in an animal model of

hydrocortisone-induced
China

kidney-deficiency  syndrome.

Med. 2008 ; 3 - 3.



