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ABSTRACT

Conventional pharmacology has followed the notion of the reductionist ‘single target selective drug paradigm’.
Network pharmacology has made conventional pharmacology newer while meeting the challenges of this era.
Conventional pharmacological methods have not solved the problems of Korean Medicine. For this reason, Network
pharmaco- logy needs urgently and desperately for Korean medicine research. However, the information on drug
interactions in herbal medicines is complex and less known. There are still some hurdles before network pharmacology
emerges, one factor which constitutes Korean medicine research. There is a need to look for solutions other than
inheriting the network pharmacology to solve problems that Korean medicine has before. The way of 'in silico’
research should be the best to meet this challenge. With the help of ‘in silico’ research, there might have been
emerged new findings of experimental data in Korean Medicine. If 'herbalomics' has been close to foundation through
the 'in silico' method, it will contribute to the formation of modern Korean medicine and, simultaneously, come to a
foundation for revitalizing exchanges with orthodox Western medicine. Eventually, it ends with a significant profitable
and healthy result for the patients.

Key words : network pharmacology, in silico, -omics, herbalomics.

© 2022 The Korean Medicine Society For The Herbal Formula Study
This paper is available at http://www.formulastudy.com which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

205



Chsttolst Wajiets(z| H[30H A3E (2022\782)
Herb. Formula Sci. 2022;30(3):205~210.

_O‘_|‘

=
lo
rO
o
ol
Jo
for
o,

7o 984

A% gl sl 2 AA o
Z% 9% Sk Uty FHAY. B, QRS 7
27h opsta AR B0l B S40] A7) wEe
O AARE mael kR Aol Zgste] YL
ARk o Wah ohel, HoF Aol gl
Aze By oY AFW PR BFstol, Ao
At ptste] AAZ Fue W Folatn 73
FLp. olel wrstel, thael A4 4FE Fotol Sk
3PS BHY olFolo} dJerEoR 190l 518
93 3 olol AAl Gy @A 2olA, B
dr) gRAAPY FAS W A loREw e,
AT QR ofs] A, REMS QWA e
ez AR A @FeIA 2olx ] wEel, gk

= -
A7t 54 Qo] Mastthe F4o] A&sI4 A
H71E e
"a4 fego] AHoln wAel o] ohje}
A

i ARFHOR AYHE A 4T 7] YA

olafl 2o BAE Qlold, Apdolx GrHoz o
2 AWskA] Lata 97] Yol Eg, oleist

o si2=7] ¢side M= 71zl s

AMEA BAAL e M=z ofest, I8al ol o
g oA ke AWEL O Aol FEHE vl

o FAs) Hizp i

=
7120 ofele oS IR, 1948, 198 _ AT
2 ohgrg Aot grom,
A7} gUFele] Furst

of AE " ATS SASHE {AAE RS 1 5

4 WS el BE Mg B4 AR 749
wee Gey s 71E oket olgg ueto
2 9 Aopite, ApE sl SeAE mAow At
ool 4 Ad oFRg e 9IF st 248 o
Aoletn 1 Anke shelshe SUFod Aztow, 1

124 Aske PAska Yk,
SJepgoE MY ool Hate] ey, faAel o
T AFS sior ¥ Bast Yok sheeE, A1 o
ogt th 9B, thE BAY okl AkS
A2 958 7 Q. Tk o shtel Fopy
oy sieets UAR doRt BUER TAHe 9o
o, ofe] EA| FAhIHOE b o] oA
oop|d olEoEL TR BEHS UF
1, FEsjl ¥ B AR ¥e 47t g 1

=a=
S 9g Wyl stz Azd o] Ad2 3}
A

I A7e] 2FHer Ao, I 2t 42E
1

9 Moz geple ARe Relste] aAvsteete
globe FASHE BE AREC AuA wueh 24 2
82 WH/lE olgty. 23, A% olgtyt Batel B
AFo)A HHEe okl asit bl dig Al
2 8 Havel Hrel: olelge] wor] gok o
g A7 24 o] wlel go] PEshcH”

o] WE 75A40] e YEST okalsty} 1 o2
Z1gto] =& "-9HA(omics;—AHSH”, 2183 T A
Aol HE o g ZESH= “in silico” At 71Ho o
A AR T QT FaEl ol ol
7ol 582 7 J=AE FFHELA S

e & om 1o rfu 3o rfu oMo St

2. YES T oF=)st

D). YIES= ofst

71E] "Gl w4 AE oFE ALAAE HloluA]
A, B AL AAF 7o g ARE g

=21

=y

oFo
=L

*Corresponding author: Sun Dong Park. Department of Korean Medicine, Dongguk University, 32 Dongguk-ro, Ilsandong—gu, Goyang-si,

Gyeonggi—do, 10326, Republic of Korea

Tel : +82-31-961-5825, Fax : +82-31-961-5835, E-mail : sundong2371@gmail.com

*Received : August 9, 2022 / Revised : August 17, 2022 / Accepted : August

206

19, 2022



2% 9 29) : gojat

QoA V=T Skelste] WA A77]Hel

"in silico” AT HHES] 1ol WgA

Kim et al, The initial for herbalomics; using "in silico" experiment.

ste] Batstel g4gol glgith
5o olAN YESD FAe| HH
Wk Aol ole] YLK, o]

o

=1

9 o

2 BA WEYD, A2E = A
7t

Al

AH) Ol:a] S}

—m aH=,

B 1o

1=

Rl

JESD 5 ofg A2 ek 2e)
| #ol] ol2ZelAi EYA ofejslolei golz
ARSI HESIT ofre AR A
olsfsl] 18 BTt WAL Aolo] &
HgEAoR RofslrE St Y
TR, (A) B FR k2o tE u
452G oleeh e AR dlole
a9 o2 YESD A7E Fo) oE

 Adx, B 2¥d

&
it
N

el

[e)

19 ox o
& W oo
™R jtj

ot wx 1ot 1N

ot
st

B 1o U X 1o om ofN fo

(m 2 |m

1o, nju

JHE olgs
o]
A

st

DN %

b 24

O =z

E 3
© 5o,

zof okl Az
B4, Aze Fede HolE 4 gt
=42 AT 5 AP, B¢, YED

7Y

2 z

Ean

a
Fe)
golg s,
Bon] Astol
Al 53, v
ZgH ol AluA
st Sl ol

—_—

O oo mS ofm mek

i
T

d
lt _10](

Q|
10 1o o rlo Fo

o

[m o o

]

=~

YEHD e o
2

s}

50
)

2).” =29~ (omics;—H|sH”

YEHYA ks Ak 84 59 shel,
A (-omics;—AHEH 7| @ollE oY AHedHEEo] 9l
T &, AT A ZAEE 7L g Agke o
g3t EAER WA A3t ofder o fHA 9
BEAE9 ooz % Hert wWrts Aol "ieX]
7] Ao, A9 didEo R B Aoz
olsfi=l L AUk, 71, oo E fARe] ot AT
drdo] oflet, oy {44 945 FH 34 A
a3 oF et T2 o] BERoia oheket

i
[e}Ke] 1A RS
= 9O /\: E]_Q,]-

. T=06, o1 ,;g/\]

)

A}

0O

SR EWAY O WS

2(-omics:—AI8h" 7]&9] =8-S HhS Wl Qop

207

A/ 2AE FAll & R

o|m

Agor duEi 7|E

Q‘l_‘
o
ol

5

r
il

™,
HT
rr

hat
o 1

H

1)

nE o i
o

i)

ol

el

kl

of rE i o
=%

o rlo lo

2
o
e

)

o
ol
0
o
KRNI T

= 4
oX,

O
=

)

St wX rHore 2o
o

Mmoo rx

]

ot
[*]
o
L
o
g

it

2 A 30 KU ok do mo o ox Y o

At EZE, o7

o

oreix) 7]
w4 Aze A 4R

Aot AEA F71

N

1]

N,

il
rr

e
ol qlo

jul
ol
e N

=
fru
Mo
W
E

o

i

Ir

2
)

|

)

i H
(]

s
5

i

%o A
ol
s} ng

8 Moo kI opQ o WU
pi=t

wr rlr o

3
T

lo,
POy

o

it

%

J

_O,L
ki
=)
o
ofy
A
o
rr 4

=

3). “in silico” A
oFE9] F4ot 23, tiAl, BAH(ADME: absorption,

=
gL

distribution, metabolism, extraction) A]ZEo| <SS
¥ 3K Drug-Likeness, DL), A32|&A=(Oral bioavailability,
OB), BY &4+%(Caco-2 permeability, Caco-2), &t
St 14 Y ELF(Compound-Target network, CTN),
PR 1A Y EY A (Process—Target network, PTN)

nE WE B4 o)t 2

[e}
A Eg "N o] “in silico” WHERoR gLy
ot & E4E mretelr] g “in silico” PO,
T84 IogS), FEE-FEAS(ogD)S =11, 4tsfie]
A (pKa) 5 o8] 2834 EA H7kE 913 2H
Hwo] Ajt=e], HEstyor o]f 7Haet =9

shlo] 4eiAeH,

R HAFHE o8

“in silico” A5 H3te] 9l



Chsttolst Wajiets(z| H[30H A3E (2022\782)
Herb. Formula Sci. 2022;30(3):205~210.

YIESAHDN), dg §34 YEIZ(DGN),
2 23 YEYZ (DIN) 7F o F ) ooF
HESSE FDA &< ofay 1 &2 chad
Atole] ezl APde olgstirt. MEYIYS
T(node)o} IS =5 Lo HHE Ao 2 o]q_ L
To] 3719t FA9 FAE AR o] =2
Hleflate] AzE A depd? 2 919 Al YESA

o wE
Bolo mX

_lZ‘L 19, rlot

o
JHU

oMM AT SAAL HEYD =Eo| BE JEAG
L AlsolH 248 AASAR, kRS A% FTAG
g BRAoR ARG 4o Ik,

el W] slofels SAAE (A) BN 7
aargots Agol w1, (B) S 2HNA WA 2
dHt Aol 9, O ¥ FF TES iz,

(Gene Ontology) &0l F/dh=
e A7 Az AY fAze dfdo] izl HH
TAdS & 4 lod, e HEYa 7ut =

B 5 Gtk QA BhHeld] ghe

N

ok flo o T
ra
_>'~l_‘
il

Yl
o
Jo o
=
)

-
—(11
’\1\

(0e)
S
L
th
o
>

|t
T
]
ol
)

>
.
e
o £

o b T
o e
>
I‘E‘ :lo
T
LY
m =
£ 2
j@ e
')
ol

Oj‘& Jo |z
N,
o, iﬂ% 5'4_‘
PR
o ok

ol
ol
kel
i
=

Ergafel “/K]o]: NEF TP
o] o]FojFom, o
slBet S8 FH kL Atold
'%E A" gl gt
= AMAE ghE o,

LﬂE%Jﬂ %ﬂc#f FHAge] Hge "WER
"~ YA (-omics; A EH"Boprt HEo] A5,
Aol AFHE 83t "in silico"dF7T S
A 2HE o et AUt ZFssHAl Hgich #T )
3 ofjsh o] Jgoz FrolAME HG
THE 5 AR A7 PTHE =92 AlEsta 9o

N
—_
ol
-
N

O_u
mlo

e,
J%
it

s H;l
o

Mo .
e
o

=
M e
0 4>
IJJ
JQ
3o

of & 1= do & |
mO
N
)

o 2w ol

i)
Hr

i

Im e

IL:

o, olo] WE ATWEL }ow gtk I1FAN YEY
3 ofe|stelldet 22 Ao Ho 1E1f*ﬂ°l/\e THEN
4T dde 74 ste o] A=l deF o
To AgeAe] daiMe BAH] B2y Jo 4T
o] AZEITY By] offch 1 E2y ARe Az
ot AI7I7F =910 W Sk Highe] Atk

3. YEIA oFsta ghojst
HEga ofalshe 294

I T I =

(o]
of Zgste Aer I A Ase A

A PAolTH, YES ofejste] Al e PHEe
dopo] et LA F2e F Ao HAAL A
st Z2AY BITP, MEYD @) ofelef'e 55
B AEeHY AAgelA dep At A Al
chRE PAS Sotd Aute Fal Bdshs WAl
B2 @ Hoke @7 ATAA, doleuols g,

g guse] w4 7, o

Fe =7 PR, Wk G A
cog yEYIe) Ag, At A7 AT So=
H o

Fgate], chort 2UE] %
Aol Wse AZ EelN =
P, ol HoF AU T olel el olFA
ek, ol® AUA EikE YA, Teln 2ol
ofe] A oW Qe mA 4 iAol et ofs
2 o 27 sk, Ao sojste AR, 2w
Ao AEA AT 4 ds @

HIEFIL T ol () P 2
& UEYD, a7 28 UEDL fA4 oA
YESZ, At YEYD W Asag 3

‘I_

ot

= AAZA YEHAT el &4
Aol AESHA AA. (B) jFe, §oF AR Ee
HEHT Wo] oF&. (C) BIY HIELIAA HH
A BEY 5o &8d 4 gl
AA7EA AEE HEYD o] ofgjste] A At

S AmBEA, AZ, f125 g, J8a JF0E
SrofAiet ke, AR 5ol Al digt HE

3 BAE AEsgaY, disrRe] fadEse]

Tt FE20 AEcH 24 Hlaskyt
Uo7z pusel oig At ehAe Almskla),

FRF RPPME EM-AE PSR ERSEY T ol

gof AiEeS 2Aste o] e E@Eetd 54
(physicochemical property), AEFx, oA 32
A 7%, 283 g dee] Aol %“50}93\3}14.
SRRk, o9} ZE AFEo] Hitt FAE AAHsh=

Sadk AR oot YEQT ofest'or gjtef

AT B e A dEQd AR AR
date] e e aEA i, A oA F of
= of digt & 2 &4 A7t 71Eel 6% gol

P QEA ] ot o] F Syt . aH=

= o=r ZASH] =W, ofn

AE7F AFHS 7FsAdol oM, 1 A= 15—5?}%

lo 10 r1r

N 4o to i
O



P 9] 291 : gojsk Aol VIEST okjste] Al ATAH in silico’ AT WHEe] £ Bay
Kim et al, The initial for herbalomics; using "in silico’ experiment.
ol 249 WHE Hry JHO| Feto] © & el 2). “in silico” AT =N oA
o] Qltkal Hofof g ol TejHE, oFF U A& “in silico” A HAle] 7 FAHL, HE w2 9
ko] FoAgm AW ofE 71 AT 28-S uEhd F CE 7FsA, E-ol AR Tlol" ME =2 7}
4= Sl HlolEHo]A0] FFo] Hasith ol L%t Aol whE HEH, AT AE Fo] 24" 994
AdY Ztgdoz Past Zo] “herbalomics(FeFAASH” o] itk FoF Fo] HEe BT A 1 AR Bk
T e A FobE ANEAl whEelof st 11 Aol g7y, e BAo it ARE gAY e 7A
e Eﬂo]ﬂ Hlo| A AE3} o5 Z[Hte g jF YEQA v A9t AEo] Amrt A4 AltiE whdEA] ok
ghof ofgjsto] @ity 12, 11 A FHHo=R 7Fs/dol Eh ol9t &2 MAE FESH] $fste], in
“in silico” AT WHES E?JﬁﬁoF gt silicoz J wie RHIEA] AdAo=z ZAd A
gt FESte] Hoof s, HlAor FAH &
4. YEYA ] oFgst 7I¥ks 913 “in silico” AT 57 BE5S dle WIEA AES SHteke] I 2R
D. “in silico” A7 =l g4 7} itk
“in silico” A= EF M ARALS A He
A gy dAFto] tigk ofeldolE 7MY FXtelA A 3). 1l AHE oEA
dstal B4 A5 4 ok HFEE vHES B9t dojete mdofopgt k= 42 oA Ar|HeR, |
TR o] M 4% 2ok2 ZdE Az ¢ st A AE 8% FAe ] Adoez vz siEe
7 v S, AFEe] Qat SEol ek oA W, S RAsoR @ A0t “in silic” 7HE @ejste] ofm
| M5 Ado] iRl enyd A%Ye gez U A A8T AW & o odo] % Sl
Skt 71 Ae] A AMgoR AW 4 ok ST AR ol A ojve] Wser & Ao AU
A9 A(experimental research) ob= 11 W2} o WO Y 42 ke 2859 aEe sk ¢
gs 2] Botk ok A9t ofgl® olf= 74 = Zestuzt gt} 7hy, FHRe] A RSl mi
“dol Bashy] wgolth. AME A&6A wdst A 5 SkevlEo] B4 A Al F7)o 73
71el th-gsfiop o ARE Axke ofF A 253t P FH AAO] FkS Hlw Hrket 4 qlokd, A
£ T 4 7] "Rl Zas dueES Jidshd vt A= B4 et AESol dAY A Al WA=
g FeIA R 7R A4S Aldgskal MAE Fof ¢} Aghof| ogA Zgsh=AE & F QAL °olF FolA
A 3 ANE 2 5 ok Am gael Wee Aol Admi seede) S48 FEA Aodes U
AE B4 ShEE 20% AHgshe AT 2071 B4E ¥ 4 ¢ Hel
194 st AL S SEdE AL AT A Cin silico’ ZHol SRR, olFR Aas} Aol
ok g 7H] 852 284 4l 2ol #EARTE H HIEQIA §Fo] of=|g} Eﬂo]ﬂ Hlo|A7h gHEold 4= 9l
270 £ A5e IRU A S, delst olg W Q4 wAe] Ao 2EeS
Az okl welel Avold BEET Y AFY st Ao 4 9L Ao AzEn
& 989 A7E, Bels AFoIAE Fdsl wel 4
A8 L{iElojof sk WHEo|th jrejstelA Y] References
E92 ofelst Q7 mASS Eof 97 Asehs
olu|7} 9l Aottt o, “YELZ oFgls e fHA 1. Han SY, Kim YK. New Approach for Herbal
st ZHto g Shof, 1] 12 Wojx]e AR X2 7] Formual Research: Network Pharmacology. ]
Hoz stu 9ty disto] 3rolst AHEL o]n L Physiol & Pathol Korean Med. 2016;30(6):385-96.
2 og@A dAstojof 1t 12 WS 4 94 AV 2. Poornima P, Kumar JD, Zhao Q, Blunder M,
gt AR tigsls Ao Ads] ojHct agez, Efferth T. Network pharmacology of cancer: from
22 “YEYT kgl o] 558 2L HHLS nXAsH understanding of complex interactomes to the design
I ZA9, I ¥ S £ 9= AxES T8stH of multi—target specific therapeutics from nature.
“in silico” 2@ 9WE7]o] H=sfoF sttt AJzkeict Pharmacological Research. 2016;111:290-302.

209



Chsttolst Wajiets(z| H[30H A3E (2022\782)
Herb. Formula Sci. 2022;30(3):205~210.

. Hopkins AL. Network pharmacology: the next

paradigm in drug discovery. Nature chemical
biology. 2008;4(11):682-90.

. Boezio B, Audouze K, Ducrot P, Taboureau O.

Network-based approaches in pharmacology. Molecular
informatics. 2017;36(10):1700048.

. Berger SI, Iyengar R. Network analyses in systems

pharmacology. Bioinformatics. 2009;25(19):2466-72.

. Casas Al, Hassan AA, Larsen SJ, Gomez—Rangel V,

Elbatreek M, Kleikers PW, et al. From single drug
targets to synergistic network pharmacology in
stroke. Proceedings of the
Academy of Sciences. 2019;116(14):7129-36.

ischemic National

. Tang ], Aittokallio T. Network pharmacology

strategies toward multi—target anticancer therapies:
from computational models to experimental design
principles. Current pharmaceutical design. 2014;

20(1):23-36.

. Roth BL, Sheffler DJ, Kroeze WK. Magic shotguns

versus magic bullets: selectively non—selective drugs
for mood disorders and schizophrenia. Nature
reviews Drug discovery. 2004;3(4):353-9.

. Goh K-I, Cusick ME, Valle D, Childs B, Vidal M,

A-L. The
Proceedings of the National Academy of Sciences.

2007;104(21):8685-90.

Barabasi human disease network.

10. Kim HJ, Bak SR, Ha HJ, Kim YS, Lee BK, An

11.

WG.  Systemic of Antibacterial and
Pharmacological Functions of Scutellariae Radix. ]
Physiol & Pathol Korean Med 2020;34(4):184-90.
Zhou W, Wang Y, Lu A, Zhang G. Systems

pharmacology in small molecular drug discovery.

Analysis

journal of molecular sciences.

2016;17(2):246.

International

12. AY M, Goh K-I, Cusick ME, Barabasi A-L, Vidal

210

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

M. Drug—-target network. Nature biotechnology.
2007;25(10):1119-27.

Hopkins AL. Network pharmacology. Nature
biotechnology. 2007;25(10):1110-1.

Lee WY, Kim CE, Lee CY. A Novel Method to
Investigating Korean Medicine Theory: Drug—centered
Approach Employing Network Pharmacology. ]
Physiol & Pathol Korean Med. 2021;35(5):125-31.
Shao L, Zhang B. Traditional Chinese medicine
network pharmacology: theory, methodology and
application. Chinese journal of natural medicines.
2013;11(2):110-20.

Park S, Lee B, Jin M, Cho S. Comparison of
network pharmacology based analysis on White
Ginseng and Red Ginseng. Herbal Formula
Science. 2020;28(3):243-54.

Han JA, Choo JE, Shon JW, Kim YS, Suh SY, An
WG.
pharmacological functions of anisi stellati fructus.
Journal of Life Science. 2019;29(2):181-90.

Lee AY, Lee J, Chun JM. Prediction of potential
targets

Systemic analysis of antibacterial and

efficacy derived from ginger active

ingredients using network pharmacology. Korean
Herb Med Inf. 2020.

Beck JM, Seo HK, Kwon YK. Review of Network
Pharmacological Approaches on Korean Medicine ]
Physiol & Pathol Korean Med. 2016;30(6):419-25.
Lee B, Cho S. Comparison of network pharmacology
based analysis results according to changes in
principal herb in Sagunja—tang. Herbal Formula
Science. 2019;27(3):189-97.

Gerbrand C. Progress in Li-ion Energy Storage
and Alternative Technologies: Fum; 2021. 41-65 p.
Gerbrand C. Disorderd Rocksalt(DRX): Resource—
friendly Cathode Materials: Eum; 2021. 69-86 p.





