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Prediction of potential targets efficacy derived from
ginger active ingredients using network pharmacology

A Yeong Lee, Jun Lee, Jin Mi Chun’

Herbal Medicine Resources Research Center, Korea Institute of Oriental Medicine

Abstract

Ginger (Zingiber officinale Rosc.) has widely used for the digestive in Korea and is the most popular
food spices with a uniquely pungent flavor. Many compounds have been isolated in ginger, such
as gingerols, steroids, monoterpenoids, etc. Many studies have reported the bioactivity of ginger
extracts and active compounds in ginger such as antioxidant, anti-inflammatory, anti-cancer, and effect
on the cardiovascular systems. However, the pharmacological effects of ginger between
multiple-compounds and multiple-target were not reported yet. So, we confirmed the holistic
pharmacological effect of ginger using a network pharmacology approach. We screened through six
compounds (6-gingerol, 6-shogaol, dihydrocapsaicin, poriferastan-3$3-ol, 3-sitosterol, and stigmasterol)
with ADME screening in the TCMSP database and searched 55 genes linked to six active compounds
using the STITCH database. The core potential target genes were TP53, BCL2, MAPKS, HSP90AAL,
and CYP7AAL. And Functional analysis of target genes was performed through Annotation, Visualization,
and Integrated Discovery (DAVID) and the Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway databases; 64 pathways were searched. Among them, pathways related to infectious disease
were found the most. Therefore, this study was demonstrated the multi-component, multi-target, and
multi-pathway characteristics of ginger, which were able to predict various efficacy properties for

ginger compounds.
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3} Qighel Thila A, 3) My g i A 4) ChlE-ChilE SRS A, 5) path-
way BAIO] BAE AL

1) Aol THEE

Mol THEES olp ATEROIN AIgshl = EYE B AT8 HolEHo]AQl

Traditional Chinese Medicine System Pharmacology Database and Analysis Platform (TCMSP;
https://tcmspw.com/tcmsp.php, accessed in 2020-10-30)01A] Q1 SIIC} MZO] B E KA
£ TCMSP ol RlZoke= oF=9l S, 222, AL HiaL} HE gL SolM Z54R01&=(0B; oral
bioavailability) 30% 04}, 92 |AME(DL; drug-likeness) 0.18 OJAI0] Fre TIEA|7 = AU A
B39,

SR Ho] E= AL STITCH (http://stitch.embl.de/, accessed in 2020-10-31) T|O]
EJH O] A0IA FEaUARICE. O] HIOTEHMOIANA] “Homo sapiens’ S0l THoAEE AL, 4d
o

ASAE Q] combination score & 0.400(medium confidence) O]AMEH AEAEIGL

3) EhaE-ChilE Al
T

oAl AEE sS4 ch CHNE -l Z ASEtgs EAGIYLE TRIEE 1o ASEES
STITCH HOJEHO]A0A 1 A2 GZE Tl ZofA] 1709 BAl & 50 7 OJUE AlSheldial
combination score &= 0.700(high confidence) O]At0] ZHET F|5IQUC} THHAIE 710] QAIEAL

Cytoscape 3.7.1 HZRO|A AAFSHALCT

4) KEGG pathway

M2 fu FEGEN AAE S ThEE0] Vs g0l B AEV1™e #Wsk| fls 24 HolH
ZHH biological system 9] FEZEIE 0158 W) AFE = Kyoto Encyclopedia of Genes and
Genomes (KEGG, https://www.genome.jp/kegg/Release95.2) TIOJEHO]AE 0]E38I9IC}. o] t
AQl thE -t HSAE BAoA de HHASE JIEOR 510] Database for Annotation
Visualization and Integrated Discovery (DAVID, https://david.ncifcrf.gov/summary.jsp, version
6.8)01A1 “Homo sapiens’® TSt pathway & HAGIYICE KEGG pathway BA1E SallAle 2 S8A
=0] #ogtk= MESHA pathway &9Q10] 71s56HH, pathway 24 23} |oln|st Q1 p-value 7}
0.05 0l5lQ1 HST 75 pathway & AIESIRICE

AR} el TRl E -thlE ASARS, pathway -HHIZI O] UEQITEA] 9l EhlElE 710 914
BXE Cytoscape 3.7.1 TEIMES 0]&3HALC
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Table 1. List of active compounds in Zingiber officinale
No. Compoundd Mol ID OB DL
1 Stigmasterol MOL000449 43.83 0.76
2 B-sitosterol MOL000358 36.91 0.75
3 Poriferast-5-en-383-ol MOL001771 36.91 0.75
4 6-Methylgingediacetate2 MOL006129 48.73 0.32
5 Dihydrocapsaicin MOLO08698 47.07 0.19
6 6-Gingerol MOL002467 35.64 0.16
7 6-Shogaol MOL002495 31.0 0.14
L2
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Figure 1. Network between active compounds and target genes in ginger; Red oval is active compound,

square is gene
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2) EEEEN Ade TaE

STITCH DB 0)A] 6-methylgingediacetate2 @} G1AE THAEIS AMLIX] Lol & 6 7]2] A8}
55 &9] target gene O] AAIEACH igure 1).

o 2l

TR -CH A A EE 2 STITCH GOJE O] A0A] 1 AF (13 Tl 50 7§ o]kt A-akial,
AFA &4 (confidence score)= S7HEO! 0,400 OJATH AHFIATT, 0] 2 0.0~1.0 7HK 2 BE
1 o, B2 4= ALl 207, o] HolEuHo]A0A de thild-thilE ASASS
Cytoscape 3.7.1 ] T2 IHOJA] O] 79 topology & AlASIO] betweenness centrality 71 =&
o2 HHFITH igure 2). 96 7] SOIA] betweenness centrality =7} A1¢] 5 0l sgdl= ThiEIS
TP53, BCL2, MAPK8, HSP90AAL, CYP7A1 OJQIL}. 0152 =2 mj7ll 414 (betweeness centrality)
E 4= LEE0H, OJ52 HREE &2 edge 70t 8 S48 (closeness centrality)E 7FAIAL QA%
L} =2 edge o= UEHINA B 9 node &F AL AoH, &8 SAHES UEKAT U9
O B3 gy 286 AZ2E0] JA=AIE JEsiet e, o] HE oA 71 diurEel
deEs 7 LEE ¥ 4 Qe A0l i S48 siuel 2V HEIE FETl AUoIA]
ENR g o= FEE FYTIS goltt P, o] go] HoM, YEAFA £Q% ggg di=

wEUS o 4 Ark
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Figure 2. Protein—protein interaction network of ginger. The size and color of nodes represented with betweennes
centrality
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Figure 3. Top 10 KEGG pathways according to —log(p-value) and number of genes
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Figure 4. Total KEGG signaling pathway maps within ginger
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AURATE. O|EA TIYSHA HAE pathway E& TIA] AIE pathway 2 EFSIHE £ 20 42 FEE
= A, O FBolA A9 3719 ME map £ specific types cancer (11 7}), signal transduction
(10 7H), viral infectious disease (7 7H)RCH(figure 4). Z12fL} pathway DAE FAHEZ BFIEH
cancer O &St pathway HU} A1+ HAE pathway 7t B Bo] AMES & 4= AUCH
KEGG map OllA] human disease 0] s1E3H= pathway E0] 56%E 7VA =9CMH, human disease
SO0JA= infection ¥E pathway 7t 41% %2 7MY = HISS ARKISHAL Z1 TH20] cancer & path-

way AC}Hfigure 5).
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Figure 6. Active compounds of ginger contributing to the KEGG pathways
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RBA0] GELHBES & 67)2, 6-gingerol, 6-shogaol, dihydrocapsaicin, poriferastan-38-ol, B
-sitosterol, stigmasterol O]21al, O]50] pathway o] 7]0J5t= HIE2 6-gingerol 21%, 6-shogaol
14%, dihydrosaicin 30%, poriferastan-33-ol 7%, B-sitosterol 13%, stigmasterol 13%%AC}Hfigure
6). 0] Z0lA] dihydrocapsaicin 1} $13HE ThHES0] 9] pathway o] Hojgk= BIE0] 7HE =9
Ch.

AZe SOISEoR He JAS 7L Qo] SHEE Xgstal 4517 g HAAZ 4= Q1o
Tt AAlo] okiE &85l AS Wt ofLel A AAR R AIZOR s &85
B0 2EE 9 B FEEEE teiMEs B2 A7t O]F0IA ARIT CHIEO] EHA Q1
Aol oJst 55T ol5E 2l HEYIss &8t Ate A9 o]Foixl vt gith AAXE
9] E44} one compound-one target O] Obd, BEHE Q1 Ztgo] OJaiA] 1 €40o] LIEFLH=H], o]
o] HEYICRStOILE ofgjgt 71E HEoR MZo] Thst R ut tha
ZHo) AsEbgo] et 9IS UEYIARSOR ATHHEUT
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MAPKS8 & MAPK signaling @] & izl = shtol, TMZ WA glioblastima cell & up-regu-
lation 3t0] 8¢t MIEZO] gHe oxlstal YMES apoptosis & QLESHIIL HIEACHY.
HSP0AAL EHIES ASQIRES] Qg A4Al7E AeS LER 1L #, Zurkinden 52 CYPTAL
CHZElS 7Y A Dbile acid 9] AeHd MTIE 40N STIAHIE ARG S84 G4 28610, Sas
WASL FHE SHAHEZS F40le g @tk B ¥ 507 020 Hop 479 g9
S} A A4 deFe mEe Aolet F=FH

AZ qo FAE RARREY HEQS 24 dut, T 64 719 pathway S0] AMEJCH Ol
SOlA ‘hepatitis B'= SAX QR 7 FOIA & LRI, ‘pathways in cancer's= e ThilElS
7ve B0l 28ts6tal = pathway = UEFITE OIS pathway & 7IS%QE #7F6HH human dis-
ease O ZHAE pathway 50| FA| pathway SOl 56%E AFKGIRAAL, 11 SollA AAL Zgh} ekt
TS pathway 0] 71 BUT)E A2 vige REstal, ghtojgia - -gitet- et et &
CHSH O] 0] o] QCh Ol MAY] pathway EA4u =EE, F51 & A= TNF, FoxO,
PISK-Akt £9] signaling transduction pathway S}, 7]AZ, BHE|g|o} & Hlo|HAZ Qlst ZHd A
Zlgtol| HHE pathway 7t The AAE Zi0 0] Qg ZAOE AEL) 22 50 A AAR SR
Alat 24l Aol Q] met 019 AFE o] FH A=EE LEote W 59 shE UES
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