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Immunological mechanism of Panax ginseng for promoting antipyretic effects of
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Abstract: Qi-fen fever is a syndrome of Qi-fen syndrome in defensive gi nutrient blood syndrome differentiation. Baihu Decoction is a
classic prescription of cooling Qi-fen, but when yang brightness heat at gi aspect is too exuberance to hurt human healthy qi and body
fluid, Baihu with Ginseng Decoction will be used for treatment. In order to explore the mechanism of antipyretic effects of Baihu with
Ginseng Decoction, this paper applied the network pharmacology method on the basis of summarizing the effects of ginseng on the
natural immune system and the relationship between fever and the natural immune system. Firstly, 22 chemically active components of
ginseng and their corresponding targets were screened by TCMSP database under limited conditions, and HPO database was used to
search for fever-related disease targets. Secondly, the “ginseng-target-fever” network was constructed by STRING database
corresponding to ginseng chemical active ingredients target and fever-related disease targets, and Cytoscape software was used to
visualize the above network and obtained 18 key nodes according to the relevant characteristic parameters. Finally, The GATHER
database platform was applied for the enrichment analysis of the gene function of key nodes. According to the network construction
and topological calculation, it suggests that ginseng could activate the natural immune system by regulating MyD88-dependent or
MyD88-independent Toll-like receptor signaling pathway to promote the antipyretic effects of Baihu Decoction.
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Fig. 1 Bacterial endotoxin attacks macrophage and leads to fever
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Fig. 2 Prediction of antipyretic mechanism of key active components in P. ginseng by network pharmacology
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Fig. 3 Structures of 22 active ingredients in P. ginseng
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Fig. 4 Interaction network between predict targets of actives ingredients in P. ginseng and fever-related targets
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Table 1 Key nodes in network and their closeness centrality

S5 RBET A JEE KEE
1 ADRA2A  drug-target 0.303 797 47
2 NR3Cl1 drug-target 0.317 880 79
3 IFNG drug-target 0.322 147 65
4 OPRMI drug-target 0.324 324 32
5 SCN2A discase-target 0.338 028 17
6 KCNQ2 disease-target 0.342 857 14
7 CACNAIS drug-target 0.342 857 14
8 SCN1A disease-target 0.345 323 74
9 TGFp1 drug-target 0.347 826 09
10 CASP8 drug-target 0.350 364 96
11 CASP9 drug-target 0.360 902 26
12 HTR2A drug-target 0.366 412 21
13 IL1B drug-target 0.369 230 77
14 STXBPI discase-target 0.369 230 77
15 NFKBIA drug-target 0.372 093 02
16 PRKCA drug-target 0.396 694 21
17 APP discase-target 0.406 779 66
18 TNF drug-target 0.432 432 43
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Table 2 Signal pathways of 18 key nodes by GATHER database
(ERcpil REEFLRR P

apoptosis CASPS8, CASP9, IL-1B, NFKBIA, TNF <<0.000 1
MAPK signaling pathway CASP8, CASP9, IL-18, PRKCA, TGF-p1, TNF <<0.000 1
Toll-like receptor signaling pathway CASPS, IL-1B, NFKBIA, TNF 0.000 2
TGF-beta signaling pathway IFNG, TGF-B1, TNF 0.001
cytokine-cytokine receptor interaction IFNG, IL-1pB, TGF-B1, TNF 0.004
neuroactive ligand-receptor interaction ADRA2A, HTR2A, NR3C1, OPRM1 0.007
calcium signaling pathway CACNAIS, HTR2A, PRKCA 0.01
gap junction HTR2A, PRKCA 0.01
dentatorubropallidoluysian atrophy (DRPLA) CASP8 0.02

A BT FCHRAE F PR A L T RES T =
MRS A 5, T 49 1 vl $ ] 7= X
Yoy PO AT EH TP R, 32 B AR R A 1 2R,

WA BT TN IR R AT RS 75 0 B T & B
BT RE R 1 A KOO Hk, EAS
HRZH NS el T TLR {5 5l B
LA RGUIM A ot A HIR BRI,
MR AT RES NS H IR G T HAb R
HIP FIVE A Ok .

5 RE

t 2 B 05 R T BRI RN i B 2R . e
TIFEMR N SRR R, WORR — B M AR
BHENR, R SR G BRI, 22 Pl
ARG EER LA, NH T el A 2
IR R A R S SRR LT AR, R
EH TR EITWI I AN R4 2B 2w ST T
2, RS NS T R B AR ARG R AR )
PEA2dm, Mg NSRRI R4, IR
S AE T TLRs {5 5l BEGE IR R IR S
RGRIHEAL AR MRRIN R e st —0
SEIO N LSS AIE, AR IE 25 (2 AP E 0T e 4 44
SEG 4
SEHR
(11 3 fh, #fhE, ERE, %5 AZ

YER B AR RIBLE] (0] A dyE

1-11.

[2] Azike C G, Charpentier P A, Lui E M. Stimulation and

suppression of innate immune function by American

B Re FIPLHIAR
A 2245, 2013, 3(1):

ginseng polysaccharides: relevance and
identification of bioactives [J]. Pharm Res, 2015, 32(3):

876-897.

Biological

(3]

[12]

[13]

X, gk Bl KRR, & AZEEN BALB/e /b
BB E B 1] B EEBE, 2015,
15(6): 1041-1045.

INEIR, BEG, B, 55 ASEHPUA4EE
FRLEIBE L e [9]. 2y, 2017, 48(9): 1912-1915.
Jang K J, Choi S H, Yu G J, et al. Anti-inflammatory
potential of total saponins derived from the roots of
Panax ginseng in lipopolysaccharide-activated RAW
264.7 macrophages [J]. Exper Therap Med, 2016, 11(3):
1109-1115.

& g, #ICH, RS, & NS SRR TTER
HISRESHT T [J]. ALRTPEEZ, 2016, 35(1): 41-45.

Han J Y, Kwon Y S, Yang D C, et al. Expression and
RNA
dammarenediol synthase gene in Panax ginseng [J]. Plant
Cell Physiol, 2006, 47(12): 1653-1662.

Joh E H, Lee I A, Jung I H, et al. Ginsenoside Rb, and its
metabolite compound K inhibit IRAK-1 activation--the

interference-induced silencing of  the

key step of inflammation [J]. Biochem Pharmacol, 2011,
82(3): 278-286.

Hopkins A L. Network pharmacology [J]. Nat Biotechnol,
2007,25(10): 1110-1111.

BEPERR, JRTRER. 2% 2 B AR A v 2GR T I R B R
FAHERE [7]. " EEZ4, 2016, 47(16): 2938-2942.

Evans S S, Repasky E A, Fisher D T. Fever and the
thermal regulation of immunity: The immune system
feels the heat [J]. Nat Rev Immunol, 2015, 15(6):
335-349.

Liu X, Tang Y P, Liu R, er al. Antipyretic and
anti-inflammatory activities of Thais luteostoma extracts
and underlying mechanisms [J]. Chin J Nat Med, 2015,
13(3): 192-198.

Brito H O, Barbosa F L, Reis R C, ef al. Evidence of

substance P autocrine circuitry that involves TNF-a, IL-6,



¢ £#% Chinese Traditional and Herbal Drugs

F49% F 108 2018E5 H © 2467 *

[14]

[15]

(18]

(19]

(21]

and PGE, in endogenous pyrogen-induced fever [J]. J
Neuroimmunol, 2016, 293: 1-7.

Hasday J D, Thompson C, Singh I S. Comprehensive
Physiology [M]. Hoboken: John Wiley & Sons, Inc.,
2014.

Morrison S F, Madden C J, Tupone D. Central control of
brown adipose tissue Frontiers
Endocrinol, 2012, 3(5): 1-19.

Nakamura K, Morrison S. A thermosensory pathway that

thermogenesis  [J].

controls body temperature [J]. Nat Neurosci, 2008, 11(1):
62-71.

Dantzer R, Wollman E. Molecular mechanisms of fever:
the missing links [J]. Europ Cytokine Network, 1998,

9(1): 27-31.
Hirsch J, Astrahan A, Odeh M, et al. Q fever risk in
patients treated with chronic antitumor necrosis

factor-alpha therapy [J]. Case Rep Infect Dis, 2016, 2016:
1-3.

Tolosa J M, Schjenken J E, Clifton V L, et al. The
endogenous
inhibits LPS/PHA-stimulated cytokine
human blood and is sorted into placental exosomes [J].
Placenta, 2012, 33(11): 933-941.

Fuchs F, Damm J, Gerstberger R, et al. Activation of the

retroviral envelope protein syncytin-1

responses in

inflammatory  transcription factor nuclear factor
interleukin-6 during inflammatory and psychological
stress in the brain [J]. J Neuroinflam, 2013, 10(1): 1-17.
Qian C, Cao X. Regulation of Toll-like receptor signaling
pathways in innate immune responses [J]. Annals N Y
Acad Sci, 2013, 1283(1): 67-74.

Hurst J, Von L P. Toll-like receptors and autoimmunity
[J]. Autoimmun Rev, 2008, 7(3): 204-208.

Szatmary Z. Molecular biology of toll-like receptors [J].
Gene Physiol Biophys, 2012, 31(4): 357-366.
Beutler B. Innate immunity: An overview [J].
Immunol, 2004, 40(12): 845-859.

Ryu J K, Kim S J, Rah S H, et al. Reconstruction of LPS

transfer cascade reveals structural determinants within

Mole

LBP, CD14, and TLR4-MD2 for efficient LPS
recognition and transfer [J]. Immunity, 2016, 46(1):
38-50.

oML B B, ZRIAL, . Toll ARG Sk
8 S LGB AR RO FEERE (1], o [ TRy 2 2
#%, 2014, 36(4): 335-338.

Kawasaki T, Kawai T. Toll-like receptor signaling
pathways [J]. Frontiers Immunol, 2014, 5(461): 461.

Liu J, Shu W, Liu H, et al. Stimulatory effect of saponin

from Panax ginseng, on immune function of lymphocytes

(30]

(31]

(32]

[33]

[34]

[36]

[37]

[38]

in the elderly [J]. Mechan Ageing Dev, 1995, 83(1):
43-53.

Wang J, Sun C, Zheng Y, et al. The effective mechanism
of the polysaccharides from Panax ginseng, on chronic
fatigue syndrome [J]. Archiv Pharm Res, 2013, 37(4):
530-538.

Pannacci M, Lucini V, Colleoni F, et al. Panax ginseng,
C. A. Mayer G115 modulates pro-inflammatory cytokine
in  mice the increase of

production throughout

macrophage toll-like receptor 4 expression during
physical stress [J]. Brain Behav Immun, 2006, 20(6):
546-551.

Jiao L, Wan D, Zhang X, et al. Characterization and
immunostimulating effects on murine peritoneal
macrophages of oligosaccharide isolated from Panax
ginseng C. A. Meyer [J]. J Ethnopharmacol, 2012,
144(3): 490-496.

Byeon S E, Lee J, Kim J H, ef al. Molecular mechanism
of macrophage activation by red ginseng acidic
polysaccharide from Korean red ginseng [J]. Mediators
Inflamm, 2012, 2012(1): 44-48.

B, KR, XIS, 55 5 FAEMEAS A
ANERRPEARE L AR AR IR D BE S AR 4 A R
[U]. AZW5E, 2014, 26(1): 13-16.

O, BRAE. ASEHE Rb EHUTHREAREMH NK
A S hRERIAT ST (). DU THEE S A 20, 2012,
21(28): 3099-3101.

Jiao L, Zhang X, Li B, et al
immunomodulatory activities of oligosaccharides isolated

Int J Biol

Anti-tumour and

from Panax ginseng C. A. Meyer [J].
Macromol, 2014, 65(5): 229-233.

Kenarova B, Neychev H, Hadjiivanova C, et al.
Immunomodulating activity of ginsenoside Rg; from
Panax ginseng [J]. 1990, 54(4):
447-454.

Zhuang Q, Lakkis F G Dendritic cells and innate
immunity in kidney transplantation [J]. Kidney Int, 2015,
87(4): 712-718.

Xk, B, @i, S5 ASREH Rgy MR RIR
ML A S DI RECSCR 52 7], TR RLEE S, 2016,
14(2): 191-193.

KOV, TER, £ R, FOASEE R HRR
0 75 3 FH 1) SR SR T 5 []. rh AR R BRI 2% &
TR, 2012, 6(8): 2120-2123.

# 35 AZEK Rg, M Re i TLR4 5510 K%
VERIER [A]// E{JEEWE@#%E{JEE#%AZOB
FEARERRE [C). MR T EEHEEY
R 2, 2013,

Jap J Pharmacol,



¢ £#% Chinese Traditional and Herbal Drugs

F49% F103 201845 A

[44]

[46]

[50]

[51]

7 3E. NS R R M Re iBid TLR4 8#K &1 S
T RN FRRIER [D]. BN WK, 2015.
TR, WRdkTy, skEkRS, 55 ASR2H Rg 5%
RAER ] FHHASIRIKEAHE, 2002, 13(2):
92-93.

Song J Y, Han S K, Son E H, e al. Induction of secretory
and tumoricidal activities in peritoneal macrophages by
ginsan [J]. Int Immunopharmacol, 2002, 2(7): 857-865.
Brady J, Carotta S, Thong R P, et al. The interactions of
multiple cytokines control NK cell maturation [J]. J
Immunol, 2010, 185(11): 6679-6688.

Zwirner N W, Ziblat A. Regulation of NK cell activation
and effector functions by the IL-12 family of cytokines:
The case of IL-27 [J]. Frontiers Immunol, 2017, 8(4): 1-7.
Freeman B E, Raué H P, Hill A B, et al
Cytokine-mediated activation of NK cells during viral
infection [J]. J Virol, 2015, 89(15): 7922-7931.

wKSE%, BRE e, Jralte. o2 R0 g 25 B i St e
(1. HEFEEZE R A%, 2013, 20(8): 103-106.
2O, ok L 2GR Bg . Tk S N
[3]. FERARZH), 2013(2): 110-120.

Ru J, Li P, Wang J, et al. TCMSP: A database of systems
pharmacology for drug discovery from herbal medicines
[J1. J Cheminformatics, 2014, 6(1): 1-6.

Liu J, Pei M, Zheng C, et al. A systems-pharmacology
analysis of herbal medicines used in health improvement
treatment: Predicting potential new drugs and targets [J].
Evidence-Based Compl Altern Med, 2013, 2013(6): 938764.
Wang X, Xu X, Li Y, et al. Systems pharmacology
uncovers Janus functions of botanical drugs: Activation of
host defense system and inhibition of influenza virus
replication [J]. Integr Biol Quant Biosci Nano Macro,
2013, 5(2): 351-371.

Lu P, Chen J, Zhao H, et al. In silico syndrome prediction
for coronary artery disease in traditional chinese medicine
[J]. Evidence-Based Compl Altern Med, 2012, 2012(3):

[53]

[54]

[53]

[56]

[57]

[58]

[59]

[62]

142584.
Liu H, Wang J, Zhou W, et al. Systems approaches and
polypharmacology for drug discovery from herbal
An  example licorice [J]. J
Ethnopharmacol, 2013, 146(3): 773-793.

Andrea F, Damian S, Sune F, et al. STRING v9. 1:
with

medicines: using

Protein-protein interaction networks, increased
coverage and integration [J]. Nucleic Acids Res, 2013,
41(D1): D808-D815.

Chang J T, Nevins J] R. GATHER: A systems approach to
interpreting genomic signatures [J]. Bioinformatics, 2006,
22(23): 2926-2933.

Z Wl ASREH Rg WL REHRZ
KHF: HMKE, 2006.

XIES]. NS B Rb, bf HON2-SIV 75 T/ BRI 4 AL R
Wil e Toll BE32 44 4 (5 S IEE AW [D]. 22M: H
AR, 2014,

Nakaya T A, Kita M H, Iwakura Y, et al. Panax ginseng

HRCEEEA [D].

induces production of proinflammatory cytokines via

toll-like receptor [J]. J Interferon Cytokine Res, 2004,

24(2): 93-100.

BORME, £ 5, Mk, 5. ASEH Rg A/ARE

WEAHAE Toll #3214 S T il 55 Sl O [A] //

G [E h 2 R 2 B [H h Y RS A R S Uk 2 1R

AR [CL B hEES &R bR R

£x,2014.

B W ARG A EERMEI 2B D] IS
IR BRI EEZ K, 2012.

S h,% R, BEE. AHLARBEMMER

HXM{E Na/Ca HAERWHISLIRHTTT [J]. AR

FAR—rREZBRAL, 2010, 12(3): 387-389.

2 oOh, & M, B, & AERaRDERE

KIS WE T (1], BAR 258 At 5 SE ik, 2009,

23(2): 48-51.

MIGkRH, 2= Ve, T, & FIBRHE ARG T IAME

HIRIETF (7] hEEZ a@,zon, 34(3): 47-50.



