A S A IR Jan. 20, 2025, 52(1): 410-425

Microbiology China CSTR: 32113.14.j.MC.240289
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.240289
http://journals.im.ac.cn/wswxtbcn Copyright ©2025 Microbiology China All Rights Reserved

RIBE 5 316

ET Xt EFWBREMRRLATRL s Hh

MWAE L e 2, xk 2, EHX, XTI, T

1 B4Ry WZERE, IR MH 264025
2 IR ZIRGOKR T K A FRA F TR BE, 1R B 246200

B, XUgsh, Xk, EESSC, XUF, EHG. BT SO AR Y 3 R AR PR AT AR AT 0], AP A A, 2025,

52(1): 410-425.
YOU Lunhe, LIU Jinkun, LIU Bing, TAN Qianwen, LIU Yu, WANG lJianrui. Visual analysis of research hotspots on Cordyceps
militaris based on Bibliometrics[J]. Microbiology China, 2025, 52(1): 410-425.

B E: [¥x] 2 k¥ (Cordyceps militaris)tf 4 R E A R F B XA — H 2 2| 2R RTARH
*E, (B8] 342K ITH IR LIRS RkA%. [F%] AT Web of Science # <4
B A I EST 2005-2024 SF 1A A A R E 4 SCI S E R LHATT AmOHMERE. £, SHf
TAALTE, [4R] iE%20 42, ﬂ?ﬁiﬁfﬁ%&A}\i—‘ééilf‘#%f'i%/%;ﬁ%‘fﬁﬁ%ﬁi& pop o
HFEMRSFHEF N LA FARRLEGES, Lkt EoHLERE T, 2005-2009 F18], £
AR T @ AR R ALIZIR, 2010-2014 454, IR EZAY RE T EIRAR R HEFE, AR
1R ERI. 2015 F55, MRt —F % atb, BETHAL. KX, BA4LE#. AH. AL
F . AF RS NF-kB. 2008 155 403%, B T MIERER RN LW 5 Ao B FHH A5
T, (48]l WREGHRENTIAERIZARAE ZFHILNRZEE, RERFRKE
FoflE FEME RS HEEAE . AR ERY T EEERREENEFER, A REGIEANH
R AT Z A RAEFFARIE

FHIR: Xkt 23, 4B, XAEEEN, TARESN

TEENITH 1 AR DA ML =l B AR R 2 Pl AR R (SDAIT-07-03)

This work was supported by the Modern Agricultural Industry Technology System for Edible Mushroom Industry of Shandong
Province (SDAIT-07-03).

*Corresponding author. E-mail: jianrui302@163.com

Received: 2024-04-11; Accepted: 2024-07-08; Published online: 2024-08-01



TAE B S5 | T SCER TR S R R R T A R TR 23 A 411

Visual analysis of research hotspots on Cordyceps militaris based on
Bibliometrics

YOU Lunhe!, LIU Jinkun?, LIU Bing?, TAN Qianwen?, LIU Yu!, WANG Jianrui'!

1 School of Horticulture of Ludong University, Yantai 264025, Shandong, China
2 Stem Cell Research Institute, Shandong Anran Nanometer Industrial Development Co., Ltd., Weihai 246200,
Shandong, China

Abstract: [Background] Cordyceps militaris, as the model species of the genus Cordyceps in
the family Cordycipitaceae, has been receiving global attention from researchers. [Objective]
This study employs Bibliometric methods to comprehensively examine the current state and
future trends of C. militaris research from multiple dimensions. [Methods] we comprehensively
retrieved, organized, analyzed, and visualized the papers related to Cordyceps militaris from
Web of Science core collection that were published from 2005 to 2024. [Results] In the past two
decades, the research on C. militaris expanded beyond -cultivation characteristics to
interdisciplinary fields, with a particular focus on its active components and pharmacological
effects. The artificial cultivation of C. militaris was the main research direction from 2005 to
2009. From 2010 to 2014, the research topics encompassed the pharmacology of the fruiting
bodies. After 2015, research topics became diversified, covering optimization, expression,
oxidative stress, fungi, antioxidant, chemical-composition, NF-xB and cell cycle arrest. This
shift indicated a transition from cultivation techniques to the in-depth research on biological and
medical mechanisms. [Conclusion] The research on C. militaris evolved from conventional
cultivation to multidisciplinary fields. The future research is expected to focus mainly on the
functional mechanisms, pharmacological effects, and potential medical applications of bioactive
substances, providing a scientific basis for the in-depth study and development of C. militaris.
Keywords: bibliometrics; knowledge map; keyword co-occurrence; clustering analysis of
research topics
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Trends in literature publication from 2005 to 2024.
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Table 1 The top 10 countries that contributed to
worldwide research of C. militaris

4 P i
Rank Country Number
1 1 [# China 3274
2 i [E Korea 1017

3 #%[H Thailand 282
4 H 7 Japan 202

5 EJJE India 119

6 #iF Vietnam 77

7 F[E USA 74

8 e Py Y Malaysia 38

9 e[ UK 30
10 2% Poland 28

VAL A 3 SR RS 5ET5 TR STk B R . R LA
YRR R F 2RI M, b 52 B
JE. MR HAS SR VDR TR AR K S
ER SRR R, MR, ENEE ey

e o

TR RN AN R E A R 2 R AL BIE B R/NR R I

[l 5 oAb [ A AR RO s IERTEE IR S ERIIA . AFBIBEAR T AR SR 2855

Figure 2 The network of international collaborations in C. militaris research. Nodes represent the positions of
different countries in the network, ring size indicates the number of collaborations with other countries, and edge
size indicates the frequency of collaborations; Different colors represent different collaboration network clusters.
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Table 2 The top 10 institutions that contributed to worldwide research of C. militaris

He#4 GIRG) Kt
Rank Institution Number
1 [ R K 2% China Medical University 117
2 gAMb K2 South China Agricultural University 83
3 KB K2 Tianjin University of Science and Technology 82
4 [ Bl 22 B A W I 92 BT Institute of Microbiology, Chinese Academy of Sciences 73
5 YLFd K% Jiangnan University 68
6 i [E 7 [ K 2% Konkuk University 66
7 P K2 Jinan University 65
8 ZE[E Rl K2 Kasetsart University 51
9 - 3& [# 57 K2 Pusan Natl University 51
10 MK~ Jilin University 48
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Figure 3 The collaboration network of institutions in C. militaris research worldwide. The nodes (e)
represent different institutions, the size of the ring represents the number of publications, the links between
the nodes represent the collaboration connections, the size of the links represents the collaboration frequency.
Red: Cluster 1; Blue: Cluster 2; Green: Cluster 3; Purple: Cluster 4; Orange: Cluster 5. Inst: Institute; Univ:

University; sci: Science.
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Figure 4 Keyword co-occurrence graph. The node represents different keywords, the size of the ring
represents the frequency of the keywords, the connection between the nodes represents the co-occurrence
connection, and the size of the connection represents the co-occurrence frequency. Green: Cordycepin and its
pharmacological effects in C. militaris. Blue: Polysaccharides and pharmacological effects. Red: Biogenesis
and metabolism in C. militaris. Purple: Fermentation and optimization of intracellular and extracellular
polysaccharides in C. militaris.
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R3 20052014 FFHHK I ERSHIAT 10 STEK
Table 3 The top 10 literatures with the highest average annual citation from 2005 to 2014
% S SOUHE ARSI HRE IFRNE

Rank Article Total citation Annual citation Research content

count average
1 Sunget 704 39.11 WYL HF A7, EHEIT Cordyceps F Clavicipitaceae iX 2 MMESE 1
al. 2007 IYERE, DIRBRENTR RISRG RN
Based on multi-gene analyses, the traditional taxa Cordyceps and
Clavicipitaceae are redefined to reflect their true phylogenetic
relationships!!]
2 Paterson 340 20.00 RIS T B 24 PR PE AR RS, AR TR . BORER | BT
etal. R RIETETT . BUAEA . BUEST . B
2008 The article summarizes the pharmacological activities and clinical
applications of C. militaris, including its anti-tumor, anti-diabetic,
anti-inflammatory, immunomodulatory, antioxidant, anti-fatigue, and
anti-aging properties(!‘]
3 Zheng et 317 22.64 T AR B — ™ HR 3 0 R R PR A A 1 Sk, Sk e £ I 3 R 4] 2E A T R
al. 2011 DR 22 BT 4L T o S g i )
It is the first report of the C. militaris genome sequence, providing
important data and resources for subsequent genomics and functional
genomics studies!!!]
4 Zhouet 287 17.94 Xt Cordyceps J& FLIA KK WIHIAL 7 1y« 25 BRAE IR &7 il AT 1
al. 2009 A1 A G 112
This review provides a comprehensive introduction and evaluation of the
chemical constituents, pharmacological actions, and developed products of
natural products from the genus Cordyceps!?]
5 Patelet 266 20.46 IE TR — 8 R RR VALY, I AR BRI
al. 2012 ZSEAE, DARCE TR AN [ 28 7 114 9 240 e rrp 40 o 4 03
This review introduces some of the major bioactive components of C.
militaris, such as polysaccharides, proteins, nucleotides, steroids, and
triterpenoids, and their inhibitory effects on various types of cancer cells!!3]
6 Das et al. 256 17.07 AR T U R 2 PN ISR | BEFREBOR , LARRR A5 T Ty 1)
2010 This review introduces the medicinal value, active components, cultivation
techniques of C. militaris, as well as future research directions(!]
7 Ngetal. 248 12.40 EFRENH T Cordyceps & H 14 14k 2% 143 Fn 2 BRAE FUS)
2005 The article primarily elucidates the chemical constituents and
pharmacological effects of Cordyceps sp.[!%]
8 Kim et al. 248 13.05 PRV T U BRSO IR 2 WA S (0 E WA RAW 264.7 40 it b 48 5E S
2006 0 4 P B 43 AL 1)
The study discussed the inhibitory effects of cordycepin on the
inflammatory response in lipopolysaccharide (LPS)-induced RAW 264.7
macrophage cells and its underlying molecular mechanisms!'¢!
9 Won et al. 215 10.75 SRHT T R R 22 A R T IR AR I RS AR TR E  JRRBTAIE TE
2005 BURIEE . BN SO . — LA BNENEE . AR -1B
AR RAE I F -0 BERCIDHTE Y, LIRS R St B A 3 i {4
FERUT
(fF£%)
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Rank Article Total citation Annual citation Research content

count

average

10 Tuli et al. 207
2013

17.25

The study analyzed the antioxidant activity, local anti-inflammatory
activity, analgesic activity, anti-angiogenic activity, nitric oxide synthesis
inhibition activity, interleukin-1f and tumor necrosis factor-a release
inhibition activity, as well as the protective effect on an acute liver injury
model in mice of the ethanolic extracts from the mycelium and fruiting
bodies of C. militaris'!”!

SCE FEA TR R A A5 AR R A A 2 PR,
AR e e RIS

The article primarily introduces the chemical structure, biosynthesis,
cellular targets, pharmacological actions, and anticancer effects of
cordycepinl'®]

T4 20152024 FEHHSI

= B2

EE =)

BYET 10 STk

Table 4 The top 10 literatures with the highest average annual citation from 2015 to 2024

i e EGUHREC A5 IR RN

Rank Article Total citation Annual citation Research content

count

average

1 Jiang et 341
al. 2015

2 Zhanget 151
al. 2016

3 Leietal. 129
2018

34.10

16.78

18.43

TR T A A LBUR AL R 1) L W) 2 i FEANG T s, TRl
Xof B B R S R AE EA T T IR )

The article primarily introduces the biological processes and therapeutic
strategies for cancer invasion and metastasis, and also provides an
overview of the use of C. militarisin cancer therapy!!‘]

SEFOAM LPS 5 TLR4/MD-2 FILkMk 224 5 8 11 0 (14 AR AR AR
P& T ZHERCIA S TLRA/MD-2 1 A] GEAR BLAE FIRCRL, (048 2 WE iy
g W L E L B A S BKAE AR, AR EATTR TLR4/MD-2
) 445 4 T 3] RE 1) 52 1 (200

Based on existing models of LPS interaction with TLR4/MD-2 and linear
polysaccharides with proteins, a proposed model for the potential
interactions between polysaccharide ligands and TLR4/MD-2 is presented.
This includes considerations of polysaccharide conformation, orientation,
position, contact area, hydrogen bonding, hydrophobic interactions, and
their impact on the structure and function of TLR4/MD-212!

Ui 1 X LPS 5 T 1 RAW 264.7 2 rh— %L . IR IRSEE F-a.
FIANMLA S ZR-1B AN 3R -6 | i 81 M 28 55 A AE K 9 7= R il /R
DL 0 B B2 LPS 35 5 A9/ R ALY AR o il 2 2 B BTG i 7 e
AR B L A2 SO R Tk . il 2 2 A A R B K-
DA S i 4 4L A IR F- B il NLRP3 S8 A /IR B S 5 i 21

The article primarily investigates the inhibitory effects of cordycepin on the
production of inflammatory mediators such as nitric oxide (NO), tumor necrosis
factor-alpha (TNF-a), interleukin-1f (IL-1B), interleukin-6 (IL-6), and
prostaglandins in LPS-induced RAW 264.7 cells. Additionally, it examines the
effects of cordycepin on the pathological damage, pulmonary edema, alveolar
protein exudation, levels of inflammatory mediators, oxidative stress levels,
and activation of nuclear factor-kB (NF-«B) and NLRP3 inflammasome in
lung tissues of LPS-induced acute lung injury (ALI) mouse models?!!

(F558)
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Hs E SETHRE FH5I MR HRNE
Rank Article Total citation Annual citation Research content
count average
4 Liuetal. 128 14.22 SCE AT T R B A 22 (R T ST AA 1) 22 1 2 A R 122)

2016 The article primarily investigates the structural characteristics of

polysaccharides from the mycelium and fruiting bodies of C. militaris??!
5 Xiaetal. 126 15.75 F5 TR R RIE I T B PR A 5 O — Rl R AP - S PR R
2017 W, fh7s 1RO R A — ORI A R AL, L R R R A ]
b T B AR RIS S A3 1 4 S A YA 1)
The paper highlights the co-biosynthesis of cordycepin and pentostatin as
a protector-protectee strategy, revealing a novel purine metabolism
mechanism in fungi and providing new insights and approaches for the
production and application of cordycepin and pentostatin(?3]
6 Luo etal. 101 16.83 AT TS TIETT R IR LG o0 25 BN AR FAL A 24
2019 This paper introduces the bioactive components, pharmacological actions,
and mechanisms of action of natural medicines used for the treatment of
fatiguel?4]
7 Leeetal. 100 10.00 SCEE BRSSP ) Z B A 5 Toll HESZ K 2. Toll
2015 FESZAR 4 T Dectin-1 #4076 H WE40M, Il 12 MAPKs il NF-«B {5 53l
BEATS5 JAE SR 235 B 125)
The article primarily investigates the molecular mechanism by which
polysaccharides in the C. militaris culture broth activate macrophages
through Toll-like receptor 2 (TLR2), Toll-like receptor 4 (TLR4), and
Dectin-1, and induce inflammatory responses via mitogen-activated
protein kinases (MAPKs) and nuclear factor kappa B (NF-kB) signaling
pathways!?3]
8 Vanetal. 98 12.25 U R B R AT TR 0 JE B B AR ) AR TR RE L W B A RS
2017 WA EHLULAS | W8 A B SRR S e W e M . I e R AR 1 A
IR Vi oS R R N R R TR N 1| R R [ 3T S D WA R =
Ay IS A T P P 52 g (2]
The effects of C. militaris residue and Lactobacillus plantarum on the
growth performance, intestinal microbiota, intestinal tissue morphology,
activity of mucosal immune enzymes in the gut and skin, serum
immunoglobulin levels, serum cytokine levels, serum complement activity,
serum lysozyme activity, and serum superoxide dismutase (SOD) activity
in Nile tilapia (Oreochromis niloticus) were investigated(?¢]
9 Zhanget 97 16.17 4T W R MR 48 L AR R A W T 0 R ik J 27
al. 2019 The latest advances in the separation, structure, and biological activities of
C. militaris polysaccharides are reviewed?’]
10 Jingetal. 91 9.10 VEE NS5 T3 0 2R B oh 43 8 1 T —Fhogi B 205 (CMP-1), I3l i SR iR 1k
2015 BNl T AR BRI AT 2 (CMP-18), & Bl CMP-1 fil CMP-1S HA &
HEWPUAA . PUMIE . TR AR, H CMP-1S RYTE M T
CMP-1, RUIFLIR LSS T 20 0K A W) R R 128)
The authors isolated a novel polysaccharide (CMP-1) from cultivated
C. militaris and prepared its sulfated derivative (CMP-1S) through a
sulfation reaction. They found that both CMP-1 and CMP-18S exhibit
significant antioxidant, antitumor, anti-inflammatory, and
immunomodulatory effects, with CMP-1S showing higher activity than
CMP-1, suggesting that sulfation enhances the water solubility and
bioavailability of the polysaccharide(?®]
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Figure 5 Clustering analysis of C. militaris research topics in different periods. Nodes represent different
subject words, and the size of the ring represents the frequency of subject words. A: 2005-2009. Purple:
Cultured Cordyceps; Grey: Growth. B: 2010—2014. Yellow: Fruiting bodies; Red: Activation. C: 2015-2019.

Red: Optimization; Blue: Expression; Orange: Identification; Purple: Cells; Brown: Cytokines. D: 2020—2024.
Green: Optimization, expression; Red: Oxidative stress; Orange: Antioxidant.

U BT AN 9 NF-xB. MAPK, PI3K/Akt  AFF5% B s S i 0 s A B R A S R, iy o
FE S WM BOE B . Antioxidant (BLAfL)  FHEMIBILRHE . PiRER . PRI, 5
BRI, R R EAPIR B MR . Apoptosis (YA T2)F
B 3T, UL R ORI O I R B L cancer (IR — N LAY AT, L2 —
TEPEFNALE , PRI R R BT A D B AV . OIS A0 F2 R, 10 B T 5 O A
HATFE 2 0 B B LA AR AL, G B TE R 40 O TS M AL

Wi R B BT AL . PUARA . PUERIE A, Growth (4 )& M Hy B 2R 27 0 el v A
AT A (R0 AL A FASOR, o R TR A B F I —, 2 5 B 32 8]
U B P EARTEN RN, A R R AP E UA B R R Y OQ 1 O B A R R N A
gabn . U LD . PUAAREE LS, WFOTE R, R T R A A KO N R e ] R
HE R HT A ALK FIVE R Inflammation (2 E) Expression (#iK)fll phosphorylation (W& 1k)J&
R IR EA, WS MBI B L, AR I
BT, B R R S OGP AR T R W R RIS DG i R R A B R AL B T A S
PEFIALE], BT R BB R B AIVE R, B SR B TR s i R 0 R Ak L A AR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WACBY S | BT SCRRTE B 0 B R U A AL A 423

15 Responses

P Toxicity | ®

#EFFAE Structural characterizat |

AALR % Oxidative stress

H:49)5 I, Biosynthesis

LRI B Elucidation

EHA Body ¢

2 HELTE Caterpillar medicinal mushroom |
R State

15374 Cultures r

B Model

A1 Biological activities
P L7 Antioxidant

i 3% Culture t

#4E Inflammation |

) Protein |

2 L1 Medicinal mushroom f
JEL[A Gene

HJ) Stress

[ 75 % [¥ Solid state fermentation |
Ak 1G4 Chemical composition |
i Metabolism |

1k Expression

Ak Optimization

£ Polysaccharides |
AL T Apoptosis

#lifk, Purification

Fi AL P Antioxidant activity |
& Bodies

LU Extracts b

B4 Adenosine +

T4 Fungus t

{AAEN In vitro

PEHL Extract

W5 Identification

W% Fermentation |

/I Mice t

1 1¥Z Nucleosides |

JEIE Cancer

2 1 5T BT Cordyceps sinensis
2R Submerged cultivation
115 Damage |

A Cells |

H K Growth

HLSE Fruiting bodies |

i Activation |

JP# Inhibition

Z ¥ Polysaccharide |

LY Extraction |

NF-xB |

FL# Fungi

F et 3% Submerged culture
1545 Induction

B 4% Mushroom |

FLIEAH ] Macrophages |

K Aqueous extract |
Wik Phosphorylation |

I XYY YT - - )

* 3 & &2 PPERE

3¢ fi i)
Keywords of research topics

& ® T BB BRI

[ ERE XX 1 _

- E i Proteins
2 1% 5 Medicinal mushrooms |- : - - = . )
2010 2012 2014 2016 2018 2020 2022
Ay
Year

6 ARERATETSAETE

Figure 6 Theme maps of different time nodes.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



424 WA

IR R Microbiol. China

o X 2 AN 2014 FIFIREEHE 2, 2015 4F
KB, 2018 AT TR, BRI Fr
MK o BT B 5T EE A R o 5 A R
FEDNAL | B S 21 R 11 o A 56 ok s 7S M R R 1Y)
LR T RERVE AT, LR s O m R AL B .
FRALIEY) . WERRAL A7 055
3 it

ARWF5EHE L% Web of Science #0555 4U
P PEH 20052024 4[] A JC I B 1R} 2% SCRk
HEAT I SCER TS 434, H8 R T i 5T SR i Bl
SRS R B, AR ST
FOAEREF 20 AE[ESEEL T R Al SR R #
82 e W E R R 2 R G AR, 0 e
B 5TV E SR T RS RO UEE . 6
SR e A KR I, PR BTN
LA K P AR HIAILER e A 4 S5 A AR DG
L E M

Bl A I RIHERS , BFOY R s,
NN R T SN S =S v ) A PSR s o TS B
Ak, HTHLH . BREEERHIE R S 2
AR, BRI B A AUE R .
Fiobh, 2015 AELLE, ST S N EE T PR AR i
XML T . AR S B RS . PR RE LA
NHAEBRIRIT g 1, X R E IEEL
1 FFaAT HAE 0 o FHLH, IR IRAh AR A A
WYy v A R 5

4 Z

U R T E MR GG IR BOR K
BT 22 AR, R I AE T R A 1Y
NRENLH . 25 AR B R~ T O T BOR T 4
FHLIE . XSRS R D I R A TR A ST A
TR A RS TR AR . A X LERT 5T 2 B
PRV, (ELIE R BT AT TR ek ] P 5 £

A WS R X RS AR, Rk, R
Rt (S (vl 3 i e S N T SR D i
QTP A Bl I AU ST RS A R G HE . IE
Bb, Xk B BTG R RS A A L 2 AR
ORE AR BILE | 22 k550 OV IR AR,
VAR e PR IS FH B B8 IE R 2 AR R ) B A 7
o &2, SfREE N —RAT 2 I E
A, HAFEOUSIE AR WA T8, A8 NEZY
it FRE SIS L B 2 Bl S5 SRR

REFERENCES

[1] SUNG GH, HYWEL-JONES NL, SUNG IJM,
LUANGSA-ARD JJ, SHRESTHA B, SPATAFORA JW.
Phylogenetic classification of Cordyceps and the
clavicipitaceous fungi[J]. Studies in Mycology, 2007,
57:5-59.

[2] GUO ZR, CHEN W, DAI GS, HUANG YL.
Cordycepin suppresses the migration and invasion of
human liver cancer cells by downregulating the
expression of CXCR4[J]. International Journal of
Molecular Medicine, 2020, 45(1): 141-150.

[3] SUN TL, DONG WP, JIANG GH, YANG JB, LIU JZ,
ZHAO LJ, MA PL. Cordyceps militaris improves
chronic kidney disease by affecting TLR4/NF-«xB redox
signaling pathway[J]. Oxidative Medicine and Cellular
Longevity, 2019, 2019: 7850863.

[4] QIN P, LI XK, YANG H, WANG ZY, LU DX.
Therapeutic potential and biological applications of
cordycepin and metabolic mechanisms in
cordycepin-producing  fungi[J]. Molecules, 2019,
24(12): 2231.

[5] SUN Y, SHAO YN, ZHANG ZG, WANG LF,
MARIGA AM, PANG GC, GENG CY, HO CT, HU
QH, ZHAO LY. Regulation of human cytokines by
Cordyceps militaris[J]. Journal of Food and Drug
Analysis, 2014, 22(4): 463-467.

[6] KANG HJ, BAIK HW, KIM SJ, LEE SG, AHN HY,
PARK JS, PARK SJ, JANG EJ, PARK SW, CHOI JY,
SUNG JH, LEE SM. Cordyceps militaris enhances
cell-mediated immunity in healthy Korean men[J].
Journal of Medicinal Food, 2015, 18(10): 1164-1172.

[71 HE XR, FANG JC, GUO Q, WANG M, LI YS, MENG
YB, HUANG LH. Advances in  antiviral
polysaccharides derived from edible and medicinal
plants and mushrooms[J]. Carbohydrate Polymers,
2020, 229: 115548.

[8] LUO FS, LI RYM, CRABBE MJC, PU RH. Economic
development and construction safety research: a
bibliometrics approach[J]. Safety Science, 2022, 145:
105519.

[9] KANG N, LEE HH, PARK I, SEO YS. Development of
high cordycepin-producing Cordyceps militaris strains[J].
Mycobiology, 2017, 45(1): 31-38.

[10] PATERSON RRM. Cordyceps: a traditional chinese

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TAE B S5 | T SCER TR S R R R T A R TR 23 A 425

medicine and another fungal therapeutic biofactory?[J].
Phytochemistry, 2008, 69(7): 1469-1495.

[11] ZHENG P, XIA YL, XIAO GH, XIONG CH, HU X,
ZHANG SW, ZHENG HJ, HUANG Y, ZHOU Y,
WANG SY, ZHAO GP, LIU XZ, ST LEGER RJ,
WANG CS. Genome sequence of the insect pathogenic
fungus Cordyceps militaris, a valued traditional
Chinese medicine[J]. Genome Biology, 2011, 12(11):
R116.

[12] ZHOU PX, GONG ZH, SU Y, LIN J, TANG KX.
Cordyceps fungi: natural products, pharmacological
functions and developmental products[J]. Journal of
Pharmacy and Pharmacology, 2009, 61(3): 279-291.

[13]PATEL S, GOYAL A. Recent developments in
mushrooms as anti-cancer therapeutics: a review[J]. 3
Biotech, 2012, 2(1): 1-15.

[14] DAS SK, MASUDA M, SAKURAI A, SAKAKIBARA
M. Medicinal uses of the mushroom Cordyceps
militaris: current state and prospects[J]. Fitoterapia,
2010, 81(8): 961-968.

[I5]NG TB, WANG HX. Pharmacological actions of
Cordyceps, a prized folk medicine[J]. Journal of
Pharmacy and Pharmacology, 2005, 57(12): 1509-1519.

[16] KIM HG, SHRESTHA B, LIM SY, YOON DH,
CHANG WC, SHIN DJ, HAN SK, PARK SM, PARK
JH, PARK HI, SUNG JM, JANG Y, CHUNG N,
HWANG KC, KIM TW. Cordycepin inhibits
lipopolysaccharide-induced  inflammation by the
suppression of NF-«B through Akt and p38 inhibition
in RAW 264.7 macrophage cells[J]. European Journal
of Pharmacology, 2006, 545(2/3): 192-199.

[17] WON SY, PARK EH. Anti-inflammatory and related
pharmacological activities of cultured mycelia and
fruiting bodies of Cordyceps militaris[J]. Journal of
Ethnopharmacology, 2005, 96(3): 555-561.

[18] TULI HS, SHARMA AK, SANDHU SS, KASHYAP D.
Cordycepin: a bioactive metabolite with therapeutic
potential[J]. Life Sciences, 2013, 93(23): 863-869.

[19]JIANG WG, SANDERS AJ, KATOH M,
UNGEFROREN H, GIESELER F, PRINCE M,
THOMPSON SK, ZOLLO M, SPANO D, DHAWAN P,
SLIVA D, SUBBARAYAN PR, SARKAR M,
HONOKI K, FUJII H, GEORGAKILAS AG, AMEDEI
A, NICCOLAI E, AMIN A, ASHRAF SS, et al. Tissue
invasion and metastasis: molecular, biological and
clinical perspectives[J]. Seminars in Cancer Biology,
2015, 35: S244-S275.

[20] ZHANG XR, QI CH, GUO Y, ZHOU WX, ZHANG

YX. Toll-like receptor 4-related immunostimulatory
polysaccharides: primary structure, activity relationships,
and possible interaction models[J]. Carbohydrate
Polymers, 2016, 149: 186-206.

[21]LEI 1J, WEI YL, SONG PC, LI YC, ZHANG TZ,
FENG QJ, XU GQ. Cordycepin inhibits LPS-induced
acute lung injury by inhibiting inflammation and
oxidative stress[J]. European Journal of Pharmacology,
2018, 818: 110-114.

[22] LIU XC, ZHU ZY, TANG YL, WANG MF, WANG Z,
LIU AJ, ZHANG YM. Structural properties of
polysaccharides from cultivated fruit bodies and
mycelium of Cordyceps militaris[J]. Carbohydrate
Polymers, 2016, 142: 63-72.

[23] XIA YL, LUO FF, SHANG YF, CHEN PL, LU YZ,
WANG CS. Fungal cordycepin biosynthesis is coupled
with the production of the safeguard molecule
pentostatin[J]. Cell Chemical Biology, 2017, 24(12):
1479-1489.¢4.

[24] LUO CH, XU XR, WEI XC, FENG WW, HUANG HZ,
LIU HY, XU RC, LIN JZ, HAN L, ZHANG DK.
Natural medicines for the treatment of fatigue:
Bioactive components, pharmacology, and
mechanisms[J]. Pharmacological Research, 2019, 148:
104409.

[25]LEE JS, KWON DS, LEE KR, PARK JM, HA SJ,
HONG EK. Mechanism of macrophage activation
induced by polysaccharide from Cordyceps militaris
culture broth[J]. Carbohydrate Polymers, 2015, 120:
29-37.

[26] van DOAN H, HOSEINIFAR SH, DAWOOD MAO,
CHITMANAT C, TAYYAMATH K. Effects of
Cordyceps militaris spent mushroom substrate and
Lactobacillus  plantarum on  mucosal, serum
immunology and growth performance of Nile Tilapia
(Oreochromis niloticus)[J]. Fish & Shellfish Immunology,
2017, 70: 87-94.

[27] ZHANG JX, WEN CT, DUAN YQ, ZHANG HH, MA
HL. Advance in Cordyceps militaris (Linn) Link
polysaccharides: Isolation, structure, and bioactivities:
a review[J]. International Journal of Biological
Macromolecules, 2019, 132: 906-914.

[28] JING YS, ZHU JH, LIU T, BI SX, HU XJ, CHEN ZY,
SONG LY, LV WJ, YU RM. Structural characterization
and biological activities of a novel polysaccharide from
cultured Cordyceps militaris and its sulfated
derivative[J]. Journal of Agricultural and Food
Chemistry, 2015, 63(13): 3464-3471.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


