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Abstract: Objective Based on bibliometric methods with CiteSpace, the research analyzed the status of immune regulation by
traditional Chinese medicine polysaccharides (TCMP), and predicted future development trends. The transformation of
immunomodulatory results of TCMP was obtained by patent analysis. Methods The literature on the immune regulation of TCMP
was collected from the China National Knowledge Infrastructure (CNKI) and Web of Science (WOS) database and visualized by
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CiteSpace software. Patents related to the immune regulation of TCMP were collected from the State Intellectual Property Office
(CNIPA) and the World Intellectual Property Organization (WIPQ) database and visualized by Itglnsight software. Results The
annual number of papers published in the field of immune regulation of TCMP showed a trend of rising first and then stabilizing. The
number of articles published in the International Journal of Biological Macromolecules ranked first with 242 in English journals, and
Chinese Traditional and Herbal Drugs ranked first with 23 in Chinese journals. Wang, Deyun (29 articles) was the author with the
largest number of articles published in English journals, while Gu Xinli (16 articles) had the highest publication count in Chinese.
Nanchang University and Nanjing Agricultural University tied for first in Chinese literature with 19 articles, while Nanjing Agricultural
University ranked first in English with 78 publications. Chinese and English keywords analysis show that the main research directions
in this field are the intervention of TCMP on immune cells, the immune activity and anti-tumor activity of TCMP, and the regulation
of intestinal flora involved in immune regulation by TCMP, etc. The patents related to the immune regulation of TCMP are mainly
concentrated in the fields of A61 (medicine), A23 (food), C08 (organic polymer compounds), C12 (biochemistry) and CO7 (organic
chemistry). Conclusion The research field on the immunomodulatory effects of TCM polysaccharides has begun to take shapewith
abundant basic studies. However, due to the difficulties in the extraction, separation and purification of TCMP and structural
identification, the research level in this field is relatively shallow, and industrialization is difficult to achieve scale. However, the rise
of immunosuppression and intestinal flora in recent years could lead to the immunomodulatory effects of TCMP. Relevant expert teams
are required to overcome technical bottlenecks, explore the internal mechanism of immune regulation of TCMP, and pay attention to
product development and clinical application.

Key words: traditional Chinese medicine polysaccharides; immunomodulation; bibliometrics; visual analysis; patent analysis;
CiteSpace; Itglnsight
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Fig. 1 Research process of immunomodulatory effects of traditional Chinese medicine polysaccharides based on bibliometric

and patentometric analyses
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Fig.2 Number of publications on immunomodulatory effects of traditional Chinese medicine polysaccharides from 2000 to
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Table 1 Publishing institutions in Chinese and English literature on immunomodulatory effects of traditional Chinese

medicine polysaccharides research from 2000 to 2024 (top 10)

hde] SR SO HCR R BRI YRR
1 ME K 19 Nanjing Agricultural University 78
2 Gyl 19 Chinese Academy of Sciences 49
3 AR AR K 2 17 Shandong Agricultural University 33
4 BT RS B 11 Tianjin University Science & Technology 32
5 ARABITE R 10 Ministry of Agriculture & Rural Affairs 26
6 AR AR R 9 Nanchang University 24
7 MR R 9 Fudan University 21
8 TN R KA 9 Peking University 18
9 LY 9 China Agricultural University 18
10 ORI R R KA 7 Nanjing University of Chinese Medicine 17
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Table 2 Top 10 Chinese and English journals in terms of number of publications

75 T ST RILENE BT RICEIR
1 HHELZ 23 International Journal of Biological Macromolecules 242
2 Bk 22 Carbohydrate Polymers 74
3 & TR 13 International Immunopharmacology 49
4 ] g 2R 12 Molecules 46
5 BT EMEE 12 Journal of Ethnopharmacology 43
6 TR SR 11 Journal of Functional Foods 37
7 A 2E R 10 Food & Function 32
8 B 5tk e 10 Frontiers in Pharmacology 30
9 AR B 10 Fish & Shellfish Immunology 29
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1 B 11 Wang Deyun 29
2 RERR 10 Hu Yuanliang 23
3 HHER 9 Liu Jiaguo 20
4 b 8 Liu Zhenguang 12
5 Mol 7 Gu Pengfei 11
6 LA 7 Yang Yang 11
7 kT 6 Wu Yi 10
8 xiffi 5 Fan Yunpeng
9 B&m 4 Nie Shaoping 8
10 H°F 4 Zhang Tao
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Fig.5 Cooperation networks of authors of Chinese (A) and English (B) literatures
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Fig. 6 Co-occurrence diagrams of keywords in Chinese (A) and English (B) literature
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Table 4 Frequency of high frequency keywords in Chinese and English literature

R4 PRERIESINKRIRGUR

5 P SCTHR R B ] B Aotk ST SS 1] i O P AW 5
1 iy 499 0.46 in vitro ##4h 187 0.01
2 Eh 267 0.41 activation ik 187 0.10
3 HEKEH 114 0.24 immune response G g5 N2 179 0.03
4 EWR4IH 81 0.18 cells i ity 179 0.01
5  hiE 81 0.09 expression FKik 172 0.10
6 HEET 77 0.13 antioxidant activity P EE 163 0.08
7 RpEEN 74 0.15 extraction FRHL 151 0.00
8  srEgift 68 0.18 structural characterization 4531 151 0.01
9 PiEMN 67 0.12 antitumor activity P v 1 127 0.07

10 R 67 0.08 immunomodulatory activity HBEETIEE 125 0.01
11 RETheE 52 0.11 Astragalus polysaccharides 3% 76 £ ¥ 122 0.06
12 /PR 47 0.06 purification 4y, 104 0.00
13 Gupedmi 46 0.06 gut microbiota ¥ 18 TR A 103 0.04
14 FEEEENE 40 0.05 antioxidant P 103 0.01
15 2L 37 0.06 mice INBR, 100 0.10
16  MiCZhE 35 0.08 macrophages LI 40 g 100 0.08
17 AWt 35 0.06 antitumor Eqiiie 96 0.07
18 JpIEREF 22 0.04 dendritic cells WS4 91 0.14
19 RZZHE 20 0.02 apoptosis A E T 82 0.09
20 kR 19 0.04 oxidative stress EREANA 78 0.10
21 A% 18 0.05 NF-kB % F-«B 77 0.03
22 SERIRAE 18 0.06 cancer Tt 75 0.12
23 A% 16 0.02 growth performance AR ERE 67 0.12
24 ZHIRAE 16 0.05 polysaccharides Z 58 0.03
25 4tk 16 0.05 inflammation KA 56 0.01
26 4K 14 0.04 responses g[8 55 0.04
27 RREWTE 14 0.01 immunity T 54 0.02
28 L 14 0.02 optimization Ak 49 0.04

g FRTIR, WSO T 2R 2 2 bk
ILEDIE T, B2 SCRRIR ANIRTT T HH 24 25 HE 0 Fa e
24t e 0 g T R R RO R PR 2 S B R T Thie . Al
Pz, S SR N B ) T v 2 2 B e
VAT WL A FLAEIRRRE . SRR S YR YT R . FH 7
77, TRZEFAE BT AN S RE SN 7 AT Re b . 4y
AMEATE R 2, B ZHER 6-A B gt X,
BN FHON R 2 2 G B VAT S R T AR A (R
E R AL A RRERT 1 B Jeg AR e T A S5 DG B
6-A. B HZ I, R HZ 2R R AL
1l B B FH 3 s F AR PP EIX SR AT
2.6.2 HEIAERIE T 1E CiteSpace H X 4L
ISR (log-likelihood-ratio, LLR) 3%t i s
BRI GBI IEAT SR AT, SRR e 2 | af

FURR kTR, JHERRTF SN, BIE (Q)
TFRIECEME (S) AEVEAE CiteSpace ZESRRRM 2 4
FEFEbR. 4 QAT 0.3 1, IR HMESR
s EA B ST 0.5 MYCNEREH, i
2 SEEFE] 0.7 I, MIFR RIS HERSNE
JIRG8l, R SCSCER IR SRAE AN 7-A R, TR
A 285 N1 AN, 685 FRiksk, ELEE N 0.0169,
Q 1~ 04742 (>0.3) , RHAEKEA K = IIA K
PE; SAE N 0.7849 (>0.7) , TiHIRIIENL al(5F
IR, KRB AR B8 . JSCSCR R R ol
Kl 7-B B, BESCSCRREL 292 AT AN, 887 ik
4, 1ELE ) 0.0209; Q{EN 04197 (>0.3) ,
S{HM0.7594 (>0.7) , RFIZERR»EH AR
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Fig. 7 Keyword clustering diagrams of Chinese (A) and English (B) literature
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Table S List of ten representative clusters in Chinese literature

RERAH WRE REE FESM F T

#O g 45 0.756 2011 AyEdlifh; EHEESNE: AN SRR E: PUMRIETE S5 TIRERR

#1 ZHE 34 0.811 2011 RSBV ThAE S AMA MR g hnn; BRSSO
PRI AUl fes%; DFZIET,; UEEA

#2 P 32 0.783 2008 TPEWTT; WESHE; MEME; S555S: SPRAEXS; QRET; ME2
W ANSZh

#3 Al e+ 29 0.853 2011 EWRANA; RS 2R AR il R T e
Gl P I E IR

#4 PR 27 0.655 2009 TR AEMER A e hE; R MIEZhE; EYEhE &
PEDNRETEAT; BOATIAY: AT

#5 KL 27 0.827 2008  BHECEWE: RIEAR SR BRI IR ERE R
W WS MRS ARSH: HAUENET

#6 144 22 0.798 2007  RREThEE: @itk PAE DT KRS WESRE IRRARY: i
T RS2 hE

#7 B 20 0.826 2018 BB SSRIRME; AOML s PRI PRSI AT
RERFE; BEAMHY: FEGARE; EURk

#8 PrEAL 16 0.709 2016 ARREVRTT; RIS RIEEWE OBUMGERE: WmEMAY: RHEARG 2
FEAifiets M2 HE: Sieo iR

—HMR 12 0.869 2009  GRREUTT: PREENEAZ. IRREELEZME: ST BRM-AUERAN: —F
& AN E-1; IFN-y; RS, HRIh

o H SRR ) 2R 2R R0 G ) 3 S O e 3R AT PG R A AT o M &k B, #0 Astragalus

M, G NER 5. #O SIS PEAI#2 ST RIBT polysaccharides ( 3 7€ £ HE ) A #3 Ganoderma

FiF B IE 2 2 R i 1 PR i 1 DA
MAGRRF by #3 MR #7 Bl fe. #9 —
FALE IR T E T 2 2 B R S R AL #1
ZHE #5 I Z I T A 50 I 2y 2 M S50
TAE AN [ H 24 22 1 () S i VR B G2 T 1 R A
#4 P AH6 (R BT R 1 2 2R S
AT I P A ) S B

WK 6 Frars, XSSOSR IR AN A i

lucidum CRZD #dE7R v E bR b b 2 2 8T i
R, FERETHAZEPFTEN: #2 dendritic
cells (A 2R 401D + #4 macrophages (I 48 i)
DA J%#8 gut microbiota (fi7iE B #E) M5 U4
TRE 2 2 W) S B W L] 41 structural
characterization (&5#J3R1iF) F1#6 immune function
(I TIRe) BT TP K A 24 22 0 (%) 45 KA R AIE
G985 VR 1 VE P R IR AR



FEH 2025567 £56% B 1M Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 11

* 3995

x6 INEBRRMUMRIIHMBELEZE

Table 6 List of nine representative clusters in English literature

e TR REME  EEFEH

EX-PS 30

#0 astragalus 45 0.747 2013
polysaccharides

astragalus polysaccharides; dendritic cell; haemorrhagic disease; virus; Toll-like
receptors; antitumor; astragalus polysaccharide; cell; apoptosis; mitochondria

pathway; macrophages activation; signaling; cascade

#1 structural 40 0.842 2012
characterization

structural characterization; immunoregulatory activity; hibiscus; sabdariffa;
health food; antitumor immunomodulatory activity; cell membrane receptor;

nelumbo nucifera; potential immunostimulator; graft modification

#2 dendritic cells 37 0.784 2010

dendritic cells; dec-205 receptor; colorectal cancer; schistosoma mansoni; antrodia

camphorate ganoderma lucidum polysaccharides; immunomodulating activity;

antiangiogenic therapy; bonemarrow cells; dss-treated mice

Ganoderma lucidum; immune; function; anticancer activity; herbal medicine;
peritoneal macrophages biological activity; structural features; Platycodon

grandiflorum polysaccharides; Curcuma xanthorrhiza; antitumor activity

#3 Ganoderma 32 0.835 2010
lucidum
#4 cells 32 0.627 2012

signaling pathway; cells; acid; immunity; water soluble polysaccharides;

dendritic cell; nitric oxide; inflammatory responses; bovine mammary cells;

health-promoting property

#5 atherosclerosis 31 0.743 2007

response;

immune response; chinese yam polysaccharide; humoral response; cellular
preparation

excipient; nitric oxide; antitumor activity;

immunomodulation; plant activation

immune function; radix isatidis; gut microbiota; hakim caput-medusae
polysaccharide; innate immune response; antioxidant activity; immune

response; islet; inflammation; glucose

#6 immune 24 0.776 2011
function
#7 saponins 24 0.68 2008  antitumor

activity; immunological activity; structural characterization;

differentiation; purification signaling pathways; mice; advanced glycation;

injury; self renewal

#8 gut microbiota 23 0.768 2018

gut microbiota; short-chain fatty acids; wild morels; immune regulation; turmeric

polysaccharides; intestinal microbiota; Apostichopus japonicus cordyceps

polysaccharides; immunomodulating activity; intestinal barrier function

SEEIT-A, $8R TH#H6 AR 25 2 B it
WA RN s, MK 7-B N ER T #5
atherosclerosis (B FEAE L) 7EIX — 4005k 18T B
M. %K 5. 6, nfLURIUFIE R T, 2
577 ZHERI N BN R SR A PR, 2R
BRI OHAF R I B R B R0 o AHXS TS #5 Bk
FEREAL IR LI 2 2 AR, IR ANHBB I 1
i Jd humoral response (&3 9% ) « cellular response
(MRS 9% ) S5 G PR T MLV T 2 i IR o itk
Ab, HEESOCERF I T I TE A RS, R
PN A2 3t v 24 22 5 G AR 2 ) g T R S T
o XA T 24208 EREAE T e 4
WU, IS 7R T T Bk 1 5 Rl o R ) 8 R
T TER, AL R TR M.
2.6.3 GBI [AIZR A0 AT NI P fe A B Y

J& 7 SR BRI FE R A IS [R] B A ) AR AT a3,
AfF 703 S A 50 T AN e il 3= 8 B I () % 1)
Fo B 8-A iR, HICCERH#HO et #1 2
Bl #2 G i T A5 SIS 2 H 2000 42 2024 4F
(R FURF SRR, &I (8] B 384G AN 7] (1) 5B i 44
R #3 4IRATAE 2003—2010 EHFIED, K
F S GBI A A #4 PUMIRIZE 2005—2009 4
(R FEAR AT s #7 i s OB 78 2010 4F
FHEIGE, ARG WA N, B RO
R TT; TMi#6 (RIS 2015—2024 4F (1) 55
] BRI, RIZSI I S AR, &
Lk — PR E

MEl 8-B ATLAE H, L3RR #0 astragalus
polysaccharides ( 3% ¥ £ ¥% ) F1 #1 structural
characterization (£5#JRAE) H 2005 45 2024 H1)
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Fig. 8 Timeline diagrams of keywords in Chinese (A) and English (B) literature
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AKeywords Year Strength Begin End 2000—2024 B Keywords Year Strength Begin End 2001—2024
B 2001 640 2001 2013 -se—  ganoderma lucidum 2004 1129 2004 2012 o ——
FZGLRE 2001 354 2001 2005 -mmme— dendritic cells 2004 970 2004 2014 e e—
FIZHE 2002 376 2002 2004 s polysaccharide 2004  8.65 2004 2009 o m—
PR g% 2002 3.43 2002 2008 s macrophages 2004 7.96 2004 2014 o m—
AN 2000  3.62 2006 201 | sm— mice 2001 628 2008 2012 c——
FRI 2003 487 2012 2015 com— difforentiation 2008  5.83 2008 2012 e i e—
4fifh 2010 443 2012 2015 e — beta glucan 2009 569 2009 2015 e —
HYZHE 2001 351 2012 2014 com———— antitumor activity 2001 773 2010 2015 ce——
RELPE 2003 343 2012 2014t immunomodulation 2011 633 2011 2014 e
EVIENE 2003 6.62 2013 2014 cm— CANCET 2007 576 2011 2015 c———

IRBEMENE 2005 522 2014 201 8em——— ganoderma lucidum polysaccharides 2011 560 2011 2018 o ——
PUEAL 2007 6.83 2015 2016t lymphocyte proliferation 2006 7.63 2012 2017 co——
GIEIHE] 2012 6.01 2015 2024 cet— T3S 2015 592 2015 2017 e

ZERIMETE 2018 412 2018 2024 growth performance 2013 589 2019 2022 i—
FPEARL 2019 446 2019 2024emm— structural characterization 2015 6.85 2020 2024 mi—
iR 2015 943 2021 2024 gut microbiota 2018 2131 2021 2024 st

ZEMIRAE 2018 6.04 2021 2024
SEMIfRET 2017 3.66 2022 2024

biological activity 2020 11.04 2022 2024 c——
lyceum barbarum polysaccharides 2022 6.33 2022 2024 m—

B9 X (A) FEX (B) XERHEIARIE
Fig. 9 Emergence diagrams of keyword in Chinese (A) and English (B) literature
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Fig. 10 Global trend of patent applications for immunomodulation of traditional Chinese medicine polysaccharides
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Table 7 National distribution statistics of patents for

immunomodulatory of traditional Chinese medicine

polysaccharides
HiF LR JE E R IR B
1 H 2430
2 e 157
3 B 73
4 AL FIH LR 13
5 WRFE 13
6 N 12
7 HA 10
8 L | 10
9 R 6
10 [ 3
11 BN 3
12 Brtizs 2
13 % B8 1. 1
14 [EE-FN 1
15 R FR 3 1
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ZLLL LR N AE 245 2 i e 8 U 1 45 1) e A
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Fig. 11 Co-occurrence diagrams of keywords in Chinese (A) and English (B) patents for immunomodulation of traditional

Chinese medicine polysaccharides
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Fig. 12 Evolution diagram of keywords in patents for immunomodulation of traditional Chinese medicine polysaccharides
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