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Abstract: Objective To analyse the current research status and development trend of Fritillaria plants using bibliometric methods, and
obtain the transformation achievement of Fritillaria plants through patent analysis, providing direction reference for future development
and application. Methods Relevant literature were searched and collected from four databases, namely CNKI Database, Wanfang
Database, VIP Database and Web of Science Core Collection Database with Fritillaria spp. and Fritillaria as the subject search terms. The
data were imported into NoteExpress literature management software for duplicate checking, screening and format conversion. Excel,
CiteSpace, and VOSviewer were used to visualize and analyze the annual publication trends, cooperation networks, and research hotspots

of Chinese and English literature. The patent application status of Fritillaria plants was analyzed through the Incopat patent database from
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the aspects of patent application trends, geographical distribution of patent applications, and patent applicants. Results The dataset
encompasses 1 511 Chinese articles and 805 English articles. The number of publications of Fritillaria plants has generally shown an
upward trend, with a total of 56 countries participating in the study of Fritillaria plants, with China being the main publishing country. The
primary discipline in English literature was plant science. The authors with the largest number of publications are Zhou Nong in Chinese
literature and Li Ping in English literature. In Chinese literature, the China Academy of Chinese Medical Sciences leads. Among English
publications, the Chinese Academy of Sciences dominates. Some of the authors of the published papers have formed research teams, while
the cooperative relationships among the publishing institutions are relatively scattered. Based on the Incopat patent database, 10 292 patent
applications were retrieved. Among these patents, 9 980 patents were domestic patents, accounting for 96.97%, occupying an absolute
dominant position. Conclusion Research on Fritillaria plants is in the stage of continuous expansion and upward, and the core species
of Fritillaria plants are Fritillaria thunbergii Miq. and Fritillaria cirrhosa D. Don, and the hotspots are active ingredients such as alkaloids,
pharmacological effects and molecular mechanisms, growth and cultivation and resource protection. The global distribution gap of

Fritillaria plant patents is obvious, China’s patent applications occupy an absolute dominant position, but it still faces problems such as

low application activity, low validity rate, single technical composition, and weak competitiveness.
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S ERE IS LiXien R PYELE, YD A S e T
4 20 Tkt 14 Li Huijun s e v o
s 1w g 2 wangshs . S| SR PP I SR
6 18 Mm@ 12 Tekson Mehtap R SIRT 10 H9SCHR LA 6, SCHRIT 72 4 20
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8 17 /BRI 11 Ye Bengui il FRARE S0 AEMSE, ST SCERE S
9 17 =T 10 Xin Guizhong M. 2%, SRR Z AU S KT,
10 15 FHE% 10 Zhang Peng BHEIAE AR, B 2. BREREEN
®5 WSISURAET 10 KLAIH3CICRR
Table 5 Top 10 cited Chinese literature
P BEEIEIK i SCOCiR HAF) REFA
1 383 Hh ] e S AR A 52 S T 44 5% G/ EZ-2c3 2017
2 358 e DU BRARAT 78 g 2 E = E 2 2019
3 225 i SRS A Hh 24 Jo A R R i 2008
4 127 Hh 247 DR 6 SR A R 245 FH S 2% 2 (AT 5T ey ateztitd 2007
5 122 Tk BRI D) DURE (402 R oy B L 2 3R A FH 1 EL st 9 H g R 22 2016
6 120 T A [ v 24 PR A A S R A R 290 2 SR IR R & 2014
7 110 MERE R = WG 25 R )1 IUBE  (Fritillaria cirrhosa) Y& fER A A2 25244k 2008
SRR UICFIE
8 109 I DURE 25 AR R B 50 3 2 2011
9 107 T Maxent 1 ArcGIS Tl 1| DURREE 43 A7 Jod B PPN LRI 2014
10 103 K 1 1 X 7 A2 R W 24 A ) PO AT R R D i 7T PEAL R4 4R 2006

HSE SO SR DR A 51, a0 2007 4 (R 2 DB
HIE A AN ZG PR G 2 T 7T ) (225 4KD. 2008
(IR g R R 2 E A R Y (127
%), 2009 1] “Chromosome diversity and evolution
in Liliaceae” (199 &) 4§, fE Ul E}EEY M IAH
KA T BA KR AR OME, 2 F T & w72
1) EE AR

2.7 XIS

2.7.1 SREEEILH M A VOSviewer X ULE}
JiE AL A R S SR PR G B ] AT RLAK 2 A s R L [
6. WHFEILAFE] 3 299 AN SCOCERA], oA H I
R =10 BRI IL 74 4>, 4098 MR EHR A
78 NI =10, S8 SR ERE RN S
WA R R IEAROG, ROTBROR,  H BARIR J #

PRt . 2 7 BB T AT A S ek BT K
Heamr 15 Ao, A semdiia s, ke
(77 WO b, EBNEFE DUREEYIF, B H SR
(RAF 78 S B S n it DURE (200 YO, I ILRE (167
JOL SFULEE (69 O B IIRE (57 O KE L
BE (52 YO EAFSFMREIT; WEER 2 (75 %0
TREZH (58 ) AWis (71 YO AV (40
YO R H AR SOCRRIE 7R £ T DURE @ A ) AR ik
RS, XY e VURE R 245 FA AN AE I R% O ) o
Fenit; BBORARGIEE (37 O T IEHEDmGE
2. MEfRgEg, EEEMSESTEA, f&
ME (37 PO FRARUE DIRERL S« #2053 S hr itk 1) 4%
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Table 6 Top 10 cited English literature
FF5 #EIIIK PR BT REFA
1 199 Chromosome diversity and evolution in Liliaceae Annals of Botany 2009
2 151 Sequential extraction, characterization and antioxidant activity of International Journal of 2019
polysaccharides from Fritillaria pallidiflora Schrenk Biological Macromolecules
3 150 Antitussive, expectorant and anti-inflammatory activities of four Journal of Ethnopharmacology 2012
alkaloids isolated from bulbus of Fritillaria wabuensis
4 135 Chloroplast genomic resources for phylogeny and DNA barcoding: A Scientific Reports 2018
case study on Fritillaria
5 119 Phytochemical and biological research of Fritillaria medicinal Chinese Journal of Natural 2013
resources Medicines
6 113 Characterization and identification of steroidal alkaloids in Fritillaria Journal of Chromatography A 2010
species using liquid chromatography coupled with electrospray
ionization quadrupole time-of-flight tandem mass spectrometry
7 97 High-accuracy de novo assembly and SNP detection of chloroplast New Phytologist 2014
genomes using a SMRT circular consensus sequencing strategy
8 97 Fungal endophyte-derived Fritillaria unibracteata var. wabuensis: Scientific Reports 2017
Diversity, antioxidant capacities in vitro and relations to phenolic,
flavonoid or saponin compounds
9 95 Evolutionary relationships in the medicinally important genus Molecular Phylogenetics and 2014
Fritillaria L. (Liliaceae) Evolution
10 94 Differences in soil properties and bacterial communities between the International Journal of 2011
rhizosphere and bulk soil and among different production areas of Molecular Sciences
the medicinal plant Fritillaria thunbergii
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Fig. 6 Co-occurrence networks of keywords in Chinese (A) and English (B) literature on Fritillaria plants
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Table 7 Top 15 keywords in terms of occurrence

frequency in Chinese and English literature on Fritillaria

plants
SR LR
g —; o N S
R KA Bk KA
1 200 ikt 114 fritillaria
2 167 JIINAE 105  liliaceae
3 170 91 alkaloids
4 75 NRERZ 91 steroidal alkaloids
5 71 A4 84  bulbus
6 69 TIUA 69 plants
7 58 NREEH 58 identification
8 57 WE&NM 50 growth
9 52 KHAMNE: 45 peiminine
10 44 AN 44 evolution
11 42 fhEsy 42 invitro
12 40 B4V 41 peimine
13 40 wikm 38 isosteroidal alkaloids
14 37 EMURAREIEE 37 expression
15 37 HENE 31  Fritillaria cirrhosa D. Don

91 IR M FAZ I3 steroidal alkaloids (A4
B, 91 70O, 5 EAAREYIIEN T &S50 isosteroidal
alkaloids OS5 RA00%, 38 ¥R ¥ =X FE A
%, peiminine (WIB}E 2, 45 1K), peimine (JIB}
FH, 41 00 REMER) S S AL, ] WP
SCHRAH A 7T Ak DLBE AR W) 245 FH A B DGV E S
w, R AHELSH. SE. SERITZ, (E
FHINLHIEE; identification (457, 58 ). invitro (/K
ANSEES:, 42 IR0+ expression (FERIFRIE, 37 ) &
JESCOSCRR T ) R R T, SRV
BT AT ARV BRI S AR AL AR
LR A LS s plants (FEY, 69 ¥X). growth
(A, 50 0O T 2 S SC R 70t DU AR )
N TR DB AT R S8R F (1) 07 . 456
SEIIHIE TS SBIA U conservation (fR#7). cells
(ML) transcriptome (¥%3%41). biosynthesis (4
Yh& GBS )« NF-xB %S, 1115 H 98 SOOI 7t
PRAT AL LA DU B A 7> A o Bl ARV v
PERC A, IS A0 AR B R R DUREAY 24 B4
KAy, il R A A AL 40 245 F i 32 (B AR
AR, RN OGHE DU RHE M SRR 5 F 5
CLEAHES) DURE Y R T RF S R R

272 KEERERSHEMELE S NH

CiteSpace HIXTHULIAA LLEE (log-likelihood ratio,
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238 2016—2025 AN AEAL S5 85 AU I R B B
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FHORIRNGEAT DLBEZGRIALE], IF 230 B S 085
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Fig. 7 Timeline diagrams of keywords in Chinese (A) and English (B) literature on Fritillaria plants
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Table 8 Clustering information of keywords in Chinese literature on Fritillaria plants

REARK s A R A
#O A2 61 0.912 Hlnizig; MMM LELK; PEZ; <N
#1 Wi DURE 59 0.758 WrDURE; SafE; EERFRIA; FEERE; @HHA
#2 )1 UL B} 54 0.915 JUDURE; G DURE; P2 fegtEil: REER S
#3 JIBE 51 0.921 DBk N\ DUBEE: B
#4. =W 50 0.804 U1 P e 357 PR e SN PR B | IR S P 7 |
#5 55 J1LRE 44 0.839 MRS UUEE; HRR: EEWE; 8% B ILEE
#6 IR 4 37 0.816 MEEER s WEEEW; W ER; 4 NI e
#7 AL DLE) 37 0.854 AL DURE; VU ULRERE; BRI 25 e Dle)
#8 V- I+ 31 0.824 SEOURE; BRI Busdl; SRR SR
#9 K A VU B} 27 0.796 KEVEE; /NERSE; LR s kg

alkaloids C E§ P& AE2080 # b VLR @A (50 5L
52538 i R 5T ; S8 28#2 chloroplast genome

(PFERAARFE R 20) . #9 endosperm (EFL) MAEYI2A A
FEfAT DL BE B AR SR AR R 2 g5 4 . DL BERR T



* 8306 « CED 2025F11 A $56% $ 228 Chinese Traditional and Herbal Drugs 2025 November Vol. 56 No. 22
x99 NEEEYRIEHXBRARLXER
Table 9 Clustering information of keywords in English literature on Fritillaria plants
BRF 5 TR REME FREE KA
#0 molecular docking 7 0.759  molecular docking; network pharmacology; Nrf2; peiminine; inflammation
#1 steroidal alkaloids 75 0.813  steroidal alkaloids; total alkaloids; Fritillaria thunbergii Miq.; quantification; alkaloids
#2 chloroplast genome 70 0.781  chloroplast genome; phylogenetic relationship; genetic diversity; Fritillaria ussuriensis;
Fritillaria ussuriensis Maxim.
#3 crown imperial 63 0.835  crown imperial; micropropagation; in vitro regeneration; bulblets; geophytes
#4 Fritillaria pallidiflora 54 0.850  Fritillaria pallidiflora Schrenk; antioxidant activity; polysaccharide; characterization; steroidal
Schrenk saponins
#5 Chinese herbal medicine 44 0.790  Chinese herbal medicine; ERK1/2; peiminine; verticinone; Fritillaria wabuensis
#6 breeding systems 35 0.884  breeding systems; karyotype; evolution; polyploidy; nectar
#7 climate change 35 0.875  climate change; Fritillaria meleagris; Fritillaria przewalskii Maxim.; Qinghai-Tibet Plateau;

community
#8 laser-induced breakdown 23 0.910

spectroscopy
#9 endosperm 17 0.965
#10 starch 16 0.972

laser-induced breakdown spectroscopy; Fritillaria thunbergii Miq.; heavy metals; Fritillaria
thunbergii; potassium application

endosperm; evolution; aneuploidy; triploidy; embryo sac

starch; Dioscorea opposita Thunb. starch; physicochemical; zea mays L. starch; hydrolysis

KRB SO R e, NMEE. RIERE 2
HEES YR TEISH3 crown imperial (GeEAE UIEE)

#6 breeding systems (ZH &R%i), #7 climate change
CRUEAAL), REREAEDUBERIE, 455 N TEM
PrAUgA A0 DRI A1 . ZRETERIREI, A U
BE 95 U5 0 AT 457 22 F) R $R I S04 B 2K#8 laser-
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) DUREEAE Y B B A 5 it A R AR R
SCH¥; TI#4 Fritillaria pallidiflora Schrenk CK A 1
). #5 Chinese herbal medicine (&%), FHI
BHERZR RN, W70 DR BAE L. Bk,

VT S BN, X DURERIfE i 2 & 50tk AT
IARAL IR, JE5#10 starch (JER)) W78 DL BEEAE
VIR EAL 2R I, AR Bl PR 24 R A AT
MM SR LR S 8. a4 (& 7-B) ],
2005—2015 4y SE Al A 78 BL 3L B, B i
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IR BIF 53 345 38 e 1) 1 T 70 7 HOR IR A AT i 1k
B VR I ALE,  OF BRI 1 5 2 R N P R R
SRR LIRS S R 7 S AN -3 b o XL o

Er o BT IR, #0 molecular docking . #1 steroidal

alkaloids. #2 chloroplast genome. #3 crown imperial.
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A Keywords Year Strength Begin End 2005—2025 B Keywords Year Strength Begin End 2005—2025
JIEE: 2005 9.95 2005 2007 == major isosteroidal alkaloids 2006  3.96 2006 2012 =
25 2006 546 2006 2008 = amylose 2006 2.52 2006 2008 =
METTER 2007 376 2007 2008 = Fritillaria hupehensis 2007 3.07 2007 2008 =
Lz 2007  3.19 2007 2009 == bulbs 2005 431 2008 2013 —=——
LIRS 2007 293 2007 2009  m— steroidal alkaloids 2016  3.94 2008 2012 —m———
Rt 2005 3.40 2009 2010 — origin 2009 2.69 2009 2012 —_—
1528 TUBE 2010 5.53 2010 2012 —_— evolution 2005 2.77 2010 2015 —
RV 2007  4.17 2010 2013 — alkaloids 2008 479 2013 2019 ——
FRIL 2011 327 2011 2013 — somatic embryogenesis 2014 4.05 2014 2016 —_
IEZZ IR 2011 298 2011 2014 —_— in vitro 2014 7.83 2016 2021 —_—
76 J1BEH, 2012 327 2012 2016 —_— Fritillaria cirrhosa D. Don 2009 2.67 2017 2018 -
it 2012 3.05 2012 2013 - Fritillaria thunbergii Miq. 2016~ 3.40 2018 2023 ——
N xRz 2005 5.68 2014 2016 — inhibition 2018 293 2018 2021 _—
s 2009 410 2014 2015 - sequence 2018 2.86 2018 2020 —_
£ DURE 2009  3.36 2016 2018 —_— antioxidant activity 2012 272 2018 2020 —
FUAT DUBE 2010  3.44 2017 2020 — NF-xB 2019 476 2019 2023 —
FERRIE 2018  3.34 2018 2021 —_— extraction 2019  2.84 2019 2022 —_
PEIR 2018 322 2018 2020 — rat plasma 2012 276 2019 2021 —_
Az 2017 836 2019 2025 Traditional Chinese Medicine 2010  2.66 2019 2022 —
AERKAERR 2019 2,95 2019 2020 —_ chemical constituents 2021 411 2021 2022 -
sz 2015 6.42 2020 2025 = mechanisms 2021 256 2021 2022 -
JR BV 2020 4.15 2020 2022 = climate change 2018 3.52 2022 2023 -
TR 2015 3.92 2020 2025 conservation 2013 331 2022 2023 =
H LR 2010  3.04 2020 2021 - diversity 2013 3.14 2023 2025 —_
146 JURE 2005  4.68 2021 2025 Iran 2023 2.89 2023 2025 —

8 NEREEMHT (A) SR B) XEAKXEIARINEL
Fig. 8 Emerging map of keywords in Chinese (A) and English (B) literature on Fritillaria plants
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Fig. 9 Annual application trend of global patent for Fritillaria plants from 2005 to 2025
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