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Abstract

Zanthoxylum armatum, commonly known as prickly ash, is a medicinal plant of high economic value
that has garnered widespread attention due to its unique pharmacological activity and ecological
significance. This paper conducts a bibliometric analysis based on the Web of Science database, re-
viewing the research progress and trends of Zanthoxylum armatum from 1983 to 2024. Through lit-
erature retrieval and selection, we identified 293 high-quality academic papers for analysis. The re-
sults indicate that research on Zanthoxylum armatum has evolved from sporadic early explorations
to rapid growth in the past decade, especially since 2016, when research activities significantly in-
creased and the annual publication volume rose dramatically. The research topics encompass re-
source survey and management, chemical composition and pharmacological activity analysis, as
well as applications in medicine and chemical engineering. China, India, and Pakistan are the primary
contributing countries in this field, with China standing out, particularly with institutions like Si-
chuan Agricultural University excelling in both publication quantity and research quality. Through
co-occurrence network analysis of keywords, we identified seven major clusters in Zanthoxylum
armatum research, including chemical composition, medicinal value, genetic diversity conservation,
genomics, green synthesis technology, and production performance optimization. These findings
not only reveal the current state of Zanthoxylum armatum research but also provide insights for
future research directions. Furthermore, significant progress has been made in its genomic studies,
with functional analyses of multiple gene families elucidating their roles in growth and develop-
ment. This study offers references for future research directions on Zanthoxylum armatum and
highlights its immense potential as a medicinal plant.
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Figure 1. Trends in the number of published papers
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3.2. fEE S

HAEE 1332 4, WIMEE 6.59 4. NIRFTVTHHEMUK EEFI LN 5, BATGET T R RSB i
ZWIHT 10 AE#F (R 1), FFiE bibliometrix A HHE FABATN H 550, G 48%. M fE8UR S5 & . Hrp
6 AAEFE R BRI, 2 AR EERSCEYRE, PHACRMBIER A M B TR 1 44, SR
YA R SR 2 U AT T e DY AR SR B 28 . 5l Bh 21 e 17 B2 —
B PUARRMABHER AR A BB 2R L 13 F 2R =

Table 1. Top 10 authors’ institutions and statistical indicators

3 1. Top 10 {EE B IR G it 4R4R

4 Bty Hs%  GHEH MIEH Ll W AR
B PILRMEBH R R ERE 8 12 0.80 217 12 2015
-1 91 b R A Ak 2 B 6 10 0.67 302 10 2016
% 2L MEL T KA 6 12 0.43 172 12 2011
[RES iz PR SCH 2 5 9 0.83 82 12 2019
i YIPR = e 5 8 0.71 77 21 2018
T WYHPR =2 e 5 8 0.71 69 17 2018
Bl PO Y R AR 2 B 5 6 1.00 41 13 2020
kG V)1 Ak R 2 B i A B 4 10 0.57 113 10 2018
JET R B 4 7 0.80 53 10 2020
el 74 )1 Alb oK 22 i S e 4 8 0.67 64 9 2019

AT RFCERE > 5 MKTEEE VOSviewer HHHTIEZ G1E0HT, S 45 BIEE R EhrdE,
TERL 10 D EREE(E 2(A))o WEIFFRT LR, ATIHAESIHEIL i 1 4 NI TR 2068 53 N R
HER 25 KR e S B FU BN, 32 BEQTEAT - AE R BT 40 ML AN S A Y (R AR 0 3k8s, e H R AE
ST R AR AR 11] FFIRG[12] [13]s PR BRPE[14] AR R [15]55 77 TH I REMA o (B 7393 75 (102 1% A1 BA Bk
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SoME, BTSRRI TS AN o Z I BAEAT T 4 3 PRI 43 el P )3 S A A 2 R R SRR o AT, 0
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I3 SO R AR AL T BERE[19]. MRAMERE YT S LK IR E B IR T ORE 7 [20]-[23]. SREE
FNPREME ST NI T RIN, AT 58 BT AT e e AR G L R 2L 2 3, 440 14T
WU [R] 20 5 00T 58 1) B B 2 2 e[ 24 W SR 2 DY AR Y K 2 B it 2 e o 2 37 AR e 55 N 2H %
AIFABA e 32 BRI AERU & T VP4 [25] [26] B L IREE[27)5%6 7 TH -

] 2(B) s THI 10 7R = RS, MRSy, BB /MR ST R, ARk R 5]
FAMIE . 509 72 Fo b e S R AT AR SRR T2 11, R IR IR LR B 7t I 3 BT A4 0%
P, R BOR T e 5 52U 48 58 IR IR 32 73 9K [ 28] B2 L SRAP FRic X FEARUR ot 55 5t 1) 18 4%
ZREMERISEG R R TT[29], FFB XTI AEAUE % 2540 5 R G0 K B U IR AR DG 7L [30]-[33]. KB 5
HFRAE 2018 £ K LU MR 5T AT, X85 ) 1 i SOk R R I K A — 3. AT
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Figure 2. Author analysis. (A): Author collaboration network, the colors represent different clusters, and the node size repre-
sents the number of articles. (B): Author productivity, the node size represents the number of articles published in the year,
and the color depth represents the number of citations in the year
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3.3. ERSHaS

A KA 40 MEKH 428 FH S5 BIPTH LRI ARG 72 o KRR SCERECEHE A 1 = [E 5 5
A E (154 ). ENEQ DAL 43) (K 3(A), X S5PTHAEMUIIEL > A A — 331, KEARE
SCECEHEAHT 10 AL T, BREEA R RS T AR A 22 (39 7)) LA A HE4 565 LI B A rn £
Wi 4% COMSATS K14 F)sbh, Hap \FrHLa & E T E (& 3(B)), Sl i A EAEYT H-FERUT 78 43
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Figure 3. Analysis of countries and institutions. (A): Top 10 countries by number of publications. (B): Top 10
institutions by number of publications. (C): Sankey diagram of top 10 countries, institutions, and authors
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WSCHE SR EUR T HRG g, JANGevt 135 3k s s (1) 10 Fi Sk 2). Hed EfE# K
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Xu DP | MaxEnt SR T T o S AEHUTI A3 A [37]0 1% FSEERIBIF T8 A S T IH- A6 AU M B 40 A B 1 v
SEAKAE, IR SRR T VR R AT B ERR AL T ERL . 5B T ISRATIHAERUIAL sy S A EE YRR T,
1 Feng XY XS FEMUH 4R KA L4 E([38], Bhatt V AAEMUTEESML S, KRIER. &SR MBI
BEAT 7 e B AEE(39], Kalia NK Al Kumar VT AESUH FIBERZ AR NG R BT T[40 [41]. 55 =RIZATHE
MR EUYITE B 5 B AL AR R FA 9T, 91 Ranawat L BfF 58 T TEMURS B 2 BEERERINT CCL 5 K 1K R
IFB DT DRATAE T [42], DAL Ramesh AV A5 FAEARUH 7K i U T A 2008 B AILTS el H i [43 ]

Table 2. Top 10 papers with the highest total citation frequency
2. BHSISUR Top 10 1£3C

il BoAEE Fh LR SV G S UL T

Ethnomedicinal plants used by the villagers of

district Udhampur, J&K, India [34] Bhatia H 2014  J Ethnopharmacol 124 11.27
Modeling the distribution of Zanthoxylum Glob Ecol
armatum in China with MaxEnt modeling [37] XuDP 2019 Conserv 1S 19.17

Discrimination and characterization of the

volatile organic compounds in eight kinds of

huajiao with geographical indication of China Feng XY 2022 Food Chem 109 36.33
using electronic nose, HS-GC-IMS and

HS-SPME-GC-MS [38]

Hepatoprotective activity of ethanolic extracts
of bark of Zanthoxylum armatum DC in CCl4 Ranawat L 2010  J Ethnopharmacol 105 7.00
induced hepatic damage in rats [42]

Facile green synthesis of Fe304 nanoparticles
using aqueous leaf extract of Zanthoxylum
armatum DC. for efficient adsorption of
methylene blue [43]

Ramesh AV 2018 J Asian Ceram Soc 84 12.00

Descriptive study of plant resources in the

context of the ethnomedicinal relevance of

indigenous flora: A case study from Toli Peer Amjad MS 2017 PLoS One 75 9.38
National Park, Azad Jammu and Kashmir,

Pakistan [35]

Simultaneous quantification and identification
of flavonoids, lignans, coumarin an.d amides in Bhatt V 2017 J Pha}rmaceut 69 3.63
leaves of Zanthoxylum armatum using Biomed

UPLC-DAD-ESI-QTOF-MS/MS [39]

Medicinal plants, traditional medicine, markets J Ethnobiol

and management in far-west Nepal [36] Kunwar RM 2013 Ethnomed 66 330
a (I)\]Iew Amide from Zanthoxylum armatum Kalia NK 1999 J Nat Prod 62 238
Quantitative and structural analysis of amides 7 Pharmaceut

and lignans in Zanthoxylum armatum by Kumar V 2014 Biomed 60 5.45
UPLC-DAD-ESI-QTOF-MS/MS [41]
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Figure 4. Keyword co-occurrence analysis. (A): Keyword co-occurrence cluster analysis, node
colors represent different clusters. (B): Keywords superimposed on average publication year,
node size represents keyword frequency, node connection width represents keyword connection
strength, and colors from purple to yellow represent years from far to near
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B 4(A)HIE RN AR T AT ERR) FARE St . i U RS R T XA I R I E 2
A8 5 w78, B A 4k 2 ) 43 (chemical-composition) < 2E #7) B (alkaloids) < £ AT 36 %
(hepatoprotective activity). B 14 (toxicity) 55 JE ia] . 2 8 528 1 B 184% 2 FE % (genetic diversity) diver-
sity(ZFE1%). conservation (PR3, AT AT T8N GOSN AEARAITh 22 Bt A SR ORGP DT TR ORTE . BEJSHIEAT
H R R RS, BT HERRUT AN S SRR Y R 1) 3 A 2L A Y (flavonoids) PR 3 B i (alkylamides)
WA, Forp s e S R A 7R — AT M IS B 4A) R A M2, 75 (RN 28 (8 5 2 0] 43 3] J Bk
R ECH I FE A . RIS B S M (genes). ik (expression). %4 (transcriptome). 55
- (transcription factor) I\ ¥4 7+ (Arabidopsis) 5 S 1Al BT LRI B 78 D IR HHR N 2 73 17K
O TEARIL T AT TERUIT 5 1) B FH STk A e 34, 1 LU0 S AR S R MR K 2% €45 i (green synthesis)
HiAR. GERRNRET e SEbRE =, K= E(yield). Pridith(tolerance). 4K (growth). MfE

(performance)% .

Table 3. Top 20 keywords by frequency
7 3. 49 Top20 X #Ei7

KB ] keyword AR A ERE R
77 I FER Zanthoxylum armatum 161 444
it essential oils 40 135
FEHL extraction 31 115
PrEATE antioxidant activity 30 101
|5y constituents 29 111
H leaves 28 118
KHFE lignans 26 93
) plants 24 49
KE identification 23 71
EERIS growth 21 65
Zi Y medicinal-plants 21 51
=R rutaceae 20 53
B G flavonoids 18 83
2oy chemical-composition 17 65
Rk fruit 14 59
St HE T alkylamides 13 58
PO G antifungal activity 13 51
ZHEE diversity 13 30
T apoptosis 12 39
A=W alkaloids 11 43

4. g
IR 1983 4EZE 2024 4E I TFAT GG 293 B HIZESTHRIG AT, TATRIAT AT 5 2
T MK R R BRI R K . ARG A T L4 80 4E4R, (HELF] 2000 4E T,
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FHOCSCHRAR D, AAE LT 1993 4EF0 1999 4. )G, Bl ANATTOATHAEZ A E AR, BT
GRIZAEIZ . 2001 2 2015 E06], BEACESEENEER, FRlE 2010 FZ )5, wXRRBERER. 3
12016 FERS, PRI AT FEEN T R R IBT B, R R R I SCERECE R IRIE I, Rl AE 2023
EIRB] T 45 R DT SR e I SCRR B 3 AT, FRATTRT DA BT AR R ST 3 R A [ () 4R
A AR o FLHARE 5t 32 B v A BE R I 25 [34]-[36 )AL A FU4k 22 73 70 AT 8] [407], T AT 48 54 ) B8 n v
FRK A ZH 2 LR AT HAEMAE B 2 A TR R . B AT M E A 7 — AN L AT 7T
o XKD T AT AERUE Ny — b B 245 A R, R B T A BRYE Bl A TR SR B
SRR H 2 A

FEATHAEAUCI B FE A, o [ Ah T A5 e AT, AR Sl A A 8 i b X ) v S FTRIE 7 Pl a0 ) 11l R 22
R R 24 K25, EATTAMUAE R SO B PR O0Es, T BAEPT AR Bl AR V) At 95 [ 23] TG 24
PEHT[31] [32] [44] [45] LA R ThRERR 70 I 25 38/E (9] [46] [47]77 TR 7 EE DTk, WAL A Z M 1 &
VR, TRR T 2 B IR T I SVEM %S . Biltn, DR RS ZEE . R N ByE T4
DRIZH 2 0031 AR SR 5 T s o 25 24 K 2 e s 4 [T A D (00 28 A= 00 1 s 7 PR T e e

BEE 2021 SR AR G o fA K R AL K R AT (48], AT TEMEE EKEFIR R b R g . HRETE
G2 2T AR R IR SR 1) 4 R DR 2H %5 0 S He e e i . B, MADS-box & B 5T R B,
ZaMADSS0 TEAE K & HIriiE EE A A, B BHED) T XTI LT B B AR [49]. RWP-RK £
A R 2 %8 R, IR BeHE s T AEIRIG R & e ToRl & A 58 R PR A B E I [50]. ek, AR
7 FKIERIPE N T ZaGRF6 TEM K/ s vp ) S B, R4 T 0 T AT fesi A KO8 B iR
AN JLfE[51]. HD-ZIP FEPR GG R R I ThRe A s 1 HAERI R & 9 i 2 5, BT AR
FEA ORI 740 T HEAH[52] BZR BRI SN, ZaBZR1 fEHL 107 T H A HE D) Re, H)
TEVAE T S AT N AT IE B[ 53]. MBF1 B[R R IGAEAN [RIZH LRI 2 A R 2B 0o dr, ik — 25 i 1
T IR L RN R RO R H AR [ 16] 0 T RR 28 PR 505 R 03 (1) 4 IR AL AR AR AL & € Y RR B DR 23 AT 4
IR IRSF R AERK SR ERRZEMAEG[17]. 1A, PIN EKREBEEARZRRFEAVRER, X
seiria A A K RIZMAEY) R § R h B A HEAER([54].

ETIAB TGS, P ARRYT HTEHUIBIE FER 2 BN e E Hot L ol R . AR RIPE PSR P
FAT R BETT K o Tofib & AR B AEARUB A (1) — /N B R, 0 AR VR ML) B G B ik R P it 9 L
A EEWERMN NG, FEGREE—P T, MR BRSNS, a5 R TEF
BT AR P A S SR R MBS R T . AN, BERHOTE RS E, WBAEE. o
TV SHEFMEE, Wit DHES T AR T R R

5. GG

FEARBFFL, FATATHAERUE 1983 4E2 2024 FRWFFHEREAT T RGRISCERTT 0. @it
293 J TR A AR SO I 5 7B, SRR, U 2D TR S, JUHRAE 2016 S,
FHRSCHR IR A R K LT o X — 38 K 7 A7 A EAUAE 26 A ELA A 25 S 40 D5 1 (1 H 2 52 S AR .
WHRE R T R SR AR KBS R, DLURCHAE DR S AL AT ) B A S5 22 AN
M. b, rpEL EIEEAN AR R Ok E, P E RN, DA RS S LR
WICHE AW TR LR HIATS o X A SR 28 1K 70 A, AR 1B ZEWF TR,

e, OGRBOR UL IEREAL S, SR 7T AR TE I 2 BEVEAE 7). Bedh, JEPIZH 2 it
FHE RN BT HAE I AR B LRI OE TR . BRI S, B FE NPT AU AR AT 5T
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