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Research advances on the chemical components and
pharmacological activities of Zanthoxyli Radix
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(Key Laboratory of Molecular Target & Clinical Pharmacology and the State Key Laboratory of Respiratory Disease,
School of Pharmaceutical Sciences, Guangzhou Medical University, Guangzhou 511436, China)

Abstract: Zanthoxyli Radix is a traditional Chinese medicine. It can be used for the treatment of wind-cold-
dampness arthralgia, muscle and bone pain, fall fracture, hernia, sore throat, toothache and other diseases. Due to
possessing many excellent and mild pharmacological properties, there are lots of reports about Zanthoxyli Radix
worldwide. At present, more than 100 bioactive components have been extracted and purified from Zanthoxyli
Radix. Nitidine chloride (NC), one of the most important alkaloids in Zanthoxyli Radix, has the activities of anti-
tumor, anti-inflammation, anti-bacteria, etc. In this review, we summarize the chemical components of Zanthoxyli
Radix, pharmacological activity and mechanism of action of NC to provide references for further research and
utilization of Zanthoxyli Radix.
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Figure 1  Structures of some benzophenanthridine alkaloids in Zanthoxyli Radix
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Table 1 Benzophenanthridine alkaloids in Zanthoxyli Radix

Compd. Chemical name Reference
1  6p-Hydroxymethyldihydronitidine [5]
2 Nitidumtone B [6]
3 8-(2'-Cyclohexanone)-7,8-dihydrochelerythrine [7]
4 8-(1'-Hydroxyethyl)-7,8-dihydrochelerythrine [7]
5  8-Acetonyldihydronitidine [8]
6  Oxyavicine [9]
7  Dihydrochelerythrine [9]
8  7-Demethyl-6-methoxy-5,6-dihydrochelerythrine  [10]
9  Oxychelerythrine [4]

10 Oxynitidine [11]
11 8-Hydroxydihydrochelerythrine [12]
12 8-Acetyldihydrochelerythrine [12]
13 6-Ethoxychelerythrine [4]
14 Oxyterihanine [13]
15  Nitidine chloride [3]
16  Ethoxychelerythrine [3]
17  8-Methoxysanguinarine [14]
18  8-Acetonylchelerythrine [8]
19  Isofararidine [15]
20  Chelerythrine [4]
21  Bocconine [8]
22 Avicine [16]
23 8-Methoxyisodecarine [14]
24 8-Methoxynorchelerythrine [17]
25  N-Desmethylnitidine [8]
26  8-Methoxyisodecarine [14]
27  N-Desmethylchelerythrine [4]
28  Zanthoxyline [5]
29  Rhoifoline B [5]
30 Rhoifoline A [17]
31  Decarine [17]
32 Arnottianamide [17]
33 Integriamide [17]
34 Isoarnottianamide [17]
35  Nitidumtone A [6]
36  Epi-zanthocadinanine A [18]
37  Zanthomuurolanine [19]
38  Epi-zanthomuurolanine [19]
39  Zanthocadinanine A [19]
40  Zanthocadinanine B [19]
41  Epi-zanthocadinanine B [19]
42 8-Acetonyldihydroavicine [8]
43 6S-10-O-Demethylbocconoline [20]
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Table 2 Structures of benzophenanthridine alkaloids in Zanthoxyli
Radix (1)

Compd. R, R, R, R, R,
1 CH, CH,OH H OCH, OCH,
2 CH, CH,COCH, OCH, OCH, H
3 CH, OCH, OCH, OCH, H
4 H CH(OH)CH, OCH, OCH, H
5 CH, CH,COCH, H OCH, OCH,
6 CH, co H OCH,0 OCH,0
7 CH, 2H OCH, OCH, H
8 CH, OCH, OH OCH, H
9 CH, o OCH, OCH, H
10 CH, o H OCH, OCH,
1 H OH OCH, OCH, H
12 CH, COCH, H OCH, OCH,
13 CH, OCH,CH, H OCH, OCH,
14 CH ] H OH OCH

Table 3  Structures of benzophenanthridine alkaloids in Zanthoxyli
Radix (2)

Compd. R, R, R, R, R R R,
15 CH, H H  OCH, OCH, H H
16 CH, H OCH, OCH, H H COCH,CH,
17 CH, COCH, OCHOOCHO H H H
18 CH, CH,COCH, OCH, OCH, H H H
19 CH, H OH OCH, H H H
20 CH, H OCH, OCH, H H H
21 CH, H OCHOOCHO H OCH, H

Table 4  Structures of benzophenanthridine alkaloids in Zanthoxyli

Radix (3)
Rs 0,
Ry O e 0>
Ry N
Rz Ry
Compd. R, R R, R, R,
22 H H OCH,0  OCH,0 H
23 OCH,  OH OCH, H H
24 OCH, OCH,  OCH, H H
25 H H OCH, OCH, H
26 OCH, OH OCH, H H
27 H OCH,  OCH, H H
28 H H H OH OCH,
29 H H OCH, OCH, H
30 OCH, H OCH,0  OCH,0 H
31 H OCH OH H H

LC-MS IR 4 22 0 EE R AE A 2 G ik 22 T A, B
5 U0k A D fen RSO €00 18— 58 A i % 975 6, AP TED
B R AR 7> 2 £ I HEL B G i 4 1 4, O HLadt— 2D



- 2172 - £ Acta Pharmaceutica Sinica 2021, 56(8): 2169 -2181

S NH

o} o}
HSCJ\/\/\{\/\)\N/\'/CHg 350
OH CH4y /“WW‘\/‘“VNH?
ii 46 51
A~ CH; NHz
H,C N/\/ .
o CHa
47 Nz
OH 0] 53
o i N CHs
HsC N
’ OH H/\(]:/Ha /\/\/M)'O\
P N/\]/
48 H
CH 54
Hie” NN B T CH(CHa)saNH,
OH CH;,
49 55
0_
BN
N
oo N
0 B
OH HO%H
0 57 5o 58
O 3 )
N\n/ <O O N\n/ o N\ o]
=
(Y - 1, D
5 O "
@ 67
~o ~o ~o S0 o
O pe polisoeal Ofl ©f§ﬂ
N7 HO NZ O N NT O
69 70 73

cr?gﬁt’““l

Figure 2 Quinoline alkaloids in Zanthoxyll Radix
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Table 5 Quinoline alkaloids in Zanthoxyli Radix

Table 7 Lignans in Zanthoxyli Radix

Compd. Chemical name Reference Compd. Chemical name References
44 Coptisine [17] 89 d-Episesamin [17]
45 Protoberrubine [17] 90 Horsfieldin [17]
46 Zanthoxylumamide A [24] 91 I-Sesamin [17]
47 Zanthoxylumamide B [24] 92 Furan lignans (-)-dihydrosesamin [32]
48  Zanthoxylumamide C [24] 93 Epi-Syringaresinol [20]
49 Zanthoxylumamide D [24]
50 Tridecane amine [25] So
51 Tetradecane amine [25] o o
52 Heptadecanoic amide [25] HO e - m o~
53  Nonadecane amine [25] >~ 0 oo o) R
54 Neoherculin [12] & 0o 31 HO>_<O oo
55  CH,(CH,),,NH, [17] I
80

56 Methyl-7-(8-D-mannopyranosyloxy)-1H-indole- [26]
2-carboxylate

57 Methyl-7-[(3-O-acetyl--D-mannopyranosyl) [26]
oxy]-1H-indole-2-carboxylate

58 2-Methyl-1H-indol-7-yl -D-mannopyranoside [26]

59 4,5-Dihydroxy-1-methyl-3-oxo-2(trichlorometh- [27]
yl)-3H-indolium chloride

60 4-Hydroxy-N-methylproline [16]
61 Liriodenine [3]
62 N-Acetyldehydroanonaine [18]
63 N-Acetylanonaine [18]
64 Zanthobungeanine [25]
65 Zanthodioline [25]
66 Skimmianine [28]
67 Dictamnine [23]
68 y-Fagarine [23]
69 Edulitine [23]
70 Haplopine [23]
71 4-Methoxy-1-methyl-2-quinolone [5]
72 Robustine [5]
73 5-Methoxydictamine [12]
74 Flindersine [18]
75 Magnolone [23]
76  3,6-Diisopropyl-2,5-piperazinedione [8]
77 2,4-Dihydroxypyrimidine [22]
78 a-Allcryptopine [29]
79 Zanthonitidine B [20]

Table 6 Coumarin compounds in Zanthoxyli Radix

Compd. Chemical name References
80 Toddalolactone [23]
81  5,6,7-Trimethoxycoumarin [23]
82  5-Methoxymarmesin [12]
83  Capillarin [12]
84  5,7,8-Trimethoxycoumarin [12]
85  5,7-Dimethoxy-8-(3-methyl-2-butenoxy)coumarin [12]
86  5-Geranoxy-7-methoxycoumarin [12]
87  Isopimpinellin [12]
88  Phellopterin [12]
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Figure 3 Coumarin compounds in Zanthoxyli Radix
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Figure 4 Lignans in Zanthoxyli Radix

Table 8 Organic acids in Zanthoxyli Radix

Table 9 Other compounds in Zanthoxyli Radix

Compd. Chemical name Reference
94 Syringic acid [22]
95 4-Hydroxybenzoic acid [22]
96 (2)-3-(2,3,4-Trimethoxyphenyl) acrylic acid [22]
97 Palmitic acid [33]
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96 97

Figure 5 Organic acids in Zanthoxyli Radix
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kinase/signal transducer and activator of transcription 3,
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Compd. Chemical name Reference
98  (E)-Methyl-3-(4-((E)-4-hydroxy-3-methylbut- [34]
2-enyloxy)phenyl)acrylate
99  (2)-Methyl-3-(4-((E)-4-hydroxy-3-methylbut- [34]
2-enyloxy)phenyl)acrylate

100  (E)-4-(4-Hydroxy-3-methylbut-2-enyloxy) [34]
benzaldehyde
101  Ethylparaben [17]
102  Isobutyl benzoate [16]
103  10-Eilosanol [17]
104  the limonoid compd 1 [35]
105  the limonoid compd 2 [35]
106  p-Amyrin [25]
107 Stigmast-9(11)-en-3-ol [22]
108 Daucosterol [22]
109  p-Sitosterol [18]
110  p-Sitostenone [18]
111 2,6-Dimethoxy-1,4-benzoquinone [22]
112 Diosmin [12]
113 Vitexin [12]
114 Hesperidine [12]
115  Spathulenol [12,17]
116 Isospathulenol [12]
117  o-Cyperone [12]
118  p-Elemene [12]
119  Germacrene D [12]
120  a-Cadinol [18]
121 anti-Copalol [18]
122 Savinin [18]
123 2,3-Bis(3,4-methylenedioxybenzyl)but-2-en- [17]
4-olide
124 Cyclo-(Leu-Leu-Leu-Leu-lle) [20]
125  Arturmerone [33]
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Figure 6 The anticancer mechanism of NC
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AT B Mg i B A OSSR S R .
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ERK 2 5 [ A 2 {5 5 1 % B8 % 4 72 40 i 484 7 5

A5 AR T R TS g BT, IR TE iR A e Y
AL 3E I ] ERK V& P K HI 55 48 H N (95 5 i S 4k
SO R A R R AS o Suin SIS G 3R B 7E BN S e
YA, NCIEL M ERK (5 516 Fi&4%, #f MMP-2
A MMP-9 B 3% %, AT 982D 8 5K A, R FEL IR B9 5 9
Y 0 1) RS I PR A AR 22 G 1 o 7 T M 7L R 4
L H, NC AT 23 5l 40 i) Akt 45 538 251 | c-Sre/FAK #H 2%
(15 5 Bk A 3 B AEBE i p53. Bax, Z4fi# caspase-3
2L AR PARP, T i Bel-2. caspase-3 £ PARP A 1fij 411 il
IR BTN R . AN, 75 45 7 B W 48 i NC
HEEHI ] ERKAE 5 1% 542, N Bax 55 & (A KA A
FSHETE,
2.1.4 #0E E K-8 R ¥ 4K (epithelial-mesenchymal
transition, EMT) #IMMEE£ K EMT s& —Fh %2 ¢ 5 %
(19 A= P i 45 7 B PR 5 A% ok B o (B EMTSY,
TE ik 2 A 8 4 B IE 8 e 70 2 KK 3 9 3R 15 )
Jii R RRRAERY . Vijay S5 B 7E 7L AR g A o
EMT 1705, e T-41 M2 (cancer stem cell, CSC)
PESRES, UL EMT 5 CSC RAVRFEBIE AT 5. CSC#
T IR LA 3 B bR B 25 v R i B OREY.
Hedgehog (Hh) 15 51l % 2 5 4% i 41 6 5, %105 508
4 5 T AT, £ 5] iR 40 A 1 5. Sun 250
KB NC 3 ik 41 ) LA 96 40 M Hh 3 4% B Nanog 2
A S8R 1 (Nestin) % 5% Bl Oct-4 F1 CD44 £ 1 1 3
LT AN H EMT F1CSCRER B, M A5 fi 8 441 a3 7 A1
22806 1 N . LA B LA B DR B B -3
(glycogen synthase kinase 34, GSK-3p), At 7 % %15 5
T B P Y A0 R 1 1 5 43 Ak FEPY . Cheng ZPPE
S8 R B NC AT B B PR 4 M 1) 12 22 g 70, O HL#E
Bl GSK-3p 3 1L fE 71 P& AR snail & [ ik T &1 EMT
Vi 55, Ui B NC i i #] Akt/GSK-3p/snail 5 5 18
AN T EMT, BH L R 40 pr T RS 20 A2

L A B0 6 A N R e IR LA, PN B AT L 3
IR AN /N A . G E ST RS STAT3 B: R 7E i
oo B R OA, S AR A AR A I A Y, TR U B AR
STAT3 i P AT A 475 5 10 af 55 A ik 22> LA BH i 48 3t
. Cook S5V ILE FH 4 v, NC R 411 STAT3.
ERK £l Sonic hedgehog (SHH) & 12 [ #4035 , B 34 fif 8
Y I A2 i, AT AR KA 1) L3 B R #e e 7, P AT
b BEL i e g8 20 i F1
22 MRIER

NC 7EHT % 7 TH R M O i 2 IRIE. 48
J& T — i WL R JRE 5 S ) R R, % 2 5 EURE
SR 9 RE LA A TR R B 0 28 R T RE R AR T, AT

Fo A H, NC RE % 38 8 9 % 40 i J& 191 28 (1 A (cyclin A)
141 E 13 B D1 (cyclin D1) 7K *F LA A% 3% hin p53 &
[k, i Sk AR AR R Al 3 B 5 5 S A4 i
JE A5 OO, DT R A S 9 AR [ B Bk S . 1L-10
SR 0 A R IR 7 ek N AR B2 T e T B B, REGS 0TS
A7 b g2, TR INE(2 i3k 20 U0 5, A ML AR K 48 48 REDCY
Yang £ 0 S2 3641 52 NC AT TOPL 111 771 BE 0% 38 it 189 5
AKt A T 1045 5 JE %, e 3 77 AR 1L-10 T R #5 T 46 AE
H, B BT RAERIETT
23 MmEEA

LT 5 W 783K B NC AT — 5 AT B e pE 01090,
VBT B 5 BN A B AT T IR AP AER ™, RIS
VeV B 8 9% S — R 8 Wil 40E [ B, Schmalstig
SO 5200 2% B NC nT ik DR 5, {395 B R A0 R
Fram iR eI Ho3 R B M Br A A ] R AT 1
A K2 PR P AR KT NI 2808 T FR A T 1
SIS . R4k, Bl Cesari M O4E NC it
LA 00 J5E 2 10 FF 81 R0 4 B A R T P a3
24 MBFEHREAR

PR, NC X Ji o 45 25 A8 A ) 3 42 K s AR
P BARKL A NC LA S R 7] 1 47y i g )
i 5 DRI 8 R O T M, 4T 2RI B ok, o i
77 A LR B MR BT R K SR H, a2k B B o 1)
R . Lempereur ZEME 51 3% B B2 DL g AN 22 ) dUR
TR AR R NS, IS A RE— DA SN NC RS
A 25 b A1) £ DT e R A U A A A AR K
T A BEVR T LR 35 AR HU .
25 HAihz5B(ER

/IR 400 A PR 28 2R G B A S A B —
UMM o 224 0 50 4 48 0 32 B0 45 I K SORE IR, Ay 4
Frrp AR 2 R GuRa s, /BT 40 i 4 i i+ 4 6 B
W, E X A 2 G 80— R VIAS BBE, PR 4 40 i)
JIN B 5 400 B e A DI T B AR R RS T R
Yuan 2S5 2% B NC J# i I 45 ERK R (1R 2 &
YINF-xB 15 538 B A2 A5 Hp X oh 28 2 G0 52 3 B A 41
/I8 JR S 4 P A, DTGRP G 45 P AR AR . e Ab,
Yang 2 MHRIE NC &7 X 209 BT 48955 35 (104K ST
FEAE P, A 2 oF 30 26 S il 410 71 AT 7= A B0 25 1 2
SO A, NC & g 38 o #0] RANKL 5 5 1) NF-xB
HNFATCL 15 5 18 5% 410 51 0 40 A jle 5 T )7 O 3L 4)
bR T 1 E £ R, Addae-Mensah AR A AL BT A
L B A 25 4 I, B NC RE 5 B A B 78 22 1 4 B
1, R NC AT 6 FL 4% — 5 1R % I 7L 3 420 1) % I g
77, 1B EARRE i AL S R 7T
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3 SUAESTHIASEM

JHF RIS U N AR R i 28 B, R T 52
BT HE G AT RES T — S AR RO B R,
R TR B ARy LA R SR BB T o H5 Wei S0 241y
SEHE, NC EARZM 0] i 8 24 P B A e s i) 38 40 i 4
{EL RN o N T 8 40 B A B 40 B — 2 A g A 4 A
F o Li %5020 i s ik — R B NC 51 e 5 75 M 2 [
J: A5 HLFH B #4155 1 2 (organic cation transporter 2,
OCT2) 7£ 5 MEXT NC It U AE FH, DL K 2 29 F1 A &
& HEE R %8 [ 1 (multidrug and toxic compound
extrusion family, MATE1) %} NC [ HE 55 4h, s
45 F 5238 1 A HLBH B 1 %% i2 & E 1 (organic cation
transporter 1, OCT1) F1-4 #LBH B 1 %12 & 1 3 (organic
cation transporter 3, OCT3) /i Fi& 1%, 2 FIHNC &
LT OISR OU AR EER. BTAAE
AL BT I 1 40 P 25 44, NC 174 B2 FH mT 6 2 52 B BR i,
BE 2% EB NC 24 B35 M (10 R, 2 % 1F 3 40 10 25 AR
FH AN % 52 B FE A
4 INEE5RE

PRI S e —Fh B S p 2 B, Ay, HA
A2 M EEVERSY o H RTATYTEE 50 A T B 108 P Rl
a3, it 2o B 4 e i 100 2 Rk i 5, R /b
B3 FE W R A W ST LA 2 B M . DR R T 1
IEZ IR K. BARDUE BRI NC k%
PO PSP S 0 0 AL, (R A A
F§ 73 B 245 BRATLAR 1 A 78 0 ) B, 3 N — B IR AW AT .
BEAh, R T NC A 2 BEE M ) BAR 45 0 41 A D VR
W I o

NC B St R IRN, HE 5 SRS
S50 R 4 A A R, 2 5 A AL AR T A ) AR
i, e A E M N . B 28 R T A R S
BN EA BT AN RS AR, F st
SR G| R B AR A ST R NC i R 31 1 7
A AR 2 D2, O AT B i e NC ) 25 12 1) R,
HoAth T A R AR EE M I T IR R IR R

PR THL VR D — i sic PR SR B 24 68, LR OGT B 10
N F RPN AN T B, RS 4k B2 42 48 w0 7
Foph 7T, AnBE 25 AR A S S AR ) B ), TR 4T
g AR T N R

EE TRk: TREEM 1 5r L EVIRG B S M B 7 ST i &
W gl R 2 2 S8 O AR TE SCR 1) TR 2R TR RN 52
AR BT SCE R 8 0 Tk I B BE SR IR 1 HE B2 45 T A
B

FZE S AR SCTAT AR 2 4 5%
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