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Abstract: The "toxicity" and safety of traditional Chinese medicines have been seriously concerned. Alkaloids
are the main pharmacodynamic components of many kinds of traditional Chinese medicines, which show strong
biological activity at low concentration. It will also cause toxic side effects but if used improperly. Some alkaloids
are both active and toxic, and the safety of related traditional Chinese medicines is particularly noteworthy. The
efficacy or toxicity of alkaloids may be the result of the combined action of parent compounds and metabolites,
which is not only related to the structural types of compounds, but also has obvious species differences between
humans and animals. This review focused on the alkaloids contained in the "toxic" traditional Chinese medicines
that are officially recorded in Chinese Pharmacopoeia and the metabolism patterns of alkaloids with different
structures as well as the enzymes involved were summarized and discussed by referencing the publications in
recent two decades. The present study will be beneficial to the rational use of these traditional Chinese medicines
in clinic.
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Table 1 Toxic traditional Chinese medicines with recorded in Chinese Pharmacopoeia (ChP 2020). “Preparations officially recorded in ChP

2020; - no related preparations

Traditional Chinese Toxicity Active/toxic . . a
Preparations involved

medicine degree alkaloid
Strychni Semen Poisonous  Indole 15 preparations, including Renqing Mangjue, Dieda Zhentong Gao, Tongbi Pian, Shenjin
alkaloids Huoluo Wan, Shenjindan Jiaonang, Shufenghuoluo Wan, Magianzi San, Tongbi Jiaonang,
Wanling Wuxiang Gao, Shexiang Dieda Fengshi Gao, Fenghan Shuangliguai Pian, Shangshi
Zhitong Gao, Tianmeng Koufuye, Tianmeng Jiaonang, and Fufang Futianwu Pian
Strychni Semen Poisonous  Indole 10 preparations, including Jiufen San, Fengshi Magian Pian, Pingxiao Pian, Pingxiao
Pulveratum alkaloids Jiaonang, Shangke Jiegu Pian, Yujin Yinxie Pian, ShujinWan, Shufeng Dingtong Wan,
Yaotongning Jiaonang, and Biqi Jiaonang
Aconiti Radix Poisonous  Diterpenoid 13 preparations, including GoupiGao, Tianhe Zhuifeng Gao, Anyang Jingzhi Gao, Shenjin
alkaloids Huoluo Wan, Awei Huapi Gao, Mugua Wan, Yanghe Jiening Gao, Shexiang Zhentong Gao,
Shaolin Fengshi Dieda Gao, Qingyu Piwen Dan, Wanling Wuxiang Gao, Dingchuan Gao, and
Yaoaitiao
Aconiti Radix Cocta  Toxic Diterpenoid 18 preparations, including Fengshi Gutong Pian, Fengshi Gutong Jiaonang, Fenghan
alkaloids Shuangliguai Pian, Fugui Gutong Pian, Fugui Gutong Jiaonang, Fugui Gutong Keli, Huoxue

Zhuangjin Wan, Shexiang Fengshi Jiaonang, Guci Xiaotong Pian, Qufeng Shujin Wan,
Zhuifeng Tougu Wan, Jintongxiao Ding, Xiaohuoluo Wan, Fufang Yangjiao Pian, Tongbi
Jiaonang, Tongbi Pian, Guci Wan, and Zhonghua Dieda Wan

Aconiti Kusnezoffii ~ Poisonous  Diterpenoid 9 preparations, including Tianhe Zhuifeng Gao, Shaolin Fengshi Dieda Gao, Shangshi

Radix alkaloids Zhitong Gao, Anyang Jingzhi Gao, Yanghe Jiening Gao, Awei Huapi Gao, GoupiGao,
Qushang Xiaozhong Ding, and Dieda Zhentong Gao

Aconiti Kusnezoffii ~ Toxic Diterpenoid 25 preparations, including Sanqi Pian, Sanqi Shangyao Jiaonang, Sanqi Shangyao Keli, Sanqi

Radix Cocta alkaloids Xueshangning Jiaonang, Xiaojin Wan, Xiaojin Pian, Xiaojin Jiaonang, Xiaohuoluo Wan,

Mugua Wan, Fengshi Gutong Pian, Fengshi Gutong Jiaonang, Fenghan Shuangliguai Pian,
ZhengguShui, Shenjin Hluuoo Wan, Guci Wan, Guci Xiaotong Pian, Fufang Futianwu Pian,
Zhuifeng Tougu Wan, Qufeng Zhitong Wan, Qufeng Zhitong Pian, Qufeng Zhitong Jiaonang,
Qufeng Shujin Wan, Jintongxiao Ding, and Qiangli Tianma Duzhong Wan

Hyoscyami Semen Poisonous  Tropane 2 preparations, including Kuiyangsan Jiaonang and Xuanning Chaji

alkaloids
Berberidis Radix Toxic Isoquinoline -

alkaloids
Sophorae Toxic Pyridine 10 preparations, including Kouyanqing Wan, Yunxiang Qufeng Zhitong Ding, Qingyu Piwen
Tonkinensis Radix alkaloids Dan, FufangYigan Wan, Guilin Xiguashuang, Qingyan Runhou Wan, Qingge Wan, Houjiling
et Rhizoma Pian, Houjiling Jiaonang, Biyanling Pian
Chelidonii Herba Toxic Isoquinoline -

alkaloids
Physochlainae Radix Toxic Tropane 1 preparation, Huashanshen Pian

alkaloids
Aconiti Lateralis Toxic Diterpenoid 23 preparations, including Renshen Zaizao Wan, Tianma Wan, Wumei Wan, Shengbai Heji,
Radix Praeparata alkaloids Zaizao Wan, Yanghe Jiening Gao, Fuzi Lizhong Wan, Fuzi Lizhong Pian, Fugui Gutong Pian,

Fugui Gutong Jiaonang, Fugui Gutong Keli, Guben Tongxue Keli, Dingchuan Gao, Shenfu
Qiangxin Wan, Qianlieshu Wan, Jisheng Shenqi Wan, Guifu Dihuang Koufuye, Guifu
Dihuang Wan, Guifu Dihuang Jiaonang, Yishenling Keli, Tongbi Pian, Tongbi Jiaonang, and
Weidakang Koufuye

Daturaeflos Toxic Tropane 5 preparations, including Zhichuanling Zhusheye, Huazhi Shuan, Zhuanggu Shenjin
alkaloids Jiaonang, Ruyi Dingchuan Pian, and Henggu Gushangyu Heji

Papaveris Toxic Isoquinoline 17 preparations, including Ermu Ansou Wan, Zhisou Huatan Wan, Keke Pian, Changweining

Pericarpium alkaloids Pian, Pipa Zhike Ruanjiaonang, Pipa Zhike Jiaonang, Pipa Zhike Keli, Guchang Zhixie

Jiaonang, Jingwanhong Ruangao, Kechuanning Koufuye, Fufang Manshanhong Tangjiang,
Yangshen Baofei Wan, Xiaoyan Zhike Pian, Qiangli Pipa Jiaonang, Qiangli Pipa Gao, Qiangli
Pipa Lu, and Juhong Huatan Wan

Menispermi Small Isoquinoline 4 preparations, including Xiaoer Qingre Zhike Heji, Beidougen Pian, Beidougen Jiaonang,
Rhizoma Poisonous  alkaloids Qingguo Wan
Zanthoxyli Radix Small Isoquinoline 11 preparations, including Sanjiu Weitai Jiaonang, Sanjiu Weitai Keli, ZhengguShui,
Poisonous  alkaloids Fuyanjing Jiaonang, Changweishi Jiaonang, Gongyanping Pian, Gongyanping Diwan,
Qushang Xiaozhong Ding, Xiaozhong Zhitong Ding, Dieda Zhentong Gao, and Biyan
Qingdu Keli
Evodiae Fructus Small Indole 7 preparations, including Danguixiang Keli, Zuojin Wan, Zuojin Jiaonang, Huatuo Zaizao

Poisonous  alkaloids Wan, Biling Weitong Keli, Fufang Huangliansu Pian, and Xuanshi Yaoshui
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Figure 1 The major detoxification pathway of aconitine by human CYP450s
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Strychnine N-glucuronide

Figure 5 Major metabolic pathways for detoxification of strych-
nine. The formation of strychnine-N-glucuronide is catalyzed by
UGT1A4, which is a pseudogene in experimental rodents (i.e.,

mice and rats)
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A R AT o R R BRBEAT SR 2R B AR P AR AT
T, % B A THIAR B 8 AN TR Y, =2 Nt
A 7] 2 R T R A B TR R A S IS 7 A

2.5 MEOUESEE WS MR A HLE] ke KAV
FERIET SRR A R 1R, AW H T, 5
H# D A8 2 AU L EAR & A ke 25 2E P,
Hrp 35 208 (matrine) FE AT S (oxymatrine) #2111
R T A ] R B LAY, B S T S B A
A, 3 B N S A A, LA 5 1 5 K PR A
Mt o H = W A & L AR R EE M Ry, BT RE S
AN T IF A S, N F KA 257 S
S 2, 3L LD, 73 i N 83.24.214.22 mg-kg '™,
FHECTN &, & S0 5 & AR S, Ak S0
45 2 5 vl 22 CYP4AS0 i (322 CYP3A4) AR A ik

TSR, BN AT S A 2
3 REERE

EER S RTAHTEEEEN—RKUEY,
Y ERE VRO, AF VG, B i 0 R AT K i
B (HH T H AR R, 3 LB EE A TR 2
ROy 2 FE M Ay, BRI T I S AR D I R N AT
FIFE R R, o5 2 A Wk 24 e PR SE FH 1) 22 4
A R PR T B S LR . AR SR 2020 AR R H
e N RFLATE 25 ORI “F 37 4 Gt KL LA AE
IR 1 53 DR 25 3508 T 0 I B it 1 R 24 1 B S 25%,
PO R T R E AR A, X T 28 2 R R S i R ) 8
FA ST DA e B EE A

24N RAEIT SO PR FH 2 22 A 1k 5 25 AR 25 1)
FHOC, I A 57 25 B 1 AR IR R Ay AR
W 78 HEAT U 9 R A R I 2R A M 4 CYP4AS0 i
UGTs SULTs %5 2 Ff A U5 il 45, TARAQ 5 32 2500 46 %0
Sl ALK A 25 A KR S R, THAHAR
A 2 T ) B A R AL B R Ak L B R A A N
o HAT KA AL T 2 AL R L A5
LA SR, S TARAR S R i 7 i e 2 o o v 1/
B PR AR W) AR AR B T T T A B e 2 I R AL
1] B B TR B A A DI PRI B2 W TS VTR YT 3 A
HEERE L SR AR B AT AR BRI R R 2 5
223 B 15 R A EE VR RN 25 R o 0 YA T R R TR
16 UGT1A4. UGT2B4 1t F I S B0 A R /N B KRR
HH 351 SR A 2R 8 P A 35 DRSS, AT R 3 Rl T I A 7Y
() W PR T 24 4 - 245 R0/ 8 AR - 23 1 50408 5 1 DR W 2 1) 22
SO GBI 8 B = R &R AR S R AN TR
UGTIs/MR A B 5 52 B 0 5w T B A AN, B R
1R T S AR TR AREAC R I 5
A AN R LA, ANJRAL UGT1A4 /) 58xt 7 2B W ik
T B GHEE IN 32, 5 UGT1A4 ] 45 e AL T %
Bl A 0 W T R A AR P TR O . I 25 3
BT AN Z ML FE R SR, kRS
T (A R ) R N IS B 0 AT S AR K ST 1 25 P i PR
BT E, 5 S e 28 v 24 J 52 07 BRI 2 < I PR 6 34
PR HETE AL TR S .

SR P E A 2%, ARG, 455
Ziz o 2IFP RN R BEE B 7R
AR S5 N, Bofh G i 25 5 5 MUK
SR 25 30 A, TRt 2T I8  BRARAS R B A
F o CU8CEE 3G L) 3 5 38 0 24 R e AR R
FE OSB3 29 o0 A B ) AE G B i M R4 1
AR RS A N I FE DDA Y - 25 WA HAE
FsZma AR AT e SO 2 R i . H e S
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BB S CYP3A4 R A T $2 5 5 % TR+
(1 7 AR A8 L B3 MR B AR BT RCAR AT 24 T i
AEWS 15 5 CYP1A2.CYP3A4 fif % M, In b bt 7 3 5 8
P A 5 Sk ik (0 ARk AR, 3 T PR AR B 2 D
“HANRZHHZESHERM, )55 K E -
BECUTAE I RIL SR TN E DA T R YA
SR, H RO T A VB R 23 AR B (O BIF A A2
BRI A 245 00 o A AT T O B Tl 2 245 400 - Tl 2 () f O
RN T 2 AL 25925 AH TR F 80880k 2 1
TR PR G S R FH 25 A4 BAL 25 3R A (i
HIR K .

[ PR 817 V6 9520, 3 5 R FH A B AL =X, A
W T AL, PEKREOH BREE RIE A, oK Va4
HE U 1 - A5 B AR AS A, D2 a3 38 25, B I PR
22 A AN e, IR, T X L 2 R 2 R L, |
PR B 24500 9 o5, Sl DU L 770 S BC AT R & o
ot A 88 58 7 VT 1 RO R o S UE Wi RS FH I 5 56 L
RS HEIE R, 5 )& VS 5 A R b £
ol 25 4 [ Bof A P JF 0 2 3] v 244 1 O [ 44
S [F) 54, TR R AT M ) SRRC A1 DK B ek 2
BRI B 15 i AN [E) AT B i 24 b B S AR RO B
BTRZE, PRILERE RS B AL RN AR S b b
BLE AL M A R BN AS, iR AR
(1 24 BR V2 AR5 T T PR SR T e 3t e, TEAE SR R
2RI R A TR SR AR S S S T AT
L7 5 B8, DASEBLRS ROpEE, T 78 40 R 27
50 AR IT 2, PRIE 2% 4 B I 24 .

YEE TRAk: R 3T SOk ke R B B A B SR s
DTSR B R B DT SO IE R RE R | E IS A 3
SO B AR S

FlF S AR TR
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