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Toxicity and Mechanism of Alkaloids in Sophorae Tonkinensis Radix et Rhizoma: A Review

YU Deng-xiang, WANG Shu-na, FU Yue-meng, YANG Li-ya, DENG Zhong-ping
(Innovation Research Institute of Traditional Chinese Medicine (TCM), Shanghai University of TCM,
Shanghai 201203, China)

[Abstract]  Sophorae Tonkinensis Radix et Rhizoma (STRER) is a commonly used Chinese medicine in
clinical practice, which has the effects of clearing heat, removing the toxin, alleviating edema, and relieving
sore throat. In recent years, the clinical reports of STRER-induced poisoning have gradually increased, with
neurotoxicity and hepatotoxicity as the main characteristics of the acute attack. Timely treatment will lead to the
good prognosis, but long-term or high-dose administration will cause irreversible damage. Therefore, the safety
of clinical use of STRER should be highlighted. The chemical components in STRER mainly include alkaloids,
flavonoids, triterpenoids, triterpenoid saponins, and polysaccharides, as well as small amounts of proteins,
organic acids, and trace elements, where alkaloids both serve as the important material basis for the
pharmacodynamic action and the main substances causing toxicity. The adverse events induced by STRER and its
alkaloids include nerve injury, Hepatic injury, cardiovascular injury, kidney injury and reproductive injury, and
gastrointestinal reaction. Quinolizidine alkaloids are the main toxic components, mainly including matrine,
oxymatrine, cytisine, sophocarpine, oxysophocarpine, sophoridine, sophoramine, and lehmannine. Many
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studies have been carried out on the toxicity of different extracts and alkaloids of STRER in China and abroad,
but there are no comprehensive and detailed reports on the toxicity mechanism of alkaloids in STRER. As a
Chinese medicine, STRER is widely used. It's an urgent problem to clarify the material basis and mechanism of
toxicity caused by STRER and reduce the toxicity for good clinical application. The present study reviewed the
components of alkaloids, toxicity, and toxic mechanism of extracts and alkaloids in STRER to provide the basis

for further development and clinical safe and effective application of STRER.
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Table 1 Alkaloids in Sophorae Tonkinensis Radix et Rhizoma
EERc e T s SOk | WL L& sy Fal SCEk
1 matrine i 2 C,sH,N,O [15]| 32 5a-hydroxyoxysopho-  Se-f23EAALEE R C o H,,N,0, [16]
carpine
2 5a-hydroxymatrine 5o-#% 5535 2 CysH,,N,0, [15] | 33 12B-hydroxyoxysopho- 128-2JE4 fLHR R C,;H,,N,0, [16]
carpine
3 9a-hydroxymatrine Qa2 2 C,sH,,N,0, [16]| 34 sophoridine L T C,sH,,N,0 [19]
4 13a-hydroxymatrine  13a-¥2 375 2 i C,;H,,N,0, [17]]|| 35 12,13-dehydrosophoridine 12,13-%4#5EH  C,H,N,0 [17]
5 138-hydroxymatrine  138-FAJE 7 205 C,sH,.N,0, [17] ]| 36 cytisine &AL C,,H,,N,0 [22]
6 lda-hydroxymatrine  1da-¥&X:% 2 CysH,,N,0, [18] | 37 N-methylcytisine N- 3 4 48 16 C,HN,0 [23]
7 14B-hydroxymatrine  148-J% 3L 2 i CysH,N,0, [18]] 38 N-formylcytisine N-TH S G f8 7E0 C,H,N,0, [23]
8  5a,9a-dihydroxymatrine  5er,9a- - FEHE¥ 208 C;H,,N,0, [19] | 39 N-ethylcytisine N- 2 Jk 4 26 4L B C,sHgN,O [23]
9  5a,14-dihydroxymatrine 5a,148-—¥:3E3 208 C,H,,N,0, [15]| 40 N-acetylcytisine N-Z WS fE1E  C,H N,0, [23]
10 1l4a-acetylmatrine a-Z BEHETTSW C,,H,N,0, [18] || 41 N-propionylcytisine N-IEESE 4 486 C,H N,0, [23]
11 14B-acetylmatrine 143-Z. 3w 20, Cy;H,N,0, [18] | 42 N-hexanoylcytisine N-CUBE LG fE 7 C,H,N,0, [23]
12 7,11-dehydromatrine  7,11-%% ¥ 2 C,sH,,N,0 [6] || 43 anagyrine ST C,H,N,0 [15]
13 11,12-dehydromatrine 11,12-%&# 26k  C;H,N,0 [20]| 44 thermopsine HABT C,sH,N,0 [15]
14 lemannine 3% ;12,13-%  C,H,,N,0 [6] || 45 baptifoline % 5 o ik CysHyN,0, [17]
ERiE L
15 5a-hydrox lemannine  5e-3 3 3 & i CH,,N,0, [16] || 46 harmine 25 AU 0 % B C,,H,N,0 [20]
16 oxymatrine A AT S C,sH,,N,0, [15]| 47 perlolyrine JI C,;H,,N,0, [20]
17 5a-hydroxyoxymatrine Sa-F¥23t%fbiv 26  C,H,N,0, [15]| 48 nicotinic acid TR CeH,NO, [24]
18 14B-hydroxyoxymatrine 148-#3L4 {20 C, H,,N,0, [15]| 49 cyclo(prolylprolyl) WO m-fsm%) C,H,N,0, [24]
19 allomatrine I S0 C,sH,,N,0 [147|| 50 17-0x0-a-isosparteine 17 -- 5 N C H,,N,O [ 6]
20 11,12-dehydroallomatrine 11,12-K % 3# 26 C,H,,N,0 [20]| 51 tonkinensines A C,gH,6N,0, [25]
21 sophoranol R CsH,N,0, [21] | 52 tonkinensines B C,gH,6N,0, [25]
22 sophoranol N-oxide AR CsH,,N,0, [19] | 53 tonkinensine C C,H.sN,0, [20]
23 Sophoramine TR JHe C,sH,N,O [16]] 54 jussiaeiine A C,5H,N,0, [26]
24 7B-sophoramine 73- 52 1 i CsHyN,O [15] | 55 jussiaeiine B C,H,.N,0, [26]
25 sophocarpine TR B C;H,N,O [15] | 56 senepodine G C,H,N  [26]
26 Sa-hydroxysophocarpine  Sa-¥#5 H 4 R 1 C,sH,,N,0, [16] | 57 senepodine H C,H,NO [26]
27 9a-hydroxysophocarpine  9ae-¥7 5 A S ik C,H,N,0, [16] | 58 lanatine A C,,H,oN,0, [26]
28 12a-hydroxysophocarpine  12c-#2 3 1 5 s C,sH,,N,0, [16]|| 59 lamprolobine C,sH,,N,0, [6]
29  12p-hydroxysophocarpine  123-% 5 4 5 ik C,H,N,0, [16] | 60 (-)-clathrotropine C,;H,N,0, [26]
30 13,14-dehydrosopho- 13,14-J & MG CH,N,0 [17]]| 61  1-(6,7-dihydro-5H-pyr- CgH,N,O  [24]
ridine ; isosophocarpine rolo[ 1,2-« Jimidazol-3-
yl)ethanone
31 oxysophocarpine S AL AL CisH,N,0, [14] | 62 3-(4-hydroxyphenyl)- C,,H,sNO, [26]

4-(3-methoxy-4-hydroxy-
phenyl)-3,4-dehydro-
quinolizidine

gy, 7 A B R BOE 1l AR K BT
(A= 254E 2 g-kg™) ELEHE B KM 3~7 d, R A ENL
5K 1 BEAG ,  BRBOIR MR I B R v il i 22 5T A KL
W, JE LA B R S 2R R E B X R B T X

- 264 -

FLA 0V 1, K BRI s T 5 47.83 mg - kg™ A4 5 Bl
8 min Zc 47 ] BOK BURUIR & AF , i WA R B Y) v &
L Hy X CAL I CA3 X ™ F 41 473 . #ft 45 4 M TR L. |
P A B 5k PN R A B AR PR S e R T



55 28 545 6 1] FEXEAFIFERSE Vol. 28,No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. , 2022

/N BB 8 0% A, IR K T 4 24 T 5 B0 AR
Wil 2 R kAR ERA . ALY,
120.05 mg- kg™ ¥ S0 B /NS 2 h N H B flovp
L RE IR, 171.5~350 mg- kg™ 4H /)N B 3~5 min # L
PRl 4% AL AL Bk ER 2R, 500 mg- kg S /N B
B, 4 B R, 5 min 5 & FIE T, s
PSS L 24.7 mg- kg™ T S 00E 2 H /L 20 d
Jei o /N BRI B, B R R L 30 d i o EE R
R SR 8 K G A 22 A A T IR BE  JE EG /MR T 2K, /N
JUE I 440 LA A I A5 TR BB FL B G R  l AR 1
BEAE R AR R BUAE M RGP 05 Jr T, B RS
& B g B UGG i 45 245 b 3 R R IS 1R 25 0R
7 R A, v 79 T B 4 24 0 ) i 2 48 45 T
JE 2, e T R AR
22 JFNEBIO; BFRER YR EEAR S E VA S
HH T 25 W A B 3 R A A L 25 R I A R 2
Wk Bl R ol R el i EL Bk R A R AR Ok
L 5 AR B A Wy ek e o P R e — o R L —
B ) 2 7 A= SR A58 403, JFJFF U 483 405 R B L AT ]
F AR . R 4R A A AL 38 AR T R R A L B
fit] (ALT) (K174 2 MR 2 B R Il (AST) (Bl Pk W 1R
fiti (ALP) . S H £ 25 (TBIL) . & H 3 2 (TBA) 7K F
KA AR AR o e R AR 5 2 BN I 40 Bk oK LB B AR
PERBRAE AR BE R 1A 5 s kR R ARIRSE T
A RAEHE .

TR BF 58 % B, Ll EAR XK /N BRI BE 5 40 ]
77 A B AR A . Bk D B AR K R
W) LDy, M 4.3 g-kg™, I %5 AH 66 B8 B (CHE) Ml
ALT (AST 7K - I JIE 20 200 2 45 493 1) 7 o % 2 LA
AR RN, 14 d S5 A TG /N BT KR LR 4n
Ji A% B S Ak (B ) . 1.0.2.5 g~ kg™ LI FLAR
JK AR Y % 2 /N BL 90 d 5 o B 45 B R /N i
O M T 400 i A G, 2 R S RO T . 16 kgt Il
R B 3% 22 R B 14 d s Al 0 R R A7, K
BRJFF JOE 8 85 T w3, JHF /0N e A e o oA, O £ 4% E IR
I8 5 I3 ALT JALP  TBA K FFi5 1l SR K 42
20 43 B BT A58 45 R 1 B4 21 43, K 4R 4 43 vh 3 S 6
AL 20 7 5 43 51 4 0.35% .0.06% , i £ 41
Oy R 1 A 4 ) 0.29% .0.72% , 2 s 1l E AR
SO AR 43 1 2 0 P BB SR v S0 . LIU SE
¥ 5 111 5 MR A ] 488 BB 57 XoF B6E 5 £ (7% JHF 468 003 %
B, 1Ly SR K RV 1 R ) A 45 A R A Ll AR
S e B U B R B R AT RE I A LA M LAY
L AR TR T B AR O R 0 AR T

ENERTEY Y/ I S Sl R e U BT
R B I 2 B 43 51 R 1Y B JOE 458473 B B B ARAIRF AR )
B 2 B 4, H AT BB 7E (L TOAR T BE B 45 R P TR
EH o

L G2 AR 2 A e R S R S
Bl 4 48 A6 B AR SR B A A A P B A A HL AT
JE 5 49 VR, 3 A R R Al e B, B A
I [F0) 1550 Sk AR o SR Rk S R
A5 005 B4y, HAEAEE BN B8 o % SR & fb
20 45 7 1 (200 mg-kg™) By H /N AR AE 51 R
JER G, v S 0807 A 0 R 48405 B 2 5 AR AL S
Bl 5 R S R, W SN R T A
I 375 W ALT AST #1 ALP & & B 8 T+ &5, B 0 s A2
PR EE W SR AL S S 2k
TR A, A 45 2 7 A R BRI AR A s s PR
Ay = ] B R T 4Rk v 2 08 (40.5 mg-kg™t) Lo 2 B
(69.1 mg-kg™") Al if5 S JHF L4658 05, 3% 229 1 /) B
90 d, A b 5 S B RN 7 2 B 41 08 2% 3 I I 4% R /D i
DB R BEA 25 4 i B B /N e R IR R . IR
A S UE B 5 S0 5 Rk S G R AR AE T IDE
P05 rh k2 B R AE L S0 S 0+ R S
7 A0 s 1y =X /N BRIE R 4 i AMILL2 ) 1
B, FCAE T 24 b 2= 30 vk BE (1C,,) 43 51 4 18.98
16.51 mmol- L™, 4 28 f6 % XF AML12 41 g 78
24 h (1) 1C,, & 15.17 mmol- L% i 55 3 A iF
JHF 41 At LO2 11T 48 41 Jifd SMMC-7721 1) 184 5 111 i fit
J3 AL, X SMMC-7721 41 Jifg 1 i 48 h (1) 1C,, J2
0.536 g- L™, £ /i~ W 5 Bk 78 410 4 S 958 40 i 1 ) B A
A AT 0 A0 R B B B e (12~
45 mg-kg™) % 2 15 B 1 4T/ B30 d AT g | R T U 4
15, B4 40 i 12 i AN 4T IR BT il AST T, i
P45 EL A 70 A L B AR AR e 1 IR 45 24
B RF B 463 005 4R GBS I AR ZE 2 R A R
L 1) 25 BIE M L TR] R RE 51 R T 40 45 405 A AR
HRE , HA 05 2 A5 T 30 R A A 405 1 BIL D R R
Tt — e
2.3 M 1l AR A A ek A a5 e A
L B 3 A0 AR A R R A 2 R
SEIEAN 2 Xy O B B IROR) K 4R 2 n] il
O JUL20 L8 475, 00 OE 2 8 32 400, 0 SR . Ll AR
TR PR I B S AR Y BRI S R
0 ALK P o0 i RO 25 6 TR LA PN B2 4T O UL
R Gl A 8 IR & B N A D b i i
J7 B0 BRI . S i A S e B 7

- 265 -



55 28 545 6 1] FEXEAFIFERSE Vol. 28,No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. , 2022

G 552 6 5 vk B (49 %12 50,30 mg- L) i) S BE
VR it o0 JUE 7, 5] 0 M AR AL 2R ARSI F
FKEM, S AT S0 4 2 A6 R A SR B
(2~50 wmol-L™)Xf A 175 3 2 e 1 40 i i1 A= .0 L 41
Jifi hiPSC-CMs B4 B & (.0 WL 49, HL 2L 31 4K
Pk T S 0 RN SR R O LA B A W L O S
B4 BELHT R0 L A1 37 v 57 (EFP) (4 4% T I i o5 44 i P
K, S AL 5 2 080RT 4 48 A6 B84 EFP 3R IR 52 0 5K .
T S8 LA TE AR L RS A R A A o B 1Y
TS T S 8 QT [ W 4E K i T 4k i 11 5 R A
O Bt SO AR H o RO I A, (R
S ) i, Bt 25 24 B i) B KR R B R AR /N

2.4 BEREBIOT Ll B AR P e b S e R AR A e
BEBIE 5T & B AT E 45 4 D, AT 51 R A 24U AR
Ll AR K 4 4 TT 5] R /N BRI PR R AL (BUN) 5 2 3
i, 2B 1 SRR K B2 9 0T RE LA TR AE B AR
TS0 24.7 mg- kg™ 1% £2 9 H 30 d o] B BUE OIS
oy KB I IR BE B /N Bk R N A RE RS R
gy b R AN IRBE v L W BRI A 5 1
HRBY A7 3% B A ) AR 1 L /N RO /N B AN
4 A% % KT S O, L S 50 4 4 (45 mg-kg?)
S BT B/ BRI ™ EE A2 4 i v LI (SCr) &
R E BT, 51k 425 30 d 5 SR A B 5 O i
WA, /I BUIL TG AR A e bR B R AL S
5 U IR (TR S =R K=K f e 2 - % <X NS I D B
o T 24 i o 1 A0 T A R S0, S R R HE
T, BT LAAE A & A R S0 2 4 B T 5 IR
B B Ak B 4

25 ERMKRB RN S0 AL S 00 S
T HA RE B SEAE R PRSP 2K 24535 340k
BFHHK . SRR RN A LTG5,
Xt BE I ) R HL A S BT RN . 9 B A (1~
50 mg-kg™) % 22 I8 i E 5T/ B30 d, BE 2 0 DR
T 09 R38R RIS B ) (ZEE AR R AN TR
IV (RS- I = IRty R A e L S = X ey
T R A A A PR ORG B N LR BURS R ) B 4
FH ARSI 25 25 7 WLEZ 20 s PR 1 45 30 2% 1% 10 I ik
J& 43 ) & 800,400 g- L™ BEAh, S AL S R00)
KEEA A BBER , A A2 200 mg-kg*
PR 3 A S g 24 0E P R BR B A R A1 1 % AT ik
100%“" . & & 9 2 K (250 mg- L) AR SR A
(180 mg-L™) Al % S B A iR i & & ™ HE P, 40
O VEHE KM A KR RBIAE R, LT A
JA i 7 32 45 I 96 h s B R R il L3 Bh g g e 2k

- 266 -

MEAEAS IR o 7E SO R BOE AN b, 3 2 0O A R
X 5 L £ VR I 1)~ e R S0N R BE (ECy,) 4393 28 145
81.7 mg-L*, *F 3 IE Wk FE (LCy) 4+ %l i 240,
166 mg- L™ BRI, Ll K AR A 4 2K o ot i 2L
B 1 SO AR FH R WL ARE
26 HAbhEME B EARR RN ZAM, G RAEY
Bl A P A8 N 3 RN B AN R
B o I LMK B 12.5 g- kg™ 7% 2 3 10 d ATk
UH i D AR 3, 5 B b T8 AR R EL,(PGE,) A
TR, H W (GAS) & &3 it B R
— A 15 gt AR 5 K B TSR T
B I T BTt B A R R R PR
Ly AR 0B 1) Ml A K b S R R IR N B
i 1 T 45 mg - kg BE 22 Bl 30 d J5 T RE 23 7 A AN AT
0P B PR T A0 A 4 R PR A
2 L B AR
3 WEREMHEHMNTR KL
3.1 AR TP (ROS) & A W AR IE
20 i 1 A W, A AR v B I A A i A BT R
R PR R AR R v W B G 4 A 43 A g
Ji R TR DNA S5 89 3E 47 A R A& i, 5 5 A=
I 5 RPT R AL 7, & A A0 R O N o A B
W2 T B0 20 BRIV 10 R A LA R RE L p 22
R I 1 Q= = [ O 1| D7 5>
12 A= Wy kAT ) et B 4 o ) i ROS |y 7 2, M o —
SE R B IS, ST 43 fi 40 i 7 A ) £ ROS,L i 3 R
FERL 3ot TR P S0 A A S A AR e
FIAR S 6 78 1A &b 7T ff hiPSC-CMs 0> UL 41 S 9 ROS
FRR T o AL = 2 0 B (MDA) ZKSF- 34, BLAT $t
AL AE T 9 5 SR 1L ) 1 f i (SOD) 4 bt H ik
(GSH) i M T B, 2 B0 it -2 0 X & L 15 5 A fk
N

AL 7 U R 1 Keapl(Keapd ) /4% % s K+
E, AH G B - 2(Nrf2) i 42 9 I Ry 2 bt S8 A0 0 i Y &
BLPEHLE] AE IE R AR BT N2 5 Keapl 76 4
Ji R rh AR 7E . KR ROS TG Nrf2 5 Keapl 1Y fi#
B9 Nrf2 25 4 P A RN T 4 (ARE) FF 3800 40 Ak ik
By - 2 = R R OB A R B2 G b g
(GCLC) .# M Il £1. % A A fiF -1 (HO-1) Fl il 12 it fiie
i M S A IR T R Ak A SR B -1(NQO-1) Fy K 3k
RO BUEAER . PR LI S 00 % T
NIE & FF 40 HL-7702 P9 Nrf2 (1% & 35, 82 1] 34 fin
Keapl/Nrf2 52 & ¥ 9 JE B, 30 il F i 25 14 HO-1 1
NQO-1 () 3k ; 4 ig N ROS /K F L T, SOD i 4 #l



55 28 545 6 1] FEXEAFIFERSE Vol. 28,No. 6
202243 H Chinese Journal of Experimental Traditional Medical Formulae Mar. , 2022

GSH KV FEAR o 45 T Bt S A7 N- & I 2 b 240 1R
(NAC) J& , AT 43 BEL W 5 2 06175 5 190 400 L o 11
PR 5 S0 JFE A0 R A5 05 T e = 38 A ) Nrf2 3%
722 e AT 240 i 40 S Ak e D0 15 S R AR 4
32 BHLRIREEAMMIET SRR
B A AE N BE T Hp o A 0 A, 7E RE AR L A1 R
FEER BTRES EEMRTCPREEELE
TERAE S 2515 R SRR I 05 T R T
TG PR GBI L O AR S A P Rl AR |k A R I T
fiE 32 41 2RI DNA 1 3 51 i 17 12 B 480 Ak Bl 4 ol
FE G DR 1 FT RE 3R B0 S S E 3 03 i s i B
15 5 37 AN K25 A AE s p e B0 AR i v T
SRR N BT BT A2 IR R AR R A Al LA A2
A0S B SZ RS S T AR S R
Jiil 53R C(Cyt C) FNEIG 7 2 b &0 IR (1) K 4 & IR
17K fif g (Caspase ) 175 4 B I 1

Ly S AR K A W A 2 RE A R R I Ok 4
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15k JIEL 69 75k 7 ( ACE ) 2 A HE 20 47 I ik BB 3 i (4%
T URT 3 B2 R G ) R Y R AL b 1
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