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Toxicity and Mechanism of Alkaloids in Sophorae Tonkinensis Radix et Rhizoma: A Review
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[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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x1 LERPHEDHERS
Table 1 Alkaloids in Sophorae Tonkinensis Radix et Rhizoma

EERc e s T SOk e s sl SCEk
1 matrine et CH,N,0 [15]| 32 Sa-hydroxyoxysopho- Sa-}F3E& LML C H,N,0, [16]
carpine
2 5a-hydroxymatrine Sa-FE T S, C,H,N,0, [15]| 33 12B-hydroxyoxysopho- 128-F 25 A LA B C,,H,,N,0, [16]
carpine
3 9a-hydroxymatrine Oov- 5 Jk 17 2 CH,,N,0, [16]| 34 sophoridine LA B C,H,,N,0 [19]
4 13a-hydroxymatrine  13a-35 375 24 C,H,N,0, [17]| 35 12,13-dehydrosophoridine 12, 13- X% #@EM C H,N,0 [17]
5 13B-hydroxymatrine  13B-FEJET5 B C,;H,,N,0, [17]]| 36 cytisine G AL C,,H,N,0 [22]
6 l4a-hydroxymatrine  14a-F2HEH 20 C,,;H,,N,0, [18]| 37 N-methylcytisine N-FJE 4 42 A 0 C,H N0 [23]
7 14B-hydroxymatrine  148-FEJE5 205 C,,H,,N,0, [18]]|| 38 N-formylcytisine N-HIBE LG /e C,H N0, [23]
8  Sa,9a-dihydroxymatrine  So,9- " FEFEW 248 C,H,,N,0, [19]| 39 N-ethylcytisine N-CH:4 A AR C H N0 [23]
9 Sa,14B-dihydroxymatrine Sor, 148-—F w20 C ;H,,N,0, [15] | 40 N-acetylcytisine N-ZBER G460 C,H (N,0, [23]
10 14a-acetylmatrine 14a- L EHE 15 28 C,H,N,0, [18]|| 41 N-propionylcytisine N-INBERE B # AL C,,H (N0, [23]
11 14B-acetylmatrine 146-Z i35 20 CH,N,0, [18]| 42 N-hexanoylcytisine N-C ML S /e C,H,N,0, [23]
12 7,11-dehydromatrine 7, 11-E& 12 i C,H,N,0 [6] | 43 anagyrine LENER C H,N,0 [15]
13 11,12-dehydromatrine  11,12-E%ZM  C,H,,N,0 [20]| 44 thermopsine AT C,;H,,N,0 [15]
14 lemannine JEEH;12,13-%  C,JH,,N,0 [6] || 45 baptifoline % e -k C,,H,\N,0, [17]
B
15 Sa-hydrox lemannine  So-J3 43 & fif CH,N,0, [16] | 46 harmine LR B O C,H,,N,0 [20]
16 oxymatrine AL S C,;H,,N,0, [15]| 47 perlolyrine RS C,H,N,0, [20]
17 Sa-hydroxyoxymatrine Se-##i4Efb#Z0%  C,;H,N,0, [15]| 48 nicotinic acid S 2 CH/NO, [24]
18  14B-hydroxyoxymatrine 148-¥2J3E4fL & C;H,N,0, [15]| 49 cyclo(prolylprolyl) HOMER-MER) CH N0, [24]
19 allomatrine S8 C,H,,N,O [14]| 50 17-oxo0-a-isosparteine 17-$ -5 18 NG 0% C,;H,,N,0 [6]
20 11,12-dehydroallomatrine 11, 12-F %% 28 C,;H,,N,O [20]| 51 tonkinensines A C,H,,N,0, [25]
21 sophoranol A CH,N,0, [21]| 52 tonkinensines B C,H,N,0, [25]
22 sophoranol N-oxide S AL R B CH,,N,0, [19]]|| 53 tonkinensine C C,H,N,0, [20]
23 Sophoramine R C,H,N,O [16]| 54 jussiaciine A C,H,N,0, [26]
24 7B-sophoramine 7B~ B B C H,N,O [15]| 55 jussiaeiine B C,H,,N,0, [26]
25 sophocarpine LR C,H,,N,O [15]| 56 senepodine G C, H,)N  [26]
26 Sa-hydroxysophocarpine S~ F3 HEAL L fif CH,N,0, [16]| 57 senepodine H C, H,NO [26]
27 9a-hydroxysophocarpine  9au-#5 HEHE 5 i C,H,,N,0, [16]| 58 lanatine A C,,H,,)N,0, [26]
28  12a-hydroxysophocarpine 12~ 5 S C,H,N,0, [16]] 59 lamprolobine C,H,N,0, [6]
29  12B-hydroxysophocarpine  123-#% JE i S ik CH,,N,0, [16]| 60 (-)-clathrotropine C,,H,,N,0, [26]
30 13,14-dehydrosopho- 13, 14- K&K CH,N,0 [17]] 6l 1-(6, 7-dihydro-5H-pyr- C,H,)N,0 [24]
ridine ; isosophocarpine rolo[ 1,2-a Jimidazol-3-
yl)ethanone
31 oxysophocarpine S AR T C,H,N,0, [14]| 62  3-(4-hydroxyphenyl)- C,,H,,NO, [26]

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

quinolizidine
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i, 2 0 1L SRR K 4R ) T e LA W R I R
200 24.7 mg kg ELLHEE 30 d T B BUE E
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9 i) mRNA %5 1, Btk B 40 5 -2 (Bel-2) H 5¢
X % F (Bax)/Bel-2 TH i o I8 1 T 58 K50 i M
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