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Abstract: Shandougen (Sophorae Tonkinensis Radix et Rhizoma) is a commonly used clinical medicine with a long history. It has the

effect of clearing heat, removing toxicity, easing sore throat, and alleviating edema. At present, more than 200 compounds have been

identified from Shandougen. It mainly contains flavonoids, alkaloids, triterpenes, and so on, among which alkaloids are the main active

ingredients of Shandougen. It has extensive effects on immune system, digestive system, and circulatory system, etc. The

pharmacological effects include anti-tumor, anti-inflammation, protecting liver, reducing blood pressure, improving immunity,

relieving spasm and diarrhea, increasing blood sugar and so on. The chemical compositions and pharmacological effects of Shandougen

are reviewed in this article, which provides a reference for the further research of Shandougen.
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Table 1 Flavonoids in Sophorae Tonkinensis Radix et Rhizoma
PT AR S SRR S L B ¥ STk
1 74~ CisHio0s 4 | 27 IEAREH %M A CsoHzc0s 15
2 2'AT-=3EHE-6,8- W3- HBE-2- T M) 3R CosHoeOs 3| 28 GRS D C30H3305 16
3 sophoraflavone B CuH000 6 | 29 IWEARTHE E CHaOs 16
4 SRR C2iH20012 7 | 30 (2S)-[2-[[2"<(1-hydroxy-1-methylethyl)-7-(3- C3oH3s0s 3
5 HIHE C2iHxO10 2 methyl-2-butenyl)-2’,3"-dihydrobenzofuran]-
6 BUHER CauHxoOo 2 5'-yl]-7-hydroxy-8-(3-methyl-2-butenyl)
7 ET CyH30016 7 chroman-4-one]
8 MRz CisHi007 7 | 31 IIEARSERE K C30H3606 13
9 sophoraflavone A CyH30013 6 | 32 2-(2',4’-dihydroxyphenyl)-8,8-dimethyl-10- CasHz6Os 17
10 tonkinensisol Ca5H2406 2 (3-methyl-2-butenyl)-8H-pyreano[2,3-d]
11 ERBKEFERR CxoHisOs 8 chroman-4-one)
12 flavenochromane B CosHasOs 9 | 33 ILEAREE M CsoH3s0s 14
13 6,8- 53 i 1L A5 CosHaOs 10 | 34 (25)-7,24-=F2HE-8,3",5" =5 RIAFE B C30H360s 10
14 FRER3-0-=HWEE CosH32016 11 | 35 lupinifolin CasHzsOs 3
15 HEXR CisHi204 12 | 36 5-dehydroxylupinifolin CasHxsOs4 3
16 shandougenine C C30H370s 3 | 37 2-(7-hydroxy-2'2"-dimethyl-2H-benzopyran)- C2sH260s 18
17 shandougenine D CasH250s 6'-yl]-7-hydroxy-8-(3-methyl-2-butenyl)
18 2-F R H BT Ca5H20s 4 chroman-4-one
19 (L AR CosHsOs 13 | 38 1 ARyl — S 34 B CsoHzsOs 9
20 HZEE CasHosOs 14 | 39 I EMREGHE C3oH305s 3
21 e ERE CosHsOs 4 | 40 IWEARTE H C30H:0s 13
22 B C30H3604 41 LSRR — R Cs0H305s 8
23 ISR G C30H3Os 10 | 42 sophoratonin A CxH0s 5
24 6,8-— FImA Mz & Ca5H20s 5 | 43 sophoratonin B C30H3104 5
25 6,8- 5 N dE-7,2" 4 - = FE B C25H2805 4 | 44 sophoratonin C C30H3004 5
26 6,8- 5 RIFEHE-T.4"- 2 FLTE TR CysHsOs 15 | 45 sophoratonin D C3H304 5
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BE1

' B4 TR TR SRS Rl B ¥ SOk
46 sophoratonin E C3oH30s 5 | 79 3,9-— S ILEATH C17H1604
47 sophoratonin F CisHasOs 5 | 80 FKIHEKEER Ci6H1404 4
48 sophoratonin G CoHsOs 5 | 81 FEMEHER-3-0-B-D-ML I & HE-6"- CoaH26010 4
49 (25)-7,4"-dihydroxy-5'-aldehyde-8,3-(3"-  CaH2s0s 10 LR

methylbut-2"-enyl)flavanone 82 (60R,110R)-3-O-B-D ML HIHEHESE CoH2400 20
50 flemichin D CasH260s 15 R
51 4'7-" 5 5-6,8- 7 UG H I TR Ca4H2604 10 | 83 dehydromaackiain CiHi00s 5
52 IEREOEER C30H3404 14 | 84 flemichapparin B Ci7Hi2015 5
53 flavenochromane A CasH2s07 9 | 85 sophotokin C21H2006s 10
54 By T CyH32014 9 | 86 (6aR,11aR)-2-F2H-3-HEHE-1-F K CnH2nO0s 4
55 HHERLA C30H330g 9 I - A 2
56 GeRIAT C21iH20010 3 | 87 3-HFREMHEEEER C22H2006 4
57 5,7.2"4-VU5EHE 5 CisHiOs 19 | 88 FHEIEE B C2His0s 4
58 SHEREHE (GRARZO CisHi00s 3 | 89 demethylmedicarpin Ci1sH1204
59 ESHIE O C27H30013 9 | 90 sophoratonkin Ca6HosO11 -~ 22
60 TEREIEE CisHi204 4 | 91 erybraedin D CasHz0s 5
61 7,3-"8%E-84- T HER RN CiHuuOs 19 | 92 (6aR,110R)-1-F343E-4-F SR E-mMN  CaiH2006s 17
62 7.4 FREE-3- B CiH2Os 19 &
63 TEMAET CxH2»0¢ 20 | 93 =S EEE-6"-2 8 C2aH24011 4
64 EBIZF IR CisHi20s 19 | 94 S &R C17H1405 4
65 7,3-F5R5E-5-HUAH I T R CisHi20s 19 | 95 =G &Eiy CnH2010 3
66 KRGt CisHioOs 19 | 96 (6aR,110R)- I E CiH20s 3
67 7,8-fidk-4- AR EIR CiHi20s 19 | 97 72-" k-4 5-TWH Ik ¥ CieHuuOs 3
68 7,3"4- =25 7 T CisH10s 19 Jot Bl 1
69 7-methoxyebenosin CoH204 5 | 98 ILIEGARH )& Bl CasHasOs 14
70 8,4 FREE-7-H A RN CiHOs 19 | 99 i ORI — A HEH F CxnHa0s 16
71 KEZE _HHEk Ci7Hi404 21 (100 L SR EHEEEE A C30H3805 23
72 S-FRIEEFERE CisHoOs 21 [101 (L EGHREEH L C21H2404 13
73 8- fLE Ci7H140s 19 102 11 AR (o &3l C C30H3404 24
74 butesuperin A Ca6H220s 9 (103 sophoratonin H C22H2605 5
75 butesuperin B CyH2400 9 104 ZHHMER C30H3604
76 wighteone C20H150s 3 |105 isoliquiritigenin Ci5sH1204 4
77 (3S4R)-4-FE -7 4'- — F 4 FE 57 T - C23HosO10 20 (106 ZEAS FREH 47 C30H3404

3"-O-B-D-Hii & B 107 LG IREEH R C30H3s0s 14
78 7,2- " ¥EFE-4- FUE FE- S T S CisHi60s 14 (108 L SIS 2= C3oH3605 14
1.2 R BT (—)-N-CBt RS A L N-HEEEL

PIR 95% L EEHEEU AL (i 2 1] £

AN L AR A ROy, Hep RS
YR v S A # S 0 . Pan SER2OMKE 1L GAR

A e U

WAL, SR K I T e R AR

Bl (0)-N-ZF S0 N-BEFE 28160 (—)-N-
LRSI (-)-N-NI LS Ew. (—)-RT
. He FFXPIMILERFEFRSEH 2 MSHE
W, 3N Sa,14B- R S A 7B-RR I .
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1 Ri=R,=R4s=Rs=R¢=Rs=H; R;=R;=OH
2 R;=Rs=R¢=H; R,=R4=isoprenyl; R3=R;=Rs=OH
3R1 =R,=R4=Rs=R¢=Rs=H; R3=OH; R7=0-B-D-Glu
4R1 O-B-D-Glu; R,=R4=Rg=H; R3=Rs=Rs=R;=OH

R; 5 R1=R4=R¢=Rs=H; R,=p-D-Glu; R3=Rs=R;=0OH

6 Ri=R,=Rs=R¢=R¢=H; Rs=R;=OH; R,=p-D-Glu

7 Ri=rutinose; R,=R4=Rg=H; R3=Rs=R¢=R;=0OH

8 R,=Ry=Rs=R¢=R,=OH; Ry=R;=Rg=H ©

10 R1:R2:CH3
11 R,=OH; R=H

15 Ri=R,=R;=R4&~=Rs=R¢&=R;=H
16 R=R4=Rs=R;=H; R;=R3s=Rs=isoprenyl; Re=OH
Rs 17 R=R,=R4=R7=H; R3=Rs=isoprenyl; R&=OH
on 18 Ri=R:=Rs=R+=H; R3=R¢=isoprenyl; R4=OH
19 R=R,=R4=R7=H; R3=R¢=isoprenyl; Rs==OH
20 R;=R;=0OH; R,=Rs=isoprenyl; R&=Rs=R=H
21 R;=R,=R4/=Rs=R;=H; R3=Rs=isoprenyl
22 R;=R,=R4=R7=H; R3=Rs=R¢=isoprenyl
23 R;=R,=R;=R=H; Rs=R¢=isoprenyl; Ry= E/})L
24 R;=0OH; R,=Rs=isoprenyl; R4=Rs=R~R;=H o

- 30 R=H
25 R=OH 28R} o
26 R=H 31 R=OH

HO
HO. 0]

37 R,=OH; Ry=Rs=H
38 R=R3=H; R,=isoprenyl
39 R=H; R= 1soprenyl R;=OH

0
44 45 46
51 52
UH O
HO ) 0 “0 @OCII GluO.
HO on
0

54 56 57
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59 R;=0-Xyl(1—6)-Glu; R,=R;=Rs=H; R4=OCHj;
60 R,=OH; R»=R3=Rs=H; R&=0OCH;3 Ho
61 R;=R;=0H; R,=R4=0CHj3;; Rs=H
62 R;=R4=0H; R,=Rs=H; R;=OCHj

Ry 63 R1=0-Glu; R,=R;=Rs=H; R,=OCH;

58 ’ 64 R,=Rs=OH; R,=R;=H; R.=OCHj;

65 R1=R;=0OH; R,=R4=H; Rs=OCHj; 72 73

66 R1=R,=OH; R,=R;=Rs=H

67 R1=R,=OH; R;=Rs=H; R.=OCHj;

68 R1=R;=R,=OH; R,=Rs=H

69 R,=R,=0CHj3; R,=isoprenyl; R3=Rs=H

0
O o R 70 R,=R4=OCH;; R,=OH; Ry=Rs=H
OH [
o 71 R;=R4,=0OCHj3;; R,=R3=Rs=H
(Y O hico mocn
0 N \Ollj OCH,
1o 0 Glu 79R-OCH; "
R 74R=H 76 77 8 80 R=OH
75 R=OCH \ 81 R=0-6-Ac-Glu
© 82 R=0Glu

83 R=OH
84 R:OCH3 86 R:CH3

93 R;=R,=H; Ry=0-Glu-6"-Ac
94 R;=R,=H; R;=OCH;
95 R;=R,=H; R;=0-Glu
96 R;=R,=Rs=H

97 98

H,CO.

99 R1:OH; R;Z(cHg)zg Rzz %

100 R;=OH; Rs=(CHs)s; Ry= §V\|<0H 101 102 103

OH

104 105 106 107 108

&1 (LWERPEEE N SYIRILEH

Fig. 1 Structures of flavonoids in Sophorae Tonkinensis Radix et Rhizoma
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REVIL, RN EZRM PR ERA. &8 R, HEERERD, AREELE 3,
TET AN U, BARE R R 2, Bikaity  Z5IKE 3.
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*2 WERPEVREELEY
Table 2 Alkaloids in Sophorae Tonkinensis Radix et Rhizoma

hi's A AR AT SOk | A& FR AT Sk
109 EEH CisHaaN,O 25 | 132 120-¥2FEA0 S0 CisH2N202 30
110  EALFESH CisHuN202 25 | 133 12B-F2FE MR SR 1 CisH22N202 30
111 5-BEESH (BEE)  CisHuN202 27 | 134 SRR CisHuN2O3 28
112 50.90- —FFFTSH, CisH2aN203 28 | 135 So-FFLE AP R CisH2N.O3 30
113 FEh C15H24N20 29 | 136 12B-FZFLEE AL HLR CisH22N203 30
114 9o-FRFTT S CisHuN2O, 30 | 137 3EET Ci1sH2N20 9
115 So-BZIEANE S Ci1sH2aN203 25 | 138 So-¥2 353K E CisH2N.O2 30
116  14p-FILEALESHE  CisHuN2Os 25 | 139 FRAEHS CisHxoN20 32
117 14B-LBEAEE S04 Ci7H2eN203 31 | 140 7p-HiReti CisHaoN2O 25
118  14o-ZFREET ST Ci7H6N203 31 | 141 1-[6,7-dihydro-5H-pyrrolo[1,2-a]imidazol- CsHioN2O 30
119 7,11-EEE S0 CisH2N20 9 3-yl]ethenone

120 So,l14p-"RFETESHL  CisHuN203 25 | 142 H(RER-THEIR) CioHuuN20; 33
121 S5a-f23ETE S CisHuN2O, 25 | 143 /i CsHsNO1. 30
122 140-B2REE S CisHuN2O2 25 | 144 &4e1605 CiHuuNO 25
123 =R C CiHigN202 26 | 145 N-HIE: 4 10T CioHisN2O 20
124 11,12-dehydroallmatrine CisH22N2O 26 | 146 N-FEdE &2 160 CHuN202 20
125 1L12-(E 20 CisHoN>O 26 | 147 N-Z & 100 CisHisN:O 20
126 JI1E W CiHN2O2 26 | 148 N-ZBE R4 AL CisHisN202 20
127 WSIRBE, Ci3H12N20 26 | 149 N-TNELE LI CisHisN2O2 20
128 EH AP S CisHuN2O2 32 [ 150 N-CUEk3E4E 210 Ci7H4N202 20
129  o-F2 I S CisH22N202 32 | 151 tonkinensines A CsHoeN2Os 34
130 Sa-FRFEME R CisHoN2O2 29 [ 152 RETH CisHoN20 20
131 PR, Ci5H22N20 25 | 153 tonkinensines B C2sH26N20s 34

109 R;=a-H; R,=H
110 Ri=a-OH
111 R=0-OH; R,=a-OH
112 R;=p-H; R=H

0N

121 R=H; R,=OH
122 R=OH; R=H

¢ 128 129 Ri=H; R,=0OH; Ry=H g
O = . — . —
130 R,=OH; R,=H; R3=H 134 135 R=H; R=0-OH 137 R=H 139 R=0-H

131 Ri=R,=Ry=H 136 R=p-OH; R,=H 138 R=OH 140 R=p-H
132 Ry=H; R=H; Rs=-OH

(] o o :

N N oo LS 133 R=H; R=H; Ry=B-OH A |
7 ! | 144 R=H H NN
N N 145 R=CH; 0 oH R/\ N

0 H H

124 R=B-H
125 R=a-H

0
146 R=CHO
147 R=CH,CHj3
148 R=COCH;
149 R=COCH,CH; "0
150 R=CO(CH>)4CH; 151

141 142 143

2 LLWERPEYRIE NS PSR

Fig.2 Structures of alkaloids in Sophorae Tonkinensis Radix et Rhizoma
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Table 3 Triterpenoids in Sophorae Tonkinensis Radix et Rhizoma

M5 R UEZ N 43 F SER | T AR Sl SRR
154 PIHERE C30Hs500 12 177 L EAR BT 11 B g Ca8H78019 36
155 FHEFREEC C30Hs004 35 178  FEAMETV Cs4HgsO3 37
156 FHEFREEE D C30Hs003 35 179 ZZHEMRETVHER CssHooO23 37
157 J"HEMBTF=8 C30Hs003 35 180  HMHE V Cs4HzgsO24 37
158 Mty % C30Hs002 35 181 A V HE CssHooO2s 37
159 FMHETEE A C30H5003 35 182 MM VI Cs4HgsO23 37
160 MEFEEE C30Hs004 35 183 AR VIF R CssHooO23 37
161 KEREEEA C30Hs004 35 184  FTRMEVI Ce1Hi00026 37
162 KEE[EB C30Hs5003 35 185  ZRAMF VI Ces2H102026 37
163 KREBEHE A C30H5005 35 186 ML CasH7017 38
164 HMHETFEEEH C30H4s03 35 187 HRALBEHIHEE C49Hs0017 38
165 WEMREHICC HE C31Ha504 35 188  FRFEEAFIN CasH7017 38
166 EHRBEH G C C30Ha604 35 189  FRAEEH IR ES CaoHgoO17 38
167 WWEREE LD C30H4604 35 190 KEREFI CasH730138 38
168 1 EIREFIC D HEE C31H4504 35 191 REBEHIH[EE Ca9HgoO13 38
169 AHE 7 2B | C30Ha605 35 192 KERFI Cs7H76017 38
170 BARBEH T C30Ha605 35 193  KEBHIHE CssH75017 38
171 REEEE A C30H4s04 35 194 KEREH A3 CasH738019 38
172 WWEREHIC A C30H4s04 35 195 KEEF A3 Hfig C49Hs0019 38
173 IWEREH T B C30H450s 35 196  INEMREFI CGEEMITID  CsiHzeO2s 36
174 WG REHEH | CGEHEMEE D CasH78019 36 197 WS B ITHEE CssHgsOas 36
175 WS EH | FEE CaoHgoO19 36 198 WA KGRI CasH7601s 36
176 INGHREIF I CEEMFTID  CyHrOr 36 199  kudzusaponin Az CasHs020 36

s R,

154 155 R;=CHs; R,=CH,OH; R;=OH 164 R;=CH,OH; R,=CHj;

156 R;=CH,OH; R,=CHj; Ry=H 160 R=CH,OH; R,=H 1¢5 R,=COOCHj3; R,=CH; 169 R,=COOH; R,=CH3; 174 R,=CHj3; R,=B1
157 R,=R,=CH;; Rs= CH; : 161 R,=CH3; R,=OH 166 R,=COOH; R,=CHj, 170 R;=CHj3; R,=COOH 175 R;=CHj3; R,=B2
158 R|=R2=CH3? Ry=H 162 R,=CH3; R,=H 167 R,=CHj; RZZCOOH 171 R;=CH,OH; R,=CH; 176 R;=CH,OH; R,=A1

159 R,=CHj; R,=CH,OH; Ry=H 163 R;=CH,OH; R,=OH 168 R ,=CH;; R,=COOCH; 172 R;=CHj3; R,=CH,OH 177 R;=CH,OH; Ry=A2
’ ’ 173 R1=R2=CH20H

R

SR,

" CoH K¢
190 R;=H; R,=Bl1
191R=H;R=B2 4
188 R;=CHj3; R,=B1 192 R;=H; Ry=Al
189 R,=CH3; R,=B2 193 R;=H; R,=A2 196 R=B1
194 R,=0OH; R,=B1 197 R=B2
195 R,=0OH; R,=B2

178 R]ZCHTO-GIH; R2:B1 5 R}ZCH3 186 R1=CH20H' R2=C1
179 R=CH,-O-Glu; R,=B2; R3=CHj3 187 RFCHZOH? R,=C2
180 R;=CH,-O-Glu; R,=B1; R3=CH,OH ’
181 R=CH,-O-Glu; R»=B2; R;=CH,OH
182 R;=0-Rha; R,;=B1; R;3=CH,OH

183 R;=0-Rha; R,=B2; R;3=CH,OH

184 R=0-Glu-(1—2)-D-Xyl; R»=B1; Rs=CH,OH
185 R=0-Glu-(1—>2)-D-Xyl; R,=B2; R;=CH,OH

0 o
HO H.CO
o OH o OH o % % HO
HO 0. HO |r0 HO
OH  HO £ on Ho 0

0 0 o

||o§1ﬁ/0 HU&TA/ 0
o 0
ﬁ ? HU “ Ho@ﬂz
0 0 i}“%
now HO HO by OH
HO

198 199

HO by HO  on
Al A2 Bl B2 Cl C2

3 WIERP=FELUEYIRIGEN

Fig.3 Structures of triterpenoids in Sophorae Tonkinensis Radix et Rhizoma



¢ED 2021630 525 B5H  Chinese Traditional and Herbal Drugs 2021 March Vol. 52 No. 5 1517 »
14 Hfts K )-5,6- W R R R R R Wk, Ko
U GARER T A — s R L2 RMkA shandougenines A\ shandougenines B A X 73 &5
VIEEAERRIS. B, MK, MRENZHE 2 NI &Y. AL EAREHRY 4 5
KU EY. Luo FEBIMIIEAR 215 shandougenines — FAfEMy. T &ARZER . EAAREERY, 11 SR H A R4
A. shandougenines B. bolusanthin IV. 2-(2',4-—%% HARERENZR 4, BARG KWK 4,
4 WWERPHMBELED
Table 4 Other compounds in Sophorae Tonkinensis Radix et Rhizoma
%' AR/ EAS ¥R ST i AR/ S ¥ SOk
200 B-A CpHsoO 14 | 213 4-$2H3-2,6-— FE FHEM-1-0-p-D- Ci1sH»O0s 30
201 W% N C3sHeoOs 14 e v 1 2 R Y
202 B CooHasO 12 | 214 FAKAEF CiH220s 33
203 FF IR 5 & AN A S BB -4-O-B-D- % CagHisOn 33 [ 215 T FH 1 Ci7H2400 33
PEH 216 R FAH IR HIR CsHzO3 33
204 FAflEER C20H2206 22 | 217 AN .15 CisHis07 23
205 THMER CoH2eOs 22 | 218 Fiff) CeHeO3 39
206 AL AR T C21Hu07 22 | 219 FEER CsHsO4 39
207 T HNEE-4,4"--O-B-D-ML MG A CaaHaeO1s 33 | 220 WhHHERR —+ — 75 C3H20s 39
208 T 7l 7 -4-O-B-D- Mt He 7 7 E CasH36013 33 | 221 2-(2',4'-dihydroxyphenyl)-5,6-methyl ~ CisH10Os 3
209 Fafli&-4,4-—-O-B-D-HLImE & b C32HaO16 33 enedioxybenxofuran
210 K% H CigHi20s 23 | 222 shandougenine A C3oHis010 3
211 K% CisHi0Os 23 | 223 shandougenine B CaoHisO010 3
212 (6S,9R)-KAF{EREH CioH300s 30 | 224 bolusanthin IV CisH1204 3

200 R=H
201 R=B-D-Glu 202 203
HO
OH
o]
1 OCI)-IH OCH.
= 3
“On HO H,CO OH
o OVB,Q\
HO o
214 R=H
212 213 215 R=OCHj3;

220 221

204 R;=R3=H; R,=OCHj 207 R;=OCHj3; R,=B-D-Glu; Ry=OCH; 210 R=CH;
205 R|:R2:R3:OCH3
206 R,=Rs=OCH;; R,=H 209 R,=H; R,=p-D-Glu; Ry=H

HOH,C
HO i
> COOHCO0C;H;

208 R;=OCH3; R,=H; R3=OCH3; 211 R=H

R At

216 217 218 219

224

4 WLWERPEMELED

Fig. 4 Structures of other compounds in Sophorae Tonkinensis Radix et Rhizoma
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