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Abstract: Zhuang medicine Shandougen, the dry radix and rhizome of the plant Sophora tonkinensis from the

Leguminosae family, is one of the most important and famous traditional Chinese medicine in Guangxi Zhuang
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Autonomous Region and also distributed in Yunnan and Guizhou provinces. According to the “Chinese Pharmacopoeia
2020” , Shandougen is used for clearing heat, removing toxicity, relieving sore throat and detumescence. In order to
develop and utilize the aerial parts of S. tonkinensis more reasonably and scientifically, the studies for chemical
constituents and their tyrosinase inhibitory activities of the aerial parts of S. tonkinensis were performed. Some modern
chromatographic methods for the separation of chemical constituents were carried out, such as high-performance liquid
chromatography, Sephadex LH-20 column chromatography, MCI gel CHP 20P column chromatography, silica gel column
chromatography, and thin layer chromatography. The structures of the pure compounds were established on the basis of
their spectroscopic data, including the spectra of HR-ESI-MS, 'H NMR and “C NMR. In addition, the isolated
compounds were evaluated for their tyrosinase inhibitory activities through modern pharmacological methods. The results
were as follows; (1) Ten compounds were separated from the aerial parts of S. tonkinensis and their structures were
identified as salicylic acid (1), 4-hydroxybenzoic acid (2), luteolin (3), 8-prenylkeamferol (4), quercetin (5),
daidzein (6), formononetin-7-0-B-D-glucoside (7), formononetin (8), tectorigenin (9), and genistein (10). All
these compounds were isolated from the aerial parts of S. ionkinensis for the first time; (2) Compounds 4, 7 and 9
showed strong inhibitory effects toward tyrosinase after the evaluation for their biological activity. Particularly, Compound
4 showed the strongest inhibitory activity with the IC, value of (1.58 + 0.31) x 107 mol + L. Compounds 4, 7 and 9
could be a potential tyrosinase inhibitor after the analysis of bioactivity results. The above results enrich the previous

studies on the chemical constituents and biological activities of the aerial parts of S. tonkinensis, further providing the

scientific basis for the development and utilization of the non-medicinal parts of this herb.
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HEE (A= R PP TR AR A )
20xPBS(A 7] K. AR REFEREARAF) ;
et iR A L-lg Z MG (A7) K LR
AR A BR A o
1.3 XWHZE
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JiE AR, 43045 B A T R AR (30 g) \OTR
LERFAIRF (90 g) JKEBALIZF (400 g) . HLL
W2 TR BB 4 ¥ 8 4 MCI gel CHP 20P (8.0 cm X
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B BE VR, P28 2 635 ( TLC) #5145 3 7 4>
44y FrB1-7,
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FEZHT A3 8, - K (0% ~ 100% , V/V) B B 1
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HP20SS #i  Sephadex LH-20 #:75 1L &% 3 (14
mg) . FrB3(9.8 g) % Sephadex LH-20 41 Z#r . 2¢
il £ % HPLC 3 2k &% 5(12 mg) FIfL &) 10
(56 mg), FrB4 (6.5g) %4 Diaion HP20SS #f
Chromatorex C 753 E4EA5Y) 2(5 mg) FIfL 59 6
(19 mg) ., FrB6(13.7 g) H1 Sephadex LH-20 i ¢
HE, 4ifb 5 2 59 7(25 mg) L&Y 8(24 mg) |
L&Y 9(33 mg) .
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k&1 B 6K K, HR-ESI-MS m/z:
139.039 6 [ M+H]*., "H-NMR (500 MHz, Acetone-
d,) 8:7.88 (1H, dd, J=7.8, 1.7 Hz, H-6) , 7.50
(1H, dt, J=7.8, 1.7 Hz, H-4), 6.96~6.86 (2H,
m, H-3, 5); "C-NMR (125 MHz, Acetone-d,) §:
172.5 (-COOH), 162.7 (C-2), 136.5 (C-4),
131.1 (C-6), 119.8 (C-5), 117.8 (C-1), 113.1
(C-3), JHad53CHk ( EFH4E,2019) 6 1, 0 5E 4k
G 1 KGR

ka2 AaE RS M. HR-ESI-MS m/z.
139.039 3 [ M+H]*.'"H-NMR (500 MHz, Acetone-
dy) 8:7.90 (2H, d, J=8.7 Hz, H-2, 6), 6.91
(2H, d, J=8.7 Hz, H-3, 5); “C-NMR (125
MHz, Acetone-dy) 6; 167.7 (-COOH), 162.6 ( C-
4),132.7 (C-2, 6), 122.6 (C-1), 115.9 (C-3,
5), T 53CER S A, 2016) XTI, B E LAY
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k&% 3 M E M., HR-ESI-MS m/z;
287.068 2 [M+H]*,'H-NMR (500 MHz, DMSO-
dy) 8: 12.94 (1H, s, 5-OH), 7.38~7.40 (2H,
m, H-2', 6'), 6.89 (1H, d, J = 8.9 Hz, H-5"),
6.63 (1H, s, H-3), 6.43 (1H, d, J=2.1 Hz, H-
8), 6.18 (1H, d, J = 2.1 Hz, H-6) ;" C-NMR
(125 MHz, DMSO-d,) 6: 181.8 (C-4), 164.3 (C-
2), 164.1 (C-9), 172.5 (C-7), 157.5 (C-5),
149.8 (C-3"), 145.9 (C-4'), 121.7 (C-6"),
119.1 (C-1"), 116.2 (C-5"), 113.5 (C-2"),
103.9 (C-3), 103.0 (C-10), 99.0 (C-6), 94.0
(C-8) . L5 3CHR (5K HE TN 55,2014 ) X LE, 7 &
a3 WARBEER,

&% 4 @ E A, HR-ESI-MS m/z.
355.1197 [ M + H]*." H-NMR ( 500 MHz,
Methanol-d,) &: 8.06 (2H, d, J=8.9 Hz, H-2',
6'), 6.88 (2H, d, J=8.9 Hz, H-3", 5'), 6.20
(1H, s, H-6), 5.30~5.08 (1H, m, H-2"), 3.45
(2H, d, J=6.7 Hz, H-1"), 1.78 (3H, s, H-4"),
1.66 (3H, s, H-5"); "“C-NMR (125 MHz,
Methanol-d,) 6: 177.5 (C-4), 162.7 (C-7), 160.4
(C-5), 160.0 (C-4"), 155.4 (C-9), 147.9 (C-
2), 136.9 (C-3), 132.4 (C-3"), 130.7 (C-2',
6'), 124.1 (C-1"), 124.1 (C-2"), 116.3 (C-3’,
5),107.6 (C-8), 104.5 (C-10), 98.8 (C-6),
25.9 (C-4"), 22.5 (C-1"), 18.2 (C-5"), it
SCHk (B ER 4 ,2010) X BEL A8 4 Tl 8-57

PRI ZE B
k&Y s A8 K, HR-ESI-MS m/z;
303.0254 [M+H]*.,'H-NMR ( 500 MHz,

Methanol-d,) 6: 7.72 (1H, d, J = 2.2 Hz, H-2"),
7.61 (1H, dd, J = 8.5, 2.2 Hz, H-6'), 6.87
(1H, d, J = 8.5 Hz, H-5'), 6.37 (1H, d, J =
2.0 Hz, H-8), 6.17 (1H, d, J = 2.0 Hz, H-6);
BC-NMR (125 MHz, Methanol-d,) &: 177.3 ( C-
4),165.7 (C-7), 162.4 (C-9), 158.2 (C-5),
148.8 (C-2), 148.0 (C-4'), 146.2 (C-3'), 137.2
(C-3), 124.2 (C-1"), 121.7 (C-6"), 116.2 (C-
5'), 116.0 (C-2'), 104.5 (C-10), 99.3 (C-6),
94.5 (C-8), it 53wk ( T2 3C%,2014) X[,
Wb &9 5 I =R .

&YW 6 H K K, HR-ESI-MS m/z:

255.065 8 [M+H]*,'H-NMR (500 MHz, DMSO-
dy) 6:8.17 (1H, s, H-2), 7.93 (1H, d, J=8.8
Hz, H-5), 7.33 (2H, d, J=8.5 Hz, H-2', 6'),
6.90 (1H, m, H-8), 6.82 (1H, d, J=2.7 Hz, H-
6),6.79 (2H, d, J=8.5 Hz, H-3", 5'); "C-NMR
(125 MHz, DMSO-d,) 8: 175.4 (C-4), 162.9 (C-
7), 157.9 (C-9), 157.5 (C-4"), 153.3 (C-2),
130.5 (C-2', 6'), 128.6 (C-5), 124.0 (C-3),
123.0 (C-1"), 117.0 (C-10), 115.7 (C-3", 5"),
115.5 (C-6), 102.5 (C-8), it 5 3CHk (A&
5,2013) XFLE B EL G 6 W RE R,

k&M 7 R A KK, HR-ESI-MS m/z:
431.134 5 [M+H]",'H-NMR (500 MHz, DMSO-
dy) 8:8.36 (1H, d, J=6.5 Hz, H-2), 8.04 (1H,
dd, J=8.9, 2.1 Hz, H-5), 7.49 (2H, d, J=8.7
Hz, H-2', 6'), 7.21 (1H, d, J=2.1 Hz, H-8),
7.15 (1H, dd, J=8.9, 2.1 Hz, H-6), 6.97 (2H,
d, J=8.7 Hz, H-3', 5'), 5.08 (1H, d, J=17.1
Hz, H-1"), 3.76 (3H, s, 4’-OCH,) ;" C-NMR
(125 MHz, DMSO-d,) 6: 175.2 (C-4), 161.7 (C-
7), 159.4 (C-4"), 157.4 (C-9), 153.9 (C-2),
130.3 (C-2', 6'), 127.3 (C-5), 124.1 (C-1"),
123.8 (C-3), 118.8 (C-10), 116.0 (C-6), 114.0
(C-3",5"),103.8 (C-8), 100.3 (C-1"), 77.4 (C-
5", 76.6 (C-3"), 73.4 (C-2"), 70.1 (C-4"),
61.0 (C-6"), 55.5 (4'-0OCH,) ., aid 5 3CHk (AP35
FASE,2011) XF bb, B 8 Ak 229 7 iR AL R -7-0-
B-D-HEHETT .

& 8 B A E i, HR-ESI-MS m/z.
269.046 5 [M+H]".,'"H-NMR (500 MHz, DMSO-
d,) 8:8.32 (1H, s, H-2), 7.97 (1H, d, J=8.8
Hz, H-5), 7.50 (2H, d, J=8.8 Hz, H-2', 6'),
6.98 (2H, d, J=8.8 Hz, H-3', 5'), 6.94 (1H,
dd, J=8.8, 2.3 Hz, H-6), 6.87 (1H, d, J=2.3
Hz, H-8), 3.78 (3H, s, OCH,); “C NMR (125
MHz, DMSO- d,)6: 174.7 (C-4), 162.6 (C-7),
159.0 (C-4'), 157.5 (C-9), 153.1 (C-2),130.1
(C-2", 6'),127.3 (C-5), 124.3 (C-1"),123.2
(C-3), 116.6 (C-10), 115.2 (C-6), 113.7 (C-
3", 5'), 102.1 (C-8), 55.3 (4'-OCH,), #WId5
SCHK (ERPHEE,2018) XT LG, B E AL & 8 8 il AR

k&9 B @4 . HR-ESI-MS m/z:
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301.0710 [ M + H ]'.'H-NMR ( 500 MHz,
Methanol-d,) &: 8.05 (1H, s, H-2), 7.37 (2H,
d, J=7.5Hz, H2',6'), 6.84 (2H, d, J = 7.5
Hz, H-3',5"), 6.44 (1H, s, H-8), 3.87 (3H, s,
6-OCH,); "“C-NMR (125 MHz, Methanol-d,) §:
182.5 (C-4), 158.9 (C-5), 158.7 (C-4"), 155.0
(C-7), 154.8 (C-9), 154.6 (C-2), 132.9 (C-6),
131.4 (C-2", 6"), 124.2 (C-1'),123.3 (C-3),
116.3 (C-3', 5'),106.7 (C-10), 95.0 (C-8),
60.9 (6-OCH,) , i it 5 3k (58 B 4%, 2006 ) Xf
W, e a Y9 hEREER,

EW 10 IRE AEIRES . HR-ESI-MS m/
z: 271.060 8 [M+H]*, "H-NMR (500 MHz, DMSO-
d,) 8:12.94 (1H, s, OH-5), 8.26 (1H, s, H-2),
7.33 (2H, d, J = 8.6 Hz, H-2', H-6'), 6.84 (2H,
d, J = 8.6 Hz, H-3', H-5"), 6.36 (1H, d, J = 2.0
Hz, H-8), 6.21 (1H, d, J = 2.0 Hz, H-6); “C-
NMR (125 MHz, DMSO-d,) &: 180.3 (C-4), 164.3
(C-7), 162.1 (C-4"), 157.7 (C-5), 157.5 (C-9),
153.9 (C-2), 130.2 (C-2", 6'), 122.4 (C-1"),
121.3 (C-3), 115.2 (C-3', 5'), 104.6 (C-10),
99.0 (C-6), 93.7 (C-8), 3l i 5 SCHk (w1 &5
2020) % Lk BEL G 10 A R HER
2.2 B S ERERHD I iE MK 45 R

PL“1.3.27 prad r gl e fb 54 4 .7 F1 9 1 ik
STRFEANH 2, M R R 1, 5RER, S
PR FEAR L, A B 4 26 P 45 A 1% 42 1R T
REME I, fH 4 (1.58+0.31) x10°mol - L™ ; 1k
G 9 X I R T 1% 40 ) A 55 BH P X BEAH 2
L&Y 7 X i 2 e B Y B0 VR S 85 T BH
Xf R

F 1 BIEREINHFEENIRER
Tablel

Results of tyrosinase inhibitory activity

4 (1.58 + 0.31) x107 #=
7 (7.82 + 0.28)x10* *
9 (3.73 £ 0.45)x10™ *

i1 2 Kojic acid" (3.82 +0.52)x10"

T (1) "BHEXTIR  (2) 5 B X BRAL LA, * P<0.05, ** P<
0.01,

Note: (1) “Positive control; (2) Compared with positive control
group, * P<0.05, ** P<0.01.

3 W54 #

W5 7, — S v 24 i 3 245 F 3B 47 5 25
BB ELAT AHARL Y Ak 27 B o R AL, T AR AR EY
WIAZy, BN, 715 25 NS 0045 5 25 A R T
AR RIAR 25 | T AR 245 FH SR ik R A A R A
BN NS B Regl NS BF Re, [FFEEA #b
SRR TR, Okl T i E 25 B (e AR L
FE 258 ,2020) , —26rp 24 i A 2 FHAR A7 5 0 2Y
FHEBAE BAG AN Rk 2 1 43 R A= W3 1, W R 259
WA 42 Bt BL Al B 5% SRR AN, 3% Il Ak 5% 24 74 21
T AL 5 25 FH B A R TR A Sk A 08 4 e 4L
A AR 25 RO & A Bl 2 R AW
5 2R AL 2% B4y, LA B B Ak | R i RN
TRIFAEVE H (BRI AN #7052, 2018 ) . — 2 rhi 2 3
2 FHARA AT il 2 Lo B 2 A (R I
AT =,2019) . ot al UL, v 24 (9 3 25 R A7
BB R & 08 I3 Fn L A 5% 5 [, R 47lE
2 A, BE R A 24 M W TR A TR 9%, A R T S Bl ep
GBI PTRE S K e . BRI AR RE D A0 I
R, 24 T A SR AR FAR 25 | A6 S50 4 R 75 S W F
AALT S0 (A N AL RTE 25 818 2020) |, 1 A< B
SEE UK B T 1L SR R A 2K R ) R
FKAEW, It & RGP B A B ik A R
ity 00 o) 35 e R R A Y T R A A R, DL B A
FELERAR R T 1L GAR M 13543 0 4k 24 W S5 FE el
HAYE M, it — 257 &AL G AR ik 25
AL T B K

SE
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S, 4 2018, LTI AEALERAIETE (1) [J]. e
2y, 49(4) : 795-800. ]

CHEN N, YANG B, 2018. Research progress of chemical
components and pharmacological effects of non-medicinal
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