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Abstract: Sophorae Flavescentis Radix is the dried root of Sophora flavescens Ait. and Sophorae Tonkinensis
Radix et Rhizoma is the dried root and rhizome of Sophora tonkinensis Gagnep. The two drugs are both from the
same genus Sophora, having similar and different compositions and efficacies, however, their differences are not
fully demonstrated in current standard. In this study, the high-performance thin-layer chromatography with multi-
dimensional and multi-level features combined with electric spray mass spectrometry (HPTLC-ESI-MS) was used
to discover and identify the characteristic zones in extracts of Sophorae Flavescentis Radix and Sophorae Tonkinensis
Radix et Rhizoma, after optimizing the preparation method of the test solution and chromatographic parameters. As
a result, 17 main characteristic zones were found on HPTLC chromatograms of Sophorae Flavescentis Radix and

Sophorae Tonkinensis Radix et Rhizoma, among them, besides 3 known chemicals, another 12 unknown components
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were identified by HPTLC-ESI-MS, they are 1 alkaloid and 11 flavonoids. The identification results were verified
by the reference standards partially and nuclear magnetic resonance spectra after guided-isolation. Finally, a unified

HPTLC specific identification method with different markers was established to identify Sophorae Flavescentis

Radix and Sophorae Tonkinensis Radix et Rhizoma simultaneously. Thanks to abundant chemical information

provided when using diverse polarity mobile phases and derivatization reagents, the HPTLC technology offers a

convenient strategy for discovery, quality evaluation, and identification of target chemicals when connecting with

mass spectrometry.

Key words: Sophorae Flavescentis Radix; Sophorae Tonkinensis Radix et Rhizoma; HPTLC; HPTLC-ESI-

MS; flavonoid
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Table 1 Sample information of commercial Sophorae Flavescentis
Radix and Sophorae Tonkinensis Radix et Rhizoma samples. SF:

Sophorae Flavescentis Radix; ST: Sophorae Tonkinensis Radix et

Rhizoma
No. Lot Label name Collec.tlon Identification result
No. location

1 SF-1 Kushen Hebei Sophora flavescens
2 SF-2  Kushen Sichuan S. flavescens
3 SF-3 Kushen Hebei S. flavescens
4 SF-4 Kushen Jilin S. flavescens
5 SF-5 Kushen Hebei S. flavescens
6 SF-6  Kushen Shanxi S. flavescens
7  SF-7  Kushen Hebei S. flavescens
8 SF-8 Kushen Anhui S. flavescens
9 SF-9 Kushen Sichuan S. flavescens

10 SF-10 Kushen Shanxi S. flavescens

—_
j—

ST-1  Shandougen Shanghai Sophora tonkinensis

12 ST-2  Shandougen Shanghai S. tonkinensis
13 ST-3  Shandougen Anhui S. tonkinensis
14 ST-4  Shandougen Anhui S. tonkinensis
15 ST-5  Shandougen Anhui S. tonkinensis
16  ST-6  Shandougen Anhui S. tonkinensis
17  ST-7  Shandougen Anhui S. tonkinensis
18 ST-8 Shandougen Shanghai S. tonkinensis
19  ST-9 Shandougen Shanghai S. tonkinensis
20  ST-10 Shandougen Anhui S. tonkinensis
21 ST-11 Shandougen Northeast China S. fonkinensis
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Figure 1 Comparison of HPTLC chromatograms of SF and ST. The mobile phase of A is the mixture of chloroform, methanol, and concen-

trated ammonia TS (9:1:0.1); the mobile phase of B is the mixture of n-butanol, glacial acetic acid, and water (7:1:1); A1/B1 are detected
under UV 254 nm before derivatization; A2/B2 are detected under UV 365 nm before derivatization; A3/B3 are detected under UV 365 nm

after derivatization using 2% solution of AICI, in ethanol; A4/B4 are detected under visible light after derivatization using 10% sulfuric acid

in ethanol; A5/B5 are detected under visible light after derivatization using potassium bismuth iodide TS in ethanol
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C,H,]"+150.00 [M+H-H,0-C.,H.NO] 1 136.00 [M+H-
H,0-CH,NO] & Jv, i 4 ik i Jv 45 B 45 & 5
BRUS WD 1% oy 0 R R . K AR
SRS I AT B0 UE, YR AR AH R R B AL H I

IR 267, RIAE ELERIEM. &7 15 (R, = 0.49)
AR LSy, FLER MBI AE 259 nm A A e KR
e, ELRR ISR, AT RE 2 B A 28 gy, FLTE ESITAR X
N G R AT LA S 0 m/z fE N 563.48 [M+
H] #1585.38 [M+Na]", 2 il i Jli 2 — 4>+ W A bl 15
Fm/z 417.16 [M+H-Rha]", 45 & SCaR" 0 1% 2% 5 Bl
Ir AP HEAR LT A
3 ZWI0FISHUZERSNIBEE
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RIE KRB 2, NI IE HPTLC-ESI-MS %558 45
SRV, G HUINR AR 2 10 R AR PEA R
4455 15, KA IR AE L Sephadex LH-20 #% X AE - fill %
VL T ) A WU R 2 5 R AT 0 1, IR AR
P BLARAL A4, K I NMR Al UPLC-QTof-MS %4 X
Skt AT S . B ES R 5 HPTLC-ESI-MS % 45 1
#ﬁc

AP 10 (57 10), 3 A K. UPLC-QTof-MS
m/z 461.268 9 [M+H] . 'H NMR (400 MHz, CDCL,) 4,
7.78 (1H, d, J = 8.6 Hz, H-5), 7.09 (2H, s, H-2',6"), 6.55

Table 2 Compounds identified in zones of SF and ST by HPTLC-ESI-MS

No. R, MS MS/MS Formula Compound Existin  Ref.
1 006 447.25[M+H]" 285.16 [M+H-CH,O.]", C,H,,0,, Trifolirhizin SF, ST  [7, 8]
148.91 [M+H-C H,,0,-C.H,0-C,H,0]"
2 0.10 453.41[M-H]" 275.17 A", 176.92 ['*A -lavandulyl]", C,JH,0, Kushenol I SF [8,9]
148.92 ['*A™~lavandulyl-CH,0]", 421.33 [M-H-CO,]
3021 253.08[M-H] 135.08 A", 117.08 "B", 209.08 [M-H-CO,] C,H,0, 4.7-Dihydroxyflavone ST [10]

0.23 439.41 [M+H]" 274.58 "A’", 149.08 ['*A'-lavandulyl]’, C,JH,0, Kurarinone SF [8, 11]
461.41 [M+Na]™ 313.41 [M+H-lanandulyl]"
5 032 423.41[M-H]" 261.08 “A", 161.08*B" C,H,,0,  Kushenol F SF [9]
6 040 355.16 [M+H]" 148.91[A'-C,H~CH,0]’, 136.08 ['°A"-lanandulyl- C,H,,0,  Isoxanthohumol SF [8,9]
377.00 [M+Na]" cO-CH,]’, 299.08 [M+H-C,H,]"
7 043 269.16 [M+H]" 254.16 [M+H-CH,]", C,H,0, Formononetin SF, ST [8,12]
291.16 [M+Na]" 237.16 [M+H-CH,OH]’, 213.16 [M+H-2CO]'
9 0.66 28333 [M-H]" 267.08 [M-H-0]",255.08 [M-H-CO] C,H,,0, Maackiain SF, ST  [8,9]
10 0.75 461.25[M+H]" 376.08 [M+H-O-C H,]", 348.08 [M+H-CO,-C,H,]", C,H,0, Sophoranone ST [13]
279.08 [M+H-CO,-2C.H, ], 148.91 [*A"-C H,]",
135.91 [M+H-ring B-CO-CH,"]"
11 0.15 263.16 [M+H]" 245.08 [M+H-H,0]", C,,H,,N,0, Oxysophocarpine SF, ST [4,9, 14]
285.16 [M+Na]" 203.08 [M+H-H,0-C,H,]", 150.00 [M+H-H,0-C,H,NO],
136.00 [M+H-H,0-C H,NO]"
12022 26533 [M+H]" 247.60 [M+H-H,0]", C,,H,,N,0, Oxymatrine SF, ST [9, 14]
287.33 [M+Na]" 205.13 [M+H-H,0-C,H,]’,
529.33 [2M+H]" 148.11 [M+H-H,0-C,H,NO]", 136.11 [M+H-H,0-
CH,NOJ"
13 0.54 249.16 [M+H]' 150.12 [M+H-C.H,NO]’, 152.14 [M+H-C,H,NOJ’, C,,H,,N,O Sophoridine SF  [9,14]
148.11 [M+H-CH, NOJ', 176.10 [M+H-C H,0O]’,
136.11 [M+H-C.H, NOJ"
14 0.76 249.16 [M+H]™ 190.12 [M+H-C,H,0]", 176.10 [M+H-C,H,0T", C,,H,,N,O Matrine SF, ST [4,9, 14]
150.12 [M+H-C,H,NOJ", 148.11 [M+H-C,H, NOJ'
15 049 563.48 [M+H]" 417.16 [M+H-Rha] C,,H,;0,, Sophoraflavone A ST [15]
585.38 [M+Na]"
16 0.66 41731 [M+H]" 361.41 [M+H-2CO]', 399.41 [M+H-H,0]" C,H,0, Bayin ST [15]
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Figure 2 HPTLC-ESI-MS/MS spectra and fragmentation of zones 10 in HPTLC of Sophorae Tonkinensis Radix et Rhizoma (A), 11 in

Sophorae Flavescentis Radix (B) and 15 in Sophorae Tonkinensis Radix et Rhizoma (C)
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Figure 3 HPTLC chromatograms of Sophorae Flavescentis Radix (A) and Sophorae Tonkinensis Radix et Rhizoma (B/C). The mobile

phase of A/B is the mixture of chloroform, methanol and concentrated ammonia TS (9:1:0.1), and C is the mixture of n-butanol, glacial

acetic acid, and water (7:1:1); A1/B1/C are detected under UV 365 nm after derivatization using 2% solution of aluminium chloride in

ethanol, A2/B2 are detected under visible light after derivatization using potassium bismuth iodide TS in ethanol. S, in A are oxysophocar-

pine, oxymatrine, sophoridine and matrine (from low to up); S, in A are trifolirhizin, kurarinone, kushenol F and maackiain (from low to up);

E and Rd in A are Sophorae Flavescentis Radix reference extract and Sophorae Flavescentis Radix reference drug, respectively; S, in B are

oxymatrine and matrine (from low to up), S, in B are trifolirhizin; 4',7-dihydroxyflavone, formononetin, maackiain, sophoranone (from low

to up), S, in C are sophoraflavone A and bayin (from low to up); Rd in B/C is Sophorae Tonkinensis Radix et Rhizoma reference drug
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