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[ Abstract | Objective: To optimize extraction technology of couplet medicines of Sophorae Flavescentis
Radix-Glycyrrhizae Radix et Rhizoma and to quickly identify the chemical constituents in its extract. Method ;
Taking transfer rates of matrine, oxymatrine and glycyrrhizic acid as comprehensive evaluation index, based on
single factor tests, optimum extraction conditions of couplet medicines extract were selected by orthogonal test.
The chemical constituents of couplet medicines extract were identified on-line by UPLC-Q-TOF/MS. Result;
Optimum reflux extraction process was as follows: soaked for 1 h and extracted twice with 8 times the amount of
60% ethanol, 2 h for each time. Total transfer rate of matrine and oxymatrine was 93. 92% , the extraction yield
of glycyrrhizic acid was 99.23% . Furthermore, a total of 49 constituents were identified in couplet medicines
extract, 28 constituents were from Sophorae Flavescentis Radix and 21 constituents were from Glycyrrhizae Radix et
Rhizoma. Conclusion: The mixed exiract has a certain auxo-action for extraction of matrine, oxymatrine and
glycyrrhizic acid and the optimum extraction process is stable and feasible. ldentification of chemical constituents

in extract will be useful for elucidation of its active constituents and compatible mechanism.
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Sophorae Flavescentis Radix-Glycyrrhizae Radix et Rhizoma; couplet medicines; extraction

WSRO A R O 0 T R s 2
PR 2 e [ B 2 )2 B 24 AR 0 0F 5 BT 7k A4S I
9% 5L Y52, 4390 o R 4 75 2 Sophora flavescens
BT AR SR Y B 5L Glycyrrhiza uralensis )T
PRAR SR ZE AR A IR A7 T b [ B2 27 B o B 245 A
YRR TR Zh 2 G PE (52 H IR R i 5
435k KS-20150407 ,GC-20150104) , % 0% 4k
W 2 S H R o B (b R 2 R e E T
B, 4t = 4 % S~ 110805-200507, 110780-200401 ,
111089-200501 , 45 FF ¥ > 98% ) , /K hy 1k M M 4 1
KB SN R R A €8 2, R 34
S Hrat,

2 FEMER
2.1 254
2.1.1 WE-HEHXY RS HH SRR &
25 ¢ B A N 10 fi5 i 60% L F ] $E B 2 WK, BRIk
2 h, ERBEICHTIRZ M 1 h, i 0k, Wi 5 L R AT
AR S R R IR B oK, i B AR
R 32.31% .
2.1.2 WSHHREAKRY B S HH IR %
25 g, o4 2. L1 TR vk AR 3, A i AR S R
LR 25 1 B B B oK L 11545 #40 J o 30, 20%
31.49%
2.2 WS A A SO H R 1Y D e
2.2.1 FEMIEWRAYEE PRIBGEY Z-H R R A
i 7.0 mg, & T 10 mL &, fn 509% HEE I i O
SERBZE %4, F 13 000 r-min ' B 15 min, B
FAEWT 045 pum AL B R, A5 4K R . 4 )
K 2 BRI S B AR A 2 BRI R o B
BT 2 mL &), i 50% BB O E A 24,
PR A5 v B 4 9 0.73,0.75,0. 803 g- LAY
Xof B ot i 4 WL o
2.2.2 {0 3% & CAPCELL PAK C,, f4 i
(4.6 mm x250 mm,5 pm), 374 1.0 mL-min ', F
I35 C, AZh i FEARIRIE 4 °C, EFER 10 pL, K
P 210 nm (5 2 080 4 AR 7 2 080) F 230 nm (H
TR ) W BNAH 0. 1% BERR /K IE W (A) -2 0 (B) BB
Yeli (0 ~2 min,95% ~87% A;2 ~5 min,87% ~
80% A ;5 ~20 min,80% ~100% A) . VLI 1,
2.2.3 KMEXRRERFHE FHEWRIGESW AT S
BRI T R X BRI WS B IR A, I 50% HEE
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Glycyrrhizae Radix et Rhizoma extract

i T, A R A TR 5 0T BRI, 4 2. 2.2 T A3 4%
PRI, DAV T FR Ry PN A b, BT U B Ol A R L 75
TS B S H R A R R Y =
4830.40X —387.66 (r=0.999 9),Y =318.90X +
34.68(r=0.999 9),Y =1 052.70X - 39.09 (r =
0.999 9) , Lk E KK N 1.5 ~150.0,3.5 ~
350.0,1.0 ~100.0 mg-L "',
2.2.4 MHEIRE I 2.2.3 TR IR A X IR
W20 A A S R H R v ) R
75.0,175.0 f150.0 mg-L "), 2. 2.2 i F &4
SRR 6 W, THR S0 AL S ORI H R U T
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2.2.5 BmAEMWRKE HERBRE S 1 B2
B 6 4y, 4 2.2, 1 30 F 7 8 P17 ) 45 R AL
W, HE 2. 2.2 U 2000 iH B S 0L Ak S
B A H R (4 BT & 4 AR 43 i Ol 5.04, 64.21 AN
28.19 mg-g ' ,RSD 43514 4.2% ,0.9% 1 1. 0% .
2.2.6  FasEMEIAEE  ORG % W) — R U T
BE10 pL, A3 F 45 0,4,8,12,16 24 h 4 2. 2.2
TR 200 A8, T30 S 080 R S R T R 0
AL RSD 483k 1.3% ,1.0% F1 1. 5% , 3¢ B {it
A WAE 24 h NARE .
2.2.7 mFEENGRE BRI E S R
WS -H R B R B R (45 KG-20150303 , 5
S0l A AL TS 0 H R R R A B B
0.39% ,7.13% F12.85% ) , 5432 3. 50 mg, 53 5| &
F 10 mL g, HRE e S A A S R
R 80% ,100% FI 120% A% %5 i A B ik &
(41 2 0SB0 v 2 R R o) R RO L
2.2, 1 TR Jr ikl A I S U, R 2.2.2 TR 4%
PRI 5 , 25 5 w7 2 L A8 A 2 R H R 1 - 1
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HPLC chromatograms of Sophorae Flavescentis Radix-

JIRE Bl R 5 7E 95% ~ 105% ,RSD 4351 4 1. 4% ,
0.5% f11.2%

2.3 RHERAEHEK

2.3.1 PREAEH BGE S MR 4 25 g, 3k 4
B3, 50 Im 10 f5 27 (7K ,30% 1, 60% £, 1 Al
90% £ Ji) M H2 B 2 W, IR 2 h, 8 R4 HUHIT 2 g
1 h, b U W4 5 25 Vo R T8 15 32 U B R Ok
LR E L,

®1 TRAEZEZEAEWNES-HERERERSEBEHIM

Table 1 Influence of factors on transfer rates of matrine,
oxymatrine and glycyrrhizic acid from Sophorae Flavescentis Radix-

Glycyrrhizae Radix et Rhizoma

(S0 +

SN e (ESW+ L
BEY A s HER YN H R
H % KE B BB BRSO iRk
/g i /mg-g ! W&?E{:ﬁ% /%
/mg'g’1 /%
PRI K 15.73  46.34 21.44 61.02  72.18

30% L5 15.39  64.03 24.70 82.50  81.36
60% L% 16.45  69.09 28.21 95.14  99.32

90% £ Mg 8.94 81.60 17.13 61.07  32.77

AT 1 h 12.74  77.34 30. 31 82.49  82.64
2 h 16.45  69.09 28.21 95.14  99.32
3h 15.40 73.72 29.92 95.04  98.60

Wk 8:1 14.76  68.93 30. 02 85.17  94.83
10:1 16.45  69.09 28.21 95.14  99.32
12:1 15.14  73.78 27. 69 93.51  89.73

WAL 1K 11.61  73.53 29.43 71.47  73.13
2% 16.45  69.09 28.21 95.14  99.32
3 15.66  76.86 25.47  100.15  85.38

2.3.2 ARIMURE] B S AH ER R 4% 25 ¢, 38 3
iy, 0 10 A 60% £ B4 B, S BUns ) 7051 o 1,2,
3 h, HAb SR BRI 2.3, 1 300, 45 1R L3R 1,

2.3.3 WORHIE WSS HFHFERA S 25 g, 383
i, 10 4% 48 60% &£ B 4 B 2 b, BORE HE o
8:1,10:1,12: 1, H AR E A4 [H] 2. 3.1 T, 45 5B I,
1.

2.3.4 RBKEC BOSSAH RO 4 25 g, 3t
iy, 10 A58 60% L B4R HC 2 h, WUkHEE 8 1, 4R 1K
ooy m o 1,2,3 0, Hpt 4R BOR 1 R] 2. 3.1 30, 45
e I

2.4 GExAmAUEE  fE DR AR L R
PR BR 20 4R IBUIRT [ RO R O B % 42
R BAHRBIE 3 DK, B - R 2]
Z o+ AW S H ERE B RNLGEE A
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TEPR O S BT & 25 ¢, 38 9 0y, 1 R B2 IRAT
i1 hy B2 AR WK 2, 2200 W3k 3.
H B S3HT AT, 2% PR 3R 0 S - T 2 24 % 4 IR
MSEIIET R D >B >A>C, Uk ZER/NYHE C
IR ZETHEAT 7 22 5007, G5 R RN R D BA B35
SR, At PR 2 0 O S M R e, MO R T2
A,B,C, D, BN 8 £ 60% 2, ] 7 2 B 3 ¥k, 4
W3 h, R 1 hy S5 H A A AT
Vg 4 TR (] B IO Ay B A 2 h T2 IR

£2 ES-HEAMERIENESRBAH

Table 2 Orthogonal test analysis for extraction process of Sophorae

Flavescentis Radix-Glycyrrhizae Radix et Rhizoma

ok wm S0 wgws MER o
A ol V3 LA 2
oy /mleeTt /%

1 30 1 8:1 1 56. 66 62. 87 1.20
2 30 2 10:1 2 89. 09 86. 24 1.75
3 30 3 12:1 3 87.72 97.71 1.85
4 60 1 10:1 3 98.35 85. 04 1.83
5 60 2 12:1 1 74.30 63.33 1.38
6 60 3 8:1 2 94.76 98.77 1.94
7 75 1 12:1 2 79. 65 76.01 1.56
8 75 2 8:1 3 96. 86 93.33 1.90
9 75 3 10:1 1 73.27 69. 28 1.43

EGETD = (ESH + A w S0 BB R + BB

R3 BEEDFESN

Table 3 Variance analysis for composite score

T 2 KR SS F P

A 0. 022 1.83 >0.05
B 0. 070 5.83 >0.05
C(R%E) 0.012 1.00

D 0. 457 38.08 <0.05

‘24‘35:1"0'05(272) =19,

2.5 BAEE B SHHER A& 25 g, 2

O, ¥ e B T2 (A,B,C D) i M Ie T. 2
(A,B,C\D,) FATEUEIR B o 245 X $E B o %, vk 45
JEE AR HR T, SRR Y. %Ry
7.0 mg,#% 2.2, 1 TN Jy ik a0 21, A5 05 206, Ak
W2 g B W R R BT i 4y B4 Bl 6,09, 62,12,
28.19 mg-g o 45 W BT E) R4 B B0
EROREE N i RS RE XS A IN(ER T T R
WS A RN T 93.92% , 254 IR HE UL
G AR B8 WS- B X R AR IR T A

F R AB,C D, BV 8 5 60% L BEHRIN 2 IR,
K2 h, E R IGHTR I 1 h,
2.6 22X 5 IO Y AL O 43 B
2.6.1 FEMIEBAE] S ORSHAREOE S -1 w2 %)
FE Y 20. 0 mg,'E T 2 mL SIS, 0 50% W
fi It 2% B Z0E #£4),13 000 r-min ' B> 15 min,
W EWE 0.2 pom GlAL IR B U8, T 20 Ao AR
BAR A R SR IS TSR G 2 T 5 R IR
353000 29. 22% ,30. 01% ) , K 55 FR IBURH [F] 21 2
w2 4R RY (915 mg) FIH R R BY)
(9.40 mg) , & T 2 mL &P, 50% W i OF
SEAS A 427,13 000 remin B0 15 min, L
WL 0.2 wm fRCFLUEIEL , ) 754 0 A R
2.6.2 @kt SR HSS T3 (A5 4E (2. 1 mm x
150 mm, 1.7 wm) L FA 0. 1% W A 3 i (A) 71
0. 1% HR LG H W (B) B EEBEH (0 ~3 min, 1% ~
5%B;3 ~5 min,5% ~10% B;5 ~8 min,10% ~ 18%
B;8 ~ 15 min, 18% ~40% B;15 ~ 23 min,40% ~
60% B;23 ~28 min,60% ~100% B) , ¥ 0.3 mL-
min "' R 35 C L RE S EIREE 20 C L BERERE S pl.
2.6.3 JFUik A WS R IR (ESD) 7EIE B T
FEACR B  IEE T BAERE3. 0 kV, BT IR
JE 120 °C,IER FHEFLIE 45 V, Uk fLIE 3 V,
JBE R ¥ AU EE 450 °C, i 800 Lo b HE AL K
40 L-h ™' FH I IR 0. 02 s, FAHET ] 0. 1 s, i
HHEIEH m/z 50 ~1 200, 545 KT centroid , R £
1 resolution , 7570 [ extended, F¥E K4 1 f& %
F 2 ng- L™ 5 SR - Mo M S5 YA 7 7 52 e G 0 R o A
F(IEBE TR m/z 556.277 1) , % 20 s,
2.6.4 FESrHT B UPLC-Q-TOF/MS 43 ¥ 27
Z-H R A S R R IR 2 R SR I . IR
TR & 4 ) SE 0 DL 1R 2,
2.6.5 ARz EEE X e S - R Y
fh A U rh B T U O AT RS A BT R B s,
MassLynx V4. 1 5% {4 #E 0 £k & 9 7T BE /19 T 3% 24 1%,
G55 AE YR VAN TR B b, O 5 SR 3 A O
P& % (ChemSpider Al MassBank ) M %, % H 1 49 4~
ORI T THE, —HBOELUIIM +H] " M& &
T, AR AR Y B S 2R =
TRAGY, Wk 4. —F5i% BT 453K 66 73 1 Bt it
TS A5 B (A LB R 22 39 7E =5 ppm LI,
TR 2 - 2 XS IO T A S R IR E AT R
R 28 MMEBWRA TwES,21 Mea Yk
H T HH
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Fig. 2 Base peak ion chromatograms of Sophorae Flavescentis
Radix-Glycyrrhizae Radix et Rhizoma and its single herb extracts in

positive mode of UPLC-Q-TOF/MS

%&4 UPLC-Q-TOF/MS ¥EES-HEHIMNPFHNUZHRS

J7, VRPN AL o 2RI R b8 7 T A
FRE RGP H N3 e T s m
AR 2 B4 B MR R Al AL T DA KRBT
IE, H B B e B K i 2 ] g e A K
B RS R T 2 B B B P AT A R R I
Vi B v A W R A R O R T BRI S S
ﬁa*z%%%mﬁﬂﬁmmﬁﬁfo@MWﬁﬁ
Rk TR H BB W I, I &
ke A Al 3 A 2 F AR TR R RE AR B 25 £
S M GRS . A R R R
S FR 4 T 38 2o AT 3 A 700 A R X 2 95 R 4
BT 2 X IR A A R
it 5 2 9 0 B A 2 2 B, 37 3 3 e 1k 2 ) 5 T4 Y
FEAE ] A 25 0 i I D R R AL T RS
JEAE AT 32 M) 245 % Ak oy i g A A0
EEPEESAEYRENESE RS,
R R A SR R . T,
AHRESMH BT E 2 0% 60% 2,18 ) 1
VAR DU R R R B R S B g k) &
R B R . R, AR SC LA 20 AL S R
BRI B AR FE A, R B PR AR 06 D IE 22 i 5
Pok $2 T 2. A, 48 3C R A UPLC-Q-TOF/MS
X 15 B 24 0 T T A 2 A HEAT TP R
S SEIEE 49 AR, EEALIE R IR | 2 A
SR ARG, RN T LR T

Table 4 Chemical constituents of Sophorae Flavescentis Radix-Glycyrrhizae Radix et Rhizoma extract identified by UPLC-Q-TOF/MS

No. ty/min &Y ¥ [M+H]"m/z #2&2/ppm Ms*® H4 28 U5
1 3.45 N-F 5 4 28 2E TR C,,H,N,0 205. 134 4 1.5 146. 063 8 2
2 3.71 EX i G, H,N,0 191.118 5 0.5 148. 076 4 W
3 4.05 I & 0 g C,5sHyN, 0, 261.160 9 2.3 243.470 5,170.152 9 L
4 4.56 6,7- %2 5P B3 T2 C,sHyyN, O 281.186 9 1.4 - WS
5 5.75 i 2 CisHyN,0 249.196 7 0.0 247.184 0,150. 125 0 T
6 6. 05 L5 B C;sHyN,0 249.197 5 3.2 247.181 7,150. 127 5 5
7 6.15 IR C,sH, N, 0 247.181 9 3.6 179.153 8 2
8 6. 40 9a-F2 3k A AL R B C,sHy,N, 0, 263.177 0 3.8 245.165 7 W5
9 6.48 AL S C,sHy,N, 0, 265.192 4 3.0 205.135 5 L

10 7.59 Ya-FE B AL T S0 CsHy,N,0, 265. 191 7 0.4 - W

11 7.70 Sa-F LA B W C,sH, N, 0, 265.192 1 1.9 - 2

12 8.97 S A C,sHyu N, 0, 281.187 3 2.8 127. 041 0 TS
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gk 4
No. ty/min L] 2T [M+H]*m/z #2/ppm Ms* H 4 S U5
13 10.40  FJE WAF Cyy Hyo 0y 579.171 0 -0.7  285.0767 w5
14 10. 85 R CypHy 0y 579.172 1 1.2 285.076 4 5
15 11.06  kakkanin Cy,Hy 0, 579.170 9 -0.9  285.076 7 5
16 11.35 =I5 CypHy 0y 447.131 0 4.2 - S
17 11.48 Wz CsH,,0, 257.082 5 4.3 137.0247 o
18 11.72 RH&HE CsH,0, 257.082 6 4.7 137. 024 2 D
19 12.78 - Cy Hyg Oy 577.155 9 0.3  445.113 6 S
20 12.97  EHEO CyHy 045 563.178 0 2.7  269.081 8 S
21 13,17 WS A CyHyo 045 563.177 4 1.6  269.0815 W
22 13.35 HE Cy Hy, 0 419.133 5 -1.7  257.0821 H
23 13.79  formonentin CieH,,0, 269.081 5 0.4  257.0823 e
24 15.24 L W CusHy, 0y 985.461 3 -3.1 809. 431 5,615.387 8,453.338 1 -
25 15.35 E 5 CoH,, 04 285.076 5 0.7 - W5
26 15. 80 S EERE-6-0-TH = C,5Hy 0, 555.111 2 -0.5 - S
1% i
27 15.99  22B-Z Bt H B CuyHg Oy 881.417 1 -4.5  705.3853,529.356 5 o
28 17.11 HE R G, C,H,0,, 839. 406 5 -0.1 663.375 9, 487.343 1, o
469.332 6,451.320 0
29 18. 00 iR CpHe, 046 823.411 2 -0.5  647.3839,471.350 6,453.340 5 R
30 18.67 AR Ci6H,, 0, 269. 081 2 -0.7  249.1877 W5
31 18.76 SR Cy Hy, O 355.154 2 -0.8  299.092 3 =5
32 18.96  AIRHIERA L H Bk Ca6Hs, 04 647.378 8 -1.1 453.336 5,471.346 7 o
33 19.36 B E R Cy Hy 0, 369.133 8 1.6 - e
34 19.94  #HBEN CysH30 0, 455.207 9 2.0 303.160 9 S
35 20.03 |- 48 L3 T R K MR Cy, Hy, Oy 353.139 7 2.3 - e
36 20.08 e Cpe H3y 0 455.207 4 0.9  303.160 9 5
37 21.00 B Co Hy 0y 439.213 4 3.7 303.1612 S
38 21. 36 HEEHELZER Cyy Hyy O 369. 134 7 2.4 193.050 5 s
39 22.00  glyurallin A Cy, Hy O 353.103 1 299. 090 2 o
40 22.91 & HLP 4 Cy, H,, O 383.150 0 1.3 327.086 6,299.059 3 e
41 23.07  HEEA/REA A Cy Hy, 0, 339.160 1 1.5 299.091 4 e
42 23.29 L S C Cy, Hy, 0, 453.227 3 -0.9  439.176 0,329.102 9 5
43 23.40 S M CpoH 5 O 355.118 4 0.6 - o
44 23.70 O Cy Hi3 O 367.118 6 1.1 283.066 5 He
45 23.79 S T C,, H3 04 367.119 0 1.2 283. 066 4 H
46 25.16  H A Cp,H,, 0, 383.150 0 1.3 353.1055,313.071 9 g
47 26.42 BB Cys Hy Oy 439.213 5 3.2 303.1589 5
48 26.74  HEREHEC Cog Hy Oy 423.215 3 -5.0  367.118 0 e
49 26. 99 1 - 48 SE 04 - iy C6 Hyo O 423.216 8 -0.7  367.1540,221.118 4,191.107 5 D
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