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Differential flavonoid compounds in extracts of Sophorae
Flos Immaturus by different extraction methods based on
HPLC-HRMS combined with multivariate statistical
analysis
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Abstract: The differences in the composition and content of flavonoids in Sophorae Flos Immaturus extracted by
heating reflux and ultrasonic-assisted extraction were investigated. The qualitative and quantitative analyses of
four flavonoids, including rutin, nicotiflorin, narcissoside and quercetin, were established using high performance
liquid chromatography-high resolution mass spectrometry (HPLC-HRMS). The heating reflux and
ultrasonic-assisted extraction conditions were optimized based on the absolute contents of the four flavonoid
compounds, and optimized extraction methods were developed. Principal component analysis and partial least
squares-discriminant analysis were employed to compare the composition differences between the extracts
obtained by the two extraction methods. The results showed that the four flavonoid compounds had different
optimal extraction conditions, their total contents in the heating reflux and ultrasonic-assisted extracts were 245.82
mg/g and 303.34 mg/g, respectively. Significant difference was observed between the extracts of the two extraction

methods in 23 components, of which nine differential compounds, were identified. This study clarified the
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differences in flavonoid composition extracted from Sophorae Flos Immaturus by heating reflux and
ultrasonic-assisted extraction methods, providing valuable references for the efficient extraction of flavonoid
compounds in Sophorae Flos Immaturus.
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o T AU €3 3 PR TE PR (HPLC-HRMS) EATHERA 0 RIS o5 38
JERRE R BENE TR S8 TR R A AT R 2 SRE TR ) 2 I R A A K T R R,
SRR R E ) mh B A A 0 B TR 0 0 s R 2 S 0 1 22 R e BT AR L T RO
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BK (HE5: 200701 T 1 ZBOTHER T IR E IR AR, £ RKEH RS R¥H KA
NSRRI T R 090 R e N G RMEYIM (Sophora japonica L) [FIRAEE, (RAF
THEWE NSEA TR AT (B A5 4423089) .
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Ultimate 3000 24 &5 %0 AH €21 . Thermo Syncronis Cis 2354 (2.1 mm x 100 mm, 1.7 pm)-
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Q Exactive =177 VU AT H 3% FUIE BT 4% (32 Thermo Fisher Scientific A %)) ; Hyper
Sonic DT-A i F IRV (RILEFRBAEERAR AR ; DF-101S SR UIE RN #7458
s GA THEMESEIR AT 5 Centrifuge 5810R ¥ il .00l (& [E Eppendorf 24
7103 0.22 pm £zt JE 2% (JEE Whatman 2 7] ) ; XS-204 43047 K- (3¢ E METTLER TOLEDO
AFD

HRE. o Wi (fpkall, f8E Merck AR JT/KLEE (Orarall, KEHE k41
WTAHRAFD 5 T Git5: DI3HB202516) « Mt & (5. C28J11Y115820) . /KAl
H ({5 : S08A8D33447) . MFEHF (b5 : Y22J11H119335) An#Edh (ZifE>98%, i
W AEMEHERATD ; gk CERHLE 18.25 MQ/em) H Milli-Q 4i/KHL (3 E Merck
Millipore A #]) il 4%
1.3 EIG&EH
13.1 &# 54

WBNAH: 0.10%H ERKIER (A FIZHE (B) 5 BAEVEMAEF: 0~3 min, 25%B—45%B;
3~4 min, 45%B—70%B; 4~10 min, 70%B; 10~18 min, 70%B—80%B; 18~18.5 min, 80%B
—25%B; 18.5~23.5min, 25%B; fHif: 35°C; ¥ii#: 0.20 mL/min; #EFEE: 2.00 uL.
1.3.2 &t

HWE B R, B9 241 kPas GBI 3.30 L/min; ZFALSHIRE: 296 °C; & &
IR 325°C; Wi HL: -4000V; ST, BEVEH: m/z 100~1 500,
1.4 KW FHE
1.4.1 MR AT E

HUE MK ZGM 24, T 80 cCHLM P TR E, Wf, 1 85 HIf, T 4 °CTHRIH
ORI
1.4.2 ALK 69 e E] R B

RSB E T AR K 5.00 g B T BUREM A+, TN 70% L BEAEWR 200 mL, 7145+
TR MEE 80 °C, [HIVHEHL 60 min. ¥WEHIZE =R/, 8 000 r/min &0 10 min, HLEiER,
H 70% CBE#h 2 2 200 mL, 45 2K DN ERIRBOR . B 1.0 mL 2B L 70% L85 E 5 2
50 mL, H{2.0mL i 0.22 um &F30a g%, £l
143 MAMAL 5 4 B FR I

FEFOE T AR 5.00 g B THEIEHA, TN 70%ZBHA 200 mL, 40 kHz =i

AR EL 60 min. 8 000 r/min 250 10 min, HU_EJEW, H 70% B4 2 % 200 mL, 15
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FIMAHE S PEER . X 1.0 mL $2EUR LA 70% LB E 2 % S0 mL, HX 2.0 mL it 0.22 pm 4138
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2~0.100 0 mg/mL) FIFRHEVEIR, 1L 0.22 pm 430 984S . FIH HPLC-HRMS &M bR VAR
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Table 1 Information on the single factor investigation of Sophorae Flos Immaturus extraction

RWOTIE PRI & K
Extraction method Extraction condition Level

ZEEWE Ethanol concentration  0%. 10%-+ 30%-. 50%-. 70%-. 100%

e AENA Wil bt Liquid to solid ratio 10~ 20. 30, 40. 50mL/g
Heating reflux method FEHLAT [A] Extraction time 10. 30, 60+ 90, 120 min
REURE Temperature 40, 60. 80 °C
ZEEYR % Ethanol concentration  0%. 10%- 30%. 50%-. 70%. 100%
8 5 i . . S
WIE HE Liquid to solid ratio 10, 20, 30, 40, 50mL/g
Ultrasonic-assisted method )
$RELHS[A] Extraction time 10, 30. 60. 90 min

1.4.6 % T4t mHr

SraE “1.427 A “1.4.37 UM EBUTIERBUMOK, S5 PATIRI 6 . 1% “1.37
TUT 77 R AR SR ) HPLC-HRMS #¢& BR#cils , #4453 2 0 85 5 N\ SIEVE #f4(Version 2.1,
% [E Thermo Fisher A ) HEATUWEIUHAC, WXt T, WEHAUA—1L, HBEISHRMAIR. RE
B IA) WS AT LU B A% o s IR RIS RN IAE & T 80% M T /5, AR 5
N SIMCA-p #4F (Version 14.1, it Umetrics A 7)) #E4T T 208 (principal component
analysis, PCA) Flflifc/s —Fe-#1 5143 Hr (partial least squares-discriminant analysis, PLS-DA ).

HMH SPSS BAFBEATMALEEA t K56, PRI A IR AN A i B SR A A & 2 R ) 22 5
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WEMEIKFR P<0.05. 54— G0 — G5B B0 o S IH 0t 2% 1 10 22 A 5 W AT A %
e
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2.1 HPLC-HRMS 5347 4 MEREISLE4

AR I A [ SR 75 Al B A0 8 5 1R Pl 2 i A ] 1A R 1B BT DASRERA o
X e SR P2 v 1) 4 P SR FoR R, TERL 1 R e MR IR bRid i 1~0 4. 5@
i S AR HOW R T [M-H] BT 2R I P T DR e W 1~0 4 23 R T
THAEER . AKAE . M 2, eIk E B Mg ME RS TR 2 . WE 1 FrTLUEH,
TRIEEYI P RS, R T AN F A IS A, B 2 R A A
(58 B 23 M i) DASRAS BE AR R XL B S . LAk, PRIV B3R B i I 4 o R AN
R FOTERIUN I S & RATAE S . WR VAR B MAFE 22 R, WKl 1B h
5.33 min A1 5.51 min B IEIEERA HIAER 1A o B, A0 Sk — B b i Ah 7 %1
SREUY b RS R0 B S

A ! B !

3 4 5 6 7 8 9 10 11 3 4 5 6 7 8 9 10 11
i} 1] Time (min) i} 1] Time (min)

B 1 BRI ERRRY (A) MEEHBREY (B) MEETRE
Fig. 1 Total ion chromatograms of heating reflux extracts (A) and ultrasonic-assisted extracts (B) of Sophorae
Flos Immaturus
R 24 MRS MK A E B MEMER

Table 2 Chromatographic and structural information of the four flavonoid compounds

%%

m/z [M-H]
. ST )
. WEY) WEH HIH Y iafne
fr (min) Molecular
Compound Measured Theoretical Structural formula
formula
value value

T

Rutin

HO
4.35 609.148 6 609.146 1 C27H30016 O o ENGe)
e
OH



MTEH

4.85 593.156 2 593.1512
Nicotiflorin
KA
5.01 623.163 2 623.161 8
Narcissoside
M Rz 2=
6.71 301.2356 301.2305
Quercetin

C27H30015

C23H32016

Ci5H1007

2.2 4 FhEBC SN EE S

W 1A Fis, 4 FEE2AEYm DAE 12 min WA EIEUFHI B AT BRI T A
KA R FE 3T 0T R B M 4 SR B RE MR, A 4 LS [M-HT B T 4R BRI I
BRI A 1S I AR o LA 7 ANAS R FE AL & ) (0 i i T AR NG S iR FE AR I, Ji i 2k 1
WAEFE] 4 Bk SV FRAE T2 a2 3 o, 4 M-S Wb v ih 22 AH 58 R 4 (correlation
coefficient, R) ¥JKT 0.996 0, Lo HVE [ B 2 0] RUF A2k &, IF H 2k w] LA

REFAE AN ECEL L L.

R3 AP IR AW 2 AR RE(R) M MV

Table 3 Standard calibration curves, correlation coefficient (R) and linear ranges of the four flavonoid compounds

WAL S P v pH 25

Flavonoids Calibration curve

R AL

Correlation

oA LRER
Linear range (pg/mL)

coefficient (R)

T
y=33930.17x + 421 311.66
Rutin
SR
y=16627.42x + 189 411.35
Nicotiflorin
KA
y=18415.13x + 89 776.82
Narcissoside
Mz 2=
y=3572831x+ 174 446.27
Quercetin

0.998 2 0.5~100.0
0.996 7 0.2~50.0
0.9970 0.2~50.0
0.999 6 0.2~50.0
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WER2ETR . A OEERFEART 30%0, JEAETE « AKAL T A 3R R S AR . B 0
WL, JREYE BB TS Xl TERIRIE S, Jf H ORE R
WAV 77 A S E e B S VT R, $em RIS IS0, B ZR IR I,
TS A SR B AR T, I B ORFRERE PRS- R SR, DRIt L)
BB BT SEBOKALE 1 B CREIRE N50%, $RIBUSTT L AR M B B i A Rk
JERT0%, DRI 5 853018 T 70% LB AR A ERIBGAE R . tbah, AN Bl & T BUE AL A1
KA, 7S A Bl B o T H2 O™ T A R 3R

A B T Rutin B B T Rutin
100 4 (777 104¢1F Nicotiflorin 7] 14£1F Nicotiflorin
R kil Narcissoside 200 AR 7K Al #F Narcissoside
B 1 2 2 Quercetin ab B 1 2 2 Quercetin
gg 80 160
) )
= B
& 601 E 120
i) 40 % g 80
2 ¢
20 gg 40 4
N
N Nl A N Y |
0 30 50 70 100 0 10 30 50 70 100
AW(Z‘EF" Ethanol concentration (%) LR Ethanol concentration (%)

B2 ZEEREXTIRER (A) F@EHE (B) I 4 FrEku & wE BKEmM
Fig. 2 Effect of ethanol concentration on the contents of the four flavonoid compounds extracted by heating reflux
(A) and ultrasonic-assisted (B) methods
H: ARFERRHE M EEEES (P<0.05) , FH.
Note: Different letters indicate significant differences between groups (P<0.05), the same below.
232 RELMRRBY & Z R R
P33 T AN TR] AR ] bt o [ 38 A0 768 75 iy B B R PR A O P 4 B8 25 1 5 1 I

M K% 2L [B) S 35 P 225 5 o A T SIS A D P B 5 e A B VAR 1] b o 224 Y] EL A 140 mL/g
I, SRR B Sk B Al , HAS P Bl R [ E 4R S35 . 43 [ B 9 10 mL/g 4 0 %240 mL/g,
A BB A S A B T 1965, AR IR R I A AR T 401245
A B AE R i 75 Al B AR HUAE B R R AT, SREU & 5 S T R AR RR IR R B K . e 4 7 T
SR 1% 1) fo AR T L 940 mL/g .



Al B Rutin B B T Rutin
FRAEEF Nicotiflorin 14E #F Nicotiflorin
KA Narcissoside KA Narcissoside
i - Bt 53 Quercetin a 180 1 - #it 2 2 Quercetin a .
éﬁ - : : ég120
é 60 — é%é% b j; éé .
LY G
d= F'\ a 7 \ /\
?sb ?Sb ?§ gsa gsa

20 30 40
¥ [# Lt Liquid to solid ratio (mL/g)

B3 WE B ER (A) FEEREE (B) 3= 4 FEERAL S EERM

(%%

0 10 0 30

p 40
1% Lt Liquid to solid ratio (mL/g)

Fig. 3 Effect of liquid to solid ratio on the contents of the four flavonoid compounds extracted by heating reflux (A)
and ultrasonic-assisted (B) methods

2.3.3 AREUH ] AT AR R IR B 52 69 %00

An AT 7, 0 R i 7 B R 1 4 2R S A A ) 2 A U ) A T 3
T A BT R R A SR HUART 8] 90 min, B 7 A B ) i AR SR B 18] 2960 mine $2HX10 minff,
AR 28 T DM B S (4R Y, IR B & R TR B vk . RIR30 minfS, B
BB IR T ORI B 2R 2 B I T v TN B Rl T, TR AR A KA S AR A T
IR T e FRIAT L, A (BT J0 58 A JRAE T AR AL 4 BB e 1) P DR AR B, o 7 4l
B A I TR SR U™ T R B 25 o M\ 10 min B dpe (£ SR IUNS [R), A [T A0 7l B S B P 4k
BWIE RS AR T L3RR 745, RIERET [ 0 S Al Bl 7 R P S K
B~ T Rutin B~ T Rutin

AIZO | U777 et Nicotiflorin B 500 1 77 #1438 Nicotiflorin
R 7K il Narcissoside R /KAl Narcissoside
BB #if {2 % Quercetin 6 BB 1t Bz 2% Quercetin a .
3 c b
éi 90 éi
5 1204
2 Q
s :
O 60 3
EEE ﬁg‘ 80 -
< b
30
401
04 7\ 0

0 90 120

30 60 10 30
FEIUS ] Extraction time (min) FRHXI ] Extraction time (min)

Bl 4 REE XA ER (A) FEAEREE (B) REK 4 FrRIRMUSY & BINEM
Fig. 4 Effect of extraction time on the contents of the four flavonoid compounds extracted by heating reflux (A)

and ultrasonic-assisted (B) methods
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AFh IR AL S P O R B K IR A T v T MG 0 e 40 °CI 5 KA S B iR
PR T R 2280 °ClY, AN & Efem 1 1L415, 7T« WIEE A B R IS Bl =
AR T 1.9, WA T SZ AR B BE R 5 R /N T AR 3 R AL 54 o

SAFISRUL,  ZKAL TR T 73 IS G 7E50% 1 70% S BV W R I El i $2 B, 7T At
PR IE EAET0% CIE AW P A B PR A . (EREEAR IR T, 0T BT AN 75 4l B 2 B4 Fif
AR5 B0 ) N245.82 mg/gf1303.34 mg/g. DRI, 7 4 BhAR BUHE & & T MK p R
EAGIRERY
24 ZREITSMARRMBAE#ENRINERLEY
2.4.1 PCA

FALPR R SR 56 0 M SR, I BT AR 7 A AR A 4 MR SRAL SV A R AR AE Y
WS BA, K1 AT DA ALK IR B T Iy B 2% . BR T2 AT 4 ML S LU,
A 1 F 8 HPLC-HRMS 1% EITGVE BRI AT VAR IV 2 8] (0 Al 22 A & ), 31X
RPN ITESR UL S YA AAVE R S o RIR H 22 T8 G- BoR X 43 W R S B 7 V25 i) 4 B A
FFAR B 2 18] ) 22 Stk 173 o 23 ) R PR I B m 08 e R e 7 i BB 7 9P AT 7N I B
A —HEBKR R, A5 S2 ) HPLC-HRMS %4z 4b B 5 i2E4T PCA 73 #fr. PCA 137 U l& 5
FR, 8 95% ) BAS X T8I A BT A A dh P 0 B o 1 AR o) 2 70 iR 1 58.2%41
14.0%) A5, BIE 5 AR T 72.2%M0 835 . IR A SRICEORE &l LLE L PCT # B 2
X7, XRIENIZAGFAEREZR, IR e R & PR S U i SR 2 00

T @ IN#AJEE Heating reflux

40 L
[ ) iﬁ?"‘?#"}ﬁﬂ\Ultrasonic-assisted

PC2 (14.0%)
[

[} =]

N\

N

®

B
/

A

353
(=]

. ¥

N
(=}

-80 -60 -40 -20 0 20 40 60
PC1 (58.2%)

S i B SRR 7 4 B SR EURE i BT PC AR 43 B
Fig. 5 PCA score plot of heating reflux and ultrasonic-assisted extracts
2.42 PLS-DA
F 2 EU FJHPLC-HRMS 45 @ 7 PLS-DARE Y, W El6AFT/R . HE S IR S 4053
NR>=0.996, (0%=0.925, FYEILHPLS-DARIR BA RIF & MITNEE ST BLhh, N T

TG T T AR B O R TR AR S B A L, 34T T 200K K BENL B S SS . dnEl6B
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fzs, B B IR QN TR UG, RIS A A L &

40 A @ maE®
//// [ ) EW‘»fllIU\
20 / °
1 % o :
o * )
® ® '
20 ™)
\\\\; //
40 — - =
T T 8
-80 -60 40 20 0 20 40 60 -0.2 0 0.2 0.4 0.6 0.8 1

tin Correlation coefficient (Y, Y, ,,%)

B 6 In I IRATE 75 48 B EURE & 1 PLS-DA B4 (A) #1200 RBENLEHR IR (B)

Fig. 6 PLS-DA score plot (A) and 200 random permutation tests (B) of the heating reflux and ultrasonic-assisted
extracts

MIE6AHT AT LLE H, i (B e P i B B A ot B 8 20 5, S b 7 VA SR )
P A AR B AR ARy o 38 T ST PLS-D AR AR [ 3757 IRk T A A 784 4 201 Dok 2 S vk
BRI AR E A B E B (variable importance for projection, VIP) {f, LAVIP
E>1.59h50E, 23 2R B E MY . ML REAUE I6HE— B I0E T X S35 B i B 3
PEZE S . HhpiERASCERELN 5, %@ N ZERWEY), TEAE B R4 E55E B o
ZrEYT, SMREEERNEY), 4Ft B EHRLEY). IR R T HE L B oyiX Ll
A R AN BT B ORI, 3E A T 70% ZBERBREL, I L R U7 1% B AT
(SRS S R BRI R o 58 523 T AR B S A0 S o T P SREEUD () 22 7 SR R K
3K 2 B T P B B 7 VA B R AL A AR B A R K o R4 /R T X S 22 AL B W IR AR RS &
BHE, B SR BIRIS ik Bl R B AR B . ATRAE . VIPEBOREY)

A AR g VAR B AR N B2 SR . AN B A R T LR WL 5 S e e A B 4
B, AR & B LU/ T LR B & S G S Al e B . S5 R Tow, 7 T R B 2K &

BT AR BDIR A, T AE T AR AN FR AL A S E T A R AR A, X5 R R B
R
R 4 AN ERAE R  RRER LAY

Table 4 Information on the differential compounds between the heating reflux and ultrasonic-assisted extracts

m/z P
WETI A B

[M-H]' ﬁ:}%ﬁ 35@*/ {E %

T Ew GE AR Bh/ I # El3m)
VIP  tr (min) h WS HIRMH  Molecular N " 3

No. Compound ) Peak area ratio(heating
Measured Theoretic formula ik

reflux/ultrasonic-assisted)
value al value Ref.

1 13.82 4.45 T 609.141 2 609.146 1  C»7H30016 1.429 20
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Rutin

JRAEF
8.74 493 593.1552 593.1512  Cu7H30015 0.583
Nicotiflorin
iR 2%
7.78 6.78 301.230 8 301.2305  CisHi0O7 1.273
Quercetin
KA
5.75 5.01 623.168 2 623.161 8  CasH3:016 0.739
Narcissoside
Ly -y ae
3.83 5.77 577.159 2 577.1563  Ca7H30014 0.830
Sophorabioside
1L 25 1-3-0-#
T -7 )
ﬁ
2.67 3.32 771.1918 771.1989  C33H002: 0.860

Kaempferol-3-O
-sophoroside-7-
Oglucoside

NS R=RE |
2.62 8.58 779.458 2 779.458 7  CaHesO13 0.917
Azukisaponin [

IRE R
1.85 8.48 795.452 1 7954536  CaHesO14 0.919
Azukisaponin II

1.63 7.51 315.0522 315.0510  Ci¢Hi207 0.950
Isorhamnetin

21

18

22

23

24

25

26

22

A SCH M HPLC-HRMS 45 & 2 Je Gt it 70 Mo R W FE 1 B0 8 Bl AR 75 4 Bh 3R BT VAR
K R B SR I L A R o DLPS T RRAEEE o RAL R RI R 25 ) 2ot 25 By dibs, R
T 4 FhE AL S DI SRR, FEAL T N4 e S0 75 i B AR BB K v B8 2 R 43 1
o G rHTAE RN, A ELAUREE R VA I SR U R A 2 IRIARAE S S, RIS
VR A MR h B S SR I Ay . R E) T 23 DRy, S T H 9 AR
S PIR IR 1273 & A A A S VISR, FE oA Bl U7 ik S B AL T A K Al
T, T A Y B S BRI TR B B o TEARAL SRR A RLAU R P i B VR SR
4 FREETRSSAG G I B 553 5 245.82 mg/g A 303.34 mg/g, X 3 AR BN K 1) 5 B
S5 LA S 15 450 75 S B SRR V2 o 22 SR R o P 0 s 75 A B 7 ¥ R MK o i i 2
FRATIE, KT RE SIS U T 23 Pl B S . DRGSR SR ER 1 R 4 R B O LA
P71
SEHK -
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