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MR H IR (Iso) 3 MR ITEE, IR ES MR (TF &S 0ENREMA (TF-SMEDDS) £k 4 P i1 2455 2%
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BT R, AT ANFR (IS), DAS2.0 B EHYE. R TF B4+ Kur. SFG. Iso 2 HITE (0.02~1 600.00)-
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iENEE AT, IR FL G e 8 B PR R TF 78 K R I AR S

KR WS W WS RIEE E A B A AR - BRI 2GR, B

FESES: R285.5 XEkRERE: A XERS: 0253 -2670(2019)20 - 5018 - 08

DOI: 10.7501/j.issn.0253-2670.2019.20.025

UPLC-MS/MS-based pharmacokinetics of self-microemulsion containing total
flavonoids from Sophora flavescens in rats
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Abstract: Objective To establish a UPLC-MS/MS method for simultaneous determination of sophoraflavanone G (SFQG),
kurarinone (Kur), and isoxanthohumol (Iso) in rat plasma using rutin as the internal standard (IS), and to study the pharmacokinetic
parameters of total flavonoids (TF) from Sophora flavescens and TF self-microemulsion drug delivery system (TF-SMEDDS) in rats.
Methods Analysis was carried out on an ACQUITY UPLC® HSS T3 Cis column using acetonitrile-0.1% formic acid in water as
the mobile phase at a flow rate of 0.2 mL/min. The plasma samples were prepared by liquid-liquid extraction with ethyl acetate. The
detection was performed on a triple quadrupole tandem mass spectrometer by multiple reaction monitoring with an electro-spray
ionization source in negative ionization mode. All statistical analysis was performed using DAS 2.0 software package. Results The
calibration curves of Kur, SFG, and Iso exhibited good linearity (+* > 0.995 9) over the range of (0.02—1 600.00), (0.015—1 200.000),
and (0.01—800.00) ng/mL, respectively. Precision, accuracy, average extraction recovery, and matrix effects were all in line with

biological sample analysis requirements. The pharmacokinetic parameters of Kur, SFG, and Iso from TF were as follows: #12- (7.04 +
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2.46), (4.54 + 2.13), (473 £ 1.67) h, and AUCo = (3 469.57 + 555.37), (2 524.48 + 425.83), (1 006.47 + 85.46) ng-h/mL. The
pharmacokinetic parameters of Kur, SFG, and Iso from TF-SMEDDS were as follows: #1/2, (13.10 £ 2.67), (11.47 £ 4.17), and (12.67 + 4.97)
h, and AUCo—« (13 002.49 £ 2 498.09), (8 070.80 + 2 264.62), (3 918.85 + 429.76) ng-h/mL. The relative bioavailabilities of Kur,
SFG, and Iso in TF-SMEDDS were approximately 374.76%, 319.70%, and 389.37%, respectively. Conclusion The UPLC-MS/MS
method can be used to study the pharmacokinetics of three components in S. flavescens in rats. The bioavailability of TF-SMEDDS

in rats was significantly increased.

Key words: Sophora flavescens Ait; flavonoids; total flavonoids from Sophora flavescens; UPLC-MS/MS; plasma concentration;

pharmacokinetics

HMSUHBROA, HF] (KLY 365 Pk
it GeBnlnt (RBEGERIE): “o oI IK,
BITARR”; e EH (IPERED) =0 “oeeene = RTibi
7 “ B BERARI A 7; B« I B CRBYIH )
“EZ NIt EEE PR = WRERT .
AT AR, &2 ARV S 2 KRFEEH
sy, JaEgs TR S HEN T N SR
B PUE K BIEES R, T DAFORIA S, R
BT S oh e O R A REAT SR, T AR 24
FEW, HoRH. PUREE S BT AR,
FER IR KRS, RS pT IR FOR I, 55 5K
fiil (total flavonoids from Sophora flavescens, TF)
FEK AR /N, b FE RS — A G
(sophoraflavanone G, SFG) A7 Z i (kurarinone,
Kur) 7E K B A4 A 4800 2 900 H FEACN 36% il
17%®. PR, RAPHHE R SE TF A58
LA FH R o i PR S A B X

H M # (self-microemulsifying drug delivery
system, SMEDDS) s&ff 5 I i W 805 fl i
(37 'C) FHREMKAIE<100 nm 7K AL B
Flo HuE R, PIAHAR BIBE Y T 2 /NI
S T W 77 6 DA AR P15 SRS T ) 5 (45 2 7
A BRI , (7] i 2 1 v M B ARG T Ik K S sk 7,
R E LA B R, B TR F R E R R,
AT 3R m i K e S VR VRS IE ARE, SE A
JEE 2 IO B T S T R PR P e K
WA - FSCH (UPLC-MS/MS) VA 5855 2 Ja
Tl E % F. (TF-SMEDDS) 1EKRIAEN 2T N
FAERI AR, e KB SFG Kur K53
fig Cisoxanthohumol, Iso) 3 ASTEHHZ 4>, N
TF-SMEDDS I & #5256 %4

1
1.1 &5
UPLC-MS/MS ( % Waters 2 7 ) ;

Forma-80 ‘CAKIR UK (3£ [E Thermo 2 #]);

AB265-S T BT K F (R RE -5 F 2 [ bR 52
SAMRATD; TGL-16C G0 OHL (L= E
AERS s WH-1 AR R & 28 (i vh o4
I gs T EBR A D; BE-2000 WA (Jbmg )\ 54
BHEHR AT,
1.2 AR5

WA AR — S ) (S
20170520, £ BT R 5 245 K 57 24 B F 4R H 204%
5 NS EHEY)E 2 Sophora flavescen Ait. [ 1
M. TF#&EY (Lin= [, #'5 20170812), H
o Kur & H0N 22%, SFG JREDECN 17%: Xf
B Kur (165 20171031). SFG (fit5 20171025).
Iso (L5 20171104), FiEEEI=98%, SLH=EH
fil; 2T S, FESE=99.5%, it 121254-
20120316, HE &2t et 7k, HRR (o
gy, HFEE (kg . B (B4, Fisher A#];
HEE (ta3gal), Dikma A#; Ji B KZEMK (FE
JE E READ .
1.3 KGN

SD K, SPF 2, f&JiifE (250+£20) g, M,
EORIT R EZ R GLP LI =4, AKIES
SYXK (%) 2014-001.
2 FEEER
2.1 TFRER&RHIZ

22 100 g, BEER CEEHEFS (Zh3E 300 W, 4
%25 kHz) $#2H2 X, &K 30 min, &I 2 KIEHR
(55 1% 200mL, 52 & 150 mL), B 775 Ak
MARI{F TF. U TF ByKi&RE, 1% CMC-Na B
BT B EE N 100 mg/mL VR, FHRT 78209850 .
2.2 TF-SMEDDS B4

R = LB H g 0.19 g RALIHEMN
HRI 035 g L R LML 0.46 g YIS
$£ 10 min, ZBWIIOA TF 25 mg, FRAI7E, 218
BEAN 100 mL Z8487K, T 37 CHEE/KHAE T 50 r/min
W 3%+ 10 min, RI152)735%E B TF-SMEDDS
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WL 2GRN 25.0 mg/g.
2.3 A&
231 RAXMHESER  RE Kur, SFG. Iso X
moEE, AN EIRE, FEEE T R R IR
2RI 2.01 1.5. 1.0 mg/mL 7R A X Ak 45 W
FREENVATR, E— AR % R 41 ot R L ARV A0
HR SRV Horh Kur JiEEIREE 73108 16 X 10°.8 X 10°,
4X10%, 2X10°. 1X10% 2. 0.2 ng/mL, SFG Jfi&
W70 12X 103, 6 X 10°, 3X 10, 1.5X 103, 750.
1.5, 0.15 ng/mL, Iso FAEIKRE /AN 8X10°, 4X
10°, 2X10% 1X10°. 500, 1. 0.1 ng/mL.
232 WFRERIIHI%  BUIS X R E &, R E K
€, HEREEMRE RN EREN 1 mg/mL )N AR
W, 20 CHifife, FHETLAH MR 2 600 ng/mL.
24 H/HHRSMERE

e FEAfEME SD KR 12 1, AZ4pi2E & 12h, H
K. BENL R 2 4, 435 ig TF JBE A
TF-SMEDDS, %5577 & 800 mg/kg, il T 45%5)5
20, 40 min /% 1.0. 1.5, 2.0, 3.0. 4.0. 6.0, 8.0.
12.0. 24.0. 48.0 h JE AT HRECHEHIKAEUM (£ 0.3
mL); B T#A R 5.0 mLEP &9, 5000 r/min
B0 5 min, HCEIFMIT-20 CRAE, A 2ml
VR 2 =
2.5 [M#ZHRZLIE

FEZMN 100 pL KR ALSE K 10 pL ks TR

W% 5.0 mL EP &, IWIERA 30 s, MABR
fig (1.0 mL) KL, VB4 3 min. 10 000 r/min 250
10 min, B EEWRE T 1.5 mL ) EP &, 40 CH
AWM FWRT, 100 pL FEEE R, WIEE S 3 min,
10 000 r/min &0 10 min, FH W 80 uL & T3k
FEM, B35V (5 ul) ¥ EN UPLC-MS/MS &40 HT
2.6 KM

261 GiEEMAF BN ACQUITY UPLC® HSS
T3 Cis column(100 mm X 2.1 mm, 1.8 pm, 3¢ [F Warters
ANTD: BN A ZI5-B 7K (0.1%F ), BHEEDE
fii: 0~0.5min, 35% A; 0.5~1.0 min, 35%~60% A;
1.0~4.0 min, 60%~85% A; 4.0~4.2 min, 85%~35%
A; 42~5min, 35%A. AFRREN 0.2 mL/min; 12
ATHIESN 5 mins RN 35 °Cs HEFEEN 5 pl.
2.6.2 JREEA: Waters = H U ZEAT H A X
(TQD), AbJEH Kur. SFG. Iso Al IS fIAIN Iy
KRR B TFEAHR: B TFFOVEBIE ST Al
R 3.3 kV, JRIRE 150 °C, BVAFIEE 350 C,
HEFLSARAARUR R 50 Lh, BuaFARRE 650
L/h, BERAMFE] 0.038 s. 4EFLHE. AifAEE. &
TR b (miz) FOREERS ] () WLER 1. SR
Masslynx TM 4.1 WEE I FREHR , SR FH 2 8 M
M (MRMD BT

2,63 LEtEEs Rl g, 2 ifEmn
RA XTI SIAR A bR KR ig TF IBER K TF-

%=1 Kur. SFG. Iso #11IS HYfRiL S

Table 1 Parameters of mass spectrometer for Kur, SFG, Iso, and IS

T i i 77 =X BB F (m/z) FETF (ml) HEFLHEE/V e & /eV frR/min
Kur [M—H]” 437.2 161.1 40 24 3.05
SFG [M—H] 4232 161.2 45 22 3.65
Iso [M—H] 353.2 119.2 50 30 2.73
IS [M—H] 609.3 300.3 75 35 1.48

SMEDDS J& ML FEA (45245 1 h PRI A, $542.57
R INEAFR S, 1% “2.6.17 “2.6.27 TN 46444351
HEFE S UL, eI SRR, FRIEENSE R
LRI R, RO 4R MRM 13 EE LI 1.

LR Kur, SFG.Iso A1 IS [ tr 57514 3.05.3.64+
273, 148 min, FEETLREF, »@E5%4e, WAEXK
H R BRI 24 o i IR PE T3, LI 2.

2.6.4 ArifEiZe R ACEER B “23.17 BN &R
HIVR A X IR S 10 pl, INAE] 100 pL 25 [ I
Hr, dZHR 2,57 TURRE, KIS Kur JRERE
791600, 800, 400. 200, 100, 0.2, 0.02 ng/mL,

SFG ik E N 1200, 600, 300, 150 75. 0.15.
0.015 ng/mL, Iso Jii & A 800, 400, 200, 100,
50~ 0.1, 0.01 ng/mL K R HEAREIA I, KK
A UPLC-MS/MS %5 #, #AEE S pL, dskig
AR DLARI M 253 FE i Aibn (0O, RS
WS AR LU A AR (YD), SRATIAL (1)
BN IR ENAE T E LR FH TR R . R
FOTENE R E . bRl TR R TEE LR 2.
TEARAE i 22 S 10T S VR B2 () 2t 2 TR 2. S,
10 %, $&88 “2.57 WU AERE S, e Sk e & IR
(LLOQ), W% 2. fE LLOQ W #£f Kur. SFG
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El1 Iso(A). SFG (B). Kur (C) ¥ IS (D) HIRIZE
Fig.1 Mass spectra of Iso (A), SFG (B), Kur (C), and IS (D)

in scan mode with an ESI (—) source

A Iso HIHERAIE > 5IN 7.62%. 8.97%. 8.21%, K&#%
FE3 1N 9.51%. 8.69%- 9.74%, FF&TTHESAEK,
2.6.5 FETREESUHERRE  HZIR “2.57 TR PTIR T
Bl L & 3 MR EIRE TS (QCs) ¥,
R B QCs W Kur. SFG. Iso R B
2918 0.2, 015, 0.1 ng/mL, HFREKEM QCs
W Kur. SFG. Iso 1)) &R E 53739 200+ 150+
100 ng/mL, =5 EAK LK QCs M H Kur. SFG.
Iso MR EIR 5> 514 1280, 960, 640 ng/mL. 5
HY “2.6.4” TR LLOQ ¥l . AN SR FE I
SE 61, HEENE 3 d, FEEELLRSD FoR, HEH
JELL RE Fon, 45R WK 3, KE%E. HEMEITE
15%LLN, R illE K

2.6.6 FEEUEISCRE RN, L “2.6.5” TUNC
1 QC B M “2.6.4” Ti'F LLOQ 4L 4 AN K
FERIERT, AR B KSFINSE 6 4y, HEFE S uL,
UPLC-MS/MS A, icsgUEmA 4. 70 Ao
100 pL #5H8 “2.57 TURNDIRACEE, B 45
FON Kur JlEE#RE 5518 0.002. 0.2, 200, 1 280
ng/mL, SFG Fi&EE 7717 0.001 5. 0.15. 150.
960 ng/mL, Iso i & Z 4379175 0.001. 0.1, 100. 640
ng/mL PIVRE XTSI 10 uL. NARIAWE 10 pL,

40 CHEAM PTG, FESHE, FISHE S uLiEAN
UPLC-MS/MS, dRUEMAR 420 Bk 4 NSk E
(IR A %o BE VA A3 I N B EP P H, ARURF
HEERH, LIEW S uL N UPLC-MS/MS, o3k IE

A
) }S\ ;{ jli{i }I,s{\
C IS Kur SFG Iso
D IN ?li SFG Iso
1.0 1.5 20 25 3.0 3.5 3.0 3.5 40 25 3.0 35

A-FAME B-AFHIMIIMANFE. Kur., SFG il Iso  C-ig TF BEH | h G MAES  D-ig TE-SMEDDS 1 h J& [ fiL 325
A-blank plasma sample B-blank plasma sample spiked with Kur, SFG, Iso, and IS respectively C-1 h after oral administration of TF suspension

plasma D-1 h after oral administration of TF-SMEDDS plasma

2 Kur. SFG. Iso #1IS BN+ 2 it E

Fig. 2 Representative chromatograms of Kur, SFG, Iso, and IS in rat plasma samples
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FS50% F20H 2009108

AT 430 Hp, DL A/Ax tHESREUEIRCER, 40/45 1
IR, RN 3. 458 EY, Kur. SFG.
Iso [P35 H B2 5550 4 80.34% ~84.21%
79.53%~84.47%- 79.89%~83.91%, %1 714
GBI E B BRI N, AN e

=4
5

2.6.7 FaEtEHEE HL“2.6.57 W FEHIT QC %
W “2.6.4” TUF LLOQ H 4 A5 E B2 A

A REWRENE 3 WFES, SATEER THE 6
h. 10 ‘CJE 24 h. —20 CUKFE S E AR 3 AN,
—20 CUKFEK I 30 d HEE Wifa et B shit

E, FFEEK, FESSRREME . B URAL K INTaE M. 25 RN 4,
# 2 Kur. SFG # Iso &M HERRREEMR
Table 2 Linear equation and limit of quantitation of Kur, SFG, and Iso
%y RAKE 5 R /(ng'mL ™) LR JE )/ (ngmL™) LI

Kur 0.002 0 0.020~1 600 Y=0.026 1 X+0.514 1 0.9977

SFG 0.001 5 0.015~1 200 Y=0.004 5 X+0.208 6 0.9959

Iso 0.001 0 0.010~800 Y=0.037 3 X+0.114 6 0.998 9

R3 HBEE. EREMREREBENESER (n=26)
Table 3 Precision, accuracy, recovery, and matrix effect of QC samples in rat plasma (n = 6)

) ) RSD/% RE/% H % y
RO pleemlh) THmey Rike AAMRE g ook R
Kur 0.002 0 9.32 8.82 9.75 11.71 80.34+2.45 92.37+8.17
0.200 0 8.24 7.91 9.54 10.84 81.5240.84 90.53+5.55
200.000 0 6.37 5.92 7.38 —8.73 84.21+2.25 93.54+7.32
1 280.000 0 2.15 3.31 8.32 10.17 83.68+1.91 92.824+6.87
SFG 0.001 5 9.31 9.02 11.67 10.51 79.53+2.57 90.33+7.93
0.150 0 8.76 7.13 10.53 9.37 81.38+2.24 91.41£7.18
150.000 0 6.72 8.81 8.17 8.61 83.65+2.18 92.75+5.62
960.000 0 2.35 4.24 6.72 9.58 84.47+0.67 91.27+4.54
Iso 0.001 0 9.56 9.65 10.28 8.97 79.89+2.74 93.86+7.25
0.100 0 8.44 9.27 10.74 8.44 80.37+1.63 91.37+5091
100.000 0 7.34 5.52 8.58 6.59 82.63+1.61 92.45+9.15
640.000 0 4.01 3.78 6.35 5.74 83.91+1.27 91.53+6.26

# 4 Kur. SFG. Iso BEMER (n=6)
Table 4 Summary of stability of Kur, SFG, and Iso under various storage conditions (n = 6)
e Kur SFG Iso

p/(ngmL™1) RSD/%  RE/%  p/(ngmL™") RSD/% RE/% p/(ngmL') RSD/% RE/%
=, 6h 0.002 0 7.82 6.85 0.001 5 8.45 10.52 0.001 0 9.65 7.97
0.200 0 5.74 =7.51 0.150 0 5.44 7.24 0.100 0 8.28 5.85
200.000 0 7.35 8.37 150.000 0 6.89 6.78 100.000 0 4.84 -6.71
1 280.000 0 3.52 -5.95 960.000 0 322 584  640.000 0 3.83 8.16
10 'C, 24h 0.002 0 9.28 8.63 0.001 5 9.57 -10.47 0.001 0 9.51 10.44
0.200 0 8.61 7.47 0.150 0 7.85 11.83 0.100 0 6.45 -9.25
200.000 0 6.13 8.35 150.000 0 6.37 6.14 100.000 0 7.96 6.97
1 280.000 0 4.07 -9.74  960.000 0 5.21 7.58  640.000 0 4.17 7.31
SRR 3 K 0.002 0 14.31 7.32 0.0015 13.75 6.37 0.001 0 14.15 8.57
0.200 0 11.72 8.62 0.150 0 10.29 —8.81 0.100 0 10.83 8.18
200.000 0 7.99 9.57 150.000 0 8.47 9.45 100.000 0 7.37 6.83
1 280.000 0 6.58 6.95 960.000 0 5.85 6.74  640.000 0 6.82 —10.81
-20 C, 30d 0.002 0 13.55 -7.33 0.001 5 11.62 9.85 0.001 0 14.06 9.56
0.200 0 10.34 9.57 0.150 0 9.77 10.14 0.100 0 11.35 8.58
200.000 0 5.51 7.55 150.000 0 7.49 7.28 100.000 0 8.47 7.67
1 280.000 0 9.42 9.11 960.000 0 6.54 —7.84  640.000 0 8.25 8.74
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RSD 5 RE HIITE 15%LAP, $Eom AL S s e v
RAF.
2.7 GiitFAIE

FrEHAE L X £5 K78 KH DAS (Drug and
Statistics) 2.0 A KRR IR A E S SR 1 EE 55 =
BEAT 08T, T HE IS
2.8 ZEIFEMR

HRAEAN I ) 2 0 &N MLRRE i, %08 “2.57 T
AL, pHrics Kur. SFG. Iso F1 IS [{UETHFH,
THE S IR EE, 73l 4] TF TR &
TF-SMEDDS %% Kur. SFG. Iso [ F¥Jifl 253
JE-RF R 2R, Z5SR L 3~5. DL DAS 2.0 A4
AP M2 -t (] i AN 2535 S 4. % TF IR
=V TF-SMEDDS 44 #j41 KR Kur. SFG # Iso
PR M 25 IR BE oy lds — = . = = ERAT
TR, SRR SRR (AIC) {1 ~, R
AIC fHf/N A EEKEN, #iE TF RER
TF-SMEDDS %%)5 Kur. SFG H Iso 75K FA& A
25N AR & — B IUE R OB 1/CO), 253)%
Gt S H % 5. TF-SMEDDS AX%F TF Rl 245 4H
SHAEVIRIFE (F ) =(AUC gz X D s (AUC gy X

2 000
000 = TF-SMEDDS-Kur
16001 —+ TF-Kur
2 12001
2
< 8001
QU
0 ‘

1200 1600 2000 2400 2 800

t/min
3 KR ig TF. TF-SMEDDS /5 Kur §IMz5KE-AtE#hz
Fig. 3 Concentration time curve of Kur in TF and
TF-SMEDDS after ig treatment

0 400 800

F503% F20H 20019210 5 * 5023 -
20007 —=— TF-SMEDDS-SFG
1600 —« TF-SFG
T, 12007
2 ]
2 800]
4
400
0 400 800 1200 1600 2000 2400 2800
t/min

4 KR ig TF. TF-SMEDDS J5 SFG R 25K E-At ] th4k
Fig. 4 Concentration time curve of SFG in TF and
TF-SMEDDS after ig treatment

50017
—=— TF-SMEDDS-Iso

400 —— TF-SFG-Iso

3004

200

p/(ng'-mL™")

100+

1200 1600 2000 2400 2800

0 400 800

t/min

5 KR ig TF. TF-SMEDDS /5 Iso [l 743K FZ-B /8] phk
Fig. 5 Concentration time curve of Iso in TF and
TF-SMEDDS after ig treatme

D sz, P D ONZHE . HHGE] TF-SMEDDS
1 Kur SFG Al Iso [ F 73 51l 4 374.76%-319.70%-
389.37%, HEniil ik AL IS RE B E HE A TF 72K
B Y I AR RS
3 g

A FU G BURE I K BRF e TF 32 ) & TF-
SMEDDS 253} 8F 2 5 T TR g i a8 R,
W AR 3 AN TEAS R K BR AR 22 i A
BIE . Tk K SR AR SR IR I R AR AR S TN EEAR,
SRR TIEM VA SR TR R PR R BRI AT

%5 TFEE&HM TF-SMEDDS & Kur. SFG 1 Iso T E%&H4EEE (X L5, n=06)

Table 5 Main statistical moment parameters of Kur, SFG, and Iso in TF suspension and TF-SMEDDS (x %5, n = 6)

TF &N TF-SMEDDS
ZH X}
Kur SFG Iso Kur SFG Iso

i h 7.04+2.46 4541213 473+1.67 13.10+2.67 11474417 12.67+4.97
fmax h 0.80%0.15 0.75%0.12 0.70%0.01 0.70%0.01 0.70%0.01 1.08+0.94
Crax ngmlL! 55554112449  579.80%56.14 187.19£42.71 1338.58+216.57 996.95+114.41 338.49+50.13
AUCo  nghmL™'  341678+531.83  2511.12£418.15  100448+87.98  12092.96+2636.20  7629.10£191544 3 620.44+288.40
AUCo» nghmL™'  3469.57+55537  252448+42583 10064718546  13002.49+249809  8070.80£2264.62  3918.85+429.76
MRTo-» h 12.08+2.47 651175 8.9241.07 16.45+3.24 1434+321 17.86 4.66
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