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Abstract: Objective The pharmacokinetic characteristics of total alkaloid (TA) and total alkaloid phospholipid
complex (TA=PC) of Sophora flavescens in rats were studied using oxymatrine (OMT) , oxysophocarpine (OSC) ,
matrine (MT) and sophocarpine (SC) as index components. Methods In this study, a method for simultaneous
determination of four alkaloids in rats’ (SD) plasma by ultra—high performance liquid chromatography—tandem mass
spectrometry (UPLC—MS/MS) was established. Berberine was used as the internal standard (Ber). Plasma samples
were extracted by ethyl acetate liquid—liquid extraction and separated by gradient elution on ACQUITYUPLC® HSST3
Cis column. An acetonitrile (A ) —ammonium acetate (10 mmoL - L") (B) forms the mobile phase system. The positive
ion mode detection was carried out using electrospray ionization source in multi— reactive ion monitoring mode.
DAS2.0 software was used to process the obtained data. Results After administration of TA, the Ty, of OMT, OSC,
MT and SC were 13.55 h, 14.45 h, 10.19 h and 12.11 h, respectively; and the AUC, .. values were 478.45,
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715.38, 2 415.00 and 156.63 mg-L."'+h, respectively; MRT .. were 12.05 h, 19.15 h, 12.36 h and 14.10 h. After

TA-PC administration, the T\, of 21.53 h, 20.24 h,

14.99 h and 12.77 h; AUC, ... values were 771.88, 964.48,

4 490.05 and 622.39 mg+L"'+h; MRT,.. were 14.45 h, 22.79 h, 16.35 h and 13.92 h, respectively. The relative
bioavailability of OMT, OSC, MT and SC in TA-PC was 161.33% . 134.82% . 185.94% . 397.36%, respectively.

Conclusion The established method was effectively used to study the pharmacokinetics of four components of

Sophora flavescens in rats. TA-PC can significantly improve the bioavailability of TA in rats.

Keywords: Sophora flavescens Ait; alkaloid; phospholipid complex; ultra— performance liquid chromatography—

tandem mass spectrometry; pharmacokinetics
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Figure 1 The mass spectrum and chemical structure of OMT (A), 0OSC (B), MT (C), SC (D) and IS (E)
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3 min, DA 12 000 r-min' B> 10 min, B I§H®
800 wL BT 2 mL &0, 40 CAAMNK T
AW 80 wL W EEH R, WATEIR A 3 min, DA
12 000 r+min™" B0 10 min (B502FEFR 4 em), HIFE,
e 2.1.1 WUT 3% 55 AE 5 wl, DL UPLC-MS/MS
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M INEATE S0 . BB . 530 B b
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Figure 2 Plasma chromatograms of OMT, OSC, MT, SC and Ber
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FHRRE(r) o bR /e . Zeia 3k 2, 7
o 7 1 26 o ALK e 82 1) Lty I U B 2 A5 L S A%
10 %, FM “2.27 T ACERE S, 00 e AR I FR
(lower limit of detection, LLOD), Z5HRUL3E 2,

2.4.3 KW E SWEME HES HIK 100 pL, 2006
I, w3 AN ERE A S . AR
Rl WS, MR B BRI (5. 200,
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Table 2 Standard working curves and minimum detection limits

of 4 alkaloids from S. flavescens

LRV R R AT I B/

Xif R b2k (ngeml")  (ngeml")
AN B Y=0.017 5X+0.154 1 0.9987  1~5000 0.01
AALMRIL Y=0.012 9X+0.8925 0.9974 1~5000 0.01
e ¥=0.039 6X+1.010 6 0.9933  1~5 000 0.01
PSR- Y=0.126 8X+0.4509 0.9985  1~5000 0.01
(RE)R/RMERMEE . 25 UK 3. 4RI RIEHE S

HERA BEAT B LI BK

244 FEEENE R B [ LK 100 wl F 3058
H, O BIERIG . P w3 AN ERERIER AL S
Bl AEARAR R . PSR, BRI BN BRI (5
200. 400 ng-mL™") FTEEFE iAo AT, THAE S E,
I 5 AH R e B 10 oA 0 Ak B ) 6 B S VR L B, TR
PRE IR, 4RI 3, 4 DS W S iR
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2.4.5 FUEMEELE BUREERER (5, 200, 400 ng-mL™)
Gy SRR S AE SR T HUE 4 h I2RRE SRR
WAE 4 CHBhHEFESR TS 24 by [ROE AL 3 K.

R3 ANESEYENBEZE. EHERRNEKERLER
Table 3

The precision, accuracy and extraction recovery

results of 4 alkaloids from S. flavescens

MRFEACEAE-20 CUKAR 21 do #2 “2.0.17 BURHE pn ( I/ ) WS 0 W Ty
\ e o . ngeml) gy AR AP HI
BEAMIT, G5SR4 4 MSSEMMARAE Fikge  — BRLIL AL
BB . A T e o 7 A 1 S5 e HALE S 400 24 35 -05 -0.5 109.09 +4.05
fErIEE, fF A M H IR 200 27 23 -17 36 9357+161
R
AL, FFESEIEnR, 5 39 46 12 02 9037146
2.5 54%8h s SULHLRGE 400 18 12 —11 —-14 10147+1.07
251 RS MAERE  BUEEE SD KB 12 1, 200 38 63 15 -38  96.66+2.19
BEHLAMI 2 4L, SZ5RIAER 120, FATEROK. b ; S50 07 28 6 o1l
S 400 28 32 -07 04 103.62+3.45
Vil B YA ) - o (48 24 R 6 15
FUBHE B9 2125 TA I TA-PC A (20 2570 5 TA 2 200 29 35 -05 01 9635210
H 40 mg-ke'), Al T4 255 0.083, 025, 0.5, 5 15 30 02 -07 9432197
075, 1, 2, 4, 6, 8, 10, 12, 24, 48, 72 h IRJiE B, 400 20 26 -12 -19 105.00+4.89
KB (25 0.3 mL) ; B FIRA RN 1.5 mL & 200 27 44 -47 -60 9472+ 1.63
LA LLS 000 remin” 2.0 10 min, BOK B 5 49 56 -56 13  90.18+1.66
100 I.LLQ
x4 ShESHEH. SUERE. E56E. BRENEEHKE(x+s, n=6)
Table 4  Stability tests of OMT, OSC, MT and SC under different conditions(x + 5, n=6)
N ZEit, 4h 4°C, 24h SRR 3 ) -20°C, 21d
% ﬁ”?mﬁ/ M , W/ ] WA/ M ‘
ng+m (ngeml) RSD/% Cngeml. ) RSD/% (ngeml. ) RSD/% (ngeml) RSD/%
AT 400 399.1+9.5 1.15 399.4 +8.3 1.32 398.1 +10.2 1.51 398.3 £ 9.4 1.56
200 195.7+5.8 1.78 1962 +5.4 1.48 194.3 £ 9.6 3.39 194.5 8.9 2.76
5 47+07 4.73 48+05 4.62 46+0.8 4.91 4.6+09 4.47
ARk 400 398.3 £ 8.7 1.23 399.1 £ 8.2 1.28 397.6 +9.2 1.55 398.1+8.9 1.08
200 194.5 = 6.3 171 1952 +5.6 1.33 193.7+9.8 3.01 1942+95 2.79
5 48=0.8 4.13 48+0.6 4.44 45=09 4.62 4.6=0.8 5.11
WA, 400 399.4+93 1.26 398.8£7.9 1.21 397.8+9.9 1.83 398.1£9.2 1.42
200 1972+ 6.2 1.91 196.2 = 6.1 1.74 195.1 8.7 2.44 196.1 = 8.7 2.87
5 47+0.6 4.53 48+0.6 4.44 45+08 438 4.6+0.7 4.71
ARk 400 398.6 7.6 1.37 399.4 +7.2 1.14 396.8 + 8.9 1.25 397.8+7.9 1.30
200 197.3 +4.8 1.70 196.4 = 4.7 1.66 194.5 = 4.9 1.58 195.1 = 6.4 2.18
5 47+0.6 4.65 4.8+04 4.53 45+08 378 4.6+0.6 4.74
252 ZRHHBH BORFI I SRR, 0y
“2.2" WUFAHR, HEREAMITIFIC R A S, Al 350] e TA-PeOMT
C e . N . ~ 300
RO . TP S0 . AR NEER A AR, T 2 g0l
LA MZERIE , A3 TA F1 TA-PC 4255 = ool
FAb S SRR . 520, MR SR g 1501
24 ¥ i — i 3] ( Concentration—time , C—t) £k, UL 1004
Kl 3~ 6, LL DAS 2.0 B C—t N2 3) 2% 1
s e o 01— — T = T — 1
280, $ TA Fl TA-PC 1 4 35S A 90 il 4 1) 0 20 40 60 80
) /h

A 2 W RE o B — . A SRR
BRALL, AT R E REC(RY) B KA AIC fe/IME 9 H
Wibs e, i€ TA Fl TA-PC % o 7E K Bl Y Y
- BT A R IR (R 1/C°), 2

3 REROMREBLAAESREYH(TA)F TA-PC F
SHESHE(OMT)R) C-t ik

Figure 3 OMT C-t curves after oral administration of TA, TA-
PC in rat
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Figure 4 OSC C-t curves after oral administration of TA, TA-
PC in rat
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Figure 5 MT C-t curves after oral administration of TA, TA-
PC in rat

Y1 8h )% S8R 5. MR A AW R (F) =
(AUC iz o)/ (AUCo iz ) X100%, TS RN E AL T
Sl AALPE R . S0, BRI FE 5
J& 161.33% . 134.82% . 185.94% . 397.36% . &/~
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Figure 6 SC C-t curves after oral administration of TA, TA-
PC in rat

3 iFig

AHBFFEEE ST T UPLC-MS/MS [a] I 52 15 2 i 2k
P (TA) 4 AN EYIRIG 3BT 7k, KRBT 5 AT
X 45 J A3 B W T g B ) R e 1 (A B KR ]
X CHE-0.1% M 27K (£ 10 mmol - L' B PR %L ) |
CNE-IK(E 01%H 1R ) . LHE-TEfREE (10 mmol - L") |
0.1%H R LHE-0.1%H 7K (10 mmol - L™ BEFR %Y )
G4 PR AR RIEAT OB, 255 NG - R B
(10 mmol-L™") &Gt (05 06 15 R4 i -

KBRS TA & TA-PC 5, EALE S0 .
AACL IR . 5 S0, B I 25 Tk 2 2 B
SEHE R, 5 TA LA, TA-PC 54
S md . AACKE ARG . 7 S0, AR B AR X
A Wy AT 2 9k 161.33% . 134.82% . 185.94% |
397.36%, PEnBElEE GRS 1 HE bR oA A
Wes R, AT AR R e . R T R
TA J5, b5 S, SR . ¥, P
() 10, 53904 13.55, 14.45, 10.19, 12.11 h; MRT-)
Ay 9k 12,05, 19.15. 1236, 14.10 h; M R#EH

x5 ESLEYHE(TA)BERM TA-PC REAESH . SUBRER. ESWHRREHNATNZESEH (Weight=1/C", x+5, n=6)
Table 5  Statistical parameters of OMT, OSC, MT and SC main atrioventricular model in TA solution and TA—PC(WeightZI/CZ, xts,

n=6)

Gl % I tindh tun/h Cood(mg-L")  AUCo./(mg-L"+h)  AUCq=/(mg-L"+h)  MRTq.o/h MRT-/h

A S TA 1355148 075022 139.00 +39.45 452.92 +79.07 478.45 + 83.89 8.55+ 1.51 12.05+2.14
TA-PC  21.53+5.74 0.83+0.13 273.08 + 108.55 739.33 + 132.80 771.88 +132.80  10.00 +1.32  14.45 +2.61

A SR TA  1445+238 0.63+0.14  78.93 +25.14 639.79 + 96.54 71538 £130.65  12.84+041 19.15+1.00
TA-PC  20.24+4.87 0.88+0.14 127.13 +56.55 900.29 + 172.27 964.48 +191.38  16.74 £0.58 2279 + 3.33

WS TA  1019+1.67 0.63+0.14 301.70 + 37.99 2335.18 + 504.81 2415.00+516.13  11.02+£0.40 12.36 +0.75
TA-PC  14.99+3.62 0.88+0.14  460.78 + 24.57 4348.11 + 849.19 4490.05+823.41  13.44%1.60 16.35%2.89

L TA 12112244 058+0.13  28.95+9.45 148.11 + 41.95 156.63 + 44.35 10.65+1.97  14.10 3.45
TA-PC 1277 +321 0.83+0.13 75.61 £ 19.25 606.91 + 112.46 622.39 + 109.20 11.30 £ 1.32 13.92+£2.22
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TA-PC J&, FHR B 10,53 9000 21.53 b, 20.24 h,
1499 h. 12.77 h, MRTw../ 5k 14.45 h. 22.79 h.
16.35 h, 13.92 h, Z5REERGILBIRE GG, 24
P LA SRS DA PR 1 3 I T 34 10 Sl i, AR R 1Y
(R R o (HASE R A, MR B A 7 i
NG A W5 IR RE AE K AR PN A7 B s IE] (#h 12011 h 48
KZ 12.77 h), HEIERHE, A0 "EmH, Ak
PSR 0 A A R B A R, R R A O I TR R A )
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