2020 4F- 4 J HoR 7 April 2020
K FHA4W Chinese Traditional Patent Medicine Vol. 42 No. 4

(& F]
HHBEREMEXRREANNAHZRARASHHAR

k&, EAE, Bm%, XLt
(BINTAERFCERGFH, K K 518110)

WE. B UM IS ST B K BRI 25 3h 2 ARG, FTiE SR Waters ACQUITY™ BEH C,, {03
H (2.1 mmx100 mm, 1.7 wm); WEIMIK (& 0.1% HER) -Z K5 (& 0.1% W ER), B6EE Ve, WA &
0.4 mL/min; A1 40 °C; MMIZEFIE (ESD); IEEFH; SR EMANER, WSSO (5% 5 1 = F u K
FERBTE (UPLC-MS/MS) &l RIS . 5. F. /MahEsha s 8l & A&, i3 EEZN¥ S8, £hlis
WepE-miE gk, R RBIMEMAL P HAME IR R EEE 4.0~700.0 ng/mL EENZLMEXRZBY (R°=0.9950),
FETRUN 81. 6% ~112.4% , L 95.9% ~ 106. 4% . FfiE 45255 & (50, 100, 200 mg/kg) HEHN, £, tos Cons
AUC,_,. AUC,_,, . MRT,_,, MRT,_, F}i& (P<0.05); Z524550) 40 100 mg/kg I, Hi b A5 5 8l & A it 76 ik
L, iRz, 818 FrehE e R SR R RUA RIS, R, F. A ER,

KHER . FAMT AR B 253ha%; ALV B RRORMH R B IR = E YT BT (UPLC-MS/MS)
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Pharmacokinetics and tissue distribution of neobavaisoflavone in rats in vivo

ZHANG Zhi-chao, =~ WANG Xiao-kang, = PAN Yuan-an, LIU Jiang-hong"
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ABSTRACT: AIM To study the pharmacokinetics and tissue distribution of neobavaisoflavone in rats in vivo.
METHODS The analysis was performed on a 40 °C thermostatic Waters ACQUITY™ BEH C; column (2. 1 mmXx
100 mm, 1.7 wm), with the mobile phase comprising of water ( containing 0. 1% formic acid ) -acetonitrile
( containing 0. 1% formic acid) flowing at 0. 4 mL./min in a gradient elution manner. Electrospray ionization ( ESI)
was scanned in a positive ion mode with multiple reaction monitoring. Ultra performance liquid chromatography-tan-
dem mass spectrometry ( UPLC-MS/MS) was adopted in the content determination of neobavaisoflavone in rat ser-
um, kidney, liver and small intestine, after which main pharmacokinetic parameters were calculated, and plasma
concentration-time curves were drawn. RESULTS Neobavaisoflavone showed good linear relationships within the
range of 4.0—700. 0 ng/mL in rat serum and tissues (R*=0.995 0), whose matrix effects and recoveries were
81.6% —112.4% and 95.9% — 106. 4% , respectively. With the increase of administration dosage (50, 100,
200 mg/kg) , t,,,, ¢ Cc AUC,_,, AUC MRT,_, and MRT,__ were elevated ( P<0.05). At the adminis-

tration dosage of 100 mg/kg, neobavaisoflavone content was the highest in kidney, while that in liver took the sec-

max max 0- 2

ond place. CONCLUSION Neobavaisoflavone demonstrates slow absorption, long elimination half-life, and drug
accumulation in kidney and liver in rats in vivo.

KEY WORDS: neobavaisoflavone; pharmacokinetics; tissue distribution; ultra performance liquid
chromatography-tandem mass spectrometry ( UPLC-MS/MS)
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NS NG S B2 AME NS Psoralea corylifolial 1.
TR LS A Y, FEPUEMATY . Bt
[N 7175/ SN & E2Y 7S/ RN /1 5191 %/ NSRRI 11
RIS RS AR, IR AT B, bR e X
KRR AR A 2 v A Sk, 5 ocik [9-10]
B —3, WFFEIZZ T SR AN R S T Y R
W2 sl RS Ak, BT TR AR
7. HAFEREO, ARG FEELEH

HAET, XEH#hE g S S b 22 R AR
FLZG TAME IR S B AR L3 b B 2 3l 2 Rk 2 2L b )
AV AR TG 4 T ) T A D AR
i, K, ASCIE TR GE A L, T AL
AR s FR I = PUHAT S (UPLC-MS/MS) ¥
N R BRI ¥ B 45 2 2 b i i g S T 5 A
IR N 25 B2 A LU0 A, R e ARG
P NV AL 25 24 AREA A
1 #e
1.1 BLE Waters ACQUITY ™ H-class 11 4 =5 50k
AR . Waters SYNAPT™ G2 TQD %! = 8 P4
FRERERBTIE AL . Masslynx™ 4. 1 BRI R G (%
[ Waters 23 A]) ; Milli-Q B4k Z4 (£ H Mil-
lipore A F]) ; QL-861 FUGLAYfEIRIE G (VLI
VT AR DU RAL 5 il & A BR A ®] ) 5 BP211D Al
HL R (TEEZEZ R AF]) 5 KQ3200E A S
PG veds (Rm@A s ARAR); Anke
TGL-16G-A B BLOML ( IR B2 ) 5
UV-1800 B4 £ 4h 73 G FE T (H AR B HBA A );
DKZ-450B 74 e $1E L PR 3% KR (1 AR 15 SE 304X
PABRAT) ; MTN-2800D A S M TAL (K HEH
FEPE AT ABR A A .

1.2 XA5 %4 FrAhE e 5 e B i (4l
JE=99% , #t5 SH-YY0908) W4 [ I —HFE YRk
AR AL E X RS (48 =98% , it
5 ID-65914) W H LR AE Y EARABR A H], H
B, CNE. WER, KB R, HAam5h E
T VL

1.3 #h4h  SPF 4 SD KE, MM, M) AE
RSty sy o 4R, S A P AT IES: SCXK
() -2018-0002, TFTEHUE [ (25+£2)C], 1H
B [HXRE (55+10)% ] sh=, K 12 h
/MG, AMPOKIEE,

2 FHik
2.1 ERHE
2.1, 1 XPRESAW RS S AR EOHT A B S 8 IR X

826

FRAE R, BT 10 mL AR, HEIR R
BRZIE, #5, BHIAR 25.0 mg/mL 74, H
Bt — DR R, B4R (R B 4r 1oh 5.0,
50.0, 250.0, 500.0 wg/mL), FAECHLA,

2.1.2 AR HEEPRECCSAR AR 20 R
B, WIEEECH A 50 we/mL P4, 7 PP s —
AR R, RIAS (& B 500 ng/mL), AL
A,

2.1.3  EEGAEMEIK  BGE AN B 5 B R X
HRSh I AR SR KO S A E R, RS
(JREWE N 50 mg/mL) , BECFLA

2.2 UPLC-MS/MS #%#1

2.2.1 ik Waters ACQUITY™ BEH C (1
FEAE (2.1 mmx100 mm, 1.7 wm); WEIAK (&
0.1% MiR) (A) -&iF (% 0.1% W) (B), ¥
JEVEE (0~9.0 min, 2% ~36%B; 9.0~10.5 min,
36% ~ 48% B; 10.5 ~ 12.5 min, 48% ~ 80% B;
12.5~13.5 min, 80% ~100% B; 13.5~ 14.0 min,
100% B; 14.0 ~ 15.0 min, 100% ~2% B; 15.0 ~
16.0 min, 2% B); KB & 0.4 ml/min; il
40 °C; #HHEEL S pl,

2.2.2 JEIEZXM BEFWESI (IEEF), BAE
U 3.3 kV; B IR 150 °C 5 Wi 7l <R
350 C; BRI, HEFLRAAR, B
800, 50 L/h; 4 r =N ) i W (MRM) ; B
VB S ARG I B T m/z 323.4~267.2, HEFLH
JE 48 eV, flff#HERE 20 eV; PIAR (PSHEAEEE )
KBS T m/z 269.1~253.1, WERHLE 50 eV, fif
FERERE 30 eV,

2.3 MAETAE WHALKEA 1 g, MA 3 mL
0. 9% NaCl VAT 298 o BV B 250 A i
100 L, JIA 100 L 500 ng/mL bR (PSR AE 5
R) W, AR AEIA 300 pL VRER (4
jﬁs) RIE 1 min, 10 000 r/min B 5 min, BBV
W, AT, FREH 60% HIEEE %, #4T UPLC-
MS/MS 43#7 .

2.4 KAHHF, ARHHHE 18 H SD K
B, BEOLY R 34, a6 X, LIATZEE 12 h,
FE S A1 5 Bk B S L, 3 4R B ) 1 Al
50, 100, 200 mg/kg F2yAFERKIE, T 0.5, 1,
2.4,6,8,10, 24, 48 h REIMMK, HT EP &
H, S TECE 2 h J5 10 000 t/min B.L> 10 min,
W E 2, T-80 °C FRfFE, BHL24 HSD Xk
B, BENLSY A 4 4, Fdle6 H, BEPLBEE | 41ER
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2, HA 3 IR 100 mg/kg & 2454 B K
ST 0.5, 2, 8 h JF ST /KA S RRIE, 7
BRAb%E, BCEE . BFAE. /M, 0.9% NaCl ¥ Wik
wELIMG, EART, BT EP AT, WEER
15 min, T-80 °C F{#7F.

2.5 #ELA® EiT Winnonlin 6.3 KA HE1T 5
Br, RHAEG EREBIHE 248255, Hr
Lo~ Lo MRT,, S 2502 SPSS #1447 40 [H] 42

TR, P<0.05 #anERFHAGIHE L,

3 #£R

3.1 FEMBER WMEAMEMAL, = A ilE
L +F#b i fg 7 B B N bR (PSRRI R |
2525 0.5 h J5 I AL, #e “2.3" WiF kAt
BL,OTE “2.27 TURAF T #EARN E, 45 R WA 1~
2, HBCATHN, Brah B e S B | bR £ 0 ) U
W R, PR AT

A ’l
. i Iy '
10 13 10 11 12 13 10 11 12 13 10 11 12 13
t/min t/min t/min
b. FFRE c. BHE d. /MN&
1 1 1
B | |
|
| \
T T T |.‘ T T 'I T T T T | T T
10 13 10 11 12 13 10 11 12 13 10 11 12 13
t/min t/min t/min t/min
a. M b. FFHE c. B d. /Ni
C
0 11 12 13 0 11 2 13 10 11 12 13 10 11 12 13
t/min t/min t/min t/min
a. I b. iFHE c. B d. /Ma
H: A~CARINE25 0.5 h JFIMTE ML 25 AL A S 8aha I 5 8l . 25 (L g,
L. HTAE g S 2
1. neobavaisoflavone
E1 KRERmMFMARPHIFEREIR MRM &iLE
Fig.1 MRM chromatograms of neobavaisoflavone in rat serum and tissues
1 1 1
| l |
A ‘ ‘
1 | |
. : A . S—1N ’ L .
11 12 13 14 11 12 13 14 11 12 13 14 11 12 13 14
t/min t/min t/min t/min
a. i b. FFRE c. Bk d. /N
| 1 | 1
|
B
\ H
X I\ AN
¥ 2 13 14 12 13 14 11 1213 14 11 2 13 14
t/min t/min t/min t/min
a. I3 b. c. B ik d. /Mg
C
11 12 13 14 11 12 13 14 11 12 13 14 11 12 13 14
t/min t/min t/min t/min
a. I b. R c. BFHE d. /N

e A~CArBIRE25 0.5 h JFIEMAL | = FMERAL AR (PERERER) | SIS ML,
L AR (PEREAEER)

1. internal standard (formononetin)

KRMBEFMAR PRI (EMEEER) MRM BiEE

Fig.2 MRM chromatograms of internal standard (formononetin) in rat serum and tissues
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3.2 &MXEFER PUEES MRS HAS
SR, AN <201 17 TR X RS IE R, A
4.0, 10.0, 20.0, 50.0, 100.0, 300.0,
700. 0 ng/mLAr M B 5 2 A4 AH DA SIS W, H%
“2.37 WU JFIRALER (BRT AN 60% HEEAN ), 7E
“2.27 TS THEREIE  DAHTAN B B S B T

R BARER (X)), BiAbE IR 5B S N bR i
TR L P30 LA DA YT 2 Y T 1 i A A A A
(Y) #47mIE, FFLMEMELL (S/N) =10 HE i
B, SE0ULZ 1, ATAHUEAME e 5 SR 7E — 2 el
WERPE R RGP, kR MER S, T HE
53HT

F1 KERMFMARDFIBEFEMEEXR

Tab.1 Linear relationships of neobavaisoflavone in rat serum and tissues

[E¥N EYEyE R? ML/ (ng-mL!) EERR/ (ng-mL™")
iR Y=3.254 0X-0. 085 0 0.995 0 4.0~700.0 4.0
=gl Y=2.123 0X-0.353 6 0.997 8 4.0~700.0 4.0
JFE Y=2.120 4X-0.354 7 0.995 3 4.0~700.0 4.0
N7 Y=1.320X+1.728 0 0.995 1 4.0~700.0 4.0

3.3 RREm . REEKEXE HS HSD KR
ZHIME, 2 BSR4 100 pl, % “2.37
WUR Ik ab B (B 1 HI B8 AR s o), Bk
WA “2.1.17 TR 12,5, 25.0, 450 ng/mL X H& &
WA 100 pL 3, P47 5 6, AR TS 60%
I, fF “2.27 TARME R bR, 19500
TR A, 5 HBORH Y 5T o R B 0 BRI W T EP 48
INZS s . 2 FAASAIRIIRS), R <2.37 T

NITIEALRE, AT 5y, AR 4227 TSI R
Mg, AR AR A, BONTN B 9 RE B0 B
WIRCT EP AR, R R BRI T 100 wLL ik
ST, H 12,37 WURINEALE, 18 “2.27 ik
PFREEREINRE , FREEm A A, BLA, 55 A, A HIE
NEEFHNL, A, 5 A, B SRR R 45

WA 2, AIFIZITIERE RN PR BR )4
FEE AR A DN 25K

®2 ARMBFMARPFIBEESEMERDY, REOAKRRBER (n=5)

Tab. 2 Results of matrix effect and extraction recovery tests for neobavaisoflavone in rat serum and tissues (n=5)

FEA FASE/ (ng-mL™") FEFURAUN./ % PN /%
1ML7E 12.5 112. 4 98.7
25.0 101. 4 104.0
450.0 104.7 99. 1
5 12.5 112.1 106. 4
25.0 103.9 99.3
450.0 99.3 103.8
JF I 12.5 112.1 102.7
25.0 103.9 99.3
450.0 99.3 103. 8
N7 12.5 81.6 102.7
25.0 103.9 95.9
450.0 99.3 103.8

3.4 CEAME WMEARE AAMWE., SHHS E24h, -80 CitE 3 MHEMREN, 2R NLE

AR L 12,5, 25.0, 450.0 ng/mL FE S,
e “2.37 WUR kAL, AT 6 iy, fE “2.27
WA FUEFEI 2 5 d, S50 3, WHZ %
HERREE | RSB R4, FFEEPAE AT 20K

3.5 #EMWRE SHILE. &AL
A 12,5, 450.0 ng/mL A5V, % “2.37 TiF
JrAb L, SPEAT 3 4y, AR “2.27 TAE TR HERED
FE, TR 3 RV UR-FRURTE PR | i AL 31 i
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4, FIHNZ DT AR E Ve RAF, A5G A P RE A
PR,

3.6 HFFHR KRR 2452 i i 259k i -
W4k, MAIEERRGIHEITR FE A TS
B, WS, B3, e, 100, 200 mg/ kg Hrb
HIEREM ¢, ¢, . C... AUC, ,. AUC,_ , .
MRT,_,. MRT,_, & F 50 mg/kg (P<0.05), Lk
200 mg/kg IR (P<0.05),

max
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F3 KRMBEMARDFTISEREMERE, BEERRER (n=5)
Tab.3 Results of accuracy and precision tests for neobavaisoflavone in rat serum and tissues (rn=5)
K5 BE /%
FEA 1/ (ng-mL™! M/ (ng+mL™! THE /% ~
EN AR/ (ng-mL™") g5/ (ng-mL™") FERARE /% e o]
IR 12.5 12.3 98.4 9.9 10.4
25.0 25.6 102. 4 6.9 8. 1
450.0 452.2 100. 5 6.1 2.8
5 ik 12.5 14.2 113.6 8.8 11.8
25.0 25.5 102.0 8.0 12.6
450.0 438.3 97.4 6.9 4.2
JFHE 12.5 14.3 114. 4 8.7 14.2
25.0 27.5 110.0 3.4 8.9
450.0 461.3 102.5 2.9 3.4
N 12.5 13.7 109. 6 12. 4 13.7
25.0 25.7 102. 8 7.2 11.3
450.0 440.9 98.0 4.5 6.7
F4 AXBRMFBFNAAGFHIBESEMREEREER (n=3)
Tab. 4 Results of stability tests for neobavaisoflavone in rat serum and tissues (n=3)
Py AL/ Il 7% 5 AiE JHEIE N7
R . . ¥ N e a3 ¥ > 3 ok 3
(ng-mL~") AHXIIR2E/% KRR/ % AHXIIR22/% KSR E/% AHXMR2E/% FEEEE/% M W2E/% HE /%
3 W VR-fif ORAG ER 12.5 -2.3 8.6 10.0 3.1 -4.3 11.2 13.6 6.1
450.0 3.3 5.5 4.6 1.2 4.4 9.1 6.7 0.9
AL LSS5 24 h 12.5 4.3 8.0 3.8 6.4 1.1 6. 4 5.9 1.7
450.0 0.6 4.2 -4.5 5.2 0.5 5.2 -8.5 3.7
HT-80 CitE3 MR 12.5 12.3 3.6 4.3 11.2 7.3 1.2 4.3 5.2
450.0 1.7 0.9 -2.1 2.5 3.0 0.3 -4.1 2.3
x5 FIBEREMEZAIZESH (3£, n=6)
Tab.5 Main pharmacokinetic parameters for neobavaisoflavone (x+s, n=6)
y . R/ (mg-kg™")
% Vi =
e e 50 100 200
ty h 5.8+0.7 8.7+0.4" 11.4£0.8**
. h 2.0+0 4.0+0" 4.0£0"
Cha ng-ml™! 123.1+18.8 513.5+36.8" 663.4+99.5*#
AUC,_, ng-mL’l h 1061. 5+56. 1 4025.7+184.6" 5 880.5+36.4 "
AUC,.., ng~mL’l *h 1030.2+12.3 4080.2+183.1" 6079.2+141.9**
MRT,., h 6.4x1.1 9.1+£0.6" 9.9+£1.0"
MRT,_., h 7.9+0. 4 9.8+0.7" 11.7£0.9**

5 50 mg/kg HLEL, * P<0.05;5 100 mg/kg HL#,#P<0. 05,

25 /(ng-mL")

e

- 50 mg/g
—=- 100 mg/g
—200 mg/g

0 10 20

30 40 50
t/h

B3 FEREREHNTIE S EEMZ R E-M 8 2

Fig.3 Plasma concentration-time curves for different

concentrations of neobavaisoflavone

3.7 ARG

B je,

AR KB O RS T H b I8 50
EZMATTE 0.5, 2, 8 h WAL A, 45

UL 4, HULnT g, IR E] A A 4L 4B AR
N S B 5 A AU B SIS /N
4 it
ARSI % ) UPLC-MS/MS %, £ 16 min PIX
BANE e S B IR AT A, B R A B
BEPELT . TIREMRAA, OBRIOZ R 2 8l
AR B AP AR Y, oA AT b B LR AL
TR ZH BT SR A SCHk [11] I A9 LC-MS/MS i
TN 3R oAb A S B o A i, R BB
N AR LI IEAAAR], R 2 NE-7K 55 BV,
(B3I AR A SURE A I S 2R vy, B ARt A
MAK, SCOCERBSIA I 0. 1% H iR, w2k
WY, BRARSEL:, $RmminifA
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1500+ = 5 (4] SemilA, R4, WRESE, 4 FEIE 4 RN LPS i &
&3 fif f9 RAW264. 7 4L SR8 ¥ RS [ 0], 2532y 5 PR 2y
B 1 000 S M B, 2013, 24(4) ; 360-363.
g [5]1 Ak #, & Xk, 5k O, &5 FRRES 202 e Ko & 4 g
ﬁ 5004 IETERFSE[ )], hE2h | 2016, 47(21) . 3779-3786.
« [6] i, HE, WG, 5. W IRHUE BB Ao
[J]. hEEZeak, 2012, 53(14): 1244-1248.
o [7] Wang X L, He Y X, Guo B S, et al. In vivo screening for anti-
osteoporotic  fraction  from extract of herbal formula
. HESA R P HANE IR S S A B AR Xianlinggubao in ovariectomized mice[ J ]. PLoS One, 2015, 10
ng/mL, MIRLEHGIR 0 ng/g, HEEREOH 3 15, (2); 0118184,
B4 XKBRALAGFIEEREMESEE [8] Szliszka E, Bronikowska J, Czuba Z P, et al. Isoflavones aug-
Fig.4 Neobavaisoflavone contents in rat tissues ment the effect of tumor necrosis factor-related ~apoptosis-
inducing ligand ( TRAIL) on prostate cancer cells[ J]. Urologia
ZER IR, KBS T 50 mg/kg Firb i IgH# Polska, 2010, 63(4) : 182-186.
B J5 1) 25 sh 24 250 5 45T 100, 200 mg/kg HLiEH (9] i i, & &, J B, S IR 30 KX R R
G % 5, FRVTRS K TR P R, ) )
10] AL L 56, . ST AKURG M IS
R R, BRI
ARAREMEICR . AR TR RE100 me/kg, WA S S T e 4 2R
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