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Abstract: The aim is to study the tissue distribution characteristics of eight effective components in normal
rats after oral administration of Ziziphi Spinosae Semen (ZSS) aqueous extract. An ultra-performance liquid chro-
matography-quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) analysis method was developed and
validated for the determination of four flavonoids and four saponins in rat tissue using puerarin and ginsenoside Re
as the internal standard (IS), respectively. Tissue samples including the heart, liver, spleen, lung, kidney, muscle,
brain, small intestine, and serum, were collected from each rat at 0.5 h, 1.0 h, and 2.0 h after oral administration of
7SS aqueous extract (15 g-kg™). All calibration curves exhibited good linearity (» > 0.994 6) over a wide concentra-
tion range for all components. The intra-day and inter-day precisions (RSD) at four different levels were both less
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than 19.77%, and the accuracies (RE) ranged from —19.68% to 19.46%; The extraction recoveries of the eight
components ranged from 86.70% to 114.29%, and the matrix effects were from 82.14% to 114.57%. The validated

method was successfully applied to the tissue distribution study of the eight components. The levels of swertisin,

spinosin, 6”-feruloylspinosin, and kaempferol-3-O-rutinoside in the small intestine were highest, then followed by
the kidney, heart, and liver. Meanwhile, the levels of jujuboside A (JuA), jujuboside B (JuB), and jujuboside A,

(JuA)) in the small intestine were highest, then followed by the lung, spleen, and kidney. The concentrations of

betulinic acid in the small intestine were higher than heart, lung, kidney, and liver. The flavonoids and saponins of

ZSS with extremely low content could pass through the blood-brain barrier. The research results will provide an

experimental basis for explaining the mechanism of nourishing the heart and tranquilizing the mind of ZSS. The

animal experimental operations involved in this study followed the regulations of the Animal Ethics Committee of

Shanxi University of Chinese Medicine and passed the animal experimental ethical review (No. 2021DW172).
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YT ERET R SD KR 24 1, BEHL A
FAMA05hA 1 hdH 2hdl, F46 H. KRG HH
12 WA AAE K. KRB %4 T T 0.5% CMC-Na i
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Bl RS i R

B Ky il A 9 ACQUITY UPLC® HSS
T3 (2.1 mm x 150 mm, 1.8 pm), Ji3h A 0.1% B EZ /K
(A) —ZJiE (B), B FE ¥ Mt 26 14+ 25 0~5 min, 10%~19%
B; 5~13 min, 19%~23% B; 13~16 min, 23%~80%
B; 16~17 min, 80%~10% B; 17~20 min, 10% B; i
30 °C, ik 0.3 mL-min”, AR 3 pL. BT R A ESI
R, AR TR ST mEE R4 500 V; 5

Table 1 MS/MS detection parameters for eight effective components and internal standard (IS).

not detected

TR A 450 °C; A7 A (curtain gas, CUR), 46 S
(ion source gas 1, GS1) JZ %l B < (ion source gas 2,
GS2) [ 714331530, 55, 55 psi (1 psi ~ 6.9 kPa); fif3# fE
= (CE): —10 eV; Z % H JE (DP): -80 V; i {14 yu
N m/z 100~800.

B R A%y ACQUITY UPLC® HSS
T3 (150 mm x 2.1 mm, 1.8 pm), Ji AN 0.1% H R /K
(A) ~ZHE (B), B ¥ it 26 £ 4 0~5 min, 25%~45%
B; 5~10 min, 45%~100% B; 10~12 min, 100% B;
12~13 min, 100%~25% B; 13~16 min, 25% B; ¥ &
40 °C, ¥t 0.3 mL-min”, HAE 3 uLo G S5 1F A 35
Wi 25 B 7y, 2 2R A0 A W R B 4 4 Y LR m/z 400~
1300, 4458 B 2 F0 4 A 245 240 A1 B bR 1 5 %
ZHINR TR

ERREIHIE o A HO BB 2B R R
2L 6"-Fl BRE B R L A -3-0-ZE F T JJuA.
JuB JuA, .\ MG RS 5, R 25 PR, 0 HE I 4l A o
BT BRI E A 1.0 mge-mL ™ ) B — i £ T

THEARRAIHIE 9 kG 5 R DA b 56 HER o £
o VT B R T A1) A 24 24 3 & 0.4040.32.0.24
0.20.0.16.0.08.0.04.0.02 pg-mL", 1 1% 2 10.0.8.0+
6.0.5.0.4.0.2.0.0.2.0.1 pg-mL", 6"- [ 4 ik 7 Bz 1% &
0.006 0 0.004 8.0.003 6.0.003 0.0.002 4.0.001 2.
0.000 2.0.000 1 pg-mL", 111 2% Fy-3-0-2 7 B 4 1.00.
0.80+ 0.60. 0.50. 0.40. 0.20. 0.04. 0.02 pg'mL", JuA
4.00. 3.20. 2.40. 2.00. 1.20 0.32, 0.16+ 0.08 pg-mL",
JuB 2.00.1.60.1.20.1.00.0.60.0.16.0.08.0.04 ug-mL",
JuA, 0.50.0.40.0.30.0.25.0.15.0.04.0.02.0.01 ug-mL",
I HEJIE 1% 4.0.3.2.2.4.2.0.1.2.0.8.0.4.0.2 pg-mL" [
TAEH -

AtnaRAHE 2R (Re ld &, K%K
SE , I PRI 1) o B ¢ o B R FE 49 i) 0 0.6.2.0 pg-mL!
) P A B — 1 2% T

“_»

—” indicates that the fragment ions were

! [M-H]

Error

No. R Compound Formula B B MS/MS
/min [M+HCOO]  /x10
1 5.47  Puerarin (IS) C, H,,0, 415.103 4 -1.0 307.063 9, 295.060 9, 267.065 9
2 8.24  Spinosin C,H;,0 607.166 9 -0.6 487.124 5, 445.115 0, 427.102 5, 307.060 4, 292.037 0,
281.044 3
3 9.24  Swertisin C,H,,0, 445.113 8 2.9 325.071 2,297.040 1, 282.053 1, 269.044 6
4 1046  Kaempferol-3-O-rutinoside ~ C,,H, O, 593.152 7 1.6 327.051 0, 285.038 3, 255.029 3, 227.032 9
5 12.80  6"-Feruloylspinosin C,H, 0 783.220 4 0.9 607.168 7,427.104 2, 325.072 3, 307.060 5
6 3.43  Ginsenoside Re (IS) CHg,0 ¢ 991.550 4 -0.3 945.545'5,799.488 2, 637.430 3, 475.381 6
7 6.22  Jujuboside A C,H,,0,, 1251.6005 -0.9 1205.601 7,1073.573 4,911.510 6, 749.457 5, 603.400 3
§ 659 IujubosideA, CH,0, 12516003 1.0 -
9 7.07  Jujuboside B C,,H,,0,, 1089.548 3 -0.4 1043.547 8,911.503 2, 749.445 3, 603.391 2
10 12.08 Betulinic acid C,H,.O 4553515 2.2 -
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o 25K R A I S VAR 10 pL, P9 ARV IR
10 pL, & 1.5 mL EP &+, FIREZ N2 KR4S
W 200 uL, A HE 30 s, M 400 uL ZAEDTIEE A, 7
Ji€ 3 min, 4 °C T 15 000 r-min" & > 10 min, IX 500 uL
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PRI (il % e, R E AT S, PR E N
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(relative standard deviation, RSD) B[ Ay % J& | HEff &
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ANAREIRFE) / IMAAREIR FE % 100%

REEIWERSERYN WLLOQ K. 41
WE QC ¥ 10 uL, W ARVAE M 10 pL, 73 7 & 1.5 mL
EP & i, IR R 25 1 AH 2R 50 5 200 pL, 422041
S ML TAL B I50R O 9 #R A, BEAE A 06 T AR 4,
B2 1 BT 2 250 32 6 200 L, 4% “2H 23 R ifn i B L 3
LI IR J795EAF BIE W, B 1.5 mL EP &, 2Bl
QC T 10 pL I FRIEWE 10 uL, BEFE S IE AN B HUK
T 200 pL, #%“H 23 K i FF 5t TRAL 3 IR 7 545
IEW, A BN 10 uL YA E QC A~ 10 uL N A5
W, HEFEAFWETI AL Co LA A/Bx100% T 5 £ B [a] Ui
2, PLB/Cx100% T 5357 AU

FREMER KRS AMHAL S 200 pL,
2 “hm v il 28 &% 5t B 4% ) (quality control, QC) £ A
il 4 7 WUT J7 ik 4 QC AR, e il K J5t 1% 43 i 2%
PR BT Gl 2% R e, B — R IEFAT S0, 0l B %
FE S AL FRET (=80 °CLRAT 30 K 3 KGR BUAE N ) FE i b
PG (fE A28 R E 24 he IR E 4 h) HIF
SETE
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BRI EORAFERECKEVHELASHHAR
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e A B R E R R A N L 20 A

MBI L AB SCIEX OS Q 1.6 # AL AN
b R A, L MLIE R 8 R R M R x £ s
R, ¥ A3 1 EHE 5\ GraphPad Prism 8.0 /F &

#R

1 HEFER

L1 EEM W20, BSR4 R
B R 6" -F R BE T K AR | 1l R -3-0-EH/BEE, 2
FIREIT JuA JJuA | JuB . M I 2 78 AR L 1 L e I ]

I RAF VTN, NN, 1Z G55 5
TTER R R

1.2 FRERRZMEMSEE K 2 Prox, 8 A pk
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Figure 1

Representative UPLC-Q-TOF-MS chromatograms of four flavonoids and puerarin (IS). A: Blank liver homogenate; B: Blank

liver homogenate spiked with mixed standard at lower limit of quantification (LLOQ) and the IS; C: The rat liver homogenate sample

collected at 2 h after oral administration of Ziziphi Spinosae Semen (ZSS) aqueous extract. Spinosin: 8.24 min; swertisin: 9.24 min; kaemp-

ferol-3-O-rutinoside: 10.46 min; 6”-feruloylspinosin: 12.80 min; IS: 5.47 min

Table 2 Standard curves, linear ranges, correlation coefficients and LLOQ of eight compounds (n = 5)

Compound Calibration curve Linear range/ng-mL" r LLOQ/ng-mL"
Swertisin Y=0.041 8X+0.043 8 1-20 0.999 2 1
Spinosin Y=0.023 6X+1.8400 5-500 0.994 6 5
6"-Feruloylspinosin Y=0.0115X+0.309 5 5-300 0.996 5 5
Kaempferol-3-O-rutinoside Y=10.019 6X+0.064 0 1-50 0.999 9 1
JuA Y =0.006 8X + 0.006 4 4-200 0.997 1 4
JuB Y =0.005 8X + 0.005 4 2-100 0.998 5 2
JuA, Y =0.003 8X + 0.002 0 0.5-25 0.997 7 0.5
Betulinic acid Y =0.001 1.X -0.000 8 10200 0.999 6 10
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Figure 2 Representative UPLC-Q-TOF-MS chromatograms of four saponins and Re (IS). A: Blank liver homogenate; B: Blank liver

homogenate spiked with mixed standard at LLOQ and the IS; C: The rat liver homogenate sample collected at 2 h after oral administration

of ZSS aqueous extract. Jujuboside A (JuA): 6.22 min; jujuboside A (JuA)): 6.59 min; jujuboside B (JuB): 7.07 min; betulinic acid:

12.08 min; IS: 3.43 min

A RSD H 478 T 15%. Ut B £5 I 1l 23 6 472 B [ i
R, TG B R o 2K

1.5 F2EM  SFIAFAL LLOQVK H a4 MR E
QC FE A AE B 3l ik A 2% i & 24 h 1952 € 1% RSD 1E
3.07%~18.64% 2 [fi], RE 7£-18.19%~19.49%; ik i {4
17 30 K I Fa 52 £ RSD 7E 1.13%~18.47% 2 [i], RE 7
~14.92%~18.71%; 3 X ¥ mh 1§ ¥F J5 F& 5 1% RSD 1E
1.01%~19.78% 2 [a], RE 7£-14.84%~12.73%; =X
B 4 h ) FaE M RSD 7 1.82%~17.53% 2 [A], RE 1€
~19.64%~19.49%. LA 125 KR8 8 F A5 I i 73 7E QC
FEACH AR 8 VERF & AR IREAR S T TR R

2 EEARBREFEORS FEECKEYEELR
SRR

K B IR L Tk, K 3 AN ) SUAS R 4 SR
AT AR E AN 4 A B R AT e, 4
RILE 3.4,

B KRB A TR /AKEY G, BEHEME
TR AR RA R TIRERE & TG, Wi R
EE AR NN (29522 £ 40.28 ng'mL™") > 'F
(224.30 £32.25 ngmL™") > :0» (214.02 + 67.98 ngmL™") >
Jili (139.26 £41.90 ng'mL™") > T (67.62 +21.74 ng'mL"™);
6"~ P BRIk 107 7 1 2% 4 24 1 AL AR -3-0- 2 B R

1152

WEESAMGEAN g OVE . HREEN
2, 01 B U 2R L 67~ B R I JUT R v 2 R 2 2 o R AE IILIE
A 2 21 R 5 BAIC, RIE B LLOQ; 17 th 821 -3-0-5 4
B EF 75 3 AN B 8] 0 0fi 37 G 25 23 H 35 R A I 21 12 4k
a0

W 4R, JuA EE S AAE N (339767 +
1 871.72 ng-mL™). fifi (146.63 + 104.41 ng-mL™"). i
(89.07 + 7.95 ng'mL"). ¥ (76.81 + 9.91 ng-mL"). Jif
(30.27 £ 23.27 ng-mL") #1; JuB Fl JuA, = 43 i 7F /)N
Jr B LA it LB . JuA | JuB. JuA, &5 DY 3R =i
Ve Y RTAE LA R rhoRr I F, HOR B3K LLOQ. 1R
AT LI = R MR CE AR T 2 A
B & MLIE Rk e B, A AR AE D (54.70 +
35.13 ng'mL™). > (29.83 £ 20.38 ng-mL™"). fii (27.29
13.17 ng'mL™"). ¥ (26.82 + 11.52 ng-mL"). i (26.16 +
2.74 ng-mL™") H1,

g

FR A A 2R R Ry, B2 HCNIR Sy
SERL A, Q0 B v B R B AR M AR AN SR A
FER JuA A JuA S8R FETTHIE T AR AL 1, AT
XA B P A R S (8 v SR A EAT 04 . A



746

o7 \

2554 Acta Pharmaceutica Sinica 2023, 58(3): 740-749

A Swertisin St B Spinosin  Spinosin
ertisin =R
1h
~ 507 m z85-0.5h a B — 5007 m z55-0.5h b 20 = RN
T 2.0 ™= ZSS2h T 15
W ZSS-1h W ZSS-1h
B | W ZsS2n o 13 2 M ZSS2h g 10 ‘
£ 401 g 10 5 400+ £ N
& 5001-0 Ll £ g 0.03
S i = 3004 < 0.02
2 . o.oo5J|I| |I| “l i ) 5 88(1)
§ 20 0.000 § 200 ’ & &
5] S ¥ & o %Q o%' &
£ 104 A Ve £ 1001 L
© o ? 8 N < ol i — 1 il
& S & & & L & & & & W
i3 & & ¥ & & SN Qo ¢ 9 &
&S %Q\ \9 S\Q% %é\‘» F 6@‘%\ RSERG: q} @b*‘ @e %c Q,s' &
» >
X =
¢ 6"- Femloylspmosm D Kaempferol-3-O-rutinoside
'“-Femloylspmosm P
M ZSS-0.5h Kaempferol-3-O-rutinoside
= 4007 M 755-0.5h c 152 A - 201 Wz 1h 5 ey
3 M Z5S-1h - g M 7SS-2h = &
W Z8S-2h o 10 l E . 83
5 L T 05 &0 15 -2
230 gom il 21 : 8%
5 <002 5 0.0
-2 2004 001 -2 107 0.04
g 0.00 £ o0z
g ’ = .
o i o R 5] 1 S &
% 100 %Q\zi@éﬂ r_}a& Q’{"\ E 5 Q\@b@@g\
&) i O
o o 4r—r - Fr 5 -
SO N A T P A ] SO P R S IR R
D & 59 O & 9 > N4 D & & R & Q! o &
FFF ITFW S TS FFF ITFT S F S
& <
> &
o &

Figure 3 The concentration histograms of swertisin (A), spinosin (B), 6”-feruloylspinosin (C), kaempferol-3-O-rutinoside (D) in heart,
liver, spleen, lung, kidney, muscle, serum, brain, small intestine at 0.5 h, 1 h and 2 h after oral administration of ZSS aqueous extract in nor-

mal rats. n = 6, x £ 5. (a, b, ¢, and d is the histograms of the ratio of peak area to IS for swertisin, spinosin, 6”-feruloylspinosin, kaempferol-

3-O-rutinoside, respectively)
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Figure 4 The concentration histograms of JuA (A), JuB (B), JuA, (C) and betulinic acid (D) in heart, liver, spleen, lung, kidney, muscle,
serum, brain, small intestine at 0.5 h, 1 h and 2 h after oral administration of ZSS aqueous extract in normal rats. n = 6, x+s.(a, bandcare
the histograms of the ratio with peak area of JuA, JuB, JuA, to IS, respectively)
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