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Study on pharmacokinetics and bioavailability of four lignans in

Acanthopanacis Senticosi Radix et Rhizoma Seu Caulis

ZHANG Jin —yu, LI Yan - cui, SUN Chang — hai ™

(College of Pharmacy, Jiamusi University, Jiamusi 154007, China)

Abstract Objective: To establish a ultra — high performance liquid chromatography — mass spectrum in series
method for the quantification of 7 — hydroxycoumarin, fraxetin, isofraxidin and scopoletin in the aqueous extract of
Acanthopanacis Senticosi Radix et Rhizoma Seu Caulis in rat plasma, and to evaluate the pharmacokinetic behav-
ior and bioavailability in rats. Methods: The chromatography was performed on Thermo Scientific Hypersil GOLD
aQ (100 mm x2.1 mm, 1.9 pm) column with 0. 1% aqueous formic acid —0. 1% acetonitrile formic acid solu-
tion (82:18) as the mobile phase at the flow rate of 0. 30 mL + min "', and column temperature of 40 °C. Mass

spectrometry positive ion mode scan was used, and sample size was 5 wL. Healthy SD rats were selected for a single
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gavage of 10 mL -+ kg ™' of Acanthopanacis Senticosi Radix et Rhizoma Seu Caulis water extract (equivalent to the

dose of 1 g - kg ™' of the original drug). Plasma concentration of the substances was determined at different time
intervals after administration, and the pharmacokinetic parameters were calculated using DAS software by non — at-
rioventricular model fitting. Results: The methodological results showed that 7 — hydroxycoumarin (r =0.999 4) ,
fraxetin (r =0.998 9) , isofraxidin (r =0.999 3) and scopoletin (r =0.998 4) had good linearity in the range of
0.05 -55 pg + mL ™", and RSDs of precision of the four substances were all less than 15%. The recovery was
85%—115% . The absolute bioavailability ranged from 59% to 78% , and the relative bioavailability ranged
from 80% to 87% .

Conclusions; After a single gavage of the aqueous extract of Acanthopanacis Senticosi Radix et Rhizoma Seu

The extraction recovery, mairix effect and stability met the relevant requirements.

Caulis in rats, the four substances to be tested are absorbed and eliminated by rats. The method validation
results are in line with the guiding principles of biological sample analysis methods, and can be applied to evalu-

ate the pharmacokinetic behavior and bioavailability of the aqueous extract of Acanthopanacis Senticosi Radix et

Rhizoma Seu Caulis in rats.

Keywords: Acanthopanacis Senticosi Radix et Rhizoma Seu Caulis;

pharmacokinetics; bioavailability ;

7 - hydroxycoumarin ; fraxetin; isofraxidin; scopoletin; statistical method of moments; UPLC — MS/MS

) S T B AR 4 ) L [ Acanthopanax
seuticosus ( Rupr. et Maxim. ) Harms | ft B4R FIAE Z£
25 A KXz Y e AR o B A
SRR i i 5 B e SR AL 57
PAREN 19 IWNY T2 22 R i A = D= W ¥ 1%
AT ST I I 1 =N X (Dl (1R A A X
FIY AT 00 IR S8 S i 1 6 5 3 | 4F
DBt 2 IR AN B A W 2 S AR S A

SE R, RO EE A, =AF 40
AR VAR W, A )T R R PSSR S {H H E
XM AR A AR O BT &/
ST SRR R BUAR 2 12 T
AL A A0, i B B AT BT bR R I s 55 2
FAERRIAR NG R BG83 A0t oE, 245
EARA AR " ARSI TN 7 - I
MR BRI ENE RSN 4 DARIE R
Sy 2B g2 K A R EE AT RO, LA R
S TN R I R P PRI 2%

1 NRE5RE
L1 {48

Dionex Ultimate 3000 RSLC 78 %0 A (5 3% A%
Thermo Scientific Q Exactive Series Jii % /% , Thermo
Fisher Scientific /A 7] ; TGL - 16G GBI L, To8) 3k
T AR B #5A PR 7] ; HESIE - 11 AU 2§ -4, Thermo
Fisher Scientific /5] ; KQ —250 7 5= FH 835 48 7 I 7

HWEHR L

BEAIL, B 1 M A A A BR 20 ] 5 Sartorius BP211D 5
Iy — W T A K F, 8 2 A i B A BR 2
FW100 = #f el , K2 Hir 2 5] ; Master Touch —
S 15 #4li/k R4t , I HHitech A H]
1.2 iz

=, R, 2 ( Thermo Fisher Scientific 2%
wl), K Ry SE A K, X IR R R (S
MUST - 20103019, £l £ = 99% ) | 5 W& fz 0 (it 5
MUST - 19041707 , 2 i =98% ) . % B 7 N (L=
MUST -21032415 , 405 =99% ) .7 - ¥ 345 5 % (it
5 DSTDQO06601 , 4 i =98% ) , ¥y B H F & i 24
an R e BIFSE BE 5 ALFR) 20 B (R, 45 20121112,
25 =99% ) , W B R E— T RHCA R A R o A 10m
FRZER B A I i DU = 1L B AR AR X, AR R
S e oS A B R S I S o R T SOk
FAEARITT 2 2 250l A7 BR 2 5, % B AL 5 ) o ik
JERT - FIEFTHR 0.188 2 mg - mL™, B HE
0.321 3 mg - mL ™", S IE 0. 693 8 mg - mL ™", A&
HNEE0.316 2 mg - mL™'

SPF itk SD KL 6 H A&k 180 ~220 g, K
B ACHT 9250 S W B ARA BR 2 W], VF Al HIE 5 SCXK
(#) —-2021 -0002,
2 #HEEHER
2.1 TR IO Y A

KARRN TR, BT HEAR 80 C R4 1 h,



JPA, zwmswmz=

Chin J Pharm Anal 2024, 44(5) . 843 -

Wie e 80 H i , i f5 7 80 C AYMEAT P itI% 2 h, T
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%0.5024 mg - kg™, FERIE 1.084 8 mg - kg™,
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x1 RERER
Tab. 1 Stability results

R4y i B a2 M (static stability ) T Filifa & 1 (freezing and melting stability )

(component) mean + SD RSD/% mean + SD RSD/%
7 - ¥ 575 5 % (7 - hydroxycoumarin ) 2449 511 +81 814 3.3 2521 586 +130 214 5.2
% iz % (fraxetin) 2264 221 +78 795 3.5 2 341 584 + 115 682 4.9
SR 7 I (isofraxidin) 2311 022 +93 596 4.1 2 332 574 +159 875 6.9
7R B % N TR ( scopoletin) 1 107 610 +54 162 4.9 1 102 548 £70 215 6.4

1x10% 4 A
8x107
6x107 —

4x107 +

ST F(peak area)

2x107

1x108 4 B

8x107

6x107 —

4x107

VETE B (peak area)

2x107

t/ min

1x10% — c
8x107
6x107

43107 |

VT B (peak area)

2x107

t/ min

1. 7 - 337G &K (7 - hydroxycoumarin) 2. Z2 iz % (fraxetin) 3. 413

Z (isofraxidin) 4. SFEHE 2 IE (isofraxidin) -~ 5. 75 B 2% N (scopoletin)

1 =aMm#E(A) REMR (B) MR (C)UPLC -LC -
MS/MS 1RER & F BikE

Fig. 1 UPLC -ESI - Q - Orbitrap ion chromatograms of blank plas-

ma (A), plasma mixed reference substance(B) , plasma sample( C)

(fik P 5) 15 10 wL BRI 480 pL IR 2],
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FEABIMHRA B EMEE R, R8Il T K%
SEPETEAN 25 R, R W R 2 8] A9 A 47 22 S A S
3] B Az U BN WF S s A K, T TR 2R ESE
2%,



JPA, zwmswmz=

Chin J Pharm Anal 2024, 44(5)

. 845 -

&2

ERMMER(n=6)

Tab.2 Results of matrix effects

I3 £ (low concentration )

FE-_“—‘

F1 & ( medium concentration ) e (high concentration)

%
U U FE RN
(ccomponent) RSD/% RSD/% RSD/%
(‘matrix effect) /% (‘matrix effect) /% ( matrix effect) /%
7 - }25:7 5. % (7 - hydroxycoumarin ) 99. 1 1.6 98.6 0.92 102.5 1.9
7% iz 2% (fraxetin) 98.3 1.4 97.9 1.9 101.3 1.99
SR Jz WE (isofraxidin ) 98.2 1.1 102.3 1.4 99.1 1.4
ZR B %5 TR (scopoletin) 97.9 1.6 99.5 1.2 101.2 2.0
x3 HABEELER(n=6)

Tab.3 Results of in — batch precision

i H¢ B (low concentration )

e B ( medium concentration ) = B (high concentration )

%
I TR RSD/ WA TR RSD/ WA THT AR RSD/
( component )
(peak area) % (peak area) % (peak area) %
7 - ¥23:75 5 & (7 - hydroxycoumarin ) 15 563 £896 5.8 30 573 791 =1 002 820 3.3 315949 990 + 12 006 070 3.8
7% [z 2% (fraxetin) 46 995 +2 481 5.3 6 230 974 +214 346 3.4 70 542 675 +1 664 807 2.4
S H7 BE (isofraxidin ) 11 169 £631 5.7 1 841 688 +55 435 3.0 14 494 448 +478 317 3.3
% B %5 TR (scopoletin ) 39015 £1 767 4.5 6 346 375 £152 948 2.4 70 416 652 =1 654 791 2.4
F4 HEBBELER(n=06)

Tab.4 Inter - lot precision results

I B (low concentration

H13 & ( medium concentration ) ¢ JE (high concentration )

)

By

g T RSD/ WETHT L RSD/ W RSD/
( component )
(peak area) % (peak area) % (peak area) %
7 - }:5:% 5. & (7 - hydroxycoumarin ) 15 108 =796 5.3 31 258 671 =1 012 587 3.2 312357 848 +11 898 545 3.8
7% [ % (fraxetin) 43 525 +2 245 5.2 6 055 874 £223 484 3.7 71 200 548 +1 598 742 2.2
S8R Hz IE ((isofraxidin ) 10 859 =611 5.6 1 359 888 +£53 248 3.9 12 345 865 +487 125 3.9
% 7% NG (scopoletin) 37 585 +1 358 3.6 6 235 789 £ 151 238 2.4 71 204 489 +1 531 587 2.2
=5 LKUEXRER
Tab. 5 Results of linear relation
Y =155 7 =g | LOD/ LOQ/ RSD/

( component ) (regression equation) (linear range)/ (g - mL~") ng ng %
7 - #3355 % (7 - hydroxycoumarin) Y=0.029 1X-0.162 5 0.999 4 0.050 00 ~51.25 0.198 0 0. 660 2 2.8
7% [z % (fraxetin) Y=0.006 5X -0.061 3 0.998 9 0.054 10 ~55.50 0.3330 1. 110 3.3
SRR J7 IE ((isofraxidin ) Y=0.001 3X +0.022 2 0.999 3 0.050 00 ~51.25 0.486 0 1. 620 2.5
R L% N TR (scopoletin) Y=0.006 5X -0.074 2 0.998 4 0.051 50 ~52.75 0.693 0 2.310 2.7

2.8.3  XPAIAHXS A AR ARSER OmEREL IFEM A P AUC, AR ) B O ig il 25 ik

W g M2V T — Il Hh R I, THER A A AUC; AR
FIH MBI v (B AHERT - BREFEER
0.293 6 mg - kg ™' FEFZE 0.502 4 mg - kg ' FHEK
I 1.084 8 mg - kg ™' AREFENAE0. 4934 mg - kg '),

JEE — 18] 2 P, 5 ) 50 AUC s MR 38 0] 0 7
SP ig M 25 BE — mFia] £ 8T, TH5 2 el ) AUC,
A ZE S B i R 2 S B A R O L, PR A
RIZE 9 WM L EE R WL 10,

RO R
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Tab. 6 Results of recovery rate

. ENS S B
%y A ] i RSD/
(the background ('measured value) /g
( component ) (added) /g (recovery) /% %
quantity ) /g mean + SD
7 - }25:75 5. % (7 - hydroxycoumarin ) 8.44 6.752 15.52 £0.21 104. 8 1.4
8.44 16.61 +£0. 25 96. 8 1.5
10. 13 19.12 £0.24 105.4 1.2
7% fz & (fraxetin) 5.260 4.208 9.11 £0.09 91.4 0.97
5.26 10.23 +0.09 94. 4 0.85
6.312 11.49 +0. 13 98.7 1.2
SR J7 E (isofraxidin ) 21.87 17.5 37.46 +0. 51 89. 1 1.4
21.87 42.78 £0. 51 95.6 1.2
26.24 48.66 £0. 51 102. 1 1.0
KB IN TR (scopoletin) 2.570 2. 056 4.490 =0. 04 93.2 0.94
2.57 5.230 +0. 08 103. 6 1.4
3.084 5.830 £0. 08 105.8 1.4
£7 BRYNESHER
Tab.7 Results of pharmacokinetic parameters
W AUCq_/  AUCq. .,/ " C../ " (CL/F)/ (VI/F)/
max V)
(component ) (mg‘h'L_l) (mg~h-L']) (mg-L_l) (L-kg’l) (L-h’l -kg’l)
7 - #HA £ (7 - hydroxycoumarin ) 17.05 £0.23 17.05£0.14  0.5000+0.01 10.02+0.14 1.801 £0.03 0.110 1 £0.00  0.287 2 +0.01
75 [z 2 (fraxetin) 43.92 £0.65 50. 58 £0.58 1.500 £0.01  4.882+0.06 7.801 £0.11 0.0632+0.00 0.7141+0.02
SRR J7 E (isofraxidin ) 26.86 +0.33 26.90 +0. 37 2.000£0.03  5.757+0.06 2.583+0.03 0.259 4 +0.01 0.967 +0.02
IR B I (scopoletin ) 54.21 +0.53 57.43 £0. 68 1.000 £0. 01 11.61 £0.11 6.140+0.05 0.0553 +0.00  0.4838 4 +0.01
15 A 6 B
=~ 10 o 4
2 e
! E
] e
s s s 2
0 0 T T \ T 1
0 5 10 15 20 25 5 10 15 20 25
t/'h t/'h
8
C 15 D
6
o o 10
2 2
EX 2
S S 5
2
01 [ T { . 0 T { { T 1
0 5 10 15 20 25 5 10 15 20 25

t/h

t/h

2 RMEMREREIg7-BREFER(A) FEE(B) RERE(C) FRENE(D) WA EKE

Fig. 2 The drug time curves of Acanthopanacis Senticosi Radix et Rhizoma Seu Caulis extract ig 7 — hydroxycoumarin (A) , fraxetin (B), iso-

fraxidin (C), and scopoletin (D)
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Tab. 8 Results of individual differences

K4 P
(rat IS REA LR FAREAGE R

number)  (independent sample result)  (independent sample result)

1 0.33 0.25

2 0.28 0.35

3 0.34 0.21

4 0.24 0.39

5 0.31 0.21

6 0.18 0.22

2.9 kAR AR

2 Xcalibur 2403, 765 FOIMPEBOR AN BRI
K MS & 1 &k B m/z 163. 039 08 [ E4r 55+
U, T T T AR S BT A AR IE R 25 L O 5 %
107 ARIEHA S M, 72 LM + H] B 8 1 Floim
S P20, 78 m/z 163,039 08 [ MS* Y6 & R i
T 1 AMESREE R 4 x 1071 m/z 163. 039 08 [
REF RIERZE R - 0.671 x 107°, G [ 45 51
7N, B ES T 76 20 BEE N BRI LA, e E = Y
RER NP ZRW£R 16,1212 MR, X5 7 - K
T ORMARRIF R LI CO, 76w AR 555 Y Al 18

%9 AUC(mg-h-L7")&£8
Tab.9 Results of AUC

L %ix PEIUR ig 21

( component ) (‘extract ig group)
7 - }25:% 5. %K (7 - hydroxycoumarin ) 19.24 +0. 43
7% [ % (fraxetin) 42.81 £0.51
SR f7 IE ((isofraxidin ) 26.73 £0.40
% 2% N TG ( scopoletin ) 54.21 £1.27

$RBORK iv 241 TESHR ig 241
(extract iv group) (injection ig group)
30.26 £0. 56 22.64 £0.34
55.41 £1.37 50.89 £0.71
40.26 +0. 55 31.57 +0. 55
69.80 £1.29 65.42 £1.04

F10 EYFRAEER
Tab. 10 Results of bioavailability

FEXSAERIFI I Hns A=

Iy (relative (absolute
(component) bioavailability)/  bioavailability )/
% %
7 - ¥33:75 5 2 (7 - hydroxycoumarin ) 84.9 63.58
247 % (fraxetin ) 84.1 71.26
AR IE (isofraxidin ) 84.6 66.39
7R PO (scopoletin) 82.8 77. 66

T, 5HRBEH LK 0.C.C I By AR 435 5t W)
G P EERAEY R T - BEFE R,

ZE4 mzVault Fll Thermo Scientific OTCML A i %k
a1, 25 iz A & WIVEBC o3 $Ch 93. 3 a2
L E N AE m/z 135. 044 05 ,119. 049 35 .107. 049 48
Ak IR T S 5 R A (] B R AR A 0, SCHR AR
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Fig.3 Cleavage mechanism of 7 — hydroxycoumarin

AMPEDR 6.5, GEAF LR —, 2id 5 mez-
Cloud Y& 1% B4 4 LU X, VT IE R 5 34 89. 4% , i 2 1%

WEYINZE R R RAe WA 4.

OH

OH
OO OH o OH
=0
\ o

1272 (chemical formula): CmHXO5 H273(chemical formula): C;H,0,

HEAT43 70T i (relative molecular mass) : FH*14) 77T i (relative molecular mass) :
208.04 180.04

. l- |

L JC(chemlcal formula): CL)H;O5 1273 (chemical formula) ch603

FHAT 437 I Hi(relative molecular mass) :  FH*14) 77T Hi(relative molecular mass) :
193.01 162.03

¢ -COOH
O 0

k243 (chemical formula): CHO,’ k243X (chemical formula): CHO,

FER 53 BT i (relative molecular mass) TR 7t (relative molecular mass) :
149.02 135.05

O, 0 ¢ +
. HO
N o C
1273 (chemical formula): C.HO

23 (chemical formula): CH,0,”
FEDR 53 7tk (relative molecular mass) : 143 it (relative molecular mass) :
121.03 108.06

4 FRENMENE

Fig.4 Cracking mechanism of fraxetin
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Fig. 5 Cleavage mechanism of isoazinpyridine
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Fig. 6 Cracking mechanism of scopolide
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