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[ Abstract | Objective: Polygala saponins in the 60% ethanol extract of Kaixinsan ( KXS-60% E) were
identified, and the polygala saponins as well as their metabolites were analyzed in rat plasma after oral
administration of KXS-60% E. Method: Ion fragments data of polygala saponins in KXS-60% E was identified by
UPLC-TOF-MS. Similarly, the polygala saponins and their metabolites were also identified in rat plasma after oral
administration of KXS-60% E with the ion fragments data, MassLynx v4.1 software and databases in the
literatures. Result: A total of 14 polygala saponins which were mainly triterpene saponins, were identified in
KXS-60% E in wvitro. Moreover, 5 polygala saponins as well as 4 metabolites were identified in rat plasma.
Conclusion: Five polygala saponins as well as four metabolites may be the potential bioactive compounds and
direct pharmcodynamic basis of KXS-60% E. Further study on these constituents may find out the effective
compounds in KXS-60% E and clarify the mechanism on treatment of Alzheimer’s disease.

[ Key words ] Kaixinsan; serum pharmacochemistry; Polygalae Radix; saponins; metabolites; ethanol

extract; onjisaponin B

[KFEBEH] 20170406 (002)

[(E£TIA] BRITEEETRARL S 2 5L 785 H (2016-KYYWF-0865)

[#—1E#&] Reeju Maharjan, fE 322 £, W F I PR EE 2 0157, Tel 104522663615 , E-mail ; reezu. maharjan@ yahoo. com

[BWAER] X2, 10, IR BY B0t A S U, DA K 4R 24 00 B 3 i 4 S 47 0 0 049 0% 1 A 4 978 32 2 A T BL ol BF 5, Tel : 0452
2663804 , E-mail ; Ixw_qmu@ 126. com

- 118 -



523 F5 19
2017 4£ 10 A

RESEAFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 23, No. 19
Oct. ,2017

FFLEUEH A& Z Ty, 58T A B
(BRATEE) AAS L& KE A B AR,
SN T 75 i R SR A O R SRy s
TFYEI7 P IR 2% 15 BRORE ( Alzheimer’s disease , AD ) 25 i
AP A0 L 2 30 o L R AT R 5 4 E . T
B 5% 45 S 0o FF D B 60% £ T 3R B ) [ KXS-60%
E,ANZ-RE-mki-A 8 (3:3:2:2) J Rk B B-1E
WA 1 (B-amyloid , AB) 5 5 1Y 2 ) W\ N 1) g i
et Bl AB S PC12 20 B K 754K 3 1 15 5
SO i AB 5 i K i AR 1 B (LTP) )
i R RIF 0 R R T AB B SR T A 4 % 0
e

Ry BT 25 1) B 0 TR TS PR, UR B A R
UPLC-TOF-MS 3 R # 7 T KXS-60% E 14 4} ik 43 LA
K K ERUE IR 259 5 & 25 L% FE S i e A o ik, 1R
T ARG B A 1 A B gk e (R YR, I AR SRR L 4R
N TV KXS-60% E J5 KB o 41 A1l #847
BT, AL 4E 28 A2 R B o K 13 AR
A B 5T 45 R R 7S, 7 KXS-60% E w3 75 %) 42 U7
9 BTk de R T AR A A A 3 R AR A3 B9 O A
TS A58 TAE M AR AT . IeAh, IO i 2
By e A R AR AR AT e A i AR
A 5T FE A b, A S X I T B AT A ——am i
BB B A AT TR, A AR
B IA AD I Bz 25 3000 5T B il St 3 2 )
(AR PN 24 By 27 R I 42 AL S0 55 AR 4
1 #a

ACQUITY™ %) UPLC Wi #H & 3% #1 LCT Premier
XE B % AT B[] 57 3% 4% ( 36 [F Waters 24\ ), CT-
ISRE B M@ R B OHL(H A H LA T o AS
R LK A 2R Y B s 2R A R
A28 R VT BE 24 5 v 2 Y R A B E AR
A E 50 R TOMBHE Y N2 Panax ginseng 1
TR AR ZE , Z fL A B /AR E Poria cocos 1T
PR, I S B Y I 7R Polygala tenuifolia (1)~ 15
R, K ERAE Y A B Acortus tatarinowii 1 T 1
HRZE A5G 2015 4F R b [ 2 ) AR G E 5 KR
2K, O TR R R A €63 At HE At iR 4
S Hral

HEMEVE S 9 Wistar KR, R EE 220 ~ 240 g, (1122
JeUr v BE 25 K A S g B b o 4R I B AR E S
SCXK(7)2006-0003 , % i 1l 7%, H th 4 & ikok . F
SCHGHT 12 h R OREROK , SCI S W fil 22 B OB
hEE 2y oK 23 e & & it E, S

2013HZYLL-012,
2 FiEE&R
2.1 JFik 60% & FE R ELY) (KXS-60% E) i i
£ R AL TT H B RR HUZG A 45 S 5 2 i
FELERPTIRAS W e AR BRI T, RN 12 fi5 & 60%
CERIGREEE 2 W, BECH A 20 ok 2,1.5 h, &5
PRI, 3 16 220 A5, 8 s RIS T 48 (80 C
KA e ds 2 E, TR A 80 C TR R iH & ) , By g
1t 80 H i , TR IR UK A P2 A H -
2.2 AP KAEHMFERESH G HEME Wistar K
B10 HBEAL R as A A 254, 25 AL R BRUCR
ST BRI T S PRI, 1 IR JFS 7 Jk A BRI
1.5 mL,F4 °C,13 000 x g &> 10 min, 525 H L7
%M. ZHEFBP R G2 S. 4 g kg
Tk KXS-60% E 2583, 45245 30 min J5 >R FHAH R J7 %
il & & 25 M o UK BRAS I B 4 2 v A
0.5 mL [ 4¢3 05 H B /K 4% 2 mL 35 Ak £l 47
(R [ AE A2 A L, 43 07K 4 mL AT B 2 mL kvt
WRVE W 32, i Y B 3 mL vk G, e 4E WE B W L35 °C
TES R T, 5l H s A 100 pL &%, B
1 min,JBEE% 30s,T 4 C,13000 xg &0
10 min, U I 23, 264 2 pL fit UPLC 4347
2.3 g
2.3.1 (k& UEMEE 2 pL, AR 40 °C,
0.3 mL-min ", i Bh#H 0. 1% H /KA (A)-0. 1%
HIROIEW W (B) BB EEUENL (0 ~5 min, 5% ~30%
A5 ~12 min,30% ~50% A;12 ~ 15 min,50% ~
80% A ;15 ~16 min,80% ~ 100% A) , kf iy A~ 2 45 4
o g% 4% A BT AL HEAT OE TR A AT .
2.3.2 FuikscfF mWESSE R IR (EST) R M IE i
BT HERAN, B AE R R 1 KV, BE A HE AL R
40 V, B FIRIREE 100 °C, i i 0] iR B 350 C, i i
AW B 700 Loh ™' HEFLAH & 10 Loh ™' i
WIE AR 2.3 KV AR 0.3 s ofE 6 T AL IE
K FH 5 & 2 - i ME K (leucine-enkephalin, [M + H] *
556.277 1), JREWE 1.0 wg- L' K IE 7 W kA 3
J 30 pLemin = BIEAR 15 s H14 7 Lo & H
W B 3 Bl m/z 100 ~2 000,
2.4 EERA RS E R UPLC-TOF-MS
Ko B A 8 AT LUR 2 A6 G W 00 AR G 43 I A (83
W R ke R H s, BE 8 S K R AL G WIS Rl X
MMEG Wi 1T TOF-MS/MS 494 Al LA SRAF 0% Fr B
=H.. FIH MassLynx v4. 1 B $HE - &, 7T LU 8
HAaF e Be gl i, 76 % if, B AL & 90 kS
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ESI*
B2 ZEEFEHSHNBEREN
1)4 Lo13 Fig. 2 Structural identification of polygala saponins
9
e 2.6 KXS-60% E i 35 2 K H AP i b RS 45
t/min S
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Fig. 1 Total ion current chromatograms of KXS-60% E by UPLC- @‘I E]/J,f% le&ﬁ ﬁjﬁj nH Mgﬁl\m]}ﬂ *ﬁ ’
TOF-MS ﬁfﬂTm%I~5f’«‘JUJ§T\?§EZﬁJ\WW/\Iﬂ1,ﬂ[§l3$ﬂ
F1 KXS-60%E FiIZEEBHERSE.ABFAB _RARIEHEREE
Table 1 MS/MS informations and identification of polygala saponins in KXS-60 % E under positive and negative ion scanning model
No. [iat’] BT m/z E#F m/z 53 F ki
1" polygalasaponin X VI 1 295[M + HCOO] ™, 1 249 1251[M+H]",1089[M+H- CyHy 0y Rl = Glu, R2 = CHO,
[M-H] ,108[M-H- (Glu-H,0)]",777 [M+H-2 R3=R5 = R6 = R8 = H,
(Glu—HZO)J’ (GIU—HZO)—XyH+ R4 =R7 =0OH
2" polygalasaponin 1 295[M + HCOO]~,1 119 - Cs4Hgg 0,y Rl = Glu, R2 = COOH,
XXIV [M-H-HC] ,1077[M-H - R3=R4 = R6 = OH, R5 =
HC - C,H,0-H] "~ R8 =H,R7 =0 - Api
3D polygalasaponin 1235[M-H] "~ ,1073[M-H- - CsgHyp Oy Rl =R3 =R5=R8 =H,
XXT (Glu - H,0)]~,941 [M-H- R2 = COOH, R4 = R7 = OH,
(Glu-H,0)-(Xyl - H,0) ] - R6 = Api
4" polygalasaponin 1103[M -H]~,1073[M - 1087[M+H]*,1075[M+H- C5 Hg 0, Rl = R3 = RS = R6 =
XXT H-CH,0] ,911[M - H - CH,0]*,913[M + H - CH,0 - R8 = H,R2 = COOH, R4 =
CH,0-(Glu -H,0) ]~ (Glu - H,0)]*,797[M + H - R7 = OH
CH,0 - (Glu - H,0) =Xyl *
5" polygalasaponin 1 395[ M + HCOO] ~,1 349 1351[M+H]* 1321 [ M+ CgHyOy Rl = R4 = H, R2 =
XXXV [M-H] ,1319[M-H- H-CH,0]*,1159[M +H - COOH,R3 = R7 = OH,RS =
CH,0] " ,1157[M - H - CH,0-  CH,0-( Glu - H,0)]", 995 R6 = Ac,R8 = Cle
(Glu-H,0)] " [M+H - CH,0 (Glu - H,0)-
(Gal-H,0)]*
6 polygalasaponin 1381[M-H] ,1219[M - 1383[M+H]*,1221[M+ CgH\p,05 Rl = Glu, R2 = CHO,
XIX H-(Glu -H,0) ]~ H-(Glu-H,0)]*,1059[M + R3=R5 = R§ = H, R4 =
H*Z(ClufHZO)]J' R7 =0OH,R6 = Api
7 arilloside E 1 485[ M + HCOO] ™, 1 439 - CeHips 0y Rl =R4 =R5 =H,R2 =

[M-H] ,1409[M - H -
CH,0]~,1247[M - H - CH,0-
(Glu-H,0)]~,969[ M - H -
CH,0 - (Glu - H,0)-( Gal -
H,0)-Xyl] -

COOH,R3 = R7 = OH,R6 =
Ac,R8 = Xyl(2,1) Gal-(3,
1) Xyl
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gk 1
No. wEw AT m/z EEF m/z B2 a2 Hfk gt
8 onjisaponin G 1459[M + HCOO] - 1457[M +H] " ,1427[ M + CroH 0405, R1 =R4 =R6 =H, R2 =

9 Z-senegasaponin B -
B E-senegasaponin B
10 polygalasaponin 1469 M -H]~,1439[M -
XXXXI H-CH,0] ,1277[M - H -
CH,0-(Glu - H,0)]~, 1 115
[M-H-CH,0-2Glu] -
11 onjisaponin E 1 485[M -H] ~,1455[M -
H-CH,0]",1265[M-H -
CH,0-(Glu - H,0)] ", 1 131
[M-H - CH,0 - 2 (Glu -
H,0)] ", 1 015[ M - H -
CH,0 -2 (Glu - H,0)-Xyl] ~,
795[M - H - CH,0 -2 (Glu -
H,0)-Xyl -TMC] -
12 senegin I 1455[M —H]~,1425[ M -
Z-senegin 1 H-CH,0] ,1263[M -H -
CH,0-(Glu - H,0)] ", 1 101
[M-H-CH,0-(Glu - H,0)-
(Gal-H,0) ]~
13 senegin [ 1 1455[M -H] ~,1425[M -
Z-senegin I H-CH,0] ,1263[M - H -
CH,0-(Glu - H,0)]~,1 101
[M-H-CH,0-(Glu - H,0)-
(Gal-H,0) ]~
14 Z-senegasaponin B 1425[M -H] ,1395[M -

B E-senegasaponin B

H-CH,0] ,1233[M-H -
CH,0-(Glu - H,0)] ", 1 271
[M-H - CH,0-(Glu - H,0)-
(Gal —H,0) ]~ ,911[M - H -
CH,0-( Glu - H,0)-( Gal -
H,0)-MC] "~

H-CH,0]*,1265[M +H -
CH20-(Glu - H,0)]*,1 133
[M+H - CH,0-(Glu - H,0)-
(Api-H,0)]", 943[M + H -
CH,0-(Glu - H,0)-( Api -
H,0)-TMC] *

1427[M+H]*,1397[M -
H-CH,0]*,1235[M +H -
CH,0-(Glu - H,0)]*,1 273
[M+H-CH,0 - Glu - Gal] *,
913 [( Glu - H,0)-( Gal -
H,0)]*

1471[M+H] " ,1441[M +
H-CH,0]*,1279[M + H -
CH,0-(Clu - H,0)]*,1 117
[M - H + CH,0 - 2 (Glu -
H,0)] " ,841[M +H - CH,0 -
2(Glu - H,0)-(Gal - H,0)-
Xyl]*

1457[M+H]",1427[M +
H-CH,0]%,1265[M +H -
CH,0-( Glu - H,0)]*, 913
[M+H - CHOH-( Glu - H,0)-
(Gal - H,0)-DMC] *

1457[M+H]*,1427[ M +
H-CH,0]%,1265[M +H -
CH,0-( Glu - H,0)]*, 913
[M+H - CHOH-( Glu - H,0)-
(Gal -H,0)-DMC] *

C69H102 031

C67 HIO() 035

C7I H106033

C70 HIO4 032

C70 Hlf)4 032

C69H102 031

COOH, R3 = OH, R5 =
TMC,R7 =0 - Api,R8 = Xyl

Rl =R4 =R6 = H,R2 =
COOH,R3 = R7 = OH,RS =
MC,R8 =0 - Api, RS = Xyl

R1 = R8 = Glu, R2 =
COOH,R3 = R4 =R6 = H,
R5 = Ac, R7 =0OH

Rl = R8 = Glu, R2 =
COOH,R3 =R7 = OH, RS =
TMC, R4 =R6 = H

Rl = Glu, R2 = COOH,
R3 =0H, R4 =R6 = ,RS =
DMC,R7 = CH3,R8 = Gal

Rl = Glu, R2 = COOH,
R3 = OH, R4 = R6 = H,
RS= DMC, R7 = CH3,
RS = Gal

Rl =R4 =R6 = H,R2 =
COOH,R3 = R7 = OH,RS =
MC,R8 = O - Api, R8 = Xyl
(2,1)Gal

7 : TMC. 3,4, 5-trimethoxy-cinnamoyl ; MC. 4-methoxy-cinnamoyl; Glu. glucose; Xyl. xylose; Api. apiose; Gal. galactose; Ac. Z it %&; DMC. 3,5-

dimethoxy-cinnamoyl ;") [l P AT R4 (2 2 ) &

130 KB4 A= P (g M1~ M4) | LA 3 A
2, SRR M AT I 4 B9 UPLC-TOF-

MS ST UL IR 3. AR ™ W Y 2 5 5 U o)
HEMA AT UL M3 g6, eIk s AT
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OB LL m/z 239 [M + H]® K& m/z 283 [ M +
HCOO |~ #eks th , HoAR X 43 7 ot m] LU & Oh 238
Da, | il MassLynx v4.1 %X ff ¥ [ elemental
composition I8, #EM H 73 74 il €, H,, 05 (i-Fit
=0)M C,,H,, (i-Fit =3.3), 2% 5+, M3
TEIE B TR 245 A B S m/z 223 Fl m/z 209,
SIHTIR SR TR, K 3,4, 5- = AU R R R
(3,4 ,5-trimethoxyeiune acid, TCMA ) & T %4 fi# 5 ¢
R A TR AT . B TR om/z 223 S %4k
BRI RS, m/z 209 JE MR T
FHETE A F2 L o PR, M3 B8 7 iy TCMA

AT M T 4 . e g
TREWE 2,

ESI™
e i ol M
10

0 2 4 6 8 12 14

ESI N
s Uy
o MBS A LU
0 2 4 6 8 10 12 14
t/min
3 EXEEHERS M FPBITHS UPLC-TOF-MS K 2B T
Fig. 3 Total ion chromatograms of polygala saponins in rat plasma

by UPLC-TOF-MS

F2 EEEBHEBAHRESYEE AEFHREATH _RRERERELRE

Table 2 MS/MS informations and identification of metabolites originating from polygala saponins under positive and negative ion scanning

model
No. e BT m/z EBF m/z 53 F
M1  senegasaponin-CH, O 1395[M-H] ,1233[M - (Glu - 1397[M +H]*,1235[M - (Glu - CgHyp05

M2

polygalasaponin XXXV -Glu

H,0)] " ,1289[M - H - (Glu - H,0)-
Gal] = ,1307[M - H - CH,0 - (Glu -
H,0)]"

1187[M - H] ,1025[M - H -

H,0)] "

1189[M+H]*,1221[M +Na]*, CsHgO,

Glu] ™~ ,891[ M - H - Xyl] -

M3 3,4 ,5-trimethoxycinnamylic acid

21[M-0-H]"

M4 3,4 ,5-trimethoxycinnamylic

acid — CH, 269[ M + HCOO] -

283[ M + HCOO] ™ ,237[M - H] ",

203[M-H] ,209[M -0 +H]",

1027[M + H - (Glu - H,0) ]+, 893
[M+H-Xyl]*

239[M +H]*,223[M-0+H]",

C,H,0
209[M -0 -CH, +H] * s

225[M+H] " ,209[M-0+H] " G Hy, Os

3 itig
FEOHUER B IR AD B2 I RE AT Ty o BIAR 245 B
WFFEAE S, P BI7E ke 32 480 AD 30 4\ 00 3 g s 1 |
AP 28 7T A BRI  2 SE Th RE BT R Ak I Y
T HAT BRI o 1 3T 110 BRIG I i S 1
Fh 2t A R I 43 A7 485 SR S, T G 4% 4
WY A A B NS BRI A )
AT 1,2,3,9 £, B E T 2T gl
AL AR K B BIF 5T 45 3 1k — 2B 3F S2TF 0 i [N S48 % -
MR- (3:3:2:2) 160% LEEAR U HA W] B
(98574 AD BV 7 AR AIE 42 7% L 24 5% Wy o i il % 0L
FETE
TERT B 55 BL Al F, AR S0 M dF S T OKXS-
60%E 14 M im R RNy . 1R KXS-60%
E ik BT L % 0TS A I i R R R R S K 4
AT RE SR U T I8 A R 2R A AR, X S B
ARS8 R 56 T T O HOK BRI 09 7 A1 Btk P9 s 43 43
Wr s A7 7E 22 SURUR [, X % 5% 45 ™ #1) i HPLC-
- 122 -

DAD-ESI-MS #6035 5 T IO Bk 325U vh i 14
AN A 2 R, Hod S A O it B AT R4
LYU % % 5 7 JF 0 BoK 3 BUy b g 21 3%
HARIR Y o RSN B S5 b 0 25 5 7T RE S 1 42 B
W T ) S5 AR ) T i B ), 45 7% 28 ST 7 25 300 2
i 22 b (R 23 A0 T B A P () 638 o B B O
HICE0 25 3800 SRR T A 7

AT O OK E R R OB O 4y 1 R L
polygalasaponin Sy 4% {9 = 5 K 24, Hopi i L w9 25
HEE PR R W R B O RS B R A RES k3 th AB
il P ¥ S5 75 5 4 40 TR S 0 g A O R s o Ak
ANE PR 2 200 A2 RS HAE R PL T B A5 R
DAY B 24 e 20 39 5 4 B L AP R R R AE R 4
REA G 5 B MR 36 I 52, T2 35 R FF T RE WY 1 ok 35
AB V55 9 40 8 5 2 45 T 5 onjisaponin B fiE i 3%
APP/PST 53 R /N BRI S BE , AR T HL ) 7T R
S AB 7R A T b, onjisaponin B fig
0 e W R U - L S ) R A R R
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(AMPK-mTOR) {5 5 i #1755 A Wit , JF 1M 3 58 28 firh
fle b T fie K e A VB 00 AL B 15 5 Az
A4 Y polygalasaponink X XXI RE i 2 2%
AR RS T H /0N BUDA RN I R B A, B s T Eh AR

I\ 5 figh 4% 3 Ty B8, [A) 5 i 3 9 15 b 26 W AR R

(cAMP) R TE 14 14 8 BR AL A T, 3 1k 4 23 B 3

A HE G (MAPK) |, 3 17 3 55 ik 98 4 #2878 5% A

T (BDNF) fg 2235 "7 % U A0 41 3 00 0F 58 K

polygalasaponin XXXI f8 - 4 8 iR fb s 24 B2 ¥ i B

(TrkB) 7K -, ¥ W M. BDNF/TrkB /MAPK {Z =3

5 AR R T LRk Bl AD /N B T e R A 1 2R

Pyl

e Ah XA ) 1) S 2 R R L RS R R

T3 TEAA TN Ty M M S % KA S B 2 R i 1)

B B L (R R 2, U TCMA K

TCMA-CH, BE &t & 52 H 250 onjisaponin G,E AL

W™ Y, X0 Gk i W R 28 AL 4> 40 sibiricose Al

sibiricose A6 ,tenuifoliside B,3,6'-disinapoyl sucrose,

arillanin A AU F= 49, WF58 # B TCMA K TCMA-

CH, ¥ 5 % 52 1 I 50 )2 20 IR, 76 R BRI 9 IR il R

Uf AR BE R X O PR AR Y 0 — 2D K A

Bl T4 10 A RURIT I T S B G AR Y T 240
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