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Identification of polygala oligosaccharide esters and
their metabolites in rat plasma after oral administration
of ethanol extract of Kai Xin San by UHPLC-MS
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Abstract: Using a UHPLC-TOF/MS method combined with software of Masslynx V4.1 and database in the
literatures, a total of 20 polygala oligosaccharide esters (POEs) were identified in 60% ethanol extract of Kai Xin
San (KXS-60%E). Furthermore, 14 POEs as well as 4 POE-metabolites were identified in rat plasma. The
results revealed that POEs and POE-metabolites which were identified in rat plasma, were key components in
KXS-60%E and the potential bioactive compounds for KXS action in the treatment of AD.
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Figure 1
with that in Table 1

Table 1 Characterization of 20 POEs in KXS-60% E by UHPLC-M

The UHPLC-MS chromatograms of polygala oligosaccharide esters (POEs) in KXS-60% E in vitro.
Chemical structure of sucrose esters; d: Chemical structure of oligosaccharides.

a: ESI; b: ESI'; c:
The number of Peak 1-20 in this figure was consistent

S/MS. HB: p-Hydroxy-benzoyl; MHC: 3-Methoxy-4-hydroxy-

cinnamoyl; HDC: 4-Hydroxy-3,5-dimethoxy-cinnamoyl; TMC: 3,4,5-Trimethoxy-cinnamoyl; HC: 4-Hydroxy-cinnamoyl; Ac: Acetyl;

Glu: Glucose; HHC: 4-Hydroxy-3-hydroxymethyl-cinnamoyl; ‘Detected

in rat plasma

[M+HCOOT (m/z)

No Identified R n ESI-MS/MS (-) ESI-MS/MS (+) Elemental Substituent
" compound min  Measured ~ Calculated (opm) (m/z) (mlz) composition Group

1" Sibiricose A3 2.64 507.1365 507.1350 3.0 507 [M+HCOO]; - Ci9H26013  Ri=H,
323 [M-H-HBJ; R~HB
137 [HB-H]

2" Aillanin C 330 563.1590 5631612 -39 563 [M+HCOO]; 519 [M+H]"; C»Hy0n  Ri=HDC,
323 [M—H-MHC] 325 [M+H-MHC]" R=H

3" Sibiricose A6 343 5931738 5931718 3.4 593 [M+HCOO]; 549 [M+H]"; C»3HuOis R=HDC,
323 [M—H-TMCJ ; 325 [M+H-TMC]" R=H

223 [TMC-H]
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Continued
No Identified R [M+HCOO] (m/z) ESI-MS/MS (-) ESI-MS/MS (+) Elemental Substituent
' compound min  Measured  Calculated (opm) (m/z) (m/z) composition Group
4" Sibiricose Al 376  593.1716  593.1718 -03 593 [M+HCOO]; 549 [M+H]"; CxH3055 Ri=H,
323 [M—H-TMCT; 325 [M+H-TMCT" R=HDC
223 [TMC-H]
5 Sibiricose A2 4.53  607.1870 607.1874 —0.7 607[M+HCOO]; 563 [M+H]"; CyH34015 RiI=TMC,
223 [TMC-H]; 339 [M+H-TMCT" R=H
323 [IM—H-TMCT
6  Tenuifoliside B 473  713.1924  713.1929 —0.7 713 [M+HCOO]; 669 [M+H]"; Cs0H36017 R;=HDC,
323 [M—H-HB-HDCT 549 [M+H-HB]’; R~=HB
325 [M+H-HB-HDC]"
7 3,6- 480 7992257 7992297 —5.0 799 [M+HCOO]; 755 [M+H]"; C34H019  Ri=R,=HDC
Disinapoylsucrose 323 [M—H-2HDC] 549 [M+H-HDCT";
& Sibiricose A4 325 [M+H-2HDC]"
8" Sibiricose A4 & 536 799.2331 7992297 4.3 799 [M+HCOO]; 755 [M+H]"; C34H019  Ri=R,=HDC
3,6- 547 [M—H-HDCT; 549 [M+H-HDC]';
Disinapoylsucrose 323 [M—H-2HDC] 325 [M+H—-2HDC]"
9 Arillanin A 547 7692201 7692191 1.3 769 [M+HCOOT ; 725 [M+H]"; C33H4013  R;=R,=HDC
499 [IM—H-HDCT ; 325 [M+H-HDC-MHC]"
529 [M—H-MHCT;
323 [M—H-HDC-MHC]
10" Tenuifoliside A 589 7272090 7272086 0.6 727 [M+HCOOTJ; 683 [M+H]"; C3H35017  RiI=TMC,
543 [M—H-HBJ; 545 [M+H-HB]" R,=HB
443 [M—H-TMC]
11" Tenuifoliose K 620 13113821 13113827 -04 1311 [M+HCOO]; 1267 [M+H]"; Cs7H7003;  Ri=R;=R4=H,
1 119 [M—H-HCT; 1 121 [M+H-HCT; R=Ac
1 077 [M—H-HC—C,H,0]" 1 079 [M+H-HC-C,H,0]"
12" Tenuifoliose C & 637 13413924 13413932 —0.5 1341 [M+HCOO]; 1297 [M+H]"; CssH7,033  Ri=Ac,
Tenuifoliose E 1 119 [M—H-MHCT 1 121 [M+H-MHC]’; R,=OCHj,
1 079 [M+H-MHC-C,H,0]" R;=R~=H
13" TenuifolioseTor 652 13533891 13533932 —3.0 1353 [M+HCOO]; 1309 [M+H]"; CeiHosO30 Ri=Rs=Ac,
Tenuifoliose J 1119 [M—H-HC-C,H,0T ; 1163 [M+H*HC]+; R,=Rs=H
1 101 [M—H-HC—2C,H,0] 1 121 [M+H-HC-C,H,0]";
1 103 [M+H-HC-2C,H,0]"
14" TenuifolioseB & ~ 6.59 1383.4040 13834038 0.2 1383 [M+HCOO]; 1339 [M+H]"; CeoH74034 Ry=H,
Tenuifoliose D 1337 [M—HJ; 1163 [M+H-MHC]"; R,=OCHj3,
1161 [M—H-MHCT; 1 121 [M+H-MHC-C,H,07’; R;=Rs/=Ac
1119 [M-H-MHC-C,H,0]; 1079 [M+H-MHC—2C,H,0]"
1 077 [M—H-MHC-2C,H,0] ;
973 [M—H-MHC-2C,H,0—
(HB-OH)]
15 Tenuifoliose C &  6.75 1341.3928 13413932 -02 1341 [M+HCOO]; 1297 [M+H]"; CssH7,033  Ry=H,
Tenuifoliose E 1 119 [M—H-MHCT 1 121 [M+H-MHC]’; R,=OCHj3,
1 079 [M+H-MHC—C,H,0]" Ri=Ac,
R4=Glu
16" Tenuifoliose B&  7.13 1383.4045 13834038 —0.3 1383 [M+HCOO]; 1339 [M+H]"; CeoH74034 R;=Rs=Ac,
Tenuifoliose D 1 161 [M—H-MHC] ; 1 163 [M+H-MHC]"; R,=OCH3,
973 [M—H-MHC—2C,H,0— 1079 [M+H-MHC-2C,H,0]" Rs~H
(HB-OH)]”
17" Tenuifoliose A 743 14254140 14254144 -03 1425 [M+HCOO]; 1381 [M+H]"; CsH76035  Ri=R3=Rs=Ac,
1379 [M-H]; 1 205 [M+H-HHCT"; R,=CH,OH
1203 [M—H-HHC] 1 163 [M+H-HHC-C,H,0]";
1 179 [M+H-HHC-3C,H,0]"
18" Reiniose J 7.59 13834016 1338.4038 —1.8 1383 [M+HCOO]; 1339 [M+H]"; CeoH74034 R;=Rs=Ac,
1 161 [M—H-MHC] 1 163 [M+H-MHC]'; R,=OCHj,
1297 [M+H-C,H,0]"; R&~=H
1 079 [M+H-MHC-2C,H,0]"
19  Tenuifoliose &  7.80 1353.3940 13533932 0.3 1353 [M+HCOO]; - CeiHosO30  Ri=R4=Ac,
Tenuifoliose J 1161 [M—H-HCT; R,=Rs=H,
1119 [M—H-HC-C,H,0];
1101 [M—H-HC—2C,H,0]
20  Tenuifoliose N 11.02 14554205 14554249 -3.8 1455[M+HCOO]; - Ce3H73036  Ri=Rs=Rs=Ac,
1233 [M—H-MHCT; R=0

1191 [M~H-MHC-C,H;07 ;
1 149 [M—~H-MHC-2C,H,0]
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Figure 2 The POEs and POE-metabolites in rat plasma after oral administration of KXS-60% E. a: Control, ESI ; b: KXS, ESI ; c:
Control, ESI"; d: KXS, ESI"; M: POE-metabolites. The number of peak 1-5, 8, 10—14, 16—18 in this figure was consistent with that in
Table 1, while M1—M4 was consistent with that in Table 2

Table 2 Characterization of POE-metabolites in rat plasma by UPLC-MS/MS

. I [M+H]" (m/z) ESI-MS/MS (-) ESI-MS/MS (+) Elemental
No. Identified compound ..
/min  Measured ~ Calculated ~A(ppm) (mlz) (m/z) composition
M1 Tenuifoliside B-(HDC) 429 463.1448  463.1452 —1.8 507 [M+HCOO]; 463 [M+H]"; 325 [M—HB+H]"; CisH2O13
137 [HB-H]~ 139 [HB+H]"
M2 Tenuifoliose K-(CH,0) 490 12393960 12393979 34 1237[M-HJ; 1239 [M+H]"; Cs6H7003;

1136 [M—H-CsH,0+H,0]; 1138 [M+H-CsH,0+H,0]";
1034 [M-H-2CsH,0+H,0]" 1036 [M+H-2CsH,0+H,0]"

M3 3.4,5-Trimethoxycinnamylic ~ 6.92  239.0910  239.0919 —3.8 283 [M+HCOO] ; 239 [M+H]"; 223 [M—O+H]";  C12H1405
acid 237 [M—HJ; 221 [M—O-H]" 209 [M—O-CHy+H]"

M4 3.4,5-Trimethoxycinnamylic 735  225.0741  225.0763  —4.1 223 [M—H];209 [M—O+H]"; 225 [M+H]"; C11H,05
acid-(CHy) 269 [M+HCOO] 209 [M—O+H]"

WA R R, TP LECRA 26 ANETE R 3R SEREBR I oy 2 1w R A I — RN R 2R A7,

AL, EELLASBEFNE, MR 3 MO 238 LB N BEZ,  IF BLAS[R] 08 B 3 45 o
WY T ZRIE T NS B, X 5AH TR 2 Hr 4l B (V&R E, DBOYR ). Yang U R
RAeed — e 2wl AEE R i TR AN F K FEERRW], FEERE RS W AT ge L am &b
RN 2% AF 507 B 22 R 51 R, SRR EEEYI, IF RAE 8 B A AT DR 7T 25 0T K
JoR Bl 4] 58 B 78 o S SLAE 2 P A A 156 S o AR IO B S0 B 0 35 2
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