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[ Abstract | In this study, ultra performance liquid chromatography tandem three four quadrupole time-of-
flight mass spectrometry ( UPLC-Triple-TOF-MS) was used to discriminate three isomers ( congmunosides VI, VI
and B) in Aralia elata. Through the analysis of MS® spectra of [M + Na]* (CE =90 eV) on congmunosides VI
and VI (1 and 2), both produced the same fragmentation ion peaks at m/z981.498 2 [Y, +Na] ", 819.439 1
[Y,, —Gle+Na]", 527.161 4 [C,, + Na]", 509.150 4 [B,, + Na] "and 365.105 7 [C,; - Glc + Na] ",

+

while the MS? spectrum of congmunoside B (3) of [M + Na]* (CE =90 eV) produced two different characteristic
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fragmentation ion peaks of m/z 671. 198 2 and 689.208 7, corresponding to the [ B,, + Na] "and [C,; + Na]".
Thus, the structure of congmunoside B (3) could be effectively distinguished with other two isomers of saponins
(1 and 2) via [B4B +Na] "and [Cw +Na] “ions. Through the further analysis MS® spectrum of [ M + NH, ] “and
[M+H]" (CE =40 eV) for congmunosides VI and VI (1 and 2) yielded same ions at m/z 455.350 7 and
437.341 2, belonging to the [A —=H,0 + H] "and [ A —2H,0 + H] *. The aglycone of congmunoside V[ (1) was
echinocystic acid with the ion intensity ratio of [A + H -2H,0]" (m/z 437.34) to [A+H -H,0]" (m/z
455.35) ascribed to < 1. The aglycone of congmunoside VI (2) was hederagenin with the ion intensity ratio of
[A+H-2H,0]" (m/2437.34) to [A +H - H,0]" (m/z 455.35) ascribed to > 1. Based on the above
fragmentations of [M + NH, ] “and [ M + H] ¥ ions, congmunosides VI and VI (1 and 2) could be further
distinguished. The study results demonstrated that three isomers from A. elata could be distinguished rapidly,

easily and accurately by electrospray ionization tandem mass spectrometry.
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Fig.3 Mass spectra of peak 1 and summarization of fragmentation approaches of [M +Na] *
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Fig.4 Mass spectra of peak 2 and summarization of fragmentation approaches of [M +Na] *

F1 J+,[YOQ—GIC+N8]+,[CM;+Na:|+,
[B, +Na] " ,[Cy +Na] "HI[C; - Gle +Nal™ f
TACE Y 3 2 bl B, L C28 L2 1 AN
MR IE, LA 3 7=k = Sk R E A ke,
GyULIE SC, (1) [ M +Na] "5k & C-3 HiHE S i
1A% 3L (162 Da) ,7F m/z 981. 497 4 Jbr=
ALY, +Nal " (B 0%, HILAE MS/MS i &
R NBEE F[M + Na] "5RER 25% ,[Y,, +
Na] “ 87 al gk — A2 25 C-3 BHEE b 1 0 7 H 4
WL (162 Da) , 7F m/z 819.442 7 kb= [ Y,, -
Gle + Na] "B F I (2) S RMEAR () ML, |
JCAE m/z 981.497 4 kby=H: TAHE W[ Y,, + Na] "1
B, ot — 2k K AF oMK B F (454 Da) |, #E
m/z527.156 0 fbj= [ C,, + Na] " (857U, [ Cy, +
Na| " FRifi—2 0 & 1 4y 7 45 % b5 5 (162 Da) , 7
m/z 365. 106 24k A2 [ C,, - Gle + Na] " B T (3)
HRER ()M 2) B AR, [M+Na] " BEFH
e 27 e K B F (454 Da) , 7E m/z 689.209 4
- 46 -

Y, + Na

O

A7 AE TR [ Cy + Na] " (B 7 U5, Hon] 08 R
C-3 WEREMSEHE 4 DR, [Cyy + Na] "B 7o —
R J5 1 4y A v A 4G B L (162 Da) |, 1€ m/z
527.156 0 kb= [ Cyy + Nal " BU B T U6, [ Cyp +
Na| " FRiff— 200 & 1 4y 45 %5 5 35 (162 Da) , 1
m/z 365.106 2 ALI*FEE[C%, —Gle + Na] " BB 104
A, [Cpy + Na] " AR L 1 43 F H,0(18 Da), 1
m/z 671.198 2 4b "= [ B,, + Na] * (85 T, £ I
Frik WM + Na] " BEE 7, AT LUHGNAS ) 3 64
TEPE 0 24 38 4%, m/z 1 143.556 9 ~ 981.497 4 ~
819.442 7(Am =162 #1162 Da) ,m/z 1 143.556 9 ~
981.497 4 ~527.156 0 ~365.106 2 (Am = 162,454
M1 162 Da) Fl m/z 1 143.556 9 ~ 981.497 4 ~
689.209 4 ~527.156 0 ~365. 106 2 (Am = 162,454,
162 1 162 Da) , H ¥4 2 i ik 42 WLIE 5C.,

MR EAH R =521 A1 ~3 &R
SRR, AR 57 CuHg 0,0 3418
HH TR oy S O e B 48, B B HEAE C-3 R/ ER
C-28 fii , Hol Ak 540 1 2 XOHESE AT, oo A gl R



224 B 18 1)
2018 49 H

[l S5 56 77 7

Chinese Journal of Experimental Traditional Medical Formulae

2t Vol. 24 ,No. 18
Sep. ,2018

FCC-3 ek 3 R R B, C-28 (i die | MBS 7
Be(Gle);fba ¥ 2 54669 1 A H, IR 2 XSURE 5% 2
T, BA MR B C-3 F1 C-28 45, (B 15 T 5

aY 3 Seat 2 M, HA AR R B9 B kT,
DAAE T RESEA TR, (51 3 O 1 A Hul gk e, C-3
(L 4 AW C-28 R 1 MBS R

[M+Na]*
A B 1143.556 9
[A-2H,O+H]* [C4p +Na]* [Yoa +NaJ*
[A-H,O+H]" [C3p +Na][Byz +Na]* l [Yoa -c|c+Na]+l
[C3p -Gle+Na]* \ l
Jn|1.| i ||- A.lglxw\ ;\\ ' . - ; ’*. 'xl ; lJ. If — I. 4
200 400 600 800 1000 200 300 400 500 600 700 800 900 1000 1100
mlz
C
H
© 0 HO OH HO
H HO /—O HO/—0 0 HO OH
HO o o (o) H NHO /O HO{:}\
OH
H OH © CH,0H HOY—{ o] o o
o) OH OH
Hol /' miz 1143556 9
OH m/z 981.497 4
HO _rNa
w O HoO e Og
S HO
g O HO OH HO & o) OH
0 Hofo OH o
H NS 10 OH OH O ol
HOY— O o\ / -~ o]
OH OH O H
¢} HO .
Ho H m/z 689.209 4
ml/z 671.198 2 o l
HO OH
HO OH o) OH
HO
0 HOf~0 OH on O
H /~o OH -Gle o
Ho -
OH OH H
HO
OH

m/z 365.106 2 m/z 527.156 0

A. CE=40;B.CE=90;C. [M +Na] * 2kt
BS WEWM2HMEBEFRIER[M+Na] " BFHRBEE

m/z 819.442 7

Fig.5 Mass spectra of peak 2 and summarization of fragmentation approaches of [M +Na] *

TEIE R TRGUT G 1 ~3 B Qg 7e
m/z 981.498 2 (100% ), 819.439 1 (12% ),
527.161 4(30% ) #1365.106 5(16% ) Abr=H4: T — &
GIVRAEPE R A B g, K 1 )E T LY, +
Na]*,[Y,, — Gle +Na]+,[C3B +Na]+$ﬂ[C3B -
Gle +Na] " WE 4, {H/LE5Y) 3 7F m/z 671.198 2 fl
689.209 4 fbj™ Az T AN IRl BB R B 0 H A i IH &
FIBy, +Nal FI[C,+Nal® o [Hll, [ By, +Nal®
MLCpy + Na] " AIENILE Y 3 X o0 HoAl 2 4> 544
AR 2B 7. W3, e & 1 f2 i
[M+NH, ] "8([M+H]" % Zg& KN (CE =40),

1 m/z 455.352 5 F1 437.341 5 fby=A: T [\ f 4
JUE R B A, e )8 s L H G - H,0 + H] T
MIHIC -2H,0 + H] "o SR, AT LU i 70 ik
FERE TR TR I EX 59 1 /2, k&
Yo 1B ST R A0 B R, A X B 1R LM <
LA &4 2 5917 JT 28 B R o 75 ik, HOAH X 5 7 ik
FERAE > 1, 305 DA i SR — 80 . i
1 ~3 =[] o3 5 4 R B — 905385 o0 il 5 5 4
MEARYI &, 7 A2 B A B2 W e 1, " LI e & W)
1-~3,
- 47 -



224 B 18 1
2018 49 H

[l S5 58 77 7

Chinese Journal of Experimental Traditional Medical Formulae

-
FEE

Vol. 24 ,No. 18
Sep. ,2018

4 Hit54iR

AMF 5% DL UPLC-Triple-TOF-MS {1 Sk #fF 58 )7 12,
XF 3 AL AR AR =i B AR BEAT T 454 X S ot
o WA 1 ~3 [ M+ Nal " [F 5
T AL S 3 M I KA m/z 671.198 2 [B,, +
Na] " Fi1689.208 7[ C,, + Na] " 4bj= /4 2 AN 54L 48
1R1 2 W] AN [m) 09 R AE B R 25 0%, JE i [ B, +
Na] "HI[ C,, + Na] " 4b K12 Wi B ¥ e % A %X 43 1k
a3 546G 1 M2 k&1 2w
[M+NH, ] 8 [M + H]" B = 9% % 7% m/z
437.341 2[ 16 -2H,0 + H] * 1 455.350 7[ #£JC -
H,0 + H] " &b 7= A= 2 AN HRf AR 09 1 o0 i K B R 85+
. kAW 1M H T - 2H,0 + H]" R [
JC-H,0 +H] "X &g B LUl <1, Mk &4 2
([ FFoC -2H,0 + H] " Al [ #F7C - H,0 + H] " A X}
B SR A > 1o R HL 8 55 — 5 3% ok T DA PR
TR E AR L X A3 3 AR B R R, (LAY
1~3 (914 8 B 18] 43 5 6.85,7.98,21. 46 min,
b G 3 iR B S0 A 1R 2 4R BR B )
Z MR R, X 5 SCk R — B X — B4 T fig
PR AL G 1R 2 2O E R, AL A 3
SRR R, BALE Y 3 HA R B 0 R DA HE
U RSORE B =¥ 421 (1 0 2) By A% 1 S R T AH B C-3
BB RE W R AT (3) .

[S&Z 30k
AR IR VP ZE 2R A AT AR MR o R 4 S
st st e [T ], R 25 % 4, 2017, 45 (4) .
111-114.

[1]

[2] SkFH,INEIR, 8 W 1T AR MR 5 1 30 i s
VERIBRSE ke [ J]. v [ 5238 05 ) 4% 4% i, 2015, 21
(11):232-234.

(3] Fhe:de, 200, AR, %, o F AR AL i 4 5 24 5

.48 -

[5]

[6]

[10]

[11]

[12]

[13]

YERIR RS R [T ]. b 25357 25 5 1 K 25 #2, 2003 , 14
(2):139-141.

B INVEA, ERLL, S AR M A A 2R e
LARMAM AR E M ELT]. b ELRTy
220 d:,2017,23(11) :59-62.

XA, BAEEE, S I,  Je R B R R
SE B HAT S BUR TG PE VR A [ ] 520 R R0 A= W B R,
2017,39(2) :130-134.

ARBUR, AR, VP R, AL I AR MR T AR Y
HPLC Kot ptg AE G e R A (1], B Se 9 07
) 2f A ,2017,23(21) . 13-17.
RV ARG 4, BAR. 3 AR AR AR 2 3 I 1l 1
M5 T 25 iR 515 & ,2005,7(5) :7-9.
JVHR A, P ESE , H UM, S LD ARARAR M SR X H,,
i J/NBRL p33 M PCNA R RIKHEm [J]. hEEZy
24§ ,2010,38(1) :18-20.

L8R RV XUFETE , S v ROOR €035 - A TR 5 i vk
[ Hsf 0 G 3 2R MRS [R) B 2 o 5 i B 4 26 0 Y
B[J]. (% ,2014,32(7) :762-766.

R, H UM I AR AR AR 2 0 23 R 2 B AR T Y
FERELT]. hIE v BE 25 R ,2015,22(3) :353-355.
Domon B, Costello C E. A systematic nomenclature for
carbohydrate fragmentations in FAB-MS/MS spectra of
glycoconjugates| J]. Glycoconj J,1988,5(4) :397-409.
XIA'Y G, LIANG J, LI G Y, et al. Energy-resolved
technique for discovery and identification of malonyl-
triterpene  saponins in  Caulophyllum robustum by
UHPLC-electrospray fourier transform mass spectrometry
[J].J Mass Spectrome ,2016,51(10) :947-958.

XIA 'Y G, LI G Y, LIANG ], et al. A strategy for
characterization of triterpene saponins in Caulophyllum
robustum hairy roots by liquid chromatography with
electrospray ionization quadrupole time-of-flight mass
spectrometry [ J]. J Pharm Biomed Anal, 2014, 100
(21):109-122.

[=REHE BWSET]



