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Rapid simultaneous determination of nine triterpene saponins constituents of
Caulophyllum robustum by UPLC-FT/MS
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Key Laboratory of Chinese Materia Medica, Ministry of Education, Heilongjiang Key Laboratory of Traditional Chinese Medicine
and Natural Medicine Pharmacodynamic Material Bases, Heilongjiang University of Chinese Medicine, Harbin 150040, China

Abstract: Objective To establish a rapid simultaneously determination of nine triterpene saponins of Cauorlhyllum robustum by
UPLC-FT/MS. Methods UPLC-MS/MS assay in positive ion mode was performed on a ACE Excel 3 C;g (100 mm x 2.1 mm, 3.0 pm) with
the mobile phase consisting of 0.1% formic acid aqueous (A) and 0.1% formic acid acetonitrile (B) in gradient elution at a flow rate of 0.40
mL/min and the column temperature was set at 35 ‘C. Results Satisfactory linearity was achieved with wide linear range and fine linear
relationship (> 0.996 3), the recoveries were ranged from 98.49% to 107.03% with the RSD ranging from 1.00% to 3.33%. Conclusion Itis
the first report about simultaneous analysis of nine triterpene saponins of Cauorlhyllum robustum by UPLC-FT/MS method, which affords
highly sensitive, resolution, simple, accurate, and speedy efficient method for quality control of Cauorlhyllum robustum.
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Thermo 8 =1 A0 A7 (32 [ Thermo Fisher /A ] );
Thermo Scientific Exactive Jiiti{¢ (3%[E Thermo
Fisher /A %] ); Millipore Milli-Q #fi/K 2% (3¢
Millipore /A 7] ); Mettler Toledo Ji 432 —HL T K-
(K [E Mettler Toledo Al ); K MjEzli/K (SEH
Millipore A H]), it A 2l (3215 Thermo Fisher
AT, FERA A4l OB BRAGZZGR A 7D
X BECS E™A2 F H (1), leonticin D (2
3-0-B-D-glucopyranosyl-(1—3)-0-L-arabinopyranosyl-
hederagenin-28-0-a-L-rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—6)-B-D-glucopyranosyl ester (3).
AR G (4). 3-O-B-D-glucopyranosyl-(1—2)-
a-L-arabinopyranosyl-echinocysticacid-28-O-a-L-rha
mnopyranosyl-(1—4)-p-D-glucopyranosyl-(1—6)-p-
D-glucopyranosyl ester (5). E™ 121 D (6)+
PP B (7). echinocystic acid-3-O-B-D-Glucopy-
ranosyl-(1—2)-a-L-arabinopyranoside (8) Flj& ™l
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robustum Maxim. .
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%4 ACE Excel 3 Cis (100 mm X 2.1 mm,
3.0 um); {RF'#: ACE Excel 3Cg (12.5 mmX4.6
mm, 3.0 um); A 35 C; FEMEEE 4 C; K
B 0.40 mL/min; BEFF R 2.0 uL; JShAHG 0.1%
HIRK (A) -4 M (B) #H, BREEVERE, 0~6 min,
25%~31% B, 0.40 mL/min; 6.0~6.1 min, 31% B,
0.4~0.3 mL/min; 6.1~8.1 min, 31% B, 0.3 mL/min;
8.1~8.2 min, 31%~35%B, 0.3~0.4 mL/min; 8.2~

15.0 min, 35%~62% B, 0.40 mL/min; 15.0~15.1 min,
62~25%B, 0.40 mL/min; 15.1~18.0 min, 25% B,
0.40 mL/min.
22 FRIGEH

Thermo Scientific Exactive (FT-MS) Jiii%{¥;
ESI s 46 Y5 E 3.0 kKV; JE I 100.0 pA;
BYNEULE 275 °Cs YA 250 C; SRS
LR 5.0 mL/min; A AEBRE 10.0
ml./min.,
23 BREIHE
230 XGRS RO RS 1~9
T, IR RO B 1~9 IR 4 )
13,5, 19.0. 4.9, 50.0. 17.5. 22.5. 6.5, 6.0, 10.0
wg/mL R0 R S A 29, T 4 CUKARTIRAE
232 SRS TR R R
AR (0.515 g, 40 HIf) FRoE . £ FH 20
mL (4% F RO 48 h, I H (03 B s kb A2 Uk
KIGFURE, JERE, EMGE 0.22 um FLIERE, 1E4
WA R BT RE S PR &S B 2R A
WyiEZE e, MOKE AT UE IR A B 43 ) FH e il F
Fike 4 50, 500, 5 000 1575 BIFE S, 4T
UPLC-MS 43#7, CAPRIERTE AR 2 H 2540 &4
FERFE St A P UG T R Ah T B o o 2 P 2R MY L A o
24 FEFER
240 ZEMEOCRFEE ORFEWREL “2.3.17 TR0 R
it # W, KRG 1~9 2355 RE R 0.007 8~13.500 0+
0.018 5~19.000 0. 0.004 9~4.900 0. 0.058 8~
50.000 0. 0.056 0~17.500 0. 0.018 3~22.500 0.
0.025 0~6.500 0. 0.004 0~6.000 0. 0.0060~10.000 0
pg/mL AN [] JUE A B PR RO R, 4R 2.1 T
R SATF AT S, RN 2 pLs

T Thermo Scientific Exactive A BA =7
M ORI B AT A G S, FTDARRG, 1~9
FEDE TR LA m/z 2508 20 20 BIRHEL 1 251.59~1
251.61. 1089.53~1089.55. 1235.59~1235.61. 1
235.59~1235.61. 1235.59~1235.61. 1073.54~1
073.56. 619.37~619.39. 765.43~765.45 F1765.43~
765.45 (B 1) fEIEE FH L m/z Z4H 20 43 5
FRH 1 253.60~1 253.62. 1 091.55~1 091.57. 1
237.61~1237.63. 1237.61~1237.63. 1254.63~1
254.65.1075.55~1075.57. 621.39~621.41. 784.47~
784.49 F1767.44~767.46 (K 2). {HAERIZIE
W) 4 F SRR TR MRS, (AEIEET
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Fig. 1 Representative narrow widow extracted ion chromatograms (nwXICs) (20 ) of each reference (1—9) in negative mode
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Fig.2 Representative nwXICs (20) of each reference (1—9) in positive mode
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Table 1 Calibration curves, linear ranges, LOQ, LOD, and Appm of different saponins by UPLC-FT-MS method in positive mode

ity Gt R SMEREemL™) B

FERIEE m/z LOQ/(ng:mL ") LOD/(ngmL ") BHATRY /M7t MISERING TR AN A 7 i i 22

1 Y=329X+0467 0998 0.078~2340 [M+H]
Y=73.62X+0.8680.997 0.185~5.550 [M+H]"
7=9649X+8.2220997 0.050~1.500 [M+H]" 1237.61~1237.63
Y=49.7X+4834 0998 0.580~1740 [M+H]" 1237.61~1237.63
Y=5043X+18860996 0.057~1.710 [M+NH,]' 1254.63~1254.65
7=98.17X—03710998  0.184~5520 [M+H]" 1075.55~1075.57
7=2281X-031 0999 0250~6.500 [M+H]"  621.39~62141
=523.1X+277 0999  0.040~1200 [M+NH,]" 784.47~784.49
Y=2946X+167 0998 0.060~1.800 [M+H]"  76744~767.46

1237.61~1237.63
1091.55~1091.57

o e a SN it e W N

7.80 2.60 1253.616 6 1253.616 8 —0.159 6
18.50 6.17 1091.563 8 1091.563 6 0.1833
4.98 1.66 1237.6217 12376211 0.4850
58.80 19.60 1237.6217 1237.6211 0.4850
5.68 1.89 1254.648 3 1254.6475 0.638 0
18.35 6.12 1075.568 9 1075.569 5 —0.558 1
25.00 833 621.4003 621399 8 0.8052
4.02 1.34 7844847 784.484 7 0.000 0
6.00 2.00 7674582 767.458 3 —0.130 4

244 FOETERALR  BEOSHHPE ('S 20120901
BRI, % €217 & “2.27 T M ERE A,
b 4 hoE 1k, SRR, R IE - hritE i
LA TR 255 9 Fhsisr () RSD 34/ T 2.02%.
SRR, P SEATE 48 h WA ENE R LT
245 DIFEEISCRIRES RS FRE I E 2
FHE&, A IAR L& 1~9, $& “23.27
TR J7 A A v, F R 2.1 T g,
PR 1 & EH R EAEY) 1~9 [FIfcER S
A 99.54%. 101.32%- 98.49%. 107.03%- 105.70%-
99.79%- 104.95%. 102.28%F/1 101.05%, RSD 45
2.00%- 1.00%- 3.22% 2.12%- 2.04% 2.15% 2.93%-
3.33%4#11 2.09%.
2.5 MmO

FESLIN I e TV, N T 3 kg
FHES R (B 3D, SRy i o 8O0 2. AR il

20120901 J4fl, sEE 4 REN] GER FHED, 9
AN BAF RS 1) B 323,14 mg/g, HoA ™2
15 G M ik 241,71 mg/g, 5 REHF R
74.80%. At 8 AR b v B A
AR B (29.06 mg/g). B ALEF C (27.59
mg/g)~ B2 D(11.92 mg/g)- leonticin D(8.11
mg/g). 3-O-B-D-glucopyranosyl-(1—3)-a-L-arabino-
pyranosyl-hederagenin-28-0-a-L-rhamnopyranosyl-
(1—-4)-B-D-glucopyranosyl-(1—6)-B-D-glucopyran
osyl ester(2.21 ug/mg). echinocystic acid-3-O-p-D-
glucopy-ranosyl-(1—2)-a-L-arabinopyranoside (2.10
BT AR OH (025 mg/g )
3-0-B-D-glucopyranosyl-(1—2)-a-L-arabinopyran-osyl-

mg/g )

echinocysticacid-28-0-a-L-thamnopyranosyl-(1—4)-
B-D-glucopyranosyl-(1—6)-p-D-glucopyra-nosyl ester
(0.19 mg/g).
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Fig. 3 Representative nwXICs (20) of compounds 1—9 of C. robustum hairy roots samples in positive mode
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Table 2 Contents of 9 saponins in samples by FT-MS in positive mode
AW (mgg”
e (mee ) ‘
1 2 3 4 5 6 7 8 9 MR
20120901 0.25 8.11 2.21 241.71 0.19 11.92 29.06 2.10 27.59 323.14
20120902 0.26 7.84 1.65 245.31 0.19 12.08 29.74 2.05 28.42 327.54
20120903 0.27 6.82 1.35 239.34 0.20 11.56 29.69 2.03 29.98 321.23
3 itig e
R AN B A A K. AR (1] VIIRBRBEERE. hZi AR (M) R R ARHAR
B RN, — BRSSO B AL (203 nm) ﬁﬂg- L RS 5
e ! i sae s A s[5 . 2] ZEETE. K4S W 8B B B A 2 R 4 BT 5
S SO MR, sk PR S SR BT BRI
0 AT, 7% 5 52 B S AH 2 I IS
‘&‘i& (203 nm) lﬁgﬁ{)i BDTIMRAMGTERE (3 i o, vk, 5. S0l 1
BT, MERSORRL W, (IR 50 1L, SEE, 2015, 46(10): 1431-1436,
HCH B A ST R AT E ST, BLSD 15 ) gty Ko bph st 98 msd KL A R st v o

B FE VR e SR bR e (3R LR, (HZ s V240000 R A
R, ML

A2 SR H UPLC-FT/MS %) 24 3 =i
BT E BT 9. Thermo Scientific Exactive
(FT/MS) Jiii BAT i RS, 6—0.807 8X10°~
0.809 7X 10°° Py, fZ=34/NT 2X 10°°, 1y FLSZl 4
TR > T R ZE L), IR5E 4R, AR
P PSS B, AEE PR o A I T
9 A SRR, %R TR VA AN
TARE TR = AR

(8]

[D]. Ma/REE: BRIV BE 25K, 2006.

BA#, KB, ¥ 3R RP-HPLC #:05E = B R Bt
o3 R (7). P2y, 2006, 37(2): 218-219.
MREE, f W, SRR, SR SO O s
B S FEAFS R ] EZSR, 2010, 29(11):
1485-1486.
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