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Abstract: Ginsenosides are the main active compounds of ginseng, American ginseng and

Panax notoginseng. They have certain pharmacological effects on the cardiovascular, immune
and central nervous systems. Most ginsenosides are naturally classified as protopanaxatriol
(PPT), protopanaxadiol (PPD), and oleanolic acid (OA) according to their aglycone skele-
tons. The nine main ginsenosides are Rb1, Rb2, Rb3, Rc, Rd, Re, Rf, Rgl and Rg2. Accurate
quantification of ginsenosides is imperative because they are the characteristic components and
quality evaluation indicators of health foods.

A new method based on solid phase extraction-ultra performance liquid chromatography-
tandem mass spectrometry ( SPE-UPLC-MS/MS) was developed for the determination of the
nine ginsenosides in health foods. First, the pretreatment conditions were optimized. With the
aim of purifying the samples and removing impurities, SPE cartridges with different packing
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materials, such as Alumina-N/XAD-2 SPE Cartridge, C18 and HLB were investigated. Based on
the purification efficiencies, recoveries and other factors, the Alumina-N/XAD-2 SPE cartridge
composite SPE column was selected as the pretreatment purification column.

The eluents were then optimized. When water was used as the eluent, the ginsenosides could
remain adsorbed on the SPE column, and could not be eluted down with other water-soluble
substances. By increasing the proportion of ethanol in the eluent, the ginsenoside adsorbed on
the filler of the SPE column could be gradually eluted. When the proportion of ethanol in the
eluent reached 70%, the ginsenosides could be completely eluted. The effects of different vol-
umes of 70% ethanol elution solvent (5-30 mL) on the extraction efficiencies of ginsenosides
were also investigated. The results showed that when the volume of the elution solvent reached
20 mL, the ginsenosides were completely eluted.

Then, the chromatographic conditions and MS parameters were optimized. By examining the
ionization cracking of ginsenosides, the quasi-molecular ions and corresponding fragment ions
in ginsenoside primary MS were determined. After optimizing the chromatographic conditions
and MS parameters, not only the sensitivity of the method was improved, but also the isomers
Rb2, Rb3 and Rc with the same quasi-molecular ions and the corresponding fragment ions were
completely separated. Good separation was achieved for the nine ginsenosides, thus meeting
the requirements for accurate quantification.

Finally, chromatographic separation was achieved on a Hypersil Gold C18 column ( 100 mmxX
2.1 mm, 1.9 pm) under linear gradient elution using a 5 mmol/L ammonium acetate solution
(with 0. 1% formic acid) and acetonitrile as the mobile phases. The nine ginsenosides were
detected using a triple quadrupole MS detector under ESI” and multiple reaction monitoring
(MRM) modes, and quantified by the external standard method.

The nine ginsenosides showed a strong positive linear correlation (7°>0.9950) in the range
of 0. 005-0.5 wg/mL. The sample recoveries and the corresponding relative standard deviations
(RSDs) were 81. 1%—-114.2% and 0.4%-8.0% (n=6), respectively. Eleven batches of health
foods on the market, among which six batches contained ginseng, American ginseng or Panax
notoginseng ingredients, were analyzed by the developed method, and the ginsenosides were
detected. The total ginsenosides contents were close to those mentioned on the label. However,
the nine ginsenosides were detected in one batch of health food, whose label did not indicated
ginseng, American ginseng or Panax notoginseng. The nine ginsenosides were not detected in
the remaining batches of health foods.

The health food extract was directly loaded and purified without any complex pretreatment.
The UPLC-MS/MS method, not only helped shorten the analysis time, but also accurate quanti-
fication of low ginsenoside contents in complex matrix samples. The developed method is sim-
ple and rapid, with high throughput, thus being suitable for the quantitative analysis of the nine
ginsenosides in health foods.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; solid phase extraction (SPE) ; ginsenosides; health foods
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Type Ginsenoside R, R, R; Molecular formula M,
Protopanaxadiol (PPD) Rbl Glc?-Gle H Glc®-Gle Cs4Hg, Oy3 1109.31
Rb2 Glc?-Gle H Glc®-Arap Cs3HgyOny 1079.27
Rb3 Glc?-Gle H Glc®-Xyl Cs3Hgy Oy 1079.27
Re Glc?-Gle H Glc®-Araf Cs3Hgy Oy 1079.27
Rd Glc?-Gle H Glc CyHg, Oy 947.12
Protopanaxatriol ( PPT) Re H 0-Glc?-Rha Glc C,Hg, O 947.14
Rf H 0-Gle?-Gle H C,H,0,, 801.01
Rgl H 0-Glc Gle C,H,0, 801.01
Rg2 H 0O-Glc?-Rha H CpH,0p 785.05

Arap: a-L-arabinopyranosyl; Araf. a-L-arabinofuranosyl; Glc: B-D-glucose; Xyl. B-D-xylopyranosyl; Rha: a-L-rhamnopyranosyl.
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Fig. 1 Chemical structures of the nine ginsenosides

1 SEIRERSH

1.1 L& GKF S

TSQ Quantum Access MAX = & PO AT i 1%
1 UltiMate 3000 j# i ZOBAH (4354 (35 [E Thermo
Scientific ZA ] ) ; Sartorius BSA224S-CW H,+ K
(15E Sartorius 7wl ) ; 5424R ¥ Uk & LML (1 [H
Eppendorf /A7) ; MIX-1 Rz W iEiR &% ( LG
SR AR A BRA ) 5 KQ-250E 8 75 S K I o

(B A 3R BR A ) ;. Milli-Q Advantage
A10 #B2li/K #4¢ (3£ Millipore 24 H]) .

RS (g4l , i Macklin A ) ; HEE 2
i R ({435 45, % [F Merck 2\ 7)) ; Alumina-N/
XAD-2 SPE #: (1 g/4 g, 10 mL) Fl A Z 21 Rb2
(fit5 Z99800205) .Rb3 (#t*5 Y8650010) .Re(#t=
U9330025) , Rd (it 5 R7880050 ). Rf ( #it 5
T7810020) .Rg2 (5 47560010) W4 T~ | iff 42 1% ¢
SR 0 A BR2A A X B NS 2K Re (b5



555 M

R 2R, 45 - 6] A 208 I s S8R €0 15 - RO i A I (R £ v 9 R A S - 529 -

110754-201827) . Rgl (#t 5 110703-201731) . Rbl
(#t5 110704-201827 ) W4 T~ [ £ il 24 il K 5T
B, 11 SRy i,
1.2 #RAEB BRI H

ST MHERA PR HARYIARIE S 0. 01 g, %
VAR I FCHI AL 1 mg/mL ARIERE &, T-18 CTHR
FE o A0 R B — o kb i AV, P R P R, iR
BT, O R 1.0 wg/mL YIRS ARt
W, T-18 CTIRAF, BHUGE IR SRR, T
7K (30:70, v/v) BCiil AL 0. 005~0. 5 wg/mL 1 &
SR G R e AR, BT,
1.3 HABrtiE
1.3.1 #H

A A - B 791 sl 8 P 2 0 IR R, R B
0.5 gk, BT 50 mL ¥R .LE T, ALY 15
mL 2k K e IR HE VR 2T, B 4 H (T3 300 W,
B 40 kHz )30 min, A 5 000 r/min #.0> 5 min, [
THWEERS 2 50 mL S, 787 ) 30 mL gfifb/K 5
2 REHHR I, SR BRIt A S, Haifbk g R 2
ZIEE RS Rk

TR AR 2 g 13UFE, BT 50 mL Bk
B INAZ) 40 mL gifboK , PR FEIR AT, 7 2
WL T3 300 W, J5i % 40 kHz) 30 min, F4lifk 7K &
22 50 mL,IR5), fRgb
132 %1k

431 20 mL 70% K 20 mL 7K X [
FHAE ORI T35 AL, B 2. 0 mL AR SRR BGA W ERE 23
S 20 mL KA TIREE, F 20 mL 70% K it
FTURIBE  MSCEE TR MR 5 PRV HY - 7K (30270, v/v)
FEAZE 25.0 mL, {245 0.22 wm JR & 7k ki
U, EHURIN A NS A v R R AR
R, FHH BE-7K (30270, v/v) 3 245 Rk
14 SHEH
141 it & %

3% 4F . Hypersil Gold C18 {4,343 (100 mm x
2.1 mm, 1.9 pm) #; FEE .40 C; M. A R 5
mmol/L ZFREER (5 0. 1% HiR), B HOHE ;i
0.4 mL/min, #EEPEDHIAAF:0~4.0 min, 81%
A; 4.0~6.0 min, 81% A~79% A; 6.0~8.0 min,
79% A ~72% A; 8.0~ 15.0 min, 72% A ~ 69% A;
15.0~20.0 min, 69% A ~54% A; 20.0~20.5 min,
54% A ~ 10% A; 20.5~22.0 min, 10% A; 22.0 ~
22.5 min, 10%A~81A%, it .5 pL,

142 Jif &1

B HME S L B R 1A B B (EST ) s A
7= Z RN W ( MRM) B2 B 1L 4 B N4
TR 350 C 5 WIS LR .3 000 V28 & R FE . 400
T},E]ﬁ?ﬁ%ﬁiﬁﬁ 0.2 Pa; BRI . 3.6
mL/min; #7210, 5 mL/min, 9 2087 4 1)
B 7% (Q1/Q3 ion pairs) filf 18 AE it F1E 1% B2
#MEHL s (tube lens) W3 1,

x1 IS MHIRIESE
Table 1 MS/MS parameters of the nine analytes

Collision Tube

o Com- tg/ Q1/Q3 ion pairs energy/ lens/
pound min (m/z)
eV \%
1 Rgl 8.01 799.5/637.5", 799.5/475.5 26, 33 150
2 Re 8.19 945.5/637.4" , 945.5/475.5 51,36 180
3 Rf 11.82  799.5/475.4* , 799.5/637.4 36, 30 150
4 Rg2 13.86 783.5/475.4" , 783.5/637.4 36, 26 150
5 Rbl 15.13 1153.6/1107.7* , 1153.6/221.1 28, 56 180
6 Rc 16.32 1077.6/783.5" , 1077.6/945.5 41, 40 180
7 Rb2 17.42 1077.6/783.5" , 1077.6/945.5 46, 38 175
8 Rb3 17.69 1077.6/783.5" , 1077.6/945.5 42,41 180
9 Rd 18.63  945.5/783.5" , 945.5/621.4 36, 40 164

* Quantitative ion pair.
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Fig. 2 TIC chromatograms of the nine ginsenosides
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Table 2 MEs and recoveries of the nine ginsenosides using different SPE columns

MEs/% Recoveries/%
Compound X -
C18 HLB Alumina-N/XAD-2 C138 HLB Alumina-N/XAD-2
Rgl 55.2 68.1 91.5 65.6 88.2 101.4
Re 48.6 72.2 93.3 68.9 79.3 107.6
Rf 51.5 70.3 89.6 75.5 95.6 96.7
Rg2 62.3 89.1 94.4 69.4 117.9 93.5
Rb1 46.5 82.6 95.3 72.5 124.8 89.7
Re 54.2 74.1 89.9 70.4 94.2 90.6
Rb2 55.3 63.3 90.1 78.6 90.4 98.4
Rb3 63.9 79.4 91.7 59.4 80.1 103.4
Rd 57.6 66.5 92.3 69.1 78.5 94.5
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Fig. 3 Influences of the different volumes of elution solvents on the recoveries of the nine ginsenosides
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Table 3 Linear equations, correlation coefficients (r?), spiked recoveries and RSDs of the nine ginsenosides (n=6)

. . 10 mg/kg 60 mg/kg 120 mg/kg
Compound Linear equation 72
Recovery/% RSD/% Recovery/% RSD/% Recovery/%  RSD/%
Rgl Y=6.68x10°X+4.49x10° 0.9994 97.1 1.0 102.5 3.5 111.8 1.5
Re Y=1.66x10"X+2.17x10° 0.9970 108.6 8.0 97.2 1.2 110.3 0.8
Rf Y=5.14x10°X+6.44x10° 0.9963 114.2 1.8 97.5 2.3 106.2 0.8
Rg2 Y=4.21x10°X+3.09x10° 0.9991 109.8 4.7 91.6 0.9 97.2 1.8
Rbl Y=1.39x10°X+1.82x10° 0.9969 81.4 5.7 85.1 33 89.1 4.4
Rc Y=2.16x10°X+1.61x10° 0.9989 104.5 3.6 92.5 0.4 96.6 1.8
Rb2 Y=1.98x10°X+1.90x10° 0.9983 106.7 3.0 93.7 3.6 100.7 0.6
RDb3 Y=1.94x10°X+1.93x10° 0.9984 102.7 4.8 95.7 3.0 101.8 0.5
Rd Y=1.87x10°X+2.51x10° 0.9965 108.3 1.9 92.3 3.7 103.5 2.3

Y. peak area; X: mass concentration, wg/mL.
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Table 4 Detected results of the nine ginsenosides in health food samples

%

Sample Rgl Re Rf Rg2 Rbl Rc Rb2 Rb3 Rd Total
1 0.0874 0.202 ND 0.0358 0.0162 0.0529 0.129 0.275 0.197 1.00
2 0.0700 0.214 <0.0010 0.00144 0.175 0.0460 0.00977 0.0112 0.104 0.63
3 0.229 0.0184 <0.0010 0.00341 0.0671 <0.0010 ND <0.0010 0.0424 0.56
4 0.417 0.0549 <0.0010 0.0178 0.149 <0.0010 <0.0010 <0.0010 0.0985 0.74
5 0.0746 0.245 ND 0.0336 0.233 0.0914 0.0206 0.0280 0.126 0.85
6 0.201 0.510 ND 0.0640 0.0469 0.0950 0.284 0.770 0.709 2.68
7 ND ND ND ND ND ND ND ND ND ND
8 0.140 0.153 0.00114 0.00915 0.00910 0.0370 0.0376 0.0242 0.0438 0.46
9 ND ND ND ND ND ND ND ND ND ND
10 ND ND ND ND ND ND ND ND ND ND
11 ND ND ND ND ND ND ND ND ND ND
ND: not detected.
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