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Abstract Ginsenosides are an important kind of active ingredients in Panax genus and can be classified into four
main types: the protopanaxadiols (PPD) protopanaxatriols (PPT) oleanolic acids (OA) and ocotillol type
(OT). Recently more than 620 kinds of these compounds have been isolated. Their chemical structures are
similar but have quite different medicinal functions. It is of vital importance to develop simple and facile sample
pretreatment methods and detection techniques to detect the content of ginsenosides in complex matrix. This
review includes many kinds of sample pretreatment methods (such as liquid phase extraction and solid phase
extraction) and detection methods (such as high performance liquid chromatography ultra-performance liquid

chromatography thin layer chromatography and gas chromatography) etc. summarizes the sensitivity and
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Table 1 Four types of common ginsenosides: (a) 20 (s)-PPD (b) 20(s)-PPT (c¢) OA

(d)24(R) - "
(d) 24 (R)Y-OT ® . Copyright 2000

NO)

(a) ginsenoside R! R? formula M. W.
R2Q, / Rb1 <le 21 gle <le 61 gle Cs4Ho, 0,5 1108
Rb2 —zlc 2—1 ¢le 2lc 61 ara(p)  Cs3HgO0n 1078
Re —le 2—1 gle <lec 61 ara(f) Cs3Hop 0,y 1078
Rd —gle 2—1 gle —<le CygHg, O 946
R'O
ginsenoside R! R? formula M. W.
Rg] —glc gl(t C42 H72 0 14 800
Re <lc 2—1 rha <lc CyugHg, Oy 946
Rf —le 2—1 gle -H CpH:, 0y 800
ginsenoside R! R? formula M. W.
Ro <lcUA 2—1 ¢l <lc CygH76049 956
(C))
HO pseudoginsenoside R formula M. W.
—/
F11 -glc 2—1 rha CypH: 0y 800
Sugar units: gle: B-D-glucose; ara(p) 1 a-L-arabinofuranose; rha: a-L-+hamnose; glcUA: B-D-glucuronide.
Jin 145 C )
1600 W
15 min 9 o
1. 67 2.57 . %%,
Zhang ¥ Mathur %
15% . MAE 100%
Rb(0.189 mg*g™') Rg(3.163 mgeg™")
o ;70% Rgl (1.812 mgeg™") o Liu
) (UAE) * O 70%
20 ~50 MHz (25 C) 30 min 40
@D C
HPLC 11
Rgl. Re.Rbl Rd 2.96.2.58.
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-1.
mgeg -,
R1 Rgl Re-Rbl  Rd .
2
Table 2 Sample pretreatment methods for ginsenosides
Sample Principles Advantages Disadvantages
pretreatment
methods
Solvent Microwave Cell walls of the Chinese traditional medicine  Convenient operation short Some heat-sensitive
extraction  assisted are disrupted by the microwave with energy of  extraction time  high extraction compounds are easy to be
method extraction 300 MHz ~ 300 GHz and then the extracting vyield less solvent consumption and destroyed.
(MAE) rate is increased. low cost 2 2 .
Ultrasonic The disruption of cell walls reduction of Highly efficient low consumption of Low degree of automation and
assisted particle-size and enhancing mass transfer of the  solvent fast (tens minutes) mild difficult to be used on-ine.
extraction cell contents are caused by cavitation bubble  conditions(20 ~30 °C) simple and
(UAE) collapse mechanical and thermal effects. low cost 26 .
Accelerated ASE is carried out in closed container with a  Fast(a few minutes to ten minutes)  Some heat-sensitive
solvent high pressure and a temperature above the save solvent  realize automation compounds are easy to be
extraction(ASE)  boiling point of organic solvent. The extraction easily. destroyed; the instruments
rate increases with the increase of pressure and are expensive; and operation
temperature. skills are hard to master.
Sub-and The extraction process proceeds by using sub— Non-oxic and safe no organic The instrument is expensive
supercritical and supercritical fluids near the critical point of  solvent residual environment due to high pressure

fluid extraction

the
low-viscosity

temperature and pressure with good

properties of high-density and

high-permeability.

friendly low energy cost 2 .

resistant.

Enzymatic Active ingredients can beextracted from plant  Efficient and has great potential in Susceptible to external
dissociation tissues by using suitable enzymes ( cellulase extraction of active ingredients from conditions.
method amylase e[c,) under mild conditions 28 . traditional Chinese medicine.

Furthermore the fragmentation of cell walls

will be accelerated with the increase of the

pressure(100 ~600 MPa) % .

Solid phase extraction (SPE)  The ginsenoside compounds and impurities are ~ Simple low cost and wide Large amount of organic
separated by adsorbents according to the range ofapplication. reagents consumption  only
difference in adsorption. suitable for pretreatment of

small batches of samples.
ASE : ( ).
26 .
- 36
( ) ; Yu ASE (CPC)
(20 ~30 C) UPLC 20
; ~ o :
. 5 min 130 C.
Al o Al Al Al

3) (ASE)

ASE (100 ~
200 C). (6 ~20 MPa)
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(UFLC-MS/MS) 10
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€)) (MIPs)
(MIT)
43
44 ’
45 ~48 R
49 Re
Re 0.247 mg*g '
Hou * Rbl.Rgl RI
(AM) (EGDMA)
SBA-S5
SPE Rbl.Rgl Rl
123. 11 pmoleg™'o Yin
Rgl
Rgl (46.80 mgeg™")
Rgl (27.74 mg+g ).
Zhou 7 Rbl Fe,0,
(Rb1-MMIPs) 58
Rb1-MMIPs
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Table 3 The application of liquid chromatography for analysis of active compounds in Chinese herbs
Analyte Matrix Sample Column Mobile phases and detection Recovery(%) LOD Ref
pretreatment and temperature
Re Rhl Rg2 White Extracted Shiseido UG 80 0 ~3 min 89% A; 3 ~25 min 95.31% 0.0047 ~ 12
Rgl Rf ginseng  red by methanol Capcell Pak 89% —84% Aj; 25 ~30 min 84% ~103.85% 0.225
ginseng NH, column —82% A; 30 ~35 min 82% — (mg-L’l)
American ( 250 x 16% A; 35 ~40 min 89% A.
ginseng  and 4.6 mm A: acetonitrile; B water. UV:
ginseng. i.d. 5 pm) 203 nm
25 C
20 (S)-Rhl 20 Roots of P.  Reflux Acchrom 0~10 min 33% B; 10 ~15 min  97.97% 0.18 ~ 24
(R)Rhl1 Rgb quinquefolius extraction by  Technologies 33% —40% B; 15 ~40 min 40% ~103.24% 0.45
F4 Rk3 20(S)- L. water and ODS-C18  type —60% B; 40 ~70 min 60% B. (Mg-mL’l)
Rg3 20 (R)Rg3 methanol column (250 x  A: water; B: acetonitrile. HPLC-
Rkl Rg5 4.6 mm i. d. UV: 203 nm.
5 wm) 30 C. HPLC-ESI-MS
ginsenosides Rbl  Panax Rxtracted Agilent  Zorbax 0 ~5 min 15% —30% B; 5 ~15 98.7% ~106.1% 98 (ng) 40
Re Rb2 Rb3; notoginseng by methanol ODS C8 column min 30% —32% Bj; 15 ~35 min
notoginsenosides leaves ( 250 X 32% —32% B; 35 ~45 min 32%
Fe Fe Fd 4.6 mm —45% B; 45 ~60 min 45% —
i.d. 5 pm) 50% B. A: water; B: acetonitrile.
35 C HPLC-UV: 203 nm
Ginsenoside Rgl Ginsenosides Solid-phase ACQUITY UPLC 0 ~1 min 30% —35% B; 1.0 ~ 60% ~105% - 42
Ginsenoside Rbl in chronic extraction ® HSS T3 5.0 min 35%—38% B;5.0~5.5
Ginsenoside Re heart failure (SPE) column (100 x min 38% —45% B; 5.5 ~ 6.0
Ginsenoside Rd (CHF) rats 2.1 mm i. d. min 45% —80% B; 6.0 ~7.0
Ginsenoside Re 1.8 pum) min 80% —90% B; 7.0 ~ 7.5
Ginsenoside Rf 40 C min 90% —30% B; 7.5 ~ 8.0
Ginsenoside Rg3 min 30% —30% B. A: water with
Ginsenoside Rhl 0. 1% formic acid; B: acetonitrile.
Ginsenoside Rb2 UFLC-MS/MS
Ginsenoside Rb3
Ginsenoside Rgl Panax Reflux Venusil XBP 0.01 ~25 min 19% —20% A; 88.61% 0. 066 ~ 55
Ginsenoside Re quinquefolii extraction by  CI8 column 25.01 ~60 min 20% —40% A; ~94.29% 0. 400
Ginsenoside Rbl Radix water— (250 x 4.6 60.01 ~ 80 min 40.1% — (pgeml.™ 1)
saturated mm i. d. 5 100% A.
n-butanol m) A acetonitrile; Bz 0. 1%
30 C. phosphoric acid solution.
UV: 203 nm
notoginsenoside R1  Qishen Yigqi liquidiquid Acquity UPLC O0~1 min 83% A; 1 ~14 min 96.87% 2.36 ~ 57
ginsenoside Rgl Dripping Pills  Extraction HSS T3 column 83% —56% ; 14 ~15 min 56% A. ~99.97% 7. 68
ginsenoside Rbl (QYDP) using water— (100 x 2.1 A: water containing 0.1% formic (pgeml™")
astragaloside [V saturated mm i. d. 5 acid; B: acetonitrile. UPLC-ELSD
ginsenoside Rd n-butanol pm) 30 C

©244 -
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3
Analyte Matrix Sample Column Mobile phases and detection Recovery(%) LOD Ref
pretreatment and temperature
GRal G-Ra2 Roots and Extracted by Diamonsil ODS 0 ~20 min 10% —20% A; 20 ~30 94.87% 0.159 ~ 58
GRbl GRh2 thizomes of 70% aqueous  C18 column min 20% —22% A; 30 ~40 min  ~102.45% 9. 052
GRb3 G-Re Panax ginseng MeOH (250 x 4.6 22%—31%A; 40 ~75 min 31% (ng)
GRd GRe samples. solutions mm i. d. 5 —533% A; 75 ~80 min 33% —
GRed4 GRf m ) 40% Aj; 80 ~90 min 40% —50%
GRgl GRg2 room A; 90 ~ 100 min 50% —60% A;
GRo GRs2 temperature 100 ~ 110 min 60% —70% A.
G-RoMe 20-Gle- Flow ratez 0 ~ 32 min 0.8 mL/
G-Rf Ma-GRb2 min; 32. 1 ~110 min 0.5 mL/min.
NG-R1 NG-R2 A: MeCN; B: MeCN: H,0: 0.1%
formic acid aqueous solution (5:90:
8; viviv)
HPLC-ESI-MS
N-R1 G-Rgl Panax Extracted by  Waters C18 0~3 min 20% —23% A; 3 ~8 99.25% 0.13 ~ 59
GRe GRf Japonicas 60% aqueous column (150 x min 30% —35% A; 8 ~15 min ~104. 10% 2.22
G43 GRg2 (PJ) Panax methanol 3.9 mm i. d. 35% A; 15 ~20 min 35% —60% (ngemL ")
G-Rhl G-Rbl Japonicus var.  solutions 4.6 pm) room  A;20~22 min 60%—80% A; 22
G-Ro G-Re major ( PM) temperature ~24 min 80% —95% A; 24 ~25
GRb2 G-Rb3 and  Panax min 95% —20% A.
CSHV  CSHva zingiberensis A acetonitrile; B: 0.05% formic
GRd GRg3 (PZ) acid aqueous solution.
HPLC-ESI-MS/MS
ginsenosides Rgl  Tissue Extracted Waters C18 0~3 min 10% —20% B; 3 ~25 - 6.08 ~ 60
20 (S)Rg2 Re extracts from by methanol column(100 mm min 20% —38% B; 25 ~30 min 108. 72
20 (S)Rh Rbl the root and x 2.1 mm i. 38% —85% B; 30 ~ 30.1 min (ng'mL_])
Rb2 Rd rthizome of d. 1.7 pm) 85% —100% Bj; 30.1 ~ 32 min
Panax ginseng room 100% B; 32 ~32.1 min 100% —
C. A. Mey. temperature  ~  10% B. A: formic acid aqueous
20 C. solution; B: acetonitrile containing
0. 1% formic acid.
UPLC-QTOF-MS
Rgl and Sprague— Extracted ShimPack XR- 0~7 min 22% —80% B; 7 ~7.01 Rgl ginsenoside — 61
its metabolites Dawley rat by methanol ODS (75 x2 min 80% —22% ; 7.01 ~10 min Rhl (Rh1) and
bile wurine mm 2.3 um) 22%—22% B. protopanaxatriol
and feces column 40 C. Az 0.05% formic acid aqueous ( Ppt) in bile
solution; B: 0.05% formic acid in urine and feces =
acetonitrile. 70% . The fecal
HPLC-MS/MS excretion recoveries
of Rgl Rhl and
Ppt  22.19% ~
40.11%. Rgl in
bile 6.88% ; Rhl
and Rglin Urinary
excretion 0. 04%
~0.09% .
Rgl Re Rf Kangai Aqueous two—  Agilent Zorbax 0 ~ 34 min 19.2% A; 34 ~35 92.7% ~110.8% 0.3 ~1.5 62
Rg2 Rbl Re injection phase system SB-C18 column min 19.2% —28.0% A; 35 ~48 (pgemL™")
Rb2 Rd based Deep (250 x4.6 mm min 28.0% A; 48 ~ 56 min
eutectic solvent  i.d. 5 pm) 28.5% Aj; 56 ~72 min 36.0% A.
and K, HPO, 30 C A: acetonitrile ; B: 0.1%
solution phosphoric acid aqueous solution.
HPLC-DAD: 203 nm
[0AY N N (=25 mgeg™)
4.6 T4 Uuv
64 . Xu 65
HPLC 203 nm N 200 ~
8 205 nm o
2020 32(2/3):239 ~248 * 245
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oT 17 oT o Tang 7 GC-MS
o Park 7 HPLCELSD 9 NN . .
30.16.20.36.31,
. ELSD « Yu GC
o FeCl,
Rbl BPOGe
; HPLC-ELSD .
Rbl 6 Rkl ; 3.4
€)) (TLC)
TLC
. 80
MS  MS/MS o Paik ™ Ve, T Vanont Vio =65:35: 10
(ng ) ® . Rbl Rbl.Rd.
. ® Rg3.Rh2 60F,,
2772 Popovich 10%
1 LC-QTOF-MS/MS 40 min 102 o
; . TLC :(1)
. v ( ) ;(2)
76.69.74 .44 .57 13 .
14 ) (ELISA)
o ELISA -
3.2 (UPLC)
UPLC Qu *® Rhl
HPLC UPLC Rhl  Rg2
0, Yang * . ELISA
(UPLC- . . . .
DAD-QTOF-MS/MS) 10 min 131 ( ).
. (MS) o
° ) (MSI)
Kuang
(UPLCESIFT-MS)
23 - Yu 60%
¥ UPLCELSD 15 min \
5 o
3.3 (GC) .
GC Liu %
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149 14 .39 31  PPD.PPT.OA
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