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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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recovery of various methods, and reviews the advantages and disadvantages of each method and its research

progress.
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Table 1 Four types of common ginsenosides: (a) 20(s)-PPD, (b) 20(s)-PPT, (¢) OA, (d) 24(R)-OT""*). Copyright 2000

American Chemical Society

ginsenoside
Rbl

Rb2

Re

Rd

(a)
R2Q, /

R'O
ginsenoside
Rgl

Re
Rf

ginsenoside

Ro

pseudoginsenoside

F11

R! R? formula M.W.
-gle[ 2—1 ] ¢le -gle[ 6—1]¢le CsyHyy Op3 1108
-gle[ 2—1 ] ¢le -glc[6—1]ara(p)  Cs3Hgy0y 1078
-gle[ 2—1]¢le -gle[ 6—1]ara(f) Cs3Hgy 0y 1078
-gle[ 2—1 ¢l -gle CysHgy Oy 946
R! R? formula M.W.
-gle -gle CypHpn0yy 800
-gle[ 2—1]rha -gle CysHgy Oy 946
—gl(’/[ 2—1 J glc -H C42H72014 800
R! R2 formula M.W.
-glcUA[ 2—1 ] ¢lc -gle CysHz6019 956
R formula M.W.
-gle[ 2—1]rha CpH., 0, 300

Sugar units: gle: B-D-glucose; ara(p): a-L-arabinofuranose; rha: a-L-rhamnose; glcUA: B-D-glucuronide.
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Table 2 Sample pretreatment methods for ginsenosides
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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 yield, less solvent consumption, and destroyed.
(MAE) rate is increased. low cost!24 251
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-line.
extraction cell contents are caused by cavitation bubble  conditions(20~30 °C), simple and
(UAE) collapse, mechanical and thermal effects. low cost! 267 .
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-toxic 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

temperature and pressure with the good
properties of high-density, low-viscosity, and

high-permeability.

friendly, low energy cost'?”).

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, etc.) under mild conditions! ). traditional Chinese medicine.
Furthermore, the fragmentation of cell walls
will be accelerated with the increase of the
pressure( 100 ~600 MPa) (291
Solid phase extraction (SPE)  The ginsenoside compounds and impurities are ~ Simple, low cost and wide Large amount of organic

separated by adsorbents according to

difference in adsorption.

the  range ofapplication.

reagents consumption, only
suitable for pretreatment of
small batches of samples.
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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, 89% 95.31% 0.0047 ~ 12
Rgl, Rf ginseng, red by methanol Capcell Pak —84% A; 25~30 min, 84%—82% ~103.85% 0.225
ginseng, NH, column A; 30 ~ 35 min, 82% —76% A; (mg-L7")
American (250 x 4.6 mm  35~40 min,89% A.
ginseng, and i.d., 5 wm), A:acetonitrile; B water. UV:203 nm
giseng. 25 C
20 (S)-Rh1, 20 Roots of P. Reflux Acchrom 0~ 10 min, 33% B; 10~ 15 min, 97.97% 0.18~ 24
(R)-Rhl, 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 (wg-mL™)
Reg3, 20 (R)-Rg3, methanol column (250 x A: water; B: acetonitrile. HPLC-
Rk1, 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% B; 15~ 35 min,
notoginsenosides leaves (250 X 4.6 mm  32%—32% B; 35~45 min, 32%—
Fc, Fe, Fd i.d.,5 pm), 45% B; 45~60 min, 45%—50% B
35 C A: water; B: acetonitrile.
HPLC-UV: 203 nm
Ginsenoside Rgl, Ginsenosides Solid-phase ACQUITY 0~1 min, 30%—35% B; 1.0~5.0 60% ~105% - 42
Ginsenoside Rb1,  in chronic extraction UPLC® HSST3 min, 35%—38% B; 5.0~5.5 min,
Ginsenoside Rc, heart failure  (SPE) column ( 100 x  38%—45% B; 5.5~6.0 min, 45%
Ginsenoside Rd, (CHF) rats 2.1 mm i.d., —80% B; 6.0~7.0 min, 80% —
Ginsenoside Re, 1.8 um) , 90% B; 7.0~7.5 min, 90%—30%
Ginsenoside Rf, 40 C B; 7.5~8.0 min, 30% —30% B.
Ginsenoside Rg3, A . water with 0. 1% formic acid; B;
Ginsenoside Rh1, acetonitrile.
Ginsenoside Rb2, UFLC-MS/MS
Ginsenoside Rb3
Ginsenoside Rgl, Panax Reflux Venusil XBP 0.01~25 min, 19%—20% A; 88.61% ~94.29% 0. 066~ 55
Ginsenoside Re, quinquefolii extraction by  C18 column 25.01~60 min, 20%—40% A; 0. 400
Ginsenoside Rbl Radix water- (250 x 4.6 mm  60.01~80 min, 40. 1%—100% A (pgml™)
saturated id., 5 pm), A acetonitrile; B: 0. 1%
n-butanol 30 C. phosphoric acid solution.
UV: 203 nm
notoginsenoside R1, Qishen Yiqi liquid-liquid Acquity UPLC  O~1 min, 83% A; 1~14 min, 83% 96.87%~99.97% 2.36~ 57
ginsenoside Rgl, Dripping Pills  Extraction HSS T3 column —56%; 14 ~ 15 min, 56% A. A: 7.68
ginsenoside Rb1, (QYDP) using water- (100 x 2.1 mm  water containing 0. 1% formic acid; (pg-mL™")
astragaloside IV, saturated i.d., 5 wm), B acetonitrile. UPLC-ELSD
ginsenoside Rd n-butanol 30 C
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Analyte Matrix Sample Column Mobile phases and detection Recovery (%) LOD Ref
pretreatment and temperature
G-Ral, G-Ra2, Roots and Extracted by  Diamonsil ODS  0~20 min, 10%—20% A; 20~30 94.87% 0.159~ 58
G-Rbl, G-Rb2, rhizomes of 70% aqueous  C18 column min, 20% —22% Aj; 30 ~40 min, ~102.45% 9.052
G-Rb3, G-Re, Panax ginseng  MeOH (250 x 4.6 mm  22%—31%A; 40~75 min, 31%— (ng)
G-Rd, G-Re, samples. solutions i.d., 5 pm), 33% A; 75~80 min, 33% —40%
G-Re4, G-Rf, room A; 80~90 min, 40%—50% A; 90
G-Rgl, G-Rg2, temperature ~100 min, 50% —60% A; 100 ~
G-Ro, G-Rs2, 110 min, 60%—70% A. Flow rate:
G-RoMe, 20-Gle- 0~ 32 min, 0.8 mlL/min; 32.1 ~
G-Rf, Ma-G-Rb2, 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; v/v/v)
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
G-Re, G-Rf, Japonicas 60% aqueous column ( 150 X  min, 30% —35% A; 8 ~15 min, ~104.10% 2.22
G-F3, G-Rg2, (PJ), Panax  methanol 3.9 mm i.d., 35% A; 15~20 min, 35% —60% (ng-mL™")
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
G-Rb2, G-Rb3, and Panax min, 95%—20% A.
CS-IV, CS-lIva, zingiberensis A acetonitrile; B: 0.05% formic
G-Rd, G-Rg3 (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 x2.1 mm i.d., 38%—85% B; 30~30.1 min, 85% (ng-mL™")
Rb2, Rd rhizome of 1.7 pm), room —100% B; 30.1~ 32 min, 100%
Panax ginseng temperature  ~  Bj; 32 ~32.1 min 100% —10% B.
C.A. Mey. 20 C. A: formic acid aqueous solution; B:
acetonitrile containing 0. 1% formic
acid.
UPLC-QTOF-MS
Rgl and Sprague- Extracted Shim-Pack XR- 0~7 min, 22%—80% B; 7~7.01 Rgl, ginsenoside — 61
its metabolites Dawley rat by methanol ODS 11 (75 x 2 min, 80% —22%; 7.01 ~10 min, Rh1l ( Rh1), and
bile, urine, mm, 2.3 pm) 22%—22% B. protopanaxatriol
and feces column, 40 C. A: 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, Kang’ ai Aqueous two- Agilent  Zorbax 0~34 min, 19.2% Aj; 34~35 min, 92.7%~110.8% 0.3~1.5 62
Rg2, Rbl, Re, injection phase system SB-C18 column 19.2%—28.0% A; 35 ~ 48 min, (wg-mL™)
Rb2, Rd based Deep (250x 4.6 mm 28.0% A; 48~56 min, 28.5% A;
eutectic solvent  i.d., 5 pm) , 56 ~ 72 min, 36.0% A. A:
and K,HPO, 30 C acetonitrile; B: 0.1% phosphoric
solution acid aqueous solution. HPLC-DAD

203 nm

H1 T UV H i IR 48 A0 T (5 4G D0 52 4038 4
1, 8 A FH T T B S PR i (AR, R E
SRATIALE YN TR 25 Xu 551 R
HPLC 7 203 nm PR AAF P X AS EMRAYE Bz %
B KR 8 Bl NS A REAT o BRI, B B
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PASRTSE(= 25 mg-gfl ) 53 ) R 2R B KA
R 4.6 M 74 £, TEAS BRI, UV
AR ZALTE T, B TR AL W0 10 43 45 rh Bk
/> ILAE AR 45 AR 0 1A A T % 4K OB A T 200 ~
205 nm , A 45 2R AZ VAR 0 EL

-+ 245 -



it % i# R

ELSD J& T 38 FH AUAS I 2% , 3 FH T 48 40 i e AR
BN S R 2RE YR, Kwon 55 R H
HPLC-ELSD {2 % pig B A= N 2 vp % A1 i 07 548 55 1)
OT KAb&, 45 17 FLL OT W EMAS BFH
KEY), Park %' R HPLC-ELSD %t 9 #h A %
B RAAWIATA R B R, % 58T i s AR
ZH N DRSS A5 I 4 ELSD A 2§ AU 2 . Yu
TR FeCly VR MR, A F A o K TS M Y
Rbl b A S EmEmEENE R AS B HELS
Y, 3% Fl HPLC-ELSD XJ 7= ¥ #E AT 2> B 46 I, %%
Rb1 4b, 345 6 Ff Rkl 28 NS BHRLE Y IESL
WAL NI S, IR & B2 R AS B RS
YA AR T A 13RS R R R Z A TR
N AR AR, ARSI s ] A

AHEEF R PR R I 25, MS 2 MS/MS B
o BRGEI R BERE (g AR ) 170 R R
R ORIEFRIESAHS Al NS 55 1
W R R b R R
Popovich %5 5% H] LC-QTOF-MS/MS 7E 40 min
SCELT 102 RS B IR WG S B A 5 I
HAS MR RO ARZE 25 A A S B AR
B9 76 .69 74 44 57, RILAEK 13 £ N
ZIRAS B EEETE AR 4 EMASZENT
HASRBETSTERFES.

3.2 ARG AEE (UPLC)

it 2 TR €33 2 it R BE 0 203, UPLC /9 B
FHAS S HE T, A0l T HPLC, UPLC B9 45 #7 3 i o
P00 BRI, Yang 250 SR v AS0IORE (033 £ BB
ARSI RS B R AT A (] R REAS U A ( UPLC-
DAD-QTOF-MS/MS) 7F 10 min WSZHL T 131 fh A S
B AL G WA Sy BRI, R (MS) 4 BT
FA LS I AT R, o HER R, R AR
D,

Kuang %52 R FH 3 25 205 0 €0 3% L 65 25— 2
I FHH AR (UPLC-ESI-FT-MS) |, 1 UK I H1 21
LA 23 B B =i R R A Y. Yu
A=17Z2 H UPLC-ELSD 7F 15 min PJSZHLE S35
AL 5 M AS BT AL E W o A
3.3 SMEIEE(GC)

GC 38 T 53 B R 452 Mk P98 2 1 0 /N o
TAEEW'  Tang %7 R GC-MS X A2 KP4
S 25 SR A = T4y B T, B
SR 149 FfbL A9, EEALES 14 FRAESE 39 F
MRS 14 Fhis2 20 Fha SR AN 48 Fh A0 K Ak 42
&%, Wang 277 R GC-MS WA Z il i 91

246 -

Pl AFE R PR s S R BE 2R 05 &/ R AL G W 1Y
TG, HEBMAS S HERAAAY & &5 A KRR
Ko Qi 2SR GC-MS X FUBFSE T v il S H0 7
SR =, Tang 57 SR GC-MS X A 211
M 25 AR DR AR B = g A AR I
U= PR 2% H 530 )& 30,1620 ,36 31,
NSRBI REW RSB RN, GC X 1F

DU St BLAT — 8 ¥ 8 1 B BRI L ZESR A R i A=
fRR ™ ™, GC Z R T A S B b AWt
PR
3.4 A Tk

(1) W2 AL (TLC)

TLC S&—FhE & ] (8 PBE i 43 25 S M Aer il 77
K IZFEARI NS BT RAE TG T 80 4FAL
. Paik LD Ve Vaon: Vio = 65 135 :10
AT A BN TR, K Rb1 i % 3 Rb1,Rd .
Rg3 .Rh2 54L& W TE 60F ., fitk JI )2 (0 3% M b
T, UL 10% B T2 V5 0 0 40,59 8 3 B 00, A0 Ak 2 M
TR B fR RNFR B, FE NS R AL A W 0y R i
H1 TLC A R Z AL . (1) MELLSE I AL 3 52 2% A
(TILEIL TR 5 ) 053 255 (2) MELLSE HURS i
FE

(2) BB 7 Hrid: (ELISA)

ELISA 3 FHuJE-Prikss 23U H A S
B RAA Y SR R PRI A, DT 1% 28
A YIE R, Qu 5™ il % T A S A Rhl Ay
REHUAR, IR LN T rh 2t A 47 Rhl Al Rg2
AN o AH LG T R JUFR 43 A7 7 2 ELISA iy 3
TETHE AT B PR AT B Gy 43 A R Stk PR OR |
FE& A L) & TR IR A
AT 25 2 0 B AR T 52 A 2 oy =2 ]
FEAHE, 2y B B P4

(3) B s g A (MSI)

NS BH RGP E b L gk
DU 7 30 W T B R AR T A B R s R
a0 Hr ik B2 I Y 60% DL L, Rk, 53-3K a2 b
AT G KRB TAEE )12 GE . Bk g
FiARTCTE B AR b AL B B 5 R T 1 55 ) o
FES 4L T (19 28 () 43 Af

AT, Liu 2515 SR FH 36 I 4l B J8O6 R L S K
A7 B a] 5 1% A% 4% R ( MALDI-TOF-MSI ) XF A [A] 4
KAERMASIRY] B 47 007, Kt A S B 24k
AW iait 31 # PPD PPT OA M HifliFh2 A S 2
TGRSR 53 2 20,7 1.3 B TTA R E
AFEAERKFRASH,, il G AR A — 251
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KRG NS B IAE YRR b AL HE S 3 Hr ke

Gk 53R

el e (JLFD) 28 8] 2 B (oK)
REE R (5 MSAY) AR (DR IEEIL T
KA, L, BT AR B AR AE 2 Bt b 245 0 A I
JEBLH AT R T,

g5 PR e NS B AL G W o B v
HPLC & UPLC B 2R s 2 5k i F 0 O =X,
AR TLC MELLSEIRAER R 1, (H HAT B i AR 7 5
AR, B R8T 12/, GC kil R #
JEE TR AEF AR XS 3T R A — i 5 S 1 P R PR Al
THAEAS BT ALE W kil h i v, 200 H
TAZBH RGP 89 ke, ELISA
T A TR i A DRSS | (EAGHIN 25 SR ) 32 45 R 21
AW T, TG AR A B R 28 0 R
VER—FH4E AR 51 5 NTTAWHREER

4 HFRERE

NS BEREGYRA B T4,
L2 S BOL I P22 7 U B . 4ROk, BHUF
TAEE KR T 2 FRE il AT AR B R A I 5 i %2807
EM LA S R R G YR S A A A
BRI

SRR AT B At B AL BRE AR S o3 M7 i E NS
RAFIACS W 73 il T i BUR 1 ARG Y A5,
(EAT SR A A —LE [l R, i 50 £ M e ir ] 75
PePREE R TE S, K I REARIT 25 NG 7R R
RFATIE 5 1 LLUR LA I5 [ AN S5 972 (1) fERE dh
RUAL BT I, A RIS AT AT B AL BT ik | R
i AT B AR5 | AR Z8 5 (2) K SRS INAL | 2 4
VR BRI i i A -0 A IR LR IR TR, 15 4 RE TR
L NTT5(3) FREHOIMRICTE (R, 32T HI 2
SN VST TSR O
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