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ABSTRACT: AIM To determine the content of total saponins in Panax notoginseng (Burk. ) F. H. Chen by
ultra performance liquid chromatography-charged aerosol detection ( UPLC-CAD) with post-column compensation
combined with internal reference method. METHODS The analysis of P. notoginseng 70% ethanol extract was
performed on Acclaim™ RSLC 120 C,, column (150 mm x 2.1 mm, 2.2 wm), mobile phase was 0.2% formic
acid-acetonitrile in a gradient elution manner, column temperature was maintained at 30 °C, and flow rate was
0.4 mL/min. The internal reference substances were ginsenoside Rg,, Re, Rb, and Rd. LC-MS was applied to i-
dentifying the structures of various saponins. RESULTS  Four internal reference substances showed good linear
relationships within their own ranges (r=0.999 5) , whose average recoveries were 94. 88% —106.32% with the
RSDs of 2. 16% —4.74% . There were twenty peaks in the LC-MS chromatogram, ten ginsenosides, two notogin-
senosides and gypenoside XVI were identified. The average content of total saponins was 454. 9 wg/mlL, whose av-
erage relative content in 0. 496 mg/ml sample solution was 91. 72% . CONCLUSION This method can analyze
the total saponins in P. notoginseng without correction factor, which provides a reference for the quality control of
this plant.
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— -t Panax notoginseng (Burk.) F. H. Chen
AR HE O WAE B AR, 15 S BE . T M ik
1 THORLER Y T e A0 A R 390 0 0
o, BAGUE . AL R e RS, =
LREEE LW EEARUNS, BB EE
50 ZRhEE, Hh AZ R4 Rg, . Rb, . Rd, =+
BAF RIS REEEY, HADHZ R 57
T 2R O WRORAR G5 (ZRE
SR A . 28 A OCHUH AR I %)« Tk i 22 5 A 0
SMIETE R MLk S I EAR R .
R . R AS R . AR,

ARSI 0 T 3o R OB €8 1% - T 55 A T
(UPLC-CAD) HEJm MG =L B2 H & A &,
Hrr CAD 573 Hr ks 1 i B far - ( RUAE & b AR
PRy & A ) BB, HAHETE S Rrathir
WA, SRR, IR “F/WT Tk
ORI, R, XSS5 AR ™ AR
—HUE T TERSETRNLT, BEE RS AR A LI )
eI N, XS AR ] o S A o A BT AT ik
TUHTH R AMEY S A, fE =R iR, A
Z A Re, WERIARKR, S A& ; Rb, . Rd WA
297% Rg, —, AR, Re lEm B/, &4
AL, T0EHF 4 FpS G WA, ok eerd
VeSS, TEtmErtE, ¥ R&MEhZny %5
TR, IO =L 2 R HRE S 50 A o s ) 4 1
2%,

1 =5 HF

“LRHEz=EXL (45 030102), ZpgpH
= 245 R B B2 2 g X 5B I A e k.
BEMONE A GG (£ E Tedia A F]); HIR KT
praf (g vt TR A BRA R ) . D201 B %
TACHAAR . D13 FHE 522 et fig . D101 ALK
tsle ORE RAMIEAIRAR) ; #aik (Gl
Millipore Milli Q-Plus & 4t H ). A= Rg,
({it 5 110703201128 ), Re ( it 5 110754~
201324) . Rb, (#t5 110704201223), Rd (#t5
111818-201302) MRS I [ v [ £ i 24 i 462 5 AT
3% Bt Thermo Scientific Dionex Ultimate 3000 % %t ,
fid B 3000RS ZZ . 3000RS H zh#ktE#s. 3000RS
7846 . Corona Ultra RS CAD ¥l #% ( 3% [E Thermo
Scientific /2] ) ; Agilent 1290/6460 Y& AH {0, i i i
B RG (LEZER AT

2 HEEHER

2.1 UPLC-CAD &4 CAD FEA4LeRiRE 25 C; K
JE 241.3 kPa; Acclaim'™ RSLC 120 C, 4 3% 4
(150 mm x2.1 mm, 2.2 pm); Faht 0.2% H iR
(A) - (B), 1 BEEEVER (0 ~ 25 min,
18% B; 25 ~30 min, 18% ~23% B; 30 ~65 min,
23% ~38% B; 65 ~75 min, 38% ~58% B; 75 ~
83 min, 58% ~78% B; 83 ~90 min, 78% B); #&
I 30 °C; (RFRE 0. 4 mL/min, 5256 R FARL B2 b
B, BIAE 3 A AL BTN o5 — Ui % 1 S b A
Fe, EASHEA CAD Ji shAHZH 73 1Y Ho 9 PR F 1H 5
NI X A ] J5 8 1) 285 440 KA 4 7 A — B30 Wi 02 £
Fo AE2 R B B (0 ~ 25 min, 82% B;
25 ~30 min, 82% ~77% B; 30 ~65 min, 77% ~
62% B; 65 ~75 min, 62% ~42% B; 75 ~83 min,
42% ~22% B; 83 ~90 min, 22% B), K1 BN,
UPLC R =TT HR 58 N PR AAR — B (1% AT 23 0]
PSS, WS =3l IR G 5 Ak 2%,
TLBNAH 50% LM, 3% TV BR AR A B s A i A
PLIH RS0, AR IR AMEEE AT PR AT R

5E WS 350 mm
65 mm
068 | 0.18 mm~ Hl
450 mm
450 mm E
i3
750 mm 450 mm

Bl1 UPLC N=TE%
Fig.1 UPLC double three-membered system

2.2 LC-MS &4 B &is “2.17 BRI
A Ny, TR R K 203 nm; ESI HEES
Ja, e R AR 300 °C, (R B &
5 L/min; %5 4k %% JE f1 310.3 kPa; #§ X 5 )&
250 °C, B E 11 L/min; B4 HE3 500 V,
m/z 100 ~1 800,
2.3 BRERAGHE  KERB G ASE
H Rg, 24.22 mg, Re 28. 16mg, Rb, 11.41 mg. Rd
16.37 mg, ‘BT 10 mL fEJfrh, HEFEMIRES
ZIEE, #2457, BoHA S AS AT Rg, 0.242 2 mg/mL,
Re 0.028 16 mg/ml., Rb, 0.114 1 mg/ml, Rd
0. 163 7 mg/mL AYIR G X IR SA TR .
2.4 BERSmErRdGEE —LERRBHNEHS&S R
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(hEZid) 2010 fi'RISCER (9], B —HHE =
ERA 200 g, ARERHLAT, 70% L EESRER, 1 iE
JGLL 50 mL/h AAFRIE B A D101 44 i 58 A AT 1
e, 10 AEAER BB ZEK Pk, 60 % LBFMEMLEF,
VELIRGIE A D201 [ 1 5 e fig A1 D113 FHE 1
AR AR R, 10 fEHEAATR 80% LE#3EN,
VEMRI T R0 T T a, ENS s sl B =L a2 i

(4.6 g, KHBTLELHAR, W, ). B
49.6 mg, BT 10 mL fEHfid, HEFEE 10 £%, B
il 5% 0. 496 mg/mL = £ BB W, 0.22 pum fffL
UE P VRS HERE

2.5 &mBXAFE WAZEH Rg . Re. Rb,,
Rd Xf e ahid i, #EFES-AT, EE 3K, S5RW%E
1, KUK TES AIERINZNECR B AT

R1 ATHSHEEXRR (n=3)

Tab.1 Linear relationships of four constituents (n =3)

2%y iy r LR PETEH/ (mg-mL ") KRR/ ng FE R /ng
ANSBAH Rg, Y'=3.902 9X -0.008 8 0.999 9 0.060 6 ~1.937 2.15 7.18
ANZHAF Re Y =3.998X —0. 004 6 0.999 9 0.007 ~0.225 2.25 7.51
AZ B4 Rb, Y =3.908X —0.013 7 0.999 8 0.035 8 ~1.128 1.75 5.85
AZHAF Rd Y=3.910 7X -0.012 8 0.999 5 0.040 9 ~1.309 1.92 6. 42

Ve KRR S/N K3, sEhEBR S/N 10
2.6 HMEEXE HWAZSEI Rg . Re, Rb,, Rd
XTHR SIS, e “2.37 WROEREUE. bl &
Tt v B A BRI IR (9 NS 21T Rg, 0..060 55,
0.242 2, 1.937 6 mg/mL; Re 0.028 16, 0.070 4,
0.2253 mg/mL; Rb, 0.141 1, 1.128 8, 10.035 28
mg/mL; Rd0.04093 . 0.163 7. 1.309 6 mg/mL) ,
FE LIRSS T, A5 4 Fhuisr i B RS %
BEAH 8] K5 %5 B RSD 4351k 1.09% ~ 3.73% #l
1.24% ~3.77% , RUULIHER BRI
2.7 EHEMKE BRI =LA, & O(2.47

®2

WUR 5 P AT A 6 Oy (s i T, A A R R
2 pl, 7ELREEZMETNE, WERILREASRE
# Rg, . Re. Rb,, Rd I RSD 43514 1.22% |
1.26% | 1.35% , 1.21% , W7 kL ER %
R4t

2.8 AREkSirfewdiknsg hE20M, M
Pk TR 45 58 14 RSD #4/NF 5% , REHLUAS B
1 Rg, . Re, Rb, 5t Rd N ZWit, YA H—
Z VRGN A AT

MNEESIREMEELLE (n=3)

Tab.2 Comparison of internal reference and standard curve methods (n =3)

O HE D A e/ (gL~ )

BRI P SR/ (pg-mL ™) X &A% )

NSRBI Rgy AZRHF Re AZEATRb, AZHEIFRI ASEIH Ry AZREHF Re AZEIF R, AZRH Rd
132.57° 14. 68 49.26 74.5
NS A Rg 201.2° 20.6 78.21 114.2
(26.73%) (2.96) (9.93) (15.02)
137. 54 15.23% 51.11 77.3
AZHBFF Re 209. 1 21.4° 81.27 118.7
(27.73) (3.07%) (10.30) (15.58)
135. 54 15. 01 51.88" 76. 14
ANZ B4 Rb, 211.5 21.65 82.2° 120. 1
(27.33) (3.03) (10.46*) (15.35)
136. 84 15.16 50. 85 76. 38"
AZ 1 Rd 207.8 21.29 80. 85 118.1*
(27.59) (3.06) (10.25) (15.40%)
RSD/% 2.13 2.12 2.12 2.14 1.62 1.63 2.17 1.53

VE: a pARIEN
2.9 Ak FaRE BEREWREMEHE RN TH
fib 3 FhE H Z R NS Rb, AR I RS Y
WY, HAS BT Rg . Re. Rd X B 5 & wlom
A AW (0.496 mg/mL) Hh, E i R A
WL IR R (45X BRSO 2
WA 2 1/3, 1, 346%) M, W m
WK, Z5R W3,

2,10 #BEHF2FaEET =LPHASEIM

1980

LR R 20 (S) - AS AL 20
(S) -AZ=mAY, AiETE C-3 /8 C-20 i &
WHRERL; JEHE A C3 AL, A C-6 Fl/ok
C-20 HAREFE . AR BAARLE A WL 2, AHXT
S FRERIAR/NT 620, a, b, ¢ 3 FhEigAAlfYy
YO R AR R =R A, AUFE C-3, C-
6. C20 7 BAL AR, UnfeE C20 4k, a 25492 Al
(f1 35 R1, Rg,. Re, R2, Rh;, Rb,, F1, Rd,
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Gypenoside X VI, Rg,. F2) 4 H AP (5
AL, M b 45ty (f4FE Rk3, Rkl) HI ¢ 45#4
(fu4% Rhd | Rg5) & A WAEANUE, M1 H AU AL
EAE
R3 MERKRAGER (n=3)
Tab.3 Results of recovery tests (n =3)
JEA e/ MARL, AR/ PRl RSD/

o ng ng ng /% %

ANSBH R, 133.65  43.06 174.82  98.75 4.31
133.65 129.17  259.57  94.88  2.54

133.65 387.52  530.04 106.32  4.74

AZBFF Re 15.57 4.92 20.44  97.34  2.34
15.57  15.02 30.08  99.78  4.03

15.57  45.06 60.70  95.25  4.37

ANZHAF Rd 77.0 25.47  102.54 101.30  2.16
77.0 76.40  151.49  96.53  3.41

77.0  229.20 312,49 106.09 3.1l

I a hibsEIMZ&ENE, b UIAS A Rb, HNSYE

21 1
21 H 22 OI-F /22

Ry 22 O

A3 | VAN
R R R

. Ky 11 4 ML 4y

B2 BHWKZFSEH

Fig. 2 Chemical structures of saponins

=L EEH LC-MS A3k E WK 3, &8 TE
C-3, C-6, C-20 o AL HUAR I 1 HAR G544 L3 4.
Hor, 12 Rl 13 B m/z 787.3 19 [ M +
Cl] " F1797.4 (5 [M+ COOH] "™, REAHX > ¥J5t
WK 752, (HARTESCER P &R BIAHN A, AfF
YR —05E
EBif.i/]ZA

RE

f/min
. e
44 56

e 15

7
14
17

2 4 10
9
llo 48
3 11 19
12 -
i I
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B. &
E3 LC-MS &itE
Fig.3 LC-MS chromatograms

SIS ES A ESEETES

x4 EFHUFEMRERE

Tab.4 Chemical structures and identification of saponins

U5 tg/min % R Ry Rs AHXF Tt [M+Cl] ~m/z [M+COOH] ~ m/z Z7% 3CHk
1 15.78 NG-R1* -OH -0Gle?-!xyl -0Gle 932 967.5 977.6 [1,8,13]
2 23. 80 G-Rg,® -OH -0Gle -0Gle 800 835.4 845. 4 [9,14-15]
3 26. 65 G-Re® -OH -0Glc* -'Rha  -OGle 946 981.5 991.6 [9,14-15)]
4 43. 60 NG-R2* -OH -0Gle?-' Rha -OH 770 805. 4 815.4 [16-17]
5~6 45. 88 ,46. 45 G-Rh,* -OH -0-Gle -OH 638 673.3 683. 4 [9,14-15]
7 47.22 G-Rg2? -OH -0Glc?-' Rha -OH 784 819.4 829.4 [9,14-15]
- 2 —_ - .6 —_
8 50. 25 G-Rb,* O,C'C H OICIC 1108 1143.6 1153.6 [9,14-15]
Rha Gle
9 51.97 G-F1° -OH -OH -0Gle 638 673.3 683.4 [9,14-15]
, -0Gle?-
10 57.12 G-Rd* ol -H -0Gle 946 981.5 991.5 [9,14-15]
C
25 ik
11 60. 35 '*H;% %ﬁ -0Gle -H -0Glc®-' Gle 946 981.5 991.5 [17-18]
12~13  62.84,64.36 FHI - - - 752 787.3 797. 4 -
G-Rk3"/ -OH -0Gle -
14~15  65.31,67.21 GoRbd oH 0l _ 620 655.3 665. 3 [14]
68.55,71.22,  G-Rg;"/  -0Glc? - - OH -OH
16 ~18 7160 s LGl OH 0l 0l 784 819.4 829.4 [19]
GRkb, | OG- H
19~20  75.61,76.17 T 7 1Gle - 0GIe? - 766 801.4 811.4 [20-21]
G-Rg5¢ -H -

'Gle

TE: a, by o N2 PLEWEMET., CHASRH, NCAH=-LRT, Gleh B-D-MZHE, Rha ly o-L-HEm AW, Xyl i B-D-Ht

MR A A

1981
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2,11 AL EaAE RE3 I, BRIE L2 0.496 mg/mL M3 F 4 W AR X & A & 50 ok

13 41, HoAh A€ 35 04 i X 1 19 45 2 1 3 A 2
KB T A NS 24 Rg, . Re, Rb, ai Rd Jy
WS, W g UL 5, ol HLE R AE

x5

89.60% . 92.96% . 91.92% ., 92.39% , “F3J91.72% ,
RSD1. 61% ,

RBEENELER (n=3)

Tab.5 Results of content determination (n =3)

B/ (pg-mL ")

e

g1 g2

3 W4 S g6 T &8 &9 IE10 g1

514 1§15 g 16 W17 1518 1§19

W20

NS B Rg; 23.68 132.57°
AZ R4 Re 24.56 137.54
AZRAF Rb, 24.21 135.54
AZ B3 Rd 24.44 136.84

T 24.22 135.62

14.68 27.92 36.34 24.23 10.03 49.26 3.94 74.50 7.74
15.23* 28.97 37.70 25. 14 10. 41 51. 11 4.08 77.30 8.03
15.01 28.57 37.1524.77 10.26 51.88* 4.02 76.14 7.92
15.16 28.82 37.51 25.01 10.36 50. 85 4.06 76.38" 7.99
15.02 28.57 37.18 24.78 10.27 50.77 4.03 76.08 7.92

7.67 8.51
7.96 8.83
7.85 8.70
7.92 8.79
7.85 8.71

2.78 11.71 2.78
2.88 12.15 2.88
2.84 11.97 2.85
2.87 12.09 2.87
2.84 11.98 2.85

3.02
3.14
3.09
3.12
3.09

3.06
3.17
3.13
3.16
3.13

444.4
461. 1
455.9
458.2
454.9

TE: a midnifith A E

3 iR

BT 24 o AL A R 2 A A A, ik
SEAMG I SR AE N ] AR R BUEARA R) 8, AR SLS
SIA—ABTE ALY AR AR T 2= g5 0
LN alll Fir N S B a1 [ F R Y [ e R RV 6%
m=AfF% (40 CAD, ELSD), imshAH4H 722 1k
Xt 5 00 4 SR A o A 2 RS RS B
TS AH A HLEE A L e, 25 A2 10
Pl N2 B AT X B 5 & A7 12 RSD 7R #ME£HIT /2 30%
MAMEIG A 5% 0, SONEAS B A B 7R/ T
HCAR) FEMHmS —mes (A% MR R
J¥, {fif53E A CAD 3 3l AH 2 73 1 Lo 491 O 5 48
AT R A [] 5T 3 114 45 74 2 8L 7 A — B50Ad i) g
5%

NS BTGy, LA AT, Hr
ANZ A Rg, Fl Re BMET B . ASLEHEE T A
WA (HE-K, SF-7K, WEE0.2 % H R i
W) M EAE (100 mm x 3 mm,2. 2 pm; 150 mm x
4.6 mm, 5 um), HOBEYCRYAHME, &%, K
F0.2% WR/KEW (A) -Z8F (B) HshiHH A
Acclaim™ RSLC 120 C A4 (150 mm x2. 1 mm,
2.2 pm) HEATHEEEVENL, SCEL T AZ R Rg .
Re N HAbSS AL Y0 70 55

L& Rl HASEAF Rg, . Re, Rb,, Rd
ZEAZERIY), WA B S PER, WEEEAS R
H Rg,, MHSGARNTIHZ 2@ dear
PEFEIX 4 Fp NS AT h ) —Fh el LFIE I NS,
K H UPLC 43 J5 AME LR A Ak D = L 2 17 R1 4%
THEPE S, MHEAENELT, NS
B AR . EISCRI IR S AR IR T ]
etk RIS, EE L AR ARER Y = 5 YR T
1982

RORUHR T, TR, AR T i
HISAHT.

ASIHIE T UPLC-CAD 8 AMESZ £ 14 2 1%
Ko = CH T B R AR AT i, DI R
OSE AT 670 P PSRRI
B A B 2RO T, Tk 2
H, RAEE, X A0 T 2
BRI

S 3k
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