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Investigation of Adsorption and Desorption Properties of Total Ginsenosides on

Anion-exchange Resins and Its LC-MS Analysis
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[Abstract] Objective: To compare the adsorption and desorption properties of different anion exchange
resins for total ginsenosides, clarify their adsorption/desorption mechanism, and establish a simple protocol for
the purification of total ginsenosides. Method: The adsorption and desorption properties of five different resins
(D301, D315, D312, D330, D201) on total ginsenosides were evaluated with specific adsorption capacity,
specific desorption capacity, desorption rate and recovery rate as indices. The adsorption kinetics and
thermodynamics of the selected resin and D101 macroporous resin were investigated by pseudo-first-order and
pseudo-second-order kinetic models, as well as Langmuir and Freundlich isothermal adsorption models, and the
differences of adsorption mechanism between anion exchange resin and conventional macroporous resin were
elucidated. The dynamic adsorption and desorption experiments were used to determine the optimum

chromatographic parameters for anion exchange resin. After verifying the purification process of total
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ginsenosides, nine individual ginsenosides were qualitatively and quantitatively analyzed by liquid
chromatography-mass spectrometry (LC-MS). Result: D301 anion exchange resin was obviously superior to
the other four kinds of anion exchange resin, the optimum parameters were set as follows: pH 8 of loading
solution, loading volume of 2 BV, loading speed of 4 BV-h", eluted with 3 BV of water and 20% ethanol for
the impurities, eluted with 8 BV of 80% ethanol with elution speed of 4 BV-h'. After purified by D301 resin,
the enrichment coefficients of 9 monomer ginsenosides were simultaneously increased to different degrees, the
overall enrichment coefficient was up to 5.3, the recovery rate for the total amount of these ginsenosides was
calculated to be 80.9%, and the purity of total ginsenosides in Ginseng Radix et Rhizoma extract increased from
17.07% to 91.19%. Conclusion: D301 anion exchange resin is suitable for rapid and practical purification of
total ginsenosides, hence allowing for the enrichment of high-purity total ginsenosides from Ginseng Radix et

Rhizoma via one-dimensional column chromatography.
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Table 1 Physical and chemical properties of experimental resins
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Table 2  Static adsorption and desorption characteristics of

different resins for total ginsenosides (x+s,n=3)

*j”f *fﬂfzjﬁ j'szi’ﬁ% e EIHR%
D101  115.21+£9.31 94.00+5.71 81.61+4.82 62.66+4.28
D201  135.32+6.75  54.79+4.24 40.54+3.23 36.5+2.91
D301  129.34+7.23 104.60+9.62 80.91+£7.41 69.73+6.65
D312 99.65+£7.37  69.91£7.25 70.24+6.37 46.61+5.72
D315 93.31+8.56  73.89+5.77 79.25+6.92 49.26+5.42
D330 107.73+8.84  81.09+10.22  75.38+8.45 54.06+7.25

W HE DR 150 mg.

25 LFHWpHELR KA D2 I Y ST
— E BRI, 353 1 5 6y, F 1 mol- L NaOH ¥
OB L E 8 pH 43 58 5,6,7, 8,9 O RE A A, IF
BEASRRBTHREKREN6 g L', & M. #2470
TS D301 B E 1 A B iE 7EAS [7] pH R Xt
NS S B B T A5 W B 5 R B RE T T B B O
R i A W B 5 R o B A e AR YRRV pHL, DL
3. AR LI D301 BRI EXT N 2 BB 0 I R
fiE 1 b 5 pH A9 1 TH i 2 25 32 5, Y pH 9 i) 3k £
B ;A Bt pH R34, A2 S8 7E D301 BB A 1
Y B - 22 4 BE T B o, 3 BOE B RE 1 055 L Y ik B
pH O s 6 B 0t B0 T B WA R . TR, g R
e o IR A VR pH 23 ff — SEAH X RO I N S BT
KR oy 7 AW AR A B B A BB R VR pH 8 BEAT
Ja B 5 .

#3 pHXMASEZEHEDIIEME LRM SRR NN N

(x+s5,n=3)

Table 3 Effect of pH on adsorption/desorption capacity of total

ginsenosides on D301 resin (x+s,n=3) mg-g’!
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5 103.72+4.54 85.15+£7.63
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Fig. 2 Adsorption thermodynamic curves of total ginsenosides

on D101 and D301 resins (X+s5,17=3)
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Table 4 Adsorption thermodynamic parameters of total ginsenosides on D101 and D301 resins

D101 FIH i

D301 FIH i

Langmuir 1% 7 Freundlich 1% 7Y

/°C

Langmuir %57 Freundlich 45 %!

i e K, i e Ky 1/n

i K, i K. 1

25 CJQ.=0.005C.+ 0.026
0.008( R*=0.986 1)

InQ,=0.435InC+ 81.687 0.435
4.403(R*=0.988 3)

35 C/0.=0.005C.+ 0.013
0.011(R?=0.988 0)

InQ,=0.484InC+ 68.074 0.484
4.221(R*>=0.992 8)

45 C/0.=0.007C,+ 0.010
0.014(R*=0.974 9)

InQ,= 0.481InC,+ 52.594 0.481
3.963(R?=0.907 2)

€./0,=0.007C,+0.001 0.389
(R*=0.999 8)

C./0.=0.007C.+0.001 0.150
(R*=0.998 9)

C./0,=0.007C,+0.002 0.105
(R*=0.997 6)

In0,=0.103InC,+4.879 131.525 0.103
(R*=0.9317)

InQ =0.127InC,+4.811 122.793 0.127
(R=0.962 9)

InQ,=0.139InC,+4.752 115.850 0.139
(R*=0.8437)

8 BV-h'o (a3 A [ o in AKE Sl VA R, R
WO AKE IR IS, F fi DA 68 38 A T i MAC R O 28 R, T
1 BV IS B, 64T NS 5 g 1 5
GE LTSS EI, WK 3, 45BN LR
H<4 BV-h'iit, AS BB H I FERBER(>2BY),
IF 2R AN S B i e A, 1 AE S R
NG = ey s L R L S D o
THGA F) 8 BV-h'BF, A S SR A I U 2 R AR D
(1 BV)H WP NS B a1 & B B8, i
WIZ A E A NS BN R . 546,
2 BV-h'fl4 BV-h' i 3 28 il 4k 25 5 B/, ik
PR L REWLEE 4 BV-h', AR R BUTE 24 i ok BT 4 ol
f£2 BV L, DLEE SRR it i S B 2k .

6ﬁ
o0
&
W 4
s
ﬁ; - 2BV:h'!
2 8 4BV-h!
§ 2 -4 8BV-h!
<

0 T T T T

1 2 3 4 5 6 7 8 9 10
ERAAB/BY
E3 ASERETEDIEHMIE LHHISRFBE (3+5,n=3)

Fig. 3
D301 resin (x+s,n=3)

Dynamic breakthrough curves of total ginsenosides on
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Content distribution of total ginsenosides in ethanol
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Fig. 5 Dynamic desorption curves of total ginsenosides on D301

resin (x+s,n=3)
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Table 5 Qualitative analysis of ginsenosides in D301-TG

2.8.5  REART I T R b B S 4 BT R A
LabSolutions LCMS Ver. 5.6 #1 Profiling Solution
Ver. 1.1 o 2 001 5 & 75 76 A ORS 25 B AR e M
A 5 S W R IR B4 2 A4 38 A SCik g 2
172170 G832 43 B A Microsoft Office Excel 2010
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80% & B VRN , U MG W Wi % 2 8 BV 5 & JF b 31, X
BE VAT 5B A3 M o 3 3 X o R HE AT 4 b
I 5 X B T, XA S SR AT 5 4 D301
RUR R 2l Ak J5 1 N2 2 1T & AR (D301-TG) i
TPt , RS FIE 6. G5 EBMAS BB
Y M D30L-TG T EE A R HAR A S AT (A
% 131F Rg,,Re,Ro,Rf,Rb,,Rc,Rb,,Rb, fIRd) .

i 2 MRM A5 X 3% 9 F A 2 i 4% iE 47 36 £ 1
BrEESEasi, ke, 4R AN D301
LR IR e =B I SR NYNE e S g DN S
R B EREG AS LT WA BM 17.07% 12
FE T 91.19%, M A S B A HLEY 2 D301-TG 1Y
NSRBI EEREGE 53, WYX 9o A S 2

@0 1/min &ﬁgg‘;ﬁ?} MS2 B T H iz T e
1 22.5 799/845 683 [M+HCOO-(Gle-H,0)]",521 [M+HCOO-2(Gle-H,0)] C,H,0,, AZRiRg
2 23.1 945/991 845 [M+HCOO-(Rha-H,0)]", 829 [M+HCOO~(Gle-H,0)], 683 [M+HCOO- C,H,0,, AZEiiRe
(Rha-H,0)-(Gle-H,0) ]
3 31.7 955/ 793 [M=H-(Glc-H,0)]", 749 [M-H-(Glc-H,0)-CO,] C,H,0,,  AZSHATRo
4 343 799/845 683 [M+HCOO-(Gle-H,0)]",521 [M+HCOO0-2(Gle-H,0)] C,H,0,, AZSRIFRF
5 35.9 1107/~ 945 [M-H-(Glc-H,0)]",783 [M-H-2(Glc-H,0)] C.H,,0,,  AZSHEAF R,
6 36.5 1077/~ 945 [M-H-(Ara-H,0)]",783 [M-H-( Ara-H,0)-(Glc-H,0)] CyHy0,,  AS AT Re
7 37.6 1077/~ 945 [M-H-(Ara-H,0)]",783 [M-H-( Ara-H,0)-(Glc-H,0)] CyHp0,,  AZ R AT Rb,
8 382 1077/~ 945 [M-H-(Ara-H,0)],783 [M-H-(Ara-H,0)-(Gle-H,0)] CyHp0,,  AZ AT Rb,
9 41.7 945/~ 783 [M-H-(Gle-H,0)]",621 [M-H-2(Glc-H,0)] CsH,0,, AZHEITFRA

7« Gle. # %9 B 5 Ara. BT 17 {f1 8% ; Rha. fUZE 0 .
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Fig. 6 Base peak chromatograms of qualitative analysis of total

ginsenosides before and after purification
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Table 6 Quantitative analysis and related parameters of ginsenosides before and after purification of total ginsenosides

KB i 5 2 R AfEE R ERm | FRIRGmes L,
/mg-L! fmg-L" /mg-L! A Ak Ak 5
Rg, Y=14.72X+1.237 0.999 1 15~960 1.74 3.92 24.6+0.4 153.1+£5.2 6.2
Re Y=13.90X+1.100 0.999 4 15~960 1.48 3.35 20.4+0.5 119.3+4.7 5.8
Ro Y=3.114X+1.097 0.999 2 30~960 1.20 2.46 22.9+0.3 104.9+2.2 4.6
Rf Y=16.01X+1.308 0.999 5 15~480 1.52 3.03 13.2+0.2 76.7+3.7 5.8
Rb, Y=10.46X+0.959 4 0.999 4 30~960 1.23 2.87 27.8+0.6 143.5+4.8 52
Rc Y=9.151X+1.259 0.999 2 30~960 1.56 3.27 19.2+0.3 97.4+3.3 5.1
Rb, Y=9.675X+0.955 8 0.999 1 30~480 1.14 2.58 16.1+£0.3 82.8+3.1 5.1
Rb, Y=9.073X+1.004 0.999 5 15~480 1.12 2.38 13.7+£0.2 67.0+£2.9 4.9
Rd Y=11.35X+1.024 0.999 1 15~480 1.23 2.71 12.8+0.3 67.2+3.2 53

T 8RR R NS SR T B ETA 2 BB T R 4
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R7T BEASEFERRMEBESIRERENLL (1=3)

Table 7 Comparison between theoretical adsorption capacity and

actual desorption capacity of monomer ginsenosides (n=3)

e PG F kR SEBR PR A (X+s) [EE &S

/mg /mg /%
Rg, 22.31 20.90+1.39 93.7
Re 18.39 16.28+1.13 88.5
Ro 20.71 14.74£1.26 71.2
Rf 11.90 10.46+0.67 87.9
Rb, 25.11 19.58+2.15 78.0
Re 17.39 13.29+1.41 76.4
Rb, 14.60 11.30+1.06 77.4
Rb, 12.42 9.15+0.85 73.7
Rd 11.60 9.18+0.62 79.1

25 i B D301 B4 B B 22 4 A4 IR XA [) 45 4 25 Y
(JEANZ TR JFAS =R FEREREM)AS
S I W B R 25 R — S R A X A AT
R AL AE TR T AT AR A3 AT X —
T B Ry BT 6 AS 5 AR A AR, R 7
Ji BBk 5 TP ¥ 5 BT R B B 3 e R Y 2
S, SR AE 2R TS 5 R AR (i A7 o0 i B M K
g AR W E A I OR T2 AR B LA Tl
A= = v ) IR 4 )RR

[1]

[2]

[FlEF =]

AXRBHEAEATH B0 R

[ % 3]

LIU J Q, NILE S H, XU G L, et al. Systematic
exploration of Astragalus membranaceus and Panax
ginseng as immune regulators: insights from the
comparative biological and computational analysis[J].
Phytomedicine, 2019, doi: 10. 1016/j.
phymed. 2019. 153077.

RAZGONOVA M P, VESELOV V 'V,
ZAKHARENKO A M, et al
components and the pathogenesis of Alzheimer's
disease (Review) [J]. Mol Med Rep, 2019, 19 (4) .
2975-2998.

Panax ginseng

KIM J H. Pharmacological and medical applications of
Panax ginseng and ginsenosides: a review for use in
cardiovascular diseases [J]. J Ginseng Res, 2018, 42
(3):264-269.

LR AW BN E . ASEMITREERII]. AS
F9%,2019,31(5) :54-58.

JEGAL J, JEONG E J, YANG M H. A review of the
different methods applied in ginsenoside extraction
from Panax ginseng and Panax quinquefolius roots[ J].
Nat Prod Ccommun, 2019, doi: 10. 1177/1934578X198
68393.

[6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

ZAJICKOVA Z. Advances in the development and
applications of organic-silica hybrid monoliths [J]. J
Sep Sci,2017,40(1):25-48.

LIANG Q,ZHANG J S,SU X G, et al. Extraction and
separation of eight ginsenosides from flower buds of
Panax ginseng using aqueous ionic liquid-based
ultrasonic-assisted extraction coupled with an aqueous
biphasic system[ J]. Molecules,2019,24(4):778.

LU C W,YIN Y G, YU Q Y. Optimized extraction of
ginsenosides from ginseng root (Panax ginseng C. A.
Meyer) by pulsed electric field combined with
commercial enzyme [J]. J Food Process Pres, 2017,
doi:10. 1111/jfpp. 12766.

WANG X Y, REN H. Optimization of dynamic-
microwave assisted enzymatic hydrolysis extraction of
total ginsenosides from stems and leaves of Panax
ginseng by response surface methodology [J]. Prep
Biochem Biotechnol,2019,49(5):419-426.
CUMMINS P M,ROCHFORT K D,O'CONNOR B F.
Ion-exchange chromatography: basic principles and
application [J]. Methods Mol Biol, 2017, 1485:
209-223.

B, LA VR SCH AL BT RS TSR IR ik =
SEWE T SR R LA L], v [ SR Ty R 2
Jui,2015,21(23):21-24.

FR T b P AR 254 — 3 (M ],
Jeat s v B 25 BHE 1 A L 2020:8-9,409-410.
ZHANG Y F, WU F J,JIA A L, et al. Adsorption and
desorption characteristics of ginsenosides from Panax
ginseng  C. A.
chromatogram isolated gels [J]. J Sep Sci, 2020, 43
(12):2436-2446.

SIMONIN J P. On the comparison of pseudo-first order
and pseudo-second order rate laws in the modeling of
adsorption kinetics [J]. Chem Eng J, 2016, 300:
254-263.

HO Y S, MCKAY G. A comparison of chemisorption
kinetic models applied to pollutant removal on various
sorbents [J]. Process Saf Environ, 1998, 76 (4) :
332-340.

SINGH V K,KUMAR E A. Measurement and analysis
of adsorption isotherms of CO, on activated carbon[J].
Appl Therm Eng,2016,97:77-86.

IVANOV v A, GORSHKOV \Y% I,
TIMOFEEVSKAJA V D, et al

temperature on ion-exchange equilibrium accompanied

Meyer on  middle-pressure

Influence of

by complex formation in resins [J]. React Funct
Polym, 1998,38(2/3):205-218.

CHAABOUNI A, GUESMI F, LOUATI I, et al
Temperature effect on ion exchange equilibrium
between CMX membrane and electrolytes solutions

- 135 -



H527 B 131 hESREHFFFERE Vol. 27,No. 13

20214E7 H Chinese Journal of Experimental Traditional Medical Formulae Jul. ,2021
[J].J Water Reuse Desal,2015,5(4):535-541. ginsenosides and protopanaxadiol ginsenosides from
[19] AYAWEI N, EBELEGI A N, WANKASI D, et al. Panax ginseng using macroporous resins [J]. J Food
Modelling and interpretation of adsorption isotherms Eng,2012,113(4):577-588.
[J].J Chem-NY,2017,doi: 10. 1155/2017/3039817. [24] LI HY,LEEJH, HA J M. Effective purification of
[20] AZIZIAN S, HAERIFAR M, BASIRI-PARSA M. ginsenosides from cultured wild ginseng roots, red
Extended geometric method: a simple approach to ginseng, and white ginseng with macroporous resins[J]. J
derive adsorption rate constants of Langmuir- Microbiol Biotechnol, 2010, 18(11):1789-1791.
Freundlich kinetics[J]. Chemosphere, 2007, 68 (11) : [25] WU Y J,LIU JJ, GU S, et al. Orthogonal strategy
2040-2046. development using reversed macroporous resin
[21]  SRAR, XUedde , TR, 45 . D18 Fac et g 2lifk — L& coupled  with  hydrophilic  interaction  liquid
BET MW [T, BREERS TR, 2017, chromatography for the separation of ginsenosides
17(31):199-203. from ginseng root extract[ J]. J Sep Sci,2017,40(21):
[22] BIGNARDI C, CAVAZZA A, CORRADINI C. 4128-4134.
Determination of furosine in food products by capillary [26] SONG H, LIN J H, ZHU X, et al. Developments in
zone electrophoresis-tandem mass spectrometry [ J]. high-speed countercurrent chromatography and its
Electrophoresis,2012,33(15):2382-2389. applications in the separation of terpenoids and
[23] MI J N, ZHANG M, REN G X, et al. Enriched saponins[ J]. J Sep Sci,2016,39(8):1574-1591.
separation of protopanaxatriol ginsenosides, malonyl [EEHE XEX]
B

A LA TR R AT P 22 e o )
TECSE F Iifyeg 322 95 7 2 0k )

I JUAF 3R Tl b e 52 906 1 8006 % S22 B AT b T 38, I e 2 06 2R B AN BT b T3k A 38 3 1y G 30 0 e b e R IR T Y R
FB, B Be A2 0 8 R R AT 3 BN SR RS 400 45 B AE 08 B T iR AR B B A T L R RB S AR T R BE 0 S AR B A . X
Jo FEU T A SR Ak BN Y s R i B FR AT IR R A A B RE 08 A AL B Y SRR L, 6 A R AT REORS 40 4
TORAETHP B B AR T f . 25 A CC FH IR R B BT ) — 5 I IR 30 R A R DG e, i v iR L R 4 BEKOF
PR B R LA TP RS RYT R O HS RS AR,

S T Tl 968 5 o 4P BT U )V M b, TR AHE , 25 B L Ak Tl R 2018 4E R . B b R A, FRENA R ENY
Jib g2 0% DA 55 A A R S B B3 AT R B T M L B A R AR T A S I B R CH DL R RE IR A 1 X
KAP R UL MR A YT S RSN B LA BN X R R O BR R MR R 0 R e S R B LA R IR R B SRR T
LT RNETRENA T SIS F ARG R, TSN T P A B . TP IE L e O R Y T
BB N G 2R P B L A B i . L SRS A0 AL HEBIE AT 3R] XUBS B ) AT SR Ry B B T AE = . HEBE Y
THIR S 456 B B PR AE B XTI % 5T P A R BE R T AR SR A7 RS 4 A HEDE , [R] At 28 X 47 BN SRR AT ¥ 52 BI04 A ROKS 40 4k
HEPE X FE RE WS 45 ST AT AL, B8 TRy 7 AP B . A8 B O oo D) 2 e 3 0 Ak ST D R R s 3 IR T A, SR AU
T P o) E X R ARG A A0 B R AR 00 Ak 24 % R B A R R O AZ ONZE # BAE B TA . TR
B A B EE P LA By SORE T BB IR IT AR M . PN BN 2N R S AR RS Y A T RS I B L B R R O FDIR S
@R, 38 i 2 RE A 7 b R B DR A AT R, i e R 3 DT R K TR T SO T O I R AT R, 3 — 2 B AR AT R
I7 TAEMIUR 64T o ARI7 5 09 37 B0 A B T AR 2 76 B AT AR 7 I TR AR IS T, s K i S5 1 000, 4P BN B2 07
2 KB T DI G AR 24, O A R E R ARE B T AT IE AR AR T B OR RCE A AN R SR Y ) B A B A R R AR M
BE VAT IRITIE , BB D3 AR R 224 K Bt 3 7 e B 3 B A I A0 B ) ST B AT ARG I, — R 3 B BT S R e 20 ST )
AT B B T B e I PR R . B BE S, PPN B R Y R AT U0 % R A, SR FH R [l s b ] ] A O KOk T T
B 2y e AT A e R R B B0

255 (S8 bR B 3 B0 ) — A3, P N B S R T F B RS R BT, DU X o LR R KR T LI DL &
PICC F45 L Widr k47 e W%k 85 011, SR FH 4 vp 2% ) sl ik ds () 7 sk A7 L AR5, o m] DL o 28 50 = & 9 9 L E A7 202
T b Bk BGRRR EE R E B  A RR AT 25 W 0 A A O TR RS RO, SRR S AR T Ik 2 R AL A
BEPE, Fo o FAR AT 25 SN S A O IR AL BRI o WX R AT Ll B A, — B B RS 20 HEAT 4 OE B T BN 5
P 22 4 WA R L e 7, K0 A0 7 B 9 S 30 S PR BV 4 B e L PP BN DR Y A BB TR AT AT I T AR I R A A R AT R
R BN BE S B AR Bl R A BRI R RS AR ALY 25 S i s S R i R Y HLARE Bk e B A M A
PR, i — R — AR R X VR O A TGN RO AR DL AT & T sk R B X R MR s M R A -

S FH o e 5 5 B B ) 1) 2 55 B0 3 EE I DR S P L 1R BRI 5 S BRAH A A o AT R B R LR R ) |
PR L 2 A S ]

(MEHE o 2 AL, H 8B ER, KX 430000)

+ 136 -




