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Separation and Purification of Lycium barbarum Polysaccharides
in Neuroinflammation by High-speed Countercurrent
Chromatography
HAO Gaofeng?, CAO Yu'"?, ZHAO Ning'?, LIU Jianfei'?, DI Duolong"*"

(1.School of Pharmacy, Gansu University of Traditional Chinese Medicine, Lanzhou 730000, China;

2.Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: Objective: This study constructed a novel method for the separation and purification of polysaccharides from
Lycium barbarum polysaccharide (LBPs) by high-speed countercurrent chromatography with aqueoust two-phase system,
and investigated its effect on neuroinflammation. Methods: Through the partition coefficient (K) value and stationary phase
retention rate S, the conditions for separating and purifying LBPs using aqueous two-phase system coupled with high-speed
countercurrent chromatography (HSCCC) were screened and optimized. Preliminary structural characterisation of LBPs
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was performed using high performance size exclusion column-multiangle laser light scatter-refractive index detector
(HPSEC-MALLS-RID), 1-phenyl-3-methyl-5-pyrazolone precolumn derivatization coupled to high performance liquid
chromatography (HPLC), Fourier transform infrared spectroscopy (FTIR), thermogravimetric analyzer (TG) and scanning
electron microscopy (SEM). Moreover, the anti-neuroinflammation effect was investigated on LPS induced BV2 cell
model. Results: The optimal biphasic system consisted of ethanol, ammonium sulphate, water and isopropanol had a ratio of
1.4:1.0:2.58:0.3. Under the separation conditions (900 r/min and 0.8 mL/min mobile phase flow rate), three
polysaccharide fractions, named LBPs-1, LBPs-2 and LBPs-3, was isolated. Polysaccharide contents were 78.35%+1.52%,
69.03%%1.71% and 62.11%%2.31%. Molecular weights were 7.40x10* Da, 2.73x10* Da and 1.47x10* Da. The
monosaccharide composition was as follows: Man:Rha:GalA:GlcA:Glu:Gal: Ara, with the molar ratios of 1.9:4.9:
1.3:8.1:7.6:32.6:41.8,2.1:4.3:1.5:8.3:5.1:28.6:37.9 and 5.9:4.6:1.1:0.7:13.8:66.8:5.3, respectively. There was also a
significant difference in terms of thermal stability and micro-morphology. The LBPs exhibited varying degrees of protective
activity on LPS-induced BV2 cells. Conclusions: This study would provide technical support for the efficient separation and
purification of plant polysaccharides, and scientific basis for the application of LBPs in the inhibition of neuroinflammation
related diseases.

Key words: high speed countercurrent chromatography (HSCCC); aqueous two-phase system; Lycium barbarum

polysaccharide; separation and purification; structure analysis; neurological inflammation
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Fig.1 Schematic diagram of separation and purification
of LBPs by HSCCC
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FHER B 2 HSCCC 43— M HER EENSEL 72
HSCCC P4 B aTHE . HE, e AHI 1R B S32kk
15, Sy HERA AR P

TERTHARIIFZE b, IR AR . £ IERI/K S
10 ATPS fEfufc PR E alifb b R 80 ) — 2 e
P (HZIZAR R AE HSCCC R B REAK . BT
FREEPINAGE B S R M SN S, T Shmsk )
P3G, BETT AT LASE 5 B AH PR B R R, AR F
FEI I T 4 B ATPS A ZR, 38 i P8 35 S 1
B B AR, B 5T S N R B S I % ATPS [ 2 AH R ’E
SRS, FR R [ 7 AH LR B 3R KB 0 58 il P53
25 LBPs ') HSCCC R4t W5 kI Y S INEEIER
FMA Z= b B EE AN O B inE) 0.3, U AR AR R %
M 52.6% FEFHE 64%. (EERE 55 PI A 5T 4k
Bgdmesh, R AR B R ARG . PRk, SIS A
S PIEE T LA @ AH PR B R E K. 57— 7 |,
HSCCC 43~ &5 14 P AH 3% 77 445 28 XA i 11 43 TC 3R 28
K W IZAE 0.5<K=2.07e B, MIFEHE 1 458K,
K 4 FEFARRN K E2E 5 A K. (HEMLLZ
- P AN R R - /K-S TN (1.4 :1.0:2.58: 0.3, w/w) A
PIARIA AR R, K BDE B 28 BT, LU ZBE-TRAR
K-S PIEE(1.4:1.0:2.58:0.3, w/w) 4 L 28 1% 14
ATPS i 5 “hy HSCCC 43 25 M AL Z2 0 19 S A 15 771l

F 1 ATPS i K (HAMEE R

Table 1 K-values and retention rates of ATPS
. ATPS?EﬁJi% Hfl (wiw) K AR B 2%
CEE WRBRRREE K SRR (%)
1 1.4 1.0 2.58 0 0.49 52.6
2 1.4 1.0 2.58 0.3 0.58 64.0
3 1.4 1.0 2.58 0.6 0.44 62.2
4 1.4 1.0 2.58 0.9 0.42 59.3

2.1.2 HSCCC ik &t T 3 R s AH i i
W2 HSCCC 43S e R 2, il ges T B0
JIRIF IS, X[ 2 AR B A T 2R E R, B
15 AL S ) TR B A L 2 X T A T AR R A E P
TE HSCCC %557 R Ge i vk iy L fili b, Ye 1 & -
A0 FIBR R 44 - 7K SR T (1.4:1.0:2.58: 0.3, w/w) I
FAERFRFHF HSCCC 438 . Wik 2 iR, TS N
900 r/min. JLANAFHFEH A 0.5 mL/min B, $Z [& & AH
B ICPR B R N 67.8%, (HFE AL A 0.5 mL/
min 5, ZREGEMITTT It a1 . 25675 05, 2
RESTESE5F2N 900 rv/min, FRBIFHTREE S 0.8 mL/min,
TEMCEAT T EE AR IR B 3 64% .

2.1.3 HSCCC 4y M hi&rmilla HSCCC 4B
LBPs fUBENLHTZR AN 2A Bz, HH 22 B4 i i 5o it
FRUIK AR ZR 00 3905 (0335 43 B, 198 3 -k
43 LBPs-1(120.8 mg) . LBPs-2(50.2 mg) 11 LBPs-3
(25.3 mg), ZHEEEMRIN 78.35%+1.52%, 69.03 %+

F 2 UM SIS [ A O B R B R
Table 2 Effects on stationary phase retention of instrument
speed and mobile phase flow rate

53 (1/min) % (mL/min) [ AH PR B 2R (%)
0.5 56.3
700 0.8 53.1
1.1 50.1
0.5 62.7
800 0.8 59.2
1.1 56.3
0.5 67.8
900 0.8 64.0
1.1 60.4
12F A

LBPs-1

0 10 20 30 40 50 60 70 80 90 100
B

P2 HSCCC 4B 2lift, LBPs [P/ £ FIRE i
Fig.2 Elution curve and samples for the isolation and
purification of LBPs by HSCCC

1 A: HSCCC 43 &5 4fi ik LBPs 4 vk i il 28 5 B: MyAC HL < b
LBPs; C: Hit2 £ #5404 LBPs-1; D: #42 2 #4H 4> LBPs-2; E:
i ZHE4H 53 LBPs-3.

1.71%, 62.11%+2.31%., FIFCZPHAE S HGS 2 v Je
WA (ZR A0, S T YA A LS F Y R D BRI (]
R, TESTE 2N, TR PRSI bR, EH T
PO BERG LR T 1 R EALEE H,0, Afbik . itk
B2 RS RS A0 . HL,O, s E 25
BRI LS R AR A, DTS M A= ) 1 P R &L
K FRs W IO S P E U R AN 0, T3
B B 2T B, T BT M R AN REER A HH, B
Wt BT A R0y T R B — 22 1k
B, (BB B A AR s S W S R R 20, TS A
i ELA S g A FRYE PR, NIE] 2B~&] 2E T LLE
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FAEZHE T BN RO, B 3 W~ T LBPs
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AP 7.40%10% Da., 2.73x10* Da 1 1.47x10* Da,,
R 3 TR S i LR R B T i 2, HL i
24924 1 kDa, #t—253EHT )5 19 (3% B o WLAR AL, Tl
WTIZZ04 i BE A R, 33X ] B2 Hi T UERERH AR S X
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Fig.3 HPSEC plots of LBPs-1 (A), LBPs-2 (B),
and LBPs-3 (C)
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Fig.4 Chromatograms of mixed solutions of monosaccharide
standards (A) and PMP derivatives of polysaccharide
samples LBP-1 (B), LBP-2 (C) and LBP-3 (D)

LE: 1. PMP; 2. D-HE&HE; 3. L-FU45HE; 4. D-H % BERL; 5. D->F
FUBHRENR; 6. D-HI%IHE; 7. D-FFUHE; 8. L-BTHfrbl; 9. LAk
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FEFEZ —, WE 4 PR, 3 PP ARFEERE
Sy e H SR . BEEE FUREEE R | A BRI
WA EFLPERIBTRACOR 4 . MIAC 28 LBPs-
1 By PR 2H i EE R FE ol 1.9:4.9:1.3:8.1:7.6:32.6:
41.8; Mt W% LBPs-2 MIEE/REEA 2.1:4.3:1.5:8.3:
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B B B LRI BT R A BE, $ER3X 2 # LBPs H
Vit iy 0| IEVASE RISy AR s A Ris b il et
Z B TIPSR RO iR gk R I
HSCCC M LBPs H 42575 2 iy Z M4 53 HA AR [H
(SEEER 77 270

2.2.3 £IL4M6H% 53T LBPs-1. LBPs-2 1 LBPs-3
) FT-IR JGiG% M SRan&l 5 fis. 3 Fhhing(s
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3397.5 em™ AT A4 B 10 54 A4 W2 A G 2 F 43 TR R
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Fig.5 FT-IR spectra of LBPs-1 (A), LBPs-2 (B),
and LBPs-3 (C)
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Fig.6 TG plots of LBPs-1 (A), LBPs-2 (B), and LBPs-3 (C)



5 45 % 4 2040 R , S R S B AT M M 2 R P R 75 -

JE | PSR AN S IR AR T —3, {H & LBPs-1
B BT 8 35 22 I W7 T LBPs-2, B3 LBPs-2 7RI
Brifs e T LBPs-1; fEREE IR i E—25 T,
ZHERI SR E L 5E R, FrLEE 3 I BEFIEE 1 B BoAH
L, R E LM, BT i R /N T 10%. 7E 750 °C
B, LBPs-1 [ 5% 4> & 22%, LBPs-2 [ 5k 4 &N
36%, F—H U0 LBPs-2 HAG B iFpyasErE. M
&l 6C B 1, LBPs-3 43-fif iy 2L #2 AN [A] T LBPs-1 Fll
LBPs-2, 3 43 fif B BEAS B i, FF L5 a2 i 36 2R
/N, B BE =R v, Ui HH AR e M = T LBPs-1
LBPs-2,

2.2.5 HRGHRENT  FHHTR T BB S AR b
ST RIS LER S SRR A 2 T LB, &) 7
R T 3 FHIACZHELE 500 F 2000 FRAEECT 1
SEM B o 3 Bk A Z2 Bl 14 SO0 & A7 A6 Bl 22
5o Hoh, LBPs-1 2R REDGH, AHLN Y FiRes
145 LBPs-2 2L IRE5#, 4~ 30 HH 2SI i
JEAR, B CORAREGIE N, AT PAZE— 2 s 3 2
LER ISR EN O3 AT G R/ A S ZFL451) . LBPs-3
FEI S 2253 32 LIRS A A T 95 58, SLF0 HIRIR
RERE (9 25 M RRAE o 3 Fh 22008 22 10 45 44 19 25 5% ] fig
T ENMFEARM T8 B A 55T
5.

2000710 pm £ 400075 pm

{17 LBPs-1, LBPs-2 Fl LBPs-3 AYHli LRI (O AE 4L
500, T & 2000 )
Fig.7 Scanning electron microscope of LBPs-1, LBPs-2, and
LBPs-3 (the upper figure 500%, the lower figure 2000x)
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Fig.8 Production of pro-inflammatory mediators of LPS-
treated BV2 cells were suppressed by LBPs
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