TR Bi=E 2021, Vol 42, No.05 349

i

Fg ke 25 B (19 74 40 106 Pk B AT T BILT F 58 a0t

Wooso BREE, B 8, AR, A ORT
(BEMITEREE, SNE UG R R G S ESHB R E AL E, SME AR SO SR TSR =,
KA A= I o, BTN 5EFH 550001)

i % MR TR RS TR M A AN, AT B AR, A 2 RE . SRR E Y. W)
Bl MDA AR KREFIARN, Ml 7 s A RBR A ERZ M 25, HAEAPUME. HiE
s PUEZ PURK. FRIEE. FRMAR. MRy EHEARS RIT. PR, RBORTTEEN . ARG SRS Ting
KR T IS LS A FNLRIRIRT AL, JFEUbIEfll bR BB MIAC 20T 705 1) 5 AT, DUYID9 AT 2 Bl AR
KR i S BIVGTT 29T R AR 5%

KEER: MICZHE: EWIETE (ERIPLED PUMOR; BUEA MARER] R FTE

Recent Progress in Understanding the Bioactivity and Mechanism of Action of Lycium barbarum Polysaccharide
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Abstract: The fruit of Lycium barbarum is both a traditional Chinese medicinal material and dietary supplement, which
contains various bioactive components, such as polysaccharides, flavonoids, alkaloids, pigments, and amino acids. A large
number of studies showed that polysaccharides are the bioactive component with the highest extraction and utilization
value in the fruit of Lycium barbarum due to its multiple biological functions such as anti-tumor, antioxidant, anti-aging,
anti-inflammatory, hypoglycemic, hypolipidemic, neuroprotective, reproductive system-protecting, eye-protecting and
immune-regulating effects. In this review, recent advances are systematically summarized in understanding the biological
activities and mechanism of action of Lycium barbarum polysaccharide (LBP). Furthermore, future research directions
and potential applications are presented. We hope that this review will provide useful information for the development of
LBP-based nutraceuticals and auxiliary drugs.
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Tablel Recent studies on antitumor effect and mechanism of action of LBP
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Table2 Recent studies on antioxidant and anti-aging effects and
mechanism of action of LBP
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Table3 Recent studies on hypoglycemic and hypolipidemic effects and
mechanism of action of LBP
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Table 5 Recent studies on anti-inflammatory activity and mechanism
of action of LBP
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Table 6 Recent studies on reproductive system-protecting effect and
mechanism of action of LBP
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Table7 Recent studies on hepatoprotective effect and mechanism of
action of LBP
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Table8 Recent studies on eye-protecting effect and mechanism of
action of LBP
THHE Tk jilS (LSRR SEIH
ko SRR ke R A ERIOROCK 85 58
: JRsERE e R "

g TAEMEMRE o R EnARR R,
S A e
MR AOBRE  Inghgn  EHASRANER, TRUMRRESABGES (0

9]

K& AOHEEE 1. 10mgkgm, R R, ERRIhRE (101]
“ . iR, FHEOHTERH R

KR omRE o, coskamn ™

jg SEOHRRRE | ETAREASHRRKMSTERRENR
W SDRRARRERE MO MRG0

K MU 100, 200, TRMNUYE SR RO AT, (104
R Womghgm, AR REBRIGEE A CapeliEib

; - W, EERRAEERNRLERET ATk

RROBRRAR pen  EERERTR REERRGEGIMBIEREE (0

o STEERR L HOMRRARERENGRN REEEH

SR ghgm, WP, BENAUHO- L%

. REuEs B R R 2

KR Imghgm, R s e (07}

A nRNARS AT, BT

Caspase-3, Bax mRNARIEFZISKT, HAIMEHE  [108)
SAREL, BRI

VE: AOH.ZPEMIRIESE (acute ocular hypertension) ; OHT.f R %
JiE Cocular hypertension) ; MNU. N-HEE-N-TF A&k (N-methyl-N-
nitrosourea) ; RGCs LM EMZ 4740l (retinal ganglion cells) .

18 STZIEF AR 50, 100,
OBREEY 200mgkgm,

1.9 HAhyEME

WAL Z WERR T BB . PrEAL IR . LA
FEAC ML RE LG . FR g, AETEARY . (RAT I IR 5 Th Rk
Gb, EBARZEN . RYERE. SGE /R s 3
Re 1z it. DRYPEE . B2 55 K5 RE JR ARG T A7 8 28 i
B OCE EEEE  CEARAT N EER (RO o 4
Mt 2 W5 5 R VDRI G A FH NS, G 8 0% 4100 ) i SR B Bt
FRIEEN L (dextran sulfate sodium salt, DSS) % SIS ME
SIS M £ i 96 /N R (1 i 1 AR SR AR I,
Py c 2 B2 R0 0 & A2 e SRR, mT DAY i 18 B R E
B R mdlE K e R RN, BAWAR
N GO HIAC 2 88 I B/ B vk, R DR kb 7R
MUAD 22 W8 0T LSS = B 470 1 AR K R RE, RS L
AALEEST, OB I A R

&9 HRSHEHMN AT ER R AEEANMA SR

Table 9  Recent studies on other biological activities and mechanism of
action of LBP
U ik flE [ERHLBIRAR BEUR
DEREDR , 9 FiRmiR-1TAEZFPTEN, i
vome b 00l e Uismaaeey 1
L . T TLROAITLRA/ FHINF-B= 51 i 12
] m%‘k%?ﬂiﬂﬂ fkhh 100 ng/mL 1%%#1%47*\?&1?@9@%%1%%&% [112]
e g 1565315 605, [RHTLRA, MyDSS, TRAF,

125 pginl NE-BERAE ANRE (13

pg MRt HEMTRRGRERIER

B Smefkgm,




=

KRR

354 2021, Vol.42, No.05 B53ik
#2459
TR it i AR Sl

g LB
it JMRIER

fERk R 1000, 2000,
WK ik a0m, 6000mgken,

LPERFHALERY, TUABREREE | o
HETRAEAT, HERARS
EARBBELSE, SRS
e, FAENRERE D

0.ImU/10g

0. 100, 300, FiEmiR- 1255 0GD S HipCI24fth
eI fht 500 yg/mL. WnVﬂ-catenin%\IJAKIETAT%% (1]
KR KEBEAEE  80mgkgm, EHRERERRUE SRR EE 1
Nt &Wﬁi%@%jﬁﬁ& 50, 100, 200mghgm,  WHHERER, RATETERLSY (18]
i
MRy Lwowel  EREERERERRL (o)
B TR BOE AR TR
kpy  BERE o HERD SEETANAER ERETER
. FTER HENLARNEES, Tk is
ETARE
g TEERESEE L ARGESSROGORNERGAR
/P B - & 12 I SaebritiviE
MR K WHE RN SR TR

BHAR  REEMEKL LS 10
RTAE  CoLEmisl 50 ug/nL

xg  UMERBERK 550, FPRAMHANRBCQMKIESE, ),
" RAEE  00mgkem,  RIREEERWKE, SEARABTY
i LBP: 100, 200,

sa Dsmaame % MR s mmsinssiss
I R SR T T

Wil 220 mkg m,
TR R B

EHREAERRORCE
RPrimER Ty

6 mpwmeee 5 150 /
PR RREISHRE g, iR 2
PRETDOX s 1os 2 R NFAAEBand-3EF . NKEF-A
M I o makem FINKER-BEIAT, 5177 [125]
St S DRERA AR

. PTEN.BAMRIREE 57K B AW UEY (phosphatase and tensin
homolog) ; JAKI/STAT3. K [ i a8 BB HE 1/ 15 5 56 S A S AR 73

(Janus kinase 1/signal transducer and activator of transcription 3) ; NKEF.
EAR RGN 3G 5% K 7 (natural killer enhancing factor)

2 FIREEHRERR

M 2 A 5 0 TR M FRE K
U 5, BRSSO M RS 2 9 1 I S T
MRS Z B EYE, Rk, IRAFLM RO RN M
ZHERN ARG R B EEE L.

2.1 MK ZHES TR, o FIRES R HERL R

Zhang MinZ:"%%F 5 AN 4 40 (M A 22 B3R AT WF 70 K
W, BARERY 7458 Hor i 25 /NMILBP-a4
AT RETE I, 10 A s ZOR &5 M A ik B 5y
TREE K MLBP-a8 A £ MG . Zhang MinZg!"")
RO 70 A B, 8L 7 B A K P e A 22 8 RO e
B /Ny TLBP-SJg, Mitc £ B T E S e 5 T 8
FHRTF. Gong GuipingZE"™1%F5 AN 43 (A 2 BERTF 78 K
B, 4y T /NI 2 08 4 4 T RS B IR R I B TR
PE, TR T SRS PR B, 4r TR AE10~1 000 kDail
[ P4 ) 22 2.4 1 5 TR OE A ) G v
22 MRS TARS SR

Zhang Qian5" R LRI, S FARK S HEH
AR T TR RN FLPE S B M A 2 R S AT
FT:HIRE /ISR, Yao Ruyu28 W KL, 7 T45#h

B A B B AR 2 LA BE I A 2 A o DU TR PR
Mo ERMAFREI LB, SRR LA R 2 84
FTHEEHAL Cas MnBEZMERILE, SBICENF
TE M AT 22 8 S I R A P AR T e 0 N 3L B 4
HERERZ —.
2.3 AR MIAC 20 Sy S AL T S A s
RAE

PRI RIS B ORI, SRR )
Mt 2 b5 BA T 9 1) S B IS . PR EREYE . Ui
SR, B S S LR R R A B A — o TR L Y
EIEH. ZRITEDPR LI, LG RIS 28
BA T 5 v Ve A oR s 1, VEMERRES 5 T
2 HHA A 9% Qiu Shulei 5w 7o &I, AL S
[REZ AT 2 B AR AR

3 & W&

i 2 W5 AR 2 M A YE T (iR . FLR
o U B ARPERNE) s, mR. KEE IR
SR TRBIITN G SGTE « (H H i AC 22 08 1l PR N2 H
B E B RAEGUEETEE . DRI S BhiR 7 8 o
AN 75 T, ARG T AAC 2 B 2 AR TR U,
W EA T Z BN RS AT R ANME . R MRS 2 B AR
P dE . HLE SO R LW SIS T — s ke,
BT 2RSSR IRIE . AR L2 1 5 170 B
PESERF R, KT HIC 2 0 RS S IR SE, 1S
HAc 22 B 20 1 G i 5 LR 2 R 58 R AT AN TR
e BEAG T X HORC 2R R TE, X WoE H AT 2
HERIE TE K 22 H0 15 B A 24 B S0 e i ke 22 )32 M PR S P
M EZRE 2 —; Hhh, k= TR RIRARIIT,
18 2 Bl R ELE IS TR IO AE LI R 2 842 . B HE AT
RN, H R ER O KB SR AROE AR I 1 AR A
BU, EEE R AC 2288 1 A T2 — B A s R LR
AW IR, BARGE O/ E IR —

gi b, X HIAC 2 BE R FUIE T ML LA R
D) {EARGERIIEG AR, 528 0007k, MRt
ZRE P T, IRANR T S DS ML R &,
MG F K EHATIRANI L. 20 WG 4540 K AE RIAL
bR 2 HE S LA E R W R, R
ZRERETE, KRB ERES . 3) RYEH TR
WEFEARIE, A 2 B 5 A 2 Ik P 2 W S 1 R 24 W0 T
HAnPUI T R R R Bk, SRAMIKK 2 RS
oAt 25 W IR A R EIALAR s KRR BE A4 M i 22 28
YIS TR ] TR T . 4) BEE KRR LR A RS, JF
FEMIAC 2 825 8 R R RE A BT A ThRE R ity PR AR 55
B 20 H e RIRIES . 5) 3D /MR



XA ERA

E6mill=

2021, Vol.42, No.05 355

MAC 2 HE AN T & SR I IE, 1 H % B B 2R
BRI PO R ATy 5856, T S 47 32
9 B B LR ROT DL AR A 7 ML SE B AR T R R
BITE 2, MiRd 2 HER BT H AT AL TR R B
RPN SN EEE P

EE U

(1]

[2]

[3]

[4]

[51

[6]
[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

hERRE B E R g R s P EEYE: 6T B M. bt
AP RRAL, 1978: 15.

A, RE, RN, S MRS AR IED]. R PR, 2019,
14(10): 2593-2597. DOI:10.3969/j.issn.1673-7202.2019.10.011.

E XA Rox. he NRSLRIE 25 8t 20154/ — M. Jbat:
o R B2 24 R R, 2015: 249.

KRRV MR 20 (0 544 A B AR TN (D). 5000 Rl
K2, 2006: 21-27. DOI:10.7666/d.Y 1005067.

WEE, BAE. B E MR R ATE O B IR T,
oE R I K, 2019, 46(3): 145-149. DOI1:10.3969/
j-issn.1000-8179.2019.03.283.

PR BB, S FC i 1P 44 3, 2019, 27(2): 6.
A, RSP ERE A A LTI, R E R IR S
2019, 26(10): 1153-1161. DOI:10.13455/j.cnki.cjcor.2019.10.01.
ZHANG M, CHEN H X, HUANG J, et al. Effect of Lycium barbarum
polysaccharide on human hepatoma QGY7703 cells: inhibition of
proliferation and induction of apoptosis[J]. Life Sciences, 2005,
76(18): 2115-2124. DOI:10.1016/j.1f5.2004.11.009.

LOU L, CHEN G, ZHONG B. Lycium barbarum polysaccharide
induced apoptosis and inhibited proliferation in infantile hemangioma
endothelial cells via down-regulation of PI3K/Akt signaling
pathway[J]. Bioscience Reports, 2019, 39(8): 1-11. DOI:10.1042/
BSR20191182.

SHEN L L, DU G. Lycium barbarum polysaccharide stimulates
proliferation of MCF-7 cells by the ERK pathway[J]. Life Sciences,
2012, 91(9/10): 353-357. DOI:10.1016/j.1fs.2012.08.012.

MAO F, XIAO B X, JIANG Z, et al. Anticancer effect of Lycium
barbarum polysaccharides on colon cancer cells involves GO/G1 phase
arrest[J]. Medical Oncology, 2011, 28(1): 121-126. DOI:10.1007/
$12032-009-9415-5.

MIAO Y, XIAO B X, JIANG Z, et al. Growth inhibition and cell-cycle
arrest of human gastric cancer cells by Lycium barbarum
polysaccharide[J]. Medical Oncology, 2010, 27(3): 785-790.
DOI:10.1007/s12032-009-9286-9.

ZHU C P, ZHANG S H. Lycium barbarum polysaccharide inhibits
the proliferation of HeLa cells by inducing apoptosis[J]. Journal of the
Science of Food and Agriculture, 2013, 93(1): 149-156. DOI:10.1002/
jsfa.5743.

WANG W, LIU M X, WANG Y, et al. Lycium barbarum
polysaccharide promotes maturation of dendritic cell via notch
signaling and strengthens dendritic cell mediated T lymphocyte
cytotoxicity on colon cancer cell CT26-WT[J]. Evidence-based
Complementary Alternative Medicine, 2018, 2018: 2305683.
DOI:10.1155/2018/2305683.

BHKEL, XUNHE. MAC 2 R E K B R 4 2 i e o T T ).
WA & BB, 2020, 36(2): 7-11. DOI1:10.13982/
j-mfst.1673-9078.2020.2.002.

BHTFE, AL H Mg, XU, 45 MIAC 2 BIE 5 NBUEF X AW e 40
ASAQEALR S T2 HISEIR ], £3 fRL, 2020, 41(15): 194-200.
DOI:10.7506/spkx 1002-6630-20190714-185.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

K2, . MRS 2 0 H1 SMMC-772 L 41 i i) VEGF &
k. ERSERD] PEAS L SARA Y AE, 2019, 28(1):
26-31. DOI:10.16705/j.cnki.1004-1850.2019.01.005.

Bk, THEE, 45 A, 45 MIAT 2 Bl M & TRAIL X MLL 3
(6] T A S v S 0 I L O T R R ). v [ S A
2k, 2019, 27(4): 1104-1110. DOI:10.19746/j.cnki.issn1009-
2137.2019.04.018.

k28R, FEE, TR, & MRS 2 HepG2 6 40 i H W 5 20
MR TSI D). FR 2, 2017, 39(12): 2600-2602. DOI:10.3969/
j-issn.1001-1528.2017.12.035.

EER, A, G, 5. MIRC 2 0 1A T 0 B B O R
J IR I A=K (3], R, 2018, 38(2): 102-110; 151. DOI:10.3781/
j-issn.1000-7431.2018.11.753.

VT, T, SRR, A RAT 2 X G IO e A0 e 0 6 5 S R T
ERIBTFLLI]. G PR 2 B4 4 &, 2018, 34(12): 1447-1449.
DOI:10.13699/j.cnki.1001-6821.2018.12.015.

LNy, A Rife. MIAC 2 0E 5T B N S0 g i 1 G ]
e S 1 ffs 5 2 2 &, 2017, 33(11): 656-659. DOI:10.3969/
j-issn.1003-1634.2017.11.006.

FERGR, FERSE, W, F. MIAC 2B I BRI A S T A
ST IS P IS 45 6 o il LB 2% 35, 2017, 15(20): 2632-
2634. DOI:10.3969/j.issn.1672-1349.2017.20.040.

A, SRIE, HHE, E. MIAC 2 REEEE AR b B A O S
HO-89 10PMZH L1845 1% 4 T2 (RS2 R 7). 3 ELEERER 2 444, 2017,
39(6): 631-635; 737. DOI:10.16050/j.cnki.issn1674-6309.2017.06.005.
GAO C, HAN H B, TIAN X Z, et al. Melatonin promotes embryonic
development and reduces reactive oxygen species in vitrified mouse
2-cell embryos[J]. Journal of Pineal Research, 2012, 52(3): 305-311.
DOI:10.1111/j.1600-079X.2011.00944..x.

AHN H J, SOHN I P, KWON H C, et al. Characteristics of the cell
membrane fluidity, actin fibers, and mitochondrial dysfunctions of
frozen-thawed two-cell mouse embryos[J]. Molecular Reproduction
and Development, 2002, 61(4): 466-476. DOI:10.1002/mrd.10040.
TANG T, HE B X. Treatment of D-galactose induced mouse aging
with Lycium barbarum polysaccharides and its mechanism study[J].
African Journal of Traditional, Complementary and Alternative
Medicines, 2013, 10(4): 12-17. DOI:10.4314/ajtcam.v10i4.3.

XIA G Q, XIN N, LIU W, et al. Inhibitory effect of Lycium barbarum
polysaccharides on cell apoptosis and senescence is potentially
mediated by the p53 signaling pathway[J]. Molecular Medicine
Reports, 2014, 9(4): 1237-1241. DOI:10.3892/mmr.2014.1964.
TANG R, CHEN X Y, DANG T T, et al. Lycium barbarum
polysaccharides extend the mean lifespan of Drosophila
melanogaster[J]. Food & Function, 2019, 10(7): 4231-4241.
DOI:10.1039/c8fo01751d.

ZHANG Z Q, ZHOU Y N, FAN H T, et al. Effects of Lycium
barbarum polysaccharides on health and aging of C. elegans depend
on daf-12/daf-16[J]. Oxidative Medicine and Cellular Longevity, 2019,
2019: 6379493. DOI:10.1155/2019/6379493.

YANG L, GAO Z, LEI L, et al. Lycium barbarum polysaccharide
enhances development of previously-cryopreserved murine two-cell
embryos via restoration of mitochondrial function and down-regulated
generation of reactive oxygen species[J]. Journal of Reproduction and
Development, 2019, 65(2): 163-170. DOI:10.1262/jrd.2018-104.
HONG B D, DA P C, JIAN M J, et al. Inhibiting effects of
Achyranthes bidentata polysaccharide and Lycium barbarum
polysaccharide on nonenzyme glycation in D-galactose induced mouse
aging model[J]. Biomedical and Environmental Sciences, 2004, 16(3):
267-275. DOI:10.3200/AEOH.58.9.592-596.



356 2021, Vol.42, No.05

B5oiltl F

KRR

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

LUO Q, CAI'Y Z, YAN J, et al. Hypoglycemic and hypolipidemic
effects and antioxidant activity of fruit extracts from Lycium
barbarum[J]. Life Sciences, 2004, 76(2): 137-149. DOI:10.1016/
j.1f5.2004.04.056.

LI X M, MA Y L, LIU X J. Effect of the Lycium barbarum
polysaccharides on age-related oxidative stress in aged mice[J].
Journal of Ethnopharmacology, 2007, 111(3): 504-511. DOI:10.1016/
j-jep.2006.12.024.

HUANG Y Y, ZHOU F, SHEN C. LBP reduces the inflammatory
injury of kidney in septic rat and regulates the Keapl-Nrf2/ARE
signaling pathway 1[J]. Acta Cirurica Brasileira, 2019, 34(1):
€20190010000003. DOI:10.1590/50102-865020190010000003.

HE M H, PAN H, CHANG R C C, et al. Activation of the Nrf2/HO-1
antioxidant pathway contributes to the protective effects of
Lycium barbarum polysaccharides in the rodent retina after
ischemia-reperfusion-induced damage[J]. PLoS ONE, 2014, 9(1):
e84800. DOI:10.1371/journal.pone.0084800.

ZHENG G Z, REN H J, LI H Q, et al. Lycium barbarum
polysaccharide reduces hyperoxic acute lung injury in mice through
Nrf2 pathway[J]. Biomedicine & Pharmacotherapy, 2019, 111:
733-739. DOI:10.1016/j.biopha.2018.12.073.

XUE S J, HU X H, ZHU L G, et al. Protective functions of Lycium
barbarum polysaccharides in H,O,-injured vascular endothelial cells
through anti-oxidation and anti-apoptosis effects[J]. Biomedical
Reports, 2019, 11(5): 207-214. DOI:10.3892/br.2019.1240.

LI J, DING Z J, YANG Y, et al. Lycium barbarum polysaccharides
protect human trophoblast HTR8/SVneo cells from hydrogen
peroxide-induced oxidative stress and apoptosis[J]. Molecular
Medicine Reports, 2018, 18(3): 2581-2588. DOI:10.3892/
mmr.2018.9274.

SHAN T Y, SHAN T Q, LIU F L, et al. Effects of Lycium barbarum
polysaccharides on the damage to human endometrial stromal cells
induced by hydrogen peroxide[J]. Molecular Medicine Reports, 2017,
15(2): 879-884. DOI:10.3892/mmr.2016.6080.

NIU T, JIN L Z, NIU S Z, et al. Lycium barbarum polysaccharides
alleviates oxidative damage induced by H,0, through down-regulating
microRNA-194 in PC-12 and SH-SYS5Y cells[J]. Cellular Physiology
and Biochemistry, 2018, 50(2): 460-472. DOI:10.1159/000494159.
LIU Y X, ZHANG Y. Lycium barbarum polysaccharides alleviate
hydrogen peroxide-induced injury by up-regulation of miR-4295 in
human trabecular meshwork cells[J]. Experimental and Molecular
Pathology, 2019, 106: 109-115. DOI:10.1016/j.yexmp.2018.12.007.
QI B,JIQS, WEN Y C, et al. Lycium barbarum polysaccharides
protect human lens epithelial cells against oxidative stress-induced
apoptosis and senescence[J]. PLoS ONE, 2014, 9(10): e110275.
DOI:10.1371/journal.pone.0110275.

NIU A J, WU J M, YU D H, et al. Protective effect of Lycium
barbarum polysaccharides on oxidative damage in skeletal
muscle of exhaustive exercise rats[J]. International Journal of
Biological Macromolecules, 2008, 42(5): 447-449. DOI:10.1016/
j-ijbiomac.2008.02.003.

XIN Y F, WAN L L, PENG J L, et al. Alleviation of the acute
doxorubicin-induced cardiotoxicity by Lycium barbarum
polysaccharides through the suppression of oxidative stress[J]. Food
and Chemical Toxicology, 2011, 49(1): 259-264. DOI:10.1016/
j.fct.2010.10.028.

WU H T, HE X J, HONG Y K, et al. Chemical characterization
of Lycium barbarum polysaccharides and its inhibition against

liver oxidative injury of high-fat mice[J]. International Journal of

[47]

[48]

[50]

[51]

[52]

[53]

[54]

[55]

[57]

[59]

Biological Macromolecules, 2010, 46(5): 540-543. DOI:10.1016/
j-ijbiomac.2010.02.010.

ZHANG W J, YANG HF, ZHU L Q, et al. Role of EGFR/ErbB2 and
PI3K/Akt/e-NOS in Lycium barbarum polysaccharides ameliorating
endothelial dysfunction induced by oxidative stress[J]. The American
Journal of Chinese Medicine, 2019, 47(7): 1523-1539. DOI:10.1142/
S0192415X19500782.

W, MM, 8, 5 WL 2B H,0, S AR 3 L g
JiB W K Beclin-1. LC3BIRIA MIFZMIT]. 7R K5 2 4R (R 2 10,
2018, 37(6): 1010-1013. DOI:10.3969/j.issn.1671-6264.2018.06.016.
BT, AT, B, . MIAC 2 BE 0 ) O 1 E R SR RN R
ELEA IR AW 264. 758 AL B 05 4F IR FE[T]. o [RD J A 422 A 35
2019, 14(6): 629-633. DOI:10.13350/j.cjpb.190603.

Seali, CUARUN, SKEAE, S5 MofC 2 HEXT2,4-Di S HIPC 1241 il 4
WA 05 R TR )] S B S RS, 2019, 36(5): 396-399.
DOI:10.16241/j.cnki.1001-5914.2019.05.005.

VR, WA, TofE, 5. MIAC 2 B0 Hep G241 i i & = HIKHT K 2
HEAEH RAUHIBTFE[I]. o S AR HE 22538, 2017, 33(6): 568-571.
DOI:10.12047/j.cjap.5601.2017.134.

TWLEA, PR, Y, S5 MRS 2 S ERES AR KRR . LA
e 71 Je i s . AEACTRAREIFEIA ). Bh0E 972431, 2019, 31(1):
418-427. DOI:10.3969/j.issn.1006-267x.2019.01.049.

XA, FRRAE, Bl DR 2 =G = R VR TR AR
SR, E TARREE L 2017, 8(22): 104-107. DOI:10.3969/
j.issn.1674-9316.2017.22.052.

CAIHZ, LIU FF, ZUO PF, et al. Practical application of antidiabetic
efficacy of Lycium barbarum polysaccharide in patients with type 2
diabetes[J]. Medicinal Chemistry, 2015, 11(4): 383-390. DOI:10.2174/
1573406410666141110153858.

ZHU J, LIU W, YU J P, et al. Characterization and hypoglycemic effect
of a polysaccharide extracted from the fruit of Lycium barbarum L.[J].
Carbohydrate Polymers, 2013, 98(1): 8-16. DOI:10.1016/
j.carbpol.2013.04.057.

CAI H Z, YANG X H, CAI Q, et al. Lycium barbarum L.
polysaccharide (LBP) reduces glucose uptake via down-regulation of
SGLT-1 in Caco-2 cell[J]. Molecules, 2017, 22(2): 341. DOI:10.3390/
molecules22020341.

PAI P G, UMMA H P, ULLAL S, et al. Evaluation of hypolipidemic
effects of Lycium barbarum (Goji berry) in a murine model[J]. Journal
of Natural Remedies, 2013, 13(1): 4-8.

CHEN W W, CHENG X, CHEN ] Z, et al. Lycium barbarum
polysaccharides prevent memory and neurogenesis impairments
in scopolamine-treated rats[J]. PLoS ONE, 2014, 9(2): e88076.
DOI:10.1371/journal.pone.0088076.

KOU L, DU M Z, ZHANG C P, et al. Polysaccharide purified
from Lycium barbarum protects differentiated PC12 cells against
L-Glu-induced toxicity via the mitochondria-associated pathway[J].
Molecular Medicine Reports, 2017, 16(4): 5533-5540. DOI:10.3892/
mmr.2017.7289.

HO Y S, YUM S, YANG X F, et al. Neuroprotective effects of
polysaccharides from wolfberry, the fruits of Lycium barbarum, against
homocysteine-induced toxicity in rat cortical neurons[J]. Journal of
Alzheimer’s Disease, 2010, 19(3): 813-827. DOI:10.3233/JAD-2010-1280.
YUY Y, WU X Q, PUJ N, et al. Lycium barbarum polysaccharide
protects against oxygen glucose deprivation/reoxygenation-induced
apoptosis and autophagic cell death via the PI3K/Akt/mTOR signaling
pathway in primary cultured hippocampal neurons[J]. Biochemical
and Biophysical Research Communications, 2018, 495(1): 1187-1194.
DOI:10.1016/j.bbrc.2017.11.165.



XA ERA

E6mill=

2021, Vol.42, No.05 357

[64]

[66]

[69]

[70]

[71]

(73]

[75]

HOY S, YUM S, YIK S Y, et al. Polysaccharides from wolfberry
antagonizes glutamate excitotoxicity in rat cortical neurons[J]. Cellular
and Molecular Neurobiology, 2009, 29(8): 1233-1244. DOI:10.1007/
$10571-009-9419-x.

LIU W J, JIANG H F, REHMAN F U L, et al. Lycium barbarum
polysaccharides decrease hyperglycemia-aggravated ischemic brain
injury through maintaining mitochondrial fission and fusion balance[J].
International Journal of Biological Sciences, 2017, 13(7): 901-910.
DOI:10.7150/ijbs.18404.

LAM C S, TIPOE G L, SO K F, et al. Neuroprotective mechanism of
Lycium barbarum polysaccharides against hippocampal-dependent spatial
memory deficits in a rat model of obstructive sleep apnea[J]. PLoS ONE,
2015, 10(2): €0117990. DOI:10.1371/journal.pone.0117990.

ZHOU Y, DUAN Y H, HUANG S C, et al. Polysaccharides from
Lycium barbarum ameliorate amyloid pathology and cognitive
functions in APP/PS1 transgenic mice[J]. International Journal of
Biological Macromolecules, 2020, 144: 1004-1012. DOI:10.1016/
j-ijbiomac.2019.09.177.

LIU S Y, CHEN L, LI X C, et al. Lycium barbarum polysaccharide
protects diabetic peripheral neuropathy by enhancing autophagy via
mTOR/p70S6K inhibition in Streptozotocin-induced diabetic rats[J].
Journal of Chemical Neuroanatomy, 2018, 89: 37-42. DOI:10.1016/
jjchemneu.2017.12.011.

FEZAE, Aobte, Bt MAC 20 BlxT A B 1 22 45 7 /) Bk 2 4 e
BAREALRE )3 B IS IL-2 5 1L- 1278 5520 ], I RIS 5 L%, 2019,
26(10): 1337-1338. DOI:10.3969/j.issn.1674-4659.2019.10.1337.
FAC T, R V. AT 22 S R SRS P 4558 S5 A 22 e T 1Y
LRAE ] R AT PIBK/AKY/mTORTE Sl BR 5L [J]. vh A S A,
2019, 35(8): 1043-1045. DOI:10.11847/zgggws1124336.

Tz, KUEE, FEIFE, S5, FIAC 2 B ok R 28 1 OR3P 4R T
FLEI]. A EZ4ESAE, 2017, 37(24): 6036-6038. DOI:10.3969/
j-issn.1005-9202.2017.24.014.

Wi, skisvd, Jlise, &5 MO 20k iA G400/ R0 S 1 LA
M RPN, rh E AR AL A5, 2018, 44(10): 613-618.
DOI:10.3969/j.issn.1002-0152.2018.10.008.

HONG C Y, ZHANG H D, LIU X Y, et al. Attenuation of hyperoxic
acute lung injury by Lycium barbarum polysaccharide via inhibiting
NLRP3 inflammasome[J]. Archives of Pharmacal Research, 2019,
42(10): 902-908. DOI:10.1007/s12272-019-01175-4.

XIAO J, ZHU Y H, LIU Y H, et al. Lycium barbarum
polysaccharide attenuates alcoholic cellular injury through
TXNIP-NLRP3 inflammasome pathway[J]. International Journal
of Biological Macromolecules, 2014, 69: 73-78. DOI:10.1016/
j-ijbiomac.2014.05.034.

ZHU X D, HU S T, ZHU L Q, et al. Effects of Lycium barbarum
polysaccharides on oxidative stress in hyperlipidemic mice
following chronic composite psychological stress intervention[J].
Molecular Medicine Reports, 2015, 11(5): 3445-3450. DOI:10.3892/
mmr.2014.3128.

NI H W, WANG G X, XU Y, et al. Lycium barbarum polysaccharide
alleviates IL-1B-evoked chondrogenic ATDCS5 cell inflammatory
injury through mediation of microRNA-124[J]. Artificial Cells,
Nanomedicine, and Biotechnology, 2019, 47(1): 4046-4052.
DOI:10.1080/21691401.2019.1673765.

XIONG G F, LI D W, ZHENG M B, et al. The effects of Lycium
Barbarum polysaccharide (LBP) in a mouse model of cerulein-induced
acute pancreatitis[J]. Medical Science Monitor: International Medical
Journal of Experimental and Clinical Research, 2019, 25: 3880-3886.
DOI:10.12659/MSM.913820.

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

FEE, A, e, . M 20X 8RR 788
L TR i 3 /0 B2 OB R R B A R I RS A [T]. B
JE K (B h), 2019, 39(2): 136-141. DOI:10.3969/
j-issn.1674-8115.2019.02.006.

FZEE, AN, RIE, & MC 28 BT R BURAIE BT R
RARFEMINF RS %, 2019, 31(2): 236-239. DOI:10.16333/j.1001-
6880.2019.2.009.

R, BR2E, o, S5 MG 2 B T Ake/eNOS Il # R LPS £
ARDS/) R [1]. o [E 25 2238 4, 2018, 34(9): 1258-1263.
DOI:10.3969/j.issn.1001-1978.2018.09.015.

M, AL, RBTEE, SF. MUAC 2R /I BRI R PR B0
F AR 1 T B LA HINE-xB, TNF-a, TL-6F11L- 182k LI [T].
HHE 2544 &, 2017, 42(2): 326-331. DOI:10.19540/j.cnki.
cjemm.20161222.016.

LIU Q Q, HAN Q Q, LU M L, et al. Lycium barbarum polysaccharide
attenuates cardiac hypertrophy, inhibits calpain-1 expression and
inhibits NF-kB activation in streptozotocin-induced diabetic rats[J].
Experimental and Therapeutic Medicine, 2019, 18(1): 509-516.
DOI:10.3892/etm.2019.7612.

SHI G J, ZHENG J, WU J, et al. Beneficial effects of Lycium
barbarum polysaccharide on spermatogenesis by improving
antioxidant activity and inhibiting apoptosis in streptozotocin-induced
diabetic male mice[J]. Food & Function, 2017, 8(3): 1215-1226.
DOI:10.1039/c6fo01575a.

SHI G J, ZHENG J, HAN X X, et al. Lycium barbarum polysaccharide
attenuates diabetic testicular dysfunction via inhibition of the PI3K/Akt
pathway-mediated abnormal autophagy in male mice[J]. Cell and Tissue
Research, 2018, 374(3): 653-666. DOI:10.1007/s00441-018-2891-1.
LUO Q, LT Z N, HUANG X L, et al. Lycium barbarum
polysaccharides: protective effects against heat-induced damage of
rat testes and H,0,-induced DNA damage in mouse testicular cells
and beneficial effect on sexual behavior and reproductive function
of hemicastrated rats[J]. Life Sciences, 2006, 79(7): 613-621.
DOI:10.1016/j.1f5.2006.02.012.

YANG F L, WEI' Y X, LIAO B Y, et al. Lycium barbarum
polysaccharide prevents cisplatin-induced MITc-1 cell apoptosis and
autophagy via regulating endoplasmic reticulum stress pathway[J].
Drug Design, Development and Therapy, 2018, 12: 3211-3219.
DOI:10.2147/DDDT.S176316.

SHI G J, ZHENG J, WU J, et al. Protective effects of Lycium
barbarum polysaccharide on male sexual dysfunction and fertility
impairments by activating hypothalamic pituitary gonadal axis in
streptozotocin-induced type-1 diabetic male mice[J]. Endocrine
Journal, 2017, 64(9): 907-922. DOI:10.1507/endocr;j.ej16-0430.0.
LUO Q, LIJ J, CUI X Y, et al. The effect of Lycium barbarum
polysaccharides on the male rats’ reproductive system and spermatogenic
cell apoptosis exposed to low-dose ionizing irradiation[J]. Journal of
Ethnopharmacology, 2014, 154(1): 249-258. DOI:10.1016/j.jep.2014.04.013.
XIN Y F, YOU Z Q, GAO H, et al. Protective effect of Lycium
barbarum polysaccharides against doxorubicin-induced testicular
toxicity in rats[J]. Phytotherapy Research, 2012, 26(5): 716-721.
DOI:10.1002/ptr.3633.

R RS, AR, BATR, SR MOAC BT BH R SR kR T e R
FIOFLIALT]. TG, 2019, 35(8): 52-55.

I, WOHEES, THRRI, S AT 2B R K U AR AR 2 B
EHEESIRTIE]. ThAe SR 22508, 2017, 23(11): 1043-1046.
DOI:10.13263/j.cnki.nja.2017.11.015.

XIAO J, XING F Y, HUO J, et al. Lycium barbarum polysaccharides

therapeutically improve hepatic functions in non-alcoholic



358 2021, Vol.42, No.05

B5oiltl F

KRR

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

steatohepatitis rats and cellular steatosis model[J]. Scientific Reports,
2014, 4: 5587. DOI:10.1038/srep05587.

XIAO J, WANG F, LIONG E C, et al. Lycium barbarum
polysaccharides improve hepatic injury through NF-kappa-B
and NLRP3/6 pathways in a methionine choline deficient
diet steatohepatitis mouse model[J]. International Journal of
Biological Macromolecules, 2018, 120: 1480-1489. DOI:10.1016/
j-ijbiomac.2018.09.151.

XIAO J, ZHU Y H, LIU Y X, et al. Lycium barbarum polysaccharide
attenuates alcoholic cellular injury through TXNIP-NLRP3 inflammasome
pathway[J]. International Journal of Biological Macromolecules, 2014, 69:
73-78. DOI:10.1016/j.ijbiomac.2014.05.034.

XIAO J, LIONG E C, CHING Y P, et al. Lycium barbarum
polysaccharides protect mice liver from carbon tetrachloride-induced
oxidative stress and necroinflammation[J]. Journal of
Ethnopharmacology, 2012, 139(2): 462-470. DOI:10.1016/
jjep.2011.11.033.

GAN F, LIU Q, LIU Y H, et al. Lycium barbarum polysaccharides
improve CCl,-induced liver fibrosis, inflammatory response and TLRs/
NF-xB signaling pathway expression in Wistar rats[J]. Life Sciences,
2018, 192: 205-212. DOI:10.1016/j.1fs.2017.11.047.

YAN Y M, WU W Q, LU L, et al. Study on the synergistic protective
effect of Lycium barbarum L. polysaccharides and zinc sulfate on
chronic alcoholic liver injury in rats[J]. Food Science & Nutrition,
2019, 7(11): 3435-3442. DOI:10.1002/fsn3.1182.

PEE, FEAIZE, RBksE, 45 T IRMAC 2 0 0 SR N BRUFF
SRR AR ¥4 FI (0], Bk 5425, 2019, 35(20): 2773-2776.
DOI:10.13329/j.cnki.zyyjk.2019.0787.

THOMPSON J T. Advantages and limitations of small gauge
vitrectomy[J]. Survey of Ophthalmology, 2011, 56(2): 162-172.
DOI:10.1016/j.survophthal.2010.08.003.

WANG J H, YAO Y, LIU X Z, et al. Protective effects of Lycium
barbarum polysaccharides on blood-retinal barrier via ROCK1
pathway in diabetic rats[J]. American Journal of Translational
Research, 2019, 11(10): 6304-6315.

YANG D, SO K F, LO A C Y. Lycium barbarum polysaccharide
extracts preserve retinal function and attenuate inner retinal neuronal
damage in a mouse model of transient retinal ischaemia[J]. Clinical &
Experimental Ophthalmology, 2017, 45(7): 717-729. DOI:10.1111/
ce0.12950.

MI X S, FENG Q, LO A C Y, et al. Protection of retinal ganglion
cells and retinal vasculature by Lycium barbarum polysaccharides in a
mouse model of acute ocular hypertension[J]. PLoS ONE, 2012, 7(10):
e45469. DOI:10.1371/journal.pone.0045469.

LAKSHMANAN Y, WONG FS Y, YU WY, et al. Lycium barbarum
polysaccharides rescue neurodegeneration in an acute ocular
hypertension rat model under pre-and post-treatment conditions[J].
Investigative Ophthalmology & Visual Science, 2019, 60(6): 2023-
2033. DOI:10.1167/iovs.19-26752.

LAKSHMANAN Y, WONG F S Y, ZUO B, et al. Posttreatment
intervention with Lycium barbarum polysaccharides is neuroprotective
in a rat model of chronic ocular hypertension[J]. Investigative
Ophthalmology & Visual Science, 2019, 60(14): 4606-4618.
DOI:10.1167/iovs.19-27886.

MI X S, CHIU K, VAN G, et al. Effect of Lycium barbarum
polysaccharides on the expression of endothelin-1 and its receptors
in an ocular hypertension model of rat glaucoma[J]. Neural
Regeneration Research, 2012, 7(9): 645-651. DOI:10.3969/
jissn.1673-5374.2012.09.001.

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

ZHU Y F, ZHAO Q P, GAO H, et al. Lycium barbarum polysaccharides
attenuates N-methy-N-nitrosourea-induced photoreceptor cell
apoptosis in rats through regulation of poly (ADP-ribose) polymerase
and caspase expression[J]. Journal of Ethnopharmacology, 2016, 191:
125-134. DOI:10.1016/j.jep.2016.05.037.

YAO Q, YANG Y, LU X H, et al. Lycium barbarum polysaccharides
improve retinopathy in diabetic sprague-dawley rats[J]. Evidence-
Based Complementary and Alternative Medicine, 2018, 2018: 1-12.
DOI:10.1155/2018/7943212.

PAN H, SHI Z, YANG T G, et al. The protective effects of Lycium
barbarum polysaccharides on retinal neurons in diabetic rats and its
mechanism[J]. Chinese Journal of Applied Physiology, 2019, 35(1):
55-59. DOI:10.12047/j.cjap.5706.2019.014.

CHUPH W, LIH Y, CHIN M P, et al. Effect of Lycium barbarum
(wolfberry) polysaccharides on preserving retinal function after
partial optic nerve transection[J]. PLoS ONE, 2013, 8(12): e81339.
DOI:10.1371/journal.pone.0081339.

FHEM, HETE, SV, S MIAC 2 8RB SRR K R )
Caspase-3. Bel-2FIBax RAMsEm[I].  EZEERE, 2019,
39(20): 5070-5074. DOI:10.3969/j.issn.1005-9202.2019.20.058.

B, AEE, T, F MK S HEEG R R T I8 M S e
P& 98 /N RS RS R S ga i FE (0], o B g R 25 268, 2019,
39(11): 1366-1371. DOI:10.7661/j.¢jim.20190419.135.

CHEN J H, LONG L N, JIANG Q, et al. Effects of dietary
supplementation of Lycium barbarum polysaccharides on growth
performance, immune status, antioxidant capacity and selected
microbial populations of weaned piglets[J]. Journal of Animal
Physiology and Animal Nutrition, 2020, 104(4): 1106-1115.
DOI:10.1111/jpn.13247.

LIANG W Y, YUE Z. Lycium barbarum polysaccharides promote
osteoblasts viability by regulating microRNA-17/PTEN[J]. Life
Sciences, 2019, 225: 72-78. DOI:10.1016/j.1fs.2019.04.001.

ZHU J, ZHANG Y Y, SHEN Y S, et al. Lycium barbarum
polysaccharides induce Toll-like receptor 2 and 4 mediated phenotypic
and functional maturation of murine dendritic cells via activation
of NF-«xB[J]. Molecular Medicine Reports, 2013, 8(4): 1216-1220.
DOI:10.3892/mmr.2013.1608.

BO R N, LIU Z G, ZHANG J, et al. Mechanism of Lycium barbarum
polysaccharides liposomes on activating murine dendritic cells[J].
Carbohydrate Polymers, 2019, 205: 540-549. DOI:10.1016/
j-.carbpol.2018.10.057.

SUN X M, LV Y, HUANG L, et al. Pro-inflammatory cytokines serve
as communicating molecules between the liver and brain for hepatic
encephalopathy pathogenesis and Lycium barbarum polysaccharides
protection[J]. Journal of Ethnopharmacology, 2020, 248: 112357.
DOI:10.1016/j.jep.2019.112357.

ZHU W, ZHOU S X, LIU J H, et al. Prebiotic, immuno-stimulating
and gut microbiota-modulating effects of Lycium barbarum
polysaccharide[J]. Biomedicine & Pharmacotherapy, 2020, 121:
109591. DOI:10.1016/j.biopha.2019.109591.

SONG S Q, LIN F L, ZHU P Y, et al. Lycium barbarum
polysaccharide alleviates oxygen glucose deprivation-induced
PC12 cells damage by up-regulating miR-24[J]. Artificial Cells,
Nanomedicine, and Biotechnology, 2019, 47(1): 3994-4000.
DOI:10.1080/21691401.2019.1673767.

LU T, ZHAO W, ZHANG F, et al. Lycium barbarum polysaccharides
attenuate rat anti-Thy-1 glomerulonephritis through mediating
pyruvate dehydrogenase[J]. Biomedicine & Pharmacotherapy, 2019,
116: 109020. DOI:10.1016/j.biopha.2019.109020.



XA ERA

E6mill=

2021, Vol.42, No.05 359

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

DING Y, YAN Y M, CHEN D, et al. Modulating effects of
polysaccharides from the fruits of Lycium barbarum on the immune
response and gut microbiota in cyclophosphamide-treated mice[J].
Food & Function, 2019, 10(6): 3671-3683. DOI:10.1039/c9f000638a.
ZHANG H Y, ZHENG L, YUAN Z P. Lycium barbarum
polysaccharides promoted proliferation and differentiation in
osteoblasts[J]. Journal of Cellular Biochemistry, 2019, 120(4): 5018-
5023. DOI:10.1002/jcb.27777.

BRUL, FAERE, F48, 5. HAc 2 Bl B0 B2 o g5 RS RS T A RO
HAE R IET]. EEREE 2%, 2019, 48(21): 3641-3645. DOI:10.3969/
j-issn.1671-8348.2019.21.010.

FETF, SRARTN, THME, S AAC 22 R I i R )N R O 1
MIsEm ], SR & SRS, 2019, 35(9): 67-73. DOI:10.13982/
j-mfst.1673-9078.2019.9.007.

B, MNINE, TRE s, 55, AT 220009 5 B (5] 78 5T 40 i
S ETAE 101, R ZiHE, 2018, 41(5): 1197-1199. DOI:10.13863/
j-issn1001-4454.2018.05.040.

HENE. MAC 2 BT G405 i S e S K B AT 18 CR A A FTRIF 52 D). 30
FRIIEE 2, 2019, 46(14): 2622-2625; 2637.

BIFSF, IR, TR MIAC 2 B RERE PE RAG  BRCR U  fR A
TEFI[I]. JEAT « WA « 5875, 2019, 31(2): 148-152. DOI:10.3969/
j-issn.1004-616x.2019.02.010.

HRAE, XS, RPLEL, . MIAC 2 0E X g H ] /N BT 4
Ji G e e (7], Th R S S 4k &, 2018, 34(2): 214-217.
DOI:10.3969/j.issn.1000-484X.2018.02.01 1.

ZHANG Min, TANG Xiuli, WANG Fang, et al. Characterization of
Lycium barbarum polysaccharide and its effect on human hepatoma
cells[J]. International Journal of Biological Macromolecules, 2013, 61:
270-275. DOI:10.1016/j.ijbiomac.2013.06.031.

ZHANG Min, WANG Fang, LIU Rui, et al. Effects of superfine
grinding on physicochemical and antioxidant properties of Lycium
barbarum polysaccharides[J]. LWT-Food Science and Technology,
2014, 58(2): 594-601. DOI:10.1016/j.1wt.2014.04.020.

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

GONG Guiping, DANG Tiantian, DENG Yangni, et al.
Physicochemical properties and biological activities of polysaccharides
from Lycium barbarum prepared by fractional precipitation[J].
International Journal of Biological Macromolecules, 2018, 109: 611-
618. DOI:10.1016/j.ijbiomac.2017.12.017.

ZHANG Qian, LU Xiaoling, WU Tao, et al. Composition of Lycium
barbarum polysaccharides and their apoptosis-inducing effect on
human hepatoma SMMC-7721 cells[J]. Food & Nutrition Research,
2015, 59(1): 28696. DOI:10.3402/fnr.v59.28696.

YAO Ruyu, HUANG Chao, CHEN Xingfu, et al. Two complement
fixing pectic polysaccharides from pedicel of Lycium barbarum L.
promote cellular antioxidant defense[J]. International Journal of
Biological Macromolecules, 2018, 112: 356-363. DOI:10.1016/
j-ijbiomac.2018.01.207.

B iR, AR, R, & 28T &R E T A
P RO R i RS IR (D], 2R, 2020, 20(2): 52-60.
DOI:10.16429/j.1009-7848.2020.02.007.

VB, i, MR, 55 HIAC 20 SRR AL ™ P ) S B T 1Y
FETEN]. BRPERHE 244, 2020, 38(1): 44-49; 70. DOI:10.19481/
j-cnki.issn2096-398x.2020.01.008.

FEBC B M 2 WE AR AL 2 VA 22 8 s 2 A1 08 G0 2 0
PERIFEFCID]. MR MRS, 2011: 91-92.

ERE BHGL, BEE, 5. MK 2 0 R LB R i A S
UM VEL ], MK 2 2R (B AR, 2015, 50(6): 809-813.
DOI:10.13705/.issn.1671-6825.2015.06.020.

HRIC, XNFOK, BT, LB MRIAT 2 B 2 B A AL
PUIRRE S TEOE S (D). b BE 25 K224k, 2015, 34(6): 61-66.
DOI:10.3969/j.issn.2095-7246.2015.06.020.

QIU Shulei, CHEN Jin, CHEN Xi, et al. Optimization of selenylation
conditions for Lycium barbarum polysaccharide based on antioxidant
activity[J]. Carbohydrate Polymers, 2014, 103: 148-153. DOI:10.1016/
j.carbpol.2013.12.032.





