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An acidic polysaccharide LBP-1 isolated from the fruit of Lycium barbarum L. was purified by ion-
exchanged column. Structure characterization and in vitro hypoglycemic activity of LBP-1 were deter-
mined. Chemical analysis indicated LBP-1 was composed with rhamnose, arabinose, xylose, galactose,
mannose, galacturonic acid = 1.00:7.85:0.37:0.65:3.01:8.16 with average molecular weight of
2.25 x 10% Da. The structure features of LBP-1 were investigated by FT-IR, GC-MS, 'H-NMR and '3C-
NMR. The backbone were mainly composed of (1,5)-linkage arabinose, (1,4)-linkage galacturonic acid,
-(1)-mannose-(3,6)-linkage and terminated with -(1)-mannose. LBP-1 protected the pancreatic islets
cells from oxidative damage and enhanced cell survival ratio significantly. Moreover, its application
inhibited the development of insulin resistance in HepG2 cells. This paper indicates the beneficial effect
of LBP-1 and explores a potential hypoglycemic functional food and pharmaceuticals with definitely
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1. Introduction

Fruit from Lycium barbarum Linnaeus, commonly called “Wolf-
berry” in English, is a traditional Chinese herbal medicine, which is
popular as a functional dietary supplement in Western countries
now. Variety beneficial effects of Lycium barbarm L. have been
demonstrated such as hypoglycemia, immunomodulation,
anti-hypertension, lipotropic, anti-aging, antioxidant, anticancer,
anti-apoptotic, anti-fatigue and so on (Chen, Tan, & Chan, 2008;
Li, Ma, & Liu, 2007; Luo, Cai, Yan, Sun, & Corke, 2004). Several func-
tional components including carotenoids, flavonoids and polysac-
charides in Lycium barbarum L. berries correlated with their
bioactivities have been chemically investigated. However, the
polysaccharide constituents still remained uncertain because of
its complex monosaccharide composition with a wide range
molecular weight (My).

Diabetes mellitus is a significant chronic disease in modern
society characterized by high blood glucose level. Given that cur-
rently available drugs for diabetes have a number of limitations,
such as adverse effects and high rates of secondary failure
(Yasunori et al., 2002), renewed attention to alternative medicines
and natural therapies has stimulated a new wave of research inter-
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est in traditional practices. The plant kingdom is a wide field to
search for new drugs and biologically active compounds that have
slight or no side effect. Previous publications indicated that some
plant polysaccharide, isolated from Cordyceps mycelia, Astragalus
membtanaceus, Aloe vera, Green tea, pumpkin and Physalis slkekengi
L., were found to have hypoglycemic activity (Akira, Sahar, Amal, &
Engy, 2009; Chen, Zhang, & Xie, 2005; Fu, Tian, Cai, Liu, & Li, 2007;
Li et al., 2006; Mao et al., 2009; Tong, Liang, & Wang, 2008). The
medicinal use of Lycium barbarm L. for curing diabetes was docu-
mented in Chinese medicinal monograph around 2300 years ago
and the in vivo hypoglycemic effects of fruit water decoction, crude
polysaccharides and purified polysaccharides from Lycium barbarm
L. have been reported (Amagase, Sun, & Borek, 2009; Li, 2009; Luo
et al,, 2004). In recent studies, five polysaccharides (glycoconju-
gates) (LbGp1-LbGp5) were isolated with the molecular weight
(M) ranged from 92,500 to 237,000 Da (Qi et al., 2001; Wang
et al., 2009; Zhao, Alexeev, Chang, Greenburg, & Bojanowski,
2005). However, the macromolecular structure characterization
has not been elucidated due to its complicated monosaccharide
composition.

In this study, a new high-molecular-weight polysaccharide frac-
tion from Lycium barbarm L. fruit (LBP-1) was purified, and its com-
ponents and structure characterization were determined by
chemical analysis. The hypoglycemic activity of LBP-1 was also
investigated in vitro to provide scientific evidence for development
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of LBP-1 as a functional food and a potential alternative medicine
in anti-diabetes with clearer structure characterization.

2. Materials and methods
2.1. Materials

The fruit bodies of Lycium barbarum L. were obtained from the
Agriculture and Forestry Research Institute of Ningxia Huizu
Autonomous Region, People’s Republic of China. Trichloromethane,
sodium hydroxide, sodium chloride, acetone, and hydrochloric acid
were purchased from Nanjing chemical reagent Co. Ltd. Prind. Deu-
terated water (D,0) and alloxan was purchased from Sigma-Al-
drich (St. Louis, USA). Insulin and pioglitazone hydrochloride
were produced by Novo Nordisk (North Carolina, USA) and Hengrui
(Lianyungang, China), respectively. Other chemicals and reagents
were analytical grade.

2.2. Cell line and culture

RINm5F (rat insulinoma cells line) and HepG2 cells (a human
hepatoma cell line) were supplied from Chinese Academy of Sci-
ences and maintained in monolayer culture at 37 °C and 5% CO,
in RPMI-1640 supplemented with 10% fetal bovine serum (FBS),
2 g/L NaHCOs3, 0.06 g/L penicillin and 0.1 g/L Streptomycin. At
90% confluence, the cells were trypsinized with 0.25% trypsin-
0.02% EDTA in PBS solution for 30 s and resuspended in complete
culture medium.

2.3. Extraction, isolation and purification

Ground dry fruit samples (100 g) were refluxed to remove lipids
with chloroform methanol solution by using Soxhlet’s extractor for
2 h. After filtering, the residues refluxed again with 80% ethanol for
2 h to remove oligosaccharide. Dry residual (20 g) were extracted
three times in 80 °C hot water. The concentrated extract solution
was precipitated by three times volume of 95% ethanol. The precip-
itate was collected by centrifugation, washed successively with
ethanol and acetone, and then dried at reduced pressure, giving
crude polysaccharides. Crude polysaccharide applied to the DEAE
column (5 x 50 cm) and eluted with 0.4 M NaCl. Fractions were
collected and enriched according the results of analysis by the phe-
nol-sulfuric acid procedure (Dubois, Gilles, Hamilton, Rebers, &
Smith, 1956). The collected fraction was dialyzed in distilled water
for 24h and freeze-drying, one purified polysaccharide was
obtained named LBP-1.

2.4. Characterization of LBP-1
2.4.1. Purity and molecular weight determination

The purity and molecular weight of LBP-1 was determined by
size-exclusion HPLC chromatography instrument (Agilent1100,
USA) with a gel-filtration chromatographic column of Shodex
KS-805 (SHOWA DENKO K.XK., Japan) at 35°C. Sample was dis-
solved in distilled water and passed through from 0.45 pm filter,
applied to gel-filtration column, eluted with distilled water at a
flow rate of 1.0 ml/min and detected by a refractive index detec-
tor. Standard dextrans with different molecular (21,400, 41,100,
84,400, 133,800, 2,000,000 Da) were passed through the column,
and a standard curve was plotted according to the retention time
and the logarithm of their respective molecular weights. The
molecular weight of LBP-1 was calculated by comparison to
the standard curve.

2.4.2. Analysis of monosaccharide composition by HPLC with pre-
column derivative and GC

PMP derivatization of monosaccharides was carried out as
described previously with proper modification (Daotian & Roger,
1995; Lv et al., 2009). Briefly, 6 standard monosaccharides mixture
solution or the hydrolyzed samples of LBP-1 were dissolved in
0.6 M aqueous NaOH (50 pl) and a 0.5M methanol solution
(100 pl) of PMP was added. Samples were allowed to react for
30 min at 70 °C, then cooled to room temperature and neutralized
with 50 pl of 0.3 M HCI. The resulting solution was added with H,0
(1 ml) and extracted with chloroform (1 ml). The process was
repeated three times and then aqueous layer was filtered through
a 0.45 pm membrane. The analytical column used a RP-C18 col-
umn (4.6 mm x 250 mm, 5 pm, waters, USA). The wavelength for
UV detection was 250 nm. Elution was carried out at a flow rate
of 1.0 ml/min at 35 °C. The mobile phase was consisted of acetoni-
trile and ammonium acetate solution (pH 5.5) with the volume
ratio of 78:22. The injection volume was 20 pl.

LBP-1 was hydrolyzed with 2 M trifluoroacetic acid (TFA) at
100°C for 8h, turning into monosaccharide compositions
(Susumu, Shigeo, Kazuaki, Akiko, & Tsuneo, 1981). The residual
solution was concentrated, the excess of acid was removed by 1%
hydrochloric acid methanol solution, and the residual were acety-
lated by acetic anhydride. The alditol acetates were analyzed by
gas chromatography (GC) on a Hewlett-Packard model 6890
instrument equipped with a capillary column (HP-5.5% phenyl
methyl siloxane 30 x 0.25 x 0.25 um) and a flame-ionization
detector, and temperature programmed from 150-220°C to
280 °C at 30 °C/min.

2.4.3. Infrared spectral analysis
The infrared spectrum (IR), as KBr pellets, was recorded by a
Nicolet-170X spectrophotometer in the range of 4000-400 cm™.

2.4.4. Methylation analysis

The methylation of LBP-1 (10 mg) was performed four times
with methyl iodide in DMSO according to the Needs’ method
(Needs & Selvendran, 1993). Formic acid hydrolysis of methylated
polysaccharide was performed by heating with formic acid (3 ml)
for 6 h at 100 °C, and then the residual were hydrolyzed with
2 M trifluoroacetic acid (2 ml). Methylated products were reduced
with NaBH, and acetylated with acetic anhydride. The resulting
mixture of alditol acetates was analyzed by GC-MS. Linkages of
partially methylated alditol acetates were carried out on the basis
of the retention time and fragmentation pattern. The molar ratios
of each sugar were calibrated using the peak areas and response
factor of the flame-ionisation detector in GC.

2.4.5. Nuclear magnetic resonance spectroscopy

'H-NMR and '>C-NMR spectrums were recorded by Brucker
DRX-400NMR Spectrometer. LBP-1 was dissolved in D,O0 and
examined at 500 MHz 30 °C.

2.5. Hypoglycemic activity of LBP-1 in vitro

2.5.1. RINm5F proliferation assay

RINmS5F cells, seeded in 96-well microplate with a density of
10* cells/ml and allowed to attach for 6 h at 37 °C. Each well was
added 1072 M alloxan to induce RINm5F damage. After 2 h damage,
cells were treated in the absence or presence of different concen-
trations of LBP-1 (100, 200, 300, 400 and 500 pg/ml) for 24 or
48 h. Cell proliferation was measured by MTT assay. MTT solution
(20 pl) was added to each well and incubated at 37 °C for 4 h. After
adding stop solution DMSO (100 pl/well), the absorbance at
490 nm was measured by a Multiskan Spectrum Microplate Spec-
trophotometer (Thermo, Finland).
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2.5.2. Glucose consumption assay

HepG2 cells, the human hepatocarcinoma cell line, cultured in
96-well microplate with density of 500 cells per well and main-
tained in Dulbecco’s modified Eagle’s medium containing 2% fetal
calf serum, supplemented with 60 mg/L penicillin, 100 mg/L strep-
tomycin, 3.57 g/L HEPES and 3.7 g/L NaHCOs in a humidified atmo-
sphere with 5% CO, at 37°C overnight before treatment.
Subsequently, HepG2 cells incubated with or without insulin
(5 x 107 M) for 16 h, washed once with serum-free medium for
20 min, and then treated with LBP-1 at different concentrations
(1, 5, 10, 50 and 100 pg/ml) in the presence of 10~ M insulin for
24 h. The glucose concentrations in cell culture supernatant of each
group were determined by Glucose assay kit (Rongsheng, Shang-
hai) following the manufacturer’s instruction. The result is ex-
pressed as glucose consumption (Ceops). Pioglitazone (8 mg/L) and
medium were positive and negative control, respectively.

2.5.3. Statistical analysis

All values were expressed as mean + SD. Statistical significance
was determined by analysis of variance (ANOVA) followed by Stu-
dent’s t test. P < 0.05 was considered statistically significant.

3. Results and discussion
3.1. Isolation and purification

The crude polysaccharide, a yield of 2.24%, was isolated from
Lycium barbarm L. powder, with removed lipid and oligosaccharide.
An ion-exchange chromatography was used for purifying crude
polysaccharide and eluted with 0.4 M NaCl to yield one major peak.
The homogeneous of LBP-1 as one symmetrical peak was shown on
HPLC with a gel-filtration chromatographic column. No significant
absorbance was shown at or near 280 nm in the UV-visible spec-
tral profiles and the protein content was 5.67% determined by
Bradford’s method. Optical rotation value was +77.1° for LBP-1.
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3.2. Molecular weight of LBP-1 and monosaccharide composition

HPLC was applied to determine the average molecular weight of
LBP-1, which was estimated to be 2.25 x 10° Da in reference to
standard dextrans. Concerning monosaccharides quantitative and
qualitative determination, the use of GC is preferred because of
its sensitivity. According to retention time of the alditol acetate
derivatives in GC, LBP-1 consisted of five different monosaccha-
rides, including rhamnose, arabinose, xylose, galactose, mannose
and the molar ratio of 1.00:7.85:0.37:0.65:3.01 (Fig. 1). Fig. 2
showed galacturonic acid is a major component of LBP-1. The
galacturonic acid content was 44.61%, determining colorimetric
ally by the 3,5-dimethylphenol method. Given the information
above, we found that LBP-1 consisted of rhamnose, arabinose, xy-
lose, galactose, mannose, galacturonic acid and the molar ratio of
1.00:7.85:0.37:0.65:3.01:8.16. The monosaccharide content is
rhamonose 4.23%, arabinose 30.36%, xylose 1.43%, galactose
3.02%, mannose 13.97% and galacturonic acid 44.61%, respectively.

3.3. Structure characterization of LBP-1

IR spectrum of LBP-1 showed absorption bands at 3433, 2955,
2917, 2862, 1633, 1408, 1380, 1325, 1261, 1149-1018, 947 and
637 cm™ . It exhibited a broadly-stretched intense peak at around
3433 cm~! characteristic of hydroxyl group. The two peaks at 2955
and 2862 cm~! were assigned to C-H stretching bands of CH,. A
weak stretching band at 2917 cm~! was ascribed to C-H, stretch-
ing vibration. Two strong bands at 1633 and 1408 cm™! were
assigned to the absorbance of the deprotonated carboxylic group
(COO7) (Manrique & Lajolo, 2002) and no absorbance band at
1700 cm~! which belonged to carboxylic acid groups indicated
that the LBP-1 was predominantly in salt form. The absorption at
1325 cm™~! was possibly due to non-symmetrical and symmetrical
CH; bending, respectively. The band at 1261 cm ™! was ascribed to
non-symmetrical C-O-C stretching vibration. The bands in the
region 1149-1018 cm™~! were corresponded to C-O-C and C-O-H
glycosidic linkage (Kacurakova, Capek, Sasinkovd, Wellner, &
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Fig. 1. GC chromatogram of monosaccharide composition of LBP-1. The upper profile (A) represents the monosaccharide standard. The bottom profile (B) represents the LBP-
1 tested. LBP-1 is the purified high-molecular-weight polysaccharides from Lycium barbarum L. fruiting bodies.
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Fig. 2. The HPLC chromatograms of PMP derivatives of six standard monosaccharides (A) and component monosaccharides released from LBP-1 (B). The polysaccharide was
hydrolyzed with TFA at 100 °C for 8 h and then was labeled with PMP. The HPLC analysis was carried out as described in the experimental section. Peaks: 1. mannose; 2.

rhamnose; 3. galacturonic acid; 4. galactose; 5. arabinose and xylose.

Ebringerova, 2000; Zhao, Yang, Yang, Jiang, & Zha, 2007). The weak
peak at 947 cm~! was characterized by deoxysaccharide C-H,
stretching band and the peak at 637 cm™! resulted from O-H
out-of-plane vibration (Chiovitti et al., 1997).

Methylation linkage analysis of LBP-1 was summarized in Ta-
ble 1. Methylated product of LBP-1 was hydrolyzed with acid,
converted into alditol acetates and analyzed by GC and GC-MS.
According to mass spectrums, LBP-1 furnished three types of
methylated derivatives, named 2,4-Me,-Man, 2,3,4,6-Mes-Man
and 2,3-Me,-Ara in a relative molar ratio of 1.00:0.29:2.25
(Zha, Luo, Luo, & Jiang, 2007). The signal of uronic acid was
not shown in GC-MS analysis, which was due to the possibility
that the uronic acid in LBP-1 have been transformed into methyl
esters and subsequently degraded by B-elimination under highly
alkaline environments in the repeated methylation in Needs’
method (Jansson, Kenne, Liedgren, Lindberg, & Lonngren, 1976;
Yang & Montgomery, 2001). This result implied a good correla-
tion between terminal and branched residues, and LBP-1 had a
1,5-linkage arabinose main chain with 1,6-linkage mannose
and 1,3-linkage mannose as side chains in the native
polysaccharide.

The analysis of the 'H- and '>*C-NMR spectra (Figs. 3 and 4)
were based on component analysis, linkage analysis and

literature values. In the spectrums of LBP-1, signal at around
52.20 ('H-NMR) and 836.00 ppm ('3C-NMR) was assigned to
the internal acetone in D,0 solvent. The 'H-NMR showed corre-
sponding to methyl protons at 1.16 and 1.23 ppm and the other
proton signal was assigned the o-p-galacturonic acid (GaluA) H-1
at 5.05 ppm (Habibi et al., 2005; Velasco et al., 1998). The chem-
ical shifts from 3.75 to 4.39 ppm, showing the overlapping peaks,
were assigned to protons of carbons C-2 to C-5 (or C-6) of the
glycosidic ring. From the 3C-NMR, the main (1 — 5)-linkage-oi-
L-arabinose units were obviously characterized by five strong sig-
nals at 110.27, 79.49, 75.72, 83.57 and 69.62 ppm, which origi-
nated from C-1, C-2, C-3, C-4 and C-5 (Golovchenko, Ovodova,
Shashkov, & Ovodov, 2002). The signals identified at 101.68,
70.89, 71.61 and 80.64 ppm could be assigned to C-1, C-2, C-3,
C-4 and C-5 of (1 — 4)-linkage-a-p-galacturonic acid. The signal
at 178.15 ppm was due to C-6 of a-p-galacturonic acid (Polle,
Ovodova, Shashkov, & Ovodov, 2002).

The NMR signal of rhamonose, xylose and galactose was no
indication owing to their low content (less than 5%), and the over-
whelmed NMR signal of mannose by baseline noise may be attrib-
uted to poor water solubility of LBP-1. The shift of C-4 from 70.30
to 80.64 ppm (C-4) indicated that there might be existence of
(1 — 4)-linkage-a-p-galacturonic acid and the signal shift of

Table 1

GC-MS of alditol acetate derivatives from the methylated production of LBP-1.
Methylated sugar Molar ratios MS main fragments (m/z) Linkages
2,3,4,6-Tetra-O-Me-Man 0.29 43, 45, 71, 87, 101, 115, 129 Man-(1-
2,4-Di-0-Me-Man 1.00 43, 58, 71, 87,99, 117, 129, 159, 173, 189, 233 —3,6)-Man-(1—
2,3-Di-O-Me-Ara 2.25 43, 87,101, 117, 129, 189 —5)-Ara-(1-
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Fig. 3. "H-NMR spectrum of LBP-1. LBP-1 from the fruits of Lycium barbarum L. in D,0 on a Varian 500 NMR spectrometer using internal acetone (5y 2.20) as references.

Numerical value is in d (ppm).
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Fig. 4. ">C-NMR spectrum of LBP-1. LBP-1 from the fruits of Lycium barbarum L. in D,0 on a Varian 500 NMR spectrometer using internal acetone (d¢ 36.00) as references.

Numerical value is in d (ppm).

arabinose C-5 proved a-i-arabinose was (1 — 5)-linkage (Omaira,
Maritza, Lilian, & Gladys, 2005). The molar ratio of -(1)-mannose-
(3,6)- and -(1)-mannose was 1.00:0.29, which demonstrated the
mannose was not only terminal sugar from methylation.

In conclusion, the LBP-1 had a backbone chain mainly com-
posed of (1,5)-linkage-a-L-arabinose and possibly (1,4)-linkage-o-
p-galacturionic acid with branch chain of -(1)-mannose-(3,6)-.
The terminal sugar was mainly -(1)-mannose and other
monosaccharide.

3.4. Hypoglycemic activity of LBP-1 in vitro

Diabetes is complicated metabolic disorder characterized by
high blood glucose level due to decreasing of utilized glucose in
blood by body cells. The causes of diabetes are multiple. The supply
of insulin may be decreased by a decrease in pancreatic  cell mass
and/or function disturbances of B cells (Yasunori et al., 2002).
Alloxan (AXN) chemical agent have damaging effect on insulin
producing B cell of pancreas due to superoxide free radical causing
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lipid peroxidation, damaging the structure of cell membrane, and
leading to high glucose level by hypoinsulinism.

As a first step towards understanding the mechanism of the
hypoglycemic activity of LBP-1, we investigated its protective ef-
fect against AXN-induced RINmS5F cells damage in vitro. Fig. 5
showed LBP-1 had protection effect on RINm5F damaged by AXN,
with dose-dependent manner at the concentrations from 0 to
500 pg/ml LBP-1 significantly enhanced the cell survival ratio to
97.5% and 126.4% after 24 h and 48 h compared with model sur-
vival ratio to 67.0% and 72.0%. The result implied that the polysac-
charide LBP-1 can nearly rehabilitate the pancreatic islets cells
completely after damage, and even reverse them to the normal
state. The result suggest that LBP-1 may decrease high glucose
level by protecting pancreatic B cells against disturbances or
increasing the number of B cells to raise insulin secretion.

To further elucidate the hypoglycemic effect of LBP-1 and its
mechanisms, we simulated the internal hyperglycemia state
in vitro to investigate whether LBP-1 is a potential component to
alleviate insulin resistance partially which is ubiquitous in type 2
diabetes. Insulin resistance (IR) is the condition in which normal
amounts of insulin are inadequate to produce a normal insulin re-
sponse from liver cells, muscle and fat. Different cells respond to
insulin differently. Some cells are more resistant than others, as
some cells are incapable of becoming very resistant. The liver be-
comes resistant first, followed by the muscle tissue and lastly the
fats. Insulin resistance in liver cells results in impaired glycogen
synthesis and a failure to suppress glucose production (Xie et al.,
2006). In our experiments, we used HepG2, a human hepatoma cell
line, with high concentration insulin (5 x 10~/ M) to establish an
insulin-resistant cell model, which expressed an insensitive re-
sponse to normal-concentration insulin (10~° M). Fig. 6 showed
high-concentration insulin-treated HepG2 cells suffered an obvi-
ous glucose consumption decrease compared with the normal cells
(P < 0.01), showing the insulin-resistant model was simulated suc-
cessfully in vitro. After we treated the IR cells with LBP-1 for 24 h,

14 -

* %

Cell survival ratio (%)

035

0 100 200 300 400 500
Concentration of LBP-1 (pg/ml)

Fig. 5. Protective activity of LBP-1 against AXN-induced RINm5F cells damage
in vitro. RINm5F cells were damaged by AXN (10 mmol/L) and subsequently
stimulated with LBP-1 (from O to 500 pg/ml) for 24 h and 48 h, respectively.
Proliferation was measured by MTT assay and the absorbance at 490 nm was
measured in a multiskan spectrum. The protective effect of LBP-1 was expressed as
cell survival ratio=A490 of each group/A49o of normal group. Values are the
mean # SD, (n=6). *P < 0.05, **P < 0.01 vs. medium control, “P < 0.05 vs. normal
control by ANOVA followed by Student’s t-test.
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Fig. 6. Effect of LBP-1 on sensitivity to exogenous insulin in insulin-resistant HepG2
cells. The cells were pretreated with 5x 1077 M insulin to simulate IR micro-
environment. LBP-1 was added at different concentrations (1, 5, 10, 50 and 100 pg/
ml) in the presence of 10~° M insulin for 24 h. The glucose concentrations in cell
culture supernatant of each group were determined by Glucose assay kit and the
absorbance at 505 nm was measured in a multiskan spectrum. The result was
expressed as glucose consumption. “P < 0.01 vs. normal control (without insulin
and LBP-1 treatment); *P < 0.05, **P <0.01 vs. model control (without LBP-1
treatment) by ANOVA followed by Student’s t-test.

the glucose consumption increased significantly in a dose-depen-
dent manner at the concentrations from 1 to 100 pg/ml. The results
suggest that LBP-1 can make the IR cells more sensitive to the nor-
mal insulin level resulting in the increasing glucose consumption
in culture supernatant.

The experiment results demonstrated that LBP-1 can protect
the pancreatic islets cells in RINm5F cells and alleviate the insulin
resistance in HepG2 cells, which may contribute to one of its hypo-
glycemic activities.

4. Conclusion

The acidic polysaccharide LBP-1 with the molecular weight of
2.25 x 10° Da was consisted of rhamnose, arabinose, xylose, gal-
actose, mannose, galacturonic acid in the molar ratio of
1.00:7.85:0.37:0.65:3.01:8.16. It had a backbone composed of
(1,5)-linkage a-L-arabinose and possibly (1,4)-linkage o-p-galac-
turionic acid with branch chain of -(1)-mannose-(3,6)-linkage
and main terminal sugar of -(1)-mannose. In vitro hypoglycemic ef-
fect assay indicated that LBP-1 may decrease high glucose level by
protecting pancreatic B cells from oxidative damages and alleviat-
ing the insulin resistance on liver cells. Hypoglycemic activity of
Lycium barbarum L. fruit may be correlative with polysaccharides,
a mainly functional composition, considered as a potential candi-
date for developing a new beneficial food or a new anti-diabetic
agent. The correlation between structure and hypoglycemic activ-
ity of LBP-1 and increasing water solubility will be further investi-
gated in future work.
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