Latin American Journal of Pharmacy
: (formerly Acta Farmacéutica Bonaerense)

Lat. Am. J. Pharm. 29 (1): 117-21 (2010)

Short Communication

Received: April 15, 2009
Accepted: August 4,2009

Composition and Biological Activity of Tea Polysaccharides
Obtained by Water Extraction and Enzymatic Extraction

Xinlin WEI !, Zhiwei YANG !, Yanhong GUO !, Jianbo XIAO !2 & Yuanfeng WANG !*

U Institute of Food Engineering, College of Life & Environment Science,
Shanghai Normal University, 100 Guilin Rd, Shanghai 200234, PR China

2 Department of Nutrition, Faculty of Health and Welfare, Okayama Prefectural University,
Kuboki 111, Soja, Okayama 7191197, Japan

SUMMARY. The composition and biological activities of tea polysaccharides (TPS) obtained by traditional
water extraction, boiling water extraction and enzymatic extraction were investigated. Boiling water ex-
traction (100 °C for 2 h) was found to be the optimal method with higher yield of TPS (1.91%) consisting
of higher contents of neutral saccharides (57.82%) and acid saccharides (26.95%) with lowest protein con-
tent (3.06%). TPS obtained by boiling water extraction exhibited a strong inhibitory effect on a-glucosi-
dase with the inhibitory rate of 86.67%. The inhibitory effect of TPS on a-glucosidase increased with in-
creasing neutral polysaccharides content in TPS. TPS obtained by boiling water extraction (50 pxg/mL)

had very strong proliferation effect on lymphocyte.

INTRODUCTION

Green tea (Camellia sinensis) is the second
most consumed beverage in the world and has
caused great interest among researchers 1-5. Tea
polysaccharides (TPS) are shown to have a vari-
ety of bioactivities, such as immunostimulating
activity ¢, hypoglycemic effect 78, and anti-bacte-
rial activity 9.

Enzyme-assisted aqueous extraction has of-
ten been used to eliminate starch, pectin, pro-
tein, and other interfering substances. Protease,
amylase, cellulase and pectinase are most fre-
quently used for enzyme-assisted aqueous ex-
traction 1013, Those fat-soluble and water-insolu-
ble components can be transferred to water-sol-
uble glycosides through the digestion of partial-
ly hydrolyzed starches using glucose hydrolase
or glycoside transferase. This paper focused on
the composition and biological activities of tea
polysaccharides (TPS) obtained by water extrac-
tion and enzymatic extraction.

MATERIALS AND METHODS
Materials and reagents
Tea leaves were obtained commercially from

Hebei province of China. Tea hydrolase was
provided from Novozymes Co. (Beijing, China).
MTT (3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide) and a-glucosidase
were purchased from Sigma Co. (MO, USA). p-
Nitrophenol-a- D-glucopyranose was purchased
from Xibao Co. (Shanghai, China). Reduced glu-
tathione, 1640 cell culture medium, coomassie
brilliant blue G-250 and bovine serum albumin
were provided from Sinopharm Chemical Reagent
Co. (Shanghai, China). All other reagents and
solvents were of analytical reagent grade and
used without further purification unless other-
wise noted. All aqueous solutions were pre-
pared using newly double-distilled water.

Enzymatic extraction (EE)

Dry ground tea leaves (80 g) and 800 mL dis-
tilled water were put into a beaker (2000 mL)
and then 0.64 g of tea hydrolase was added. Ex-
traction was carried out at 50 °C for 1 h. After
filtered, the tea leaves were extracted again with
640 mL of distilled water with the same temper-
ature for another 1 h. Then the combined ex-
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tracts were centrifuged to remove the contami-
nants. The supernatant was concentrated via ro-
tary evaporation method and precipitated with
95% alcohol. The precipitate was dissolved with
water and dialyzed to remove small molecules.
The dialyzed solution was freeze-dried to yield
polysaccharides powder.

Traditional Water Extraction (TWE)

Dry ground tea leaves (80 g) and 800 mL dis-
tilled water were put into a beaker (2000 mL).
Extraction was performed at 55 °C for 2 h. After
filtered, the tea leaves were extracted again with
640 mL distilled water at 55 °C for another 2 h.
The further treatment of the filtrates was the
same as described for the enzymatic extraction.

Boiling Water Extraction (BWE)

Dry ground tea leaves (80 g) and 800 mL dis-
tilled water were put into Beaker (2000 mL). Ex-
traction was performed at 100 °C for 2 h. After
filtered, the tea leaves were extracted again with
640 mL distilled water at 100 °C for another 2 h.
The further treatment of the filtrates was the
same as described for the enzymatic extraction.

Analytical methods of components in tea
leaves

Polysaccharide yield was determined by the
A/B ratio: A, the quality of tea polysaccharide
powder obtained (g) and B, the quality of raw

tea leaves (g). The neutral polysaccharide was
determined by the phenol-sulfuric acid method
1415 The acid polysaccharide was determined
by Inter-hydroxy biphenyl colorimetry.

Determination of a-glycosidase inbibitory
activity

The a-glucosidase inhibitory activity of tea
polysaccharide was determined according to the
chromogenic method described by Tremblay et
al. with slight modifications 0. The substrate so-
lution p-nitrophenyl a-D-glucopyranoside (pNPG)
was prepared with 0.1 M Na-phosphate buffer
(pH 6.8). The reaction mixture was described as
follows: 0.1 mol/L Na-phosphate buffer (pH
6.8), 2 mL; 5 mg/mL TPS solution, 20 uL; 1
mg/mL reduced glutathione, 50 pl; 1U/pL a-glu-
cosidase, 20 pL. The mixed solution was incu-
bated at 37.5 °C for 10 min. The enzymatic reac-
tion was initiated by adding saturated pNPG and
the reaction mixture was incubated for another
30 min at 37.5 °C. The catalytic reaction was ter-
minated by addition of 10 mL of 0.1 M Na,COj4
solution. The reaction system without polysac-
charides was used as blank test and the system
without a-glucosidase was used as background
test. The Na-phosphate buffer (pH 6.8) was
used as zero-setting solution for determination
of the absorbance at the wavelength of 400 nm.
The inhibitory rate of sample on a-glucosidase
was calculated by the following equation [1].

Inhibition Percemage (%)= [Ablunk_(Asumple_Abnckground) x 100/ Ablank [1]

Determination of immunological activity in
vitro

The Kunming mice (4 to 6 six weeks old,
weighing 18~22 g) were obtained from experi-
mental animal central of Nantong Medical Col-
lege. All procedures were performed according
to the Institute Ethical Committee for Experi-
mental Use of Animals. The spleens of mice
were removed under aseptic condition,
chopped and washed through screen mesh (200
mesh) with saline and centrifuged at 2000 r/min
for 5 min for 3 times. The precipitates of spleen
cells were suspended with 1 mL of complete
culture medium and seeded at 2 x 106 cell/mL
per well into 96 well plates. The cells were in-
cubated with TPS at 37 °C for 72 h in a humidi-
fied atmosphere of 5% CO, in air. Ten micro-
liters of 5 mg/mL MTT was added into the cell
culture per well at the 68h hour, incubated con-
tinuously for the rest 4 h. After incubation for 72
h, 100 pL of 10% SDS (sodium dodecylsulphate)
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was added in per well and mixed thoroughly to
dissolve the dark blue crystals. The plate was
kept overnight at room temperature. On the
next day, the plate was read with an ELISA read-
er, using test wavelength of 570 nm and a refer-
ence wavelength of 630 nm.

RESULTS AND DISCUSSION
Comparison of different extraction
metbods on the composition and yield of TPS
Extraction of natural products by different
methods may vyield different chemical compo-
nents 17-20. Figure 1 showed the composition of
TPS obtained by EE, TWE and BWE. The neutral
polysaccharides contents of TPS obtained by
BWE, EE, and TWE were 57.82%, 54.27%, and
39.00%, respectively. For BWE, high tempera-
ture can denature protein. Thus it improved the
purity of TPS. Tea leaves hydrolase can effec-
tively degrade cell wall and the polysaccharides
dissolved out. Additionally, to a certain extent,
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the enzyme made TPS sugar chains degrade,
and then the fracture of sugar chain that com-
bined with protein, polyphenols and other non-
polysaccharide material had been removed to-
gether, so then increased the purity of TPS. Sub-
stances such as protein and pectin, which exist-
ed in TPS by TWE, were difficult to remove, and
therefore neutral polysaccharides content was
low.
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The acid polysaccharides contents of TPS ob-
tained by BWE, EE, and TWE were 26.95%,
15.41%, and 24.27%, respectively. This result in-
dicated that acid polysaccharide was resistant to
high temperature. The other hand warm water
extraction was no effective made acid polysac-
charides to dissolve out. Enzymes may disrupt
the structure of acid polysaccharides. Enzymatic
extraction was able to lower content of acid
polysaccharides of TPS. Figure 2 showed the
yields of TPS obtained by EE, TWE and BWE.
The yields of TPS obtained by BWE, EE, and
TWE were 1.91%, 2.01%, and 1.83%, respective-
ly. Enzyme and higher temperature can improve
the yield of TPS. Figure 3 showed the protein
contents in TPS obtained by EE, TWE and BWE.
The protein contents in TPS obtained by BWE,
EE, and TWE were 3.06%, 7.91%, and 10.25%,
respectively.

The inbibition rate of a-glucosidase by TPS

Diabetes is characterized as high concentra-
tion of blood sugar, which can cause serious
complications, such as the kidneys, eyes and
cardiovascular were being destructed and func-
tion failure 21. So the treatment of diabetes
mainly focuses on reducing fluctuations in
blood sugar and complications 22. The a-glu-
cosidase inhibitors are currently used for diabet-
ic treatment as oral hypoglycemic agents for its
high affinity to a-glucosidase 2. The a-glucosi-
dase inhibitors inhibit degradation of disaccha-
rides to monosaccharide 2425. The a-glucosidase
inhibitors are mostly evaluated by determination
of a-glucosidase inhibitory activity using pNPG
as the reaction substrate.

Table 1 showed the inhibitory effect of TPS
obtained by EE, TWE and BWE on a-glucosi-
dase. The inhibitory percentage of different TPS
were determined as: BWE > EE > TWE. As
shown in Figure 4, the inhibitory effect of TPS
on a-glucosidase increased with increasing neu-
tral polysaccharides content in TPS. However,
there is no relationship between the inhibitory
effect on a-glucosidase and the content of acid
polysaccharides inTPS.

Sample Inhibitory rate (%)
Acarbose (control) 99.50%
TPS-EE 73.35%
TPS-TWE 53.85%
TPS-BWE 86.67%

Table 1. Inhibitory effect of TPS on a-glucosidase.
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Figure 4. Relationship of neutral polysaccharides con-
tent and inhibitory effect on a-glucosidase of TPS.

Immunological activity of TPS

Cell culture method was adopted to deter-
mine the effect of TPS on mice splenic lympho-
cyte in vitro. The lymphocytes were seeded into
96 well plates divided into three experimental
groups of negative control group, positive con-
trol group and TPS group. Each experimental
group was added with the sample solution at
gradient final concentrations of 0.005, 0.05, 0.5,
5,50, 500 pg/mL and repeated for four wells.

Table 2 showed the proliferation effect of
TPS on mice splenic lymphocyte. These results
indicated that the proliferation effect of TPS ob-
tained by EE on mice splenic lymphocyte was
lower than that of the negative control and posi-
tive control groups. The proliferation effect of
TPS obtained by TWE was higher than that of
the positive control group at the concentration
of 5.0, 0.5, and 0.05 pg/mL. The proliferation ef-
fects of TPS obtained by BWE were higher than
that of positive control group at the concentra-
tion of 50, 5, and 0.5 pg/mL.

The proliferation effect of TPS obtained by

BWE (50 png/mL) has very strong proliferation
effect on lymphocyte. Many researchers had
broadly accepted the pharmacological effect of
TPS as an immunomodulator. The TPS had the
capability to inhibit the cancer cells proliferation
mainly by activating immune cells and enhanc-
ing the immunity of the body. Table 2 showed
that TPS had the ability to directly promote the
mice splenic lymphocyte.

CONCLUSION

The present experiment used boiling water
extraction, traditional water extraction, and en-
zymatic extraction to extract polysaccharides
from tea leaves. The results show that enzymatic
extraction was propitious to improve the yield
of polysaccharides. The sugar by TPS obtained
by boiling water extraction consisting of neutral
polysaccharides and acid polysaccharides had
strong inhibition effect on a-glucosidase. Exper-
imental results about immunological activity in
vitro showed that TPS obtained by boiling water
extraction had stronger proliferation effect on
lymphocyte at the concentration of 50 pg/mL.
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