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Abstract

In this study we synthesized oligosaccharides using glucose as reactant via a route assisted by microwave irradiation and evaluated their
antioxidant activity in vivo and in vitro. The results show that the oligosaccharides exhibited antioxidant activity in vitro as compared to standard
antioxidants such as butylated hydroxytoluene (BHT), and a-tocopherol. This antioxidant activity depended on concentration and increased with
increasing dose of sample. In addition, increased endogenous lipid peroxidation and decreased total antioxidant capacity (TAOC) were observed
in aged mice. Thirty-day intraperitoneal administration of the oligosaccharides significantly decreased the lipid peroxidation in a dose-dependent
manner. Oligosaccharides treatment increased TAOC and the activity of superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) in all
organs tested in aged mice. The present study suggests that the synthetic oligosaccharides possess promising future for their strong free radical
scavenging activity. Therefore they can be employed in compensating the decline in TAOC and the activities of antioxidant enzymes and in reducing

the risks of lipid peroxidation.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Aging is a complex biological process that leads to gradual
loss of ability of an individual to maintain homeostasis. During
aging antioxidant functions decline in almost all mammals [1].
Reactive oxygen species (ROS), such as hydrogen peroxide and
superoxide anions, which are produced as by-products in aero-
bic organisms, have been implicated in cellular processes such
as mutagenesis, carcinogenesis and aging. Protection against
oxidative stress in cells may be mediated by the antioxidant
effects of compounds such as carotenoid [2,3]. To protect cells
against oxidative damage by oxidants produced during the oxy-
gen metabolism, an antioxidant system has presumably evolved
in aerobic organisms. Antioxidant enzymes including superox-
ide dismutases (SOD), catalase (CAT) and glutathione peroxi-
dase (GSH-Px) etc, constitute an important defense system to
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clear up the detrimental ROS in vivo. Although almost all organ-
isms possess antioxidant defence and repair systems that have
evolved to protect them against oxidative damage, these systems
are insufficient to entirely prevent the damage. Against this back-
ground, the evaluation of the antioxidant properties of specific
chemical scavengers is of particular value for their potential use
in preventing or limiting the damage induced by free radicals.
Accordingly, various naturally occurring substances as well
as biotechnological products are receiving continuous attention
from the viewpoint of antioxidation. Many phenolic compounds
have been found to be effective antioxidants in biological sys-
tems [4]. Another promising group of antioxidative compound
is thought to be polysaccharides (including oligosaccharides)
such as those extracted from plants [5], animals [6] and fungi
[7,8]. Some of them have been accepted to be one of the impor-
tant candidates for the development of effective and non-toxic
medicines with stronger free radical scavenging and antioxi-
dant actions. In recent years, reports on the antioxidant activ-
ity of oligosaccharides and their derivatives can be frequently
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observed in existing literature around the world. For example,
marine polysaccharides including sulfated polysaccharides have
been demonstrated to have antioxidant activity [9,10]. Polysac-
charide extracted from mushrooms may prove to be one of the
more useful candidates as the effective and non-toxic materials
with free radical scavenging activity and metabolic regulatory
activity [11-14]. Yuan et al. [15] reported that the feruloylated
oligosaccharides significantly inhibited hemolysis of erythro-
cytes in a dose-dependent manner. However, few reports inves-
tigating antioxidant activity of synthetic oligosaccharides, which
also carry polyhydroxyl groups, can be found to date.

In the present study, we prepared oligosaccharides using glu-
cose as reactant via a route assisted by microwave irradiation
and focused on investigation of their antioxidant activity in vivo
and in vitro on the basis of our previous study [16].

2. Materials and methods
2.1. Chemicals and apparatus

Glucose (C¢H120¢) was purchased from Sinopharm Chem-
ical Reagent Co., Ltd. in Shanghai (ShangHai, China); Maltose
(C12H22011-H70) was purchased from Shanghai Institutes of
Biological Sciences, Chinese Academy of Sciences (Shanghai,
China); Superoxide dismutase (SOD) and glutathione peroxi-
dase (GSH-Px) were obtained from ShangHai Dongfeng Insti-
tute of Biochemistry (ShangHai, China); Vitamin C injection
was kindly provided by Tianjin Amino Acid Co., Ltd. (TianJin,
China). All other chemicals used were of analytical grade.

Panasonic NN-S563JF frequency conversion microwave
oven was purchased from Panasonic Company (Tokyo, Japan);
UV-2102PC spectrophotometer was purchased from Unico
Instruments Co., Ltd. (Shanghai, China); High pressure liquid
chromatogram (HPLC) was performed on a Mlton Roy appara-
tus equipped with UV detector (Waters Ass., USA) (254 nm);
High Speed Tabletop Centrifuge was obtained from Shanghai
Anting Scientific Instrument Co., Ltd. (Shanghai, China).

2.2. Preparation of oligosaccharides

Reactant (glucose) was added into an open glass container,
followed by the addition of water to initiate and catalyze. Then
both were mixed in the open glass container and subjected to
microwave irradiation for a specific time with stirring. After
reaction finished, reaction mixture was cooled and dissolved
into deionized water. The result solution was then filtrated. The
filtrated solution was allowed to dry at room temperature, then
crushed up to obtain desired synthetic product.

2.3. High performance liquid chromatography (HPLC)
conditions

The analytical column was a Sugarpack-1 (6.5 mm x 300 mm
i.d.). The mobile phase was water with 0.4 mlmin~' flow rate.
The column oven was kept at 80 °C. The volume of the injection
was 10 ul.

2.4. Determination of in vitro free radical scavenging
activity of synthetic oligosaccharides

2.4.1. Determination of superoxide anion radical
scavenging activity of synthetic oligosaccharides

Superoxide anion radical generated by the xanthine/xanthine
oxidase system was spectrophotometrically determined by mon-
itoring the product of nitroblue tetrazolium (NBT) [17]. A
reaction mixture containing 1.0 ml of 0.05 M phosphate buffer
(pH 7.4), 0.04 ml of 3 mM xanthine, 0.04 ml of 3 mM EDTA,
0.04 ml of 0.15% bovine serum albumin, 0.04 ml of 15.0 mM
NBT and varying amount of samples (oligosaccharides, BHT, a-
tocopherol) was incubated at 25 °C for 10 min, and the reaction
was then started by adding 0.04 ml of 1.5 U/ml xanthine oxidase
and carried out at 25 °C for 20 min. The absorbance of the reac-
tion mixture was measured at 560 nm. Decreased absorbance of
the reaction mixture indicates increased superoxide anion radi-
cal scavenging activity.

superoxide anion radical scavenging activity (%)

B [AO—AI

} x 100
Ag

where Ay was the absorbance of the control and A; was the
absorbance in the presence of oligosaccharides and standards.

2.4.2. Determination of DPPH®scavenging activity of
synthetic oligosaccharides

The free radical scavenging activity of oligosaccharides was
determined by 1,1-diphenyl-2-picryl-hydrazil (DPPH) using the
method of Shimada et al. [18]. One millilitre of the reaction
solution containing 0.1 mmol/l DPPH in ethanol was added to
varying amount of oligosaccharides sample (50-250 pg) in 3 ml
water. After 30 min, absorbance was measured at 517 nm. Lower
absorbance of the reaction mixture indicated higher free radi-
cal scavenging activity. BHT, a-tocopherol as standards, were
measured in identical way described above. The DPPH® concen-
tration in the reaction medium was calculated as the following
equation (R* =0.9545):

absorbance = 0.0036 x [DPPH*].

2.4.3. Determination of hydrogen peroxide scavenging
activity of synthetic oligosaccharides

The ability of oligosaccharides to scavenge hydrogen perox-
ide was evaluated according to the method of Ruch et al. [19]. A
solution of hydrogen peroxide (2 mmol/l) was prepared in phos-
phate buffer (pH 7.5). Hydrogen peroxide concentration was
spectrophotometrically determined from absorption at 230 nm
with molar absorbtivity 81 mol/I~!/cm. Oligosaccharides sam-
ples (50-250 pg/ml) in distilled water were added to a hydrogen
peroxide solution (0.6 ml). Absorbance of hydrogen peroxide
at 230 nm was determined after 15 min against a blank solu-
tion containing in phosphate buffer without hydrogen peroxide.
BHT, a-tocopherol as standards were measured in identical way
described above. The scavenging activity of synthetic oligosac-
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charides on hydroxyl radicals was expressed as:

M % 100:
Ag ’

Ao was the absorbance of the control, and A was the absorbance
in the presence of oligosaccharides and standards.

scavenged H, O3 (%) =

2.5. Determination of in vivo antioxidant activity of
synthetic oligosaccharides

2.5.1. Animals grouping and treating

Aged Kunming mice (21 months old, 37-50 g) and young
Kunming mice (3 months old, 19-26 g) were provided by Lab-
oratory Animal breeding Center associated to our institute. The
animals were maintained on a 12-h-dark/12-h-light cycle at
about 22 °C. They had free access to standard laboratory pel-
let diet and water during the experiments.

Aged Kunming mice were randomly distributed into six
groups comprising of 10 animals in each group: the aged con-
trol; Group I; Group II; Group III; Group IV; Group V. Group
I were treated by intraperitoneal injection with oligosaccha-
rides (450 mg/kg body weight; BW) dissolved in physiologi-
cal saline once daily for 30 consecutive days. Single varying
dose of sample mixture comprising of oligosaccharides plus
Vitamin C (150 mg + 150 mg/kg BW; 300 mg + 300 mg/kg BW;
450 mg + 450 mg/kg BW) dissolved in physiological saline were
respectively administered by intraperitoneal injection to Group
II-IV once daily for 30 consecutive days. Group V serving as
positive control received Vitamin C (450 mg/kg BW) in identical
way. Young Kunming mice served as the normal control. Aged
control and normal control received the same volume of physi-
ological saline without medicine intraperitoneally. Twenty-four
hours after the last drug administration, the animals were sac-
rificed by decapitation. Blood samples were harvested, kept
at —20°C until analyzed. Blood samples were centrifuged at
4000 rpm for 3 min at 4 °C and the serum was separated and the
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serum MDA level was measured. The organs (including liver,
heart, brain, and lung) were removed, weighed and homoge-
nized immediately with DY 89-I homogenizer (NingBo Scientz
Biotechnology Co., Ltd.) fitted with Teflon plunger, in ice chilled
10% KClI solution (10 ml/g of tissue). The suspension was cen-
trifuged at 671 x g at 4 °C for 10 min and clear supernatant was
used for the following estimations of activities of SOD, GSH-Px,
TAOC, and level of MDA by spectrophotometric methods.

The activity of superoxide dismutase (SOD) was determined
in tissue homogenates by using xanthine and xanthine oxidase
system for production of superoxide radical and subsequent
measurement of oligosaccharides as a scavenger of the radicals
[20]. The SOD activity was expressed as NU/mg proteins.

Glutathione peroxidase (GSH-Px) was measured at 37 °C in
tissue homogenates with cumene hydroperoxide as a substrate
[21]. The GSH-Px coupled the reduction of cumene hydroper-
oxide to the oxidation of NADPH by glutathione reductase and
concomitant oxidation is monitored in a spectrophotometer with
the decrease in absorbance at 340 nm. The GSH-Px activity was
expressed as U/mg proteins.

In this method, MDA levels, reflecting the lipid peroxidation
in tissue homogenates, were determined spectrophotometrically
by thiobarbituric acid. 1,1,3,3-Tetrae-thoxypropane was used
as standard and the results were expressed as nmol MDA/mg
protein[22].

The TAOC was measured by the method of Opara [23].

3. Results and discussion
3.1. Analysis of synthetic oligosaccharides by HPLC

The synthetic oligosaccharides were analysed by HPLC
using a Sugarpack-1 column at 80 °C. The percent yield of syn-

thetic oligosaccharides using glucose as reagent may maximally
reach 82.3% according to peak area. As be shown in Fig. 1, main
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Fig. 1. The HPLC of the product (Sugarpack-1 column).
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Fig. 2. Superoxide radical scavenging activity of oligosaccharides, BHT, and
a-tocopherol. Results were mean £ S.D. of five parallel measurements. Differ-
ences were considered to be statistically significant if P < 0.05 when compared
to control (standards). Oligosaccharides (4 ); BHT (M); a-tocopherol (& ).

constituents of the synthetic oligosaccharides could be detected
and measured as following: in turn 17.73% monosaccharides
(retention time: 12.700), 17.68% disaccharides (retention time:
10.136), 13.93% trisaccharides (retention time: 8.534), 11.00%
tetrasaccharide (retention time: 7.598), 8.30% pentasaccharides
(retention time: 6.991), 30.48% oligosaccharides of higher
molecule weight (retention time: 5.956) according to peak
area.

3.2. Superoxide anion radical scavenging activity

Superoxide anion radicals scavenging activity of vary-
ing amount of oligosaccharides was determined by the
xanthine—xanthine oxidase system. Fig. 2 shows the percent
inhibition of superoxide radical generation of 50, 100, 150,
200 and 250 p.g of oligosaccharides and comparison with same
amount of BHT, and a-tocopherol. Within given entire dosage
ranges, oligosaccharides always exhibited weaker superox-
ide radical scavenging activity than BHT and «-tocopherol.
The results were found statistically significant (P <0.05). The
percentage inhibition of superoxide generation by 250 pg of
oligosaccharides, BHT, a-tocopherol was in turn found as
46.9%, 85.3% and 67.5%. The obtained data indicate that super-
oxide radical scavenging activity of those samples followed the
order: BHT > a-tocopherol > oligosaccharides.

3.3. DPPH"® radical scavenging activity

DPPH® radical is a stable lipophilic free radical which
has been generally used for estimating antioxidant activity
of food and medicine materials [24]. A significant decrease
of the concentration of DPPH radical (P <0.05) due to the
scavenging ability of soluble solids in oligosaccharides and
standards was observed in Fig. 3. Both BHT and a-tocopherol
were used as standards. The scavenging effect of oligosac-
charides and standards on the DPPH radical increased in an
amount-dependent manner and followed the order: oligosac-
charides (87.2%)>BHT (71.2%)> a-tocopherol (35.9%) at
the dose of 250 wg, respectively, suggesting that oligosac-
charides have a noticeable effect on scavenging DPPH®
radical.
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Fig. 3. Free radical scavenging activity of oligosaccharides, BHT, and o-
tocopherol by 1,1-diphenyl-2-picrylhydrazyl radicals. Results were mean + S.D.
of five parallel measurements. Differences were considered to be statistically sig-
nificant if P < 0.05 when compared to control (standards). Oligosaccharides (4
); BHT (M); a-tocopherol (& ).

3.4. Hydrogen peroxide scavenging activity

The ability of oligosaccharides to scavenge hydrogen per-
oxide was evaluated according to the method of Ruch et al.
[19]. Fig. 4. showed the scavenging effect of oligosaccharides
on hydrogen peroxide and the comparison with BHT and -
tocopherol as standards in an amount-dependent manner. As be
shown in Fig. 4, oligosaccharides, BHT, and a-tocopherol exhib-
ited 68.5%, 83.3%, and 56.3% scavenging activity on hydrogen
peroxide at 250 g, respectively. In other words, hydrogen per-
oxide scavenging activity of oligosaccharides was higher than
a-tocopherol but lower than BHT, suggesting that oligosaccha-
rides had stronger hydrogen peroxide scavenging activity. There
was statistically significant correlation between those values and
control (standards) (P <0.05). Hydrogen peroxide is a normal
metabolite in living cells [25]. However it is important for cells
to remove hydrogen peroxide because excess hydrogen perox-
ide may oxidize cellular components [26]. Thus, the removing
of Hy O, is very important for antioxidant defence in cell or food
systems.

3.5. In vivo antioxidant activity of oligosaccharides

SOD protects against oxygen free radicals by catalyzing the
removal of superoxide radical (O,° ™), which damages the mem-
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Fig. 4. Hydrogen peroxide scavenging activity of oligosaccharides, BHT, and
a-tocopherol. Results were mean = S.D. of five parallel measurements. Differ-
ences were considered to be statistically significant if P < 0.05 when compared
to control (standards). Oligosaccharides (4 ); BHT (H ); a-tocopherol (& ).
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Table 1

Effect of oligosaccharides on SOD activity in different organs in aged mice (NU/mg protein)

Groups Lung Liver Heart Brain

Normal control 10.71 £ 1.73 8.69 + 0.88 15.58 £ 1.22 19.09 £ 1.06
Aged control 873 £244c 7.61 £0.71d 14.47 £ 1.19 18.8 +£ 0.6
Group 1 1538 £237b 2249 £ 1.04b 2744 £ 1.45b 30.73 £ 1.36b
Group II 14.12 £ 2.06 b 19.6 £ 1.2b 16.60 £ 2.31 20.07 £ 2.02
Group III 1593 £1.01b 22.88 £ 1.06 b 29.16 £ 091 b 2411 £ 1.61b
Group IV 18.44 £ 2.05b 2417 £ 094 b 30.37 £ 0.69 b 3331 £0.12b
Group V 10.83 £ 1.98a 18.08 £ 0.97b 2597 £0.78 b 27.42 £ 0.86b

a: P<0.05; b: P<0.01, compared with aged control group. c: P<0.05, d: P<0.01, compared with normal control group. The data were presented as means & S.D.
of 10 parallel measures and evaluated by one-way ANOVA followed by the Student’s #-test to detect inter-group differences. Differences were considered to be

statistically significant if P < 0.05.

brane and biological structures[27]. As shown in Table 1, there
was no significant difference in SOD activity observed in brain
and heart between the aged and young mice (P > 0.05) but could
be found in liver and lung (P<0.01 and P <0.05). Declined
SOD activity in aged tissues was significantly increased with
oligosaccharides and Vitamin C administration. The antioxi-
dant effect of oligosaccharides was higher than that of Vitamin
C at 450mgkg~! BW. The age-related decrease in the activ-
ity of SOD documented in our study is corroborated by earlier
investigations [28,29]. The possible reason can be the decreased
synthesis of this enzyme or enhanced lipid peroxidation.

GSH-Px catalyzes the reduction of H,O; to H,O and O, at
the expense of GSH. GSH peroxidase activity in our study is in
agreement with the reports of earlier investigators [30]. As was
shown in Table 2, significant decreased GSH-Px activity was
observed in the heart, brain and liver in aged mice (P <0.01 and
P <0.05). The activity of GSH-Px in lung slightly decreased with
age (P>0.05). Both oligosaccharides and Vitamin C adminis-
tration had been shown to have remarkable effects on increasing
the activity of GSH-Px in different organs in aged mice. The
inhibition of oligosaccharides administration against decreased
GSH-Px activity induced by age was higher than that of Vitamin
C at 450 mgkg~! BW. In these organs tested (liver, heart, lung,
brain), significant increase in GSH-Px activity for oligosaccha-
rides treatment is in agreement with the trends of SOD described
above.

Lipid peroxidation is a free radical induced process leading to
oxidative deterioration of polyunsaturated lipids. Under normal
physiologic conditions, low concentrations of lipid peroxides
are found in tissues. Free radicals react with lipids and cause

peroxidative changes that result in enhanced lipid peroxidation
[31,32]. These free radical species formed are capable of oxidiz-
ing sulfhydryl moieties of proteins, thus leading to protein frag-
mentation and loss of cell viability. In our present study, a marked
increase in MDA production, a main index of lipid peroxidation,
was observed in all organs tested of aged mice (Table 3) (P <0.01
and P <0.05). Lipids act as vital substrates for lipid peroxida-
tion, and the increase in lipid composition during aging [33]
may be the cause for increased lipid peroxidation. In addition,
higher levels of free radical production with increasing age have
been reported [34]. Hence, it can serve as a potential marker of
susceptibility or of early and reversible tissue damage and of
decrease in antioxidant defense. Effects of oligosaccharides on
lipid peroxidation were measured by the formation of free MDA
in lung, heart, liver, brain and serum, and the data were shown
in Table 3. Oligosaccharides treatment significantly inhibited
the formation of MDA in all organs tested. Likewise, oligosac-
charides exhibited stronger antioxidant effects than Vitamin C
at 450 mgkg~! BW. The obtained data suggest that oligosac-
charides administration strongly decreased the MDA levels in
comparison with age control and restored these alterations to
near-normal levels in oligosaccharides-treated mice.

Oxidative stress occurs when there is an excessive production
of reactive oxygen species or when total antioxidant capacity
decreases [35]. Oxidative stress induced by reactive oxygen
species has been implicated in many intrinsic and extrinsic phys-
iological degeneration-associated problems. Total antioxidant
capacity (TAOC) reflects the capacity of nonenzymatic antiox-
idant defense system. Therefore, measure of serum and tissue
TAOC may give a more precise indication of the relationship

Table 2

Effect of oligosaccharides on GSH-Px activity in different organs in aged mice (U/mg protein)

Groups Lung Liver Heart Brain

Normal control 247 £ 0.33 9.23 + 0.92 9.36 + 0.93 391 £ 0.42
Aged control 232 +0.18 83+045¢ 843 £ 0.81c¢ 2.57 £ 0.56d
Group I 6.73 £ 1.11b 13.44 £ 097 b 14.62 £ 1.13b 793 +£097b
Group II 433 +0.63b 10.79 + 1.18 b 9.38 + 1.21 3.59 £031b
Group III 534 +0.7b 14.01 £ 1.04b 1097 £ 232 a 6.69 + 0.8b
Group IV 72 +0.75b 19.65 £ 1.47b 1493 £ 1.08 b 882+ 1.40b
Group V 523 +094b 104 +2.52a 9.05 + 0.60 7.60 + 0.33b

a: P<0.05, b: P<0.01, compared with aged control group. ¢c: P<0.05, d: P<0.01, compared with normal control group. Statistical analysis was implemented in

identical way described above.
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Table 3
Effect of oligosaccharides on the MDA level in different organs in aged mice (nmol/mg protein)
Groups Lung Liver Heart Brain Serum
Normal control 1.91 £ 0.18 12.02 £ 1.14 3.28 +£0.22 9.61 + 1.68 12.06 £ 0.26
Aged control 235 £0.14d 16.38 + 1.28d 525 +0.17d 11.04 £+ 1.04 ¢ 18.74 £ 0.51d
Group 1 1.97 £ 0.20b 4.18 £045b 343 +£0.29b 555+ 0.63b 11.40 £ 090 b
Group II 2.20 £ 0.27 9.27 £1.22b 4.93 £+ 0.65 10.07 £+ 1.23 16.77 + 1.60 a
Group III 1.81 £ 0.24b 424 £030b 4.14 £0.74b 731 £185b 13.60 £ 0.70 b
Group IV 1.54 £0.21b 3.60 £ 0.39b 237 £0.09b 419 £ 046D 10.13 £ 0.45b
Group V 2.09 + 0.47 4.80 £0.18b 423 £ 1.16a 745 £0.63b 1345 £ 0.63b

a: P<0.05, b: P<0.01, compared with aged control group. c: P<0.05, d: P<0.01, compared with normal control group. Statistical analysis was implemented in
identical way described above.

Table 4

Effects of oligosaccharides on total antioxidant capacity (TAOC) in different organs in aged mice (U/mg protein)

Groups Lung Liver Heart Brain

Normal control 0.96 £+ 0.08 1.41 £ 0.09 0.73 £+ 0.08 0.89 £+ 0.11
Aged control 0.66 £ 0.06d 0.79 £0.11d 0.63 £ 0.15 055 +0.11d
Group I 1.72 £ 0.14b 198 £ 0.14b 1.57 £0.17b 2775 £0.23b
Group II 098 £0.05b 1.03 £ 0.22a 0.71 £ 0.12 075 £ 0.15a
Group III 1.68 £ 0.13b 1.77 £ 0.20 b 1.45 +0.11b 2.19 £ 0.11b
Group IV 1.85 £ 0.16 b 2.18 £0.30b 1.95 £ 0.08 b 294 £0.11b
Group V 1.45 £ 0.08 b 1.54 £0.17b 1.46 £ 0.15b 2.38 £ 0.06 b

a: P<0.05, b: P<0.01, compared with aged control group. d: P <0.01, compared with normal control group. Statistical analysis was implemented in identical way

described above.

between antioxidants and the aging process. Data on TAOC are
summarized in Table 4, except for a slight changes occurring
in heart, decreased TAOC with age markedly happened to all
tested organs. Administration of oligosaccharides and Vitamin
C greatly elevated the TAOC in all tested organs.

Moreover, addition of Vitamin C to oligosaccharides can
significantly and dose-dependently raise antioxidant activity of
oligosaccharides, which is well reflected in the elevation of SOD
activity, GSH-Px activity, TAOC and the reduction of MDA level
(Tables 1-4).

In conclusion, our test indicates that synthetic oligosaccha-
rides exhibit stronger free radical scavenging activity and that
administration of synthetic oligosaccharides can prevent the for-
mation of lipid peroxidation by overall enhancement of tissue
enzymatic and nonenzymatic antioxidant defenses in aged mice.
Therefore, the inhibitory effect of oligosaccharides on lipid per-
oxidation might be, at least in part, attributed to their influence
on the antioxidant enzymes and non-enzymatic system by scav-
enging free radical.
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