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Abstract: Hyperlipidaemia (HLP), characterised by an abnormally high level of serum lipids,
can increase the risk of developing many diseases in the human body. HLP is prevalent all over
the world and is attracting increasing attention. However, pharmacological drugs or therapies for
effectively treating hyperlipidaemia are not yet available. Recent efforts have been made to seek
natural anti-hyperlipidaemic compounds with fewer side effects. Chito-oligosaccharides (COS),

the partially hydrolysed products of chitosan, have attracted increasing interest due to their
hypolipidaemic and antioxidant effects. In this study the effects of COS on serum lipid levels,

hepatic indicators and antioxidant activity were investigated in rats after 6 weeks of intragastric
administration. COS can dramatically decrease total serum cholesterol, triglyceride, low-density

lipoprotein cholesterol, alanine aminotransferase, aspartate aminotransferase, malondialdehyde
and liver coefficient. COS can elevate levels of high-density lipoprotein cholesterol, the activity of

lipoprotein lipase, hepatic lipase, superoxide dismutase and glutathione peroxidase. The results of

this study reveal the antihyperlipidaemic and antioxidation activities of COS in hyperlipidaemic
rats, suggesting its potential use as a natural hypolipidaemic drug therapy.
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INTRODUCTION

Hyperlipidaemia (HLP), also known as dyslipidaemia, increases risk of developing
hypertension and coronary disease. It has a close relationship with hyperglycaemia, hypertension,
coronary disease and aging [1-3]. Nowadays, hyperlipidaemia has become a severe public health
problem. Currently, drug therapy is the primary treatment, although there are many studies
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demonstrating that consuming antilipaemic agents for a long period of time would cause some side
effects such as diarrhoea, muscle aches or pains, nausea, indigestion and weakness [4-6]. Finding
natural hypolipidaemic agents with few or no side effects would attract great attention.

Chitosan, composed of p-(1—4)-linked N-acetyl-glucosamine (GIcNAc unit) and
deacetylated glucosamine (GIcNH> unit), is a derivative of chitin — a major component of the cell
walls of fungi and the exoskeletons of crustaceans and invertebrates [7]. It is reported that chitosan
has hypolipidaemic activity [8-10]; however, chitosan is insoluble in water and cannot be well
absorbed, which is the major restricting factor preventing its application in medicine. It has been
reported that the absorption of chitosan is significantly influenced by its molecular weight (MW),
the absorption increasing with decreasing MW [11]. Recently, Zhang et al. [10] also found that the
hypolipidaemic activity of low-MW chitosan was better than that of high-MW chitosan.

Chito-oligosaccharides (COS), which have a low molecular weight and good water
solubility and absorption, are the partially hydrolysed product of chitosan. COS exhibit numerous
biological functions such as anti-inflammatory [12], antibacterial [13, 14], antitumour [15, 16],
antifungal [17], antioxidant [18, 19], bone strengthening [20], wound healing [21] and enzyme
inhibiting activities [22]. In recent years, COS have attracted considerable interest due to their
hypolipidaemic activity. Singh et al. [23] observed that COS have significant hypolipidaemic
activity in both alloxan induced and normal mice. Xia et al. [24] also found that COS prepared from
Clanis bileinata could be a suitable alternative source of hypolipidaemic agent for humans.
However, due to the difficulties of preparation and separation of COS to a single polymerisation
degree (DP), the COS used was almost a mixture, with a DP distribution of two to eight — a range
too wide to determine which DP was mainly responsible for the hypolipidaemic activity. To better
understand the exact DP or DP range of COS exerting hypolipidaemic activity, and the
hypolipidaemic mechanisms of COS, a method of obtaining COS with a narrower distribution of
DP must be investigated. In this study the preparation of COS with a narrow distribution of DP was
developed and the hypolipidaemic and antioxidant effects of COS in rats investigated.

MATERIALS AND METHODS
Materials

Chitosan was purchased from Golden-Shell Pharmaceutical Co. (Taizhou, China).
Triacylglycerol (TG), total cholesterol (TC), low- and high-density lipoprotein cholesterol (LDL-C
and HDL-C), aspartate aminotransferase (AST), alanine aminotransferase (ALT), hepatic lipase
(HL), lipoprotein lipase (LPL), superoxide dismutase (SOD), malonaldehyde (MDA), glutathione
peroxidase (GSH-Px) and all other assay kits used in this study were purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). Chitosanase, with 174 U-ml! activity, was
obtained from Ocean University of China (Qingdao, China). COS standard samples including GIcN
to (GIcN)s were purchased from Long Line Biotechnology Co. (Zhaoqing, China). Simvastatin was
obtained from Sinopharm Group Rongsheng Pharmaceutical Co. (Wuzhi, China). All other reagents
were of analytical grade.

Preparation of COS

Three grams of chitosan was dissolved in 1.0% (v/v) aqueous acetic acid (100 mL) and the
pH of the solution adjusted to 5.6 with 1 M NaOH. The solution was placed in a water bath at 50°C
and then chitosanase (1.0 mL) was added to initiate the hydrolysis reaction. After 4 hr, the reaction
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was terminated by heating the mixture solution to 95°C for 15 min. After rapid cooling to room
temperature and evaporation to one-third of the original volume, the solution was lyophilised [19].

Characterisation of COS

The composition and content of the oligosaccharide in the hydrolysed chitosan was analysed
by a Waters 1525 HPLC equipped with an evaporative light scattering detector. The column used
was a Shodex NH:P-50 4E column (4.6 mmx250 mm). Mobile phases A (water) and B
(acetonitrile) were used with the following gradient: 75% B (0 - 5 min.), 75% ~ 65% B (5 - 40
min.), 65% B (40 - 50 min.), 65% ~ 75% B (50 - 60 min.). The detector temperature was set at
60°C; the flow rate and the column temperature were maintained at 0.6 mL-min." and 35°C
respectively, and the injection volume was set as 20 pL.

An external standard method was used to determine the content of the oligosaccharides in
the COS sample. Standards of COS (DP 1 to 6) in water at concentrations of 0.5, 1.0, 2.0, 4.0, 6.0
and 8.0 mg-mL! respectively were used.

Animals and Diets

Male Sprague-Dawley rats (180 + 20 g) were purchased from Shanghai Laboratory Animal
Center (Shanghai, China). The rats were individually housed in metabolic cages in a controlled
environment (23 = 1°C, 50-60% relative humidity, 12 hr light-dark cycle with lighting from 8:00
a.m. to 8:00 p.m.). All animal protocols were approved by the institutional animal care and use
committee of Huaqiao University (Xiamen, China) [HDSPF/SQ-20170013].

After acclimation for one week, the rats were randomly divided into six groups (ten rats per
group) as follows: 1) normal control group (NC), fed with a commercial diet provided by Shanghai
Laboratory Animal Centre; 2) model control group (MC), receiving a high-fat diet containing
10.0% (w/w) lard, 10.0% (w/w) egg, 0.2% sodium cholate and 1.0% cholesterol in the commercial
diet (100% w/w); 3) positive control group (PC), treated with the high-fat diet while orally given
simvastatin (7.0 mg-kg™!) once a day for six weeks; 4-6) groups with high-, middle- and low-dose
COS (H-COS, M-COS and L-COS), treated with the high-fat diet while receiving 375.0, 187.5 and
93.75 mg-kg™! COS respectively once daily for six weeks.

Experimental Design

The rats were allowed free access to food and water during the experiment and their body
weight and food intake were recorded every day. At the end of the six weeks, all the rats were given
diethyl ether after fasting for 18 hr. The blood of each rat was collected from the tail vein, and the
serum obtained by centrifugation at 3000 rpm for 10 min. The liver was removed, rinsed in cold
saline, patted between paper towels and then weighed. A portion of each liver was excised and fixed
in a 10% formalin solution. The plasma and liver samples were stored at —20°C in a freezer until
further analysis.

Serum Lipid, Liver Enzyme and Lipase

Serum TG, TC, LDL-C, HDL-C levels and AST and ALT activities were measured
according to the procotol of the commercial assay kits. Each liver (1.0 g) was homogenised with
ice-cold saline (9.0 mL) and then centrifuged at 6000 rpm for 10 min. The supernatant was used for
determining the activities of HL and LPL, expressed as units per gram protein, according to the
procotol of the commercial HL and LPL assay kits. The measurements were conducted in triplicate.



75
Maejo Int. J. Sci. Technol. 2019, 13(01), 72-81

Determination of Serum SOD, MDA and GSH-Px Contents

Serum SOD, MDA and GSH-Px contents were analysed according to the procotol of the
commercially available assay kits. The measurements were conducted in triplicate.

Histopathologic Examination

Formalin-fixed liver samples were sectioned and mounted on a slide. They were then stained
with hematoxylin and eosin and examined under a light microscope.

Statistical Analysis

All data were presented as means = SD. Analysis of variance (ANOVA) was used to
compare the means of the two groups in the rat study. Statistical significance at 95% and 99%
probability levels were set at p < 0.05 and p < 0.01 respectively.

RESULTS AND DISCUSSION
Characterisation of COS

The oligosaccharides detected in the COS sample are GIcN, (GIcN), (GleN)3, (GlcN)s and
(GleN)s with their contents being 1.24%, 12.83%, 40.42%, 33.04% and 12.46% respectively
(Figure 1). Among them, (GIcN); and (GIecN)s together account for more than 70% of the total
content.
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Figure 1. HPLC chromatogram: (a) COS standard (DP of 1 to 6); (b) COS prepared sample

Serum Lipids

Serum lipid concentrations of the rats are listed in Table 1. After six weeks of high-fat diet
treatment, the serum TC, TG and LDL-C levels in the MC group remarkably increase (p < 0.05)
while the HDL-C level decreases (p < 0.05) relative to the NC group, suggesting that a long-term
high-fat diet can lead to abnormal changes in the blood lipid levels of rats. As shown in Table 1,
changes in the levels of blood lipids are observed in the COS treated groups compared to the MC
group. TC, TG and LDL-C of L-COS, M-COS and H-COS groups are remarkably lower than those
of the MC group (p < 0.05), while HDL-C is significantly higher than that of MC (p < 0.05).
Similar effects are observed in the PC group (p < 0.05).
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Table 1. Effects of COS on serum lipid levels in rats

Group TC (mmol-L7) TG(mmol-L')  HDL-C (mmol-L'") LDL-C( mmol-L7)
NC 522+1.27 2.57+0.74 2.80 +0.36 0.65+0.10
MC 8.68 £ 1.5244 4.06 + 0.9924 1.63 £ 0.5122 1.81 £0.5824
H-COS 5.71+1.38" 2.82+£0.52" 247+0.63" 1.21 £0.33"
M-COS 6.34 + 1.30" 3.14+0.37" 2.17 £ 045" 1.26 +0.48"
L-COS 6.60 = 1.09" 3.24 +0.46" 2.00+0.70 1.33+£0.35"

PC 593 +1.04™ 2.95+047" 2.33+0.61 1.28 £0.29"

Note: Values are expressed as means = SD (n = 10); p < 0.05; “p < 0.01 compared with MC
group; 22 p <0.01 compared with NC group.

Lipase Activity and Liver Coefficient

The HL and LPL activities and liver coefficient of the rats are summarised in Table 2.
Compared with the NC group, HL and LPL activities of the MC group drastically decrease (p <
0.05) while the liver coefficient increases (p < 0.05). Feeding a high-fat diet while giving COS
(middle and high doses) and simvastatin can significantly slow down the downward trend of HL
and LPL activity (p < 0.05) and reduce the liver coefficient (p < 0.05).

Table 2. LPL activity, HL activity and liver coefficient in rats

Group  LPL (U-mgprotein’)  HL (U-mg protein™) Liver coefficient”
NC 1.21£0.27 1.23+0.13 2.39+0.20
MC 0.59 + 0.0324 0.66 + 0.0244 5.13 £ 0.6544

H-COS 1.01 £0.09" 1.16 £0.18" 3.98 +0.79"
M-COS 0.89 +0.13" 1.04 +0.10™ 423+0.81"

L-COS 0.71 +0.03 0.84 +0.20 443 +0.59"

PC 1.02 £0.05™ 1.22+0.11" 4.04+0.61"

Note: Values are expressed as means = SD (n = 10); "p < 0.05; *p < 0.01 compared with MC
group; 22 p < 0.01 compared with NC group; * ratio of weight of liver (g) to animal weight (g).

The regulation of blood lipid metabolism is mainly directed by lipoprotein metabolism
enzymes, including LPL, HL, lecithin cholesterol acyltransferase and cholesteryl ester transfer
protein. Among these enzymes, LPL is particularly critical for the development of hyperlipidaemia
[25]. LPL can promote TG hydrolysis into chylomicron and very-low-density lipoproteins, which
are important sources for the synthesis of HDL-C. The increased LPL can be hydrolysed to yield
large amounts of very-low-density lipoproteins and chylomicron in the blood, resulting in an
increased HDL-C [26, 27]. As shown in Table 2, COS treatment can obviously increase HL and
LPL activities while reducing the liver coefficient in rats with hyperlipidaemia. These results
suggest that COS can improve the metabolism of triglycerides in the liver by increasing the activity
of total lipase, thus reducing the risk of fatty liver.
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Liver Index

As shown in Table 3, after six weeks of the diet, serum ALT and AST levels of the MC
group are much higher than those in the NC group, indicating that a long-term high-fat diet causes
damage to liver cells. These effects are significantly attenuated in the COS-treated groups, as M-
COS and H-COS can remarkably improve ALT and AST levels (p < 0.05). The results indicate that
COS treatment is not toxic to the liver and can reduce the injury caused by administration of a high-
fat diet. COS supplementation apparently has a certain protective effect against liver injury caused
by a high-fat diet.

Table 3. Liver index in rats

Group ALT (JU-L'H) AST (IU-L'D
NC 10.71 +£2.02 10.96 + 3.02
MC 19.68 +2.9144 16.54 + 3.6344

H-COS 12.25 £3.42" 11.45+3.74"

M-COS 13.60 £ 3.13" 12.87 + 3.83"

L-COS 17.18 +2.77 14.17 +3.63

PC 12.73 £ 2.09"" 11.37 £2.90"

Note: Values are expressed as means + SD (n = 10); “p < 0.05; “p < 0.01 compared with MC
group; 42 p <0.01 compared with NC group.

Serum MDA, SOD and GSH-Px

Serum MDA, SOD and GSH-Px activities are listed in Table 4. Compared with the NC
group, the antioxidant activities of the MC group decrease (p < 0.05) while the content of MDA
increases (p < 0.05). After treatment with COS for six weeks, the antioxidant activities of the COS
(L-COS, M-COS and H-COS) groups and the PC group improve. Specifically, the SOD and GSH-
Px activities dramatically increase (p < 0.05) while the MDA content is obviously reduced (p <
0.05). Administration of high-fat diets could lead to an increase of oxidative stress which can result
in many degenerative diseases such as cardiovascular and cerebrovascular diseases,
hyperlipidaemia, hypertension and diabetes [28]. As a positive free radical scavenging system, SOD
and GSH-Px can prevent the body from being damaged by free radicals, whereas MDA content is
an indicator of response to the lipid peroxidation levels of the body. Therefore, the activities of
SOD and GPx were assayed as an indicator of serum or liver antioxidant capacities. COS has also
been reported to exhibit a high antioxidant activity [29-31].

Liver Appearance and Histopathologic Examination

At the end of the experiment the livers were removed for histopathologic assay. As shown in
Figure 2, the liver of the NC group is dull red in colour, its edge surface smooth and sharp and its
texture soft. In contrast, the liver from the MC group became pale, rough edged with tissue swelling
and less elastic. These results indicate that high-fat diet treatment induces high accumulation of
lipids in the liver of rats. The colours of the livers in L-COS and M-COS groups are between red
and pale, but those in H-COS and PC groups are almost red, which is similar to the NC group.
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Table 4. Antioxidant activities in rats
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Group SOD (U-mL™") MDA (nmol-mL"! GSH-Px (U-L")
)

NC 105.50 +3.23 2.68 +0.35 3706.52 + 118.31

MC 79.70 + 6.6444 7.85 +0.5044 2677.40 + 165.1742
H-COS 97.04 + 3.60™ 3.08 +0.49™ 3674.16 = 165.76""
M-COS 93.91 +4.96™ 446 +0.67" 3006.74 + 283.82""
L-COS 85.56 + 8.09 6.11 +0.53 2855.73 + 154.49"

PC 98.74 + 5.33™ 3.39 +0.39™ 3443.60 += 191.13"

Note: Values are expressed as means = SD (n = 10); “p < 0.05; “p < 0.01 compared with MC
group; 22 p <0.01 compared with NC group.

D. M-COS E. H-COS F. PC

Figure 2. Liver morphology of rats fed different diets

Histopathologic examination of hepatocytes (Figure 3) reveals that the liver in the NC group
is complete and clear and liver cells around the central veins are radial. By contrast, high-fat diet
treatment induces a significant accumulation of hepatic lipid droplets in the MC group, with liver

cell nuclear extrusion to the side and abnormal central vein. The lipid droplets in the COS treatment
groups significantly decrease in a dose-dependent manner.

T 8% on
; Lol RS
F. PC

Figure 3. Histologic examination of liver tissues with a light microscope at x400
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CONCLUSIONS

COS with a narrow DP of 1 to 5 was prepared and its hypolipidaemic activity was
investigated in this study. Results indicate that COS with a narrow DP efficiently decreases serum
TC, TG, LDL-C, ALT, AST, MDA and the liver coefficient, but increases the content of HDL-C as
well as the activities of LPL, HL, SOD and GSH-Px.

ACKNOWLEDGEMENTS

This research was financially supported by the Public Science and Technology Research
Funds projects of Ocean (No. 201305015-2 and No. 201505026-5), the Natural Science Foundation
of Fujian Province, China (No. 2015J01598), and the Science and Technology Plan Project of
Quanzhou City (No. 2016N055).

REFERENCES

I. A. G. Smith and J. R. Singleton, "Obesity and hyperlipidemia are risk factors for early diabetic
neuropathy", J. Diabetes Complicat., 2013, 27, 436-442.

2. B. Zhang, H. C. Yang, H. Tang, G. J. Hao, Y. Y. Zhang and S. G. Deng, "Insights into
cryoprotective roles of carrageenan oligosaccharides in peeled whiteleg shrimp (Litopenaeus
vannamei) during frozen storage", J. Agric. Food Chem., 2017, 65, 1792-1801.

3. Y. Zhang, S. Chen, C. Wei, J. Chen and X. Ye, "Proanthocyanidins from Chinese bayberry
(Myrica rubra Sieb. et Zucc.) leaves regulate lipid metabolism and glucose consumption by
activating AMPK pathway in HepG2 cells", J. Funct. Food., 2017, 29, 217-225.

4. B. Wang, S. Zhang, X. Wang, S. Yang, Q. Jiang, Y. Xu and W. Xia, "Transcriptome analysis of
the effects of chitosan on the hyperlipidemia and oxidative stress in high-fat diet fed mice", Int.
J. Biol. Macromol., 2017, 102, 104-110.

5. C. Fu, Y. Jiang, J. Guo and Z. Su, "Natural products with anti-obesity effects and different
mechanisms of action", J. Agric. Food Chem., 2016, 64, 9571-9585.

6. T.Li S.Li Y. Dong, R. Zhu and Y. Liu, "Antioxidant activity of penta-oligogalacturonide,
isolated from haw pectin, suppresses triglyceride synthesis in mice fed with a high-fat diet",
Food Chem., 2014, 145, 335-341.

7. F.-H. Liao, M.-J. Shieh, N.-C. Chang and Y.-W. Chien, "Chitosan supplementation lowers
serum lipids and maintains normal calcium, magnesium, and iron status in hyperlipidemic
patients", Nutr. Res., 2007, 27, 146-151.

8. W. Xia, P. Liu, J. Zhang and J. Chen, "Biological activities of chitosan and
chitooligosaccharides", Food Hydrocoll., 2011, 25, 170-179.

9. L. Zeng, C. Qin, G. He, W. Wang, W. Li and D. Xu, "Effect of dietary chitosans on trace iron,
copper and zinc in mice", Carbohyd. Polym., 2008, 74, 279-282.

10. J. Zhang, W. Zhang, B. Mamadouba and W. Xia, "A comparative study on hypolipidemic
activities of high and low molecular weight chitosan in rats", Int. J. Biol. Macromol., 2012, 51,
504-508.

11. L. Zeng, C. Qin, W. Wang, W. Chi and W. Li, "Absorption and distribution of chitosan in mice
after oral administration", Carbohyd. Polym., 2008, 71, 435-440.

12. J. C. Fernandes, H. Spindola, V. de Sousa, A. Santos-Silva, M. E. Pintado, F. X. Malcata and J.
E. Carvalho, "Anti-inflammatory activity of chitooligosaccharides in vivo", Mar. Drugs, 2010,
8, 1763-1768.



80

Maejo Int. J. Sci. Technol. 2019, 13(01), 72-81

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

M. S. Benhabiles, R. Salah, H. Lounici, N. Drouiche, M. F. A. Goosen and N. Mameri,
"Antibacterial activity of chitin, chitosan and its oligomers prepared from shrimp shell waste",
Food Hydrocoll., 2012, 29, 48-56.

J. C. Fernandes, F. K. Tavaria, J. C. Soares, O. S. Ramos, M. Joao Monteiro, M. E. Pintado and
F. Xavier Malcata, "Antimicrobial effects of chitosans and chitooligosaccharides, upon
Staphylococcus aureus and Escherichia coli, in food model systems", Food Microbiol., 2008,
25, 922-928.

J. K. Park, M. J. Chung, H. N. Choi and Y. 1. Park, "Effects of the molecular weight and the
degree of deacetylation of chitosan oligosaccharides on antitumor activity", Int. J. Mol. Sci.,
2011, /2, 266-2717.

K. T. Shen, M. H. Chen, H. Y. Chan, J. H. Jeng and Y. J. Wang, "Inhibitory effects of
chitooligosaccharides on tumor growth and metastasis", Food Chem. Toxicol., 2009, 47, 1864-
1871.

K. Li, R. Xing, S. Liu, Y. Qin, X. Meng and P. Li, "Microwave-assisted degradation of chitosan
for a possible use in inhibiting crop pathogenic fungi", Int. J. Biol. Macromol., 2012, 51, 767-
773.

D.-N. Ngo, M.-M. Kim and S.-K. Kim, "Chitin oligosaccharides inhibit oxidative stress in live
cells", Carbohyd. Polym., 2008, 74, 228-234.

K. Li, R. Xing, S. Liu, R. L1, Y. Qin, X. Meng and P. Li, "Separation of chito-oligomers with
several degrees of polymerization and study of their antioxidant activity", Carbohyd. Polym.,
2012, 88, 896-903.

R. Huang, E. Mendis, N. Rajapakse and S. K. Kim, "Strong electronic charge as an important
factor for anticancer activity of chitooligosaccharides (COS)", Life Sci., 2006, 78, 2399-2408.
T. Minagawa, Y. Okamura, Y. Shigemasa, S. Minami and Y. Okamoto, "Effects of molecular
weight and deacetylation degree of chitin/chitosan on wound healing", Carbohyd. Polym.,
2007, 67, 640-644.

F. H. Cederkvist, M. P. Parmer, K. M. Varum, V. G. H. Eijsink and M. Serlie, "Inhibition of a
family 18 chitinase by chitooligosaccharides", Carbohyd. Polym., 2008, 74, 41-49.

D. M. Katiyar, B. Singh, A. M. Lall and C. Haldar, "Evaluation of antidiabetic and
hypolipidemic activity of chitooligosaccharides in alloxan-induced diabetes mellitus in mice",
Int. J. Pharma Bio Sci., 2011, 2, 407-416.

Z. Xia, J. Chen and S. Wu, "Hypolipidemic activity of the chitooligosaccharides from Clanis
bilineata (Lepidoptera), an edible insect", Int. J. Biol. Macromol., 2013, 59, 96-98.

S. Gehrisc, "Common mutations of the lipoprotein lipase gene and their clinical significance",
Curr. Atheroscler. Rep., 1999, 1, 70-78.

J. R. Mead, S. A. Irvine and D. P. Ramji, "Lipoprotein lipase: Structure, function, regulation,
and role in disease", J. Mol. Med., 2002, 80, 753-769.

B. Lamarche, S. Rashid and G. F. Lewis, "HDL metabolism in hypertriglyceridemic states: An
overview", Clin. Chim. Acta, 1999, 286, 145-161.

M. Ming, L. Guanhua, Y. Zhanhai, C. Guang and Z. Xuan, "Effect of the Lycium barbarum
polysaccharides administration on blood lipid metabolism and oxidative stress of mice fed
high-fat diet in vivo", Food Chem., 2009, 113, 872-877.

J-Y. Je, P.-J. Park and S.-K. Kim, "Radical scavenging activity of hetero-
chitooligosaccharides", Eur. Food Res. Technol., 2004, 219, 60-65.



81
Maejo Int. J. Sci. Technol. 2019, 13(01), 72-81

30. H. T. Liu, W. M. Li, G. Xu, X. Y. Li, X. F. Bai, P. Wei, C. Yu and Y. G. Du, "Chitosan
oligosaccharides attenuate hydrogen peroxide-induced stress injury in human umbilical vein
endothelial cells", Pharmacol. Res., 2009, 59, 167-175.

31. D. N. Ngo, S. H. Lee, M. M. Kim and S. K. Kim, "Production of chitin oligosaccharides with
different molecular weights and their antioxidant effect in RAW 264.7 cells", J. Funct. Foods,
2009, /, 188-198.

© 2019 by Maejo University, San Sai, Chiang Mai, 50290 Thailand. Reproduction is permitted for
noncommercial purposes.



