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Abstract

It is well known that chitosan has beneficial lipid-regulating effects, but it remains unknown whether chitosan oligosaccharide
(COS), the chitosan degradation product, has the same lipid benefits. High-fat-diet-fed Wistar rats were administrated with
COS by gastric gavage for three weeks. The effects of COS on lipids, lipoprotein components and lipid metabolism related
protein activities were investigated. Plasma lipids level assays by an enzyme method showed that COS decreased
triglyceride (TG) by 29-31%, and increased high-density lipoprotein (HDL) cholesterol by 8-11%, but did not affect low-
density lipoprotein (LDL) cholesterol. Lipid distribution analysis through fast protein liquid chromatography indicated that
COS significantly decreased TG content distributed in very-low-density lipoprotein (VLDL)/LDL fractions but increased
cholesterol content in HDL fractions. Apolipoprotein analysis through plasma ultracentrifugation and sodium dodecyl
sulfate polyacrylamide gel electrophoresis displayed that COS decreased apolipoprotein B-100 of LDL and increased
apolipoprotein E of LDL and apolipoprotein B-100 of VLDL, but did not change apoA-l content of HDL particles.
Lipoprotein formation associated protein determination showed that COS also increased plasma activity of lecithin
cholesterol acyl transferase but not phospholipid transfer protein. The present study suggests that COS may play a
beneficial role in plasma lipid regulation of rats with dyslipidemia induced by high-fat diet. The COS-decreased VLDL/LDL
TG and -enhanced HDL cholesterol may be related to the upregulated activity of lecithin cholesterol acyl transferase.
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Introduction

Dyslipidemia is one of the major risk factors for athero-  focusing on natural materials to explore better

sclerosis, which can subsequently lead to life-threatening
cardiovascular and cerebrovascular diseases." Therapy of
the lipid metabolism disorder, as an effective means of
reducing risks of cardiovascular disease, has attracted
increasing attention. Heightening antiatherogenic lipopro-
tein, such as high-density lipoprotein (HDL), and lowering
pro-atherogenic  lipoproteins, low-density lipoprotein
(LDL) and very-low-density lipoprotein (VLDL), are major
treatment strategies for dyslipidemia.> However, many
chemical lipid-regulating medicines have some adverse
reactions, and some of them can induce distinct injury to
the liver and kidney.3’4 Thus, much of the latest research is
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lipid-regulating compounds with less toxicity.”

Chitosan, the deacetylated form of chitin, primarily derived
from the shells of crustaceans has been demonstrated to be a
functional lipid-lowering material.*” Chitosan oligosaccharide
(COS), the soluble degradation product of chitosan, can be
digested and absorbed more easily by animals and humans
compared with chitosan.® A great line of research has shown
that COS has similar properties to chitosan in improving
immunity, antitumor and anti-infection.’

Some documents indicate that chitosan has beneficial
lipid-regulating effects in animal and humans.'’~*? The
mechanisms of chitosan on reducing blood lipids are not
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clearly understood due to its complexity. When compared
with chitosan, COS possesses more remarkable bioactivities;
however, whether or not COS also has chitosan’s lipid regu-
lation function remains unknown. Moreover, the relevant
mechanisms of COS are poorly understood. In order to
know more about COS and its lipid regulation functions,
in our research, we used high-fat-diet-induced hyperlipi-
demic rats to evaluate COS lipid-regulating effects.

Materials and methods
Materials

COS (pharmaceutical grade) with a molecular weight no
more than 1000 Da was purchased from Shanghai U-sea
Biotech Co Ltd (Shanghai, China). Sodium cholate, choles-
terol and propylthiouracil were obtained from Shanghai
Lanji Science and Technology Co Ltd (Shanghai, China).
The high-fat diet was prepared by the laboratory animal
center of Taishan Medical University according to the
reported method by Srinivasan et al.'> Assay kits for trigly-
ceride (TG), HDL-cholesterol (HDL-C) and LDL-cholesterol
(LDL-C) were from Biosino Bio-technology and Science Inc
(Beijing, China). Lecithin cholesterol acyl transferase (LCAT)
and phospholipid transfer protein (PLTP) activity assay kits
were the products of Roar Biomedical (New York, NY,
USA).

Experimental animals

SPF Wistar rats (250 g) were purchased from Shandong
Lukang (Jinan, Shandong, China). Thirty-two male rats
were randomly allocated into four groups: regular chow
diet group (Chow), high-fat-diet group (HF), high-fat-diet
group with low dosage of COS (HF + COSL) and high-fat-
diet group with high dosage of COS (HF + COSH). The
latter two groups were administrated with COS dissolved in
normal saline at a dose of 250 and 750 mg/kg by gastric
gavage once a day for three consecutive weeks, respectively.
The other two groups were treated with the same volume of
normal saline also once a day for three consecutive weeks.
At the end of the experiment, blood samples were collected
from each rat’s heart with heparin for anticoagulation. The
separated plasma was then kept at —80°C until used for bio-
chemical analysis. The experimental protocol was approved
by the Animal Ethics Committee in accordance with the
guidelines for care and use of laboratory animals prepared
by Taishan Medical University.

Morphological analysis

Common liver and kidney histology was performed in
3-4 um sections stained with hematoxylin and eosin and
photographed at x200 magnifications.

Plasma lipid measurement

Plasma TG, HDL-C and LDL-C were determined by an
enzymatic method according to the assay kit instructions.
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Lipid analysis of lipoprotein fractions

Lipoprotein fractions were obtained by fast protein liquid
chromatography (FPLC) and then their lipid contents
were assayed.' Briefly, 100 uL. plasma was loaded onto a
Superose 6 gel chromatography column connected with
the FPLC on a AKTA purfier-900 system (Amersham
Biosciences, Piscataway, NJ, USA) to separate the lipoprotein
fractions, eluting with mobile phase (0.15mol/L NaCl,
0.01 mol/L Na,HPO, and 0.1 mol/L EDTA, pH 7.5) at a flow
rate of 0.3 mL/min. Eighty tubes of eluate were collected and
each contained 0.5 mL eluate. Cholesterol and TG content of
each fraction were determined by enzymatic method.

Apolipoprotein analysis of lipoprotein particles

VLDL, LDL and HDL particles were separated by ultracen-
trifugation and the distribution and content of apolipopro-
tein were measured using a 5-15% gradient gel based on
the method of Segrest."

Lipoprotein formation associated protein activity
measurement

The plasma activities of LCAT and PLTP were determined
according to the instructions of the assay kits.

Statistical analysis

All the data were expressed as means + standard deviation
(x £ SD). All parameters for inter-group differences were
analyzed by one-way analysis of variance. P < 0.05 was
considered significant.

Results

As shown in Figure 1, the levels of rat plasma TG, HDL-C
and LDL-C of the three high-fat-diet groups were remark-
ably higher than that of the regular chow diet group, indi-
cating that high-fat diet can induce hyperlipidemia in rats.
The COS administration decreased the plasma level of TG
by 29% and 31% as well as increased the plasma level of
HDL-C by 8% and 11% in the low and high dosage of
COS groups, respectively; however, COS had no significant
influence on the plasma level of LDL-C when compared
with the HF group.

The effects of COS on the distribution and content of the
lipids contained in plasma lipoprotein fractions analyzed by
FPLC are shown in Figure 2, which indicates that COS
administration reduced the content of TG in plasma VLDL
and LDL fractions and increased the content of cholesterol
in plasma HDL fractions in rats.

The analysis of apolipoprotein content in lipoprotein
particles by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) after separation using ultra-
centrifugation (Figure 3) showed that COS significantly
decreased the content of apoB100 and B48 in LDL particles.
ApoB100 in VLDL particles and apoE in LDL particles were
significantly increased with the treatment of COS. No
content alternation of apoA-I in HDL particles was detected.



Experimental Biology and Medicine Volume 236 September 2011

(a) HDL-C (b) LDL-C (c) TG
NS .
100 - " s -
— 60 - L 60 —_—
80 - ——
50 - 50
T 60 B 40 - T 40
o
£ 44 £ 30 - €30
20 - 20
2
d 10 - 10 -
0 0 0

Chow HF  HF+COSL HF+COSH Chow

Figure 1

HF

HF+COSL HF+COSH Chow HF HF+COSL HF+COSH

Effect of chitosan oligosaccharide (COS) on rat plasma lipid. Plasma high-density lipoprotein cholesterol (HDL-C, as shown in a), low-density lipopro-

tein cholesterol (LDL-C, as shown in b) and triglyceride (TG, as shown in c) were determined by an enzyme method. Data (means + SD, n = 8) expressed as milli-
gram per deciliter. Chow: general chow diet group; HF: high-fat-diet group; HF + COSL: high-fat-diet group with the treatment of 250 mg/kg COS; HF + COSH:
high-fat-diet group with the treatment of 750 mg/kg COS. “P < 0.05 versus HF; “*P < 0.01 versus HF. NS, no statistical significance (A color version of this figure is

available in the online journal)

In order to investigate the effects of COS on lipids and
apolipoproteins of lipoproteins in rats fed with a high-fat
diet, we assayed activities of PLTP and LCAT, both of which
were associated with lipoprotein formation (Figure 4). The
results indicated that COS did not affect the enhanced
plasma PLTP activity; however, COS could significantly
restore the lowered plasma LCAT activity to some extent
(from 68% to 86%) induced by a high-fat diet.

COS could ameliorate dyslipidemia in high-fat-diet rats;
furthermore, the morphological analysis results showed no
obvious morphological change in COS groups compared
with the control group (data are shown in Supplementary
material, which can be found at http://ebm.rsmjournals.
com/cgi/content/full/ebm.2011.011032/DC1).

Discussion

The lipid-regulating effects of chitosan has been reported
repeatedly;g'w'12 however, it remains unknown whether
COS, the degradation product of chitosan, has effects on
lipid and lipoproteins.'®~*® The present results in hyperlipi-
demic rats showed that COS can decrease plasma TG and
increase HDL-C, but not significantly affect the plasma
LDL-C concentration. These results are consistent with the
results reported by Zhou et al.'® observed in broilers chick-
ens. However, there is a slight difference with the results
reported by Shen et al.'> who demonstrated that COS can
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significantly reduce the level of LDL-C in mice. Such differ-
ences may have originated from the complexity of the com-
ponent and metabolism of lipoprotein as well as species
differences. It would have important clinical significance
to the population with metabolic syndrome if COS was
proved to decrease plasma or VLDL TG and increase HDL
concentration in human. It is well known that high plasma
TG and low HDL concentrations are characteristics for meta-
bolic syndrome. TG as one of the important negative factors
and HDL as the most important positive factors are docu-
mented for antiatherosclerosis. Therefore, the elucidation of
the mechanism by which COS decreases TG-rich particles
and improves HDL particles will provide solid evidence for
COS application in vascular disease therapy. Plasma VLDL,
LDL and HDL are particles composed of a variety of lipids
and protein components; it is thus necessary to clarify what
kinds of lipid and protein components of the lipoprotein
could be affected by COS.

The alteration of plasma apoA-I, a major apolipoprotein
of HDL, can affect the component and metabolism of
HDL, and influence the distribution of HDL subclasses;"
therefore, the lipids and protein components of lipoprotein
were analyzed in this study. We found that in COS-admini-
strated rats, the content of cholesterol increased while
apoA-I was not altered, which suggests that COS may
stimulate the maturation of HDL particles with more choles-
terol accumulation or limit catabolism of HDL by blocking
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Figure 2 Effects of chitosan oligosaccharide (COS) on the distribution and content of the plasma lipoprotein lipids after separation by fast protein liquid chrom-
atography. An aliquot of 80 uL from the corresponding fraction was used for the determination of triglyceride (TG, a) and cholesterol (CH, b), and the data
expressed as mg per deciliter. Chow: general chow diet group; HF: high-fat-diet group; HF + COSL: high-fat-diet group with the treatment of 250 mg/kg

COS; HF + COSH: high-fat-diet group with the treatment of 750 mg/kg COS
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Figure 3 Effect of (COS) on rat plasma lipoprotein. Rat plasma lipoproteins were isolated by sequential ultracentrifugation: very-low-density lipoprotein (VLDL),
d < 1.006 g/mL; low-density lipoprotein cholesterol (LDL), d 1.006-1.063 g/mL; high-density lipoprotein cholesterol (HDL), d 1.063-1.210 g/mL. Samples con-
taining 2 ug protein from VLDL, LDL and HDL of each group were conducted by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
quantified by densitometry with Image-pro Plus (Media Cybernetics, Bethesda, MD, USA). A representative SDS-PAGE result from four independent experiments
is shown (upper panel) and the quantification of these bands is shown in the lower panel. (a) apoB100 in VLDL; (b) apoB48 in VLDL; (c) apoB100 in LDL;
(d) apoB48 in LDL; (e) apoE in LDL; (f) apoAl in HDL. Chow: general chow diet group; HF: high-fat-diet group; HF + COSL: high-fat-diet group with the treatment
of 250 mg/kg COS; HF + COSH: high-fat-diet group with the treatment of 750 mg/kg COS. All values presented as mean + SD of four independent experiments.
*P < 0.05; “*P < 0.01 versus HF. NS, no statistical significance (A color version of this figure is available in the online journal)

hepatic uptake of the particles. Further analysis by FPLC
confirmed that COS can increase the cholesterol content of
HDL fractions while decreasing TG content of VLDL/LDL
fractions, all of which suggest that COS may have
certain impacts on some lipoprotein metabolism associated
proteins.

It is known that the recombination and metabolism of
VLDL and HDL in plasma can be affected by PLTP which
transfers lipids between VLDL and HDL and LCAT which
promotes esterification of cholesterol and maturation of
HDL. Therefore we measured the activities of plasma
PLTP and LCAT. The results indicated that COS has no
effect on PLTP activity but can stimulate LCAT activity

significantly, which at least can partially account for
the increase of cholesterol content in HDL particles.
HDL particles have antagonistic action on the formation of
atherosclerosis by clearing cholesterol in peripheral
tissues, transporting them into blood and then into the
liver conversely to have the cholesterol transformed and
excreted. ApoA-I located at the surface of HDL promotes
the transformation of cholesterol to cholesterol ester by
activating LCAT, and cholesterol ester can be further
transformed to bile acids or excreted out of body by bile
directly.** Unfortunately, we did not find that COS admin-
istration increased apoA-I in HDL particles, which may
need further study applying to more animal models.
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Figure 4 Effect of chitosan oligosaccharide (COS) on rat plasma phospholipid transfer protein (PLTP) and lecithin cholesterol acyl transferase (LCAT) activities.
(a) Plasma PLTP activity; (b) plasma LCAT activity. Data (means + SD, n = 8) were expressed as pmol per micro liter per hour and umol per micro liter per hour for
PLTP activity and LCAT activity, respectively. Chow: general chow diet group; HF: high-fat-diet group; HF + COSL: high-fat-diet group with the treatment of
250 mg/kg COS; HF + COSH: high-fat-diet group with the treatment of 750 mg/kg COS. All values were presented as mean + SD of four independent exper-
iments. *P < 0.05 versus HF; **P < 0.01 versus HF. NS, no statistical significance (A color version of this figure is available in the online journal)

As we know, LDL is bad cholesterol particles in plasma
leading to atherogenesis. Two main apolipoproteins are
present in LDL particles, apoB and apoE. In this study, we
found that apoB48 and B100 were surprisingly lowered
while apoE content increased remarkably in the LDL par-
ticles, all of which may contribute to the unchanged LDL-C.

Presently, many lipid-regulating drugs can have adverse
effects on liver and kidney functions. However, this study has
demonstrated that COS has no obvious effect on liver and
kidney functions and presents no morphological abnormity
(data are shown in Supplementary material, which can
be found at http://ebm.rsmjournals.com/cgi/content/full/
ebm.2011.011032/DC1) in rats, all of which highlight that
COS may possess special strengths when compared with the
general lipid-regulating drugs.

In summary, the present study indicated that COS has
beneficial regulating effects on high-fat-diet-induced lipid
abnormality in rats. This effect is partially related with
its regulation of lipid and protein contents of lipoprotein
particles as well as the regulation of important enzymes
such as LCAT. Although the mechanisms by which COS
improves plasma lipoprotein profiles by reducing VLDL
TG, increasing HDL-C and decreasing apoB-containing
particles are not clearly understood, its potential for anti-
atherosclerosis is worthy of further study.
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