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Abstract : The effects of chitosan, hydrolysed chitin-glucan (from Kitozyme production)
on early atherosclerosis were studied in hamsters. Hamsters (n=24) were divided into 3 groups
of 8 and fed on atherogenic diet for 12 weeks. They received by force feeding 42,85 mg/kg of
body.weight/day : chitosan (C) or hydrolysed chitin-glucan (CG) in water (A dose mimicking a
consumption of 3g/Day/70kg Adult Body Weight) . Controls (C) received water by force
feeding. After 12 weeks of feeding and 18 h of food deprivation, the hamsters were anesthetized
with an intraperitoneal injection of pentobarbitural. Blood was drawn by cardiac puncture with
heparin-moistened syringes and plasma was analysed. The aortic arches were carefully dissected
and lipids stained with Oil red O. Each aortic arch was then directly displayed on a glass slide,
endothelium side up and observed en face by light microscopy. All segments were
photographed using a video digitizer. The area covered by foam cells (aortic fatty streak area)
was analyzed quantitatively using a computer-assisted morphometry system and expressed as a
percentage of the total area surveyed.Plasma total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, triglycerids, and aortic fatty streack area were
studied. In group that consumed chitosan (C) a reduction of 23,5% for plasma cholesterol and
69,4 % for triglycerides. In the group that consumed hydrolysed chitin-glucan (CG) a reduction
of 18,4% for plasma cholesterol and 47,0% for triglycerides. High-density lipoproteins
cholesterol was significantly highest with spectacular levels: +222,9% for the group that
consumed chitosan (C) and +252,6% for the hydrolysed chitin-glucan (CG) group in
comparison with controls (C). A spectacular significant decrease in Low-density lipoproteins
cholesterol was found : —87,8% for the group that consumed chitosan (C) and —88,7% for the
group consuming hydrolysed chitin-glucan (CG) in comparison with controls. Aortic fatty
streak area was significantly reduced in groups receiving chitosan C (96%) or hydrolysed chitin-
glucan CG (97%) in comparison with the control group.
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Introduction

The name “chitin” is derived from the Greek word ‘“chiton” meaning a coat of mail and was
apparently first used by Bradconnot in 1811. Chitin is the most abundant natural biopolymer after
cellulose. The chemical structure of chitin is similar to that cellulose with 2-acetomido-2-deoxy--
D-glucose (NAG) monomers attached via (1—4) linkages.

Chitosan is the deacetylated ( to varying degrees) form of the chitin, which, unlike chitin, is soluble
in acidic solutions. Chitosan has three types of reactive functional groups, an amino group as well
as both primary and secondary hydroxyl groups at the C-2, C-3 and C-6 positions, respectively.
Chitin is the major structural component of the exoskeleton of invertebrates and the cell walls of
fungi.

Chitosan has been extensively researched and many industrial, medical and biomedical applications
have been identified. In the USA alone over 300 patents based on chitosan have been filed. Medical
applications cited include: haemostatic agent, immunostimulant, drug delivery matrix, skin
substitute, wound dressing, control of obesity and lowering of serum cholesterol. Chitosan carries a
positive charge on the acetyl remnants and, when solubilised in an acid environment, the chitosan
polymers bind to negatively charged molecules such as fats and lipids. Chitosan is not hydrolysed
by human digestive enzymes and behaves as a dietary fibre.

Material and Methods

Animals. Weanling male Syrian golden hamsters were received from Elevage Janvier (Le Genest-
St-Isle, France) weighing 60-80 g and were randomly separated into three groups (n = 8/group) of
statistically equal weight. There were maintained in plastic cages in temperature-controlled
enviromment (23 + 1°C) subjected to a 12-h light/dark cycle and allowed free access to both food
and water.

Diets and feeding procedures. Hamsters were fed a semipurified atherogenic diet in which the
cholesterol content had been set at 0.5% and which was supplemented with 15% lard at the expense
of starch and sucrose; no selenium, vitamin C, or vitamin E was added to this diet. Animals were
given food daily for 12 weeks, and uneaten food was weiged daily. The hamsters of each group
were additionally force feding once a day either trap water (control) or a solution of chitosan (C) or
hydrolysed chitin-glucan (CG) in water. The volumes for solutions force-fed were adjusted daily to
the weight of hamsters: a dose mimicking a consumption of 3g/Day/70kg Adult Body Weight to
the equivalent for the daily weight of hamsters. Hamsters received 42,85 mg of chitosan or
hydrolysed chitin-glucan/(kg of body.weight/day).

Analytical procedure. At the end of 12-week experimental period, hamsters were deprived of food
for 18 h and were anesthetized with an intraperitoneal injection of pentobarbitural (60 mg/mL at a
dosage of 60 mg/kg of body wt). Blood was drawn by cardiac puncture with heparin-moistened
syringes and plasma was prepared by centrifugation at 2000g for 10 min at 4°C and then stored at -
80°C until analysis.

Plasma total cholesterol (TC) and high-density lipoprotein cholesterol (HDL-C) were determined by
commercially available enzymatic methods (respectively no.1489232 and 1930672, Roche
Diagnostics, Mannheim, Germany). Plasma very low- and low-density lipoprotein cholesterol
(nonHDL-C) were precipitated with phosphotungstate reagent and HDL-C was measured in the
supernatant.

Aortic Tissue Processing. Following blood collection and liver removal, the intact aorta was the
first perfused with phosphate-buffered saline containing 1 mmol/L CaCl,, 2.5% paraformaldehyde,
and 1.5% glutaraldehyde for the fixation of the vasculature. The aorta was carefully dissected
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between sigmoid valves and 3-4 cm after the aortic arch and thoroughly cleaned of loose adventitial
tissue; the aortic arch was cut free, opened longitudinally along the outside of the arch, pin cork,
immersed in fresh fixative solution, and stored at 4°C until staining. The aortic arches were then
first rinsed for 48 h in 0.1 mol/L sodium cacodylate buffer (pH 7.4) containing 30 mmol/L CaCl,
and 250 mmol/L sucrose. The arches were then rinsed in distilled water, stained for 40 s in Harris
hematoxylin, and then rinsed in distilled water and quickly in 70% isopropyl alcohol; finally, they
were stained in Oil Red O for 30 min according to the method of Nunnari and al, rinsed in 70%
isopropyl alcohol, and back to distilled water. Each aortic arch was then directly displayed on a
glass slide, endothelium side up, covered with Aquamount mounting medium and cover slips and
observed an face by light microscopy. All segments were photographed using a video digitizer.The
area covered by foam cells (aortic fatty streak lesion) was analyzed quantitatively using a computer-
assisted morphometry system and expressed as a percentage of the total area surveyed.

Stastiscal analyses. Data are shown as the means = SEM, n = 8 measurements/group. Data were
subjected to logarithmic transformation when necessary to achieve homogeneity of variances,
Stastical analyses of the data were carried out using Stat View IV software (Abacus Concepts,
Berkeley, CA) by one-way ANOVA followed by Fisher’s protected least significant difference test.
Differences were considered to be significant at P< 0.05.

Results and Discution

No mortality was observed in any treatment groups. Plasma cholesterol and triglycerides
concentrations were significantly reduced. In group that consumed chitosan (C) a reduction of
23,5% for plasma cholesterol and 69,4 % for tiglycerides. In the group that consumed hydrolysed
chitin-glucan (CG) a reduction of 18,4% for plasma cholesterol and 47,0% for triglycerides. High-
density lipoproteins cholesterol was significantly highest with spectacular levels: +222,9% for the
group that consumed chitosan (C) and +252,6% for the hydrolysed chitin-glucan (CG) group in
comparison with controls (C). A spectacular significant decrease in Low-density lipoproteins
cholesterol was found : —87,8% for the group that consumed chitosan (C) and —88,7% for the group
consuming hydrolysed chitin-glucan (CG) in comparison with controls. Average aortic fatty streak
accumulation (AFSA), measured as the percentage of Oil Red O staining relative to the total area
surveyed was significantly decreased in hamsters receiving chitosan (96%) or hydrolysed chitin-
glucan (97%) in comparaison in controls.

Our results demonstrate that an hypercholesterolemic animal model developing atheroslosis treated
with chitosan or hydrolysed chitin-glucan (an equivalent dose of 3g for human (70kg)) prevent the
development of artherosclerosis through indirect possible mechanisms. Chitosan is a fiber made up
of positively charged molecules. When the negatively charged fats and lipids enter the body, they
attract with the chitosan and he absorbs the fat so it cannot enter the bloodstream. Chitosan
contribute to protective effect against early atherosclerosis. Moreover, in this study, we have
demonstrated that chitosan and hydrolysed chitin glucan increase HDL- cholesterol and decrease
LDL-cholesterol. Moreover, chitosan and hydroloysed chitin-glucan were particularly efficient in
reducing AFSA.
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Figure 1: Stucture of hydrolysed chitin-glucan and chitosan

Diets ingredient Expti diet
Casein 200
DL-méthionine 3
Cornstarch 393
Sucrose 154
Cellulose 50
Mineral mix" 35
Vitamin mix” 10
Lard 150
Cholesterol 5

"mineral  mixture
contained (mg/kg of diet): CaHPO,, 17200; KCI, 4000, NaCl, 4000, MgO, 420; MgSO,, 2000;
Fe,O0; 120; FeSO,.7H,0, 200; trace elements, 400 (MnSO,H,O, 98; CuSO, 5H,0, 20;
ZnS0,.7H,0, 80; CoSO,.7H,0, 0,16; KI, 0,32, sufficient starch to bring to. 40 g (per kg of diet). .
Yvitamin mixture contained (mg/kg of diet): rétinol, 12; cholécalciférol, 0.125; thiamin, 40;
riboflavin, 30; pantothenic acid, 140; pyridoxine, 20, inositol, 300, cyanocobalamin, 0.1;
menadione, 80, nicotinic acid, 200; choline, 2720; folic acid, 10; p-aminobenzoic acid, 100, biotin,
0,6, sufficient sarch to bring to 20 g (per kgof diet)

Figure 2 : Composistion of diets (g/kg)

Expti group Control Chitosan Hydrolysed chitin-
glucan

TC (g/L) 3,10+ 030" 2372003 253021

TG (g/L) 1,96 + 0,55 0,60+ 021% 1,04+ 027%

HDLC (g/L) 0.57+0,16" 1,84+ 0,09 2,010,117

LDL (g/L) 2.13402° 0,26 + 0,09b 024 + o,osb

Values are means = SEM, n = 8. Data were analysed by one-way ANOVA followed by the least sigificant difference test.
For each dietary treatment, means in a column with the different letters differ, P<0.05 Total cholesterol, High-density
lipoprotein, triglycerids, low-density lipoprotein.
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Figure 3 : Effects on Daily Force Feeding of water (Control), Chitosan and hydrolysed chitin-glucan in water on
plasma lipid profile in hamters fed atherogenic diet for 12 weeks.
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Figure 4 :  Effects on Daily Force Feeding of Water ( Control), Chitosan, or hydrolysed chitin-glucan in water on
aortic fatty streak area (AFSA) in Hamsters Fed Atherogenic Diet for 12 Weeks. AFSA is expressed as a percentage of
the total aortic area surveyed
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