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Low molecular weight chitosan inhibits obesity induced 
by feeding a high-fat diet long-term in mice 

Maho Sumiyoshi and Yoshiyuki Kimura 

Abstract 

Three low molecular weight chitosans (molecular weight: 21, 46 and 130 kDa) obtained by enzy-
matic hydrolysis of a high molecular weight chitosan (average molecular weight: 650 kDa) had low
viscosity and were water-soluble. The effects of these water-soluble chitosans on pancreatic lipase
(in-vitro) and the elevation of plasma triacylglycerol concentration after the oral lipid tolerance test
were examined in mice. The water-soluble 46-kDa chitosan was the most effective at inhibiting pan-
creatic lipase activity (in-vitro) and plasma triacylglycerol elevation after the oral lipid tolerance test.
Based on this result, the effects of the 46-kDa chitosan on increases in bodyweight, various white
adipose tissue weights, and plasma and liver lipids were examined in mice fed a high-fat diet for 20
weeks. Water-soluble 46-kDa chitosan (300 mg kg−1, twice daily) prevented increases in bodyweight,
various white adipose tissue weights and liver lipids (cholesterol and triacylglycerol) in mice fed a high-
fat diet, and further increased the faecal bile acid and fat. The results suggest that the lipid-lowering
effects of the 46-kDa chitosan may be mediated by increases in faecal fat and/or bile acid excretion
resulting from the binding of bile acids, and by a decrease in the absorption of dietary lipids
(triacylglycerol and cholesterol) from the small intestine as a result of the inhibition of pancreatic
lipase activity. Water-soluble 46-kDa chitosan (100 and 300 mg kg−1, twice daily) did not cause liver
damage with the elevation of glutamic oxaloacetic transaminase and glutamic pyruvic transami-
nase, or kidney damage with the elevation of blood nitrogen urea. It was concluded that water-
soluble 46-kDa chitosan is a safe functional food. 

Chitin and chitosan are polymers that have a molecular weight of 1000 kDa and contain
more than 5000 acetylglucosamine and glucosamine units, respectively. Chitin is widely
distributed in natural products such as the protective cuticles of crustaceans and insects, as
well as in the cell walls of some fungi and microorganisms, and it is usually prepared from
the shells of crabs and shrimp. Chitin is converted to chitosan by deacetylation with 45%
NaOH at 100°C for 2 h. Chitosan is commercially produced on a large scale in various
countries (Japan, North America, Russia, Norway, Korea, India and China) (Singla &
Chawla 2001). Chitosan has the characteristic of dietary fibre, being a polysaccharide that is
indigestible by mammalian enzymes. Several studies have shown that chitosan has anti-
hypertension (Kato et al 1994), hypocholesterolaemic (Sugano et al 1988; Ormrod et al
1998; Yao & Chiang 2002), and anti-obesity (Han et al 1999) effects, and preventive effects
against adverse reactions induced by cancer chemotherapeutic drugs (Kimura & Okuda
1999; Kimura et al 2000, 2001) in animal models. Although chitosan was shown to have
clinical hypocholesterolaemic effects (Wuolijioki et al 1999; Tai et al 2000), it had no effect
on obesity (Guercioline et al 2001; Ho et al 2001; Gades & Stern 2002). The molecular
weights of the chitosans used in those studies were over 650 kDa, and the chitosans were
insoluble in water. Since the greater viscosity of the intestinal content induced by dietary
fibre is strongly associated with a reduction of plasma and liver cholesterol, it is possible
that the hypocholesterolaemic action of chitosan is correlated with an increase in the viscos-
ity of the intestinal contents (Gallaher et al 1993). Deuchi et al (1995) reported that an
increase in the viscosity or the degree of deacetylation of chitosan resulted in a pronounced
effect on the apparent digestibility of fats. However, the hypocholesterolaemic action of
chitosan is independent of the viscosity of chitosan (Sugano et al 1988). Furthermore, we

Introduction 
Division of Functional Histology, 
Department of Integrated Basic 
Medical Science, School of 
Medicine, Ehime University, 
Shitsukawa, Toon-City, Ehime 
791-0295, Japan 

Maho Sumiyoshi 

Division of Biochemical 
Pharmacology, Department of 
Integrated Medical Science, 
School of Medicine, Ehime 
University, Shitsukawa, Toon-
City, Ehime 791-0295, Japan 

Yoshiyuki Kimura 

Correspondence: Y. Kimura, 
Division of Biochemical 
Pharmacology, Department of 
Integrated Medical Science, 
School of Medicine, Ehime 
University, Shitsukawa, Toon-
City, Ehime 791-0295, Japan. 
E-mail: yokim@m.ehime-u.ac.jp 

Funding: This work was 
supported by research grants 
from Mind Ace Co. Ltd, Miyazaki, 
Japan and Kozukyu Honten Co., 
Osaka, Japan. 

JPP58(2).book  Page 201  Wednesday, January 11, 2006  5:08 PM



202 M. Sumiyoshi & Y. Kimura

reported that low molecular weight chitosans (oligochitosan,
21- and 46-kDa chitosans) with a lower viscosity might be
useful in preventing tumour growth through the activation of
intestinal immune functions (Maeda & Kimura 2004). Thus,
it seems likely that the discrepancies regarding the physio-
logical actions of water-insoluble chitosan may be due to
differences in the viscosity and/or other characteristics of
chitosans. The effects of water-soluble low molecular weight
chitosan on lipid and carbohydrate metabolism are unclear. In
a preliminary experiment, we examined the effects of various
water-soluble low molecular weight chitosans on pancreatic
lipase activity. Among the chitosans tested, the 46-kDa
water-soluble chitosan inhibited pancreatic lipase activity
most effectively. We therefore examined the effects of the
water-soluble 46-kDa chitosan on obesity induced in mice fed
a high-fat diet for 20 weeks. 

Materials 

Water-soluble chitosan with an average molecular weight of
46 kDa was supplied by Mind Ace Co. Ltd (Miyazaki, Japan).
Triolein and pancreatic lipase were purchased from Sigma
Co. (St Louis, MO, USA). Triglyceride E-Test, Total Choles-
terol E-Test and Total Bile Acid-Test kits were purchased
from Wako Pure Chemical (Osaka, Japan). Non-salt butter
was purchased from Yotsuba Nyugyou Co. (Hokkaido,
Japan). Cornstarch, casein, mineral mixture (AIN-76) and
vitamin mixture (AIN-76) were purchased from Oriental
Yeast (Tokyo, Japan). Other chemicals were of reagent grade. 

Diet composition 

The low-fat diet consisted of 3.0% (w/w) butter, 41.5% corn
starch, 5.0% sucrose, 20% casein, 3.0% cellulose, 3.5% min-
eral mixture (AIN-76), 1.0% vitamin mixture (AIN-76), 0.4%
choline chloride and 22.6% water (total kcal: 292.8). The
high-fat diet consisted of 45.0% butter, 17.1% corn starch,
10.0% sucrose, 20.0% casein, 3.0% cellulose, 3.5% mineral
mixture, 1.0% vitamin mixture and 0.4% choline chloride
(total kcal: 535.2). 

Animals 

Male C57BL/6J strain mice (4 weeks old) were obtained from
Japan SLC (Shizuoka, Japan). The mice were housed in a
room with a 12-h light/dark cycle and controlled for tempera-
ture and humidity. The animals had free access to food and
water and were studied after 1 week of adaptation to the light-
ing conditions. Mice were treated according to the ethical
guidelines of the Animal Center, School of Medicine, Ehime
University. The Animal Studies Committee of Ehime Univer-
sity approved the experimental protocol. 

In-vitro pancreatic lipase activity 

The assay of pancreatic lipase activity in porcine pancreas
was performed as described previously (Tsujita & Okuda

1983). Enzyme activity (�mol oleic acid released L−1 reac-
tion mixture h−1) was expressed as a percentage of the value
obtained with buffer alone (control). 

Plasma triacylglycerol (TG) concentration after 
oral administration of butter emulsions to mice 

Various chitosans with average molecular weights of 21, 46
and 130 kDa (500 mg) were dissolved with distilled water
(10 mL). The mice were deprived of food overnight and then
the chitosans (500 mg kg−1) were administered orally 20 s
before oral administration of 0.2 mL of the butter emulsion.
Blood samples were taken from the tail vein at 0, 0.5, 1, 2, 3
and 4 h after administration of the butter emulsion using a
heparinized capillary tube, and centrifuged at 5500 g for
5 min in a Model KH-120 M (Kubota, Japan) centrifuge to
obtain the plasma. The plasma TG concentration was deter-
mined using the Triglyceride E-Test kit. 

Fat excretion and bile acid in faeces of mice 

The 46-kDa water-soluble chitosan (100 and 300 mg kg−1)
was administered orally twice daily (0700 and 1900 hours) to
the mice fed the high-fat diet for 10 weeks; control mice were
given the low-fat diet or the high-fat diet alone for 10 weeks.
Samples of faeces were obtained from each group at 24-h
intervals for 4 weeks and the TG and total cholesterol (TC) in
the faeces was measured by the methods of Fletcher (1968)
and Zak et al (1954), respectively. Bile acids in faeces were
measured using the Total Bile Acid-Test kit. 

Bodyweight, liver and white adipose tissue 
weights, and liver TG and TC concentrations 

The bodyweight of each mouse was measured once a week
and the total amount of food consumed was recorded weekly.
The 46-kDa water-soluble chitosan (100 and 300 mg kg−1)
was administered orally twice daily (0700 and 1900 hours) to
mice fed the high-fat diet for 20 weeks. Control mice fed the
low-fat diet or the high-fat diets alone were given distilled
water on the same schedule. On Week 20, for mice fed the
low-fat and high-fat diets, blood was obtained by venous
puncture under diethyl ether anaesthesia. The plasma was
prepared by centrifugation and frozen at −80°C until ana-
lysis. The plasma TG and TC concentrations were determined
using Triglyceride E-Test and Total Cholesterol E-Test kits.
The liver and white adipose tissue were dissected and
weighed. To measure the liver TG and TC concentrations,
liver (1 g) was homogenized with distilled water (10 mL). The
liver TG and TC concentrations were measured by the meth-
ods of Fletcher (1968) and Zak et al (1954), respectively. 

Histological examination 

White epididymal adipose tissues were fixed in buffered 10%
formalin for at least 2 h, and then progressively dehydrated in
solutions containing an increasing percentage of ethanol (70,
80, 95 and 100%). They were then cleared in Histoclear,
embedded in paraffin under vacuum, sectioned at 5-�m thick-
ness, deparaffinized, and stained with Harris hematoxylin and
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eosin. Four different microscopic fields (magnification 40×)
per plate were photographed and more than 100 adipose cells
were selected and their cell diameters measured. 

Statistical analysis 

All values are expressed as means ± s.e.m. Data were ana-
lysed by one-way analysis of variance, and then differences
among means were analysed using Fisher’s protected LSD
test. Differences were considered significant at P < 0.05. 

In-vitro pancreatic lipase activity 

Figure 1 shows the dose–response curve of the effects of vari-
ous chitosans on pancreatic lipase activity. Among the low
molecular weight chitosans (average molecular weight: 21,
46 and 130 kDa), the 46-kDa chitosan inhibited the pancreatic
lipase activity most effectively. Based on this finding, we
examined the effects of 46-kDa chitosan on the elevation of
plasma TG concentration after oral administration of a butter
emulsion containing cholesterol to mice. 

Plasma TG and TC in the oral lipid tolerance test 

Among the three chitosans, the 46-kDa chitosan significantly
reduced the elevation of the plasma TG concentration 0.5–3 h
after oral administration of the butter emulsion. The 130-kDa
chitosan also reduced the elevation of plasma TG concentra-
tion 0.5 and 1 h after the oral administration of butter

emulsion, but, at 3 h, the 21-kDa chitosan and the 130-kDa
chitosan increased the TG concentration compared with that
in mice administered butter alone (control mice) (Figure 2).
In the preliminary in-vitro and in-vivo experiments, it was
found that the 46-kDa chitosan inhibited pancreatic lipase
activity (in-vitro) and the elevation of the plasma TG concen-
tration in the oral lipid tolerance test in mice (in-vivo) most
effectively. We therefore examined the effects of water-solu-
ble 46-kDa chitosan on lipid metabolism in mice fed a high-
fat diet for 20 weeks. 

Energy intake, bodyweight and tissue weight, 
plasma and hepatic lipids in mice fed 
a high-fat diet 

The mean food consumption per day per mouse for 8 days
was not different among mice fed the high-fat diet, the high-
fat diet plus 46-kDa chitosan (100 or 300 mg kg−1, twice
daily) and the low-fat diet, being 48.27 ± 1.13 kJ (high-fat
diet), 46.34 ± 1.40 kJ (high-fat diet plus 100 mg kg−1 46-kDa
chitosan), 44.21 ± 1.43 kJ (high-fat diet plus 300 mg kg−1 46-
kDa chitosan) and 51.42 ± 1.48 kJ (low-fat diet). Figure 3
shows the changes in bodyweight of the groups during the
experiment. Mice fed the high-fat diet showed significant
increases in bodyweight at 4–20 weeks compared with mice
fed the low-fat diet. The 46-kDa chitosan (100 and
300 mg kg−1, twice daily) had no effect on the increase of
bodyweight induced by feeding a high-fat diet up until Week
17; the 46-kDa chitosan at a dose of 300 mg kg−1 twice daily

Results 
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Figure 1 Effects of three water-soluble chitosans (molecular weight:
21, 46 and 130 kDa) on pancreatic lipase activity. �, 21-kDa chitosan; ●,
46-kDa chitosan; ▫, 130-kDa chitosan. Values are means ± s.e.m., n = 4. 
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Figure 2 Effects of three water-soluble chitosans (molecular weight:
21, 46 and 130 kDa) on plasma triacylglycerol concentration after the
oral lipid tolerance test in mice. �, Butter (10 g kg−1) (control); ●,
butter + 21-kDa chitosan (500 mg kg−1); ▫, butter + 46-kDa chitosan
(500 mg kg−1); �, butter + 130-kDa chitosan (500 mg kg−1). Values are
means ± s.e.m., n = 6. *P < 0.05, significantly different compared with
the control. 

JPP58(2).book  Page 203  Wednesday, January 11, 2006  5:08 PM



204 M. Sumiyoshi & Y. Kimura

inhibited the increase of bodyweight from Weeks 17 to 20
(Figure 3). 

The plasma TG concentration was not significantly differ-
ent among mice fed the low-fat diet (54.6± 3.80 mg 100 mL−1),
the high-fat diet (74.0 ± 8.12 mg 100 mL−1), high-fat diet plus
46-kDa chitosan (100 mg kg−1, twice daily) (89.7 ± 14.7 mg
100 mL−1), and the high-fat diet plus 46-kDa chitosan
(300 mg kg−1, twice daily) (84.6± 13.4 mg 100 mL−1). 

The plasma TC concentration was significantly increased at
Week 20 in mice fed a high-fat diet (245.2±15.5mg 100mL−1)
compared with mice fed a low-fat diet (140.2 ± 24.1 mg
100 mL−1). The 46-kDa chitosan (300 mg kg−1, twice
daily) inhibited the increase of the TC concentration compared
with the level in mice fed the high-fat diet (198.8 ± 5.96 mg
100 mL−1 vs 245.2 ± 15.5 mg100 mL−1 for mice fed the
high-fat diet plus 300 mg kg−1 46-kDa chitosan and the
high-fat diet, respectively) 

Liver weight and hepatic lipids (TG and TC) were not
significantly different between mice fed the high-fat diet
(liver weight: 1.87 ± 0.13 g; TG: 234.2± 24.8 mg g−1; TC:
13.9 ± 1.05 mg g−1) and mice fed the low-fat diet (liver weight:
1.87±0.19g; TG: 196.6±19.9mgg−1; TC: 18.1±1.48mgg −1).

The 46-kDa chitosan (300 mgkg−1, twice daily) significantly
reduced the liver weight (1.37± 0.09 g), and hepatic TG
(79.6 ± 15.8 mg g−1) and TC (10.7 ± 0.96 mg g−1) contents com-
pared with those in mice fed the high-fat diet. The 46-kDa
chitosan (100 and 300 mg kg−1, twice daily) did not cause liver
damage with the elevation of glutamic oxaloacetic transami-
nase and glutamic pyruvic transaminase, or kidney damage
with the elevation of blood nitrogen urea in mice fed the high-
fat diet for 20 weeks (data not shown). We did not examine the
effects of 46-kDa chitosan on pancreatic function (for example,
amylase, lipase and insulin secretion). The toxic side-effects of
46-kDa chitosan on pancreatic function need to be further clar-
ified in mice fed the high-fat diet for 20 weeks. 

The weights of subcutaneous, mesenteric and epididymal
white adipose tissue were increased together with bodyweight
by feeding the high-fat diet compared with feeding the low-
fat diet (Table 1). The 46-kDa chitosan (300 mg kg−1, twice
daily) significantly reduced the weight of subcutaneous,
mesenteric and epididymal white adipose tissues compared
with those in mice fed the high-fat diet (Table 1). Further-
more, we examined the effects of 46-kDa chitosan on cell
diameter in mice fed the high-fat diet for 20 weeks. The fre-
quency of cells with a diameter of 120–160 μm in epididymal
adipose tissue in mice fed the high-fat diet (30.71 ± 2.31%)
was greater than that in mice fed the low-fat diet
(0.17 ± 0.17%). The 46-kDa chitosan (300 mg kg−1, twice
daily) significantly reduced (to 20.79 ± 2.28%) the frequency
of cells with a diameter of 120–160 �m in adipose tissue
compared with that in mice fed the high-fat diet (30.71 ± 2.31%)
(Figure 4). Thus, the 46-kDa chitosan prevented the increases
of bodyweight, and subcutaneous, mesenteric and epididymal
adipose tissue weights and cell diameter of white adipose
tissue induced by feeding the high-fat diet for 20 weeks. 

Fat excretion in faeces of mice fed 
a high-fat diet 

The dry weight (0.750 ± 0.060 g per mouse per day) of fae-
ces collected during 4 days at Week 10 in mice fed the
high-fat diet were significantly (P < 0.007) reduced com-
pared with the dry weight (1.065 ± 0.047 g per mouse per
day) of faeces collected from mice fed the low-fat diet. The
dry weight of faeces collected during 4 days at Week 10 did
not differ between mice fed the high-fat diet alone and mice
fed the high-fat diet plus 46-kDa chitosan (100 and
300 mg kg−1, twice daily) (data not shown). The TG content
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Figure 3 Effects of water-soluble low molecular weight chitosan
(molecular weight: 46 kDa) on bodyweight in mice fed a high-fat diet for
20 weeks. �, High-fat diet + 46-kDa chitosan (100 mg kg−1, twice daily)
(n = 7); ●, high-fat diet + 46-kDa chitosan (300 mg kg−1, twice daily)
(n = 7); ▫, low-fat diet (n = 7); �, high-fat diet (n = 8). Values are
means ± s.e.m., n = 7–8. *P < 0.05, significantly different compared with
mice fed the high-fat diet. 

Table 1 Effects of low molecular weight chitosan (46 kDa) on the weight of subcutaneous, mesenteric and epididymal white adipose tissues in mice
fed a high-fat diet for 20 weeks

Results are means ± s.e.m, n = 7–8. *P < 0.05, significantly different compared with mice fed a high-fat diet. †P < 0.05, significantly different
compared with mice fed a low-fat diet. 

Treatment Subcutaneous adipose tissue (g) Mesenteric adipose tissue (g) Epididymal adipose tissue (g) 

Low-fat diet (n = 7) 0.322 ± 0.057* 0.283 ± 0.044* 1.188 ± 0.098* 
High-fat diet (n = 8) 1.162 ± 0.095 0.887 ± 0.068 2.493 ± 0.076 
High-fat + 46-kDa chitosan (100 mg kg−1, 

twice daily) (n = 7) 
1.067 ± 0.098 0.741 ± 0.077† 2.553 ± 0.082† 

High-fat + 46-kDa chitosan (300 mg kg−1, 
twice daily) (n = 7) 

0.698 ± 0.085*† 0.620 ± 0.088*† 2.031 ± 0.219*† 
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in faeces was not significantly different between the low-
fat diet and high-fat diet groups. The TG content in faeces
of mice fed the high-fat diet was increased by the adminis-
tration of 46-kDa chitosan compared with that of mice fed
the high-fat diet alone. The TC content in faeces during 4
days at Week 10 in mice fed the high-fat diet was signifi-
cantly increased compared with that for mice fed the low-
fat diet, but there was no significant difference between
that in mice fed the high-fat diet and mice fed the high-fat
diet plus the 46-kDa chitosan (100 and 300 mg kg−1, twice
daily) (Table 2). The total bile acid content of faeces during
4 days at Week 10 did not differ between mice fed the high-
fat diet and mice fed the low-fat diet. The total bile acid
content of faeces was significantly increased in mice fed
the high-fat diet plus the 46-kDa chitosan (100 and
300 mg kg−1, twice daily) compared with that in mice fed
the high-fat diet alone (Table 2). 

We previously reported that water-insoluble, high molecular
weight chitosan (650 kDa) at a level of 30 g kg−1 in a high-fat
diet (corresponding to approx. 2–3 g chitosan kg−1 per day per
mouse) prevented the increases in bodyweight and white
adipose tissue weights, hyperlipidaemia and fatty liver induced
by feeding the high-fat diet for 9 weeks, by inhibiting the
intestinal absorption of dietary fat. The doses and viscosity of
the high molecular weight chitosan used in the previous study
were very high, and the chitosan was water-insoluble. In a
clinical study, administration of chitosan (400 mg, twice daily
for 8 weeks) did not significantly alter serum total cholesterol
or bodyweight, but slightly increased serum triacylglycerols
compared with placebo (Pitter et al 1999; Wuolijioki et al
1999). The doses of the various chitosans were between 0.1 and
15 g kg−1 per day for the evaluation of various pharmacological

Figure 4 Effects of water-soluble low molecular weight chitosan (molecular weight: 46 kDa) on cell diameter in white adipose tissue in mice fed a
high-fat diet for 20 weeks. A. Low-fat diet; B. high-fat diet; C. high-fat diet + 46-kDa chitosan (100 mg kg−1, twice daily); D. high-fat diet + 46-kDa
chitosan (300 mg kg−1, twice daily). Values are expressed as % frequency of cells with the indicated cell diameter. 

Discussion 
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actions in animal studies (Sugano et al 1988; LeHoux &
Grondin 1993; Han et al 1999; Gallaher et al 2000; Kimura
et al 2001; Hayashi & Ito 2002; Shon et al 2002; Maeda &
Kimura 2004). In particular, doses of 2–5 g kg−1 were used
for the evaluation of the hypcholesterolaemic effects of chi-
tosan. Chitosan with an average molecular weight of 650 kDa
or over was approved by the Ministry of Health, Labour and
Welfare (Japan) in 1997 as a specific healthy functional food;
the oral dose of chitosan approved was 0.5–3 g per day in
humans. In this study, the doses of 46-kDa chitosan used
were 100 and 300 mg kg−1 bodyweight twice daily; these
doses are approximately 6- to 10-fold the doses used in
humans. Sugano et al (1988) investigated the relationship
between the hypocholesterolaemic action and the average
molecular weight of chitosan in rats fed a cholesterol-
enriched diet, and suggested that the hypocholesterolaemic
action of chitosan was independent of its molecular weight.
On the other hand, LeHoux & Grondin (1993) reported that
70-kDa chitosan at a level of 50 g kg−1 food lowered plasma
and liver cholesterol levels by 54% and 64%, respectively, in
rats fed a high cholesterol diet, but that a high molecular
weight chitosan (>750 kDa) had less hypocholesterolaemic
potential than a 70-kDa preparation. Thus, it is unclear if the
hypocholesterolaemic effects depend on the molecular weight
of chitosan. That the anti-obesity effects of chitosan were not
observed in clinical studies may be due to the dependence of
such action on the molecular weight of chitosan. In the
present study, to investigate the preventive effects on the
increases of bodyweight and fat storage in adipose tissue
induced by feeding a high-fat diet long term together with
lower doses of chitosans, we prepared three water-soluble
chitosans with low molecular weight obtained from a high
molecular weight chitosan (Hatanaka 1996). We examined
the effects of the three water-soluble chitosans (molecular
weight: 21, 46 and 130 kDa) on pancreatic lipase activity (in-
vitro) and the oral lipid tolerance test (in-vivo). Among the
three chitosans, the 46-kDa chitosan had potent activity in
both in-vitro and in-vivo experiments. The 46-kDa chitosan
was therefore selected for evaluation in mice fed a high-fat
diet for 20 weeks. Water-soluble 46-kDa chitosan (300mgkg−1,
twice daily) prevented the increases of bodyweight, subcuta-
neous, mesenteric and epididymal adipose tissue weights
and cell diameter in adipose tissues induced by feeding a
high-fat diet for 20 weeks. This suggests that 46-kDa chitosan
may  inhibit the absorption of dietary fat from the small intes-
tine through the inhibition of pancreatic lipase. A number of

clinical studies have demonstrated the contribution of visceral
fat accumulation to the development of metabolic disorders,
including glucose intolerance and hyperlipidaemia (Fujioka
et al 1987). It seems likely that the 46-kDa chitosan may
prevent high-fat diet induced insulin resistance through the
preventive action on the increase of visceral adipose tissue,
but further work is needed to clarify this. Roberts et al (2004)
reported that mRNA expression of hepatic HMG-CoA
reductase, a key enzyme of hepatic cholesterol biosynthesis,
was increased, and the protein abundance and activity of
this enzyme were unchanged in rats fed a high-fat sucrose
diet for 20 months. On the other hand, Wang et al (2001)
reported that hamsters became hypercholesterolaemic when
fed a high-fat diet containing cholesterol, with a dramatic
down-regulation of hepatic HMG-CoA reductase mRNA
expression, suggesting inhibition of endogenous cholesterol
synthesis by feeding a high-fat diet containing cholesterol.
In the present study, plasma total cholesterol level and HMG-
CoA reductase activity were elevated by feeding a high-fat
diet for 20 weeks. Water-soluble 46-kDa chitosan prevented
the elevation of plasma total cholesterol caused by feeding
the high-fat diet for 20 weeks, and further reduced the
liver total cholesterol content; however, 46-kDa chitosan had
no effect on hepatic HMG-CoA reductase activity in mice fed
the high-fat diet (data not shown). Therefore, the effect of 46-
kDa chitosan on the plasma and liver total cholesterol in mice
fed the high-fat diet could not be explained by effects on
hepatic HMG-CoA reductase activity. The total cholesterol
content was 2.2gkg−1 food in the non-salted butter used in
this study. Young & Hui (1999) reported that inhibition of
pancreatic lipase resulted in a significant decrease in the absorp-
tion of dietary cholesterol through the gastrointestinal tract.
Chitosan is a weak anion exchanger and consequently would
be expected to be able to bind bile acids. Such ability has been
demonstrated in several studies in-vitro; chitosan has approxi-
mately half or the same bile acid binding capacity as cholesty-
ramine, a strong anion exchanger with a high capacity for
binding bile acids (Sugano etal 1980; Lee etal 1999). It is well
known that increased bile acid excretion reduces cholesterol
levels because plasma or liver cholesterol is utilized to maintain
the bile acid pool. The present study showed that the 46-kDa
chitosan increased faecal fat and bile acid excretion in mice
fed a high-fat diet. Therefore, the hypocholesterolaemic actions
of the 46-kDa chitosan may be mediated by increases of faecal
fat and/or bile acid excretion as a result of the binding of bile
acids, and by a decrease in the absorption of dietary cholesterol

Table 2 Effects of low molecular weight chitosan (46 kDa) on fat excretion into faeces during 4 days at Week 10 in mice fed a high-fat diet 

Results are means ± s.e.m, n = 7–8. *P < 0.05, significantly different compared with mice fed a high-fat diet; †P < 0.05, significantly different com-
pared with mice fed a low-fat diet. 

Treatment Triacylglycerol (mg/mouse/day) Total cholesterol (mg/mouse/day) Total bile acid �Eq/mouse/day 

Low-fat diet (n = 7) 0.347 ± 0.041 0.506 ± 0.018* 43.78 ± 3.84 
High-fat diet (n = 8) 0.334 ± 0.024 0.843 ± 0.082 57.83 ± 2.93 
High-fat + 46-kDa chitosan (100 mg kg−1,

twice daily) (n = 7) 
0.301 ± 0.021 1.006 ± 0.116 71.30 ± 6.45*† 

High-fat + 46-kDa chitosan (300 mg kg−1,
twice daily) (n = 7) 

0.629 ± 0.183*† 1.051 ± 0.097 74.10 ± 5.31*† 
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from the small intestine as a result of the inhibition of pancreatic
lipase activity. 

In conclusion, we found that among three water-soluble low
molecular weight chitosans prepared from a high molecular
weight 650-kDa chitosan, a novel 46-kDa chitosan prevented
the increases of bodyweight and adipose tissue weight induced
by long-term feeding of a high-fat diet in mice. Further clinical
studies are needed to clarify the preventive effect on diet-
induced obesity of the water-soluble 46-kDa chitosan. It was
found that the water-soluble 46-kDa chitosan did not cause
liver or kidney damage in mice fed a high-fat diet for 20 weeks.
To date, toxic side-effects such as liver and kidney damage
after oral administration of high molecular weight chitosan (0.5
to 3 g per day per human) have not been reported. Therefore,
high or low molecular weight chitosan is a safe functional food. 

Deuchi, K., Kanauchi, O., Imasato, Y., Kobayashi, E. (1995) Effect
of the viscosity or deactylation degree of chitosan on faecal fat
excreted from rats fed on a high-fat diet. Biosci. Biotechnol. Bio-
chem. 59: 781–785 

Fletcher, M. J. (1968) A colorimetric method for estimating serum
triglycerides. Clin. Chim. Acta. 22: 393–397 

Fujioka, S., Matsuzawa, Y., Tokunaga, K., Tarui, S. (1987) Contri-
bution of intraabodominal fat accumulation to the impairment of
glucose and lipid metabolism. Metabolism 36: 54–59 

Gades, M. D., Stern, J. S. (2002) Chitosan supplementation does not
affect fat absorption in healthy males fed a high-fat diet, a pilot
study. Int. J. Obes. 26: 119–122 

Gallaher, C. M., Munion, J. M., Hesslink, R. Jr, Wise, J., Gallaher,
D. D. (2000) Cholesterol reduction by glucomannan and chitosan
is mediated by changes in cholesterol absorption and bile acid and
fat excretion in rats. J. Nutr. 130: 2753–2759 

Gallaher, D. D., Hassel, C. A., Lee, K.-J., Gallaher, C. M. (1993) Vis-
cosity and fermentability as attributes of dietary fiber responsible for
the hypocholesterolemic effect in hamsters. J. Nutr. 123: 244–252 

Guercioline, R., Radu-Radulescu, L., Boldrin, M., Dalla, J., Moore, R.
(2001) Comparative evaluation of fecal fat excretion induced by
orlistat and chitosan. Obes. Res. 9: 364–367 

Han, L.-K., Kimura, Y., Okuda, H. (1999) Reduction in fat storage
during chitin-chitosan treatment in mice fed a high-fat diet. Int. J.
Obes. 23: 174–179 

Hatanaka, M. (1996) Manufacture of water-soluble chitosan with
low molecular weight. Japanese Patent No. 2547153 

Hayashi, K., Ito, M. (2002) Antidiabetic action of low molecular
weight chitosan in genetically obese diabetic KK-Ay mice. Biol.
Pharm. Bull. 25: 188–192 

Ho, S. C., Tai, E. S., Eng, P. H., Tan, C. E., Fok, A. C. (2001) In the
absence of dietary surveillance, chitosan doses not reduce plasma
lipids or obesity in hypercholesterolaemic obese Asian subjects.
Singapore Med. J. 42: 6–10 

Kato, H., Taguchi, T., Okuda, H., Kondo, M., Takara, M. (1994)
Anti-hypertensive effects of chitosan in rats and humans. J. Trad.
Med. 11: 198–205 

Kimura, Y., Okuda, H. (1999) Prevention by chitosan of myelotoxic-
ity, gastrointestinal toxicity and immunocompetent organic toxic-
ity induced by 5-fluorouracil without loss of antitumor activity in
mice. Jpn. J. Cancer 90: 765–774 

Kimura, Y., Onoyama, M., Sera, T., Okuda, H. (2000) Antitumor activ-
ity and side effects of combined treatment with chitosan and cisplatin
in sarcoma 180-bearing mice. J. Pharm. Pharmacol. 52: 883–890 

Kimura, Y., Sawai, N., Okuda, H. (2001) Antitumor activity and
adverse reactions of combined treatment with chitosan and doxoru-
bicin in tumor-bearing mice. J. Pharm. Pharmcol. 53: 1373–1378 

Lee, J. K., Kim, U. S., Kim, J. H. (1999) Modification of chitosan to
improve its hypocholesterolemic capacity. Biosci. Biotechnol.
Biochem. 63: 833–839 

LeHoux, J. G., Grondin, F. (1993) Some effects of chitosan on liver
function in the rat. Endocrinology 132: 1078–1084 

Maeda, Y., Kimura, Y. (2004) Antitumor effects of various low-
molecular-weight chitosans are due to increased natural killer
activity of intestinal intraepithelial lymphocytes in sarcoma 180-
bearing mice. J. Nutr. 134: 945–950 

Ormrod, D. J., Holmes, C. C., Miller, T. E. (1998) Dietary chitosan
inhibits hypercholesterolemia and atherogenesis in the apolipopro-
tein E-deficient mouse model of atherosclerosis. Atherosclerosis
138: 329–334 

Pitter, M. H., Abbot, N. C., Harkness, E. F., Ernst, E. (1999) Rand-
omized, double-blind trial of chitosan for body weight reduction.
Eur. J. Clin. Nutr. 53: 379–381 

Roberts, C. K., Liang, K., Barnard, R. J., Kim, C. H., Vaziri, N. D.
(2004) HMG-CoA reductase, cholesterol 7�-hydroxylase, LDL
receptor, SR-B1 and ACAT in diet-induced syndrome X. Kidney
Int. 66: 1503–1511 

Shon, Y.-H., Park, I.-K., Moon, I.-S., Chang, H. W., Park, I.-K.,
Nam, K.-S. (2002) Effect of chitosan oligosaccharide on 2,3,7,8-
tetrachlorodibenzo-p-dioxin-induced oxidative stress in mice.
Biol. Pharm. Bull. 25: 1161–1164 

Singla, A. K., Chawla, M. (2001) Chitosan: some pharmaceutical and
biological aspects – an update. J. Pharm. Pharmacol. 53:1047–1067 

Sugano, M., Fujikawa, Y., Hiratsuji, K., Nakashima, N., Fukuda, N.,
Hasegawa, Y. (1980) A novel use of chitosan as a hypocholestero-
lemic agent in rats. Am. J. Clin. Nutr. 33: 787–793 

Sugano, M., Watanabe, S., Kishi, A., Izume, M., Ohtakara, A. (1988)
Hypocholesterolemic action of chitosan with different viscosity in
rats. Lipids 23: 187–191 

Tai, T.-S., Sheu, W. H.-H., Lee, W.-J., Yao, H.-T., Chiang, M.-T.
(2000) Effect of chitosan on plasma lipoprotein concentrations in
type 2 diabetic subjects with hypercholesterolemia. Diabetes Care
23: 1703–1704 

Tsujita, T., Okuda, H. (1983) Carboxylesterase in rat and human sera
and their relationship to serum aryl acylamidases and cholineste-
rase. Eur. J. Biochem. 133: 215–220 

Wang, P.-R., Guo, Q., Ippolito, M., Wu, M., Milot, D., Ventre, J.
Doebber, T., Wright, S. D., Chao, Y.-S. (2001) High fat fed ham-
ster, a unique animal model for treatment of diabetic dyslipidemia
with peroxisome proliferate activated receptor alpha selective ago-
nists. Eur. J. Pharmacol. 427: 285–293 

Wuolijioki, E., Hirvela, T., Ylitalo, P. (1999) Decrease in serum
LDL cholesterol with microcrystalline chitosan. Methods Find.
Exp. Clin. Pharmacol. 21: 357–361 

Yao, H. T., Chiang, M. T. (2002) Plasma lipoprotein cholesterol in
rats fed a diet enriched in chitosan and cholesterol. J. Nutr. Sci.
Vitaminol. 48: 379–383 

Young, S. C., Hui, D. Y. (1999) Pancreatic lipase/colipase-mediated
triacylglycerol hydrolysis is required for cholesterol transport from
lipid emulsions to intestinal cells. Biochem. J. 339: 615–620 

Zak, B., Dickman, R. C., White, E. G., Burnett, H., Cherney, P. J.
(1954) Rapid estimation of free and total cholesterol. Am. J. Clin.
Pathol. 24: 1307–1315 

References 

JPP58(2).book  Page 207  Wednesday, January 11, 2006  5:08 PM


