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ABSTRACT: A polymer-based preparation (a chitosan–
microgel preparation called CHM), intended for use as a
diet supplement reducing fat and cholesterol absorption
from the digestive tract, was obtained by the combination
of chitosan of a reduced molecular weight with a polyvi-
nylpyrrolidone microgel in a 1 : 1 (w/w) ratio. Both com-
ponents were obtained with ionizing radiation (controlled
degradation of chitosan in the solid state and crosslinking
polymerization of neat vinylpyrrolidone). The chitosan
component was shown in previous in vitro studies to ex-
hibit a high fat-binding capacity, whereas the microgels,
able to swell to about 40 times their original volume, were
intended to serve as stomach-filling agents. The influence
of the CHM preparation on the body mass, the weight of
the liver and other principal organs, and the serum levels
of triglycerides and cholesterol was examined in rats fed a

fat- and cholesterol-rich diet (FChD). It was found that the
preparation administered as a diet additive at 4% CHM
(2% chitosan) in rats effectively prevented body mass gain,
fat accumulation in the liver, and liver enlargement, which
otherwise developed in the animals fed FChD only,
whereas the weight of the other main organs (heart, liver,
kidney, spleen, testicles, and lungs) remained unaltered.
CHM was also capable of exerting this effect when admin-
istered to animals already in an atherosclerotic, overweight
condition. No adverse effects were observed during the 10
weeks of feeding the animals the CHM-containing
diet. � 2007 Wiley Periodicals, Inc. J Appl Polym Sci 105: 169–
176, 2007
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INTRODUCTION

Chitosan, a linear cationic polysaccharide obtained
by the chemical deacetylation of chitin, is currently
the main ingredient of numerous commercially
available dietary supplements advertised to have a
body-weight-reduction effect based on trapping die-
tary fat in the digestive tract in a way that prevents
fat absorption. The chitosan contained in these for-
mulations is also believed to reduce the level of total
plasma cholesterol and triglycerides.

It is known that chitosan is able to bind fat in vitro,
not only in the simplest tests based on mixing these
two components1,2 but also in somewhat more so-
phisticated biophysical models of the digestive
tract,3–5 in which the temperature, movement, resi-
dence time, and pH in subsequent parts of the tract
are simulated. Upon a change in the pH from acidic
to slightly basic, chitosan precipitates, encapsulating
and trapping micelles and microdroplets of fat. Typi-
cally, 1 g of dry chitosan is reported to bind 5–20 g of
fat, depending on the experimental procedure and
kind of chitosan used (although in leaflets on com-
mercial preparations, values >700 g/g are claimed6).
There are also convincing, albeit limited, data result-
ing from studies on rats, in which the fat-trapping
action of chitosan in the intestine and increase in fecal
fat excretion have been clearly documented.3

The ability of chitosan to bind dietary fat and pre-
vent its absorption is expected to reduce body
weight or at least to partially prevent body weight
increase caused by a fat-rich diet. Numerous studies
on animals and humans have been focused on prov-
ing this idea. The results are not univocal. In several
studies on rats, a pronounced reduction in body
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weight gain has been in fact observed;3,7 however,
there are also reports on experiments in which no
significant effect could be detected.8–10 Similarly, in a
large number of human studies, a significant reduc-
tion of body weight has been reported (e.g., refs. 11–
14), whereas some other works indicate no effect or
an effect that is statistically significant but too small
to have real clinical meaning.15–17 The differences in
performance might be to some extent due to various
testing procedures, including the chitosan dosage
and time of the experiment. We believe, however,
that a part of the problem lies in chitosan itself.

Chitosan is a copolymer of glucosamine and N-
acetylglucosamine units. Its composition and chain
length depend on the source and processing proce-
dures. The physicochemical properties of chitosan
largely depend on the weight-average molecular
weight (Mw) and degree of deacetylation (i.e., the
molar content of the glucosamine units), and these
may vary significantly for samples of different ori-
gins. In our recent works,4,5,18 we have shown that
fat binding in an in vitro biopharmaceutical model of
the digestive tract depends on Mw of chitosan, at
least in the tested Mw range of 25–410 kDa. Within
this range, the samples of the lowest Mw (25–50 kDa)
exhibit over twice as high a fat-binding capacity as
those of higher Mw, reaching about 20 g of fat/g of
chitosan. Therefore, it seems that the application of
low-molecular-weight chitosan (tens of kilodaltons)
to diet additives should lead to relatively efficient fat
binding.

Although unambiguous experimental confirmation
of the correlation between the molecular weight of
chitosan, in vivo fat binding, and body weight loss
still requires systematic studies, in this communica-
tion, we focus not only on body mass changes but
also on another effect expected to result from the
oral administration of low-molecular-weight chitosan
and binding of dietary fat, namely, reduced liver
enlargement caused by fat accumulation in the liver
of animals on a fat-rich diet. Such action, if proven
on animals and on humans, could be an additional
beneficial effect of chitosan-containing diet additives.

The aim of this study was to test, on rats, the
influence of low-molecular-weight chitosan, adminis-
tered for a long period at a low dietary level (2%
pure chitosan) but with the average molecular
weight in the range indicated by in vitro tests as the
most effective in fat binding, on the body mass and
on the weight of liver and other selected organs
(heart, kidney, spleen, testicle, and lungs). The final
levels of plasma triglycerides and cholesterol were
tested as well.

Chitosan was administered in the form of a chito-
san–microgel preparation (called CHM) being devel-
oped in our laboratory19 and intended for use as a
dietary food supplement of increased efficiency in

reducing body weight and cholesterol levels. The
formulation contains chitosan of a reduced molecu-
lar weight and a dry microgel (cf. ref. 20) made of a
synthetic, hydrophilic polymer of proven nontoxicity
and biocompatibility—polyvinylpyrrolidone (PVP;
frequently used as an auxiliary substance in drug
formulations and as the primary component in some
biomaterials21–23). PVP microgels are designed to
play a similar role to that of dietary fibers, that is,
swelling in the stomach and thus inducing the feel-
ing of the stomach being filled, which is one of the
factors inducing the feeling of satiety. By using this
component, we also expected to eliminate the effect
observed in most previous studies,3,9,10 in which the
addition of chitosan was found to increase the food
intake; this is an undesired phenomenon that could
counterbalance the effects of chitosan on body
weight reduction. The synthetic microgels used in
our preparation, being covalently crosslinked poly-
mer particles of high hydrophilicity, have a high
equilibrium swelling ratio, may absorb hydrophilic
food components, and move along the digestive tract
without being destroyed, thus potentially providing
also an additional antiabsorption effect. In future,
such microgels may be, if necessary, also preloaded
with a drug and/or a substance proven to enhance
the fat-binding action of chitosan.

The influence of CHM on body mass and on the
weight of the liver and other selected organs was
investigated in rats fed an atherogenic, fat- and cho-
lesterol-rich diet (FChD). The experiment plan
included the formation of an animal group fed the
high-fat diet (FChD), a group fed a diet supple-
mented with CHM for the whole experiment dura-
tion (10 weeks), and another group initially fed pure
FChD for 4 weeks and subsequently fed FChD sup-
plemented with CHM for the next 6 weeks. This set-
ting was intended to check the efficiency of the
CHM preparation under the metabolic conditions
developing on a high-fat diet.

EXPERIMENTAL

Materials

Vinylpyrrolidone (VP; Fluka) was distilled under
reduced pressure to eliminate the stabilizer. Chitosan
(the starting material), a product of Primex Ingre-
dients (Avaldsnes, Norway), had an Mw value of 395
kDa, as determined by multi-angle laser light scatter-
ing (see below). The degree of deacetylation (i.e., the
molar fraction of glucosamine units estimated by
potentiometric titration according to the method of
Muzzarelli24 adapted by Wojtasz-Pajak et al.25) was
about 90% and did not change significantly during
processing.
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All other chemicals were analytical-grade and
were used as received.

Synthesis of the microgel component

Monomer samples (20 mL) were placed in glass
ampules and saturated for 30 min with argon. Subse-
quently, the ampules were sealed and irradiated by
60Co g rays (average energy of the quantum ¼ 1.25
MeV) with a dose of 25 kGy at a dose rate of 2.0
kGy/h. The monomer conversion was followed spec-
trophotometrically. The product, crosslinked PVP, was
annealed for 3 h at 1208C to eliminate traces of the
residual monomer and trapped free radicals. In the
next step, the crosslinked PVP was ground; a 250–
500-mm microgel fraction was separated and used in
the CHM preparation.

Synthesis of chitosan of a defined average
molecular weight

Chitosan in the form of a dry powder was placed in
open glass ampules and irradiated by g rays from a
60Co source at a dose rate of 2.0 kGy/h. Changes in
Mw were followed by multi-angle laser light scatter-
ing (a Brookhaven Instruments (Hottsville, NY) BI-
SM 200 setup equipped with an Innova 90C argon-
ion laser; l ¼ 514.5 nm) in a solution containing
8.5% formic acid and 0.5 mol/L sodium formate.
The refractive-index increment of chitosan in this
solvent was dn/dc ¼ 0.174 mL/g.26 Directly before
the light scattering measurements, solutions were
passed through filters of a 0.45-mm pore size (Sarto-
rius, Göttingen, Germany). The intensity of scattered
light was measured for five chitosan concentrations
in the angular range of 30–1208. A Zimm plot algo-
rithm27 was applied for the evaluation of the results.

CHM preparation

The CHM dietary preparation was obtained through
the mixing of dry modified chitosan with dry PVP
microgel in a 1 : 1 weight ratio. This preparation
was added to the diet of selected groups of animals
(see below) at the 4% (by weight) level.

A scheme of the synthesis procedure is presented
in Figure 1.

Animal study

Sixty male Wistar strain rats with an initial body
weight average of 195.2 6 1.5 g were used in the
experiment. Animals were housed in individual
cages and maintained in a 12-h/12-h light/dark
cycle in a temperature- and humidity-controlled
room. Rats were divided randomly into four treat-
ment groups (for each group, n ¼ 15). Rats in group
A were fed laboratory pellet chow only, and rats in
group B were fed FChD. Group BC rats were fed
FChD for 4 weeks and for 6 weeks were fed FChD
supplemented with CHM. Rats in group C were fed
for 10 weeks FChD supplemented with CHM.

The experimental diet was prepared from basic
laboratory pellet chow (powdered) with the addition
of 10% lard and 0.5% cholesterol. Part of the experi-
mental diet was supplemented with 4% CHM. The
details are presented in Table I. The animals were
given the diet and water ad libitum. In the fifth week
of the experiment, the intake of the diet was eval-
uated: Rats were given a specified amount of the
diet and after 24 h, the remaining diet was weighed.

At the end of the experiment, the rats were sacri-
ficed by euthanasia. Selected organs (heart, liver,
kidney, spleen, testicles, and lungs) were examined
and weighted. The total serum cholesterol and tri-
glyceride levels were measured by routine enzymatic
tests.

Figure 1 Production scheme for CHM.
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The animal studies were performed at the National
Food and Nutrition Institute (Warsaw, Poland), and
the study protocol was approved by the Local Ethical
Commission on Animal Examination.

Each result is given as the mean plus or minus the
standard error. The significance of the difference
between the means of the control and test groups
was determined by one-way analysis of variance fol-
lowed by a Student test at p < 0.05.

RESULTS

Synthesis of the components by the
radiation technique

The molecular weight of chitosan is often regulated
by the controlled degradation of the raw biopoly-
mer. Degradation can be preformed by a number
of processes. A chemical treatment, such as acid
hydrolysis, is often time- and energy-consuming,
involves the use of chemicals, and generates waste.
Moreover, being a multiparameter process, it is not
always easy to control, although considerable pro-
gress in this technique has been achieved.25,28–30

Also, enzymatic processing is a relatively complex
procedure.25,31,32

Two alternative polysaccharide degradation meth-
ods are irradiation (i.e., treatment with ionizing radi-
ation)18,33–35 and sonication (treatment with ultra-
sound).34,36 Irradiation can be applied to degrade a
polysaccharide in any physical form (solid, suspen-
sion, paste, solution, etc.). The process is very effi-
cient and can be easily controlled by the choice of a
proper irradiation dose. No chemicals are needed,
there is no additional processing, and there is no
waste. Besides, under appropriate conditions, sterili-

zation may be accomplished in parallel to the reduc-
tion in the molecular weight. Solid-state irradiation
is probably the simplest chitosan degradation method
in existence and thus has been employed in this
work, although one should be aware of one draw-
back of this treatment, that is, the possibility of some
radicals being trapped in crystalline regions of the
polymer, resulting in further (albeit very slow) deg-
radation after irradiation is stopped.37,38

The radiation–chemical yield of solid-state degra-
dation for chitosan depends to some extent on the
irradiation conditions and may also be influenced by
the chemical composition and crystallinity of the
starting material. Data in Figure 2 show the changes
in Mw of the chitosan actually used for the synthesis
of our preparation, along with more detailed data
gained in a separate study performed at our labora-
tory on a chitosan sample of a similar starting mo-
lecular weight but a slightly lower degree of deace-
tylation. In the case of chitosan used in this work,
our target Mw value of 60–70 kDa required g irradia-
tion of the starting material in a dry state with a
dose of 60 kGy. This molecular weight is at the
upper limit of the range in which fat binding is
highly effective.5,18 The purpose of targeting this
upper limit is to allow for the very slow degradation
processes (both natural hydrolysis in the presence of

TABLE I
Compositions of the Experimental Diets

Component

Animal groupa

A B

BC

C0–4 weeks 5–10 weeks

Lard (wt %) — 10 10 10 10
Cholesterol (wt %) — 0.5 0.5 0.5 0.5
Cholic acid (wt %) — 0.2 0.2 0.2 0.2
Methionine (wt %) — 0.3 0.3 0.3 0.3
Cholic chloride
(wt %)

— 0.2 0.2 0.2 0.2

CHM (wt %) — — — 4 4
LSM (wt %)b 100 88.8 88.8 84.8 84.8

a A ¼ standard animal chow only; B ¼ cholesterol- and
fat-rich diet; BC ¼ cholesterol- and fat-rich diet followed
by a cholesterol- and fat-rich diet supplemented by CHM;
C ¼ cholesterol- and fat-rich diet supplemented by CHM.

b Standard animal chow.

Figure 2 g irradiation of solid chitosan in the presence of
air: Mw as a function of the absorbed dose. The squares
represent data for the model chitosan used for the detailed
study of the action of ionizing radiation (Sea Fisheries
Institute, Gdynia, Poland; Mw0 ¼ 408 kDa, degree of deace-
tylation ¼ 88%); the circles represent data for the bulk
chitosan used for the CHM preparation (Primex; Mw0

¼ 395 kDa, degree of deacetylation ¼ 90%).
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moisture and the postirradiation degradation evi-
denced for chitosan irradiated in a solid state33,38) to
occur within a reasonably long shelf-storage time
without losing the high fat-binding capacity.

Irradiation may cause some side effects, including
the formation of carbonyl and carboxyl groups,
albeit at a very low yield (typically on the order of
10�7–10�6 mol/J of absorbed energy,39 which at our
dose corresponds to the formation of a few milli-
moles of modified groups per kilogram of the sub-
strate). On the basis of some previous observations,
one could expect also some losses of amino groups;
calculations based on the yields published by
Ershov39 would lead to an anticipated loss of less
than 1% of these groups for the dose applied in the
current work. Actually, within the accuracy limits of
our detection method (3%), we did not observe any
change in the amino group content upon irradiation.
Because the extent of chemical changes accompany-
ing our degradation procedure is very low, we
assume that these effects do not significantly influ-
ence the physicochemical properties of chitosan
other than the molecular weight.

Crosslinking polymerization is a standard method
for synthesizing crosslinked polymeric structures,
including products able to swell in water to equilib-
rium, that is, hydrogels. The use of this method of-
ten requires that the substrate mixture contains,
besides the monomer, an initiator and a crosslinking
agent. The application of ionizing radiation allows
us to run the process without using the two latter
additives, which is of some advantage in products
for biomedical applications.20,40

The irradiation of bulk VP in the absence of oxy-
gen with a dose of 25 kGy leads to the formation of
solid, crosslinked blocks of PVP. In the first stage of
irradiation, the dominating process is the radiation-
induced polymerization of VP (Fig. 3). Under our ex-
perimental conditions, at a dose of about 2 kGy,
most of the monomer is consumed, and crosslinking
becomes the most prominent reaction. After the gela-
tion dose is reached, determined previously for VP
to be about 4 kGy,41,42 an insoluble, crosslinked gel
fraction is formed. Further crosslinking in this sys-
tem proceeds with a relatively high radiation–chemi-
cal yield (5 � 10�8 mol/J21), and according to earlier
studies on the crosslinking polymerization of VP, at
25 kGy (6.25 � the gelation dose), the gel fraction is
of the order of 0.9.21 Applying higher irradiation
doses would not significantly increase the gel frac-
tion and may reduce the swelling ability of our
product because of a too high density of crosslinks
(for typical swelling–dose dependences in PVP
hydrogels, see refs. 42 and 43).

It is worth mentioning that a similar procedure,
the radiation crosslinking of concentrated aqueous
PVP solutions with a dose of 25 kGy to form swel-

lable but mechanically resistant macroscopic hydro-
gels, is the basis of a fully commercialized technol-
ogy used in the production of hydrogel wound
dressings.21,44–48

The slightly brownish coloration of our water-free,
solid product, being presumably due to both trapped
radicals and coupled double bonds, is efficiently
removed by annealing at 1208C. Grinding and subse-
quent separation on mechanical sieves allow us to
obtain PVP microgel fractions of defined size ranges.
As expected, the equilibrium degree of swelling (Ds),
defined as (ms � md)/md, where ms is the mass of
the swollen gel and md denotes the mass of the dry
gel, is governed by the crosslink density, thus being
independent of the microgel size, in the tested size
ranges of 63–90 to 500–1000 mm. For our microgels,
at 378C in water, Ds is 45, and in 0.01 M HCl, Ds is
42. This can be considered the factor by which the
dry gel volume is increased in contact with an aque-
ous medium in the digestive tract. This Ds corre-
sponds to a network with an average molecular
weight between adjacent crosslinks of the order of
150 kDa, as estimated on the basis of the modified
Flory–Rehner theory.49–53 When the soaking of
microgels was performed in a 0.01 M HCl solution
containing dissolved chitosan (1 : 1 w/w vs PVP),
the observed Ds was similar to that in pure water,
indicating that there was no negative effect of chito-
san on the microgel swelling ability. For the microgel
fraction selected for the CHM preparation (250–
500 mm), a Ds of 50% was reached in less than 10 min
after the dry gel had been dispersed in 0.01MHCl.

Figure 3 g irradiation of Ar-saturated neat VP: the mono-
mer conversion as a function of the absorbed dose.
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Animal studies on the action
of the CHM preparation

The food intake in group B, fed the FChD diet, was
10% lower than that in group A, which was fed
common fodder. In groups BC and C supplemented
with CHM, the average food intake was somewhat
lower than in group B, although the difference was
not statistically significant.

In both animal groups treated with CHM (groups
BC and C), the body mass was lower than that in
the group on the fat-rich diet (group B) and similar
to the body mass of animals from the control group
(group A). A drop in serum cholesterol and triglyc-
erides in animals supplemented with CHM (BC and
C), compared with animals on a high-fat and -cho-
lesterol diet (B), was also observed.

Feeding rats for 10 weeks with FChD (group B)
caused a statistically significant increase in the liver
weight in comparison with the animals fed the
standard diet (group A). A comparison of the liver
weight data for all groups clearly indicates that sup-
plementing the high-fat diet with the CHM prepara-
tion efficiently prevents lipid infiltration and an
increase in the weight of the liver. This effect was
observed both in group C fed for 10 weeks FChD
supplemented with CHM and in group BC, for
which the supplementation of FChD with CHM
started after 4 weeks of the experiment. No mean-
ingful differences were observed between the four
animal groups in the weights of other organs: the
heart, kidneys, and lungs. Although feeding rats
FChD seems to cause a statistically significant
increase in the weight of the spleen, this effect is less
pronounced in group BC and absent in group C.
The observed lower weight of testicles in relation to
the body weight in group B when compared with

the other groups results from the higher average
body weight of the animals in this group (Table II).

DISCUSSION

Feeding the animals FChD leads to hyperlipidemia
and fatty degeneration of the liver. The accumulation
of triglycerides in hepatic lobules causes an increase
in the weight of this organ. It has been demonstrated
before that the addition of chitosan to the diet exerts
some effects on the liver function in rats, including
changes in the rate of cholesterol synthesis and enzy-
matic activity.10,54 It is not yet fully clear, however,
whether and to what extent chitosan reduces lipid
accumulation in the liver. Our data indicate that the
CHM preparation used in our study [low-molecular-
weight chitosan and microgel (1 : 1 w/w) at a 4%
concentration in the diet (i.e., 2% chitosan)] signifi-
cantly reduced the increase in the liver weight
caused by the FChD diet.

It should be stressed that both components are
easily obtained by simple solvent-, additive-, and
waste-free radiation processing from relatively low-
cost substrates, the product does not contain any
complex biochemicals, and yet it is capable of exert-
ing a desired physiological effect at a relatively low
dietary content.

The observed effect may be compared with the
results of Sugano et al.,7 Fukada et al.,9 and LeHoux
and Grondin,10 who fed rats a diet supplemented
with pure chitosan. Such a comparison is not easy
because of the different conditions of these tests.
Fukada et al. did not observe any significant differ-
ence in the liver weight between the control and chi-
tosan-fed groups, even at a 5% chitosan content.9

The apparent discrepancy between these results and

TABLE II
Weight of Organs, Body Weight Gain, Levels of Serum Cholesterol and Triglycerides After 10 Weeks of

Experimentation, and Daily Food Intake Measured During the Fifth Week of Experimentation

Groupa A B BC C

Weight of organs (g/100 g of body weight) Heart 0.31 6 0.007 0.31 6 0.009 0.31 6 0.005 0.32 6 0.008
Liver 3.41 6 0.100 4.06 6 0.104b 3.63 6 0.090c 3.67 6 0.137c

Kidney 0.81 6 0.028 0.83 6 0.017 0.81 6 0.012 0.84 6 0.017
Spleen 0.16 6 0.008 0.18 6 0.006b 0.18 6 0.007 0.16 6 0.006c

Testicles 0.80 6 0.020 0.76 6 0.017 0.82 6 0.013c 0.83 6 0.017c

Lungs 0.48 6 0.030 0.45 6 0.013 0.45 6 0.014 0.45 6 0.020
Food intake (g/day) 25.32 6 1.11 22.50 6 0.71b 21.88 6 0.89b 21.62 6 0.86b

Body weight gain (g) 134.33 6 6.43 149.07 6 8.50 133.67 6 6.45 136.67 6 7.41
Serum cholesterol (mg/dL) 63.47 6 2.37 97.13 6 3.55b 89.40 6 2.25b 93.00 6 2.88b

Serum triglycerides (mg/dL) 91.07 6 8.00 161.07 6 12.82b 143.27 6 12.62b 129.87 6 12.11b

Data are expressed as the mean plus or minus the standard error for 15 rats.
a A ¼ standard animal chow only; B ¼ cholesterol- and fat-rich diet; BC ¼ cholesterol- and fat-rich diet followed by a

cholesterol- and fat-rich diet supplemented by CHM; C ¼ cholesterol- and fat-rich diet supplemented by CHM.
b Significantly different from the control (group A), p < 0.05
c Significantly different from group B, p < 0.05 (in groups BC and C).
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our data may be attributed mainly to the higher mo-
lecular weight of the applied chitosan (250 kDa;
which has been shown in in vitro tests to be less
effective in fat binding), but there might be also
some influence of the shorter duration of the experi-
ment (3 weeks) and lower fat content in the diet in
comparison with our group B. LeHoux and Grondin
used chitosan of a molecular weight similar to that
in our study and demonstrated that a 7.5% chitosan
content in the diet prevented the liver weight gain
induced by a sterol-rich diet (fat content not stated).10

The same effect, albeit less pronounced, has been ob-
served with 5 and 2.5% chitosan. The data of Sugano
et al. indicate some reduction in the weight increase
in the liver in rats fed a diet similar to our FChD al-
ready at a chitosan level of 2%, with no apparent
difference between the efficiency of two chitosans of
different but unstated molecular weights.7 The extent
of the preventive effect against the fat-rich-diet-in-
duced increase in the liver weight observed by
Sugano et al. is, however, difficult to quantitatively
assess because no control group fed a standard diet
was run. Nevertheless, our observations are, at least
qualitatively, in line with the results of Sugano et al.,
indicating that chitosan can efficiently prevent lipid
accumulation in liver caused by a fat-rich diet already
when administered at the relatively low level of 2%,
whereas a comparison of our data with the negative
results of Fukada et al.9 might indicate that low-mo-
lecular-weight chitosan seems to perform better than
its high-molecular-weight analogue.

It has to be noticed that in humans, obesity and
hypertriglyceridemia are related to a significant
increase in the lipid accumulation in the liver and
degeneration of liver cells.55,56

Although the PVP microgel, being physiologically
inert, insoluble, and not absorbable in the digestive
tract, is not expected to exert any direct action on
lipid accumulation in liver, its presence may indi-
rectly influence the liver weight increase caused by a
fat-rich diet. In many cases when chitosan was used
alone as the agent intended to reduce fat absorption,
an undesirable side effect was observed, namely,
an increase in the amount of consumed food (by
3–20%).3,9,10 In our study, we observed a lower con-
sumption of the diet in group B compared with con-
trol group A (the diet in group B was much more
caloric in comparison with that in group A, so rats
in group B tended to eat less), whereas the food
intake in the groups fed the CHM-containing diet (C
and BC) was slightly lower than that in group B.
This may indicate that the presence of a microgel in
the diet has some hunger-reducing influence, which,
at our low microgel content (2%), was just enough to
compensate for the chitosan-induced-hunger effect
evidenced in previous works. This may have contrib-
uted to the lowering of the food intake and, as a

result, of the liver weight gain in comparison with a
situation (not studied in our work) in which chitosan
would be used alone, without the microgel.

Further in vivo studies on the CHM preparation
will include more detailed tests on its influence on
the body weight gain, serum cholesterol, and triglyc-
erides in rats.

CONCLUSIONS

Chitosan of a reduced average molecular weight (ca.
65 kDa), shown in previous in vitro studies to exhibit
a high fat-binding capacity, combined at a 1 : 1 (w/w)
ratio with a PVP microgel (CHM) and administered
as a diet supplement at 4% CHM (2% chitosan) to
rats fed FChD, effectively reduces the liver weight
gain caused by FChD (by >60% under our experi-
mental conditions), whereas the weight of the other
main organs remains unaltered. The CHM prepara-
tion has been proved effective in exerting this effect
also when administered to animals already in an
atherosclerotic, overweight condition. In parallel, the
CHM preparation has been shown to reduce the
body weight gain and the levels of plasma choles-
terol and triglycerides in rats fed FChD. No adverse
effects were observed during 10 weeks of feeding
the animals the CHM-containing diet.

The CHM preparation, combining biocompatible
synthetic and natural polymers, is easily obtained
from relatively low-cost substrates by simple radia-
tion processing, involving neither solvents nor addi-
tives and generating no waste.

A treatment with ionizing radiation has been
proved to be an efficient tool for synthesizing the
two polymeric components of the CHM preparation.
Irradiation in the solid state leads to controlled deg-
radation of chitosan, for which the target molecular
weight may be reached by the selection of the appro-
priate dose. The irradiation of neat, deaerated VP
with a dose of 25 kGy, followed by thermal anneal-
ing, grinding, and fractionation, is a convenient way
to produce microgels of a uniform size and desired
swelling ability.

The authors thank Jadwiga Ignaczak and Julian Sikorski
(Institute of Applied Radiation Chemistry, Technical Uni-
versity of Łódź) for their help with the microgel synthesis
and characterization.
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