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POLYGLUCOSAMINE 
- ACTION ON OXIDISED LIPIDS
AND DYSLIPIDEMIAS

The use of chitosan) to reduce cholesterol and
triglyceride levels and control body weight has
been criticised as some controversial results, pri-
marily relating to different methods and protocols,
have been reported in the medical literature. The
comparative inconsistency in results from clini-
cal trials carried out in various countries (also in
non-pathological individuals) should be attribu-
ted to several factors: diet, type of pathology or risk
situation (if appropriate), and, above all, the type of
chitosan administered.

In order to be active, chitosan has to have the ap-
propriate molecular weight and a high water- and
lipid-binding capacity. It should also be standar-
dised in order to minimise the differences between
the various production batches. Polyglucosamine
(PG) is a typically standardised chitosan with the
following characteristics: low molecular weight,
high affinity for water and lipids and special ca-
pacity for binding oxidised lipids.

The aim of this study is to establish the activity of
PG in patients suffering from type IIb hyperlipide-
mia, with a BMI of between 25 and 30.

A double-blind study against placebo was carried
out on two groups (20 patients of both sexes, aged
between 27 and 57), treated with doses of 2g/day
(1g x 2) 30 minutes before main meals, for a pe-
riod of three months. Their body weight, choleste-
rol (Total, LDL, HDL), triglyceride and oxidative
stress (D-Roms test) levels were recorded before
and after treatment. In the patients treated with
placebo, no significant change was observed bet-
ween the two periods.

In the patients treated with PG, there was a signi-
ficant reduction (p<0.05 in the t test) in body
weight (from 82.0 Kg ± 7.65 to 76.1 Kg ± 7.89),
total cholesterol (from 248.3 ± 18.35 mg/dL to
214.0 ± 15.16 mg/dL) and triglycerides (from 264.3
± 31.64 mg/dL to 224.6 ± 29.85 mg/dL). Oxidative
stress had lowered from 349 ± 25.3 CARR U. to
321 ± 24.1 CARR U. (p<0.05 with the t test).

The results indicate that PG significantly restricts
the absorption of lipids (cholesterol and triglyce-
rides) and oxidised lipids. The product also appears
to mobilize the reserve lipids in order to compen-
sate for the energy requirements, therefore leading
to weight loss.
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SUMMARY

INTRODUCTION

The use of chitosan for reducing chole-
sterol and triglyceride levels and for
controlling body weight has been the
subject of criticism, as there have been
inconsistencies in the way the results
have been reported in the medical lite-
rature.

Some authors reported positive results
with various amounts (1-9), while some
provided evidence of significant activity
(10-15), and others also observed limi-
ted results with men (16).

We often refer to pathologies or risk si-
tuations such as obesity or various types
of dyslipidemia. Attempts to carry out a
meta-analysis on some of these studies
have shown that chitosan is more acti-
ve than placebo; however, this activity
needs to be confirmed by more rigorous
studies (17) and by using a large num-
ber of patients.

The aforementioned clinical studies fall
within acceptable limits in terms of their
methodological rigor, although various
types of chitosan have been used (di-
verse formulations, doses and observa-
tion periods). Taking into account the
polymeric nature of this substance and
the wide range of materials from which
it can be extracted (chitin from crayfish,
crabs etc.), it would seem more appro-
priate to refer to chitosans themselves as
being highly diverse (18-20).
The formulation is another area of dis-

parity - it may or may not contain ascor-
bic acid (in varying quantities). The pre-
sence of ascorbic acid increases the ca-
pacity for forming gel and retaining li-
pids more effectively (21, 22).

In other words, chitosans themselves
and their formulations vary greatly - the-
refore, each type of product (chitosan +
related agents) must be standardised
and evaluated for its therapeutic effect.

The aim of this study is to assess the ef-
fect of a specific chitosan, with stan-
dardised production and low molecular
weight (polyglucosamine or PG), on pa-
tients suffering from Type IIb dyslipide-
mia who are overweight but below the
limit of obesity i.e. have a Body Mass In-
dex (BMI) of <30.

MATERIALS AND METHODS

The polyglucosamine (PG) used was iso-
lated from crayfish and crabs using a
grinding process, deproteinisation using
NaOH and demineralisation using HCl.
It then underwent hot deacetylation, fol-
lowed by drying and sterilisation. The
PG's molecular weight was established
using the HP-SEC method (High Perfor-
mance Size Exclusion Chromatography)
combined with a TDA (Triple Detector
Array) - the most accurate system for as-
sessing the molecular weight of car-
bohydrate polymers (23).
Total cholesterol, LDL and HDL levels
were determined using the standard me-
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thods of digital spectrophotometry (Free
System - Diacron, Grosseto, Italy) and
dedicated reagents. Oxidative stress is
assessed using the D-Roms test (24-26) -
a measurement that correlates with the
circulating hydroperoxides.

PG - average molecular weight =
145,000 D (low molecular weight) - was
combined with the appropriate quantity
of ascorbic acid to obtain a product with
a high capacity for retaining water and
emulsifying lipids.

Its capacity for retaining water is such
that, in a mixing ratio between PG and
water of 2:20 (mixture A), the PG su-
spension level should amount to at least
65% of the total volume. Its emulsifying
capacity enables complete gelification
of 1 ml of mixture A with 1 ml of extra-
virgin olive oil (Società Filippucci, Cam-
pello S/C - Umbria, Italy).

PG's production process, calculation of
molecular weight, and its water reten-
tion and emulsifying capacity were con-
trol elements for PG batches.

42 seemingly healthy individuals (23
men and 29 women), aged between 27
and 57, were admitted to the study. They
had the following characteristics: a Body
Mass Index (BMI) of between 26 and 30;
total cholesterol levels >220 mg/dl;
triglyceride levels of between 199 and
400 mg/dl.

Patients undergoing chronic therapy or
treatment with hypolipemiants were not
admitted to the study. Any illness that oc-
curred during the study was regarded as
grounds for exclusion if it led to more
than four days of sickness or a stay in ho-
spital.

No dietary precautions were requested;
the only requirement was that the pa-
tients had to drink at least 1.5 litres of
water per day, in addition to any water
during meals.

Each patient's calorie intake was analy-
zed using a weekly questionnaire whe-
re the patients recorded the food quan-
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tities. This survey was carried out in the
week prior to the beginning of treatment
(WO), in the fourth week (W4), the
eighth week (W8) and, finally, during the
thirteenth (final) week of treatment
(W13). These surveys allowed the diffe-
rences in general calorie intake to be as-
sessed. The food questionnaire used in
the study was compiled by the Società
Europea di Nutrizione Biologica (SENB
- European Society of Biological Nutri-
tion) which can be found on the websi-
te www.fia-db.com.

Based on 253 foods, the questionnaire
was completed and returned by the sub-
jects involved in the study (via email,
fax, standard post or in person). If there
were any inconsistencies, the indivi-
duals were contacted by telephone.

The study compared PG (GUNA®- ARD
Cholesterol) and placebo (gum arabic,
saccharose, and excipients, in identical
packaging to that of the PG), both in bo-
xes containing 48 tablets in 4 blisters.

Each tablet contained 500 mg of PG or
500 mg of placebo respectively; the ad-
ministration method was 2 x 500 mg ta-
blets, 30 minutes before the two main
meals.

The tablets were taken with half a glass
of water and the treatment was carried
out for three consecutive months. The in-
dividuals were recruited between the
first week in August and the first two
weeks in September, at two gymnasiums
equipped with a Medical Centre, from
people who were intending to start a
physical activity program in order to
keep themselves in shape. The subjects
selected signed an agreement to consent
to delaying the start of their physical ac-
tivity for three months in order to take
part in the study.

After an interview to assess the admis-
sion criteria, the individuals underwent
an anthropometric examination (height,
body weight, abdominal circumference
around the navel), followed by a blood
test (after fasting for 12 hours) to assess
laboratory parameters (total cholesterol,

LDL, HDL, triglycerides, D-Roms test to
determine oxidative stress). 103 people
were assessed in order to find 42 indi-
viduals who met the admission criteria.
For most of those excluded from the
study, their triglyceride and/or choleste-
rol levels did not meet requirements. A
two-week supply of the product was de-
livered to the individuals after a rando-
mized allocation of treatment (PG or
placebo). At a follow-up meeting/check-
up, the patients were allocated the ne-
cessary quantity of the product for the
remainder of the treatment period. The
individuals therefore had to report to the
test center for the second supply of the
product and for the interview on gene-
ral tolerance of the treatment. In some
cases (8 PG and 2 placebo), the product
was sent by post, as agreed by telephone.

Of the 42 patients, 2 (1 with PG and 1
with placebo) did not finish the trial as
they could not be located when contac-
ted for the meeting about the second
supply of the product.

In the groups of individuals who were
overweight with type IIb dyslipidemia
and who did not undergo treatment with
PG, the average differences between the
values, three months apart, were equal
to zero. Under the hypothesis of obtai-
ning a clinically acceptable minimum
average weight reduction equivalent to
1.5 Kg ± 1 (0.5 Kg/month of treatment),
a clinically acceptable minimum chole-
sterol reduction equivalent to 15 mg/dL
± 10 (5 mg/dL/month) and a clinically
acceptable reduction in triglycerides
equivalent to 15 mg/dL ± 10 (5
mg/dL/month), the size of the sample for
all three parameters, where β = 1 - 0.9
and α = 0.05, is 15 individuals. Under
the hypothesis of around a 40% drop-
out rate, recruitment was set at 21 indi-
viduals per group.

The target (main) parameters to be alte-
red were pre-defined: body weight, total
cholesterol and triglycerides. LDL and
HDL cholesterol and oxidative stress we-
re classed as secondary parameters. The
averages and Standard Deviations (SD)
were calculated for all the parameters.
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The differences between treatment pe-
riods (basal and after three months) we-
re assessed by applying the Student's t-
test.

RESULTS

Of the 42 individuals enrolled in the
study, 40 completed the trial (TABLE 1).
Two patients could no longer be traced
at the first check-up - patient No. 13,
male, from the PG group and patient
No. 1, female, from the placebo group.
Therefore, the evaluation of the diffe-
rential action of the two treatments is re-
duced to 20 patients/group.

As we can infer from analyzing the da-
ta, the age of the subjects and the rela-
tive frequencies of the sexes, the two
groups are homogeneous. 

No significant differences were recor-
ded over the various weeks between the
two groups, which indicate that their
diet was relatively stable. (TABLE 2)

Following treatment with PG, substan-
tial weight loss accompanied by a re-
duction in total cholesterol and trigly-
ceride levels was recorded. (TABLE 3)

There was a significant reduction in LDL
cholesterol levels only after treatment
with PG. (TABLE 4)

HDL cholesterol levels did not alter si-
gnificantly with any of the treatments
studied. However, with the reduction in
total cholesterol using PG, the LDL/HDL
ratio improved significantly.

With regard to D-Roms test levels, nor-
mal levels are 250-300 CARR U. There-
fore, in the basal survey, both groups re-
corded a high level of oxidative stress,
which was only reduced significantly in
the group treated with PG. (TABLE 4)

DISCUSSION

Under the test conditions used, treat-
ment with placebo did not bring about

changes in the predetermined parame-
ters, whereas PG administered in doses
of 2g/day for three months proved to si-
gnificantly reduce body weight (an
average of 13 lb, equivalent to a re-
duction of 1.91 in BMI, or a reduction
from 27.06 to 25.15).

At the same time, a reduction in total
cholesterol and triglyceride levels of
34.3 and 39.7 mg/dL respectively,
equivalent to a 13.8% reduction in
cholesterol and a 15% reduction in
triglycerides, was recorded.

LDL cholesterol was also reduced by

treatment with PG, by 28.3 mg/dL on
average. There were no significant
changes in HDL cholesterol, which
only increased by 1.9 mg/dL.

However, as a result of the marked re-
duction in LDL Cholesterol, the
HDL/LDL ratio 
altered significantly.

All in all, caloric intake did not alter
during the trial and, therefore, the
changes in the parameters studied
should be traced back to the use of PG.
Furthermore, from the data we can in-
fer that the subjects generally had a ca-

Table 1

Age and sex 

in the two groups.

Average values ± SD 

(Standard Deviation)

of the individuals

treated with 

ARD Cholesterol®

(4 tablets/day) 

or placebo 

(4 tablets/day).

Table 2

Average daily values

± SD of calories

consumed during

the observation

period in individuals

treated with 

ARD Cholesterol 

or placebo.
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loric intake in excess of their daily ac-
tivity - which was basically sedentary
or moderate. This all accounts for an
above-average BMI.

On average, oxidative stress was re-
duced from 349 to 321 CARR. U - a sa-
tisfactory result.

The variations in the parameters stu-
died proved far greater than anticipa-
ted in the planning for the trial, which
predicted a high number of individuals
with more limited alterations. Given
the relatively large number of subjects,
the results are believed to be particu-
larly significant. The reduction in oxi-
dative stress requires further conside-
ration.

From the in vitro experiments it is clear
that PG tends to emulsify lipids and has
a greater affinity for oxidised rather
than unoxidised lipids. This effect in-
directly affects the quality of the chi-
lomicrons and LDLs which, after PG
has been taken, form with a much lo-
wer amount of oxidised lipids and will,
therefore, be less receptive to subse-
quent oxidation phenomena.

Therefore a reduction in triglyceride le-
vels together with a reduction in oxi-
dative stress indicates that a mobiliza-
tion of lipid reserves is underway,
which, as they are truly “reserves”, ha-
ve, by definition, a greatly reduced oxi-
dation level.

When we consider that reducing lipids
using only a diet that is low in fat is dif-
ficult to achieve and maintain, many
individuals are treated over long pe-
riods of time with hypocholesterolemi-
zing drugs. These enter into the meta-
bolism and cause a series of enzyme
changes and adjustments that subject
the patient to collateral effects that are
sometimes extremely significant and,
in some cases, fatal. It is, therefore,
useful to have a “non-metabolic” me-
thod of control such as PG, which does
not “enter” into the metabolism but al-
ways remains solely within the ali-
mentary canal.

Furthermore, the absorbing action of
PG has an important preventive action
as it tends to carry all the substances
(particularly liposoluble ones), which
can have an inflammatory, toxic or car-

Furthermore, it was noted that hyper-
cholesterolemy is very often linked
with oxidative stress, due to a reduc-
tion in the reserve of antioxidants (da-
ta currently being published) and an
increase in reactive-type oxidation.

Nevertheless, if within the scope of
hypercholesterolemy one separates
those individuals with concomitant
hypertriglyceridemia, you will note
that the latter, although under oxidati-
ve stress, display significantly lower D-
Roms test levels and a markedly higher
reserve of reduced glutathione (GSH).
In subjects with lower D-Roms test le-
vels, the phenomenon can be inter-
preted as an increased synthesis of
triglyerides.

Unlike triglycerides of dietary origin,
those produced ex novo by the body
are not oxidised. This gives the lipo-
proteins a lower propensity to oxidati-
ve stress. In studies, it was noted that
oxidised lipids enter the chilomicrons
followed by the LDLs (27), making
them more easily oxidisable; as a re-
sult, one notes a clear increase in D-
Roms test values.

Table 3

Average values 

± SD of the main

parameters (body

weight, total

cholesterol and

triglycerides) before

and after treatment

with PG or placebo.

To = Time zero

Table 4

Average values ±
SD of the secondary

parameters 

(LDL and HDL

cholesterol, and 

D-Roms test) before

and after treatment

with PG or placebo.

To = Time zero
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cinogenic action on the cells of the in-
testinal wall. The increase in mass mo-
ving within the intestine also tends to
improve various intestinal disorders,
particularly those linked to low resi-
dual content in the diet.

In conclusion, the lowering of chole-
sterol and triglyceride levels demon-
strates that PG has a sequestering-type
action on lipids, whilst the reduction in
oxidative stress indicates a sequeste-
ring action on oxidised lipids and mo-
bilisation of lipid reserves to be used
for energy. The latter has a beneficial
effect on weight reduction in a relati-
vely short space of time having a na-
tural action, thus eliminating the risk of
collateral effects.

The effect obtained also has an extre-
mely favourable costs/benefits ratio
(particularly in comparison with phar-
macological treatments).

The results need more in-depth analy-
sis and this will be assessed in various
studies currently underway. �
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