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Abstract

Background: In the Cochrane Database review of 2008 the statement about the relationship between chitosan and body weight (BW) was “Results obzained from
high quality trials indicate that the effect of chitosan on body weight is minimal and unlikely to be of clinical significance”. However, the chitosan family consists of polymers
with different chemico-physical characteristics and activity.

Method: Analysis of the literature through PUBMED and EMBASE from 2006 to 2018 concerning controlled clinical trials conducted with a standardized chitosan
(polyglucosamine L112 or PG) with MW between 100 and 300 KDa with a deacetylation degree (DD) > 90 %. Eight articles have been found where PG was
compared with a placebo or other treatments to control BW, waist circumference (WC), body mass index (BMI) and four of these were also controlling the total

cholesterol (T'C) and triglyceride (T'G) levels.

Results: The analysis of the 8 articles indicated that: a) at the average dose of 1.7g/day the average BW reduction was 1.44 kg/month; b) the treatment duration was
between 2 and 12 months; c) results were achieved in a shorter period of time when the caloric restriction and physical activity were part of the protocol. TC and
TG reductions were studied in 4 of the 8 trials showing an average reduction of 9.6 % and 15.3 % respectively. Side effects were detected in about 1 % of the cases.

Conclusion: PG revealed a safe and clinically significant reduction in BW, TC and TG levels compared to placebo or other treatments. Caloric restriction and
physical activity accelerate the PG effect.

Abbreviations: WC: waist circumference; BMI: body mass index;
BW: body weight: CRP: C reactive protein; DD: deacetylation degree;
MET/h: metabolic equivalents; MW: molecular weight; MR: monthly

Sources of chitosan are many and very different. Apart from the
marine origin (e.g. shrimps, crabs), other sources are now available
from vegetables, being extracted from different mushrooms.

body weight reduction; Kcal: kilo calories; KDa: kiloDaltons; PG:
Polyglucosamine (L112); SEP: substantially equivalent product; TC:
total cholesterol; TG: triglycerides.

These aspects indicate that the chitosans to be used in humans
need to comply with at least three important characteristics:

a. Specific MW and DD.

Introduction
b. Second the degree of polydispersion. This variable is extremely

important because even with the same MW the final product can be
composed of short polymers (very low MW chitosan or VLMWC
with < 30 KDa) and very large polymers (very high MW chitosan
with or VHMWC with > 500 KDa). It may happen -as in same case-
that the final product ends up as a mixture of VLMWC and VHMWC
without a sufficient quantity of chains within the requested MW.

Chitin, chitosan and chitosan derivatives are an extremely wide
chapter of the chemistry that even today represents a challenge due
to the nature of these polymers which are the most represented in the
biological field [1-3]. The use of chitosan in humans is very common
due to the many biological activities of this polymer, starting
with the fat binding capacity and followed by the antioxidant and
antibacterial/antifungal activities, bleeding control, up to its use
as cleaners or stabilizers for wine, beer and many other beverages
[3.4].

c. Third, another fundamental characteristic is the DD which has to be
at least > 80 % to ensure an effective lipid binding.

Chitosans in particular belong to a family of polymers which are

derived from the deacethylation of chitin and each may have peculiar
characteristics: first of all, the DD, which has to be > 70 %, followed
by the MW, the solubility, the viscosity and finally by the presence of
possible contaminants deriving from the source and the extraction
processes. These aspects underline that each chitosan made available by
a given producer has its own characteristic and quality profile.
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These three aspects, together with the dimension of the particles,
the ashes and the presence of contaminants (proteins, heavy metals,
bacteria and other microorganisms) have to be carefully standardized
to ensure the appropriate psysico/chemical profile and purity.

For these reasons, each chitosan can have peculiar pharmacological/
clinical activities and one may not generalize, neither for the activity
nor for the safety.

Without considering the standardized characteristics that identify
any given chitosan, a previous clinical investigations survey conducted
in the period up to 2006 -reported in the Cochrane Database of
Systematic Review- has been published concerning the activity of
chitosan on body weight control [1].

The relevant conclusions of the authors were “there is some evidence
that chitosan is more effective than placebo in the short-term treatment of
overweight and obesity. However, many of the included trials to date have
been of poor quality. Results obtained from high quality trials indicate
that the effect of chitosan on body weight is minimal and unlikely to be
of clinical significance”. However, in the review the physico/chemical
characteristics were not considered, and the different products used in
clinical trials were taken as a single chitosan.

The present report is related to a specific chitosan, formoline
L112 (polyglucosamine or PG) as a Medical Device together with
Substantially Equivalent Products (SEP) to PG in the class of food
supplements.

Material and Methods

The method used to retrieve the relevant literature was according
to bibliographic search meeting the requirements of MEDDEV 2.7/1
revision 4.

Search strings were applied to PUBMED and EMBASE, considering
only clinical trials from 2006 up to 2018, published after the previous
Cochrane analysis which appeared in 2008 (limited to articles published
up to 2006) and consisting of papers written in English or with a
complete summary in English.

The selection of the investigations to be analyzed was carried out by
following six steps:

1** step: consisted of the isolation of the papers for the period
between 2006 and 2018.

2n step: only those articles containing keywords in the title such
as chitosan, polyglucosamine, low molecular weight chitosan and one
of the following words: obesity, body weight, overweight, weight loss,
nutrition, diet, dietary fibers.

3" step: consisted of the retrieval of the article summaries to
determine investigations pertinent to humans only.

4™ step: the selection considered clinical trials following every
study design: randomized, placebo-controlled, double blind and
registry, paying attention to exclude any articles that feature duplicate
information.

5t step: complete analysis of the investigation conducted in humans
and pertinent to chitosan with a declared MW within the range 100 and
300 KDa and deacetylation degree (DD) > 90%.

6" step: only articles describing the activity on BW, waist
circumference (WC) and BMI were considered. Cholesterol levels were
also analyzed but as a secondary variable.
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Statistical analysis

The analysis was based on the averages + SD of the published data
and the statistical analysis of the single trials was used to determine
the PG activity. The correlations among variables were tested using the
published average values by performing the density ellipse analysis [5].

Results

Based upon the criteria specified in the introduction, more than
a thousand articles could be retrieved consistent with chitosan and
body weight, but among all only the 8 articles showed pertinent
characteristics (Table 1). All these articles were retrieved and analyzed
for the results.

In total, the number of overweight subjects treated in these 8
articles were 777 (429 with PG and 348 as controls) and studied in three
countries Italy, Germany and USA. The average age was 49 (in the range
from 30 to 60 years) and the side effects due to PG were about 1% of the
cases, represented mainly by temporary constipation (that disappeared
by increasing the water intake). Some details of the studies are reported
in Table 2.

Duration of treatment ranged from 2 to 12 months and the dosage
was from 900 mg/day, up to 2000 mg/day. The lowest dose used was
in a study combining PG with a protein surrogate. In all the other
investigations, daily dosing was between 1600 mg and 2000 mg/day
depending upon the dosage strength per tablet. In Italy, the strength of
the tablet was 500 mg, whereas in the other countries the tablet weight
was 400-500 mg, to be taken twice/day before the two main meals for
a total of 4 tabs/day.

In one study, the daily dosage was only 900 mg once a day (in
association with a protein formula), and in another study, PG was
administered as pasta containing 2 % of PG for a total amount of 1.6
g once day.

The average monthly reduction of BW was 1.44 + 0.486 (with a 34
% coeflicient of variation) ranging from 0.77 kg and 2.23 kg, and the
highest value was reached when the caloric restriction and physical
activity increase were part of the protocol. The daily caloric reduction
(between 300 and 500 kcal/day) allowed for about 16 % greater
reduction of BW (1.54 kg vs. 1.41 kg, respectively) but the limited
number of studies (4 with caloric restrictions and 4 without) did not
allow for any reliable statistical analysis. The same was also shown in
the protocols requesting an increase in physical activity. In 5 studies
where the increase was between 8 to 21 MET/h/week, the monthly
BW reduction was 35 % more consistent than in the 3 studies with no
modifications (1.73 kg vs. 1.38 kg, respectively).

The correlations (based on the calculation for density ellipse)
between the BW reduction and the treatment duration in months were
find statistically significant (p <0.01), the same correlating effect was
seen with the total amount of PG administered in the period.

Table 1. Selected articles concerning PG L112 and Substantially Equivalent Products
(SEP) according to MEDDEYV 2.7/1 rev.4 in the period 2006 and 2018

String Numlfer Nun!ber of )
of articles Pertinent articles
Chitosan total 1210 8
Subclass
Chitosan body weight/diet 182 2
Chitosan obesity 25 2
Chitosan overweight 25 1
Polyglucosamine 11 3
Total 243 8
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These correlations should be considered with prudence because
both caloric restriction and physical activity were different among the
trials. However, despite this limitation, treatment duration can still be
considered the most important variable in relation to BW reduction.

Two investigations were conducted for the same period of time (3
months) using the same dosage (1.8 g/day) and the most consistent
result (BW -6,7 kg) was found when the treatment protocol included
a combination of diet and physical exercise, whereas alone with PG
treatment, the diminution was much less (BW -2.3 kg).

A side analysis was also conducted for the total cholesterol and
triglycerides. Unfortunately, only 4 studies took these variables into
consideration and the results are summarized in table 3 (Table 3).

For this set of data, the number of cases was limited to 293 subjects
(151 with PG and 142 as control cases).

Despite the differences between baseline data and after treatment,
the effects were in every instance statistically significant (Tukey test)
and a quite consistent variation of the results was evident. Particularly
for total cholesterol the percentage change from baseline ranges from
-0.5and 21.1 % depending upon the experimental condition. The lowest
TC reduction was found when PG was added to pasta, whereas the
highest was in subject taking tablets. The protocol difference between
the two groups was that with pasta the dosage of PG was lower (1.6 g/
day instead of 1.8 g/day) and taken once day, whereas with tablets the
PG was taken twice/day.

The age of patient was ranging between 30 and 60 years but there
was no correlation (ellipse density analysis p > 0.05) between age of the
subjects and effect on BW.

Discussion

The limitation of this meta-analysis was due to the difference
among the protocols in terms of dosages, period of administration,
caloric restriction and physical training. Furthermore, the authors of

the present analysis were also the investigators that conducted most
of the clinical trials. The consequence of these limitations is that the
results have to be taken with prudence because some bias may not be
excluded as it occurs in all the meta-analysis studies.

However, the advantage compared to other similar meta-analysis
studies was that the investigators had a first-hand knowledge of most
of the patients which provided a more direct evaluation of the results.

In all the trials, the BW reduction was evident and clinically
relevant.

This BW reduction effect cannot be considered a common
characteristic of all chitosans except for PG which has a peculiar
chemico-physical activity (MW, polydispersion and DD) that was well
documented.

It has been demonstrated that MW and DD of chitosan are
consistent with the fat binding capacity such that high MW polymer
loses some fat binding activity and the consequence will be a limited
capability for body weight reduction. Polydispersion is also very
important because even with the same MW, a wide polydispersion
dilutes the polymer solution and reduces the binding capability in
relation to the part of the polymers with very high MW (> 300 KDa)
[14]. As a consequence, the batches have to be standardized in order to
maintain the same characteristics as much as possible, and this aspect
for biological derivatives requires quite a complex know-how.

Every batch of PG is carefully examined for its fat binding capacity
with a standardized method [13]. This effect is important because lipid
absorption can only be reduced in case the physical form of chitosan-
lipid aggregates escape the intestinal hydrolysis [15]. This implies that
an appropriate emulsion for PG can be stabilized by the presence of
organic acids (e.g. ascorbate) as in the present chitosan formula.

The standardized PG has been shown in preclinical studies to reduce
the absorption of labelled (C14) oleic acid in G6ttingen minipigs, to
reduce the BW and increase fat excretion in rats and to increase the
acetate excretion in rats [16-18]. This last aspect is considered important

Table 2. Summary of the clinical investigations according to the main variables BW, AC and BMI reported as differences (diff) from the baseline values + SD; [N] number of subjects

. . Phys act* . ACt AC BMI' BMI
Reference D-:;zglosn ;3;; ch:fsay MEyT-h/w diff [kg] 2::’1 t‘:ffs"[‘ﬁ} diff [em] diff [em] diff [kg/m?] | diff [kg/m?]
PG [N] PG Controls PG Controls
6 3 0.9 -500° No 546[52]+3.83 472[54]+388 -583+3.84 | -559+382  -1.76+120 | -1.5+1.17
7 3 1.8 -500 21 6.7[28]+3.14 -48[28]£2.24 83+442 | -6.1+343 | 23+1.09  -1.7+0.86
8 6 1.8 -500 7 6.5[45]£3.89 -4.3 [42] £3.12| -9.1+6.83 T4+7.66 | 24+£140 | -1.6+118
9 12 1.8 300 9 [122[49]£3.06 8.0 [48] £2.81| -141+3.19 | -102+3.01  -43+1.12  -2.8+0091
10 o 16 No 8 2.6[22]£3.83 -1.0[12]£0.99 614336 = -29+£050 = -0.9+0.61 0.4+037
11 3 2.0 No No 461917181 -12[122]£056 -5.1+2.33 | -42+231 144060 | -04+030
12 3 1.8 No No 23[14]+1.38 -1.9[14]£0.95 -1.9+337 | -1.6£1.08 | -08+049 | -0.6+033
13 4 2.0 No 8-12 69281+ 1.87 -3.0[28]+ 1.61 -7.3+£249 | -3.1+421 234084 | -1.0£0.53

* the controls were treated with Orlistat; ® approximate values (one meal substitution with protein formula); ¢ Phis act MET-h/W = physical activity in terms of metabolic equivalents/week; ¢
Body Weight; ¢ Waist circumference; f Body Mass Index; gapproximate value corresponding to 10 % reduction; " PG was added to pasta and controls were eating normal pasta

Table 3. Summary of the clinical investigations according to the variables N — number of subjects, Total cholesterol (TC) and triglycerides (TG) reported as % reduction + SD from baseline;
[N] number of subjects

Durati D Diet Ph " TC TC TG TG
Reference nl::;: t::)sn (/)(si:ge Kca:/e da MEy]?-;/cW % reduction % reduction % reduction % reduction
giday Y PG [N] Controls [N] PG [N] Controls [N]
6 3 0.9 -500° No -7.4[52]+0.75 -1.1[54]1+£0.78 -13.8[52]+£0.78 | -11.0 [54]+£1.32
9 12 1.8 -300° 9 -9.6 [49] +0.43 -4.6[48]1+0.29 | -17.3[49] £1.73 @ -12.2[48]+1,18
10 2n 1.6 No 8 -0.5[22]+0.10 -4.7[12]1+0.69 -6.7[22]1+£3.96 | -19.8 [12]+ 12.87
13 4 2.0 No 8-12 -21.1[28]1+£1.90 | -8.1[28]+0.65 -233[28]+3,22 | -16.6[28] +2.16

®approximate values (one meal substitution with protein formula)
¢ Phis act MET-h/week = physical activity in terms of metabolic equivalents/week; " PG was added to pasta and controls were eating normal pasta.
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for the satiety, since acetate was shown to stimulate the grehlin secretion
inducing hyperphagia and related sequelae [19].

In general, for many subjects under treatment we realized that
the compliance for the caloric restriction was very good; this aspect
could be due to the elimination of acetate but also by the increase of
satiety by the PG binding with fat, water and other negatively charged
components of foods [4,18,19,20].

Another important aspect related to PG was the reduction of CRP
(C-reactive protein) that testifies an anti inflammatory and antioxidant
activity [9].

Even when caloric restriction or physical activity increase were
not requested (free-living conditions), some body weight reduction
was evident and clinically significant [11,12]. However, the effects on
BW and WC were achieved more rapidly and were more consistent in
subjects who followed caloric restriction and increased physical activity.

Cholesterol reduction is a well-known and documented effect of
chitosans such that the claim is accepted by the EU. This characteristic
is common in most chitosans and was also clinically relevant for PG.

Conclusion

In conclusion, from the analysis of 8 clinical trials conducted with
a controlled methodology, PG showed at least three clinically relevant
activities, the reduction in body weight, cholesterol and triglyceride
levels.

Side effects in general were estimated around 1% of the treated
cases.
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