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Use of polyglucosamine and physical activity
to reduce body weight and dyslipidemia
in moderately overweight subjects

U. CORNELLI }, G, BELCARO 2, M. R. CESARONE 2, M. CORNELLI 3

Aim, A low molecular weight chitosan (poly-
glucosamine, PG) was studied in overweight
hyperlipemic patients under physical training.
A double blind study was conducted in two
groups of 30 patients (M/F; from 25 to 59 years).
Metbods. Tablets containing PG (2 g/day) or
placebo were given for a 4 month period during
a physical training (+8 MET-hours/week).
Anthropometric measures, caloric intake, blood
pressure, LDL and HDL cholesterol, blood glu-
cose and triacylglycerol were measured before
and after the treatment. The groups were simi-
lar for the caloric intake and expenditure and
ended up with positive results in most of the
parameters examined.

Results. In PG group compared to placebo a
more significant (P<0.05, t test) reduction was
found for body weight (respectively 6.9+1.87 vs
3.0+1.61 kg), waist circumference (7.3+2.49 vs
3.1+4.21 cm), LDL cholesterol (44£14.7 vs
12.5+12.6 mg/dL), triacylglycerol (52+29.3 vs
39+15.2 mg/dL); HDL increase was also higher
(6+3.6 vs and 3+4.2 mg/dL). At baseline meta-
bolic syndrome (MS) according to ATP Il was
present in 15 and 14 patients respectively in
the group PG and placebo.

Conclusion. Unexpectedly, at the end of the
treatment MS was reduced in 12 cases of the
PG group and in 3 cases only of the placebo
group (P<0.05). Results indicate that PG may
improve the effect of the physical training in
moderately overweight patients with dyslipi-
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demia and may be of some help in the treat-
ment of MS.
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hitosans as a class of products have been
studied extensively for biological aspects
1.2 and toxicology.? The use of chitosans for
body weight and cholesterol reduction has
been debated in literature as there are trials
showing positive results +2 as well as uncer-
tain or negative results.10-14
However, experimental conditions adopt-
ed in different trials are not comparable.
Obese subjects or simply overweight sub-
jects may be differently affected by chitosans.
The type of food in terms of caloric contents,
or even the amount of saturated and unsat-
urated fats in food, can determine different
results.
The specific type of chitosans used for
the treatment is an important factor also,
since it is known that chitosans can differ in
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terms of density, molecular weight,'s deriva-
tion (from crab or crayfish chitin), and for-
mulation. The presence in the formula of
ascorbic acid or other components may
medify the ability of the chitosans to bind
water and lipids.!6. 17 Simply comparing
aqueous solutions of different chitosans 2
remarkable variation can be noted in the
ability to bind water and to form emulsions
with oils of common use (rapeseed oil, extra
virgin olive oil).

Attempts to perform a meta-analysis of ran-
domized controlled wials with at least 4 weeks
of treatment ' hesitated in the conclusion
that chitosan seems to be more active than
placebo, but the activity should be confirmed
by more rigorous clinical uials.

Although the various trials consiclered in
this meta-analysis were in the limits of an
acceptable methodology, different kinds of
chitosan, dosages and formulations were
used.

The present trial is based on the activity of
polyglucosamine (PG) which is a low mole-
cular weight acidlified chitosan. PG has been
used in capsule, in a double blind random-
ized 4-month stucly to determine its activity
on body weight and lipids blood levels in
moderately overweight patients suffering
from dyslipicdemia and under physical train-
ing.

Materials and methods

Subjects under treatment and experimental
designs

Sixty subjects were enrolled in two cohorts,
one cohort between the last week of August
and the first two weeks of September and
the second between January and March (next
year). Calling for enrolment was conducted
by posters exposure in [wo gymnasia pro-
vided with medical center asking for people
who wished to start a program of physical
training. The subjects tools part to this expe-
rience with informed consent.

The protocol was submitted to the Ethical
Commiittee of the gymnasia. The suggestion
from the Committee was to avoid the treat-
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ment with placebo only (as proposed orig;-
nally) because a 4-month period without any
physical or pharmacological therapy was con-
sidered a risk for the subjects admitted 10 the
trial.

Admission criteria were the following;
males and females in the age between 30
and 60 years with a body mass index (BMD)
ranging from 26 to 30 kg/m?, total choles-
terol levels >200 mg/dL and triglycericdes lev-
els from 199 to 400 mg/dL. Coherence
between the energy intake (through a ques-
tionnaire) and body weight were also one
of the admission criteria,

The body weight reduction was consid-
erecl as a main parameter whereas the mod-
ification of plasma lipids picture was talen as
secondary parameter.

Subjects under therapy with hypolipidem-
ic drugs or allergic to crustacea were not
admitted. Exclusion criteria were chronic dis-
eases and any therapy for body weight reduc-
tion. Any disease occurring during the study
would have caused the exclusion from the tri-
al if lasting more than four days.

No particular alimentary precaution was
requested, and subjects were asked to keep
the habitual diet with the only variation of
hydrating with at least 1.5 litres of water a
day in addition to the one taken with the
meals.

With the assistance of a professional nutri-
tionist the caloric intake of participants was
determined at baseline, and monthly for the
following 4 months. A questionnaire was
used where 250 different type of food were
listedl.18 Subjects were asked also to indicate
the number of servings/week for the follow-
ing types of food: vegetables, fruit, cereals,
legumes, meat, fish, dairy products, u!colml
and eggs. The amount of each portion s lit-
tle, medium, and large portion (respectively
P, M, G) was recorded. Photographic exam-
ples of P, M, G portions and corresponding
amount of grams were enclosed to the ques-
tionnaire only for those foods having high
caloric content (cereals, meat, cheese.
legumes). )

A part of the physical training, subjects
were urged to keep their habitual occupd-
tional and leisure activities.
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Physical training

A standardized mild physical training was
applied to the patients consisting of bicycling
(10-13.9 mph), dancing (aerobic modern)
and treadmill. Each of these type of exercise
was limited to 4-6 MET-hour 1 and the patient
had to undergo each of the three activities for
15-25 min in one single session twice/week
in the gymnasium. Each session lasted 1 h, no
matter how the exercises were combined.
Subjects were assisted during the perfor-
mance by a trainer in order to maintain the
MET-hour/day close a total of 8-MET hour/
week.

Polyglucosamine

A chitosan with an average molecular
weight (MW) between 125 and 145 kD was
chosen. The molecular weight reduction was
obtained by mechanical milling of chitosan
up to a polymer with the desired MW. The
molecular weight was determined by Size
Exclusion Chromatography (SEC) by Triple
Detector Array (TDA) (20). This low MW chi-
tosan was added to L-ascorbic acid and tar-
taric acid in the proportion of 91% chitosan,
6% L-ascorbic acid, and 3% of tartaric acid.
This preparation was called “linear polyglu-
cosamine” (PG) or FF45. The term “linear”
means that the negative charges of L-ascorbic
acid and tartaric acid reduce the tendency of
the polymer to form aggregates and convo-
lutions, which may hidden the positive
charges of the glucocamines. For these rea-
sons PG has less tendency than high molec-
ular weight chitosans to form aggregates or
. convolutions. This PG has was already test-
* ed in experimental animals and found active
- in reducing body weight once added at 2%
. concentration to the rats diet.!

Tablets preparation, administration and
distribution

Tablets were produced adding 500 mg of
PG (active ingredient) or lactose (placebo) to
the usual excipients for pharmaceutical prepa-
rations. The two types of products were almost
identical and given to subjects in identical
boxes containing 4 blisters of 12 tablets each.
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Products were distribuied according to
randomization list. Subjects were taking
tablets/day (2 tablets twice a day) 30 min-
utes before the two main meals with half a
glass of water. The therapy lasted for four
months. Immediately after the assignment to
the treatment, a product supply for 2 weeks
was distributed to the subjects. Subsequent
supplies were given after 2 weeks and than
monthly for the following three months.
Therefore, the subjects referred to the exper-
imental center for the product supply and
undergo to an interview about the general
tolerability of the treatment. One item of the
record form concerned the presence of con-
stipation or diarrhea.

At each control subjects had to give back
to the center the empty boxes for the evalu-
ation of the compliance, In some cases (10
cases: 6 with the PG and 4 with the placebo)
the product has been sent by mail, following
a telephonic agreement with the patients. No
other control for compliance was requested.

B 23

Measurements and lab assessment!

After the evaluation of the admission cri-
teria and following an overnight fasting the
subjects were submitted to anthropometric
test such as height, body weight, waist cir-
cumference at the umbilical line (WC). Blood
pressure (Max and Min) was also measured,
followed by blood sampling for the deter-
mination of total cholesterol, LDL, HDL cho-
lesterol, triacylglycerol and blood glucose.
All the lab data were determined in the same
Jab analysis for all the participants aftera 5 mL
blood sample from the brachial vein. The
blood was collected in heparinized test tubes
which were immediately centrifuged and sub-
mitted to lab assessment.

Standard methods by means of a digital
spectrophotometer (Free System Diacron-
Grosseto-Italy) and dedicated reagents were
used.

Statistical analysis

Groups of 25 subjects each, in case of 2 dif-
ference of body weight reduction of one stan-
dard deviation (SD) for 1-p 0.9 and ¢. 0.05,
gives to the trial a power >0.9. Considering a
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TasLt 1. —Characteristics of the two groups of subjects ai baseline.
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PG Group Placebo pa
Male/total 16/28 14/28 NS
Ferale/total 12/28 14/28 NS
Age 3918.2 40£6.5 NS
Height lm] 1.7320.07 1.73+0.08 NS
Body weight [kgl 81.6£6.75 81.8+13.00 NS
BMI [kg/m?] 27.4£1.39 27.4x1.14 NS
MET-hours/week P 248£19.0 249220.0 NS
Waist circumference [col 05.2¢5.32 95.3£5.55 NS
Systolic BP [mmHgl 128410.3 124x8.1 NS
Diastolic BP [ImmHg] 70+4.7 66+5.2 NS
Total cholesterol [mg/dL] 228+19.5 235£17.6 NS
HDL [mg/dLl 4216.9 4148.7 NS
1.DL img/dL) 143+19.7 147£19.5 NS
HDL/LDL 0.30£0.067 0.2940.057 NS
Triacylglycerol (mg/dL] 215¢30.1 235£29.9 NS
Glucose [mg/dL] 98+11.4 94£10.3 NS
Other characteristics ancl disenses
— Blood glucose >110 mg/dL G/28 3/28 NS
11/28 10/28 NS

— Smoking

aifferences In frequency were deiermined using the 12
1 test for independent data; bphysical activity.

test (Yates correction); meza differences were tested using the Student's

maximum drop out percentage of 20%,
groups of 30 subjects were formed.

The differences among the various groups
were computed on the basis of the means
and SD. The comparisons were carried out by
the Student’s t test between the basal values
and the ones at the end of the treatment
(interdependent two-tailed test), as well as on
the differences between before and after the
treatment with PG Vs controls (independent
two-tailed test). The differences between fre-
quencies have been determined on the base
of both exact chi-square test (Fisher) and chi-
square with Yates correction. For every test 0.
0.05 was chosen as limit of statistical signifi-
cance.

Results

Seventy-five subjects asked to participate to
the trial but only 60 subject were fitting all the
admission and exclusion criteria. Fifteen cas-
es were excluded due to the history of a
recent myocarclial infarction and/or a BMI>30.

Among the 60 patients 4 were drop-outs as
they did not came to the physical training in
the second or third week. They were male,
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two under treatment with PG and two with
placebo, and the reason for the interruption
was the lack of time to continue the physical
training. Therefore, the assessment of the dif-
ferential action of the two treatments is lim-
ited to 28 cases/group.

All the 58 remaining participants ended
the trial period. Two episodes of constipation
(one/group) and one episode of transient
diarrhea (PG treatment) were reported.
Treatment was not suspended in any of the
subjects and the symptoms recovered com-
pletely in few days. No other episodes of
intolerance were reported.

General data concerning the subjects ar¢
collected in Table I which shows thatat base-
line values of the two groups were very sim-
ilar.

Table I summarizes the data related to the
weekly number of servings divided by the
nine food categories. For these item$ also
the two groups were very similar. T he dimen-
sion of the servings (P, M, L) were practical-
ly iclentical in the two groups (data not report-
ed) as evident from the MJ/day which di
not differ between groups. .

In Table IIT are summarized the differences
between the end of treatment and the base-
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TasLe L.—Characteristics of the two groups of subjects at baseline.
N. of servings/week
Food calegory pa
PG Group PP Group

Vegetables 5.0£1.23 5.221.28 NS
Fruit 6.8£3.95 6.9£2,99 NS
Cereuls (and potatoes) 23.5£2.03 24.94£2.85 NS
Pulses 1.7£1.24 1.820.88 NS
Dairy products 6.0£1.23 5.7£1.41 NS
Meat 5.7+1.49 5.5¢1.62 NS
Fish 1.9+0.72 1.8+0.79 NS
Lgps 1.640.50 1.720.48 NS
Alcohol? 6.244.90 6.2+3.50 NS
MJ/day 11,521,32 11.841.64 NS

“Student’s t test for independent dara; Yone serving correspond to: 120 mL of wine; 330 mL of beer; 40 mL of liquor,

Tanee L —Differences between values at the end of the treatment and at baseline; lotal pasta and energy intakes.

PG Group PP Group rest
Body weight [kgl® -6.9+1.870 -3.0£1.61b P<0.05
BMI (kg/m?) -2.330.84b -1.0£0.53b P<0.05
MET-hours/day 7.812.3b 7.9:0.6" NS
Waist circumference [cm] -7.3£2.490 -3.1x4.21b P<0.05
Systolic BP [mmHg] -4£4,99 1£3.0 P<0.05
Diastolic BP [mmHgl 24250 13.7 P<0.05
Total cholesterol Img/dL] -48x14.2h -19£12.50 P<0.05
HDL [mg/dL) 6£3.60 314.2b P<0.05
LDL [mg/dL] -44214.7h -12£12.60 P<0.05
HDL/LDL 0.19£0.073" 0.0420.041P P<0.03
Triacylglycerol Img/dL] -52+29.3b -39£15.20 NS
Glucose [mg/dL} -7:8.6P -218.9 P<0.05
MJ/clay 0.1£0.39 -0.3%1.24 NS

“Student’s t test for independent data; PP<0.05 t-test for interdependent data.

line values for all the parameters under analy-
sis.
- The energy intake (MJ/day) was not sig-
nificantly modified during the treatment in
any of the two groups and the physical train-
ing in terms of MET-hours/week increase
wis very similar for both, whereas all the
other items showed a favorable change.
Physical training was found significantly
effective (t test P<0.05) for the reduction of
body weight (3.7%), LDL (8.5%), WC (3.3%),
triacylglycerol (18.7%), and for the increased
of HDL (7.5%) and HDL/LDL ratio (12%).
More consistent results were obtained by
the combination of PG an physical taining for
he reduction of body weight (8.4%), LDL
30.8%, triacylglycerol (24.3%) and for the

+ 50, Suppl. 1 10 issue No. 5

increase of HDL (14.9%) and HDL/LDL ratio
(38%). All the differences between PG Vs
placebo were statistically significant (t test
P<0.05) with the exception of triacylglycerol
levels,

In the PG treated group BP and blood glu-
cose also were significantly reduced, where-
as with the placebo they remained practical-
ly unchanged.

When data were analyzed in terms of pres-
ence of metabolic syndrome (MS) accord-
ing to ATPIII,? surprisingly it was found that
patients of the group treated with training
plus PG recover from the MS in a very con-
sistent percentage. The reason of this impro-
vement were due to a consistent reduction of
WC concomitant to an increase of HDL
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Tanu IV, — Stbjects with metabolic syndrome (ATP A1)
and frequency of single symptoms before and after

the treatment.
PG Group PP Group
—_—

—
Tiefore Alter Before  After

—_— R

Metabolic syndrome 15/28 3284 14/28 1228

wC 10/28 o/28P 13728 12/28
HDL 1628 7/280 16728 16/28
Tryacilgly cerol Ig/28  25/28  28/28 28/28
Blood glucose 6/28 2/28 3/28 1/28
BpP 11728  5/28 6/28  6/28
LDI<100 mg/dL 028 16280 028 128

ap<,05 3 test (Yates correction): bp<0.05 %2 test (Fisher).

(Table IV). In the PG group blood glucose
and BP also were modified in some case,
but the difference in terms of frequency was
not statistically significant (P>0.05 2 test)
compared to placebo. In most of the sub-
jects of this last group despite the modifica-
tion were some times clinically relevant, the
values were not sufficient to reach the cut-off
for the exclusion from the MS.

Discussion

In the present trial 2 light physical training
has determined some positive effect of the
body weight and lipidl profile of subjects suf-
fering from dyslipidemia.

Physical activity has shown a protective
effect in many epidemiological and clinical
studies since it is among the tools to reduce
cardiovascular disease.23 HOWeVer, physical
exercise can cause stress, particularly when
its intensity requires a substantial energy
expenditure. A way to limit the stress could
be to follow a slow and light training adjust-
ed to the subject and performed with conti-
nuity. Even a modest MET-hour/day increase
may affect body weight 1.2 particularly when
associated to dietetic adjustments. However,
some times it is hard to achieve a reduction
of the caloric intake, particularly when ener-
gy expenditure is increased. It is a common
observation that people increasing energy
expenditure tend to increase the caloric
intake, and can be considered a success just

to maintain the same quantity of food.
Restrained eating may have a counterpro-
ductive effect and eventually be follosved by
weight gain due to disinhibition which lead
to a vulnerable weight cycle. 226

For this reason a combination of a soft phys-
ical training and PG could be a new approach
for the body weight and lipids reduction with
minimal changes of the food intake.

The results of this study show that this can
be possible in subjects with moderate body
weight increase (BMI<30) and dyslipidemia.

The reduction of about 31% of LDL cho-
lesterol and 24% of uiacylglycerol obtained in
4 months in subjects weated with the combi-
nation of PG and physical training is an
important achievement. with light physical
training only the resulis obtained although
significant were much less than 50% of those
obtained with the combination with PG .
None of the subject in the two groups wus in
the optimal level of <100 mg/dL of LDL (Table
1V) before the treatment.

With the combined treatment 57% (16723)
of the cases obtained this reduction of LDL.
while with physical training only 4% (1/28)
could reach the same result. Longer tredt-
ments and/or some minimal dietetic restric-
tion could improve further the lipid profile
and body weight loss. Following the com-
bined treatment, both body weight and WC
declined of about 8% compared to 3-3.3%
with physical training only (P<0.03).

Similar results were obtained with chitosi
by other authors also ¢ due mainly 10 loss
of the fat mass with preservation of lean mass:

PG performs in vitroa more efficient action
than high molecular weight chitosan in
“sequestering” lipids, and in theory Mitkt
them less available for ahsorption.

In a trial on obese patients the fat increds©
in feces following chitosan treatment Wi
minimal.}? However, 4 small reduction ¢
lipids absorption may have an impact o tll_t:
FFA levels, which are known to product
insulin resistance 2 that is a quite commn
feature in these patients andl is responsible "”‘
fat accumulation. A low molecular }\"-'?1"‘,1
polymer such as PG is more efficient n 131)11,
binding and could end up with & more Lf“
sistent improvement of insulin sensih iy
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sod. . : Recently has been shown that basic poly-
pro- & - €Y' saccharides such as PG can reduce the pan-
d by creatic lipase activity 2 and suppress dietary
tead fat absorption from the small intestine.
Furthermore, bacteria of the colon could
phys- use fats as fuel, and consequently a much
roach higher quantity of lipids could be distracted
1 with from the absorption than the one recovered
in feces. In other terms, steatorrhea is not
is can the only mirror of the reduction of fats
- body absorption.
lemia. Most probably a decrease of riacylglyc-
L cho- erol levels is a much more reliable marker
ined in of fats availability and metabolism than
zombi- steathorrea which is very complex to evalu-
s is an ate due to the collection of feces and lab
hysical analysis determination.
though The reduction of the WC and triacylglycerol
>f those levels together with the increase of HDL bave
th PG . certainly an impact on SM, since they are
s was in three of the five items that characterize the
L (Table disease. In particular, WC, BMI and tryacil-
glycerol levels are also considered as direct-
,(16°28) Iy relate to insulin resistance which may
 of LDL, increase the risk of some adverse outcome -
% (1/28) 1 particularly when they are concomitantly

present in the same subject.

Blood glucose and blood pressure reduction
shown with the combination of PG and phys-
ical training could be due to an indirect effects
of body weight loss and they give more
chance 1o the patients to “get out” from MS.

However, the observation of the activity of
PG on MS was only occasional and found in
subjects whose clinical history of MS was not
properly defined before this first observation.

er treat-
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- 10 be plannec to confirm the activity of PG on
this syndrome.

The combination of PG and physical train-
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the development of MS and reduce the inci-
dence of cardiovascular and metabolic com-
lications related to this disease.
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Conclusions

In conclusion, PG showed to improve sub-
ntially the efficacy to the physical training
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Consequently, more complex and ad boc
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as an example of synergism between differ-
ent measures that taken separately may not
end up with the desirable clinical result. Long
term trials with more cases are needed to
define the activity of PG on MS.

Riassunto

Utilizzo della polighicosamina e dell'attivitd [isica
per ridlurre il peso corporeo e la dislipidemia in sogget-
ti moderalamente sovrappeso

Obiettivo. E stato studiato un chitosano a basso
peso molecolare (poliglucosamina, PG) in pazient
iperlipemici sovrappeso che svolgevano attivitd fisi-
ca. Lo studio, in doppio cieco, ¢ stato eseguito su 2
gruppi di 30 pazienti (M/F; etd compresa tra 25¢50
anni).

Metodi. Per un periodo di 4 mesi sono state som-
ministiate compresse contenenti PG (2 g/die) o place-
bo durante I'allenamento fisico (+ 8 equivalenti meti-
bolici standard ore/settimana). Prima e dopo il wat-
tamento sono state valutate le misure antropomet-
riche, l'appono calorico, la pressione arteriosa, i liv-
elli di colesterolo LDL e HDL, la glicemia e i livelli di
triacilglicerolo. T due gruppi crano simili per quanto
riguarda I'apporto calorico € la spesa energetica €
alla fine dello studio hanno evidenziato risultati pos-
itivi per la maggior parte dei parametri esaminati.

Risultati. Il gruppo trattato con PG ha evidenzia-
to, rispetto a quello trattato con placebo, una
riduzione piti significativa (P<0,05) del peso corporeo
(rispettivamente 6,941,87 53,0 £1,612 kg), del giro-
vita (7,3+2,49 vs 3,1%4,21 cm), del colesterclo LDL
(44,0£14,7 v5 12,5 £12,6 mg/dL), dlel triacilglicerolo
(52.0£29.3 vs 39,0£15,2 mg/dL), menire l'aumento
del colesterolo HDL & stato maggiore nel gruppo PG
(6.0£3,6 vs 3,0x4,2 mg/dL). Al baseline la sindrome
metabolica secondo I'ATP IIL era presente in 15 pazi-
enti nel gruppo PG e in 14 pazienti nel gruppo place-
bo.

Conelusioni. Inaspetiatamente, alla fine del tratia-
mento la sindrome metabolica si era ridotta in 12
pazienti del gruppo PG e in soli 3 casi nel gruppo
placebo (P<0,05). 1 risultati indicano che la PG pud
migliorare V'efficacia dell'attivita fisica nei pazienti
moderatamente sovrappeso con dislipidemia e che
essa pud essere utile per il trattamento della sindrome
metabolica.

Parole chiave: Poliglucosamina - Dislipidemia -
Colesterolo - Triacilglicerolo.
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