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ARD CHOLESTEROL
AND HDL INCREASE

Patients suffering from Metabolic
Syndrome (MS) were treated with two
different products containing polygluco-
samine (PG): PG (ARD Lipiban) and PG
plus phytosterols (ARD Cholesterol). 
A double blind trial was conducted on
two Groups of 14 patients each (7 M and
7 F, aged between 45 and 64 years) not
undergoing dietetic regimen.  Treat-
ments were administered for a period of
3 months in single-dose packets. 
PG was given twice a day in 2 packets
containing 900 mg of PG each, whereas
PG with phytosterols (900 mg of PG plus
200 mg of phytosterols) was given twi-
ce a day in 2 packets. One of the packets
was containing placebo (double dummy).
Patients were analyzed before and af-
ter treatment for parameters typical of
MS according to ATPIII (abdominal cir-
cumference, HDL cholesterol, triglyceri-
des, blood glucose, and blood pressure).
Moreover, patients underwent a dietary
intake interview according to a que-
stionnaire based upon weekly servings
in order to control possible alterations of
diet during treatment. At the end of
treatment 9/14 patients recovered from
MS using only PG, while 10/14 patients
recovered from MS with PG plus phyto-
sterols. The latter treatment was found
significantly more effective in increasing
HDL cholesterol than PG alone (respec-
tively 9.8 ± 5.24 and 3.6 ± 4.45 mg/dL; t
test p<0.05) and in reducing blood pres-
sure (respectively 7/14 and 2/14; p<0.05
chi square test). 
The combination of PG and phytosterols
is more effective for controlling MS and
can be administered once a day. 
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INTRODUCTION

Metabolic Syndrome (MS) is considered
the disease of the third millennium [1,
2] in developed countries. 
Its incidence is estimated at 30%, var-
ying from 20% to 35% depending upon
the country [3].
- MS is held responsible for the deve-
lopment of three diseases: cardiovascu-
lar disease, type II diabetes and different
types of tumors.
Polyglucosamine (PG) administration
has been identified as a possible treat-
ment for the MS [5].

PG is a natural fiber (FIG. 1) derived from
a high-molecular-weight polymer
which has undergone a mechanical de-
polymerization process (without the use
of solvents). The basic unit consists of
glucosamine molecules joined together
by β (1-4) bonds with the positive char-
ge on NH2 (in the form of NH3

+), and
with a strong ability to join together fatty
acid chains together. The β (1-4) bond

linking two glucosamine molecules
does not permit hydrolysis of the ga-
strointestinal enzymes and hence beha-
ves like a fiber.
Some bacteria of the Bacillus genus are
capable of performing hydrolysis [16].
The reason behind their presence in the
human gastrointestinal tract has not yet
been fully understood.

PG possesses a high affinity and great
selectivity for oxidized lipids, in parti-
cular, lipids with the greatest potential
to form atherosclerotic plaque, which
are implicated in the pathogenesis of
chronic inflammatory and degenerative
diseases of the stomach and intestines.
Studies [6,9] have shown an average
decrease in total cholesterol, LDL cho-
lesterol and triglyceride levels, an in-
crease in HDL cholesterol and an im-
provement in the HDL-C/LDL-C ratio, in
addition to consistent weight loss and
reduction in abdominal girth.
PG is administered twice daily before
the main meals (4 tablets /day).
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More recently, attention has turned to
the use of naturally occurring phytoste-
rols, the  botanical equivalent of chole-
sterol in mammals. Over 40 phytoste-
rols have been identified.
The main ones are sitosterol, campeste-
rol and stigmasterol (FIG. 2).

These compounds may be present with
their corresponding saturated phytosta-
nols compounds (in position 5 on the B
ring).
Clinical studies show that phytoste-
rols/phytostanols (P/S) play an active ro-
le in the reduction of cholesterol levels
[10, 13]. 
Thanks to their natural character, they
have been introduced into numerous
food products (novel foods) and consu-
med widely in an uncontrolled manner.
Consequentely, dangerous doses are ea-
sily reached.
The main characteristic of P/S is com-
petition with cholesterol in the absorp-
tion process.
P/S have greater affinity compared to
cholesterol for micelles that form in the

first part of the gastrointestinal tract. 
P/S replaces cholesterol that is diverted
from absorption (FIG. 3). The micelles
(carousel-shaped in FIG. 3) are formed by
cohesion of bile salts and lipids (mo-
noglycerides, triglycerides, cholesterol,
etc.). The enterocytes absorb the indivi-
dual micelle components through an

active and selective process.
- When phytosterols reach the ente-
rocyte membranes they are actively ab-
sorbed via intervention of transport pro-
tein NPC1 L1 (Niemann-Pick C1-like 1
protein) and are subsequently expelled
from the cells into the lumen by way of
a mechanism regulated by another
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transport protein known as ABCG 5/8
(ATP binding cassette protein) which se-
lectively pumps them out (FIG. 4).
- The result is a limited absorption of
phytosterols.
Phytosterols (like phytostanols) replace
the cholesterol and are absorbed by the
enterocytes through NPC1 L1. 
The majority is expelled along with the
ABCG 5/8.
However, the P/S that doesn’t expel nor
replace cholesterol - as present in abun-
dance - follows the metabolic pathways
of cholesterol. They are esterified
through the action of ACAT (acyl-CoA:
cholesterol acyltransferase) and subse-
quently assembled with Apo B-48 and
triglycerides made available by MTP
(microsomal triglyceride transfer pro-
tein), finally forming chylomicrons.
This tendency for expulsion from the
cell also becomes apparent in the he-
patocytes, which are able to secrete the
P into the bile more efficiently. 
Consequently, it undergoes hepatobi-
liary recycling, which favours expulsion
of P/S compared to cholesterol. 

This mechanism keeps the levels of
phytosterol low (FIG. 5) and at the same ti-
me prevents absorption of one part of the
dietary cholesterol. The body limits ab-
sorption of the latter because  the phyto-
sterols presumably have a reduced ability
to resist the Na+ gradient. 
They enable an easy entry, causing cel-
lular oxidative stress (due to the increased
ATP energy needed to expel the Na via
the Na+/K+ pump).
In P/S-rich plants, cell membranes ef-
fectively counteract the hydrogen gra-

dient. It is logical to presume that an ex-
cessive use of P/S could alter the effi-
cacy of cell membranes.
Vegetarians, who consume higher
quantities of P and S, usually - and in
consequence - have higher blood le-
vels. From the amounts consumed by
vegetarians and the finding that they are
less affected by certain diseases (dysli-
pidemias), there does not appear to be
any advantage in exceeding the avera-
ge doses of 200 mg consumed by per-
sons on such diets.

ABCG 5/8

NPC1 L1

MTP = microsomal trygl. transport protein

Apo B-48 = apolipoprotein

NPC1 L1 = Niemann - Pick C1-Like 1 Protein

ACAT = acyl CoA colesterol acytranspherase

ABCG 5/8 = ATP binding cassette G5-G8
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0.001-0.02 mg/dL
0.0001-0.006 mg/dL

FIG. 5

                          



For instance, higher doses above 2 g/day
could cause serious problems [14, 15].

In view of these facts, the aim of this
study was to compare the effect of PG
and the combination of PG and phyto-
sterols in low doses (200 mg), in persons
suffering from MS, in order to establish
which of the two treatments offers a
greater possibility of controlling the
parameters indicative of Metabolic
Syndrome.

PATIENTS AND METHODS

Twenty-eight patients (14 male; 14 fe-
male), aged between 45 and 64 years,
suffering from MS according to ATPIII
[2] were enrolled in the trial. The
syndrome was to be stable for at least 9
months (clinical tests had to confirm MS
stability over a period of at least 3 con-
secutive tests carried out over the period
of 9 months). All the patients attended
the Epidemiology Centre PAP/PEA of
San Valentino and Spoltore (PE).
Exclusion criteria included the presen-
ce of other major chronic diseases not
therapeutically controlled, tumors and
the use of oral contraceptives.
Suitable patients underwent an overall
check-up including anthropometry
(body weight, height, body mass index)
and blood pressure measurement while
lying down.
The following day, after fasting for at
least 12 hours, blood tests measured the
laboratory parameters of MS. 
On the same morning a dietary inter-
view determined the number of por-
tions consumed weekly of: vegetables,
fruits, cereals, legumes, milk products,
meat, fish, alcohol and eggs and their
respective sizes (large, medium, small).
Subsequently, the patients accepted in-
to the clinical trial were randomly assi-
gned to one of two treatment groups for
a period of 3 months.
Patients were asked to make no dietary
changes throughout the duration of the
study to avoid variations that could in-
terfere with results.
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E The trial provided two treatments:
ARD Lipiban supplied in packets (each
containing 900 mg of PG + excipients)
to be taken twice a day or ARD Chole-
sterol to be taken as 2 packets/day. Ho-
wever, ARD Cholesterol was supplied
in double packets, with one containing
900 mg of PG + 200 mg of phytosterols
(also containing a minimum quantity of
phytostanols) and the other containing
only excipients.
This clinical test is a double blind study.
ARD Lipiban was taken twice a day and
ARD Cholesterol  once a day. The pa-
tients treated with ARD Lipiban consti-

tuted group L while those treated with
ARD Cholesterol constituted group C.
Each patient was given 30 small contai-
ners numbered from 1 to 30, each con-
taining 2 packets.
Each patient was provided with medi-
cation for one month's therapy and at-
tend for follow-up in order to receive
the next month's supply. Therefore, it
was possible to regularly check whether
patients adhered to the treatment pro-
tocol, and to repeat the discussion of
dietary habits, thus monitoring possible
changes. Overall, in addition to a base-
line interview, three further interviews
were conducted with patients at 1, 2
and 3 months after the first treatment.
At the end of the three months  patients
underwent anthropometric review,
measurement of blood pressure and
blood parameters, and dietary review.
The last review was compared to prior
reviews. The average value was consi-
dered indicative of diet during the treat-
ment.

57 ± 5,5

7 M; 7 F

172 ± 8,7

56 ± 5,6

7 M; 7 F

174 ± 8,2

Group CGroup L

Age

Sex

Height (cm)

Parameter

TAB. 1

General characteristics of patients  in Groups

L and C.

TAB. 2

Main parameters of MS before and after 3 months of treatment with the two therapies

(average values ± Standard Deviation).
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Mean and standard deviations of the
collected data were calculated. The eva-
luation of differences between the two
groups was carried out using Student's t
test with α = 0.05. It also determined
the number of subjects who had reco-
very or partial recoveries from MS and
normalization of each of the main para-
meters of the condition (hypertension,
HDL cholesterol, glycaemia, abdominal
girth, triglycerides).
For this final evaluation, the differences
between the two treatments were cal-
culated using a chi-square test (2x2),
maintaining the critical value of α =
0.05.

Because of the small sample size (14 ca-
ses vs. 14 cases), the experience obtai-
ned does not lend itself to a differential
assessment of the effect on the MS, but
only to a diversification of individual
parameters, by taking into account the
values before and after treatment (delta).
A difference in delta >1 DS (combining
both groups), resulting from 14 cases
per group, allows one potency compa-
rison of >0, 80 (known maximum is 1).

RESULTS

All enrolled patients completed the trial.
TAB. 1 shows the indicative data for the
two groups. No significant differences
were noted between the two trial
groups. TAB. 2 shows information regar-
ding the main parameters of the MS ac-
cording to ATPIII criteria.
TAB. 3 shows the differences between
baseline and final values (following 3
months of therapy), comparing the two
treatments, in order to evaluate the dif-
ferential efficacy of the treatments.
Overall, the parameters in both groups
underwent similar changes with the ex-
ception of LDL and HDL cholesterol le-
vels. Therefore treatment used in-group
C (ARD Cholesterol) was significantly
more effective.
In both cases, the power of comparison
was >0.8. The difference is relevant.
Patients in Group L showed a greater
tendency to weight reduction, although

the difference was not statistically si-
gnificant compared with group C.
Assessment of weekly food intake befo-
re and during the treatment (as the avera-

ge of the 3 assessments which followed
the baseline one) is shown in TAB. 4.
The variations are similar in both groups
and tend to go in the same direction.

P mx  
[mm Hg]

P min 
[mm Hg]

Glycaemia
[mg/dL]

CT
[mg/dL]

LDL
[mg/dL]

HDL
[mg/dL]

Triglycerides
[mg/dL]

Body weight
[kg]

BMI
[kg/m2]

CA
[cm]

-13,0 ± 6,04

-5,1 ± 3,68

-2,9  ± 4,50

-31,0 ± 19,92

-31,6 ± 23,46

 9,8 ± 5,24

-29,2 ± 26,84

-1,9 ± 0,95

-0,6 ± 0,33

-1,6 ± 1,08

Ns

Ns

Ns

Ns

< 0,05

< 0,05

Ns

Ns

Ns

Ns

Parameter Group CGroup L

-7,9 ± 8,26

-4,8  ± 4,71

-4,9 ± 6,05

-19,9 ± 19,44

-9,4 ± 17,92

 3,6 ± 4,45

-35,9 ± 26,04

-2,3 ± 1,38

-0,8 ± 0,49

-1,9 ± 3,37

Ns = differences not statistically significant (p>0.05)

T test  
TAB. 3

Differences

between before and

after 3 months of

treatment with the

two therapies

(means ± standard

deviation).

Vegetables

Fruit

 
Cereals

 
Legumes

 
Milk products

 
Meat

 
Fish

 
Alcohol

 
Eggs

Before

5,1 ± 2,07

5,2 ± 2,19

26,2 ± 2,97

1,6 ± 0,74

6,0 ± 2,86

3,9 ± 1,54

1,2 ± 0,58

9,5 ± 4,09

1,6 ± 0,94

Food Group CGroup L

During the 3 months

6,2 ± 2,39

7,2 ± 2,61

25,9 ± 2,88

1,9 ± 0,83

5,9 ± 2,77

3,7 ± 1,54

1,4 ± 0,65

8,9 ± 4,29

1,6 ± 0,94

During the 3 months

6,4 ± 1,65

6,7 ± 3,56

24,8 ± 4,30

1,8 ± 1,31

6,6 ± 4,01

3,8 ± 1,76

1,4 ± 1,09

6,6 ± 4,69

1,4 ± 1,28

Before

5,8 ± 1,76

5,6 ± 2,53

25,6 ± 4,34

1,5 ± 1,22

6,8 ± 3,96

3,6 ± 1,86

1,3 ± 1,20

7,2 ± 5,21

1,3 ± 1,27

TAB. 4

Analyses of weekly food intake before and during the two treatments.
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The dietary differences found between
the pre-treatment period and during the
treatment - shown in TAB. 5 - are very si-
milar.

The slight reduction in the intake of ce-
reals and increased intake of fruit and
vegetables are very similar in both
groups. No data is shown regarding por-
tion sizes as there were no relevant
changes.
Furthermore, it has to be taken into ac-
count that the evaluation during the the-
rapy is an average of 3 observations and
therefore considerably more accurate
compared to the one made prior to the
treatment. This difference in the weight
of the responses makes comparison bet-
ween before and after of little relevance.
E Nine out of 14 patients in Group L
(64%) and 10 out of 14 patients (71%)
in Group C recovered from MS.
The parameters altered by the two the-
rapies are shown in  TAB. 6.
No statistically significant difference in
any of these parameters was seen, even
if the incidence of blood pressure re-
duction is greater in group C compared
to group L (in 50% and 14% cases re-
spectively). 
Patients treated with ARD Lipiban de-
monstrated a more consistent (although
not statistically significant) weight loss.
However, this was not very evident in
abdominal girth reduction.

DISCUSSION

The results show both therapies effec-
tive in positively altering the parame-
ters of Metabolic Syndrome, with the
combination of PG + phytosterols
achieving greater efficacy in some para-
meters (lipoproteins and hypertension).
The effects of the two treatments are-
considered clear-cut and not produced
by dietary modifications, which did not
alter in such a way as to explain reco-
very from Metabolic Syndrome.
In fact, the slight increase in the intake
of fruit and vegetables (1 or 2 ser-
vings/week) and a slight decrease in ce-
real and alcohol intake (less than one
serving/week) provide very limited

grounds, both in terms of energy as well
as a possible increase in antioxidant
production.

It is surprising how a predominantly
local GI therapy is able to correct MS.

This is mainly due to the definition of
MS according to ATP III, which can be
diagnosed in very early stages and the-
refore controlled more easily with a less
drastic therapeutic approach.
Metabolic Syndrome can be controlled
with PG alone. This was described in a
previous publication [5] and in a mul-
ticenter study undergoing of publica-
tion.

E The addition of phytosterols brings
further benefits along with the single
daily dose compared with twice-daily
doses of PG alone.
This study has produced two interesting
facts:
1) A greater effect on the lipoprotein
pattern with a combination of PG +
phytosterols (increase in HDL and re-
duction of LDL).
2) A reduction in BP, not so much in
terms of consistency, but rather of fre-
quency (evident in a greater number of
patients).

As far as the lipoprotein pattern is con-
cerned, the greater efficacy of the PG +

Vegetables

Fruit

Cereals

Legumes

Milk products

Meat

Fish

Alcohol

Eggs

1,1 ± 1,00

2,0 ± 1,96

-0,4 ± 0,63

 0,3 ± 0,73

-0,1 ± 0,36

0,2 ± 0,58

0,2 ± 0,43

-0,6 ± 1,15

0 ± 0,00

Ns

Ns

Ns

Ns

Ns

Ns

Ns

Ns

Ns

Food Group CGroup L

0,6 ± 0,93

1,1 ± 1,79

-0,9 ± 1,17

 0,3 ± 0,73

-0,2 ± 0,58

0,1 ± 0,36

0,1 ± 0,36

-0,6 ± 0,22

-0,1 ± 0,27

Ns = differences not statistically significant (p>0.05)

T test  

TAB. 5

Differences in

weekly food intake

before and during

the two treatments.

Group L

Group C

Chi square test

Treatment Glycaemia

3/6

2/6

Ns

HDL

7/11

7/9

Ns

Triglycerides

4/14

6/13

Ns

AG

4/10

3/10

Ns

Legend: BP = blood pressure; AG = abdominal girth; MS = Metabolic Syndrome.

BP

2/14

7/14

Ns

(ARD Lipiban)

(ARD Cholesterol)

Ns = differences not statistically significant (p>0.05)

Recovery from MS 

9/14

10/14

Ns

TAB. 6

Frequency of parameters indicating MS after treatment with the two therapies.
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vement in lipoprotein profile. This im-
provement is reflected in all the reacti-
ve/inflammatory phenomena associated
with the presence of an excessive
amount of oxidized lipoproteins.
Blood pressure levels regarded as the
threshold for defining MS are 135/85
and therefore are not yet classified as
hypertension. 
These blood pressure values assume
that the endothelium is not yet excessi-
vely “worn” by mechanical tension and,
thus, is more easily supported.
This combination also affects body
weight although the effect appears to be
smaller compared with the effects of
PG, in that the amount of adsorbent fiber
administered is half that of PG alone.
It appears, however, that the combina-
tion of PG + phytosterols has greater
“metabolic” ability in the lipid order.

E In conclusion, the combination of
PG + phytosterols is synergistic, parti-
cularly with regard to the lipoprotein
pattern and endothelial function. In ad-
dition to this - a fact that cannot be over-
looked - a single daily dose allows for
extremely simple therapy programme.
Longer-term experiences and larger
groups are required in order to establish
the real limitations of treatment with PG
+ phytosterols. L
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Tamanu Arnica contains a 
highly sophisticated herbal 
combination. The properties of 
the European plants contained 
in this cream, such as: Arnica, 
which is a well-established use 
in injuries; Calendula, renow-
ned for its emollient properties; 
and Ninfea, which is well-
known for its excellent soothing 
properties, are enhanced by 
their combination with Polyne-
sian plants, whose traditional 
use has been validated by 
recent scientific studies: 
Tamanu oil (Caulophyllum 
inophyllum), has remarkable 
restoring properties anti-
bacterial and anti-parasitic 
properties; and Gardenia 
Tahitensis, the emblem of Tahiti, 
regarded as “the flower for 
beauty”, has been used for 
centuries for dry and chopped 
skin.

Tamanu Arnica contains quality 
and biocompatibility of its 
primary ingredients that make 
Tamanu Arnica ideal for even 
the most delicate skin of 
woman and babies.

Tamanu Arnica  is  also  useful 
to disinfect skin area after 
mesotherapic treatmen, as it  
avoids local inflammation.

75 ml / 2.5  fl. oz. tube 

PACKAGE SIZE

Tamanu Arnica: this innova-
tive cream is soothing and 
restoring sensitive skin in 
both adults and children. 
Rich in vegetable extracts, it 
can be used for many 
purposes: skin irritated by 
atmospheric agents, sun 
rash, chapped and dry skin, 
abrasion, scratch injuries.

              


