
Introduction

Although not all overweight individuals develop
insulin resistance and its associated metabolic abnor-
malities, all evidences clarify that the increasing pre-
valence of overweight and obesity is a fundamental
contributor to the rising prevalence of the metabolic
syndrome (MS) and type 2 diabetes. The MS repre-
sents nowadays a common illness and is associated
with higher incidence of type II diabetes mellitus and
cardiovascular mortality while the several classifica-

tions share a mutual background. In fact, different
groupings of following metabolic factors are required
in each classification of the MS, including: insulin re-
sistance, low HDL-C, hypertriglyceridemia, obesity or
increased waist girth, impaired glucose tolerance or
diabetes mellitus, microalbuminuria, hyperinsulinemia
and hypertension. In the present study we used the de-
finition of MS as proposed by the American Heart As-
sociation and the National Heart, Lung, and Blood In-
stitute (1). These criteria require at least three of the
following components: abdominal obesity, triglycerides
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≥150 mg/dl or under drug treatment, HDL choleste-
rol <50 mg/dl or receiving drug treatment, systo-
lic/diastolic blood pressure ≥130/85 mmHg or recei-
ving drug treatment, and fasting glucose ≥100 mg/dl
or receiving drug treatment. Patients with MS have at
least a 2-fold increase in risk for ASCVD, as compared
to those without (1). However, the relationship
between metabolic risk factors and development of
ASCVD is still a matter of investigations. Since the
MS is casually linked to obesity-related insulin resi-
stance, the detection of peroxisome proliferator-activa-
ted receptor gamma (PPARγ) as a key regulator of adi-
pogenesis and insulin resistance (2) has represented an
essential prove of concept. Indeed, PPARγ targets a
multitude of downstream genes in adipocytes and is
the only known factor that is necessary and sufficient
for induction of adipocyte differentiation (3,4). As a
class of ligand-activated transcriptional factors inclu-
ding PPARs, LXRs, RXR and FXRs, metabolic nu-
clear receptors have thus attracted an increasing atten-
tion from the medical community for their role in re-
gulating lipid and glucose homeostasis. A number of
specific synthetic agonists or modulators of nuclear re-
ceptors have been tested and are under study and the-
rapeutic agents designed to affect pathways involving
metabolic nuclear receptors may be beneficial for
subjects prone to develop and patients with MS.

In this regard marine organisms represent a huge
repository of useful bioactive compounds and an in-
creasing scientific evidence demonstrates that marine
biology molecules may have a wide spectrum of effects,
such as anti-inflammatory (5), tumor suppression, an-
tihypertensive, by inhibiting angiotensin I converting
enzyme activity (6) and anti-dyslipidemia (7).

Overall, the roles marine n-3 poly-unsaturated
fatty acids (PUFAs) in regulating inflammatory pro-
cesses and responses indicates that the level of expo-
sure to these fatty acids might be relevant in determi-
ning the onset and degree of severity of inflammatory
diseases. PUFAs can be incorporated into the pho-
spholipids of inflammatory cell membranes where
they act modulating the environment for membrane
protein functional response, maintaining membrane
fluidity and influencing lipid raft development (8).
Membrane phospholipids represent substrates for the
generation of second messengers and can modify their

activity (9). In addition, membrane phospholipids are
substrates for the release of (non-esterified) PUFAs
intracellularly – the released PUFAs can act as signa-
ling molecules, ligands for transcription factors, or
precursors for biosynthesis of lipid mediators which
are involved in regulation of many cell and tissue re-
sponses, including inflammation and immunity. The
above data have suggested that dietary supplementa-
tion with marine n-3 PUFAs of patients with inflam-
matory diseases may bring about a clinical advantage.
However, the multitude of potential mechanisms in-
volved and the diversity of experimental designs often
using concentrations clinically inapplicable make it
difficult to fully understand the actions of marine
compounds within disease processes. Nonetheless,
there are increasing evidences of their efficacy such as,
for example, that treatment with dietary cod proteins
may improve insulin sensitivity in insulin-resistant in-
dividuals and reduced insulin-resistance related meta-
bolic disorders (10). Our recent studies have highligh-
ted the effect of a biomarine compound (a bacteriolo-
gically-free, sturgeon-egg derived protein gel prepara-
tion, 400 mg marine protein/capsule, which has a
protein/lipid ratio of 3.6 and the following major class
of fatty acids: saturated fatty acids: 23%, monounsatu-
rated fatty acids 33%, polyunsaturated fatty acids 34%,
with a median n-6/n-3 fatty acid ratio of 2.7. In par-
ticular, the main fatty acids g/100g of total fatty acids
are as follows: C22:6 5.8, C16:0 15.8, C18:1 33.7 and
C18:2 24.4. LD-1227, Caviarlieri, D & S Group, Sin-
gapore) on MMPs, collagen metabolism and on ch-
rondrocyte inflammatory markers (11, 12). Thus, the
aim of the present work was to test whether such
bioactive compound may beneficially modulate the
ongoing inflammation and the pathways involving
metabolic nuclear receptors in metabolic syndrome
such as PPARs, LXRs and FXRs in patients with MS.

Material and methods

Subjects

Informations collected in baseline evaluations in-
cluded data regarding demographic characteristics,
personal and family medical history, alcohol consump-
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tion, smoking history, number of deliveries, oral con-
traceptive use, hormone replacement therapy, breast
feeding and age at menarche/menopause. Patients
with secondary hypertension, cardiomyopathy, severe
abnormalities of liver and kidney function, cerebrova-
scular diseases, grossly elevated total cholesterol
(>280mg/dl or LDL >180mg/dl), malignancies and
history of coronary bypass surgery or on insulin treat-
ment were excluded from this study. Healthy controls
had no past or present history of any relevant disease
and had no abnormality of the main biochemical fin-
dings. The study population consisted 76 patients
with metabolic syndrome and 30 age-matched healthy
volunteers. All subjects participated in the study on a
voluntary and informed basis. Written consent was
obtained from all subjects before the study and the
study conforms to the ethical guidelines of the 1975
Declaration of Helsinki.

Study Design

All MS patients were kept on their usually pre-
scribed oral hypoglycaemics and/or anti-hypertensive
drugs) but without anti-hyperlipidemic medications.
All anthropometric measurements were taken by the
same well-trained nurse. Weight was measured to the
nearest 0.1 kg using a calibrated digital scale with
subjects standing barefoot in light clothing. Height
was measured to the nearest 1 mm with a portable sta-
diometer (Seca Ltd, Hamburg, Germany), with the

subject upright and the head in the Frankfurt plane.
Waist circumference was measured to the nearest 1
mm with a flexible, non-elastic tape midway between
the tenth rib and the iliac crest at the end of a gentle
expiration. Body Mass Index (BMI) was calculated as
follows: weight (kg)/height squared (m2). All subjects
were divided into 3 groups: LD-1227-treated patients
(n=38, group A), placebo-treated patients (n=38,
group B) and healthy controls (n=30). The two pa-
tients groups were matched as for gender, duration of
established diagnosis and variety of pathological con-
ditions underlying the metabolic syndrome classifica-
tion (table 1). Supplements and placebo were given at
breakfast and dinner. Brachial artery blood pressure
was measured with a sphygmomanometer with the
subject in a sitting position at rest for two minutes. No
specific change on diet and lifestyle was prescribed to
all subjects although it was made sure that none of
them had grossly irregular attitudes. LD-1227 or pla-
cebo (water-soluble starch) were taken daily before
breakfast and bedtime at a dose of 1cp (total 2 cp/day)
in parallel with routine clinic drugs for three months.
Subjects were randomized using a table of random
numbers derived from a random number generating
program. A single master sheet was used to randomi-
ze subjects if they were eligible for inclusion in the
study following the clinical screen. The master sheet
included subject number, coordinator initials and date
of randomization was used to track the process and in-
sure no duplications of assignment.

Table 1.

Parameters Healthy Control Untreated MS MS patients treated
with LD-1227

Total n. (male/female) 30 (15/15) 38 (20/18) 38 (18/20)
Mean age 67 71 66
Mean BMI (range) 23 (21-25) 27 (22-36) 26 (24-33)
Family history of diabetes 4/30 14/38 21/38
Family history of hypertension 2/30 9/38 13/38
Overt diabetes ND 11/38 16/38
Duration of diabetes (years) ND 3 5
Dyslipidemia 1/30 12/38 18/38
Smoking 4/30 14/38 11/38
Waist (cm) 82 98 99
Waist/hip ratio 0.82 0.93 0.96
Mean Systolic Blood Pressure (mmHg) 124 157 165
Mean Diastolic Blood Pressure (mmHg) 71 88 86
Physical activity 8/30 4/38 2/38
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Blood tests

Blood was collected in the morning (between 7
and 9 A.M.) via venipuncture in a supine resting po-
sition after an overnight fast. Serum was isolated and
refrigerated overnight in plastic tubes, at which time
aliquots were prepared and stored at-80°C.The serum
concentrations of IL-6, hs-CRP, TNF-α, leptin (all
with a CV of < 4.6%), resistin and adiponectin (CV of
3.5%) before intervention, 1 months and 3 months af-
ter intervention. were determined by using Quantiki-
ne high-sensitivity immunoassay kits (R&D Systems,
Minneapolis, MN, USA). All samples were measured
in duplicate and the average of the 2 values was used
for final data analysis. The sensitivity of these assays
was 0.018 pg/ml for IL6, 0.1 mg/l for hsCRP and
0.039 pg/ml for TNF-α. The intra- and inter-assay
coefficients of variation were <10% for both cytokines.
Duplicate samples that did not provide a coefficient of
variation < 10% were re-analyzed and all values were
averaged for data analysis. Samples with undetectable
concentrations were assigned a value corresponding to
the lower limit of detection of the assay (2 pg/ml for
IL-6 (27%), 4.0 pg/ml (13%) for TNFα and 0.01 mg/l
(22%) for hs-CRP). After a further review of the data
for outliers, all analyses were carried out excluding
participants with hsCRP levels >10 mg/l or those with
missing data on more than 2 biochemical parameters
(n=3). This decision altered only the point estimates,
but the direction of the effect did not vary from the
analysis of the whole sample.

Metabolic Nuclear Factors function

Markers of metabolic nuclear receptors including
leptin, resistin and adiponectin were assayed by enzy-
me-linked immunoassay using reagents from Otsuka
Pharmaceuticals, Tokyo. Resistin is a macrophage-de-
rived signalling polypeptide hormone which has been
shown to be up-regulated in subjects with diabetes,
MS and cardiovascular disease (13). Adiponectin is an
adipocyte-secreted polypeptide hormone which regu-
lates insulin sensitivity and energy homeostasis, as
well as glucose and lipid metabolism (14) Adiponectin
exerts an insulin-sensitizing action via an enhance-
ment of AMPK and PPARα, this having profound ef-

fects on fatty acid oxidation and inflammation. As a
index highly related to metabolic syndrome, Adipo-
nectin-resistin (AR) index was calculated as recently
described (15), in a multiplicative inverse relation, as
follows: α=(1/A0)xR0=R0/A0. Then, the resulting value
is logarithmically transformed for normalization as
follows: β=log10(α)=log10(R0/A0) = log10(R0)-log10(A0).
Finally, a numerical constant 1 is added to the latter
resulting value to get a positive integer of the AR in-
dex which is expressed as such: 1 + log10(R0)-log10(A0)
where R0andA0 indicate fasting serum total resistin le-
vels expressed in ng/mL and fasting serum total adi-
ponectin levels expressed in g/mL, respectively.

Statistical Analysis

Statistical analysis was performed using the x2
statistic or Fisher’s Exact Test for independence.
Pairwise analysis was performed as appropriate. Two-
tailed tests of significance were used throughout. Cor-
relations were assessed using linear regression analysis.
When necessary, log transformation was used to nor-
malize the data, or appropriate nonparametric tests
were employed. If factor time was significant, post hoc
tests with Bonferroni correction were carried out to
compare concentrations to baseline concentrations.
Data are presented as the median (with the range in
parentheses) given the apparent departure of data
from distributional normality. The required signifi-
cance level for all tests was set at p<0.05.

Results

No side effects or changes of systolic and diasto-
lic blood pressure or anthropometric parameters were
observed throughout the study nor any gastrointesti-
nal complaints or unfavourable organolectic report..

Effect of LD-1227 supplementation on serum IL-6,
TNF-α and hs-CRP Levels

Throughout the whole study, the level of IL-6
and TNF-α was significantly higher in MS patients as
compared to healthy controls and it was not affected
by the presence of diabetes (p<0.05, fig 1). After in-
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tervention with LD-1227, levels of both cytokines de-
creased significantly in all MS patients (p<0.05 vs ba-
seline and vs placebo group). Moreover, the level of
hs-CRP in patients with MS was significantly higher
than in healthy controls (p<0.05, fig 2). and particu-
larly in those with overt diabetes (p<0.05 vs MS pa-
tients without diabetes) and significantly decreased at
a comparable extent after LD-1227 intervention, irre-
spective of diabetes (p<0.05 vs placebo). The presence
of hypertension didn’t affect the significance of the
data, as by a multivariate analysis while patients with

overt obesity (BMI over 30) showed at baseline a not
significant trend increase of IL-6 (data not shown).

Effect of LD-1227 supplementation on leptin and
adiponectin/resistin index

As compared to healthy control, the levels resistin
were all significantly higher at each observation check
in MS patients and higher values were recorded in pa-
tients with overt obesity (BMI over 30, data not
shown). However, the limited number of this sub-
group didn’t allow a statistical significance. On the
other hand, adiponection showed only a marginal non
significant decrease in our MS patients. Overall, the
adiponectin/resistin (AR) Index was significantly hi-
gher in all MS patients (p<0.001 vs control, figure 3)
and, namely in obese diabetic patients (p<0.05 vs un-
treated MS patients without overt diabetets and dia-
betes). Moreover, following LD-1227 intervention,
AR index showed a time-course decrease which rea-
ched a statistical difference at 3 month-observation
(p<0.05 vs untreated MS patients).

Discussion

MS represents a cluster of metabolic abnormali-
ties including abdominal obesity, hypertension, hyper-

Figure 1a. Time course change of IL-6 In patients with ms
with/without diabetes: effect of treatment with LD-1227
Legend: different colours indicate different observation time,
as depicted on the top of the figure. See text for abbreviations.
*p<0.001 vs healthy controls; **p<0.01 vs untreated MS.

Figure 1b. Time course change of TNFα in patients with ms
with/without diabetes: effect of treatment with LD-1227
Legend: different colours indicate different observation time,
as depicted on the top of the figure. See text for abbreviations.
*p<0.001 vs healthy controls; **p<0.01 vs untreated MS

Figure 2. Time course change of hs-CRP In patients with ms
with/without diabetes: effect of treatment with LD-1227
Legend: different colours indicate different observation time,
as depicted on the top of the figure. See text for abbreviations.
*p<0.001 vs healthy controls; §p<0.05 vs MS patients without
DM; **p<0.01 vs untreated MS
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lipidemia, and diabetes. This condition confers an in-
creased risk for vascular disease-associated morbidity
and mortality as well as all-cause mortality, even in the
absence of clinically evident cardiovascular disease
(CVD) and/or diabetes mellitus (DM) (16). The nu-
clear receptor (NR) family of transcription factors (al-
so referred to as the steroid/thyroid hormone receptor
superfamily) is quite large with approximately 150
proteins. This large superfamily may be categorized
into three subgroups: classic hormone receptors such
as the glucocorticoid, estrogen, retinoic acid, thyroid
hormone, and vitamin D receptors; orphan receptors
such as apolipoprotein A-I regulatory protein-1
(ARP-1) and chicken ovalbumin upstream promoter
transcription factor and “sensor” receptors such as the
peroxisome proliferator-activated receptors (PPARs),
liver X receptor (LXR), farnesol X receptor (FXR) the
retinoid X receptor (RXR). As a class of ligand-acti-
vated nuclear receptors closely involved in metaboli-
sm, PPARs, LXRs, and FXRs have been attracting in-
creasing attention in the study of pathogenesis and
treatment of metabolic diseases. A growing body of
evidence has shown that they exert a crucial role in
controlling lipid and glucose homeostasis (17-19). For
instance, PPARγ, a member of the nuclear receptor
superfamily, is a ligand-regulated transcription factor

that is an essential regulator of adipogenesis and insu-
lin resistance in adipose tissue, and, in particular,
PPARγ2 expression is restricted to mature adipocytes
and this isoform is induced earlier and more strongly
than PPARγ1 during adipogenesis (20). Thus, this re-
ceptor is implicated in the MS, colon cancer and other
chronic diseases and MS outcome has been found to
be associated with PPARγ gene polymorphism or mu-
tation (21). It forms a heterodimer with RXRs and
binds to a specific DR-1 motif (direct hexa-nucleoti-
de repeats, separated by a single nucleotide) of PPAR
response elements. In the present study, we examined
effects of LD-1227 on markers of PPARs, RXR,
LXRs, and FXRs in MS patients with/without overt
diabetes. Results from our study showed that LD-
1227 could beneficially affect levels of a wide range of
molecules involved in this disorder. Marine com-
pounds continue to provide worthwhile opportunities
of clinically-applicable biomolecules. For instance, it
has been found that small collagen peptides in the hy-
drolysate of livestock and fish as well as catfish protein
isolate may inhibit the activity of angiotensin I con-
verting enzyme (22) and reducing blood pressure (23).
Previous studies have established the correlation of hs-
CRP with diabetes (24). Consistent with these fin-
dings, in the present study we demonstrated that le-
vels of hs-CRP and IL-6 were significantly higher in
MS patients. Indeed, IL6 is considered an important
inducer of the hepatic secretion of CRP and plasma
levels of IL6 and CRP have been reported to be good
predictors of type 2 diabetes in humans (25). Howe-
ver, after LD-1227 administration, levels of all tested
cytokines in MS patients markedly decreased whereas
their levels remained unchanged in patients receiving
placebo. This suggests that LD-1227 could provide
protection for MS patients and that this protection
was proportionally more evident for patients with dia-
betes. To further assess effects of LD-1227 on MS pa-
tients, we performed assays on changes of three rele-
vant adipocyte-secreted hormones: leptin, resistin and
adiponectin, which are also highly implicated in dia-
betes (26). Indeed, Havel et al. (27)] has shown that
adiponectin levels in patients with type 2 diabetes we-
re lower than in non-diabetic patients. A study de-
monstrated that adiponectin could increase insulin
sensitivity and acts with leptin to normalize insulin

Figure 3. Time course change of ar index in patients with ms
with/without overt obesity and diabetes: effect of treatment
with LD-1227
Legend: different colours indicate different observation time,
as depicted on the top of the figure. See text for abbreviations.
*p<0.001 vs healthy controls; §p<0.05 vs MS patients without
overt obesity and diabetes; **p<0.05 vs untreated MS.
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action in severely insulin-resistant animals. Indeed,
Steppan et al. (28) proved that administration of anti-
resistin antibody improved blood glucose and insulin
action in mice with diet-induced obesity and sugge-
sted that resistin potentially could act as a bridge
between obesity and diabetes. Following LD-1227 in-
tervention, levels of leptin and resistin tended to si-
gnificantly decrease, whereas levels of adiponectin
showed a concomitant increase which reached a stati-
stically significant level in obese subjects. More re-
markably, the intervention with LD-1227 proved to
significantly enhance the adiponectin/resistin (AR)
index. This holds particular important when conside-
ring that, confirming earlier reports of a significant in-
verse correlation between these two parameters (29,
30), the AR index has been very recently found to be
more strongly associated with increased risk of type 2
diabetes and metabolic syndrome than adiponectin
and resistin levels alone (15).

In a most recent work, we have shown in human
chondrocytes that this sturgeon-derived compound
could effectively inhibit IL-1β-induced proliferation
and inflammatory reactions via inhibited activation of
the transcription factor NF-κB pathway (8). Indeed,
this compound contains collagen elastin, protein and a
rich array of other smaller unsaturated fatty acids, and
structural phospholipids to be fully defined as yet whi-
ch may exert a synergistic action on multiple mecha-
nisms of the inflammatory cascade.

We purposely didn’t address the issue of lipid
profile because this would have required a more defi-
ned selection of patients and dietary assessment con-
trol. However, preliminary data were not consistent.

Taken together, results from this study showed
the beneficial effects of LD-1227 against some funda-
mental mechanisms affecting the levels of molecules
involved in MS. While drugs such synthetic PPAR
agonists are under constant development for treating
dyslipidaemia, insulin resistance and overt diabetes,
the safe profile and advantageous effect of LD-1227
on the regulation of key metabolic nuclear receptors
functions make it an amenable tool for long-term
maintenance treatments. Moreover, it can represent a
potential weapon to be integrated within more articu-
lated preventive medicine regimens in healthy subjects
prone to the disease.
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