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Nutraceuticals in the management of type 2 diabetes
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SUMMARY

Background: 7he prevalence of type 2 diabetes mellitus (T2DM) is dramatically increasing worldwide. Hypergly-
cemia and dyslipidemia, the two major components of this metabolic disorder, lead to accelerated ath-erosclerosis,
coronary heart disease, chronic kidney disease and increase in the mortality rate. In recent years a growing number
of hypoglycemic drugs have become available. However, in a remarkable number of patients the disease control is not
fully satisfactory. Thus the search of new antidiabetic agents with minimal side effects is mandatory. In this context,
nutraceuticals (bioactive compounds mostly of plant origin) can play a positive role in the management of T2DM,
also in association with hypoglycemic drugs. An interesting feature of some nutraceuticals is their ability to improve
not only the glycemic control but also the lipidic profile (berberine), the antioxidant status (silymarin) or endo-theli-
um dependent —vasodilator function (Pycnogenol) of the patients.

RiassunTO

«Nutraceutici per il trattamento del diabete di tipo 2». L'incidenza del diabete mellito di tipo 2 ¢ in drammatico
aumento a livello mondiale. L'iperglicemia e la dislipidemia, due importanti componenti di questa complessa malattia
del metabolismo, determinano accelerazione dell aterosclerosi e possibile comparsa di malattia coronarica e nefropatia
con aumentata incidenza di mortalita. Negli ultimi anni un crescente numero di farmaci ipoglicemizzanti é stato
reso disponibile per l'utilizzo clinico. Tuttavia, in un numero consistente di pazienti il controllo della malat-tia non
risulta del tutto soddisfacente. In questo contesto, ['utilizzo di nutraceutici, composti bioattivi di origine prevalente-
mente vegetale con minimi effetti collaterali per il paziente (purc/ye’ sia individuato il corretto dosaggio) , puo svolgere
un ruolo terapeutico positivo. Infatti, i nutraceutici possono essere cosomministrati con i farmaci ipoglicemizzanti
coadiuvandone l'azione terapeutica. Inoltre, alcuni nutraceutici possiedono l'interessante proprieta di essere in grado
di migliorare, oltre il controllo gli-cemico, il profilo lipidico (berberina), di ridurre lo stress ossidativo (silimarina) e
di migliorare la funzione endoteliale vasorilassante (Picnogenolo).
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a metabolic
disorder affecting a growing number of patients all
over the world. T2DM is caused by abnormal insu-
lin activity and/or release. The two major compo-
nents of this metabolic disorder, hyperglycemia and
dyslipidemia, lead to accelerated atherosclerosis,
coronary heart disease, chronic kidney disease and
increase in the rate of mortality. Despite the avail-
ability of several hypoglycemic drugs, in a remark-
able number of patients the disease control is not
tully satisfactory. Thus the search of new antidia-
betic agents with minimal side effects is mandatory.
Nutraceuticals are nutrients and/or bioactive com-
pounds mostly of plant origin, with possible benefi-
cial effects on human health. Plant-derived natural
agents have been widely used since ancient times
for a vast variety of diseases. A growing number of
nutraceuticals are currently proposed to treat meta-
bolic disorders, including diabetes mellitus. Nutra-
ceuticals may improve glycemic control and often
exert a beneficial effect on cardiovascular risk factors
linked to T2DM such as dyslipidemia and hyper-
tension with minimal side effects. In this review we
take into consideration only nutraceuticals having
enough evidence regarding their efficacy and safety
in T2DM patients.

NUTRACEUTICALS IN T2DM
Berberine

Berberine, an isoquinoline alkaloid, is present
in several plants such as Berberis vulgaris, Berb-
eris aristata and Coptis chinensis (16). It is com-
monly used for gastrointestinal tract infections in
China. Berberine has anti-microbial, glucose- and
cholesterol-lowering and antioxidant effects (16).
Berberine activates AIMP-activated protein kinase
(AMPK)), a cellular energy sensor that increases fat-
ty acid oxidation, glucose uptake and lipolysis, while
inhibiting gluconeogenesis, fatty acid synthesis and
cholesterol synthesis (19).

'The hypoglycaemic, lipid-lowering and antioxi-
dant properties of berberine have been widely in-
vestigated in animal models. In impaired glucose

tolerance (streptozocin-treated) rats (21), treat-
ment with berberine for 4 weeks significantly de-
creased fasting blood glucose, total cholesterol, free
fatty acid and apoliprotein B levels; blood glucose
levels after oral glucose tolerance test were also re-
duced (21). In high glucose and high fat diet-in-
duced diabetic hamsters, berberine administration
for 6 weeks significantly reduced glucose and insu-
line levels and ameliorated glucose tolerance tests
(22). Furthermore total cholesterol, low density li-
poprotein cholesterol (LDL-C), free fatty acid and
triglyceride levels as well as markers of oxidative
stress (thiobarbituric acid-reative substance and
8-isoprostane) were also decreased (22). Berberine
was found also capable to reduce body weight and
adipose tissue mass as well as insulin resistance in
obese db/db mice (20). In this animal model, ber-
berine also increased energy expenditure, limited
weight gain, improved cold tolerance and increased
brown adipose tissue activity, suggesting a poten-
tial therapeutic role of berberine in the treatment
of obesity (41).

Clinical studies confirm the hypoglycaemic and
lipid-lowering effects of berberine. A pilot study
was conducted in 2008 to assess the efficacy of ber-
berine in patients with T2DM (38). Adults with
newly diagnosed T2DM were treated with ber-
berine (500 mg 3 times daily) or metformin (500
mg 3 times daily) for three months (study A). The
decrease in fasting and postprandial blood glucose
and hemoglobin A, was similar in patients treated
with berberine or metformine. Total cholesterol
and triglycerides significantly decreased only in
the berberine-treated group. In study B berberine
(500 mg 3 times daily for 3 months) was adminis-
tered to poorly controlled T2DM on-going treated
with antidiabetic drugs. Berberine in combination
therapy further decreased fasting and postpran-
dial blood glucose, hemoglobin A, fasting insu-
lin and homeostasis model assessment of insulin
resistance (HOMA-IR). Total cholesterol and
LDL-C were decreased significantly as well (38).
In patients treated with berberine alone no severe
gastrointestinal adverse effects were recorded. In
combination therapy the adverse effects (diarrhea,
constipation, flatulence, abdominal pain) disap-
peared in 1 week after reduction of berberine dos-
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age from 500 mg to 300 mg 3 times daily. Thus,
the optimal dose of berberine with minimal side
effects seems to be 300 mg 3 times daily, especially
in combination therapy with antidiabetic drugs. In
another study, T2DM patients with dyslipidemia
were treated with berberine (500 mg 2 times daily)
for 3 months (40). Fasting and postprandial blood
glucose, hemoglobin Ay, total cholesterol, LDL-C
and triglycerides were all significantly reduced in
the berberine-treated group. During the period of
the study no serious adverse events occurred. Only
a small number of patients receiving berberine (8.7
%) experienced mild to moderate constipation. No
episode of hypoglycemia was reported. In 2010,
a trial with daily administration of 1000 mg ber-
berine confirmed the hypoglycaemic action of the
phytochemical (39). The fasting blood glucose- and
hemoglobin A, -lowering effects of berberine were
tound similar to those of metformine and rosiglita-
zone. Berberine was also found capable to increase
the percentages of peripheral blood lymphocytes
that express insulin receptor (39). Berberine and
rosiglitazone, a thiazolidinedione (TZD), work
through different mechanisms. TZDs decrease in-
suline resistance by activating peroxisome prolifer-
ator-activated receptor- g(PPARg ) thus increas-
ing body weight gain. Contrary to TZD, berberine
reduces the expression of PPARg, thus preventing
weight gain by suppressing preadipocytes differen-
tiation (15,42). Therefore berberine may be a good
choice in overweight or obese TDM2 patients. The
effect of berberine on inflammatory parameters in
TDM2 patients was investigated by Chen et al (2).
In newly diagnosed T2DM patients administration
of berberine (300 mg 3 times daily for 8 weeks)
markedly reduced C-reactive protein (CRP), tumor
necrosis factor (TNF)-a and lipopolysaccharide
(LPS) levels. At the end of the trial fecal Bifido-
bacterium species were significantly modified. Bifi-
dobacterium longum, Bifidobacterium adolescentis and
Bifidobacterium infantis correlated significantly with
TNF- aand LPS levels, suggesting the capability of
berberine to modulate fecal microbiota thus reduc-
ing the expression of the inflammatory parameters

TNF-a and LPS (2).

Silymarin

Silymarin is a standardized extract of Silybum
marianum (milk thistle) seeds containing several
flavolignans amongst which the most important is
sylibin (silibinin). Milk thistle has been used since
ancient times to treat a range of liver and gallblad-
der disorders (hepatitis, cirrhosis and jaundice).
Silymarin has antioxidant and anti-inflammatory
properties. It inhibits lipid peroxidation (37), pre-
vents glutathione depletion (34) and activates anti-
oxidant enzymes that protect DNA from degrada-
tion (18). Concerning the anti-inflammatory effects,
a strong inhibitory effect of silibin on LTB4 (leu-
kotriene B4) formation has been demonstrated (4).
Silymarin also exerts an inhibitory effect on nitric
oxide (NO) production and inducible nitric oxide
synthase (iNOS) gene expression (17). Inhibition of
intrahepatic expression of TNF- , aINFg , interleu-
kin (IL)-2 and IL-4 have been also demonstrated
(30). The antioxidant and anti-inflammatory prop-
erties of silymarin may induce a positive effect on
diabetic metabolic abnormalities. Administration
of silymarin to cirrothic diabetic patients (600 mg
daily) for 12 months significantly reduced fasting
plasma glucose and insulin, glicosuria and daily in-
sulin requirement (35). Serum oxaloacetic transam-
inase (SGOT) and glutamic pyruvic transaminase
(SGPT) were also significantly improved in silyma-
rin-treated group (35). Supporting the antioxidant
effect of the compound, plasma malondialdehyde
(MDA) levels were significantly decreased by sily-
marin treatment (35). In a 4-month trial, silymarin
(200 mg 3 times daily) (11) significantly decreased
fasting blood glucose, HbA,., SGOT and SGPT
levels. These findings indicate that silymarin, at the
dosage of 600 mg/daily, may exert antidiabetic ef-
fects also after a short administration period. The
effects of silymarin on antioxidant status were re-
ported by Ebrahimpuor Koujan in 2015 (9). T2DM
patients received 140 mg silymarin, 3 times daily for
45 days. Silymarin treatment significantly increased
superoxide dismutase (SOD), glutathione peroxi-
dase (GPX) activity and total antioxidant capacity
(TAC) while decreasing plasma MDA and hs-CRP
levels. Contrary to berberine, silymarin seems to
have no effect on lipid profile (36). No mayor side
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effects have been reported for silymarin (36), thus
this phytochemical may be considered as a useful
complementary medication in T2DM.

Berberol

Despite the known favourable effects of berber-
ine on glycemic control and lipidic profile, the effi-
cacy of this phytochemical is limited by its poor oral
bioavailability (3). In fact, the amount of berberine
capable of crossing enterocytes is greatly reduced by
a P-glycoprotein-mediated gut extrusion process
(26). Silymarin is a known P-glycoprotein inhibitor
(43). Thus combination of berberine with silymarin
may be suitable to enhance the oral bioavailability
and increase the clinical effectiveness of berber-
ine. Berberol is a commercial nutraceutical mixture
composed by

588 mg of Berberis aristata extract (standardized
based on 85% berberine) and 105 mg of §. mari-
anum extract (standardized based on 60% flavolig-
nans) (5).

T2DM patients with suboptimal glycemic con-
trol despite the use of antidiabetic drugs were treated
with Berberol for 3 months (6). At the end of the
treatment HbA,. basal insulin and HOMA-IR, to-
tal cholesterol, LDL-C and triglycerides were all sig-
nificantly reduced (6). The decrease in basal insulin
and HOMA-IR confirms the capability of Berberol
to increase insulin sensitivity and makes this nutra-
ceutical combination a good candidate as an adju-
vant therapy in poorly controlled T2DM patients.
Berberol (1000 mg/day of berberine and 210 mg/
day of silymarin) was compared with berberine alone
(1000 mg/day) in a 4-months clinical trial (7). Ber-
berol demonstrated to be more effective than berber-
ine alone in reducing HbA,. while both treatments
similarly reduced fasting blood glucose, total choles-
terol, triglycerides, SGOT and SGPT levels (7). As
regard the safety of the nutraceutical combination,
no patients reported any serious adverse event (myo-
pathy or liver toxicity). Only about 15% of patients
reported a mild transient abdominal discomfort. In
2015 a clinical trial investigated the role of Berberol
in diabetic and hypercholesterolemic patients intol-
erant to statins (8). Patients were divided into three
groups (low-dose statin-treated, ezitimibe-treated

and patients not treated with antihyperlipidemic
drugs) and treated for 1 year with Berberol. At the
end of the study fasting blood glucose, HbA,., total
cholesterol and LDL-C were significantly reduced
in all groups of patients without any serious side ef-
fects (8). Therefore Berberol may be suggested as a
safe and effective supplement to improve the lipidic
and glycemic profile of hypercholesterolemic T2DM
patients intolerant to statins (8).

Curcumin

Curcumin is a polyphenol with diarylheptanoid
structure derived from the rhizome of Curcuma
Longa which is used as a spice in Asian cuisine.
'This phytochemical has anti-inflammatory, antioxi-
dant, immunomodulating and anticancer proper-
ties and its effects on cancer, heart failure, T2DM
and depression have been clinically investigated
(33). Curcumin inhibits Nuclear factor-kB (NF-
kB) signalling pathway, one of the most important
pathways in the cellular and molecular mechanisms
of inflammation and down-regulates the expres-
sion of TNFa, I1-1, I1-6, II-8 and CRP (27,28). In
obese diabetic rats, curcumin decreased plasma glu-
cose and decreased insulin resistance by reducing
serum free fatty acids (FFAs) and increasing fatty
acid oxidation in skeletal muscle (24). In humans,
curcumin (300 mg/day for 3 months) significantly
reduced fasting blood glucose and HOMA-IR in
overweight/obese T2DM patients (25). Serum to-
tal FFAs and triglycerides were also reduced while
lipoprotein lipase (LPL) activity increased (25).
These findings suggest that the hypoglycemic ef-
fect of curcumin may be at least in part related to
the ability of the phytochemical to decrease serum
FFAs generation, which represents one of the major
factors inducing insuline resistance. In keeping with
this view, in vifro experiments demonstrated the
ability of curcumin to improve FFAs b-oxidation
through upregulation of phosphorylated AIMP-ac-
tivated protein kinase pathway (24). Due to its low
bioavailability, curcumin must be used at high dose
to achieve therapeutic levels. To improve the bio-
vailability of curcumin a formulation of curcumin as
a nanomicelle structure (Nano-curcumin) has been
studied (29). Administration of Nano-curcumin (80
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mg/die) for 3 months to T2DM patients, signifi-
cantly decreased fasting blood glucose, HbA,., tri-
glycerides and BMI (Body Mass Index) (29). These
results suggest that administration of curcumin as
nanomicelle may be a promising strategy to increase
curcumin bioavailability and its therapeutic efficacy.

Pycnogenol

Pycnogenol is an extract of bark from the French
maritime pine (Pinus pinaster Ait.) standardized to
70 + 5% procyanidins. It represents a concentrate
of water-soluble polyphenols (36). Pycnogenol has
strong antioxidant and anti-inflammatory effects
and endothelium-dependent vasodilator activity
(10,30). The improvement of endothelial-dependent
vasodilator function leads to a decrease in blood pres-
sure levels in hypertensive subjects (14,44). Another
effect of Pycnogenol is inhibition of a-glucosidase.
Inhibition of a-glucosidase causes decreased glucose
reabsorption and postprandial hyperglycemia (13).
The inhibition of a-glucosidase provided by pycnog-
enol is more potent than that provided by green tea
extract (ICs about 5 mg/ml vs ICs,about 20 mg/ml)
(12). In 2010, Stuard et al (32) investigated benefits
of Pycnogenol as an adjunctive treatment to ACE-
inhibitor ramipril in metabolic syndrome patients
with hypertension and microalbuminurea. Pycnog-
enol (150 mg daily) taken in addition to ramipril (10
mg daily) further decreased blood pressure, fasting
blood glucose, HbAlc , 24 hour urinary albumin
and serum creatinine. C-reactive protein (CRP) lev-
els decreased significantly only in the pycnogenol-
treated group (32). In a more recent study (1) the ef-
tects of 6 months supplementation with Pycnogenol
(150 mg daily) were studied in subjects with meta-
bolic syndrome. Pycnogenol significantly decreased
blood pressure, fasting blood glucose, and triglycer-
ides levels while increasing HDL-C levels (1). Waist
circumference was significantly reduced in patients
with metabolic syndrome (both males and females)
treated with Pycnogenol. No side-effects due to the
treatment with the phytochemical were observed.
This study (1) indicates a role for Pycnogenol for
improving health risk factors in patients with meta-
bolic syndrome. To investigate the anti-diabetic ef-
fects of pycnogenol, 77 patients with T2DM (taking

standard anti-diabetic drugs) were treated with 100
mg pycnogenol for 12 weeks (23). Pycnogenol sig-
nificantly lowered plasma glucose levels as compared
with placebo. HbA1lc was also lowered; however, the
difference as compared with placebo was statistically
significant only for the first month of treatment. In
the Pycnogenol-treated patients plasma levels of en-
dothelin-1, a potent vasoconstrictor peptide secret-
ed by endothelial cells, were significantly decreased,
while 6-ketoprostaglandin F1a levels, the metabolite
of prostacyclin (a prostaglandin with vasodilator and
antithrombotic activity) were elevated compared
with placebo during the entire treatment period
(23). These results indicate that supplementation of
Pycnogenol to conventional diabetes treatment is
able to reduce glucose levels and improve endotheli-
um-dependent vasodilator function.

CONCLUSIONS

'The clinical studies so far performed with nutra-
ceuticals have some limitations such as the limited
duration of the trials and the small sample size of
the enrolled patients. However, the available data
indicate a promising role of some nutraceuticals in
the menagement of T2DM. Berberine, silymarin
and Berberol have the strongest evidence of ben-
eficial effects in T2DM patients. In this context,
an interesting feature of some nutraceuticals is the
ability to improve not only the glycemic control
but also the lipidic profile (berberine and Berberol),
the antioxidant status (silymarin) or endothelium-
dependent vasodilator function (Pycnogenol) of
the patients. The dosage of the nutraceutical is an
important variable. The administered dose should
be sufficient to provide therapeutic activity (taking
into account that natural compunds have mostly low
biovalability) without or with minimal side effects.
Promising strategies to increase the biovailability
and the therapeutic efficacy of nutraceuticals are the
co-administartion of absorption enhancers or alter-
native delivery systems to traditional oral formula-
tion. In conclusion, a place for nutraceuticals in the
treatment of T2DM patients is emerging. However,
future well-designed clinical trials are needed to
confirm the efficacy and safety of nutraceuticals in
the menagement of type 2 diabetes.
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