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Abstract: Metabolic syndrome (MetS) represents a cluster of metabolic abnormalities that
include hypertension, central obesity, insulin resistance, and atherogenic dyslipidemia, and
is strongly associated with an increased risk for developing diabetes and atherosclerotic
and nonatherosclerotic cardiovascular disease (CVD). The pathogenesis of MetS involves
both genetic and acquired factors that contribute to the final pathway of inflammation

that leads to CVD. MetS has gained significant importance recently due to the exponential
increase in obesity worldwide. Early diagnosis is important in order to employ lifestyle and
risk factor modification. Here, we review the epidemiology and pathogenesis of MetS, the
role of inflammation in MetS, and summarize existing natural therapies for MetS.
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Introduction

Metabolic syndrome (MetS) is a cluster of meta-
bolic abnormalities that includes hypertension,
central obesity, insulin resistance, and atherogenic
dyslipidemia. MetS is strongly associated with an
increased risk of developing atherosclerotic cardi-
ovascular disease (CVD).! The pathogenesis of
MetS involves both genetic and acquired factors
that play a role in the final pathway of inflamma-
tion that leads to CVD. MetS has become increas-
ingly relevant in recent times due to the exponential
increase in obesity worldwide. Early diagnosis is
important in order to employ effectively lifestyle
and risk factor modification. Pharmaceutical ther-
apy in MetS is aimed at treating the individual
components of MetS such as antihypertensives,
statins, and metformin. Some natural compounds
and dietary elements, also called nutraceuticals,
have been shown to have some benefit in the treat-
ment of MetS. Here, we review the epidemiology
and pathogenesis of MetS, the role of inflamma-
tion in MetS, and summarize existing natural
therapies for MetS.

MetS: definitions and epidemiology

Definitions

MetS, also labeled as ‘insulin resistance syn-
drome’, ‘syndrome X’, ‘hypertriglyceridemic
waist’, and ‘the deadly quartet’, is increasingly
being recognized as an important cardiovascu-
lar risk factor. The diabetes consultation group
of the World Health Organization created the
first internationally recognized definition of
MetS in 1998.1 They defined MetS as the pres-
ence of insulin resistance (impaired fasting glu-
cose, impaired glucose tolerance, or type 2
diabetes mellitus) in addition to two of the fol-
lowing risk factors: obesity (waist—hip ratio or
body mass index), hyperlipidemia (hypertri-
glyceridemia, low high-density lipoprotein
[HDL] cholesterol), hypertension, or microal-
buminuria. Since the initial description of
MetS, several iterations of this definition have
been proposed (Table 1). MetS defined by any
of the above criteria, remains a predictor of ath-
erosclerotic CVD.
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Figure 1. Pathophysiological mechanisms in metabolic syndrome. AT2, angiotensin |l type 2 receptor;
CRP, C-reactive protein; IL-6, interleukin 6; LOX, lectin-like oxidized low-density lipoprotein; RAAS, renin-
angiotensin-aldosterone system; ROS, reactive oxygen species; TNF, tumor necrosis factor.

Epidemiology and gender differences in MetS

The prevalence of MetS varies around the world
and often corresponds with the prevalence of obe-
sity. There is a wide variation in prevalence based
on age, gender, race/ethnicity, and the criteria used
for diagnosis. MetS affects a fifth or more of the
population of the USA and about a quarter of the
population of Europe. South-east Asia has a lower
prevalence of MetS but is rapidly moving towards
rates similar to the western world. Beltran-Sanchez
and colleagues reported a decrease in the age-
adjusted prevalence of MetS in the USA, from
25% in 2000 to 22.9% between 1999/2000 and
2009/2010 based on National Health and Nutrition
Examination Survey (NHANES) data.2

There are also gender- and race-based variations
in MetS. Ford and colleagues described the dis-
tribution of MetS components in the USA based
on gender and race using NHANES data col-
lected between 1988 and 1994.3 The prevalence
of MetS in African-American women is 57%
higher than in African-American men and 26%
higher in Hispanic women compared with
Hispanic men. Among the components of MetS,
insulin resistance is more common in Hispanics,
hypertension in African-Americans, and dyslipi-
demia in Whites.# A more recent analysis of the
same database by Miller and colleagues estimated
that 10.1% of US adolescents have MetS.> They

reported that males have a higher prevalence of
MetS compared with females and that Hispanics
appear to be at a higher risk.

Pathogenesis of MetS: role of inflammation
The pathogenic mechanisms of MetS are com-
plex and remain to be fully elucidated. Whether
the individual components of MetS represent dis-
tinct pathologies or manifestations of a common
pathogenic mechanism is still debated. The wide
variation in geographic distribution of MetS and
the recent ‘catch up’ in the developing world
emphasize the importance of environmental and
lifestyle factors such as the consumption of excess
calories and lack of physical activity as being
major contributors. Visceral adiposity has been
demonstrated to be a primary trigger for most of
the pathways involved in MetS, thus stressing the
importance of a high caloric intake as a major
causative factor.® Of all the proposed mecha-
nisms, insulin resistance, neurohormonal activa-
tion, and chronic inflammation appear to be the
main players in the initiation, progression, and
transition of MetS to CVD (Figure 1).

Insulin resistance
Insulin resistance-mediated increase in circulat-
ing free fatty acids (FFAs) is believed to play a

http://tac.sagepub.com

217


http://tac.sagepub.com

Therapeutic Advances in Cardiovascular Disease 11(8)

pivotal role in the pathogenesis of MetS. Insulin
increases glucose uptake in muscle and liver, and
inhibits lipolysis and hepatic gluconeogenesis.
Insulin resistance in adipose tissue impairs insu-
lin-mediated inhibition of lipolysis, leading to an
increase in circulating FFAs that further inhibit
the antilipolytic effect of insulin.” FFAs inhibit
protein kinase activation in the muscle leading to
reduced glucose uptake. They increase protein
kinase activation in the liver that promotes gluco-
neogenesis and lipogenesis. The net effect is the
creation of a hyperinsulinemic state to maintain
euglycemia. Eventually, the compensation fails
and insulin secretion decreases. FFAs are also
lipotoxic to beta cells of the pancreas causing
decreased insulin secretion.® Insulin resistance
also contributes to the development of hyperten-
sion due to loss of the vasodilator effect of insulin
and vasoconstriction caused by FFAs.° Additional
mechanisms include increased sympathetic acti-
vation and sodium reabsorption in the kidneys.
Insulin resistance also causes an increase in
serum viscosity, induction of a prothrombotic
state, and release of pro-inflammatory cytokines
from the adipose tissue that contribute to
increased risk of CVD.10

Visceral fat deposits contribute to insulin
resistance more than subcutaneous fat, as vis-
ceral lipolysis leads to an increased supply of
FFAs to the liver through the splanchnic circu-
lation. Increase in FFAs leads to increased tri-
glyceride synthesis and the production of
apolipoprotein B containing triglyceride-rich
very low-density lipoprotein (LDL) in the
liver.!! Increase in small dense LDL choles-
terol and reduction in HDL cholesterol are
indirect effects of insulin resistance caused by
altered lipid metabolism in the liver. Visceral
adipose tissue is also considered more meta-
bolically active and synthesizes significantly
higher amounts of bioactive secretory proteins
such as plasminogen activator inhibitor, which
promotes a prothrombotic state, and heparin-
binding epidermal growth factor like growth
factor, which promotes smooth muscle cell
proliferation and vascular remodeling.

Neurohormonal activation

The discovery of endocrine and immune proper-
ties of adipocytes has provided further mechanis-
tic insights into the development of MetS.
Adipokines released from visceral adipose tissue
have been shown to be associated with MetS and

CVD.12 Leptin is an adipokine that controls
energy homeostasis mediated by the hypothala-
mus and is known to stimulate the immune cells
activating the Thl pathway. Obesity increases
leptin levels and higher leptin levels are directly
correlated to increased cardiovascular risk.
Adiponectin is an anti-inflammatory and anti-
atherogenic adipokine and its effects counter
those of leptin. Adiponectin has anti-atherogenic
properties and it decreases both vascular reactiv-
ity and smooth muscle proliferation, and
improves plaque stability.1> Adiponectin has
been considered a protective factor against the
development of diabetes, hypertension, and
acute myocardial infarction.!®!> An increase in
adipose tissue mass correlates with reduced adi-
ponectin and higher leptin levels, which eventu-
ally enhance CVD risk.

Activation of the renin-angiotensin system (RAS)
also serves as an important neurohumoral path-
way contributing to the development of MetS.
Angiotensin II (Ang II), formed as a result of
angiotensin-converting enzyme activation, is also
produced by adipose tissue. Obesity and insulin
resistance are associated with increased produc-
tion of Ang II.1® Ang II, through activation of the
type 1 receptor, activates nicotinamide adenine
dinucleotide phosphate oxidase leading to the
generation of reactive oxygen species (ROS).!7
ROS precipitate a multitude of effects including
oxidation of LDL, endothelial injury, platelet
aggregation, expression of redox-sensitive tran-
scription factor nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB), and
expression of lectin-like oxidized low-density
lipoprotein receptor-1 (LOX-1) on the endothe-
lium and vascular smooth muscle cells.’® RAS,
ROS, and LOX-1 have an interrelated positive
feedback loop that initiates a vicious cycle of
inflammation, endothelial damage, and fibroblast
proliferation that contributes to the development
of hypertension, dyslipidemia, diabetes, cardiac
hypertrophy, and CVD.1°

Inflammation: the final common pathway
Activation of various pro-atherogenic pathways in
MetS culminates in a final common pathway of
inflammation that eventually leads to clinical
manifestations of MetS. As described earlier, sys-
temic oxidant stress induced by obesity and insu-
lin resistance leads to increased activation of
downstream signaling cascades that cause athero-
genesis and tissue fibrosis.
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Inflammation plays an important role in the
pathogenesis of CVD and various?® inflammatory
markers have been shown to be elevated in patients
with MetS. Whether these markers play a causa-
tive role or are mere bystanders of ongoing inflam-
mation remains controversial.

Tumor necrosis factor alpha. Macrophages within
the adipose tissue secrete tumor necrosis factor
alpha (TNF-a) and its production increases with
increase in adipose tissue mass. TNF-a causes
phosphorylation and inactivation of insulin recep-
tors in the adipose tissue as well as in smooth
muscle cells, the induction of lipolysis increasing
FFA load, and inhibits adiponectin release.?! Ele-
vated serum TNF-o levels are associated with
obesity and insulin resistance, both of which are
major components of MetS.22

Interleukin é and C-reactive protein. Interleukin
6 (IL-6) is a cytokine produced by adipocytes
and immune cells and has complex regulatory
mechanisms.?? Production of IL-6 increases
with increase in body fat and insulin resistance.
It acts on the liver, bone marrow, and endothe-
lium, leading to increased production of acute
phase reactants in the liver, including C-reac-
tive protein (CRP). Several studies have dem-
onstrated a correlation between high CRP levels
and the development of MetS, diabetes, and
CVD.2* TL-6 also increases fibrinogen levels
resulting in a prothrombotic state. IL6 also
promotes adhesion molecule expression by
endothelial cells and activation of local RAS
pathways.2>

Management of MetS

MetS is associated with an increased risk of both
atherosclerotic and nonatherosclerotic CVD.
Whether the risk is a sum total of its individual
components or the clustering of these compo-
nents induces a synergistic risk is still under
debate. Results from a recent meta-analysis by
Motillo and colleagues indicated that MetS dou-
bles the risk of CVD outcomes and increases all-
cause mortality by 1.5 times.26 Management of
MetS involves a dual approach that combines
lifestyle changes and pharmacological interven-
tions in an effort to decrease CVD.

Lifestyle modification
As described earlier, MetS results from increased
calorie = consumption disproportionate  to

metabolic requirements. Lifestyle modification is
imperative in the management of underlying risk
factors. Weight reduction and maintenance of
ideal body weight are essential preventive and
management strategies. The goal of weight reduc-
tion is a loss of 7-10% in baseline body weight
over a period of 6-12 months as well as a reduc-
tion of caloric intake by 500-1000 calories/day.
Dietary modification can also regulate other
MetS components: low intake of saturated fats,
trans fats, cholesterol, sodium, and simple sugars
is known to help with dyslipidemia, hyperglyce-
mia and hypertension, for example. Diets high or
very low in fat content exacerbate atherogenic
dyslipidemia, as such, 25— 35% of daily caloric
intake in the form of fat is usually recommended.
Judicious use of bariatric surgery has shown ben-
efit in the morbidly obese. Weight reduction
helps with improvement in all components of
exercise. Exercise increases calorie consumption,
aiding weight loss and reducing overall CVD
risk: around 30-60 min of moderate intensity
exercise and conscious efforts to alter a sedentary
lifestyle can be beneficial for the management of
MetS.

Pharmacotherapy

Along with modifying the underlying risk fac-
tors, pharmacotherapy is another option for
the prevention of CVD. Major pharmacologi-
cal interventions include management of dys-
lipidemiawithstatins, decreasing prothrombotic
risk with antiplatelet drugs, and the use of
insulin sensitizers to decrease the risk of diabe-
tes. There is no single drug therapy for MetS
and currently available pharmacotherapy and
associated comorbidities necessitate prolonged
use of multiple medications, which is challeng-
ing for patients due to polypharmacy and
reduced compliance. Thus, there is growing
interest in the use of naturally occurring com-
pounds in lowering the risk and progression of
MetS though their effect on long-term cardio-
vascular outcomes and long-term compliance
is unknown.

Nutraceuticals in the management of MetS

Dietary supplements that provide health benefits
in addition to basic nutritional value are termed
nutraceuticals. Various natural compounds
derived from plant extracts, spices, herbs, and
essential oils have demonstrable benefit in the
management of patients with MetS (Table 2). As
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Table 2. Nutraceuticals in metabolic syndrome.

Source Active ingredient Actions
Turmeric Curcumin Anti-inflammatory, antioxidant
(Curcuma longa) T Insulin sensitivity
{ Obesity
{ Leptin and T adiponectin
Garlic Allicin Anti-inflammatory
(Allium sativum) Antioxidant
T Insulin sensitivity
{ Total cholesterol and triglycerides
T Adiponectin levels
Cinnamon Polyphenols Antithrombotic
(Cinnamomum verum) Anti-inflammatory
T Insulin sensitivity
Improves fasting blood glucose, blood
pressure, and body composition
Rhizoma coptidis Berberine 1 Insulin sensitivity
{ Body weight
{ Triglycerides
1 Systolic blood pressure
Neem Neem oil T Insulin secretion

(Azadirachta indica)

Bergamot orange
(Citrus bergamia)

Cumin (Cuminum cyaminum)

Fenugreek
(Trigonella foenum)

Cardamom
(Elettaria cardamomum)

Ginger
(Zingiber officinale)

Grapes (Vitus vinifera)

Onions (Allium cepa)

Fish oils (Omega fatty acids)

Broccoli (Brassica oleracea)

Bergamot essential oil

Cuminaldehyde

Saponins, galactomannan

Terpenine, cineol

Gingerols, shogaols,
parasols

Resveratrol,
3,5,4'-trihydroxy-trans-
stilbene

Quercetin

Polyunsaturated fatty
acids

Sulforaphrane

{ Postprandial hyperglycemia

Anti-inflammatory and antioxidant effects
{ Lectin-like oxidized low-density lipoprotein
receptor-1 expression

 Reactive oxygen species formation

{ Lipid levels
4 Blood glucose levels

4 Body weight

{ Triglycerides and total cholesterol
T Insulin sensitivity

{ Postprandial blood glucose

{ Systolic blood pressure
{ Platelet aggregation

Anti-inflammatory
{ Cyclooxygenase-2,  5-lipoxygenase
{ Systolic blood pressure

{ Adipogenesis

T Lipolysis

{ Insulin resistance
I Body mass index

Anti-inflammatory

Antioxidant

{ Adipogenesis

1 Lipolysis

J Blood glucose, ¥ cholesterol levels

{ Lipogenesis

T Fatty acid oxidation

Regulate peroxisome proliferator-activated
receptor gamma

Activates nuclear factor erythroid 2-related
factor 2

Antioxidant

Anti-inflammatory
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the benefits of these nutraceuticals are still under
investigation, these therapies are not recom-
mended as replacement for pharmacotherapies
currently used in MetS.

Here, we describe the nutraceuticals that have
been studied and have shown some benefit in
MetS.

Curcumin

Curcumin is a derivative of turmeric (Curcuma
longa), a spice commonly used in south-east
Asia. The active ingredient, diferuloylmethane,
is known to have anti-inflammatory and antioxi-
dative properties. Curcumin has been shown to
suppress NF-kB activation, which blunts the
inflammatory cascade by reduction in the expres-
sion of pro-inflammatory cytokines, downregu-
lates TNF-o expression, and suppresses
expression of plasminogen activator inhibitor
type-1, which is responsible for a prothrombotic
state.?’2° Curcumin also inhibits the Wnt/p-
catenin pathway linked to obesity and activates
peroxisome proliferator-activated receptor
gamma in hepatic stellate cells.3° Curcumin is
also known to interrupt leptin signaling thus
increasing adiponectin expression. Negative
effects on obesity and positive effects on insulin
sensitization as well as blunting of the inflamma-
tory pathways serve as beneficial effects in MetS.

Garlic

Garlic (Allium sarivum), a commonly used con-
diment, is also known to have medicinal value
because of its antioxidant and antithrombotic
properties. Padiya and colleagues found that raw
garlic improves insulin sensitivity in fructose-fed
rats and may have similar effects in humans.3!
Reinhart and colleagues, in a meta-analysis of 29
randomized placebo-controlled trials comparing
the effect of garlic on lipid profiles, showed that
the garlic intake lowers total cholesterol and tri-
glyceride levels.32 In another study, Gomez-
Arbelaez and colleagues demonstrated the effect
of aged garlic extract on adiponectin levels in
people with MetS. Use of aged garlic extract for
12 weeks was shown to improve adiponectin lev-
els.3®> The anti-inflammatory effect of garlic
comes from the organosulfur compounds in its
derivatives. These compounds have an antioxi-
dant action due to thiol groups that help fight
ROS-mediated inflammation making garlic a
promising natural therapy for MetS.

Cinnamon

Cinnamon (Cinnamomum verum), derived from a
tree bark and used as a spice and flavoring agent,
is frequently used in Chinese and Indian tradi-
tional medicines. Cinnamon extracts and poly-
phenols have antithrombotic, insulin-sensitizing,
lipid-lowering, anti-inflammatory, and antioxi-
dant properties that are beneficial in MetS.
Cinnamon polyphenols have insulin-like activity
and several studies have reported improvement in
glycemic controls and lipid levels. In a rand-
omized placebo-controlled trial, Ziegenfuss and
colleagues demonstrated that the use of an aque-
ous extract of cinnamon was associated with
improvement in fasting blood glucose, blood
pressure, and body composition in people with
MetS.34 All the mechanistic pathways in this pro-
cess have yet to be elucidated, however some
studies in mouse models indicate that cinnamon
extracts can regulate adipocyte gene expression to
improve glucose transport (GLUT 4) and insulin
signaling.35

Berberine

Berberine is an alkaloid from the plant Rhizoma
copridis and is used in China for its antimicrobial
properties, and is known to have antidiabetic
properties. Studies in insulin-resistant animals
show that the use of berberine improves body
weight, triglyceride levels, and insulin sensitivity.
Berberine acts through upregulation of genes
involved in energy utilization and downregulation
of genes involved in lipogenesis.3¢ It has an insu-
lin-sensitizing action, similar to metformin
and thiazolidinediones, mediated by adenosine
monophosphate-associated protein kinase activa-
tion in adipocytes.3” Studies in humans with
MetS have reported a reduction in waist circum-
ference, triglyceride levels, and systolic blood
pressure, especially in women.38

Neem

Azadirachta indica, also known as neem or nim
tree, is known to have medicinal value. Neem
extract is associated with an increased glucose
tolerance by reducing intestinal and pancreatic
glucosidase activity, which helps improve post-
prandial hyperglycemia. An increase in glucose-
6-phosphate dehydrogenase activity which
increases glucose utilization has also been previ-
ously observed.?® Furthermore, Neem extracts
also help with the regeneration of pancreatic
beta cells, improving insulin secretion.

http://tac.sagepub.com
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Bergamot oil

Bergamot essential oil is a citrus essential oil
derived from Citrus bergamia, and has anticancer,
anti-inflammatory, antimicrobial, and antianxiety
properties. In the context of MetS, the antioxidant
effects of bergamot oil are most significant. Mollace
and colleagues studied the effect of the antioxidant
component of bergamot oil on LOX-1 expression
and free-radical generation on carotid injury in the
rat.¥0 In the study, balloon injury was associated
with smooth muscle cell proliferation, neointima
formation, ROS generation, and increased LOX-1
expression. Pretreatment of these rats with berga-
mot essential oil decreased neointima formation,
LOX-1 expression, and free-radical generation,
reducing the degree of stenosis.?0 Other natural
compounds such as procyanins, 6-shogoal procya-
nins, and flavonoids have also been associated with
antioxidant properties that may be beneficial for
the management of MetS.

Resveratrol

Resveratrol (3,5,4'-trihydroxystilbene) is a poly-
phenol present in plants such as grapes and nuts,
and derivatives such as wine. It is an activator of
the sirtuin pathway, which regulates several cellu-
lar functions related to metabolism, oxidation, and
aging. It has favorable effects on cellular energy
homeostasis, such as decreasing adipogenesis and
increasing lipolysis, through multiple mechanisms,
and also inhibits cyclooxygenase with a resulting
antioxidant action.! The use of resveratrol in
MetS has been studied in animal models as well as
in humans. Clinical studies in patients with insulin
resistance and nonalcoholic fatty liver disease have
shown promising results.4? In fact, use of resvera-
trol has shown to improve insulin sensitivity, glu-
cose tolerance, and overall weight and body mass
index in patients with MetS.43

Quercetin

Quercetin, a plant-derived flavonoid found in veg-
etables and fruits such as onions, berries, and tea,
has been reported to have anti-inflammatory and
antioxidant metabolic effects. Quercetin acts via
mitochondrial pathways involved in adipokinesis
and lipolysis that affect the development of obe-
sity.#* Rivera and colleagues studied the effect of
quercetin in obese Zucker rats. In this study, rats
that received quercetin had lower blood pressure,
lower cholesterol levels, and lower insulin resist-
ance compared with rats that did not. Higher doses
of quercetin also produced an anti-inflammatory

effect in the visceral adipose tissue.*> Pfeuffer and
colleagues studied the metabolic implications of
quercetin use in humans, specifically in men with
an apolipoprotein E genotype, and discovered that
quercetin improves metabolic parameters such as
waist circumference, postprandial blood glucose,
and lipids, but also an increase in inflammatory
markers such as TNF-a.46

Omega fatty acids

Omega-3 long-chain polyunsaturated fatty acids
(PUFASs) have been extensively studied in multiple
epidemiological studies, specifically in relation to
their protective role in MetS-related diseases.%’
Two specific PUFAs, eicosapentaenoic acid and
docosahexaenoic acid, found abundantly in fish
oils have received wide attention, leading to major
societal preventive recommendations.*® PUFAs
have been shown to inhibit lipogenesis and induce
fatty acid oxidation in liver and adipose tissue via
regulation of key transcription factors such as the
peroxisome proliferator-activated receptors and
sterol regulatory element binding protein.49-52
Despite a favorable impact on various components
of MetS, long-term data on prevention of hard car-
diovascular endpoints with the use of PUFAs have
not been confirmed. However, strong pathophysi-
ological correlates of underlying mechanisms are
encouraging and need further study.

Sulforaphane

Another phytochemical, sulforaphane, extracted
from vegetables of the Brassica family such as
broccoli, has also recently been shown to have
potential beneficial effects in MetS, due to its
antioxidant and anti-inflammatory properties.
Sulforaphane activates nuclear factor erythroid
2-related factor 2, an antioxidant transcription
factor. Several animal studies have demonstrated
a protective role of sulforaphane against various
disorders such as hypertension, hyperlipidemia,
and diabetes, all key components of MetS.52-5¢

Summary

MetS is a global epidemic and an established risk
factor for atherosclerotic and nonatherosclerotic
CVD. Significant variations exist in the diagnos-
tic criteria and definition of MetS, which repre-
sent a temporal change in the understanding of
this disease. Various stimuli culminating in a state
of chronic inflammation seem to be the main
pathophysiological drivers for MetS. Existing
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therapies to tackle various components of MetS
are limited by various factors. Firstly, the exist-
ence of only a handful of medications that have
been shown to have a convincing effect on long-
term outcomes makes the choice of therapy chal-
lenging. Secondly, the chronic nature of the
components of MetS warrant prolonged and
often indefinite use of various medications such
as statins, leading to an increased burden of drug-
related adverse effects and patient noncompli-
ance. In this context, the development of
nutraceuticals that are readily available and with
minimal side effects may represent an area of
promise in the development of novel therapies.
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