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Abstract

Introduction Metabolic syndrome (MetS) is a cluster of metabolic risk factors that include central obesity, hypertension,
insulin resistance, and atherogenic dyslipidemia and is strongly associated with a greater risk for developing cardiovascular
disease and type 2 diabetes mellitus.

Methods A literature search was conducted using the words metabolic syndrome, definition and pathogenesis in Scopus,
and PubMed. The search also extended to cover medicinal plants and their role as a potential treatment of the metabolic syn-
drome. The search based on studies published in the English language from 1st of January 2000 to 30th of May 2021. The
abstracts and the articles were then screened. Articles were scanned and read; further relevant references in the reference lists
are also included.

Results Both lifestyle factors and genetic factors are involved in the pathogenesis of the metabolic syndrome. Recently,
MetS have gained significant attention due to the high prevalence of obesity worldwide. Diagnosis of patients with MetS is
important to improve the outcomes of the disease by employing lifestyle and risk factors modifications. Currently, there is a
rising interest in medicinal plants and their extracts because the medicinal plants have minimal side effects. Here we review
the history, definitions, pathogenesis, management of metabolic syndrome and summarize the beneficial effects of some
medicinal plants and their extracts on MetS.

Conclusion Further research and clinical studies are needed to establish whether medicinal plants can be safely given as
potential therapy for metabolic syndrome and whether this can be beneficial in low resources setting countries.
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Introduction

Metabolic syndrome (MetS) is a group of metabolic risk
factors that include central obesity, hypertension, insulin
resistance, and atherogenic dyslipidemia and is strongly

P< Musaab Ahmed
m.omer @ajman.ac.ae

' College of Medicine, Ajman University, P.O.Box: 346, associated with a greater risk for developing cardiovascu-
Ajman, United Arab Emirates lar disease and type 2 diabetes mellitus [1]. The elements
2 Center of Medical and Bio-allied Health Sciences Research, that regulate MetS are central obesity, hypertension, insu-
Ajman University, Ajman, United Arab Emirates lin resistance, and atherogenic dyslipidemia [1]. Nonal-
3 Department of Physiology, Faculty of Medicine, University coholic fatty liver disease is considered the hepatic mani-
of Khartoum, Khartoum, Sudan festation of MetS. Liver fat is increased in subjects with
*  College of Pharmacy, Al-Ain University, Abu Dhabi, MetS [2]. Both lifestyle factors and genetic factors are
United Arab Emirates also involved in the pathogenesis of MetS [3]. Recently,
5 Department of Medicine and HIV metabolic Clinic, MetS have gained great attention due to the high prev-

Milton Keynes University Hospital NHS Foundation Trust,

. ! ) alence of obesity worldwide [1]. Diagnosis of patients
Eaglestone, Milton Keynes, Buckinghamshire, UK

is important to improve the outcomes of the disease by

Department of Pathology, Faculty of Medicine, University employing lifestyle and risk factors modifications. The

of Medical Sciences and Technology, Khartoum, Sudan

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40200-021-00965-2&domain=pdf

1012

Journal of Diabetes & Metabolic Disorders (2022) 21:1011-1022

diagnosis of MetS depends on the presence of all or some
of the components of MetS (central obesity, hyperten-
sion, insulin resistance, and dyslipidemia). The four main
definitions for MetS are the World Health Organization
definition (1999) [4], The international diabetes federa-
tion (IDF) consensus worldwide definition of the meta-
bolic syndrome (2006) [5], The European Group for the
Study of Insulin Resistance (1999) [6], The US National
Cholesterol Education Program Adult Treatment Panel 111
(NCEP) (2001) [7]. The most important lifestyle modifi-
cations that the patients with metabolic syndrome should
be employed are weight reduction, eating healthy food
and exercise.

Moreover, patients with MetS should be advised to
stop smoking [8, 9]. Some medicinal plants and dietary
elements have been shown to improve the elements of
metabolic MetS [10]. Importantly, some medicinal plants
have the ability to improve insulin sensitivity, decrease
blood glucose levels, plasma levels of cholesterol, tri-
glycerides, low-density lipoprotein-cholesterol, body fat
percentage, and blood pressure[10]. Medicinal plants
can be defined as any plant contains substance that has
therapeutic properties or exert beneficial pharmacologi-
cal effect on humans or animals [11]. Medicinal plants
include plants, herbs, food plants, spices, and microscopic
plants [11]. Currently, there is a rising interest in medici-
nal plants and their extracts because the medicinal plants
have minimal side effects [10]. These minimal side effects
include nausea, vomiting, loss of appetite, diarrhea, con-
stipation, pain, headache, dizziness, allergic reactions,
muscle spasm, muscle weaknesses, and sleep disorders
[12]. Moreover, medicinal plants are available, afford-
able and widely used [10]. Here we review the historical
background, definitions, epidemiology, and pathogenesis
of metabolic syndrome and summarize beneficial effects
of some commonly used medicinal plants from Africa and
the far east and their extracts on MetS.

Methods

This research project was conducted as a review article.
The authors searched on the literature using the follow-
ing databases: PubMed and Scopus. These databases
were searched using the keywords: metabolic syndrome,
definition, pathophysiology and treatment. The authors
also searched using a combination of the following terms
[(metabolic syndrome) AND (definition) AND (patho-
physiology)] OR [(medicinal plants) AND (herb) AND
(extract) AND (spices) AND (metabolic syndrome) AND
(clinical trials)]. The search based on studies published
in the English language from 1% of January 2000 to 30"
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of May 2021, the abstracts and the articles were then
screened. Total number of publications found in the ini-
tial search was 11721 (6903 from PubMed and 4818 from
Scopus). Total number of publications selected for the
review was 85 (Fig. 1). The selected articles included 14
reviews, 24 animal studies and 47 randomized controlled
trials. Articles were scanned and read; further relevant
references in the reference lists are also included. The fol-
lowing criteria were used to select the articles:

Inclusion criteria

Only randomized controlled trials, animal research stud-
ies, and reviews were included in the study. Only English
documents were eligible. Based on the topics, all stud-
ies about metabolic syndrome or medicinal plants were
included

Exclusion criteria

Commentaries, letters to the editor, case reports, books, pro-
tocols, news, opinions, theses, note, short surveys, confer-
ence abstracts, repeated studies, randomized controlled trials
with small sample size and papers written in other languages
than English were removed.

All the retrieved manuscripts were imported into End-
Note software to remove the duplicates. Then, the titles and
abstracts of the studies were screened based on the eligibility
criteria by two research team members. The flow chart for
the selection of the publications is shown in Fig. 1.

Studies identified
through database
searching
n=11721

duplicates
> n=4372

\ 4

Titles and abstracts
screened
n=7349

Excluded studies
> n=7264

\ 4

Included studies
n=385

Fig. 1 flow chart for selection of articles included in the review
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Historical background of metabolic
syndrome

The term "metabolic syndrome" was known in the late
1950s, but started to be commonly used in the late 1970s
to describe the associations of risk factors with diabetes
mellitus that had been observed in the 1920s [13]. In 1947,
Jean Vague observed that obesity of the upper parts of the
body is a predisposing factor to calculi, gout, diabetes mel-
litus, and atherosclerosis [14]. In 1977, the term "metabolic
syndrome" was used by Haller for the group of obesity,
diabetes mellitus, hyperlipoproteinemia, hyperuricemia,
and hepatic steatosis to describe the effects of risk factors
of atherosclerosis, the same observation was also reported
in the same year [15, 16]. In 1977 and 1978, the concept
that the risk factors for myocardial infarction form a cluster
of abnormalities including glucose intolerance, hyperinsu-
linemia, hypercholesterolemia, hypertriglyceridemia and
hypertension was developed by Gerald Phillips [17, 18].
In 1988, Gerald Reaven Suggested insulin resistance as the
major causative factor of the disease and named the cluster
of abnormalities, Syndrome X. He did not include central
obesity, which was also proposed as the causative factor as
part of the disease [19]. Currently, the terms "metabolic syn-
drome," "insulin resistance syndrome," and "syndrome X"
are used to describe a group of metabolic abnormalities that
increase the risk of developing type 2 diabetes and cardio-
vascular disease.

Components of metabolic syndrome

high blood pressure, atherogenic dyslipidemia (high tri-
glycerides levels and reduced HDL levels and), high blood
glucose and central obesity are the main components of
MetS and are among the main criteria for diagnosing MetS
that have been introduced by scientific societies such as
World Health Organization (WHO), the International Dia-
betes Federation (IDF), the National Cholesterol Educa-
tion Program (NCEP) Adult Treatment Panel III (ATPIII)
[20]. It has been shown that atherogenic dyslipidemia is
the most prevalent component affecting MetS [21].

High blood pressure is one of the commonest mani-
festations of the metabolic disturbances associated with
hyperinsulinemia and insulin resistance, which is the key
factor in the pathogenesis of MetS. Adipocytes release
several factors including adiponectin, leptin, and resistin
that play a role in controlling blood pressure [9]. Moreo-
ver, abnormal glucose tolerance is preceded by high blood
pressure [22]. Hyperinsulinemia occurs in hypertension
as a compensatory response to reduced insulin-stimulated
glucose uptake by skeletal muscle [23]. It has been shown

that 50% of patients with essential hypertension have insu-
lin resistance [24].

Adiposity or abnormal fat accumulation is one of the
causative factors of MetS because it affects insulin sen-
sitivity [25]. It has been shown that central obesity is
responsible for two-thirds of the factors that contribute to
the development of adipose tissue-derived insulin resist-
ance [26]. Insulin resistance leads to a progression from
hyperinsulinemia to glucose intolerance and type 2 diabe-
tes mellitus [27].

Definitions of Metabolic syndrome

The four main definitions for MetS are the World Health
Organization definition (1999) [4], The International Dia-
betes Federation (IDF) consensus worldwide definition of
the metabolic syndrome (2006) [5], The European Group for
the Study of Insulin Resistance (1999) [6], The US National
Cholesterol Education Program Adult Treatment Panel III
(NCEP)(2001) [7]. The US National Cholesterol Education
Program Adult Treatment Panel III (NCEP) was slightly
updated by the American Heart Association [28]. In the
same year, another definition for metabolic syndrome was
set out by the International Diabetes Federation (IDF). These
two definitions are very similar and identify individuals with
a group of symptoms as patients of MetS. However, there are
two differences between them; the IDF states that if BMI >
30 kg/mz, this indicates the individual has central obesity,
and there is no need for measuring the waist circumference.
However, this eliminates any individual without increased
waist circumference if BMI < 30. On the other hand, the
NCERP definition indicates that diagnosis of MetS can be based
on other criteria. In addition, cut points for waist circumfer-
ence based on geography is used in IDF while the cut points
for waist circumference is not based on geography in NCEP.

WHO Criteria

The first internationally recognized definition of MetS was
created by the diabetes consultation group of the World
Health Organization (WHO). The World Health Organiza-
tion criteria (1999) [4] requires presence of one of diabetes
mellitus abnormalities: impaired glucose tolerance, impaired
fasting glucose or insulin resistance, and two of the follow-
ing: Blood pressure: > 140/90 mmHg, dyslipidemia: triglyc-
erides (TG): > 1.695 mmol/L and high-density lipoprotein
cholesterol (HDL-C) < 0.9 mmol/L (male), < 1.0 mmol/L
(female), central obesity: waist:hip ratio > 0.90 (male); >
0.85 (female), or body mass index > 30 kg/mz, microalbu-
minuria: urinary albumin excretion ratio > 20 pg/min or
albumin:creatinine ratio > 30 mg/g
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International Diabetes Federation (IDF)

The IDF consensus worldwide definition of the metabolic
syndrome (2006) [5] requires the presence of central obe-
sity defined as waist circumference with ethnicity-specific
values and any two of the following: Raised triglycerides: >
150 mg/dL (1.7 mmol/L) or specific treatment for this lipid
abnormality, reduced HDL cholesterol: < 40 mg/dL (1.03
mmol/L) in males, < 50 mg/dL (1.29 mmol/L) in females,
or specific treatment for this lipid abnormality, raised blood
pressure: systolic BP > 130 or diastolic BP >85 mm Hg,
or treatment of previously diagnosed hypertension, raised
fasting plasma glucose :(FPG)>100 mg/dL (5.6 mmol/L), or
previously diagnosed type 2 diabetes. If FPG >5.6 mmol/L
or 100 mg/dL. Glucose tolerance test (GTT) is strongly rec-
ommended but is not necessary to define the presence of
the syndrome. If BMI is >30 kg/m?, central obesity can be
assumed and waist circumference is not measured.

The European Group for the Study of Insulin
Resistance (1999) [6]

This definition requires insulin resistance defined as the top
25% of the fasting insulin values among non-diabetic indi-
viduals and two or more of the following: central obesity:
waist circumference > 94 cm (male), > 80 cm (female), dys-
lipidemia: TG > 2.0 mmol/L and/or HDL-C < 1.0 mmol/L
or treated for dyslipidemia, hypertension: blood pressure
> 140/90 mmHg or antihypertensive medication, fasting

plasma glucose > 6.1 mmol/L

The US National Cholesterol Education Program
Adult Treatment Panel Il (NCEP)(2001) [7]

This requires at least three of the following: central obesity:
waist circumference > 102 cm or 40 inches (male), > 88 cm
or 36 inches(female), dyslipidemia: TG > 1.7 mmol/L (150
mg/dl), dyslipidemia: HDL-C < 40 mg/dL (male), < 50 mg/
dL (female), blood pressure > 130/85 mmHg, fasting plasma
glucose > 6.1 mmol/L (110 mg/dl).

American Heart Association/ Updated NCEP [28]

According to Scott Grundy, this definition aimed to update
the NCEP ATP III definition and not create a new definition.
This definition requires elevated waist circumference: Men
equal to or greater than 40 inches (102 cm), Women equal
to or greater than 35 inches (88 cm), elevated triglycerides:
Equal to or greater than 150 mg/dL (1.7 mmol/L), reduced
HDL cholesterol: in men, less than 40 mg/dL (1.03 mmol/L),
in women less than 50 mg/dL (1.29 mmol/L), elevated blood
pressure: Equal to or greater than 130/85 mm Hg or use of
medication for hypertension, elevated fasting glucose: Equal
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to or greater than 100 mg/dL (5.6 mmol/L) or use of medica-
tion for hyperglycemia.

Epidemiology of metabolic syndrome

MetS is a global problem. Abdominal obesity is associated
with a greater risk for developing MetS. Prevalence of the
disease varies between different countries and regions based
on different factors, including gender, age, ethnic group, and
the definition used for the diagnosis [29]. The risk for devel-
oping MetS is increasing with age. MetS affects less than
10% of young people in their twenties and 40% of the older
people in their sixties [29]. School children can be affected
by the disease, and even some children can have more than
any two elements of the disease (central obesity, hyperten-
sion, insulin resistance and atherogenic dyslipidemia) [29].
It has been shown that there is a correlation between MetS in
children and their probability of developing cardiovascular
diseases in adulthood [29]. MetS affects more than a fifth of
the population in the United States (More than 45 million
adult individuals) [29].

With regard to gender and ethnic groups, the disease is
prevalent in both Mexican Americans and African Ameri-
cans. The disease affects women more than men in these
two ethnic groups. Caucasian women and men are affected
equally. The prevalence of the disease in the United States
is highest among Mexican Americans, followed by Afri-
can Americans and Caucasians [29]. Regarding the compo-
nents of MetS, insulin resistance is commonest in Hispan-
ics, hypertension is commonest in African-Americans, and
atherogenic dyslipidemia is commonest in White people(29).
MetS affects about 25% of the people in Europe. The preva-
lence of the disease is low in Southeast Asia, but it is ris-
ing towards the prevalence rates of Europe and the United
States. The prevalence of MetS is high in the Middle East
and sub-Saharan Africa [9].

Pathophysiology of metabolic syndrome

Although the exact mechanism for the pathogenesis of
MetS is complex and not yet elucidated, it is well estab-
lished that the predominant factor is an imbalance between
caloric needs and intake [30]. A lack of physical exercise
characterizes the lifestyle of patients with MetS, and their
diet is high in fats [31]. Both lifestyle factors and genetic
factors are involved in the pathogenesis of MetS [3]. Vis-
ceral adiposity has a significant contribution to the patho-
genesis of MetS and its complications [32]. Insulin resist-
ance is believed to be the leading cause of MetS and defines
its clinical presentation [33]. Another proposed mechanism
for the development of MetS is chronic inflammation.
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Insulin resistance

Most individuals with multiple metabolic risk factors have
insulin resistance. This observation led to the generation
of the concept that insulin resistance is the principal caus-
ative agent of MetS. This concept generated a new term
for MetS, namely the insulin resistance syndrome [34].

Insulin resistance is balanced by the rise in insulin
secretion to preserve the blood glucose level within the
normal levels. The proposed mediators responsible for the
high secretion of insulin from the pancreas are autonomic
nerves, glucose, the glucagon-like peptide-1, and free fatty
acids. Failure of these mediators to raise insulin secre-
tion to balance the insulin resistance would lead to type
2 diabetes [35].

Free fatty acids are key player in the pathogenesis of
MetS. Adipose tissue insulin resistance causes mobiliza-
tion of free fatty acids. Free fatty acids inhibit the effect
of insulin on lipid, causing lipolysis leading to further
increase in the levels of free fatty acids. Free fatty acids
decrease the uptake of glucose in the muscle through inhi-
bition of protein kinase and induce gluconeogenesis and
lipogenesis in the liver by increasing the activity of the
enzyme protein kinase. Furthermore, after reaching the
pancreas, free fatty acids inhibit the release of insulin.
Insulin resistance causes high blood pressure through inhi-
bition of insulin and fatty acids mediated vasoconstriction.
Insulin resistance induces the release of pro-inflammatory
cytokines from the adipose tissue and prothrombotic state,
contributing to the risk of developing cardiovascular dis-
ease [8].

Visceral adipose tissue has high insulin resistance and
causes diversion of free fatty acids to the liver through
the portal circulation [36]. Visceral adipose tissue pro-
duces metabolites and biologically active substances,
including glycerol, free fatty acids(FFA), the pro-inflam-
matory cytokines, including tumor necrosis factor-alpha
and interleukin-6, C-reactive protein, adiponectin, leptin,
and resistin. The secretion of adiponectin is reduced in
patients with abdominal obesity [37]. The pro-inflamma-
tory cytokines are elevated in patients with metabolic syn-
drome [38, 39], thus suggesting a role for chronic inflam-
mation as a possible mechanism for the progression of
metabolic syndrome.

Role of Glucagon-like- pepetide-1in MetS

Glucagon-like peptide-1 (GLP-1) is an incretin hormone
that plays a significant role in regulating glucose homeo-
stasis [40]. Following ingestion of food, the proglucagon
molecules in the intestinal enterocytes (named L-cells)
are cleaved to form peptides composed of 30 amino acids,
named GLP-1, and is then secreted into the blood [41].

When GLP-1 reaches the pancreatic cells, it binds to the
GLP-1 receptor (GLP-1R) on the cell surface to induce insu-
lin secretion. This action is facilitated by increased intracel-
lular Calcium levels. This process becomes inactivated when
the blood glucose level drops below 5 mmol/L.

Furthermore, GLP-1 signaling decreases the expression
of pro-inflammatory cytokines and proapoptotic factors and
enhances the viability of the pancreatic cells [42, 43]. When
the blood glucose levels become higher than normal fasting
levels, GLP-1 inhibits the secretion of glucagon secretion
from the pancreas to enhance the postprandial effect of insu-
lin in mediating the anabolism of the consumed nutrients
[41, 44]. Furthermore, a study conducted by Toft-Nielsen
et al. showed that fasting plasma levels of plasma GLP-1
were significantly higher in patients with Type 2 diabe-
tes than individuals with normal glucose tolerance. This
means that the effect of glucagon-like peptide-1 decreases
in patients type 2 diabetes, which may contribute to the
decreased incretin activity in patients type 2 diabetes [45].
Bodnaruc et al. suggested that stimulation of GLP-1 can be
a good strategy for treating type 2 diabetes and obesity [46].
A study conducted by Seonet al. found that GLP-1 plasma
Levels can be a potential Indicator of MetS [47].

Role of chronic inflammation

Chronic inflammation contributes to the pathogenesis
of both insulin resistance and MetS. Pro-inflammatory
cytokines inhibit the signal transduction of insulin, therefore,
can cause insulin resistance in skeletal muscle, liver and
adipose tissue. In insulin resistance, the pro-inflammatory
cytokines are released by tissue macrophages, adipose tis-
sue, liver, and skeletal muscles [48]. TNF-a induces lipoly-
sis, increases free fatty acids, inhibits adiponectin release,
and inactivates insulin receptors in smooth muscle cells and
adipocytes [49]. High plasma TNF-a levels are correlated
with obesity and insulin resistance [50]. Insulin resistance
and high body fat increase the release of IL-6. IL-6 raises the
levels of fibrinogen, leading to a prothrombotic state. IL-6
increases production of C-reactive protein (CRP). IL-1 is an
important cytokine-stimulated by metabolic stress. Chronic
activation of this cytokine results in elevation of CRP levels
in metabolic syndrome [51]. Moreover, IL-1 plays a major
role in developing type 2 diabetes mellitus and cardiovas-
cular disease by inducing chronic low-grade inflammation
[52]. It has been shown that antagonists of the IL-1 pathway
improve the blood glucose levels and reduce the plasma level
of the IL-6 and CRP in diabetic patients [52].

Role of CRP

All the components of metabolic syndrome are associated
with high plasma levels of C-reactive protein (CRP) [53].
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High CRP levels indicate chronic inflammatory state, which
play a significant role in the development of type 2 diabe-
tes and cardiovascular disease [54]. There is a correlation
between the high levels of C-reactive protein and the devel-
opment of MetS [55].

Fatty liver as part of metabolic syndrome

Studies demonstrated that Non-Alcoholic Fatty Liver Dis-
ease (NAFLD) might be a feature of MetS [56]. Laboratory
investigations, pathophysiologic considerations, and clini-
cal associations support that insulin resistance has a major
contribution to the pathogenesis of both MetS and Non-
Alcoholic Fatty Liver. Liver fat is significantly increased in
subjects with MetS. 99% of individuals with NAFLD have
at least one risk factor of MetS and 33% have all the features
of MetS [56].

Management of metabolic syndrome

MetS is a worldwide problem affecting millions of people
worldwide. The aim of managing MetS is to control the risk
factors and reduce cardiovascular morbidity and mortality.
Management of MetS involves lifestyle modifications and
the use of medications.

Lifestyle modifications

MetS results from an imbalance between caloric intake and
caloric needs. Reduction of body weight is a vital lifestyle
modification. The aim of body weight reduction is to lose
about 7-10% in baseline body weight over 6-12 months and
reduce caloric intake by 500-1000 calories per day [8]. Eat-
ing healthy food is important for a healthy lifestyle. Low
intake of fats, cholesterol, and sugars is highly recommended
for metabolic syndrome patients [8]. Exercise increases the
consumption of calories and reduces the risk of cardiovas-
cular mortality and morbidity. Around 30-60 min of mod-
erate-intensity exercise every day is beneficial to patients
with metabolic syndrome [8]. Smoking increases the risk of
ischemic heart disease and can worsen all the consequences
of metabolic syndrome. Patients with MetS should consult
their doctors to help them to stop smoking [9].

Drug therapy

Along with lifestyle modification, drug therapy is another
option for management. The drug therapy aims to control the
metabolic risk factors of MetS. Diuretics or angiotensin-con-
verting enzyme inhibitors are used to control the high blood
pressure. Statins reduce high blood cholesterol. Insulin
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sanitizers reduce high blood glucose level. Aspirin is used to
decrease the risk of blood clots [9]. There is no single drug
therapy for treating metabolic syndrome. Prolonged multiple
medications are used in the current pharmacotherapy. There-
fore, it is challenging for the patients to consume multiple
medications leading to compliance reduction. Thus there is
growing interest in using medicinal plants and their extracts
in reducing the risk of MetS since the medicinal plants have
minimal side effects [10]. Some medicinal plants with their
extracts have been shown to be beneficial for MetS.

Medicinal plants in management
of the metabolic syndrome

Medicinal plants are affordable, available, and commonly
used [10]. Medicinal plants and their extracts have proven
benefits in managing patients with MetS with minimal side
effects [10]. Importantly, some medicinal plants have the
ability to improve insulin sensitivity, decrease blood glu-
cose levels, plasma levels of cholesterol, triglycerides, low-
density lipoprotein-cholesterol, body fat percentage, and
blood pressure[10]. Medicinal plants and their extracts can
be taken orally. As the benefits of these medicinal plants and
their extracts are still studied, these medicinal plants are not
recommended as a substitute for the current drug therapy
used for treating metabolic syndrome. Here, we review
some medicinal plants that are commonly used in develop-
ing countries that have been studied and have shown some
benefits in MetS (Table 1). These medicinal plants target all
the components of MetS (Fig. 2).

Cinnamon

Cinnamon (Cinnamomum Verum) from tree bark is grown
in the Mediterranean region and Asia and has been used
as a spice. The elements present in cinnamon include cou-
marin, polyphenol compounds, cinnamaldehyde, cinnamic
acid, eugenol, and methyl chalcone polymer. Polyphenol
compounds have insulin-sensitizing, antioxidant, and anti-
inflammatory effects. Moreover, methyl chalcone polymer
in cinnamon induces hydrolysis of fat molecules, increases
glycogen synthesis in the liver, enhances entry of glucose,
and increases phosphorylation of insulin receptors in adi-
pose tissues and skeletal muscles. Animal studies conducted
reported that cinnamon and its components improve insu-
lin sensitivity, decrease blood glucose levels, glycosylated
hemoglobin, plasma levels of cholesterol, triglycerides, low-
density lipoprotein-cholesterol, body fat percentage, and
blood pressure. In a randomized, double blind control trial,
Jain et al. found that daily administration of 3 grams of cin-
namon for 16 weeks caused an improvement of the elements
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Table 1: Summary for all these medicinal plants and their possible potential benefits as treatment for metabolic syndrome
Plant Possible benefits as therapy for metabolic syndrome References
Cinnamon improve insulin sensitivity, lipid lowering and reduce systolic blood pressure 57,58

(Cinnamomum verum)

Colocynth
(Citrullus colocynthis)

Curcumin (Curcuma longa)

Date palm
(Phoenix dactylifera L.)

Doum
(Hyphaene thebaica)

Garlic
(Allium sativum)

Green tea

( Camellia sinensis)

Gum Arabic

(Acacia Senegal)

Hibiscus sabdariffa
Mangosteen

(Garcinia mangostana Linn)

Neem
(Azadirachta indica)

Nigella Sativa

anti-inflammatory, hypoglycemic, lipid-lowering, antihypertensive and antidiabetic

blood glucose lowering, improve insulin sensitivity, reduce body weight and antihyperlipi-
demic

blood glucose lowering and improve insulin sensitivity

blood glucose lowering and improve insulin sensitivity

Improve all the components of metabolic syndrome

body weight reduction, reduce blood glucose and insulin, lipid lowering and antihypertensive

reduce plasma cholesterol concentrations, blood pressure, anti-inflammatory, reduce insulin
levels, decrease body mass index and visceral adiposity

anti-inflammatory effect, improve insulin sensitivity and lipid lowering

Anti-inflammatory effect, decrease serum glucose, improved lipid profile, improve insulin
sensitivity and body weight lowering
Improve glucose tolerance, increased the regeneration of B cells increasing insulin secretion

Anti-inflammatory, lipid lowering, blood glucose lowering and body weight lowering

59,60,61,62,63,64

10, 65

66, 67, 68, 69

70,71

72,73,74,75

76,77,78,79

80, 81, 82

83, 84, 85, 86
87, 88, 89, 90, 91

92

93, 94, 95

of MetS and reduction in the prevalence of defined MetS by
34.5% [57]. The mechanism of action of cinnamon is not
yet elucidated; however, some experimental studies indi-
cated that cinnamon could improve the transport of glucose
through the regulation of adipocyte gene expression [58].

Fig.2 components of metabolic
syndrome targeted by medicinal
plants. Medicinal plants target
all the components of meta-
bolic syndrome. 1, abdominal
obesity; 2, blood pressure; 3,

Colocynth

Colocynth (Citrullus colocynthis) or Handal belongs to the
Cucurbitaceae family. It is grown in Africa and Europe.
The aromatic seeds of Colocynth contain active substances
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such as glycosides, alkaloids, saponins, flavonoids, and tan-
nins [59]. Colocynth exerts an anti-inflammatory effect by
decreasing the release of the pro-inflammatory cytokines
and down-regulating the expression of COX-2 [60]. In addi-
tion, Colocynth has hypoglycemic, lipid-lowering, antihy-
pertensive effects, and antioxidant activity through eliminat-
ing reactive oxygen species (ROS). Furthermore, Colocynth
have antidiabetic effect by increasing insulin and decreasing
blood glucose level by 10% [61, 62]. The antidiabetic activ-
ity of Citrullus colocynthis is mainly due to the restoration
of insulin secretion and the inhibition of intestinal glucose
uptake [63]. A recent study done by Tabani et al to investi-
gate the effect of Citrullus colocynthis extracts on the liver
injury associated with MetS in experimental animals showed
that Citrullus colocynthis has hypoglycemic, lipid-lowering,
and hepatoprotective effects [64].

Curcumin

Curcumin is an extract from the curcuma longa of the ginger
family. It is used as a spice in Southeast Asian countries. Clin-
ical studies demonstrated the ability of curcumin in improving
metabolic disorders. evidence from experimental studies in
animals demonstrated that curcumin has antioxidant, anti-can-
cer, antihyperglycemic, and anti-inflammatory activities [10].

Studies have demonstrated that curcumin intake can have
the ability to prevent weight loss, decrease plasma glucose
levels, enhance the sensitivity of insulin, and increase levels
of adiponectin. Moreover, curcumin is antihyperlipidemic
[65]. The proposed mechanisms of action of curcumin in
decreasing plasma glucose levels in diabetic experimen-
tal animals are reduction in the levels of free fatty acids,
tumor necrosis factor-a (TNF-ar), suppression of the activity
of nuclear factor-kappa B (NF-«xB). In addition, curcumin
increases the activity of the enzyme glucokinase in the liver
and decreases the activity of glucose-6-phosphatase and
phosphoenolpyruvate carboxykinase. The lipid-lowering
effect of curcumin is because curcumin increases the lev-
els of Peroxisome Proliferator-Activated Receptor gamma
(PPAR-y) and reduces the expression of the low-density
lipoprotein cholesterol (LDL-C) receptor [65].

Date palm

Date palm (Phoenix dactylifera L.) is one of the most popu-
lar fruit crops. It is grown in Africa, Middle East, and South
Asia. It is used in traditional medicine for years. Date palm
fruit contains protein, vitamins, minerals, flavonoids, die-
tary fibers, sugar, and phenolic compounds and has high
therapeutic value with significant antioxidant, antibacte-
rial, anti-cancer, antidiabetic, cardio-protective and anti-
inflammatory properties [66, 67]. Administration of date
palm extract daily for 30 days has been shown to decrease
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the plasma cholesterol level by 47% and have a protective
effect against hyperglycemia after a high-fat diet [68] and
prevent the depletion of antioxidants and myocyte injury
marker enzymes. Furthermore, Date palm downregulates
the pro-inflammatory cytokines' expressions and reduces
myonecrosis, edema, and infiltration of inflammatory cells
[69] in experimental animals.

Doum

Hyphaene thebaica or doum is a palm tree with edible oval
fruit. It is popular in Africa. It is produced in sandy and
dry areas. Doum contains carbohydrates, minerals, vita-
mins, flavonoids, and polyphenol compounds and antioxi-
dants [70]. Salib et al. demonstrated that daily administra-
tion of compounds from Hyphaene thebaica epicarp for 30
days decreased the blood glucose by 50% and glycosylated
hemoglobin levels and improved insulin tolerance in diabetic
experimental animals [71].

Garlic

Garlic (Allium sativum) has an important therapeutic value.
Because of the antioxidant properties of garlic, garlic can
reduce the cardiovascular risk of MetS [72]. A study con-
ducted by Padiya et al. showed that raw garlic reduced serum
glucose by 45%, insulin by 25%, and triglycerides by 45%,
improve insulin sensitivity in experimental animals, and
might have the same effects in humans [73]. Another study
was carried out by Choudhary et al. to investigate the effect
of raw crushed garlic on the elements of metabolic syndrome
in humans found that raw crushed garlic improved the ele-
ments of MetS, including central obesity, blood pressure,
blood levels of glucose and triglycerides and increased the
plasma level of high-density lipoprotein cholesterol [74].
Moreover, Gomez-Arbelaez et al. in study to evaluate the
effects of the administration of aged garlic extract on MetS
found that administration of aged garlic extract for twelve
weeks was followed by improved blood levels adiponectin
in patients with MetS [75].

Green tea

Tea is one of the most consumable beverages. It is gener-
ally consumed in forms of black and green tea. Green tea
is obtained from Camellia sinensis leaves [76]. Camellia
sinensis is grown in East Asia and tropical and subtropical
areas. A randomized clinical trial conducted by Mousavi
et al. found that the daily intake of four cups of green tea for
two months resulted in a reduction in body mass index (27.4
t0 26.9) (P < 0.001), waist circumference (95.8 to 91.5) (P <
0.001), body weight (73.2 to 71.9) (P < 0.001), and systolic
blood pressure (126.2 to 118.6) (P < 0.05) in patients with
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Type 2 diabetes [77]. In another study conducted by Rasavi
et al. to explore the effects of green tea on the elements of
MetS in experimental animals, administration green tea for
11 days reduced body weight by 35%, improved hyperlipi-
demia (increased HDL by 22% and reduced triglycerides by
26%), plasma blood glucose level by 47%, and reduced the
leptin level by 50% and blood pressure by 25% [78]. More-
over, Zhang et al. in an experimental study, demonstrated
the effect of Yunkang 10 green tea on metabolic syndrome.
Administration of Yunkang 10 green tea for 8 weeks reduced
the blood level of glucose by 26.3%, cholesterol by 23.7%,
triglycerides by 21.3%, insulin by 46.8%, and alanine ami-
notransferase activity and relieved the fatty liver and hepatic
inflammation [79].

Gum Arabic

Gum Arabic (GA) is a soluble fiber obtained from exudates
of Acacia senegal in sub-Saharan Africa. Gum Arabic is
a very safe dietary fiber. Gum Arabic is used in the Mid-
dle East for the treatment of chronic kidney disease. Gum
Arabic has been shown to blunt the increase in body weight,
plasma levels of glucose and insulin following a high-fat
diet, reduce blood pressure, plasma levels of cholesterol,
tumor necrosis factor-a, enhance the plasma levels of inter-
leukin 10 (IL-10), reduce insulin levels in type II diabetes
and prevent metabolic syndrome in experimental animals
[80]. In a randomized controlled clinical trial conducted
by Babiker et al., daily administration of 30 grams of Gum
Arabic for 3 months decreased body mass index, visceral
adiposity and systolic blood pressure by 2%, 23.7% and
7.6% respectively in hypertensive diabetic patients [81]. All
the mechanisms of action of Gum Arabic have not yet been
elucidated; however, some experimental studies found that
Gum Arabic has the ability to reduce intestinal expression
and activity of Sodium-Glucose Transporter (SGLT1) [82].

Hibiscus sabdariffa

Hibiscus sabdariffa or karakade is grown in Africa. It is
used for treatment of hypertension, hyperlipidemia, and dis-
eases of the gastrointestinal tract [83]. Hibiscus sabdariffa
extract has an anti-inflammatory ability through modula-
tion of cyclooxygenase 2 and inducible nitric oxide synthase
[84]. Treatment with Hibiscus sabdariffa extract for 8§ weeks
reduced lipid peroxidation, and plasma levels of triglyceride
by 57% [85]. Administration of Hibiscus sabdariffa extract
for 42 days blunted the increase in body weight, enhanced
glucose tolerance, sensitivity of insulin, improved the lev-
els of low-density lipoprotein cholesterol and high-density
lipoprotein cholesterol, decreased the plasma levels of the
pro-inflammatory cytokine after a high-fat diet [86].

Mangosteen

Mangosteen (Garcinia mangostana Linn) is grown in South-
east Asia. It used to treat diarrhea, fever, and wound infec-
tion. Most components in mangosteen are isoprenylated
xanthones, alpha gamma mangostins. Mangosteen and its
active compounds have anti-cancer, antibacterial, and anti-
malarial effects [§7]. Mangosteen has been shown to have
an anti-inflammatory effect by inhibiting the release of
prostaglandin E2 and nitric oxide release and by inhibiting
the production of the pro-inflammatory cytokines [88, 89].
Treatment with mangosteen extract was followed by loss of
weight, decreased plasma glucose level, and improved lipid
profile through sirtuin 1-AMP-activated protein kinase path-
way after high-fat diet induced MetS in experimental ani-
mals [90]. Results obtained from several studies conducted
on human subjects for 26 weeks to evaluate the efficacy of
mangosteen extracts on metabolic syndrome were similar to
the results of experimental studies [91].

Neem

Azadirachta indica or neem is well known to have medicinal
value. It is grown in the Middle East and Africa. Treatment
with neem extracts for 21 days improved glucose tolerance,
reduces intestinal glucosidase activity, and increased the activ-
ity of the enzyme glucose-6-phosphate dehydrogenase, which
increased glucose utilization. Moreover, treatment with neem
extracts increased the regeneration of insulin-producing cells,
increasing insulin secretion and insulin plasma level [92].

Nigella Sativa

Nigella Sativa (N. Sativa) or black seed is used in traditional
medicine for many years due to its curing properties. The
therapeutic characteristics originate from some of the ele-
ments of Nigella Sativa, including alkaloids, volatile oil,
flavonoids, amino acids, proteins, carbohydrates, fibers, fatty
acids, and volatile oil. A randomized clinical trial conducted
by Mohtashami found that consumption of bread with
Nigella Sativa improved fasting blood glucose and reduced
body weight, waist circumference, and body mass index in
patients with MetS [93]. Another randomized controlled
clinical trial done by Shirazi et al showed that administration
of 500 mg Nigella Sativa once daily for 8 weeks significantly
reduced the plasma levels of blood glucose (90.8 + 16.9 vs.
113.7 + 12.1), triglyceride (158.3 & 14.0 vs. 166.7 + 16.0),
cholesterol (115.1 + 17.6 vs. 127.7 + 12.6), and low-density
lipoprotein cholesterol (115.1 + 17.6 vs. 127.7 + 12.6) in
postmenopausal women with MetS [94]. Moreover, Nigella
sativa oil is very efficient in the control of pro-inflammatory
cytokines [95].
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Table 1 summarizes all these medicinal plants and their
possible potential benefits as a treatment for metabolic syn-
drome. This is particularly important in low resources set-
ting countries in Africa and the Far East.

Conclusion

MetS is a worldwide problem affecting millions of people.
There are different definitions for MetS. The exact mecha-
nism for the pathogenesis of MetS is complex and not yet
elucidated. Prolonged multiple medications are used in the
current pharmacotherapy. Therefore, it is challenging for
the patients to use these medications. Cinnamon (Cinnamo-
mum verum), Colocynth (Citrullus colocynthis), Curcumin
(Curcuma longa), Date palm (Phoenix dactylifera L.), Doum
(Hyphaene thebaica), Garlic (Allium sativum), Green tea
(Camellia sinensis), Gum Arabic (Acacia Senegal), Hibiscus
sabdariffa, Mangosteen (Garcinia mangostana Linn), Neem
(Azadirachta indica) and Nigella Sativa showed potential
benefits as treatment for MetS.

Recommendation

Further research and clinical studies are needed to evaluate
medicinal plants' efficacy and establish whether medicinal
plants can be safely given as a potential therapy for MetS,
and whether this can be beneficial in low resources setting
countries.
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