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ABSTRACT
The Metabolic Syndrome (MS) is a combination of interrelated
metabolic abnormalities that significantly increase the risk of
cardiovascular disease, Diabetes Mellitus Type 2 (DM2) and Obesity.
Based on estimates from the Centers for Disease Control and
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pro-inflammatory adipokines and free fatty acids (FFA) to the liver,
adversely affecting hepatic metabolism. Excess adipose tissue

associated with obesity promotes the conversion of cortisone to cortisol due to
overexpression of 11β- HSD1. Hypertension is the most significant CVD risk factor involved
in MS prognosis. Persistent hypertension is a primary risk factor for stroke, heart attack, heart
failure, aneurysm, and end-organ damage leads to imbalance in metabolic disturbance. DM2
is a crucial factor in MS and is highly predictive of Cardiovascular Disease. There is an
increase in free fatty acids which promote oxidative stress, endothelial dysfunction, vascular
damage, and atheroma formation. These all contributing risk factor promote pathogeensis of
MS. Non Pharmacological, Pharmacological treatment and herbal plants available to treat
MS. Several Plants showing some good therapeutic activity on MS like Lonicera japonica,
Viscum album, Litchi chinensis, Artocarpus heterophyllus, Psidium guajava , Polyalthia
longifolia. Among all Lonicera japonica may be used to treat metabolic syndrome in future.
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INTRODUCTION
The metabolic syndrome (MS) is a combination of interrelated metabolic abnormalities that
significantly increase the risk of cardiovascular disease, type 2 diabetes mellitus (DM2) and
Obesity. Its prevalence is increasing worldwide and is a serious public health problem. Each
component of MS is individually associated with an increased risk of cardiovascular disease;
however, whether MS leads to greater cardiovascular risk than the sum of its components
remains a matter of debate (1).
The prevalence of the metabolic syndrome has varied markedly between different studies,
most likely because of the lack of accepted criteria for the definition of MS. The three most
important widely recognized recent attempts to define the metabolic syndrome include the
WHO report from 1991

(2)

, The European Group for the study of Insulin Resistance (EGIR)

in 1999, and the US National Cholesterol Education Program (NCEP) Adult Treatment Panel
III (ATP III) in 2001. More recently, the American College of Endocrinology (ACE) released
a position statement on what it refers to as the insulin resistance syndrome, and in 2005 the
International Diabetes Federation (IDF) published new criteria for identifying persons with
metabolic syndrome. The new IDF definition addresses both clinical and research needs,
providing an accessible, diagnostic tool suitable for worldwide use (3).
NEW DEFINITIONS OF METABOLIC SYNDROME
The AHA/NHLBI 2005 (4) definition is derived from the NCEP—ATP III 2001 definition (5)
and requires at least three of the following criteria to be present:


Waist circumference greater than or equal to 102 cm in men and greater or equal to 88 cm
in women;



Triglycerides greater than or equal to 1.50 g/L or a specific treatment for elevated
triglycerides (TG);



High density lipoprotein (HDL) cholesterol less than 0.40 g/L in men and less than 0.50
g/L in women or a specific treatment for reduced HDL cholesterol ;



Systolic BP greater than or equal to 130mmHg or diastolic BP greater than or equal to
85mmHg or antihypertensive treatment (BP);



Fasting glucose greater than or equal to 1.00 g/L or drug treatment for elevated glucose
(G);
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The changes that were made in 2005 to the NCEP—ATP III 2001 definition slightly reduced
the threshold for waist circumference (it had been strictly greater than 102 cm in men and
greater than 88 cm in women) but significantly lowered the threshold for glucose (it had been
greater than or equal to 1.10 g/l). Furthermore, individuals treated for dyslipidaemia,
hypertension or hyperglycaemia were included. Consequently, based on this new definition,
the number of subjects and, therefore, the prevalence of metabolic syndrome increased.
The IDF definition [6] requires the presence of abdominal obesity, defined as :


waist circumference greater than or equal to 94 cm in men and greater than or equal to 80
cm in women (W)



Triglycerides greater than or equal to 1.50 g/L or a specific treatment for lipid
abnormalities (TG);



HDL cholesterol less than 0.40 g/L in men and less than 0.50 g/L in women or a specific
treatment for lipid abnormalities (HDL);



Systolic BP greater than or equal to 130mmhg or diastolic BP greater than or equal to
85mmhg or antihypertensive treatment (BP);



Fasting glucose greater than or equal to 1.00 g/L or diabetes (G) ; atleast two of the
following criteria:

The IDF definition introduces fundamental changes in the requirements needed for defining
metabolic syndrome; it significantly reduces the threshold for waist circumference and
glucose and includes treated individuals and those with diabetes.
The definition from the ESC/ESH consensus

(7)

requires at least three of the following five

criteria to be present:


Waist circumference greater than 102 cm in men and greater than 88 cm in women (W);



Systolic BP greater than or equal to 130mmhg or diastolic BP greater than or equal to
85mmhg (BP);



HDL cholesterol less than 0.40 g/L in men and less than 0.46 g/L in women (HDL);



Triglycerides greater than or equal to 1.50 g/L (TG);



Fasting glucose greater than or equal to 1.0 g/L (G).

The ESC/ESH definition includes a combination of criteria from the NCEP—ATP III 2001
definition (i.e., abdominal obesity, BP and TG) and new thresholds for HDL cholesterol in
omen and for glycaemia since it does not include treatment for hypoglycaemia or diabetes.
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The lack of epidemiological data available for this definition is most likely to be attributed to
the fact that it was published only recently. Concerns and criticisms pertaining to the lack of
homogeneity among these definitions remain. Lowering the thresholds for several of the
components and the inclusion of treated subjects require further studies to determine the
impact of these components on morbidity and mortality risk for subjects identified as having
metabolic syndrome according to these new definitions.
PREVALENCE
Te prevalence of metabolic syndrome is high and increasing among adults parallel with
lifestyle risk factors and changes in population demographics. Based on estimates from the
Centers for Disease Control and Prevention, 57 million adults were classified as having
metabolic syndrome in 2008, and this number climbed to 79 million in 2012
approximately 1 in 4 adults older than 20 years has this condition

(9)

(8)

. In fact,

. The prevalence of

metabolic syndrome varies by age, race/ethnicity, and gender. In the general population, the
prevalence of metabolic syndrome is highly age-dependent, ranging from 7% for ages 20 to
29 to more than 40% for those older than 70

(10)

. Among the various ethnicities, Mexican

Americans have the highest age adjusted prevalence at 32%

(10)

Although in the general

population the prevalence of metabolic syndrome is similar in men and women, Mexican
American and African American women have a higher prevalence than their male
counterparts (10). In addition, metabolic syndrome was found to increase markedly in women,
independent of other risk factors as hormonal changes occurred during the transition to
menopause
HISTORY
The term "metabolic syndrome" dates back to at least the late 1950s, but came into common
usage in the late 1970s to describe various associations of risk factors with diabetes that had
been noted as early as the 1920 (11).
The Marseilles physician Dr. Jean Vague, in 1947, observed that upper body obesity
appeared to predispose to diabetes, atherosclerosis, gout and calculi (11).
Avogadro, Crepaldi and coworkers described six moderately obese patients with
diabetes, hypercholesterolemia, and marked hypertriglyceridemia, all of which improved
when the patients were put on a hypocaloric, low-carbohydrate diet (11).
In 1977, Haller used the term "metabolic syndrome" for associations of obesity, diabetes
mellitus, hyperlipoproteinemia, hyperuricemia and hepatic steatosis when describing the
www.wjpps.com
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additive effects of risk factors on atherosclerosis. The same year, Singer used the term for
associations of obesity, gout, diabetes mellitus, and hypertension with hyperlipoproteinemia
(12)

.

In 1977 and 1978, Gerald B. Phillips developed the concept that risk factors for myocardial
infarction concur

to

form

a

"constellation

of

abnormalities"

(i.e., glucose

intolerance, hyperinsulinemia,hypercholesterolemia, hypertriglyceridemia, and hypertension)
associated not only with heart disease, but also with aging, obesity and other clinical states.
He suggested there must be an underlying linking factor, the identification of which could
lead to the prevention of cardiovascular disease; he hypothesized that this factor was sex
hormones (13).
In 1988, in his Banting lecture, Gerald M. Reaven proposed insulin resistance as the
underlying factor and named the constellation of abnormalities syndrome X. Reaven did not
include abdominal obesity, which has also been hypothesized as the underlying factor, as part
of the condition (14).
The terms "metabolic syndrome," "insulin resistance syndrome," and "syndrome X" are now
used specifically to define a constellation of abnormalities associated with increased risk for
the development of type 2 diabetes and atherosclerotic vascular disease (e.g., heart disease
and stroke) (15).


Obesity, Diabetes Mellitus, Hypertension, These three disease responsible for
pathogenesis of Metabolic Syndrome.

OBESITY & METABOLIC SYNDROME
(Central) Obesity is a hallmark of all Metabolic Syndrome. Obesity results from chronic
positive energy balance and excess energy can be localised in the subcutaneous compartment,
intra-abdominally and ectopically (eg . steatosis and intra- and extra-myocellualr lipid). This
excess stored lipid contributes to metabolic derangements via three mechanisms. Firstly,
adipose is a highly active endocrine organ, releasing a vast array of growth factors, lipids and
cytokines collectively known as adipokines. These are, in the main, associated with adverse
metabolic sequealea and their production is generally increased as fat stores increase.
Additionally, many adipokines are differentially released by subcutaneous and intraabdominal fat, adding mechanistic significance to differences in adipose distribution. Ectopic
fat adversely affects tissue metabolism locally, as is seen particularly in the liver, muscle and
pancreatic beta cells. Secondly, intrabdominal fat has venous drainage via the portal system
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directly to the liver. Thus, a consequence of intra-abdominal obesity is direct delivery of proinflammatory adipokines and free fatty acids (FFA) to the liver, adversely affecting hepatic
metabolism. Third is the “mechanical” effect of obesity. This includes the relatively obvious
effect of diaphragmatic splinting impairing respiratory function, but can be extended to
restricting capacity to exercise and the cosmetic aspects which may contribute to
psychological components of the Metabolic Syndrome, as part of the response to chronic
disease (16).
Obesity as measured by waist circumference or BMI is the strongest risk factor for Metabolic
Syndrome. Obesity reduces the amount of lipoprotein lipase (LpL) action which circulates
lipids for clearance and thus interferes with Triacetylglycerol removal and may cause
atherogenesis. Obesity also promotes hyperglycemia by overloading the body with excess
fuel. Tissues become insulin resistant leading to abnormal changes in cellular enzyme
activities. Hyperglycemia also triggers hyperinsulinemia which causes increased activation of
the sympathetic nervous system and hypothalamopituitary adrenal axis. In addition, the
excess adipose tissue associated with obesity promotes the conversion of cortisone to cortisol
due to overexpression of 11β- HSD 1. These conditions, if untreated, result in hypertension.
Obesity also has an effect on thrombosis and inflammation by increasing the secretion of
clotting proteins (17).
HYPERTENSION & METABOLIC SYNDROME
The role of cardiovascular disease Hypertension (HTN), loosely defined as a blood pressure
equal to or greater than 140/90 mm Hg, is the most significant CVD risk factor involved in
MS prognosis. HTN is directly caused by increased circulating blood volume, decreased
arteriolar elasticity, and endothelial dysfunction which triggers a decrease in production of
vasodilators such as nitric oxide (NO) and promotes the circulation of inflammatory
cytokines

(18)

. Persistent hypertension is a primary risk factor for stroke, heart attack, heart

failure, aneurysm, and end-organ damage. 11β-HSD1 enzyme catalyse the interconversion
from inactive cortisone to the active cortisone. Upon induction of 11β-HSD1 enzyme,
Excessive glucocorticosteroids generated from Inactive cortisone. glucocorticoids induce the
expression of angiotensin- converting enzyme within vascular smooth muscle

and

significantly decreased the expression level of endothelial nitric oxide synthase (eNOS) in
human endothelial cells. It enhance the production of endothelin leads to enhance
vasoreactivity of blood vessels as well as inhibition of cofactor tetrahydrobiopterin required
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for the synthesis of nitric oxide and impair baroreceptor sensitivity. From above contributing
factor leads to endothelium dysfunction arise and introduce various cardiovascular problems.
Glucocorticoids play a very important role for the pathogenesis of hypertension by excessive
generation of aldosterone with the help of rate limiting enzyme 11β-HSD1 (19). So it indicate
that 11β-HSD1 play a very important role in regulation of blood pressure by controlling the
level of cortisol level.
DIABETES MELLITUS & METABOLIC SYNDROME
Diabetes Mellitus (DM) is a disorder characterized by persistent hyperglycemia due to insulin
resistance. Insulin is a pleiotropic hormone which signals a number of cellular processes such
as glucoregulation, lipid metabolism, and protein synthesis in multiple tissues. In patients
with DM, these actions of insulin are reduced. Consequently, there is an increase in free fatty
acids which promote oxidative stress, endothelial dysfunction, vascular damage, and
atheroma formation. The clinical results are high BP, HDL suppression, and high
triglycerides (TAG) additionally, DM is associated with macrovascular (myocardial
infarction, stroke) and microvascular (retinopathy, neuropathy, renal disease) problems which
interfere with blood and nutrient delivery to multiple tissues throughout the body. DM is a
crucial factor in MS and is highly predictive of Cardiovascular Disease (CVD) risk. In 1999
the San Antonia Heart Study found that insulinresistant patients had a greater incidence of
hypertension and dyslipidemia than non-insulin-resistant patients

(20)

. Other epidemiological

studies have established a similar relationship between hyperglycemia and CVD which
implicates the importance of DM as a risk factor for cardiovascular mortality. MS has been
documented across all racial groups in the U.S. (21) and in the rest of the world. However, MS
prevalence is greatest amongst Hispanics and blacks, particular in women. The most
prevalent combination of risk factors in blacks is obesity/HTN, while in other ethnic groups
(White, Hispanics and Asians) it is obesity/DM. The racial disparity is largely attributed to
environmental, lifestyle and social factors which influence the incidence of obesity, CVD,
and DM(22). glucocorticoids increase hepatic gluconeogenesis which decreases glucose
utilization by cells and leads to elevated circulating levels of glucose and insulin resistance.
Glucocorticoids (GCs) have been shown to destroy β cells in the islets of diabetic rats, and
11β-HSD1 expression and activity are increased in the islets of diabetic fatty rats with β cell
destruction. It may conclude that 11β-HSD1 plays a very important role in development of
diabetes and associated vascular complication.
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TESTS
A doctor may suspect that a patient has metabolic syndrome if he has central/abdominal
obesity and a sedentary lifestyle, but both laboratory and non-laboratory tests are important in
establishing the diagnosis. Recommended tests include:
PATHOLOGICAL TESTS
Glucose. Usually a fasting glucose test is performed but, in some cases, a doctor may also
order a post prandial glucose (after a meal) or a GTT (glucose tolerance test – several glucose
tests that are taken before and at timed intervals after a glucose challenge). The goal of
glucose testing is to determine whether a patient has an impaired response to glucose
resulting in elevated blood glucose concentrations.
Lipid profile. Measures HDL, LDL, Triglycerides and VLDL. If the triglycerides are
significantly elevated, a DLDL (direct measurement of the LDL) may need to be done. There
are other laboratory tests that are not recommended for diagnosing metabolic syndrome but
that may ordered by some doctors to provide additional information.
C-peptide. A reliable indicator of endogenous insulin production.
Microalbumin. An early indicator of kidney disease, this test is used to help monitor
diabetics and is recommended under the WHO criteria.
Hs-Crp. A measure of low levels of inflammation that may be tested as part of an evaluation
of cardiac risk.
Insulin. The fasting insulin test is considered too variable to be clinically useful in
diagnosing metabolic syndrome but, if measured, will usually be elevated in those affected.
Tests for which the clinical utility in diagnosing metabolic syndrome has not yet been
established include plasminogen activator inhibitor-1 (PAI-1) and proinsulin.
NON-PATHOLOGIAL TESTS
Blood pressure: To check for hypertension
Weight and waist circumference. To document abdominal obesity
BMI (Body Mass Index). An alternate measure of obesity that is used by many doctors. (23)
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PATHOGENIC RISK FACTORS RESPONSIBLE FOR METABOLIC SYNDROME
(24)

•

Overexpression of 11β- HSD 1

•

Abnormal Glucagon like peptide 1 (GLP – 1)

•

Induction of Phosphoenol Pyruvate Carboxy Kinase (PEPCK)

•

Downregulation of PPAR - γ

•

Abnormal Adipokines level

•

Abnormal Lipid profile (Cholesterol, TG, LDL, VLDL, HDL )

•

Changed in Nitric oxide ,Endothelin, Angiotensin II level. (vascular reactivity)

•

Generation of cytokines like TNF - α, IL- 1, IL- 6 , MCP – 1

•

Generation of free radicals

•

increased in blood pressure

•

Disruption of pancreatic β cells.

HOW CAN METABOLIC SYNDROME BE PREVENTED?
NON PHARMACOLOGICAL TREATMENTS
Making healthy lifestyle choices is the best way to prevent metabolic syndrome. One
important lifestyle choice is to maintain a healthy weight. Other than weighing yourself on a
scale, there are two ways to know whether you're at a healthy weight: waist measurement and
body mass index (BMI). A waist measurement indicates your abdominal fat and is linked to
your risk of heart disease and other diseases. To measure your waist, stand and place a tape
measure around your middle, just above your hipbones. Measure your waist just after you
breathe out. Make sure the tape is snug but doesn't squeeze the flesh. A waist measurement of
less than 35 inches for women and less than 40 inches for men is the goal for preventing
metabolic syndrome; it's also the goal when treating metabolic syndrome. BMI measures
your weight in relation to your height and gives an estimate of your total body fat. A BMI
between 25 and 29.9 is considered overweight. A BMI of 30 or more is considered obese. A
BMI of less than 25 is the goal for preventing metabolic syndrome; it's also the goal when
treating metabolic syndrome (25). You can calculate your BMI using the National Heart, Lung,
and Blood Institute's online calculator, or your health care provider can calculate your BMI.
To maintain a healthy weight, follow a healthy diet and try not to overeat. A healthy diet
includes a variety of fruits, vegetables, and whole grains. It also includes lean meats, poultry,
fish, beans, and fat-free or low-fat milk or milk products. A healthy diet is low in saturated
fat, trans fat, cholesterol, sodium (salt), and added sugar (26). Doing physical activity regularly
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also can help you maintain a healthy weight. Before starting any kind of exercise program or
new physical activity, talk with your doctor about the types and amounts of physical activity
that are safe for you. Make sure to schedule regular doctor visits to keep track of your
cholesterol, blood pressure, and blood sugar levels. A blood test called a lipoprotein panel
will show your levels of total cholesterol, LDL cholesterol, HDL cholesterol, and
triglycerides (27).
PHARMACOLOGICAL TREATMENTS
If lifestyle changes aren't enough, your doctor may prescribe medicines to help you control
your risk factors. Medicines may be prescribed to help treat unhealthy cholesterol levels, high
blood pressure, and high blood sugar. Unhealthy cholesterol levels are treated with medicines
such as statins, fibrates, or nicotinic acid. High blood pressure is treated with medicines such
as diuretics or ACE inhibitors. High blood sugar is treated with oral medicines (such as
metformin), insulin injections, or both. Low-dose aspirin can help reduce the risk of blood
clots, especially for people at high risk of heart disease (28).
HERBAL PLANTS
Plant and plant products are being used as a source of medicine since long. The medicinal
properties of plants have been investigated in the recent scientific developments activities, no
side effects and economic viability. Now no potential allopathic medications are available
that can eradicate cause of disease so far but the plant based drugs or their products are the
only possible remedies for the treatment, inspite of this, the large plant kingdom has to be
explored, as an intention to verify the therapeutic usefulness of plants available at hand.
Hence we undertake field surveys and contact with ayurvedic practitioners (vaidyas).
Several Plants showing some good therapeutic activity on Metabolic Syndrome like Viscum
album(29), Litchi chinensis(30), Artocarpus heterophyllus
longifolia

(33

(31)

, Psidium guajava

(32)

, Polyalthia

. Nowadays Lonicera japonica has also been traditionally indicated for treatment

of diabetes, and also having potent anti oxidant property

(34)

. Lonicera japonica Thunb.

(Caprifoliaceae), a widely used traditional Chinese medicine, was known as Jin Yin Hua
(Chinese:), Ren Dong and Japanese honeysuckle (35). Since 1995, Lonicera japonica has been
listed in the Pharmacopoeia of the People’s Republic of China and more than 500
prescriptions containing Lonicera japonica have been used to treat various diseases in China
(http://www.zysj.com.cn). Chlorogenic acid, rutin,Triterpenoid a major bioactive component
in the flower buds of Lonicera japonica
www.wjpps.com
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attention because of its antioxidant

(37)

, 11β -HSD 1 inhibitory activity (38) , Considering the

importance of plants as a source of medicines, Lonicera japonica may be used to treat
metabolic syndrome in future.
AKNOWLEDGEMENT
Special Thanks to my respected research guide Dr. Falguni Majmudar for kind and moral
support as well as fruitful guidance.
REFERENCES
1. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al.
Diagnosis and management of the metabolic syndrome: an American Heart
Association/National Heart, Lung, and Blood Institute Scientific Statement. Circulation.
2005; 112:2735–52.
2. World Health Organization. Definition, diagnosis and classification of diabetes mellitus
and its complication. Report of a WHO consultation; 1999.
3. Alberti KG, Zimmet P, Shaw J. IDF Epidemiology Task Force Consensus Group: the
metabolic syndrome – a new worldwide definition. Lancet 2005; 366:1059–62.
4. Executive summary of the third report of the national cholesterol education program
(NCEP) expert panel on detection, evaluation, and treatment of high blood cholesterol in
adults (adult treatment panel III). JAMA 2001; 285:2486-2497.
5. Grundy SM, Cleeman JI, Daniels SR. Diagnosis and management of the metabolic
syndrome: an American Heart Association/National heart, lung, and blood institute
scientific statement. Circulation 2005; 112:2735-2752.
6. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome - a new worldwide definition.
Lancet 2005; 366:1059-1062.
7. Mancia G, De Backer G, Dominiczak A. Guidelines for the management of arterial
hypertension: the task force for the management of arterial hypertension of the European
Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). J
Hypertens 2007; 25:1105-1187.
8. Roger VL, Turner MB. Executive summary: heart disease and stroke statistics–2011
update. Circulation. 2011; 123:459-463.
9. Erwin RB. Prevalence of metabolic syndrome among adults 20 years of age and over by
sex, age, race and ethnicity, and body mass index: United States 2003-2006. National
Health Statistics Reports; No.13.

www.wjpps.com

Vol 3, Issue 2, 2014.

2463

Chirag et al.

World Journal of Pharmacy and Pharmaceutical Sciences

10. Lavie CJ, Milani RV, O’Keefe JH. Dyslipidemia intervention in metabolic syndrome:
emphasis on improving lipids and clinical event reduction. Am J Med Sci. 2011;
341(5):388-393.
11. Joslin EP. The prevention of diabetes mellitus. JAMA 1921; 76:79-84.
12. Kylin

E.

Studies

of

the

hypertension-hyperglycemia-hyperuricemia

syndrome

(German).Zentralbl Inn Med 1923;44: 105-27.
13. Phillips GB. "Sex hormones, risk factors and cardiovascular disease". The American
Journal of Medicine1978; 65 (1): 7–11.
14. Phillips GB. "Relationship between serum sex hormones and glucose, insulin and lipid
abnormalities in men with myocardial infarction". Proceedings of the National Academy
of Sciences of the United States of America 1977; 74 (4): 1729–1733.
15. Reaven. "Role of insulin resistance in human disease". Diabetes1988; 37 (12): 1595–
1607.
16. Robinson K, Kruger P., The metabolic syndrome in critically ill patients, Best Practice
& Research Clinical Endocrinology and Metabolism 2011 ; 25 : 835–845.
17. Stanner S, editor. Cardiovascular disease: diet, nutrition, and emerging risk factors.
Oxford: Blackwell Publishing; 2005
18. McTigue K, Larson JC, Valoski A, Burke G, Kotchen J, Lewis CE, et al. Mortality and
cardiac and vascular outcomes in extremely obese women. JAMA 2006; 296(1): 79-86.
19. Stewart PM, Edwards CR. The cortisol-cortisone shuttle and hypertension. J.

Steroid

Biochem. Mol. Biol.1991; 40: 501–509.
20. Cameron AJ, Shaw JE, Zimmet PZ. The metabolic syndrome: prevalence in worldwide
populations. Endocrinol Metab ClinNAm 2004; 33:351-75.
21. Ford ES, Giles WG, Dietz WH. Prevalence of the metabolic syndrome among US adults:
findings from the Third National Health Examination Survey. JAMA 2002;287:356-359
22. Sowers JR, Ferdinand KC, Bakris GL, Douglas JG. Hypertension- related disease in
African Americans. Postgrad Med 2002; 112: 24-32.
23. Gohill, BC; Rosenblum, LA; Coplan, JD; Kral, JG. "Hypothalamic-pituitary-adrenal axis
function and the metabolic syndrome X of obesity". CNS Spectr.July 2001: 6 (7): 581–
589.
24. Chirag AP. Rameshwar KP, Nilesh RK. Elucidation of Mechanism Underlying
Development of Vascular Complication in Diabetic Rat: Role of 11ß-HSD1. Journal of
Pharmacy Research 2012; 5(4) : 2247-2252.

www.wjpps.com

Vol 3, Issue 2, 2014.

2464

Chirag et al.

World Journal of Pharmacy and Pharmaceutical Sciences

25. Feige JN, Gelman L, Michalik L, Desvergne B, Wahli W. "From molecular action to
physiological outputs: peroxisome proliferator-activated receptors are nuclear receptors at
the crossroads of key cellular functions". Prog. Lipid Res.2006. 45 (2): 120–159.
26. Volek JS, Feinman RD. "Carbohydrate restriction improves the features of Metabolic
Syndrome. Metabolic Syndrome may be defined by the response to carbohydrate
restriction". Nutr Metab (Lond). 2005; 2: 31.
27. Belfiore A, Genua M, Malaguarnera R. "PPAR-gamma Agonists and Their Effects on
IGF-I Receptor Signaling: Implications for Cancer". PPAR Res 2009: 830-836.
28. Lara-Castro C, Fu Y, Chung BH, Garvey WT. "Adiponectin and the metabolic
syndrome: mechanisms mediating risk for metabolic and cardiovascular disease". Curr.
Opin. Lipidol.June 2007:18 (3): 263–270.
29. Oluwatosin Adaramoye, Massoud Amanlou, Methanolic extract of African mistletoe
(Viscum

album)

improves

carbohydrate

metabolism

and

hyperlipidemia

in

streptozotocin-induced diabetic rats, Asian Pacific Journal of Tropical Medicine (2012 ;
427-433.
30. Huan, H. B., & Xu, J. K. The developmental pattern of fruit tissues and their
correlative relationship in Litchi chinensis Sonn. Scientia Horticultureae 1983; 19: 335–
342.
31. Hakim, E. H., Achmad, S. A., Juliawaty, L. D., Makmur, L., Syah, Y. M., Aimi, N., et al.
Prenylated flavonoids and related compounds of the Indonesian

Artocarpus

(Moraceae). Journal of Natural Medicine 2006; 60: 161–184.
32. Cheng, JT, Yang RS. Hypoglycemic effect of guava juice in mice and human subjects.
The American Journal of Chinese Medicine 1983; 11: 74–76.
33. Koneni V. Sashidhara a, Suriya P. Singh, Discovery of a new class of HMG-CoA
reductase inhibitor from Polyalthia longifolia as potential lipid lowering agent, European
Journal of Medicinal Chemistry 2011; 46: 5206-5211.
34. Neeraj K, Bikram S, Pamita B, Ajai PG, Sanjay KU, Vijay KK, Biflavonoids from
Lonicera japonica. Phytochemistry 2005; 66: 2740–2744.
35. Xiaofei S, Hu P, Maoxing L , Xiaolou M, Hong D, “Lonicera japonica Thunb.:
Ethnopharmacology, phytochemistry and pharmacology of an important traditional
Chinese medicine”, Journal of Ethnopharmacology 2011; 138: 1– 21.
36. Zhang B, Yang RY, Chun Z, ”Microwave-assisted extraction of chlorogenic acid from
flower buds of Lonicera japonica Thunb”, Separation and Purification Technology 2008;
62 : 480–483.
www.wjpps.com

Vol 3, Issue 2, 2014.

2465

Chirag et al.

World Journal of Pharmacy and Pharmaceutical Sciences

37. Clifford MN. Chlorogenic acids and other cinnamatesd nature, occurrence and dietary
burden. J Sci Food Agric 1999; 79:362-372.
38. Ibolya C, Miklós C, József M, Angelo B, István K, G, G6PT-H6PDH-11βHSD1 triad in
the liver and its implication in the pathomechanism of the metabolic syndrome. World J
Hepatol 2012; 4(4): 129-138.

www.wjpps.com

Vol 3, Issue 2, 2014.

2466

