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Abstract

Obesity and longer life "expectancy are major contributors to the rise in diabetes mellitus incidence over the last several decades
(Heydari et al., 2010). There are now 366 million diabetics in the globe, with a projected increase to 552 million cases by 2030,
according to current estimates (IDF, 2011). When it comes to diabetic patients per capita, India is the world leader, and it has
earned the unenviable moniker "the diabetes capital of the world" (Mohan et al., 2007). According to the IDF's Diabetes Atlas
(2012), India's current diabetes population of 63 million is predicted to grow to 101 million by 2030 unless immediate preventative
measures are adopted. (IDF) (IDF, 2012). According to the International Diabetes Federation (IDF) and the Madras Diabetes
Research Foundation, India had 62.4 million persons with type 2 diabetes in 2011, up from 50.8 million the year before (Shetty,
2012). Sims and colleagues notably created the word 'diabesity' in the 1970s to emphasise the tight connection between type 2
diabetes and obesity at that time (Haslam, 2010). The global epidemic of type 2 diabetes is being driven by rising obesity rates
caused by insufficient physical exercise and high-energy diets (Zimmet et al., 2001). It is predicted that in the twenty-first century,
obesity would be the leading cause of illness and mortality throughout the world. About 200 million men and almost 300 million
women in the global adult population were classified as overweight or obese by the World Health Organization" (WHO) in 2012.

According to Dr. Anoop Misra and his team's "INDO-US joint research among Asian Indians, obesity was found to be 65.41 percent
in urban regions and 31.8 percent in rural areas (NDOC, 2013). Indians are known to have distinct characteristics of obesity,
including high levels of body fat, abdominal adiposity, increased subcutaneous and intra-abdominal fat, and the accumulation of
adipose tissue in non-abdominal areas. Additionally, as" India's economic condition improves, the frequency of obesity among
adults is on the rise.
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Introduction

Obesity "occurs when energy intake exceeds energy production, resulting in fat storage in adipose tissue
and ectopically in other tissues (a BMI greater than 30 kg/m2 is considered obese) (Yao and MacKenzie,
2010). Visceral obesity is associated with a pathological condition known as the "Metabolic Syndrome," a
group of symptoms, signs and pathophysiological conditions such as visceral obesity and insulin resistance
and impaired glucose metabolism that includes type 2 diabetes, dyslipidemia" and high blood pressure, as
well as other comorbidities such as a prothrombotic and proinflammatory state and non-alcoholic fatty
liver disease (Capurso and Capurso, 2012). A large majority of people with type 2 diabetes have a
burgeoning obesity problem.

Obesity in "obese people may be caused by a diet high in energy-dense saturated fats and their
accumulation in different fat pads throughout the body, along with reduced energy expenditure. Increased
fatty acid availability and oxidation can be a result of elevated triglyceride levels caused by a high fat diet. If
fat is used as an energy source instead of carbohydrates, it increases insulin resistance by decreasing
hepatic" glucose production. It also decreases skeletal muscle glucose absorption and utilization, resulting
in compensatory hyperinsulinemia.

In type 2 "diabetes mellitus, insulin action decreases with time (insulin resistance), and the pancreatic beta
cells (P-cells) are unable to compensate for this reduction (pancreatic P-cell dysfunction). The majority of
negative outcomes associated with diabetes are linked to vascular problems, such as coronary artery
disease, stroke, or peripheral vascular disease, as well as retinopathy, nephropathy, or neuropathy at the
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microvascular level (UKPDS, 1998). Complications of the condition place a huge financial and medical
burden on health-care systems, as well as a medical one. There are certain unique clinical and biochemical
abnormalities in Asian Indians that include increased insulin resistance, abdominal adiposity, i.e., a higher
waist circumference despite lower BMI, lower" adiponectin and higher high sensitive C-reactive protein
levels, making Asian Indians more susceptible to diabetes and coronary artery disease early in life (Deepa et
al., 2006; Enas et al., 2007).

One of the "most significant roles played by adipokines is in the development of obesity, pancreatic P-cell
dysfunction, and type 2 diabetes. "Adipokines," the chemicals secreted by fat cells, are critical in energy
and glucose metabolism (Yaturu, 2011). Evidence suggests that leptin is involved in regulating energy
expenditure, food intake, and the overall energy balance in both rats and humans (Wang et al., 2011).
adiponectin has long been known to influence insulin sensitivity and help prevent the obesity-related
metabolic syndrome, although further research is needed to confirm this (Vasseur et al., 2006). Reduced
levels of the hunger hormone adiponectin are linked to obesity, insulin resistance, and diabetes (Wang et
al., 2011). However, elevated levels of serum leptin have been linked to obesity, while reduced levels have
been linked to diabetes (Wang et al., 2011). It promotes glucose influx into muscle, glycogen synthesis in
the liver and muscle, and fat" deposition in adipocytes. Insulin is the primary hormone for glucose
homeostasis in humans. Insulin also has anti-inflammatory "properties, increases protein synthesis,
promotes cell survival and development, and prevents protein catabolism (Saltiel and Kahn, 2001). High
blood glucose levels linked with obesity-related type 2 diabetes are caused by increased liver glucose
synthesis (gluconeogenesis) and reduced muscle glucose absorption (glycogenolysis). As a tissue reserve for
the body's glucose requirements, glycogen serves as the principal intracellular storable form of glucose.
Glycogen storage in liver cells is insulin-dependent because the hormone increases the production of
intracellular Glycogen by activating glycogen synthase and inhibits glycogen phosphorylase (Stalmans et al.,
1991). Postprandial hyperglycemia can be caused, in part, by a problem with this step. Type 2 diabetics
have lower levels of glycogen in their liver and skeletal muscles" (Shulman et al., 1990; Magnusson et al.,
1992).

When it comes to "controlling blood sugar levels, an enzyme called glucose-6-phosphatase (Glc-6-Pase)
plays an important role. Gluconeogenesis and glycogenolysis both produce glucose 6-phosphate (Glc-6- P),
which is then hydrolyzed by Glc-6-Pase and released into the bloodstream as" glucose.

Diabetes has "been shown to increase liver microsomal Glc-6-Pase activity (Pushparaj et al., 2007). Type 2
diabetes is characterised by insulin resistance as well as P-cell dysfunction, both of which are major
pathophysiological changes. Diabetic P-cell dysfunction begins long before the onset of type 2 diabetes and
worsens as a person becomes fatter. P-cell dysfunction has played an increasingly important role in the
development of type 2 diabetes in recent years, as evidenced by several studies (Zhao et al., 2006). Insulin"
resistance is typically compensated for by the P-cells by secreting more insulin to keep blood glucose levels
stable. It is possible that this P-cell activity may be reduced over time and that this will lead to impaired
glucose homeostasis, poor glucose tolerance, and frank diabetes.

Insulin resistance and "visceral adiposity have a close relationship with blood pressure levels (Ferrannini et
al., 1997). Type 2 diabetes patients may benefit most from aggressive blood pressure management since it
can help them avoid serious complications (Vijan and Hayward, 2003). It's not uncommon for diabetic
patients to have abnormalities in their blood's lipid profile, including elevated levels of total cholesterol
(TC), triglycerides (TG), lipoprotein cholesterol (LDL-C), and very low density lipoprotein cholesterol (VLDL-
C), all of which contribute to hypertension, atherosclerosis, and heart disease (Haffner, 1998). The
"relative" insulin shortage seen in type 2 diabetes patients, as" well as insulin resistance, are likely to have a
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significant impact, as insulin regulates lipid metabolism. The pathogenesis of type 2 diabetes lipid
abnormalities may also be influenced by other variables such adipokines (Verges, 2005).

Both type 1 and type 2 "diabetes include nephropathy as a significant consequence, and diabetic
nephropathy-related morbidity and death are on the rise in developed countries (Balakumar et al., 2009).
In Western nations, diabetes-related nephropathy affects one-third of all patients in need of kidney
replacement therapy (Ruggenenti and Remuzzi, 2000). If you have diabetes, you are more likely to develop
kidney disease because of the gradual rise in albumin and protein levels, as well as the subsequent decline
in glomerular filtration rate (GFR), high blood pressure, and increased cardiovascular mortality risk
(Balakumar et al., 2009). Insulin is essential for healthy kidney function because it acts as a homeostat.
When a person develops high insulin levels, it can cause kidney damage and even death (Knight and Imig,
2007). Diabetic nephropathy may be detected early using urine albumin excretion and creatinine
measurements (which allow one to estimate GFR) (Kramer, 2004). Raises in the enzyme lactate
dehydrogenase (LDH) have been identified in patients with kidney, liver, pulmonary, and cardiovascular
disorders. The" levels of the enzyme alkaline phosphatase (ALP) are considerably raised in people with
renal failure (Sanchez Navarro et al., 2002). ALP-enzyme-regulating gene has also been shown to be highly
expressed not only in the liver but also in the kidneys.

Literature Review

Increasing numbers of people with "type 2 diabetes are being blamed on obesity, which is known as the
"new global syndrome." It is true that obesity is linked to insulin resistance and metabolic syndrome, a
group of conditions that include coronary artery disease risk factors such as high blood pressure, high
cholesterol, and dyslipidemia. Recent clinical trials have shown that weight loss and increased physical
exercise can delay the onset of diabetes in obese people with impaired glucose tolerance. In individuals
with type 2 diabetes, there are several advantages to losing weight intentionally, including better metabolic
control and less dependence on diabetes medicines (Krentz, 2007; Ezquerra et al., 2008). When insulin
insufficiency or resistance leads to hyperglycemia and the late development of vascular and neuropathy
consequences, it is known as diabetes mellitus, a chronic disease. Three primary types of diabetes mellitus
exist" (IDF, 2011).

It is also known as "juvenileonset" diabetes, or "immune-mediated" diabetes if it is triggered by an immune
"system reaction. The immune system assaults the insulin-producing cells, resulting in an auto-immune
response. It's not quite clear why this happens. Type 1 diabetics have insulin levels that are extremely low
or nonexistent. People of any age can be affected by the condition, although it is more common in children
and young adults. Polyuria, thirst, continuous hunger, weight loss, eyesight problems, and exhaustion are
just a few of the symptoms. If you suddenly start experiencing these symptoms, get immediate medical
attention. In order to keep their blood glucose levels under control, people with this kind of diabetes must
get daily insulin" injections. Without easy access to insulin, patients with type 1 diabetes risk dying.

'Non-insulin-dependent' or 'adultonset' diabetes is caused by the body not using insulin as effectively as it
should. Being overweight or obese increases the risk of insulin resistance and high blood glucose levels.
Overweight and physical inactivity are major risk factors for type 2 diabetes, which affects 90% of persons
with the disease worldwide. Insulin resistance and relative insulin insufficiency are "hallmarks of diabetes,
which can show clinically at any moment. Type 2 diabetes is most commonly diagnosed in people over the
age of 40, however it can develop younger in areas with a high incidence of the disease. Type 2 diabetes
might have symptoms that are comparable to type 1 diabetes, although they are less severe. As a
consequence, it's possible that the condition won't be discovered for years after symptoms first appear due
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to complications. Diagnosis of type 2 diabetes" is frequently made as a result of complications or an
elevated glucose level in the blood or urine.

During pregnancy, gestational diabetes manifests as elevated blood glucose levels. Gestational diabetes has
"symptoms that are quite similar to those of type 2 diabetes. It occurs in one out of every twenty-five
pregnancies and is linked to problems both during pregnancy and after delivery. Prenatal screening is the
most common method of detecting gestational diabetes rather than waiting for a woman to complain of
symptoms. Gestational" diabetes typically goes away once a woman has given birth, but it increases the risk
of type 2 diabetes in her children and grandchildren. Type 2 diabetes develops in 50% of women with a
history of gestational diabetes within five to 10 years of giving birth, depending on family history.

Research Gap

Given that type 2 "diabetes in humans is considered to be the result of polygenic interactions with the
environment, and that most patients have a history of being overweight or obese, animal models produced
by changing their eating habits are suitable for studying these clinical characteristics (Reuter, 2007). Thus, a
high-fat diet (HFD) and a low dosage of streptozotocin (STZ, 35 mg/kg bw, i.p., single injection) were"
employed to develop obesity and type 2 diabetes, respectively, in Wistar rats in the current investigation
(Srinivasan et al., 2005).

Antiobesity potential of E.ribes ethanolic extract in HFD-induced obesity in wistar rats' was the subject of
research I. The "first model of HFD-induced obesity was validated in Wistar rats, who were fed HFD for a
week to assess the effects on obesity baseline features. After receiving HFD for one week, rats in group |
gained significantly more weight (p 0.05), BMI, blood glucose, serum insulin, total cholesterol, and
triglycerides than rats in group | who received NPD (Table 16), suggesting the emergence of obesity-related
characteristics. Wistar rats were fed HFD for a week by Ansari et al. (2012) to" describe the obesity model.
The findings of this investigation support those of Ansari et al.

Once "the ethanolic extract of E.ribes (100 mg/kg bw) has been characterised, researchers tested its
antiobesity potential by feeding obese Wistar rats high-fat diet (HFD) for four weeks. Following
administration of an ethanolic extract of E.ribes at a dosage of 100 mg/kg body weight in rats with STZ-
induced diabetes, Bhandari et al. (2007, 2008) discovered a substantial decrease in blood glucose levels,
hemodynamic indices, and lipid peroxidation in pancreatic tissue. The antioxidant defence against reactive
oxygen species generated under hyperglycaemic conditions was considerably improved" by E.ribes extract
in rats at a dosage level of 100 mg/kg bw, as well. There is also a connection between obesity and insulin
resistance, dyslipidemia, hypertension, and oxidative stress (Alegria Ezquerra et al., 2008). To test the
hypothesis that ethanol extract of E.ribes has anti-obesity potential in HFD-induced obesity in Wistar rats,
the dose of 100 mg/kg bw of ethanolic extract of E.ribes extract was chosen.

Research Objective & Methodology

In "Soxhlet apparatus, the dried and coarsely powdered berries of E. ribes (1 kg) were uniformly packed and
extracted with 90% ethanol for 72 hours using Soxhlet equipment. Under decreased pressure, the solvent
was extracted to provide a dry extract with an 8.4% weight-to-weight yield compared to the crude material,
which" had been kept at 4°C until the experiment.

We used the procedure "provided in Indian Pharmacopoeia 1996, Appendix 3.37, to obtain the extractive
values (also known as hot extractive values). To extract the phenolic compounds, the dried and coarsely
powdered fruits of E.ribes were packed in a Soxhlet apparatus and treated to extraction for 72 hours with
various solvents such ethanol, petroleum and chloroform. The extract volume was recalculated to 100 ml
using the same solvent. A total of 425 ml of the extract was used. Next, 25 ml of extract was divided and
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placed in an evaporating dish, where it was dried in a water bath" before being weighed and their constant
extractive values for various solvents determined.

To find out what proportion was acid-insoluble ash, we calculated the following:
Total ash

A 1 gramme "ethanolic extract of E.ribes was added to the silica crucible and burned until it was carbon-
free at a temperature no higher than" 450°C. After cooling, the ash is weighed to determine its overall
content.

Acid insoluble ash

It took five minutes to "get the entire batch of wood chips up to temperature using 25 millilitres of weak
HCI (6N). Filter paper was used to capture the insoluble materials, which was then heated to no more than
450°C before being burned to produce" a consistent weight.

Data Analysis & Findings
Physico-chemical standardization
Extractive value

According to the "results, the average yield of E. ribes extract in water was 5.261 percent higher than that
in ethanol, and petroleum ether was higher than that in" chloroform.

"Ash values"

The ethanolic "extract of E.ribes had ash totals of 4.356 mg/L, acid insoluble ash of 1.040 mg/L, and water
soluble ash of 2.606 mg/L.

"pH values"

Ethanolic "extract of E.ribes was tested and found to have pH values of 5.52" and 5.15 in a 10% solution.
Foaming Index

Foaming "Index of ethanolic extract of E.ribes was" found to be 555.56.

Microbial Contamination

E.ribes' "ethanolic extract had an inconceivable number of colonies at 1:1 and 1:100 dilutions; nevertheless,

at 1:1000 dilutions, 127 billion/gm colonies" were discovered in E.ribes' 1:1000 ethanolic extract.
Preliminary phytochemical screening

This study "found favourable findings for alkaloids, carbohydrates, flavonoids" and saponins in an ethanolic
extract of E.ribes.

There were "seven spots with Rf values of 0.06, 0.19, 0.25, 0.41, 0.45, 0.51 and 0.61 in the ethyl acetate:
methanol (9:1) solvent system while looking at HPTLC finger prints of the ethanolic extract of E.ribes. Band
with maximum Rf value" of 0.06 of these chemicals matched embelin perfectly.

The amount of "embelin in the ethanolic extract of E.ribes was determined by HPLC analysis at 288 nm.
3.11 minutes of retention time was seen on the chromatogram (Figure 15). Embelin concentration in
E.ribes extract is equal to 32803 mg/100g, as determined by HPLC analysis of the 100 gm of" extract.

The qualitative "embelin UV spectrum profile was selected for wavelengths between 200 nm and 400 nm,
and the profiles of isolated and standard embelin" revealed maxima at 204.5 nm and 301.5 nm.
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At 288 nm, HPLC "analysis was used to measure the amount of separated embelin and the standard
embelin using the concentrations" obtained. A chromatogram of isolated embelin exhibited a retention
time of just 4.9 minutes, whereas a chromatogram of conventional embelin showed a retention period of
only 52 minutes.

Conclusion

In comparison to the "HFD-fed group, treatment with ethanolic extract of E.ribes (100 mg/kg bw, p.o) and
orlistat (ten mg/kg bw, p.o) for 21 days increased the content of hepatic Na+/K+ATPase by 36.96 percent
and 89.13 percent; cardiac Na+/K+ATPase by 44.19 percent and 74.42" percent.

Treatment with "an ethanolic extract of E.ribes (100 mg/kg bw, p.o) resulted in substantial reductions in
liver and heart TBARS levels (p 0.01) compared to an HFD-fed obese control group (41.43 percent and 43.84
percent, respectively). When compared to the HFD control group, orlistat (10 mg/kg bw, p.o.) reduced"
hepatic TBARS levels by 61.93 percent and cardiac TBARS levels by 63.01 percent.

In comparison to the "HFD-fed group, treatment with ethanolic extract of E.ribes (100 mg/kg bw, p.o) and
orlistat (10 mg/kg bw, p.o) for 21 days increased hepatic GSH levels by 2.5 and 2.8-folds, SOD by 1.19 and
2.7-folds, CAT by 1.64 and 3.07-folds, GPx by 1.51 and 1.46-folds, GST by 1. The ethanolic extract of E. ribes
(100 mg/kg bw, p.o) and orlistat (10 mg/kg bw, p.o) treatments for 21 days produced a significant (p 0.01
increase in cardiac GSH levels by 2- and 1.41-folds; SOD" by 1.44- and 1.61-folds; CAT by 1.77- and 1.89-
folds; GPx by 1.32- and 1.45-folds; GST

It was shown "that therapy with an ethanolic extract of E. ribes (100 mg/kg body weight, p.o.) restored and
normalised the damaged morphology of hepatic cells while causing only moderate congestion and no fatty
alterations in the liver. Orlistat (10 mg/kg bw, p.o) similarly revealed no fatty alterations and normal
hepatocyte architecture was retained in orlistat-treated mice. There were no fatty alterations in the E.
ribes-treated mice whose myocardial architecture had been altered by" the presence of the ethanolic
extract (100 mg/kg bw) or Orlistat (10 mg/kg bw, p.o.).

References

1. Brown, J. L., Spicer, M. T., Spicer, L. J., 2002. Effect of high-fat diet on body composition and hormone
responses to glucose tolerance tests. Endocrine. 19 (3), 327-332.

2. Capurso, C., Capurso, A., 2012. From excess adiposity to insulin resistance: The role of free fatty acids.
Vascul. Pharmacol. 57, 91 - 97.

3. Deepa, R., Sandeep, S., Mohan, V., 2006. Abdominal obesity, visceral fat, and type 2 diabetes-“Asian
Indian Phenotype”, in: Mohan, V., Rao, G. (Eds), Type 2 diabetes in South Asians; Epidemiology, Risk
factors and Prevention. Jaypee Medical Publishers, New Delhi, pp. 138-152.

4. Enas, E. A., Mohan, V., Deepa, M., Farooq, S., Pazhoor, S., Chennikkara, H., 2007. The metabolic
syndrome and dyslipidemia among Asian Indians: a population with high rates of diabetes and premature
coronary artery disease. J. Cardiometab. Syndr. 2, 267-275.

5. Gonzalez-Castejon, M., Rodriguez-Casado, A., 2011. Dietary phytochemicals and their potential effects
on obesity: A review. Pharmacol. Res. 64, 438-455.

6. Gupta, O. P, Ali, M. M., Ray Ghatak, B.J., Atal, C.K.,, 1977. Some pharmacological investigations of
embelin and its semisynthetic derivatives. Indian J. Physiol. Pharmacol. 21, 31-39.

7. Hamza, N., Berke, B., Cheze, C., Agli, A.N., Robinson, P., Gin, H., Moore, N., 2010. Prevention of type 2
diabetes induced by high fat diet in the C57BL/6) mouse by two medicinal plants used in traditional
treatment of diabetes in the east of Algeria. J. Ethnopharmacol. 128, 513-518.

4199



Nat. Volatiles & Essent. Oils, 2021; 8(5): 4194 - 4200

8. Haslam, D., 2010. Obesity and diabetes: the links and common approaches. Prim. Care. Diabetes. 4,
105-112.

9. Heydari, I., Radi, V., Razmjou, S., Amiri, A., 2010. Chronic complications of diabetes mellitus in newly
diagnosed patients. Int. J. Diabetes Mellit. 2, 61-63.

10. International Diabetes Federation (IDF). 2011. Types of diabetes. Available at:
http://www.idf.org/types-diabetes

11. International Diabetes Federation (IDF)., Diabetes Atlas, 5th Edition 2012. Available at:
www.idf.org/diabetesatlas

12. International Diabetes Federation (IDF)., The Global Burden 2011. Available at:
http://www.idf.org/diabetesatlas/5e/the-global-burden

13. Modak, M., Dixit, P., Londhe, J., Ghaskadbi, S., Devasagayam, T.P.A., 2007. Indian Herbs and Herbal
Drugs Used for the Treatment of Diabetes. J. Clin. Biochem. Nutr. 40, 163 - 173.

14. Mooradian, A. D., Chehade, J., Hurd, R., Haas, M. J., 2000. Monosaccharide- enriched diets cause
hyperleptinemia without hypophagia. Nutrition 16, 439-441

15.  National Diabetes, Obesity and Cholesterol Foundation (NDOC), 2013. Available at: http://www.n-
doc.org/contact.aspx

16. Ramarao, P., Kaul, C. L., 1999. Insulin resistance: Current therapeutic approaches. Drugs Today. 35,
895 -911

17. Reed, M. J., Meszaros, K., Entes, L. J., Claypool, M. D., Pinkett, J.G., Gadbois, T., Reaven, G. M., 2000.
A new rat model of type 2 diabetes: the fat-fed, streptozotocin-treated rat. Metabolism. 49, 1390-1394.
18. Reuter T. Y., 2007. Diet-induced models for obesity and type 2 diabetes. Drug Discov. Today Dis.
Models 4, 3-8.

19.  Shertzer, H. G., Schneider, S. N., Kendig, E. L., Clegg, D. J., D’ Alessio, D. A., Genter, M. B., 2008.
Acetaminophen normalizes glucose homeostasis in mouse models for diabetes. Biochem. Pharmacol. 75,
1402-1410.

20.  Shetty, P., 2012. India’s diabetes time bomb. Nature India. 485, S14-S16.

21.  Srinivasan, K., Viswanad, B., Asrat, L., Kaul, C. L, Ramarao, P., 2005. Combination of high-fat diet-fed
and low-dose streptozotocin-treated rat: a model for type 2 diabetes and pharmacological screening.
Pharmacol. Res. 52, 313-320

22.  Stumvoll, M., Goldstein, B.J., van Haeften, T.W., 2005. Type 2 diabetes: principles ofpathogenesis
and therapy. Lancet 365, 1333-1346.

23. UK Prospective Diabetes Study (UKPDS) Group. 1998. Effect of intensive blood-glucose control with
metformin on complications in overweight patients with type 2 diabetes (UKPDS34). Lancet. 352, 854-865.
24. UK Prospective Diabetes Study (UKPDS) Group. 1998. Intensive blood — glucose control with
sulphonylureas or insulin compared with conventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS33), Lancet. 352, 837-853.

25.  World Health Organization (WHO)., 1999. World Health Organization Expert Committee. Definition,
diagnosis and classification of diabetes mellitus and its complications. Report of a WHO consultation, part
1 : diagnosis and classification of diabetes mellitus. Geneva.

26. World Health Organization (WHO)., 2012. Obesity and overweight. Available at:
http://www.who.int/mediacentre/factsheets/fs311/en/index.html

27. Yao, F., MacKenzie, R.G., 2010. Obesity Drug Update: The Lost Decade? Pharmaceuticals 3, 3494 -
3521.

28.  Zimmet, P., Alberti, K.G.M.M., Shaw, J., 2001. Global and societal implications of the diabetes
epidemic. Nature. 414, 782 - 787

4200



