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SUMMARY  
 

Eleven antidiabetic herbal preparations (ADHPs) were collected from the local herbal 

drug stores in Dhaka city. Among these ADHPs, four were tablet, three were capsule and 

rest of the ADHPs were in liquid form. Eleven ADHPs were screened at BIRDEM for 

their efficacy in reducing blood glucose in type 2 diabetic Long Evans model rats 

produced at BIRDEM and BUHS. Seven drugs showed positive response in acute tests. 

These seven drugs were fed to diabetic model rats for 28 days and some of them showed 

significant hypoglycemic activity. One with the significant activity had only one plant 

Salvia haematodes Lin in its composition. This plant (roots) was taken for chemical 

studies.  

The flowers of the plant Phlogacanthus thyrsiflorus Nees is used for controlling blood 

glucose in South Eastern Indian people. The flowers were used to study the antidiabetic 

effect on Type 2 diabetic rats.   

The powdered root (5 kg) of Salvia haematodes Linn was extracted with n-hexane, DCM, 

EtOAc and methanol at room temperature, respectively. Dried and powdered flowers 

(300 g) of P thyrsiflorus was extracted with DCM, EtOAc and methanol at room 

temperature, respectively. This flower also was extracted with aq 80% ethanol to get 144 

g extract.  The ethanol extract (144 g) was suspended in water and was partitioned with 

DCM followed by 1-butanol. The DCM and 1-butanol soluble part was 49.87 g and 54 g, 

respectively. 

The extracts of ADHPs and Pthyrsiflorus flowers were directly tested for their 

antidiabetic effects, alpha-glucosidase inhibitor activity, antioxidant activity, SPF testing, 

microbial contamination, insulin secratory activity, isolation of active compound (s), 

toxic metal analysis, OCPs testing, identification & quantification of synthetic drug and 

antioxidant.  

ADHP-2, ADHP-4 and ADHP-6 showed significant results of lowering the blood glucose 

level and lipid profile. The body weight of the treated T2DM rats were unchanged during 

the experimentation. Ethanol extract of flowers of P thyrsiflorus Nees possesses 
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limit was 0.02 ppm. The copper concentrations varied in a wide range in all ADHPs 

between 0.48 to 39.58 ppm except ADHP 5 & 6. Cadmium content was detected some of 

the ADHP samples except ADHP-2, 4, 5, 6 & 7. Unfortunately, ADHP-3, 8, 9 & 10 

samples the cadmium level were more than the level of all permissible limit (WHO, US 

FDA, HAS Singapore and Chinese Pharmacopoeia, Tables 3.3.1 and 3.3.2). Even if we 

consider a more relax permissible limit for cadmium (WHO and US FDA guidelines; 

Table 3.3.2), one-third of the total ADHPs (ADHP-3, 8, 9 & 10) failed to comply with 

the safety limit. The content of lead (Pb) in the analyzed samples ranged from less than 

1.0 to 18.44 ppm. All the ADHP’s samples showed the value of Pb metal below detection 

level (DL=0.00005 ppm) except ADHP-3 and 8. The maximum concentrations of lead in 

ADHP- 3 and ADHP-8 were 0.08 ppm and 18.44 ppm, respectively. 

Arsenic (As) content in the analyzed samples ranged from 0.05 to 0.75 ppm. All the 

ADHP’s samples showed the value of As metal with the highest value in ADHP-7 (0.75 

ppm) & ADHP-8 (0.74 ppm) and lowest value in ADHP-6 (0.05 ppm) as shown  in Table 

3.8.1. The US FDA, WHO, HSA Singapore & Chinese Pharmacopiea maximum 

permissible limit of As in consumed medicinal herbs is 10 ppm, 10 ppm, 5 ppm and 2 

ppm respectively (Table: 3.8.2). The obtained results showed that all the analyzed ADHP 

samples the As contents were below the permissible limits. 

Four organochlorine pesticide’s residue analysis of ADHPs standards namely 4,4-DDE; 

4,4-DDD; 2,4-DDT & 4,4-DDT were used to quantify the pesticides present in 07 

Antidiabetic Herbal Preparations (ADHPs). 4,4-DDE was found in ADHP-1, ADHP-2, 

ADHP-6 & ADHP-7 amounting to 0.203 ng/g, 0.588 ng/g, 1.413 ng/g & 1.838 ng/g, 

respectively. 4,4-DDD amounting  to 0.373 ng/g was found only in ADHP-2. 2,4-DDT 

was found in ADHP-2 and ADHP- 6 amounting to 1.937 ng/g and 0.756 ng/g, 

respectively. And 4,4-DDT was found to be present in ADHP-1, ADHP-2, ADHP-6 and 

ADHP-7 amounting  to 0.971 ng/g, 8.608 ng/g, 3.377 ng/g and 2.917 ng/g, respectively. 

ADHP-03, 04, 05 were free from organochlorine pesticide residues. 

Small amount of metformin HCl was found in all samples of ADHP. Metformin HCl was 

quantified 2.25%, 2.62%, 1.28%, 1.58%, 1.47%, 1.35% & 2.47% in   ADHP-1, ADHP-2, ADHP-

3, ADHP-4, ADHP-5, ADHP-6 and ADHP-7, respectively. Large  amounts of glaclazide (5.74%) 
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and glibenclamide (3.82%) were quantified and isolated from ADHP-6 and ADHP-7, 

respectively, indicating deliberate addition.  

A new HPLC method to analyze seventeen antioxidant compounds simultaneously was 

developed and validated for, linearity, accuracy, stability and precision. All of the 

ADHPs and ADSPs cotainined good amount of different antioxidants. Especially ADHP-

1, ADHP-2, ADHP-4, ADHP-5, ADHP-6, ADHP-7, and ADSP-8, 9 showed significat 

amount of antioxidants which is known to  play benifical role for humans (Table-

3.11.11). 
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1.0 INTRODUCTION 

 

1.1 GENERAL INTRODUCTION (HERBAL MEDICINE AND PLANT) 

Herbal Medicine (HM) plays a very important role in primary health care of millions of 

people around the globe. It is almost indispensable in poorer third world countries where 

accessibility and affordability of modern medicine is limited. Interestingly, HM is 

increasingly becoming more popular in wealthier developed nations in the recent past. 

The World Health Organization (WHO) survey indicated that about 70-80% of the world 

population particularly in the developing countries rely on non-conventional medicines 

mainly of herbal origins for their primary health care. This is because herbal medicines 

are relatively accessible and cheaper than the synthetic drugs (Abba et. al., 2009). In line 

with the increasing importance of traditional medicine in various healthcare systems 

around the world, the WHO Traditional Medicine Strategy has recently been updated. 

‘The goals of the strategy for the next decade (2014–2023) are to support Member States 

in (a) harnessing the potential contribution of traditional medicine to health, wellness and 

people-centered health-care; and (b) promoting the safe and effective use of traditional 

medicine by regulating, researching and integrating traditional medicine products, 

practitioners and practice into health systems where appropriate’ (WHO, 2013).  

Throughout the ages, human race have fulfilled its basic needs from nature, such as 

foodstuffs, shelters, clothing, fertilizers, flavors and fragrances. Progressively they started 

to use parts of plants (leaves, stems, roots, rhizomes, etc.), and some animal parts, along 

with minerals, for the treatment of diseases. History of medicine thus started with the 

genesis of human civilization. The modern medicine or allopathy is a result of continuous 

scientific and observational development of traditional medicines and practices. 

Traditional medicine systems which have been in use for years are mainly depending on 

plants. The first record, which was written at about 2,600 BC on clay tablets in 

cuneiform, is from Mesopotamia. Oils of Cedrus species (cedar) and Cupressus 

sempevirens (cypress), Glycyrrhiza glabra (licorice), Commiphora species (myrth), and 

Papaver somniferum (poppy juice) are some examples amongst approximately 1,000 
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plant-derived substances which people have used in ancient times and are still in use for 

the treatment of diseases such as cough and cold, parasitic infections and inflammation 

(Newman et. al., 2000). Nearly all ancient cultures have used plants as a source of 

medicine. Egyptian pharmaceutical record Ebers Papyrus at 1,500 BC includes 700 

drugs, mostly plants, though animal organs and some minerals were also used (Newman 

et. al., 2000). 

Ayurveda is an ancient system of medicine which is still widely practiced in South Asia 

and has a sound philosophical and experimental basis. Atharvaveda (around 1,200 BC), 

Charak Samhita and Sushrut Samhita (1,000 - 500 BC) are the classic texts that give 

detailed descriptions of over 700 herbs used in Ayurveda (Patwardhan et. al., 2004). The 

Chinese Materia Medica, which was first compiled in 1,100 BC has been extensively 

revised over the centuries. This was followed by recorded history such as the Shennong 

Herbal (~100 BC; 365 drugs) and the Tang Herbal (659 AD; 850 drugs) (Newman et. al., 

2000). 

The Greeks have contributed significantly in the development of the herbal drugs in 

prehistoric western world. Theophrastus (A Philosopher and Natural Scientist) reported 

the medicinal properties of many plants and changes in their characteristics through 

cultivation, in his book ‘History of Plants,’ (300 BC). Dioscorides, a Greek Physician 

(100 AD), reported the method of collection, storage, and use of many medicinal herbs. 

Galen (130-200 AD), who was a teacher of pharmacy and medicine in Rome, published 

nearly 30 books on prescription and formulae of herbal drugs (Newman et. al., 2000). 

In many developing countries, people are still depending on traditional medicines for 

their healthcare. In developed countries too, people are now turning to herbal remedies 

for multiple reasons. Also many modern medicines contain substances of plant origin. 

The World Health Organization (WHO) estimates that about 80% inhabitants of 

developing countries rely almost entirely on traditional medicines for their primary 

healthcare needs. Over 3 billion people in the developing countries utilize plant-based 

medicines on a regular basis. Natural pharmaceuticals (Naturaceuticals), nutraceuticals 

and cosmeceuticals have tremendous significance in global healthcare regime. Plants 

possess an immense chemical diversity which can be used in different types of drug 
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discovery, such as antimicrobial, cardiovascular, immunosuppressive and anticancer 

drugs. According to the WHO survey, the international market of herbal products or 

botanicals is estimated to be US$ 62 billion per annum. It is estimated to grow to US$ 5 

trillion by the year 2050. (Govil, et. al., 2006).  The nutraceutical marketplace in Europe 

is estimated to be US$ 9 billion, while in US marketplace it is about US$ 10-12 billion. It 

is expanding at a rate of more than 20% per year. (Patwardhan et. al., 2004 and Govil et. 

al., 2006) 

Natural products chemistry actually began with the isolation of morphine from opium 

(Papaver somniferum) by Serturner. This was followed by the isolation of quinine from 

Cinchona tree in 1860. A German chemist Carl Koler isolated cocaine from Erythroxylon 

coca, the chemical responsible for paralyzing the nerve endings responsible for 

transmitting pain. Reserpine, an anti-hypertensive alkaloid was obtained from Rauwolfia 

serpentine. (Patwardhan et. al., 2004). 

Secondary metabolites which are produced by living organisms (microbes and plants) for 

the purpose of their own survival have a major importance in drug discovery. Secondary 

metabolites with therapeutic indications include cyclosporine (immunosuppression), 

mevinolin (hypercholesterolaemia), avermectin (parasitic disease), artemisinin (malaria), 

vinblastine, vincristine and taxol (cancer) (Adhikari 2014). 

Today, natural product-based drug discovery competes with the combinatorial chemistry, 

which has given a significant complementary way for drug development. It produced 

thousands of compounds of almost similar structures in a single experiment, which are 

immediately available for bio-assay screening. In contrast, plants and microorganisms 

have the potential to synthesize novel chemicals in unpredictable ways. The genes and 

metabolic pathways by which plants and microbes produce novel structures are now 

understood in many cases and this knowledge has been used in drug discovery. Plants 

and microbes used same technique as in combinatorial chemistry to biosynthesize 

secondary metabolites. Natural product biosynthesis is mostly catalyzed by enzymes, 

which result from an enormous gene pool that has evolved over billions of years.      

(Nisbet & Moore 1997) 
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Recent improvements in instrumentation, robotics, and bioassay technology have 

increased the speed of bioassay-guided isolation and structure elucidation of natural 

products significantly. These improvements have allowed natural product research to be 

more competitive and cost effective, as compared to synthetic medicinal chemistry. 

Between 2005 & 2008, thirteen natural product (NP)-derived drugs have been lunched in 

the market (Table-1.1), in addition to the 37 late stage clinical development NP-based 

candidates (6 in registration and 31 in phase III). The traditional strengths of NPs in 

oncological and transmittable diseases is still explored with 19 (51%) compounds being 

evaluated for the treatment of cancer and 10 (27%) for the treatment of bacterial 

infections. The remaining compounds are for the treatment of metabolic diseases, pain 

and multiple sclerosis. A large number of NP-derived compounds are in various stages of 

clinical development which indicates that natural products are still the major feasible 

source of new drug candidates. In absence of NP-derived compounds, it is predicted that 

there would be a considerable therapeutic shortage in a number of important areas, such 

as neurodegenerative and cardiovascular diseases, most solid tumors and immune-

inflammatory diseases (Butler 2008). 

 

A. BIOLOGICAL INVESTIGATIONS 

1.2 DIABETES MELLITUS (DM) 

1.2.1 General Information 

Diabetes Mellitus (DM) is a principal cause of morbidity and mortality in human 

populations (Steppan et. al., 2001). It is a syndrome characterized by hyperglycemia, 

polydipsia and polyuria and causes complications to the eyes, kidneys, and nerves. It is 

also associated with an increased incidence of cardiovascular disease (Pickup & 

Williams, 1991). The number of people with diabetes is increasing due to population 

growth, aging, urbanization, and increasing prevalence of obesity and physical inactivity. 

The prevalence of diabetes mellitus, estimated as 382 million people in 2013, is predicted 

to increase to 592 million people by the year 2035 (IDF, Atlas 6th ed, 2013). In addition, 

to a possible genetic predisposition, other environmental factors, have been identified as 
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contributing to the DM epidemic in Asia. These includes rapid socioeconomic change, 

urbanization, sedentary lifestyle, and changes in dietary patterns. Recent epidemiological 

studies have shown an increased prevalence of DM in India (12.1%), Pakistan (11.1%), 

and China (6.1%) (Ramachandran et. al., 2001, Shera et. al., 1999 and Dong et. al., 

2005). In recent years, Bangladesh has experienced rapid urbanization (Laskar et al., 

1996 and Bangladesh Bureau of Statistics, 2004 & 2006) increasing the risk of increased 

number of diabetic population. 

Table. 1.1: NP-derived drugs launched between 2005 & 2008. (Butler, 2008). 

Year Trade name Lead compound Classification Disease area 

2005 Dronabinol/Cannabidol  

(Sativex ®) 

Dronabinol/ 

Cannabidol 

NPs pain 

2005 Fumagilin  (Flisint®) fumagillin NP antiparasitic 

2005 Doripenem (Finibax ®/ 

DoribaxTM) 

thienamycin NP-derived antibacterial 

2005 Tigecycline (Tygacil®) tetracycline Semi-synthetic NP antibacterial 

2005 Ziconotide (Prialt®) ziconotide NP pain 

2005 Zotarolimus (Endeavor 
TM

sirolimus Semi-synthetic NP Cardiovascular 

2006 Anidulafungin (Eraxis 
TM / Ecalta TM) 

Echinocandin B Semi-synthetic NP antifungal 

2006 Exenatide (Byetta TM) Exenatide-4 NP diabetes 

2007 Lisdexamfetamine 

(Vyuanse TM) 

amphetamine NP-derived ADHD 

2007 Retapamulin (Altabax 
TM/Altargo TM) 

pleuromutilin Semi-synthetic NP antibacterial 

2007 Temsirolimus (Torisel 
TM

sirolimus Semi-synthetic NP oncology 

2007 Trabectedin (Yondelis 
TM

trabectedin NP oncology 

2007 Ixabepilone (Ixempra 
TM

Epothilone B Semi-synthetic NP oncology 







Introduction 

9 
 

  

The highest increase in prevalence is, however, expected to occur in Asia and Africa, 

where most patients will probably be found by 2030 (King et al. 1998). The largest  

Type 2 diabetes mellitus is less common in non-Western countries where typical diets 

contain fewer calories and daily caloric expenditure is higher. However, as people in 

these countries adopt Western lifestyles, weight gain and type 2 diabetes mellitus are 

becoming virtually epidemic. Rates of diabetes are increasing worldwide. The top 10 

countries in number of people with diabetes are currently India, China, the United States, 

Indonesia, Japan, Pakistan, Russia, Brazil, Italy, and Bangladesh. The greatest percentage 

increase in rates of diabetes will occur in Africa over the next 20 years. The prevalence of 

type 2 diabetes mellitus varies widely among various racial and ethnic groups. Type 2 

diabetes mellitus is more prevalent among Hispanics, Native Americans, African 

Americans, and Asians/Pacific Islanders than in caucasians. Indeed, the disease is 

becoming virtually pandemic in some groups of Native Americans and Hispanic people. 

The risk of retinopathy and nephropathy appears to be greater in blacks, Native 

Americans, and Hispanics. It was narrated in the news letter (2012) for preventive health 

screening for diabetes that the greatest percentage of diabetes will occur in Africa over 

the next 20 years. Unfortunately, at least 80% of people in Africa with diabetes are 

undiagnosed and many in their 30s to 60s will die from diabetes there. (Newsletter, 2012, 

http://www.yourdiagnosis.com/yourdiagnosis/newsletter/diabetesscreening.htm). 

Figure-1.1:  Numbers of adults with diabetes in developed and developing countries in 2010 
and 2030 (projected), according to age group. 
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With the prevalence of T2DM rising alarmingly throughout the world, prevention of 

these diseases is becoming increasingly important. The management of T2DM has often 

been unsatisfactory; partly because of the limited efficacy of the oral hypoglycemic 

agents, is the most common cause of death in diabetics. The prevention of T2DM and 

control of its complications will require an integrated, international approach for 

significant reduction in the huge premature morbidity and mortality they cause (Paul et. 

al., 2001). An ideal oral treatment would be a drug that not only controls the glycemic 

level but also prevents the development of oxidative stresses and other complications of 

diabetes. Unfortunately, among the currently available drugs, the choice is very limited. 

Morever, besides having a number of side effects, none of the antihyperglycemic agents 

have been successful in maintaining hyperglycemia and controlling long term micro and 

macrovascular complications of DM. As a result a growing need for new 

antihyperglycemic drugs as an alternative therapy exists in type-2 diabetes mellitus 

(T2DM). 

In contrary to the conventional drugs, plants are well known in traditional herbal 

medicine for their various pharmacological activities. Dependence on herbs as medicines 

in the treatment of disease is common among a large proportion of population of the rural 

populace because of its availability and affordability. Due to the increasing awareness of 

the importance of traditional medicine in human and animal healthcare, researches into 

the efficacy of some of the herbs used in the treatment of some illness would be 

worthwhile. WHO supports the use of effective and safe remedies and accepts traditional 

medicine as a valuable resource for primary healthcare. 

There has been increasing demand for the use of plant products with antidiabetic 

activities due to low cost, easy availability and lesser side effects (Vivek et. al., 2010). 

The use of traditional plants treatment for DM dates from Papyrus Ebers of 1500 BC 

(Bailey et. al., 1989). Many herbs, spices and other plant materials had since been 

described for the treatment of diabetes, but their use declined in occidental societies 

following the introduction of insulin and the antihyperglycemic drugs. Herbal medicines 

are currently enjoying a revival in popularity in west and are of course the primary form 

of medicine, required evolution of standard and specific methods to be utilized to their 
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Bingley, 2002). Symptoms may develop rapidly (weeks or months) in type 1 diabetes, 

while they usually develop much more slowly and may be subtle or absent in type 2 

diabetes. 

Prolonged high blood glucose can cause glucose absorption in the lens of the eye, which 

leads to changes in its shape, resulting in vision changes. Blurred vision is a common 

complaint leading to a diabetes diagnosis. A number of skin rashes that can occur in 

diabetes are collectively known as diabetic dermadromes.  

 

Figure-1.3: Overview of the most significant symptoms of diabetes (Lambert & Bingley, 2002) 

 

1.2.7 Complication of Type 2 Diabetes 

All forms of diabetes increase the risk of long-term complications. These typically 

develop after many years (10–20), but may be the first symptom in those who have 

otherwise not received a diagnosis before that time. The major long-term complications 

relate to damage to blood vessels. Diabetes doubles the risk of cardiovascular disease 

(Cooke & Plotnick, 2008). The main "macrovascular" diseases (related to atherosclerosis 

of larger arteries) are ischemic heart disease (angina and myocardial infarction), stroke 

and peripheral vascular disease. 
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Diabetes also damages the capillaries (causes microangiopathy) (Emerging Risk Factors 

Collaboration: The Lancet, 2010). Diabetic retinopathy, which affects blood vessel 

formation in the retina of the eye, can lead to visual symptoms including reduced vision 

and potentially blindness. Diabetic nephropathy, the impact of diabetes on the kidneys, 

can lead to scarring changes in the kidney tissue, loss of small or progressively larger 

amounts of protein in the urine, and eventually chronic kidney disease requiring dialysis. 

Another risk is diabetic neuropathy, the impact of diabetes on the nervous system - most 

commonly causing numbness, tingling and pain in the feet, and also increasing the risk of 

skin damage due to altered sensation. Together with vascular disease in the legs, 

neuropathy contributes to the risk of diabetes-related foot.  

 

1.2.8 Management of Diabetes 

Diabetes mellitus is a chronic disease, for which there is no known cure except in very 

specific situations. Management concentrates on keeping blood sugar levels as close to 

normal ("euglycemia") as possible, without causing hypoglycemia. This can usually be 

accomplished with diet, exercise, and use of appropriate medications (insulin in the case 

of type 1 diabetes; oral medications, as well as possibly insulin, in type 2 diabetes). 

Patient education, understanding, and participation is vital, since the complications of 

diabetes are far less common and less severe in people who have well-managed blood 

sugar levels (Emerging Risk Factors Collaboration: The Lancet, 2010 and Boussageon et 

al. 2011). The goal of treatment is an HbA1C level of 6.5%, but should not be lower than 

that, and may be set higher. Attention is also paid to other health problems that may 

accelerate the deleterious effects of diabetes. These include smoking, elevated cholesterol 

levels, obesity, high blood pressure, and lack of regular exercise (The effect of 

intensive Annals of Internal Medicine, 2012). Specialized footwear is widely used to 

reduce the risk of ulceration, or re-ulceration, in at-risk diabetic feet. Evidence for the 

efficacy of this remains equivocal, however (NIHCE, Type 2 diabetes, London; 2008). 

In 2013, the American Association of Clinical Endocrinologists (AACE) issued a 

comprehensive new type 2 diabetes treatment algorithm--the first to incorporate obesity, 





Introduction 

17 
 

 
Figure-1.4: Treatment of type 2 diabetes mellitus. 

 

1.2.9.2 Triple-drug therapy 

If 2 drugs prove unsuccessful after 2-3 months, the next step is triple therapy. The third 

drug may be an oral agent from a third class of antidiabetic drugs, basal insulin (typically 

at bedtime), or the injectable drug exenatide. The expense and adverse effect profile of 

Thiazolidinediones (TZDs or glitazones) make their use in an oral triple therapy approach 

less desirable. 

The addition of exenatide to 1 or 2 oral agents (eg, metformin and/or a sulfonylurea) is 

attractive because of its simplicity (ie, only 2 possible doses of exenatide, with easy 

titration compared with insulin); although expensive, it avoids hypoglycemia. If basal 

insulin is used, the insulin dose is titrated to the fasting glucose concentration, which the 

patient can measure at home. 
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are available: biguanides (metformin), sulphonylurea (eg, tolbutamide), glinidines (eg, 

repaglinide), thiazolidinediones (eg, pioglitazone), dipeptidyl peptidase IV inhibitors (eg, 

sitagliptin) and alpha-glucosidase inhibitors (AGIs; eg, acarbose) (Nathan, 2007). 

AGIs reversibly inhibit a number of alpha-glucosidase enzymes (eg, maltase), 

consequently delaying the absorption of sugars from the gut (Campbell et. al., 1996). In a 

recent study among healthy subjects it was suggested that the therapeutic effects of AGIs 

are not only based on a delayed digestion of complex carbohydrates, but also on 

metabolic effects of colonic starch fermentation (Wachters-Hagedoorn et. al., 2007). 

Acarbose (Glucobay) is the most widely prescribed AGI.  

The other AGIs are miglitol (Glyset) and voglibose (Volix, Basen). AGIs might be a 

reasonable option as first-line drug in the treatment of patients with T2DM as it 

specifically targets postprandial hyperglycemia, a possible independent risk factor for 

cardiovascular complications (Ceriello et. al., 2005). Although rare cases of hepatic 

injury were described, AGIs are expected to cause no hypoglycemic events or other life-

threatening events, even at overdoses, and cause no weight gain (Chiasson et. al., 2003). 

 

1.4 ANTIOXIDANTS  

1.4.1 General Information 

Antioxidants are molecules which inhibit the oxidation of organic molecules. They are 

very important, not only for food preservation, but also for the defense of living systems 

against oxidative stress (Masuda et. al., 2003). Antioxidants are nutrients (vitamins and 

minerals) as well as enzymes. They are believed to play a role in preventing the 

development of such chronic diseases as cancer, heart disease, stroke, Alzheimer's 

disease, Rheumatoid arthritis, and cataracts. 

 In biological systems, the antioxidants are defined as “any substance that when present at 

low concentrations compared to those of an oxidizable substrate, significantly delays or 

prevents oxidation of that substrate.” This covers all oxidizable cellular substrates, i.e., 

above-mentioned lipids, proteins, DNA, and carbohydrates (Frankel et. al., 2000). The 
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concept of antioxidants relates to what are collectively termed reactive oxygen species 

(ROS).  

Reactive oxygen species (free radicals) are a natural by-product of human metabolism. 

Because oxygen abounds in each of our cells, it can sometimes pick up electrons from the 

enzymes that are naturally present to break down nutrients from our food, giving rise to 

the various types of ROS. These species are called “reactive” because of the ease with 

which they react with and damage crucial cellular molecules including DNA, proteins 

and fats. This is where antioxidants come in: they can neutralize ROS. They are able to 

achieve this by interacting with ROS and becoming oxidized themselves, generating a 

harmless oxygen compound (like O2 or water) in the process. The oxidized antioxidant 

can then be recycled (by reduction) or simply disposed of (Sies et. al., 1997).  

Free radicals contribute to more than one hundred disorders in humans including 

atherosclerosis, arthritis, ischemia and reperfusion injury of many tissues, central nervous 

system injury, gastritis, cancer and AIDS (Kumpulainen et. al., 1999, Cook et. al., 1996). 

Free radicals can easily damage the structural and functional components of the cells 

such as lipids, proteins, carbohydrates, DNA and RNA. Oxidation process is one of the 

most important routes for producing free radicals in food, drugs and even living systems. 

They are generally by 
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