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			Abstract

			Diet is vital for survival whereas balanced diet and nutrition are crucial for healthy living. Dietary agents, such as fruits, vegetables, and spices; are consumed in daily meals. Dietary agents are available and affordable all over the world which makes them suitable candidate for preventing diabetic complications. The scientific validation for their health-related benefits and anti-diabetic potential; mainly, is a big trumpet for their usefulness in indigenous cultures all around the world. In order to successfully manage diabetes, medicinal and nutritional interventions are supposed to go hands in hands. At present, medicines are available for diabetes managements; but diabetic complications are completely ignored. Therefore, dietary agents should be given more emphasis for the prevention and/or management of diabetes related complication. Dietary agents are rich in nutritional values and daily consumption makes them more palatable. In this regard, dietary agents may play an important role for preventing diabetic complication. 
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			Introduction

			Diabetes has been emerged as an epidemic of modern era due to changes in life style, ageing, and nutritional imbalances [1]. Modernization has been one of the sources in shifting life paradigm and increased rate of diabetes. Once a person is diabetic, it is always diabetic. Western countries have more health emphasis and there are routine checkups, so early diagnosis for diabetes is possible. The healthy life style and increased muscle to fat mass ratio is another factor for development of diabetes in later ages. The scenario is totally reversed in East, especially Asian countries, where healthcare is given less importance. Asian people have low muscle to fat mass ratio, and develop diabetes in their early ages, like 20 years of age. The changes in the body due to development of diabetes lead to diabetic complications. The medicines that are available in the market are majorly glucophages and insulin secretagogues. Glucophages have side effects as leading to hypoglycemia and related deaths [2]. On the other hand, insulin secretagogues over burden β-cells to secrete insulin despite their low functionality, resulting in complete failure of β-cells. This leads to absolute shift from medicines to exogenous insulin demand. The marketed drugs formulated for diabetes are mainly single molecules that have 

single targets. While in diabetes there are many pathways that lead to its complications such as; glycation, lipid peroxidation, nitro oxidation, free radical formations, DNA damage, etc [3]. 

			Thus, in this scenario, a single molecule may or may not be helpful in targeting multiple pathways. In general, type 1 diabetic patients develop diabetic complications after 10 years of diagnosis, while in type 2 diabetic patients, complications can be evolved at any time point in uncontrolled and late diagnosed diabetic subjects. Asian subjects are commonly late diagnosed for diabetes; therefore, when a person is initially diagnosed, it is already delayed diabetes and most of the complications are present. For diabetic complication and glycation, aminoguanidine, the first AGEs inhibitor has been studied extensively and has shown promising results both in in vitro and in vivo. 

			It prevents AGEs formation by preventing the formation of cross linking, its potential to trap the reactive carbonyls that are involved in AGEs conversion and ability to prevent the formation of free radicals, lipid peroxidation and apoptosis that is induced by oxidative stress. But it was retreated from phase III trials due to its various adverse effects. Scientists are formulating many drug candidate molecules for diabetes related complications, but it will take time for a successful drug to be marketed. Since no drug is available in the markets for the treatment of diabetic complications; therefore, dietary agents could successfully fill this gap [4].

			The hallmark of diabetic complications is glycation, a physiological phenomenon occurs in the organisms due to non-enzymatic glycation. It becomes pathologic in many diseases including atherosclerosis, Alzheimer’s disease, cataract, ageing, rheumatoid arthritis, impaired wound healing, diabetic nephropathy, diabetic neuropathy, etc. These pathological conditions have increased rate of glycation, among them diabetic subjects are more susceptible due to hyperglycemia. In diabetes, glycation occurs 14 times more than healthy subjects. Glycation is the process chemical of rearrangements of protein and carbohydrate moiety. Due to persistent hyperglycemia, more carbohydrates (mainly glucose and fructose molecules) are present, thus there are more possibilities for occurrence of non-enzymatic glycation. These glycated adducts change the structural features of proteins thus altering the protein functions. Proteins having low turnover rate are causing long term damages. These proteins include collagen, eye lens crystalline, elastin, enamel and dentine [5]. 

			Dietary agents, such as fruits, vegetables, and spices are excellent components of the diet in diabetic patients. This is for their high nutritional values, rich antioxidant and for their palatability which increase patient’s compliance. In order to successfully manage diabetes, medicinal and nutritional interventions are supposed to go hands in hands. People consume many dietary agents (leaves, fruits, vegetables, seeds, etc) in their routine as cooked or uncooked foodstuff. Many dietary agents are known for the anti-diabetic potentials. In this regard, DAs are suitable as alternative sources for diabetic complication preventive measures. In this mini review, we are sharing our experiences (Figure 1) and discuss the potential role of some dietary agents for preventing diabetic complications.
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			Cinnamοmum cassia

			Cinnamοmum cassia is a spice consume in culinary purposes. Indigenous knowledge regarding C. cassia is rich in treatment of many ailments including diabetes; however, there are differences of opinion based on scientific studies [6-9]. Some studies report inhibition of early and advanced glycation products by C. cassia while other studies contradict them. We have found water extract of C. cassia exhibits antiglycation activity by lowering HbA1c [10], AGEs, and CML in diabetic rats.

			Aegle marmelos 

			Different parts of Aegle marmelos such as pulp, leaves, flowers, seeds, stem and roots are being used as ethnomedicine to overcome many infections and diseases including diabetes [11,12]. However, there is little known about antiglycation activity of A. marmelos [13]. We have reported A. marmelos decreases HbA1c and AGEs in plasma and prevented AGEs and CML deposition in kidneys of diabetic rats [14].

			Asparagus officinalis

			Asparagus officinalis is rich in minerals, vitamins, and photo-nutrients. We have reported antidiabetic activity of A. officinalis [15]; however, the antiglycation activity of A. officinalis has not been reported. We have found antiglycation activity of A. officinalis in vitro and HbA1c lowering potential in diabetic rats.

			Zingiber officinale

			Zingiber officinale is rich in vitamins and minerals. The animal model of diabetes has shown the antidiabetic activity of Z. officinale [16,17]. The antiglycation activity of Z. officinale through in vitro as well as in vivo using diabetic rats has been reported [18,19]. We have also found in vitro antiglycation activity of Z. officinale.

			Emblica officinalis

			The Emblica officinalis fruit contains amino acids, minerals, and is rich in vitamin C [20]. We have reported that E. officinalis significantly improve total antioxidant status in diabetic rats [21]. It also exhibits the antiglycation activity in in vitro BSA-glucose glycation as well as decrease in vivo HbA1c levels and serum advanced glycation end products levels, as well as its deposition in kidneys (unpublished data).

			Daucus carota

			Daucus carota root is commonly used food all around the world. However very few scientific literatures are available for its anti-diabetic potential [22,23]. In our experience, we have found that D. carota has potential of antiglycation activity in vivo.

			Citrus sinensis (L.) Osbeck

			Citrus sinensis (L.) Osbeck fruit has beneficial health effects as it is rich in vitamin C; however, scientific studies regarding anti diabetic activity is much less [24,25]. We have found that C. sinensis has in vivo antiglycation activity.

			Pyrus malus

			Pyrus malus fruit is universally known as healthy treat in health and disease state; however, regarding scientific literature for its anti-diabetic effects, very little information is available [26]. We have found that P. malus has antiglycation activity in vivo.

			Allium sativum

			Allium sativum cloves are used in every kitchen all around the world and the anti-diabetic activity of A. sativum is well reported [27-39]. We have found antiglycation effects of A. sativum cloves in in vivo.

			Laurus nobilis

			Laurus nobilis leaves are commonly used in culinary purposes as spice. The anti-diabetic potential [40,41] and in vitro antiglycation potential of L. nobilis is reported [42]. In our studies, we have also found that L. nobilis has in vivo antiglycation potential.

			Discussion

			In uncontrolled diabetes, a number of proteins including albumin, α-crystallin, hemoglobin, etc are glycated rapidly. The HbA1c, one of the major glycated products in diabetes, is the most useful indicator for glycemic status [43]. 

			In diabetes, the high blood glucose causes the accelerated formation of AGEs that circulate in blood as well as accumulate in certain tissues, thus it is one of the major causes of diabetic complications [44,45]. So, the status of AGEs in blood as well as in tissues is an important predictor of diabetic complications. Therefore, the control of blood glucose in diabetes is needed to prevent the formation of AGEs as well as diabetic complications. Along with the circulating AGEs, the AGEs are also accumulated in the various organs especially kidney which is the major target of AGEs-mediated damage as a consequence of diabetes. With the duration and severity of diabetes, the AGEs accumulation increases in Bowman’s capsule, glomerular basement membrane, glomerular mesangium and tubular basement membrane [46,47]. As AGEs are adducts of carbohydrates and proteins, therefore any strategy to block or inhibit adduct formation would play significant role in preservation of functional structure of proteins.

			Dietary agents are believed to have multiple targets due to presence of hundreds of different molecules and natural compounds. Rutin is the example of molecule having multiple modes of actions in different disease models. It is one of a pigment presents in many vegetables and fruits. Therefore, these dietary agents have multiple targets that play their role in preventing multiple disorders. 

			These dietary agents are the mixture of molecules that could have multiple binding sites and modes of action. Diabetic complications arise from multiple scenarios like; glycation, lipid peroxidation, nitro oxidation, free radicals’ formations, DNA damage, etc, therefore managing these complications with such dietary agents have edge over medication. Dietary agents are the mixture of multiple molecules that have the possibility to interact with multiple sites in the living system. The formation of glycation adducts start with binding of aldehyde group of sugar with amino moiety of proteins. Dietary agents are rich in flavonoids, reducing sugars, and other reducing compounds, have possibilities to break this cascade by interacting with these aldehyde group of sugar or/and amino moiety of proteins. Another possibility of formation of glycation adducts is by linking of methyl or ethyl moieties with lysine or arginine residues of proteins eg: CML or CEL. We have found that these have the ability to reduce AGEs and CML deposition in the kidneys of diabetic animals. It postulates that in the presence suitable/correct of dietary agents in the body, the formation of glycation adducts is halted thus, structural modification proteins is prevented.

			Conclusion

			The consumption of suitable dietary agents is linked with delaying in diabetic complication and reducing the direct and indirect cost of medication per diabetic subjects. It would be beneficial and have low cost in the era where little to no drug is available in market for breaking and/or preventing glycation.
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Figure 1: Effect of 10 dietary agents on HbA'c in the diabetic rats. Values are mean + S.E.M. for 6-8 rats per group. Control, non-diabetic
control; Db, untreated diabetic rats; CC, diabetic rats treated with Cinnamomum cassia extract 500 mg/kg; AM, diabetic rats treated with
Aegle marmelos extract 500 mg/kg; EO, diabetic rats treated with Emblica officinalis extract 500 mg/kg; ZO, diabetic rats treated with
Zingiber officinalis extract 500 mg/kg; AO, diabetic rats treated with Asparagus officinalis extract 500 mg/kg; DC, diabetic rats treated with
Daurcus carota extract 500 mg/kg; CS, diabetic rats treated with Citrus sinensis (L.) Osbeck extract 500 mg/kg; PM, diabetic rats treated
with Pyrus malus extract 500 mg/kg; AS, diabetic rats treated with Allium sativum extract 500 mg/kg; LS, diabetic rats treated with Laurus
nobilis extract 500 mg/kg, respectively; AG, Aminoguanidine, as positive control. *P<0.01, **P<0.001, vs. Db group.






