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Abstract

Introduction: The exposure of humans to antioxidants regulating the process and prog-
ress of diabetes mellitus (DM) is of major interest. Several phytoactive compounds 
such as flavonoids, lignans, prophenylphenols, etc. possess antioxidant property. 
Antioxidants exert free radical scavenging activity, improve the insulin sensitivity 
and pancreatic β cell activity, stimulate insulin secretion, and reduce the carbohydrate 
absorption. Antioxidants also combat complications like diabetic wound healing by 
increasing the collagen deposition, improving the fibroblasts level, and decreasing 
the 11-β hydroxydehydrogenase level. They revert the cardiovascular changes of DM 
by reducing the lipid profile level. Antioxidants also exert their regulatory effect on 
diabetic nephropathy and peripheral vascular diseases. Body-research methods: The 
terms “diabetes” or “diabetes mellitus” or type 1 diabetes mellitus” or “type 2 diabe-
tes mellitus” or “hyperglycaemia” or “antioxidant” or “antioxidant” combined with 
“diabetic complication” were searched in following databases such as PubMed, Web 
of Science Scopus, and Google Scholar. Conclusion: Understanding the effects of anti-
oxidants against DM is beneficial for disease progress assessment and development 
of prophylaxis regimens. Although several researches are carried out on antioxidants, 
current population has still less confidence on them. Hence, more detailed analysis and 
clinical studies investigating on the underlying mechanisms of antioxidants towards 
DM are mandatory.

Keywords: diabetes mellitus, antioxidant, prophylaxis, natural products, 
supplementation

1. Introduction

Diabetes mellitus (DM) is one of the most common noncommunicable diseases worldwide 

including Malaysia. Increasing prevalence of the disease both in developed and develop-

ing countries is of major concern. Based on the previous global statistical analysis, DM is 
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expected to increase more than 400 million in the year 2030, which leads the disease to be 
the seventh leading cause of death worldwide [1]. DM is characterized as chronic hypergly-

cemia resulting due to insulin deficiency (type 1) or resistance (type 2). Both types of diabe-

tes mellitus eventually develop various problems such as microvascular and macrovascular 

complications.

Chronic hyperglycemia is a multifaceted, progressive oxidative stress disorder results from 
imbalance between free radical formation and the antioxidant defense activity [2]. Several 

complications arise from diabetes mellitus (Figure 1). According to statistic, the high mortal-
ity rate among diabetic patients is due to the cardiovascular complications [3]. Numerous 

clinical and in vivo studies showed that diabetic state itself is responsible for developing 

Figure 1. Flow chart shows the process of DM and its complications.
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cardiac dysfunction and atherosclerosis [4]. In addition, it also causes foot ulcers, impaired 
wound healing in association with peripheral neuropathy and autonomic dysfunction, and 
later results in limb amputation [5]. Amputation in diabetic patients is believed as global 

health burden in the current society [6].

In diabetic state, glucose combines with longer lasting proteins in blood-vessel walls and in the 
interstitial tissues. Following the event, the returning irreversible products called advanced 
glycosylation end-products (AGEs) are formed. DM is associated with increased formation 

of free radicals such as superoxide and reactive oxygen species (ROS) [7]. Therefore, the dis-

turbance in oxidant and antioxidant activities, the increased formation of free radicals, and 
accumulation of AGEs lead to cause oxidative damage to multiple organs and systems of 

human body (Figure 2).

Over the years, the oxidative stress served as a common pathway for the pathogenesis of 
DM. Long-term DM leads to damages of the multiple organs like pancreas, liver, kidney, 
eyes, heart, and great vessels especially aorta and skin. Diabetic cardiomyopathy or car-

diac dysfunction, microangiopathy, diabetic nephropathy, neuropathy, cataract, pancreatic  
β cell destruction, nonalcoholic liver cirrhosis, poor wound healing, and erectile dysfunc-

tions are the common complications that diabetic patients encountered to date [8]. Therefore, 
the stability and capacity of antioxidant status during the phase of DM seriously influence 
the outcome oxidative stress disorders like DM. Moreover, life-long treatment with high-cost 
modern drugs (biguanides, sulphonylurea, etc.) for DM is considered as a universal burden 
as well as believed to have several side effects [9]. Depending on the incidences of DM and 

its complications, it is important to explore the alternative source of antidiabetic supplement,  

Figure 2. Diagram showing mechanism by which AGEs induce cardiovascular changes in DM [3].
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which is enriched with antioxidant properties. We agreed the fact that there are plenty of 
natural products which have antioxidant property; however, only a few are highlighted in 
this chapter. Herein with, we present some common herbs and active compounds that are 
enriched with antioxidant activity.

2. Antioxidants

The decreased antioxidant level is found in the diabetic patient. In a previous study, the total 
antioxidant capacity in the plasma of type 1 DM was shown to be 16% lower than that of nor-

mal subjects. Antioxidants counter the action of free radicals via several mechanisms such as 

degradation of free radicals, regulating the metals that stimulate the production free radicals, 
and scavenging the free radical. Lately, researchers found out the beneficial use of antioxi-
dants from natural resources to replace synthetic ones.

Among the natural resources, data from laboratory studies showed that plants contain a large 
amount of antioxidant properties. Antioxidants occur in all parts of any higher plants (wood, 
bark, stems, pods, leaves, fruit, roots, flowers, pollen, and seeds). Plants with high levels of 
antioxidant have a significant role in improving oxidative stress disorders like DM. A num-

ber of findings showed the protective effect of the antioxidant ingredients against DM and 
achieved good results [10]. Hence, classical antioxidant could regulate the process and prog-

ress of DM and its complications. The good impact antioxidant activity toward DM and its 

associated complications has highly gained attention in the recent therapeutic society. Plenty 
of plants are rich in antioxidant property. To name it few, the plant or natural herbs such as 
Piper sarmentosum [11], Momordica charantia (bitter gourd) [12], and Piper betel [6], the common 
herbs used in improving the diabetic status enriched with antioxidant compounds. Noticeable 

active compounds like naringenin and quercetin are also important in managing hyperglyce-

mic condition as well as regulating the oxidative stress–induced complication in DM. Vitamin 

C and E are well-known antioxidant agents for DM [13]. The antioxidant-enriched herbs not 

only increase the antioxidant level but also reduce the serum glucose level as well as improve 

the deteriorative changes in DM.

2.1. Piper sarmentosum

Piper sarmentosum (P.s), locally referred to as “daun kadok,” is a member of the Piperaceae 
family which closely resembled the features of a betel leaf (Figure 3). Its leaves and roots are 

commonly used for experimental purposes [15]. P.s possesses high antioxidant compounds 

such as naringenin (75.7%), hesperetin (91.7%), taxifolin/dihydroquercetin (90.9%), and quer-

cetin (98.1%) from its leaves [15].

During the past few years, our research group observed that type 1 diabetic rat treated with 
P.s groups showed a significant decrease (P < 0.05) in fasting blood glucose level, urine glu-

cose level [11], and blood pressure level [14] compared to untreated diabetic group in experi-

mental Sprague-Dawley rats. The decrease in fasting blood and urine glucose level following 

P.s administration (0.125 g/kg) is probably due to the underlying action of the antioxidant 

Diabetes Food Plan110



compounds that are present in the leaves of P.s. Quercetin present in P.s has a positive role in 

reducing blood sugar levels, promoting the regeneration of the pancreatic islets and increas-

ing insulin release with high superoxide scavenging activity [16].

Moreover, antioxidant compounds present in P.s prevent the morphological changes of dia-

betic cardiac and aortic tissues following 28 days of treatment (Figure 4). The antioxidant 

activity of quercetin controls the glucose uptake and increased levels of mitochondrial reac-

tive oxygen species (ROS) linked to hyperglycemia [16]. This would protect the excess col-

lagen deposition in cardiac tissues by inhibiting the metabolic disturbances of DM. Another 

antioxidant compound, naringenin, also improves endothelial function that reduces the risk 
of developing coronary heart disease [15]. The authors suggested that P.s could modify the 

cellular deteriorations in hyperglycemic condition. It was presumed that the mechanism by 

which P.s exerts its cardio-protective and vascular-protective effects might be due to the pres-

ence of antioxidant compounds [11].

Figure 3. Photograph of Piper sarmentosum leaves [14].
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2.2. Momordica charantia

Momordica charantia (MC) belongs to the family of Cucurbitaceae (Figure 5) and is commonly 

known as bitter gourd or bitter melon [18]. The immature fruits of MC are a good source of 

Vitamin C and A. Several active compounds such as momorcharins, momordin, charantin, 
and goyasaponins are found in MC extract [19]. These are reported to present in all parts of 

the plant.

The leaf and fruit extract of MC are enriched with carbohydrate and protein. The supplemen-

tation with MC extract is a source of energy and nutrients for the body metabolic activities 

[20]. MC stimulates the number of pancreatic beta cells and promotes the insulin secretion. 

Figure 4. Photomicrograph showing the longitudinal section of cardiac tissues of untreated diabetic group (Left) diabetic 

group treated with 0.125 g/kg Piper sarmentosum (Right). Note: N: nuclei of cardiomyocytes, MF: myofibers, white 
arrows: connective tissue under Masson’s Trichome stain (LM ×400) [17].

Figure 5. Fruits of Momordica charantia.
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Charantins from MC increase the glucose transporter (GLUT4), thus increases glucose utili-
zation in the liver and muscle [18]. Increasing body weight that was observed in MC-treated 

experimental rats was due to the increase in glucose metabolism as compared to DM group 

[21]. Moreover, it was found out that the active compound present in MC fruit extract, leptin, 
lowered the blood pressure in diabetes. In the rural African communities, leptin is used in the 
management and control of DM-associated hypertension. Leptin reduces blood pressure by 

increasing the anti-oxidant and nitric oxide efficiency [22]. Our previous findings also showed 
significant decrease in systolic, diastolic, and mean blood pressure in experimental diabetic 
rats treated with MC [23].

In the diabetic state, there is a decrease in the activities of superoxide dismutase (SOD), 
glutathione, and catalase due to the increase production of ROS. Supplementation with 
MC extract restores anti-oxidant levels of SOD, glutathione, and catalase by regulating the 
deleterious effects of free radicals in diabetic state due to the presence of charantosides [24]. 

Moreover, supplementation with MC fruit extract also reverted the histological deteriora-

tions of aortic tissue in diabetic rats (Figure 6). Apart from this, antioxidant compounds, 
luteolin, in the MC extract is observed to improve diabetic cardiac tissue morphology in 
experimental animals [12]. Previous study showed that MC fruit extract exerts positive 

effect on plasma MDA level in alloxan-induced diabetic. MC regulates membrane lipid 
peroxidation and reduces the thickness of diabetic aortic tissue with the presence of anti-

oxidant effect [23].

2.3. Piper betel

Betel vine or scientifically known as Piper betel (PB), which belongs to Piperaceae family,  
is commonly found in South East Asia. PB is commonly found in South East Asian  

Figure 6. Photomicrograph showing transverse sections of the thoracic aorta under Alcian blue staining. Untreated 

diabetic group (Left) diabetic group treated with Momordica charantia fruit extract (Right). Note: TM = Tunica Media, 
LM ×200) [23].
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countries [25]. It was observed that PB is enriched with antioxidant activity by investigat-

ing on DPPH scavenging assay [25, 26]. Researchers found the potent antioxidant prop-

erty of PB suspension (75 mg/kg) in streptozotocin-induced diabetic animals. Eventually, 
it was believed that the antioxidant property of PB leaves plays a protective role in dia-

betes [27]. The topical application of PB 50 mg/kg for 10 days enhanced wound healing 
in diabetic rats [28].

Delayed wound healing is one of the critical complications in diabetes mellitus. Increased 

production of ROS and imbalance between oxidant and antioxidant enzymes contribute 

to impair healing process. In hyperglycemic condition, there is decreased superoxide dis-

mutase (SOD) and increased malondialdehyde (MDA), a marker of lipid peroxidation and 
11β hydroxysteriod dehydrogenase-1 (11β HSD-1) enzyme, involving in the interconversion 
of cortisone and cortisol [29]. Increasing level of 11β HSD-1 enzyme has a negative influence 
on the fibroblasts proliferation. Less-responsive fibroblasts to growth factors in DM results 
in poor-wound tensile strength and decreased-wound closure rate [30]. Following 5 days of 

topical PB application to the diabetic wounds showed the fast wound closure rate (Figure 7)  

[7] as well as reduced 11β HSD-1 enzyme expression in wound tissue (Figure 8) [8]. This 

might be due to the presence of potent active compounds in PB extract, which act as a free 
radical scavenger increase the anti-oxidant activity [32].

2.4. Common active antioxidant compounds for diabetes

Each compound contains its own efficacy. Naringenin (4′,5,7-trihydroxyflavanone) is a 
highly potent natural antioxidant with high superoxide scavenging activity (Figure 9). 

Quercetin, an example of flavonoids, is also reported to improve the endothelial dysfunc-

tion by enhancing nitric oxide (NO) synthesis in human umbilical vein endothelial cells [16]. 

Tannins, the active potent anti-oxidant compounds, could increase the secretion of insulin 
and reduce hyperglycemia in experimental DM rats [34]. The mechanism of enhancing insu-

lin secretion was clearly explained that the compounds contain an enzyme: a benzoic acid 

related molecules inhibited insulinase. This enzyme enhances the effect of insulin by inhibit-
ing insulin degradation [34].

Figure 7. Increase in wound healing following topical piper betel application for 5 days. Untreated diabetic group (Left) 

diabetic group treated with PB extract (Right). Red circle = wounded area [31].
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Figure 8. Expression of 11bHSD-1 by immunohistochemistry in wounded skin of diabetic rat model. Untreated diabetic 
group (Left) diabetic group treated with PB extract (Right). Decreased in expression was observed in the epidermal 

layer of the wounded skin of diabetic PB group compared to DM-Control (DM-Ctrl) and diabetic silver nitrate treated 

(DM-SN) groups [6].

Figure 9. Chemical structure of Naringenin [33].
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3. Conclusion

In conclusion, supplementation with antioxidant has been underestimated in modern society. 
However, studies have shown the positive findings of antioxidants against diabetes mellitus such 
as reducing the blood glucose level, regulating the disease complications such as cardiovascu-

lar complications, peripheral vascular disease like poor wound healing effect. Although natural 
sources of antioxidants are easily available worldwide, little attention is paid on its therapeutic 
usage. Detailed knowledge on the beneficial effects of antioxidants on oxidative stress disorder 
like diabetes mellitus is required. Understanding the underlying mechanism of antioxidant will 

be beneficial for disease progress assessment and development of prophylaxis regimens. It is 
believed that in future, supplements with antioxidant might serve as a savior of diabetes for 
general population.
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