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Abstract—Diabetes mellitus (DM) is currently a global public health risk with around 830 million diabetic population. The condition is more 

alarming in low and middle income countries. T2DM condition is often leads to serious complications like nephropathy, retinopathy, 

neuropathy, dyslipidemia and cardiovascular diseases if not treated. Accessibility to medical aid, treatment costs with conventional drugs and 

awareness about the DM are critical in addressing this health issue. In order to avoid late-stage complications use of alternate methods like 

plant-based dietary habits to manage pre-diabetic and T2DM conditions is gaining popularity. Plants are known to exhibit antihyperglycemic 

activity are being integrated in the diet without any side effects. Several botanicals are popular and being used as traditional medicine for many 

ailments. Plant parts, vi., root, stem. leaves, flowers, fruits and seeds are of immense medicinal value. Studies with many plant species have 

conclusively proved their medicinal properties. Several investigations have been on animal models with few scattered clinical studies to prove 

their effectiveness. However, there is a big lacuna in translating the knowledge from animal experiments to their effectiveness in clinical studies. 

The paper attempts to review the available information reported on  the therapeutic mechanism of promising phytochemicals against 

hyperglycemic condition. 
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I. INTRODUCTION  

Diabetes mellitus is of two major classes- type 1 or insulin 

dependent, and type 2 or non-insulin dependent. In type 1 

diabetes there is almost complete loss of insulin producing 

cells, while in type 2 diabetes the major manifestations are 

insensitivity of the pancreatic β-cells to glucose stimulated 

insulin release and the impairment of skeletal muscle cells to 

insulin stimulated glucose entry (insulin resistance). Both 

types of diabetes un-checked lead to serious complications 

like nephropathy, retinopathy, neuropathy, dyslipidemia and 

cardiovascular diseases (Deshpande et al., 2008; Ghorbani et 

al., 2010). T2DM patients are also, at an increased risk of 

developing Alzheimer’s disease due to oxidative stress, 

inflammation, and mitochondrial dysfunction. According to 

IDF (2024)10.5% of the adult population in the age group 20-

79 years has diabetes, with almost 50% of population unaware 

of the condition. Diabetes is more common in low- and 

middle-income nations. Data shows that 14% of adults were 

living with diabetes, an increase from 7% in 1990. (UN, 

2024). According to ID 3 in 4 adults with diabetes live in low 

and middle-income countries. Comprising approximately 90% 

of all diabetes cases, type 2 diabetes is the most frequently 

encountered type of diabetes. Apart from drugs it is seen that 

patients do take precaution through nutritive plant-based 

dietary habits to manage T2DM effectively. Botanical species 

are well documented for their medicinal value and advocated 

as therapy in traditional medicine. Several plant-based 

derivatives have been extensively reported to have 

antihyperglycemic activity. The present article on how these 

plant-constituents affect the pathophysiology of T2DM and to 

summarize the mechanism involved in the antiglycemic 

activity for a better understanding. 

II. T2DM OR NON-INSULIN DEPENDENT DIABETES 

In recent years there has been alarming increase of T2DM 

in poor and under developed countries (Whiting et al., 2011; 

Wild et al., 2004; Chakraborty and Das, 2016; Sarker et al., 

2022). While insulin is the only therapy for T1DM, patients 

with T2DM rely primarily on one or more of a range of oral 

antihyperglycemic drugs. Common class of drugs prescribed 

for T2DM are insulin secretagogues (sulphonylureas and 

meglitinide analogues), insulin sensitizers (metformin, 

rosiglitazone, pioglitazone, D‐chiro‐inositol), α-glucosidase 

inhibitors (acarbose, miglitol, voglibose and emiglitate) are 

widely used to treat people with type 2 diabetes mellitus. 

While new class of drugs such as exenatide, liraglutide and 

DPP-4 inhibitors increase GLP-1 lower serum glucose levels 

and thereby manage metabolism in affected patients. The first 

available DPP-4 inhibitors are sitagliptin, dapagliflozin and 

vildagliptin. (Hui et al., 2005; Boli, 2006; Modi, 2007; Garber 

and Spann, 2008; Main Penalver et al., 2016).  

III. PLANT METABOLITES IN THE CONTROL OF T2DM 

Botanicals are known for their medicinal properties in 

traditional medicine as herbal preparations. Several plant-

derived drugs have been validated as potent antidiabetics 

which include flavonoids (queretin, neringerin and chrysin), 

alkaloids (berberin, catharenthine and vindolin), glycosides 

and saponins (triterpenoid and steroidal glycosides such as 

charantin, lactucain C, β-sitosterol and gymnemic acid), 

glycolipids, dietary fibres, imidazole compounds, 

polysaccharides, peptidoglycans, carbohydrates and amino 

acids (Covington, 2001; Gaikad et al., 2014; Chen et al., 

2015).  Dietary fiber-rich vegetables and fruits, in particular, 

reported to regulate hyperglycemia and mitigate diabetic 

complications are gaining importance (Jung et al., 2014). The 
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first understanding on phytochemical mediated antiglycemic 

mechanism lead to development of drug Metformin based on 

the use of Galega officinalis rich in guanidine which is toxic. 

In 1920 the alkyl biguanides synthalin A and synthalin B were 

introduced as oral anti-diabetic agents in Europe (Evans and 

Bahng, 2014). Thus, botanicals with active principles have 

became source for the discovery of new drug templates 

(Salimifar et al., 2013; Yaribeygi et al., 2021). A better 

understanding on how these plant-derived constituents affect 

the pathophysiology of T2DM helps to prevent this disease in 

a better manner (Ansari et al., 2022;2023; Clemente-Suárez et 

al., 2023) 

IV. PLANT METABOLITES AND REGULATORY MECHANISM 

Diabetes is due to disturbed carbohydrate, fat and protein 

metabolism leading to the less production of insulin or 

resistance to its action. Phytoconstituents regulate 

intermediates of different metabolic pathways as 

antihyperglycemic. Broadly the regulating mechanism can be 

as below;  

1. Insulin-mimetic mechanism effect improves glucose uptake 

in peripheral tissues, insulin secretion and β cell number in 

the pancreas (Dey, Attele and Yuan 2002).Insulin-like 

bioactive polypeptide-p, in Bitter Melon (Momordica 

charantia) (Basch et al., 2003; Evans 2003; Grover and 

Yadav 2004; Krawinkel and Keding 2006; Leung et al., 

2009), 4-hydroxyisoleucine in Fenugreek (Trigonella 

foenum) (Broca et al., 1999, 2000) and polyphenol type-A 

polymers in Cinnamomum cassia (Jarvill-Taylor et al., 

2001; Anderson et al., 2004) are reported to have glucose-

lowering effect. The mechanism of action is insulin-

mimetic effect improving glucose uptake in peripheral 

tissues, insulin secretion and β cell number in the pancreas 

(Dey, Attele, and Yuan 2002). Similarly, Coccinia indica is 

also, reported to have insulin-mimetic properties (Kamble et 

al., 1996;1998; Kuppurajan et al., 1986). Insulin sensitivity 

and enhancement of insulin secretion is reported in okra 

(Abelmoschus esculentus) (Pannerselvam et al., 2011) 

2. Secretagouge (Karunanayake et al., 1984), help in 

enhancing insulin production and insulin secretion and 

insulin sensitivity, and increased GLUT4 expression (Bever 

and Hand, 1979; Alam et al., 2019; Chowdhari et al., 2019; 

Pingali et al., 2020; Eidi et al.,2006; Liu et al., 2012) and 

inhibit α-glucosidase. 

3. A water-soluble fiber in Aloe vera  gel of the leaves 

reported to  have hypoglycemic and insulin-sensitizing 

actions (Vuksan et al.,1999; 2000). 

4. Inhibiting the activity of alanine aminotransferase (ALT) 

and aspartate aminotransferase (AST), two enzymes 

associated with insulin resistance and metabolic syndrome 

are also reported. Inhibiting activity of α-amylase and        

α-glucosidase enzymes (Rao et al.,2021) delay the time of 

absorption of glucose. 

5. Normalizing the activities of liver hexokinase, glucose 6-

phosphatase and HMG Co A reductase (Raman-Ramos et 

al., 1995; Kumari et al., 1995),  

6. Blocking of glucose absorption, inhibition of glucose-6-

phosphatase besides fructose-1, 6- biphosphatase in the 

liver and stimulation of hepatic glucose- 6-phosphate 

dehydrogenase activities (Shibib et al., 1993), 

7. Improving glucose metabolism and increase glucose 

tolerance (Gupta et al.,1967). 

8. Free radicals damage cellular molecules, DNA, proteins and 

lipids leading to altered cellular functions. Antioxidants are 

capable of neutralizing free radicals are effective in 

preventing diabetes and reducing the severity of diabetic 

complications (Kubish et al., 1997; Naziroglu and Cay, 

2001; Lipinski, 2001).  

V. CONCLUSION 

Although findings including clinical studies, have reported 

beneficial effects of various plants, the data is still limited and 

further studies are needed to pin point the advantage in 

treating T2DM. A caution is needed as phytoconstituents may 

exert synergistic effect in addition to antidiabetic property. A 

thorough knowledge on the synergistic role of these with 

chemical drugs is also, to be studied. Nevertheless, 

phytochemicals provide opportunity for developing an 

integrated approach to manage T2DM more effectively at a 

affordable cost. 
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