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Diabetes mellitus (DM) is a metabolic disease defined by a persistently high blood sugar level. There are numerous kinds

of diabetes mellitus, but the two most common are type 1 (T1DM) and type 2 (T2DM). T1DM is an autoimmune disease; it

occurs due to the destruction of insulin-producing pancreatic β cells, and the patients are entirely reliant on exogenous

insulin injection.
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1. Brief Overview of Diabetes Types

Diabetes mellitus (DM) is a metabolic disease defined by a persistently high blood sugar level. There are numerous kinds

of diabetes mellitus, but the two most common are type 1 (T1DM) and type 2 (T2DM). T1DM is an autoimmune disease; it

occurs due to the destruction of insulin-producing pancreatic β cells, and the patients are entirely reliant on exogenous

insulin injection. T2DM is caused by impaired insulin secretion, which generally occurs in the context of pre-existing

insulin resistance .

Specific complications may occur faster and progress with early diagnosis and longer exposure to T1DM in children.

T2DM is a complex disease dependent on a number of factors such as environmental, metabolic and genetic factors .

T2DM affects about 10% of the population, but diagnosing it and maintaining a controlled blood sugar level helps slow

down the complications of diabetes . The molecular mechanisms involved in T2DM are incompletely explained, but

insulin resistance and defects in insulin secretion are the main causes of this disease . Insulin resistance may be due to

both obesity and neuroendocrine function .

Herbal medicines are still used in current times and are classified as complementary and alternative medicine. Many

plants have anti-diabetic properties via modulating insulin production, cell insulin sensitivity, or glucose absorption.

Additionally, to glycemic management, several plants showed promise in preventing other DM-related illnesses such as

cardiovascular problems by lowering cholesterol levels and BMI . Flavanone and polyphenols natural chemical groups

were investigated as a possible therapy in T2DM or adjuvant in DM treatment. Curcumin, resveratrol, and carotenoid were

the most commonly studied substances among these .

Natural compounds or plants may act on DM protein targets. These targets could be proteins involved in the metabolism

and uptake of glucose, proteins that control insulin secretion, and proteins involved in pancreatic β cell development.

Below we present some targets in DM, along with plants and natural compounds used in DM management. 

2. Molecular Targets Involved in Diabetes Mellitus

Peroxisome proliferator activated receptor gamma (PPARγ) activity can prevent insulin resistance by increasing glucose

uptake in adipocyte and muscle cells, which results in lowering of blood glucose levels. Moreover, PPARγ agonists reduce

the inflammation mediators that promote insulin resistance and trigger an increase in circulating adiponectin levels with a

positive outcome for insulin sensitivity and a decreasing effect on glucose production in the liver .

Glucose co-transporter (SGLT) is involved in insulin independent glucose reabsorption in nephrons. SGLT1 and SGLT2

are the main SGLT types, expressed in kidneys in a ratio of 1:10 . The inhibition of SGLTs by gliflozin drugs reduces

glucose reabsorption and the levels of glycated hemoglobin .

Glutamine:fructose-6-phosphate aminotransferase 1 (GFPT1) is the rate limiting enzyme in glucose metabolism by the

hexosamine pathway (associated with impaired insulin secretion and insulin resistance) .
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Glucokinase regulatory protein (GKRP) represents the endogenous inhibitor of glucokinase, an enzyme that regulates

glucose uptake and glycogen synthesis and suppresses glucose production . Glucokinase is involved in glucose

homeostasis and is found in pancreatic β-cells and hepatocytes. This kinase stimulates insulin production in pancreatic

cells in response to glucose and glucose absorption, glycogen synthesis, and storage in hepatocytes . Hepatic

glucokinase expression is reduced in insulin resistance but also T2DM, implying dysregulation of this biomarker . In

diet-induced obese mice, the effect of glucokinase activators reduced blood sugar levels .

3. Plants Involved in Diabetes Mellitus Management

Momordica charantia is a plant used in clinical trials that has a beneficial effect on T2DM . Although it had no effect in

acute episodes of hyperglycemia, long-term administration has managed to improve the parameters of patients in clinical

trials . The mode of action is not yet fully understood, but studies suggest altered insulin secretion in patients and

improved insulin sensitivity by increasing adenosine monophosphate-activated protein kinase (AMPK) . The main

chemical compounds found in this medicinal plant are charantine, cucurbitan glycosides, momordicin and oleanolic acids

. In addition to the presence of natural compounds, Momordica charantia can synthesize peptides that can bind to

the insulin receptor, lowering blood glucose levels. These peptides may help reduce the need for insulin and limit the side

effects of antidiabetic drugs .

Trigonella foenum-graecum is a medicinal plant whose seeds contain compounds with therapeutic effects. The seeds of

this plant can lower the rate of glucose absorption. They help control diabetes, but also reduce cholesterol, cardiovascular

risk and other chronic diseases .

Gynura procumbens Merr. belongs to the Asteraceae family, and is a plant found in tropical countries that is used for the

therapeutic treatment of inflammatory diseases (e.g., rheumatism), heart disease (e.g., hypertension) and diabetic

diseases . Studies on the solvent fractions of G. procumbens Merr evaluated the antioxidant and antidiabetic effects of

the compounds in this plant. In studies on the HepG2 cell line and insulin resistance, G. procumbens fractions obtained

with the highest phenol content favoured insulin absorption. The compounds with the highest activity in G. procumbens
were kaempferol, quercitin, caffeoyl-O-hexoside caffeoylquinic acid, coumaroyl-O-hexoside and coumaroylquinic acid.

Bioinformatics studies have shown strong molecular interactions between natural compounds and digestive enzymes,

thus underlining the value of studying these compounds .

Helianthus tuberosus is a perennial plant with high resistance to stress, nutritional value and possible antidiabetic effects.

This plant is an alternative to classic animal feed; it can produce a high amount of biomass, and its activity on animal

digestion, antibacterial, anti-inflammatory and antioxidant effect is due to natural compounds .

4. Natural Compounds Involved in Diabetes Mellitus Management

Docosanol is a compound that belongs to the class of aliphatic alcohols, with proven antiviral activity . However,

molecular docking studies have shown that it is a candidate for inhibiting α-glucosidase and α-amylase . In vitro and in

vivo studies show that this compound can lower blood sugar levels .

Isorutarine is linked to the main target of antidiabetic drugs, α-glucosidase and α-amylase. The same targets are inhibited

by actinodafine, a compound with antidiabetic activity . The proposed molecular mechanism for this compound came

from molecular docking studies, and its effectiveness has been proven by studies in laboratory animals. Additionally, this

compound has high therapeutic potential in lowering blood sugar levels . Nodakenin has an inhibitory effect on α-

glucosidase, PTP1B, acetylcholinesterase and butyrylcholinesterase .

In in vitro studies, compounds such as neochlorogenic acid, chlorogenic acid, caffeic acid, 5-OA-(4-cumaroyl) -quinic acid,

feruloylquinic acid, caffeoylquinic acid, isoxazolidine, and β-D-glucoside of salicylic acid showed antidiabetic activity,

acting on α-amylase and α-glucosidase. Free radical scavenging and inhibition of diabetes-associated enzymes are dose-

dependent, but according to a study by Mariadoss et al., phytocompounds could reduce blood sugar levels, triggering

glucose uptake into insulin-resistant HepG2 cells .

Molecular docking studies on (4Z, 12Z)-cyclopentadeca-4, 12-dienone have shown that this compound can inhibit the

action of enzymes aldose reductase, glucokinase, pyruvate dehydrogenase kinase, receptor-gamma, glycogen synthase

kinase-3, and fructose-6-phosphate amidotransferase with a role in diabetes. This compound is a valid candidate for the

development of new antidiabetic drugs due to the various molecular targets to which it may bind .
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