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ABSTRACT: Type 2 Diabetes Mellitus is a chronic metabolic disorder characterized by 

insulin resistance and impaired glucose metabolism. Alpha-glucosidase inhibitors have 

emerged as a promising therapeutic approach to managing postprandial hyperglycemia by 

delaying carbohydrate digestion and glucose absorption. Phytoconstituent-based Alpha-

glucosidase inhibitors, derived from medicinal plants, offer a natural alternative to synthetic drugs 

due to their enhanced efficacy and reduced side effects. Various plant extracts, including 

flavonoids, alkaloids, terpenoids, and phenolics, exhibit significant alpha-glucosidase 

inhibitory activity. Compounds such as quercetin, berberine, curcumin, and ginsenosides 

have demonstrated potent anti-diabetic effects by improving insulin sensitivity, reducing 

oxidative stress, and modulating inflammatory pathways. The therapeutic potential of these natural 

inhibitors extends beyond glycemic control, offering additional cardioprotective and 

neuroprotective benefits. However, challenges such as variability in bioavailability, standardization, 

and limited clinical trials hinder their widespread adoption. Advances in formulation techniques 

and bioenhancers can improve their therapeutic efficacy. Future research should focus on large-

scale clinical trials to validate their efficacy and optimize dosage strategies. Integrating 

phytoconstituent-based Alpha-glucosidase inhibitors with conventional therapies may 

provide a holistic approach to diabetes management. This review highlights recent 

advancements in identifying and characterizing plant-derived Alpha-glucosidase inhibitors, 

their mechanisms of action, therapeutic benefits, and challenges in clinical application. With 

growing interest in natural remedies, phytoconstituent-based Alpha-glucosidase inhibitors 

hold significant promise in developing novel antidiabetic treatments with enhanced safety 

and effectiveness. 

Keywords: Type 2 Diabetes Mellitus, Phytoconstituents, Alpha-glucosidase inhibitors, 
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INTRODUCTION 

Insulin resistance and reduced insulin production increase Blood Glucose Levels (BGL) and are 

characteristics of chronic metabolic Type 2 Diabetes Mellitus (T2DM). Effective management 

strategies are essential, while T2DM is becoming more prominent globally.1 One therapy method 

is inhibiting alpha-glucosidase, an enzyme in the small intestinal tract that changes carbs into 

glucose. One common technique to help control T2DM is to block this enzyme to minimize 

postprandial hyperglycemia.2 Using phytoconstituents, bioactive substances derived from 

plants as Alpha-Glucosidase Inhibitors (AGIs) have gained prominence in recent years. 
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Because of their possible effectiveness and fewer adverse effects, these natural substances 

present a viable substitute for developed medications.3 Numerous investigations into various 

plant extracts and their separated components indicate a significant inhibitory effect on alpha-

glucosidase. These results demonstrate the phytoconstituents' medicinal potential in creating 

novel antidiabetic medicines.4 This work aims to give a succinct overview of current 

developments in detecting and characterizing AGIs with plant-based constituents. Along with 

their methods of action and therapeutic potential, it will also cover the difficulties in developing 

and using them to treat T2DM.5,6T2DM affects over 400 million people globally, and its 

prevalence is increasing rapidly. According to projections made by the International Diabetes 

Federation (IDF), 700 million persons worldwide will have diabetes by the year 2045.7 

Although the illness is more frequent in individuals over 45, children and teenagers are also 

receiving diagnoses for it regularly. T2DM is associated with various complications that 

significantly impact individuals' health and quality of life. One of the most significant side effects 

is cardiovascular illness, which includes an increased risk of heart attacks, strokes, and other 

cardiovascular disorders.8 

Furthermore, individuals with T2DM typically have neuropathy or nerve damage, which is a 

debilitating condition that causes pain, tingling, and loss of sensation, particularly in the limbs. 

Another serious consequence is nephropathy, which is kidney damage that, if left untreated, can 

lead to chronic kidney disease and, eventually, renal failure. Retinopathy, the damage to blood 

vessels in the retina, poses a significant threat to vision and can lead to blindness if left untreated.9 

Furthermore, foot ulcers and infections, which can become so severe as to require amputations, 

result from impaired circulation and nerve loss.10 To prevent or minimize the impacts on a 

patient's quality of life, T2DM patients must receive appropriate treatment and begin treatment as 

soon as feasible.11 

The development of T2DM is influenced by several risk factors, including lifestyle, genetic, and 

demographic variables. Genetics are relevant since an individual's chance of developing T2DM is 

considerably raised if there is a family history of the condition.12 Due to the direct correlation 

between excess body weight and insulin resistance, obesity, especially central obesity, is another 

significant risk factor.13 This problem is further exacerbated by sedentary lives, as the onset of 

T2DM is closely linked to physical inactivity. Eating patterns have a significant impact as well; 

diets heavy in processed foods, sweets, and bad fats are strongly associated with the onset of 

diabetes. Age and ethnicity are other significant factors to consider. The risk of T2DM rises with 

age, and some ethnic groups, South Asians, African Americans, and Hispanics, for example, are 

more prone to the illness. Together, these elements draw attention to the complex nature of T2DM 

risk and underscore the necessity of an all-encompassing strategy for treatment and prevention.14 

The quality of life and patient outcomes have greatly improved due to recent developments in 

T2DM care. Continuous Glucose Monitoring (CGM) systems allow for more precise insulin 

administration adjustments, significantly improving glycemic control and making real-time blood 

glucose readings feasible.15 Another significant advancement in insulin delivery technology is 

the creation of the artificial pancreas. This closed-loop device automates insulin administration 

based on CGM to maintain a more stable BGL. With treatment approaches increasingly 

customized to each patient based on their genetic, environmental, and lifestyle characteristics, 
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precision medicine is also progressing in treating diabetes. This leads to more individualized and 

successful management techniques.16 

Furthermore, telemedicine has shown to be a handy tool, particularly during the COVID-19 

epidemic, by facilitating virtual consultations and remote monitoring, which have increased access 

to diabetic treatment and allowed for ongoing management even under challenging situations. 

Together, these scientific and technical developments point to a hopeful future for the battle 

against T2DM.17 Because of their wide range of pharmacological characteristics, 

phytoconstituents bioactive substances found in plants are essential to creating new drugs. Due to 

their numerous therapeutic benefits, these natural substances have long been the basis of both 

conventional and alternative medicine. Numerous pharmacological properties, including 

antidiabetic, anti-inflammatory, antioxidant, antibacterial, and anticancer effects, are displayed by 

phytoconstituents.18 Their variety indicates they are excellent candidates for creating novel 

medications to address a range of illnesses. Numerous phytoconstituents are used as model 

compounds in pharmacological research. Scientists separate and alter these organic substances to 

enhance their effectiveness, durability, and bioavailability, creating novel pharmaceuticals.19,20 

Pathophysiology of T2DM 

Reduced insulin production and resistance are characteristics of T2DM, a complex metabolic 

illness. In the pathophysiology of T2DM, genetic, environmental, and psychological variables 

combine intricately to produce chronic hyperglycemia.21 

Insulin-Resistance 

T2DM is indicated by insulin resistance, a condition in which cells become less sensitive to the 

hormone insulin, which is required to absorb glucose. The liver, fat, and muscular tissues exhibit 

the most resistance. Muscle cells diminished capacity to absorb and use glucose is caused by 

insulin resistance, which increases BGL. Insulin often inhibits the liver's ability to produce 

glucose.22 However, with T2DM, this inhibition is lessened, which raises the outflow of glucose 

from the liver and leads to hyperglycemia. Higher levels of pro-inflammatory cytokines and free 

fatty acids are released by insulin-resistant adipose tissue, exacerbating insulin resistance in other 

tissues.23 

Beta-cell Dysfunction 

Insulin resistance is countered by the pancreas producing more insulin. The Langerhans' islets 

eventually develop an abnormality that prevents them from releasing enough insulin to maintain 

the BGL within typical values. Numerous causes contribute to this beta-cell dysfunction, such as 

chronic inflammation, glucotoxicity, and lipotoxicity. Genetic predisposition also significantly 

influences the reduction of beta-cell function.24 

Incretin Effect 

Insulin production from the pancreas is enhanced by incretins, hormones produced from the 

stomach in response to food consumption. One example of such a hormone is glucagon-Like 

Peptide-1 (GLP-1). In T2DM, the incretin action is reduced, leading to insufficient insulin released 

postprandially. This contributes to the overall hyperglycemia observed in T2DM patients.25 
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Glucagon Secretion 

Apart from insulin dysregulation, incorrect glucagon secretion is another feature of T2DM. The 

pancreatic alpha cells that generate glucagon stimulate the liver to secrete more glucose. Glucagon 

production is frequently increased in T2DM, which increases hepatic glucose output and leads to 

hyperglycemia.26 

Role of Adipokines and Inflammation 

Adipose tissue, especially visceral fat, releases adipokines, hormones produced by fat cells, and 

pro-inflammatory cytokines, which are crucial to the pathophysiology of T2DM. Adipokines like 

leptin and adiponectin influence insulin susceptibility, whereas cytokines like Interleukin-6 (IL-

6) and Tumour Necrosis Factor-alpha (TNF-α). Insulin resistance and beta-cell dysfunction in 

T2DM are caused mainly by this low-grade, persistent inflammation.27 

Genetic and Epigenetic Factors 

Numerous genes related to beta-cell function, insulin action, and synthesis contribute to a genetic 

predisposition that is important in the development of T2DM. Epigenetic modifications, which 

are differences in gene expression without altering the structure of DNA, also impact T2DM. 

Environmental variables, including nutrition, exercise, and pollutant exposure, can affect these 

alterations.28 

ALPHA-GLYCOSIDASE 

An essential gastrointestinal enzyme critical to the cellular breakdown of carbohydrates is alpha-

glucosidase. It catalyzes the hydrolysis of alpha-glucoside bonds in carbohydrates, which releases 

glucose and other simple sugars into the circulation and breaks down complicated sugars into 

simpler forms. This enzyme process, which predominantly takes place in the small intestine, 

assists in converting food carbs into energy that can be used.29 Because of its essential function 

in the synthesis of glucose, alpha-glucosidase has been identified as a target for several diabetic 

drugs that block its function to slow down the digestion of carbohydrates and assist in controlling 

blood sugar levels in patients with T2DM. Improving dietary strategies and developing therapies 

for metabolic diseases requires a thorough understanding of alpha-glucosidase's function and 

management.30 

Inhibitors of Alpha-Glucosidase 

AGIs are a class of medicine used primarily to manage T2DM. These medications delay the 

intestinal digestion of carbs, which lowers the rate at which glucose reaches in the blood 

circulation after meals. These medicine work by inhibiting the action of alpha-glucosidase, a 

digestive enzyme that converts complex carbohydrates into simpler sugars, hence limiting 

postprandial increases in BGL.31 Additionally to helping to lower total blood sugar levels, this 

technique may improve glycemic control. Acarbose, a synthetic AGI, delays carbohydrate 

digestion by inhibiting α-glucosidase enzymes but often causes gastrointestinal side effects. In 

contrast, natural AGIs may offer similar benefits with fewer adverse effects, making them 

promising alternatives. Common examples of AGIs include Acarbose, miglitol, thymol, 

voglibose, carvacrol, etc. They are frequently used with other antidiabetic medications to achieve 
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ideal blood glucose control.32 

Figures 1 to 5 illustrate the chemical structures of key alpha-glucosidase inhibitors, both synthetic 

and natural. Acarbose, shown in Figure 1, is a widely used synthetic inhibitor that delays 

carbohydrate digestion and absorption, thereby reducing postprandial blood glucose levels.33 

Figure 2 presents the structure of voglibose, another synthetic inhibitor that works by 

competitively inhibiting alpha-glucosidase enzymes, effectively managing type 2 diabetes 

mellitus.34 Miglitol, depicted in Figure 3, is a sugar mimic that inhibits intestinal glucosidase 

activity, preventing rapid glucose absorption.35 Figures 4 and 5 represent the structures of 

carvacrol and thymol, naturally occurring phenolic compounds with significant alpha-glucosidase 

inhibitory activity. These natural inhibitors, found in essential oils of various plants, contribute to 

lowering blood sugar levels and offer potential alternatives to synthetic drugs for diabetes 

management.36 

MECHANISM OF ACTION 

AGIs stop the small intestine from absorbing carbohydrates by competitively inhibiting the 

enzymes that convert complicated, nonabsorbable carbohydrates into simple, absorbing 

carbohydrates.37 Enzymes that are involved include glucoamylase, sucrase, maltase, and 

isomaltase. By delaying the absorption of carbs, these inhibitors reduce the rise in blood glucose 

concentrations after a meal by approximately three mmol/L. Acarbose is the drug in this class that 

is most often used and studied.38 Voglibose and miglitol are further agents. Acarbose is most 

effective against glucoamylase and inhibits α-amylase, maltase, sucrase, and dextranase. 

Remarkably, lactase, a β-glucosidase enzyme, is unaffected by Acarbose. Along with Acarbose, 

Voglibose is not FDA-approved in the USA but is approved in Japan. Both drugs have limited 

absorption from the gastrointestinal system, leading to low bioavailability and elimination, mainly 

in faeces. Miglitol is wholly absorbed in the gastrointestinal system and eliminated through the 

kidneys. The colon processes the sugar acarbose through metabolic processes, while the 

metabolism of miglitol and voglibose is little.39 

In Figure 6 illustrated that the carbohydrate digestion and absorption occur in the small intestine, 

where amylase breaks down starch into simpler sugars. Enzymes like sucrase and lactase convert 

these sugars into glucose, fructose, and galactose for absorption. α-Glucosidase aids glucose 

release, while 
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Figure 1: 

Chemical structure of acarbose. 

Amylase breaks down carbs first, and then enzymes like lactase, sucrase, and α-glucosidase turn 

them into monosaccharides in the small intestine. Following absorption by the intestinal lining, 

these monosaccharides are either stored in the liver or used to create energy in the circulation.44 

Table 1 highlights medicinal plants with alpha-glucosidase inhibitory activity, beneficial for 

managing T2DM. Various plant parts, including leaves, bark, fruits, and roots, contain bioactive 

compounds like flavonoids, triterpenoids, phenolic acids, and alkaloids that contribute to blood 

sugar reduction. Notable examples include Momordica charantia (charantin), Syzygium cumini 

(jamboline), Curcuma longa (curcumin), and Gymnema sylvestre (gymnemic acids), which 

exhibit strong hypoglycemic effects. Many commonly used spices and herbs, such as Allium 

sativum, Cinnamomum verum, and Zingiber officinale, also show promising antidiabetic 

properties. These plants offer a natural approach to diabetes management and hold potential for 

future 

  

 

Figure 2: Chemical structure of voglibose. 
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drugs can inhibit this process, affecting blood sugar levels.40 Salivary amylase in the mouth is the 

first step in the digestion of carbohydrates since it breaks down starch (amylose and amylopectin) 

into simpler sugars. The pancreas continues to break down amylose and amylopectin into 

disaccharides and smaller sugar units in the small intestine as food passes through the digestive 

tract.41 In the small intestine, enzymes such as lactase, sucrase, and α-glucosidase are crucial for 

the further breakdown of carbohydrates. α-glucosidase breaks down starch into glucose, which is 

then absorbed by the body. Lactase breaks down saccharides into glucose and fructose and breaks 

down lactose into glucose and galactose.42 The villi and microvilli found in the gut walls provide 

a significant surface area for absorption. Monosaccharides such as glucose, fructose, and galactose 

are transmitted through the intestinal barrier and into the circulation. These sugars are taken to the 

liver after absorption, where they undergo further processing to either store or provide energy.43 

therapeutic applications.85,86 

RECENT ADVANCES IN PHYTOCONSTITUENT-BASED AGIS 

Quercetin 

Quercetin is an essential flavonoid found in a wide variety of fruits, vegetables, and grains that is 

used to treat T2DM. Due to its antioxidant qualities, it can lessen oxidative stress, which is a 

significant cause of T2DM. It has been demonstrated that quercetin increases insulin sensitivity 

by modifying signalling pathways related to glucose metabolism. Furthermore, it reduces 

inflammation by blocking pro-inflammatory cytokines, frequently high in individuals with 

diabetes.87,88 Studies suggest that quercetin could be effective in lowering BGL by enhancing 

the uptake of glucose by muscle cells and reducing the production of glucose in the hepatocytes. 

Blocking the alpha-glucosidase and alpha-amylase enzymes also aids in controlling BGL after a 

meal. Quercetin also helps to mitigate dyslipidaemia, a significant comorbidity associated with 

T2DM, by its effects on lipid metabolism. Quercetin is a potential supplementary medication for 

managing T2DM due to its diverse biochemical activities.89 

Berberine 

Many plants contain the alkaloid berberine, which is effective in treating T2DM. The activation 

of AMP-Activated Protein Kinase (AMPK) promotes glucose absorption by tissues and improves 

insulin sensitivity. Inadditionto improving glycemic management, berberine also suppresses 

hepatic gluconeogenesis and modifies gut microbiota. Its anti-inflammatory and antioxidant 

qualities further bolster its therapeutic effect in T2DM.90,48 

 Curcumin 

Turmeric's terpenoid curcumin has several advantages for treating T2DM. Modifying insulin 

signalling pathways lowers insulin resistance and inhibits the chronic inflammation linked to 

diabetes. Additionally, curcumin has antioxidant qualities that guard against oxidative damage to 

pancreatic β-cells. Furthermore, it helps with diabetes-related problems by improving cholesterol 

levels and lowering BGL.91,48 

Epigallocatechin gallate 

Green tea's flavonoid Epigallocatechin Gallate (EGCG), which has anti-inflammatory and 
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antioxidant properties, is essential for managing T2DM. By activating AMPK, EGCG increases 

glucose absorption and insulin sensitivity. Moreover, it suppresses 

 

.Figure 3: Chemical structure of 

miglitol 

 

 

Figure 4: Chemical structure of 

carvacrol. 

 

the enzymes that break down carbohydrates, lessening blood glucose increases after meals. 

Moreover, how EGCG affects lipid metabolism helps treat dyslipidemia, a disease commonly 

seen in people with diabetes.92 

Ginsenosides 

Ginseng's key ingredients, ginsenosides, have demonstrated encouraging results in treating 

T2DM. Various signalling mechanisms increase insulin sensitivity and secretion. Furthermore, 

ginsenosides' anti-inflammatory and antioxidant effects protect against diabetes-related oxidative 

stress and inflammation. Moreover, they improve glycemic control in T2DM patients by 

regulating glucose metabolism and lowering hepatic glucose generation.93 

Resveratrol 

Resveratrol is a natural polyphenolic compound predominantly found in grapes, red wine, and 

certain berries. It has emerged as a promising phytoconstituent for the management of T2DM due 

to its antioxidant, anti-inflammatory, and insulin-sensitizing properties. Resveratrol activates 

SIRT1 and AMPK pathways, both of which enhance insulin sensitivity and glucose uptake in 

peripheral tissues. It also plays a key role in reducing oxidative stress and inhibiting pro-

inflammatory cytokines, thereby protecting pancreatic β-cells from damage.94 Furthermore, 

resveratrol suppresses hepatic gluconeogenesis and improves lipid metabolism, helping to 

mitigate diabetic dyslipidemia. Its multifaceted mechanisms make resveratrol a valuable candidate 

for adjunct therapy in T2DM management.95 

Apigenin 

Apigenin is a naturally occurring flavonoid found abundantly in parsley, chamomile, celery, and 

other plant-based foods. It has shown significant potential in the management of T2DM due to its 

antioxidant, anti-inflammatory, and anti-hyperglycemic properties. Apigenin enhances insulin 

sensitivity by modulating key insulin signaling pathways and reduces BGL by promoting glucose 
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uptake in skeletal muscles.96 It also inhibits hepatic gluconeogenesis and helps protect pancreatic 

β-cells from oxidative damage. Additionally, apigenin improves lipid profiles and reduces the risk 

of diabetic complications by modulating inflammatory cytokines and oxidative stress markers. Its 

multi-targeted mechanisms make it a promising compound in phytochemical-based antidiabetic 

therapies.97 

THERAPEUTIC POTENTIAL AND CLINICAL IMPLICATIONS 

AGIs derived from phytoconstituents have several therapeutic advantages in the treatment of 

T2DM. These natural chemicals are a better alternative than manufactured medications for many 

people since they often have fewer adverse effects. Because they impede alpha-glucosidase 

enzymes, they slow down the digestion and absorption of carbs, which is essential for glycemic 

management and helps lower postprandial BGL.98 In addition to their primary function, these 

phytoconstituents have antioxidant and anti-inflammatory qualities, which improve health in other 

ways. Research has indicated that berberine is effective in mitigating inflammation and oxidative 

stress, in addition to improving insulin sensitivity and blood glucose levels. Numerous fruits and 

vegetables contain quercetin, which has antioxidant properties that will enhance general metabolic 

health and inhibit alpha-glucosidase.99 Turmeric's main ingredient, curcumin, has anti-

inflammatory qualities that help it modify insulin signalling and provide protection against 

problems connected to diabetes. Likewise, ginsenosides from ginseng and EGCG from green tea 

  

have demonstrated encouraging effects in lowering oxidative stress and enhancing insulin 

sensitivity.100 Lowering the risk of diabetes-related complications, managing BGL and adding 

these natural AGIs to T2DM therapy regimens may improve patient outcomes. More clinical 

research and trials are required to 

Figure 5: Chemical structure of thymol. 

  

understand their mechanisms of action and optimize their usage completely. By including these 

phytoconstituents in traditional diabetes care strategies, there is a significant chance that the 

quality of life for those with T2DM may be improved.101 

CHALLENGE AND LIMITATIONS 
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Thevariationinthesenaturalchemicals' potencyandbioavailability poses a serious difficulty. The 

consistency and effectiveness of the active ingredients might be affected by variables, including 

the source of the plant, the extraction process, and the preparation methods used.102 This 

heterogeneity makes standardization challenging since it might result in uneven clinical results. 

The absence of extensive clinical trials and long-term investigations is another drawback. Most 

research on phytoconstituent-based AGIs has been done in vitro or in animal models; few human 

studies have verified their safety and effectiveness.103 It is difficult to set firm treatment 

recommendations and doses for these natural inhibitors without strong clinical data. Patients, 

particularly those taking many drugs, are at risk for drug-herb interactions. When used with other 

antidiabetic medications or therapies, phytoconstituent-based AGIs might have unanticipated side 

effects that need close monitoring and guidance from medical professionals.104 There are 

significant regional differences in the regulatory landscape for natural goods. Concerns regarding 

patient safety and quality control are raised by the possibility that, in some regions, 

phytoconstituents are not subject to the same stringent testing and approval procedures as 

synthetic medications.105  

 

  

 

Figure 6: Mechanism of action of phytoconstituents on alpha-glucosidase enzyme: Illustration of 

carbohydrate digestion and inhibition by AGIs. Starch is broken down by amylase into sugars, 

which are further digested by sucrase and lactase. AGIs block α-glucosidase, reducing glucose 

absorption and postprandial blood sugar levels. 

  



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       11 

 

 

FUTURE PROSPECTIVE 

AGIs based on phytoconstituents have bright futures in the treatment of T2DM. More research 

points to these agents as potentially safer and more natural substitutes for synthetic medications. 

The alpha-glucosidase enzyme, which is necessary for the absorption of carbohydrates, is strongly 

inhibited by phytoconstituents derived from plants.106 The management of postprandial 

hyperglycemia, a significant issue among people with diabetes, is aided by inhibitors of the 

complicated metabolism of carbohydrates. To address several elements of diabetes development, 

future research may concentrate on developing new phytoconstituents that demonstrate diverse 

mechanisms, such as anti-inflammatory, antioxidant, and beta-cell protective characteristics and 

have alpha-glucosidase inhibitory actions.107 Furthermore, these compounds can increase their 

bioavailability and effectiveness by developments in extraction, formulation, and delivery 

methods. Clinical studies must evaluate phytoconstituent-based AGIs' long-term safety and 

efficacy in diverse populations.108 Moreover, the development of multi-target medications that 

include phytoconstituents or the combination of these natural inhibitors with conventional 

medicines may improve the management of diabetes.109 Research on the genome and 

metabolome may provide light on customized treatment plans that maximize the utilization of 

phytoconstituents according to the unique characteristics of each patient. It is imperative that 

future treatment development focus on the integration of phytoconstituent-based AGIs into 

standard diabetes care since this presents a promising way to enhance glycemic control while 

lowering the adverse effects of synthetic medications.110 

CONCLUSION 

The growing interest in phytoconstituent-based AGIs offers promising therapeutic potential for 

managing T2DM. With many plant-based compounds demonstrating significant alpha-

glucosidase inhibitory activity, these natural agents have emerged as potential alternatives to 

synthetic drugs for glycemic control. The capacity of phytoconstituents such as flavonoids, 

alkaloids, terpenoids, and saponins to reduce postprandial BGL, improve insulin sensitivity, and 

offer additional anti-inflammatory and antioxidant properties has been repeatedly demonstrated 

in the reviewed research. Challenges remain, particularly concerning the variability in potency, 

bioavailability, and standardization of these natural agents, which necessitates further research. 

Few clinical trials are available to prove the effectiveness and safety of these treatments in people; 

instead, most current studies are based on in vitro investigations or animal models. As research 

advances, future efforts should focus on refining extraction techniques, optimizing bioavailability, 

and conducting large-scale clinical trials to understand the long-term effects better and establish 

standardized therapeutic protocols. Phytoconstituent-based AGI snpresent a compelling avenue 

for developing new antidiabetic treatments, especially for patients seeking more natural and 

potentially safer alternatives. With continued investigation and innovation, these substances 

originating from plants may be essential for managing diabetes in the future. 

SUMMARY 

AGIs based on phytoconstituents have the encouraging potential for treating T2DM by improving 

insulin sensitivity and lowering postprandial blood glucose. Key compounds such as flavonoids, 

alkaloids, and terpenoids demonstrate strong inhibitory effects and provide antioxidant benefits. 

However, standardization, potency, and bioavailability challenges require further research, 
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particularly in clinical trials. Future efforts should focus on refining extraction methods and 

optimizing therapeutic protocols. These natural agents may provide safer alternatives to synthetic 

antidiabetic drugs. 

REFERENCES 

1. Dilworth L, Facey A, Omoruyi F. Diabetes mellitus and its metabolic complications: the role 

of adipose tissues. Int J Mol Sci. 2021;22(14):7644. doi: 10.3390/ijms221476 44, PMID 

34299261. 

2. Kashtoh H, Baek KH. Recent updates on phytoconstituent alpha-glucosidase inhibitors: an 

approach towards the treatment of Type Two diabetes. Plants (Basel). 2022;11(20):2722. doi: 

10.3390/plants11202722, PMID 36297746. 

3. Hyun TK, Eom SH, Kim JS. Molecular docking studies for discovery of plant-derived α-

glucosidase inhibitors. Plant OMICS. 2014. 

4. Rahman N, Muhammad I, Afridi SG, Khan A, Nayab GE, Ahmad I, et al. Inhibitory effects 

of plant extracts and in silico screening of the bioactive compounds against α-glucosidase. S Afr 

J Bot. 2021;143:330-43. doi: 10.1016/j.sajb.2020.12.002. 

5. Khot KB, Gopan G, Bandiwadekar A, Jose J. Current advancements related to 

phytobioactive compounds based liposomal delivery for neurodegenerative 

  

 

diseases. Ageing Res Rev. 2023;83:101806. doi: 10.1016/j.arr.2022.101806, PMID 36427765. 

6. Ekbbal R, Jaiswal AK, Aggarwal M, Singh M, Ali SA, Ali S, et al. Indian Medicinal Plants 

for the Management of Endometriosis: A Comprehensive Review on their phytopharmacology. 

Natl Resour Hum Heal. 2024;4(1):75-88. doi: 10.53365/nrfhh/ 174668. 

7. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and 

regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: results from 

the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract. 

2019;157:107843. doi: 10.1016/j.diabres.2019.107843, PMID 31518657. 

8. Sanyoura M, Philipson LH, Naylor R. Monogenic diabetes in children and adolescents: 

recognition and treatment options. Curr Diabetes Rep. 2018;18(8):58. doi: 10.1007/ s11892-018-

1024-2, PMID 29931562. 

9. Mojto V, Chládeková A, Komlósi M, Timárová G. Diabetic neuropathy. Jaffna Med J. 

2019;29(1):11-8. doi: 10.4038/jmj.v29i1.32. 

10. Hulkoti V, Acharya S, Shukla S, Kumar S, Kabra R, Dubey A, et al. Visceral adiposity index 

in type 2 diabetes mellitus (DM) and its correlation with microvascular complications. Cureus. 

2022;14(11):e31279. doi: 10.7759/cureus.31279, PMID 36523689. 

11. Boulton AJ, Armstrong D, Krisner R, Attinger C, Lavery L, Lipsky B, et al. Diagnosis and 



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       13 

 

 

management of diabetic foot complications. Diabetes. 2018;2018(2):1-20. doi: 10.2 

337/DB20182-1. 

12. Agu KC. Computer-aided screening of the binding affinities of some anti-diabetic ligands 

obtained from Annona muricata Linn. (Soursop) and their derivatives against alpha-glucosidase. 

Phytomed Plus. 2022;2(2):100272. doi: 10.1016/j.phyplu.2022.10 0272. 

13. Wu Y, Ding Y, Tanaka Y, Zhang W. Risk factors contributing to type 2 diabetes and recent 

advances in the treatment and prevention. Int J Med Sci. 2014;11(11):1185-200. doi: 

10.7150/ijms.10001, PMID 25249787. 

14. Milenkovic T, Bozhinovska N, Macut D, Bjekic-Macut J, Rahelic D, Velija Asimi Z, et al. 

Mediterranean diet and type 2 diabetes mellitus: A perpetual inspiration for the scientific world. a 

review. Nutrients. 2021;13(4):1307. doi: 10.3390/nu13041307, PMID 33920947. 

15. Miao L, Zhang H, Cheong MS, Zhong R, Garcia-Oliveira P, Prieto MA, et al. Anti-diabetic 

potential of apigenin, luteolin, and baicalein via partially activating PI3K/Akt/ Glut-4 signaling 

pathways in insulin-resistant HepG2 cells. Food Sci Hum Wellness. 2023;12(6):1991-2000. doi: 

10.1016/j.fshw.2023.03.021. 

16. Gandhi GY, Kovalaske M, Kudva Y, Walsh K, Elamin MB, Beers M, et al. Efficacy of 

continuous glucose monitoring in improving glycemic control and reducing hypoglycemia: a 

systematic review and meta-analysis of randomized trials. J Diabetes Sci Technol. 2011;5(4):952-

65. doi: 10.1177/193229681100500419, PMID 21880239. 

17. Rosta L, Menyhart A, Mahmeed WA, Al-Rasadi K, Al-Alawi K, Banach M, et al. 

Telemedicine for diabetes management during COVID-19: what we have learnt, what and how to 

implement. Front Endocrinol. 2023;14:1129793. doi: 10.3389/fendo.202 3.1129793, PMID 

37265696. 

18. Nasim N, Sandeep IS, Mohanty S. Plant-derived natural products for drug discovery: current 

approaches and prospects. Nucleus (Calcutta). 2022;65(3):399-411. doi: 10.1 007/s13237-022-

00405-3, PMID 36276225. 

19. A. K, S. M, S. M, A. K. Demand for Traditional Medication: emerging Herbal Remedies and 

Natural Products as an alternative approach for COVID-19 Pandemic. Int J Newgen Res Pharm 

Healthc. 2023: 101-12. doi: 10.61554/ijnrph.v1i1.2023.22. 

20. Singh K, Gupta JK, Sethi P, Mathew S, Bhatt A, Sharma MC, et al. Recent advances in the 

synthesis of antioxidant derivatives: pharmacological insights for neurological disorders. Curr 

Top Med Chem. 2024;24(22):1940-59. doi: 10.2174/011568026630573 6240725052825, PMID 

39108007. 

21. Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB, et al. 

Pathophysiology of type 2 diabetes mellitus. Int J Mol Sci. 2020;21(17):6275. doi: 10.3 

390/ijms21176275, PMID 32872570. 

22. Lee SH, Park SY, Choi CS. Insulin resistance: from mechanisms to therapeutic strategies. 

Diabetes Metab J. 2022;46(1):15-37. doi: 10.4093/DMJ.2021.0280, PMID 34965646. 



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       14 

 

 

23. Wondmkun YT. Obesity, insulin resistance, and type 2 diabetes: associations and therapeutic 

implications. Diabetes Metab Syndr Obes. 2020;13:3611-6. doi: 10.2147/ DMSO.S275898, 

PMID 33116712. 

24. Kahn BB. Type 2 diabetes: when insulin secretion fails to compensate for insulin resistance. 

Cell. 1998;92(5):593-6. doi: 10.1016/S0092-8674(00)81125-3, PMID 9506512. 

25. Seino Y, Fukushima M, Yabe D. GIP and GLP-1, the two incretin hormones: similarities 

and differences. J Diabetes Investig. 2010;1(1-2):8-23. doi: 10.1111/j.2040-1124.2010 

.00022.x, PMID 24843404. 

26. Briant L, Salehi A, Vergari E, Zhang Q, Rorsman P. Glucagon secretion from pancreatic α-

cells. Ups J Med Sci. 2016;121(2):113-9. doi: 10.3109/03009734.2016.1156789, PMID 

27044683. 

27. Clemente-Suárez VJ, Redondo-Flórez L, Beltrán-Velasco AI, Martín-Rodríguez A, 

Martínez-Guardado I, Navarro-Jiménez E, et al. The role of adipokines in health and disease. 

Biomedicines. 2023;11(5):1290. doi: 10.3390/biomedicines11051290, PMID 37238961. 

 28. Mannar V, Boro H, Patel D, Agstam S, Dalvi M, Bundela V. Epigenetics of the pathogenesis 

and complications of type 2 diabetes mellitus. Touch REV Endocrinol. 2023;19(1):46-53. doi: 

10.17925/EE.2023.19.1.46, PMID 37313245. 

29. Hossain U, Das AK, Ghosh S, Sil PC. An overview on the role of bioactive α-glucosidase 

inhibitors in ameliorating diabetic complications. Food Chem Toxicol. 2020;145:111738. doi: 

10.1016/j.fct.2020.111738, PMID 32916220. 

30. Hasimun P, Ketut Adnyana I. Zingiberaceae Family effects on alpha-glucosidase activity: 

implication for diabetes. In: Bioactive food as dietary interventions for diabetes. Amsterdam: 

Elsevier; 2019. p. 387-93. doi: 10.1016/b978-0-12-813822-9. 00026-6. 

31. Halegoua-De Marzio D, Navarro VJ. Hepatotoxicity of cardiovascular and antidiabetic 

drugs. In: Drug-induced liver disease. Amsterdam: Elsevier; 2013. p. 519-40. doi: 10.1 016/B978-

0-12-387817-5.00029-7. 

32. DiNicolantonio JJ, Bhutani J, O’Keefe JH. Acarbose: safe and effective for lowering 

postprandial hyperglycaemia and improving cardiovascular outcomes. Open Heart. 

2015;2(1):e000327. doi: 10.1136/openhrt-2015-000327, PMID 26512331. 

33. Ernawati T, Mun’Im A, Hanafi M, Yanuar A. In silico evaluation of molecular interactions 

between known α-glucosidase inhibitors and homologous α-glucosidase enzymes from 

Saccharomyces cerevisiae, Rattus norvegicus, and GANC-human. Thai J Pharm Sci. 

2018;42(1):14-20. doi: 10.56808/3027-7922.2389. 

34. Liu M, Zhang W, Wei J, Lin X. Synthesis and α-glucosidase inhibitory mechanisms of 

bis(2,3-dibromo-4,5-dihydroxybenzyl) ether, a potential marine bromophenol α-glucosidase 

inhibitor. Mar Drugs. 2011;9(9):1554-65. doi: 10.3390/md9091554. 

35. Kim HM, Hyun CG. Miglitol, an oral antidiabetic drug, downregulates melanogenesis in 



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       15 

 

 

B16F10 melanoma cells through the PKA, MAPK, and GSK3β/β-catenin signaling pathways. 

Molecules. 2023;28(1):115. doi: 10.3390/molecules28010115. 

36. Mączka W, Twardawska M, Grabarczyk M, Wińska K. Carvacrol – A natural phenolic 

compound with antimicrobial properties. Antibiotics (Basel). 2023;12(5):824. doi: 10. 

3390/antibiotics12050824, PMID 37237727. 

37. Yin Z, Zhang W, Feng F, Zhang Y, Kang W. α-glucosidase inhibitors isolated from 

medicinal plants. Food Sci Hum Wellness. 2014;3(3-4):136-74. doi: 10.1016/j.fshw.2 014.11.003. 

38. Guo YY, Zhang JY, Sun JF, Gao H. A comprehensive review of small-molecule drugs for 

the treatment of type 2 diabetes mellitus: synthetic approaches and clinical applications. Eur J 

Med Chem. 2024;267:116185. doi: 10.1016/j.ejmech.2024.11618 5, PMID 38295688. 

39. Dirir AM, Daou M, Yousef AF, Yousef LF. A review of alpha-glucosidase inhibitors from 

plants as potential candidates for the treatment of type-2 diabetes. Phytochem Rev. 

2022;21(4):1049-79. doi: 10.1007/s11101-021-09773-1, PMID 34421444. 

40. Mohiti-Asli M, Ghanaatparast-Rashti M, Akbarian P, Mousavi SN. Effects of a combination 

of phytase and multi-carbohydrase enzymes in low-density corn–soybean meal based diets on 

growth performance and ileal nutrients digestibility of male broilers. Ital J Anim Sci. 

2020;19(1):1533-41. doi: 10.1080/1828051X.2020.1 857311. 

41. Peyrot des Gachons C, Breslin PA. Salivary amylase: digestion and metabolic syndrome. 

Curr Diabetes Rep. 2016;16(10):102. doi: 10.1007/s11892-016-0794-7, PMID 27640169. 

42. Burke M. Carbohydrate intolerance and disaccharidase measurement – a mini-review. Clin 

Biochem Rev. 2019;40(4):167-74. doi: 10.33176/AACB-19-00025, PMID 31857738. 

43. Kiela PR, Ghishan FK. Physiology of intestinal absorption and secretion. Best Pract Res Clin 

Gastroenterol. 2016;30(2):145-59. doi: 10.1016/j.bpg.2016.02.007, PMID 27086882. 

44. Russo P. GI tract enteropathies of infancy and childhood. In: Surgical pathology of the GI 

tract, liver, biliary tract and pancreas. Amsterdam: Elsevier; 2009. p. 169-83. doi: 10 

.1016/B978-141604059-0.50012-6. 

45. Al-Ishaq RK, Abotaleb M, Kubatka P, Kajo K, Büsselberg D. Flavonoids and their anti-

diabetic effects: cellular mechanisms and effects to improve blood sugar levels. Biomolecules. 

2019;9(9):430. doi: 10.3390/biom9090430, PMID 31480505. 

46. Sharma A, Goyal R, Sharma L. Potential biological efficacy of Pinus plant species against 

oxidative, inflammatory and microbial disorders. BMC Complement Altern Med. 2016;16:35. 

doi: 10.1186/s12906-016-1011-6, PMID 26822870. 

47. Sobeh M, Mahmoud MF, Hasan RA, Abdelfattah MA, Osman S, Rashid HO, et al. Chemical 

composition, antioxidant and hepatoprotective activities of methanol extracts from leaves of 

Terminalia bellirica and Terminalia sericea (Combretaceae). PeerJ. 2019;7:e6322. doi: 

10.7717/peerj.6322, PMID 30834179. 



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       16 

 

 

48. Kumar P, Shamim, Muztaba M, Ali T, Bala J, Sidhu HS, et al. Fused deposition modeling 

3D-printed scaffolds for bone tissue engineering applications: a review. Ann Biomed Eng. 

2024;52(5):1184-94. doi: 10.1007/s10439-024-03479-z, PMID 38418691. 

49. Ortiz-Andrade RR, García-Jiménez S, Castillo-España P, Ramírez-Avila G, Villalobos-

Molina R, Estrada-Soto S. α-glucosidase inhibitory activity of the methanolic extract from 

Tournefortia hartwegiana: An anti-hyperglycemic agent. J Ethnopharmacol. 2007;109(1):48-53. 

doi: 10.1016/j.jep.2006.07.002, PMID 16920301. 

50. Chipiti T, Ibrahim MA, Singh M, Islam MS. In vitro α-amylase and α-glucosidase inhibitory 

effects and cytotoxic activity of Albizia antunesiana extracts. Pharmacogn Mag. 2015; 11 Suppl 

2:S231-6. doi: 10.4103/0973-1296.166018, PMID 26664010. 

51. Parklak W, Ounjaijean S, Kulprachakarn K, Boonyapranai K. In vitro α-amylase and α-

glucosidase inhibitory effects, antioxidant activities, and lutein content of nine different cultivars 

of marigold flowers (Tagetes spp.). Molecules. 2023;28(8):3314. doi: 

10.3390/molecules28083314, PMID 37110550. 

52. Algenstaedt P, Stumpenhagen A, Westendorf J. The effect of Morinda citrifolia L. fruit juice 

on the blood sugar level and other serum parameters in patients with diabetes Type 2. Evid Based 

Complement Alternat Med. 2018; 2018:3565427. doi: 10.1155/20 18/3565427, PMID 30158993. 

53. Abas F, Ismail A, Lajis NH, Shaari K. Anti-diabetic activity and metabolic changes obese 

diabetic rats. Molecules. 2016. 

54. Faramayuda F, Wicaksono SP, Syam AK, Riyanti S, Windyaswari AS, Karlina Y, et al. 

Traditional uses, phytochemistry, pharmacology activity and plant tissue culture of Ficus carica 

L. (a mini review). (a mini review). Ris. Inf Kesehat. 2022;11(1):1. doi: 10.3 0644/rik.v11i1.537. 

55. Çiçek SS. Momordica charantia L. – diabetes-related bioactivities, quality control, and safety 

considerations. Front Pharmacol. 2022;13:904643. doi: 10.3389/fphar.2022.90 4643, PMID 

35656300. 

56. Monika S, Thirumal M, Kumar PR. Phytochemical and biological review of Aegle marmelos 

Linn. Future Sci OA. 2023;9(3):FSO849. doi: 10.2144/fsoa-2022-0068, PMID 37026028. 

57. Dar MI, Rafat S, Dev K, Abass S, Khan MU, Abualsunun WA, et al. Heartwood Extract of 

Pterocarpus marsupium Roxb. Offers defense against oxyradicals and improves glucose uptake in 

HepG2 cells. Metabolites. 2022;12(10):947. doi: 10.3390/metabo1 2100947, PMID 36295849. 

58. Bopp A, De Bona KS, Bellé LP, Moresco RN, Moretto MB. Syzygium cumini inhibits 

adenosine deaminase activity and reduces glucose levels in hyperglycemic patients. Fundam Clin 

Pharmacol. 2009;23(4):501-7. doi: 10.1111/j.1472-8206.2009.00700.x, PMID 19709327. 

59. Stohs SJ, Ray S. Anti-diabetic and anti-hyperlipidemic effects and safety of Salacia reticulata 

and related species. Phytother Res. 2015;29(7):986-95. doi: 10.1002/ptr.5 382, PMID 26031882. 

60. Alam O, Naaz S, Sharma V, Manaithiya A, Khan J, et al. Recent developments made in the 

assessment of the antidiabetic potential of Gymnema species – from 2016 to 2020. J 



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       17 

 

 

Ethnopharmacol. 2022;286:114908. doi: 10.1016/j.jep.2021.114908, PMID 34906636. 

61. Neelakantan N, Narayanan M, De Souza RJ, Van Dam RM. Effect of fenugreek (Trigonella 

foenum-graecum L.) intake on glycemia: a meta-analysis of clinical trials [Trigonella foenum-

graecum L]. Nutr J. 2014;13:7. doi: 10.1186/1475-2891-13-7, PMID 24438170. 

62. Pickering E, Steels E, Castaneda R, Steadman KJ. Effect of Coccinia grandis (Linn.) Voigt 

extract on glucose metabolism markers in a prediabetic population: a double-blind randomised 

clinical trial. Phytomed Plus. 2023;3(4):100487. doi: 10.1016/j.phyplu.2 023.100487. 

63. Shamim, Ali S, Ali T, Sharma H, Kishor BN, Jha SK. Recent advances in monodisperse gold 

nanoparticle delivery, synthesis, and emerging applications in cancer therapy. Plasmonics. 

2025;20(9):7121-41. doi: 10.1007/s11468-024-02732-4. 

64. Yarmohammadi F, Mehri S, Najafi N, Salar Amoli SS, Hosseinzadeh H. The protective 

effect of Azadirachta indica (Neem) against metabolic syndrome: a review. Iran J Basic Med Sci. 

2021;24(3):280-92. doi: 10.22038/ijbms.2021.48965.11218, PMID 33995939. 

65. Ramzan T, Aslam B, Muhammad F, Faisal MN, Hussain A. Influence of Ocimum sanctum 

(L.) extract on the activity of gliclazide in alloxan-induced diabetes in rats. Rev Chim. 

2020;71(11):101-10. doi: 10.37358/RC.20.11.8379. 

66. Shetty AJ, Choudhury D, Rejeesh, Nair V, Kuruvilla M, Kotian S. Effect of the insulin plant 

(Costus igneus) leaves on dexamethasone-induced hyperglycemia. Int J Ayurveda Res. 

2010;1(2):100-2. doi: 10.4103/0974-7788.64396, PMID 20814523. 

67. Ansary J, Forbes-Hernández TY, Gil E, Cianciosi D, Zhang J, Elexpuru-Zabaleta M, et al. 

Potential health benefit of garlic based on human intervention studies: a brief overview. 

Antioxidants (Basel). 2020;9(7):619. doi: 10.3390/antiox9070619, PMID 32679751. 

68. Sonkamble VV, Kamble LH. Antidiabetic potential and identification of phytochemicals 

from Tinospora cordifolia. Am J Phytomed Clin Ther. 2015. 

69. Mohammed A, Gbonjubola VA, Koorbanally NA, Islam MS. Inhibition of key enzymes 

linked to type 2 diabetes by compounds isolated from Aframomum melegueta fruit. Pharm Biol. 

2017;55(1):1010-6. doi: 10.1080/13880209.2017.1286358, PMID 28176546. 

70. Mandal A, Sharma SK, Yadav SR, Mirza AA, Thakur MS, Jachak S, et al. Efficacy of young 

Cinnamomum zeylanicum Blume bark on hyperglycemia and PTPase activity in type 2 diabetes. 

Cureus. 2023;15(2):e35023. doi: 10.7759/cureus.35023, PMID 36938283. 

71. Ali SA, Ali S, Rastogi S, Shivhare B, Muztaba M, Shamim S. A comprehensive review on 

advancements in nanocarriers-based peptide delivery for cancer therapeutics. MNS. 

2025;17(4):283-97. doi: 10.2174/0118764029358553250325040749. 

72. Atal S, Agrawal RP, Vyas S, Phadnis P, Rai N. Evaluation of the effect of piperine per se on 

blood glucose level in alloxan-induced diabetic mice. Acta Pol Pharm. 2012;69(5):965-9. PMID 

23061294. 

73. Marton LT, Pescinini-E-Salzedas LM, Camargo ME, Barbalho SM, Haber JF, Sinatora RV, 



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       18 

 

 

et al. The effects of curcumin on diabetes mellitus: A systematic review. Front Endocrinol. 

2021;12:669448. doi: 10.3389/fendo.2021.669448, PMID 34012421. 

74. Mahomoodally MF, Aumeeruddy MZ, Legoabe LJ, Montesano D, Zengin G. Nigella sativa 

L. and its active compound thymoquinone in the clinical management of 

  

 

diabetes: a systematic review. Int J Mol Sci. 2022;23(20):12111. doi: 10.3390/ijms23 2012111, 

PMID 36292966. 

75. Ezeani C, Ezenyi I, Okoye T, Okoli C. Ocimum basilicum extract exhibits antidiabetic 

effects via inhibition of hepatic glucose mobilization and carbohydrate metabolizing enzymes. J 

Intercult Ethnopharmacol. 2017;6(1):22-8. doi: 10.5455/jice.20161229054 825, PMID 28163956. 

76. Mara de Menezes Epifanio N, Rykiel Iglesias Cavalcanti L, Falcão Dos Santos K, Soares 

Coutinho Duarte P, Kachlicki P, Ożarowski M, et al. Chemical characterization and in vivo 

antioxidant activity of parsley (Petroselinum crispum) aqueous extract. Food Funct. 

2020;11(6):5346-56. doi: 10.1039/d0fo00484g, PMID 32462155. 

77. Ali T. Chromatography and spectroscopic characterization of nano-carrier pharmaceuticals. 

doi: 10.2174/0122117385319695240911115239. 

78. Pandith SA, Hussain A, Bhat WW, Dhar N, Qazi AK, Rana S, et al. Evaluation of 

anthraquinones from Himalayan rhubarb (Rheum emodi Wall. ex Meissn.) as antiproliferative 

agents. S Afr J Bot. 2014;95:1-8. doi: 10.1016/j.sajb.2014.07.012. 

79. Dineshkumar B, Mitra A, Mahadevappa M. Antidiabetic and hypolipidemic effects of 

mahanimbine (carbazole alkaloid) from Murraya koenigii (Rutaceae) leaves. Int J Phytomed. 

2010. doi: 10.5138/ijpm.2010.0975.0185.02004. 

80. Dey P, Singh J, Suluvoy JK, Dilip KJ, Nayak J. Utilization of Swertia chirayita Plant Extracts 

for Management of Diabetes and Associated Disorders: present Status, Future Prospects and 

Limitations. Nat Prod Bioprospect. 2020;10(6):431-43. doi: 10.1 007/s13659-020-00277-7, 

PMID 33118125. 

81. Durg S, Bavage S, Shivaram SB. Withania somnifera (Indian ginseng) in diabetes mellitus: 

a systematic review and meta-analysis of scientific evidence from experimental research to 

clinical application [Withania somnifera (Indian ginseng) in diabetes mellitus: a systematic review 

and meta-analysis of scientific evidence from experimental research to clinical application]. 

Phytother Res. 2020;34(5):1041-59. doi: 10.1002/ptr.6589, PMID 31975514. 

82. Saldanha LL, Quintiliano Delgado A, Marcourt L, De Paula Camaforte NA, Ponce Vareda 

PM, Nejad Ebrahimi S, et al. Hypoglycemic active principles from the leaves of Bauhinia 

holophylla: comprehensive phytochemical characterization and in vivo activity profile. PLOS 

One. 2021;16(9):e0258016. doi: 10.1371/journal.pone.0258016 

, PMID 34559860. 



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       19 

 

 

83. Agrawal OD, Kulkarni YA. Treatment with Terminalia chebula extract reduces insulin 

resistance, hyperglycemia and improves SIRT1 expression in Type 2 diabetic rats. Life (Basel). 

2023;13(5):1168. doi: 10.3390/life13051168, PMID 37240813. 

84. Huang SM, Lin CH, Chang WF, Shih CC. Antidiabetic and antihyperlipidemic activities of 

Phyllanthus emblica L. extract in vitro and the regulation of Akt phosphorylation, 

gluconeogenesis, and peroxisome proliferator-activated receptor α in streptozotocin-induced 

diabetic mice. Food Nutr Res. 2023; 67. doi: 10.29219/fn r.v67.9854, PMID 37850072. 

85. Assefa ST, Yang EY, Chae SY, Song M, Lee J, Cho MC, et al. Alpha glucosidase inhibitory 

activities of plants with focus on common vegetables. Plants (Basel). 2019;9(1):2. doi: 

10.3390/plants9010002, PMID 31861279. 

86. Khan MR, Kumar D, Shamim S, Sunand K, Sharma S, Rawat G. Ethnopharmacological 

relevance of Citrus limon (L.) Burm. f. as adjuvant therapy. ap. 2023;12(2):169-79. doi: 

10.54085/ap.2023.12.2.19. 

87. Ansari P, Choudhury ST, Seidel V, Rahman AB, Aziz MA, Richi AE, et al. Therapeutic 

potential of quercetin in the management of Type-2 diabetes mellitus. Life (Basel). 

2022;12(8):1146. doi: 10.3390/life12081146, PMID 36013325. 

88. Ali S, Ekbbal R, Salar S, Yasheshwar, Ali SA, Jaiswal AK, et al. Quality standards and 

pharmacological interventions of natural oils: current scenario and future perspectives. ACS 

Omega. 2023;8(43):39945-63. doi: 10.1021/acsomega.3c05241, PMID 37953833. 

89. Kikiowo B, Ogunleye JA, Iwaloye O, Ijatuyi TT. Therapeutic potential of Chromolaena 

odorata phyto-constituents against human pancreatic α-amylase. J Biomol Struct Dyn. 

2022;40(4):1801-12. doi: 10.1080/07391102.2020.1833758, PMID 33054572. 

90. Utami AR, Maksum IP, Deawati Y. Berberine and its study as an antidiabetic compound. 

Biology (Basel). 2023;12(7):973. doi: 10.3390/biology12070973, PMID 37508403. 

91. Kunnumakkara AB, Hegde M, Parama D, Girisa S, Kumar A, Daimary UD, et al. Role of 

turmeric and curcumin in prevention and treatment of chronic diseases: lessons learned from 

clinical trials. ACS Pharmacol Transl Sci. 2023;6(4):447-518. doi: 10.1021 

/acsptsci.2c00012, PMID 37082752. 

92. Mokra D, Joskova M, Mokry J. Therapeutic effects of green tea polyphenol (–)-

epigallocatechin-3-gallate (EGCG) in relation to molecular pathways controlling inflammation, 

oxidative stress, and apoptosis. Int J Mol Sci. 2022;24(1):340. doi: 10.33 90/ijms24010340, PMID 

36613784. 

93. Kim TH. Ginsenosides for the treatment of insulin resistance and diabetes: therapeutic 

perspectives and mechanistic insights. J Ginseng Res. 2024;48(3):276-85. doi: 10.101 

6/j.jgr.2024.03.002, PMID 38707641. 

94. Farhan M, Rizvi A. The pharmacological properties of red grape polyphenol resveratrol: 

clinical trials and obstacles in drug development. Nutrients. 2023;15(20):4486. doi: 10 



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       20 

 

 

.3390/nu15204486, PMID 37892561. 

95. Su M, Zhao W, Xu S, Weng J. Resveratrol in treating diabetes and its cardiovascular 

complications: a review of its mechanisms of action. Antioxidants (Basel). 2022;11(6):1085. doi: 

10.3390/antiox11061085, PMID 35739982. 

96. Ginwala R, Bhavsar R, Chigbu DI, Jain P, Khan ZK. Potential role of flavonoids in treating 

chronic inflammatory diseases with a special focus on the anti-inflammatory activity of apigenin. 

Antioxidants (Basel). 2019;8(2):35. doi: 10.3390/antiox8020035, PMID 30764536. 

97. Pasupuleti VR, Arigela CS, Gan SH, Salam SK, Krishnan KT, Rahman NA, et al. A review 

on oxidative stress, diabetic complications, and the roles of honey polyphenols. Oxid Med Cell 

Longev. 2020; 2020:8878172. doi: 10.1155/2020/8878172, PMID 33299532. 

98. Hedrington MS, Davis SN. Considerations when using alpha-glucosidase inhibitors in the 

treatment of type 2 diabetes. Expert Opin Pharmacother. 2019;20(18):2229-35. doi: 

10.1080/14656566.2019.1672660, PMID 31593486. 

99. Li Z, Geng YN, Jiang JD, Kong WJ. Antioxidant and anti-inflammatory activities of 

berberine in the treatment of diabetes mellitus. Evid Based Complement Alternat Med. 2014; 

2014:289264. doi: 10.1155/2014/289264, PMID 24669227. 

100. Ghorbani Z, Hekmatdoost A, Mirmiran P. Anti-hyperglycemic and insulin sensitizer effects 

of turmeric and its principle constituent curcumin. Int J Endocrinol Metab. 2014;12(4):e18081. 

doi: 10.5812/ijem.18081, PMID 25745485. 

101. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. 

Management of hyperglycemia in type 2 diabetes: A patient-centered approach: position 

statement of the American Diabetes Association (ADA) and the European Association for the 

Study of Diabetes (EASD). Diabetes Care. 2012;35(6):1364-79. doi: 10.2337/dc12-0413, PMID 

22517736. 

102. Sanjeewa KK, Herath KH, Kim YS, Jeon YJ, Kim SK. Enzyme-assisted extraction of 

bioactive compounds from seaweeds and microalgae. TrAC Trends Anal Chem. 

2023;167:117266. doi: 10.1016/j.trac.2023.117266. 

103. Ameer K, Shahbaz HM, Kwon JH. Green extraction methods for polyphenols from plant 

matrices and their byproducts: a review. Compr Rev Food Sci Food Saf. 2017;16(2):295-315. doi: 

10.1111/1541-4337.12253, PMID 33371540. 

 104. Gupta RC, Chang D, Nammi S, Bensoussan A, Bilinski K, Roufogalis BD. Interactions 

between antidiabetic drugs and herbs: an overview of mechanisms of action and clinical 

implications. Diabetol Metab Syndr. 2017;9:59. doi: 10.1186/s13098-017-0254-9, PMID 

28770011. 

105. Wang H, Chen Y, Wang L, Liu Q, Yang S, Wang C. Advancing herbal medicine: enhancing 

product quality and safety through robust quality control practices. Front Pharmacol. 

2023;14:1265178. doi: 10.3389/fphar.2023.1265178, PMID 37818188. 



 

International Journal of Innovative Research in Pharmaceutical and Bio Sciences 
 Peer Reviewed & Refereed | Open Access | Monthly | KG Publication | ESTD: 2026 

Volume 1,Issue 2,June 2026,e-ISSN: XXXX - XXXX , print-ISSN: XXXX-XXXX 

 

@IJIRPBS-2026, All rights Reserved                                                                       21 

 

 

106. Joshi SR, Standl E, Tong N, Shah P, Kalra S, Rathod R. Therapeutic potential of α-

glucosidase inhibitors in type 2 diabetes mellitus: an evidence-based review. Expert Opin 

Pharmacother. 2015;16(13):1959-81. doi: 10.1517/14656566.2015.1070 827, PMID 26255950. 

107. Burgos R, García-Almeida JM, Matía-Martín P, Palma S, Sanz-Paris A, Zugasti A, et al. 

Malnutrition management of hospitalized patients with diabetes/hyperglycemia and COVID-19 

infection. Rev Endocr Metab Disord. 2022;23(2):205-13. doi: 10.1007 

/s11154-022-09714-z, PMID 35244834. 

108. Alharbi HM, Alqahtani T, Alamri AH, Kumarasamy V, Subramaniyan V, Babu KS. 

Nanotechnological synergy of mangiferin and curcumin in modulating PI3K/ Akt/mTOR 

pathway: a novel front in ovarian cancer precision therapeutics. Front Pharmacol. 

2023;14:1276209. doi: 10.3389/fphar.2023.1276209, PMID 38239204. 

109. Alam S, Sarker MM, Sultana TN, Chowdhury MN, Rashid MA, Chaity NI, et al. 

Antidiabetic phytochemicals from medicinal plants: prospective candidates for new drug 

discovery and development. Front Endocrinol. 2022;13:800714. doi: 10.3389/fe 

ndo.2022.800714, PMID 35282429. 

110. Prateeksha, Singh BR, Shoeb M, Sharma S, Naqvi AH, Gupta VK, et al. Scaffold of selenium 

nanovectors and honey phytochemicals for inhibition of Pseudomonas aeruginosa quorum sensing 

and biofilm formation. Front Cell Infect Microbiol. 2017;7:93. doi: 10.3389/fcimb.2017.00093, 

PMID 28386534. 

 


