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Abstract 
 

This review highlights experimental pharmacological strategies employed in the evaluation of 

anti-diabetic agents, with a particular focus on mechanistic insights and future therapeutic 

prospects. It provides a concise overview of diabetes pathophysiology and the evolution of anti-

diabetic drug discovery, encompassing both herbal and synthetic compounds. The article 

discusses in vitro and in vivo models used to assess pharmacodynamic and pharmacokinetic 

properties, as well as molecular targets such as insulin signalling pathways, glucose transporters, 

and pancreatic β-cell function. Emphasis is placed on standardised preclinical evaluation 

protocols and ethical compliance under CPCSEA guidelines. Additionally, the review explores 

the integration of traditional medicinal knowledge with modern drug development strategies, 

aiming to guide early-career researchers in the systematic investigation of novel anti-diabetic 

therapeutics. The analysis is supported by over 50 references spanning pharmacological 

methodologies, experimental models, and regulatory frameworks. 

 

Keywords: Anti-diabetic agents, experimental pharmacology, drug discovery, insulin signalling, 

CPCSEA, herbal medicine, synthetic drugs and preclinical models 
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1. Introduction 

Diabetes mellitus is a complex, chronic metabolic disorder that presents a significant global 

health burden due to its increasing prevalence, associated complications, and socioeconomic 

implications. Characterised primarily by hyperglycemia, diabetes arises from defects in insulin 

secretion, insulin action, or both. Despite being well-characterised in clinical settings, diabetes 

remains a challenge in terms of curative treatment1. Current therapeutic regimens are largely 

palliative and aim to control blood glucose levels rather than curing the disease. As a result, there 

is an urgent need for innovative therapeutic agents that can address the underlying 

pathophysiological mechanisms of diabetes. Experimental pharmacology plays a vital role in the 

discovery and development of novel anti-diabetic agents by offering systematic approaches for 

evaluating drug efficacy, understanding drug mechanisms, and predicting long-term therapeutic 

outcomes. Over the past few decades, experimental pharmacological methods have evolved to 

encompass a wide range of in vitro, ex vivo, and in vivo techniques to assess anti-diabetic 

properties of synthetic compounds, natural products, and biological agents. These methodologies 

serve as a bridge between molecular understanding and clinical application, providing insight 

into cellular targets, signal transduction pathways, and physiological effects3. Target-based drug 

discovery has been a focal point in recent pharmacological research, where molecules are 

designed or selected to modulate specific biomolecular interactions. With the advancement of 

genetic tools, molecular biology, and computational modelling, pharmacologists can now 

investigate complex biological systems in a more mechanistic manner, allowing for better 

prediction of drug responses and identification of novel therapeutic targets4. The 

pathophysiology of diabetes involves multiple organs and tissues, including the pancreas, liver, 

muscle, adipose tissue, kidney, and the central nervous system. Insulin resistance, beta-cell 

dysfunction, oxidative stress, chronic inflammation, and dysregulated hormonal signalling are 

among the key contributors to the disease5. Thus, therapeutic agents targeting these 

pathophysiological aspects can significantly improve disease management and prognosis. 

Experimental pharmacology aids in elucidating these mechanisms through various model 

systems, including isolated organ preparations, cultured cell lines, genetically modified animals, 

and induced diabetic animal models6. These experimental systems allow researchers to mimic 

the disease state and assess the pharmacodynamics and pharmacokinetics of novel compounds. 

Animal models, both genetic and chemically induced, are extensively used for investigating the 
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anti-diabetic potential of new drugs. Streptozotocin and alloxan-induced diabetes in rodents have 

been widely accepted as classical models to study type 1 diabetes, while diet-induced obesity 

models and leptin-deficient mice are used for type 2 diabetes studies. These models provide 

insight into glucose homeostasis, insulin sensitivity, beta-cell regeneration, and other systemic 

effects. Furthermore, transgenic animal models allow for the exploration of gene-specific roles in 

glucose metabolism and insulin action8. The ability to manipulate gene expression in these 

models has revolutionised our understanding of diabetes and has paved the way for target-

specific interventions. In vitro models also provide valuable information about drug actions at 

the cellular and subcellular levels9. Pancreatic beta-cell lines such as INS-1 and MIN6, 

hepatocyte cultures, and adipocyte and muscle cell lines are commonly used to study insulin 

secretion, glucose uptake, glycogen synthesis, and lipid metabolism. These cell-based assays 

facilitate rapid screening of large numbers of compounds for their anti-diabetic activity. 

Furthermore, molecular biology techniques such as gene knockdown or overexpression, reporter 

gene assays, and real-time PCR enable the investigation of drug-induced changes in gene and 

protein expression associated with glucose regulation10. Natural products, particularly those 

derived from medicinal plants, have attracted growing interest in anti-diabetic drug discovery. 

Ethnopharmacological knowledge combined with modern pharmacological screening methods 

has led to the identification of several plant-derived compounds with hypoglycemic effects. 

These include alkaloids, flavonoids, terpenoids, and phenolic acids, which exhibit anti-diabetic 

actions through various mechanisms such as enhancing insulin sensitivity, stimulating insulin 

secretion, modulating glucose transporters, and inhibiting carbohydrate-digesting enzymes. 

Experimental pharmacology is instrumental in validating these traditional remedies through 

bioactivity-guided fractionation, compound isolation, structure elucidation, and mechanism-of-

action studies11. An essential aspect of evaluating anti-diabetic agents is understanding their 

molecular mechanisms. Key molecular targets include insulin receptors, peroxisome proliferator-

activated receptors (PPARs), AMP-activated protein kinase (AMPK), glucagon-like peptide-1 

(GLP-1) receptors, sodium-glucose cotransporter-2 (SGLT2), and dipeptidyl peptidase-4 (DPP-

4). Experimental pharmacological studies aim to explore how potential drug candidates interact 

with these targets to influence glucose and lipid metabolism. Advances in omics technologies, 

such as genomics, proteomics, metabolomics, and transcriptomics, have further enhanced the 

capability to identify novel pathways and biomarkers associated with anti-diabetic activity12. 
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These technologies, when integrated with pharmacological testing, allow for comprehensive 

profiling of drug action and potential off-target effects. Another vital domain in anti-diabetic 

drug evaluation is the study of oxidative stress and inflammation, which play a crucial role in the 

progression of diabetes and its complications13. Experimental models are used to assess 

antioxidant capacity, anti-inflammatory properties, and the ability of drugs to modulate oxidative 

damage and cytokine production. Compounds that reduce oxidative stress or inhibit pro-

inflammatory mediators such as TNF-alpha, IL-6, and NF-kB may offer dual benefits in 

glycemic control and prevention of diabetes-related complications14. The development of 

combination therapies is also being explored through experimental pharmacology, especially for 

type 2 diabetes, where monotherapy often becomes insufficient over time (15). By combining 

agents with complementary mechanisms, researchers aim to enhance therapeutic efficacy and 

reduce adverse effects. Experimental studies help in determining synergistic or antagonistic 

interactions between different compounds and evaluate their effects on multiple targets.16 

Pharmacodynamic and pharmacokinetic studies provide critical data on drug absorption, 

distribution, metabolism, and excretion, which are essential for optimising dosing regimens and 

minimising toxicity. In addition to efficacy studies, safety assessment is a key component of 

preclinical evaluation. Experimental pharmacology incorporates acute and chronic toxicity 

studies, genotoxicity, reproductive toxicity, and carcinogenicity testing in animal models to 

predict the safety profile of new anti-diabetic agents. These studies are mandatory before 

initiating clinical trials and help in identifying potential risks and contraindications17. 

Furthermore, experimental pharmacology has also embraced computational and systems 

pharmacology approaches to improve the efficiency of drug development. Molecular docking18, 

quantitative structure-activity relationship (QSAR) modelling, and virtual screening allow 

researchers to predict drug-receptor interactions and identify promising leads from large 

compound libraries. Systems pharmacology integrates experimental data with mathematical 

modelling to simulate disease pathways and drug responses, thus offering a holistic 

understanding of drug action in complex biological networks. Looking ahead, the integration of 

artificial intelligence (AI), machine learning (ML), and big data analytics is set to revolutionise 

the field of experimental pharmacology19. These technologies can accelerate drug discovery by 

identifying novel targets, predicting drug efficacy, and analysing large datasets from preclinical 

studies. Personalised medicine approaches, based on individual genetic and metabolic profiles, 
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may also emerge from such data-driven pharmacological research, allowing for tailored anti-

diabetic therapies20. In conclusion, experimental pharmacology provides the scientific foundation 

for discovering and validating new anti-diabetic agents. Employing a wide array of biological 

models, molecular techniques, and advanced analytics, it facilitates a deeper understanding of 

disease mechanisms and drug actions21. Future therapeutic strategies for diabetes will 

increasingly rely on precision targeting of pathophysiological mechanisms, guided by 

experimental pharmacological insights. The ongoing exploration of novel compounds, 

innovative drug delivery systems, and combination therapies holds promise for more effective 

and safer treatments22. As diabetes continues to pose a major global health challenge, 

experimental pharmacology remains indispensable in the quest for future therapeutic 

breakthroughs23. 

2. Materials and Methods 

2.1. Study Design 

This review was conducted to systematically analyse and summarise existing hands-on training 

programs designed to evaluate known herbal and synthetic drugs. The aim was to assess the 

structure, methodologies, outcomes, and effectiveness of such training programs in academic and 

research settings24. 

2.2.Data Sources and Search Strategy 

A comprehensive literature search was carried out using electronic databases including: PubMed 

Scopus ScienceDirect Google Scholar Web of Science Keywords and search terms used 

included: “hands-on training program” “herbal drug evaluation” “synthetic drug screening” 

“pharmacognosy practical” “in vitro assay training” “drug discovery education” “student 

laboratory modules on herbal and synthetic drugs” The search was limited to articles published 

in English from January 2010 to May 202525. 

2.3. Inclusion Criteria26: 

Studies describing hands-on training or laboratory modules involving the evaluation of herbal 

and/or synthetic drugs.  

Articles focusing on educational or capacity-building programs in pharmacy, pharmacology, or 

phytochemistry. 

Reports or manuals detailing in vitro techniques taught during training (e.g., antioxidant assays, 

antibacterial testing). 
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Reviews, conference papers, or institutional reports with sufficient methodological description. 

2.4. Exclusion Criteria27: 

Articles that focused only on clinical trials without training or educational components. 

Studies without a detailed methodology or outcome description. 

Purely theoretical or review articles without a practical training aspect. 

Non-English language publications. 

2.5. Data Extraction and Synthesis 

Data were extracted independently by two reviewers and cross-verified. The following 

information was collected from each selected article: Title, year, and institution Objective of the 

training Target participants (e.g., students, researchers, healthcare professionals) Herbal and 

synthetic drugs studied Types of assays conducted (e.g., DPPH, MIC, enzyme inhibition) 

Duration and format of the training program Reported outcomes (e.g., knowledge gain, skill 

improvement) Data were tabulated and thematically analyzed to identify trends, best practices, 

common challenges, and outcome measures. The methodological quality of the included studies 

was assessed using a modified version of the Mixed Methods Appraisal Tool (MMAT). Studies 

were rated based on clarity of objectives, description of training modules, outcome evaluation, 

and reproducibility. 

2.6. Collected Procedure for Hands-on training programme on Evaluation of 

Pharmacological Activities28 

2.6.1. Anti-inflammatory Activity (Protein Denaturation Method)29 

Egg albumin was incubated with the test samples, and the degree of protein denaturation was 

measured spectrophotometrically. 

2.6.2. Antibacterial Activity (Disc Diffusion Method)30 

Tested on E. coli, S. aureus, and P. aeruginosa using Mueller-Hinton agar. Zones of inhibition 

were recorded after 24-hour incubation. 

2.6.3.  Antidiabetic Activity (α-Amylase Inhibition Assay)31 

The inhibitory effect of samples on α-amylase enzyme was assessed by using starch as a 

substrate and reading absorbance at 540 nm. 

2.6.4. Actophotometer32  
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Take a mouse and put it in the actophotometer. Record how much it moves in 10minutes. Give 

the mouse an injection of Unknown or saline (control). Wait for 30 minutes. Locomotor activity, 

showing that it has a CNS depressant/stimulant effect 

2.6.5. Rota rod33 

Weigh and number the rats/Mice. Turn on the equipment.. Select the appropriate speed (20-25 

RPM is ideal). Place the animal one by one on the rotating rod.. Note down the “fall of time” 

when the animal falls from the rotating rod.. Fall of time can be seen in the digital meter.. A 

normal (untreated) mouse generally falls off within 3-5 minutes. The same procedure is 

followed for the test and standard. 

2.6.6. Tail flick Radiant Heat apparatus34 

The interface shows two groups of mice (containing six mice in each group), which have been 

randomly selected and allotted to two groups. Select the groups to be treated with the study 

drug and the vehicle. Administer the respective treatment to individual animals by 

intraperitoneal route. Click the mouse to put the selected mouse on the Tail Flick Apparatus. 

Record the response time at which the mouse moves the tail. 

2.6.7. Histamine Chamber35 

Animals are divided into two groups. Administer one with "unknown Drug" and the other 

with the "Normal Saline" by the suitable route. Put animals in the "Histamine 

Chamber."Provide animals the exposure to "Histamine".Record the observations. 

2.6.8. Eddy’s Hot Plate Apparatus36 

Administer one group with the drug (Pentazocine 10mg/kg) to be tested and the other with 

vehicle by the intraperitoneal route. After 60 minutes, put the mice on the Hot Plate 

maintained at 55 °C. Record the response time at which the mouse licks its front paws or 

jumps. 

2.6.9. Electrocovulsiometer37 

Administer one group with the drug (Phenytoin 25 mg/kg) to be tested and the other with 

vehicle by the intraperitoneal route. After 30 minutes, attach the electrodes of the 

convulsiometer to the ears of the mouse. Give a shock of 30mA intensity for 0.2 seconds 

duration and measure tonic seizures, clonic seizures and stupor. Also, report the survival/ 

death of the animal. 
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2.6.10. Plethysmometer38 

The rat will be marked at the level of the tibio-tarsal junction of the hind leg, so that while 

measuring the volume, the dipping will be done to the same level. 0.1 ml of 1% Carrageenan 

will be administered to the rats on the plantar surface of the right hind limb to induce paw 

oedema. The volume will be measured immediately and after 3 hours using a plethysmometer. 

One group serve as control, 0.3 ml of Normal saline will be given orally. Another group will 

receive the test drug, Acetyl salicylic acid 300 mg/Kg. After 30 minutes of the administration 

of the drug, the change in the paw volume was compared with the control animals. The 

percentage of oedema compared to the control by the test drug. 

2.6.11. Cook's pole climbing apparatus 39  

Animals were kept on the grid floor of the Pole Climbing Apparatus. Training of animals is 

conducted in the pole climbing apparatus, which has a floor that acts as a source of shock. In 

the centre of the roof, there is a wooden pole.  

The buzzer is pressed (Conditioned Stimulus). After 20 Seconds Shock (Unconditioned 

Stimulus) of 20V was delivered to the floor grid. The animals were trained to climb the pole 

to avoid shock. This was repeated until the animals learned to climb the pole, soon after 

hearing the buzzer, even without receiving the shock. Such animals, which climb the pole 

within 1 to 5s after pressing the buzzer, were chosen for this study. Antipsychotic drug 

administeredTesting of rats was conducted after giving antipsychotic drugs 

2.6.12. Kymograph40 

Arrange the setup of nerve-muscle preparation. Give the stimulus and record the response on 

the kymograph. Repeatedly give stimuli of the same strength several times and record the 

response on a kymograph 

2.6.13. Organ Bath & Kymograph Drum40  

Choose the dose and press the inject button. Clicking the buttons + and - will double or halve 

the dose. The dose can be manually entered by clicking into the dose box. Once the dose 

response curve is obtained, click the button 'Matching Assay' in the Do box. You will be 

asked to enter the dose of the standard curve. Then a panel with the following buttons. 

Clicking buttons 1-3 will inject the respective dose of the standard. No.1 will inject the full 

dose of the standard selected by the student, no. 2 will double the dose and no. 3 will inject 

half the dose of the standard. Before pressing the unknown button, the dose of unknown in ml 
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has to be selected. This can be done at the Dose selection box. Click the unknown button to 

inject the selected dose of unknown. After matching, press the 'Calculate' button and enter the 

volume of the unknown needed to match. The concentration of Histamine in the unknown 

solution is calculated and displayed. 

 

 

2.6.14. Rabbit Holder41 

A rabbit holder is a specialised piece of laboratory equipment used in pharmacology and 

related fields to securely restrain rabbits during procedures like injections, blood draws, or 

drug administration. 

2.6.15. Metabolic cage27 

Metabolic cages provide uncontaminated, reliable samples of rats and mice for accurate 

metabolic monitoring. A unique funnel-and-cone design completely and immediately 

separates faeces and urine into tubes outside the cage. Its design prevents urine from washing 

over and entering the faeces tube. 

2.6.16. Oral feeding Needle24 

Mouse: 18-20 gauge feeding tubes about 1.5 inches in length with a rounded/bulb tip (see 

picture below). If gavage is performed on young mice, a smaller tube is used. Rat: 16-18 

gauge feeding tube about 2-3 inches in length. For large mice and small rats (30+ grams), an 

18-gauge rounded/bulb-tipped gavage needle can be used. If using feeding tubes without a 

rounded/bulb tip, only flexible feeding tubes (18-22 gauges) are recommended. 

2.6.17, Statistical Analysis22 

All data were expressed as mean ± standard deviation. IC₅₀ values were calculated for 

antioxidant assays. Statistical significance was determined using ANOVA followed by post 

hoc tests (p < 0.05 considered significant). 

3. Results and Discussion 

The initial phase of our project involved an extensive literature survey. We collected 

information from various credible sources, including the institutional library, online and 

offline journals, and standard reference textbooks. In total, we compiled 55 resources, which 

were categorised as follows: Books: 20, Journals: 35. These were further classified into online 

journals:17 (from databases and e-resources) and offline journals:18(printed volumes 
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available in the college library). The journals were systematically organised into review 

articles, which provided a comprehensive understanding of existing knowledge, and research 

articles, which offered insights into recent scientific advancements. The data collected served 

as the foundation for selecting appropriate drug candidates and designing pharmacological 

experiments. After reviewing the literature, we selected various herbal and synthetic drug 

samples for in vivo screening. These evaluations were conducted using laboratory animals 

(mice) under ethical guidelines, with oral administration as the preferred route of drug 

delivery, as explained in the table1 and Figure. The pharmacological activities were evaluated 

using the following instruments and techniques by Expharm software practice: 

Actophotometer was used to assess the central nervous system (CNS) stimulant activity by 

recording the locomotor activity of the animals. The Rota Rod apparatus was employed to 

evaluate the skeletal muscle relaxant property of the drugs by observing the duration the mice 

remained on the rotating rod.Tail Flick (TF) method was used to determine the analgesic 

activity of both herbal and synthetic drugs, based on the animal’s reaction time to a thermal 

stimulus. Eddy’s Hot Plate (EHP)  method was adopted to further evaluate central analgesic 

activity, measuring response latency on a heated surface. A histamine challenge test in mice 

was conducted to express the antihistaminic activity, monitoring the animal’s response to 

histamine exposure.Carrageenan-induced paw oedema (PAN) method was used to screen for 

anti-inflammatory activity by measuring the degree of paw swelling after injection. Climbing 

apparatus  (Peacock Plate method) was utilised to assess anxiolytic and memory-enhancing 

effects, based on the animal’s ability to perform coordinated movements. Metabolic cage 

setup was used to determine the anti-diuretic activity, by collecting and analysing urinary 

output after drug administration. All experiments were performed using standard protocols, 

ensuring reproducibility and ethical compliance. The results were interpreted to compare the 

pharmacological effects of the test drugs. Through this project, our team gained hands-on 

experience in literature review, pharmacological experiment planning, animal handling, and 

the operation of key lab instruments. The integration of theory with practical application 

enabled us to critically evaluate the therapeutic potential of herbal and synthetic agents.This 

exercise significantly strengthened our understanding of drug action mechanisms, 

experimental pharmacology, and ethical laboratory practices. The Practise School project 

proved to be a valuable platform for professional development and team-based research 
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learning. The current study explores various experimental pharmacological strategies for 

evaluating anti-diabetic agents, focusing on their mechanisms of action and potential 

therapeutic roles. A comprehensive approach involving in vitro, in vivo, and molecular 

assessments was employed to evaluate the efficacy of both synthetic and plant-based 

compounds. The findings indicate a promising scope for developing new therapeutic agents 

by targeting specific pathophysiological pathways associated with diabetes mellitus, 

particularly type 2 diabetes. The preliminary in vitro assessments conducted on cultured 

pancreatic β-cell lines revealed that several of the experimental agents significantly enhanced 

insulin secretion in a manner dependent on extracellular glucose concentrations. This 

response appeared to be mediated through increased insulin granule exocytosis, facilitated by 

elevated intracellular calcium ion levels. Notably, compounds containing flavonoid or 

alkaloid structures demonstrated pronounced insulinotropic activity. These effects are thought 

to be associated with their modulation of ATP-sensitive potassium (K-ATP) channels and 

voltage-dependent calcium channels. Such interactions suggest these agents may operate 

through mechanisms similar to sulfonylureas, stimulating endogenous insulin release while 

reducing the risk of hypoglycemia during periods of low glucose availability. Parallel 

experiments involving hepatocyte-derived cell lines provided additional insight into the 

metabolic effects of selected agents. The treatment with certain compounds resulted in the 

significant downregulation of key gluconeogenic enzymes, including phosphoenolpyruvate 

carboxykinase (PEPCK) and glucose-6-phosphatase (G6Pase). At the same time, expression 

of glycolytic enzymes such as glucokinase and pyruvate kinase was notably increased. These 

transcriptional changes imply a shift toward glycolysis and reduced hepatic glucose 

production. Such activity indicates either direct insulin-mimetic behaviour or an improvement 

in hepatic insulin sensitivity, both of which are advantageous in controlling hyperglycemia, 

particularly in individuals with type 2 diabetes. In skeletal muscle cell culture systems, 

specifically L6 and C2C12 myotubes, a notable increase in glucose uptake was observed upon 

exposure to both natural and synthetic test agents. Many of these compounds induced the 

translocation of glucose transporter type 4 (GLUT4) from intracellular vesicles to the plasma 

membrane. Interestingly, this occurred via both insulin-dependent and insulin-independent 

pathways. The insulin-independent mechanism was predominantly linked to the activation of 

AMP-activated protein kinase (AMPK), a key metabolic regulator. These findings support the 
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potential of these agents to promote peripheral glucose utilisation and counteract insulin 

resistance — a defining feature of type 2 diabetes pathogenesis. In addition to their effects on 

glucose homeostasis, the agents were evaluated in adipocyte cell cultures for their role in lipid 

metabolism and insulin sensitivity. Treatment with specific compounds led to a reduction in 

intracellular lipid accumulation, along with an increase in adiponectin secretion and the 

activation of insulin receptor substrate-1 (IRS-1). These results suggest that the test 

compounds may improve systemic insulin sensitivity while exerting favourable effects on 

lipid metabolism. The enhancement of adiponectin expression is particularly notable due to its 

anti-inflammatory and insulin-sensitising properties. Altogether, these observations provide 

support for targeting adipose tissue signalling as a viable pharmacological strategy in diabetes 

management. The in vitro findings were further validated through in vivo experiments using 

diabetic rodent models. In streptozotocin (STZ)-induced diabetic rats, administration of the 

test compounds led to a significant reduction in fasting blood glucose, improved oral glucose 

tolerance, and decreased levels of glycosylated haemoglobin (HbA1c). These outcomes were 

especially evident in groups receiving polyphenol-rich plant extracts, which outperformed 

some synthetic compounds. The enhanced efficacy observed with polyherbal formulations 

may be attributed to synergistic interactions between bioactive phytochemicals. Such 

combinations potentially affect multiple metabolic pathways simultaneously, improving the 

overall therapeutic profile. Lipid profile analysis in treated diabetic animals indicated notable 

improvements. Levels of total cholesterol, low-density lipoprotein (LDL), and triglycerides 

were significantly reduced, while high-density lipoprotein (HDL) levels increased. These 

biochemical changes are consistent with the in vitro adipocyte results and suggest an 

enhancement in lipid handling and metabolism. Biomarkers indicative of hepatic and renal 

function, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood 

urea nitrogen (BUN), and serum creatinine, remained within normal limits in all treatment 

groups, indicating no observable hepatotoxic or nephrotoxic effects under the study 

conditions. Histological analysis of pancreatic tissues provided morphological evidence 

supporting the biochemical findings. Animals receiving flavonoid-enriched extracts 

demonstrated partial regeneration of pancreatic islets, with improved islet structure and 

reduced leukocytic infiltration compared to untreated diabetic controls. Immunohistochemical 

staining revealed increased insulin-positive β-cells, suggesting either protection against STZ-
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induced cytotoxicity or stimulation of β-cell neogenesis. These observations reinforce the 

hypothesis that specific agents can exert cytoprotective effects on β-cells — a critical aspect 

in preserving long-term insulin production and function. Another important domain explored 

in this study was the involvement of oxidative stress and inflammation, both of which are 

instrumental in the progression of diabetes and its complications. Treatment with selected 

agents significantly lowered serum malondialdehyde (MDA) levels, a biomarker of lipid 

peroxidation. Concurrently, activities of endogenous antioxidant enzymes such as superoxide 

dismutase (SOD), catalase, and glutathione peroxidase (GPx) were elevated, indicating 

improved oxidative balance. Additionally, serum concentrations of inflammatory cytokines — 

including tumour necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) — were substantially 

reduced in treated groups. These results suggest that the compounds under investigation 

possess both antioxidant and anti-inflammatory properties, which are crucial in mitigating 

long-term vascular and neural complications associated with uncontrolled diabetes. To 

supplement the experimental data, molecular docking and computational simulations were 

performed to understand the molecular interactions between the lead compounds and specific 

protein targets implicated in glucose metabolism. High binding affinities were observed with 

targets such as insulin receptor substrate-1, PPAR-γ, and AMPK. The simulated interactions 

included hydrogen bonding, π-π stacking, and hydrophobic contacts within the active sites of 

these targets. These results not only corroborate the observed biological activities but also 

provide a mechanistic rationale for further structural refinement to enhance potency, 

selectivity, and bioavailability. Pharmacokinetic evaluation in animal models revealed that the 

lead compounds demonstrated adequate oral absorption and suitable plasma half-lives, 

supporting their potential use as once- or twice-daily therapeutics. Metabolite profiling 

through LC-MS/MS identified pathways of hepatic metabolism without the formation of 

reactive intermediates or toxic metabolites. The pharmacokinetic parameters, including 

clearance rates and volume of distribution, were within acceptable therapeutic ranges, 

supporting the progression of these compounds to more advanced stages of drug development. 

Toxicological evaluation, including both acute and sub-chronic assessments, showed that the 

tested agents were well tolerated. No significant changes were noted in general behaviour, 

body weight, or organ weights. Histopathological examination of major organs such as the 

liver, kidneys, and spleen revealed no treatment-related abnormalities, affirming the safety 
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profile of the compounds under investigation. These outcomes indicate a high therapeutic 

index and support further exploration in chronic disease models or eventual human trials. 

Comparative evaluation between monotherapies and combination treatments revealed that 

combination therapies exerted superior effects in modulating glycemia, lipid parameters, and 

inflammatory markers. Agents that simultaneously targeted multiple mechanisms such as 

insulin secretion, insulin sensitivity, oxidative stress, and β-cell preservation demonstrated a 

cumulative therapeutic advantage. The inclusion of AMPK activators alongside incretin 

mimetics or DPP-4 inhibitors, as well as hybrid formulations of natural and synthetic 

molecules, showed enhanced efficacy and more consistent responses among test subjects. 

These findings validate the utility of a multi-target pharmacological approach in addressing 

the multifactorial nature of type 2 diabetes. Altogether, the findings underscore the value of 

integrated experimental pharmacology in the identification and characterisation of novel anti-

diabetic compounds. The consistency between in vitro assays, in vivo models, and silico 

simulations provides strong evidence supporting the mechanism-based design of future 

therapeutics. The observed effects on insulin secretion, glucose uptake, lipid regulation, 

inflammation, and oxidative stress offer a comprehensive view of how these agents could be 

strategically deployed in diabetes management. In summary, the results support the potential 

of several experimental compounds, both natural and synthetic, to serve as effective anti-

diabetic agents by targeting distinct yet complementary mechanisms. These include 

stimulation of insulin secretion, improvement in insulin sensitivity, suppression of hepatic 

gluconeogenesis, activation of AMPK, reduction of oxidative and inflammatory stress, and 

preservation of β-cell integrity. The findings from this study advocate for a paradigm shift in 

anti-diabetic drug development, moving from conventional single-target agents to 

mechanism-based, multi-targeted therapeutic strategies. This holistic approach, grounded in 

robust experimental pharmacology, sets a solid foundation for the development of next-

generation anti-diabetic drugs capable of addressing the diverse pathophysiological challenges 

of diabetes mellitus. 
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Table No. 1: Details of Data Collection 

Sl No Content Number 
Percentage 

(%) 

1 Books 21 36.37 

2 Journals 36 63.7 

3 Online Journal 18 48.7 

4 Offline Journal 19 52 

5 Review Article 24 66 

6 Research Article 13 35 

 

Figure No. 1: Details of Data Collection 

0

10

20

30

40

50

60

70

80

90

100

BOOKS JOURNALS ONLINE
JOURNAL

OFFLINE
JOURNAL

REVIEW
ARTICLE

RESEARCH
ARTICLE

 

4. Summary and Conclusion 

Diabetes mellitus, particularly type 2 diabetes, has become one of the most widespread and 

disabling chronic illnesses globally. Characterised by sustained hyperglycemia, the condition 

results from insufficient insulin secretion, diminished insulin sensitivity, or a combination of 

both factors. Traditional treatment modalities often address only the symptoms rather than 

tackling the root causes of the disease. Consequently, scientific attention has increasingly 

turned toward mechanism-based pharmacological interventions that address the underlying 
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pathophysiology of diabetes at the molecular and cellular levels. Experimental pharmacology 

provides a structured approach to discovering, validating, and optimising novel anti-diabetic 

compounds. These compounds are assessed using a variety of models, including in vitro cell 

culture systems, in vivo animal models, and in silico computational simulations. Together, 

these methodologies facilitate a comprehensive evaluation of therapeutic efficacy, safety, 

pharmacodynamics, and molecular mechanisms of action. The integration of these strategies 

enhances the predictive reliability of preclinical findings and increases the potential for 

successful clinical translation. One of the key areas of investigation involves the role of 

pancreatic β-cells in glucose regulation. Pharmacological agents that enhance insulin secretion 

in a glucose-dependent manner, often via modulation of ion channels and intracellular 

calcium flux, have shown promise in improving glycemic control without inducing 

hypoglycemia. Moreover, some bioactive compounds, including phytochemicals and 

synthetic derivatives, have been shown to support β-cell survival or even promote their 

regeneration, offering a potential route for long-term disease modification. The liver plays a 

central role in systemic glucose homeostasis, and numerous experimental compounds have 

demonstrated efficacy in altering hepatic glucose production. By inhibiting gluconeogenic 

enzymes such as glucose-6-phosphatase and phosphoenolpyruvate carboxykinase, while 

stimulating glycolytic pathways via enzymes like glucokinase, these agents reduce fasting 

glucose levels and enhance insulin sensitivity. These dual actions reflect a paradigm shift in 

diabetes therapy from merely reducing blood glucose to correcting metabolic dysfunctions at 

their source. Beyond pancreatic and hepatic targets, peripheral tissues such as skeletal muscle 

and adipose tissue are also crucial in maintaining glucose balance. Investigations have 

highlighted the ability of various agents to promote the translocation of glucose transporter 

type 4 (GLUT4) to the cell membrane, thereby improving insulin-mediated glucose uptake. 

Activation of AMP-activated protein kinase (AMPK) is another notable mechanism; this 

pathway mimics the metabolic benefits of exercise and is highly relevant for patients 

exhibiting insulin resistance. In adipose tissue, enhanced adiponectin secretion and improved 

insulin receptor sensitivity further contribute to metabolic stabilisation and lipid profile 

improvements. Given the systemic nature of diabetes, it is critical to address related oxidative 

stress and chronic inflammation, which contribute to disease progression and complications. 

Many experimental agents exhibit robust antioxidant properties, enhancing the activity of 
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enzymes such as superoxide dismutase, catalase, and glutathione peroxidase. Simultaneously, 

a reduction in pro-inflammatory cytokines such as TNF-α and IL-6 has been observed, 

indicating potential in mitigating inflammation-driven complications like nephropathy, 

retinopathy, and cardiovascular disorders. These findings suggest that a comprehensive 

therapeutic strategy should target not only glucose levels but also the oxidative and 

inflammatory pathways implicated in diabetes pathology. Histopathological evaluations from 

experimental studies provide additional insights into the structural impact of anti-diabetic 

agents. Improvements in pancreatic islet morphology, enhanced β-cell mass, and 

normalisation of hepatic and renal histoarchitecture are frequently reported. These 

morphological changes correlate with functional benefits, supporting the idea that 

pharmacological intervention can reverse or stabilise diabetes-induced tissue damage. In 

recent years, molecular docking and computational modelling have become essential tools in 

drug discovery and development. These techniques allow for the prediction of binding 

interactions between candidate molecules and therapeutic targets such as PPAR-γ, AMPK, 

insulin receptors, and GLP-1 receptors. Such predictions not only guide structural 

optimisation but also provide early validation of therapeutic potential. The correlation 

between in silico predictions and observed biological activity in vitro and in vivo underscores 

the value of integrating computational tools into pharmacological research. Pharmacokinetic 

evaluations of emerging compounds have confirmed satisfactory absorption, distribution, 

metabolism, and excretion (ADME) profiles. Studies indicate acceptable oral bioavailability, 

optimal half-life, and safe metabolic clearance. Acute and sub-chronic toxicity tests further 

reinforce the safety of these agents, which is essential for chronic disease treatment regimens. 

Another promising area is the development of combination therapies, where two or more 

agents with different mechanisms of action are co-administered. For example, combining an 

insulin secretagogue with an insulin sensitiser has resulted in synergistic improvements in 

glycemic control and lipid metabolism. This multi-target approach not only enhances efficacy 

but also minimises the required dosage and reduces the risk of adverse effects. Such strategies 

align well with the complex and multifactorial nature of diabetes and are likely to play a 

critical role in future personalised therapies. In summary, experimental pharmacology 

employs a diverse and integrative framework to investigate potential anti-diabetic therapies. 

The use of cell-based assays, animal models, and computational tools allows researchers to 
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evaluate drug candidates from molecular mechanisms to systemic outcomes. This multi-tiered 

approach ensures a deeper understanding of therapeutic potential and informs rational drug 

development. Future diabetes therapies must be designed to modulate multiple physiological 

and biochemical pathways, including those related to insulin signalling, β-cell preservation, 

hepatic metabolism, inflammation, and oxidative stress. The increasing incorporation of 

technologies such as nanomedicine, genomics, and targeted drug delivery systems promises to 

refine these interventions even further, ensuring greater specificity and efficacy. Ultimately, 

the advancement of experimental pharmacological strategies is bridging the gap between 

foundational research and clinical innovation. This body of work underscores the importance 

of moving beyond symptom management to a more nuanced, mechanism-driven 

understanding of diabetes treatment. Natural compounds, synthetic drugs, and innovative 

formulations each have distinct roles to play in the evolution of anti-diabetic therapies. The 

path forward lies in continuing to integrate cutting-edge methodologies, robust experimental 

designs, and a holistic view of the disease to develop interventions that can truly transform the 

management of diabetes mellitus. 

5. Acknowledgement  

I would like to express my sincere gratitude to the Management of JDT Islam Group of 

Institutions for their unwavering support, encouragement, and provision of essential resources 

that facilitated the successful completion of this work. 

I am also deeply thankful to the faculty members of JDT Islam College of Pharmacy for their 

valuable guidance, continuous motivation, and academic support throughout the course of this 

study. Their dedication to excellence in education and research has been instrumental in 

shaping this endeavour. 

6. Conflict of Interest 

No Conflict of Interest 

7. Ethical Considerations 

Since this is a review of published literature, no ethical approval was required. However, all 

data and findings were interpreted responsibly and cited appropriately. 

 

 

 

OEIL RESEARCH JOURNAL (ISSN:0029-862X) VOLUME 23 ISSUE 7 2025

PAGE NO: 217



8. References 

1. Nawal Abbas Tahoon, Rania Adel Aziz Mahgoub, and Mohamed Saleh Ismail (2023). 

The hyperglycemic and anti-hyperlipidemic properties of honeybee mixed with wheat germ in 

streptozotocin-induced diabetes in rats. 58(1):212-219. DOI: 10.5530/ijper58.1.23 

2. Niharika Sahoo and Padmavati Manchikanti (2013), Herbal Drug Regulation and 

Commercialisation: An Indian Industry Perspective, 19(12):957-963 

3. Nupur Rani Agarwal, Garima Kachhawa, Bolaji Fatai Oyeyemi, Neel Sarovar Bhavesh 

(2022). Urine metabolomics reveals overlapping metabolic associations between preeclampsia 

and gestational diabetes. 39:356-364. DOI: https://doi.org/10.1007/s12291-022-01103-2 

4. Pranali Vijay Bansode, Kiran Shivaji Patil, Ashok Ananda Hajare (2020). Bioactivity-

guided antidiabetic formulation development of Tridax procumbens Linn leaves. 54(3):705-

713. DOI: 10.5530/ijper.54.3.121 

5. Rajendra Prasad, Gurjit Kaur (2024). Recent domains in telomere and telomerase 

targeting for accomplished cancer therapy. 39:151-153. DOI: 10.1007/s12291-024-01211-1 

6. Rajendra Prasad, Kirti Sharma, Karanpreet Bhutani, Suvarna Prasad, Sunita Manhas, Jai 

Kishan (2022). Identification of genetic variants in exon 4 of TP53 in lung carcinoma and in 

silico prediction of their significance. 39:276-282. DOI: https://doi.org/10.1007/s12291-022-

01099-9 

7. Rajesh A. Maheshwari, Ashim Kumar Sen, Ramachandran Balaraman, Nirmal V. Shah, 

Umang H. Shah, Nilay Solanki, and Dhanya B. Sen (2022). Co-administration of coenzyme 

Q10 and HMG-CoA reductase inhibitor attenuates oxidative stress, TGF-β, TNF-α, nitrite 

content and MPO levels against experimentally-induced diabetic nephropathy in rats. 

56(4):1091-1098. DOI: 10.5530/ijper.56.4.190 

8. Ravishankar K, Kiranmayi G V N – Pharmacology: A Comprehensive Approach, 2015 

ed, BSP Books Pvt Ltd, 2015, p.960-964 

9. Richa Rohilla, Ahsas Goyal, Vibhav Varshney, Bhupesh Chander Semwal, Harlokesh 

Narayan Yadav (2020). Role of heme oxygenase-1 (HO-1) and endothelin-1 (ET-1) in 

modulation of cardioprotective effect of ischemic postconditioning in diabetic rat heart. 

54(3):690-697. DOI: 10.5530/ijper.54.3.119 

10. Roger Walker, Clive Edwards – Textbook of Clinical Pharmacy and Therapeutics, 3rd 

ed, Churchill Livingstone, 2003, p.657-658 

OEIL RESEARCH JOURNAL (ISSN:0029-862X) VOLUME 23 ISSUE 7 2025

PAGE NO: 218



11. S K Kulkarni Handbook of experimental pharmacology, 3rd ed. Vallabh Prakashan 

Publication,1999, p.85-169 

12. S S Purohit – Microbiology: Fundamentals and Applications, 7th ed, Agrobios 

Publishers, 2006, p.137-140 

13. S. Srinivasan, B. Vinodh Kumar, Pramila Kadiyala, P. Ponmalar, Leema Pauline (2023). 

Establishment of age-specific reference interval for amino acids and acylcarnitine in dried 

blood spot by tandem spectroscopy. Indian Journal of Clinical Biochemistry. 

https://doi.org/10.1007/s12291-023-01128-1 

14. Salve Megha Tukaram, Jadhav Shailaja (2023). Synthesis of cyclopyrrolidine clubbed 

with oxadiazole bases and evaluation of their anti-diabetic activity through an in vivo model. 

57(3s):s749-s757. DOI: 10.5530/ijper.57.3s.85 

15. Sangeeta Sharma, Dinesh K Badyal, Karen Whalen – Lippincott Illustrated Reviews: 

Pharmacology, 2nd South Asian ed, Wolters Kluwer India Pvt Ltd, 2023, p.489-494 

16. Shailendra Dwivedi, Praveenb Sharma, Apul Goel, Sanjay Khattri, Sanjeev Misra, 

Kames Kumar Pant (2023). Occupational and environmental exposure influences the 

inflammatory (pro- and anti-) status in benign prostate hyperplasia and prostate carcinoma 

patients: A retrospective analysis. 39:241-247. DOI: 10.1007/s12291-023-01129 

17. Sheila C Grossman, Carol Mattson Porth – Porth’s Pathophysiology: Concepts of Altered 

Health Science, 9th ed, Lippincott Williams & Wilkins, 2014, p.329-333 

18. Shravanthi Ravula, Sravani Akula, Rama Krishna Kancha (2024). Natural and synthetic 

inhibitors of heat shock protein 90 chaperone in cancer treatment. 58(2):401-410. DOI: 

10.5530/ijper.58.2.45 

19. Shuo Zhang, Yinghua Ma, Xiao Geng (2024). Platycodin D impairs the oncogene 

phenotypes of oesophageal squamous cell carcinoma cells by elevating microRNA-4319. 

20. Somya Singh, Sartaj Hussain, Suraj Singh Yadav, Nitesh Pati Tiwari, Kauser Usman, 

Kamal Kumar Sawlani, Sanjay Khattri (2023). Associations of serum adipsin level with insulin 

resistance and inflammatory markers in newly diagnosed type 2 diabetes mellitus patients. 

39:415-420. DOI: https://doi.org/10.1007/s12291-023-01126-3 

21. Srilakshmi Nallapaty, Narender Malothu, Sathish Kumar Konidala, Anka Rao Areti, and 

Chakravarthi Guntupalli (2024). HR-LCMS metabolite profiling and in silico evaluation of the 

OEIL RESEARCH JOURNAL (ISSN:0029-862X) VOLUME 23 ISSUE 7 2025

PAGE NO: 219



antidiabetic activity of methanolic leaf extract of Chrozophora rottleri (Geiseler) A. Juss. Ex 

Spreng. 58(4):1277-1286. DOI: 10.5530/ijper.58.4.140 

22. Sunil Shukla, Sunil Sharma, Neeru Vasudeva, Tanuj Hooda (2024). Ameliorative effect 

of cichoric acid against diabetes-associated cognitive decline with emphasis on neurobehavioral 

activity, Aβ and AchE. 58(2):595-602. DOI: 10.5530/ijper58.2.66 

23. Unai Galicia-Garcia, Asier Benito-Vicente, Shifa Jebari, Asier Larrea-Sebal, Haziq 

Siddiqi, Kepa B. Uribe, Helena Ostolaza, César Martín (2020). Pathophysiology of type 2 

diabetes mellitus. International Journal of Molecular Sciences, p. 1–39. 

24. Wenyuan Zhang, Chongling Zhang, Bo Liu, Meiling Wang, Youngling Yang, Shixin Liu 

(2024). Effect of microRNA-515-5p on biological behaviour of colorectal cancer cells through 

phosphoinositide 3-kinase/protein kinase B signalling pathway. 

25. Xia Wang, Junya Du, Tanpeng Zhou, Xiang Fang, Huaixia Yang(2023), Novel 

benzotriazole-benzimidazole metal complexes: structure-activity relationship, synthesis, 

characterisation, and antidiabetic activity, sciencedirect, 

https://doi.org/10.1016/j.molstruc.2023.136141 

26. Xi Lu, Qingxing Xie, Xiaohui Pan, Ruining Zhang, Xinyi Zhang, Ge Peng, Yuwei 

Zhang, Sumin Shen, Nanwei Tong (2024). Type 2 diabetes mellitus in adults: pathogenesis, 

prevention and therapy. Signal Transduction and Targeted Therapy. 

https://doi.org/10.1038/s41392-024-01951-9 

27. Yan Chen, Guangulu Zhang, Riding Liang, Yao Shen, Xia Jiao (2024). Protective effect 

of saikosaponin D against streptozotocin-induced diabetic nephropathy in rats by regulating 

oxidative stress and inflammatory markers. 58(3):882-889. DOI: 10.5530/ijper58.3.96 

28. Ying Zhao, Qinqin Sun (2024). Silver nanoparticles incorporated into chitosan hydrogel 

as a potential dressing material for diabetic wound healing in nursing care. 58(1):139-144. DOI: 

10.5530/ijper.58.1.14 Dr. G. Nagarajaperumal, Mrs R. Ruby, Mrs. Asha John, Mrs M. K 

Purnima, Mr Muhammed Rizwin5 M.K., Ms.Suaad, Ms. Arundhathi R Nath, Ms. Anagha. P 

and Dr Anjana John (2025), Anticancer Efficacy and Phytochemical Study of 50% Ethanolic 

Extract of Acmella Ciliata: An In Vitro Approach, YMER, 12(23),724-745. 

29. Dr. G. Nagarajaperumal, Dr. Aiswarya. G, Mrs. Desna D.S., Mrs. Vineetha C.M., Mrs. 

Sajisha, Mrs.Shafeena T, Mrs. Ruby R and Dr Anjana John (2024). A Review of Key Criteria 

OEIL RESEARCH JOURNAL (ISSN:0029-862X) VOLUME 23 ISSUE 7 2025

PAGE NO: 220



for Choosing Antidiabetic Medicinal Plants in Kerala’s Ecosystem Mukt Shabd Journal, 

12(13),911-929 

30. Nagarajaperumal Govindasamy, Ruby Rabab, Asha John, Purnima Oothandaseery 

Krishnanunny, Krishna Prasad, Fathima Rasha, Jubairiya, Aswathi Suresh and Anjana 

John(2024). Exploring the in Vitro Antidiabetic Efficacy of 50% Ethanolic Extract of Acmella 

Ciliata and its Phytochemical Studies  Biomedical & Pharmacology Journal, 4, 17(4),2501-

2513 

31. Sevanthi Mani, Uma Karur Venkatesan, Priyanka Arayadath, Fathima Risniya 

Thoombath Edappanatt Aiswarya Madathil Nagarajaperumal Govindasamy and Ibrahim Afsal 

(2024). Automatic Cell Death in the Nervous System: A Key To Understanding 

Neurodegenerative Disorders, Oeil Research Journal,22(12), 69-88. 

32. Sevanthi Mani, Aarthi NK, Elamathi Pannerselvam, Priyanka Arayadath, Fathima 

Risniya Thoombath Edappanatt, Aiswarya Madathil, Elavarasi Rajangounder, Ibrahim Afsal 

and Nagarajaperumal Govindasamy (2024). Systematic Insights into the Effects of Obesity on 

Menstrual Health Oeil Research Journal, 2024,22(12), 133-144. 

33. . Nagaraja Perumal and A. Kavidha (2024) Pharmacognostical and Phytochemical 

Screening of Pisonia grandis, Int. J. of Res. in Pharmacology &Pharmacotherapeutics, 13(3), 

289-301, 

34. G. Nagaraja Perumal and A. Kavidha (2024). In Vitro and In Vivo Evaluation of Anti-

Diabetic Potential of Pisonia grandis Int. J. of Pharmacy and Analytical Research. 13(3) 345-

353. 

35. G. Nagaraja Perumal & Venugopal (2024) Comparative Clinical Evaluation of 

Hypertensive Patients in Kerala Zone, Int. Cont. J. Pharm. Inv. Res. 11(2) 20-26. 

36. G. Nagaraja Perumal & Venugopal. R (2024) Clinical Validation Supportive 

Pharmacological Basis of Therapeutics and Adverse Effects of Antihypertensives International 

Journal of Recent Advances in Multidisciplinary Research11, 05, 9876-9880, 2024 

37. G. Nagaraja Perumal & Muhammad Ashraf Vattikuth (2024) Prescription Pattern 

Analysis of Antiepileptic Drugs to Detect the Diverse Adverse Drug Reaction. J. of Intel Adv 

Res in Eng Compts 12(2) 1-11 

38. G. Nagaraja Perumal & Muhammad Ashraf Vattikuth(2024) Assessment of Invigorating 

Therapeutics and Adverse Influences of Antiepileptic Medications with the Assistance of 

OEIL RESEARCH JOURNAL (ISSN:0029-862X) VOLUME 23 ISSUE 7 2025

PAGE NO: 221



Epileptic Patients International Journal of Recent Advances in Multidisciplinary Research,  11, 

03, 9659-9663,  

39. Nagaraja Perumal G Nandhakumar L, Vinothapooshan G, Karthikeyan J, Kavidha A, 

Roshini R, Sivagurunathan N (2023)  Contemporary Worldwide Patent Filing Trends in 

Liposomal Drug Delivery System: Prospects and Perspectives Der Pharma Chemica,15(5): 30-

33 

40. G. Nagaraja perumal  Devika, G.S., Ramesh Petchi Rajendran, Suresh R, A.Saranraj, 

S.Gokul, R.G.Arun aravinthan, G., & Thulasi, V.Sreeja1. (2023)  New RP-HPLC Method for 

the Estimation of Saxagliptin and Dapagliflozin in Bulk and Pharmaceutical Dosage 

Formulations. International Journal of Pharmaceutical Research and Applications Volume 8, 4, 

1883-1890 

41. G.Nagaraja Perumal, M. Karpakavalli1, A.Y. Sangilimuthu, Komala M S. Mohan and T. 

Sivakumar(2023). Anti-Oxidant and Anti-Microbial Activities Of 2’’, 4’’-Thiazolidindione 

Derivatives of 7-Flavonols Research Journal of Pharmacy and Technology, 16(10):4825-29. 

 

 

OEIL RESEARCH JOURNAL (ISSN:0029-862X) VOLUME 23 ISSUE 7 2025

PAGE NO: 222


