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Abstract
Diabetes mellitus (DM) poses a major global healthcare challenge, highlighting the need for new treatments beyond current 
options. Currently available drugs have side effects including weight gain, nausea, vomiting, diarrhea, insulin resistance 
etc. Therefore, given the benefits of indole derivatives in diabetes and the lack of computational studies on bis-indole-based 
triazine derivatives with aldose reductase (AR), this study employs in-silico analysis to explore their potential as type-2 
diabetes treatments. Based on the Differential Expression analysis, the human aldose reductase (HAR) encoding gene 
AKR1B1 showed overexpression in GSE30122 diabetes patients (Log2FC = 0.62, P < 0.01). Moreover, the compounds 
2-((5,6-di(1H-indol-3-yl)-1,2,4-triazin-3-yl)thio)-1-(3-hydroxy-5-methylphenyl)ethan-1-one (4) and 2-((5,6-di(1H-indol-
3-yl)-1,2,4-triazin-3-yl)thio)-1-(4-nitrophenyl)ethan-1-one (8) were identified as leading candidates, showing binding ener-
gies of − 62.12, − 81.73 kcal/mol and − 57.19, − 85.97 kcal/mol, respectively. Docking, MM/GBSA screening, molecular 
dynamics (MD) simulations, PCA, and post-MM/GBSA analysis confirmed their stability and favorable binding compared to 
the apo protein and control. Further in-vitro, in-vivo, and clinical studies are required to validate their therapeutic potential.
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Introduction

Diabetes mellitus (DM) is a chronic and progressive disease 
which is typified by disruptions in the metabolism of fat, 
protein, and carbohydrates (Amin et al. 2023; Wang et al. 
2023). According to data that is currently available, 403 mil-
lion individuals globally were diagnosed with diabetes in 

2019, and it is projected that by 2045, this figure would have 
increased to 700 million people (Wang et al. 2023). The two 
primary causes of type-2 diabetes (T2D) are inadequate pan-
creatic manufacture of insulin (type-2) or inefficient insulin 
utilization by the body (type-1). Of all cases of DM, 90–95% 
are caused by type 2 diabetes, often known as non-insulin 
dependent diabetes (Hussain et al. 2023). However, the cur-
rent anti-diabetic type 2 drugs either increase insulin pro-
duction or change glucose excretion and absorption without 
reducing insulin resistance (Amin et al. 2023). In addition, 
there are a few drawbacks and possible side effects of these 
medications, such as hypoglycemia, insulin resistance, nau-
sea, vomiting, diarrhea, and the need for many daily pre-
scriptions or repeated injections, which can be costly and 
inconvenient. Therefore, it is imperative to keep looking 
for novel therapeutic drug candidates that have fewer side 
effects and may successfully prevent and treat diabetes.

Chronic retinopathy, malignancy, neuropathy, mental 
problems, nephropathy, and other consequences are the main 
types of diabetic sequelae linked to hyperglycemia (Alexiou 
et al. 2009). Insulin-dependent glucose absorption and the 
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