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Introduction 

Since the 16th century, diuretics have been widely 

recommended for the treatment of hypertension, liver 

cirrhosis, congestive heart failure, edema, water pinioning, 

etc. (Roush et al., 2014; Blowey, 2016; Scheen, 2018; 

Arumugham et al., 2023). In general terms, a diuretic, also 
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Abstract: Diuretics are widely used in current clinical practice to increase urine 

production and excrete electrolytes, particularly sodium and chloride ions, without 

affecting the absorption of protein, vitamins, carbohydrates, or amino acids. From 

the time of mercury chloride and organomercurials in ancient times to now (with 

sulphonamides, thiazides, and furosemide), a lot has changed in the field of diuretics. 

However, long-term use of such synthetic diuretic agents in clinical practice 

produces several adverse effects, such as blurred vision, loss of appetite, stomach 

upset, carcinomas, headaches, phototoxic impact, weakness., etc., as has been 

observed from recent investigations. Natural regimens can serve as potential 

alternatives to using nontoxic diuretic agents. Based on long-term ethnomedicinal 

and biological activity records, we have explored the diuretic effects of the widely 

known perennial herb in Pacific Islands regions and a weed in agricultural fields, 

Eleusine indica (L) Gaertn phytoconstituents, on a computation platform. Therefore, 

we conducted a bio-assay-guided crude extraction using ethanol, followed by further 

gas chromatography-mass spectrometry (GC-MS) analyses of the extracted crude 

extracts. Further selected nine constituents (EI_1 to EI_9) carried out the diuretic 

potency against three putative target enzymes (ACE, KCNJ1, and SLC12A1) along 

with three standard drugs (VU590, TSM, and FSM) through molecular docking 

studies using AutoDock 4.2 software. We also predict physicochemical profiles, or 

Lipinski Rule of Five profiles, toxicity, and pharmacokinetics using various 

bioinformatics and cheminformatics tools. Based on the overall investigation, it was 

revealed that EI_6 [Z, Z-6,28-Heptatriacontadien-2-one] was the most potential, 

nontoxic, and drug-able candidate. In summary, advanced computational tools play 

a crucial role in selecting potential preclinical candidates within limited resources to 

accelerate the current drug discovery process. 
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known as a water tablet, is any substance that promotes 

diuresis, which means increasing the excretion rate of 

water or urine from the body via the kidneys, to reduce 

several of the above disorders (Kehrenberg et al., 2022; 

Arumugham et al., 2023). During the ancient era, patients 

treated with syphilis medications used mercurous chloride 

and organomercurials, such as diuretics, to reduce 

overdose by increasing urine output (Cheng et al., 2017; 

Titko et al., 2020). In medical terms, diuretics are 

substances like acetazolamide that make the urine more 

alkaline and help increase excretion of overdoses or 

positing substances from the human body (Arumugham et 

al., 2023). Sulphanilamide, an antibacterial agent, gained 

widespread use as an alternative diuretic in the 20th 

century by inhibiting carbonic anhydrase and boosting 

urinary salt and potassium excretion rates. Subsequently, 

researchers used this carbonic anhydrase inhibitor to 

manage heart failure and hypertension, but they also 

noticed increased side effects from metabolic acidosis. 

Furthermore, a medical chemistry approach converted 

sulphanilamide to chlorothiazide (Diuril) by modifying the 

sulfamoyl and amino groups, resulting in improved 

saluretic effects with minimal or no increase in urinary 

bicarbonate excretion (Cheng et al., 2017; Zhao and Cao, 

2022). In 1962, researchers transformed the sulphonamide 

moiety into furosemide, which emerged as the most potent 

diuretic in clinical practice to date (Sica et al., 2011; 

Escudero et al., 2022). However, several side effects such 

as blurred vision, loss of appetite, itching, stomach upset, 

headache, and weakness necessitate the need for natural-

derived potential agents to replace these synthetic 

candidates. 

Simultaneously, natural regimens are always 

considered alternative or complementary agents as food 

and nutraceutical supplements, along with multi-potential 

therapeutic agents (Li and Vederas, 2009; Swain and 

Padhy, 2015; Chopra and Dhingra, 2021; Sahoo et al., 

2022a; Anbalagan et al., 2023; Bhosale et al., 2023). From 

ancient times to date, nearly 80–85% of people have been 

interested in natural remedies or natural-derived products 

to avoid the side effects of synthetic drugs, and we all 

know the cost (Swain and Padhy, 2015; Dias et al., 2012; 

Atanasov et al., 2021). For example, dandelion, coffee, tea, 

horsetail, ginger, asparagus, cucumber, celery, parsley, 

etc. are considered natural diuretics with a lot of additional 

benefits like immune-stimulant, anti-inflammatory, and 

antioxidant potency for the removal of poisonous 

substances from the body (Maughan and Griffin, 2003; 

Wright et al., 2007; Liu et al., 2015). Nonetheless, more 

scientific research is also going on to prove the ancient 

ethnopharmacology for use in mainstream applications. In 

addition, in Asian and African regions, massive amounts 

of aromatic medical plants have been identified, but most 

medical applications are still unknown or limited, with 

some regional ethnomedicinal use without proper 

scientific investigations. Currently, the drug screening 

procedure has been revolutionized through high-through 

instrumental and artificial intelligence-based screening, 

which is more beneficial to explore the potential 

therapeutic potency of each plant species along with 

derived secondary metabolites (Swain and Padhy, 2016; 

Sahoo et al., 2021; Sahoo et al., 2022a and 2022b; Swain 

et al., 2022a). 

In this perspective, Eleusine indica (L) Gaertn 

(vernacular/local name: Bena ghasa), belonging to the 

Poaceae family, is a perennial herb in Pacific Islands 

regions and a weed in agricultural fields (Ceasar and 

Ignacimuthu, 2015; Ong et al., 2027). Indeed, this weed 

cum herb is widely cultivated and used as a vegetable and 

fruit in Malaysia (locally known as rumput sambau) and 

other tropical and subtropical regions of the globe. The 

positive part of the weed has lots of traditional medicinal 

uses, including leaves used for microbial infection, muscle 

pain, cough, scorpion poisoning, hastening the delivery of 

placentas for women after the birth of a baby, and relieving 

pain during vaginal bleeding (Dorce et al., 2017; Sukor et 

al., 2023). The root extracts are widely used for the 

treatment of asthma; whole plant extracts for urinary 

infection; areal plant extracts with rice are also used for flu 

viral infection; and root extracts with Capsicum sp. 

(Solanacae) for piles. From several recent scientific 

investigations, exhibited antioxidant, antidiabetic, 

antibacterial, anticonvulsant, anti-inflammatory, 

hepatoprotective, antipyretic, analgesic, etc., activities 

(Dorce et al., 2017; Ogbole et al., 2027; Puah et al., 2022). 

In addition, a few active phytochemicals, like hexanoic 

acid, sioschaftoside, sitosterol, stigasterol, isovitexin, 

vitexin, coumatin, etc., have been identified through 

column-chromatography, gas chromatography-mass 

spectrometry (GCMS), and liquid chromatography-mass 

spectrometry (LCMS) approaches (Ong et al., 2016; Sukor 

et al., 2023). From an extensive literature search with 

recorded potential biological activity, we have collected 

these E. indica from local areas and prepared ethanoic 

extracts, followed by a bioassay-guided extraction method 

for further GCMS study. Using computer programs, we 

also did molecular docking with three possible target 

enzymes and some known phytoconstituents to test how 

well they work as diuretics. In addition, it analyzes the 

toxicity, drug-ability, and pharmacokinetic profiles of 

selected compounds using various bioinformatics and 

cheminformatics tools systematically. 
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Materials and Methods  

For crude extraction, we obtained synthetic-grade 

reagents, solvents, plasticware, and glassware from SRL, 

Tarsons Pvt. Ltd., Mumbai, India, through local vendors. 

The entire computational work was analysed on a Linux-

Ubuntu 16.04 LTS workstation with several 

cheminformatics software packages (Swain et al., 2022a; 

Sahoo et al., 2022b).  

Bio-assay guided extraction and GC-MS analysis 

We collected the E. indica herbs from the peripheral 

agricultural field in Ganjam district, Odisha. The plant was 

identified and authenticated by taxonomist Dr. A. 

Leelaveni, Asst. Professor, PG Department of Botany, 

Berhampur University. After washing the whole plant with 

fresh water, we rinsed it in distilled water and shade-dried 

it at room temperature for 20–30 days. After being crushed 

using a laboratory blender and preserved at airtight 

concentrations to avoid contact with moisture and any 

outside exposures, the dry powder samples (200g) were 

individually extracted first with n-hexane to remove fatty 

materials and later with ethanol solvent (300 mL) in the 

Soxhlet apparatus for 2 days. Next, we filtered the ethanol 

extracts using Whatman No. 1 filter paper, resulting in the 

collection of approximately 2 grams of powder. We will 

conduct further GC-MS studies and analyse the 

compounds using the NIST library for additional 

computational study (Konappa et al., 2020; Ralte et al., 

2022). We performed the analysis on a Perkin Elmer Turbo 

Mass Spectrophotometer (USA) model Claurus 590 Gas 

Chromatography/Claurus SQ 8S Mass Spectrometer 

(equipped with a liquid auto sampler). The total run time 

was 35 minutes. We analysed GC-MS using electron 

impact ionization at 70 eV and analysed the data using a 

total ion chromatogram. 

Target protein and ligand structure preparation for 

molecular docking study 

Based on high-intensity GC-MS spectra, we have 

selected nine constituents (EI_1 to EI_9) as ligands for the 

docking study, and those ligand structures were retrieved 

from the PubChem database 

(https://pubchem.ncbi.nlm.nih.gov/) by recording their 

unique ids. Further, based on thiazides, furosemide mode 

of action, including a literature search, selected three 

putative enzymes, namely angiotensin-converting enzyme 

(ACE), potassium inwardly rectifying channel subfamily J 

member 1 (KCNJ1), and sodium channel epithelial 1 

subunit alpha (SLC12A1), for docking study (Denton et 

al., 2013; Thorn et al., 2013; Garcia and Kaczorowski, 

2014; Kehrenberg and Bachmann, 2022) (Figure 1). 

Accordingly, three chemical structures of the control drugs 

(VU590, furosemide, or FSM, and torasemide, or TSM) 

were also retrieved from PubChem for use in the docking 

study. Similarly, the 3D X-ray crystallographic protein 

structures were retrieved from the protein data bank 

(https://www.rcsb.org/). Among the three target enzymes, 

ACE (PDB ID: 6WTH) and SLC12A1 (7E1Z) were 

directly retrieved from the PDB, and due to the 

unavailability of KCNJ1 in the PDB, we generated the 

theoretical model through a homology modeling approach 

with a suitable template structure identified through 

Blastp, and the structure was generated using Swiss Model 

tools. All ligands, including control drugs, undergo 

structural optimization and are saved in the.pdb file 

format. Similarly, all heteroatoms, ligands, and additional 

chains were removed from the retrieval protein structure, 

and structural validation was performed for theoretical 

KCNJ1 and saved in the.pdb file format used in the 

docking study. The molecular docking study was 

performed using the PyRx 0.8 platform and AutoDock 4.2 

software. The virtual screening was repeated twice to get 

the most errorless ligand-binding energy or docking scores 

(kcal/mol.). Based on the docking score (kcal/mol.), the 

potent phytoconstituents were again docked manually in 

AutoDock to confirm the ligand’s crystallographic binding 

mode and appropriate docking score through 3-D and two-

dimensional (2-D) molecular interactions with targets 

using the software BIOVIA-DSV-2019 (Swain et al., 

2022a; Sahoo et al., 2022b). 

Physicochemical or Lipinski rule of five profile 

Currently, advanced computational tools are able to 

predict various drug-likeness-relevant profiles of 

candidates according to their chemical structure, leading to 

the selection of potential leads at the primary stage with 

higher clinical success. So, to see if our compounds would 

make a good active oral drug candidate, we predicted their 

physicochemical or Lipinski rule of five (RO5) profiles. 

We recorded EI_1 to EI_9 along with standard drug 

profiles individually using the SwissADME tool with 

reference to the PubChem database (Sahoo et al., 2022b). 

Toxicity profile prediction  

After biological activity, the toxicity profile is another 

crucial parameter to select non-toxic candidates for further 

study, and most of the candidates were eliminated from 

clinical trials due to higher toxicity even after displaying 

higher therapeutic activity. Similarly, the possible toxicity 

profiles, including hepatotoxicity (HT), carcinogenicity 

(CG), immunotoxicity (IT), mutagenicity (MG), 

cytotoxicity (CT), toxicity class (TC), and lethal dose 

(LD50 mg/kg) of EI_1 to EI_9 and three standard drugs, 

were predicted using the ProTox tool 
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(http://tox.charite.de/protox_II/) (Sahoo et al., 2021 and 

Swain et al., 2022b). 

 

Pharmacokinetics prediction 

Pharmacokinetics, also known as ADME/T profiles, is 

another important factor in choosing possible lead 

candidates. It examines the metabolization of drugs after 

oral administration and assists in determining the safest 

dose for any pharmacological study. The SwissADME tool 

was used to predict the ADME/T profiles of all 

phytoconstituents (EI_1 to EI_9), including blood brain  

 

barrier (BBB), gastrointestinal absorption (GI−abs.), and 

P-glycoprotein substrate interactions with cytochrome 

P450 enzyme interactions (CYP1A2-I, CYP2C19-I, 

CYP2C9-I, CYP2D6-I, and CYP3A4-I), as well as 

bioavailability profiles. (Sahoo et al., 2022b and Swain et 

al., 2022b). 

Figure 1. Schematic presentation of diuretic-associated pathways and their putative target 

enzymes to control the disorder. The above graphical presentation was extracted from the 

PharmaKGF (https://www.pharmgkb.org/) database. 
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Results and Discussion 

GC-MS analyses and phytochemical identification 

The quantitative phytochemical study via GC-MS 

analyses on E. indica methanol extracts revealed the 

presence of a variety of phytoconstituents in different 

molecular weights (Figure S1). From a large set of 

constituents, we have selected nine constituents (EI_1 to 

EI_9) according to higher volume GCMS peaks. Further, 

selected compounds, EI_1 (2-Trimethylsiloxy-6-

hexadecenoic acid, methyl ester), EI_2 (2,5-Diisopropyl-

1,3,2-dithiaborinane), EI_3 (2-Methyl-5-t-butyl-1,3-

oxathiane), EI_4 ((R)-(-)-(Z)-14-Methyl-8-hexadecen-1-

ol), EI_5 (11,14-Eicosadienoic acid, methyl ester), EI_6 

(Z,Z-6,28-Heptatriacontadien-2-one), EI_7 (2,6-Diamino-

4-hexynoic acid), EI_8 (5-Hydroxymethylfurfural), and 

EI_9 (7-Ethyl-2-undecen-6-one) were verified and 

retrieved from PubChem with individual IDs, molecular 

formula, and other relevant information’s of individual 

compounds (Table 1).  

 

Molecular docking study 

The molecular docking score of individual docking 

scores of selected nine constituents (EI_1 to EI_9) along 

with three standard drugs (VU590, TSM, and FSM) 

against three target enzymes (ACE, KCNJ1, and 

SLC12A1) was recorded (Table 2). According to Auto 

Dock software, a lower docking score (kcal/mol.) 

represented higher binding efficacy. For KCNJ1 structure 

prediction, we have selected a suitable template protein 

(PDB ID: 3SPH) with 81% query coverage and 49.84 

identity from the Blastp tool. The Ramachandran plot 

validated the newly generated protein structure of KCNJ1, 

with 97.08% of regions in favorable regions, indicating its 

stability and reliability for molecular docking studies 

(Figure S2). Based on the docking score (kcal/mol.), 

phytoconstituents exhibited their docking score within -4 

to -8 kcal/mol., whereas standard drugs showed a 

comparatively higher docking score within -4 to -9 against 

three target enzymes (Table 2). From the individual target 

enzyme, EI_6 showed a higher docking score of -8.0 

kcal/mol., compared to the standard VU590 shower of -9.0 

kcal/mol. Similarly, the same EI_6 (-6.6. and -6.63 

kcal/mol.) was also the leading candidate against the 

KCNJ1 and SLC12A1 target enzymes, respectively. When 

compared to standard, ACE, and SLC12A1 cases, standard 

had higher docking scores (-9.0 by VU590 and -7.4 by 

FSM) than EI_6. However, when compared to KCNJ1, the  

 

 

standard drug TSM (-6.4) had a lower docking score (-6.6 

kcal/mol., by EI_6). Overall, based on the recorded 

docking score, all nine constituents comparatively showed  

a higher docking score against ACE, and individually, 

EI_6 (Z, Z-6, 28-Heptatriacontadien-2-one) was the lead 

candidate among them. The study of the protein-ligand 

interaction also showed that EI_6 is strongly connected 

with all target enzymes through H-bonds, van der Wall 

bonds, and pi-pi alkyl bonds (Figure 2).  

Table 1. Selected nine phytochemicals (EI_1 to EI_9) from GC-MS spectra of Eleusine indica alcoholic 

extracts with their molecular formula, molecular weight, reference PubChem CIDs as physicochemical 

profiles of phytochemicals. 

Sl. 

No. 

Phyto-

chemical 

PubChem

_CID 

MF MW XLogP 

(≤ 5) 

HBD 

(≤ 5) 

HBA 

(≤ 10) 

tPSA 

(≤ 142) 

MR 

(≤ 130) 

RB 

(≤3) 

1.  EI_1 91696378 C20H40O3Si 356.6 7.92 0 3 35.5 108.02 16 

2.  EI_2 557896 C9H19BS2 202.2 4.52 0 2 50.6 65.26 2 

3.  EI_3 552319 C9H18OS 174.31 3 0 2 34.5 51.68 1 

4.  EI_4 12487634 C17H34O 254.5 6.6 1 1 20.23 84.52 13 

5.  EI_5 5365566 C21H38O2 322.5 8 0 2 26.30 103.40 17 

6.  EI_6 5365964 C37H70O 530.9 16.2 0 1 17.1 179.23 32 

7.  EI_7 549875 C6H10N2O2 142.16 3.8 3 4 89.3 36.30 2 

8.  EI_8 237332 C6H6O3 126.11 0.6 1 3 50.4 30.22 2 

9.  EI_9 91694770 C13H24O 196.33 4.1 0 1 17.1 17.07 8 

Note: MF, molecular formula; MW, molecular weight (g/mol.); H-BD, h-bond donor; H-BA, h-bond 

acceptor; tPSA, topological polar surface area; MR, molar refractivity; RB, rotatable bonds; EI_1 (2-

Trimethylsiloxy-6-hexadecenoic acid, methyl ester), EI_2 (2,5-Diisopropyl-1,3,2-dithiaborinane), EI_3 (2-

Methyl-5-t-butyl-1,3-oxathiane), EI_4 ((R)-(-)-(Z)-14-Methyl-8-hexadecen-1-ol), EI_5 (11,14-

Eicosadienoic acid, methyl ester), EI_6 (Z,Z-6,28-Heptatriacontadien-2-one), EI_7 (2,6-Diamino-4-

hexynoic acid), EI_8 (5-Hydroxymethylfurfural), and EI_9 (7-Ethyl-2-undecen-6-one). 

https://pubchem.ncbi.nlm.nih.gov/#query=C9H19BS2
https://pubchem.ncbi.nlm.nih.gov/#query=C9H18OS
https://pubchem.ncbi.nlm.nih.gov/#query=C17H34O
https://pubchem.ncbi.nlm.nih.gov/#query=C21H38O2
https://pubchem.ncbi.nlm.nih.gov/#query=C37H70O
https://pubchem.ncbi.nlm.nih.gov/#query=C6H10N2O2
https://pubchem.ncbi.nlm.nih.gov/#query=C6H6O3
https://pubchem.ncbi.nlm.nih.gov/#query=C13H24O
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       The synergistic nature of all compounds in the form of 

crude extract is expected to have more potential and 

requires further experimental study with crude extracts as 

well as with leading EI_6 for more confirmation. 

 

Physicochemical or Lipinski rule of five profile 

Recorded physicochemical profiles or standardized 

RO5 revealed that all phytoconstituents (EI_1 to EI_9) 

with standard drugs displayed ideal profiles except the 

XlogP value (Table 1). Briefly, RO5 hypothesized that if a 

chemical bearing the molecule weight ≥ 500 g/mol., the 

water-octanol of the partition coefficient (LogP) ≥ 5, the 

number of hydrogen donor (H-bd) groups ≥5, the number 

of hydrogen acceptor (H-ba) groups ≥10 with topological 

polar surface area (tPSA) within ≥140 Å, then the 

candidate could be considered an active oral candidate and 

might have a higher chance of clinical success. Therefore, 

identified constituents that followed the RO5 except the 

ideal XlogP value indicated that they could be considered 

active oral candidates with any nanocarrier for further 

experimental success. In other hand, recorded toxicity 

profiles indicated that phytoconstituents are highly safe 

with a non-toxin profile (Table 2). Among all, EI_8 with 

the standard drug VU590 showed a higher risk of 

mutagenicity with EI_3, a class-III toxicity chemical 

(higher in toxicity class and higher in safety at higher 

doses). The higher LD50 (mg/kg) indicated that the 

candidate could be used at a higher concentration without 

any toxicity risk. The potential EI_6 proved itself as a 

potential non-toxic profile, with higher LD50 values 

(15000 mg/kg) and a higher toxicity class VI to consider 

as a lead candidate (Figure 3). 

Figure 2. Protein-ligand interaction of EI_6 against selected three target enzymes in 3D and 2D 

views during the socking study. We generated and represented the images using BIOVIA-Discovery 

Studio Visualizer and ChemDraw software. 
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Pharmacokinetics and overall drug likeness prediction  

The predicted pharmacokinetics profiles were recorded 

in Table S1. From records, except EI_5 and EI_6 all are 

displayed high GI-abs. similar to standard drug. Similarly, 

except EI_2, EI_3, EI_4 and EI_9, rest of constituents 

showed no BBB permits like standard drugs. In addition, 

from each profiles some phytoconstituents showed some  

Table 2. Recorded potency in form of molecular docking against three putative diuretics associated 

target enzymes with predicted five various toxicity profiles, toxicity class and LD50 (kg/mg.) profiles 

of nine EI_1 to EI_9 of Eleusine indica with used standard drugs. 

Phyto- 

& Std. 

Docking score (Kcal/mol.) Predicted five types of toxicity profiles, overall toxicity class 

ACE KCNJ

1 

SLC12A1 HT CG IT MG CT TC LD50 BA 

EI_1 -5.2 -5.3 -5.1 IA(0.76) IA(0.66) IA(0.86) IA(0.79) IA(0.71) IV 2000 0.55 

EI_2 -6.4 -5.8 -6.0 IA(0.77) IA(0.78) IA(0.99) IA(0.64) IA(0.82) IV 500 0.55 

EI_3 -5.3 -4.5 -4.8 IA(0.82) IA(0.57) IA(0.99) IA(0.67) IA(0.87) III 210 0.55 

EI_4 -5.6 -5.2 -5.2 IA(0.84) IA(0.56) IA(0.95) IA(0.96) IA(0.83) VI 5600 0.55 

EI_5 -5.4 -5.2 -6.0 IA(0.59) IA(0.56) IA(0.86) IA(0.98) IA(0.70) VI 20000 0.55 

EI_6 -8.0 -6.6 -6.3 IA(0.71) IA(0.63) IA(0.97) IA(0.97) IA(0.72) VI 15000 0.17 

EI_7 -4.8 -4.5 -5.0 IA(0.92) IA(0.67) IA(0.99) IA(0.54) IA(0.65) IV 365 0.55 

EI_8 -5.2 -4.5 -4.7 IA(0.80) IA(0.52) IA(0.99) A(0.73) IA(0.78) V 2500 0.55 

EI_9 -5.8 -4.9 -6.2 IA(0.70) IA(0.65) IA(0.98) IA(0.95) IA(0.72) V 5000 0.55 

VU590* -9.0 NA NA IA(0.76) IA(0.58) IA(0.97) A(0.89) IA(0.59) IV 470 0.55 

TSM* NA -6.4 NA IA(0.80) IA(0.60) IA(0.84) IA(0.95) IA(0.73) V 5000 0.55 

FSM* NA NA -7.4 IA(0.51) IA(0.62) IA(0.99) IA(0.89) IA(0.59) IV 2000 0.56 

Note: * Std., standard; NA, not applicable; FSM, furosemide; TSM, torasemide used against individual 

target; HT, hepatotoxicity; CG, carcinogenicity; IT, immunotoxicity; MG, mutagenicity; CT, cytotoxicity; 

TC, toxicity class; BA, bioavailability; LD50, fifty percent lethal dose (mg/kg); ACE, angiotensin-converting 

enzyme; KCNJ1, potassium inwardly rectifying channel subfamily J member 1; SLC12A1, sodium channel 

epithelial 1 subunit alpha. 

Figure 3. Graphical illustration of toxicity and physicochemical profile prediction of EI_6 from 

ProTox and SwissADME tools. 
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deviated profiles along with three standard drugs, but EI_6  

showed ideal pharmacokinetics profiles with similar to 

standard drugs (Table S1). However, EI_6 showed lower 

bioavailability profiles (0.17) due to higher Xlop value 

(16.2) than rest of compounds including standard drugs 

(0.55). In overall analyses, EI_6 could be consider as lead 

candidate among all identified phytochemical from E. 

indica. 

Current clinical practice widely uses diuretic agents to 

primarily increase urine production and excrete 

electrolytes, particularly sodium and chloride ions, 

without affecting the absorption of protein, vitamins, 

carbohydrates, or amino acids (Cheng et al., 2017; 

Arumugham and Shahin, 2023). In addition, it is 

applicable to adjuvant therapies for cardiac failure, 

hypercalcemia, cataracts, prime hyperaldosterism, etc. 

(Blowey et al., 2016; Cheng et al., 2017; Escudero et al., 

2022). However, long-term use in clinical practice of such 

agents induces carcinomas, has a phototoxic impact, and 

has several adverse effects on the body (Sica et al., 2004; 

Gupta et al., 2022). Therefore, researchers focus on 

exploring potential regimens, especially natural regimens, 

and their molecular mechanisms. Although we use 

cucumber, ginger, coffee, and tea as diuretic agents, we are 

unable to explore the most potential candidates and their 

doses for mainstream applications. The current study is 

also a cost-effective approach to exploring the diuretic 

potency of identified phytoconstituents of E. indica 

through various computational approaches. The overall 

approach showed that the plant extracts might have 

ethnomedicinal effects because they contained such active 

phytoconstituents. This made researchers want to focus on 

individual compounds. 

In the current drug discovery module, molecular 

docking is the most widely used bioinformatics tool in 

academia and the pharmaceutical sector, where natural 

resources are the most alternative drug source and choice 

for most research work to use on a complementary, 

alternative, and repurposing basis (Swain et al., 2022a and 

2022b; Sahoo et al., 2022a and 2022b). Researchers have 

implemented several similar types of computational-based 

approaches to assess the diuretic potency of natural 

products derived from different natural sources at a 

preliminary level, prior to expensive experimental studies 

(Islam et al., 2022; Yang et al., 2022; Yu et al., 2024). 

Generally, various constituents in crude extracts 

synergistically show multiple biological activities, but not 

all compounds are responsible for all diseases. Therefore, 

the identification of such potent compounds to use against 

a specific disease is essential to modern drug discovery. 

However, as a computational-based approach is coding 

and programming-dependent, we need proper hypotheses 

and expertise to get more reliable results. In addition, a 

computational-based study cannot recommend the 

candidate for human consumption, but it is a cost-

effective, robust platform to explore the potency, predict 

the toxicity, and study the pharmacokinetics, which guided 

a systematic way for more clinical success (Swain et al., 

2022a and 2022b). 

Conclusion 

Diuretics or water tablets have been widely 

recommended for increasing the excretion rate of water or 

urine from the body to reduce several poising substances 

and are also used for the treatment of hypertension, liver 

cirrhosis, congestive heart failure, edema, water pinioning, 

etc., in adjuvant therapy. To search for potential nontoxic 

diuretic agents, the present study investigates E. indica 

phytoconstituents, followed by bioassay-guided extraction 

and GC-MS analyses. Selected three potential target 

enzymes to evaluate the binding efficacy of select nine E. 

indica phytoconstituents (EI_1 to EI_9) against ACE, 

KCNJ1, and SLC12A1 along with taking three standard 

drugs (VU590, TSM, and FSM) through molecular 

docking. Based on recorded docking scores, EI_6 [Z, Z-

6,28-Heptatriacontadien-2-one] exhibited higher potency 

(with docking scores of -8.0, -6.6, and -6.3 kcal/mol.) with 

nontoxicity toxicity profiles (class VI), higher lethal dose 

values (LD50=15000 mg/kg), and ideal pharmacokinetics 

related to standard drugs proved to be the most potent 

among them. Overall, using low-cost bioinformatics tools 

to predict these relevant drug-likeness profiles could be a 

feasible and cost-effective way to move forward with the 

current drug development module and find new natural 

drugs that are more likely to work against specific targets. 
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