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Abstract 

Human Cytomegalovirus (HCMV) poses a significant threat to immunocompromised individuals, with current antiviral agents such as ganciclovir, 

valganciclovir, foscarnet, and cidofovir facing increasing resistance due to mutations in viral genes like UL97 and UL54. This study explores the potential of 

ellagic acid, a major bioactive compound in Terminalia arjuna bark extract, as an alternative antiviral agent targeting HCMV protease, a critical enzyme in 
viral replication. Molecular docking simulations revealed a strong binding affinity of ellagic acid to HCMV protease, suggesting its ability to inhibit viral 

replication. Additionally, in vitro antimicrobial assays demonstrated significant activity against Methicillin-resistant Staphylococcus aureus (MRSA) and 

Enterococcus faecalis, while antifungal activity against Candida albicans was weaker. Docking studies further showed ellagic acid interacting with key bacterial 
resistance mechanisms, including the fosfomycin-resistant gene in Klebsiella pneumoniae. These findings highlight T. arjuna extract, particularly ellagic acid, 

as a promising candidate for combating HCMV and antibiotic-resistant infections, with potential applications in immunocompromised patients. 
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1. Introduction 

Human Cytomegalovirus (HCMV) is a β-herpesvirus that 

establishes lifelong latency in hosts, posing significant health 

risks, particularly to immunocompromised individuals, such 

as organ transplant recipients and patients with AIDS.1 In 

these patients, HCMV infections can lead to retinitis, 

pneumonia, and gastrointestinal diseases. The current 

antiviral drugs used for HCMV, ganciclovir, valganciclovir, 

foscarnet, and cidofovir have helped in controlling the 

infection. However, long-term use of these drugs has resulted 

in drug-resistant HCMV strains due to mutations in viral 

genes UL97 and UL54.2 Mutations in UL97 prevent 

ganciclovir from being activated inside the cell, while 

changes in UL54 affect the viral DNA polymerase, making 

the virus resistant to multiple drugs. The increasing incidence 

of drug-resistant HCMV strains underscores the urgent need 

for novel antiviral agents with distinct mechanisms of action. 

Natural products have long been a valuable source of 

therapeutic compounds, offering diverse bioactive molecules 

with potential antiviral properties. Among these, Terminalia 

arjuna, a medicinal plant traditionally used in Ayurvedic 

medicine, has gained attention for its wide-ranging 

pharmacological activities, including cardioprotective, 

antioxidant, and anti-inflammatory effects. Ellagic acid, a 

prominent bioactive constituent of T. arjuna bark, has 

demonstrated various health benefits, such as antioxidant and 

anti-inflammatory properties.3-4 However, its potential 

antiviral activity, particularly against HCMV, remains 

underexplored. Given the structural characteristics of ellagic 

acid and its reported bioactivities, it is hypothesized that this 
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compound may interact with viral proteins essential for 

HCMV replication, such as the viral protease. 

This study aims to evaluate the antiviral potential of 

ellagic acid against HCMV by investigating its binding 

affinity to HCMV protease through molecular docking 

simulations. Additionally, the study assesses the 

antimicrobial efficacy of T. arjuna bark extract against 

selected bacterial and fungal pathogens, providing a 

comprehensive analysis of its therapeutic potential. 

2. Aim and Objective 

To evaluate the antimicrobial and antiviral potential of 

Terminalia arjuna bark extract and its bioactive compound 

ellagic acid, both in vitro and in silico. 

3. Materials and Methods 

1. Preparation of Plant Extracts The extraction of T. 

arjuna bark powder was performed using Microwave-

Assisted Extraction (MAE).5 A 5 g sample was 

weighed on a Wensar weighing balance and mixed 

with 50 mL of distilled water in a 500 mL Borosil 

beaker. The mixture was microwaved in an LG 

Microwave Oven (320 W, 2 min) and cooled to room 

temperature. It was then centrifuged at 3000 rpm for 3 

min in an Eppendorf 5702R Refrigerated Centrifuge 

(A-4-38 Rotor) to separate the supernatant. The 

supernatant was evaporated in a Meta Lab Hot Air 

Oven (90°C, 10 min). The dried extract was weighed 

and stored in an Eppendorf tube. The extraction yield 

was calculated using: Extract yield (%) = where W₁ is 

the net weight of the extract obtained after drying, and 

W₂ is the total weight of the bark powder used for 

extraction.  

2. In-Vitro Antimicrobial Activity A 200 mg/mL stock 

solution was prepared by dissolving the extract in 1 

mL of distilled water. Three test concentrations were 

prepared: 20% (0.1 mL stock + 0.9 mL distilled water) 

40% (0.2 mL stock + 0.8 mL distilled water) 60% (0.3 

mL stock + 0.7 mL distilled water) The antimicrobial 

activity was tested against: Enterococcus faecalis 

ATCC 29212 (subcultured on UTI agar) Methicillin-

resistant Staphylococcus aureus (MRSA) BAA 1026 

(subcultured on Mueller-Hinton Agar (MHA)) 

Candida albicans ATCC 14053 (subcultured on MHA) 

Mueller-Hinton Agar plates were swabbed with 

microbial suspensions using a sterile cotton swab. 

Wells (8 mm diameter) were made using a sterile cork 

borer and filled with 100 µL of each extract 

concentration. Distilled water served as the negative 

control. After incubation, the zones of inhibition were 

measured.  

3. In Silico Molecular Docking Molecular docking 

studies were conducted to evaluate the binding 

interactions of Ellagic acid with key antibiotic 

resistance proteins in Klebsiella pneumoniae, 

Pseudomonas aeruginosa, and Escherichia coli, as 

well as with human cytomegalovirus (HCMV) 

protease (UL80). The structure of Ellagic acid was 

retrieved from the PubChem database (CID: 5281855) 

in SMILES format. For Klebsiella pneumoniae, FosA 

(PDB ID: 5WEW) was selected as the target due to its 

role in fosfomycin resistance via glutathione 

transferase activity.6 Since Ellagic acid is known to 

inhibit glutathione transferases,7  it was evaluated for 

its potential to block FosA function and enhance 

antibiotic efficacy. In Pseudomonas aeruginosa, 

docking was performed against the MVFR efflux 

pump protein (PDB ID: 4JVC), which plays a crucial 

role in antibiotic resistance by expelling drugs from 

the bacterial cell.8  For Escherichia coli, Class C beta-

lactamase (PDB ID: 4BJP) was selected as the target 

due to its role in beta-lactam antibiotic resistance. All 

PDB structures were obtained from the Protein Data 

Bank (PDB format). Docking simulations were carried 

out on SwissDock using AutoDock Vina. 

4. Results 

1. Extract yield: The extract yield of Terminalia arjuna 

bark obtained through microwave-assisted extraction 

was 262.9 grams, with a calculated yield of 5.26%.  

2. Agar well Diffusion assay: The antimicrobial efficacy 

of T. arjuna bark extract was comparatively higher 

against bacterial species, as demonstrated by larger 

zones of inhibition, than against the tested fungal 

strain (Table 2) and (Figure 1).  

Table 1: Diameter of Zone of Inhibition (mm) Against Test 

Organisms 

Concentration 

(%) 

Enterococcus 

faecalis 

(mm) 

MRSA 

(mm) 

Candida 

albicans 

(mm) 

20% 2mm 2mm 2mm 

40% 4mm 5mm 4mm 

60% 6mm 5mm 4mm 
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Figure 1: The inhibition zone (mm) of Aqueous extract of 

T. arjuna against (A) Enterococcus faecalis (B) MRSA (C) 

Candida albicans In vitro assays showed significant 

antibacterial activity against Enterococcus faecalis, MRSA, 

and moderate antifungal activity against Candida albicans, 

with the highest efficacy at 60% concentration. 

4.1. Molecular docking 

Ellagic acid demonstrated stronger binding affinities towards 

bacterial and viral proteins compared to fungal target (Table 

2).   

Table 2: Binding affinity of ellagic acid with different 

targets. 

Organisms Target 

Proteins 

PDB ID Binding 

Affinity 

(kcal/mol) 

Klebsiella 

pneumoniae 

Fosfomycin-

resistant 

gene 

5WEW -5.557 

Pseudomonas 

aeruginosa 

Minimum 

Viable 

Functional 

Receptor 

(MVFR) 

4JVC -4.856 

Escherichia coli Beta-

lactamase 

(Class C) 

2BJP -2.840 

Human 

Cytomegalovirus 

(HCMV) 

HCMV 

protease 

2WPO -8.013 

 

Table 2: Binding Affinity of Ellagic Acid with Different 

Targets   

 

Figure 2: Ellagic acid–FosA docking 

 

Figure 3: Ellagic acid–MvfR docking 

 

Figure 4: Ellagic acid–β-lactamase docking 

 

Figure 5: Ellagic acid–protease docking 

The in silico molecular docking analysis using the 

SwissDock server revealed significant binding affinities of 

ellagic acid, a bioactive compound from Terminalia arjuna, 

with multiple microbial and viral targets. Notably, ellagic 

acid exhibited the strongest interaction with Human 

Cytomegalovirus (HCMV) protease (PDB ID: 2WPO) with a 

binding energy of -8.013 kcal/mol, indicating a strong 

potential for antiviral activity against HCMV. Among 

bacterial targets, it showed considerable binding to the FosA 

enzyme in Klebsiella pneumoniae (-5.557 kcal/mol), 

followed by the MvfR efflux pump of Pseudomonas 

aeruginosa (-4.856 kcal/mol), and the Class C β-lactamase of 

Escherichia coli (-2.840 kcal/mol).  
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5. Discussion 

The present study demonstrates that Terminalia arjuna bark 

extract, particularly its bioactive compound ellagic acid, 

exhibits notable antimicrobial and antiviral properties. In 

vitro assays confirmed effective inhibition of Enterococcus 

faecalis and MRSA, with moderate antifungal activity against 

Candida albicans. These findings align with earlier reports 

that T. arjuna possesses diverse pharmacological activities, 

including antimicrobial and cardioprotective effects, largely 

attributed to ellagic acid and related polyphenols.3,4 

The molecular docking results further support the 

antimicrobial efficacy of ellagic acid, which showed strong 

binding affinities to resistance-associated bacterial proteins 

such as FosA in Klebsiella pneumoniae and the quorum 

sensing regulator MvfR in Pseudomonas aeruginosa. This is 

consistent with previous studies reporting ellagic acid as an 

inhibitor of glutathione S-transferases and efflux pump 

regulators, thereby potentially restoring antibiotic activity.6-8 

These observations are significant in the context of rising 

antimicrobial resistance, where natural polyphenols are being 

explored as adjunct therapies to conventional antibiotics.12 

Of particular interest, ellagic acid demonstrated the 

strongest binding affinity to the HCMV protease, suggesting 

its potential as a novel antiviral candidate. Current first-line 

antivirals against HCMV—ganciclovir, valganciclovir, 

foscarnet, and cidofovir—have been effective but face 

increasing resistance due to mutations in the UL97 kinase and 

UL54 DNA polymerase genes.1,2 Such mutations can render 

HCMV refractory to multiple antivirals, especially in 

immunocompromised populations such as transplant 

recipients.9-11 Recent evidence shows that dual resistance, 

particularly to ganciclovir and maribavir, is emerging in 

clinical settings,11,16 emphasizing the urgent need for 

compounds with alternative mechanisms of action. 

Novel antivirals like letermovir and maribavir have 

expanded the treatment arsenal, yet their lower genetic barrier 

raises concerns about rapid resistance development.16,18 The 

promising docking interaction of ellagic acid with HCMV 

protease indicates a different antiviral mechanism that could 

potentially complement or overcome current resistance 

issues. This finding is in line with recent efforts to explore 

phytochemicals as antiviral leads against resistant CMV 

strains.14,17 

Furthermore, our study highlights the dual therapeutic 

potential of ellagic acid against both bacterial resistance 

factors and viral replication proteins. This dual activity is 

particularly relevant in immunocompromised patients, who 

often face co-infections with drug-resistant bacteria and 

CMV.10,13,15 Preventive and therapeutic strategies in such 

patients increasingly emphasize combined approaches, 

including novel antivirals, prophylaxis regimens, and adjunct 

therapies from natural sources.13,18 

Taken together, the present findings suggest that T. 

arjuna extract and its constituent ellagic acid represent 

promising candidates for the development of future 

antimicrobial and antiviral therapeutics. While the docking 

results provide strong theoretical evidence, further validation 

through molecular dynamics, in vitro viral assays, and in vivo 

studies is warranted to substantiate these effects and assess 

pharmacological safety. 

6. Conclusion 

This study highlights the antimicrobial and antiviral potential 

of Terminalia arjuna bark extract. In vitro assays showed 

significant antibacterial activity against Enterococcus 

faecalis, MRSA, and moderate antifungal activity against 

Candida albicans, with the highest efficacy at 60% 

concentration. Molecular docking revealed that ellagic acid, 

a key compound in the extract, strongly binds to bacterial 

resistance-related targets, such as the fosfomycin-resistant 

gene (Klebsiella pneumoniae), MVFR (Pseudomonas 

aeruginosa), and beta-lactamase (Escherichia coli). It also 

showed promising affinity for HCMV protease, indicating 

potential antiviral activity. These findings suggest that ellagic 

acid may interfere with key resistance mechanisms in Gram-

negative bacteria and inhibit viral replication by targeting 

viral proteases. Overall, the bioinformatics analysis supports 

ellagic acid as a promising lead molecule for the development 

of novel antimicrobial and antiviral therapies. Further 

computational and experimental validations, including 

molecular dynamics and in vivo studies, are warranted to 

substantiate its therapeutic potential.However, in vivo 

validation and further pharmacological studies are needed to 

confirm its clinical relevance. 

7. Acknowledgement 

The authors sincerely thank the Medial director and staff 

members of the Research Laboratory, the department of 

Microbiology, and B.J. Wadia Hospital for Children for their 

valuable support.  

8. Conflict of Interest 

The authors declare no conflict of interest. 

9. Source of Funding 

This research received no external funding. 

10. Ethical Committee Approval 

Not applicable. This study did not involve human or animal 

experiments requiring ethics approval. 

References 

1. Erice A. Resistance of Human Cytomegalovirus to Antiviral Drugs. 

Vol. 12. 1999.  



91    Samant et al / Current Trends in Pharmacy and Pharmaceutical Chemistry 2025;7(3):87-91 

 
2. Chaer F El, Shah DP, Chemaly RF. How I Treat How I treat resistant 

cytomegalovirus infection in hematopoietic cell transplantation 

recipients. 2016; Available from: 

http://ashpublications.org/blood/article-

pdf/128/23/2624/1397134/blood688432.pdf 

3. Devi A, Devi P. Emerging Therapeutic properties of Terminalia 

Arjuna: A Review Designation: Lecturer 1 and Bsc student 2. 2024. 

Available from: www.ijnrd.org 

4. Golmei P, Kasna S, Roy KP, Kumar S. A Review on 

Pharmacological Advancement of Ellagic Acid. J Pharmacol 

Pharma. 2024;15:93–104.  

5. Cao-Ngoc P, Leclercq L, Rossi JC, Hertzog J, Tixier AS, Chemat F, 

et al. Water-based extraction of bioactive principles from 

blackcurrant leaves and chrysanthellum americanum: A 

comparative Study. Foods. 2020;9(10):1478. 

6. Tomich AD, Klontz EH, Deredge D, Barnard JP, McElheny CL, 

Eshbach ML. et al. Small-molecule inhibitor of FosA expands 

fosfomycin activity to multidrug-resistant Gram-negative 

pathogens. Antimicrob Agents Chemother. 2019;63(3): e01524-18.  

7. Das M, Bickers DR, Mukhtar H. Plant phenols as invitro inhibitors 

of glutathione S-transferase(s). Biochem Biophys Res Commun. 

1984;120(2):427–33. 

8. Ilangovan A, Fletcher M, Rampioni G, Pustelny C, Rumbaugh K, 

Heeb S. et al. Structural Basis for Native Agonist and Synthetic 

Inhibitor Recognition by the Pseudomonas aeruginosa Quorum 

Sensing Regulator PqsR (MvfR). PLoS Pathog. 

2013;9(7):e1003508 

9. Lynch K. The importance of drug exposure in the development of 

drug-resistant CMV. Antiviral Res. 2025;[Epub ahead of print]. 

Subtherapeutic antiviral drug levels often lead to resistant CMV 

strains, contributing to disease progression. ScienceDirect 

10. Horsten F, Gillemot S, Dorval S, Ho G, Maes P, Snoeck R, Andrei 

G. Emergence of antiviral drug resistance in congenital 

cytomegalovirus infection during treatment: updated review and 

case report. Pediatr Infect Dis J. 2025; 1097 

11. Kleiboeker SB. Dual resistance to maribavir and ganciclovir in 

transplant-associated CMV infection. J Clin Virol. 2025;17(3):421. 

12. Carter MF. Generation of a panel of CMV mutants resistant to 

ganciclovir, maribavir, cidofovir, and letermovir. Antiviral Res. 

2025; 106237.  

13. Toti L, Kamar N, Alain S, Manuel O, Basic-Jukic N, Grossi PA. et 

al. Advancements in CMV management among solid-organ 

transplant recipients: insights from the ESOT CMV Workshop 2023. 

Transpl Int. 2025;38:14195.  

14. Rolsdorph LÅ. New cytomegalovirus antiviral therapy: potential 

prevention and treatment of CMV-induced hemophagocytic 

lymphohistiocytosis (HLH). Expert Opin Investig Drugs. 2025; 

26(3):231-4. 

15. Pinchera B, Carrano R, Gigliotti G, Salemi F, Agostino A, Vitiello 

F. et al.  Two cases of maribavir treatment for refractory/resistant 

CMV infection in solid-organ transplant recipients: time for a new 

paradigm?. Exp Clin Transp. 2025;23(4):306–09. 

16. Chou S. Comparative emergence of maribavir and ganciclovir 

resistance: concern over the lower genetic barrier of newer 

antivirals. J Infect Dis. 2025;231(3):e470.  

17. Yao Y, Zeng Q, Sun Y, Jin E, Tang J, Cai Y. et al. A novel strategy 

for management of CMV retinitis in immunocompromised patients 

using letermovir and/or maribavir. Front Med. 2025;11:1-8. 

18. Chung H. CMV infections after HSCT: Prophylaxis and treatment. 

Bone Marrow Transplant. 2025:60(1):33. 

 

Cite this article. Samant L, Mamtora D, Patil S, Dalvi K, 

Bodhanwala M. Exploring Rerminalia Arjuna for in-vitro 

antibacterial, antifungal and in-silico antibacterial, antiviral 

properties. Curr Trends Pharm Pharm Chem. 2025;7(3):87-91. 

 

 

 

 

 

 

 

 

 

 

 

http://ashpublications.org/blood/article-pdf/128/23/2624/1397134/blood688432.pdf
http://ashpublications.org/blood/article-pdf/128/23/2624/1397134/blood688432.pdf
https://www.sciencedirect.com/science/article/pii/S0924857925000949?utm_source=chatgpt.com

