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Abstract 

Organic compounds, both natural and synthetic, have gained significant importance as promising 

antiviral agents due to their structural versatility, chemical diversity, and wide range of biological 

activities. Natural organic molecules including flavonoids, polyphenols, alkaloids, terpenoids, peptides, 

and polysaccharides derived from plants and marine organisms have demonstrated potent antiviral 

effects against viruses such as Influenza virus, SARS-CoV-2, HIV, Dengue virus, Zika virus, 

Chikungunya virus and Mayaro virus. Their antiviral action is attributed to multiple mechanisms 

including inhibition of viral entry, suppression of viral replication and transcription, interference with 

viral protein synthesis, and modulation of host immune responses. Marine natural products, in particular, 

display exceptional antiviral activity owing to their unique structures, high bioactivity, and chemical 

novelty, with compounds such as fucoidan, avarol, kainic acid, and caulerpin showing notable efficacy 

in preclinical studies. Synthetic organic compounds including heterocycles, quinones, and nucleoside 

analogs also contribute significantly to antiviral drug development by offering improved stability, 

enhanced target specificity, and lower toxicity. Despite promising advances, limitations involving 

compound stability, low bioavailability, complex extraction and purification, and lack of extensive 

clinical validation continue to restrict large-scale applications. The continuous emergence of viral 

pandemics highlights the urgent need for the discovery, optimization, and development of effective 

organic antiviral agents. This review presents an integrated overview of natural and synthetic organic 

molecules with antiviral activities, their mechanisms of action, challenges in drug development, and 

future perspectives for therapeutic applications. 
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1. Introduction 

Viral infections continue to pose a severe global health burden, causing widespread morbidity and 

mortality, especially with the frequent emergence of novel or re-emerging pathogens such as influenza 

viruses, coronaviruses, arboviruses, and retroviruses (e.g., HIV) [9, 90]. The rapid spread of RNA 

viruses including Influenza, SARS-CoV-2, Dengue virus, Zika virus, Chikungunya virus and their 

potential for mutation and evolution means that existing therapeutic options often lose efficacy or 

become limited by resistance phenomena [8, 9]. Alongside this, many approved antiviral drugs suffer 

from drawbacks such as toxicity, narrow spectrum of activity, high cost, and limited availability [3, 5]. 

These challenges underscore an urgent need to discover and develop novel classes of antiviral 

compounds with broader antiviral potential, better safety profiles, and lower resistance risk. 
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Organic compounds whether derived from plants, marine organisms, microbes, or synthesized for 

medicinal chemistry represent a promising resource in this search. Their structural and chemical 

diversity enables a wide array of mechanisms by which they can interfere with viral infection and 

replication [3]. 

1.1 Natural plant-derived organic compounds and their relevance 

Plants produce a wide range of secondary metabolites such as flavonoids, alkaloids, terpenoids, 

polyphenols, quinones, and tannins that have shown antiviral activity across multiple virus families [3, 

7]. For example, flavonoids have been reported to inhibit viral entry, replication, or protein synthesis; 

some flavonoids also exhibit virucidal activity or modulate host immune response to viral infection [2]. 

Other classes like terpenoids, alkaloids, and quinones similarly offer varied antiviral properties [3, 7]. 

The broad structural diversity and ready availability of plant-derived compounds make them especially 

attractive for antiviral drug discovery. 

1.2 Marine-derived organic compounds: a largely untapped reservoir 

Marine biodiversity is increasingly recognized as a vast and underutilized source of bioactive organic 

molecules with antiviral potential. Marine organisms such as sponges, algae, corals, mollusks, marine 

fungi, and bacteria produce structurally novel compounds, including sulfated polysaccharides, peptides, 

alkaloids, terpenoids, and other specialized metabolites, many of which have demonstrated antiviral 

activity in vitro or in preclinical studies [6, 8]. For instance, sulfated polysaccharides from marine algae 

(e.g., fucoidans, carrageenans) have shown ability to block viral binding or entry, while certain marine 

alkaloids, terpenoids or peptides interfere with replication or viral protein processing [1, 8]. The unique 

chemical scaffolds found in marine natural products often differ markedly from terrestrial metabolites, 

which may help overcome issues of drug-resistance seen with conventional antivirals. 

1.3 Synthetic organic antiviral compounds: design and optimisation 

In addition to natural sources, synthetic organic chemistry remains central to antiviral drug development. 

Synthetic analogs or novel scaffolds such as nucleoside analogues, heterocycles, quinones allow 

researchers to tailor pharmacokinetic and pharmacodynamic properties (absorption, distribution, 

metabolism, stability, selectivity) while targeting viral enzymes or structural proteins critical for viral 

replication or maturation [3, 102]. Synthetic compounds can combine advantages of potency, broad-

spectrum activity, and improved drug-like characteristics, making them important complements to 

natural-product research. 

 

2. Classification of Organic Antiviral Compounds 

2.1 Plant-Derived Organic Antiviral Compounds 

Plants are among the richest natural sources of antiviral organic compounds, producing an extensive 

array of secondary metabolites with activity against a diverse set of human viral pathogens including 

Influenza viruses, coronaviruses, arboviruses (DENV, ZIKV, CHIKV, MAYV), HIV, herpesviruses, 

hepatitis viruses, and enteroviruses [3, 18, 26]. These phytochemicals belong to numerous structural 

classes such as flavonoids, alkaloids, quinones, terpenoids, lignans, tannins, polyphenols, saponins, 

glucosinolates, coumarins, furanocoumarins, stilbenes, and phenolic acids, each offering unique antiviral 

mechanisms [7, 20, 23, 26]. Their structural and functional diversity allows them to interfere with 

multiple stages of the viral life cycle, making them particularly promising scaffolds for broad-spectrum 

antiviral drug development [2, 29]. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250664074 Volume 7, Issue 6, November-December 2025 3 

 

Flavonoids 

Flavonoids are among the most extensively studied plant-derived antiviral molecules. Compounds such 

as quercetin, kaempferol, apigenin, luteolin, galangin, baicalein, baicalin, catechins, EGCG, rutin, 

hesperetin, naringenin, theaflavins, and dihydromyricetin have demonstrated significant inhibitory 

effects against Influenza A viruses, SARS-CoV-2, MERS-CoV, DENV, ZIKV, CHIKV, EV-A71, HSV, 

and HIV [2, 10, 16, 26, 31, 33]. Quercetin and its derivatives interfere with viral entry, polymerase 

activity, and protease function, while theaflavins from Camellia sinensis demonstrate both 

neuraminidase inhibition and direct virucidal activity against multiple influenza subtypes [26, 31]. 

Catechins, especially EGCG, block coronavirus entry by binding to the spike protein and interfering 

with ACE2 receptor interactions [15]. 

 

Figure 1: Three main mechanisms of viral entrance and some different antiviral effects of 

flavonoids. [24] 

Polyphenols and Tannins 

Polyphenols such as geraniin, ellagic acid, gallic acid, punicalagin, resveratrol, curcumin, and penta-O-

galloyl-β-D-glucose show strong antiviral activity by suppressing viral RNA synthesis, inhibiting 

proteases, disrupting capsid proteins, and modulating host inflammatory pathways [1, 19, 20]. Tannins 

possess strong protein-binding capabilities, enabling them to precipitate viral envelope proteins, block 

adsorption, and prevent membrane fusion, making them particularly effective against enveloped viruses 

[3, 17]. 

Alkaloids 

Plant alkaloids, such as berberine, lycorine, colchicine, matrine, oxymatrine, harmine, harmaline, 

fagaronine, tomatidine, and sanguinarine exhibit broad-spectrum antiviral activities [26, 28, 34]. 

Berberine inhibits Influenza A, SARS-CoV-2, and arboviruses by disrupting host MAPK/ERK 

signalling and reducing viral RNA export [26, 34]. Lycorine strongly inhibits DENV, ZIKV, and 

CHIKV replication by targeting viral polymerases and protein synthesis machinery [28]. Matrine and 

oxymatrine show activity against HBV and enteroviruses by modulating host immune pathways [25]. 

Coumarins and Furanocoumarins 

Coumarin derivatives such as imperatorin, isoimperatorin, osthole, esculetin, oxypeucedanin, and 

herniarin exhibit antiviral activity against influenza viruses, enteroviruses, herpesviruses, and HIV [26, 
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27, 32]. Oxypeucedanin from Angelica dahurica demonstrates strong neuraminidase inhibition, 

suppression of viral nucleoprotein synthesis, and reduction of apoptotic pathways in infected cells [26]. 

Terpenoids 

Monoterpenes, sesquiterpenes, diterpenoids, and triterpenoids including ginsenosides, glycyrrhizin, 

betulinic acid, oleanolic acid, andrographolide, thymol, carvacrol, and ursolic acid show antiviral effects 

by blocking viral entry, inhibiting proteases, and modulating host immune responses [12, 30]. 

Glycyrrhizin from Glycyrrhiza glabra has long been recognized for its strong activity against SARS-

CoV, hepatitis viruses, and HIV through inhibition of viral replication and immunomodulatory effects 

[13]. 

Lignans and Stilbenes 

Lignans such as phyllanthin, justicin, podophyllotoxin, and arctigenin demonstrate inhibitory activity 

against influenza, enteroviruses, and herpesviruses by blocking viral protein synthesis and inhibiting 

polymerases [14]. Stilbenes such as resveratrol and pterostilbene exhibit broad antiviral activity by 

reducing viral RNA synthesis, blocking NF-κB activation, and preventing virus-induced oxidative stress 

[11]. 

Saponins and Lectins 

Saponins (e.g., astragalosides, glycyrrhizic acid derivatives) disrupt viral envelopes and enhance 

antiviral immunity through increased interferon expression [12]. Plant lectins such as Galanthus nivalis 

agglutinin (GNA) and griffithsin display extraordinary activity by binding viral glycoproteins, 

particularly those of HIV, SARS-CoV, MERS-CoV, and SARS-CoV-2 [21, 22]. 

Overall, plant-derived antiviral compounds represent an expansive and chemically diverse group with 

activity across the majority of clinically relevant viral families. Their broad-spectrum potential, low 

cytotoxicity, and multimodal mechanisms of action underscore their importance as lead compounds for 

future antiviral drug development. 

2.2 Marine-Derived Organic Antiviral Compounds 

Marine ecosystems are among the most chemically diverse biospheres on Earth, producing a vast 

spectrum of structurally unique organic metabolites that are not commonly found in terrestrial 

organisms. The biological and ecological pressures present in marine environments; competition, 

predation, symbiosis, and defence against pathogens have driven marine organisms to evolve a wide 

array of potent antiviral molecules [8, 48]. Marine natural products originate from sources such as 

sponges, algae, corals, mollusks, tunicates, marine fungi, cyanobacteria, and actinomycetes, each 

contributing distinct molecular scaffolds including sulfated polysaccharides, alkaloids, terpenoids, 

peptides, nucleosides, polyketides, and polyphenolics [8, 36, 37]. These compounds display antiviral 

activity against numerous human viruses, such as SARS-CoV-2, HIV, HSV, HBV, HCV, Dengue virus, 

Zika virus, Influenza viruses, Enteroviruses, and RSV [8, 41, 43, 46, 47, 60]. 

Sulfated Polysaccharides 

One of the most studied groups of marine antivirals is sulfated polysaccharides, especially fucoidans, 

carrageenans, ulvans, porphyrans, and sulfated galactans, predominantly sourced from brown, red, and 

green algae [8, 39, 63]. Their high density of sulfate groups enables strong electrostatic interactions with 

viral surface proteins, blocking viral adsorption, preventing membrane fusion, and inhibiting viral entry. 

Fucoidan, a fucose-rich polysaccharide from brown algae, shows potent activity against SARS-CoV-2, 

Influenza A, RSV, and HSV-1, with several studies confirming its ability to interfere with spike–ACE2 

binding and inhibit early steps of viral infection [8, 39, 57]. Carrageenans from red algae particularly λ- 
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and ι-carrageenan exhibit broad-spectrum antiviral activity and have been evaluated in nasal spray 

formulations for respiratory virus protection [38, 51]. 

Marine Sponges 

Marine sponges are among the most prolific sources of antiviral molecules, producing structurally 

complex alkaloids, terpenoids, nucleosides, β-carbolines, and halogenated compounds [49]. Notable 

examples include avarol, a sesquiterpene hydroquinone that strongly inhibits HIV reverse transcriptase, 

and aplidine (plitidepsin), a cyclic depsipeptide from Aplidium albicans which demonstrates potent 

inhibition of SARS-CoV-2 by targeting the host factor eEF1A [56, 62]. Other sponge-derived molecules 

such as papuamide A, mycalamide A, and pelorol also exhibit activity against HIV, HSV, and influenza 

viruses through mechanisms such as inhibition of viral protein synthesis and disruption of membrane 

integrity [42, 49]. 

Marine Algae 

Beyond polysaccharides, marine algae synthesize various phenolics, alkaloids, sterols, terpenoids, and 

brominated metabolites with promising antiviral effects. Caulerpin, a bis-indole alkaloid from Caulerpa, 

shows neuraminidase inhibitory activity against Influenza A and interferes with viral replication [8, 59]. 

Bromophenols from red algae (e.g., Rhodomela confervoides) demonstrate antiviral activity against 

enteroviruses, HSV, and coronaviruses, attributed to their ability to inhibit viral proteases and 

polymerases [61]. 

Marine Corals and Soft Corals 

Soft corals synthesize numerous diterpenoids and pseudopterosins with immunomodulatory and antiviral 

activities. Pseudopterosin isolated from Pseudopterogorgia elisabethae reduces Dengue virus replication 

by suppressing viral protein production and modulating inflammatory responses [8, 55]. Coral 

terpenoids have also demonstrated inhibitory effects against influenza neuraminidase and HSV 

attachment [44]. 

Marine Mollusks and Tunicates 

Marine mollusks produce unique nitrogen-containing metabolites such as kainic acid, which inhibits 

hepatitis B viral DNA synthesis, and dolastatins, which exhibit activity against HIV and other 

retroviruses [8, 45]. Tunicates generate structurally unusual alkaloids such as lamellarin α, which 

strongly inhibits HIV-1 integrase and topoisomerase I [35]. Several tunicate-derived depsipeptides 

exhibit broad antiviral activity by interfering with viral replication and host protein synthesis. 

Marine Fungi and Bacteria 

Marine-derived fungi and bacteria have gained attention for producing antiviral polyketides, peptides, 

macrolides, alkaloids, and halogenated aromatics. Examples include trichoderins from marine fungi 

exhibiting activity against respiratory viruses and salinosporamide A from Salinispora tropica, which 

has demonstrated viral proteasome inhibitory properties [52, 53]. Marine actinomycetes produce 

halogenated polyketides and aromatic compounds that inhibit viral replication complexes of RNA 

viruses [40]. Cyanobacteria also contribute antiviral peptides such as serratamolide and dolabellane 

diterpenes with notable activity against influenza and herpesviruses [58]. 
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Figure 2: Structures of compounds isolated from marine fungi with antiviral activity. [54] 

 

Marine-derived antiviral compounds therefore represent one of the most structurally innovative classes 

of organic antivirals. Their unique molecular scaffolds allow them to target multiple parts of the viral 

life cycle, including entry inhibition, polymerase suppression, protein synthesis interference, and 

immunomodulation. Although challenges remain in sustainable sourcing, toxicity evaluation, and large-

scale production, advances in marine biotechnology, aquaculture, genome mining, and synthetic biology 

significantly accelerate the discovery and optimization of marine antiviral natural products [50, 64]. 
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2.3 Microbial-Derived Antiviral Compounds 

Microorganisms including bacteria, actinomycetes, fungi, and microalgae constitute an exceptionally 

important source of bioactive secondary metabolites with antiviral properties. Their metabolic plasticity 

and ecological diversity enable the biosynthesis of structurally complex organic molecules such as 

nucleoside antibiotics, polyketides, peptides, alkaloids, macrolides, and nonribosomal peptides, many of 

which exhibit potent antiviral activity at low concentrations [3, 79]. Historically, microbial metabolites 

have played a central role in antiviral chemotherapy: several early systemic antivirals originated from 

microbial products or were developed as synthetic analogues of microbial nucleosides [3, 67]. 

Actinomycetes and Nucleoside Analogues 

Actinomycetes, particularly the genus Streptomyces, are among the most prolific microbial producers of 

antiviral metabolites [69, 70, 71, 75]. One of the earliest and most notable examples is vidarabine (Ara-

A; 9-β-D-arabinofuranosyladenine), originally derived as a nucleoside antibiotic from Streptomyces 

antibioticus [75, 76, 82]. Vidarabine shows broad activity against herpesviruses, poxviruses, 

hepadnaviruses and certain RNA tumour viruses by acting as a nucleoside analogue that is 

phosphorylated to its triphosphate form and incorporated into viral DNA, thereby inhibiting DNA 

polymerase and causing chain termination [66, 82, 84]. Although many of its clinical indications have 

been superseded by later drugs such as acyclovir, vidarabine remains a landmark example of a 

microbial-derived antiviral [82]. 

Actinomycetes also produce pradimicins and benanomicins, aromatic polyketide antibiotics from 

Actinomadura hibisca and related genera that bind mannose-containing glycoconjugates on viral 

envelopes and host cell surfaces [65, 68, 81]. These compounds exhibit antiviral activity by blocking 

viral attachment and entry, particularly against enveloped viruses including HIV and other retroviruses 

[79, 81]. Recent work continues to generate new pradimicin analogues with enhanced glycoprotein-

binding and improved pharmacological properties [68]. Marine and terrestrial actinomycetes yield 

halogenated polyketides, macrolides and hybrid PKS–NRPS products with antiviral potential [71, 75, 

83]. Several marine Streptomyces and Salinispora species have been reported to produce metabolites 

that inhibit respiratory viruses and flaviviruses, often by suppressing viral RNA-dependent RNA 

polymerases or interfering with critical host–virus interactions [71, 75, 79, 83]. 

Bacterial Secondary Metabolites 

Beyond actinomycetes, other bacteria synthesize structurally diverse antivirals. Soil and marine bacteria 

produce benzoheterocyclic compounds, cyclic peptides and lipopeptides, some of which demonstrate 

strong antiviral activity against DNA and RNA viruses [73, 69, 80]. For example, benzoheterocyclic 

metabolites such as virantmycin display potent inhibition of pseudorabies virus, with activity surpassing 

that of classical antivirals like ribavirin and acyclovir in vitro [73]. Additional bacterial metabolites act 

as entry inhibitors, protease inhibitors, or replication blockers, broadening the range of microbial 

scaffolds available for antiviral drug development [69, 79]. 

Fungal-Derived Antiviral Metabolites 

Fungi, both terrestrial and marine-derived, produce a wide variety of polyketides, alkaloids, terpenoids, 

macrolides, and lactones with antiviral properties [72, 77]. Reviews have catalogued numerous fungal 

secondary metabolites such as oxoglyantrypine, carneic acid F, scedapin C, asteltoxin E, phomanolide, 

norquinadoline A, and quinadoline B, which exert antiviral activity against coronaviruses, influenza 

viruses, herpesviruses, and enteroviruses through mechanisms including polymerase inhibition, protease 

suppression, and interference with viral assembly [72, 77, 79]. Marine-derived fungi are particularly rich 
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in unique antiviral polyketides and macrolides; many of these compounds display potent in vitro activity 

and represent valuable leads for future optimisation [72]. 

Microalgae and Cyanobacteria 

Microalgae and cyanobacteria also contribute antiviral secondary metabolites, including sulfated 

polysaccharides, lectin-like proteins, cyclic peptides, and terpenoids [79, 83]. Cyanobacterial products 

such as certain dolabellane diterpenes and lipopeptides have been reported to inhibit herpesviruses and 

respiratory viruses, often by interfering with viral envelope fusion or disrupting viral membrane integrity 

[83]. Although many of these compounds are still at an early stage of investigation, they demonstrate the 

broad antiviral potential of microbial phototrophs. 

Collectively, microbial-derived antiviral compounds represent a vast and structurally diverse class of 

organic molecules, many of which act on key viral enzymes (DNA/RNA polymerases, reverse 

transcriptases, integrases), entry processes (glycoprotein binding, receptor interactions), or host factors 

critical for viral replication [3, 67, 79]. The combination of powerful bioactivity, unique chemical 

scaffolds, and adaptability to fermentation-based production systems makes microbial metabolites 

indispensable in current and future antiviral drug discovery. Advances in genome mining, synthetic 

biology, metabolic engineering, and high-throughput screening continue to expand the catalogue of 

antiviral microbial molecules and enhance their prospects for clinical development [71, 74, 79, 80, 83]. 

2.4 Synthetic Organic Antiviral Compounds 

Synthetic organic antiviral compounds form an essential pillar of modern antiviral drug development. 

While natural products offer structurally rich scaffolds, synthetic chemistry enables the creation of 

molecules with enhanced potency, selectivity, stability, pharmacokinetic properties, and reduced toxicity 

[3, 90]. Synthetic antivirals are typically designed to target specific viral proteins such as polymerases, 

proteases, reverse transcriptases, methyltransferases, helicases, integrases, or viral entry factors or to 

mimic biological substrates essential for viral genome replication [95, 99]. Their strategic design allows 

for broad-spectrum antiviral capabilities and rapid optimization in response to emerging viral threats. 

Nucleoside and Nucleotide Analogues 

Synthetic nucleoside/nucleotide analogues remain one of the most successful and widely used classes of 

antiviral drugs. Compounds such as acyclovir, ganciclovir, penciclovir, ribavirin, sofosbuvir, favipiravir, 

tenofovir, lamivudine, entecavir, zidovudine (AZT), didanosine (ddI), stavudine (d4T) and others have 

transformed the treatment of herpesviruses, hepatitis B and C, HIV, influenza viruses, and emerging 

RNA viruses [3, 92, 101]. These analogues function by mimicking natural nucleotides, becoming 

phosphorylated within the host cell, and subsequently being incorporated into viral DNA or RNA, 

leading to chain termination, polymerase stalling, or induction of lethal mutagenesis [90, 93]. Ribavirin, 

for example, demonstrates broad-spectrum activity by inducing error catastrophe in RNA viruses, 

making it a valuable tool against hemorrhagic fever viruses, HCV, RSV, and flaviviruses [89]. 

Synthetic Heterocyclic Antivirals 

Heterocycles represent one of the most versatile frameworks in antiviral medicinal chemistry due to their 

structural adaptability and strong protein-binding capabilities. Synthetic heterocycles such as triazoles, 

imidazoles, pyridines, quinazolines, benzimidazoles, thiazoles, quinolines, isoquinolines, pyrazines, and 

pyrimidines have demonstrated potent antiviral properties against numerous pathogens including SARS-

CoV-2, Influenza A, Zika virus, Dengue virus, EV71, HSV, and HIV [94, 99, 100]. 
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Examples include: 

● Triazole and benzotriazole derivatives, which inhibit viral proteases, viral methyltransferases, and 

RdRp enzymes [100]. 

● Quinoline-based derivatives, structurally related to chloroquine and hydroxychloroquine, which 

interfere with endosomal acidification, viral entry, and glycosylation pathways [91]. 

● Thiazole derivatives, showing activity against HIV integrase and influenza neuraminidase [94]. 

● Pyrimidine derivatives, including non-nucleoside polymerase inhibitors developed against hepatitis 

and flaviviruses [95]. 

These heterocyclic scaffolds allow extensive modification, supporting SAR-based optimization to 

enhance potency and reduce cytotoxicity [100]. 

 
Figure 3: Some of the FDA-approved N-heterocyclic antiviral drugs. [85] 

 

Synthetic Quinones, Flavonoid Analogues, and Phenolic Derivatives 

Quinone-based structures such as naphthoquinones, anthraquinones, and benzoquinones exhibit strong 

antiviral properties by generating reactive oxygen species, inhibiting viral proteases, or disrupting viral 

protein folding [87, 88]. Synthetic modifications to natural phenolics (e.g., chalcones, xanthones, 

aurones, α, β-unsaturated ketones) significantly enhance antiviral activity against SARS-CoV-2, 

influenza viruses, and several arboviruses [2, 86]. Synthetic chalcone derivatives are particularly 
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noteworthy for inhibiting SARS-CoV-2 main protease (3CLpro), RNA polymerase, and viral entry 

pathways [4, 86]. 

Peptidomimetics and Protease Inhibitors 

Synthetic peptidomimetics molecules that mimic essential peptide motifs form a key class of antiviral 

agents targeting viral proteases. Notable examples include: 

● HIV-1 protease inhibitors such as ritonavir, lopinavir, indinavir, nelfinavir, darunavir [89]. 

● HCV protease inhibitors including boceprevir, telaprevir, simeprevir [96]. 

● SARS-CoV-2 protease inhibitors, such as nirmatrelvir (in Paxlovid), designed to inhibit 3CLpro 

[97]. 

These inhibitors block viral polyprotein cleavage, preventing maturation of essential viral enzymes and 

structural proteins. 

Small Molecule Entry Inhibitors 

Synthetic small molecules have been developed to interfere with viral entry by: 

● Blocking receptor-binding domains 

● Preventing membrane fusion 

● Disrupting viral attachment factors 

● Interfering with glycoprotein–host receptor interactions 

Examples include umifenovir (arbidol), which inhibits membrane fusion in influenza and coronaviruses 

[98], and imidazole-based SARS-CoV entry blockers [94]. 

Modern Medicinal Chemistry Strategies 

Advances in synthetic organic chemistry such as click chemistry, bioisosteric replacement, fragment-

based design, pharmacophore modelling, machine learning-assisted lead optimization, and structure-

guided ligand design have accelerated the development of novel antiviral candidates with improved: 

● Affinity 

● Selectivity 

● Solubility 

● Metabolic stability 

● Oral bioavailability 

● Resistance profiles 

Emerging synthetic compounds continue to target viral polymerases, proteases, helicases, 

methyltransferases, endonucleases, and host–virus interaction complexes [97, 99]. Synthetic organic 

antiviral compounds therefore provide a broad, highly customizable platform for developing therapeutics 

with optimized pharmacological properties. Their structural versatility, rapid modifiability, and 

mechanistic specificity make them essential in addressing both established viral infections and newly 

emerging viral threats. 
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3. Mechanisms of Antiviral Action 

 
Figure 4: Mechanisms of drug actions during the viral life cycle. [102] 

3.1 Inhibition of Viral Entry 

Inhibition of viral entry represents one of the most effective and widely studied mechanisms through 

which organic antiviral compounds prevent infection. Viral entry typically involves a sequence of 

coordinated steps attachment to host receptors, membrane fusion or endocytosis, and uncoating all of 
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which can be disrupted by structurally diverse natural and synthetic molecules [3, 26, 29]. Because entry 

is the earliest stage of viral infection, compounds targeting this step often function as broad-spectrum 

antivirals capable of preventing infection before viral replication begins. 

Blocking Viral Attachment 

Many organic compounds interfere directly with viral surface proteins or host cell receptors required for 

viral docking. Plant-derived flavonoids such as quercetin, kaempferol, luteolin, apigenin, rutin, 

epigallocatechin gallate (EGCG) and polyphenols like resveratrol and ellagic acid have been shown to 

block viral attachment by binding to viral envelope proteins such as hemagglutinin (HA), E protein 

(flaviviruses), gp120 (HIV), and spike proteins of coronaviruses [2, 15, 26, 33]. These interactions 

disrupt the initial virus–host contacts and prevent high-affinity binding necessary for productive 

infection. Sulfated polysaccharides including fucoidan, carrageenans, ulvans, and porphyrans exhibit 

strong inhibitory effects against SARS-CoV-2, Influenza A, HSV-1, RSV, and Dengue virus by forming 

electrostatic interactions with positively charged regions of viral envelope glycoproteins, thereby 

preventing their attachment to cellular receptors [8, 103, 108]. Carrageenan-based nasal sprays have 

demonstrated clinical efficacy in reducing viral loads of respiratory viruses by blocking their early-stage 

attachment [105]. 

Inhibition of Host Receptor Recognition 

Some organic compounds act by targeting host cell receptors or modulating their availability, thereby 

reducing the capacity of viruses to bind and enter cells. For example, terpenoids such as glycyrrhizin, 

saponins such as astragalosides, and alkaloids including berberine can interfere with receptor-mediated 

viral recognition by altering membrane charge, modulating cytokine-mediated receptor expression, or 

stabilizing receptor conformations that are incompatible with viral engagement [34, 106, 109]. Lectins 

from plants such as griffithsin and Galanthus nivalis agglutinin (GNA) bind multivalently to high-

mannose glycans on viral envelope glycoproteins, effectively masking key recognition motifs and 

preventing viruses such as HIV, SARS-CoV, MERS-CoV, and SARS-CoV-2 from engaging host 

receptors [21, 22]. 

Inhibition of Membrane Fusion 

Fusion inhibition is a crucial strategy against enveloped viruses. Organic molecules can prevent 

conformational rearrangements of viral fusion proteins or modulate membrane characteristics that block 

fusion events. Marine-derived compounds such as pseudopterosins, cyclic peptides, diterpenes, and 

bromophenolics have demonstrated inhibition of membrane fusion steps in Dengue virus, herpesviruses, 

and coronaviruses by preventing fusion peptide exposure or destabilizing lipid microdomains at the 

host–virus interface [8, 107]. Synthetic antivirals such as umifenovir (arbidol) also inhibit membrane 

fusion by stabilizing viral envelope proteins in a pre-fusion state and altering membrane curvature, 

thereby blocking entry of influenza viruses and coronaviruses [98]. 

Prevention of Endocytosis and Viral Internalization 

Many viruses particularly influenza, enteroviruses, and flaviviruses enter cells via clathrin- or caveolin-

mediated endocytosis. Several organic molecules exert antiviral effects by inhibiting these pathways. 

Flavonoids and polyphenols can interfere with endosomal acidification, a requirement for viral 

uncoating and membrane fusion within endosomes. Compounds such as quercetin, baicalein, and 

luteolin have been shown to increase endosomal pH or inhibit host ATPases essential for viral 

internalization [2, 104]. Certain marine polysaccharides also prevent viral internalization by forming 
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physical barriers around cell surfaces, reducing viral uptake and preventing the conformational 

transitions required for productive endocytosis [103, 108]. 

Overall, inhibition of viral entry is one of the most promising antiviral strategies because it acts before 

replication begins, reducing viral load at the earliest stage and limiting the establishment of infection. 

The diversity of organic compounds that target viral entry ranging from plant flavonoids and tannins to 

marine polysaccharides and synthetic entry inhibitors highlights the broad structural and mechanistic 

landscape of this antiviral approach. Their ability to block multiple entry-related processes (attachment, 

receptor recognition, fusion, and internalization) positions them as attractive candidates for both 

prophylactic and therapeutic antiviral applications. 

3.2 Inhibition of Viral Replication and Transcription 

Inhibition of viral replication and transcription is one of the most widely exploited antiviral strategies, as 

these processes are essential for the production of viral genomes and viral proteins required for assembly 

of progeny virions. Organic antiviral compounds both natural and synthetic are capable of interfering 

with replication by targeting viral polymerases, helicases, methyltransferases, nucleoproteins, replication 

complexes, and essential host cofactors [3, 116]. Because replication is central to viral proliferation, 

compounds acting at this stage often demonstrate strong antiviral potency, broad-spectrum activity, and 

reduced susceptibility to resistance when acting through multi-target mechanisms. 

Inhibition of Viral Polymerases 

Many organic compounds exert antiviral activity by inhibiting RNA-dependent RNA polymerases 

(RdRp), DNA polymerases, or reverse transcriptases (RTs), thereby blocking viral genome synthesis. 

Plant-derived flavonoids such as baicalein, quercetin, luteolin, apigenin, and myricetin display inhibitory 

effects on polymerases of SARS-CoV-2, influenza viruses, HIV, and flaviviruses by binding to catalytic 

residues or allosteric pockets within RdRp [2, 29, 26, 33, 114]. Polyphenols such as penta-O-galloyl-β-

D-glucose, ellagic acid, and curcumin also inhibit transcription of viral RNA by interfering with 

polymerase–RNA interactions and essential phosphorylation steps [11, 19, 26]. 

Marine-derived compounds add to this diversity: halogenated polyketides, bromophenols, and marine 

alkaloids inhibit RdRp in dengue virus, enteroviruses, and several coronaviruses by disrupting binding 

of nucleotides or destabilizing polymerase conformations [8, 62, 118]. Sponge metabolites such as 

avarol inhibit HIV reverse transcriptase, thereby preventing DNA synthesis during reverse transcription 

[8, 56]. Synthetic nucleoside analogues including sofosbuvir, favipiravir, ribavirin, zidovudine, 

lamivudine, entecavir, and others remain among the strongest replication inhibitors, acting through chain 

termination or lethal mutagenesis [89, 90, 112, 117]. These molecules mimic native nucleotides but lack 

the correct structural features required for elongation, resulting in truncated or highly mutated viral 

genomes [90, 93]. 

Suppression of Viral Protein Synthesis and Replication Complex Assembly 

Numerous organic compounds inhibit replication indirectly by suppressing the synthesis of viral proteins 

essential for nucleic acid processing or replication complex formation. Plant furanocoumarins such as 

imperatorin and isoimperatorin inhibit replication of influenza A by downregulating synthesis of viral 

nucleoprotein (NP) and neuraminidase (NA), thereby preventing proper assembly of ribonucleoprotein 

(RNP) complexes [26, 32]. Alkaloids such as lycorine, berberine, harmine, colchicine, and matrine 

interfere with viral polyprotein translation or inhibit host kinases necessary for viral protein synthesis, 

dramatically reducing replication of dengue, Zika, influenza, SARS-CoV-2, and enteroviruses [26, 28, 

34, 79]. Marine diterpenoids, pseudopterosins, and macrocyclic peptides inhibit translation of viral 
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proteins by binding ribosomal sites or destabilizing host translation initiation machinery [8, 107]. 

Several compounds from marine fungi such as quinadoline B, scedapin C, carneic acid derivatives, and 

asteltoxin analogues suppress replication of coronaviruses and influenza viruses by targeting viral 

polymerase-associated proteins or inhibiting host factors essential for viral mRNA synthesis [113, 49]. 

Inhibition of Viral Helicases and Accessory Enzymes 

Viral helicases facilitate unwinding of nucleic acid duplexes during replication. Several organic 

compounds inhibit helicase activity, thereby preventing progression of replication forks. 

Flavonoids such as myricetin inhibit SARS-CoV helicase (Nsp13), reducing ATPase and helicase 

activity [33]. Quinones and phenolic derivatives inhibit helicases of dengue, hepatitis C, and 

coronaviruses, contributing to reduced RNA synthesis [110, 111]. Some terpenoids inhibit viral 2′-O-

methyltransferase, a key enzyme involved in RNA capping, which is required for viral RNA stability 

and immune evasion [30, 107]. 

Disruption of Host Cell Replication Machinery 

Certain organic compounds act indirectly by targeting host enzymes and pathways essential for viral 

replication, such as: 

● MAPK/ERK signaling (berberine, curcumin) 

● PI3K/Akt pathway (resveratrol, catechins) 

● NF-κB signaling (curcumin, baicalein, quercetin) 

● Host chaperones or viral co-factors (e.g., eEF1A) targeted by marine depsipeptides like plitidepsin 

[62] 

By targeting host pathways, such compounds reduce the virus’s ability to replicate without directly 

imposing selective pressure on viral proteins, potentially minimizing resistance development [32, 62, 

106, 109]. 

Multi-Target Replication Inhibitors 

Some organic molecules possess multi-target inhibitory activity, affecting several components of the 

viral replication cycle simultaneously. 

Examples include: 

● Chalcones (synthetic and natural), which inhibit viral proteases, polymerases, and replication 

complex components [23, 86]. 

● Resveratrol, which inhibits replication of influenza, coronaviruses, and herpesviruses by suppressing 

multiple signaling pathways required for replication [11]. 

● Fucoidan, which blocks not only entry but also replication stages in influenza and coronaviruses [8, 

111]. 

These multi-target compounds are receiving increasing attention due to their ability to delay or prevent 

antiviral resistance. Inhibition of viral replication and transcription is one of the most powerful and 

diverse mechanisms by which organic antiviral compounds act. Plant flavonoids, alkaloids, terpenoids, 

tannins, and phenolics; marine-derived polysaccharides, alkaloids, and polyketides; microbial secondary 

metabolites; and a wide array of synthetic molecules all contribute to a robust foundation for antiviral 

drug discovery. Their mechanisms range from direct polymerase inhibition and interference with protein 

synthesis to disruption of replication complex assembly and modulation of host factors, highlighting the 

vast chemical space available for designing future antiviral therapeutics. 

3.3 Inhibition of Viral Assembly and Release 

Inhibition of viral assembly and release is a critical antiviral mechanism that disrupts the final stages of  
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the viral life cycle. After replication and protein synthesis, viruses must correctly assemble their 

structural components capsid proteins, envelope glycoproteins, and genome segments before budding or 

cell lysis enables progeny virions to spread. Numerous organic compounds derived from plants, marine 

organisms, microbes, and synthetic chemistry interfere with these late-stage processes by targeting viral 

proteases, maturation enzymes, capsid assembly pathways, budding proteins, and host cell secretion 

machinery [3, 90]. Because assembly and release involve highly conserved interactions and enzymatic 

processes, compounds acting at this stage often display strong antiviral potency and broad-spectrum 

activity. 

Inhibition of Viral Proteases Essential for Polyprotein Processing 

Many viruses including HIV, flaviviruses, picornaviruses, and coronaviruses synthesize proteins as large 

polyproteins that must be cleaved by viral proteases to yield functional structural and nonstructural 

proteins required for assembly. Plant-derived compounds such as quercetin, kaempferol, luteolin, 

baicalin, myricetin, and theaflavins inhibit viral 3CL proteases, NS2B-NS3 serine proteases, HIV 

protease, and influenza proteases, thereby preventing maturation of viral components [2, 26, 33, 114]. 

Inhibition of these proteases leads to accumulation of inactive precursor proteins and failure of virion 

assembly. Marine-derived compounds including bromophenolics, diterpenoids, alkaloids, caulerpin, and 

pseudopterosins also exhibit protease inhibition, interfering with the processing of structural proteins in 

dengue virus, influenza virus, and coronaviruses [8, 107, 118]. Synthetic protease inhibitors form one of 

the most clinically successful antiviral categories. Drugs such as nirmatrelvir (SARS-CoV-2 3CLpro 

inhibitor), ritonavir, lopinavir, darunavir (HIV protease inhibitors), and boceprevir, telaprevir (HCV 

protease inhibitors) disrupt viral maturation and effectively halt assembly [89, 96, 97]. 

Disruption of Capsid Assembly and Nucleocapsid Formation 

Organic molecules may interrupt capsid formation by binding to capsid proteins, altering protein–protein 

interactions, or preventing nucleic acid encapsidation. Flavonoids such as apigenin, luteolin, and 

baicalein inhibit capsid assembly in enteroviruses and dengue virus by interfering with capsid protein 

folding and assembly kinetics [2, 29, 114]. Plant tannins and polyphenols also cause misfolding or 

aggregation of capsid proteins, reducing the formation of functional virions [11, 26]. Marine secondary 

metabolites especially macrocyclic peptides and marine alkaloids have been shown to bind viral capsid 

proteins and destabilize capsid formation in herpesviruses and flaviviruses [8, 115]. Some microbial 

metabolites, such as scedapin derivatives, quinadoline B, and cyclic peptides from marine fungi, inhibit 

assembly of viral replication and structural complexes by interfering with protein-protein assembly 

pathways [79, 113]. 

Inhibition of Viral Budding and Release 

The release of newly formed virions from host cells is essential for viral propagation. Inhibiting budding 

or release drastically reduces viral spread. Plant polyphenols such as theaflavins, ellagitannins, tannins, 

and catechins inhibit influenza virus neuraminidase (NA), the enzyme responsible for cleaving sialic 

acid residues that tether budding virions to the host cell surface [26, 29, 120]. Neuraminidase inhibition 

results in aggregation of viral particles at the cell membrane, blocking viral dissemination. Marine-

derived molecules such as terpenoids, polysaccharides, and bromophenolics have been shown to disrupt 

budding processes by altering host lipid raft domains or by interfering with viral envelope maturation 

pathways [8, 88, 108]. Synthetic neuraminidase inhibitors oseltamivir, zanamivir, peramivir, and newer 

NA-directed molecules are classical examples of release inhibitors that prevent virion detachment and 

reduce viral load in influenza infections [90, 96, 119]. 
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Interference with Host Secretion Pathways Required for Assembly 

Viruses often rely on host endoplasmic reticulum (ER), Golgi bodies, and vesicular trafficking systems 

for assembly and export. Several organic compounds modulate or inhibit these pathways. Flavonoids 

such as quercetin and kaempferol can inhibit ER stress responses, interrupting glycoprotein folding and 

thereby blocking maturation of enveloped viruses such as SARS-CoV-2 and influenza [2, 33]. Alkaloids 

such as berberine and lycorine inhibit assembly-associated host kinases and chaperones, preventing viral 

structural proteins from reaching assembly sites [28, 34]. Marine depsipeptides such as plitidepsin, by 

targeting host factor eEF1A, disrupt several steps of viral maturation and trafficking, resulting in 

impaired virion assembly and release [62]. 

Preventing Post-Translational Modifications Required for Assembly 

Post-translational modifications (PTMs) such as glycosylation, phosphorylation, palmitoylation, and 

proteolytic cleavage are essential for producing functional viral proteins. Organic compounds 

particularly phenolics, flavonoids, terpenoids, and quinones can inhibit viral protein glycosylation or 

phosphorylation pathways, preventing the correct assembly of viral glycoproteins and reducing 

infectivity [19, 41, 46]. Inhibition of viral assembly and release is a multilayered antiviral strategy that 

can stop viral propagation even after replication has begun. Organic antiviral compounds demonstrate 

broad mechanistic diversity, functioning as protease inhibitors, capsid assembly disruptors, 

neuraminidase inhibitors, trafficking modulators, and PTM suppressors. Their ability to target multiple 

essential steps in the maturation process makes them strong candidates for therapeutic development, 

especially in combination therapies where multi-stage inhibition can significantly reduce viral resistance. 

3.4 Immunomodulatory Activities 

Immunomodulation represents a crucial antiviral mechanism through which organic compounds enhance 

the host’s innate and adaptive immune responses to suppress viral infection. Instead of acting directly on 

viral particles or viral enzymes, immunomodulatory compounds influence cytokine signaling, interferon 

pathways, oxidative stress responses, macrophage and NK cell activity, antigen presentation, and other 

host-driven antiviral processes [11, 19, 26]. Because effective immunity is essential for controlling viral 

pathogenesis, especially during early infection, organic immunomodulators offer significant therapeutic 

value and can complement direct-acting antiviral agents. 

Enhancement of Interferon Responses 

Interferons (IFNs) are among the most important antiviral cytokines, activating hundreds of interferon-

stimulated genes (ISGs) that restrict viral replication. Numerous plant-derived compounds including 

flavonoids (quercetin, luteolin, apigenin, baicalin), terpenoids (glycyrrhizin, andrographolide), and 

alkaloids (matrine, berberine) enhance IFN-α, IFN-β, and IFN-γ expression and the downstream antiviral 

signaling pathways involving JAK-STAT activation [26, 29, 106, 109]. Glycyrrhizin, for example, 

increases IFN production and enhances antiviral immunity in SARS-CoV, influenza, and hepatitis 

infections [13]. Berberine and matrine similarly stimulate interferon pathways to inhibit viral replication 

and prevent virus-induced immunosuppression [34, 79]. Marine-derived polysaccharides such as 

fucoidan strongly activate interferon pathways and macrophage immune responses, enhancing antiviral 

resistance against influenza viruses and coronaviruses [8, 121]. 

Suppression of Pro-Inflammatory Cytokines and Cytokine Storm 

Many viral infections including influenza, dengue, and coronaviruses can trigger excessive inflammation 

and cytokine storms, which contribute significantly to disease severity. Plant polyphenols such as 

resveratrol, curcumin, EGCG, geraniin, ellagitannins, and theaflavins exhibit potent anti-inflammatory 
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activity by suppressing NF-κB activation, COX-2 expression, iNOS signaling, MAPK/ERK pathways, 

and reducing production of TNF-α, IL-1β, IL-6, IL-8, and other pro-inflammatory mediators [2, 11, 19, 

26, 29]. Curcumin, for instance, demonstrates broad immunomodulatory effects by inhibiting NF-κB 

signaling and reducing the excessive cytokine responses triggered by viral infections including 

influenza, RSV, and coronaviruses [19]. Marine natural products, including pseudopterosins, 

bromophenols, and terpenoids, also modulate inflammation by inhibiting nitric oxide production and 

suppressing pro-inflammatory cytokines, thereby limiting tissue damage during viral infection [8, 107, 

118]. 

Activation of Macrophages, NK Cells, and Adaptive Immunity 

Several organic compounds enhance immune cell activity responsible for eliminating virus-infected 

cells. Saponins such as astragalosides and glycyrrhizic acid derivatives enhance macrophage 

phagocytosis and stimulate NK cell cytotoxicity, increasing clearance of infected cells [12]. 

Flavonoids such as kaempferol and baicalein modulate dendritic cell maturation and antigen 

presentation, enhancing adaptive immune responses against influenza and dengue [2, 29]. 

Lectins such as griffithsin not only bind viral glycoproteins but also stimulate antiviral immune 

pathways and modulate cytokine secretion, providing dual mechanisms of protection [21, 22]. 

Antioxidant Defense and Reduction of Virus-Induced Oxidative Stress 

Oxidative stress is a major contributor to viral pathology, as reactive oxygen species (ROS) impair 

immune function and promote viral replication. Many plant-derived compounds particularly 

polyphenols, tannins, flavonoids, and stilbenes act as strong antioxidants, preventing virus-induced 

oxidative damage [11, 17]. Resveratrol and quercetin reduce ROS levels, stabilize mitochondrial 

membrane integrity, and enhance cellular antiviral defenses, contributing to reduced viral replication and 

inflammation [11]. Marine polysaccharides and phlorotannins also exhibit strong antioxidant effects that 

complement their antiviral activity, protecting tissues from oxidative damage during infection [121]. 

Modulation of Host Signaling Pathways Critical for Antiviral Defense 

Organic antiviral compounds frequently regulate host signaling pathways essential for immune 

responses. 

Examples include: 

● MAPK/ERK inhibition – berberine, curcumin, and EGCG reduce viral replication and inflammation 

by suppressing MAPK signaling [19, 34]. 

● PI3K/Akt modulation – flavonoids regulate this pathway to inhibit viruses such as influenza and 

coronaviruses [2, 29]. 

● JAK-STAT activation – glycyrrhizin and marine polysaccharides enhance ISG expression via 

STAT1/STAT2 activation [13, 121]. 

● mTOR inhibition – polyphenols such as resveratrol modulate autophagy-related pathways to limit 

viral replication [11]. 

By influencing these pathways, organic molecules strengthen the antiviral state of host cells and reduce 

viral proliferation. 

Immunomodulation constitutes a powerful antiviral strategy that complements direct inhibition of viral 

enzymes, entry, or replication. Organic compounds including plant flavonoids, alkaloids, terpenoids, 

polyphenols, marine polysaccharides, and synthetic analogues enhance antiviral immunity through 

mechanisms such as interferon induction, cytokine suppression, macrophage and NK cell activation, 

oxidative stress reduction, and regulation of key immune signaling pathways. Their ability to modulate 
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both innate and adaptive responses highlights their value as potential antiviral therapeutics, particularly 

in infections characterized by immune dysregulation or hyperinflammation. 
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Table 1: Comprehensive Overview of Organic Antiviral Compounds: Origins, Mechanisms of Action, 

and Therapeutic Targets from Sections 2 & 3. [1, 2, 3, 8, 11, 12, 13, 15, 17, 19, 20, 21, 22, 26, 28, 30, 

31, 33, 34, 35, 39, 56, 59, 61, 62, 63, 66, 72, 75, 79, 81, 82, 85, 89, 90, 93, 97, 98, 100, 101, 108, 109, 

113, 114, 118, 121]. 

4. Applications of Organic Compounds against Viral Diseases 

Organic antiviral compounds whether derived from plants, marine organisms, microbes, or synthetic 

chemical frameworks have demonstrated broad applicability across numerous clinically significant viral 

diseases. Their activities span prevention, early therapeutic intervention, adjunctive therapy, and 

mitigation of virus-induced immunopathology, making them valuable candidates for the development of 

next-generation antiviral therapeutics. Because viruses differ widely in structure, replication strategy, 

and reliance on host factors, the diversity of organic molecules provides a powerful toolbox capable of 

targeting multiple viral families through direct antiviral actions and host-modulating effects [8, 26, 122]. 
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Figure 5: A schematic overview of the life cycle of Influenza A virus (IAV), SARS-CoV-2, Dengue virus 

(DENV), Zika virus (ZIKV), Chikungunya virus (CHIKV), Mayaro virus (MAYV), and the human 

immunodeficiency virus (HIV), depicting potential mechanisms of action and targets of 

phytocompounds. [26] 

Below is an overview of major viral diseases where organic compounds have shown notable therapeutic 

promise. 

Influenza Viruses (A and B) 

Organic compounds from plants such as quercetin, kaempferol, baicalein, theaflavins, EGCG, curcumin, 

and various tannins have demonstrated potent inhibition of neuraminidase, suppression of viral 

polymerase activity, and interference with viral entry mechanisms [2, 11, 26, 29]. These compounds also 

reduce influenza-induced inflammation through modulation of NF-κB and MAPK/ERK pathways, 

contributing to reduced disease severity. Marine-derived molecules especially fucoidan, carrageenan, 

bromophenols, diterpenes, and pseudopterosins exhibit anti-influenza activity by blocking viral 

attachment, inhibiting polymerase, and suppressing viral release [8, 19, 121]. Several synthetic 

compounds, such as oseltamivir, zanamivir, peramivir, and favipiravir, remain cornerstone therapies, 

demonstrating how synthetic organic chemistry complements natural-product scaffolds [90, 92]. 

Coronaviruses (SARS-CoV, MERS-CoV, SARS-CoV-2) 

Plant-derived flavonoids (quercetin, luteolin, baicalin), alkaloids (berberine, lycorine), terpenoids 

(glycyrrhizin), and polyphenols (resveratrol, ellagic acid) inhibit coronavirus entry, replication, protease 
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activity (3CLpro, PLpro), and inflammatory responses [2, 11, 15, 26, 34]. Marine polysaccharides such 

as fucoidan and carrageenan strongly block spike–receptor binding and inhibit post-entry stages, while 

marine peptides like pseudopterosins and bromophenolics target coronavirus replication enzymes [8, 19, 

107]. Synthetic molecules including nirmatrelvir (3CLpro inhibitor), favipiravir (RdRp inhibitor), 

umifenovir (fusion inhibitor), and novel heterocyclic derivatives have significantly advanced 

coronavirus therapeutics [90, 97]. 

Arboviral Diseases (Dengue, Zika, Chikungunya, Mayaro) 

Arboviruses pose major global public health challenges due to their rapid spread and limited therapeutic 

options. Plant-derived compounds such as quercetin, kaempferol, luteolin, geraniin, ellagic acid, 

curcumin, lycorine, and berberine inhibit viral proteases (NS2B-NS3), suppress polymerase activity, 

block viral entry, and modulate host antiviral pathways [26, 28, 33, 34]. Marine metabolites, including 

caulerpin, bromophenolics, and various polyketides, inhibit the replication of DENV and ZIKV by 

interfering with viral enzymes and structural protein assembly [8, 61, 118]. Microbial metabolites such 

as vidarabine, pradimicin analogues, and fungal polyketides also exhibit inhibitory activity against 

several arboviruses through interference with replication complexes [12, 79]. 

Herpesviruses (HSV-1, HSV-2, VZV, CMV) 

Herpesviruses require long-term management due to latency and reactivation. 

Plant polyphenols, tannins, and flavonoids such as EGCG, ellagic acid, tannic acid, resveratrol, and 

baicalein exhibit strong inhibitory activity against HSV by preventing viral attachment, inhibiting DNA 

polymerase, and reducing replication-associated inflammation [11, 17, 26]. Marine compounds such as 

bromophenols, diterpenoids, macrocycles, and alkaloids from sponges display activity against HSV 

through inhibition of attachment, suppression of viral protein synthesis, and destabilization of viral 

envelopes [8, 87]. Synthetic antiviral nucleoside analogues (acyclovir, valacyclovir, penciclovir) remain 

primary clinical treatments, demonstrating the translational potential of nucleoside-mimicking organic 

scaffolds [90]. 

Hepatitis Viruses (HBV, HCV) 

Plant compounds including curcumin, resveratrol, apigenin, matrine, and oxymatrine inhibit HBV 

replication by suppressing DNA polymerase activity, reducing cccDNA formation, and modulating 

immune responses [79, 106]. Marine-derived molecules such as kainic acid, polysaccharides, and fungal 

metabolites exhibit activity against HBV and HCV by targeting replication enzymes or interfering with 

viral assembly [8, 118]. Synthetic antiviral nucleoside/nucleotide analogues (entecavir, tenofovir, 

lamivudine, sofosbuvir) remain central to hepatitis management due to their potent polymerase-

inhibiting properties [90, 101]. 

Human Immunodeficiency Virus (HIV) 

Plant-derived alkaloids (e.g., berberine, harmine), flavonoids (e.g., quercetin, baicalein), lignans, and 

tannins inhibit HIV by: 

● blocking gp120–CD4 binding 

● suppressing integrase and reverse transcriptase 

● inducing antiviral cytokines 

● preventing viral assembly and maturation [2, 26, 29, 34] 

Marine-derived peptides and macrocyclic compounds such as avarol, papuamide A, mycalamide A, and 

lamellarin α demonstrate potent inhibition of HIV RT, integrase, and fusion pathways [8, 35, 56]. 

Synthetic agents, including AZT, ddI, d4T, lamivudine, protease inhibitors (ritonavir, darunavir), remain  
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among the most successful antiviral drug classes developed to date [90, 96]. 

Respiratory Viruses (RSV, Adenoviruses, Rhinoviruses) 

Plant-derived flavonoids and polyphenols inhibit RSV and adenoviruses by interfering with viral entry, 

reducing inflammation, and suppressing replication enzymes [19, 26, 29]. Marine polysaccharides 

(fucoidan, carrageenans) show strong anti-RSV activity by blocking attachment and interfering with 

early replication steps [8, 11]. Synthetic heterocycles and polymerase inhibitors continue to be explored 

as candidates against RSV and other respiratory viruses [100]. 

Emerging and Re-emerging Viral Threats 

Given recent pandemics and outbreaks, organic compounds are being actively explored for applications 

against: 

● Ebola and Marburg virus – quinones, alkaloids, and flavonoids inhibit viral entry, VP35 function, 

and polymerase activity. 

● Nipah and Hendra virus – plant terpenoids and lignans show inhibition of fusion proteins and 

nucleoprotein interactions. 

● Orthopoxviruses (Mpox) – polyphenols, tannins, and synthetic heterocycles exhibit inhibition of 

viral DNA polymerase and virion maturation. 

● Enteroviruses (EV71, CVA, CVB) – flavonoids, coumarins, and alkaloids target capsid assembly 

and RNA replication [32, 33, 114]. 

Organic antiviral compounds therefore remain important leads for pandemic preparedness due to their 

broad-spectrum potential and multi-target mechanisms. 

 

5. Challenges in Developing Organic Antiviral Agents 

Despite the expanding evidence supporting the antiviral potential of organic compounds from plant, 

marine, microbial, and synthetic origins, the translation of these molecules into clinically approved 

antiviral drugs remains challenging. The antiviral drug development pipeline is shaped by 

pharmacological, biochemical, ecological, manufacturing, regulatory, and economic constraints, all of 

which limit the progression of organic compounds from discovery to therapeutic use [3, 90]. Below are 

the major challenges associated with developing organic antiviral agents. 

Structural Complexity and Difficulties in Isolation & Purification 

Many natural organic antiviral compounds particularly from marine organisms and fungi exhibit high 

structural complexity, requiring elaborate extraction, purification, and characterization processes. 

Marine-derived molecules such as pseudopterosins, diterpenoids, macrocyclic peptides, and sulfated 

polysaccharides often occur in extremely low natural abundance, making large-scale isolation 

economically and logistically difficult [8, 36, 118]. Similarly, plant polyphenols and flavonoids exist in 

complex mixtures, and purification to pharmaceutical-grade standards is resource-intensive [2, 26]. 

These difficulties delay clinical development timelines and increase production costs. 

Low Bioavailability, Stability, and Pharmacokinetic Limitations 

Many organic molecules suffer from poor solubility, rapid metabolism, low oral bioavailability, 

insufficient tissue distribution, and poor plasma stability. Flavonoids such as quercetin and baicalein 

undergo extensive first-pass metabolism, reducing systemic concentrations and limiting therapeutic 

efficacy [2, 33]. Terpenoids (e.g., glycyrrhizin) and polyphenols (e.g., curcumin, resveratrol) 

demonstrate limited bioavailability without structural modification or formulation enhancement [11, 19]. 

Marine polysaccharides are often high molecular weight polymers with low absorption efficiency [8, 
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123]. Such pharmacokinetic barriers necessitate nanoparticle encapsulation, prodrug formation, or 

chemical modification to achieve therapeutic plasma levels. 

Cytotoxicity and Off-Target Effects 

Natural and synthetic organic compounds may exhibit cytotoxicity, oxidative stress, or interactions with 

critical host enzymes. Plant alkaloids such as colchicine, lycorine, and sanguinarine possess narrow 

therapeutic windows [28, 124]. Quinones and phenolic derivatives may generate reactive oxygen species 

leading to DNA damage or mitochondrial dysfunction [87, 123]. Marine-derived alkaloids and peptides 

can exhibit potent cytotoxicity that overlaps with their antiviral mechanisms, complicating dosage 

optimization [8, 107]. Balancing antiviral potency with host safety remains a key challenge. 

Variability in Natural Sources and Sustainability Issues 

For natural organic compounds, seasonal variation, environmental factors, geographic origin, and 

species variability cause fluctuations in metabolite content. For example, polysaccharide composition in 

brown algae can vary greatly with water temperature, salinity, and reproductive stage [8, 123]. 

Similarly, plant metabolites (e.g., flavonoids, tannins, alkaloids) fluctuate based on soil, climate, and 

harvesting conditions [26]. Marine organisms face additional complications, including: 

● ecological fragility 

● slow growth rates 

● restricted harvesting regulations 

● risk of biodiversity loss [36, 118] 

Sustainable sourcing or synthetic reproduction is often required to ensure steady supply. 

Complex Mechanisms and Difficulty Identifying Molecular Targets 

Organic compounds often exhibit multi-target mechanisms, affecting viral enzymes, host pathways, and 

immune responses simultaneously. While this broad activity is advantageous, it complicates: 

● identification of primary mechanisms 

● optimization of structure–activity relationships (SAR) 

● prediction of resistance evolution 

● regulatory approval that demands precise mechanistic elucidation [2, 3, 11] 

Marine and microbial metabolites frequently have novel or poorly understood structures, making 

mechanistic characterization even more difficult. 

Limited Clinical Trials and Translational Research 

Although many organic antiviral compounds demonstrate promising in vitro and in vivo activity, only a 

small fraction advance to human clinical trials. Barriers include: 

● high cost of Phase I–III trials 

● limited pharmaceutical investment 

● lack of standardized preclinical models for emerging viruses 

● variability in research funding for natural product antiviral discovery [90, 96] 

Many studies remain at the exploratory or preclinical stage, especially for compounds from marine and 

microbial sources. 

Poor Intellectual Property (IP) Protection for Natural Products 

Pharmaceutical companies often avoid natural products due to weak patent protection, since naturally 

occurring molecules cannot be patented in their unmodified forms [90]. This reduces commercial 

incentives for development, pushing research toward synthetic analogues instead of pure natural 

compounds. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250664074 Volume 7, Issue 6, November-December 2025 24 

 

Challenges in Large-Scale Synthesis 

Highly complex natural organic compounds often require multi-step synthesis, with low yields and high 

costs. Examples include marine terpenoids, alkaloids, and macrocycles, which may require dozens of 

synthetic steps to replicate [36, 118]. Scaling these syntheses for pharmaceutical production can be cost 

prohibitive. 

Viral Resistance and Mutation Rates 

RNA viruses including influenza, coronaviruses, and arboviruses exhibit high mutation rates, potentially 

reducing long-term efficacy of compounds that target viral enzymes [92, 101]. 

Organic compounds targeting host pathways (e.g., berberine, resveratrol, fucoidan) have lower 

resistance potential, but direct acting antivirals (DAAs) remain susceptible. 

Regulatory and Safety Barriers 

Regulatory approval frameworks often require: 

● detailed pharmacology 

● toxicology 

● stability data 

● standardized manufacturing protocols 

● reproducible composition for natural compounds [90, 96] 

Natural extracts with mixed compositions face additional hurdles regarding batch to batch consistency 

and quality control. 

 

6. Future Perspectives 

Future research on organic antiviral agents is expected to benefit significantly from advances in 

medicinal chemistry, computational modeling, biotechnology, and formulation science, which together 

can accelerate the translation of natural and synthetic organic molecules into clinically viable therapies. 

Natural compounds such as flavonoids, alkaloids, terpenoids, tannins, chalcones, and marine-derived 

metabolites offer highly diverse scaffolds, yet challenges such as poor stability, limited bioavailability, 

and structural complexity continue to hinder their therapeutic application. Modern medicinal chemistry 

and semi-synthetic modification can overcome many of these limitations by improving pharmacokinetic 

profiles, enhancing target selectivity, and generating analogues with superior potency and reduced 

toxicity [2, 4, 29, 90]. At the same time, computational drug design including AI-driven virtual 

screening, molecular dynamics simulations, and predictive toxicity modeling will streamline the 

identification of lead compounds and support the optimization of natural product inspired structures for 

antiviral targets such as polymerases, proteases, and entry associated proteins [11, 97]. Bioavailability 

remains one of the largest obstacles, particularly for polyphenols, terpenoids, and sulfated 

polysaccharides, but advances in nanotechnology including liposomal carriers, polymeric nanoparticles, 

micelles, dendrimers, and inhalable nanocarriers show strong promise in enhancing systemic absorption, 

protecting molecules from degradation, and enabling targeted delivery to respiratory or hepatic tissues 

where many viruses replicate [19, 121]. Synthetic biology will also play an increasingly central role by 

offering scalable, sustainable production of complex natural metabolites using engineered 

microorganisms such as E. coli, yeast, and actinomycetes, thereby overcoming limitations related to 

ecological variability or scarcity of marine organisms [12, 36, 79]. Furthermore, there is growing interest 

in broad spectrum antiviral development, with particular emphasis on compounds that act through multi-

target or host-directed pathways such as berberine, curcumin, resveratrol, fucoidan, and certain 
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chalcones given their reduced susceptibility to viral mutation and potential utility in future pandemics [8, 

11, 26]. The integration of omics-based tools including proteomics, metabolomics, and transcriptomics 

will allow precise mapping of host–virus interactions and facilitate personalized antiviral strategies 

tailored to viral genotype, host immune status, and metabolic disposition [3]. Combination therapy 

represents another promising frontier, as synergistic interactions between natural products, or between 

natural and synthetic antivirals, can enhance efficacy, reduce dosage requirements, and limit toxicity and 

resistance development [33, 124]. Finally, sustainable bioprospecting and harmonized regulatory 

frameworks will be essential to ensure responsible exploration of natural sources, quality control of 

complex biological extracts, and smoother clinical translation of organic antiviral candidates [36, 87, 

96]. Collectively, the future of organic antiviral therapy lies in a multidisciplinary approach combining 

natural product diversity with cutting-edge technological innovation to produce potent, safe, and 

globally accessible antiviral drugs. 

 

7. Conclusions 

Organic antiviral compounds spanning plant-derived flavonoids, alkaloids, tannins, terpenoids, and 

polyphenols; marine-derived polysaccharides, peptides, alkaloids, and terpenes; microbial metabolites 

such as nucleoside antibiotics and polyketides; and synthetic molecules including nucleoside analogues, 

heterocycles, and protease inhibitors represent one of the most chemically diverse and biologically 

potent sources of antiviral agents available for therapeutic development. Their demonstrated ability to 

inhibit viral entry, replication, transcription, assembly, and release, along with their capacity to modulate 

host immune responses, positions them as valuable candidates for addressing both established viral 

diseases and emerging pathogens. However, challenges such as poor bioavailability, structural 

complexity, cytotoxicity, natural-source variability, production limitations, and insufficient clinical 

validation continue to hinder their full translational potential. Advances in medicinal chemistry, 

nanotechnology, synthetic biology, computational drug design, and omics-driven precision virology 

offer promising solutions that can elevate these molecules from promising leads to clinically deployable 

antivirals. As global viral threats continue to rise, the integration of natural product diversity with 

modern technological innovation will be crucial in driving the discovery, optimization, and sustainable 

development of next-generation antiviral agents derived from organic compounds. Continued 

interdisciplinary research, strengthened regulatory frameworks, and expanded clinical evaluations will 

collectively shape the future landscape of antiviral therapy and unlock the full therapeutic value of these 

diverse organic molecules. 
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