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Abstract: Mesoionic substances, characterized by their 

unique electronic structures and versatile reactivity, have 

emerged as promising candidates in various therapeutic 

applications. This review explores the diverse therapeutic 

potential of mesoionic compounds, highlighting their 

significance in medicinal chemistry and drug 

development. The distinctive features of mesoionic 

substances, such as their stability, tunability, and ability 

to engage in specific molecular interactions, make them 

attractive for addressing various biological targets. The 

therapeutic applications covered in this review include 

antimicrobial agents, anticancer drugs, anti-inflammatory 

compounds, and neuroprotective agents. Additionally, we 

discuss the potential of mesoionic substances in targeting 

specific enzymes and proteins implicated in various 

diseases. The exploration of mesoionic compounds in 

drug design holds great promise for the development of 

novel and effective therapeutic interventions across a 

range of medical conditions. 
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INTRODUCTION: 

Mesoionic compounds, a class of heterocyclic molecules 

with unique electronic structures, have garnered 

considerable attention in recent years for their potential 

therapeutic applications. These substances exhibit 

distinctive features, such as stable yet reactive 

frameworks, making them valuable building blocks in 

medicinal chemistry. The exploration of mesoionic 

compounds in drug development has revealed their 

versatility in targeting a variety of biological processes, 

paving the way for innovative and effective therapeutic 

interventions. 

This review aims to provide a comprehensive overview of  

 

 

the therapeutic applications of mesoionic substances. We 

will delve into their distinct characteristics, highlighting  

how these molecules offer advantages in terms of stability, 

tunability, and specific molecular interactions. By 

understanding the mechanisms through which mesoionic 

compounds interact with biological targets, researchers can 

harness their potential across a spectrum of medical 

conditions. 

Throughout this review, we will explore the significant 

role of mesoionic compounds in the development of 

antimicrobial agents, anticancer drugs, anti-inflammatory 

compounds, and neuroprotective agents. Furthermore, we 

will discuss their potential in selectively inhibiting 

enzymes and targeting specific proteins associated with 

various diseases. As researchers continue to unravel the 

unique properties of mesoionic substances, the prospects 

for creating novel therapeutic strategies are expanding, 

opening new avenues for drug design and discovery. 

ANTIMICROBIAL PROPERTIES AND 

APPLICATIONS OF MESOIONIC COMPOUNDS: 

The escalating global threat of antibiotic resistance has 

spurred intense research into alternative antimicrobial 

agents, and mesoionic compounds have emerged as 

promising candidates in this pursuit. The distinct electronic 

structures and reactivity patterns of mesoionic substances 

contribute to their potent antimicrobial properties, making 

them valuable in combating a range of infectious 

microorganisms. 

1. Structural Diversity and Target Specificity: 

Mesoionic compounds exhibit a diverse array of 

structures, allowing for fine-tuning of their 

properties to target specific microbial 

vulnerabilities. This structural diversity is 

particularly advantageous in addressing the 

challenge of resistance that often arises due to the 

genetic adaptability of microorganisms. 

2. Bacterial and Fungal Inhibition: Mesoionic 

compounds have demonstrated notable efficacy 
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against both Gram-positive and Gram-negative 

bacteria, as well as various fungal strains. Their 

ability to disrupt essential microbial functions, 

such as cell wall synthesis or nucleic acid 

replication, underscores their potential as broad-

spectrum antimicrobial agents. 

3. Synergy with Existing Antibiotics: Research 

indicates that mesoionic compounds can act 

synergistically with traditional antibiotics, 

enhancing the overall antimicrobial effect. This 

synergistic approach has the potential to combat 

resistance and improve the effectiveness of 

existing treatment regimens. 

4. Biofilm Disruption: Biofilms, complex 

communities of microorganisms, pose a 

significant challenge in antimicrobial therapy. 

Mesoionic compounds have shown promise in 

disrupting biofilm formation, offering a novel 

strategy to combat persistent infections 

associated with biofilm-embedded pathogens. 

5. Minimal Cytotoxicity: One of the key 

advantages of certain mesoionic compounds is 

their ability to exhibit potent antimicrobial 

activity while maintaining minimal cytotoxicity 

to mammalian cells. This selectivity is crucial for 

developing therapeutics with high efficacy and 

low side effects. 

6. Future Directions and Challenges: As research 

in this field progresses, challenges such as 

optimization of pharmacokinetic properties and 

elucidation of specific molecular targets for 

mesoionic antimicrobial activity remain. 

However, the burgeoning interest in mesoionic 

compounds underscores their potential to 

address the pressing need for novel antimicrobial 

agents in the face of evolving resistance patterns. 

In conclusion, mesoionic compounds represent a 

promising frontier in the quest for effective antimicrobial 

agents. Their unique properties, coupled with a growing 

understanding of their mechanisms of action, position 

them as valuable contributors to the ongoing efforts to 

combat infectious diseases and mitigate the global impact 

of antibiotic resistance. 

EVALUATION OF MESOIONIC COMPOUNDS AS 

ANTIBACTERIAL AGENTS: 

The exploration of mesoionic compounds as potential 

antibacterial agents involves a comprehensive evaluation 

of their chemical, biological, and pharmacological 

properties. This multifaceted assessment is crucial for 

understanding the potential of these compounds in 

combating bacterial infections. Below is an overview of 

key aspects involved in the evaluation process: 

1. Synthetic Strategies and Chemical 

Characterization: 

o Design and Synthesis: The 

development of efficient synthetic routes 

to produce mesoionic compounds with 

high yields and purity is essential. 

o Chemical Characterization: Rigorous 

characterization using spectroscopic and 

analytical techniques, such as NMR, IR, 

and mass spectrometry, ensures the 

identity and purity of synthesized 

compounds. 

2. Antibacterial Activity Screening: 

o Microbial Strain Selection: Testing 

against a panel of clinically relevant 

bacterial strains, including Gram-

positive and Gram-negative species, 

helps assess the broad-spectrum 

potential of mesoionic compounds. 

o Minimum Inhibitory Concentration 

(MIC): Determining the MIC values 

provides quantitative data on the 

potency of the compounds against 

specific bacteria, guiding further 

development. 

3. Mechanism of Action Studies: 

o Cellular and Molecular Mechanisms: 

Elucidating how mesoionic compounds 

interact with bacterial cells at the 

molecular level, such as disrupting cell 

wall synthesis or inhibiting essential 

enzymes, contributes to understanding 

their mode of action. 

o Resistance Studies: Investigating the 

propensity for bacterial resistance to 

mesoionic compounds and 

understanding potential resistance 

mechanisms is critical for assessing 

long-term efficacy. 

4. Cytotoxicity and Selectivity: 

o Mammalian Cell Lines: Evaluating the 

cytotoxic effects on mammalian cells 

helps determine the therapeutic window 

and assess the selectivity of mesoionic 

compounds for bacterial cells. 

o Hemolysis Studies: Assessing the 

impact on red blood cells provides 

insights into potential hematological 

toxicity. 

5. Synergistic Effects and Combination Therapy: 

o Interaction with Conventional 

Antibiotics: Exploring potential 

synergies with existing antibiotics can 

enhance the overall antibacterial effect 

and address resistance issues. 
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o Combination Therapy Studies: 

Assessing the efficacy of mesoionic 

compounds in combination with other 

antibacterial agents informs potential 

therapeutic strategies. 

6. Pharmacokinetic and Pharmacodynamic 

Studies: 

o Absorption, Distribution, 

Metabolism, Excretion (ADME): 

Investigating the pharmacokinetic 

profile helps understand the 

compound's fate in the body and guides 

optimization for in vivo efficacy. 

o Pharmacodynamic Parameters: 

Determining parameters such as time-

kill kinetics contributes to 

understanding the relationship between 

drug exposure and antibacterial effects. 

7. In Vivo Efficacy and Toxicity Studies: 

o Animal Models: Testing the 

antibacterial efficacy in relevant animal 

models provides insights into in vivo 

activity. 

o Toxicity Assessments: Evaluating 

potential adverse effects and 

establishing a safety profile is critical 

for advancing compounds toward 

clinical trials. 

In summary, the evaluation of mesoionic compounds as 

antibacterial agents requires a systematic and 

interdisciplinary approach, integrating synthetic 

chemistry, microbiology, pharmacology, and toxicology. 

A thorough understanding of their antibacterial activity, 

selectivity, and safety profile is essential for advancing 

these compounds as potential candidates for the 

development of new antibacterial therapeutics. 

ANTICANCER POTENTIAL AND MECHANISTIC 

STUDIES OF MESOIONIC COMPOUNDS: 

Mesoionic compounds have shown promise as potential 

anticancer agents, and understanding their mechanisms of 

action is crucial for assessing their therapeutic potential. 

The evaluation involves a comprehensive exploration of 

their impact on cancer cells, including their cytotoxicity, 

modes of cell death induction, and interactions with key 

cellular pathways. Here is an overview of the key aspects 

involved in studying the anticancer potential of mesoionic 

compounds: 

1. Cytotoxicity and Selectivity: 

o Cell Line Screening: Assessing the 

cytotoxic effects of mesoionic 

compounds across a panel of cancer cell 

lines helps identify their spectrum of 

activity. 

o Selectivity Studies: Evaluating the 

impact on normal, non-cancerous cells 

provides insights into the potential 

selectivity of these compounds for 

cancer cells. 

2. Apoptosis and Cell Cycle Arrest: 

o Apoptotic Pathways: Investigating the 

activation of apoptotic pathways, such as 

caspase activation and mitochondrial 

dysfunction, helps understand the 

mechanisms of cell death induced by 

mesoionic compounds. 

o Cell Cycle Analysis: Examining the 

impact on cell cycle progression 

provides insights into whether 

mesoionic compounds induce cell cycle 

arrest. 

3. Molecular Target Identification: 

o Protein Binding Studies: Identifying 

specific proteins or cellular components 

that interact with mesoionic compounds 

contributes to understanding their 

molecular targets. 

o Proteomic Approaches: Employing 

proteomic techniques can reveal changes 

in protein expression patterns induced 

by the compounds. 

4. ROS Generation and Oxidative Stress: 

o Reactive Oxygen Species (ROS) 

Production: Assessing the ability of 

mesoionic compounds to induce ROS 

generation provides insights into their 

potential to cause oxidative stress in 

cancer cells. 

o Antioxidant Studies: Investigating the 

impact of antioxidants on compound 

efficacy helps elucidate the role of 

oxidative stress in their anticancer 

activity. 

5. Inhibition of Tumor Growth In Vivo: 

o Animal Models: Testing the anticancer 

efficacy of mesoionic compounds in 

relevant animal models helps assess 

their potential for in vivo applications. 

o Pharmacokinetics and 

Bioavailability: Studying the 

pharmacokinetic profile aids in 

understanding the compound's behavior 

in the body and guides optimization for 

in vivo efficacy. 

6. Combination Therapy Studies: 

o Synergy with Chemotherapeutic 

Agents: Assessing the potential 

synergistic effects of mesoionic 
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compounds with established 

chemotherapeutic agents can enhance 

overall anticancer efficacy. 

o Combinatorial Approaches: 

Investigating combination therapy 

strategies with other anticancer 

modalities, such as radiation therapy, 

provides insights into their therapeutic 

potential. 

7. Resistance Mechanisms: 

o Identification of Resistance 

Mechanisms: Investigating the 

potential for cancer cells to develop 

resistance to mesoionic compounds and 

understanding the underlying 

mechanisms is crucial for assessing 

long-term efficacy. 

8. Biomarker Discovery: 

o Identification of Predictive 

Biomarkers: Discovering biomarkers 

associated with sensitivity or resistance 

to mesoionic compounds can guide 

patient stratification in potential clinical 

applications. 

Understanding the intricate mechanisms through which 

mesoionic compounds exert their anticancer effects is 

fundamental for their development as viable therapeutic 

agents. As research progresses, elucidating these 

mechanisms will not only enhance our understanding of 

their anticancer potential but also facilitate the design of 

more effective and targeted cancer therapies. 

CONCLUSION 

In conclusion, the exploration of mesoionic compounds as 

potential therapeutic agents, both as antimicrobial and 

anticancer agents, signifies a promising frontier in 

medicinal chemistry and drug development. The unique 

electronic structures, structural diversity, and versatile 

reactivity of mesoionic substances have positioned them 

as valuable candidates for addressing critical challenges 

in infectious diseases and cancer. 

The evaluation of mesoionic compounds as antibacterial 

agents has highlighted their broad-spectrum activity 

against diverse microbial strains, their potential synergy 

with existing antibiotics, and their minimal cytotoxicity to 

mammalian cells. These attributes make them promising 

candidates in the ongoing battle against antibiotic 

resistance and the need for novel antimicrobial strategies. 

Similarly, in the realm of cancer therapeutics, mesoionic 

compounds have demonstrated notable anticancer 

potential through mechanisms such as induction of 

apoptosis, cell cycle arrest, and generation of oxidative 

stress. Their ability to inhibit tumor growth in vivo and the 

potential for synergistic interactions with conventional 

chemotherapeutic agents underscore their significance in 

the pursuit of effective cancer treatments. 

As the field advances, addressing challenges related to 

pharmacokinetics, potential resistance mechanisms, and 

the identification of predictive biomarkers will be pivotal 

for translating the preclinical promise of mesoionic 

compounds into clinical success. Continued research and 

collaborative efforts across disciplines will further unravel 

the intricacies of their mechanisms of action and optimize 

their therapeutic applications. 

In essence, the therapeutic landscape stands to benefit 

significantly from the continued exploration of mesoionic 

compounds, offering novel and innovative solutions to 

pressing challenges in infectious diseases and cancer. The 

journey from laboratory discoveries to clinical applications 

holds immense potential for these compounds to emerge as 

crucial components in the ever-evolving arsenal of medical 

interventions. 

REFERENCES 

1. Lyra, B. F., De Morais, S. A., Rocha, G. B., 

Miller, J., Moura, G. L. C., Simas, A. M., Peppe, 

C., & De Athayde-Filhoa, P. F. (2010). 1, 3-

thiazolium-5-thiolates mesoionic compounds: 

Semiempirical evaluation of their first static 

hyperpolarizabilities and synthesis of new 

examples. Journal of the Brazilian Chemical 

Society, 21(5), 934–940. 

https://doi.org/10.1590/S0103-

wat50532010000500024 

2. Against, A. A. (2016). Synthesis and Antifungal 

Activity Against. 27(10), 1807–1813. 

3. Bhosale, S. K., Deshpande, S. R., & Wagh, R. D. 

(2012). Mesoionic sydnone derivatives: An 

overview. Journal of Chemical and 

Pharmaceutical Research, 4(2), 1185–1199. 

4. Dubey, R., Chaudhary, N., Kumar, R., & Panwar, 

H. (2014). Study of mesoionic compounds: 

Synthesis and pharmacological evaluation of 

several 2-[{(4-Substituted-1-sulphonyl) Sydnon-

3-yl}]-1,3,4-thiadiazino(6,5-b) indoles as 

antimicrobial, insecticidal and antihelmintic 

agents. Oriental Journal of Chemistry, 30(1), 

271–278. https://doi.org/10.13005/ojc/300134 

5. N. A. M. M;Ismail, M. M. F., Soliman et. al., Jr. 

Al-Azhar., J. Pharm. Sci., 22,82-99 (2018); 

Chem. Abst., 132,64194t, 6,  

 


