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ABSTRACT 

The growing prevalence of multifactorial diseases such as Alzheimer’s disease, cancer, diabetes, microbial 

infections and inflammatory disorders has highlighted the limitations of the conventional one drug one target 

therapeutic approach. As a result, multi target directed ligands (MTDL) have become a viable tactic for 

concurrently modifying several pathogenic pathways implicated in development of disease. Because of the 

tricyclic aromatic structure, favourable lipophilicity, ease of functionalization and variety of 

pharmacological actions, carbazole has gained significant attention among the several heterocyclic scaffolds 

investigated in medicinal chemistry. The carbazole nucleus is a desirable platform for hybrid drug discovery 

because of its exceptional neuroprotective, antioxidant, anticancer, antibacterial, anti-inflammatory and 

antidiabetic properties. This review highlights recent advances in the development of carbazole based 

heterocyclic hybrids as multifunctional therapeutic agents. Various molecular hybridization strategies 

involving carbazole conjugation with pharmacologically relevant scaffolds such as tacrine, stilbene, 

quinolinium, chromene, indole, pyridine, triazole, quinoline and pyrazoline are discussed. The influence of 

linker architecture, electronic modifications and substitution pattern on biological activity is also examined. 

The findings demonstrate that carbazole-based hybrid design can effectively interact with multiple 

biological targets and offering enhanced efficacy, reduced toxicity and improved pharmacological profiles. 

Overall, carbazole based heterocyclic scaffold represent a versatile and promising class of compounds for 

the development of next generation therapeutics aimed at the management of complex diseases. 
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INTRODUCTION 

A major obstacle in the field of drug discovery and development is the ongoing growth of complicated and 

multifactorial disorders.1 Disorders such as Alzheimer’s disease, cancer, diabetes, inflammation and 

microbial infection involve multiple pathological pathways and molecular targets that contribute 

simultaneously to disease progression.2 Because modulation of a single biological target is insufficient for 

controlling the complex network of pathogenic processes, conventional therapeutic techniques focussed on 

the one drug one target approach frequently fail to produce full clinical benefits.3,4 As a result, the focus of 

contemporary medicinal chemistry has switched to the creation of medicinal compounds with the ability to 

interact multiple biological targets at once. This innovative strategy, multitarget directed ligand (MTDL) has 

gained a lot of attention in now a day since it enhances therapeutic efficacy and reduces adverse effects and 

drug resistance.5 
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The goal of multitarget drug design is to incorporate several pharmacological actions into a single chemical 

structure. Multi target-directed ligands have the advantages of simpler pharmacokinetics, better patient 

compliance, less drug-drug interactions and more therapeutic synergy when compared with the combination 

therapy, which administers numerous medication individually.6 The multi target approach is useful when an 

ailment combines oxidative damage, inflammation, protein aggregation mitochondrial failure and 

neurotransmitter imbalance. Thus, in contemporary pharmacological research, the designing of 

multifunctional compounds that may modulate many pathogenic processes has emerging as an appealing 

approach.7 

Because of their remarkable structural diversity and broad spectrum of pharmacological activities, 

heterocyclic compounds have gained significant attention in hybrid drug design. Heterocyclic rings are 

occurred in many therapeutically significant compounds, underscoring their importance in medicinal 

chemistry. Among these scholars have concentrated especially on nitrogen containing heterocycles because 

of their impressive pharmacological potential and the fact that many clinically effective medications contain 

them.8 

Carbazoles are aromatic heterocyclic molecules that contain nitrogen. Its structure is made up of a five 

membered ring that contain nitrogen and two benzene rings joined on either side. The distinctive electrical 

and charge- transport capabilities of the carbazole nucleus are attributed to its stiff tricyclic structure and 

extended π conjugated system. Furthermore, the carbazolyl ring is a flexible scaffold for structural alteration 

and drug design since it makes it simple to introduce a wide array of functional groups in different 

positions.9 

The favourable lipophilic nature of carbazole derivatives and their exceptional capacity to permeate 

biological membranes, particularly the blood-brain barrier are two of their main advantages. Because of this 

characteristic, carbazole compounds are very useful in treating illness of CNS disorders, according to several 

studies. Acetylcholinesterase enzyme inhibition, mitochondrial function stabilization and neuronal cell 

apoptosis protection are all possible with carbazole derivatives.10 

The vast variety of biomedicinal properties of compounds generated from carbazole have been extensively 

described in scientific literature. Neuroprotective, antioxidant, anticancer, antidiabetic and pancreatic lipase 

inhibitory qualities are among them. This broad-spectrum action emphasizes the carbazole scaffold’s 

medicinal significance.11 

Chemistry of Carbazole 

Carbazole is a prominent nitrogen containing heteroaromatic molecule that has gained substantial interest 

across the various field of medicinal chemistry, organic synthesis and material science. Its unique tricyclic 

structure composed of two benzene rings fused to a central pyrrole ring, provide rigidity and highly 

conjugated aromatic framework that brings to its unique biochemical and biological triats. Carbazole has 

become a crucial core element in the designing of novel medicinal compounds and functional materials 

because of its structural adaptability and advantageous physicochemical properties.12, 

A dibenzopyrrole system with the chemical formula C₄₂H₄N makes up the molecular structure of carbazole. 

The electronic properties of the molecule are mostly determined by the nitrogen atom contained in the centre 

ring. The nitrogen lone pair's involvement in the aromatic conjugation influences the carbazole nucleus's 

reactivity toward several chemical transformations while also improving its stability.13 The electron-rich and 

planar shape of the scaffold encourages intermolecular interactions like π–π stacking and bonding of 

hydrogen, which are essential both biological activities and material applications.14 

From a synthetic perspective, carbazole can go through a range of functionalization processes and shows 

significant chemical flexibility. Because of very high electron density at the C-3 and C-6 locations, 

electrophilic substitution reactions frequently take place there. To produce structurally varied carbazole 

derivatives, reactions like halogenation, nitration, sulfonation, and acylation have been widely used. 
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Furthermore, the nitrogen atom provides a handy location for N-functionalization by acylation, alkylation, 

and other derivatization techniques. These changes allow carbazole-based molecules' physicochemical and 

pharmacological characteristics to be adjusted, increasing the range of possible uses for them.15 

Species of plants especially those that belonging to the genus Murraya, have been discovered to contain 

carbazole alkaloids that exit naturally.16 Numerous biological actions, including as antioxidant, antibacterial, 

anti-inflammatory, anticancer, and neuroprotective properties, have been established by these naturally 

occurring chemicals. Extensive study into the synthesis and biological assessment of novel carbazole 

analogues and hybrid compounds has been prompted by the discovery of these bioactive natural chemicals.17 

Carbazole is well known in medicinal chemistry as a special framework that communicates with various 

types of biological targets. There is evidence of significant pharmacological action for a number of 

carbazole derivatives through mechanisms such DNA binding, kinase inhibition, receptor modulation, and 

enzyme inhibition.[14] The scaffold has been especially beneficial in the synthesis of multitarget-directed 

ligands for complicated disorders due to its structural rigidity, aromaticity, and ability to accommodate an 

array of substitution patterns. As a result, carbazole-based hybrid compounds have been most commonly 

studied for potential application in the treatment of infectious diseases, cancer, neurological conditions, and 

inflammatory diseases.18 

Carbazole has made a contribution in the field of innovative materials outside of pharmaceutical research. Its 

excellent thermal stability, electron-donating ability, and charge-transport characteristics have led to its 

widespread use in organic electronic devices.19 Carbazole-containing materials have been employed in 

organic light-emitting diodes, photovoltaic cells, photorefractive systems, photoconductors, and fluorescent 

sensors. The extended π-conjugated system of carbazole facilitates efficient electronic communication, 

making it an attractive building block for the design of high-performance optoelectronic materials.20 

Overall, the carbazole nucleus is a very important and adaptable heterocyclic framework whose special 

blend of chemical stability, synthetic accessibility, and biological significance continues to spur innovation 

in materials research and drug discovery.21 A large range of molecules with improved pharmacological and 

functional qualities have been developed thanks to the carbazole scaffold's ability to be modified through 

different structural transformations, underscoring its ongoing significance in modern scientific study.22 

Design Strategies for Carbazole Hybrids 

The design of carbazole-based heterocyclic hybrids is an important and rapidly advancing approach in 

multitarget drug discovery. By integrating the pharmacological properties of two or more physiologically 

active scaffolds into a single molecular framework, hybrid design aims to provide multifunctional 

therapeutic medications with improved efficacy, selectivity, and reduced toxicity. The rigid, planar, aromatic 

structure, electron-rich nitrogen atom, favourable lipophilicity, and wide varieties of biological activities, 

including antioxidant, anticancer, antimicrobial, anti-inflammatory, and neuroprotective effects, make the 

carbazole nucleus an ideal pharmacophore for hybridization.23 

Molecular hybridization, which links the carbazole scaffold to another physiologically active heterocyclic 

molecule like tacrine, triazole, pyridine, pyrimidine, quinoline, indole, benzothiazole, coumarin, chalcone, or 

imidazolidin-4-one, is also one of the main design strategies. The idea behind this strategy is to combine 

various pharmacological actions into a single molecule with the ability to interact with multiple disease-

related sites at once. When treating multifactorial diseases that include numerous pathogenic pathways, like 

cancer, Alzheimer's disease, and inflammatory disorders, this approach is very helpful.24 

Biological activity, molecular flexibility, target engagement, and pharmacokinetic behaviour are all 

significantly influenced by the linker that joins the carbazole nucleus to another pharmacophore. Relying on 

the intended biological activity and therapeutic target, a wide variety of linkers such as alkyl chains, amide 

bonds, ether linkages, triazole rings, and hydrazone groups, are frequently used. The orientation of 
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pharmacophoric groups and their capacity to successfully interact with biological receptors or enzymes are 

strongly influenced by the length and flexibility of the linker. 25 

Electronic modification is also an essential strategy used in carbazole hybrid development. Introduction of 

electron-donating or electron-withdrawing substituents at different positions of the carbazole nucleus can 

greatly affect lipophilicity, binding affinity, antioxidant activity, and overall pharmacological properties. 

While electron-withdrawing groups like halogens and nitro groups may boost anticancer and antibacterial 

properties, electron-donating groups like methoxy and amino substituents frequently increase antioxidant 

and neuroprotective actions. Therefore, structural changes are carefully planned to maximize treatment 

efficacy and target selectivity26. 

When designing carbazole hybrids, planarity and aromaticity are also taken into account. Carbazole's planar 

aromatic structure enables it to communicate with biological macromolecules. including DNA and β-

amyloid clumps through π–π stacking. This property is particularly important in anticancer and anti-

Alzheimer drug development. Hybridization with aromatic heterocyclic systems further enhances these 

interactions and improves biological activity. In neuroprotective drug design, carbazole hybrids are often 

developed to simultaneously inhibit acetylcholinesterase, reduce oxidative stress, and prevent β-amyloid 

aggregation through multifunctional molecular interaction. 

Lipophilicity and blood–brain barrier permeability are also critical parameters in the design of carbazole 

hybrids intended for central nervous system disorders. The carbazole nucleus has favourable lipophilic 

characteristics by nature, which make it easier to pass through biological membranes, such as the blood–

brain barrier. Therefore, structural changes are selected to minimize toxicity, increase aqueous solubility, 

and preserve sufficient lipophilicity. Incorporation of cationic groups or hydrophilic substituents is 

sometimes employed to balance membrane permeability and pharmacokinetic properties.27 

Structure-Activity Relationship (SAR) 

Because of its stiff planar aromatic structure and electron-rich nitrogen atom, the carbazole nucleus itself has 

a major role in biological activity in carbazole hybrids. While the planar aromatic system encourages π–π 

stacking interactions with proteins, enzymes, DNA, and β-amyloid clumps, the nitrogen atom improves 

connections with biological targets through hydrogen bonding. According to SAR research, pharmacological 

action is significantly influenced by replacement at various carbazole ring locations. In determining 

antioxidant, anticancer, antibacterial, and neuroprotective activities, changes at the third, sixth, and ninth 

positions are especially significant.28 The rigid, planar carbazole ring provides a privileged structure for 

binding to multiple AD-relevant targets due to its aromaticity and ability to accommodate various 

substituents at multiple positions. N- alkylation or N-substitution increases the lipophilicity, BBB 

penetration and enhances the binding affinity for amyloid peptides and cholinesterase enzyme. Substituents 

at the 3rd position or other positions can increase the planarity or provide hydrogen bonding capability can 

disrupt amyloid beta assembly and aggregation, stabilizing soluble forms and reducing toxicity. 
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Carbazole Nucleus 

Electron-donating substituents such as methoxy, methyl, and amino groups typically enhance antioxidant 

and neuroprotective activities by increasing electron density within the aromatic system and improving the 

capacity to scavenge free radical. These substitutions also contribute to enhanced interaction with 

acetylcholinesterase and other neurological targets. On the other hand, by increasing lipophilicity and 
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strengthening contact with enzyme active sites and cellular membranes, electron-withdrawing groups such 

as halogens, cyano, and nitro substituents frequently boost anticancer and antimicrobial activity.  29 

MTDL Strategies for Alzheimer’s Disease 

Alzheimer's disease is the most frequent cause of dementia and is a progressive neurological condition 

characterized by aberrant behaviour, cognitive deterioration, and memory loss and difficulty performing 

daily activities30,31. Numerous pathogenic pathways, including the development of β-amyloid plaque, 

hyperphosphorylation of tau protein, cholinergic dysfunction, oxidative stress, neuroinflammation, and 

neuronal death, are linked to the condition.32,33 Drugs that are currently on the market, like as memantine 

and donepezil, simply relieve symptoms; they do not effectively halt the progression of the disease. Due to 

the multifaceted character of Alzheimer's disease and the limited effectiveness of the traditional single-target 

method, Multitarget-Directed Ligands (MTDLs) have emerged as a possible therapeutic option.34,35 

Acetylcholinesterase inhibition, β-amyloid aggregation inhibition, antioxidant activity, metal chelation, and 

neuroprotection are few of the biological targets that MTDLs are intended to interact with concurrently.36 

This strategy has the potential to halt the progression of the disease, improve therapeutic efficacy, and 

minimize adverse effects. The creation of efficient multitarget treatments for Alzheimer's disease has 

showed great promise in recent research on hybrid compounds comprising carbazole, tacrine, quinoline, and 

imidazolidinone scaffolds.37,38 

Carbazole-Stilbene Hybrid Design 

When creating multi-target-directed ligands for complicated illnesses like Alzheimer's disease, hybridization 

techniques has proven to be a successful method. In this regard, a lot of carbazole-stilbene hybrids have 

been developed, synthesized, and described by Patel V. and his associates as multifunctional medications for 

the therapy of Alzheimer's disease. Carbazole and stilbene, two biologically relevant scaffolds, were 

combined into a solitary molecular framework as part of their design strategy to provide a range of 

therapeutic effects.39 

The stilbene moiety brings antioxidant and anti-amyloid capabilities, while the carbazole nucleus offers a 

planar aromatic structure that is favourable for enzyme binding and π–π interactions. The formed substances 

were analysed for evaluating their ability to block butyrylcholinesterase (BuChE) and acetylcholinesterase 

(AChE). Compound 50 showed an IC50 value of 2.64 μM against AChE and BuChE, which renders it the 

most promising derivative among them.  40 
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Carbazole-stilbene hybrid 

Because of the existence of a thiourea functional group, the lead compound also showed selective copper-

chelating activity. This property enhances its therapeutic potential because copper and other metal are 

implicated in accelerating oxidative stress and amyloid aggregation.  

Quinolinium-Carbazole Hybrid design  

Quinolinium-carbazole conjugates were created by Xie and colleagues as targeted theranostic medications 

for the treatment of Alzheimer's disease. Their approach to molecular design involved combining a 
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quinolinium acceptor unit with a carbazole core to create a donor π acceptor framework that could be 

utilized for both photooxidative treatment and amyloid imaging. 

The carbazole moiety serves as an electron donating unit and provides a rigid, planar aromatic structure that 

facilitates strong π- π interactions with β- amyloid aggregates. In contrast, the quinolinium fragment 

functions as an electron accepting group that will enhance the intramolecular charge transfer, improving 

water solubility through its cationic nature and encouraging negatively charged electrostatic contacts of 

amyloid species. This strategic combination enables fluorescence activation upon amyloid binding and 

efficient reactive oxygen species (ROS) generation under light irradiation.41 
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Quinolinium-Carbazole Hybrid 

Carbazole- Chromene Hybrid Design 

Another noteworthy strategy was the invention and synthesis of a number of unique 9H-carbazole-4H-

chromene hybrids by Nissi Sharon and colleagues as possible dual cholinesterase inhibitors for the therapy 

of Alzheimer's disease. In order to improve therapeutic efficacy, their design also concentrated on 

integrating chromene and carbazole, two biologically active scaffolds, into a solitary molecular structure. 

Strong π–π interactions in the cholinesterase enzymes' active areas were made possible by the incorporation 

of the carbazole moiety as a stiff, planar aromatic system. This structural characteristic greatly enhances the 

biological action and is recognized for increase binding affinity. Conversely, the chromene scaffold was 

created because of its well-known pharmacological characteristics, namely its function in enzyme blocking 

and neuroprotective benefits.42 

The authors used a one-pot, three-component synthesis method with salicylaldehydes, hydroxy carbazole, 

and N-methyl-1-(methylthio)-2-nitroethenamine in the presence of triethylamine as a catalyst to effectively 

create these hybrids. This technique offered benefits including gentle reaction conditions by enabling the 

simultaneous creation of many bonds in a single phase. Additionally, the synthetic compounds' biological 

examination showed encouraging dual inhibitory action against the enzymes butyrylcholinesterase (BuChE) 

and acetylcholinesterase (AChE).43,44 
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Carbazole- Chromene Hybrid 

Carbazole-Tacrine Hybrid Design 

In another significant study, the researchers also designed the tacrine–carbazole hybrids by combining the 

strong acetylcholinesterase inhibitory activity of tacrine with the antioxidant and neuroprotective property of 
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the carbazole nucleus, aiming to develop multifunctional compounds have the capability of acting on 

different pathological mechanisms involved in Alzheimer’s disease. 
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Carbazole-Tacrine Hybrid 

Tacrine is a well-known acetylcholinesterase (AChE) inhibitor that enhances cholinergic neurotransmission 

by preventing the breakdown of acetylcholine. However, its clinical use is limited because of hepatotoxicity 

and poor selectivity. On the other hand, carbazole derivatives possess several biological activities including 

antioxidant, neuroprotective, and anti-amyloid properties. By merging these two scaffolds, the authors aimed 

to develop multifunctional compounds with improved efficacy and reduced toxicity. 

A methodical synthetic approach utilizing suitable linkers and substitution patterns was used to create the 

tacrine–carbazole hybrids. The produced compounds displayed high inhibitory action against 

acetylcholinesterase (AChE), with IC₅₀ values ranging between 0.48 and 1.03 μM, while also demonstrating 

significant selectivity toward AChE over butyrylcholinesterase (BuChE).45,46 

MTDL Strategies for Anticancer Activity 

Uncontrolled cell proliferation, invasion, metastasis, and resistance to apoptosis are all hallmarks of cancer, 

a complicated and multifaceted illness brought on by changes in several cellular signalling pathways.47,48 

Drug resistance, toxicity, and limited therapeutic efficacy can result from conventional anticancer therapy' 

frequent focus on a single biochemical pathway.49,50 As a result, the idea of Multitarget-Directed Ligands 

(MTDLs) has become a viable approach to the development of anticancer drugs.  

Cell cycle regulation, angiogenesis, apoptosis, kinase signalling, oxidative stress, and DNA replication are 

only a small portion of the biological targets that MTDLs can concurrently modulate.51Increased therapeutic 

efficacy, decreased medication resistance, fewer side effects, and better patient compliance are some 

benefits of this strategy.52,53 The creation of hybrid compounds with pharmacologically active scaffolds 

including carbazole, quinoline, indole, and imidazolidinone derivatives—which have shown considerable 

anticancer promise through multitarget mechanisms—has been the focus of recent study. As a result, MTDL 

techniques offer a novel and successful method for creating anticancer drugs of the future.55 

Imidazopyridine–Carbazole Hybrid Compounds 

The emergence of molecular hybrids as possible anticancer medicines that can bind with a svarious 

biological target has been highlighted by recent developments in medicinal chemistry. In this regard, a novel 

family of imidazopyridine–quinoline/carbazole hybrid compounds with strong antiproliferative potential 

were designed and synthesized by Sangeetha Meenakshisundaram, Manoj Manickam, and Venkateswaran 

Vinayagam.  

In order to create multifunctional molecules with increased anticancer activity, the physiologically active 

imidazopyridine scaffold was integrated with quinoline and carbazole pharmacophores using a molecular 

hybridization technique.56 The well-established pharmacological importance of these heterocyclic nuclei, 

which are known to display a wide variety of biological actions like DNA intercalation, kinase inhibition, 
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induction of apoptosis, and blocking of tumour cell proliferation, served as the justification for this design 

approach. 
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Imidazopyridine–Carbazole Hybrid 

HeLa, MDA-MB-231, ACHN, and HCT-15 cancer cell lines were employed to evaluate the synthetic 

imidazopyridine–quinoline/carbazole hybrid compound’s invitro anticancer activities. 2-chloro-6-methoxy-

3-(3-(4-methylbenzyl) imidazo[1,2-a]pyri,d =ine-2-yl)quinoline had the highest cytotoxic activity among 

quinoline hybrids, suggesting that the 4-methylbenzyl substituent increased anticancer potency. 3-(3-

benzylimidazo[1,2-a]pyridine-2-yl)-9-ethyl-9H-carbazole demonstrated higher antiproliferative action in the 

carbazole series, underscoring the significance of the carbazole nucleus. Hydrophobic aromatic groups and 

electron-donating substituents enhanced biological activity, according to structure–activity relationship 

studies, supporting imidazopyridine hybrid scaffolds as potential multitarget anticancer medicines.57 

Carbazole–Pyridine Hybrid 

The combined pharmacological relevance of carbazole and pyridine moieties was reflected in an appearance 

of carbazole–pyridine hybrids as promising anticancer scaffolds. Breast, liver, pancreatic, melanoma, lung, 

and oesophageal cancers were among the many cancer cell lines against which a number of derivatives 

shown strong antiproliferative activity. Numerous hybrids showed excellent in vivo tumour suppression with 

favourable pharmacokinetic profiles and minimal toxicity. These substances function through a variety of 

mechanisms, including induction of apoptosis, suppression of Rac1 activation, and inhibition of microtubule 

assembly, according to mechanistic studies. Studies on the structure–activity relationship revealed that the 

anticancer potency is greatly influenced by suitable replacements on the carbazole nucleus. All things 

considered, carbazole–pyridine hybrids are useful lead compounds for the creation of innovative multitarget 

anticancer drugs.58,59 
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Carbazole–Pyridine Hybrid 

Carbazole–Indole Hybrid 

The indole nucleus is considered as one of the most extensively explored heterocyclic moiety in medicinal 

chemistry and it is widely present in both naturally occurring and synthetic bioactive compounds. Indole 

derivatives exhibit remarkable anticancer potential through multiple mechanisms of action, including 

inhibition of aromatase, kinases, tubulin polymerization, microtubule dynamics, PI3K/Akt/NF-κB/mTOR 

signalling pathways, and histone deacetylase (HDAC) activity. Several indole-containing anticancer agents, 

such as Midostaurin and Anlotinib, have already reached clinical application or clinical evaluation for the 

management of various malignancies. As a result, the molecular hybridization of indole and carbazole 
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pharmacophores has become a desirable approach for the creation of new anticancer drugs with enhanced 

therapeutic efficacy. 60,61,62 
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Carbazole–Indole Hybrid 

A promising method for increasing anticancer activity and overcoming drug resistance is the hybridization 

of carbazole with indole. Racemosin B, a naturally occurring indolo[3,2-a]carbazole derived from Caulerpa 

racemosa, initially exhibited modest cytotoxicity; however, structural alteration (ester to amide conversion) 

greatly increased activity against breast cancer cell lines.,63,64 

MTDL Strategies for Antimicrobial Activity 

Infectious illnesses brought on by fungus and bacteria, viruses, and parasites are prevented and treated in 

large part by antimicrobial agents. Antimicrobial resistance has become a major worldwide health concern 

because to its rapid growth, which greatly lowers the effectiveness of traditional medicines65. Target 

alteration, enzymatic drug degradation, efflux pump overexpression, and biofilm formation are few of the 

ways that microorganisms frequently acquire resistance .66The limitations of the conventional "one drug–one 

target" approach have been brought to light by these intricate resistance mechanisms, underscoring the 

necessity for novel therapeutic approaches. In this sense, the creation of multitarget-directed ligands has 

attracted a lot of interest as a potentially successful tactic to combat microbial infections by simultaneously 

altering multiple biological targets crucial to germ survival and resistance.67 

The sensible mixing of two or more pharmacologically active molecular fragments inside a single chemical 

entity is the fundamental basis of the notion of multitarget-directed ligands (MTDLs) in antimicrobial drug 

discovery. One of the most efficient methods for creating antimicrobial MTDLs is molecular hybridization, 

especially when heterocyclic scaffolds experiencing an extensive range of natural products.68Because of its 

planar aromatic structure, membrane permeability, and capacity to bind with an array of biological targets, 

carbazole has become the more appealing heterocyclic frameworks. Carbazole and other antimicrobial 

pharmacophores has been combined by researchers to create hybrid compounds with numerous modes of 

action.69 

Carbazole–Quinoline Hybrids 

Carbazole–quinoline hybrids have been developed to simultaneously disrupt microbial DNA replication and 

membrane function. In these molecules, the quinoline moiety contributes DNA intercalation and enzyme 

inhibition properties, whereas the carbazole nucleus enhances lipophilicity and facilitates interactions with 

nucleic acids. The resulting hybrids often display superior antimicrobial activity compared with their parent 

compounds. 
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Carbazole–Triazole Hybrids 

The designing of carbazole–triazole hybrids is another extensively studied approach. Because it inhibits 

enzymes involved in sterol production and microbial metabolism, the triazole ring is renowned for having 

antifungal antifungal and antibacterial qualities. The resultant hybrid moiety can bind with multiple 

intracellular targets while retaining advantageous physicochemical properties when attached to a carbazole 

scaffold. These substances have shown potential effectiveness against pathogenic fungus and strains of 

bacteria that are both Gram-positive and Gram-negative.70 
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Carbazole–triazole hybrids 

Carbazole–Indole Hybrids 

Carbazole–indole hybrids represent another important class of antimicrobial MTDLs. The indole nucleus is 

recognized for its ability to interfere with quorum sensing, biofilm formation, and bacterial signalling 

pathways. Hybridization of carbazole with indole combines DNA-binding capability with inhibition of 

microbial communication systems. Consequently, these molecules can suppress bacterial growth while 

simultaneously preventing biofilm development, a major contributor to antimicrobial resistance and chronic 

infections.71 
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Carbazole–indole hybrids 

There has also been a lot of interest in the coupling of carbazole with pharmacophores that contain 

pyridines. Numerous microbial enzymes involved in vital metabolic processes are known to be targeted by 

pyridine derivatives. The carbazole moiety frequently facilitates hydrophobic interactions and membrane 

penetration in carbazole–pyridine hybrids, whereas the pyridine ring improves binding to enzyme sites. By 

concurrently influencing several biological processes, these dual-action compounds have shown beneficial 

effectiveness against resistant bacterial strains. 

Additionally, Carbazole and benzimidazole hybrids have also been studied as multifunctional antibacterial 

agents. Derivatives of benzimidazole have the ability to bind with microbial DNA and block essential 

enzymes needed for cell division and replication. When benzimidazole and carbazole are combined, 

compounds that can target nucleic acid synthesis and interfere with membrane-associated activities are 

produced. Improved antibacterial efficacy and decreased resistance susceptibility are two benefits of this 

dual-target strategy. This dual-target mechanism contributes to improved antimicrobial potency and reduced 

susceptibility to resistance mechanisms.72 
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MTDL Strategies for Antidiabetic Activity 

Persistent hyperglycaemia brought on by decreased insulin secretion, action, or both is a hallmark of 

diabetes mellitus, a chronic metabolic disease. The illness is connected to several pathogenic factors, 

including insulin resistance, β-cell dysfunctioning, oxidative stressful condition, chronic inflammatory 

condition and altered glucose and lipid metabolism.73 Effective long-term care of blood sugar level is still 

difficult despite the availability of various antidiabetic medications because of the complexity of the 

condition, the gradual loss of glycaemic control, and the emergence of various comorbidities. The evolution 

of multitarget treatment strategies that can concurrently modulate many pathways implicated in the 

evolution of diabetes is therefore gaining attention. Multitarget-directed ligands (MTDLs), which have the 

potential to increase therapeutic efficacy while lowering costs, have become a viable approach for the 

development of antidiabetic drugs. With the potential to increase therapeutic efficacy while lowering the 

requirement for combination therapy, multitarget-directed ligands (MTDLs) have emerged as a viable 

approach for antidiabetic drug discovery.74 

Carbazole–Triazole Hybrid 

In order to overcome the shortcomings of the present antidiabetic treatments, which frequently fail to return 

blood glucose levels to normal in a sizable percentage of patients, a series of carbazole–1,2,4-triazole–thione 

derivatives were created. In addition to cytotoxicity evaluation and in vivo antidiabetic validation, the study 

concentrated on evaluating their inhibitory potency against important carbohydrate-hydrolysing enzymes, 

specifically α-amylase and α-glucosidase.75 
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Carbazole–Triazole Hybrid 

The majority of chemicals were non-toxic at 100 μM, according to safety profile using typical hepatic 

stellate cells in humans (LX-2). When compared with the positive control 5-fluorouracil, C5o and C5s 

demonstrated noticeably less cytotoxicity, indicating a favourable safety profile. Strong binding contacts of 

active chemicals within the active sites of enzymes were further validated by molecular docking and 

chemoinformatic studies, underscoring the critical significance of both the carbazole and 1,2,4-triazole-3-

thione scaffolds.74 

MTDL Strategies for Anti-Inflammatory Activity 

A basic physiological reaction, inflammation is brought on by infections, injuries, or immune system 

disruptions. Prolonged or unchecked inflammation can cause the onset and progression of numerous chronic 

illnesses, including Inflammatory bowel disease and Rheumatoid arthritis, Cardiovascular disorders, 

Neurodegenerative conditions, and various types of cancer, even though this process is necessary for tissue 

protection and healing.75,76,77 Numerous molecular mediators and signalling pathways, including 

cyclooxygenases (COX), lipoxygenases (LOX), pro-inflammatory cytokines, reactive oxygen species 

(ROS), and transcription factors like nuclear factor-kappa B (NF-κB), control the inflammatory 

response.78,79 Therapeutic medicines targeted at a single target frequently fail to produce maximum clinical 

benefits due to the involvement of many linked pathways and may cause undesired side effects. As a result, 

the idea of multitarget-directed ligands (MTDLs), which allow for the simultaneous control of multiple 

important inflammatory pathways, has become a viable strategy for the treatment of inflammatory 

illnesses.80,81 Among the several heterocyclic frameworks explored in medicinal chemistry, carbazole has 
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attracted a lot of attention due to its various biological processes, especially its immunoregulatory, anti-

inflammatory, and antioxidant qualities. Because the carbazole scaffold's structural flexibility makes it 

easier to incorporate it into multifunctional molecular hybrids that can interact with a variety of biological 

targets, carbazole-based MTDLs are promising candidates for the designing of next-generation anti-

inflammatory treatments.82 

A wide range of carbazole–pyrazoline hybrids were created by Bandgar and colleagues as multitarget-

directed ligands (MTDLs) with possible anti-inflammatory and antioxidant properties. The pyrazoline 

pharmacophore, which is linked to cyclooxygenase (COX) inhibition, was molecularly hybridized with the 

carbazole scaffold, which is recognized for its anti-inflammatory and antioxidant qualities.83 

R

N

NH

N

 

Carbazole–pyrazoline hybrid 

Invitro, invivo, and molecular docking experiments were employed for evaluating the produced compounds. 

Several substances demonstrated strong anti-inflammatory properties, and some of their derivatives 

selectively inhibited COX-2, a crucial enzyme in the inflammatory process. One lead chemical showed 

strong anti-inflammatory activity among the investigated compounds by significantly reducing carrageenan-

induced paw oedema in rats. Furthermore, by efficiently scavenging DPPH, superoxide, and hydroxyl 

radicals, the majority of derivatives demonstrated significant antioxidant activity. Furthermore, molecular 

docking investigations demonstrated favourable interactions between the active chemicals and the COX-2 

binding site, supporting the observed biological activities. These carbazole–pyrazoline hybrids' concurrent 

anti-inflammatory and antioxidant properties demonstrate the efficacy of the MTDL strategy, which 

modulates several disease-related pathways with a single molecule. This study shows that carbazole-based 

molecular hybrids have the potential to be effective treatment options for oxidative stress-related 

inflammatory diseases. 

Comparative Analysis of Partner Scaffolds Used in Carbazole-Based Multi-Target-Directed Ligands 

(MTDLS) 

SCAFFOLD TARGET 

DISEASE 

PRIMARY 

BIOLOGICAL 

TARGETS 

MAJOR ADVANTAGES 

Carbazole- 

Tacrine 

Alzheimer's 

disease 

AChE, BuChE, BACE1 Improved cholinesterase inhibition 

and BBB penetration 

Carbazole- 

Stilbene 

Alzheimer's 

disease 

Aβ aggregation, ROS Antioxidant and anti-amyloid 

effects 

Carbazole-

Chromene 

Alzheimer's 

disease 

AChE, BuChE, Tubulin Improved cholinesterase inhibition 

and BBB penetration 

Carbazole- 

Quinolinium 

Alzheimer's 

disease 

AChE, BuChE Improved cholinesterase inhibition 

and BBB penetration 

Carbazole- 

Pyridine 

Cancer DNA gyrase, DNA 

intercalation 

Broad-spectrum activity 

Carbazole-Indole Cancer DNA gyrase, DNA Broad-spectrum activity 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VIII August 2026 

 

www.rsisinternational.org 
Page 3524 

        

       
 

    

 

intercalation 

Carbazole- 

Triazole 

Diabetes α-Glucosidase, CYP51 Improved metabolic stability 

Carbazole- 

Quinoline 

Antimicrobial 
DNA gyrase, DNA 

intercalation 
 

Broad-spectrum activity 

Carbazole-

Pyrazoline 

Inflammation COX-2, ROS Dual anti-inflammatory and 

antioxidant activity 

CONCLUSION 

An important family of multitarget-directed ligands (MTDLs) with substantial potential for the treatment of 

complicated and multifactorial disorders is carbazole-based heterocyclic hybrids. The carbazole scaffold's 

distinctive structural characteristics, such as its planar aromatic framework, favourable lipophilicity, and 

ease of functionalization, make it a desirable platform for the creation of therapeutic medicines with many 

functions. Carbazole has been hybridized with a variety of pharmacologically active heterocycles to produce 

molecules that can concurrently modulate several biological targets implicated in the course of disease. 

The research covered in this study shows that carbazole hybrids have excellent therapeutic promise against a 

variety of illnesses, such as diabetes, cancer, Alzheimer's disease, microbial infections, and inflammatory 

diseases. These substances work through a variety of ways, including signalling regulation, antioxidant 

action, and enzyme inhibition. Additionally, research on the relationship between structure and function has 

shown that proper substitution patterns and linker changes are essential for improving biological activity and 

target selectivity. 

Overall, the pharmacological adaptability of the carbazole nucleus in conjunction with the multitarget 

approach presents a viable method for getting beyond the drawbacks of traditional single-target treatments. 

Ongoing advancements in molecular hybridization, computational drug design, and biological evaluation are 

expected to expand the therapeutic applications of carbazole-based MTDLs and aid in the creation of safer 

and more potent medication choices to treat complicated illnesses. 

REFERENCES 

1. Bachurin, S. O., Shevtsova, E. F., Makhaeva, G. F., Grigoriev, V. V., Boltneva, N. P., Kovaleva, N. V., 

... & Aliev, G. (2017). Novel conjugates of aminoadamantanes with carbazole derivatives as potential 

multitarget agents for AD treatment. Scientific reports, 7(1), 45627. 

2. Ivasiv, V., Albertini, C., Gonçalves, A. E., Rossi, M., & Bolognesi, M. L. (2019). Molecular 

hybridization as a tool for designing multitarget drug candidates for complex diseases. Current 

Topics in Medicinal Chemistry, 19(19), 1694-1711. 

3. Kumar, N., Gupta, P., & Bansal, S. (2022). Progress and development of carbazole scaffold based as 

potential anti-alzheimer agents using MTDL approach. Letters in Drug Design & Discovery, 19(12), 

1049-1067. 

4. Luo, S., Peng, Z., & Wang, G. (2026). Construction and biological evaluation of novel carbazole-5-

phenyl-1, 3, 4-oxadiazole derivatives as multi-target hypoglycemic agents. European Journal of 

Medicinal Chemistry, 118615. 

5. Knölker, H. J., & Reddy, K. R. (2008). Biological and pharmacological activities of carbazole 

alkaloids. The alkaloids: chemistry and biology, 65, 181-193. 

6. Al-Kaissy, W. W., Safaa, H. F., & Suaad, M. H. (2013). Synthesis, characterization and evaluation of 

antimicrobial activity of some new acetylenic amine and 2-oxoazetidine of carbazole. Am. J. Sci. 

Ind. Res, 4(4), 389-398. 

7. de Sena Murteira Pinheiro, P., Franco, L. S., Montagnoli, T. L., & Fraga, C. A. M. (2024). Molecular 

hybridization: a powerful tool for multitarget drug discovery. Expert Opinion on Drug 

Discovery, 19(4), 451-470. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VIII August 2026 

 

www.rsisinternational.org 
Page 3525 

        

       
 

    

 

8. Tiwari, A., & Mishra, B. (2024). Diverse pharmacological actions of potential carbazole derivatives 

by influencing various pathways of molecular signaling. Future Journal of Pharmaceutical 

Sciences, 10(1), 77. 

9. Jose, E., Francis, P., Joy, M., Joseph, S., & Sukumaran, S. (2022). An Insight Into the Chemistry and 

Pharmacological Activities of Carbazole Derivatives: A Review. Indian Journal of Natural 

Sciences, 13, 40594. 

10. Xu, Z., Wu, D., Fang, C., & Li, Y. (2023). Mini-review on the novel synthesis and potential 

applications of carbazole and its derivatives. Designed monomers and polymers, 26(1), 90-105. 

11. Mishra, C. B., Gusain, S., Shalini, S., Kumari, S., Prakash, A., Kumari, N., ... & Tiwari, M. (2020). 

Development of novel carbazole derivatives with effective multifunctional action against 

Alzheimer’s diseases: Design, synthesis, in silico, in vitro and in vivo investigation. Bioorganic 

Chemistry, 95, 103524. 

12. S. Tsutsumi, L., Gündisch, D., & Sun, D. (2016). Carbazole scaffold in medicinal chemistry and 

natural products: a review from 2010-2015. Current Topics in Medicinal Chemistry, 16(11), 1290-

1313. 

13. Karaaslan, C., Ince, E., Gurer-Orhan, H., Tavakkoli, M., Firuzi, O., Saso, L., & Suzen, S. (2019). 

Behaviour of 9-Ethyl-9H-carbazole hydrazone derivatives against oxidant systems: Protective effect 

on amyloid β-induced damage. Croatica Chemica Acta, 92(1), 87-94. 

14. Bhandari, D. D., Kaur, P., Maan, M., Garg, R., Chopra, H., & Kamal, M. A. (2024). Neuroprotective 

potential of heterocyclic scaffolds vs herbal treatments: An overview. Research Journal of Pharmacy 

and Technology, 17(6), 2943-2948. 

15. Reshma, H. P., Emmanuel, B. D., Beevi, J., & Dharan, S. S. (2021). Insilico design, synthesis and 

biological evaluation of novel carbazole derivatives. J. Pharm. Sci. Res, 13, 8-18. 

16. Kaplancikli, Z. A., Yurttaş, L., Turan-Zitouni, G., Özdemir, A., Özic, R., & Ulusoylar-Yıldırım, Ş. 

(2012). Synthesis, antimicrobial activity and cytotoxicity of some new carbazole derivatives. Journal 

of Enzyme Inhibition and Medicinal Chemistry, 27(6), 868-874. 

17. Zhang, F. F., Gan, L. L., & Zhou, C. H. (2010). Synthesis, antibacterial and antifungal activities of 

some carbazole derivatives. Bioorganic & medicinal chemistry letters, 20(6), 1881-1884. 

18. Pai, V., Shreedhara, C. S., Chandrashekar, K. S., Pai, A., & Kamath, V. (2016). Cognitive 

enhancement and neuroprotective effects of ancient ayurvedic medicinal plant celastrus paniculatus: 

an overview. Research Journal of Pharmacy and Technology, 9(8), 1295-1298. 

19. Basnet, M., Yogesh, H. S., & Swamy, S. (2020). Evaluation of Neuroprotective activity of 

Bougainvillea glabra leaves extract on experimentally induced Neurotoxicity in Albino 

rats. Research Journal of Pharmacy and Technology, 13(8), 3825-3832. 

20. Sahu, M., Kumar, V., & Joshi, V. (2021). Indian medicinal plants with antidiabetic potential: An 

overview. Research Journal of Pharmacy and Technology, 14(4), 2328-2335. 

21. Bashir, M., Bano, A., Ijaz, A. S., & Chaudhary, B. A. (2015). Recent developments and biological 

activities of N-substituted carbazole derivatives: a review. Molecules, 20(8), 13496-13517. 

22. Shah, D., Patel, M., Vyas, A., & Patel, A. (2025). Sustainable Strategies for Carbazole Synthesis: A 

Green Chemistry Perspective. Archiv der Pharmazie, 358(9), e70096. 

23. Al Amin, N. R., Gnanasekaran, P., Chang, Y. J., & Chang, C. H. (2026). Carbazole-based host 

materials for red to near-infrared OLEDs: molecular design strategies and structure–property 

relationships. Journal of Materials Chemistry C, 14(25), 10907-10943. 

24. Shaikh, M. S., Palkar, M. B., Patel, H. M., Rane, R. A., Alwan, W. S., Shaikh, M. M., ... & 

Karpoormath, R. (2014). Design and synthesis of novel carbazolo–thiazoles as potential anti-

mycobacterial agents using a molecular hybridization approach. RSC advances, 4(107), 62308-

62320. 

25. Mathew, D., Sasidharan, S., Saudagar, P., Sujatha, S., & Parameswaran, P. (2023). meso-Carbazole 

decorated BODIPYs–an electron donor–acceptor system with excellent fluorosolvato/vapochromic 

behavior, aggregation-induced emission, and antileishmanial activity. New Journal of 

Chemistry, 47(17), 8277-8290. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VIII August 2026 

 

www.rsisinternational.org 
Page 3526 

        

       
 

    

 

26. Samala, A., Murthy, S. M., & Gottumukkala, K. M. (2018). A comprehensive review on recent 

advances in synthesis and pharmacotherapeutic potential of betacarbolines. Research Journal of 

Pharmacy and Technology, 11(8), 3547-3560. 

27. Kleinhans, G., Karhu, A. J., Boddaert, H., Tanweer, S., Wunderlin, D., & Bezuidenhout, D. I. (2023). 

LNL-Carbazole pincer ligand: more than the sum of its parts. Chemical Reviews, 123(13), 8781. 

28. Takeuchi, T., Oishi, S., Watanabe, T., Ohno, H., Sawada, J. I., Matsuno, K., ... & Fujii, N. (2011). 

Structure–activity relationships of carboline and carbazole derivatives as a novel class of ATP-

competitive kinesin spindle protein inhibitors. Journal of medicinal chemistry, 54(13), 4839-4846. 

29. Liu, Y., Zhang, J., Tian, J., Wang, C., Wang, T., Gong, J., & Hu, L. (2024). Structure-activity 

relationship study of new carbazole sulfonamide derivatives as anticancer agents with dual-target 

mechanism. European Journal of Medicinal Chemistry, 273, 116509. 

30. Monica Moore, M., Díaz-Santos, M., & Vossel, K. (2021). Alzheimer’s association 2021 facts and 

figures report. Alzheimer’s association, 17(3), 327-406. 

31. Kumar, N., Gupta, P., & Bansal, S. (2022). Progress and development of carbazole scaffold based as 

potential anti-alzheimer agents using MTDL approach. Letters in Drug Design & Discovery, 19(12), 

1049-1067. 

32. Kuruvella, S., & Yellu, N. R. (2024). Naringi crenulata leaf extract alleviates Beta Amyloid Protein 

Induced Alzheimers disease in mice. Research Journal of Pharmacy and Technology, 17(6), 2732-

2738. 

33. Vermunt, L., Sikkes, S. A., Van Den Hout, A., Handels, R., Bos, I., Van Der Flier, W. M., ... & 

ICTUS/DSA study groups. (2019). Duration of preclinical, prodromal, and dementia stages of 

Alzheimer's disease in relation to age, sex, and APOE genotype. Alzheimer's & Dementia, 15(7), 

888-898. 

34. Choubdar, N., Golshani, M., Jalili-Baleh, L., Nadri, H., Küçükkilinç, T. T., Ayazgök, B., ... & 

Khoobi, M. (2019). New classes of carbazoles as potential multi-functional anti-Alzheimer’s 

agents. Bioorganic Chemistry, 91, 103164. 

35. Thakur, A., Rana, M., Vanjani, S., Liou, K. C., Taliyan, R., Nepali, K., & Yang, C. H. (2026). 

Multi‐Targeting Ligands as Prospective Therapeutics for Alzheimer's Disease, a Prevalent 

Neurodegenerative Disorder: Mechanistic Insights, Emerging Targets and Drug Discovery 

Campaigns. Medicinal research reviews, 46(4), 1173-1229. 

36. Alka, T. Y. A. G. I. (2025). Novel heterocyclic hybrids as promising scaffold for the management of 

Alzheimer’s disease. Int J Pharm Pharm Sci, 17(2), 1-15. 

37. Gontijo, V. S., Viegas, F. P. D., Ortiz, C. J., de Freitas Silva, M., Damasio, C. M., Rosa, M. C., ... & 

Viegas, C. (2020). Molecular hybridization as a tool in the design of multi-target directed drug 

candidates for neurodegenerative diseases. Current neuropharmacology, 18(5), 348-407. 

38. GOVINDARAJU, T. (2022). Alzheimer's is a Multifactorial. Alzheimer's Disease, 1. 

39. Patel, D. V., Patel, N. R., Kanhed, A. M., Teli, D. M., Patel, K. B., Joshi, P. D., ... & Yadav, M. R. 

(2020). Novel carbazole-stilbene hybrids as multifunctional anti-Alzheimer agents. Bioorganic 

Chemistry, 101, 103977. 

40. Girase, T. R., & Kapdi, A. R. (2019). Novel Carbazole‐Based N‐Heterocyclic Carbene Ligands to 

Access Synthetically Relevant Stilbenes in Pd‐Catalyzed Coupling Processes. Chemistry–An Asian 

Journal, 14(15), 2611-2619. 

41. Xie, Z., Hu, C., Li, Y., Zhang, L., & Yan, J. (2024). Optimization of quinolinium-carbazole 

theranostics for the improved photooxidation of β-amyloid aggregates with the variation of 

conjugation site. Journal of Photochemistry and Photobiology A: Chemistry, 456, 115823. 

42. Sharon, N., Ugale, V. G., Padmaja, P., Lokwani, D., Salunkhe, C., Shete, P., ... & Kulkarni, P. P. 

(2025). Development of novel 9 H-carbazole-4 H-chromene hybrids as dual cholinesterase inhibitors 

for the treatment of Alzheimer’s disease. Molecular Diversity, 29(1), 379-396. 

43. Paul, S. K., Goyal, S., Yadav, P., Yadav, S., & Parashari, D. (2013). Phytochemistry and 

Pharmacological aspects of Murraya koenigii Linn. Research Journal of Pharmacy and 

Technology, 6(6), 695-697. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VIII August 2026 

 

www.rsisinternational.org 
Page 3527 

        

       
 

    

 

44. Tharamak, S., Wisarutwanit, T., Songoen, W., Saparpakorn, P., & Pluempanupat, W. (2023). 

Synthesis and Acetylcholinesterase Inhibitory Evaluation of Coumarin‐Linked Carbazole 

Derivatives. ChemistrySelect, 8(46), e202303879. 

45. Gadhave, R. V., & Kuchekar, B. S. (2020). Design, Synthesis, Characterization and Antioxidant 

activity of Novel Benzothiazole and Coumarin based 6-(3, 5-dimethylpyrazol-1-yl) pyridazin-3-one 

Derivatives. Research Journal of Pharmacy and Technology, 13(12), 5661-5667. 

46. Thiratmatrakul, S., Yenjai, C., Waiwut, P., Vajragupta, O., Reubroycharoen, P., Tohda, M., & 

Boonyarat, C. (2014). Synthesis, biological evaluation and molecular modeling study of novel 

tacrine–carbazole hybrids as potential multifunctional agents for the treatment of Alzheimer's 

disease. European journal of medicinal chemistry, 75, 21-30. 

47. Ravichandra, V. D., Ramesh, C., Swamy, M. K., Purushotham, B., & Rudramurthy, G. R. (2018). 

Anticancer plants: chemistry, pharmacology, and potential applications. In Anticancer plants: 

Properties and Application: Volume 1 (pp. 485-515). Singapore: Springer Singapore. 

48. Wang, G., Sun, S., & Guo, H. (2022). Current status of carbazole hybrids as anticancer 

agents. European Journal of Medicinal Chemistry, 229, 113999. 

49. Waghmare, P. S., Chabukswar, A. R., Raut, K. G., & Giri, P. T. (2025). A review on carbazole and its 

derivatives as anticancer agents from 2013 to 2024. Chirality, 37(2), e70021. 

50. Çapan, İ., Hawash, M., Jaradat, N., Sert, Y., Servi, R., & Koca, İ. (2023). Design, synthesis, 

molecular docking and biological evaluation of new carbazole derivatives as anticancer, and 

antioxidant agents. BMC chemistry, 17(1), 60. 

51. Kardile, D., & Shirsat, M. (2021). Synthesis and evaluation of antimicrobial, antitubercular and 

anticancer activities of dihydrobenzimidazole thiopyranooxazinone derivatives. Research Journal of 

Pharmacy and Technology, 14(3), 1453-1458. 

52. Al-Samydai, A. M., Almastafa, I. A., Alrabeeah, M. A. A. A., Jabbar, A. A., & Al-Hussaniy, H. A. 

(2026). Targeted Nanomedicine Approaches for Precision Cancer Therapy. Research Journal of 

Pharmacy and Technology, 19(1), 472-480. 

53. Rana, S., Rai, U., Kukreti, N., & Pant, P. (2025). Effect of Eupatorium adenophorum extract on p53 

protein in cancer treatment. Research Journal of Pharmacy and Technology, 18(1), 421-426. 

54. El-Sharkawy, K. A., El-Brrati, M. M., Ghardaly, I. A., & Ali, M. (2015). Design and synthesis of 

thiazol derivatives with biological evaluations as antitumor agents. Research Journal of Pharmacy 

and Technology, 8(5), 520. 

55. Singh, A. K., Kumar, A., Singh, H., Sonawane, P., Paliwal, H., Thareja, S., ... & Kumar, P. (2022). 

Concept of hybrid drugs and recent advancements in anticancer hybrids. Pharmaceuticals, 15(9), 

1071. 

56. Meenakshisundaram S, Manickam M, Vinayagam V. Design, synthesis and anticancer activity of 

novel hybrid compounds of imidazopyridine and quinoline/carbazole. Journal of Chemical and 

Pharmaceutical Research. 2016; 8:576-82. 

57. Rani, C. S., Reddy, A. G., Susithra, E., Mak, K. K., Pichika, M. R., Reddymasu, S., & Rao, M. V. B. 

(2021). Synthesis and anticancer evaluation of amide derivatives of imidazo-pyridines. Medicinal 

Chemistry Research, 30(1), 74-83. 

58. Kumar, A. (2022). Synthesis and Evaluation of Anticancer activity of some new 3 (2h)-one 

pyridazinone derivatives by Molecular Docking Studies. Research Journal of Pharmacy and 

Technology, 15(5), 2279-2284. 

59. Siddiqui, N., Ahsan, W., Alam, M. S., Azad, B., & Akhtar, M. J. (2011). Newer biologically active 

pyridines: A potential review. Research Journal of Pharmacy and Technology, 4(12), 1918-1932. 

60. Bhardwaj, H., Sharma, G. K., Mittal, N., & Bhardwaj, H. (2021). Synthesis and biological evaluation 

of some newer Indole Derivatives. Research Journal of Pharmacy and Technology, 14(11), 6066-

6072. 

61. Sun, L., Han, L., Zhang, L., Chen, C., & Zheng, C. (2023). Design, synthesis, and antitumor activity 

evaluation of carbazole derivatives with potent HDAC inhibitory activity. Medicinal Chemistry 

Research, 32(8), 1677-1689. 

62. Corona Díaz A, Kurva M, Basavanag U M, Porras G R. Synthesis of Carbazolyl Imidazo [1, 2-a] 

Pyridines via Groebke-Blackburn-Bienayme Reaction under Green Catalyst. InChem. Proc 2022 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VIII August 2026 

 

www.rsisinternational.org 
Page 3528 

        

       
 

    

 

(Vol. 4). s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and 

institutional affiliations. 

63. Kasim, S. M., Al-Dabbagh, B. M., & Mustafa, Y. F. (2022). A review on the biological potentials of 

carbazole and its derived products. Eurasian Chem Commun, 4(6), 495-512. 

64. Huang, W., Gao, Z., Zhang, Z., Fang, W., Wang, Z., Wan, Z., ... & Ke, S. (2021). Selective and 

effective anticancer agents: Synthesis, biological evaluation and structure–activity relationships of 

novel carbazole derivatives. Bioorganic Chemistry, 113, 104991. 

65. Patil, S. A., Patil, S. A., Ble-González, E. A., Isbel, S. R., Hampton, S. M., & Bugarin, A. (2022). 

Carbazole derivatives as potential antimicrobial agents. Molecules, 27(19), 6575. 

66. Chen, C. H., Liu, C. S., Guo, X. M., Tong, J. P., Huang, J., Shi, T. T., & Sun, J. (2024). Design, 

synthesis, and biological evaluation of carbazole derivatives as potent antibacterial agents targeting 

membrane function via FabH Inhibition. Journal of Molecular Structure, 1306, 137891. 

67. Soni, S., Patil, K., Vishwakarma, S., Yadav, R., Murumkar, P. R., & Kadu, R. (2026). Exploring the 

antimicrobial landscape of carbazole derivatives through integration of computational and 

experimental approaches. Discover Chemistry, 3(1), 149. 

68. Shaikh, M. S., Chandrasekaran, B., Palkar, M. B., Kanhed, A. M., Kajee, A., Mlisana, K. P., ... & 

Karpoormath, R. (2020). Synthesis and biological evaluation of novel carbazole hybrids as 

promising antimicrobial agents. Chemistry & Biodiversity, 17(5), e1900550. 

69. Bhupathi, G. M., Padmalatha, K., Anusha, A., Rameeza, A., Sravanthi, M. G., & Praneetha, S. (2016). 

Synthesis, characterization and antimicrobial activity of acetanilide derivatives by using aromatic 

aldehydes and sulphonamide derivatives. Research Journal of Pharmacy and Technology, 9(11), 

1846. 

70. Negi, P., Pandey, S., Rawat, B. S., Ramola, B., Kalra, G., & Thakur, R. (2020). Effect of Altitude on 

Essential Oil composition, Antifeedant and Antimicrobial potential of Murraya koenigii Isolated 

from different regions of North Himalaya. Research Journal of Pharmacy and Technology, 13(12), 

5953-5957. 

71. Revanasiddappa, B. C., Kumar, M. V., Nayak, P., Ali, A. R., & Jisha, M. S. (2017). Synthesis, 

antibacterial and antifungal evaluation of novel pyrazoline derivatives. Research Journal of 

Pharmacy and Technology, 10(5), 1481. 

72. Çapan, İ., Al, M., Gümüş, M., Açik, L., Aydin, B., Çelik, A. B., ... & Tutar, Y. (2025). Design, 

Synthesis, and Evaluation of Benzimidazole‐Carbazole Hybrids Targeting Heat Shock 

Proteins‐Mediated Apoptosis in Breast and Colon Cancer Cells. Drug Development Research, 86(3), 

e70092. 

73. Sahu, M., Kumar, V., & Joshi, V. (2021). Indian medicinal plants with antidiabetic potential: An 

overview. Research Journal of Pharmacy and Technology, 14(4), 2328-2335. 

74. Çapan, İ., Hawash, M., Qaoud, M. T., & Jaradat, N. (2025). Next-generation carbazole-linked 1, 2, 4-

triazole-thione derivatives: strategic design, synthesis, molecular docking, and evaluation of 

antidiabetic potential. ACS omega, 10(1), 848-861. 

75. Sahu, P., Sharma, A., & Chatterjee, T. (2010). Natural products with potent hypoglycemic 

activity. Res J Pharm Technol, 3, 650-656. 

76. Luo, S., Zhao, L., Peng, H., Peng, Z., & Wang, G. (2024). Novel carbazole-oxadiazole derivatives as 

anti-α-glucosidase and anti-α-amylase agents: Design, synthesis, molecular docking, and biological 

evaluation. European Journal of Medicinal Chemistry, 275, 116600. 

77. Geronikaki, A. A., & Gavalas, A. M. (2006). Antioxidants and inflammatory disease: synthetic and 

natural antioxidants with anti-inflammatory activity. Combinatorial chemistry & high throughput 

screening, 9(6), 425-442. 

78. Gupta, N., Jain, U. K., Jain, A., Lovanshi, G., Mathan, N., & Tiwari, V. (2011). Review of Some 

Important Medicinal Plants Possesses Anti-Inflammatory Activity. Research journal of Pharmacy and 

Technology, 4(10), 1506-1512. 

79. Fernandes, J., Revanasiddappa, B. C., Ishwarbhat, K., Kumar, M. V., D'Souza, L., & Alva, S. S. 

(2017). Synthesis and in-vitro anti-inflammatory activity of novel pyrazoline derivatives. Research 

Journal of Pharmacy and Technology, 10(6), 1679. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VIII August 2026 

 

www.rsisinternational.org 
Page 3529 

        

       
 

    

 

80. Ye, C., Bai, X., Xue, Y., Song, J., Cai, C., Feng, X., & Zhang, T. (2026). Anti‐Inflammatory Activity 

of Carbazole Derivatives: An In Vitro and In Vivo Study. Chemistry & Biodiversity, 23(4), e03786. 

81. Pattanashetty, S. H., Hosamani, K. M., Shettar, A. K., & Mohammed Shafeeulla, R. (2018). Design, 

synthesis and computational studies of novel carbazole n‐phenylacetamide hybrids as potent 

antibacterial, anti‐inflammatory, and antioxidant agents. Journal of Heterocyclic Chemistry, 55(7), 

1765-1774. 

82. Dai, T. L., Mou, G. L., Liang, H. J., Li, X., Luo, X. F., Zhang, B. Q., ... & Liu, Y. Q. (2026). Design, 

synthesis, and study of prenylated carbazole derivatives as potential antimicrobial agents. Journal of 

Agricultural and Food Chemistry, 74(1), 486-499. 

83. Bandgar, B. P., Adsul, L. K., Chavan, H. V., Jalde, S. S., Shringare, S. N., Shaikh, R., ... & Masand, 

V. (2012). Synthesis, biological evaluation, and docking studies of 3-(substituted)-aryl-5-(9-methyl-

3-carbazole)-1H-2-pyrazolines as potent anti-inflammatory and antioxidant agents. Bioorganic & 

medicinal chemistry letters, 22(18), 5839-5844. 

 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/

