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Abstract: Coumarins are a versatile class of benzopyrones whose derivatives, both synthesized and natural have been explored for a wide 

range of activities like anti-bacterial, anti-viral, anti-fungal, anti-cancer, anti-coagulant, antioxidant, neuroprotective, anti-diabetic and 

anti-inflammatory activities. Two top classes of therapeutics in growing demand are antibacterials and anti-inflammatory agents. This 

review focuses on the studies carried out to explore the antibacterial and anti-inflammatory potentials of coumarins, both synthetic and 

naturally occurring, from 2021 to 2024. 
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1. Introduction 
 

Coumarins are a class of aromatic compounds where each 

member possesses a 2H–1–benzopyran-2-one nucleus. 

Coumarins come under the benzopyrone family, wherein each 

of the members possesses a benzene ring fused to an α–pyrone 

ring. This unique structure is responsible for a vanilla–like 

odour of many of the coumarins. Coumarins are further 

classified into simple coumarins, furocoumarins, 

dihydrofurocoumarins, pyranocoumarins, phenylcoumarins 

and biscoumarins. 

 

 
Figure 1: Structure of coumarin nucleus (2H-1– 

benzopyran-2-one). 

 

The name coumarin is derived from the French word for the 

tonka bean (Dipteryx odorata), “coumarou,” since coumarin 

was first isolated from tonka beans [1],[2]. Coumarins are 

usually found naturally but are also synthesized to ensure a 

good yield for the synthesis of useful coumarin derivatives. In 

the plant kingdom, there are three major sources of coumarins: 

Apiaceae, Asteraceae and Rutaceae [3]. Coumarins are 

important leads in drug discovery and development as they 

possess a plethora of activities, including anti-bacterial, anti-

viral, anti-fungal, anti-cancer, anti-coagulant, antioxidant, 

neuroprotective, anti–diabetic and anti–inflammatory 

activities. There have also been many derivatives of 

coumarins and their conjugates studied for various activities 

as listed above [3],[4]. 

 

Today, there is a constant public outcry for more effective and 

safer therapeutics, particularly antibacterials and anti-

inflammatory agents. The main reasons are antibacterial 

resistance and adverse effects of chronic administration of 

NSAIDs in people with chronic illnesses [11],[12],[19],[20]. 

This is where the application of the coumarin ring as a 

promising scaffold comes into picture. There have been 

insights into the studies of coumarins and their derivatives for 

antibacterial and anti-inflammatory activities [5],[6],[7],[8]. 

Hence, this review touches upon the studies carried out on 

coumarins in plant extracts as well as designed and 

synthesized coumarin derivatives spanning from 2021 to 

2024, focussing on antibacterial and anti-inflammatory 

studies and displaying the structures of the best-performing 

molecules. Hence, this review can intrigue and motivate 

researchers who are aspiring to work on coumarins and 

contribute significantly to fruitful drug discovery and 

development.  

 

2. Materials and methods 
 

The databases of PubMed, Science Direct, and A & V 

publications were searched for suitable research articles based 

on antibacterial and anti-inflammatory studies carried out on 

coumarins. Mostly the articles dating from 2021 to 2024 were 

chosen and read.  

 

3. Results and Discussion  
 

3.1 Coumarins for Antibacterial Activity 

 

Loganathan et al., (2024) designed and synthesized 

anthraquinone-coumarin conjugates and evaluated them for 

biological activities, including in vitro antibacterial activity. 

They found that compound 1t possessed the highest activity 

against E. aerogenes [9]. 
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Figure 2: Structure of compound 1t. 

 

Emam et al., (2023) designed and synthesized a series of 

coumarin derivatives; they were evaluated for antibacterial 

activity. Compound 3b (figure 2) was found to possess the 

lowest minimum inhibitor concentration (MIC) and minimum 

bactericidal concentration (MBC) out of all the compounds 

(including the standard: novobiocin), against K. pneumoniae. 

It also exhibited high stability in mammalian plasma. 

Compound 3b also inhibited Gram–negative DNA gyrase, 

with an IC50 lower than that of novobiocin. However, in silico 

studies reveal that novobiocin has a greater binding affinity to 

the DNA gyrase active site than that of compound 3b [10]. 

 

Figure 3: Chemical structure of compound 3b. 

 

Zeng et al., (2023) designed and synthesized a series of 

piperazine–hybridized coumarin indolylcyanoeneones, and 

evaluated them for antibacterial activity; out of which, a 

derivative, 11f, possessed the most promising activity [11].                                           

 

 
Figure 4: Chemical structure of derivative 11f. 

 

Liu et al., (2023) synthesized a series of coumarin derivatives 

and evaluated them for activity against P. aeruginosa, via in 

vitro and mechanistic studies and the derivative 4t was found 

to have the most promising activity. It also enhanced the 

synergistic action of antibiotics ciprofloxacin and tobramycin 

by more than 200-1000–fold compared to the single-dose 

antibiotic treatments, when tested in healthy female wound–

afflicted balb/c mice [12]. 

 

Figure 5: Chemical structure of derivative 4t. 

 

 

 

 

 

Li et al., (2023) synthesized three series of polysaccharide 

derivatives tethered with coumarins and evaluated them for 

biological activity, including antibacterial activity. 

Compounds 10B and 10C exhibited the highest degree of 

antibacterial activity [13].  

 

 
Figure 6: Chemical structures of derivatives: 10B and 10C 

 

Abdelaziz et al., (2023) designed and synthesized a series of 

novel coumarin–N–heterocyclic hybrids bearing these N–

heterocyclic moieties: quinoline, acridine and 

neocryptolepine. These hybrids were then evaluated for 

biological activity, which includes antibacterial activity. 

Results from the antibacterial assay showed that compounds 

10b, 13b, 10c and 13c were found to possess the highest 

antibacterial potential [14]. 

 

Figure 7: Chemical structures of derivatives: 10b, 10c, 13b, 

13c 

 

Zala et al., (2023) designed and synthesized a series of novel 

piperazine–based cinnamic acid–bearing coumarin 

derivatives and subjected them to biological activity 

evaluation, including in vitro antibacterial activity and 

molecular docking. The study concluded that derivatives 7d, 

7f, 7g and 7k could be promising leads for developing more 

effective antimicrobial drug molecules [15]. 

 

Figure 8: Chemical structures of derivatives: 7d, 7f, 7g and 

7k. 
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Nikitin et al., (2023) carried out the phytochemical profiling 

of ethanolic extracts of different Artemesia L. species and 

evaluated them for biological activity. Coumarins 7–

geranyloxycoumarin, isofraxidin, scoparone and scopoletin 

were found in varying proportions in all the extracts. The 

minimum concentration for antibacterial activity of all the 

extracts was 150 mcg/ml. The A. dracunculus cv. Smaragd 

extract had a selective effect against Gram-positive R. 

iranicus and B. subtilis, A. scoparia cv. Tavrida extract 

possessed selective effect against Gram-negative A. 

tumefaciens and X. arboricola bacteria [16].  

 

 
Figure 9: Coumarins present in ethanolic extracts of 

different Artemesia L. species 

 

D et al., (2023) synthesized various coumarin–chalcones and 

subjected them to in vitro biological evaluation of activity. 

Out of all the hybrids, compounds 3a to 3e showed 

antibacterial potential [17].   

 

 
Figure 10: Chemical structures of coumarin–chalcone 

hybrids 3a – e. 

 

Tajani et al., (2023) subjected some coumarin derivatives to 

evaluation of anti–quorum sensing and anti–biofilm activity 

against Pseudomonas aeruginosa PAO1 using in vitro and in 

silico approach. Overall, results showed that 4–

farnesyloxycoumarin and farnesiferol B were the most 

potential derivatives for anti–quorum sensing and anti–

biofilm activity against Pseudomonas aeruginosa PAO1 [18]. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11: Chemical structures of 4–farnesyloxycoumarin 

and farnesiferol B. 
 

Koszelewski et al., (2023) synthesized coumarin–α–amino 

dimethyl phosphonate conjugates and evaluated these for 

synergistic antimicrobial effect of these two pharmacophores. 

All these derivatives were found to possess good antibacterial 

activity. This proved the synergy between coumarin and α–

amino dimethyl phosphonate [19]. 
 

 
Figure 12: Designed coumarin–α–amino dimethyl 

phosphonate conjugates and an amino coumarin 

 

Hamid et al., (2023) designed derivatives of 3–substituted 

coumarins and subjected them to in vitro and in silico 

evaluation of inhibitory potential against E. coli HsIV. Results 

reveal that the below pictured derivatives were found to 

possess the most activity [20]. 
 

 
Figure 13: Chemical structures of most promising 

derivatives of 3–substituted coumarins. 

 

 

Sasaki et al., (2023) synthesized various derivatives of 

novobiocin and tested them for antigonococcal activity and 
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pharmacokinetics. Based on the results, out of the designed 

derivatives, derivative 47 was found to perform the best [21]. 
 

 
Figure 14: Chemical structure of novobiocin derivative 47. 

 

Reddy et al., (2023) designed and synthesized various 

coumarin-thymidine analogs and subjected them to evaluation 

of activity against Mycobacterium tuberculosis. For this 

evaluation, in vitro antitubercular assay, molecular docking 

and toxicity studies were carried out. The results of the study 

showed that compound 1k was the most active compound 

which was found to be safe and possess an excellent docking 

score [22]. 
 

 
Figure 15: Chemical structure of the most active coumarin-

thymidine analog: Compound 1k. 

 

Tang et al., (2023) isolated and characterized two new 

isocoumarin derivatives: Eleuthemarins A and B; the source 

of these isocoumarins was the Arctic fungus Eleutheromyces 

sp. CPCC 401592. These compounds were then evaluated for 

biological activity, including in vitro antibacterial activity. 

The results from the study showed eleuthemarin A to possess 

weak antibacterial activity [23]. 
 

 
Figure 16: Chemical structure of Eleuthemarin A. 

                        
de Sousa et al., (2023) gauged the in vitro bactericidal 

potential of some eugenol–derived coumarins. Out of the 

coumarins, C1 was found to possess the best activity against 

S. aureus whereas C3 AND C4 possessed the best activity 

against E. coli [24]. 
 

 
Figure 17: Chemical structures of most active eugenol–

derived coumarins. 

 

Sayed et al., (2023) developed new series of thiazoles, 

pyridines and pyrazoles based on coumarin moiety and 

evaluated these for antimicrobial potential, including 

antibacterial potential. The results revealed that compound 12 

performed the best in terms of activity against Bacillus 

pumilis; compounds 3, 4 and 12 exhibited remarkable activity 

against Streptococcus faecalis; compound 9 exhibited the best 

activity against Enterobacter cloacae. Most of the designed 

compounds had good activity against Escherichia coli [25]. 
 

 
Figure 18: Chemical structures of the most active coumarin 

derivatives 

 

Araújo-Neto et al., (2023) evaluated the potential of 3–

substituted, synthetic coumarins for inhibition of the NorA 

and MepA efflux pumps of S. aureus. This was done by 

determining in vitro MIC, studying the association of 

coumarins with fluoroquinolones and ethidium bromide 

(EtBr), assessing the effect on EtBr fluorescence emission, 

molecular docking, and analyzing the effect on membrane 

permeability. From the results it is noted that coumarin C1 

performed the best [26]. 
 

 
Figure 19: Chemical structure of the best 3–substituted 

coumarin derivative: coumarin C1. 

 

Pawar et al., (2023) screened diverse families of 

phytochemicals in silico for binding affinity with N. 

gonorrhoeae MurI protein; some compounds were shortlisted 

and further evaluated for functional, structural, and in vitro 
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antibacterial activity. The results from the study showed that 

esculetin was found to possess the best activity [27]. 
 

 
Figure 20: Chemical structure of the most active 

phytochemical against N. gonorrhoeae: Esculetin. 

 

O et al., (2022) synthesized and characterized azo compounds 

containing 4–methylumbelliferone; these were then evaluated 

for various biological activities including antibacterial 

activity. Out of all the azo compounds, 4a, 4b and 4c were 

found to have the best antitubercular activity, while 4a and 4d 

possessed the best activity against other bacterial strains [28]. 
 

 
Figure 21: Chemical structures of the most active 4-

methylumbelliferone–based azo compounds. 

   

Selim et al., (2022) carried out phytochemical profiling of the 

methanolic extract of Pistacia lentiscus bark and evaluated 

this extract for biological activity, which includes antibacterial 

activity. The extract was found to have good antibacterial 

activity. The phytochemical profile of this extract revealed 

presence of 2.0 % coumarins. However, the identities of these 

coumarins have not been determined [29]. 
 

Duan et al., (2022) evaluated natural compounds obtained 

from the TCMSP database for antitubercular activity via 

molecular docking and in vitro assay. The results from the 

study showed that daphnetin, a coumarin exhibited the best 

antitubercular activity [30]. 
 

 
Figure 22: Chemical structure of daphnetin 

 

Xu et al., (2022) designed and evaluated N-nitrosoaniline NO 

donors possessing a 7-amino-4-methylcoumarin scaffold for 

NO release. They discovered that NO donor 3a, possessed the 

optimal NO release. They further discovered via in vitro and 

in vivo mice studies that 3a, when administered with 

Levofloxacin (Lev) offered a synergistic effect to eliminate 

Methicillin-resistant Staphylococcus aureus (MRSA) 

biofilms and heal wounds infected with bacteria [31].  
 

Figure 23: Chemical structure of NO donor 3a. 

                  

Vasava et al., (2022) conducted in silico screening of 

proposed benzimidazole derivatives with the protein target, 

Mycobacterium tuberculosis Enoyl Reductase (Inha), to 

determine the therapeutic potential of these derivatives to treat 

TB. The results convinced the authors that the proposed 

derivatives possessed promising anti-TB activity by inhibition 

of Inha. Three of the derivatives, from ‘set 4’ possessed a 

coumarin moiety [32]. 
 

 
Figure 24: Chemical structures of benzimidazole derivatives 

with coumarin moiety. 

 

3.1 Coumarins for Anti-inflammatory Activity 

 

Tu et al., (2023) elucidated the detailed mechanism of the 

neuroprotective action of urolithin A in preventing 

Alzheimer’s disease; this was done by kinase–profiling and 

the researchers confirmed that dual-specific tyrosine 

phosphorylation-regulated kinase 1A (DYRK1A) is the main 

target of urolithin A [33]. 
 

 
Figure 25: Chemical structure of urolithin A. 

 

Guo et al., 2023 elucidated and confirmed the mechanism of 

daphnetin (figure 24) in alleviating lipopolysaccharide (LPS)-

induced septic lung injury by network pharmacology as well 

as mice and cell models. The researchers concluded that the 

inhibition of MAPK/NF-κB/NLRP3 pathway and 

upregulation of CD38 are caused by daphnetin, leading to the 

beneficial therapeutic effect [34]. 
 

Karabulut Uzunçakmak et al., (2023) explored the effects of 

suberosin in alleviating sepsis–induced lung injury; this study 

was performed using male Wistar rat models of cecal ligation 

and puncture (to induce sepsis in the rats). The study 
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concluded that suberosin ameliorated sepsis–related lung 

injury in a dose–dependent fashion [35].  
 

 
Figure 26: Chemical structure of suberosin 

 

Min et al., (2023) synthesized 23 pyranocoumarin derivatives 

and evaluated for anti–inflammatory effects on 

lipopolysaccharide–induced inflammation in RAW264.7 

macrophages. Out of the derivatives, coumarin derivative 2 

possessed the best anti–inflammatory activity [36]. 
 

 
Figure 27: Chemical structure of the most active 

pyranocoumarin derivative: derivative 2. 

 

Luo et al., (2023) evaluated the therapeutic potential of 

bergapten in treating combined allergic rhinitis and asthma 

syndrome (CARAS) by using BALB/c mice with CARAS. 

The researchers observed that bergapten ameliorated CARAS 

after PM2.5 exposure, by balancing Treg/Th17 expression and 

suppressing STAT3 and MAPK activation in the mice [37]. 
 

 
Figure 28:  Chemical structure of bergapten. 

 

Ghany et al., (2023) designed, synthesized and conducted 

anti-inflammatory evaluation of coumarin analogs that 

incorporated curcumin and other heterocyclic moieties. The 

evaluation was done using LPS-induced macrophages. 

Analog 14b performed the best [38]. 
 

 
Figure 29: Chemical structure of coumarin analog 14b. 

 

Choo et al., (2023) synthesized minutuminolate, 7 methoxy-

8-(2-acetoxy-3-methyl-1-oxobut-2-enyl) coumarin and 

muralatin I and evaluated them for anti-inflammatory activity 

against tumor necrosis factor-alpha (TNF-α) production in 

lipopolysaccharides-stimulated RAW264.7 cells. Muralatin I 

showed potent TNF-α inhibition [39].  
 

 
Figure 30: Chemical structure of Muralatin I. 

 

Jiang et al., (2023) explored the targets and mechanisms of 

osthole in alleviating rheumatoid arthritis. Results from 

network pharmacology and molecular docking suggested that 

the anti-inflammatory action of osthole contributed to its 

activity against rheumatoid arthritis and that AMP-activated 

protein kinase (AMPK) was the potential target of osthole. In 

vitro studies using TNF-α induced FLS cells revealed that 

osthole inhibited the secretion of inflammatory factors of RA 

fibroblast-like synoviocytes (FLS), which the researchers 

attributed to the activation of AMPK by osthole to inhibit the 

activation of NLRP3 inflammasome; they also observed that 

AMPK-induced activation lead to generation of mitochondria; 

this in turn lead to occurrence of apoptosis and the decrease of 

ROS in FLS. Results from in vivo studies using CIA rat 

models testified the anti-RA potential of osthole [40].   
 

 
Figure 31: Chemical structure of osthole 

 

Kumar et al., (2023) synthesized 19 3-substituted analogs of 

scoparone and performed in vitro and in vivo screening for 

anti-inflammatory activity using various methods. The results 

from the studies led to the conclusion that the scoparone 

analog 3 possessed the greatest anti-inflammatory potential 

[41]. 
 

 
Figure 32: Chemical structure of scoparone analog 3. 

 

Liliana Porras-Dávila et al., (2023) evaluated 

dichloromethane fractions of the leaves of Distictis 

buccinatoria containing select constituents including the 

coumarins daphnoretin and herniarin for biological activity. 

The isolated fractions of daphnoretin and herniarin were 

evaluated for anti-inflammatory activity using 12-O-

tetradecanoylphor bol-13-acetate-induced auricular edema in   
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mice. The inhibition of local edema by herniarin fraction was 

found to be 86.92% and for daphnoretin, 86.41%. The 

fractions containg daphnoretin and herniarin reduced the 

concentrations of IL-1β, TNF-α, and IL-6, while also 

increasing the production of IL-10. Hence the authors 

concluded that daphnoretin and herniarin possess promising 

anti-inflammatory activity [42]. 

 

 
Figure 33: Chemical structures of herniarin and daphnoretin. 

                                                   

S. J. Hamid & Salih, (2022) designed and synthesized four 

Schiff bases of 7-hydroxy-4-formyl coumarin and 7-methoxy-

4-formyl coumarin; these were subjected to in silico and in 

vitro evaluation of anti-inflammatory action. In silico 

evaluation was done by molecular docking and determination 

of druglikeliness via Lipinski’s rule of five. In vitro evaluation 

was done by the protein denaturation assay. Schiff base 7 was 

found to have the best overall results [43]. 
 

 
Figure 34: Chemical structure of Schiff base 7. 

 

Apweiler et al., (2022) evaluated the anti-neuroinflammatory 

effects of two coumarin compounds: KIT C and KIT H in 

human neuroblastoma cells and primary murine microglia. 

Both compounds showed varying effects for pro- and anti-

inflammatory parameters [44]. 
 

 
Figure 35: Chemical structures of coumarin-based 

compounds evaluated for anti-neuroinflammatory effects. 

 

Mosebarger et al., (2022) performed an in silico evaluation of 

osthole derivatives for anti-inflammatory potential. Molecular 

docking was done for the targets:  NF-κB, TNF-α, and ERK1. 

The derivatives were also evaluated for drug potential. Based 

on the overall results, protonated demethoxy osthole 1 showed 

the best potential [45]. 
 

 
Figure 36: Chemical structure of the most active derivative: 

protonated demethoxy osthole 1. 

 

Faheem et al., (2022) explored the anti-neuroinflammatory 

potential of natural compounds, including bergapten (figure 

31) in rat models of paclitaxel-associated neuroinflammatory 

pain. The results showed that all the natural compounds tested 

has potent anti-neuroinflammatory action [46]. 
 

Jahan et al., (2022) prepared the methanolic extract of 

Chukrasia velutina bark and subjected the extract through 

various in vitro, in vivo and in silico assays to determine what 

type of biological activities the extract possesses. The 

phytoconstituents present in the extract were also determined. 

The results from the study suggested that 5,7-

dimethoxycoumarin and scopoletin (figure 9) possessed the 

most promising activity, especially in terms of analgesic and 

antipyretic actions [47].  
 

 
Figure 37: Chemical structure of 5,7-dimthoxycoumarin 

 

It is observed that there are some similarities in the structures 

of all the coumarins studied: presence of methoxy and 

hydroxy groups, halogens especially chloro, fluorine, bromine 

and methyl groups. These groups were mostly aromatic 

groups attached to the coumarin nuclei. Additionally, among 

the coumarins studied for antibacterial activities, presence of 

nitro group, heterocycles like piperazine, oxygen, nitrogen 

and sulphur-containing five-membered heterocycles were 

more common than those studied for anti-inflammatory 

activities. Presence of methoxy group is the most common and 

seen in coumarins studied for both antibacterial and anti-

inflammatory studies. 

 

4.  Conclusions 
 

Coumarins that incorporate aromatic and non-aromatic 

methoxy, hydroxy, chloro, fluorine, bromine and methyl 

groups can be designed for the evaluation of both antibacterial 

and anti-inflammatory activities. Additionally, aromatic nitro 

group, heterocycles like piperazine, oxygen, nitrogen and 

sulphur-containing five-membered heterocycles can also be 

considered for incorporation in coumarins undergoing 

antibacterial evaluation. 
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