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ABSTRACT 

Coumarins are a class of compounds belonging to the benzopyrone family, consisting of a pyrone ring 

fused to a benzene ring. Benzopyrones are broadly divided into two categories: benzo-α-pyrones, which 

include coumarins, and benzo-γ-pyrones, which primarily encompass flavonoids. In nature, the three 

most commonly occurring coumarins are scopoletin, esculetin, and umbelliferone. Their biosynthesis 

involves precursor compounds such as p-coumaric acid, caffeic acid, and ferulic acid, which undergo a 

key transformation known as ortho-hydroxylation. Coumarins possess notable medicinal properties, 

making them valuable scaffolds for structural modification and drug development. They exhibit a wide 

range of biological activities, including antibacterial, anticancer, and anti-inflammatory effects, which 

has generated significant interest in exploring their therapeutic potential. 

Keywords: Coumarins, Benzopyrones, Benzo-α-pyrones, Umbelliferone, Biosynthesis, 

Pharmacological properties, Antitumor activity, Bacteriostatic agents

INTRODUCTION- 

The chemical class coumarins derives its 

name from “Coumarou,” the traditional term 

for the tonka bean (Dipteryx odorata Wild., 

Fabaceae), from which coumarin was first 

isolated in 1820 [1]. Coumarins are broadly 

categorized into four structural groups: 

simple coumarins, furanocoumarins, 

pyranocoumarins, and pyrone-substituted 

derivatives. Simple coumarins, including 

coumarin, 7-hydroxycoumarin, and 6,7-

dihydroxycoumarin, comprise 

hydroxylated, alkoxylated, and alkylated 

modifications of the parent coumarin 

scaffold. Furanocoumarins contain a five-

membered furan ring fused to the coumarin 

nucleus, with either linear or angular 
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substitution patterns depending on the site of 

fusion. Pyranocoumarins share similar 

structural features but carry a six-membered 

pyran ring instead of a furan ring. Pyrone-

substituted coumarins, such as 4-

hydroxycoumarin, feature alterations on the 

pyrone moiety [2]. Warfarin, a widely used 

synthetic anticoagulant, belongs to this 

coumarin class. Although the simple 

coumarin molecule is often regarded as the 

parent structure of the benzo-α-pyrone 

group, 7-hydroxycoumarin is frequently 

considered the fundamental precursor for 

the biosynthesis of more complex coumarins 

[3]. Genistein, an isoflavone classified under 

the benzo-γ-pyrone group, is naturally 

abundant in soy and has been extensively 

evaluated for its chemopreventive potential, 

particularly in hormone-related cancer 

models [4,5]. Coumarins are distributed 

extensively across the plant kingdom and 

occur in notably high concentrations in 

certain essential oils—such as cinnamon 

bark oil (approximately 7,000 ppm), cassia 

leaf oil (up to 87,300 ppm), and lavender oil. 

They also occur in fruits like bilberry and 

cloudberry, as well as in green tea and foods 

such as chicory [6, 7]. Higher plants, 

especially those belonging to the Rutaceae 

and Umbelliferae families, represent the 

richest botanical sources. 

The distribution of coumarins within plants 

varies, with fruits generally containing the 

highest levels, followed by roots, stems, and 

leaves. Environmental and seasonal factors 

may influence their accumulation. Several 

new minor coumarins have been isolated 

from the fruits and stem bark of 

Calophyllum dispar (Clusiaceae), a genus 

comprising around 200 species used 

traditionally across tropical regions [8,9]. 

Although higher plants remain the primary 

sources, certain microbial species also 

produce coumarin derivatives; aflatoxin 

from Aspergillus spp. and novobiocin and 

coumermycin from Streptomyces spp. are 

notable examples [10, 11]. 

Chemical Profile 

Structure 

Coumarin and its derivatives constitute the 

major class of orally administered 

anticoagulant agents. While native coumarin 

is poorly soluble in water, the introduction 

of a 4-hydroxy group imparts weak acidic 

character, enabling these molecules to 

dissolve under mildly alkaline conditions 

The structural features of coumarin and its 

major derivatives are illustrated below. 

Warfarin is formulated and marketed in the 

form of its sodium salt. The molecule 

contains a single chiral center, and its S (–) 

enantiomer exhibits approximately 5–8 

times greater anticoagulant activity than the 

R (+) form. Despite this difference in 

potency, commercially available warfarin is 

provided as a racemic mixture. 
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Figure 1.1: Basic derivatives of coumarins 

 

Structure Activity Relationships 

Coumarin and 4-hydroxycoumarin 

themselves lack intrinsic anticoagulant 

activity. Link, who first isolated and 

characterized bis-hydroxycoumarin 

(dicoumarol) from spoiled sweet clover, 

demonstrated that three structural features 

are essential for anticoagulant action: the 

presence of a 4-hydroxyl group, substitution 

at the 3-position, and a bis-coumarin 

framework [11]. The benzo-2-pyrone core 

characteristic of simple coumarins 

originates biosynthetically from the 

phenylacrylic backbone of cinnamic acids. 
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Figure 1.2: Structural activity relationship of coumarins 
 
 

The coumarin nucleus is biosynthesized 

from cinnamic acid through a sequence of 

ortho-hydroxylation, trans-to-cis 

isomerization of the side-chain double bond, 

and subsequent lactonization. Because the 

trans isomer is too stable to undergo 

cyclization, conversion to the cis 

configuration is required, a process 

attributed to the action of an isomerase 

enzyme [12]. 
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Figure 1.3: Isomerisation of coumarin 

 

The cis isomer is inherently unstable and 

therefore readily reverts to the more stable 

trans configuration. During biosynthesis, 

glucose acts as a leaving group that 

facilitates this cis–trans interconversion. In 

Melilotus alba (Leguminosae), a β-

glucosidase specifically hydrolyzes the cis-

glucoside intermediate, enabling 

progression of the pathway [12]. 

Umbelliferone, esculetin, and scopoletin 

represent the most widely distributed natural 

coumarins. This biosynthetic route also 

explains why naturally occurring coumarins 

typically bear an oxygen substituent at the 7-

position. 

 
Figure 1.4: Isoforms of coumarins and scaffold derivatives 
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PHARMACOLOGICAL PROFILE 

General details 

The use of coumarin in clinical medicine 

was suggested because of its biochemical 

characteristics. They ought to be assessed 

for the management of different medical 

disorders. Interstitial fluid in human tissues 

drains through the lymphatic system, which 

is in charge of high-protein edema (HPE). 

Edema hinders oxygen transmission and 

tampers with tissue cell metabolism, which 

makes wound healing difficult. High protein 

edemas (HPO) are caused by a buildup of 

protein in the tissue after inflammation or 

damage, which causes the capillaries to 

become permeable and allow water to seep 

into the tissue [13].  

High-protein edemas are linked to a variety 

of illness conditions, from more common 

and acute forms (like burns and 

unintentional and surgical traumas) to more 

severe and chronic forms (like lymphedema 

and elephantiasis). Several benzopyrones, 

including coumarin, have been studied for 

their ability to reduce swelling in high-

protein oedema. However, Loprinzi and 

associates claim that coumarin therapy by 

itself is ineffective for women who 

experience arm lymphedema following 

breast cancer treatment. By incorporating 

coumarin with other substances into primary 

combination treatments, it would be feasible 

to enhance the positive therapeutic effect of 

coumarin [14].  

A recent investigation evaluated the edema-

protective efficacy of compression stockings 

and the vasoactive combination 

coumarin/troxerutin (SB-LOT) in patients 

with chronic venous insufficiency after 

initial leg decongestion, in alignment with 

current clinical guidelines. The findings 

support SB-LOT as a viable therapeutic 

option for patients who are unable to 

continue compression therapy for extended 

periods and confirm its effectiveness in 

preventing recurrent edema in chronic 

venous insufficiency [14]. 

ANTICOAGULANT COMPOUNDS 

Thrombotic disorders remain a major 

contributor to morbidity and mortality, 

driving continuous efforts to identify and 

develop effective anticoagulant agents. 

Conventional coumarin-based drugs—such 

as warfarin, acenocoumarol, cyclocumarol, 

and dicoumarol—are widely used to limit 

thrombus propagation and manage 

conditions including intravascular 

embolism, thrombosis, and stroke. Despite 

their clinical utility, these agents exhibit a 

narrow therapeutic index, leaving patients 

vulnerable to both insufficient and excessive 

anticoagulation [1, 6, 15,16]. 

To overcome these limitations, structurally 

novel coumarin derivatives are under 

investigation. Acetamido-substituted 

coumarin 4a functions as an efficient 

substrate for platelet calreticulin 

transacetylase, whereas its acetoxy-



Singha M et al                                                                                                                                            Research Article 
 

 
4204 

IJBPAS, September, 2026, 15(9) 

substituted analog 4b demonstrates strong 

antiplatelet activity by inhibiting platelet 

aggregation. Carboxyethyl coumarin 5 has 

shown marked anticoagulant potency 

accompanied by an extended prothrombin 

time. Additionally, pyrazole-modified 

coumarins have emerged as candidates with 

notable antithrombotic effects. 

Activated factor XII (FXIIa) has recently 

gained attention as a promising molecular 

target for next-generation anticoagulants 

[6], primarily due to its potential to separate 

anticoagulant efficacy from bleeding risk. 

Halogenated coumarins 7a and 7b have 

displayed potent FXIIa inhibition, with IC₅₀ 

values of 4.30 and 4.40 μM, respectively. 

Coumarin derivative 8 also demonstrates 

anticoagulant activity, although its use is 

associated with a marked increase in 

bleeding time. 

Given reports of hemorrhagic complications 

associated with coumarin therapy, recent 

research has intensified toward elucidating 

the detailed pharmacologic and toxicologic 

profiles of coumarin-based anticoagulants to 

guide the development of safer therapeutic 

alternatives [16]. 

 

 
Figure 1.5: Anticoagulant derivatives of coumarins (1-11) 
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ANTINEURODEGENERATIVE 

COMPOUNDS  

Neurodegeneration, a class of chronic and 

progressive nervous system diseases, 

including Alzheimer's and Parkinson's, 

affects the elderly and significantly impacts 

their quality of life. Coumarin compounds 

are effective in treating these diseases [17]. 

Coumarin Compounds as Medicinal 

Agents for Anti-Alzheimer’s Disease 

Alzheimer’s disease (AD) is a progressive 

neurodegenerative condition that represents 

a leading cause of dementia in the elderly. Its 

growing prevalence has created a substantial 

medical and social burden, driven by 

pathologic processes such as chronic 

inflammation, protein misfolding, amyloid-

β (Aβ) deposition, oxidative damage, and 

impaired cholinergic neurotransmission 

within the basal forebrain. For decades, 

researchers have sought chemical agents 

capable of modifying or slowing the course 

of AD. 

Acetylcholinesterase (AChE)—a key 

enzyme in both the peripheral and central 

nervous systems—terminates cholinergic 

transmission by hydrolyzing acetylcholine 

at synapses and neuromuscular junctions. 

Inhibition of AChE therefore remains a 

central therapeutic strategy. Several 

coumarin-based and structurally related 

compounds have exhibited promising AChE 

inhibitory activity, including Ensaculin 9, 

piperidyl-substituted coumarin 11, 

quaternary ammonium salts 12a and 12b, 

analog 13, tetrazole-functionalized 

coumarin 14, BACE1-targeting 

butyrylcholinesterase inhibitors, coumarin 

derivative AP2243 (17), FAAH inhibitors, 

and coumarin 19, which demonstrated 

notable dual AChE and BChE inhibition. 

Amyloid-β aggregation is believed to be a 

primary driver of neuronal injury and loss in 

AD. Blocking or reducing Aβ aggregation 

has therefore emerged as an alternative 

disease-modifying strategy. Among the 

investigated compounds, tetrazole-

functionalized coumarin 14 produced a 

marked reduction in the equilibrium plateau 

of Aβ aggregation assays, indicating strong 

potential as an anti-amyloid agent. 

Overall, while the discovery of effective 

AChE inhibitors continues to be a central 

focus of AD drug development, current 

research trends emphasize the design of bis-

target or multitarget-directed ligands 

capable of simultaneously modulating 

cholinergic activity, Aβ aggregation, 

oxidative stress, and other interconnected 

pathological pathways [17-20]. 
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Figure 2: Anti-Alzheimer Coumarin derivatives (12-16) 

 

Coumarin Compounds as Medicinal 

Agents for Anti-Parkinson’s Disease  

Parkinson’s disease (PD) is a chronic, 

progressive neurodegenerative disorder 

predominantly affecting older adults and 

characterized by bradykinesia, rigidity, and 

resting tremor. Monoamine oxidase (MAO) 

inhibitors remain an important therapeutic 

class for PD management [21]. MAO is a 

flavin-dependent enzyme that catalyzes the 

oxidative deamination of endogenous 

monoamine neurotransmitters, trace amines, 

and various amine-containing xenobiotics. 

The two isoforms, MAO-A and MAO-B, are 

encoded by separate genes and exhibit 

distinct tissue distributions. Selective 

inhibition of MAO-B has produced 

significant clinical benefits in PD therapy. 

Recent studies have identified several 

coumarin-based compounds as promising 

MAO-B inhibitors. Coumarin–resveratrol 

hybrids 20a–c demonstrated strong 

selectivity toward MAO-B, with derivatives 

20a and 20b—both containing two methoxy 

groups—showing particularly potent 

inhibitory activity. Hydrazide-substituted 

coumarin 22a and the methanesulfonyl 

analogue 22b also displayed notable MAO-

B inhibition. Compound 23, featuring an 

indole moiety at the C-3 position of the 

coumarin scaffold, exhibited a substantial 

enhancement in activity, achieving nearly a 

50-fold increase. Compound 24 emerged as 

a highly potent and selective MAO-B 

inhibitor, distinguished by rapid blood–

brain barrier penetration, reversible short-

acting inhibition, minimal CYP450 

interactions, and low in vitro toxicity [18]. 

Additionally, fused coumarin derivative 25, 

characterized by an extended conjugated 

system, showed superior MAO-B inhibitory 

activity and selectivity compared with the R-

(–)-diphenyl reference drug. Collectively, 

these compounds represent promising leads 
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for further development as next-generation 

selective MAO-B inhibitors [21-24]. 

ANTICANCER COMPOUNDS  

Cancer poses a significant threat to human 

health, causing significant mortality rates. 

Despite the development of various clinical 

drugs, most have poor curative effects, high 

toxicity, low selectivity, and severe drug 

resistance. Developing novel anticancer 

drugs, such as coumarin compounds, is an 

emerging mission [22]. 

Coumarin Compounds as Anticancer 

Agents Against Breast Carcinoma 

Breast cancer remains one of the most 

prevalent malignancies among women and 

is frequently driven by estrogen-dependent 

signaling. Early investigations identified the 

first coumarin-based steroid sulphatase 

inhibitor, 667-coumate (26), as a potential 

therapeutic candidate for estrogen-

dependent breast cancer [25]. More recent 

studies have shown that coumarin 

derivatives can form coumarin–estrogen 

conjugates and selectively modulate 

estrogen receptors, further expanding their 

relevance in breast cancer therapeutics. The 

recognition of novobiocin’s antitumor 

properties has also renewed interest in 

coumarins as anticancer scaffolds [26, 27]. 

Mammea-type coumarins—an extensive 

group of isoprenylated 5,7-

dihydroxycoumarins produced by species of 

Mammea, Mesua, and Calophyllum—

demonstrate diverse biological effects. 

Among these, compound 27 has been shown 

to inhibit both hypoxia-induced and iron-

chelator–induced activation of hypoxia-

inducible factor-1 (HIF-1) in T47D breast 

tumor cells and to suppress migration of 

MDA-MB-231 cells. 

Heat shock protein 90 (Hsp90) is a validated 

anticancer target, and several coumarins 

have been developed as Hsp90 inhibitors. 

Coumarin 28a exhibits strong potency by 

inducing proteasome-mediated degradation 

of multiple Hsp90 client proteins and shows 

pronounced antiproliferative activity in 

MCF-7 breast cancer cells. Its derivative, 

28b, demonstrates even greater inhibitory 

efficacy. KU-398 has emerged as a 

promising lead compound that inhibits 

Hsp90 activity and displays notable 

anticancer potential. 

Structural modification has also yielded 

candidates with enhanced activity. A 

benzothiophene-containing coumarin 

derivative, 29a—featuring C-3 substitution 

and removal of the 8-methyl group—

exhibited lead-like activity against SKBr-3 

and MCF-7 cell lines. Glycosylated 

coumarin 29b showed excellent inhibition of 

carbonic anhydrase IX (CA IX) in vitro, with 

strong selectivity toward tumor-associated 

CA isoforms [28]. 

Given the role of aromatase (AR) and 

steroid-modifying enzymes in estrogen 

biosynthesis, these pathways also represent 

important targets in breast cancer therapy. 
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Compound 31 was identified as a reversible, 

competitive inhibitor of 17β-hydroxysteroid 

dehydrogenase type 1, showing a Ki value 

of 53 nM. Thiophene-incorporated 

coumarin 32 displayed notable 

antiproliferative activity against MCF-7 

cells. Additionally, neo-tanshinlactone and 

the pyranocoumarin derivative 36 

demonstrated significant growth-inhibitory 

effects in MCF-7 breast carcinoma models 

[29]. 

 

 

 
Figure 3: Derivatives for breast carcinoma (26-33) 

 

Coumarin Compounds as Anticancer 

Agents Against Leukemia 

Anaemia, bleeding, infection, and organ 

invasion are some of the signs of leukemia, 

a progressive malignant disease marked by 

aberrant hematopoietic stem cell 

multiplication. It is a frequent malignant 

tumor that is very resistant to chemotherapy 

in children and young people. Recent studies 

have demonstrated the significance of 

looking into different chemotherapeutic 

approaches for the treatment of leukemia. 

When applied to HL-60 leukemia cells, 

natural coumarin 37 with a -methylene--

lactone moiety demonstrated strong 

cytotoxicity, resulting in apoptosis and the 

loss of the mitochondrial membrane. In 

K562 and K562/A02 leukemia cells, 

coumarin 38 from Cicuta virosa L. exhibited 

superior cytotoxicity compared to 

doxorubicin. Ferula gumosa having 

sesquiterpene coumarin 39 had an IC50 

value of 8 μM against the leukemia cell lines 

U-937. Hydroxyphenyl coumarin hybrid 41 

showed high potency against HL-60, 7 times 

more active than resveratrol. Compound 42 

showed high antiproliferative activity 

against U-937 cells, inhibiting their growth 

at 72 hours [25, 30].  
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Figure 4: Anti-Leukemic Coumarin derivatives (34-42) 

 

Coumarin Compounds as Anticancer 

Agents Against Lung Cancer 

Lung cancer is a common disease in elderly 

patients, with only 5% of patients surviving 

more than 3 years after chemotherapy. This 

high mortality necessitates the development 

of improved therapeutic approaches. 

Resveratrol, a natural polyphenol, has 

multiple biological activities. Hybrids 43a 

and 43b, containing resveratrol, showed 

antiproliferative activity against H-460 lung 

cancer cell lines. Heterocycles and 

peptidomimetics containing N-N bonds 

have been used as pharmaceutical and 

agricultural agents. Coumarin-based 

hydrazide-hydrazone 45 showed promising 

inhibitory effects against non-small cell lung 

cancer (NCI-H460), and sulfur-bridged 

coumarin 46 exhibited good 

antiproliferative activity against A549 lung 

cancer cell lines. However, replacing the 4-

methylcoumarin skeleton with isomeric 2-

ethyl-4h-chromen-4-one resulted in a 

dramatic decrease in activity [28, 31].  
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Figure 5: Anti lung cancer coumarin derivatives (44-46) 

 

Coumarin Compounds as Anticancer 

Agents Against Cervical Cancer 

Cervical cancer, a disease-causing bowel 

and bladder dysfunction, fistula, pain, and 

bleeding, is primarily caused by high-risk 

human papillomavirus infection. Despite a 

70% drop in mortality rates since 1979, the 

disease remains prevalent. Fruits can be 

used as an alternative treatment. Wampee, a 

fruit, has been found to inhibit the growth of 

cervical carcinoma cell lines with IC50 

values of 0.01 μg/ml. Chalcones, a class of 

natural products, have shown potential in 

treating cancer. Chalcone-coumarin hybrids 

have shown potent anticancer activity, while 

furocoumarin derivatives have shown 

potential in photochemotherapeutic drugs. 

These findings highlight the importance of 

exploring fruit-based treatments for cervical 

cancer and other cancers [32, 33].  

 
Figure 6: Chalcone-coumarin derivatives for cervical cancer (47-49) 

Coumarin Compounds as Anticancer 

Agents Against Colon Cancer 

Colon cancer is a common malignancy, with 

approximately one million new cases 

reported worldwide each year. Even after 
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surgical removal of tumors, nearly 40% of 

patients experience disease recurrence. To 

address this, adjuvant therapies, including 

chemotherapeutic agents, have been 

explored to lower relapse rates. Citrus fruits 

are rich in bioactive compounds with 

potential anticancer properties. For 

example, natural coumarin 50, extracted 

from citrus peels, exhibits antiproliferative 

effects against human colon cancer cells 

[34]. Additionally, novobiocin-derived 2-

indoleamide 51 has shown strong inhibitory 

activity against HCT-116 colon cancer cell 

lines. Bis-coumarin polysulfides, such as 

compound 52, have also demonstrated the 

ability to decrease cell viability and trigger 

cell cycle arrest [27, 34]. 

 

 
 

Figure 7: Colonic cancer curing Coumarin derivatives (50-52) 

 

Coumarin Compounds as Anticancer 

Agents Against Pancreatic Cancer 

Pancreatic cancer remains one of the most 

aggressive malignancies, with a median 

survival of less than six months and a 5-year 

survival rate of only around 5.5%. Surgical 

resection is possible in just 15–20% of 

patients, and only a minority survive up to 

five years post-surgery. The tumor’s 

inherent resistance to standard anticancer 

therapies contributes to frequent treatment 

failures. Kayea assamica, an evergreen tree 

traditionally used to reduce excessive heat, 

has shown promising anticancer potential. 

Extracts from its flowers exhibited complete 

selective cytotoxicity against human 

pancreatic PANC-1 cells under nutrient-

deprived conditions. Natural coumarin 53 

and long-chain isoprenyloxy-modified 

coumarin 54 demonstrated strong cytotoxic 

effects against PANC-1 cells [35]. 

Additionally, derivative 55 effectively 

inhibited human NAD(P)H quinone 

oxidoreductase-1 (NQO1), an enzyme 

associated with various tumor types [36,37]. 
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Figure 8: Adenocarcinoma treating drug based on coumarin derivatives (53-55) 

Coumarin Compounds as Anticancer 

Agents Against Gastric Carcinoma 

Gastric cancer continues to pose significant 

treatment challenges, despite a gradual 

decline in its incidence and mortality. 

Surgical resection remains the mainstay of 

therapy, offering only about 30% five-year 

survival. Palliative chemotherapy can 

improve both quality of life and overall 

survival in affected patients. Natural product 

56, isolated from Corydalis heterocarpa, 

exhibits strong antiproliferative effects 

against AGS human gastric cancer cells, 

reducing cell proliferation by approximately 

54%. Telomerase, a critical target in cancer 

therapy, is often reactivated in tumor cells to 

support uncontrolled growth. Compound 57, 

containing a 4,5-dihydropyrazole moiety, 

displayed enhanced activity against SGC-

7901 human gastric cancer cells along with 

potent telomerase inhibition. Additionally, 

compound 58 is a novel microtubule 

inhibitor showing antimitotic effects in 5-

fluorouracil-resistant human gastric cancer 

cell lines [37]. 

 
Figure 9: Coumarin derivatives for gastric cancer (56-58) 
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Coumarin Compounds as Anticancer 

Agents Against Other Cancers 

Coumarin-based compounds have shown 

promising activity against several 

malignancies, including mantle cell 

lymphoma (MCL), prostate cancer, and 

ovarian cancer. MCL is an aggressive B-cell 

lymphoma characterized by rapid 

recurrence, often associated with mutations 

or overexpression of apoptosis-related genes 

such as p53, which indicates poor prognosis. 

Natural coumarin 59, derived from 

Calophyllum brasiliense, demonstrated 

greater efficacy in MCL cells harboring 

mutant p53 compared to wild-type p53. In 

prostate cancer, compound 60, a potential 

17-HSD3 inhibitor, exhibited significant 

therapeutic activity. Ovarian cancer ranks as 

the eighth leading cause of death among 

women, with drug resistance driving the 

development of new treatments. Compound 

61, a coumarin-based nifurtimox derivative, 

inhibits the oncogene ras, downregulates the 

DNA-PK KU-80 subunit, and activates 

AKT, leading to apoptosis in platinum-

resistant OVCAR-3 ovarian cancer cells. Its 

in vivo anti-ovarian cancer potential is 

currently under investigation [38, 39]. 
 

 
Figure 10: Hydroxysteroid inhibitor derivatives of coumarins (59-61) 

 

ANTIOXIDATIVE COMPOUNDS  

Reactive oxygen species (ROS) are natural 

by-products of aerobic metabolism and play 

important roles in physiological processes 

such as signal transduction. However, 

excessive ROS levels can contribute to 

aging, neurodegenerative disorders, 

cardiovascular diseases, inflammation, and 

cancer. Antioxidant agents can counteract 

these effects by inhibiting ROS generation, 

scavenging free radicals, and chelating 

transition metals. Coumarins demonstrate 

antioxidant activity, in part, through their 

ability to bind Fe(III) ions [36, 40-43]. 
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Hydroxyl Coumarins as Antioxidants 

Hydroxylated coumarins, particularly 4-

hydroxycoumarins, play a crucial role in 

both the generation and neutralization of 

reactive oxygen species (ROS), thereby 

influencing processes mediated by free 

radicals. Their antioxidant potential is 

largely attributed to the hydroxyl group, 

which serves as an effective donor for 

radical scavenging. Coumarin-based amines 

have demonstrated notable radical-

scavenging activity; for instance, compound 

62 exhibits activity comparable to the 

standard antioxidant BHT. Compounds 

containing styryl carbonyl moieties, such as 

63, also display significant antioxidative 

effects. Lipoic acid (LA) derivatives 64a and 

64b show enhanced hydroxyl radical 

scavenging activity, outperforming the 

parent LA. Dihydroxy coumarin derivatives 

65a–c have been reported to possess 

antioxidative properties, with 65b 

demonstrating the highest DPPH radical 

scavenging activity. Additionally, 

benzothiazole-coumarin derivatives like 66 

exhibit promising antioxidant activity, 

achieving notable DPPH scavenging and 

over 50% ABTS radical inhibition [44–46]. 

 

 
Figure 11: Coumarins hydroxylated antioxidating derivatives (64-66) 

 

Non-hydroxyl Coumarins as Antioxidants 

Non-hydroxylated coumarin derivatives 

also display notable antioxidant properties. 

For example, 3-3-pyrroline-modified 

coumarin 67 has been identified as a 

promising antioxidant agent. Coumarin 

compounds containing a pyrazolone ring 

exhibit a broad range of biological activities, 

with coumarin-based pyrazolone 68 

demonstrating moderate DPPH radical 

scavenging. Oxadiazole-modified coumarin 

69 shows comparable antioxidative activity 

against DPPH and ABTS⁺ radicals. 

Thiophene and benzothiazole derivatives 
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are recognized for their analgesic and anti-

inflammatory properties. Hybrid compound 

70, combining coumarin and benzothiazole, 

exhibited strong antioxidative activity with 

75.64% inhibition relative to ascorbic acid. 

Similarly, amide-linked coumarin 71 

displayed in vitro antioxidant activity 

comparable to standard ascorbic acid. 

Coumarin-based Schiff base 72 

demonstrated potent radical scavenging, 

surpassing standards such as BHT, BHA, 

and ascorbic acid. Lipoxygenases (LOs), a 

class of iron-containing enzymes, catalyze 

the oxidation of polyunsaturated fatty acids 

to lipids. Coumarins 73a and 73b act as 

effective LO inhibitors, achieving 86% and 

62% inhibition, respectively, compared to 

reference compounds. Further structure-

activity relationship studies are ongoing [37, 

47, 48]. 
 

 

 
Figure 12: Non-hydroxylated coumarin antioxidant derivatives (71-73) 

 

Fused Coumarin Compounds as 

Antioxidants 

Fused coumarin derivatives, including 

furocoumarins and pyranocoumarins, have 

been explored for their antioxidant potential. 

Angelica species, an important medicinal 

plant, have traditionally been used for their 

anti-inflammatory, diuretic, and stimulant 

properties. Natural product 74, isolated from 

Angelica urumiensis, exhibited moderate 

antioxidant activity. Fused coumarin 75, 

containing a 1,4-thiazepine moiety, 

demonstrated notable DPPH radical 

scavenging activity, while p-chlorophenyl-

substituted furocoumarin 76 also showed 

effective free radical inhibition. 

Additionally, benzo-coumarin 77 displayed 

strong lipoxygenase (LO) inhibitory 

activity, likely due to the presence of a free 

hydroxyl group [24, 49]. 
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Figure 13: Polycyclic Coumarin antioxidant derivatives (74-77) 

 

CONCLUSION AND OUTLOOKS 

Coumarin compounds have been widely 

explored in medicinal chemistry due to their 

broad range of biological activities, 

including anticoagulant, 

antineurodegenerative, anticancer, 

antioxidant, antibacterial, antifungal, 

antiviral, antiparasitic, anti-inflammatory, 

analgesic, antidiabetic, and antidepressive 

effects. Among these, significant progress 

has been achieved in the development of 

coumarin-based drugs for anticoagulant, 

antineurodegenerative, antibacterial, 

anticancer, and antioxidant applications. 

Future research on coumarins is expected to 

focus on the discovery, extraction, 

purification, and identification of naturally 

occurring coumarins from plants, animals, 

and microorganisms, as these natural 

compounds generally exhibit low toxicity 

and minimal side effects. Structural 

modification and combination strategies are 

also being increasingly applied to enhance 

the biological activity and overcome drug 

resistance in coumarin-based therapeutics. 

Additionally, supramolecular coumarin 

derivatives are emerging as a promising 

direction, as oxygen-containing conjugated 

coumarin molecules can form interactions 

such as hydrogen bonding, ion-dipole, 

stacking, and hydrophobic forces with other 

molecular systems. Overall, continued 

investigation into the chemistry and 

biological potential of coumarins is 

expected to contribute significantly to the 

design and development of new bioactive 

medicinal agents.  

STATEMENT OF ETHICS 

There are no animal or human participants 

used in this study 

ACKNOWLEDGMENT 

The authors express their sincere gratitude to 

the Department of Pharmaceutical 

Technology, Brainware University, for 



Singha M et al                                                                                                                                            Research Article 
 

 
4217 

IJBPAS, September, 2026, 15(9) 

providing essential research facilities, 

literature resources, and academic guidance 

during the preparation of this manuscript. 

The authors also thank all the faculty 

members and laboratory staff for their 

constant support and encouragement 

throughout this work. 

AUTHOR CONTRIBUTIONS 

Moumita Singha: Conceptualization, 

literature collection, and manuscript 

drafting. 

Saptarshi Samajdar: Supervision, critical 

review, and structural organization of the 

manuscript. 

Gourab Biswas: Data curation, graphical 

illustration, and reference compilation. 

All authors have read and approved the final 

version of the manuscript. 

ABBREVIATIONS 

AD: Alzheimer’s Disease; AChE: 

Acetylcholinesterase; BChE: 

Butyrylcholinesterase; MAO: Monoamine 

Oxidase; MAO-B: Monoamine Oxidase type B; 

PD: Parkinson’s Disease; HIF-1: Hypoxia-

Inducible Factor 1;ROS: Reactive Oxygen 

Species; DPPH: 2,2-Diphenyl-1-picrylhydrazyl; 

LO: Lipoxygenase; FXIIa: Activated Factor XII; 

NQO1: NAD(P)H Quinone Oxidoreductase-1; 

CA IX: Carbonic Anhydrase IX; SAR: 

Structure–Activity Relationship; BHT: 

Butylated Hydroxytoluene; BHA: Butylated 

Hydroxyanisole; 

CONFLICT OF INTEREST 

The authors declare no conflict of interest 

related to the content or publication of this 

manuscript. The research was conducted 

independently without any financial or 

commercial influence. 

REFERENCES  

[1] Yavuzkanat N, Şahmaran T, Saraç K. 

Chemical and physical analysis of 

synthesized coumarin compounds: 

Investigating responses to gamma and 

neutron radiations. Radiation Physics and 

Chemistry. 2024 Aug 1;221:111732. 

https://doi.org/10.1016/j.radphyschem.2024

.111732 

[2] Keating G, O’Kennedy R. Coumarin 

cytotoxicity activity on albino rats. John 

Wiley & Sons. 1997;2:54-66. 

[3] Murray RD, Mendez J, Brown SA. 

Coumarin activity in plants and bioorganism 

aspects. John Wiley. 1982;2:45-55. 

[4] Lake BG. Coumarin metabolism, toxicity 

and carcinogenicity: relevance for human 

risk assessment. Food and chemical 

toxicology. 1999 Apr 1;37(4):423-53. DOI: 

10.1016/S0278-6915(99)00010-1 

[5] Jain PK, Joshi H. Coumarin: chemical and 

pharmacological profile. Journal of applied 

pharmaceutical science. 2012 Jun 

30(Issue):236-40.DOI: 

10.7324/JAPS.2012.2643 

[6] Kumar A, Singh BK, Tyagi R, Jain SK, 

Sharma SK, Prasad AK, Raj HG, Rastogi 

RC, Watterson AC, Parmar VS. Mechanism 

of biochemical action of substituted 4-

methylcoumarins. Part 11: comparison of 

the specificities of acetoxy derivatives of 4-

methylcoumarin and 4-phenylcoumarin to 

acetoxycoumarins: protein transacetylase. 



Singha M et al                                                                                                                                            Research Article 
 

 
4218 

IJBPAS, September, 2026, 15(9) 

Bioorganic & medicinal chemistry. 2005 Jul 

1;13(13):4300-5.DOI: 

10.1016/j.bmc.2005.04.023 

[7] Raj HR, Parmar VS, Jain SC, Goel S, Tyagi 

YK, Sharma SK, Olsen CE, Wengel J. 

Mechanism of biochemical action of 

substituted 4-Methylbenzopyran-2-ones. 

Part 6: hydrolysis of 7, 8-diacetoxy-4-

methylcoumarin by a novel deacetylase in 

rat liver microsomes—a simple method for 

assay and characterisation. Bioorganic & 

medicinal chemistry. 2000 Jan 1;8(1):233-7. 

DOI: 10.1016/S0968-0896(99)00272-2 

[8] Venugopala KN, Rashmi V, Odhav B. 

Review on natural coumarin lead 

compounds for their pharmacological 

activity. BioMed research international. 

2013;2013(1):963248. DOI: 

10.1155/2013/963248. 

[9] Borges F, Roleira F, Milhazes N, Santana L, 

Uriarte E. Simple coumarins and analogues 

in medicinal chemistry: occurrence, 

synthesis and biological activity. Current 

medicinal chemistry. 2005 Apr 1;12(8):887-

916.DOI:10.2174/0929867053507315 

[10] Das D, Qiao D, Liu Z, Xie L, Li Y, Wang J, 

Jia J, Cao Y, Hong J. Discovery of novel, 

selective prostaglandin EP4 receptor 

antagonists with efficacy in cancer models. 

ACS Medicinal Chemistry Letters. 2023 

May 22;14(6):727-36. DOI: 

10.1021/acs.jmedchem.2c00495. 

[11] Riveiro ME, De Kimpe N, Moglioni A, 

Vazquez R, Monczor F, Shayo C, Davio C. 

Coumarins: old compounds with novel 

promising therapeutic perspectives. Current 

medicinal chemistry. 2010 May 

1;17(13):1325-38.DOI: 

10.2174/092986710790936284 

[12] Detsi A, Kontogiorgis C, Hadjipavlou-

Litina D. Coumarin derivatives: an updated 

patent review (2015-2016). Expert opinion 

on therapeutic patents. 2017 Nov 

2;27(11):1201-26.DOI: 

10.1080/13543776.2017.1360284 

[13] Hirsh J, Fuster V. Guide to anticoagulant 

therapy. Part 1: Heparin. American Heart 

Association. Circulation. 1994 

Mar;89(3):1449-68. DOI: 

10.1161/01.CIR.89.3.1449 

[14] Link KP. The discovery of dicumarol and its 

sequels. Circulation. 1959 Jan;19(1):97-

107. DOI: 10.1161/01.CIR.19.1.97 

[15] O'Reilly LA, Strasser A. Apoptosis and 

autoimmune disease. Inflammation 

Research. 1999 Jan;48(1):5-21. 

[16] Jameel E, Umar T, Kumar J, Hoda N. 

Coumarin: a privileged scaffold for the 

design and development of 

antineurodegenerative agents. Chemical 

biology & drug design. 2016 Jan;87(1):21-

38.DOI: 10.1111/cbdd.12629 

[17] Orhan IE. Enzyme inhibitors as the 

attractive targets for the treatment of various 

diseases. Current Medicinal Chemistry. 

2019 Jun 1;26(18):3206-7. DOI: 

10.2174/092986732618190821115641 

[18] Sánchez-Céspedes J, Martínez-Aguado P, 

Vega-Holm M, Serna-Gallego A, Candela 

JI, Marrugal-Lorenzo JA, Pachón J, 

Iglesias-Guerra F, Vega-Pérez JM. New 4-

acyl-1-phenylaminocarbonyl-2-

phenylpiperazine derivatives as potential 

inhibitors of adenovirus infection. 



Singha M et al                                                                                                                                            Research Article 
 

 
4219 

IJBPAS, September, 2026, 15(9) 

Synthesis, biological evaluation, and 

structure–activity relationships. Journal of 

Medicinal Chemistry. 2016 Jun 

9;59(11):5432-48. 

[19] Kamel NN, Aly HF, Fouad GI, Abd El-

Karim SS, Anwar MM, Syam YM, Elseginy 

SA, Ahmed KA, Booles HF, Shalaby MB, 

Khalil WK. Anti-Alzheimer activity of new 

coumarin-based derivatives targeting 

acetylcholinesterase inhibition. RSC 

advances. 2023;13(27):18496-510. 

[20] Ahmed EY, Serry AM, Aly HF, Fouad GI, 

Abdelhafez OM. Design, synthesis and 

molecular docking studies of tailored 

coumarin and chromone derivatives for use 

as anti-Alzheimer agents. Journal of 

Molecular Structure. 2025 Feb 

25;1323:140732.DOI: 

10.1016/j.molstruc.2024.140732 

[21] Annunziata F, Pinna C, Dallavalle S, 

Tamborini L, Pinto A. An overview of 

coumarin as a versatile and readily 

accessible scaffold with broad-ranging 

biological activities. International Journal of 

Molecular Sciences. 2020 Jun 

29;21(13):4618.DOI: 

10.3390/ijms21134618 

[22] Tao D, Wang Y, Bao XQ, Yang BB, Gao F, 

Wang L, Zhang D, Li L. Discovery of 

coumarin Mannich base derivatives as 

multifunctional agents against monoamine 

oxidase B and neuroinflammation for the 

treatment of Parkinson's disease. European 

Journal of Medicinal Chemistry. 2019 Jul 

1;173:203-

12.DOI:10.1016/j.ejmech.2019.04.016 

[23] Rodriguez-Enriquez F, Costas-Lago MC, 

Besada P, Alonso-Pena M, Torres-Terán I, 

Vina D, Fontenla JÁ, Sturlese M, Moro S, 

Quezada E, Teran C. Novel coumarin-

pyridazine hybrids as selective MAO-B 

inhibitors for the Parkinson’s disease 

therapy. Bioorganic Chemistry. 2020 Nov 

1;104:104203. 

[24] Adib M, Peytam F, Rahmanian-Jazi M, 

Mohammadi-Khanaposhtani M, Mahernia 

S, Bijanzadeh HR, Jahani M, Imanparast S, 

Faramarzi MA, Mahdavi M, Larijani B. 

Design, synthesis and in vitro α-glucosidase 

inhibition of novel coumarin-pyridines as 

potent antidiabetic agents. New Journal of 

Chemistry. 2018;42(21):17268-78.DOI: 

10.1039/C8NJ02495B 

[25] Musa MA, Cooperwood JS, Khan MO. A 

review of coumarin derivatives in 

pharmacotherapy of breast cancer. Current 

medicinal chemistry. 2008 Nov 

1;15(26):2664-79.DOI: 

10.2174/092986708786242877 

[26] Song F, Huo X, Guo Z. Anti-breast cancer 

potential of natural and synthetic coumarin 

derivatives. Current Topics in Medicinal 

Chemistry. 2021 Jul 1;21(18):1692-

709.DOI: 

10.2174/1568026621666210303145430 

[27] Gkionis L, Kavetsou E, Kalospyros A, 

Manousakis D, Garzon Sanz M, 

Butterworth S, Detsi A, Tirella A. 

Investigation of the cytotoxicity of 

bioinspired coumarin analogues towards 

human breast cancer cells. Molecular 

Diversity. 2021 Feb;25(1):307-21.DOI: 

10.1007/s11030-020-10082-6 



Singha M et al                                                                                                                                            Research Article 
 

 
4220 

IJBPAS, September, 2026, 15(9) 

[28] Bhatia R, Rawal RK. Coumarin hybrids: 

promising scaffolds in the treatment of 

breast cancer. Mini Reviews in Medicinal 

Chemistry. 2019 Oct 1;19(17):1443-

58.DOI: 

10.2174/1389557519666190308122509 

[29] Hacholli VB, Shubha MR, Prabhanajan BH, 

Lavanya M, Pramod S, Kumar A, 

Szeleszczuk Ł, Gackowski M. Coumarin 

derivatives as anticancer agents: 

Mechanistic landscape with an emphasis on 

breast cancer. Molecules. 2025 Oct 

23;30(21):4167.DOI: 10.3390/molecules30

214167 

[30] Yang LL, Wang MC, Chen LG, Wang CC. 

Cytotoxic activity of coumarins from the 

fruits of Cnidium monnieri on leukemia cell 

lines. Planta medica. 2003 

Dec;69(12):1091-5.DOI: 10.1055/s-2003-

45188 

[31] Zhou R, Yu YH, Kim H, Ha HH. Synthesis 

of coumarin derivatives and investigation of 

their inhibitory effects on lung cancer cell 

motility. Scientific reports. 2022 Dec 

14;12(1):21635.DOI: 10.1038/s41598-022-

26212-z 

[32] Maleki EH, Bahrami AR, Sadeghian H, 

Matin MM. Discovering the structure–

activity relationships of different O-

prenylated coumarin derivatives as effective 

anticancer agents in human cervical cancer 

cells. Toxicology in vitro. 2020 Mar 

1;63:104745.DOI: 

10.1016/j.tiv.2019.104745 

[33] Batran RZ, Dawood DH, El‐Seginy SA, Ali 

MM, Maher TJ, Gugnani KS, Rondon‐Ortiz 

AN. New coumarin derivatives as anti‐

breast and anti‐cervical cancer agents 

targeting VEGFR‐2 and p38α MAPK. 

Archiv der Pharmazie. 2017 

Sep;350(9):1700064.10.1002/ardp.2017000

64 

[34] Lin MH, Cheng CH, Chen KC, Lee WT, 

Wang YF, Xiao CQ, Lin CW. Induction of 

ROS-independent JNK-activation-mediated 

apoptosis by a novel coumarin-derivative, 

DMAC, in human colon cancer cells. 

Chemico-Biological Interactions. 2014 Jul 

25;218:42-9. 

https://doi.org/10.1016/j.cbi.2014.04.015 

[35] Zhuang C, Zhang W, Sheng C, Zhang W, 

Xing C, Miao Z. Chalcone: a privileged 

structure in medicinal chemistry. Chemical 

reviews. 2017 Jun 28;117(12):7762-

810.DOI: 10.1021/acs.chemrev.7b00020 

[36] Baumann AP, Shi X, Roeder RK, Niebur 

GL. The sensitivity of nonlinear 

computational models of trabecular bone to 

tissue level constitutive model. Computer 

methods in biomechanics and biomedical 

engineering. 2016 Apr 3;19(5):465-73.  

DOI:10.1080/10255842.2015.1041022 

[37] Gong L, Lu P, Lu C, Li M, Wan H, Wang Y. 

Design, synthesis and biological evaluation 

of coumarin derivatives as NEDD8 

activating enzyme inhibitors in pancreatic 

cancer cells. Medicinal Chemistry. 2022 

May 1;18(6):679-93. DOI: 

10.2174/1573406418666211210163817 

[38] Ruiz‐Marcial C, Chilpa RR, Estrada E, 

Reyes‐Esparza J, Fariña GG, Rodríguez‐

Fragoso L. Antiproliferative, cytotoxic and 

antitumour activity of coumarins isolated 

from Calophyllum brasiliense. Journal of 



Singha M et al                                                                                                                                            Research Article 
 

 
4221 

IJBPAS, September, 2026, 15(9) 

pharmacy and pharmacology. 2007 

May;59(5):719-25. DOI: 

10.1211/jpp.59.5.0013 

[39] Singh RK, Lange TS, Kim KK, Brard L. A 

coumarin derivative (RKS262) inhibits cell-

cycle progression, causes pro-apoptotic 

signaling and cytotoxicity in ovarian cancer 

cells. Investigational new drugs. 2011 

Feb;29(1):63-72. DOI:10.1007/s10637-

009-9335-4 

[40] Lima ES, Pinto AC, Nogueira KL, e Silva 

LF, de Almeida PD, de Vasconcellos MC, 

Chaves FC, Tadei WP, Pohlit AM. Stability 

and antioxidant activity of semi-synthetic 

derivatives of 4-nerolidylcatechol. 

Molecules. 2012 Dec 24;18(1):178-89. 

DOI: 10.3390/molecules18010178 

[41] Orhan IE, Senol FS, Demirci B, Dvorska M, 

Smejkal K, Zemlicka M. Antioxidant 

potential of some natural and semi-synthetic 

flavonoid derivatives and the extracts from 

Maclura pomifera (Rafin.) Schneider (osage 

orange) and its essential oil composition. 

Turkish Journal of Biochemistry. 2016 Dec 

1;41(6):403-11.DOI:10.1515/tjb-2016-0125 

[42] Mamgain R, Kostic M, Singh FV. Synthesis 

and antioxidant properties of 

organoselenium compounds. Current 

Medicinal Chemistry. 2023 Jun 

1;30(21):2421-48. 

DOI:10.2174/0929867329666220801165849 

[43] Al-Majedy Y, Al-Amiery A, Kadhum AA, 

BakarMohamad A. Antioxidant activity of 

coumarins. Systematic Reviews in 

Pharmacy. 2017;8(1):24. DOI: 

10.5530/srp.2017.1.6 

[44] Xi GL, Liu ZQ. Coumarin-fused coumarin: 

antioxidant story from N, N-dimethylamino 

and hydroxyl groups. Journal of agricultural 

and food chemistry. 2015 Apr 

8;63(13):3516-23.DOI: 

10.1021/acs.jafc.5b00399 

[45] Xi GL, Liu ZQ. Antioxidant effectiveness 

generated by one or two phenolic hydroxyl 

groups in coumarin-substituted 

dihydropyrazoles. European Journal of 

Medicinal Chemistry. 2013 Oct 1;68:385-

93. DOI: 10.1016/j.ejmech.2013.06.059 

[46] Li WB, Qiao XP, Wang ZX, Wang S, Chen 

SW. Synthesis and antioxidant activity of 

conjugates of hydroxytyrosol and coumarin. 

Bioorganic Chemistry. 2020 Dec 

1;105:104427.DOI: 

10.1016/j.bioorg.2020.104427 

[47] Kadhum AA, Al-Amiery AA, Musa AY, 

Mohamad AB. The antioxidant activity of 

new coumarin derivatives. International 

journal of molecular sciences. 2011 Sep 

7;12(9):5747-61.DOI: 

10.3390/ijms12095747 

[48] Zúniga-Núnez D, Barrias P, Cárdenas-Jirón 

G, Ureta-Zanartu MS, Lopez-Alarcón C, 

Vieyra FE, Borsarelli CD, Alarcon EI, 

Aspée A. Atypical antioxidant activity of 

non-phenolic amino-coumarins. RSC 

advances. 2018;8(4):1927-33. 

DOI: 10.1039/C7RA12000A  

[49] Jasim SF, Mustafa YF. New fused-coumarin 

composites: Synthesis, anticancer and 

antioxidant potentials evaluation. Eurasian 

Chemical Communications. 2022 Jan 

1;4(7):607-19.DOI: 

10.22034/ecc.2022.335450.1392 


