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Jin et al.: Pharmacological Advances of Coumarin

Coumarin is a kind of lactone compound with skeleton of benzo-alpha-pyranones, which have favorable 
druggability due to its advantages of outstanding pharmacological activities, little drug-resistance, low-
toxicity, simple skeleton, easy synthesis and structural modification, and extensive sources. The review 
summarizes the classification, synthesis methods, pharmacological effects of coumarin and its derivatives. 
It focuses on their latest progresses in anti-bacteria, anti-virus, anti-inflammation and anti-rheumatism, 
anti-autoimmune diseases, anti-oxidation, anti-coagulation, anti-cancer and antiangiogenic effects in detail. 
Especially, coumarins exhibited outstanding effects on clinical difficult miscellaneous diseases with rare 
drugs, difficult cure and bad prognosis, such as coronavirus disease-19, rheumatoid arthritis, autoimmune 
neuroinflammation, systemic lupus erythematosus, idiopathic pulmonary fibrosis, etc. The review would 
provide new skeletons and promising lead compounds with little drug-resistance, high-efficiency and low-
toxicity for new drug development for related diseases based on coumarins. 

Key words: Coumarin, coronavirus disease-19, rheumatoid arthritis, autoimmune neuroinflammation, 
systemic lupus erythematosus, idiopathic pulmonary fibrosis

Coumarin, a natural product, is widely found in 
the secondary metabolites of various plant sources, 
such as Leguminosae, Umbelliferae, Solanaceae, 
Rutaceae, Compositae, Daphnaceae, as well as in 
animals and microorganisms[1,2]. The first coumarin 
was extracted from legume Melilotus luteus by 
Vogel in the 18th century, and named “coumarin” 
because of its hay smell[3]. Coumarin is a kind of 
lactone compound with skeleton of benzo alpha (α)-
pyranones and with the chemical formula C9H6O2 
and molecular weight of 146.143 (fig. 1A). They 
often exist in free forms or a few in glycosides in 
nature[4]. Coumarins appear as colorless or light-
yellow flake or powder with aromatic properties, 
which are insoluble in cold water and soluble in hot 
water, alcohol, chloroform, ether, and oil. 

At present, more than 2000 natural coumarin 
compounds have been isolated from nature, which 
exhibit various pharmacological effects such as 
anti-bacteria[5], anti-virus[6], anti-inflammation[7] 

and anti-rheumatism[8], anti-autoimmune diseases[9], 
anti-oxidation[10], anti-coagulation[11], anti-cancer[12] 

and antiangiogenic effects[13] in detail. Especially, 
coumarins exhibited favorable effects on clinical 
difficult miscellaneous diseases with rare drugs, 
difficult cure and bad prognosis, such as Coronavirus 
Disease (COVID-19)[14], rheumatoid arthritis, 
autoimmune neuroinflammation[15], systemic lupus 
erythematosus[16], idiopathic pulmonary fibrosis[17], 
etc. Coumarin and its derivatives present favorable 
druggability due to its advantages of favorable 
pharmacological activities[18], little drug-resistance, 
low-toxicity[19], simple skeleton[20], easy synthesis 
and structural modification and extensive sources. 

At present, many coumarins as drugs have been 
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used in clinic. There are three coumarin-related 
anticoagulants used in the clinical practice, such 
as warfarin potassium, warfarin sodium and 
phenylprusside[21]. Neomycin cannot only inhibit 
Deoxyribonucleic Acid (DNA) helicase, but also 
eliminate plasmids and has bactericidal effects on 
sensitive bacteria at high concentration. Novobiocin 
as a representative of coumarin Gyrase B (GyrB) 
inhibitors discovered in 1955, have not been widely 
used for an anti-infective therapy because of their 
low bioavailability and high toxicity[22,23]. Psoralen 
can be used to treat vitiligo, psoriasis, alopecia 
areata, seborrheic dermatitis and so on.

The review summarizes the classification, synthesis 
methods, pharmacological effects of coumarin and 
its derivatives, which would provide new skeletons 
and promising lead compounds with little drug-
resistance, high-efficiency and low-toxicity for new 
drug development for related diseases based on 
coumarins.

CLASSIFICATION OF COUMARINS 
Coumarins can be divided into simple coumarins, 
furanocoumarins, pyrocoumamarins and other 
coumarins according to their chemical structures, 
substituent position and characteristics[24]. 

Simple coumarins:

Simple coumarins are such compounds with 
substituents only on the benzene ring. Generally, 
the oxygen containing groups at C-7 position is the 
majority, such as -OH, -OCH3, -OCHCH=C(CH3)2, 
etc. The isopentenyl group is often connected at 
the C-6 and C-8 positions, which can be connected 
not only to the carbon chain but also to the oxygen. 
Typical simple coumarins include daphnetin (fig. 
1B), esculetin (fig. 1C), scopoletin (fig. 1D), limettin 
(fig. 1E), osthole (fig. 1G), esculin (fig. 1H) etc.

Furanocoumarins:

Furanocoumarins are the fusion of furan or 
dihydrofuran ring and coumarin skeleton. The two 
rings are fused in different ways to form different 
linear or angular furanocoumarins. The linear 
furanocoumarin is formed by the closed loop reaction 
of C-7 phenol hydroxy and C-6 isopentenyl, while 
the angular furanocoumarin is a lactone compound 
formed by the cyclization reaction of C-8 isopentenyl 
and ortho-phenol hydroxy. Representative linear 
furanocoumarins include psoralen (fig. 2A) and 
xanthotol (fig. 2B) and angular furanocoumarins 
include angelicin (fig. 2C) and isobergapten (fig. 
2D), etc. 

Fig. 1: Molecular structures of simple coumarins and derivatives
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Pyranocoumarins:

Pyranocoumarins are similar to furanocoumarins 
in the structure and biosynthetic pathway. The 
only difference is different rings, a pyran ring for 
pyranocoumarins formed by isoprene, not a furan 
ring. The pyran ring (or dihydropyran ring) is fused 
by the phenolic hydroxyl group at C-7 with the 
isopentenyl group at C-6 or C-8, respectively. The 
different linear or angular pyranocoumarins are 
formed by different closed loop modes of the pyran 
ring. Representative linear furanocoumarins include 
xanthyletin (fig. 3A) and angular furanocoumarins 
include seselin (fig. 3B) and braylin (fig. 3C), etc. 

Other coumarins:

Other coumarins refer to substituent coumarins at C-3 
or C-4 positions of benzo connected with α-pyranone 
ring and coumarin polymers. In addition to the 
presence of the phenyl at C-3 and C-4 positions, there 
are also 3,4-benzo structures, such as glycycoumarin 
(fig. 4A), dicoumarol (fig. 4B), etc. 4-oxycoumarins 
including wedelolactone (fig. 4C), coumestrol (fig. 
4D), etc., and dimer coumarins include daphnoretin 
(fig. 4E), etc. 

SYNTHESIS OF COUMARINS
Due to its advantages such as simple skeletons and 
easy synthesis and structural modification, chemists 
developed many synthetic methods to obtain coumarin 
and its derivatives, such as Pechmann method[25,26], 
Perkin method[27], Knoevenagel method[28] and Wittig 
method, etc.,[29]. 

Pechmann method: 

The Pechmann method (fig. 5A) was first developed by 

the German chemist Hansvon Pechmann. Coumarin 
derivatives are obtained by cyclization reaction using 
phenol and beta (β)-ketone acid or ketone acid ester 
as raw materials and acids such as Trifluoroacetic 
acid (CF3COOH), Aluminum trichloride (AlCl3) 
or concentrated Sulfuric acid (H2SO4) as catalysts 
(fig. 5A). It is a basic synthesis method of coumarin 
derivatives with simple operations and high yields. 
However, the method requires harsh reaction 
conditions, such as high temperature, a large number 
of acid catalysts, and a long reaction time, especially 
along with more by-products. Later, many scholars 
improved the method, such as using new catalysts, 
using microwave-assisted to improve its yields and 
so on.

Perkin method:

Perkin method (fig. 5B) is one of the classic methods 
of coumarin synthesis in a large-scale industrial 
production. The method prepares coumarin 
derivatives by the condensed cyclization reaction 
using weak base sodium acetate as a catalyst, 
salicylaldehyde and acetic anhydride as raw materials 
(fig. 5B). The method also has the disadvantages of a 
high reaction temperature, a long reaction time, low 
yields, complex and diverse by-products.

Knoevenagel method:

Knoevenagel method (fig. 5C) is an improvement 
one based on Perkin method. 3-substituted coumarin 
derivatives are prepared by dehydration and 
condensation to form unsaturated carbonyl compounds 
using compounds with α-hydrogen atoms (such as 
ethyl acetoacetate, etc.) and aldehydes or ketones 
as raw materials, the weak base (triethylamine, etc.) 
as catalysts (fig. 5C). As the reactants containing 

Fig. 2: Molecular structures of furocoumarins and derivatives
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active methylene are used in the reaction, the basic 
catalyst only needs an ordinary organic base, which 
also reduces the reaction temperature and reaction 
time. Therefore, the Knoevenagel method has the 
advantages of a short reaction time, mild conditions 
and high yields.

Witting method:

Compared with the three methods mentioned above, 
the Witting method (fig. 5D) is less used in the 
synthesis of coumarin derivatives, which introduces 
substituents at positions 3 or 4 of the coumarin 
skeleton. In the method, coumarin derivatives 
are prepared by refluxing in solvents using 
salicylaldehyde and ethoxycarbonyl-methylidene 
phosphorus ylide as raw materials (fig. 5D). Witting 
method showed a fine functional group tolerance, 
simple operations, mild reaction conditions, which 
makes it possible as a promising large-scale synthesis 

method for coumarin derivatives.

PHARMACOLOGICAL ADVANCES 
Coumarins exhibited excellent pharmacological 
effects, little drug-resistance and low-toxicity on 
anti-bacterium[30], anti-virus[31], anti-inflammation[32], 
anti-rheumatism, anti-autoimmune diseases, anti-
oxidation[33], anti-coagulation[34,35], anti-cancer[36,37] 
and so on. Especially, coumarins exhibited 
outstanding effects on clinical difficult miscellaneous 
diseases such as COVID-19, rheumatoid arthritis[38], 
autoimmune neuroinflammation[39], systemic 
lupus erythematosus, IPF, etc. The diseases got 
into troubles of rare drugs, difficult cure and bad 
prognosis. Therefore, coumarins would provide new 
skeletons and promising lead compounds with little-
drug-resistance, high-efficiency and low-toxicity for 
new drug development for related diseases.

Fig. 4: Molecular structures of other coumarins and derivatives

Fig. 3: Molecular structures of pyranocoumarins and derivatives
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the best bacteriostatic activity against Bacillus 
subtilis (MIC, 0.337 μg/ml) and the derivative A 
presented the best performance against Pseudomonas 
aeruginosa (MIC, 0.675 μg/ml). 

The favorable bacteriostatic activity of esculin 
was attributed to inactivating topoisomerase I and 
topoisomerase II to inhibit the synthesis of bacterium 
DNA and Ribonucleic Acid (RNA), or inhibiting 
bacterium protein synthesis, or increasing the 
permeability of cell membrane, but not resulting in 
disintegration of cell walls or cell membrane. The 
elimination of bacteria plasmid was responsible for 
the little drug-resistance of esculin. 

Anti-fungus: There are rare effective antifungal 
drugs in clinic or in agricultural practice. Coumarins 
exhibited excellent antifungal activity with little 
drug-resistance[41,42], which would provide promising 
lead compounds with little drug-resistance for new 
antifungal drug development. Jia et al.[43] found that 
the coumarins presented favorable antifungal activity 
against Candida albicans. Liu et al.[44] declared that 
esculin exhibited excellent antifungal activity against 
Monilia krusei (MIC, 32 μg/ml), Candida glabrata 
(MIC, 8 μg/ml) and Cryptococcus neoformans (MIC, 
8 μg/ml). Additionally, esculin improved the drug-
resistance of antifungal drug fluconazole against 
Candida albicans.

Coumarin derivatives exhibited excellent 
antifungal activity. Wei et al.[45] synthesized a 
series of 8-substituted coumarin derivatives and the 
screening results indicated that they had favorable 

Anti-pathogenic microorganism:

With the large-scale clinical application of antibiotics, 
antibiotic resistance is increasingly becoming a 
serious problem. There are rare effective anti-fungus 
or anti-virus drugs in a clinical practice. Coumarins 
exhibit favorable anti-bacteria, anti-fungus and anti-
virus effects with little drug-resistance, which has 
been a research hotspot for anti-infection treatment 
and overcoming drug-resistance. 

Anti-bacteria: Some natural coumarins as new 
antibiotics, such as novobiocin, chlorobiocin and 
coumermycin A1, present outstanding effects on 
infection diseases caused by Gram-positive bacteria 
with little drug-resistance. 

Coumarins and its derivatives exhibit favorable anti-
bacteria activities. Zhou et al.[18] found that esculin 
from a Chinese herb named fraxetin presented 
bacteriostatic activity on Escherichia coli (Minimal 
Inhibitory Concentration (MIC), 40 μg/ml) with 
little drug-resistance in a concentration- and time-
dependent way. Its bactericidal rate reached 68.2 % 
treated 72 h with 40 μg/ml esculin. Wang et al.[40] 
declared that esculin could inhibit proliferation 
of Staphylococcus aureus. Li et al.[20] synthesized 
two piperazin-coumarin derivatives 1 (fig. 4 I1) 
and 2 (fig. 4 I2) and found that the two derivatives 
exhibited excellent bacteriostatic activity against 
Staphylococcus aureus, Bacillus subtilis, Escherichia 
coli and Pseudomonas aeruginosa by double dilution 
assay. The bacteriostatic activity of derivative B was 
better than derivative A. The derivative B exhibited 

Fig. 5: Graphical synthetic routes of coumarins and derivatives, (A): Pechmann method; (B): Perkin method; (C): Knoevenagel 
method and (D): Witting method

(A)

(B)

(C)

(D)
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antifungal activity against four plant pathogenic 
fungi, including Acrida cinerea, Collum anthracis, 
Fusarium oxysporum and Fusarium wilt. The 
optimal ones were 8-chlorocoumarins (fig. 1 A1) 
(Median Effective Concentration (EC50), 85 μM) and 
8-chlorocoumarin-3-ethyl carboxylate (fig. 1 A2) 
(EC50, 78 μM). The antifungal activity was promoted 
by introducing appropriate small, hydrophilic 
and electron withdrawing groups at C-3 or C-8 of 
coumarins. Yuan et al.[19] designed and synthesized 
18 new coumarin oxime ester derivatives by 
introducing the oxime ester group to coumarins. The 
screening results indicated that the coumarin and its 
derivatives (50 μg/ml) presented inhibitory activity 
against three plant pathogenic fungi such as apple 
tree paresis bacteria, tomato gray mould bacteria and 
rice Bacillus. The derivative 2H-benzopyran-2-keto-
O-furan-2-carbonyl oxime (fig. 4 F1) showed better 
inhibitory activity (EC50, 4.44 μg/ml) against tomato 
gray mould bacteria than the positive control drug 
trifloxystrobin (EC50, 9.54 μg/ml). The derivative 
2H-benzopyran-2-keto-O-furan-2-carbonyl oxime 
(EC50, 3.65 μg/ml) and 2H-benzopyran-2-keto-
O-nonanal oxime (fig. 4 F2) (EC50, 3.45 μg/ml) 
exhibited better inhibitory activity against rice 
Bacillus than the coumarin (EC50, 13.75 μg/ml) or 
positive control drug trifloxystrobin (EC50, 4.58 μg/
ml). The results suggested that coumarin oxime ester 
derivatives had outstanding antifungal activity. Yang 
et al.[46] designed and synthesized a series of coumarin 
thiazoles containing trifluoromethyl and studied their 
antifungal activity. The results indicated that some 
coumarin derivatives have fine antifungal activity 
against three plant pathogenic fungi including 
Fusarium moniliformis, Fusarium graminearum and 
Curvularia zea. Among them, thiazole derivative 
1 (fig. 4 H1) had the strongest antifungal activity 
against Fusarium moniliformis with an inhibition 
rate of 74 %, while thiazole derivative 2 (fig. 4 H2) 
had the best antifungal activity against Fusarium 
gramineum and Curvularia zea, with inhibition 
rates as high as 89 % and 93.4 %, respectively. The 
analysis of structure-activity relationship showed 
that the introduction of trifluoromethyl groups 
greatly improved the antifungal activity of the 
coumarin thiazole derivatives, which would provide 
promising lead compounds for new plant antifungal 
agents’ development. 

Anti-virus: The clinic is lack of effective antivirus 
drugs. Coumarins exhibited favorable antivirus 
activity with little drug-resistance, which would 

provide new skeletons and promising lead compounds 
with little drug-resistance for new antivirus drug 
development, such as COVID-19, influenza virus, 
Human Immunodeficiency Virus (HIV) and so on.

COVID-19, a disease caused by Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), 
was declared a pandemic from 2019 to 2022 
worldwide[47]. The results from molecular dynamics 
simulations indicated that three coumarin derivatives 
have potential inhibitory effects on COVID-19, such as 
arylated coumarin derivatives 1,4,6,8-tri(naphthalen-
2-yl)-2H-chromen-2-one (NF1) (fig. 4 J1), arylated 
coumarin derivatives 2, 8-(4-hydroxyphenyl)-4,6-
di (naphthalen-2-yl)-2H-chromen-2-one (NF-12) 
(fig. 4-2 J2) and arylated coumarin derivatives 3, 
8-(4-hydroxyphenyl)-3,6-di (naphthalen-2-yl)-2H-
chromen-2-one (NF-13) (fig. 4-2 J3). The three 
coumarin derivatives showed favorable binding 
ability with spike-protein/Angiotensin-Converting 
Enzyme 2 (ACE2) protein complex with minimal 
energy by molecular dynamics simulation and 
Molecular Mechanics Poisson-Boltzmann Surface 
Area (MMPBSA) studies, which suggested they had 
potential anti-COVID-19 effects. The chymotrypsin 
like protease of SARS-CoV-2 plays an important 
role in the viral replication. The molecular docking 
results indicated that more than half of the coumarins 
had favorable interaction with the protease[48]. The 
jusan coumarin (fig. 4K), which was isolated from 
the aerial parts of Artemisia glauca, demonstrated 
very similar binding activity to X77, the ligand of 
COVID-19 protease[49]. 

Hyaluronic Acid (HA) is an acidic mucopolysaccharide, 
which is divided into large molecules and small 
molecules. The small molecular HA are important 
inflammatory mediators to cause lung lesions[50]. 
HA was massively accumulated in lungs of critical 
COVID-19 patients with Acute Respiratory Distress 
Syndrome (ARDS) along with a loss of lymphocytes. 
The results in vivo also confirmed that HA was the 
key factor in the formation of lung Ground-Glass 
Lesion (GGO) and lung consolidation in COVID-19 
patients. It was suggested that inhibiting HA synthesis 
would be a promising strategy for alleviating lung 
lesions in COVID-19 patients.

Hymecromone (fig. 1F), a coumarin compound 
isolated from Artemisia scoparia Waldst.et of the 
Compositae family, is a HA synthesis inhibitor. Li 
et al. demonstrated that hymecromone inhibited 
HA synthesis to significantly improve lung lesions 
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and promoted lymphocyte recovery in COVID-19 
patients, which would be a promising treatment agent 
to prevent severe outcome of COVID-19 patients. 
Yang et al. found that HA could directly cause 
lung lesions in mice. Hymecromone significantly 
reduced HA synthesis by down regulating the 
expression of Hyaluronan Synthase 2 (HAS2)/HAS3. 
Interestingly, 89 % of COVID-19 patients treated 
with hymecromone had lung lesion absorption, 
while only 42 % of patients in the control group. 
Additionally, lymphocyte recovery of patients treated 
with hymecromone was faster than the control group.

It was reported that there were about 1 billion 
influenza new cases worldwide per year, of which 3 
million to 5 million were severe cases, resulting in 
290 000 to 650 000 deaths[51]. 

Coumarin and its derivatives presented favorable 
anti-influenza virus effects. Lee et al.[52] isolated 
four furanocoumarins, such as isoimperatorin, (fig. 
2 E1), oxypeucedanin (fig. 2 E2), oxypeucedanin 
hydrate (fig. 2 E3) and imperatorin (fig. 2 E4) from 
70 % ethanol extracts of Angelica dahurica root. 
The results indicated they exhibited inhibitory 
activity against influenza A virus (H1N1 and H9N2) by 
inhibiting Cytopathic Effect (CPE). The derivative 
2 oxidized imperatorin was the best one (EC50, 5.98 
μM). Bizzarri et al.[53] synthesized different catechol 
and pyrogallol coumarin derivatives by the oxidation 
reaction with 2-iodoxybenzoic acid and coumarin 
in Dimethyl sulfoxide (DMSO) at 25°. The novel 
derivatives could effectively inhibit the replication 
of influenza A/PR8/H1N1 virus, which suggested that 
highly oxidized coumarins improved antiviral activity 
through intracellular redox reaction. Wang et al.[54] 
extracted 6 coumarin derivatives from Chinese herb 
coral and the results indicated that eleutheroside B1 
(fig. 4L) presented favorable antiviral activity against 
influenza A (H1N1) virus (106 μg/ml). Eleutheroside 
B1 exhibited excellent antiviral activity treated in 
early stage of virus replication cycle (0-6 h) and 
decreased 60 % of H1N1 viral titers. It had no effects 
on H1N1 virus treated after 8 h. 

The favorable antiviral activity of coumarins was 
attributed to inhibiting Neuraminidase (NA), which 
an antiviral drug target to facilitate influenza virus 
was leaving infected host cells to infect new ones 
as a glycoprotein located on the viral envelope. 
Coumarins inhibited NA to regulate the expression of 
apoptosis-related proteins to promote the apoptosis of 

influenza virus. Meanwhile, coumarins could inhibit 
viral transcription to inhibit the early stages of the 
viral replication cycle. The results suggested that 
coumarins would provide promising lead compounds 
for antiviral new drug development.

Acquired Immunodeficiency Syndrome (AIDS) is an 
infectious disease caused by the HIV featured with 
a rapid spread and high mortality rate[55]. Coumarin 
and its derivatives exhibited favorable anti-HIV 
effects[56-58], which would provide valuable lead 
compounds for anti-HIV new drug development. 

Liu et al.[58] isolated three new prenylated 
coumarins1-3 (fig. 4) and nine known pentenylated 
coumarins. The results indicated that the three 
newly ones presented excellent inhibitory activity 
against HIV (EC50, 0.29 μM, 0.68 μM, 0.17 μM). 
Hamdy et al. prepared triarylcoumarin by coupling 
reactions using 4-methyl-6,7-dihydroxy-coumarin 
as raw materials. Two triarylcoumarin derivatives 
(fig. 4) showed favorable anti-HIV activity (EC50, 
4.57 μM, 13.20 μM). Jesumoroti et al. designed and 
synthesized a series of new coumarin-3-carbonic 
hydrazide derivatives by introducing hydrazine 
groups at C3-position of the coumarin skeleton. The 
coumarin derivatives presented excellent inhibitory 
activity against HIV-1 IN (Half-maximal Inhibitory 
Concentration (IC50), 13 µg/ml) while showed non-
cytotoxic to normal human cells. 

Anti-parasitism: Coumarins showed anti-parasitism 
effects, which would provide new ideas for anti-parasite 
new drug development. Daphnetin is a benzopyrone 
compound named 7,8-dihydroxyeoumarin, which is 
extracted from the endemic plant Daphne sylvestris 
in the Changbai Mountains. Liu et al.[59] found that 
daphnetin (300 μg/ml and 500 μg/ml) shortened the 
life span of Caenorhabditis elegans (C. elegans) and 
the 500 μg/ml group showed better performance. The 
daphnetin exhibited higher the life-shortening rate of 
F2 generation C. elegans than that of F1 generation, 
indicating that daphnetin had a cumulative toxicity 
against C. elegans. In addition, with the increase of 
daphnetin concentration, abnormal development of 
C. elegans was observed and showed an increasing 
trend, indicating that daphnetin had concentration-
dependent and cumulative toxicity against C. elegans. 
Daphnetin is an iron chelator, which can act on the 
iron-containing enzymes of C. elegans, affecting 
their metabolism to inhibit or kill C. elegans.
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autoimmune encephalomyelitis, which would provide 
promising lead compounds with high efficiency and 
low toxicity for anti-autoimmune neuroinflammation 
new drug development based on coumarins. 
Wang et al. built a mouse model of Experimental 
Autoimmune Encephalomyelitis (EAE) and explored 
the effects of daphnetin on anti-EAE by treating 28 d 
with daphnetin (8 mg/kg). The results indicated that 
daphnetin significantly alleviated spinal inflammation 
and the degree of demyelination to alleviate the 
pathological symptoms of EAE mice, which was 
attributed to inhibitory effects of daphnetin on the 
activation, maturation and antigen presentation 
ability of Dendritic Cells (DCs). Additionally, 
daphnetin presented low toxicity, which suggested 
that daphnetin had good safety and druggability. 
Chen et al. built a C57BL/6 mouse model with EAE 
by immunizing mouse with myelin oligodendroglia 
glycoprotein (MOG35-55) and explored the effects of 
cnidiadin on anti-EAE by treating on 7 d (subclinical 
stage) or 13 d (clinical stage) after modeling. The 
results demonstrated that cnidiadin significantly 
alleviated spinal inflammation and the degree of 
demyelination, therefore, alleviated the pathological 
symptoms of EAE mice. The therapeutic effects of 
cnidiadin with early intervention were better than 
that of late intervention. 

Coumarins could inhibit Nuclear Factor-kappa B 
(NF-κB) pathway and activate Heme Oxygenase 1 
(HO1) to inhibit the release of related inflammatory 
factors (IL-1β, IL-6 and TNF-α) to inhibit activation, 
maturation and antigen presentation ability of DCs, 
therefore, improving the pathological symptoms of 
EAE mice.

Anti-systemic lupus erythematosus: Systemic 
Lupus Erythematosus (SLE) is an inflammative 
desmosis related to unknown autoimmunity and 
involvement of several visceral organs characterized 
by erythema or excessive deposition, or loss of skin 
pigmentation. As one of difficult miscellaneous 
diseases, it got into troubles of difficult cure, 
poor prognosis and rare drugs. Daphnetin 
exhibited favorable effects on anti-systemic lupus 
erythematosus, which would provide promising lead 
compounds for anti-systemic lupus erythematosus 
new drug development based on coumarins. Li et 
al. built a NZB/WF1 mouse model with SLE and 
explored the effects of daphnetin on anti-SLE effects 
treated with intraperitoneal injections of daphnetin 
once a day for 12 w. The results demonstrated that 
daphnetin treatment could significantly improve 

Anti-inflammation, anti-immunity, anti-oxidation 
and anti-coagulation:

Inflammation, oxidative stress and immunologic 
dysfunction are closely related to occurrence 
and development of many diseases, for instance, 
rheumatoid arthritis, autoimmune neuroinflammation, 
systemic lupus erythematosus, IPF, etc. The clinical 
difficult miscellaneous diseases got into troubles 
of rare drugs, difficult cure and bad prognosis. 
Coumarins exhibited favorable effects with multi-
target collaboration on the difficult miscellaneous 
diseases, which would provide promising lead 
compounds for new drug development for related-
diseases. 

Anti-rheumatoid arthritis: Coumarins presented 
excellent anti-rheumatoid arthritis effects, which 
would provide new skeletons and promising lead 
compounds for anti-rheumatoid arthritis new drug 
development. Zhang et al. built a mouse model 
with Collagen Induced Arthritis (CIA) induced 
by bovine type II collagen and explored anti-CIA 
effects of psoralen with a 21 d treatment. The results 
indicated that psoralen (fig. 2A) could significantly 
improve the degree of ankle swelling, movement 
limitation, spleen index (34.86±3.32) of mice with 
CIA compared with the model group (54.23±5.12) 
and downregulated the expression of inflammatory 
factors such as Interleukin-6 (IL-6), IL-lβ and 
Tumor Necrosis Factor-α (TNF-α), therefore, 
improving CIA. It is a significant treatment strategy 
for rheumatoid arthritis to promote cell apoptosis 
of Fibroblast-Like Synoviocytes (FLS). Zong et al. 
found that 7-hydroxycoumarin improved posterior 
foot swelling and arthritis index, relieved joint 
pathological injury of mice with CIA. 

Psoralen improving CIA was attributed to 
immunomodulatory effects by regulating a balance 
of leukomonocyte and inhibiting release of 
inflammatory factors. 7-hydroxycoumarin inhibited 
Wnt/β-catenin pathway by down regulating the 
expression of related proteins (Wnt1, β-catenin, 
phospho Glycogen Synthase Kinase-3β (p-GSK-
3β), Low-Density Lipoprotein Receptor Protein 
6 (LRP6), cyclin D1 and cellular Myc (c-Myc)) to 
inhibit cell proliferation and promote cell apoptosis 
of FLS, therefore improving CIA. 

Anti-autoimmune encephalomyelitis: Coumarins 
such as daphnetin (fig. 1B) and osthole (fig. 1G), 
significantly inhibited the production and release 
of early inflammatory factors, therefore, improved 
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the survival rate of SLE-prone mice, reduce renal 
damage and blood urea nitrogen levels and inhibit the 
production of serum autoantibodies, thus improving 
the pathological symptom of SLE mice. 

Protein A20 is an effective anti-inflammatory protein 
to maintain immune balance of body and down 
regulated protein A20 in cells leads to a marked 
phenotype of auto inflammation. Daphnetin could 
inhibit NF-κB pathway to up regulate the expression 
of protein A20 and down regulate the expression 
of related inflammatory factors (IL-1β, IL-6 and 
TNF-α), therefore inhibiting activated T cell to 
alleviate the inflammation and injury in SLE mice. 

Anti-IPF and anti-asthma: IPF is a progressive 
disease characterized by excessive deposition 
of Extracellular Matrix (ECM) and chronic 
inflammation. Du et al. built a mouse model with IPF 
by intratracheal injection of bleomycin (BLM) and 
explored the effects of psoralen on IPF administered 
for 14 d after modeling. The results demonstrated that 
psoralen alleviated BLM-induced lung parenchymal 
inflammation and pulmonary fibrosis in IPF mice, 
therefore, increase survival rate of IPF mice while 
presenting little effects on mice weight. Psoralen 
could downregulate the expression of Transforming 
Growth Factor-β1 (TGF-β1), IL-1β, inhibit fibroblast 
proliferation and collagen synthesis to alleviate 
inflammatory cascades or respiratory dysfunction, 
therefore, improving pathological symptom in IPF 
mice. 

Li et al.[60] built a BALB/c mouse model with 
asthma with ovalbumin and explored the effects of 
imperatorin on chronic airway inflammation and 
airway remodeling in an asthma model mouse. The 
results indicated that imperatorin could significantly 
inhibit inflammatory cell infiltration and goblet cell 
proliferation, reduce mucus secretion and collagen 
deposition, decrease the numbers of inflammatory 
cells and levels of IL-4, IL-5 and IL-13 and increase 
the level of Interferon-gamma (IFN-γ) in the 
bronchoalveolar lavage fluid in lung tissue of the 
asthma model mice, therefore, alleviating airway 
inflammation and airway remodeling in the asthma 
model mice[61]. 

Anti-oxidation: Coumarins exhibited excellent anti-
oxidation effects; which would be potential drugs 
to treat many diseases related to lipid peroxidation 
injury. Mogadem et al.[62] built a rat model with 
hepatotoxicity induced by Carbon tetrachloride 
(CCl4) and explored the effects of daphnetin on anti-

oxidation. The results demonstrated that daphnetin 
alleviated CCl4-induced lipid peroxidation and 
increased antioxidant capacity; therefore, improving 
liver and kidney function of rats. Zhang et al.[63] found 
that esculetine and daphnetin presented favorable 
free radical scavenging capacity with a Diphenyl 
Picrohydrazine (DPPH) assay, which suggested that 
esculetine and daphnetin exhibited excellent anti-
oxidant capacity. Zhang et al.[64] extracted the active 
ingredient of natural coumarins from Chinese herb 
Angelica by an ultrasonic method with ethanol as 
solvent. The results indicated that Angelica dahurica 
extracts (0.6 mg/ml) exhibited better free radical 
scavenging capacity than that of the same amount 
of VC with a DPPH assay, which suggested that 
coumarins from Angelica dahurica would be natural 
antioxygen with high-efficiency and low-toxicity. 

Witaicenis et al.[65] built a rat model with intestinal 
inflammation by enema treatment with trinitrobenzene 
sulfonic acid and explore the antioxidant effects of six 
coumarin derivatives (daphnetin, esculin, fraxetin, 
scopoletin, scoparone and 4-methyl-umbeliferone) 
by an intragastric administration with the target 
coumarin derivatives. The rat colons were obtained 
for evaluation after 48 h. The results demonstrated 
that the six coumarin derivatives exhibited favorable 
antioxidant capacity by a lipid peroxidation assay 
and a DPPH assay. Daphnetin and esculetin presented 
excellent antioxidant capacity by inhibiting lipid 
peroxidation. Except for 7-hydroxy-4-methyl 
coumarin, the rest five derivatives exhibited favorable 
antioxidant capacity by increasing glutathione levels 
and inhibiting myeloperoxidase activity. 

Anti-coagulation: There are three coumarin-related 
anticoagulants used in clinic, such as warfarin 
potassium, warfarin sodium and phenylprusside. 
Warfarin is a commonly used anticoagulant targeting 
to Vitamin K Epoxide Reductase (VKOR)[66]. 
Warfarin blocks the vitamin K functional cycle by 
inhibiting the activity of VKOR and preventing VKO 
from being converted into vitamin K and Vitamin K2 
(VK2). In addition, it inhibits the γ-carboxylation of 
vitamin K-dependent clotting factors. Therefore, it 
acts as a favorable anticoagulant[67]. 

Thrombosis and detachment are responsible for 
adverse cardiovascular events. Coumarin and its 
derivatives as clinical drugs presented outstanding 
anticoagulant and anti-platelet aggregation 
effects with low-toxicity, which would provide 
new skeletons and promising lead compounds 
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for anticoagulant new drug development based 
coumarins. For instance, warfarin and dicoumarin, 
derivatives of 4-hydroxycoumarin, widely used as 
oral anticoagulant drug, especially warfarin, which 
is the most commonly used coumarin in a clinical 
practice, can be rapidly and completely absorbed 
by the gastrointestinal tract and exhibits favorable 
anticoagulant activity, however, it has severe side 
effects[68]. As a result, it is indispensible to develop 
anticoagulant new drug with high-efficiency and 
low-toxicity. 

Many natural coumarins presented favorable 
anticoagulant effects. The results indicated that 
suberenol (fig. 1 D1) and suberosin (fig. 1 D2) 
isolated from ferulic plants exhibited favorable 
anticoagulant activity and little damage of livers and 
kidneys. Compared with the control, suberenol and 
suberosin significant prolonged mice Prothrombin 
Time (PT). Mira et al. isolated three coumarins from 
Chinese herb named Angelica sinensis. The results 
indicated that hyuganin C prolonged mice PT in a 
concentration-dependent way and inhibited platelet 
aggregation induced by adenosine diphosphate. 

Bang et al.[69] synthesized a series of coupled-
coumarin derivatives with 7-hydroxycoumarin as 
raw materials. The results demonstrated that the 
optimal derivative (PT, 13.10 s) prolonged mice 
PT better than that of warfarin (PT, 7.97 s). ARY 
company developed a new coumarin derivative 
named tecarfarin to be used for inhibiting excitation 
of vitamin K-dependent coagulation factor II, VII, 
IX and X, which was expected to treat coagulation 
disorder of high-risk groups, attenuate pathological 
symptom, improve life quality, prevent acute and 
chronic complications, lower the mortality[70]. 
Amin et al.[71] synthesized twenty-three new 
6-substituted coumarin derivatives and evaluated 
their anticoagulant effects in mice. Four derivatives 
showed excellent anticoagulant effects (PT, 36.5 s, 
37.8 s, 38.5 s, 42.3 s), which was similar to positive 
control warfarin (PT, 42.3 s).

Anti-cancer:

Coumarins exhibited favorable anti-cancer effects 
with little drug-resistance on lung cancer[72,73], 
gastric carcinoma[74], hepatic carcinoma[75], breast 
cancer[76,77], leukemia and so on. Coumarin and its 
derivatives have excellent druggability due to its 
advantages of favorable pharmacological activities, 
multi-target collaboration, little drug-resistance and 

low-toxicity, simple skeleton, easy synthesis and 
structural optimization and extensive sources, which 
would play an important role in anti-cancer new drug 
development.

Anti-lung cancer: Lung cancer, the leading death 
cause worldwide, is characterized by low 5 y survival 
rate and high drug-resistance, which is divided into 
Small Cell Lung Cancer (SCLC) and Non-Small 
Cell Lung Cancer (NSCLC)[78,79]. Coumarin and its 
derivatives presented favorable anti-lung cancer 
effects with little drug-resistance, which would 
provide new skeletons and promising lead compounds 
for anti-lung cancer new drug development. 

It was indicated that osthole significantly inhibited 
cell proliferation, promoted cell apoptosis of human 
NSCLC cell line H1299 cells. Wan et al.[80] found 
that aesculetin inhibited cell proliferation, induced 
cell cycle arrest in Synthesis-phase (S-phase) and 
promoted cell apoptosis of human NSCLC cell line 
H460 cells in vitro. Aesculetin significantly inhibited 
tumor growth of lung cancer-bearing Lewis mice 
model and improved its immunological function in 
vivo, suggesting coumarins presented excellent anti-
lung cancer activity. 

Wei et al.[81] synthesized a series of coumarin 
pyrazoline derivatives HCP1-HCP6 (fig. 4), which 
might be Heat Shock Protein 90 (HSP90) inhibitors. 
The results demonstrated that the six derivatives 
decreased cell vitality; promote cell apoptosis of 
human NSCLC cell line A549 cells, which was 
attributed to autophagy inhibition. The molecular 
docking results indicated that the six derivatives had 
favorable molecular interaction with the Adenosine 
Triphosphate (ATP)-binding pocket in N-terminal 
domain of Hsp90 (Hsp90N) and HCP1 (fig. 4) was 
the optimal one with a strong binding force with 
Hsp90N; suggesting Hsp90N would be the drug target 
for HCP1. The results would provide a useful drug 
target for anti-lung cancer new drug development. 
Han et al.[82] synthesized ten new coumarin-aniline 
pyrimidine derivatives. The results indicated that the 
ten derivatives exhibited cell proliferation of human 
NSCLC cell line H1975 cells in different extent 
(IC50, 2.70-17.59 μM) and the inhibitory activity of 
six coumarin-aniline pyrimidine derivatives (fig. 4) 
were better than that of positive control drug gefitinib 
(IC50, 9.18 μM). 

The favorable anti-NSCLC effects of osthole 
was attributed to activating NF-κB pathway to 
upregulate the expression of pro-apoptotic protein 
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psoralen inhibited cell proliferation; promote cell 
apoptosis of human hepatoma cell line SMMC-
7721 cells in a concentration- and time-dependent 
way by a MTT assay. Wang et al.[88] demonstrated 
that aesculetin could promote SMMC-7721 cell 
apoptosis. Osthole inhibited cell proliferation and 
migration, induced cell cycle arrest of Hepatocellular 
Carcinoma (HCC). 

Osthole downregulated the expression of Matrix 
Metalloproteinases-2 (MMP-2) and MMP-9 to 
inhibit cell migration and inhibited epithelial-
mesenchymal transformation and downregulated the 
expression of mesenchymal N-cadherin and vimentin 
to induce cell cycle arrest, therefore, inhibiting HCC. 
Psoralen upregulated the expression of protein p53 
to downregulate the expression of anti-apoptotic 
protein Bcl-2 and upregulate the expression of pro-
apoptosis protein BAX and caspase-3 to promote 
apoptosis of SMMC-7721 cells. Aesculetin also 
upregulated the expression of pro-apoptosis protein 
caspase-3 to promote apoptosis of SMMC-7721 cells 
by mitochondrial pathway. 

Anti-breast cancer: Breast cancer is the first female 
cancer killer worldwide; its occurrence is closely 
related to estrogen levels[89]. Coumarins exhibited 
favorable anti-breast cancer effects with little drug-
resistance[90], which would provide new skeletons 
and promising lead compounds for new drug 
development and overcoming drug-resistance based 
on coumarins. 

Zhao et al.[90] demonstrated that psoralen significantly 
inhibited cell proliferation, induced cell cycle arrest, 
promoted cell apoptosis of human breast cancer cell 
persister Michigan Cancer Foundation-7 (MCF-7)/
Adriamycin (ADR) in a concentration-dependent 
manner (IC50, 18.78 μg/ml). 

Mokale et al. designed and synthesized a series 
of heterozygous molecules containing coumarin-
chalcone. The results demonstrated that derivative 
10 presented favorable anti-proliferation effects on 
human breast cancer cell lines MCF-7 cells (EC50, 
10 μg/ml) and MDA-MB-435 (EC50, 75.3μg/ml) in 
vitro. Oral administration of derivative 30 (5 mg/kg) 
resulted in an effective tumor inhibition rate of 70 
% against a female Sprague-Dawley (SD) rat model 
with breast cancer induced by N-Methyl-Nitrosourea 
(MNU) in vivo. Feng et al. designed and synthesized 
four 2-phenylthiazol-coumarin derivatives. The 
results indicated that the four derivatives exhibited 
certain inhibitory effects on MCF-7 cells and human 

B-cell lymphoma 2 (Bcl-2)-Associated X (BAX) 
and downregulate the expression of anti-apoptotic 
protein Bcl-2 to promote apoptosis of H1299 cells. 

Anti-gastric carcinoma: Coumarins presented 
favorable anti-gastric carcinoma effects with little 
drug-resistance, which would provide promising 
lead compounds for new drug development based on 
coumarins. 

Jia et al.[83] found that aesculetin inhibited cell 
proliferation of human gastric carcinoma cell line 
SGC-7901 cells in a concentration-dependent way 
and the inhibitory rate reached 79.88 % at a large 
dose (IC50, 280 μM) with a 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) 
assay. The morphological characteristics of SGC-
7901 cells showed an apoptotic trend. Aesculetin 
could upregulate the expression of pro-apoptotic 
protein BAX and downregulate the expression of 
anti-apoptotic protein Bcl-2 to promote apoptosis of 
SGC-7901 cells. Xu et al. demonstrated that osthole 
significantly inhibited cell proliferation; induce cell 
cycle arrest at Growth 2 (G2)/Mitotic (M) phase of 
human gastric carcinoma cell line SGC-7901 and 
Human cell line (HGC-27) cells in a concentration-
dependent way. Wang et al.[84] synthesized four 
NO donors coumarin-3-carboxylic acid derivatives 
(fig. 4) by Knoevenagel method using resorcinol 
as raw materials. The results indicated that the four 
derivatives exhibited excellent inhibitory effects 
on HGC-27, their inhibitory effects (2.12-3.80 μM) 
were similar to positive control drug 5-Fluorouracil 
(5-FU) (IC50, 12.3 μM). 

Aesculetin inhibited Phosphoinositide-3-Kinase/
Protein kinase B (PI3K/AKT) pathway to 
downregulate the expression of cell cycle-related 
proteins such as cyclin B1 and Cell division control 
2 (Cdc2) to induce cell cycle arrest, therefore, 
inhibiting the cell growth and proliferation of SGC-
7901 and HGC-27 cells. 

Anti-hepatic carcinoma: Coumarins exhibited 
favorable anti-hepatic carcinoma effects with little 
drug-resistance[85,86], which would provide new 
skeletons for anti-hepatic carcinoma new drug 
development. 

Psoralen and its derivatives 5-methoxypsoralen and 
8-methoxypsoralen are the representatives of anti-
tumor drugs of furanocoumarins. Psoralen and its 
derivatives have important application value in the 
liver carcinoma treatment. Jiang et al.[87] found that 
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repair of blood vessels in normal tissue or endothelial 
cell proliferation and migration in disease[97,98]. 

Coumarin exerts anti-angiogenic effects by regulating 
the expression of VEGF and phosphorylation level of 
VEGFR-2, which would provide a new antiangiogenic 
therapy. Park et al.[99] found that esculin could inhibit 
VEGF induced proliferation and DNA synthesis of 
Human Umbilical Vein Endothelial Cells (HUVECs) 
without cytotoxicity. Esculin downregulated the 
expression of MMP-2 in HUVECs stimulated by 
VEGF, thereby inhibiting the cell migration. Esculin 
also downregulated the phosphorylation level of 
VEGFR-2 and its downstream signaling pathways of 
Extracellular signal-regulated Protein Kinases 1 and 
2 (ERK1/2) and endothelial Nitric Oxide Synthase 
(eNOS)/Akt, restrained microvascular growth in 
VEGF-treated aortic ring in vitro, and blocked 
VEGF induced neovascularization and hemoglobin 
content in Matrigel plug model in vivo. Kim et 
al.[100] demonstrated that marmesin (fig. 4) could 
inhibit VEGF-A induced endothelial cell migration, 
invasion and proliferation, and inhibit tumor cell 
angiogenesis.

Coumarin derivatives presented anti-cancer activity 
by inhibiting the secretion of VEGF to restrain 
angiogenesis of cancer cells. Cui et al. studied 
the anti-cancer activity and mechanism of three 
Tristyle-Coumarin derivatives (TCHs), TCH-10b 
(fig. 4), TCH-5a (fig. 4-4 S2) and TCH-5c (fig. 
4-4 S3). It was indicated that compound TCH-5c 
had inhibitory effects on vascular endothelial cells 
permanent human cell line EA.hy926 and breast 
cancer cells, SK-BR-3 and MCF-7. Compound TCH-
5c inhibited cell proliferation and migration; induce 
Resting phase (G0)/G1 cell cycle arrest, changed 
cell cytoskeleton organization to cause cell death 
in EA.hy926 cells. Compound TCH-5c suppressed 
tumor formation in SK-BR-3 xenograft mouse model 
in vivo by inhibiting the secretion of VEGF to restrain 
endothelial angiogenesis. 

SUMMARY 
There are over 2000 coumarin natural compounds 
from plants, animals or microorganisms in nature. 
Coumarin is a kind of lactone compound with skeleton 
of benzo α-pyrones, which can be divided into simple 
coumarins, furanocoumarins, pyrocoumamarins 
and other coumarins according to their chemical 
structures, substituent position and characteristics. 

With the large-scale clinical application of 

breast cancer cisplatin-resistant cells by a Cell 
Counting Kit-8 (CCK-8) assay. A 2-phenylthiazol-
coumarin derivative 5c (fig. 4) showed the strongest 
inhibitory activity against MCF-7 cells and MCF-7/
cisplatin cells (inhibitory rate, 32.44 % and 17.99 %, 
respectively).

Psoralen upregulated the expression of protein 
p53 to upregulate pro-apoptosis protein caspase-3 
and downregulate the expression of anti-apoptosis 
protein Bcl-2 to promote cell apoptosis of MCF-7/
ADR. 

Anti-leukemia: Leukemia is a group of highly 
heterogeneous diseases that originate from the 
malignant transformation of hematopoietic stem/
progenitor cells in the bone marrow. It is one of the 
top ten malignant tumors with the highest proportion 
of children and people under 35 y old[91]. It is 
characterized by malignant proliferation of leukemia 
cells in bone marrow and other tissues, accompanied 
by differentiation and maturation disorders and 
apoptosis inhibition, and extensive infiltration 
of systemic tissues and organs[92]. Coumarins 
presented favorable anti-leukemia with little drug-
resistance[93,94], which would provide promising lead 
compounds for anti-leukemia new drug development. 

Wang et al. found that esculetin (fig. 1C) induced 
cell cycle arrest at Growth 1 (G1) phase of human 
leukemia cell line HL-60 cells, thus inhibited the cell 
proliferation of HL-60 cells. Park et al. demonstrated 
that esculin combined with HA14-1 (Bcl-2 inhibitor), 
could effectively inhibit cell proliferation of human 
leukemia U937 cells. Their combined application 
caused mitochondrial transmembrane potential loss 
and pro-apoptosis protein BH3 Interacting Domain 
Death Agonist (BID) cleavage to activate caspase-3 
and cleave Poly Adenosine Diphosphate-ribose 
Polymerase (PARP, DNA repair enzyme), therefore 
exerting anti-leukemia activity. 

Antiangiogenic effects:

Angiogenesis can provide oxygen and nutrients 
to tumor cells, remove wastes from the tumor 
microenvironment, and promote tumor growth and 
invasion. The neovascularization can transfer tumor 
cells to lead to tumor deterioration, which plays 
a key role in tumorigenesis and development[95]. 
An imbalance between pro-angiogenic and anti-
angiogenic factors can drive aberrant angiogenesis in 
tumor tissues[96]. Vascular Endothelial Growth Factor 
(VEGF) plays an important role in angiogenesis and 



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 577May-June 2023

molecular mechanism of coumarins, coumarins 
would be a broad application prospects in the near 
future. 
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