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Introduction

The immune system plays a pivotal role in our bodily homeostasis. Generally, it is assumed that this system protects 
the human body from invading pathologic agents and chemicals by eliminating them [1,2]. However, in the past decades 
it became clear that the homeostatic effects of the immune system are beyond this traditionally accepted function [1,2]. 
For example, it functions as a sensor and way of communication with the central nervous system [2], it enhances cardiac 
function after ischemic damage [3], assists in maintaining the homeostasis in the intestines [4] and is even involved in 
the body metabolism [5]. It is thus not surprising that any dysfunction of the immune system may lead to disturbance of 
homeostasis and when sustained this may lead to disease conditions. Remarkably, both a deficient as well as an overactive 
immune system may lead to pathologic conditions. Examples of deficiency are immunodeficient conditions like AIDS [6] 
and in immunocompromised patients receiving chemotherapy for cancer [7]. Allergic [8], and rheumatic conditions [9] 
as well as autoimmune diseases [10] are examples of an overactive immune system. More recently COVID-19 emerged as 
a condition where a burst of immune reaction led to aggravation of the disease [11], possibly as a result of an imbalanced 
reaction of the cellular immunity [12].

The therapeutic management of these conditions includes induction of the immune system with vaccination [13], 
which achieved high attention again during COVID 19 [14], and bolstering of the system [15]. However, until now, the 
latter strategy did not result in successful pharmacologic or other agents. Recent advances resulted in the application of 
mono and polyclonal antibodies [16,17] that are administered preferably to modify rather than cure disease conditions like 
asthma [18] and diabetic retinopathy [19]. Management of overactive immune conditions is somewhat easier for example, 
corticosteroids [20] and chemotherapeutic agents. Notwithstanding this, their adverse effects [21,22] do not put them on 
the direct shortlist of everyday clinical practice. For these reasons, the search for newer, more effective and safer agents 
in the context of the immune system is continuing. Coumarin belongs to the 1,2-benzopyrone class of molecules and is 
abundant in many plants [23]. They are often found in the form of glycosides or esters. Coumaric compounds are lactones 
of 2–coumaric acid (2- hydroxy-Z- cinnamic acid). They fall into various classes like, simple coumarins, isocoumarins, 
furanocoumarins, pyranocoumarins (angular and linear), biscoumarins and phenylcoumarins [24] and their wide 
availability makes them the ideal lead compounds for research in pharmacology. For example, numerous studies showed 
that they possess meaningful anti-diabetic activity in in silico, in vitro and in vivo models [25]. Unfortunately, despite the 
wide availability of coumarins and their lead compounds and metabolites in natural products [26], their medical application 
until now has been mostly limited to the anticoagulant activity of warfarin derived from dicoumarol and its analogues [27]. 
Warfarin and its derivatives acenocoumarol and fenprocoumon are well-known for their thrombostatic properties [28]. In 
recent years, researchers described a possible link between the process of thrombosis and the immune system [29-31] For 
this reason, we aimed in this review to identify a possible role for coumarins in immune bolstering, immunomodulation or 
immunosuppression. 

Methods

The PubMed, Google Scholar and HINARI databases were searched databases were searched for papers published about 
the effects of coumarin or its derivatives on the immune system. Only papers that were published in English or along with 
an English translation of at least the abstract after the year 2000, were included. The following search strings. “Coumarin 
and Immunity”, “Coumarin and immunoglobulins”, “Coumarin and inflammation”, “Coumarin and immunosuppression”. 
were entered in the search engines of these databases. Relevant papers were selected, and their reference list was also 
carefully searched for possible relevant papers.

Coumarins are molecules varying from simple to more complex compounds that are widely available in nature, while 
some of them have been synthesized. They possess significant pharmacological potential, but until now their applicability 
in medicine has been limited to their ability to limit coagulation in blood. Our immune system plays a major role in disease 
states, with both ends of the spectrum being significant. Both a slow or absent immune reaction on one hand and an 
overreaction of the system on the other hand may be detrimental to our health. Since the process of coagulation seems to be 
related to the immune system, studies showing a possible role for coumarins and their lead compounds in modulating the 
immune system. were searched for in databases like PubMed, Google Scholar and Hinari. Several studies with promising 
results revealing a role for coumarins in modulating the immune response, were found However, all these studies have been 
carried out in in vitro and simple animal models. Randomized clinical trials will be required to demonstrate the therapeutic 
value of these readily available coumarin compounds.
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Results

Table 1 provides an overview of the coumarin compounds and their probable effects.

Table 1: Overview of coumarins with immunomodulating effects.

Compound Potential Activity Reference

8-[(4-Chlorophenyl) sulfonyl]-7-Hydroxy-
4-Methyl-2H-chromen-2-One

antimicrobial [34]

pyrazole-coumarin hybrids antimicrobial [35]

4-bromopropoxycoumarin derivatives
Antimicrobial, 

cytostatic
[36]

coumarin-piperazine hybrids Cytostatic [37]

coumarin- N-heterocyclic hybrid Antimicrobial [38]

6-nitro-coumarin Fungicide [39]

7-(6-(2-methyl-imidazole))-coumarin Antiviral [40]

Coumarin Antiviral [41]

7-hydroxycoumarin Enhanced immunity [42]

6-methoxy-7-hydroxy- coumarin
Increased 

macrophage activity
[43]

7-methoxy-8-[3-methylpent-2-enyl] 
coumarin derivatives

Cytostatic [44-48]

4-hydroxycoumarin Antimetastatic [49]

lepitodol Immunosuppressive [50]

6,6’,7,7’-tetramethoxyl-8,8’-biscoumarin 
7,7’-dihydroxy-6,6’-dimethoxy-8,8’-

biscoumarin 
7,7’-dimethoxy-6,6’-biscoumarin

Immunosuppressive [51, 52]

2-[(8S)-2-oxo-8,9-dihydrofuro[2,3-h] 
chromen-8-yl] propan-2-yl (Z)-2-

methylbut-2-enoate
Immunosuppressive [53]

Urolithin A Immunosuppressive [54,55]

bibenzyl-phenylpropane coumarin hybrid Immunosuppressive [56]

6,7-Dihydroxy-2H-1-benzopyran-2-one
Anti-psoriasis, anti-

colitis
[57, 63]

6-Methoxy-7-{[(2S,3R,4S,5S,6R)-3,4,5-
trihydroxy-6-(hydroxymethyl) oxan-2-yl] 

oxy}-2H-1-benzopyran-2-one
Anti-rheumatic [58]

5,7-dihydroxy-6-(3-methylbutanoyl)-8-
(3-methylbut-2-enyl)-4-phenylchromen-

2-one
Immunosuppressive [59]

6,7-dihydroxy-3-[3′,4′-
methylenedioxyphenyl]-coumarin

Immunosuppressive [60]

7,8-dihydroxychromen-2-one  
3-(4-aminophenyl)-coumarin

Anti-rheumatic [61,62]

4-arylcoumarin (5,7-dimethoxy-4-p-
methoxyphenylcoumarin)

Anti-histaminic [64]

Coumarins with potential immunity enhancing effects

One way to bolster the immunity of organisms is to present an abundancy of 
antigens to the immune system. This can be the result of destroying the causative 
microorganisms or cancerous cells [32,33]. In line with this, the 8-[(4-Chlorophenyl) 
sulfonyl]-7-Hydroxy-4-Methyl-2H-chromen-2-One coumarin derivative showed 
comparable antimicrobial activity against M. tuberculosis in Guinea pigs compared to 
the traditionally used drugs Isoniazid and Rifampicin [34]. In a similar way, pyrazole-
coumarin hybrids inhibited the growth of the Mycobacterium-TB H37Rv strain [35]. 
Mycobacterium species are well known for their ability to stay under the radar of the 
immune system.

Furthermore, 4-bromopropoxycoumarin derivatives showed significant 
inhibiting effects in S. aureus species and the MCF-7 breast cancer mimicking cell 
line in in silico and in vitro models [36]. The latter was even better than the reference 
Doxorubicin. Trimethoxyphenyl-coumarin, coumarin-indole and coumarin-
dihydroquinoxalone coumarin-piperazine hybrids effectively inhibited cancer growth 
in both in vitro and in vivo models probably through inhibition of polymerization of 
tubulin [37]. Several coumarin- N-heterocyclic hybrid compounds showed cytostatic 
and antibiotic activity in in vitro models [38]. Coumarins also show fungicidal activity, 
specifically the 6-nitro-coumarin and the prenylated coumarin osthenol showed 
significant fungicide activity against Candida alba in vitro [39]. 

In addition, the 7-(6-(2-methyl-imidazole))-coumarin reduced the viral titer of 
spring viremia of carp virus in zebrafish [40]. Feeding Cherax quadricarinatus, the 
Australian red claw crayfish, with low dose coumarin enhanced the cellular immunity 
of the animal and reduced the damage caused by white spot syndrome virus infection 
[41]. Addition of 7-hydroxycoumarin to the food of broiler chickens improved their 
health and growth in general and decreased their leucocyte cell counts significantly, 
which indicates that their state of immunity improved [42]. Scopoletin (6-methoxy-
7-hydroxy- coumarin) increased the phagocytic ability of macrophages in a human 
based monocytic cell line [43]. Several 7-methoxy-8-[3-methylpent-2-enyl] coumarin 
(osthole) derivatives showed meaningful anti-tumor activity in cell culture models 
[42-48]. Moreover, the 4-hydroxycoumarin impairs the ability of melanoma cells 
to metastasize [49] and although this effect is probably not immune related, it may 
contribute to presenting tumorous antigens to the immune system.

Coumarins with potential immunosuppressive effects

In some conditions like rheumatic and autoimmune disease as well as allergic 
conditions, it is necessary to suppress rather than stimulate the immune system. 
Throughout history, coumarins have demonstrated to possess properties to 
suppress the immune system. The phenylcoumarin derivative lepitodol showed 
immunosuppressive activity possibly through inhibition of vascular cell adhesion 
molecule 1 and intercellular adhesion molecule 1 expression in cultures of 
endothelial cells [50]. Coumarins derived from Urtica dentata, including but not 
limited to 6,6’,7,7’-tetramethoxyl-8,8’-biscoumarin, 7,7’-dihydroxy-6,6’-dimethoxy-
8,8’-biscoumarin and 7,7’-dimethoxy-6,6’-biscoumarin suppressed the ability 
of cultured dendritic cells to stimulate effector T cell response [51] suppressed 
T-cell proliferation in an in vitro splenic model [52]. A similar effect was observed 
with 2-[(8S)-2-oxo-8,9-dihydrofuro[2,3-h] chromen-8-yl] propan-2-yl (Z)-2-
methylbut-2-enoate [53]. The benzo-coumarin Urolithin A increased autophagy of 
macrophages [54]. Omphalocarpin (8-[(2S)-2-hydroxy-3-methoxy-2-methylbutyl]-
5,7-dimethoxychromen-2-one) suppressed the inflammatory response in a mouse 
model of inflammation [55]. Investigators isolated a bibenzyl-phenylpropane hybrid 
with a coumarin core from Dendrobium devonianum and showed that it significantly 
suppressed T and B cells in vitro [56]

Esculetin (6,7-Dihydroxy-2H-1-benzopyran-2-one), a simple coumarin, improved 
the skin lesions and inflammatory parameters in a mouse model of psoriasis [57]. 
Another coumarin, scopoline (6-Methoxy-7-{[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-
6-(hydroxymethyl) oxan-2-yl] oxy}-2H-1-benzopyran-2-one), improved the lesions 
of an adjuvant-induced arthritis (AIA) in rats [58]. The bee derived 5,7-dihydroxy-
6-(3-methylbutanoyl)-8-(3-methylbut-2-enyl)-4-phenylchromen-2-one effectively 
reduced the proliferation of Th-17 leucocytes in vitro and reduced the inflammatory 
response in an autoimmune mouse model [59]. In a rat model of rheumatoid arthritis, 
6,7-dihydroxy-3-[3′,4′-methylenedioxyphenyl]-coumarin reduced the neutrophilic 
infiltration of the synovial fluids in the affected joints [60]. The simple coumarins 
7,8-dihydroxychromen-2-one and 3-(4-aminophenyl)-coumarin showed significant 
improvement of collagen induced rheumatoid arthritis in rats [61,62]. Esculin, 
scoparone and daphnetin among other coumarins, reduced the inflammation 
in a rat model of colitis [63]. Finally, the 4-arylcoumarin (5,7-dimethoxy-4-p-
methoxyphenylcoumarin) reduced the histamine level in a mouse model of allergy 
and suppressed secretion of interleukins from human mast cells [64]. 

Conclusion and Future Perspectives

The selected studies show that quite a number of coumarins or their derivatives 
possess the potential to influence our immune system. Several mechanisms are 
involved in this mechanism of action, but mostly along the inflammation pathways in 
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the organism [65]. In fact, they have been identified as being a very common structure 
in compounds possessing anti-inflammatory properties in zebrafish [66]. However, 
despite all these studies and their promising results, all of them have been carried out 
in in vitro and animal models. To make the next important step as meaningful agents 
in the treatment of disturbances in the immune system, randomized clinical trials to 
prove their applicability need to be conducted. For now, it seems a long way home.

References

1. Husband AJ (1995) The immune system and integrated homeostasis. Immunol 
Cell Biol 73(4): 377-382. 

2. Marques RE, Marques PE, Guabiraba R, Teixeira MM (2016) Exploring the 
homeostatic and sensory roles of the immune system. Front Immunol 7:125.

3. Swirski FK, Nahrendorf M (2018) the immune system in cardiac homeostasis 
and disease. Nature Reviews Immunology Cardioimmunology 18(12): 733-744. 

4. Taniguchi Y, Yoshioka N, Nakata K, Nishizawa T, Inagawa H, et al. (2009) 
Mechanism for maintaining homeostasis in the immune system of the intestine. 
Anticancer Res 29(11): 4855-4860. 

5. Bronsart LL, Contag CH (2016) A role of the adaptive immune system in glucose 
homeostasis. BMJ Open Diabetes Res Care 4(1): e000136. 

6. Edelman AS, Zolla-Pazner S (1989) AIDS: a syndrome of immune dysregulation, 
dysfunction, and deficiency. The FASEB Journal 3(1): 22-30. 

7. Harris JJ, Sengar D, Stewart T, Hyslop D (1976) The effect of immunosuppressive 
chemotherapy on immune function in patients with malignant disease. Cancer 
37(2):1058-1069.

8. Igea JM (2013) The history of the idea of allergy. Allergy 68(8): 966-973. 

9. de Brito Rocha S, Baldo DC (2019) Clinical and pathophysiologic relevance of 
autoantibodies in rheumatoid arthritis. Advances in Rheumatology 59(1): 2.

10. Tsonis IA, Avrameas S, Moutsopoulos HM (2007) Autoimmunity and 
pathophysiology. J Autoimmun 29(4): 203-205. 

11. Mortaz E, Tabarsi P, Varahram M, Folkerts G, Adcock IM (2020) The immune 
response and immunopathology of COVID-19. Front Immunol 11: 2037

12. Wang J, Li Q, Qiu YW, Lu H (2022) COVID-19: imbalanced cell-mediated 
immune response drives to immunopathology. Emerg Microbes Infect 11(1): 
2393-2404. 

13. Gil A, Kenney LL, Mishra R, Watkin LB, Aslan N, et al. (2015) Vaccination and 
heterologous immunity: educating the immune system. Trans R Soc Trop Med 
Hyg 109(1): 62-69. 

14. Tiyo BT, Schmitz GJH, Ortega MM, da Silva LT, de Almeida A, et al. (2021) What 
happens to the immune system after vaccination or recovery from COVID-19? 
Life 11(11): 1152. 

15. Pahari S, Kaur G, Aqdas M, Negi S, Chatterjee D, et al. (2017) Bolstering 
immunity through pattern recognition receptors: A unique approach to control 
tuberculosis. Front Immunol 8: 906. 

16. Lipman NS, Jackson LR, Trudel LJ, Weis-Garcia F (2005) Monoclonal versus 
polyclonal antibodies: distinguishing characteristics, applications, and 
information resources. ILAR J 46(3): 258-268. 

17. Wootla B, Denic A, Rodriguez M. (2014) Polyclonal and monoclonal antibodies 
in clinic. Methods in Molecular Biology 1060: 79-110

18. Matera MG, Calzetta L, Rogliani P, Cazzola M (2019) Monoclonal antibodies for 
severe asthma: Pharmacokinetic profiles. Respir Med 153: 3-13. 

19. Rodrigues EB, Farah ME, Maia M, Penha FM, Regatieri C, et al. (2009) 
Therapeutic monoclonal antibodies in ophthalmology. Prog Retin Eye Res 28(2): 
117-144. 

20. Williams DM (2018) Clinical pharmacology of corticosteroids. Respir Care 
63(6): 655-670. 

21. Cronstein BN, Aune TM (2020) Methotrexate and its mechanisms of action in 
inflammatory arthritis. Nature Reviews Rheumatology16(3): 145-154. 

22. Conway R, Carey JJ (2017) Risk of liver disease in methotrexate treated patients. 
World J Hepatol 9(26): 1092-1100 

23. Keating GJ, O’kennedy R (1997) The chemistry and occurrence of coumarins. 
Coumarins: biology, applications and mode of action. pp. 23-66. 

24. Annunziata F, Pinna C, Dallavalle S, Tamborini L, Pinto A, et al. (2020) An 
overview of coumarin as a versatile and readily accessible scaffold with broad-
ranging biological activities. International Journal of Molecular Sciences 21(13): 
4618

25. Ranđelović S, Bipat R (2021) A review of coumarins and coumarin-related 
compounds for their potential antidiabetic effect. Clin Med Insights Endocrinol 
Diabetes 14.

26. Venugopala KN, Rashmi V, Odhav B. (2013) Review on natural coumarin lead 
compounds for their pharmacological activity. Biomed Res Int. 

27. Rohini K, Srikumar PS (2014) Therapeutic role of coumarins and coumarin-
related compounds. J Thermodyn Catal 5(2).

28. Bipat R (2019) From rat poison to medicine: medical applications of coumarin 
derivatives. In: Rao V, Mans DRA, Rao L (Eds), Phytochemicals in Human 
Health. London: Intech Open pp. 91-104. 

29. Yong J, Toh CH (2023) Rethinking coagulation: from enzymatic cascade and 
cell-based reactions to a convergent model involving innate immune activation. 
Blood 142(25): 2133-2145. 

30. Engelmann B, Massberg S (2013) Thrombosis as an intravascular effector of 
innate immunity. Nature Reviews Immunology 13(1): 34-45. 

31. Konecny FA (2010) Review of cellular and molecular pathways linking 
thrombosis and innate immune system during sepsis. J Res Med Sci 15(6):348-
358. 

32. Khan N, Pahari S, Vidyarthi A, Aqdas M, Agrewala JN (2016) Stimulation 
through CD40 and TLR-4 Is an effective host directed therapy against 
Mycobacterium tuberculosis. Front Immunol 7: 386 

33. Diamond G, Beckloff N, Weinberg A, Kisich KO (2009) The roles of antimicrobial 
peptides in innate host defense. Curr Pharm Des 15(21): 2377-2392. 

34. Patel PB, Patel TK, Baxi SN, Acharya HR, Tripathi C (2011) Antitubercular 
effect of 8-[(4-chloro phenyl) sulfonyl]-7-hydroxy-4-methyl-2h-chromen-2-one 
in guinea pigs. J Pharmacol Pharmacother 2(4): 253-2560. 

35. Kanjariya DC, Naik HN, Sherashiya MJ, Naliapara YT, Ahmad I et al. (2023) 
α-amylase and mycobacterium-TB H37Rv antagonistic efficacy of novel 
pyrazole-coumarin hybrids: an in vitro and in silico investigation. J Biomol 
Struct Dyn pp.1-18. 

36. Patel KB, Mukherjee S, Bhatt H, Rajani D, Ahmad I, et al. (2023) Synthesis, 
docking, and biological investigations of new coumarin-piperazine hybrids as 
potential antibacterial and anticancer agents. J Mol Struct 1276:134755. 

37. Tian XY, Zhang WX, Chen XY, Jia MQ, Zhang SY et al. (2024) Discovery of novel 
coumarin-based derivatives as inhibitors of tubulin polymerization targeting 
the colchicine binding site with potent anti-gastric cancer activities. Eur J Med 
Chem 265.

38. Abdelaziz E, El-Deeb NM, Zayed MF, Hasanein AM, El Sayed IET et al. (2023) 
Synthesis and in-vitro anti-proliferative with antimicrobial activity of new 
coumarin containing heterocycles hybrids. Sci Rep 13(1): 22791. 

39. Montagner C, de Souza SM, Groposo C, Delle Monache F, Smânia EFA, et al. 
(2008) Antifungal activity of Coumarins. Z Naturforsch C J Biosci 63(1-2): 21-28. 

40. Liu L, Hu Y, Lu J, Wang G (2019) An imidazole coumarin derivative enhances 
the antiviral response to spring viremia of carp virus infection in zebrafish. 
Virus Res 263: 112-118. 

41. Zhou X, Gong J, Zhuang Y, Zhu F (2022) Coumarin protects Cherax 
quadricarinatus (red claw crayfish) against white spot syndrome virus infection. 
Fish Shellfish Immunol 127: 74-81. 

42. Duskaev GK, Klimova TA (2023) Influence of coumarin on productivity, 
immunity and antioxidant status of healthy broilers. Siberian Journal of Life 
Sciences and Agriculture 15(3): 197-218. 

43. Alkorashy AI, Doghish AS, Abulsoud AI, Ewees MG, Abdelghany TM, et 
al. (2020) Effect of scopoletin on phagocytic activity of U937-derived human 
macrophages: Insights from transcriptomic analysis. Genomics 112(5): 3518-
3524. 

44. Liu LY, Huang WJ, Lin RJ, Lin SY, Liang YC (2013) N Hydroxycinnamide 
derivatives of osthole presenting genotoxicity and cytotoxicity against human 
holon adenocarcinoma Cells in vitro and in vivo. Chem Res Toxicol 26(11): 1683-
1691. 

https://pubmed.ncbi.nlm.nih.gov/7493777/
https://pubmed.ncbi.nlm.nih.gov/7493777/
https://pubmed.ncbi.nlm.nih.gov/27065209/
https://pubmed.ncbi.nlm.nih.gov/27065209/
https://pubmed.ncbi.nlm.nih.gov/30228378/
https://pubmed.ncbi.nlm.nih.gov/30228378/
https://pubmed.ncbi.nlm.nih.gov/20032447/
https://pubmed.ncbi.nlm.nih.gov/20032447/
https://pubmed.ncbi.nlm.nih.gov/20032447/
https://pubmed.ncbi.nlm.nih.gov/27026807/
https://pubmed.ncbi.nlm.nih.gov/27026807/
https://pubmed.ncbi.nlm.nih.gov/2562947/
https://pubmed.ncbi.nlm.nih.gov/2562947/
https://pubmed.ncbi.nlm.nih.gov/766953/
https://pubmed.ncbi.nlm.nih.gov/766953/
https://pubmed.ncbi.nlm.nih.gov/766953/
https://pubmed.ncbi.nlm.nih.gov/23889361/
https://advancesinrheumatology.biomedcentral.com/articles/10.1186/s42358-018-0042-8
https://advancesinrheumatology.biomedcentral.com/articles/10.1186/s42358-018-0042-8
https://pubmed.ncbi.nlm.nih.gov/17884336/
https://pubmed.ncbi.nlm.nih.gov/17884336/
https://pubmed.ncbi.nlm.nih.gov/32983152/
https://pubmed.ncbi.nlm.nih.gov/32983152/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9553190/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9553190/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9553190/
https://pubmed.ncbi.nlm.nih.gov/25573110/
https://pubmed.ncbi.nlm.nih.gov/25573110/
https://pubmed.ncbi.nlm.nih.gov/25573110/
https://pubmed.ncbi.nlm.nih.gov/34833028/
https://pubmed.ncbi.nlm.nih.gov/34833028/
https://pubmed.ncbi.nlm.nih.gov/34833028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5539433/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5539433/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5539433/
https://pubmed.ncbi.nlm.nih.gov/15953833/
https://pubmed.ncbi.nlm.nih.gov/15953833/
https://pubmed.ncbi.nlm.nih.gov/15953833/
https://pubmed.ncbi.nlm.nih.gov/24037837/
https://pubmed.ncbi.nlm.nih.gov/24037837/
https://pubmed.ncbi.nlm.nih.gov/31136930/
https://pubmed.ncbi.nlm.nih.gov/31136930/
https://pubmed.ncbi.nlm.nih.gov/19114125/
https://pubmed.ncbi.nlm.nih.gov/19114125/
https://pubmed.ncbi.nlm.nih.gov/19114125/
https://pubmed.ncbi.nlm.nih.gov/29794202/
https://pubmed.ncbi.nlm.nih.gov/29794202/
https://pubmed.ncbi.nlm.nih.gov/32066940/
https://pubmed.ncbi.nlm.nih.gov/32066940/
https://pubmed.ncbi.nlm.nih.gov/28989565/
https://pubmed.ncbi.nlm.nih.gov/28989565/
https://pubmed.ncbi.nlm.nih.gov/32610556/
https://pubmed.ncbi.nlm.nih.gov/32610556/
https://pubmed.ncbi.nlm.nih.gov/32610556/
https://pubmed.ncbi.nlm.nih.gov/32610556/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8842344/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8842344/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8842344/
https://www.longdom.org/open-access/therapeutic-role-of-coumarins-and-coumarinrelated-compounds-28335.html
https://www.longdom.org/open-access/therapeutic-role-of-coumarins-and-coumarinrelated-compounds-28335.html
https://pubmed.ncbi.nlm.nih.gov/37890148/
https://pubmed.ncbi.nlm.nih.gov/37890148/
https://pubmed.ncbi.nlm.nih.gov/37890148/
https://pubmed.ncbi.nlm.nih.gov/23222502/
https://pubmed.ncbi.nlm.nih.gov/23222502/
https://pubmed.ncbi.nlm.nih.gov/21526108/
https://pubmed.ncbi.nlm.nih.gov/21526108/
https://pubmed.ncbi.nlm.nih.gov/21526108/
https://pubmed.ncbi.nlm.nih.gov/27729911/
https://pubmed.ncbi.nlm.nih.gov/27729911/
https://pubmed.ncbi.nlm.nih.gov/27729911/
https://pubmed.ncbi.nlm.nih.gov/19601838/
https://pubmed.ncbi.nlm.nih.gov/19601838/
https://pubmed.ncbi.nlm.nih.gov/22025853/
https://pubmed.ncbi.nlm.nih.gov/22025853/
https://pubmed.ncbi.nlm.nih.gov/22025853/
https://pubmed.ncbi.nlm.nih.gov/37904535/
https://pubmed.ncbi.nlm.nih.gov/37904535/
https://pubmed.ncbi.nlm.nih.gov/37904535/
https://pubmed.ncbi.nlm.nih.gov/37904535/
https://www.sciencedirect.com/science/article/abs/pii/S0022286022024012
https://www.sciencedirect.com/science/article/abs/pii/S0022286022024012
https://www.sciencedirect.com/science/article/abs/pii/S0022286022024012
https://pubmed.ncbi.nlm.nih.gov/38150962/
https://pubmed.ncbi.nlm.nih.gov/38150962/
https://pubmed.ncbi.nlm.nih.gov/38150962/
https://pubmed.ncbi.nlm.nih.gov/38150962/
https://pubmed.ncbi.nlm.nih.gov/38123695/
https://pubmed.ncbi.nlm.nih.gov/38123695/
https://pubmed.ncbi.nlm.nih.gov/38123695/
https://pubmed.ncbi.nlm.nih.gov/18386483/
https://pubmed.ncbi.nlm.nih.gov/18386483/
https://pubmed.ncbi.nlm.nih.gov/30658072/
https://pubmed.ncbi.nlm.nih.gov/30658072/
https://pubmed.ncbi.nlm.nih.gov/30658072/
https://pubmed.ncbi.nlm.nih.gov/35700868/
https://pubmed.ncbi.nlm.nih.gov/35700868/
https://pubmed.ncbi.nlm.nih.gov/35700868/
https://pubmed.ncbi.nlm.nih.gov/32243896/
https://pubmed.ncbi.nlm.nih.gov/32243896/
https://pubmed.ncbi.nlm.nih.gov/32243896/
https://pubmed.ncbi.nlm.nih.gov/32243896/
https://pubmed.ncbi.nlm.nih.gov/24127835/
https://pubmed.ncbi.nlm.nih.gov/24127835/
https://pubmed.ncbi.nlm.nih.gov/24127835/
https://pubmed.ncbi.nlm.nih.gov/24127835/


Page 4/4

Copyright  S Ranđelović and R Bipat

Citation:  Ranđelović S, Bipat R* (2024) Coumarins and their derivatives as potential modulators of immune respons. Adv Res Sci 2: 1015

45. Hou XH, Cao B, Liu HQ, Wang YZ, Bai SF (2009) Effects of osthole on apoptosis 
and TGF-beta1 of hypertrophic scar fibroblasts. J Asian Nat Prod Res 11(7): 663-
669. 

46. Liu LY, Huang WJ, Lin RJ, Lin SY, Liang YC (2013) N hydroxycinnamide 
derivatives of osthole presenting genotoxicity and cytotoxicity against human 
colon adenocarcinoma cells in vitro and in vivo. Chem Res Toxicol 26(11): 1683-
1691. 

47. De Figueiredo Peloso E, Merli RJ, Espuri PF, Nunes JB, Colombo FA, et al. (2020) 
Investigation of 8-methoxy-3-(4-nitrobenzoyl)-6-propyl-2H-chromen-2-one 
as a promising coumarin compound for the development of a new and orally 
effective antileishmanial agent. Mol Biol Rep 47(11): 8465-8474. 

48. Zhang L, Jiang G, Yao F, He Y, Liang G, et al. (2012) Growth inhibition and 
apoptosis induced by osthole, a natural coumarin, in hepatocellular carcinoma 
editor. Plos One 7(5): 37865. 

49. Velasco-Velázquez MA, Salinas-Jazmín N, Mendoza-Patiño N, Mandoki JJ 
(2008) Reduced paxillin expression contributes to the antimetastatic effect of 
4-hydroxycoumarin on B16-F10 melanoma cells. Cancer Cell Int 8: 8. 
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