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Editorial on the Research Topic 
Chemistry, toxicity, synthesis, biological and pharmacological activities of coumarins and their derivatives: recent advances and future perspectives


Coumarins are plant-derived compounds existing in bond form as glycosides or esters and in free form. They are found in fungi and plant parts such as roots, seeds, flowers, and fruits (Heghes et al.). The name “coumarin” was derived from Dipteryx odorata (Aubl.) Forsyth f. (Synonym: Coumarouna odorata Aubl) of the Fabaceae, a plant from which it was first isolated. Coumarins are use in foods, cosmetics and pharmaceuticals due to their pleasant smell. They are lactones of 2-coumaric acid and consist of a benzene ring fused to an α-pyrone ring. Based on their structural complexity, and diversity, natural coumarins are classified into various groups, including simple coumarins, furanocoumarins, and pyranocoumarin (Figure 1). However, laboratory procedures are available for synthesizing the non-natural forms of these compounds. This gives rise to many analogues of coumarins with synthetic origin. In addition, these compounds and their analogues have shown strong effectiveness in managing various diseases affecting humans (Adetunji et al., 2024; Anywar and Muhumuza). The potent health-promoting property of coumarins was linked to the versatility of their structures.
[image: Figure 1]FIGURE 1 | Structures of coumarin, furanocoumarin, and pyranocoumarin.
In this Research Topic, we focused on different coumarins and their analogues in terms of their pharmacological and biological activities, toxicity, sources, and classification as well as data on their synthetic forms. The Research Topic presents seven peer-reviewed articles consisting of three research papers and four reviews. These submissions entails the current research progress made on coumarins and their derivatives.
In the Research Topic, Devi et al. evaluated the acute and sub-acute toxicities of dihydro-p-coumaric acid obtained from the leaves of Tithonia diversifolia (Hemsl.), a flowering plant in the Asteraceae. The isolated dihydro-p-coumaric acid had no detrimental effects at all the applied doses in the acute and sub-acute toxicity tests. However, mild hepatotoxicity was recorded in alanine transaminase and aspartate transaminase, with no corresponding alteration in the histopathological examinations (Devi et al.). Furthermore, the researchers indicated that dihydro-p-coumaric acid is safe and can be used as a potential alternative to artificial pesticides regardless of the mild alteration that was recorded on the liver biomarker enzymes. Hence, the authors recommended the potential application of coumaric compounds as natural pesticides and as alternatives to their synthetic counterparts, due to the safety, efficacy, availability, and cost. In another study (Heghes et al.), the safety profile of natural coumarins found in nutraceuticals was explored. Despite the safety profile of these coumarins in nutraceutical products, these compounds could have some detrimental effects, especially after exposure at high concentrations. For instance, osthole (7-methoxy-8-(3-methyl-2-butenyl)-2H-1- benzopyran-2-one) was one of the coumaric compounds tested for acute or sub-chronic toxicity. The LD50 of 710 mg/kg body weight in mice was reported for the acute toxicity studies and the clinical toxicity manifestations were tremors, hyperventilation, and photophobia (Heghes et al.). Similarly, at doses of 5–50 mg/kg body weight/45 days, osthole induced a mild inflammatory process in hepatic and renal tissues, and pulmonary hemorrhage was observed in a sub-chronic toxicity study (Shokoohinia et al., 2017). Despite these mild harmful effects, the authors concluded that coumarins are still important natural compounds found in several herbs and foods with a wide range of vital biological properties, and are important for promoting health and alleviating different diseases. Moreover, the most vital detrimental effect shown by these coumarins was their mild hepatotoxicity. However, they do not promote CYP2A polymorphisms; they can be more toxic for groups presenting certain CYP2A polymorphisms (Heghes et al.).
The bioactivity and toxicity of coumarins was reviewed by Anywar and Muhumuza. The authors critically assessed the 22 coumarins existing in 15 African medicinal plants. Most of these coumarins were predominantly (19.1%) found in the leaves and frequently (46.7%) screened for anti-microbial properties. Interestingly, five (calanolide, osthole, esculetin, pseudocordatolide C, and chartreusin) of the 22 compounds exerted potent anticancer and antitumor actions. Other African medicinal plants contain coumarins that exhibited several ameliorative actions against tremor, hepato-, neuro-, and photo-toxicity, pulmonary hemorrhage, photophobia, and hyperventilation. The authors indicated that coumarins exhibit diverse biological properties and some toxic effects. In this regard, it was recommended that more toxicity studies are required to ascertain the safety of these compounds in addition to their biological efficacies (Anywar and Muhumuza).
To further highlight the wide range of biological activities of these compounds, a prominent coumarin called daphnetin, was reviewed. Daphnetin is naturally synthesized from a shikimic acid cascade, involving L-phenylalanine and L-tyrosine as the precursors for its biosynthesis (Santos-Sánchez et al., 2019). Synthetically, it can be produced from malate and pyrogallol in the presence of heat, sulphuric acid, and nitrogen. Also, the hydroxylation of umbelliferone can result in the formation of daphnetin (Wang et al., 2020). Daphnetin is isolated from Daphne species in the Thymelaeaceae and documented to possess several biological activities including analgesic, anti-arthritic, antipyretic, antimalarial, antioxidant, antibacterial, nephroprotective, hepatoprotective, neuroprotective, anticancer, and anti-inflammatory. In addition to these pharmacological properties, daphnetin has a promising safety profile (Javed et al.). In one of the acute toxicity studies using the bacterial reverse mutation assay, daphnetin had no genetic toxic effects. Furthermore, daphnetin was considered safe with little or no harmful effect in vitro and in vivo studies (Yu et al., 2014). Due to their broad range of biological effects, and safety profile, coumaric compounds should be utilised as a pharmaceutical scaffold or supplements in drug development. From a structure-activity relationship perspective, several derivatives of daphnetin were documented and linked to their diverse biological activities. For instance, the substitutions on C4 of daphnetin formed several derivatives, including 4-carboxymethyl daphnetin, with potent antioxidant activity. The most potent antioxidant activity of these substituted coumaric compounds was displayed by 4-carboxymethyl daphnetin (Dar et al., 2015; Xia et al., 2018).
Another interesting coumaric compound that was systematically reviewed by Gao et al. is scopoletin, where its toxicity, pharmacokinetic, and pharmacological features were highlighted (Gao et al.). This compound exerts anti-angiogenetic, antimicrobial, anti-hypertensive, anti-inflammatory, anticancer, neuroprotective, immune-modulatory, antidiabetic, and hepatoprotective effects in vitro and in vivo models. Scopoletin possesses fast absorption, extensive metabolism, and low bioavailability as demonstrated in the pharmacokinetic studies. These researchers related these pharmacokinetic features to the poor solubility of the compound in aqueous solution. In the aspect of toxicity, findings indicated that scopoletin is non-toxic to the majority of the cell types tested, suggesting that the compound will neither cause impaired performance nor treatment-related mortality at the experimental dose (Gao et al.). Although the compound exhibited a broad spectrum of biological activities, fast absorption, extensive metabolic profile, and minimal or low toxic effect, the researchers recommended more studies focusing on its cellular targets and mechanisms as well as increasing its oral bioavailability through enhancing the compound’s solubility in aqueous media.
In conclusion, this Research Topic highlights the cellular, molecular, and biochemical roles of coumarins and their derivatives against diverse diseases, both metabolic and non-metabolic, due to their vast and diverse biological properties. Additionally, the sources, synthesis, and toxicity profiles, along with the pharmacokinetics and bioavailability, including the case of scopoletin, were highlighted. However, reports from clinical trials are lacking in the Research Topic, therefore, more work is encouraged and recommended to support and confirm the documented biological activities, safety, and bioavailability of these compounds from in vitro and in vivo studies.
AUTHOR CONTRIBUTIONS
AO: Conceptualization, Investigation, Methodology, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing. HT: Conceptualization, Data curation, Validation, Visualization, Writing–review and editing. AA: Conceptualization, Supervision, Validation, Visualization, Writing–review and editing. AR: Conceptualization, Supervision, Validation, Visualization, Writing–review and editing. HS: Conceptualization, Supervision, Validation, Writing–review and editing. MS: Supervision, Validation, Visualization, Writing–review and editing.
ACKNOWLEDGMENTS
We wish to express our appreciation and gratitude to the contributing authors for sharing their works to make their Research Topic a reality. We would like to thank the Editorial Board Members and the reviewers who supported with peer review of the submitted manuscripts for this Research Topic. Also, we highly appreciate the huge support of the Frontiers staff toward the completion of this Research Topic. We acknowledge the institutional support from our respective universities toward the completion of this Research Topic.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Adetunji, T. L., Olisah, C., Olatunde, A., Tijjani, H., Mubarak, M. S., Rauf, A., et al. (2024). Global research landscape on two coumarin derivatives: a scientometric study of trends and innovations from 1990 to 2022. Arab. J. Chem. 17, 105494. doi:10.1016/j.arabjc.2023.105494
 Dar, M. Y., Ara, T., and Akbar, S. (2015). Isolation of daphnetin 8-methyl ether from Daphne oleoides and its anti-bacterial activity. J. Phytopharm. 4, 224–226. doi:10.31254/phyto.2015.4407
 Santos-Sánchez, N. F., Salas-Coronado, R., Hernández-Carlos, B., and Villanueva-Cañongo, C. (2019). “Shikimic acid pathway in biosynthesis of phenolic compounds,” in Plant physiological aspects of phenolic compounds ed . Editors M. Soto-Hernández, R. García-Mateos, and M. Palma-Tenango (Vienna: IntechOpen). doi:10.5772/intechopen.83815
 Shokoohinia, Y., Bazargan, S., Miraghaee, S., Javadirad, E., Farahani, F., and Hosseinzadeh, L. (2017). Safety assessment of osthole isolated from Prangos ferulacea: acute and subchronic toxicities and modulation of Cytochrome P450. Jundishapur J. Nat. Pharm. Prod. 12 (3), e63764. doi:10.5812/JJNPP.63764
 Wang, Y., Wang, J., Fu, Z., Sheng, R., Wu, W., Fan, J., et al. (2020). Syntheses and evaluation of daphnetin derivatives as novel G protein-coupled receptor inhibitors and activators. Bioorg. Chem. 104, 104342. doi:10.1016/j.bioorg.2020.104342
 Xia, Y., Chen, C., Liu, Y., Ge, G., Dou, T., and Wang, P. (2018). Synthesis and structure-activity relationship of daphnetin derivatives as potent antioxidant agents. Molecules 23, 2476. doi:10.3390/molecules23102476
 Yu, W., Wang, H., Ying, H., Yu, Y., Chen, D., Ge, W., et al. (2014). Daphnetin attenuates microglial activation and proinflammatory factor production via multiple signaling pathways. Int. Immunopharmacol. 21, 1–9. doi:10.1016/j.intimp.2014.04.005
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.
Copyright © 2024 Olatunde, Tijjani, Aremu, Rauf, Suleria and Mubarak. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Chemistry, toxicity, synthesis, biological and pharmacological activities of coumarins and their derivatives: recent advances and future perspectives		Author contributions

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers | Frontiersin Pharmacology

Editorial: Chemistry, toxicity,
synthesis, biological and
pharmacological activities of
coumarins and their derivatives:
recent advances and future
perspectives





OPS/images/fphar-15-1430985-g001.gif
LA,

Sinple coumaria

N N
0o o 00
Z

[——— FR—










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





