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Plant secondary metabolites, including furanocoumarins, have attracted attention for decades as active molecules with

therapeutic potential, especially those occurring in a limited number of species as evolutionarily specific and

chemotaxonomically important. The most famous methoxyfuranocoumarins (MFCs), bergapten, xanthotoxin, isopimpinellin,

phellopterin, byakangelicol, byakangelicin, isobergapten, pimpinellin, sphondin, as well as rare ones such as peucedanin and

8-methoxypeucedanin, apaensin, cnidilin, moellendorffiline and dahuribiethrins, have been investigated for their various

biological activities.

methoxyfuranocoumarins (MFCs)  biological activity  secondary metabolites  plant drugs

1. Introduction

Furanocoumarins are secondary plant metabolites known to be elements of the plant defense system involved in the

response to environmental factors: stressors, e.g., predators or parasites and various conditions such as lack of water, soil

composition, salinity, and many others . As active ingredients, they affect animals and humans, demonstrating various

biological properties. For this reason, plants containing these molecules have been used as natural remedies in traditional

medicine for centuries and are now the subject of modern drug development strategies. All of this was summarized recently in

many important review articles . The basic coumarin molecule has two six-membered rings fused together, of

which one is a benzene ring and the other contains an alkene and ester functional group. Methoxyfuranocoumarins (MFCs)

are a specific group of plant secondary metabolites, most often found and isolated from such botanical families as Apiaceae,

Rutaceae, Moraceae and Fabaceae . These specialized natural compounds have a benzo-α-pyrone system conjugated to

the furan ring at the C-6/C-7 or C-7/C-8 position, forming linear (psoralen type) or angular (angelicin type) furanocoumarin

structures, respectively (Figure 1) .
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Figure 1. The main structures of linear (psoralen-type) and angular (angelicin-type) methoxyfuranocoumarins (MFCs), the

subject of this discussion (ACD/ChemSketch–Freewere).

The furanocoumarin biosynthetic pathway has been the subject of research for decades. The first experiments with

radioactively labeled precursors led to the identification of subsequent intermediate metabolites, indicating a very similar

biosynthetic pathway in the species studied . Briefly, the prenylation of 7-hydroxycoumarin, the so-called umbelliferone

[CAS 93-35-6] (produced by the action of dioxygenase from p-coumaroyl-CoA), leads to linear and angular MFCs. It should

be emphasized that this is the first stage of the biosynthesis of a large number of compounds performing defense functions in

plants . Prenylation of umbelliferone (due to the action of the prenyltransferase enzyme) to demethylsuberosin [CAS

21422-04-8] (alkylation at the C-6 position), which is oxidatively attacked at the double bond of the prenyl substituent by a

P450-type enzyme, is producing (−) marmesin [CAS 495-32-9] as the product of this step in biosynthesis. The second P450

enzyme, psoralen synthase, stereospecifically affects the C-3′ hydrogen atom of the furan moiety, yielding a benzyl radical

which undergoes β-cleavage, producing acetone, water and psoralen [CAS 66-97-7] as final products . The sequence of

oxidation and alkylation of psoralen results in the formation first of xanthotoxol and bergaptol and then of methoxylated

furanocoumarins (O-methyltransferase enzyme) such as bergapten, xanthotoxin and isopimpinellin. Synthesis of angular

furanocoumarins goes from umbelliferone, via osthenol [CAS 484-14-0] to angelicin [CAS 523-50-2], giving finally

isobergapten, sphondin and pimpinellin .

The presence of one or more methoxyl (-OCH ) groups (at C-3, -4, -5, -6, -7, or -8 positions) is important for MFCs biological

activity. MFCs may also possess hydroxyl, alkyl (methyl, propyl, isopropyl, butyl), or prenyl (3-methylbut-2-en-1-yl) moiety, and

in some cases can be epoxidized. The structures of some MFCs, such as molendorffiline (a rare furanocoumarin formed by

dimerization of pimpinellin) (Figure 2) and dahuribiethrins (A, B, D–F) (Figure 3), are dimers of angular and linear MFCs,

respectively .

Figure 2. The structure of dimeric MFC, moellendorffiline (ACD/ChemSketch–Freewere).

Figure 3. The dimeric Angelica dahurica MFCs, dahuribiethrins (ACD/ChemSketch–Freewere).

It was found that all these compounds are characterized by specific biological activity.

New methodologies for combining in silico molecular docking studies and then verifying the results in in vitro or in vivo studies

constitute an interesting strategy for assessing the biological activity of MFCs . Since psoralen derivatives have often been

used after UV-A activation, which resulted in an increase in their phototoxicity, testing the biological activity of molecules not

exposed to UV rays is an interesting approach in assessing the antiproliferative and antimigratory effects of these

compounds, especially xanthotoxin or bergapten , against selected tumour cell lines. The synergistic effect of MFCs as

adjuvants used with conventional drugs in anticancer treatment or as compounds that restore the sensitivity of resistant

bacterial strains to antibiotics is also an important aspect of the potential use of these molecules in medicine . The

[10][11]

[10][11]

[11][12]

[10][11][12]

3

[13][14]

[15]

[16][17]

[18][19]



Methoxyfuranocoumarins of Natural Origin | Encyclopedia.pub

https://encyclopedia.pub/entry/54185 3/10

central nervous system is an important target of MFCs, and their antidepressant, anticonvulsant, and acetylcholinesterase

inhibitory effects have recently been the subject of intense research .

2. General Aspects of MFC Studies

2.1. Studies of the Active Substituents in the MFC Structure

When attached to the benzene ring at the para position, a methoxyl group is classified, according to Hammett’s equation

(developed in 1935), as electron-donating, but at the meta position it is classified as an electron-withdrawing group (in the

ortho position, steric effects may cause the same trend as that of the para position) . Hammett’s equation covers chemical

reactivity, spectroscopy, and other physical properties, and even the biological activity of the drugs; however, it has some

limitations.

As an example, for meta- and para-substituted aromatic compounds, inconsistency may be expected whenever the

opportunity arises for strong electron delocalization between the substituent and the reaction sites .

In their recent work, Türker  discussed the MFC isomers with a single methoxy substituent attached to the psoralen

backbone in various positions. This work, based on the density functional treatment (DFT), brings an interesting insight into

the interactions of the methoxy groups (substituted at C-3, -4, -5, -6, -7, or -8 position) with heterocyclic oxygen, and with the

carbonyl group in the tested molecules. The positional variations of the methoxy substituent in psoralen backbone result in

electronically stable as well as thermally favourable isomers in all the studied cases. They all have exothermic heat of

formation values, and the rings are found highly aromatic (especially isomers substituted at C-8 and C-5 positions on the

benzoic ring) . It is found that the heteroatoms in the rings have different extents of opposing and assisting effects on the

net electron flow effect from the methoxy group. In the considered structures, lactone moiety acts as an electron-attracting,

whereas the methoxy group acts as the electron-donating one, and the lactone carbonyl moiety embedded in the psoralen

backbone attracts electrons mesomerically .

Hydroxylation of coumarin (attaching the -OH group to the carbon atom of the coumarin molecule) increases its solubility in

water. In the human body, this mechanism facilitates the conjugation of the resulting hydroxyl derivative with glucuronide or

sulfate metabolites and then its excretion from the body .

The double bond between C-3 and C-4 of the furanocoumarin molecule (as in the case of 3(S),4(R)-epoxypimpinelin—Figure

1) can be epoxidized. The epoxidized form of coumarin is unstable in the cellular environment and is therefore usually quickly

eliminated/detoxified. It is also suspected that it may cause hepatotoxicity by itself or through its subsequent metabolites .

Prenylation is the conjugation reaction of the isoprenoid chain with various molecules, especially proteins. Prenyl groups have

been shown to be important for protein–protein binding through a specialized prenyl-binding domain that may be important for

enzymatic activity. There are also several groups of prenylated polyphenolic compounds in plants, including flavonoids,

phloroglucinols, xanthones and coumarins . Prenyl (3-methylbut-2-en-1-yl) moiety occurs in the structures of many MFCs

and can be found as the simple 3-methylbut-2-en-1-yl unit, but is often found in the form of the corresponding epoxide or in an

oxidized form. The prenyl group brings to the MFC structure the ability to interact with various molecules, especially with the

active sites of enzymes, and offers these compounds new bioactive potential.

The previously discussed effects influence the biological activity of MFCs at a molecular level. It would be interesting to

investigate the relationship between different MFC substituents and interactions within molecules containing methoxy (more

than one) and prenyl functional groups, as well as both groups simultaneously. Such studies aimed at determining interactions

within more complex MFC molecules could provide additional information useful for assessing their biological potential.

2.2. Structure–Activity Relationships of the Studied MFCs—A Short Summary

Some general observations regarding the structure–activity relationship of the analyzed MFCs could be concluded. The

particular position of the methoxyl group and the count of these may influence the biological activity of linear MFCs. It was

especially found when MFCs such as xanthotoxin, bergapten, and isopimpinellin as agonists of the bitter taste receptors were

studied [89], where the specificity of the receptor target was also related to the position of the methoxy group in the

furanocoumarin scaffold. The C-8 methoxy group was important for antiseizure activity of xanthotoxin, and bergapten with the

C-5 methoxy group showed no protective properties . In the case of α-glucosidase inhibitory activity  and antibacterial

activity of MFCs , it was also important whether the molecule was in a linear or in an angular shape. Angular structures

were more active (pimpinellin vs. isopimpinellin) and dimers were more active than monomers (moellendorffiline vs.

pimpinellin).
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The isopenthenyl group on the furanocoumarin skeleton increase their lipophilicity and the possibility of passage of the

molecule through the bacterial membrane to its target site. Phellopterin possesses this group at the C-5 position. Double

oxygenated substituents at C-5 and C-8 are necessary for antibacterial activity of linear furanocoumarins, such as in the case

of isopimpinellin and phellopterin . The latter one has a prenyl group, which increases lipophilicity, and therefore

phellopterin was more active against bacterial strains than isopimpinellin . Similar behavior was observed in the case of the

adjuvant properties of byakangelicin, which increase the content of the co-ingested drugs in the brain by enhancing their

penetration due to they own lipophilicity .

The presence of methoxy groups at C-8 and C-5 in the structure of furanocoumarin and the angular type of this structure are

also beneficial for antifungal activity . The analysis of the influence of methoxyl groups on the inhibition of AChE activity by

angular MFCs indicated that pimpinellin (with two methoxy groups at C-5 and C-6 positions) exerted three-fold higher activity

on AChE inhibition than isobergapten with one methoxy group at the C-5 position . Pimpinellin was significantly (two-fold)

more active compared to bergapten in the BChE inhibitory assay .

The furan ring fused at the C-6 and C-7 positions of the coumarin scaffold is necessary, and also the 5-methoxy group

contributes greatly to reducing histamine release; however, the isopentane-derived groups in the molecule likely reduce

histamine release as well . Moellendorffiline (dimer of pimpinellin) exerts higher antioxidant activity compared to the

monomeric compound, pimpinellin .

Inhibition of GABA-transaminase has been proposed as a possible mechanism for the antiepileptic effects of active MFCs.

Analysis of the behavior of byakangelicin, byakangelicol and phellopterin (all these compounds have aliphatic chains at the C-

8 position and are not active against GABA-transaminase) and in silico study showed that the three unblocked oxygen atoms

in the MFC structure are necessary for the interaction of compounds with the enzyme pocket of GABA-transaminase.

Therefore, if the compounds are to be active, the C-8 position cannot present an aliphatic chain .

All these observations are important, but many of them require additional, in-depth research, and this knowledge may be

important when designing drugs based on MFC. It seems particularly interesting to examine the interaction of various

substituents (methoxy, hydroxyl, isopropyl and prenyl groups) in the molecule, the position and number of which can modify

activity. It should be taken into account that the impact of substituents may also depend on the selected research model and

various factors, including physicochemical ones, and in the case of multi-component drugs, on the impact of co-existing

molecules. All of this together makes this aspect even more difficult to explore, but it can also be an exciting challenge.

The biological activities of MFCs discussed in this text in relation to the structural type and substituents in the furanocoumarin

molecule are briefly presented in Figure 4.

Figure 4. Biological activities of MFCs in relation to the structural type and substituents in the furanocoumarin molecule.

2.3. Bioavaiability Studies of MFCs
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Bioavailability is related to the speed and the quantity of a drug appearing in the blood after a given dose, and many

bioavailability studies involve determining the concentration of the ingested/injected active substance in blood or urine . An

important factor influencing the bioavailability and distribution of MFCs in the body is hydrophobicity, expressed in logP values

(octanol/water partition coefficient). MFCs are mostly lipophilic and therefore have limited water solubility, which reduces their

biological potential. On the other hand, as lipophilic substances, MFC diffuse well into the cell . There are few studies

concerning bioavailability of MFCs available, and there is still need to profoundly study the behavior of these molecules in the

biological fluids of the body and membrane permeability investigations. The results of experiments exploring Parallel Artificial

Membrane Permeability (PAMPA) models to predict transcellular passive absorption of MFC (bergapten and xanthotoxin)

were recently published . Using a hexadecane membrane, Petit et al.  studied the passive intestinal absorption of

crude plant extracts of various compositions, including the extract of Angelica archangelica containing furanocoumarins. A.

angelica MFCs have a high potential to easily cross the gastrointestinal barrier via the transcellular route, and it was found

that the presence of multicomponent mixtures does not affect the passive permeability of these compounds as single

components . In another study, Li and co-investigators  found that the absorption of monocomponents (bergapten and

isopimpinellin were analyzed) is related to their physicochemical properties (e.g., logP values); however, the chemical

compatibility of the mixture components may change the absorption of co-existing compounds. Also, in the case of other

MFCs, the use of the PAMPA model may provide new information on the absorption of these compounds into the

bloodstream.

2.4. Distribution and Metabolism of MFCs

Zhao and co-workers  studied the pharmacokinetics of coumarins (5-hydroxy-8-methoxypsoralen, bergapten, xanthotoxin,

isopimpinellin, neobyakangelicol, byakangelicin and phellopterin) occurring in a lyophilized ethanol extract (70%) from

Angelicae dahuricae radix (ADR; single dose 6.0 g/kg) in the plasma of male Sprague–Dawley (SD) rats after oral

administration. It was found that the coexistence of ADR drug components can significantly alter the pharmacokinetic behavior

of a single compound, improving its bioavailability and extending its time in systemic circulation. Due to the similar chemical

composition and structure, when taking a mixture of compounds, a pharmacokinetic phenomenon was observed, leading to

the creation of enterohepatic circulation in order to maintain the effective concentration of the substance in the plasma and

leading to long-term pharmacological effectiveness .

The following pharmacokinetic parameters were calculated: T —maximum concentration, T —elimination half-lives, and

AUC (Area Under the Curve), a crucial measure of the bioavailability of a drug after administration. After oral administration of

ADR, all of the tested coumarins were absorbed from rat gastrointestinal tract and detected (LC–MS/MS) at 5 min in plasma.

T  values of phellopterin, xanthotoxin, byakangelicin, and bergapten, were 1.7, 2.0 h, 2.3 h, and 2.4 h, respectively. 5-

Hydroxy-8-methoxypsoralen, byakangelicin, bergapten, and phellopterin showed steeper slopes at the last time points of the

concentration-time curves, which may indicate non-linear pharmacokinetics of these compounds due to, among others, the

saturation of components in the system .

Liao et al.  analyzed xanthotoxin, isopimpinellin, and bergapten (from Cnidium monnieri fruit extract) in male SD rat

plasma. Additionally, 24 metabolites of bergapten (13 in vitro and 23 in vivo) were detected, including 15 phase I metabolites

and 9 phase II metabolites. It was found that oxidation and glucuronide conjugation might be the main methabolic pathways of

MFCs. However, monooxidation, dioxidation and oxirolysis were the major metabolic pathways of bergapten in rat liver

microsomes. The main biotransformation pathways in vivo were hydrolysis, hydrogenation and glucuronide conjugation. The

pharmacokinetics study of MFCs was profoundly investigated. All of the compounds were absorbed rapidly and had similar

elimination rates. However, isopimpinellin, with C-5 and C-8 methoxy groups, was eliminated slower than bergapten (C-5) and

xanthotoxin (C-8). T  values for isopimpinellin, bergapten, and xanthotoxin were 5.69, 4.21, and 3.40 h, respectively, and

T  values for compounds were 3.0 h, 3.0 h, and 2.0 h, respectively. Analyzed MFCs were detected by the UHPLC-Q-TOF-

MS method .

The distribution of MFCs (bergapten, xanthotoxin, isopimpinellin, byakangelicin, phellopterin, 2″R–neobyakangelicol,

isobyakangelicol) in male SD rats after oral administration of ADR (75% ethanol) was studied by Zhang et al. . The MFCs

were distributed widely and rapidly, and they could be detected in all of the selected tissues. However, the concentrations of

coumarins were obviously higher in kidney, liver, and stomach and lower in testis, brain, and muscle tissues. The stomach,

liver, and kidney might be the main target organs of phellopterin and byakangelicin because in these organs the

concentrations of these MFCs were obviously higher than in other tissues. The concentration of 2″R–neobyakangelicol was

high in stomach and kidney, which suggested that these are the main target organs of this MFC. On the other hand, in other

selected tissues, especially in testis tissue, distribution was relatively low. The concentrations of xanthotoxin in stomach and

kidney were obviously higher than those in other tissues, and the next was heart, from which the elimination of xanthotoxin

was slow. The high concentration of isopimpinellin and isobyakangelicol in stomach prompted the hypothesis that stomach

might be the main target organ of the two compounds. It was concluded that the rapid distribution of byakangelicin compared

to phellopterin could be associated with hydroxyl groups in the byakangelicin structure, and therefore higher water solubility,
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which increased in in vivo fluids . Quantitative analysis of the compounds was performed using use ultra-performance

liquid chromatographic–tandem mass spectrometry (UHPLC-MS/MS).

Qiu and co-investigators  analyzed (HPLC-MS/MS) the amount of MFCs (isopimpinellin, pimpinellin and bergapten) after

oral administration of Toddalia asiatica L. (Rutaceae) root extract (5.2 mL/kg, which was equal to 10.73 mg/kg isopimpinellin;

39.50 mg/kg pimpinellin; 9.73 mg/kg bergapten;) in plasma, urine, and feces of male SD rats. All of these MFCs were rapidly

absorbed from the gastrointestinal tract. It was found that the amounts of the pimpinellin, isopimpinellin and bergapten

excreted from urine and feces were extraordinarily limited (<0.5%), indicating that the four analytes were principally excreted

in the form of bile or as metabolites. T  was 0.33 h for isopimpinellin and pimpinellin, and 0.50 h for bergapten; T  were

1.43 h; 0.91 h and 0.77 h, respectively. The C  ratios and doses of pimpinellin, isopimpinellin, and bergapten were 1004,

201.6, and 107.6 ng/L, respectively .

2.5. Gut Metabolism of MFCs by Human Microbiota

The human body is inhabited by a huge number of commensal microorganisms, which include bacteria, viruses, and fungi.

The vast majority of them colonize the gastrointestinal tract (GIT) . Intestinal microflora (the so-called microbiome) plays an

important role in various mechanisms occurring in the human body, such as the maturation and development of the immune

system, the central nervous system, the GIT system, and is also responsible for basic metabolic pathways. These

microbiome/host interactions are an area of research that is constantly evolving and cannot be underestimated .

The study of biotransformation by human intestinal bacteria is essential to evaluate the effects of the bioactive compounds

present in foods and in natural medicines, and it is of great interest due to the confirmed altered biological activity of

metabolites . In the recently conducted study, furanocoumarins (bergapten, xanthotoxin and byakangelicol, among others)

isolated form A. dahurica roots were metabolized by a human fecal sample and each MFC was transformed by Blautia sp.

(MRG-PMF1), bacterium responsible for intestinal O-demethylation (as confirmed previously in the study of gut metabolism of

polymethoxyflavones) . The gut microbial conversion of xanthotoxin and bergapten with MRG-PMF1 strain resulted in

formation of xanthotoxol and bergaptol due to the methyl aryl ether cleavage by bacterial O-methyltransferase. As the result of

the biotransformation of byakangelicol, which underwent O-demethylation and hydration, three metabolites were detected:

new metabolite–desmethylbyakangelicol, byakangelicin and finally desmethylbyakangelicin (as confirmed by HPLC-DAD-MS).

As was found for the first time, prenylated furanocoumarins such as imperatorin and isoimperatorin were transformed by

MRG-PMF1 to deprenylated compounds, finally producing xanthotoxol and bergaptol . Previously, it was known that prenyl

groups in plant-derived polyphenols can undergo only hepatic I phase metabolism (with Cyt P-450 enzymes). Xanthotoxol can

be more readily removed from the body with urine excretion due to its increased solubility, which is considered as a

detoxification mechanism. As was confirmed in the described study, the human intestinal bacterium Blautia sp. MRG-PMF1

can metabolize MFCs isolated from A. dahurica roots . Biotransformation studies of other MFCs by human microbiome

could be beneficial for better understanding the biotransformation pathways of these compounds in the human body, and it is

an area of study which is worth to be explored extensively.

3. Toxicity and Safety Studies

As consumption of natural medicines continues to increase, attention should be paid to the potential risks associated with

ingested bioactive compounds [92,93]. When developing new therapeutic strategies, including those related to natural

medicines, safety of use (including toxicology) and assessment of side effects are an extremely important part of the related

procedures. It has been demonstrated that toxicity induced by herbal medicines may result from the biotransformation of their

components into electrophilic, reactive metabolites that can covalently bind to important macromolecules in the body. The

complicated relationship between the active ingredients of natural drugs, their detoxification mechanisms and potential risks

was highlighted in a recently published review article of Wen and Gorycki . Furanocoumarins were also mentioned,

metabolized to reactive toxic forms such as epoxides, cis-2-enedialdehyde, γ-ketoenal, and detoxified, the bioactivation of

which may lead to the inactivation of drug metabolizing enzymes (including CYP isoenzymes); it clinically manifests itself

through interactions and side effects when taking plant ingredients and synthetic drugs.

Bioactivation of the components of herbal extracts and the associated toxicity are largery governed by the complex

composition of the said extracts , so understanding the complexity of natural medicines is of great importance [93]. As was

underlined by Kharaman and co-investigators , the toxicity of a single compound can be reduced by interactions with

accessory molecules present simultaneously in natural medicines. The different biological activities of these reactive

metabolites can be viewed as a function of their reactivity, selectivity, concentration, and exposure time, as well as the pro-

oxidant/antioxidant balance in cells .
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A new approach to assessing the risk associated with the consumption of drugs and herbal preparations was proposed by

Wang et al.  on the example of multi-component preparations of A. dahurica containing MFCs. It is worth undertaking and

constantly developing this important aspect of the safety of natural medicines and functional foods .

4. New Approaches for Evaluation of MFC Activity

To enhance bioavailability of MFCs, nanoformulations of coumarins were examined to explore the anticancer potential of

these compounds . It is known that the basis of nanoformulation studies is divided into two main categories: nanocarriers

(nanoparticles) and guest molecules. These may have influence on the solubility and biocompatibility of guest molecules.

Microemulsions (thermodynamically stable isotropic systems with small particles < 100 nm) of xanthotoxin and chitosan-

derivative-coated xanthotoxin were tried and found to be an effective way for drug delivery into the skin in dermal carcinomas

.

New suitable animal models, such as zebrafish (Danio rerio), are currently being investigated, especially to evaluate the

activity of MFCs in central nervous system (CNS) disorders, focusing on anticonvulsant and antiseizure effects .

Unfortunately, three-dimensional (3D) cell models/organoids for assessing the bioactivity of MFCs are still not available, and it

should be emphasized that this may be a new approach worth trying, as the test model seems to be similar to in vivo tests.

Three-dimensional organoids and organs on a chip are rapidly evolving, and these techniques have been widely

characterized . For example, three-dimensional (3D) in vitro models of the human brain, such as organoids, bioprinted

three-dimensional models of brain tissues or functionalized organoids, may be important in the study of both stages of

development and pathological changes within this organ , taking into account specific aspects such as anatomy,

interactions at the cellular level and gene expression. These new models may provide a useful tool for investigating human-

specific phenomena that cannot be studied in animal models. This may be important when designing new drugs, including

those of natural origin. Such 3D cellular models can be produced from tissues taken from the patient, which provides a

personalized approach to explaining disease mechanisms and developing treatment methods .

An interesting aspect of the research is the assessment of the activity of MFCs as agonists of human taste receptors,

especially the T2R family, which are found not only in the oral cavity but also throughout the body, as, for example, in the GIT,

the respiratory tract, the immune system and in the central nervous system. It has been found that these receptors are multi-

targeted at the molecular level and for various compounds interacting with them, which may be related to their promising

therapeutic potential . Some MFCs, especially xanthotoxin, have been found to be effective molecules binding to T2R and

exerting biological activity . This, and many more (Figure 5) aspect of MFC activity deserves special consideration in

planned future studies.

Figure 5. Future directions and prospects in the research of methoxyfuranocoumarins (MFCs).
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