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Abstract: The annual number of cancer deaths continues increasing every day; thus, it is urgent to 

search for and find active, selective, and efficient anticancer drugs as soon as possible. Among the 

available anticancer drugs, almost all of them contain heterocyclic moiety in their chemical struc-

ture. Xanthone is a heterocyclic compound with a dibenzo-γ-pyrone framework and well-known to 

have “privileged structures” for anticancer activities against several cancer cell lines. The wide an-

ticancer activity of xanthones is produced by caspase activation, RNA binding, DNA cross-linking, 

as well as P-gp, kinase, aromatase, and topoisomerase inhibition. This anticancer activity depends 

on the type, number, and position of the attached functional groups in the xanthone skeleton. This 

review discusses the recent advances in the anticancer activity of xanthone derivatives, both from 

natural products isolation and synthesis methods, as the anticancer agent through in vitro, in vivo, 

and clinical assays. 
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1. Introduction 

Cancer is one of the most fatal diseases in the world. Cancer mainly occurs due to 

gene mutations, and the condition is worsened by other carcinogenic agents. Both gene 

mutations and carcinogenic agents then influence and change the cell functions and me-

tabolism, and thereby, the replication and spread of cancer cells are uncontrolled. The 

cancer cells grow and multiplicate rapidly, thus crowding the other normal cells [1]. In 

some cases, the cancer cells also attack and consume the normal cells, since cancer cells 

require large amounts of biomaterials for cell division. Because of that, drastic weight loss 

with lumps on the cancer cell locations is commonly found in cancer patients [2]. In 2020, 

world cancer cases were reported to be 15 million. It was found that the number of men 

patients (51%) is slightly higher than the number of women patients (49%). Lung, prostate, 

and colorectal cancers contribute to 46% of cancer cases in men, while lung, breast, and 

colorectal cancers contribute to 50% of cancer cases in women [3]. In 2021, it is estimated 

that around 1.9 million new cancer cases are found in the United States, with around 0.6 

million deaths. This means that one in three patients with cancer in the United States do 

not survive, which is terrifying. The number of cancer and mortality cases has kept in-

creasing, and it is expected that world cancer cases will increase to 23.6 million in 2030 [4]. 
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The research on anticancer drug design and development is an urgent need, because 

people are suffering and the number of death cases is unstoppable until active, selective, 

and efficient anticancer drugs are found [5–7]. Cancer treatment is one of the most chal-

lenging research subjects in the medicinal and pharmacological fields [8,9]. Research into 

new anticancer drugs from natural sources and synthetic methods is still being conducted. 

To date, more than 85% of recent bioactive compounds have consisted of heterocyclic 

structures [10,11]. Among the heterocyclic compounds, hundreds of xanthone derivatives 

have been isolated, synthesized, and evaluated as anticancer agents [12–18]. The latest 

review article on the anticancer activity of xanthone derivatives was reported by Na in 

2009 [19]. From that report, unfortunately, an updated review on the anticancer activity 

of xanthone derivative has not been available yet, as of today. This review, to a certain 

extent, provides a brief update on the research and development of xanthone derivatives, 

both from natural products isolation and synthesis methods, such as the anticancer agent 

through in vitro, in vivo, and clinical assays. 

2. Xanthone Derivatives as Anticancer Agents 

2.1. Xanthone Derivatives 

The name of xanthone was coined by J.C. Roberts in 1961. The word “xanthone” 

comes from the word for the color yellow, “xanthos” (ξανθός, Greek), since the xanthone 

compounds are commonly obtained as yellow solids. The first reported xanthone deriva-

tive was gentisin, which was isolated from the roots of Gentiana lutea in 1821. Xanthone 

with an IUPAC name of 9H-xanthen-9-one is a heterocyclic compound with a dibenzo-γ-

pyrone framework, with a basic molecular formula of C13H8O2 [20]. The general structure 

of xanthone and its atom numbering is shown in Figure 1. 

 

Figure 1. General structure of xanthone. 

Xanthone is well-known to have “privileged structures” because this simple tricyclic 

compound exhibits wide biological activities [21,22]. The wide biological activities of xan-

thone derivatives are caused by their ability to bind with multiple protein receptors. It 

was reported that xanthone derivatives also exhibit antimicrobial, antidiabetic, antioxi-

dant, antiviral, anti-Alzheimer, anti-inflammatory, and anti-tyrosinase activities. Updates 

on these biological activities of xanthone derivatives have been available recently [23–29]. 

On the other hand, the latest update on the anticancer activity of xanthones was reported 

in 2009 [19]. The anticancer activity of xanthone derivatives depends on the type, number, 

and position of the attached functional groups in the xanthone framework. It was reported 

that xanthone derivatives are able to bind with multiple protein receptors such as cycloox-

ygenase, protein kinase, and topoisomerase, demonstrating their anticancer activity [22]. 

These binding properties are also serving in self-monitoring drug application for cancer 

therapy. In this case, xanthone derivatives act as anticancer agents, as well as sensor agent 

for selective imaging of cytoplasm of cancer cells through fluorescence spectroscopy [30]. 

Briefly, xanthone derivatives can be classified into six groups according to their sub-

stituents: simple oxygenated xanthone, glycosylated xanthone, prenylated xanthone, xan-
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thone dimers, xanthonolignoid, and miscellaneous xanthone. The simple oxygenated xan-

thone can be further divided into six subgroups depending on the number of oxygen at-

oms: mono-oxygenated, di-oxygenated, tri-oxygenated, tetra-oxygenated, penta-oxygen-

ated, and hexa-oxygenated xanthones. The examples of xanthone derivative in each sub-

group of oxygenated-xanthone are shown in Figure 2. On the other hand, glycosylated 

xanthone can be divided into two subgroups: O-glycosides and C-glycosides. In O-glyco-

sides, the glycosidic bond is formed between anomeric carbon atom of sugar ring and 

oxygen atom of hydroxyl group present in xanthone skeleton. In C-glycosides, xanthone 

is connected with glycosyl moiety through the C-C bond [31]. The common example of O-

glycoside xanthone is rutinosylxanthone, while the example of C-glycoside xanthone is 

mangiferin, as shown in Figure 2. 

 

Figure 2. Classification of xanthone derivatives with some examples for each group. 

mono-oxygenated xanthone isolated from Hypericaceae and Guttiferae (R2=OH, R1=R3=R4=R5=R6=R7=H)
di-oxygenated xanthone isolated from Guttiferae (R2=OMe, R3=OH, R1=R4=R5=R6=R7=H)

tri-oxygenated xanthone (gentisine) isolated from Gentianaceae (R1=R6=OH, R3=OMe, R2=R4=R5=R7=H)
tetra-oxygenated xanthone isolated from Gentianaceae (R1=OH, R3=R6=R7=OMe, R2=R4=R5=H))
penta-oxygenated xanthone isolated from Gentianaceae (R1=OH, R2=R3=R4=R5=OMe, R6=R7=H)
hexa-oxygenated xanthone isolated from Gentianaceae (R1=OH, R2=R3=R4=R5=R6=OMe, R7=H)
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The prenylated xanthone group is characterized by the presence of prenyl and gera-

nyl substituents [32]. The prenylated xanthone group contains the largest number of nat-

ural xanthone derivatives, such as α-mangostin, caloxanthone, and calozeylxanthone, as 

shown in Figure 2. Prenyl substituents are being reported as a pivotal functional group 

for the anticancer activity of xanthone [33]. As an example, Castanheiro et al. reported that 

the introduction of the prenyl group to the 1-hydroxyxanthone dramatically increased its 

anticancer activity against the MCF-7 cell line [34]. On the other hand, xanthone dimers 

or bisxanthones are quite rare, and only around 12 xanthone dimers have been reported 

so far. The first isolated xanthone dimer was swertipunicoside obtained from the whole 

plant of Swertia punicea in 2002. Swertipunicoside, swertifrancheside, and phomoxanthone 

A are the examples of xanthone dimers [35], and their chemical structures are shown in 

Figure 2. 

The group of xanthonolignoids is characterized by a connection between xanthone 

and lignin (coniferyl alcohol) frameworks. The isolated xanthonolignoids have been re-

ported from Guttiferae, such as candesin D and transkielcorin. The number of xantho-

lignoids is also limited. Figure 2 shows the chemical structure of cadensin D and transkiel-

corin. On the other hand, miscellaneous xanthones are defined for all xanthone deriva-

tives which could not be classified into the other groups, such as xanthofulvin and 

vinaxanthone, and their chemical structures are shown in Figure 2. Thioxanthones and 

azaxanthones are also categorized as miscellaneous xanthones. Klein–Junior et al. re-

ported that around 303 simple oxygenated xanthones, 137 glycosylated xanthones, 737 

prenylated xanthones, 7 xanthone dimers, 8 xanthonolignoids, and 33 miscellaneous xan-

thones have been isolated within 2012–2019 [36].  

2.2. Characteristics on Chemical Identification of Xanthone Derivatives 

For chemical elucidation purposes, infrared (IR), ultraviolet (UV), mass (MS), and 

nuclear magnetic resonance (NMR) spectra are required to determine the correct structure 

of xanthone derivatives [37]. In fact, the IR and UV spectra of xanthone do not serve as 

accurate tools for structure elucidation. The IR spectrum only recognizes the functional 

group of xanthones (Table 1); consequently, the position and neighbor conditions of each 

functional group are not understood well [22]. The UV spectrum of xanthone reflects the 

absorption characteristics of xanthones chromophore in the ultraviolet region (200–400 

nm). The most found chromophore in the xanthone structure is conjugated aromatic and 

carbonyl moieties; thus, non-chromophore substituents of xanthone are hardly observed. 

The molecular weight of xanthone can be determined from its MS spectrum. The unsatu-

ration degree of xanthone, as well as halogen substituents, are mostly determined from 

the MS spectrum. The core structure of the xanthone has one pyran structure, two aro-

matic rings, and one C=O double bond; thus, the xanthone core itself has an unsaturation 

degree of 10. The halogen substituent can be indicated by its isotopic effect on the MS 

spectra. Chloro- and bromo-substituted xanthones commonly give two molecular ion 

fragments with m/z of [M]+ and [M + 2]+ in 3:1 and 1:1 ratios, respectively. In contrast, 

elucidation of fluoro- and iodo-substituted xanthones from their MS spectrum is difficult, 

as both halogen atoms are only found as a single isotope. Therefore, fluoro- and bromo-

substituents in xanthones can be observed using the 19F-NMR and 127I-NMR techniques, 

respectively [38].  

NMR elucidation is very useful to determine the more detailed structure of xanthone 

derivatives. The aromatic protons of xanthone are generally found in the chemical shift of 

6–9 ppm, depending on the protons’ environment (Table 1). Furthermore, information on 

the protons’ multiplicity and coupling constant is useful to determine the substituents in 

the xanthone framework [39]. The nature and position of xanthone substituents can also 

be evaluated from the 13C-NMR spectrum. For the bare structure of xanthone (Figure 1), 

the xanthone gives 7 carbon signals, as shown in Table 1. The presence of an additional 

functional group shifts the chemical shift of carbon signals to lower/higher value depend-

ing on the nature and location of the functional group [39]. A combination of 1H- and 13C-
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NMR of xanthone derivative is also useful for detailed elucidation of xanthone structure. 

A brief summary on the structure elucidation of xanthones using spectroscopy techniques 

is shown in Table 1. Other techniques including circular dichroism and X-ray crystallog-

raphy are very helpful in the final assessment of structure elucidation of xanthone deriv-

atives [39–41]. 

Table 1. A brief summary on the structure elucidation of xanthones using spectroscopy techniques. 

Xanthone 

Structure 
IR (cm−1) UV (nm) 1H-NMR (ppm) 13C-NMR (ppm) 

Csp2-H 3000–3100 - 6–9 - 

C=O 1650–1720 

200–400 

- 176 

C=C aromatic 1450–1600 - 

126 (C-1) 

124 (C-2) 

135 (C-3) 

118 (C-4) 

156 (C-4a) 

121 (C-8a) 

C-O-C ether 1000–1200 - - - 

O-H 3300–3500 - 

9–10 (C-2 or C-7) 

- 
9–11 (C-4 or C-5) 

10–11 (C-3 or C-6) 

12–14 (C-1 or C-8) 

2.3. Isolation of Xanthone Derivatives 

As of today, thousands of natural xanthone derivatives have been isolated from Am-

aranthaceae, Anacardiaceae, Annonaceae, Asteraceae, Clusiaceae, Eriocaulaceae, Faba-

ceae, Filicineae, Gentianaceae, Guttiferae, Hypericaeae, Moraceae, Leguminosae, Logani-

aceae, and Polygalaceae families [42–52]. Within 2012–2019, as many as 1225 xanthone 

derivatives have been isolated from natural sources. Among these families, Clusiaceae 

and Gentianaceae are the most productive plants to give hundreds of xanthone deriva-

tives. From 2012–2019, 48% and 16% of isolated xanthone derivatives have been obtained 

only from Clusiaceae and Gentianaceae, respectively. The rest of the isolated xanthone 

derivatives mainly came from Hypericacae (11%), Moraceae (8%), and Polygalaceae (6%) 

[34]. These herbs have been used as traditional medicine in several countries, such as 

China, Thailand, India, and Indonesia. As an example, the whole extract of Swertia chirata 

(Gentianaceae) has been used as an antimalarial drug. The radix extract of Cudrania cochin 

(Moraceae) has been used for hepatitis and rheumatic treatment. Additionally, crude ex-

tract of Monnina obtusifolia (Polygalaceae) has been used as an anticancer and antimicro-

bial agent as an indigenous medicine [21]. 

Garcinia mangostana (Clusiaceae) is a tropical plant that is widely abundant in the 

Southeast Asia region, such as in Indonesia, Thailand, and Vietnam. One mangosteen 

plant produces almost 3000 fruits annually. The mangosteen fruit is usually harvested in 

a spherical form with thin purple peels. The mangosteen fruit is famous as the “queen of 

fruit” or “superfruit”, due to its multi-biological purposes such as anticancer, anti-inflam-

matory, antihypertensive, antidiabetic, and antituberculosis activities [37]. In Indonesia, 

mangosteen fruit has been employed for the traditional treatment of diabetes, hyperten-

sion, and cancer. Meanwhile, mangosteen fruit has been utilized for the traditional treat-

ment of fatigue, diarrhea, skin infection, and urinary disorders in Vietnam and Thailand. 

The mangosteen fruit contains carbohydrates (15%), protein (0.5%), fat (0.4%), and fiber 

(5.0%) [37]. It was reported that the mangosteen fruit consists of some secondary metabo-

lites, such as xanthones, anthocyanins, flavonoids, phenolics, and organic acids [53]. Re-

markably, more than sixty xanthone derivatives have been identified from the pericarp of 
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the mangosteen fruit. The major xanthones isolated from the pericarp of mangosteen fruit 

are α-mangostin, β-mangostin, γ-mangostin, mangostinone, mangostanol, desoxymorel-

lin, gambogic acid, gartanin, 8-deoxygartanin, garcinone B, garcinone C, garcinone D, and 

garcinone E. Their chemical structures are shown in Figure 3. 

 

Figure 3. The chemical structure of major xanthones isolated from the pericarp of mangosteen fruit. 

The natural xanthone derivatives are mainly generated from acetate polymalonic and 

mixed shikimic acetate pathways. Birch et al. studied the acetate polymalonic pathway in 

the biosynthesis of ravelenin from Helminthosporium ravenelii using carbon-isotopes label-

ing [54] (Figure 4a). Eight acyl groups were connected with each other to form 

1,3,5,7,9,11,13,15-octaketonic intermediate. Then, the octaketonic intermediate was cy-

clized to form benzoquinone and benzophenone intermediates. The benzophenone inter-

mediate was further transformed to produce ravenelin. The second pathway (mixed shi-

kimic acetate pathway) was reported by Fujita and Inoue in 1980 for mangiferin biosyn-

thesis in Anemarrhena asphodeloides (Figure 4b) [55]. In general, one aromatic ring of xan-

thone was generated from the shikimic acid pathway, with another aromatic ring coming 

from the acetate-malonate polyketide pathway. This mixed pathway is responsible for the 

existence of almost all simple oxygenated and prenylated xanthone derivatives in nature. 

It was reported that mangiferin was produced from caffeic acid and two acetate units. 

Glycosidation reaction of mangiferin was found to occur on the benzophenone interme-

diate. Similarly, the prenylation reaction also happened on the benzophenone intermedi-

ate, and not directly on the caffeic acid one. Then, the benzophenone intermediate under-

went the ring-closing reaction to form the xanthone as the final product [56].  
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Figure 4. Brief biosynthesis pathway of xanthone derivatives through (a) acetate polymalonic path-

way (biosynthesis of ravenelin), and (b) mixed shikimic acetate pathway (biosynthesis of man-

giferin). 

Besides isolation from the terrestrial ecosystem, xanthone isolations from the marine 

ecosystem have been also reported [57]. The marine ecosystem covers almost 70% of the 

earth surface, which is equivalent to 95% of the biosphere. Therefore, recent research is 

focused on the exploration of marine natural products, since the marine natural products 

may not be found in the terrestrial ecosystem. More than 25,000 marine natural products 

have been isolated and elucidated, together with hundreds of new marine natural prod-

ucts which have been discovered as of today [38]. Marine fungi have been reported as the 

most abundant source for xanthone derivatives [58].  

Several research studies on the isolation of xanthone derivatives from both terrestrial 

and marine ecosystems are selectively highlighted in this review article based on their 

anticancer activity report. An anticancer agent can be divided into four classes based on 

its half-maximal inhibitory concentration (IC50) value, i.e., strong (IC50 < 5 µM), moderate 

(IC50 5–10 µM), weak (IC50 10–50 µM), and non-active (IC50 > 50 µM) [59]. In 2002, Malm-

strom et al. reported the isolation of shamixanthone, tajixanthone and varixanthone from 

the fungus Emericella vaericolor; however, these compounds show no cytotoxic activity 

against HT29, A549, and P388 cell lines at 1 µg/mL concentration [60]. In 2008, Shao et al. 

successfully isolated three xanthone derivatives, named as 8-methoxycarbonyl-1-hy-

droxy-9-oxo-9H-xanthene-3-carboxylic acid, dimethyl 8-methoxy-9-oxo-9H-xanthene-1,6-

dicarboxylate, and methyl 8-hydroxy-6-methyl-9-oxo-9H-xanthene-1-carboxylate from 

fungus Penicillium sp. strain ZZF 32#. The crude extracts of these isolated xanthones ex-

hibit cytotoxic activity against KB and KBv200 cell lines with IC50 values of 1.50 and 2.50 

µg/mL, respectively [61].  

In 2010, Lee et al. isolated sterigmatocystin and dihydrosterigmatocysin from the 

fungus Aspergillus versicolor. Both compounds exhibited cytotoxic activity against HCT-

15, SK-OV-3, A549, XF-498, and SK-MEL-2 cell lines. It was found that sterigmatocystin 

gave higher toxicity than dihydrosterigmatocysin in an IC50 range of 3.76–14.2 µM for 

these cell lines. Furthermore, sterigmatocystin also gave higher anticancer activity than 

dihydrosterigmatocysin against Bel-7402 and NCI-H460 cell lines. The structural differ-

ence between sterigmatocystin and dihydrosterigmatocysin was the presence of allyl 

group at the C-5 position of xanthone, demonstrating that the allyl group was critical for 

anticancer activity [62]. In the same year, Huang et al. successfully isolated two xanthones, 

named 1,7-dihydroxy-2-methoxy-3-(3-methylbut-2-enyl)-9H-xanthen-9-one and 1-hy-

droxy-4,7-dimethoxy-6-(3-oxobutyl)-9H-xanthen-9-one, from the fungus Avicennia ma-

rina. These isolated compounds exhibited moderate cytotoxic activity against KB and 

KBv200 cell lines. The 1,7-dihydroxy-2-methoxy-3-(3-methylbut-2-enyl)-9H-xanthen-9-

one gave IC50 value of 20.0 and 30.0 µM, while 1-hydroxy-4,7-dimethoxy-6-(3-oxobutyl)-
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9H-xanthen-9-one gave IC50 value of 35.0 and 41.0 µM against KB and KBv200 cancer cell 

lines, respectively [63]. 

In 2011, Xu et al. reported the isolation of paeciloxanthone from the fungus Paecilomy-

ces sp. This compound exhibited moderate to strong anticancer activity against HepG2 

and AChE (acetylcholine esterase) with IC50 values of 3.33 and 6.94 µM, respectively. They 

also reported the successful isolation of secalonic acid D from the fungus Penicillum oxali-

cum and Paecilomyces sp. strain ZSU44. The secalonic acid D compound exhibited remark-

able anticancer activity against K562 and HL60 leukemia cancer cell lines with IC50 values 

of 0.43 and 0.38 µM, respectively. Furthermore, secalonic acid D was able to inhibit human 

topoisomerase I enzyme, with an IC50 value of 0.16 µM and minimum inhibitory concen-

tration (MIC) value of 0.40 µM. From a further bioassay, it was found that secalonic acid 

D influenced the GSK-3β/β-catenin/c-Myc pathway, thereby arresting the cancer cell cycle 

and inhibiting the proliferation of cancer cells [64]. In 2016, Tang et al. reported the isola-

tion of 10 new xanthone derivatives from the leaf of Garcinia oligantha. These isolated xan-

thones belong to dihydroxanthone and tetrahydroxanthone groups. These compounds 

exhibited moderate to strong anticancer activity against A549, HepG2, HT-29, PC-3, and 

HL-7702, with IC50 values of 3.90–5.50, 4.50–10.0, 4.10–6.40, 3.20–4.60, and 6.40–10.0 µM, 

respectively [65].  

In 2017, a novel prenylated xanthone was isolated from the pericarp of Garcinia man-

gostana by Yang et al. This novel xanthone gave moderate to strong anticancer activity 

against U-87, SGC-7901, PC-3, H490, A549, CNE-1, and CNE-2 cancer cell lines, with IC50 

values of 6.39, 8.09, 6.21, 7.84, 4.84, 3.35, and 4.01 µM, respectively. The mechanism of 

action of this novel prenylated xanthone occurred through apoptosis induction on the 

cancer cells [66]. In 2018, Wei et al. reported the isolation of ananixanthone from the stem 

bark of Calophyllum teysmanni. Furthermore, the isolated ananixanthone was modified 

through esterification and alkylation reactions to give monoacetate-, diacetate-, 5-meth-

oxy-, and 5-O-benzyl-derivatives. These ananixanthone derivatives exhibited anticancer 

activity against LS174T, SNU-1, and K562 cancer cell lines, with IC50 values in the range 

of 2.96–50.0 µg/mL. It was reported that methoxy substituents on 5-methoxyananixan-

thone had higher anticancer activity (14.7 µM) than original hydroxy substituents in the 

parent compound (19.8 µM). Meanwhile, the diacetate-ananixanthone derivatives gave 

lower anticancer activity (50.7–119 µM) than the parent compound (7.82–23.7 µM) [67]. In 

2019, Kaennakam et al. reported the isolation of two new xanthones, i.e., schomburgones 

A and B from the bark of Garcinia schomburgkiana. Unfortunately, these compounds are 

non-active against HepG2, MCF-7, HT-29, HeLa S-3, and KB cancer cells, with IC50 values 

of 45.05–69.22 µM [68].  

In 2019, Zamakshshari et al. successfully isolated ananixanthone and caloxanthone B 

from the stem bark of Calophyllum species. The first isolation of caloxanthone B from 

Calophyllum species was recorded from this research. Both ananixanthone and caloxan-

thone B compounds gave moderate and strong anticancer activity against the K562 cell 

line, with IC50 values of 7.21 and 3.00 µM, respectively. The anticancer activity of both 

compounds may be generated from the protein kinases inhibition [69]. In 2021, Oanh et 

al. reported another new xanthone derivative isolated from propolis of the stingless bee 

Lisotrigona furva, with weak anticancer activity against SK-LU-1, HepG2, and KB cancer 

cells in an IC50 range of 12.63–34.23 µg/mL [70]. In the same year, Wang et al. reported two 

new xanthone derivatives: oxisterigmatocystins J and K from fungus Penicillium sp. strain 

DWS10-P-6. Both oxisterigmatocystins exhibited weak anticancer activity against PC-3, 

MDA-MB-231, and HL-60 cancer cell lines in the IC50 range of 12.0–50.0 µM [71]. The 

chemical structures of the aforementioned xanthones are shown in Figure 5, while the 

summary of the anticancer activity of isolated xanthone derivatives is listed in Table 2. 
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Figure 5. The chemical structure of isolated xanthone derivatives from natural sources. 
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Table 2. Summary of the anticancer activity of isolated xanthone derivatives. 

Xanthone Derivative Source IC50 (Cancer Cells) Ref. 

Crude extract of xanthones  Fungus Penicillium sp. strain ZZF 32#. 
1.50 µg/mL (KB) 

[61] 
2.50 µg/mL (KBv200) 

Sterigmatocystin Fungus Aspergillus versicolor 3.76 µM (SK-MEL-2) [62] 

1,7-Dihydroxy-2-methoxy-3-(3-

methylbut-2-enyl)-9H-xanthen-9-one 
Fungus Avicennia marina 

20 µM (KB) 

[63] 
30 µM (KBv200) 

1-Hydroxy-4,7-dimethoxy-6-(3-oxobu-

tyl)-9H-xanthen-9-one 

35 µM (KB) 

41 µM (KBv200) 

Secalonic acid D Fungus Penicillum oxalicum 
0.43 µM (K562) 

[64] 
0.38 µM (HL60) 

Dihydroxanthone 

Leaf of Garcinia oligantha 

3.90 µM (A549) 

[65] 
3.20 µM (PC-3) 

Tetrahydroxanthone 
5.50 µM (A549) 

4.60 µM (PC-3) 

Prenylated xanthone Pericarp of Garcinia mangostana 
3.35 µM (CNE-1) 

[66] 
4.01 µM (CNE-2) 

5-methoxyananixanthone Stem bark of Calophyllum teysmanni 14.7 µM (K562) [67] 

schomburgones A Bark of Garcinia schomburgkiana 
45.05 µM (HepG2) 

[68] 
52.21 µM (HeLa S-3) 

Ananixanthone 
Stem bark of Calophyllum species 

7.21 µM (K562) 
[69] 

Caloxanthone B 3.00 µM (K562) 

Isolated xanthone 
Propolis of the stingless bee Lisotrigona 

furva 

12.63 µg/mL (HepG2) 
[70] 

14.36 µg/mL (SK-LU-1) 

Oxisterigmatocystins J 

Fungus Penicillium sp. strain DWS10-P-6 

15.14 µM (HL-60) 

[71] 
Oxisterigmatocystins K 

21.62 µM (MDA-MB-231) 

12.06 µM (HL-60) 

2.4. Synthesis of Xanthone Derivatives 

As the isolation of xanthone derivatives is complicated and time consuming, the syn-

thesis of xanthone derivatives has been extensively studied. The oldest synthetic route 

was reported by Kostanecki in 1829. In this synthesis route, the mixture of ortho-hy-

droxybenzoic acid and polyphenol compounds in an equimolar amount was heated in the 

presence of acetic anhydride or zinc(II) chloride (ZnCl2) as the dehydrating agent [72]. 

Later in 1955, Grover et al. employed a mixture of ZnCl2 and phosphorus oxychloride 

(POCl3) as the dehydrating agent at lower temperature, giving a higher yield than the 

Michael-Kostanecki route. However, the limitation of the Grover route is its incapacity to 

produce xanthone derivatives from resorcinol and pyrogallol. This inability is caused by 

the reaction stopping at the benzophenone intermediate [73]. 

The Grover Shah and Shah (GSS) method is another traditional method to synthesize 

xanthone derivatives through the cyclodehydration of 2,2′-dihydroxybenzophenone or 

cycloacylation of 2-aryloxybenzoic acid synthetic route. The mixture of ZnCl2 and POCl3 

is commonly used as the cyclization agent in the GSS method. When the salicylic acid 

derivative is used as the starting material, then the synthetic route occurs through Friedel–

Crafts acylation to form the 2,2′-dihydroxybenzophenone intermediate. The 2,2′-dihy-

droxybenzophenone intermediate is thus cyclized through a dehydration process to form 

the xanthone skeleton [74]. On the other hand, when ortho-halogen substituted benzoic 

acid is used as the starting material, then the synthetic route occurs through Ullman con-

densation to form the 2-aryloxybenzoic acid intermediate. The 2-aryloxybenzoic acid in-

termediate is thus cyclized through an electrophilic cycloacylation process to form the 

xanthone skeleton [75]. 
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It was reported that the yield of the GSS synthetic route through benzophenone in-

termediate is slightly higher than the aryloxybenzoic acid intermediate. The average yield 

for synthetic xanthone through the GSS-benzophenone route is 60–90%. To improve the 

synthesis yield, other cyclization reagents have been evaluated, such as a mixture of phos-

phorus pentoxide (P2O5) and methanesulfonic acid (MeSO3H), trifluoromethanesulfonic 

acid (F3CSO3H), trifluoroacetic acid anhydride (F3CCO2COCF3), stannic chloride (SnCl4), 

triphenylphosphine (PPh3) in carbon tetrachloride (CCl4), and others. So far, a mixture of 

P2O5 and MeSO3H, named as Eaton’s reagent, gave a remarkable yield (80–95%) for xan-

thone derivatives. Employing Eaton’s reagent leads to a direct cyclization process of xan-

thone derivatives with no detectable benzophenone intermediate [74]. 

Other synthetic methods to obtain a higher yield of xanthones in fewer synthetic 

steps have been evaluated. Cyclization using F3CSO3H for diaryl ether is useful to prepare 

benzoxanthone and/or xanthone dimers in a single-step reaction. Friedel–Crafts acylation 

followed by the cyclization of 2,2′-dialkoxybenzophenone has been reported as a success-

ful synthesis route of di-oxygenated xanthone. The Robinson–Nishikawa route employs 

resorcinol and cyanobenzene derivatives to form ketimine intermediate. Afterwards, 

strong base such as NaOH was employed to hydrolyze the imine functional group and 

form the ether bond between two aromatic rings. The Tanase synthetic route utilizes sa-

licylaldehyde and phloroglucinol to form the pyran ring. Then, benzylic carbon was fur-

ther oxidized by chromium(VI) oxide to obtain the xanthone structure. Potassium per-

manganate on manganese(IV) dioxide or ruthenium(IV) complex can be also used to re-

place toxic chromium(VI) oxide in the green chemistry approach. The Ullman synthetic 

route is a successful method to prepare euxanthone from ortho-chlorobenzoic acid and 

phenolic derivatives. The 5,6-dimethylxanthone-4-acetic acid (DMXAA) was successfully 

synthesized from 3,4-dimethylbenzoic acid in 22% yield using the Ullman synthetic route 

[76].  

Synthesis of xanthones using 4-picoline or 4-dimethylaminopyridine organocatalyst 

has been reported from its chromone and acetylene derivatives. This reaction happened 

through the Diels–Alder cyclization process [77]. Other Diels–Alder approaches are [4+2] 

cycloaddition of vinylchromone and Fries rearrangement of phenoxyisobenzofuran-1,3-

dione with Lewis acid catalyst. The esterification of benzoic acid with phenolic derivative 

gave diaryl ester as a useful intermediate for the synthesis of xanthone skeleton. The diaryl 

ester can be further transformed to benzophenone intermediate through Fries rearrange-

ment. On the other hand, the diaryl ester can be converted into diaryl ether intermediate 

through the Smiles rearrangement. Meanwhile, the direct transformation of diaryl ester 

to xanthone can be done through the pyrolysis reaction, losing water molecules as the side 

product. Meanwhile, the Friedländer synthesis is a common route in the synthesis of xan-

thone glycosides. This reaction occurs between the amino- and carbaldehyde-substituted 

chromones with ketonic glycosides under alkaline conditions [78]. A brief synthesis 

scheme of the xanthone derivative is shown in Figure 6. 
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Figure 6. Brief synthetic scheme of xanthone derivatives. 

Further improvement in the synthesis of xanthone derivatives recently focused on 

heterogeneous catalysis and microwave-assisted organic synthesis (MAOS). Heterogene-

ous catalysis is desirable in the green chemistry approach for our sustainable future, as 

the heterogeneous catalyst material demonstrates a faster synthesis process, a higher 

product yield, and a milder reaction condition. Moreover, heterogeneous catalyst material 

can be recovered for further reusability purposes [79]. On the other hand, the MAOS tech-

nique has been widely employed in the synthesis of xanthone derivatives, as the required 

reaction time is significantly shortened, together with dramatic improvement in the prod-

uct yield and selectivity [80]. The MAOS synthesis of xanthone derivatives from salicylic 

acid with resorcinol, pyrogallol, cresol, and phloroglucinol gave the corresponding xan-

thone derivatives in 72–98% yield within 5 min reaction time [81]. Palladium-catalyzed 

acylation reaction can be used for the formation of xanthone skeleton from salicylalde-

hyde and dihalotoluene in 41–81% yield [82]. The tert-butylammonium hydroxide 

(TBAOH) as the base has been employed in water-based reaction under MAOS technique 

to give a quantitative yield of 2-methylxanthone within 4 min [80]. In 2020, metal-free 

synthesis of benzo[c]xanthone from 1,3-diarylketone was reported by Liang et al., em-

ploying 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) as the base in dimethylsulfoxide 

(DMSO) solution. The attraction of H-α with DBU leads to the cyclization reaction to form 

the γ-pyrone scaffold within 30 min in 78–93% yield [83]. Another recent approach to syn-

thesize xanthone derivatives was reported by Steingruber et al., employing salicylalde-

hyde and dibromobenzene derivatives using palladium nanoparticles. High yield (up to 

88% yield), as well as high regioselectivity reaction, were achieved within 30 min reaction 

time in which the nanopalladium catalyst can be used up to four consecutive cycles with-

out losing its activity [84]. Figure 7 shows the recent examples of the synthesis of xanthone 

derivatives using MAOS technique. 
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Figure 7. Recent examples of the synthesis of xanthone derivatives using MAOS technique. 

Multicomponent reaction in a one-pot synthesis of xanthone derivatives has been at-

tracting researchers’ attention due to the simple and convenient process [85]. In this mul-

ticomponent reaction, all the reagents are mixed in a reaction system, sometimes without 

any usage of solvent, and the final product is the highly substituted xanthone derivative. 

One-pot synthesis of xanthone was reported by Zhao et al., involving Michael addition, 

cyclization, 1,2-addition, and elimination reactions in a consecutive process [86]. The cou-

pling reaction between methyl salicylate and diaryliodine triflate salt yielded xanthone 

derivative in 72% yield, however, the reaction took 12 h to reach the equilibrium state [75]. 

In 2019, multicomponent synthesis of xanthone dimer was reported from isocyanide, 

dienophile, and 3-carbonylchromone in 79% yield through [4+2] cycloaddition [87]. Re-
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coupling reaction by Loureiro et al. This synthetic route utilized three reagents: ortho-iodo-
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alyst material. The reaction yield was quantitative (~100%), however, the reaction was 
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thesis of xanthone derivatives. More detailed information on the synthesis of xanthone 

derivatives is available in the published review article by Resende et al. in 2020 [89]. 
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Figure 8. Recent examples of the multireagent synthesis of xanthone derivatives. 

The functional groups’ interconversion of xanthone derivative is shown in Figure 9. 

In general, methylation, formylation, nitration, and halogenation reactions of the xan-

thone aromatic rings can be directly performed. Afterward, the other functional groups 

can be converted through reduction, oxidation, nucleophilic substitution, esterification, 

amidation, diazotization, and carbon–carbon coupling reactions. As prenylated xanthones 

serve as the ideal platform for large biological activities, researchers sometimes do semi-

synthesis experiments by introducing a prenyl functional group in the naturally available 

xanthones. Alkylation of hydroxyxanthone using prenyl bromide with potassium car-

bonate as the base is the most used protocol to obtain prenylated xanthones. However, 

the selectivity of this approach is unsatisfying, as the direct alkylation to the aromatic rings 

of xanthone is inevitable. Thus, this method is only useful for the functionalization of com-

pletely substituted xanthones. It means that a selective prenylation of a certain hydroxyl 

group in the polyhydroxyxanthone is also hardly obtained. For a direct prenylation of the 

aromatic rings of xanthone, 2-methylbut-3-en-2-ol and boron trifluoride are useful rea-

gents for a selective prenylation reaction. The 1,3-dihydroxy-4-prenylxanthone has been 

successfully obtained from 1,3-dihydroxyxanthone by using this route. Another approach 

to obtain prenylated xanthone is through a Claisen rearrangement of prenoxyxanthone. 
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heated in the presence of Lewis acid catalyst to obtain the prenylated xanthone. However, 

it should be kept in mind that further cyclization between hydroxy and prenyl groups 

sometimes directly occurred to give the dihydrobenzofuran derivative of xanthone [74]. 
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Figure 9. The functional groups’ interconversion of xanthone derivatives. 
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represents drug-resistant leukemia cancer cells. On the other hand, cytotoxic assay for 
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Figure 10. Commonly targeted cancer cells for evaluation through in vitro assay. 

The xanthone derivatives act as anticancer agents through several mechanisms of ac-

tion. First, activation of caspase proteins induces the apoptosis of cancer cells. Second, 

inhibition of protein kinases leads to the proliferation of cancer cells. Third, inhibition of 

aromatase enzyme leads to the inhibition of breast cancer cells’ growth [19]. Fourth, pros-

taglandin PG-E2 inhibition is another mechanism for the anticancer activity of xanthone 

derivatives. The PG-E2 is a lipid biomolecule that is involved in the inflammation, angio-

genesis, apoptosis, and proliferation of cancer cells [94–97]. Fifth, topoisomerase inhibi-

tion is critical to stop the DNA replication process in cancer cells [98]. Sixth, the inhibition 

of P-glycoprotein (P-gp) is critical for the multidrug resistance of the cancer cells, since P-

gp protein protects the cancer cells by preventing xenobiotics transport into the membrane 

cells [99,100]. Seventh, RNA bindings and DNA cross-links could significantly suppress 

the replication of cancer cells [101]. In this section, a brief update on the anticancer assay 
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in the following order: simple oxygenated xanthones, glycosylated xanthones, prenylated 

xanthones, and thioxanthones. The chemical structures of the evaluated xanthones are 

shown in Figure 11. 

 

Figure 11. Evaluated xanthone derivatives as the anticancer agents through in vitro assay. 
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Simple oxygenated xanthones are widely explored as anticancer agents. The 1,3-di-

hydroxyxanthone is well known for its remarkable anticancer activity against cancer cell 

lines. In 2007, Woo et al. introduced 2-epoxypropyl group on the 1,3-dihydroxyxanthone 
to improve its inhibitory activity against topoisomerase I and II proteins. Compound 1a 

was inactive against MCF-7 and HeLa cells with IC50 values of 68.4 and 68.7 µM, respec-

tively. Meanwhile, an additional 2-epoxypropyl group at C-1 position (compound 1b) 

drastically improved the IC50 values to 3.28 and 23.3 µM against MCF-7 and HeLa cells, 

respectively [102]. It was also reported that xanthone derivatives with halohydrin, meth-

oxy, and amino substituents at C-3 and C-5 positions were also active for topoisomerase 

inhibition [103,104]. Furthermore, it was reported that DNA crosslinking occurred on the 

targeted cancer cells after the treatment with the epoxy-xanthones. 

In 2008, Varache-Lembège et al. synthesized several xanthone derivatives and eval-

uated their anticancer activity. Among the prepared xanthones, compound 2 gave a po-

tential anticancer activity against KB and MCF-7 cell lines through the antiproliferative 

mechanism. The presence of nitrogen atoms in the heterocyclic rings was found to en-

hance the anticancer activity of these xanthone derivatives. However, no clear structure–

activity relationship was observed with the difference of hydrazonomethyl moiety posi-

tion. The acetylated group also enhanced the anticancer activity, as the intracellular en-

zyme could hydrolyze back to dihydroxyxanthone. They found that compound 2a–c ex-

hibited strong inhibition activity with the IC50 values of 2.40, 0.90, and 1.05 µM against KB 

cells, while these compounds gave IC50 values of 1.3, 0.8, and 0.9 µM against MCF-7 cancer 

cell line, respectively. These values were much lower compared to the doxorubicin with 

IC50 values of 25.0 and 25.7 µM toward KB and MCF-7, respectively [105]. On the other 

hand, the anticancer activity of synthetic aminoalkoxylated benzo[b]xanthones was eval-
uated against HepG2, Bel-7402, HeLa, MGC-803, and CNE cell lines. Compound 3 gave 

the most potent anticancer activity, with IC50 values of 3.51, 1.64, 1.59, 0.85, and 0.47 µM 

against HepG2, Bel-7402, HeLa, MGC-803, and CNE cell lines, respectively. The presence 

of the dimethylamino group at C-3 position on the benzo[b]xanthone structure seemed to 

be critical for the anticancer activity against these cell lines [106]. It was reported that ami-

noalkanol-xanthones could generate the overexpression of manganese superoxide dis-

mutase, thus decreasing reactive oxygen species (ROS)-mediated cell senescence. The 

aminoalkanol-xanthones also lead mitochondrial dysfunction and cellular apoptosis on 

the evaluated cancer cell lines [107]. 

In 2014, Yang et al. examined the anticancer activity of several synthetic compounds 

based on 1,3-dihydroxyxanthone against CNE, MGC-803, Bel-7402, and A549 cell lines. It 

was reported that mono- and dioxygen functional groups were pivotal for the inhibitory 

activity against protein kinases. The presence of the aminoalkoxy group showed the in-

crement of anticancer activity, while the introduction of the bromoalkoxyl group did not 

improve the anticancer activity. When the terminal amino group was quaternary ammo-

nium salt, the anticancer activity of xanthone became weaker, due to poor cytomembrane 

penetration. The different terminal amino substituents had different effects in the incre-

ment of anticancer activity with the order: diethylamino > dimethylamino > pyrrolidine > 
piperidine > morpholino. Compound 4 exhibited the best anticancer activity, as measured 

by inhibitory activity (3.57–20.1 µM) against the aforementioned cancer cells. For a specific 
MGC-803 cancer cell, compound 4 exhibited a time-and dose-dependent proliferation in-

hibition. For a concentration greater than 1.0 µM, MGC-803 cells viability decreased sig-

nificantly, due to lower mitochondrial membrane potential and intracellular calcium lead-

ing to the apoptosis mechanism [108]. 

In 2014, Shen et al. synthesized several xanthones through the modification of the 

free hydroxyl group of xanthone with dimethylamine group. The inhibitory activity of 

these xanthones was tested against ECA109, SGC-7901, and GLC-82 cell lines. It was 

found that the presence of aminoalkyl moiety was critical to its anticancer activity, as well 

as DNA binding. Moreover, the addition of dimethylamino side-chain resulted in the en-

hancement of anticancer activity. Compound 5a gave the IC50 value of 25.7, 33.2, and >50.0 
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µM against ECA109, SGC7901, and GLC-82 cell lines, respectively. Meanwhile, com-
pound 5b with aminoalkyl moiety gave lower IC50 values of 9.56, 13.3, and 16.1 µM against 

the same cancer cell lines, respectively. The presence of polar aminoalkyl moiety in com-
pound 5b gave a higher hydrophilicity; thus, this compound could easily penetrate the 

cancer cell membrane, leading to anticancer activity enhancement. Additionally, the ami-

noalkyl moiety having a higher pKa value is easily protonated which generate a cationic 

charge in order to bind with the DNA through its phosphate groups. This phenomenon 

blocked the DNA replication which is related to the inhibitory activity against the evalu-

ated cancer cell lines [109]. In the same year, Fernandes et al. prepared a chiral xanthone 

derivative and evaluated its anticancer activity against A375-C5, MCF-7, and NCI-H460 

cell lines. Compound 6 was the most potent anticancer agent against the A375-C5, MCF-

7, and NCI-H460 cell lines, with IC50 values of 32.2, 22.6, and 14.1 µM, respectively. They 

found that the effect of the growth inhibitory activity of the xanthone compound was not 

only affected by the nature and position of the substituent but also the enantioselective 

effect. The presence of aryl group on the stereogenic center of xanthone was found to en-

hance the inhibitory activity against cancer cell lines [110]. On the other hand, it was re-
ported that (R)-isomer of compound 7 gave lower IC50 value (IC50 = 24.0 µM) than the (S)-

isomer (IC50 = 112 µM) against MCF-7 cancer cell line. This phenomenon was caused by a 

more stable complex conformation between the (R)-isomer with the DNA through cross-

linking reactions than the (S)-isomer one [111]. 

In 2016, Liu et al. synthesized xanthone derivatives bearing 3,6-disubstituted ami-

nocarboxymethoxy moiety and evaluated them as the anticancer agent. Among the eval-

uated xanthones, compound 8 exhibited the highest anticancer activity with the IC50 value 

of 6.18, 8.06, 4.76, 4.59, and 6.09 µM against PC-3, MDA-MB-231, AsPC-1, A549, and HCT-
116 cell lines, respectively. Compound 8 promoted cell cycle arrest, induced cell apoptosis, 

and provided antiproliferative effect on cancer cell viability. The presence of the 4-methyl 

group was critical in the xanthone structure, as it exhibited a higher potent anticancer 

activity. In contrast, the presence of oxygen atoms on the side chain of xanthone reduced 

the growth inhibitory activity against these cancer cell lines. This effect may be generated 

from the possibility of hydrogen bonds formation with other biological macromolecules 

outside the active site of the protein target. Additionally, the steric effect of the substituent 

at the side chain may also contribute to a lower inhibitory activity [112]. A similar result 

was reported by Dai et al. whereas the substituted phenyl moiety decreased the anticancer 

activity of xanthone derivatives due to steric effect [113]. 

Minniti et al. in 2017 investigated the anticancer activity of synthetic xanthone deriv-

atives with various polyamine moieties, including spermine, spermidine, butanediamine, 

and propanediamine at C-3 position. It was reported that the presence of the secondary 

amine group in the side chain significantly affected the topoisomerase II-drug interaction. 

Compound 9 was found to give the most potent inhibition of the catalytic activity of topoi-

somerase IIα, as evaluated using DNA relaxation assay. Compound 9 inhibited DNA re-

laxation with the IC50 of 1.00 µM. Specifically, compound 9 acts at the DNA cleavage/liga-

tion active side and compound 9 is able to inhibit the ability of DNA to stimulate the rate 

of ATP hydrolysis. Furthermore, the presence of primary and secondary amine side-

chains is more important, rather than the number of primary amines in the chain, or their 

distance from the primary amine [114]. 

In 2017, Liu et al. examined the anticancer activity of synthetic xanthones against 

MCF-7, MDA-MB-231, HepG2, K562, and COLO-320 cell lines. Among the synthesized 

xanthones, compound 10 showed the highest anticancer activity against MDA-MB-231 

cell line, with an IC50 value of 0.46 µM. The inhibitory activity of compound 10 against 

MDA-MB-231 cell line was found to be much stronger compared to DMXAA (IC50 = 48.0 

µM). Additionally, compound 10 also showed potent inhibitory activity against MCF-7, 

HepG2, K562, and COLO-320 cell lines, with IC50 values of 3.40, 9.20, 13.4, and 10.5 µM, 

respectively. The inhibitory effect was found as the result of induced apoptosis of the eval-

uated cancer cell lines. The effect of the electron-withdrawing group introduced to the 
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opposite aromatic ring of 1,3-dihydroxyxanthone derivatives increased the anticancer ac-

tivity, while the electron-donating group showed the opposite effect. Remarkably, the 

xanthone derivatives showed an enhanced inhibitory activity when combined with 

DMXAA. This synergistic effect demonstrated a good approach for the design and devel-

opment of more potent anticancer drugs [115]. 

In 2018, Zhou et al. synthesized several xanthone derivatives and evaluated their an-
ticancer activity against A549 and SMMC-7721 cancer cell lines. Compounds 11a–b with 

fluoro substituents were active against A549 cells, whereas compounds 11c–d were inac-

tive against this cancer cell line. The anticancer activity of compound 11a (IC50 = 29.9 µM) 

and compound 11b (IC50 = 24.9 µM) was stronger than cisplatin (IC50 = 32.4 µM) as the 

positive control. In contrast, the anticancer activity of non-fluorinated xanthones (IC50 = 

6.14–14.0 µM) was stronger than that of fluorinated ones (IC50 = 27.2–37.4 µM) against 

SMMC-7721 cell line. The anticancer activity of non-fluorinated xanthones 11c–d (IC50 = 

6.14–14.0 µM) was also stronger than cisplatin (IC50 = 26.3 µM) [116]. 

Recently, Pedro et al. synthesized oxygenated xanthones and evaluated their anti-

cancer activity against MCF-7, TK-10, and UACC-62 cell lines. Additional oxygenated 

groups in the xanthone core gave a significant effect on the anticancer activity enhance-

ment. Among several synthesized xanthone derivatives, compound 12 was reported as 

the best anticancer agent against MCF-7, TK-10, and UACC-62 cells with the IC50 values 
of 21.9, 34.3, and 20.0 µM, respectively. In addition, the compound 12 is considered to be 

safe for the anticancer application as no cytotoxic to the human lymphocytes (cell viability 

> 70%) is observed. The nature of substituents in oxygenated xanthone structure had a 

significant effect on its anticancer activity. For example, the 1,2-dihydroxyxanthone ex-

hibited a weaker anticancer activity than 2-hydroxy-1-methoxyxanthone. Therefore, the 

suitable functional group should be considered to be a critical parameter in the design of 

oxygenated xanthone derivative, with high potential for anticancer activity [117]. 

Our research group has been working on anticancer research employing xanthone 

derivatives since 2010. Several hydroxyxanthone derivatives including 2-hydroxyxan-

thone, 3-hydroxyxanthone, 1,3-dihydroxyxanthone, 1,6-dihydroxyxanthone, 3,4-dihy-

droxyxanthone, 3,6-dihydroxyxanthone, 1,3,6-trihydroxyxanthone, 1,5,6-trihydroxyxan-

thone, 3,4,6-trihydroxyxanthone, and 1,3,8-trihydroxyxanthone have been synthesized in 
2010–2021 [118–126]. Among them, 3,4,6-trihydroxyxanthone (13) was one of the most ac-

tive anticancer agents. The anticancer activity of compound 13 against WiDr cells gave an 

IC50 value of 37.8 µM. Furthermore, compound 13 was not toxic against Vero cell lines 

(IC50 = 2510 µM), giving a selectivity index (SI) of 66.4, which was higher than doxorubicin 

(49.4) [127]. From the quantitative real time-polymerase chain reaction, compound 13 sup-

pressed the mRNA cyclooxygenase-2 (COX-2) expression by 37%, with no inhibitory ex-

pression against vascular endothelial growth factor receptors. Therefore, it was concluded 

that compound 13 inhibited the COX-2 enzyme and started chronic inflammation in the 

cancer cells. A molecular docking study showed that compound 13 interacted with Tyr355 

and Arg120 amino acid residues of COX-2 enzymes, yielding a binding energy of −77.0 

kcal/mol [128]. 

Anticancer activity of chlorinated-hydroxyxanthones has been evaluated against 

HepG2 and P388 cell lines. Chlorinated-hydroxyxanthones, i.e., 4-chloro-1,3-dihy-

droxyxanthone, 4,5,7-trichloro-1,3,6-trihydroxyxanthone and 4-chloro-3,6-dihydroxyxan-

thone are inactive against HepG2 cells with IC50 values of 206–666 µM. These IC50 values 

are lower than hydroxyl derivatives (786–828 µM) against the same HepG2 cancer cell 

line. Furthermore, the SI value of chlorinated-hydroxyxanthones was higher (5.31–22.0) 

than hydroxyxanthones (2.58–10.60) against HepG2 cells. On the other hand, 4-chloro-1,3-

dihydroxyxanthone also gave a lower IC50 (12.5 µM) than 1,3-dihydroxyxanthone (68.0 

µM) against the P388 cancer cell line. The 4,5,7-trichloro-1,3,6-trihydroxyxanthone gave a 

lower IC50 (5.21 µM) than 1,3,6-trihydroxyxanthone (23.5 µM) against P388 cells. Mean-

while, the 4-chloro-3,6-dihydroxyxanthone gave a lower IC50 (0.69 µM) than 3,6-dihy-
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droxyxanthone (10.4 µM) against P388 cancer cells. The SI value of chlorinated-hy-

droxyxanthones were much higher (87.6–9200) than hydroxyxanthones (31.2–844) against 

P388 cell line. From the molecular docking study, it was found that chlorinated-hy-

droxyxanthones were able to inhibit the c-KIT protein through hydrogen bond interac-

tions with Asp810, Cys809, Ile789, His790, and Leu644 [124]. 

The 4,5,7-trichloro-1,3,6-trihydroxyxanthone (14) gave no anticancer activity against 

HeLa (IC50 = 251 µM), T47D (IC50 = 1398 µM), and HepG2 (IC50 = 262 µM) cancer cell lines. 

In contrast, compound 14 gave moderate anticancer activity against P388 (IC50 = 5.21 µM) 

cancer cells. Furthermore, the IC50 value of compound 14 (IC50 = 15.9 µM) was lower than 

doxorubicin (IC50 = 25.4 µM) against Raji lymphoma cell line. The toxicity of compound 

14 for Vero cell lines was reported to be in IC50 of 256 µM, yielding an SI value of 16.1. 

From the molecular docking study, compound 14 gave strong binding energy against Raf-

1 (−79.4 kcal/mol) and c-Jun-N-terminal protein kinase (c-JNK) (−75.4 kcal/mol) proteins. 
Compound 14 formed hydrogen bonds with Cys424, Lys431, Ser427, and Gly426. The 

number of the hydrogen bond interactions (4) of compound 14 with Raf-1 protein was 

much higher than for the native ligand (1 hydrogen bond with Cys424). Compound 14 

generated additional hydrogen bonds with Met111, Glu109, and Ser34 (two hydrogen 

bonds) on the active site of c-JNK protein. The number of hydrogen bond interactions (4) 

of compound 14 with c-JNK protein was also higher than the native ligand (2 hydrogen 

bonds with Met111 and Glu109) [124]. 

The synergistic effect between compound 14 and doxorubicin against Raji lymphoma 

cell line has also been studied. It is well-known that drug resistance can be overcome 

through drug combination as the mechanism of action of two/more drug compounds, 

which may be different from in their individual usage. Furthermore, a synergistic effect 

of two/more drugs could lower the dose and thus suppress the side effects to the human 

body [127]. Combination of both compounds gave the combination index value in a range 

of 0.06–0.29, indicating a good synergistic anticancer effect. It was reported that com-

pound 14 inhibited Raf-1 protein and activated c-JNK protein. Inhibition of Raf-1 protein 

led to a higher sensitivity of cancer cells to doxorubicin. On the other hand, the activation 

of c-JNK protein led to the translocation of pro-apoptotic protein Bax to cytoplasm and 

stimulated the apoptosis mechanism of cancer cells [128]. 
Two new brominated-hydroxyxanthones, i.e., compounds 15a and 15b, have also 

been prepared from 2,4-dihydroxybenzoic acid. The compound 15a was synthesized 

through bromination reaction of 2,4-dihydroxybenzoic acid first, and then followed by a 
cyclization reaction with phloroglucinol. On the other hand, compound 15b was obtained 

from a bromination reaction of 1,3,6-trihydroxyxanthone. Both compounds gave moder-

ate anticancer activity against P388 cell line, with IC50 and SI values of 6.34–10.7 µM and 

43.2–74.4, respectively. The molecular docking study revealed that the anticancer activity 

of brominated-hydroxyxanthones was generated by hydrogen bonding interactions with 

His790, Cys809, Leu644, Ile789, and Asp810 on the active site of c-KIT protein [129]. 

Glycosylated xanthones have also been evaluated as anticancer agents. Mangiferin 

(16), a famous glycosylated xanthone, was reported for its anticancer activity against col-

orectal cancer cells through the inhibition of bcr/abl gene expression, thus inducing cellular 

apoptosis. In 2013, Li et al. isolated mangiferin from mangosteen fruit, and evaluated its 

anticancer activity against MDA-MB-231 and BT-549 cell lines. Mangiferin exhibited poor 

anticancer activity against MDA-MB-231 and BT-549 cells, giving the IC50 of 299 and 274 

μM, respectively. Mangiferin gave a lower expression of matrix metalloproteinase-7 

(MMP-7), MMP-9, beta-catenin, and vimentin, and simultaneously gave a higher expres-

sion of E-cadherin, thus leading to the antiproliferative phenomenon [130]. On the other 

hand, mangiferin also acts through influencing cell cycle arrest, activating the caspase-3 

protein, and inhibiting the nuclear factor kappa B (NF-κB) pathway [131]. A synergistic 

cancer treatment employing mangiferin with doxorubicin and oxaliplatin has also been 

reported to enhance the anticancer activity of mangiferin [132]. 
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In 2015, Song et al. synthesized several xanthone derivatives bearing rhamnopyra-

noside moiety, and evaluated their anticancer activity against several cancer cell lines. It 

was found that the presence of sugar moiety was crucial for anticancer activity. Com-
pound 17 exhibited moderate to strong anticancer activity against HL-60, MDA-MB-231, 

MDA-MB-468, HCT-116, PC3, Rh30, A549, BEL-7402, MKN45, A431, 786-O, and KB cell 

lines, with IC50 values of 2.20, 4.30, 3.47, 2.20, 3.99, 2.37, 1.05, 2.43, 6.29, 2.59, 4.70, and 0.55 
µM, respectively. Specific to KB cancer cells, compound 17 could inhibit cell growth by 

inducing apoptosis, both in extrinsic and intrinsic pathways, and arresting cell cycle pro-

gression at the G2/M phase. It was reported that xanthone-O-glycosides at C-3 and C-6 

positions were inactive against NCl-H460, MCF-7, and A375-C5 cell lines. However, acyl-

ation of all of the hydroxy groups of this xanthone-O-glycosides drastically enhanced the 

anticancer activity against NCl-H460 and MCF-7 cell lines, with IC50 values of 0.19 and 

0.46 µM, respectively. This result demonstrated that the acetyl group on the pyranosyl 

ring was critical for the anticancer activity [133]. 

In 2019, Alves et al. evaluated the anticancer activity of synthetic xanthone com-

pounds, with acetyl groups against A375-C5, MCF-7, NCI-H460, U-251, U-373, and U-87 
cancer cell lines. Compound 18 showed the most potent growth inhibitory activity against 

these cancer cells. Compound 18 gave IC50 values of 135, 0.46, 0.19, 0.55, 0.42, and 0.42 µM 

against A375-C5, MCF-7, NCI-H460, U-251, U-373, and U-87 cell lines, respectively. The 
presence of acetyl groups in compound 18 was found to increase its anticancer activity. 

However, the presence of acetyl groups led to poor water solubility, which can be over-
come by encapsulating compound 18 in a drug delivery system [12]. 

Prenylated xanthones are the most evaluated xanthones, due to their promising ap-

plication as the anticancer agent. In general, prenylated xanthones exhibited higher anti-

cancer activities than the other classes. Early in 1992, Sordat-Diserens et al. reported that 

compound 19 isolated from the root bark of Garcinia livingstonei gave the IC50 value of 1.58 

µM against WiDr cancer cells, which was twice as low as 5-fluorouracil (IC50 = 3.08 µM) 

[134]. The anticancer activity of psorospermin has also been reported. Initially, psorosper-

min was isolated from the radix of Psorospermum febrifugum in Africa in 1980. This com-

pound exhibited in vitro and in vivo anticancer activity against wild type and drug-re-

sistant leukemia cells. Furthermore, good anticancer activity of psorospermin against 

breast and colorectal cancer cells has also been reported. The psorospermin acts as the 

anticancer agent through DNA intercalation between base pairs at positions 11 and 12, as 

well as guanine alkylation on the topoisomerase II protein with its epoxydihydrofuran 

moiety. The DNA alkylation on the active site of topoisomerase II protein leads to inacti-

vation on the DNA replication of cancer cells [135]. Another anticancer agent based on 

natural xanthone derivatives is desoxymorellin (20) isolated from the dry latex of Garcinia 

hanburyi. It was reported that desoxymorellin gave IC50 values of 0.74, 0.77, and 1.15 µM 

against HeLa, K562, and K562/R cell lines, respectively, through the apoptosis induction 

mechanism [136,137]. 

In 2006, Laphookhieo et al. isolated a prenylated xanthone from the roots of Cratoxy-

lum cochinchinense and evaluated its anticancer activity against NCI-H187. This compound 

showed a potential cytotoxic effect against NCI-H187 cancer cell line with an IC50 value of 

1.45 µM. Remarkably, it showed no cytotoxic activity against KB and BC-549 cell lines, 

which indicated excellent selectivity against NCI-H187 cancer cells. It was proposed that 

the presence of geranyl moiety in the isolated compound corresponded to its strong anti-

cancer activity [138]. In the same year, Suksamrarn et al. reported the isolation of a new 

prenylated type xanthone, mangostenone C (21), from the early ripe fruit of Garcinia man-

gostana. The anticancer activity of mangostenone C was evaluated against KB, BC-1, and 

NCI-H187 cells, giving IC50 values of 6.11, 7.70, and 8.11 µM, respectively. The anticancer 

activity of mangostenone C against NCI-H187 was still weaker, but comparable to α-man-

gostin (5.07 µM) and gartanin (IC50 = 2.72 µM). This finding means that the tetraoxygen 

framework exhibits stronger anticancer activity [139]. 
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Gambogic acid is one of the most famous natural xanthones as an anticancer agent 

[140,141]. Gambogic acid shows strong anticancer activity against BGC-823, KB, A549, 

NCI-H460, HepG2, HT-29, MCF-7, DU-145, HL-60, P388, K562/S, and K562/R cell lines in 

the range IC50 of 0.38–4.45 µM [136,142–146]. Furthermore, gambogic acid is very valuable 

for the treatment of cholangiocarcinoma liver cancer, since no effective anticancer drug is 

available as of today for this disease [56]. Gambogic acid exhibited anticancer activity for 

several cancer cells due to many mechanisms of action. The main mechanism of action is 

apoptosis induction on cancer cells. The apoptosis induction from gambogic acid was gen-

erated from several inhibition pathways against NF-microB signaling, c-JNK phosphory-

lation, G0/G1 phase cell cycle arrest, and Bcl-2 mRNA expression. It was reported that 

gambogic acid also activated Bax mRNA expression and p53, interacted to transferrin re-

ceptor 1 (TfR-1) protein, decreased mitochondria membrane potential, accumulated reac-

tive oxygen species, and depolymerized the microtubules [147–152]. These pathways led 

to a strong apoptosis induction signal on the cancer cells. In 2007, Jang et al. isolated gam-

bogic amide (22) as the main component in gamboge, an orange-brownish resin exuded 

from the plant of Garcinia hanburryi, which is often used as traditional medicine for cancer 

treatment. The anticancer activity of gambogic amide was found to be related to the apop-

totic activity against T17 cells with an IC50 of 5.00 nM. The T17 cell line was derived from 

the basal forebrain of SN56 cell; therefore, T17 cells were defined as TrkA stably trans-

fected SN56 cells. The gambogic amide could selectively bind to TrKA, triggering its ty-

rosine phosphorylation, and preventing neuronal cell death. These phenomena yielded 

an agonist effect to nerve growth factor (NGF) thus giving potent neurotrophic activity. 

Moreover, gambogic amide could block apoptotic machinery independent of the Trk re-

ceptor, which led to its ability to trigger programmed cell death for the cancer cell lines 

[153]. 

Two new xanthones isolated from Terminalia calcicola named as termicalcicolanones 
A (23) and B (24) have been reported in 2007. Termicalcicolanones A and B showed weak 

to moderate anticancer activity against A2780 cells, with IC50 values of 40.6 and 8.10 µM, 

respectively [154]. With a similar structure, the positions of hydroxyl and pyranosyl moi-

eties on termicalcicolanone significantly influence anticancer activity [155]. A combination 

of pyranoxanthone and paclitaxel has also been reported to enhance their anticancer ac-

tivity [156]. In 2010, Palmeira et al. synthesized xanthone derivatives by modifying the 

dihydroxyxanthone through prenylation and ring closure reactions. The synthesized com-

pounds were evaluated as the anticancer agents against K-562, HL-60, and BV-173 cell 
lines. They found that compound 25 gave the most promising inhibitory activity on the 

K-562 cell viability, with an IC50 value of 20.0 µM. Additionally, compound 25 gave a 

moderate inhibitory activity against HL-60 and BV-173, with an IC50 value of 7.00 and 14.0 

µM, respectively. The inhibitory mechanism was suggested to come from the antiprolif-

erative and apoptotic effects on the evaluated cancer cell lines [157]. 
In 2011, Johnson et al. evaluated the anticancer activity of pure α-mangostin (26) 

against LNCaP, 22Rv1, DU 145, and PC-3 cancer cell lines, with IC50 values of 5.90, 6.90, 

22.5, and 12.7 μM, respectively. The α-mangostin could induce cancer cell apoptosis at a 

concentration equal to or higher than 15 μM. Meanwhile, α-mangostin can promote 

G0/G1 cell cycle arrest at a lower concentration (<15 µM) [158]. Other research groups 

reported that α-mangostin also showed moderate anticancer activities against T47D, 

MDA-MB-231, PC12, DLD-1, and HL-60 cell lines, with IC50 values of 2.44–28.5 µM [159–

164]. The main mechanisms of action for α-mangostin as the anticancer agent were anti-

proliferation, apoptosis induction, and dysfunction of mitochondria [161,165]. Further-

more, the other mechanisms of action for α-mangostin were observed through influencing 

the G0/G1 phase cell cycle arrest and inhibition of tau-phosphorylation, p38 mitogen-ac-

tivated protein kinase (MAPK), human epidermal growth factor receptor 2/phosphatidyl-

inositol-3-kinase/Akt (HER2/PI3K/Akt), and extracellular signal-regulated protein kinase 

1/2 (ERK1/2) signaling pathways [34,166]. A synergistic effect between α-mangostin and 

cisplatin has been reported for cervix cancer cells treatment [167]. The introduction of 
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prenyl group at C-1 position dramatically increased the anticancer activity of α-mangostin 

against the MCF-7 cell line [34]. Azevedo et al. explained that 2,2-dimethyl-3,4-dihydro-

pyran moiety was critical for the anticancer activity against HL-60, A375-C5, NCl-H460, 

and MCF-7 cells [168]. On the other hand, the hydroxyl groups at C-3 and C-6 positions 

were also critical for the anticancer activity of α-mangostin against B16F10, MDA-MB-231, 

AsPC-1, SW-620, and NCI-H460 cell lines [169]. 
In 2012, Chang and Yang isolated another natural xanthone, γ-mangostin (27), from 

the hull of mangosteen fruit. The γ-mangostin was one of the major xanthone components 

in the mangosteen fruit. The γ-mangostin was evaluated as the anticancer agent against 

HT-29 cells. Unfortunately, γ-mangostin was non-active against HT-29 cells (IC50 = 68.5 

µM). This inhibitory activity occurred through the induced apoptosis mechanism [170]. 

Cheng et al. synthesized benzoxanthones and evaluated their anticancer activity against 

A549, MDA-MB-435, and HCT-116 cell lines. Compound 28 showed the most potent an-

ticancer activity, with IC50 values of 14.3, 15.8, and 5.17 µM for A549, MDA-MB-435, and 

HCT-116, respectively. The inhibitory activity of compound 28 as an anticancer agent re-

lies on topoisomerase I protein inhibition, which led to the DNA relaxation of cancer cells 

[171]. 

In 2012, Niu et al. isolated a bioactive compound-based xanthone derivative from the 

stem bark of Garcinia bracteata and evaluated its anticancer activity against HL-60. The 

extraction, partition, and purification of the stem bark of Garcinia bracteata yielded up to 

31 xanthone derivatives. Among them, three compounds: compound 29, globuxanthone 

(30), and garciniaxanthone E (31) exhibited strong anticancer activity against HL-60 cell 

line, with IC50 values of 2.80, 3.40, and 3.10 µM, respectively. Compound 29 and 

garciniaxanthone E had prenyl moiety at their structure which corresponded to a stronger 

anticancer activity against HL-60 cells, indicating that the prenyl groups play an im-

portant role in the growth inhibitory activity. The number of prenyl groups was also sug-

gested to significantly increase the inhibitory activity of xanthone. However, the addition 

of prenyl groups at the side-chain as in garciniaxanthone E did not significantly affect its 

activity compared to compound 29. Garciniaxanthone E was also reported for its anti-

cancer activity against breast, lung, liver, gastric, colorectal, and leukemia cancer cell lines 

through the activation of caspase proteins and inhibition of PG-E2 pathways [172]. 

Lim et al. 2012 synthesized several xanthone derivatives owing to the prenyl group, 

and evaluated their anticancer activity against HeLa and MDA-MB-231 cell lines. Among 

the synthesized compounds, compound 32 showed the most promising anticancer activ-

ity. Compound 32 gave IC50 values of 8.90 and 4.50 µM against HeLa and MDA-MB-231 

cell lines, respectively. The anticancer activity of compound 32 was twice as strong as 

doxorubicin and cisplatin as the positive standards. The presence of nonplanar geminal-

diprenylated rings was suggested to enhance its inhibitory activity against the cancer cell 

lines [173]. In the same year, Zhang et al. synthesized several xanthone derivatives which 

belong to the aza-caged Garcinia analogues. The synthesized compounds were evaluated 

as anticancer agents against HepG2, A549, and U-251 cell lines. Among them, compound 

33 showed the highest anticancer activity, with IC50 values of 2.62, 2.10, and 16.4 µM 

against HepG2, A549, and U-251 cell lines, respectively. Moreover, compound 33 also 

showed inhibitory activity against serine/threonine protein kinase, nuclear factor kappa-

B kinase subunit gamma (IKK-β), with an IC50 value of 8.02 µM. The introduction of hy-

drophobic moiety in the aza-caged xanthone structure leads to a stronger anticancer ac-

tivity. Moreover, it was reported that the presence of substituent group with larger vol-

ume was preferred in the anticancer activity enhancement, due to preferable interaction 

with the putative receptors. Compound 33 exhibited the anticancer activity through the 

apoptosis induction mechanism [174]. 

In 2013, Zhang et al. synthesized a natural xanthone derived from Garcinia species 

and evaluated its anticancer activity against HepG2 and A549 cell lines. Compound 34 

was considered to give strong anticancer activity against HepG2 and A549 cell lines with 

IC50 values of 3.25 and 3.60 µM, respectively. Furthermore, compound 34 was also found 
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to have good bioavailability, and it was orally active, as tested through an in vivo assay. 
Compound 34 was capable of giving the inhibition rate of 58% against tumor growth (he-

patoma solidity/Heps) at 100 mg/kg daily oral dose for 4 days, which was much better 

compared to the natural product with a similar structure, gambogic acid. However, a fur-

ther clinical evaluation has not been reported yet [175]. 

In 2015, several isolated xanthones from the branches of Garcinia achachairu were in-

vestigated as the anticancer agents against nasopharynx cancer cells (CNE-1, CNE-2, and 

SUNE1). A new prenylated xanthone (35) showed a remarkable anticancer activity with 

the IC50 of 1.43, 0.73, and 2.23 µM against CNE-1, CNE-2, and SUNE1 cell lines, respec-

tively. On the other hand, the anticancer activity of compound 36 was evaluated against 

U-251, MCF-7, NCI/ADR-RES, 786-0, NCI-H460, PC-3, HT-29, and HaCat cell lines, giving 

IC50 values of 11.2, 34.0, 8.61, 19.6, 56.2, 10.5, 58.1, and 30.6 µM, respectively, which was 

comparable to doxorubicin [176]. The mechanism of anticancer activity of both com-

pounds was suggested through the antiproliferative effect on the evaluated cancer cell 

lines [177]. In 2016, Li et al. isolated xanthone derivatives from the leaves of Garcinia pauci-

nervis plant, which yielded a new compound, paucinervin I (37). Paucinervin I showed 

strong anticancer activity against HL-60 cell line with the IC50 value of 1.30 µM. The anti-

cancer activity of paucinervin I was stronger than 5-fluorouracil (IC50 = 2.37 µM). The pres-

ence of angular pyranoxanthone skeleton in paucinervin I compound seemed to play a 

pivotal role in its antiproliferative activity [178]. In 2017, Yang et al. isolated a new prenyl-

ated xanthone derivative, 7-O-demethyl mangostanin (38), from the pericarp of mango-

steen fruits, and studied its anticancer activity against CNE-1, CNE-2, A549, H490, PC-3, 

SGC-7901, and U-87 cancer cell lines. The 7-O-demethyl mangostanin gave IC50 values of 

3.35, 4.01, 4.84, 7.84, 6.21, 8.09, and 6.39 µM against CNE-1, CNE-2, A549, H490, PC-3, 

SGC-7901, and U-87 cancer cell lines, respectively. The 7-O-demethyl mangostanin gave 

a stronger anticancer activity when compared to the Hirsutanol A as the positive control 

(IC50 = 6.30–15.0 µM). The mechanism of action of 7-O-demethyl mangostanin was gener-

ated by the induction of the late and early-stage apoptosis of cancer cells [67]. 

In 2018, Jia et al. isolated xanthone derivatives from the stem of Garcinia paucinervis 

and evaluated their anticancer activity against HL-60, PC-3, and Caco-2 cell lines. The iso-

lation process yielded two new xanthones, (-)paucinervin O (39) and pacinervin P (40). 

Compound 39 showed strong anticancer activity, with IC50 values of 0.87 and 2.06 µM 

against HL-60 and Caco-2 cells, respectively. Compound 39 owing a furan ring was found 

to be more active against three cancer cell lines compared to the compounds with a dihy-
drofuran ring. On the other hand, compound 40 gave a strong anticancer activity, with 

IC50 value of 4.66 µM against PC-3 cells [179]. In 2019, Liu et al. synthesized several xan-

thone derivatives and evaluated their potential anticancer activity against hepatoma can-

cer cells, i.e., HepG2, Hep3B, SMMC-7721, and HuH-7. They found that the presence of 

the 3-methyl-2-butenyl group was crucial for the enhancement of anticancer activity spe-

cifically against HepG2 cells. Additionally, when 3-methyl-2-butenyl and 1,3-dihydroxy 

moieties formed a cyclic conjugate system, a much stronger anticancer activity was ob-

served against all evaluated cancer cells. Among them, compound 41 was found to give 

the strongest anticancer activity, with IC50 values of 18.6, 36.5, 52.8, and 69.6 µM against 

HepG2, Hep3B, SMMC-7721, and HuH-7, respectively. The mechanism of its anticancer 

activity was reported through interactions with caspase 3, caspase 9, and poly(adenosine 

diphosphate-ribose) polymerase (PARP) proteins, which participate in programmed cell 

death [18]. 

Since a limited number of isolated and synthesized xanthone dimers and xantho-

lignoids are found, both groups are rarely investigated as anticancer agents. On the other 

hand, thioxanthone is a xanthone derivative in which the oxygen atom of the pyran ring 

is replaced by a sulfur atom [180,181]. In 2012, Palmeira et al. reported the synthesis and 

anticancer activity of 1-substituted 4-propoxythioxanthone against K562 cancer cells. It 
was reported that compound 42 with the (N,N-diethylamino)ethylamino functional group 

at C-1 position was the most active anticancer agent. Compound 42 gave IC50 value of 1.90 
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µM, which was much lower than doxorubicin (12.0 µM) [157]. In 2015, Chen et al. synthe-

sized 3-substituted-4-chloro-thioxanthones and evaluated their anticancer activity for sev-

eral cell lines. These thioxanthone analogues were prepared by Ullmann condensation 

and Friedel–Crafts intramolecular reactions. It was known that the functional group at-

tachment at C-3 of thioxanthone enhanced its anticancer activity. Among the prepared 

thioxanthone derivatives, compound 43 showed the most promising anticancer activity. 

Compound 43 gave moderate to strong anticancer activity, with IC50 values of 7.90 and 

3.90 µM for MCF-7 and MDA-MB-468 cells, respectively. Compound 43 showed no sig-

nificant toxicity effect toward H9C2 cells (>25.0 µM), demonstrating that it could be ap-

plied as a potential candidate for an anticancer lead compound [182]. 

In 2016, Barbosa et al. examined the anticancer activity of synthetic thioxanthone de-
rivatives against MCF-7, NCI-H460, and A375-C5 cell lines. Compound 44 showed the 

most potent anticancer activity, with an IC50 value of 6.10, 6.00, and 3.60 µM against MCF-

7, NCI-H460, and A375-C5 cells, respectively. The anticancer activity was caused through 

the induced apoptosis mechanism. The modification of compound 44 to its hydrochloride 

salt form was found to enhance its solubility and bioavailability [183]. In 2020, Ataci et al. 
synthesized compound 45 and tested its cytotoxic anticancer activity against HT-29 cells. 

Compound 45 showed no anticancer activity (IC50 > 165 µM) against HT-29 cell lines. In 

contrast, UV light irradiation stimulated compound 45 to enhance its cytotoxic activity 

(IC50 = 65.5 µM). Moreover, compound 45 exhibited higher activity compared to the com-

mon chemotherapeutic agents, such as 5-fluorouracil (IC50 = 222 µM) and cisplatin (IC50 = 
66.4 µM). Under UV light irradiation, compound 45 released CO2 and produced alkyl rad-

icals, thus increasing its anticancer activity. Therefore, compound 45 has potential for its 

application as a theragnostic agent toward specific targeted cancer treatment [184]. The 

summary of the in vitro anticancer activity of xanthone derivatives is listed in Table 3. 

Meanwhile, the summary of the most promising anticancer agents based on xanthone de-

rivatives in this review article is shown in Figure 12. 

Table 3. Summary of the in vitro anticancer activity assay of reported xanthone derivatives. 

Xanthone Derivative Source IC50 (µM) (Cancer Cells) Main Mechanism Ref. 

1a 
Synthesis 

68.4 (MCF-7) Topoisomerase inhibition,  

DNA crosslinking 
[102] 

1b 3.28 (MCF-7) 

2a 

Synthesis 

1.3 (MCF-7) 

- [105] 2b 0.8 (MCF-7) 

2c 1.05 (KB)  

3 Synthesis 0.47 (CNE) Mitochondrial dysfunction [106] 

4 Synthesis 3.57 (MGC-803) Mitochondrial dysfunction [108] 

5a 
Synthesis 

25.7 (ECA109) 
DNA binding [109] 

5b 9.56 (ECA109) 

6 Synthesis 22.6 (MCF-7) DNA crosslinking [110] 

(R)-7 
Synthesis 

24.0 (MCF-7) 
DNA crosslinking [111] 

(S)-7 112 (MCF-7) 

8 Synthesis 4.59 (A549) Promoting cell cycle arrest [112] 

9 Synthesis 1.00 (-) Topoisomerase IIα inhibition [114] 

10 Synthesis 0.46 (MDA-MB-231) Apoptosis induction [115] 

11a 

Synthesis 

27.16 (SMMC-7721) 

- [116] 
11b 24.9 (A549) 

11c 6.14 (SMMC-7721) 

11d 14.02 (SMMC-7721) 

12 Synthesis 20.0 (UACC-62) - [117] 

13 Synthesis 37.8 (WiDr) Suppressing mRNA COX-2 expression [127] 
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14 Synthesis 5.21 (P388) Raf-1 and c-JNK inhibition [124] 

15a 
Synthesis 

6.34 (P388) 
c-KIT inhibition [129] 

15b 10.7 (P388) 

16 Isolation 274 (BT-549) bcr/abl gene expression inhibition [130] 

17 Synthesis 0.19 (NCl-H460) Promoting cell cycle arrest [133] 

18 Synthesis 0.19 (NCI-H460) - [12] 

19 Isolation 1.58 (WiDr) - [134] 

20 Isolation 0.74 (HeLa) Apoptosis induction [136] 

21 Isolation 6.11 (KB) - [140] 

22 Isolation 0.005 (T17) Apoptosis induction [153] 

23 
Isolation 

40.6 (A2780) 
- [154] 

24 8.10 (A2780) 

25 Synthesis 7.00 (HL-60) Apoptosis induction [157] 

26 Isolation 5.90 (LNCaP) Apoptosis induction [158] 

27 Isolation 68.5 (HT-29) Apoptosis induction [170] 

28 Synthesis 5.17 (HTC116) Topoisomerase inhibition [171] 

29 

Isolation 

2.80 (HL-60) 

Caspase activation and PG-E2 inhibition [172] 30 3.40 (HL-60) 

31 3.10 (HL-60) 

32 Synthesis 4.50 (MDA-MB-231) - [173] 

33 Synthesis 2.10 (A549) Protein kinase inhibition [174] 

34 Synthesis 3.25 (HepG2) - [175] 

35 
Isolation 

0.73 (CNE-2) 
Antiproliferative induction [176] 

36 8.61 (NCI/ADR-RES) 

37 Isolation 1.30 (HL-60) Antiproliferative induction [178] 

38 Isolation 3.35 (CNE-1) Apoptosis induction [67] 

39 
Isolation 

0.87 (HL-60) 
- [179] 

40 4.66 (PC-3) 

41 Synthesis 18.6 (HepG2) Caspase activation [18] 

42 Synthesis 1.90 (K562) - [157] 

43 Synthesis 3.90 (MDA-MB-468) - [182] 

44 Synthesis 3.60 (A375-C5) Apoptosis induction [183] 

45 Synthesis >165 (HT-29) - [184] 
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Figure 12. Summary of the most promising anticancer agents based on xanthone derivatives in this review. 
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let-derived growth factor response (PDGFR) and epidermal growth factor receptor 
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droxyxanthones with halogen substituents gave stronger binding energies (−6.87 to −7.25 

kcal/mol) than erlotinib (−6.58 kcal/mol) against EGFR protein. However, they gave 

weaker binding energies (−7.92 to −8.57 kcal/mol) than imatinib (−13.4 kcal/mol) against 

PDGFR protein. A similar hydrogen bond of Met769 with erlotinib was also found on the 

hydroxyxanthones with halogen substituents. Furthermore, the hydroxyxanthones with 

halogen substituents gave an additional hydrogen bond with Thr766; consequently, they 

gave stronger binding energy than imatinib against EGFR protein. Meanwhile, a similar 

hydrogen bond with Cys673 of imatinib was also found on the hydroxyxanthones with 

halogen substituents. However, the hydrogen bond between imatinib with Asp810 was 

not found in the hydroxyxanthones with halogen substituents; thus, it may be the reason 

why they gave weaker binding energy than imatinib against PDGFR protein [185]. On the 

other hand, the molecular docking study of xanthyl chalcone derivatives has also been 

conducted against KIT tyrosine kinases. The inhibition of KIT protein kinases led to in-

hibiting cell growth and proliferation of signal transduction on small cell lung cancer, gas-

trointestinal stromal, and myeloid leukemia cancer cells. The xanthyl xanthone deriva-

tives gave stronger binding energies (−8.79 to −10.9 kcal/mol) as well as lower inhibition 

constants (10–364 nM) than sunitinib (−8.25 kcal/mol; 890 nM), due to the presence of hy-

drogen bonds with Lys593 and Cys673 amino acid residues [186]. 

Rational design on the structure and anticancer activity of xanthone derivatives has 

been reported; however, a comprehensive and holistic point of view is still very limited. 

For example, it was reported that the hydroxyl group at C-1 position of xanthone was 

critical for the anticancer activity against MCF-7 [117]. The 1-hydroxyxanthone derivative 

was 6 times more active in the anticancer activity than xanthone with the absence of 1-

hydroxyl substituent. On the other hand, it was reported that 1,3-diacetyl groups gave 
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stronger anticancer activity against MCF-7 cells [105]. The introduction of the prenyl 

group to the 1-hydroxyxanthone was also able to dramatically increase its anticancer ac-

tivity against MCF-7 cell line [34]. Azevedo et al. stated that diethylamino at C-8 position 

together with 2,2-dimethyl-3,4-dihydropyran moiety were critical for the anticancer activ-

ity of xanthone against MCF-7 cells. On the other hand, the presence of electron-with-

drawing group on 1,3-dihydroxyxanthone enhanced anticancer activity [187]. These re-

sults are confusing, since each researcher reported based on a limited number of anti-

cancer activities of the isolated and/or synthesized xanthone derivatives. 

Quantitative structure–activity relationship (QSAR) is a computational approach to 

rationalize the relationship between the chemical structure of drugs with their biological 

activity [188]. A QSAR study on the anticancer activity of 33 haloxanthones against HepG2 

and MCF-7 cells was performed in our previous study. Haloxanthones gave anticancer 

activity against both cancer cells, due to the activation of c-JNK protein through hydrogen 

bond interactions with Met111 and Gln109, as well as halogen interactions with Met108 

and Asp112. From the QSAR analysis, it was found that IC50 of haloxanthones against 

HepG2 cancer cells can be predicted through log(IC50) = −1.198(qC7) + 9.274(qC8b) − 

1.887(qC8) − 23.35(qO carbonyl) − 6.034 (R2 = 0.94), where qX represented the charge of 

atom X. On the other hand, it was found that IC50 of haloxanthones against MCF-7 cancer 

cells can be predicted through log(IC50) = 100(LUMO) + 0.36(DM) − 3.02(qC6) − 1.71(qC4) 

− 7.98(qC1) + 7.85 (R2 = 0.89), whereas LUMO and DM represent the lowest unoccupied 

molecular orbital and dipole moment, respectively [189]. A QSAR study of xanthone de-

rivatives as topoisomerase IIα inhibitors was reported by Alam and Khan in 2014. It was 

found that IC50 of xanthones as topoisomerase IIα inhibitors can be predicted through 

pIC50 = 2.19(DE) + 0.22(n(OH)) − 0.54(LogP) − 0.469(SIB) + 0.018(SSA) + 2.57 (R2 = 0.84), 

whereas DE, n(OH), LogP, SIB, and SSA represent dielectric energy, the group count of 

hydroxyl substituents, logarithm of the partition coefficient between n-octanol and water, 

shape index basic (order 3), and solvent-accessible surface area, respectively [190]. 

A more comprehensive QSAR study on the anticancer activity of xanthone deriva-

tives was investigated by Alam and Khan in 2018 [191]. They evaluated the anticancer 

activity of more than one hundred xanthone derivatives from Garcinia species and built 

QSAR mathematic models. They reported that the IC50 value of xanthone derivatives 

against A549 cancer cell line can be predicted through log (IC50) = −39.0090(x1) − 0.8078(x2) 

− 1.0827(x3) − 0.0483(x4) + 0.5053(x5) − 0.0560 (R2 = 0.87), whereas x1 is a parameter of 

electronegativity contribution, x2 is the atom type count descriptor class, x3 is the number 

of carbon atoms connected with four single bonds, x4 is the number of C=C bonds, and x5 

is the electrotopological state of methyl group. Meanwhile, the IC50 value of xanthone de-

rivatives against HepG2 cancer cell line can be predicted through log IC50 = −0.6407(y1) − 

0.0336(y2) − 0.1278(y3) + 0.2226(y4) + 0.5877(y5) + 0.5940 (R2 = 0.87), whereas y1 is elec-

trotopological state of carbon atoms, y2 is the number of double bonds, y3 is the number 

of hydrogen bond acceptor atoms, y4 is electrotopological state of methine group, and y5 

is the number of oxygen atoms. On the other hand, the IC50 value of xanthone derivatives 

against U251 cancer cell line can be predicted through log IC50 (µM) = 0.0948(z1) + 

0.5217(z2) + 0.3687(z3) + 1.1313 (R2 = 0.86), whereas z1 is the electrotopological state of 

nitrogen atoms, z2 is the number of oxygen atoms, and z3 is the topological state of carbon 

atoms. However, a more comprehensive QSAR study involving all reported xanthone de-

rivatives against a certain cancer cell is not available yet, as of today. Therefore, computa-

tional studies on this research are still open to be investigated by researchers in the future. 

2.6. In Vivo and Clinical Anticancer Assays of Xanthone Derivatives 

The xanthone derivatives showed promising in vitro anticancer activity; thus, further 

investigation through in vivo and then clinical assays is required [168]. The in vivo test of 

α-mangostin revealed the potential usage of α-mangostin as chemotherapeutic and chem-

opreventive agents, since it could suppress tumor formation in nude mice induced 22Rv1 

cell lines. Oral administration of α-mangostin was able to reduce the growth of 22Rv1 cells 
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by more than 5 times compared to the negative control (without any oral administration 

of α-mangostin), due to the activation of the caspase-3 protein [158]. It was also reported 

that oral α-mangostin consumption reduced growth by 50–70% and reduced 40% of the 

mass of NL-17 cancer cells in the mice by suppressing the cell proliferation and activation 

of apoptotic mechanisms [192]. A similar result for the oral administration of α-mangostin 

was also reported to be effective for COLO-205 and HCT-116 cells [193]. Meanwhile, in-

traperitoneal injection of α-mangostin on the mice inhibited 50% of the growth of 

GBM8401 due to the increment of adenosine monophosphate-activated protein kinase 

(AMPK) protein thus triggering the autophagy of cancer cells [194]. On the other hand, γ-

mangostin was reported for its ability for HT-29 cells through mitochondrial collapse and 

apoptosis pathways [170]. An in vivo investigation on mice through oral administration 

of γ-mangostin was conducted. After 1.5 h, the γ-mangostin compound was mostly found 

in the blood plasma of mice [130]. 

It was reported that panaxanthone (a mixture of α-mangostin and γ-mangostin in 6:1 

wt/wt) inhibited the DNA replication and induced the G1 phase cell cycle arrest of cancer 

cells [195]. Subcutaneous injection of panaxanthone significantly inhibited the metastatic 

growth of BJMC3879 cancer cells in the mice. The inhibitory activity was related to the 

activation of caspase-3 and caspase-9 proteins, with a loss of cytochrome c from the mito-

chondria causing the collapse of the mitochondria membrane potential of cancer cells 

[196]. On the other hand, subcutaneous injection xanthone extract from Garcinia man-

gostana fruit rinds containing 81% of α-mangostin and 16% of γ-mangostin significantly 

reduced the tumor volume of HCT-116 on mice. The inhibitory activity was related to the 

induction of apoptosis and inhibition of cancer cells migration, invasion, and clonogenic-

ity [197]. 

A clinical study for mangosteen juice (containing 3.90 g/L of α-mangostin) to the hu-

man group (20 people) was conducted [198]. It was found that maximum α-mangostin 

concentration was up to 3.10 µg/L, while the time to maximum plasma concentration 

(Tmax) was found to be at 1 h, with a decrement to 65% after 4 h. A similar result was 

reported in China for maximum α-mangostin concentration (4.20 µg/L) and Tmax (1 h) 

value in the human group (20 people) [199]. In 2012, Chitchumroonchokchai and cowork-

ers reported the clinical study of mangosteen juice (containing 1.22 g/L of α-mangostin) 

to the human group (10 people) with a high-fat breakfast. It was found that the maximum 

α-mangostin concentration was up to 0.45 µg/L, while the Tmax value was found to be at 

2–4 h on average [200]. Faster distribution of α-mangostin can be achieved through intra-

venous administration. It was reported that, after intravenous injection, the α-mangostin 

was metabolized to form in its hydrogenated, oxidized, glucuronidated, and methylated 

forms [201]. 

Detailed anticancer investigation on DMXAA has also been reported. The DMXAA 

leads to vascular collapse and tumor necrosis through tumor necrosis factor-α induction. 

Synergistic anticancer activity with chemotherapy agents such as doxorubicin, imatinib, 

erlotinib, and sunitinib, as well as with the cancer radiotherapy technique has been re-

ported. DMXAA exhibited low toxicity to the normal cells with suitable pharmacokinetic 

parameters. Furthermore, the clinical trials of DMXAA as the anticancer agent have been 

evaluated in New Zealand and the United Kingdom. The phase I clinical trial of DMXAA 

to 63 patients gave no drug-related myelosuppression. The DMXAA was well tolerated 

up to 4900 mg/m2 dose. At a higher dose, the DMXAA gave the side effects of visual dis-

turbance, tremors, confusion, slurred speech, and anxiety [202]. Unfortunately, the 

DMXAA only gives strict species-specificity to the mouse stimulator of interferon genes 

(STING), with no significant activity against human STING in phase III clinical trial. Re-

searchers are doing their best to modify the chemical structure of DMXAA, to obtain more 

active anticancer agents such as in alkylated-, alkoxylated-, fluorinated-, hydrazonated-, 

cyclic-, and heterocyclic substituted-derivatives [203]. However, no significant improve-

ment in anticancer activity has been achieved yet. 
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As an isostere of xanthone, thioxanthones have similar structures and physicochem-

ical properties to xanthone derivatives [204]. Nowadays, dozens of thioxanthone deriva-

tives are under investigation for a possible application as anticancer agents [99,205]. Hy-

canthone and lucanthone are anticancer drug candidates based on thioxanthone structure 

[206]. Their anticancer activity was related to the topoisomerase inhibition and DNA in-

tercalation mechanisms. However, their clinical trials were stopped due to their muta-

genic effect. Other potential anticancer agents based on thioxanthones are SR233377 and 

SSR271425. However, their clinical trials were also withdrawn due to their cardiotoxic 

effect [207–209]. The chemical structures of DMXAA, hycanthone, lucanthone, SR233377, 

and SSR271425 are shown in Figure 13. 

 

Figure 13. Evaluated xanthone derivatives as the anticancer agents through in vitro assay. 

The most serious drawbacks for the utilization of xanthone derivatives as the anti-

cancer agent are their poor solubility in water and their reactivity to be transformed into 

phase 2 conjugates form. Therefore, further technologies are critical to overcome these 

limitations [210,211]. It was reported that the coating of gambogic acid in the form of na-

noparticles core shell dramatically increased its anticancer activity against HepG2 and 

A549 cancer cells due to the intracellular drug delivery process [212]. To overcome the 

poor solubility of thioxanthone, Yilmaz et al. prepared polymeric thioxanthone materials 

and evaluated their anticancer activity against A549 cells in the radiotherapy process. Ra-

diotherapy is sometimes used to enhance the activity of anticancer agents through ioniz-

ing radiation. It was reported that ionizing radiation acts as a sensitizer to enhance the 

inhibition of cancer cells proliferation. The thioxanthone derivative was connected to pol-

yvinyl alcohol and polyethylene glycol materials through covalent bonds. Two types of 

polymer materials were prepared: thioxanthone-polyethylene glycol through C-N amide 

bond, and thioxanthone-polyvinyl alcohol through C-O acetal bond. The thioxanthone-

polyvinyl alcohol did not decrease the A549 cell viability percentage at 0.03 mg/mL. In 

contrast, thioxanthone-polyethylene glycol decreased the A549 cell viability percentage to 

70% at the same concentration. It means that thioxanthone-polyethylene glycol gave a 

higher anticancer activity against A549 cancer cells than thioxanthone-polyvinyl alcohol. 

Radiating the thioxanthone-polyethylene glycol material with 2.5 Gy exposure drastically 

decreased the A549 cell viability percentage to 30%. This research offers an option for the 

usage of low solubility xanthone and/or thioxanthone derivatives for in vivo and clinical 

uses [213]. In contrast to the reports on the clinical study of α-mangostin and DMXAA 

that are available now, the reports on both in vivo and clinical study of other xanthone 

derivatives are very limited. Therefore, extensive efforts are still needed for the develop-

ment of the anticancer drug for our better health and future. 

3. Conclusions and Future Direction 

This review highlights the potential anticancer of xanthone derivatives, contributing 

to the design and develop of new drugs. Both isolated and synthesized xanthone deriva-

tives have been proven to have promising anticancer activities against breast, hepatoma, 

cervix, colorectal, ovarian, lung, gastric, leukemia, skin, epidermoid nasopharynx, pros-

tate, neuron, brain glioblastoma, and other cancer cells through in vitro assay. However, 

their further evaluation as anticancer agents through in vivo and clinical assays is still 
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limited as of today. Furthermore, a comprehensive QSAR study for the better design of 

anticancer drugs based on the xanthone structure has not yet been established. These re-

search gaps require extensive collaborations and contributions from researchers around 

the world to further develop active, selective, and efficient anticancer drugs based on xan-

thone derivatives. 

Author Contributions: Conceptualization, J. and Y.S.K.; Writing—original draft preparation, 

Y.S.K., K.T.A.P. and J.; writing—review and editing, J., H.D.P., E.N.S., A.K.Z., H.A.F. and J.J. All 

authors have read and agreed to the published version of the manuscript. 

Funding: The financial support from KEMENDIKBUD-RISTEK The Republic of Indonesia through 

the World Class Research grant 2021–2023 with contract number 4492/UN1/DITLIT/DIT-

LIT/PT/2021 is greatly acknowledged. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Data sharing not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Hassanpour, S.H.; Dehghani, M. Review of cancer from perspective of molecular. J. Cancer Res. Pract. 2017, 4, 127–129, 

https://doi.org/10.1016/j.jcrpr.2017.07.001. 

2. Kotecha, R.; Takami, A.; Espinoza, J.L. Dietary phytochemicals and cancer chemoprevention: A review of the clinical evidence. 

Oncotarget 2016, 7, 52517–52529, https://doi.org/10.18632/oncotarget.9593. 

3. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30, https://doi.org/10.3322/caac.21590. 

4. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2021. CA Cancer J. Clin. 2021, 71, 7–33, https://doi.org/10.3322/caac.21654. 

5. Blackadar, C.B. Historical review of the causes of cancer. World J. Clin. Oncol. 2016, 7, 54–86, https://doi.org/10.5306/wjco.v7.i1.54. 

6. Carugo, A.; Draetta, G.F. Academic discovery of anticancer drugs: Historic and future perspectives. Annu. Rev. Cancer Biol. 2019, 

3, 385–408, https://doi.org/10.1146/annurev-cancerbio-030518-055645. 

7. Olgen, S. Overview on anticancer drug design and development. Curr. Med. Chem. 2018, 25, 1704–1719, 

https://doi.org/10.2174/0929867325666171129215610. 

8. Buyel, J.F. Plants as sources of natural and recombinant anti-cancer agents. Biotech. Adv. 2018, 36, 506–520, 

https://doi.org/10.1016/j.biotechadv.2018.02.002. 

9. Falzone, L.; Salomone, S.; Libra, M. Evolution of cancer pharmacological treatments at the turn of the third millenium. Front. 

Pharmacol. 2018, 9, 1300, https://doi.org/10.3389/fphar.2018.01300. 

10. Resende, D.I.S.P.; Pereira-Terra, P.; Moreira, J.; Freitas-Silva, J.; Lemos, A.; Gales, L.; Pinto, E.; De Sousa, M.E.; Da Costa, P.M.; 

Pinto, M.M.M. Synthesis of a small library of nature-inspired xanthones and study of their antimicrobial activity. Molecules 2020, 

25, 2405, https://doi.org/10.3390/molecules25102405. 

11. Ren, Y.; de Blanco, E.J.C.; Fuchs, J.R.; Soejarto, D.D.; Burdette, J.E.; Swanson, S.M.; Kinghorn, A.D. Potential anticancer agents 

characterized from selected tropical plants. J. Nat. Prod. 2019, 82, 657–679, https://doi.org/10.1021/acs.jnatprod.9b00018. 

12. Alves, A.; Correia-da-Silva, M.; Nunes, C.; Campos, J.; Sousa, E.; Silva, P.M.A.; Bousbaa, H.; Rodrigues, F.; Ferreira, D.; Costa, 

P.C.; et al. Discovery of a new xanthone against glioma: Synthesis and development of (pro)liposome formulations. Molecules 

2019, 24, 409, https://doi.org/10.3390/molecules24030409. 

13. Chukaew, A.; Saithong, S.; Chusri, S.; Limsuwan, S.; Watanapokasin, R.; Voravuthikunchai, S.P.; Chakthong, S. Cytotoxic xan-

thones from the roots of Mesua ferrea L. Phytochemistry 2019, 157, 64–70, https://doi.org/10.1016/j.phytochem.2018.10.008. 

14. Lemos, A.; Gomes, A.S.; Loureiro, J.B.; Brandao, P.; Palmeira, A.; Pinto, M.M.M.; Saraiva, L.; Sousa, M.E. Synthesis, biological 

evaluation, and in silico studies of novel aminated xanthones as potential p53-activating agents. Molecules 2019, 24, 1975, 

https://doi.org/10.3390/molecules24101975. 

15. Raksat, A.; Maneerat, W.; Andersen, R.J.; Pyne, S.G.; Laphookhieo, S. A tocotrienol quinone dimer and xanthones from the leaf 

extract of Garcinia nigrolineata. Fitoterapia 2019, 136, 104175, https://doi.org/10.1016/j.fitote.2019.104175. 

16. Zhang, B.J.; Fu, W.-W.; Wu, R.; Yang, J.-L.; Yao, C.-Y.; Yan, B.-X.; Tan, H.-S.; Zheng, C.-W.; Song, Z.-J.; Xu, H.-X. Bioactive 

scalemic caged xanthones from the leaves of Garcinia bracteata. Bioorg. Chem. 2019, 82, 274–283, 

https://doi.org/10.1016/j.bioorg.2018.10.041. 

17. Zhang, H.; Zheng, D.; Ding, Z.J.; Lao, Y.Z.; Tan, H.S.; Xu, H.X. UPLC-PDA-QTOFMS-guided isolation of prenylated xanthones 

and benzoylphloroglucinols from the leaves of Garcinia oblongifolia and their migration-inhibitory activity. Sci. Rep. 2016, 6, 

35789, https://doi.org/10.1038/srep35789. 

18. Liu, J.; Bao, H.; Wang, H.; Luo, Q.; Zuo, J.; Liu, Z.; Qiu, S.; Sun, X.; Liu, X. Synthesis of xanthone derivatives and anti-hepatocel-

lular carcinoma potency evaluation: Induced apoptosis. RSC Adv. 2019, 9, 40781–40791, https://doi.org/10.1039/c9ra06408g. 



Pharmaceuticals 2021, 14, 1144 33 of 41 
 

 

19. Na, Y. Recent cancer drug development with xanthone structures. J. Pharm. Pharmacol. 2009, 61, 707–712, 

https://doi.org/10.1211/jpp/61.06.0002. 

20. Roberts, J.C. Naturally occurring xanthones. Chem. Rev. 1961, 61, 591–605, https://doi.org/10.1021/cr60214a003. 

21. Pinto, M.M.M.; Palmeira, A.; Fernandes, C.; Resende, D.I.S.P.; Sousa, E.; Cidade, H.; Tiritan, M.E.; da Silva, M.C.; Cravo, S. From 

natural products to new synthetic small molecules: A journey through the world of xanthones. Molecules 2021, 26, 431, 

https://doi.org/10.3390/molecules26020431. 

22. Shagufta, S.; Ahmad, I. Recent insight into the biological activities of synthetic xanthone derivatives. Eur. J. Med. Chem. 2016, 

116, 267–280, https://doi.org/10.1016/j.ejmech.2016.03.058. 

23. Araújo, J.; Fernandes, C.; Pinto, M.; Tiritan, M.E. Chiral derivatives of xanthones with antimicrobial activity. Molecules 2019, 24, 

314, https://doi.org/10.3390/molecules24020314. 

24. Santos, C.M.M.; Freitas, M.; Fernandes, E. A comprehensive review on xanthone derivatives as α-glucosidase inhibitor. Eur. J. 

Med. Chem. 2018, 157, 1460–1479, https://doi.org/10.1016/j.ejmech.2018.07.073. 

25. Salman, Z.; Yu-Qing, J.; Bin, L.; Cai-Yun, P.; Iqbal, C.M.; Atta-ur, R.; Wei, W. Antioxidant nature adds further therapeutic value: 

An updated review on natural xanthones and their glycosides. Digit. Chin. Med. 2019, 2, 166–192, 

https://doi.org/10.1016/j.dcmed.2019.12.005. 

26. Cruz, M.I.; Cidade, H.; Pinto, M. Dual/multitargeted xanthone derivatives for Alzheimer’s disease: Where do we stand? Future 

Med. Chem. 2017, 9, 1611–1630, https://doi.org/10.4155/fmc-2017-0086. 

27. Gunter, N.V.; Teh, S.S.; Lim, Y.M.; Mah, S.H. Natural xanthones and skin inflammatory disease: Multitargeting mechanisms of 

action and potential application. Front. Pharmacol. 2020, 11, 594202, https://doi.org/10.3389/fphar.2020.594202. 

28. Feng, Z.; Lu, X.; Gan, L.; Zhang, Q.; Lin, L. Xanthones, a promising anti-inflammatory scaffold: Structure, activity, and drug 

likeness analysis. Molecules 2020, 25, 598, https://doi.org/10.3390/molecules25030598. 

29. Rosa, G.P.; Palmeira, A.; Resende, D.I.S.P.; Almeida, I.F.; Kane-Pagès, A.; Barreto, M.C.; Sousa, E.; Pinto, M.M.M. Xanthones for 

melanogenesis inhibition: Molecular docking and QSAR studies to understand their anti-tyrosinase activity. Bioorg. Med. Chem. 

2021, 29, 115873, https://doi.org/10.1016/j.bmc.2020.115873. 

30. Yu, F.-C.; Lin, X.-R.; Liu, Z.-C.; Zhang, J.-H.; Liu, F.-F.; Wu, W.; Ma, Y.-L.; Qu, W.-W.; Yan, S.-J.; Lin, J. Beyond the antagonism: 

Self-labeled xanthone inhibitors as modeled “two-in-one” drugs in cancer therapy. ACS Omega 2017, 2, 873–889, 

https://doi.org/10.1021/acsomega.6b00545. 

31. Huang, Q.; Wang, Y.; Wu, H.; Yuan, M.; Zheng, C.; Xu, H. Xanthone glucosides: Isolation, bioactivity and synthesis. Molecules 

2021, 26, 5575, https://doi.org/10.3390/molecules26185575. 

32. Zhang, B.J.; Fu, W.-W.; Wu, R.; Yang, J.-L.; Yao, C.-Y.; Yan, B.-X.; Tan, H.-S.; Zheng, C.-W.; Song, Z.-J.; Xu, H.-X. Cytotoxic 

prenylated xanthones from the leaves of Garcinia bracteata. Planta Med. 2019, 85, 444–452, https://doi.org/10.1055/a-0828-9831. 

33. Markowicz, J.; Uram, L.; Sobich, J.; Mangiardi, L.; Maj, P.; Rode, W. Antitumor and anti-nematode activities of α-mangostin. 

Eur. J. Pharmacol. 2019, 863, 172678, https://doi.org/10.1016/j.ejphar.2019.172678. 

34. Castanheiro, R.A.P.; Silva, A.M.S.; Campos, N.A.N.; Nascimento, M.S.J.; Pinto, M.M.M. Antitumor activity of some prenylated 

xanthones. Pharmaceuticals 2009, 2, 33–43, https://doi.org/10.3390/ph2020033. 

35. Bedi, P.; Gupta, R.; Pramanik, T. Synthesis and biological properties of pharmaceutically important xanthones and benzoxan-

thone analogs: A brief review. Asian J. Pharm. Clin. Res. 2018, 11, 12–20, https://doi.org/10.22159/ajpcr.2018.v11i2.22426. 

36. Klein-Junior, L.C.; Campos, A.; Niero, R.; Correa, R.; Heyden, Y.V.; Filho, V.C. Xanthones and cancer: From natural sources to 

mechanisms of action. Chem. Biovers. 2020, 17, e1900499, https://doi.org/10.1002/cbdv.201900499. 

37. Ibrahim, M.Y.; Hashim, N.M.; Mariod, A.A.; Mohan, S.; Abdulla, M.A.; Abdelwahab, S.I.; Arbab, I.A. α-Mangostin from Garcinia 

mangostana Linn: An updated review of its pharmacological properties. Arab. J. Chem. 2016, 9, 317–329, 

https://doi.org/10.1016/j.arabjc.2014.02.011. 

38. Pinto, M.M.M.; Castanheiro, R.A.P.; Kijjoa, A. Xanthones from marine-derived microorganism: Isolation, structure elucidation, 

and biological activities. In Encyclopedia of Analytical Chemistry: Applications, Theory and Instrumentation; Meyers, R.A., Ed.; John 

Wiley & Sons: Hoboken, NJ, USA, 2014; pp. 12–17, https://doi.org/10.1002/9780470027318.a9927. 

39. Arends, P.; Helboe, P. Xanthone studies. IV. Hydroxyl proton chemical shifts in the structural investigation of xanthones. Acta 

Chem. Scand. 1972, 26, 4180–4182, https://doi.org/10.3891/acta.chem.scand.26-4180. 

40. Ohtani, I.; Kusumi, T.; Kashman, Y.; Kakisawa, H. High-field FT NMR application of Mosher’s method. the absolute configura-

tions of marine terpenoids. J. Am. Chem. Soc. 1991, 113, 4092–4096, https://doi.org/10.1021/ja00011a006. 

41. Fernandes, C.; Carraro, M.L.; Ribeiro, J.; Araujo, J.; Tiritan, M.E.; Pinto, M.M.M. Synthetic chiral derivatives of xanthones: Bio-

logical activities and enantioselectivity studies. Molecules 2019, 24, 791, https://doi.org/10.3390/molecules24040791. 

42. Sukandar, E.R.; Kaennakam, S.; Rassamee, K.; Ersam, T.; Siripong, P.; Tip-pyang, S. Tetrandraxanthones A−I, prenylated and 

geranylated xanthones from the stem bark of Garcinia tetrandra. J. Nat. Prod. 2019, 82, 1312–1318, 

https://doi.org/10.1021/acs.jnatprod.9b00046. 

43. Sukandar, E.R.; Kaennakam, S.; Rassamee, K.; Siripong, P.; Fatmawati, S.; Ersam, T.; Tip-pyang, S. Xanthones and biphenyls 

from the stems of Garcinia cylindrocarpa and their cytotoxicity. Fitoterapia 2018, 130, 112–117, 

https://doi.org/10.1016/j.fitote.2018.08.019. 

44. Yang, H.X.; Li, W.; Li, Q.; Ai, H.-L.; Li, Z.-H.; Huang, R.; Feng, T.; Liu, J.-K. Piperidine alkaloids and xanthone from the roots of 

Caulophyllum robustum Maxim. Fitoterapia 2019, 132, 22–25, https://doi.org/10.1016/j.fitote.2018.07.014. 



Pharmaceuticals 2021, 14, 1144 34 of 41 
 

 

45. Meechai, I.I.; Phupong, W.; Chunglok, W.; Meepowpan, P. Dihydroosajaxanthone: A new natural xanthone from the branches 

of Garcinia schomburgkiana Pierre. Iran J. Pharm. Res. 2018, 17, 1347–1352. 

46. He, K.; Fan, L.-L.; Wu, T.-T.; Du, J. A new xanthone glycoside from Pyrrosia sheareri. Nat. Prod. Res. 2019, 33, 2982–2987, 

https://doi.org/10.1080/14786419.2018.1514398. 

47. Ishaque, M.; Bibi, Y.; Qayyum, A.; Iriti, M. Isolation and structural confirmation of xanthone isomers from Dryopteris ramose 

(Hope) C. Chr. and their in vitro antioxidant mechanism. Arab. J. Sci. Eng. 2021, 46, 5327–5337, https://doi.org/10.1007/s13369-

020-05097-y. 

48. Tanjung, M.; Tjahjandarie, T.S.; Saputri, R.D.; Kurnia, B.D.; Rachman, M.F.; Syah, Y.M. Calotetrapterins A-C, three new py-

ranoxanthones and their cytotoxicity from the stem bark of Calophyllum tetrapterum Miq. Nat. Prod. Res. 2021, 35, 407–412, 

https://doi.org/10.1080/14786419.2019.1634714. 

49. Tanaka, N.; Kashiwada, Y. Characteristic metabolites of Hypericum plants: Their chemical structures and biological activities. 

J. Nat. Med. 2021, 75, 423–433, https://doi.org/10.1007/s11418-021-01489-y. 

50. Umoh, Y.F.; Thomas, P.S.; Essien, E.E.; Okokon, J.E.; Leo, M.D.; Ajibesin, K.K.; Flamini, G.; Eseyin, O.A. Isolation and charac-

terization of bioactive xanthones from Hippocratea africana (Willd.)Loes.ex Engl. (Celastraceae). J. Ethnopharmacol. 2021, 280, 

114031, https://doi.org/10.1016/j.jep.2021.114031. 

51. Jo, Y.H.; Kim, S.B.; Ahn, J.H.; Turk, A.; Kown, E.-B.; Kim, M.-O.; Hwang, B.Y.; Lee, M.K. Xanthones from the stems of Cudrania 

tricuspidata and their inhibitory effects on pancreatic lipase and fat accumulation. Bioorg. Chem. 2019, 92, 103234, 

https://doi.org/10.1016/j.bioorg.2019.103234. 

52. Tang, Y.X.; Fu, W.-W.; Xi, Z.-C.; Yang, J.-L.; Zheng, C.-W.; Lu, Y.; Shen, Z.-W.; Xu, H.-X. Xanthone derivatives from the leaves 

of Garcinia oligantha. Eur. J. Med. Chem. 2019, 181, 111536, https://doi.org/10.1016/j.ejmech.2019.07.039. 

53. Kurniawan, Y.S.; Fahmi, M.R.G.; Yuliati, L. Isolation and optical properties of natural pigments from purple mangosteen peels. 

IOP Conf. Ser. 2020, 833, 012018, https://doi.org/10.1088/1757-899X/833/1/012018. 

54. Birch, A.J.; Baldas, J.; Hlubucek, J.R.; Simpson, T.J.; Westerman, P.W. Biosynthesis of the fungal xanthone ravenelin. J. Chem. 

Soc. Perkin Trans. I 1976, 8, 898–904, https://doi.org/10.1039/P19760000898. 

55. Fujita, M.; Inoue, T. New hypocholesterolemic abietamide derivatives. structure-activity relationship. Chem. Pharm. Bull. 1980, 

28, 453–458, https://doi.org/10.1248/cpb.28.453. 

56. Anantachoke, N.; Tuchinda, P.; Kuhakarn, C.; Pohmakotr, M.; Reutrakul, V. Prenylated caged xanthones: Chemistry and biol-

ogy. Pharm. Biol. 2012, 50, 78–91, https://doi.org/10.3109/13880209.2011.636176. 

57. Kumla, D.; Dethoup, T.; Gales, L.; Pereira, J.A.; Freitas-Silva, J.; Costa, P.M.; Silva, A.M.S.; Pinto, M.M.M.; Kijjoa, A. Erubescen-

soic Acid, a new polyketide and a xanthonopyrone SPF-3059-26 from the culture of the marine sponge-associated fungus peni-

cillium erubescens KUFA 0220 and Antibacterial activity evaluation of some of its constituents. Molecules 2019, 24, 208, 

https://doi.org/10.3390/molecules24010208. 

58. Loureiro, D.R.P.; Soares, J.X.; Costa, J.C.; Magalhães, Á .F.; Azevedo, C.M.G.; Pinto, M.M.M.; Afonso, C.M.M. Structures, activi-

ties and drug-likeness of anti-infective xanthone derivatives isolated from the marine environment: A review. Molecules 2019, 

24, 243, https://doi.org/10.3390/molecules24020243. 

59. Fouche, G.; Cragg, G.M.; Pillay, P.; Kolesnikova, N.; Maharaj, V.J.; Senabe, J. In vitro anticancer screening of South African 

plants. J. Ethnopharmacol. 2008, 119, 455.461, https://doi.org/10.1016/j.jep.2008.07.005. 

60. Malmstrøm, J.; Christophersen, C.; Barrero, A.F.; Oltra, J.E.; Justicia, J.; Rosales, A. Bioactive metabolites from a marine-derived 

strain of the fungus Emericella variecolor. J. Nat. Prod. 2002, 65, 364–367, https://doi.org/10.1021/np0103214. 

61. Shao, C.; Wang, C.; Wei, M.; Gu, Y.; She, Z.; Lin, Y. Structure elucidation of two new xanthone derivatives from the marine 

fungus Penicillium sp. (ZZF 32#) from South China Sea. Magn. Reson. Chem. 2008, 46, 1066–1069, https://doi.org/10.1002/mrc.2293. 

62. Lee, Y.M.; Li, H.; Hong, J.; Cho, H.Y.; Bae, K.S.; Kim, M.A.; Kim, D.-K.; Jung, J.H. Bioactive metabolites from the sponge-derived 

fungus Aspergillus versicolor. Arch. Pharm. Res. 2010, 33, 231–235, https://doi.org/10.1007/s12272-010-0207-4. 

63. Huang, Z.; Yang, R.; Guo, Z.; She, Z.; Lin, Y. A new xanthone derivative from mangrove endophytic fungus No. ZSU-H16. 

Chem. Nat. Compd. 2010, 46, 348–351, https://doi.org/10.1007/s10600-010-9614-5. 

64. Xu, J. Biomolecules produced by mangrove-associated microbes. Curr. Med. Chem. 2011, 18, 5224–5266, 

https://doi.org/10.2174/092986711798184307. 

65. Tang, Y.X.; Fu, W.W.; Wu, R.; Tan, H.S.; Shen, Z.W.; Xu, H.X. Bioassay-guided isolation of prenylated xanthone derivatives 

from the leaves of Garcinia oligantha. J. Nat. Prod. 2016, 79, 1752–1761, https://doi.org/10.1021/acs.jnatprod.6b00137. 

66. Yang, R.; Li, P.; Li, N.; Zhang, Q.; Bai, X.; Wang, L.; Xiao, Y.; Sun, L.; Yang, Q.; Yan, J. Xanthones from the pericarp of Garcinia 

mangostana. Molecules 2017, 22, 683, https://doi.org/10.3390/molecules22050683. 

67. Wei, L.K.; Zamakshshari, N.H.; Ee, G.C.L.; Mah, S.H.; Nor, S.M.M. Isolation and structural modifications of ananixanthone from 

Calophyllum teysmannii and their cytotoxic activities. Nat. Prod. Res. 2018, 32, 2147–2151, 

https://doi.org/10.1080/14786419.2017.1367781. 

68. Kaennakam, S.; Mudsing, K.; Rassamee, K.; Siripong, P.; Tip-pyang, S. Two new xanthones and cytotoxicity from the bark of 

Garcinia schomburgkiana. J. Nat. Med. 2019 73, 257–261, https://doi.org/10.1007/s11418-018-1240-8. 

69. Zamakshshari, N.H.; Ee, G.C.L.; Ismail, I.S.; Ibrahim, Z.; Mah, S.H. Cytotoxic xanthones isolated from Calophyllum depressiner-

vosum and Calophyllum buxifolium with antioxidant and cytotoxic activities. Food Chem. Toxicol. 2019, 133, 110800, 

https://doi.org/10.1016/j.fct.2019.110800. 



Pharmaceuticals 2021, 14, 1144 35 of 41 
 

 

70. Oanh, V.T.K.; Thoa, H.T.; Hang, N.T.M.; Phuong, D.T.L.; Lien, N.T.P.; Popova, M.; Trusheva, B.; Bankova, V.; Le, T.N. New 

dihydrochromene and xanthone derivatives from Lisotrigona furva propolis. Fitoterapia 2021, 149, 104821, 

https://doi.org/10.1016/j.fitote.2020.104821. 

71. Wang, Y.J.; Ma, N.; Liu, C.-Y.; Feng, Y.-X.; Zhang, F.-X.; Li, C.; Pei, Y.-H. Xanthones and anthraquinones from the soil fungus 

Penicillium sp. DWS10-P-6. RSC Adv. 2021, 11, 3162–3167, https://doi.org/10.1039/D0RA08141H. 

72. Kostanecki, S.V.; Nessler, B. Synthesen von oxyxanthonen. Ber. Dtsch. Chem. Ges. 1891, 24, 1894–1897. 

73. Grover, P.K.; Shah, G.D.; Shah, R.C. Xanthones. Part IV. A new synthesis of hydroxyxanthones and hydroxybenzophenones. J. 

Chem. Soc. 1955, 3982–3985, https://doi.org/10.1039/JR9550003982. 

74. Sousa, M.E.; Pinto, M.M.M. Synthesis of xanthones: An overview. Curr. Med. Chem. 2005, 12, 2447–2479, 

https://doi.org/10.2174/092986705774370736. 

75. Liu, G.; Wu, C.; Chen, B.; He, R.; Chen, C. Concise synthesis of xanthones by the tandem etherification: Acylation of diarylio-

donium salts with salicylates. Chin. Chem. Lett. 2018, 29, 985–988, https://doi.org/10.1016/j.cclet.2017.11.046. 

76. Atwell, G.J.; Yang, S.; Denny, W.A. An improved synthesis of 5,6-dimethylxanthenone-4-acetic acid (DMXAA). Eur. J. Med. 

Chem. 2002, 37, 825–828, https://doi.org/10.1016/s0223-5234(02)01406-x. 

77. Otrubova, K.; Fitzgerald, A.E.; Mani, N.S. A novel entry to xanthones by an intramolecular Diels-Alder reaction involving 2-

(1,2-dichlorovinyloxy)aryldienones. Tetrahedron 2018, 74, 5715–5724, https://doi.org/10.1016/j.tet.2018.08.007. 

78. Nagarajan, S.; Arjun, P.; Raaman, N.; Das, T.M. Regioselective facile one-pot Friedländer synthesis of sugar-based heterocyclic 

biomolecules. Carbohydr. Res. 2010, 345, 1988–1997, https://doi.org/10.1016/j.carres.2010.07.016. 

79. Kurniawan, Y.S.; Priyangga, K.T.A.; Krisbiantoro, P.A.; Imawan, A.C. Green chemistry influences in organic synthesis: A Re-

view. J. Multidiscipl. Appl. Nat. Sci. 2021, 1, 1–12, https://doi.org/10.47352/jmans.v1i1.2. 

80. Zhang, X.J.; Yang, L.; Wu, Y.J.; Du, J.Y.; Mao, Y.L.; Wang, X.; Luan, S.J.; Lei, Y.H.; Li, X.; Sun, H.P.; et al. Microwave-assisted 

transition-metal-free intramolecular Ullmann-type O-arylation in water for the synthesis of xanthones and azaxanthones. Tet-

rahedron Lett. 2014, 55, 4883–4887, https://doi.org/10.1016/j.tetlet.2014.07.003. 

81. Genovese, S.; Fiorito, S.; Specchiulli, M.C.; Taddeo, V.A.; Epifano, F. Microwave-assisted synthesis of xanthones promoted by 

ytterbium triflate. Tetrahedron Lett. 2015, 56, 847–850, https://doi.org/10.1016/j.tetlet.2014.12.123. 

82. Shen, C.R.; Wu, X.F. Selective preparation of xanthones from 2-bromofluorobenzenes and salicylaldehydes via palladium-cat-

alyzed acylation-SNAr approach. Synlett 2016, 27, 1269–1273, https://doi.org/10.1055/s-0035-1561563. 

83. Liang, Y.E.; Barve, B.D.; Kuo, Y.-H.; Fang, H.-W.; Kuo, T.-S.; Li, W.-T. Metal-free, DBU-mediated, microwave assisted synthesis 

of benzo[c]xanthones by tandem reactions of alkynyl-1,3-diketones. Adv. Synth. Catal. 2021, 363, 505–511, 

https://doi.org/10.1002/adsc.202001169. 

84. Steingruber, H.S.; Mendioroz, P.; Diez, A.S.; Gerbino, D.C. A green nanopalladium-supported catalyst for the microwave-as-

sisted direct synthesis of xanthones. Synthesis 2020, 52, 619–628, https://doi.org/10.1055/s-0039-1691069. 

85. Fu, Y.; Fan, B.; Chen, H.; Huang, H.; Hu, Y. Promiscuous enzyme-catalyzed cascade reaction: Synthesis of xanthone derivatives. 

Bioorg. Chem. 2018, 80, 555–559, https://doi.org/10.1016/j.bioorg.2018.06.034. 

86. Zhao, L.Z.; Xie, F.C. Cheng, G. A base-promoted tandem reaction of 3-(1-alkynyl)chromones with 1,3-dicarbonyl compounds: 

An efficient approach to functional xanthones. Ang. Chem. Int. 2009, 48, 6520–6523, https://doi.org/10.1002/anie.200902618. 

87. Bornadiego, A.; Diaz, J.; Marcos, C.F. Expedious multicomponent synthesis of xanthone dimers. Proceedings 2019, 9, 13, 

https://doi.org/10.3390/ecsoc-22-05766. 

88. Loureiro, D.R.P.; Soares, J.X.; Maia, A.; Silva, A.M.N.; Rangel, M.; Azevedo, C.M.G.; Hansen, S.V.; Ulven, T.; Pinto, M.M.M.; 

Reis, S.; et al. One-pot synthesis of xanthone by carbonylative Suzuki coupling reaction. ChemistrySelect 2021, 6, 4511–4514, 

https://doi.org/10.1002/slct.202101394. 

89. Resende, D.I.S.P.; Duraes, F.; Maia, M.; Sousa, E.; Pinto, M.M.M. Recent advances in the synthesis of xanthones and azaxantho-

nes. Org. Chem. Front. 2020, 7, 3027–3066, https://doi.org/10.1039/D0QO00659A. 

90. Loureiro, D.R.P.; Magalhães, Á .F.; Soares, J.X.; Pinto, J.; Azevedo, C.M.G.; Vieira, S.; Henriques, A.; Ferreira, H.; Neves, N.; 

Bousbaa, H.; Reis, S.; et al. Yicathins B and C and analogues: Total synthesis, lipophilicity and biological activities. 

ChemMedChem 2020, 15, 749–755, https://doi.org/10.1002/cmdc.201900735. 

91. Xu, D.; Nie, Y.; Liang, X.; Ji, L.; Hu, S.; You, Q.; Wang, F.; Ye, H.; Wang, J. A concise and efficient total synthesis of α-mangostin 

and β-mangostin from Garcinia mangostana. Nat. Prod. Commun. 2013, 8, 1101–1103. 

92. Wei, X.; Liang, D.; Wang, Q.; Meng, X.; Li, Z. Total synthesis of mangiferin, homomangiferin, and neomangiferin. Org. Biomol. 

Chem. 2016, 14, 8821–8831, https://doi.org/10.1039/ c6ob01622g. 

93. Ito, S.; Kitamura, T.; Arulmozhiraja, S.; Manabe, K.; Tokiwa, H.; Suzuki, Y. Total synthesis of Termicalcicolanone A via organo-

catalysis and regioselective Claisen rearrangement. Org. Lett. 2019, 21, 2777–2781, https://doi.org/10.1021/acs.orglett.9b00731. 

94. Finetti, F.; Travelli, C.; Ercoli, J.; Colombo, G.; Buoso, E.; Trabalzini, L. Prostaglandin E2 and cancer: Insight into tumor progres-

sion and immunity. Biology 2020, 9, 434, https://doi.org/10.3390/biology9120434. 

95. Sun, R.R.; Miao, F.-P.; Zhang, J.; Wang, G.; Yin, X.-L.; Ji, N.-Y. Three new xanthone derivatives from an algicolous isolate of 

Aspergillus wentii. Magn. Reson. Chem. 2013, 51, 65–68, https://doi.org/10.1002/mrc.3903. 

96. Park, A.; Lee, Y.; Kim, M.S.; Kang, Y.J.; Park, Y.J.; Jung, H.; Kim, T.D.; Lee, H.G.; Choi, I.; Yoon, S.R. Prostaglandin E2 secreted 

by thyroid cancer cells contributes to immune escape through the suppression of natural killer (NK) cell cytotoxicity and NK 

cell differentiation. Front. Immunol. 2018, 9, 1859, https://doi.org/10.3389/fimmu.2018.01859. 



Pharmaceuticals 2021, 14, 1144 36 of 41 
 

 

97. Su, X.; Li, Q. Prostaglandin EP2 receptor: Novel therapeutic target for human cancers. Int. J. Mol. Med. 2018, 42, 1203–1214, 

https://doi.org/10.3892/ijmm.2018.3744. 

98. Forterre, P.; Gribaldo, S.; Gadelle, D.; Serre, M.C. Origin and evolution of DNA topoisomerases. Biochimie 2007, 89, 427–446, 

https://doi.org/j.biochi.2006.12.009. 

99. Silva, V.; Gil-Martins, E.; Silva, B.; Rocha-Pereira, C.; Sousa, M.E.; Remião, F.; Silva, R. Xanthones as P-glycoprotein modulators 

and their impact on drug bioavailability. Expert Opin. Drug Metab. Toxicol. 2021, 17, 441–482, 

https://doi.org/10.1080/17425255.2021.1861247. 

100. Kim, Y.; Chen, J. Molecular structure of human P-glycoprotein in the ATP-bound, outward-facing conformation. Science 2018, 

359, 915–919, https://doi.org/10.1126/science.aar7389. 

101. Koulgi, S.; Jani, V.; Uppuladinne, V.N.; Sonavane, U.; Joshi, R. Natural plant products as potential inhibitors of RNA dependent 

RNA polymerase of severe acute respiratory syndrome coronavirus-2. PLoS ONE 2021, 16, e0251801, 

https://doi.org/10.1371/journal.pone.0251801. 

102. Woo, S.; Jung, J.; Lee, C.; Kwon, Y.; Na, Y. Synthesis of new xanthone analogues and their biological activity test—cytotoxicity, 

topoisomerase II inhibition, and DNA cross-linking study. Bioorg. Med. Chem. Lett. 2007, 17, 1163–1166, 

https://doi.org/10.1016/j.bmcl.2006.12.030. 

103. Woo, S.; Kang, D.; Nam, J.M.; Lee, C.S.; Ha, E.-M.; Lee, E.-S.; Kwon, Y.; Na, Y. Synthesis and pharmacological evaluation of new 

methyloxiranylmethoxyxanthone analogues. Eur. J. Med. Chem. 2010, 45, 4221–4228, 

https://doi.org/10.1016/j.ejmech.2010.06.017. 

104. Jun, K.Y.; Lee, E.-Y.; Jung, M.-J.; Lee, O.-H.; Lee, E.-S.; Choo, H.-Y.P.; Na, Y.; Kwon, Y. Synthesis, biological evaluation, and 

molecular docking study of 3-(3’-heteroatom substituted-2’-hydroxy-1’-propyloxy)xanthone analogues as novel topoisomerase 

IIa catalytic inhibitor. Eur. J. Med. Chem. 2011, 46, 1964–1971, https://doi.org/10.1016/j.ejmech.2011.01.011. 

105. Varache-Lembège, M.; Moreau, S.; Larrouture, S.; Montaudon, D.; Robert, J.; Nuhrich, A. Synthesis and antiproliferative activity 

of aryl- and heteroaryl-hydrazones derived from xanthone carbaldehydes. Eur. J. Med. Chem. 2008, 43, 1336–1343, 

https://doi.org/10.1016/j.ejmech.2007.09.003. 

106. Luo, L.; Qin, J.K.; Dai, Z.-K.; Gao, S.-H. Synthesis and biological evaluation of novel benzo[b]xanthone derivatives as potential 

antitumor agents. J. Serb Chem. Soc. 2013, 78, 1301–1308, https://doi.org/10.2298/JSC120925060L. 

107. Sypniewski, D.; Szkaradek, N.; Loch, T.; Waszkielewicz, A.M.; Gunia-Krzyzak, A.; Matczynska, D.; Soltysik, D.; Marona, H.; 

Bednarek, I. Contribution of reactive oxygen species to the anticancer activity of aminoalkanol derivatives of xanthone. Investig. 

New Drugs 2018, 36, 355–369, https://doi.org/10.1007/s10637-017-0537-x. 

108. Yang, Z.M.; Huang, J.; Qin, J.-K.; Dai, Z.-K.; Lan, W.-L.; Su, G.-F.; Tang, H.; Yang, F. Design, synthesis and biological evaluation 

of novel 1-hydroxyl-3-aminoalkoxy xanthone derivatives as potent anticancer agents. Eur. J. Med. Chem. 2014, 85, 487–497, 

https://doi.org/10.1016/j.ejmech.2014.07.076. 

109. Shen, R.; Wang, W.; Yang, G. DNA binding property and antitumor evaluation of xanthone with dimethylamine side chain. J. 

Fluoresc. 2014, 24, 959–966, https://doi.org/10.1007/s10895-014-1380-5. 

110. Fernandes, C.; Masawang, K.; Tiritan, M.E.; Sousa, E.; de Lima, V.; Afonso, C.; Bousbaa, H.; Sudprasert, W.; Petro, M.; Pinto, 

M.M. New chiral derivatives of xanthones: Synthesis and investigation of enantioselectivity as inhibitors of growth of human 

tumor cell lines. Bioorg. Med. Chem. 2014, 22, 1049–1062, https://doi.org/10.1016/j.bmc.2013.12.042. 

111. Carraro, M.L.; Marques, S.; Silva, A.S.; Freitas, B.; Silva, P.M.A.; Pedrosa, J.; De Marco, P.; Bousbaa, H.; Fernandes, C.; Tiritan, 

M.E.; et al. Synthesis of new chiral derivatives of xanthones with enantioselective effect on tumor cell growth and DNA cross-

linking. ChemistrySelect 2020, 5, 10285–10291, https://doi.org/10.1002/slct.202002588. 

112. Liu, C.; Zhang, M.; Zhang, Z.; Zhang, S.B.; Yang, S.; Zhang, A.; Yin, L.; Swarts, S.; Vidyasagar, S.; Zhang, L.; et al. Synthesis and 

anticancer potential of novel xanthone derivatives with 3,6-substituted chains. Bioorg. Med. Chem. 2016, 24, 4263–4271, 

https://doi.org/10.1016/j.bmc.2016.07.020. 

113. Dai, M.; Yuan, X.; Kang, J.; Zhu, Z.-J.; Yue, R.-C.; Hu, Y.; Chen, B.-Y.; Zhang, W.-D.; Liu, R.-H.; Sun, Q.-Y. Synthesis and biolog-

ical evaluation of phenyl substituted polyoxygenated xanthone derivatives as anti-hepatoma agents. Eur. J. Med. Chem. 2013, 

69, 159–166, https://doi.org/10.1016/j.ejmech.2013.08.020. 

114. Minniti, E.; Byl, J.A.W.; Riccardi, L.; Sissi, C.; Rosini, M.; Vivo, M.D.; Minarini, A.; Osheroff, N. Novel xanthone-polyamine 

conjugates as catalytic inhibitors of human topoisomerase IIα. Bioorg. Med. Chem. Lett. 2017, 27, 4687–4693, 

https://doi.org/10.1016/j.bmcl.2017.09.011. 

115. Liu, J.; Zhang, J.; Wang, H.; Liu, Z.; Zhang, C.; Jiang, Z.; Chen, H. Synthesis of xanthone derivatives and studies on the inhibition 

against cancer cells growth and synergistic combinations of them. Eur. J. Med. Chem. 2017, 133, 50–61, 

https://doi.org/10.1016/j.ejmech.2017.03.068. 

116. Zhou, B.-D.; Zeng, L.-L.; Tong, Y.-G.; Fang, J.-Y.; Ruan, Z.-P.; Zeng, X.-Y.; Fang, Y.-Y.; Xu, G.-F.; Hu, D.-B. Synthesis and anti-

tumor, antityrosinase, and antioxidant activities of xanthone. J. Asian Nat. Prod. Res. 2018, 20, 467–476, 

https://doi.org/10.1080/10286020.2018.1454437. 

117. Pedro, M.; Cerqueira, F.; Sousa, M.E.; Nascimento, M.S.J.; Pinto, M. Xanthones as inhibitors of growth of human cancer cell lines 

and their effects on the proliferation of human lymphocytes in vitro. Bioorg. Med. Chem. 2002, 10, 3725–3730, 

https://doi.org/10.1016/s0968-0896(02)00379-6. 

118. Amanatie, A.; Jumina, J.; Mustofa, M.; Hanafi, M.; Armunanto, R. QSAR study of xanthone derivatives as antiplasmodial agents. 

Indones. J. Chem. 2010, 10, 357–362, https://doi.org/10.22146/ijc.21443. 



Pharmaceuticals 2021, 14, 1144 37 of 41 
 

 

119. Amanatie, A.; Jumina, J.; Mustofa, M.; Hanafi, M.; Kadidae, L.O.; Sahidin, I. Synthesis of 2-hydroxyxanthone from xanthone as 

a basic material for new antimalarial drugs. Asian J. Pharm. Clin. Res. 2017, 10, 242–246, https://doi.org/10.22159/aj-

pcr.2017.v10i12.19858. 

120. Fitriastuti, D.; Jumina, J.; Priatmoko, P. Heme polymerization inhibition activity (HPIA) assay of synthesized xanthone deriva-

tive as antimalarial compound. AIP Conf. Proc. 2017, 1823, 020120, https://doi.org/10.1063/1.4978193. 

121. Fitriastuti, D.; Jumina, J.; Priatmoko, P. Synthesis and characterization of 2,3,4-trihydroxy-5-methyl xanthone as antimalarial 

compound. Eksakta: Jurnal Ilmu-Ilmu MIPA 2016, 16, 94–102, https://doi.org/10.20885/eksakta.vol16.iss2.art4. 

122. Miladiyah, I.; Tahir, I.; Jumina, J.; Mubarika, S.; Mustofa, M. Quantitative structure-activity relationship analysis of xanthone 

derivatives as cytotoxic agents in liver cancer cell line HepG2. Molekul 2016, 11, 143–157, 

https://doi.org/10.20884/1.jm.2016.11.1.203. 

123. Yuanita, E.; Pranowo, H.D.; Jumina, J.; Mustofa, M. Design of hydroxy xanthones derivatives as anticancer using quantitative 

structure-activity relationship. Asian J. Pharm. Clin. Res. 2016, 9, 180–185. 

124. Yuanita, E.; Pranowo, H.D.; Mustofa, M.; Swasono, R.T.; Syahri, J.; Jumina, J. Synthesis, characterization and molecular docking 

of chloro-substituted hydroxyxanthone derivatives. Chem. J. Mold. 2019, 14, 68–76, https://doi.org/10.19261/cjm.2018.520. 

125. Yuanita, E.; Pranowo, H.D.; Siswanta, D.; Swasono, R.T.; Mustofa, M.; Zulkarnain, A.K.; Syahri, J.; Jumina, J. One-pot synthesis, 

antioxidant activity and toxicity evaluation of some hydroxyxanthones. Chem. Chem. Technol. 2018, 12, 290–295, 

https://doi.org/10.23939/chcht12.03.290. 

126. Zakiah, M.; Syarif, R.A.; Mustofa, M.; Jumina, J.; Fatmasari, N.; Sholikhah, E.N. In vitro antiplasmodial, heme polymerization, 

and cytotoxicity of hydroxyxanthone derivatives. J. Trop. Med. 2021, 2021, 8866681, https://doi.org/10.1155/2021/8866681. 

127. Miladiyah, I.; Jumina, J.; Haryana, S.M.; Mustofa, M. Biological activity, quantitative structure–activity relationship analysis, 

and molecular docking of xanthone derivatives as anticancer drugs. Drug Des. Dev. Ther. 2018, 12, 149–158, 

https://doi.org/10.2147/DDDT.SI49973. 

128. Miladiyah, I.; Yuanita, E.; Nuryadi, S.; Jumina, J.; Haryana, S.M.; Mustofa, M. Synergistic effect of 1,3,6-trihydroxy-4,5,7-tri-

chloroxanthone in combination with doxorubicin on b-cell lymphoma cells and its mechanism of action through molecular 

docking. Curr. Ther. Res. 2020, 92, 100576, https://doi.org/10.1016/j.curtheres.2020.100576. 

129. Yuanita, E.; Ulfa, M.; Sudirman, S.; Sumarlan, I.; Sudarma, I.M.; Dharmayani, N.K.T.; Syahri, J.; Jumina, J. Synthesis, cytotoxic 

evaluation and molecular docking of bromo-substituted 1,3,6-trihydroxyxanthone as protein tyrosine kinase inhibitor. Malays. 

J. Chem. 2021, 23, 24–32. 

130. Li, H.; Huang, J.; Yang, B.; Xiang, T.; Yin, X.; Peng, W.; Cheng, W.; Wan, J.; Luo, F.; Li, H.; et al. Mangiferin exerts antitumor 

activity in breast cancer cells by regulating matrix metalloproteinases, epithelial to mesenchymal transition, and β-catenin sig-

naling pathway. Toxicol. Appl. Pharmacol. 2013, 272, 180–190, https://doi.org/10.1016/j.taap.2013.05.011. 

131. Gold-Smith, F.; Fernandez, A.; Bishop, K. Mangiferin and cancer: Mechanisms of action. Nutrients 2016, 8, 396, 

https://doi.org/10.3390/nu8070396. 

132. Selles, D.J.N.; Daglia, M.; Rastrelli, L. The potential role of mangiferin in cancer treatment through its immunomodulatory, anti-

angiogenic, apoptopic, and gene regulatory effects. Biofactors 2016, 42, 475–491, https://doi.org/10.1002/biof.1299. 

133. Song, G.; Li, S.-M.; Si, H.-Z.; Li, Y.-B.; Li, Y.-S.; Fan, J.-H.; Liang, Q.-Q.; He, H.-B.; Ye, H.-M.; Cui, Z.-N. Synthesis and bioactivity 

of novel xanthone and thioxanthone l-rhamnopyranosides. RSC Adv. 2015, 5, 36092–36103, https://doi.org/10.1039/c5ra02846a. 

134. Sordat-Diserens, I.; Hamburger, M.; Rogers, C.; Hostettmannt, K. Dimeric xanthones from Garcinia livingstonei. Phytochemistry 

1992, 31, 3589–3593, https://doi.org/10.1016/0031-9422(92)83732-E. 

135. Heald, R.A.; Dexheimer, T.S.; Vankayalapati, H.; Siddiqui-Jain, A.; Szabo, L.Z.; Gleason-Guzman, M.C.; Hurley, L.H. Confor-

mationally restricted analogues of psorospermin: Design, synthesis, and bioactivity of natural-product-related bisfuranoxan-

thones. J. Med. Chem. 2005, 48, 2993–3004, https://doi.org/10.1021/jm049299c. 

136. Han, Q.; Yang, L.; Liu, Y.; Wang, Y.; Qiao, C.; Song, J.; Xu, L.; Yang, D.; Chen, S.; Xu, H. Gambogic acid and epigambogic acid, 

C-2 epimers with novel anticancer effects from Garcinia hanburyi. Planta Med. 2006, 72, 281–284, https://doi.org/10.1055/s-2005-

916193. 

137. Asano, J.; Chiba, K.; Tada, M.; Yoshii, T. Cytotoxic xanthones from Garcinia hanburyi. Phytochemistry 1996, 41, 815–820, 

https://doi.org/10.1016/0031-9422(95)00682-6. 

138. Laphookhieo, S.; Syers, J.K.; Kiattansakul, R.; Chantrapromma, K. Cytotoxic and antimalarial prenylated xanthones from Cra-

toxylum cochinchinense. Chem. Pharm. Bull. 2006, 54, 745–747, https://doi.org/10.1248/cpb.54.745. 

139. Suksamrarn, S.; Komutiban, O.; Ratananukul, P.; Chimnoi, N.; Lartpornmatulee, N.; Suksamrarn, A. Cytotoxic prenylated xan-

thones from the young fruit of Garcinia mangostana. Chem. Pharm. Bull. 2006, 54, 301–305, https://doi.org/10.1248/cpb.54.301. 

PMID: 16508181. 

140. Li, I.V.; Wang, Q.; Wang, X.; Li, G.; Shen, S.; Wei, X. Gambogic acid exhibits anti-metastatic activity on malignant melanoma 

mainly through inhibition of PI3K/Akt and ERK signaling pathways. Eur. J. Pharmacol. 2019, 864, 172719, 

https://doi.org/10.1016/j.ejphar.2019.172719. 

141. Wan, L.; Zhang, Q.; Wang, S.; Gao, Y.; Chen, X.; Zhao, Y.; Qian, X. Gambogic acid impairs tumor angiogenesis by targeting 

YAP/STAT3 signaling axis. Phytother. Res. 2019, 33, 1579–1591, https://doi.org/10.1002/ptr.6350. 

142. Zhao, L.; Guo, Q.L.; You, Q.D.; Wu, Z.Q.; Gu, H.Y. Gambogic acid induces apoptosis and regulates expressions of bax and bcl-

2 protein in human gastric carcinoma MGC-803 cells. Biol. Pharm. Bull. 2004, 27, 998–1003, https://doi.org/10.1248/bpb.27.998. 



Pharmaceuticals 2021, 14, 1144 38 of 41 
 

 

143. Tao, S.J.; Guan, S.H.; Wang, W.; Lu, Z.Q.; Chen, G.T.; Sha, N.; Yue, Q.X.; Liu, X.; Guo, D.A. Cytotoxic polyprenylated xanthones 

from the resin of Garcinia hanburyi. J. Nat. Prod. 2009, 72, 117–124, https://doi.org/10.1021/np800460b. 

144. Wang, J.; Liu, W.; Zhao, Q.; Qi, Q.; Lu, N.; Yang, Y.; Nei, F.F.; Rong, J.J.; You, Q.D.; Guo, Q.L. Synergistic effect of 5-fluorouracil 

with gambogic acid on BGC-823 human gastric carcinoma. Toxicology 2009, 256, 135–140, 

https://doi.org/10.1016/j.tox.2008.11.014. 

145. Yen, C.T.; Goto, K.N.; Hwang, T.-L.; Natschke, S.L.M.; Bastow, K.F.; Wu, Y.-C.; Lee, K.-H. Design and synthesis of gambogic 

acid analogs as potent cytotoxic and anti-inflammatory agents. Bioorg. Med. Chem. Lett. 2012, 22, 4018–4022, 

https://doi.org/10.1016/j.bmcl.2012.04.084. 

146. Khaing, E.I.; Saenpunya, T.; Kerdklai, P.; Pangpongma, S.; Vongvijit, S.; Phaechamud, T.; Intaraphairot, T. Combination effects 

of gambogic acid on imatinib mesylate cytotoxicity in colon cancer cells. Key Eng. Mater. 2020, 859, 27–33, 

https://doi.org/10.4028/www.scientific.net/kem.859.27. 

147. Hahnvajanawong, C.; Boonyanugomol, W.; Nasomyon, T.; Loilome, W.; Namwat, N.; Anantachoke, N.; Tassaneeyakul, W.; 

Sripa, B.; Namwat, W.; Reutrakul, V. Apoptotic activity of caged xanthones from Garcinia hanburyi in cholangiocarcinoma cell 

lines. World J. Gastroenterol. 2010, 16, 2235–2243, https://doi.org/10.3748/wjg.v16.i18.2235. 

148. Kasibhatla, S.; Jessen, K.A.; Maliartchouk, S.; Wang, J.Y.; English, N.M.; Drewe, J.; Qiu, L.; Archer, S.P.; Ponce, A.E.; Sirisoma, 

N.; et al. A role for transferrin receptor in triggering apoptosis when targeted with gambogic acid. Proc. Natl. Acad. Sci. USA 

2005, 102, 12095–12100, https://doi.org/10.1073/pnas.0406731102. 

149. Pandey, M.K.; Sung, B.; Ahn, K.S.; Kunnumakkara, A.B.; Chaturvedi, M.M.; Aggarwal, B.B. Gambogic acid, a novel ligand for 

transferrin receptor, potentiates TNF-induced apoptosis through modulation of the nuclear factor-kappaB signaling pathway. 

Blood 2007, 110, 3517–3525, https://doi.org/10.1182/blood-2007-03-079616. 

150. Zhang, Q.G.; Li, C.P.; Chen, J.H.; Ouyang, J. Apoptosis-inducing effect of gambogic acid on K562 cells and its mechanism. 

Zhongguo Shi Yan Xue Ye Xue Za Zhi 2009, 17, 1443–1447. 

151. Nie, F.; Zhang, X.; Qi, Q.; Yang, L.; Yang, Y.; Liu, W.; Lu, N.; Wu, Z.; You, Q.; Guo, Q. Reactive oxygen species accumulation 

contributes to gambogic acid-induced apoptosis in human hepatoma SMMC-7721 cells. Toxicology 2019, 260, 60–67, 

https://doi.org/10.1016/j.tox.2009.03.010. 

152. Tang, Q.; Lu, M.; Zhou, H.; Chen, D.; Liu, L. Gambogic acid inhibits the growth of ovarian cancer tumors by regulating p65 

activity. Oncol. Lett. 2017, 13, 384–388, https://doi.org/10.3892/ol.2016.5433. 

153. Jang, S.W.; Okada, M.; Sayeed, I.; Xiao, G.; Stein, D.; Jin, P.; Ye, K. Gambogic amide, a selective agonist for TrkA receptor that 

possesses robust neurotrophic activity, prevents neuronal cell death. Proc. Natl. Acad. Sci. USA 2007, 104, 16329–16334, 

https://doi.org/10.1073/pnas.0706662104. 

154. Cao, S.; Brodie, P.J.; Miller, J.S.; Randrianaivo, R.; Ratovoson, F.; Birkinshaw, C.; Andriantsiferana, R.; Rasamison, V.E.; King-

ston, D.G.I. Antiproliferative xanthones of Terminalia calcicole from the Madagascar rain forest. J. Nat. Prod. 2007, 70, 679–681, 

https://doi.org/10.1021/np060627g. 

155. Kumar, D.; Sharma, P.; Singh, H.; Nepali, K.; Gupta, G.K.; Jain, S.K.; Ntie-Kang, F. The value of pyrans as anticancer scaffolds 

in medicinal chemistry. RSC Adv. 2017, 7, 36977, https://doi.org/10.1039/c7ra05441f. 

156. França, F.; Silva, P.M.A.; Soares, J.X.; Henriques, A.C.; Loureiro, D.R.P.; Azevedo, C.M.G.; Afonso, C.M.M.; Bousbaa, H. A py-

ranoxanthone as a potent antimitotic and sensitizer of cancer cells to low doses of paclitaxel. Molecules 2020, 25, 5845, 

https://doi.org/10.3390/molecules25245845. 

157. Palmeira, A.; Vasconcelos, M.H.; Paiva, A.; Fernandes, M.X.; Pinto, M.; Sousa, E. Dual inhibitors of P-glycoprotein and tumor 

cell growth: (re)discovering thioxanthones. Biochem. Pharmacol. 2012, 83, 57–68, https://doi.org/10.1016/j.bcp.2011.10.004. 

158. Johnson, J.J.; Petiwala, S.M.; Syed, D.N.; Rasmussen, J.T.; Adhami, V.M.; Siddiqui, I.A.; Kohl, A.M.; Mukhtar, H. α-Mangostin, 

a xanthone from mangosteen fruit, promotes cell cycle arrest in prostate cancer and decreases xenograft tumor growth. Carcin-

ogenesis 2011, 33, 413–419, https://doi.org/10.1093/carcin/bgr291. 

159. Kritsanawong, S.; Innajak, S.; Imoto, M.; Watanapokasin, R. Antiproliferative and apoptosis induction of α-mangostin in T47D 

breast cancer cells. Int. J. Oncol. 2016, 48, 2155–2165, https://doi.org/10.3892/ijo.2016.3399. 

160. Moongkarndi, P.; Kosem, N.; Kaslungka, S.; Luanratana, O.; Pongpan, N.; Neungton, N. Antiproliferation, antioxidation and 

induction of apoptosis by Garcinia mangostana (mangosteen) on SKBR3 human breast cancer cell line. J. Ethnopharmacol. 2004, 

90, 161–166, https://doi.org/10.1016/j.jep.2003.09.048. 

161. Matsumoto, K.; Akao, Y.; Yi, H.; Ohguchi, K.; Ito, T.; Tanaka, T.; Kobayashi, E.; Iinuma, M.; Nozawa, Y. Preferential target is 

mitochondria in α-mangostin-induced apoptosis in human leukemia HL60 cells. Bioorg. Med. Chem. 2004, 12, 5799–5806, 

https://doi.org/10.1016/j.bmc.2004.08.034. 

162. Matsumoto, K.; Akao, Y.; Ohguchi, K.; Ito, T.; Tanaka, T.; Iinuma, M.; Nozawa, Y. Xanthones induce cell-cycle arrest and apop-

tosis in human colon cancer DLD-1 cells. Bioorg. Med. Chem. 2005, 13, 6064–6069, https://doi.org/10.1016/j.bmc.2005.06.065. 

163. Ibrahim, M.Y.; Hashim, N.M.; Mohan, S.; Abdulla, M.A.; Abdelwahab, S.I.; Kamalidehghan, B.; Ghaderian, M.; Dehghan, F.; 

Ali, L.Z.; Karimian, H.; et al. Involvement of Nf-kB and HSP-70 signaling pathways in the apoptosis of MDA-MB-231 cells 

induced by a prenylated xanthone compound, α-mangostin from Cratoxylum arborescens. Drug Des. Dev. Ther. 2014, 8, 2193–

2211, https://doi.org/10.2147/DDDT.S66574. 

164. Quang, T.H.; Ngan, N.T.T.; Yoon, C.-S.; Cho, K.-H.; Kang, D.G.; Lee, H.S.; Kim, Y.-C.; Oh, H. Protein tyrosine phosphatase 1B 

inhibitors from the root of Cudrania tricuspidata. Molecules 2015, 20, 11173–11183, https://doi.org/10.3390/molecules200611173. 



Pharmaceuticals 2021, 14, 1144 39 of 41 
 

 

165. Zhang, K.J.; Gu, Q.L.; Yang, K.; Ming, X.J.; Wang, J.X. Anticarcinogenic effects of α-mangostin: A review. Planta Med. 2017, 83, 

188–202, https://doi.org/10.1055/s-0042-119651. 

166. Khan, P.; Queen, A.; Smita, T.M.; Khan, N.S.; Hafeez, Z.B.; Hassan, M.I.; Ali, S. Identification of α-mangostin as a potential 

inhibitor of microtubule affinity regulating kinase 4. J. Nat. Prod. 2019, 82, 2252–2261, 

https://doi.org/10.1021/acs.jnatprod.9b00372. 

167. Pérez-Rojas, J.M.; González-Macías, R.; González-Cortes, J.; Jurado, R.; Pedraza-Chaverri, J.; García-López, P. Synergic effect of 

α-mangostin on the cytotoxicity of cisplatin in a cervical cancer model. Oxid. Med. Cell. Longev. 2016, 2016, 7981397, 

https://doi.org/10.1155/2016/7981397. 

168. Azevedo, C.M.G.; Afonso, C.M.M.; Sousa, D.; Lima, R.T.; Helena Vasconcelos, M.; Pedro, M.; Barbosa, J.; Corrêa, A.G.; Reis, S.; 

Pinto, M.M.M. Multidimensional optimization of promising antitumor xanthone derivatives. Bioorg. Med. Chem. 2013, 21, 2941–

2959, https://doi.org/10.1016/j.bmc.2013.03.079. 

169. Fei, X.; Jo, M.; Lee, B.; Han, S.-B.; Lee, K.; Jung, J.-K.; Seo, S.-Y.; Kwak, Y.-S. Synthesis of xanthone derivatives based on α-

mangostin and their biological evaluation for anticancer agents. Bioorg. Med. Chem. Lett. 2014, 24, 2062–2065, https://doi.org/ 

10.1016/j.bmcl.2014.03.047. 

170. Chang, H.F.; Yang, L.-L. Gamma-mangostin, a micronutrient of mangosteen fruit, induces apoptosis in human colon cancer 

cells. Molecules 2012, 17, 8010–8021, https://doi.org/10.3390/molecules17078010. 

171. Cheng, P.; Zhu, L.; Guo, W.; Liu, W.; Yao, J.; Dong, G.; Zhang, Y.; Zhuang, C.; Sheng, C.; Miao, Z.; et al. Synthesis of novel 

benzoxanthone analogues as non-camptothecin topoisomerase I inhibitors. J. Enzym. Inhib. Med. Chem. 2011, 27, 437–442, 

https://doi.org/10.3109/14756366.2011.595712. 

172. Niu, S.L.; Li, Z.-L.; Ji, F.; Liu, G.-Y.; Zhao, N.; Liu, X.-Q.; Jing, Y.-K.; Hua, H.-M. Xanthones from the stem bark of Garcinia 

bracteata with growth inhibitory effects against HL-60 cells. Phytochemistry 2012, 77, 280–286, https://doi.org/10.1016/j.phyto-

chem.2012.01.010. 

173. Lim, C.K.; Tho, L.-Y.; Lim, Y.M..; Syed, A.A.S.; Weber, J.F.F. Synthesis of 1,3,6-trioxygenated prenylated xanthone derivatives 

as potential antitumor agents. Lett. Org. Chem. 2012, 9, 549–555, https://doi.org/10.2174/157017812802850230. 

174. Zhang, X.; Li, X.; Sun, H.; Jiang, Z.; Tao, L.; Gao, Y.; Guo, Q.; You, Q. Synthesis and evaluation of novel aza-caged Garcinia 

xanthones. Org. Biomol. Chem. 2012, 10, 3288, https://doi.org/10.1039/c2ob07088j. 

175. Zhang, X.; Li, X.; Sun, H.; Wang, X.; Zhao, L.; Gao, Y.; Liu, X.; Zhang, S.; Wang, Y.; Yang, Y.; et al. Garcinia xanthones as orally 

active antitumor agents. J. Med. Chem. 2013, 56, 276–292, https://doi.org/10.1021/jm301593r. 

176. Xu, Z.; Huang, L.; Chen, X.-H.; Zhu, X.-F.; Qian, X.-J.; Feng, G.-K.; Lan, W.-J.; Li, H.-J. Cytotoxic prenylated xanthones from the 

pericarps of Garcinia mangostana. Molecules 2014, 19, 1820–1827, https://doi.org/10.3390/molecules19021820. 

177. Mariano, L.N.B.; Vendramini-Costa, D.B.; Ruiz, A.L.T.G.; de Carvalho, J.E.; Corrêa, R.; Filho, V.C.; Monache, F.D.; Niero, R. In 

vitro antiproliferative activity of uncommon xanthones from branches of Garcinia achachairu. Pharm. Biol. 2015, 54, 1697–1704, 

https://doi.org/10.3109/13880209.2015.1123279. 

178. Li, D.H.; Li, C.-X.; Jia, C.-C.; Sun, Y.-T.; Xue, C.-M.; Bai, J.; Hua, H.-M.; Liu, X.-Q.; Li, Z.-L. Xanthones from Garcinia paucinervis 

with in vitro anti-proliferative activity against HL-60 cells. Arch. Pharm. Res. 2015, 39, 172–177, https://doi.org/10.1007/s12272-

015-0692-6. 

179. Jia, C.; Xue, J.; Gong, C.; Li, X.; Li, D.; Li, Z.; Hua, H. Chiral resolution and anticancer effect of xanthones from Garcinia pauciner-

vis. Fitoterapia 2018, 127, 220–225, https://doi.org/10.1016/j.fitote.2018.02.023. 

180. Paiva, A.M.; Pinto, M.M.; Sousa, E. A century of thioxanthones: Through synthesis and biological applications. Curr. Med. Chem. 

2013, 20, 2438–2457, https://doi.org/10.2174/0929867311320190004. 

181. Almeida, J.R.; Palmeira, A.; Campos, A.; Cunha, I.; Freitas, M.; Felpeto, A.B.; Turkina, M.V.; Vasconcelos, V.; Pinto, M.; Correia-

Dasilva, M.; et al. Structure-antifouling activity relationship and molecular targets of bio-inspired (thio)xanthones. Biomolecules 

2020, 10, 1126, https://doi.org/10.3390/biom10081126. 

182. Chen, C.L.; Chen, T.-C.; Lee, C.-C.; Shih, L.-C.; Lin, C.-Y.; Hsieh, Y.-Y.; Ali. A.A.A.; Huang, H.-S. Synthesis and evaluation of 

new 3-substituted-4-chloro-thioxanthone derivatives as potent anti-breast cancer agents. Arab. J. Chem. 2015, 12, 3503–3516, 

https://doi.org/10.1016/j.arabjc.2015.10.010. 

183. Barbosa, J.; Lima, R.; Sousa, D.; Gomes, A.; Palmeira, A.; Seca, H.; Choosang, K.; Pakkong, P.; Bousbaa, H.; Pinto, M.M.; et al. 

Screening a small library of xanthones for antitumor activity and identification of a hit compound which induces apoptosis. 

Molecules 2016, 21, 81, https://doi.org/10.3390/molecules21010081. 

184. Ataci, N.; Kazancioglu, E.O.; Kalındemirtas, F.D.; Kuruca, S.E.; Arsu, N. The interaction of light-activatable 2-thioxanthone 

thioacetic acid with ct-DNA and its cytotoxic activity: Novel theranostic agent. Spectrochim. Acta A Mol. Biomol. Spectrosc. 2020, 

239, 118491, https://doi.org/10.1016/j.saa.2020.118491. 

185. Hermawan, F.; Jumina, J.; Pranowo, H.D. Design of thioxanthone derivatives as potential tyrosine kinase inhibitor: A molecular 

docking study. Rasayan J. Chem. 2020, 13, 2626–2632, https://doi.org/10.31788/RJC.2020.1345699. 

186. Iresha, M.R.; Jumina, J.; Pranowo, H.D. Molecular docking study of xanthyl chalcone derivatives as potential inhibitor agents 

against KIT tyrosine kinase and KIT kinase domain mutant D816H. J. Appl. Pharm. Sci. 2020, 10, 18–26, 

https://doi.org/10.7324/JAPS.2020.10113. 

187. Azevedo, C.M.G.; Afonso, C.M.M.; Soares, J.X.; Reis, S.; Sousa, D.; Lima, R.T.; Vasconcelos, M.H.; Pedro, M.; Barbosa, J.; Gales, 

L.; et al. Pyranoxanthones: Synthesis, growth inhibitory activity on human tumor cell lines and determination of their lipo-

philicity in two membrane models. Eur. J. Med. Chem. 2013, 69, 798–816, https://doi.org/10.1016/j.ejmech.2013.09.012. 



Pharmaceuticals 2021, 14, 1144 40 of 41 
 

 

188. Chantarasriwong, C.; Milcarek, A.T.; Morales, T.H.; Settle, A.L.; Rezende-Jr, C.O.; Althufairi, B.D.; Theodoraki, M.A.; Alpaugh, 

M.L.; Theodorakis, E.A. Synthesis, structure-activity relationship and in vitro pharmacodynamics of A-ring modified caged 

xanthones in a preclinical model of inflammatory breast cancer. Eur. J. Med. Chem. 2019, 168, 405–413, 

https://doi.org/10.1016/j.ejmech.2019.02.047. 

189. Sugara, T.H.; Jumina, J.; Sholikhah, E.N.; Pranowo, H.D. QSAR and molecular docking approaches for development of haloxan-

thones as the anticancer agent against MCF-7 and HepG2. Rasayan J. Chem. 2021, 14, 1927–1937, 

https://doi.org/10.31788/RJC.2021.1436214. 

190. Alam, S.; Khan, F. QSAR and docking studies on xanthone derivatives for anticancer activity targeting DNA topoisomerase IIα. 

Drug Des. Dev. Ther. 2014, 8, 183–195, https://doi.org/10.2147/DDDT.S51577. 

191. Alam, S.; Khan, F. Virtual screening, docking, ADMET and system pharmacology studies on Garcinia caged xanthone deriva-

tives for anticancer activity. Sci. Rep. 2018, 8, 5524, https://doi.org/10.1038/s41598-018-23768-7. 

192. Kosem, N.; Ichikawa, K.; Utsumi, H.; Moongkarndi, P. In vivo toxicity and antitumor activity of mangosteen extract. J. Nat. Med. 

2013, 67, 255–263, https://doi.org/10.1007/s11418-012-0673-8. 

193. Nabandith, V.; Suzui, M.; Morioka, T.; Kaneshiro, T.; Kinjo, T.; Matsumoto, K.; Akao, Y.; Iinuma, M.; Yoshimi, N. Inhibitory 

effects of crude α-mangostin, a xanthone derivative, on two different categories of colon preneoplastic lesions induced by 1,2-

dimethylhydrazine in the rat. Asian Pac. J. Cancer Prev. 2004, 5, 433–438. 

194. Chao, A.C.; Hsu, Y.L.; Liu, C.K.; Kuo, P.L. α-Mangostin, a dietary xanthone, induces autophagic cell death by activating the 

AMP-activated protein kinase pathway in glioblastoma cells. J. Agric. Food Chem. 2011, 59, 2086–2096, 

https://doi.org/10.1021/jf1042757. 

195. Doi, H.; Shibata, M.A.; Shibata, E.; Morimoto, J.; Akao, Y.; Iinuma, M.; Tanigawa, N.; Otsuki, Y. Panaxanthone isolated from 

pericarp of Garcinia mangostana L. suppresses tumor growth and metastasis of a mouse model of mammary cancer. Anticancer 

Res. 2009, 29, 2485–2495. 

196. Shibata, M.; Iinuma, M.; Morimoto, J.; Kurose, H.; Akamatsu, K.; Okuno, Y.; Akao, Y.; Otsuki, Y. α-Mangostin extracted from 

the pericarp of the mangosteen (Garcinia mangostana Linn.) reduces tumor growth and lymph node metastasis in an immuno-

competent xenograft model of metastatic mammary cancer carrying a p53 mutation. BMC Med. 2011, 9, 69, 

https://doi.org/10.1186/1741-7015-9-69. 

197. Aisha, A.F.A.; Abu-Salah, K.M.; Ismail, Z.; Majid, A.M.S.A. In vitro and in vivo anti-colon cancer effects of Garcinia mangostana 

xanthones extract. BMC Complement. Altern. Med. 2012, 12, 104, https://doi.org/10.1186/1472-6882-12-104. 

198. Kondo, M.; Zhang, L.; Ji, H.; Kou, Y.; Ou, B. Bioavailability and antioxidant effects of a xanthone-rich mangosteen (Garcinia 

mangostana) product in humans. J. Agric. Food Chem. 2009, 57, 8788–8792, https://doi.org/10.1021/jf901012f. 

199. Xie, G.; Sintara, M.; Chang, T.; Ou, B. Functional beverage of Garcinia mangostana (mangosteen) enhances plasma antioxidant 

capacity in healthy adults. Food Sci. Nutr. 2015, 3, 32–38, https://doi.org/10.1002/fsn3.187. 

200. Chitchumroonchokchai, C.; Riedl, K.M.; Suksumrarn, S.; Clinton, S.K.; Kinghorn, D.A.; Failla, M.L. Bioavailability of xanthones 

from mangosteen juice in healthy adults. J. Nutr. 2012, 142, 675–680, https://doi.org/10.3945/jn.111.156992. 

201. Han, S.Y.; You, B.H.; Kim, Y.C.; Chin, Y.-W.; Choi, Y.H. Dose-independent ADME properties and tentative identification of 

metabolites of α-mangostin from Garcinia mangostana in mice by automated microsampling and UPLC-MS/MS methods. PLoS 

ONE 2015, 10, e0131587, https://doi.org/10.1371/journal.pone.0131587. 

202. Jameson, M.B.; Thompson, P.I.; Baguley, B.C.; Evans, B.D.; Harvey, V.J.; Porter, D.J.; McCrystal, M.R.; Small, M.; Bellenger, K.; 

Gumbrell, L.; et al. Clinical aspects of a phase I trial of 5,6-dimethylxanthenone-4-acetic acid (DMXAA), a novel antivascular 

agent. Br. J. Cancer 2003, 88, 1844–1850, https://doi.org/10.1038/sj.bjc.6600992. 

203. Gobbi, S.; Belluti, F.; Rampa, A.; Bisi, A. Flavonoid-inspired vascular disrupting agents: Exploring flavone-8-acetic acid and 

derivatives in the new century. Molecules 2021, 26, 4228, https://doi.org/10.3390/molecules26144228. 

204. Lima, R.T.; Sousa, D.; Gomes, A.S.; Mendes, N.; Matthiesen, R.; Pedro, M.; Marques, F.; Pinto, M.M.; Sousa, E.; Vasconcelos, 

M.H. The antitumor activity of a lead thioxanthone is associated with alterations in cholesterol localization. Molecules 2018, 23, 

3301, https://doi.org/10.3390/molecules23123301. 

205. Lopes, A.; Martins, E.; Silva, R.; Pinto, M.M.M.; Remião, F.; Sousa, E.; Fernandes, C. Chiral thioxanthones as modulators of P-

glycoprotein: Synthesis and enantioselectivity studies. Molecules 2018, 23, 626, https://doi.org/10.3390/molecules23030626. 

206. Naidu, M.D.; Agarwal, R.; Pena, L.A.; Cunha, L.; Mezei, M.; Shen, M.; Wilson, D.M. III.; Liu, Y.; Sanchez, Z.; Chaudhary, P.; et 

al. Lucanthone and its derivative hycanthone inhibit apurinic endonuclease-1 (APE1) by direct protein binding. PLoS ONE 2011, 

6, e23679, https://doi.org/10.1371/journal.pone.0023679. 

207. Soria, J.C.; Dieras, V.; Girre, V.; Yovine, A.; Mialaret, K.; Armand, J.-P. QTc Monitoring during a phase I study: Experience with 

SR271425. Am. J. Clin. Oncol. 2007, 30, 106–112, https://doi.org/10.1097/01.coc.0000255604.32888.b5. 

208. Goncalves, P.H.; High, F.; Juniewicz, P.; Shackleton, G.; Li, J.; Boerner, S.; LoRusso, P.M. Phase I dose-escalation study of the 

thioxanthone SR271425 administered intravenously once every 3 weeks in patients with advanced malignancies. Investig. New 

Drugs 2008, 26, 347–354, https://doi.org/10.1007/s10637-008-9135-2. 

209. LoRusso, P.M.; Foster, B.J.; Wozniak, A.; Heilbrun, L.K.; McCormick, J.I.; Ruble, P.E.; Graham, M.A.; Purvis, J.; Rake, J.; Drozd, 

M.; et al. Phase I pharmacokinetic study of the novel antitumor agent SR233377. Clin. Cancer Res. 2000, 6, 3088–3094. 

210. Santos, A.; Soares, J.X.; Cravo, S.; Tiritan, M.E.; Reis, S.; Afonso, C.; Fernandes, C.; Pinto, M.M.M. Lipophilicity assessment in 

drug discovery: Experimental and theoretical methods applied to xanthone derivatives. J. Chromatogr. B Anal. Technol. Biomed. 

Life Sci. 2018, 1072, 182–192, https://doi.org/10.1016/j.jchromb.2017.10.018. 



Pharmaceuticals 2021, 14, 1144 41 of 41 
 

 

211. Teixeira, M.; Pedro, M.; Nascimento, M.S.J.; Pinto, M.M.M.; Barbosa, C.M. Development and characterization of PLGA nano-

particles containing 1,3-dihydroxy-2-methylxanthone with improved antitumor activity on a human breast cancer cell line. 

Pharm. Dev. Technol. 2019, 24, 1104–1114, https://doi.org/10.1080/10837450.2019.1638398. 

212. Liu, F.; Huang, X.; Han, L.; Sang, M.; Hu, L.; Liu, B.; Duan, B.; Jiang, P.; Wang, X.; Qiao, Z.; et al. Improved drugability of 

gambogic acid using core–shell nanoparticles. Biomater. Sci. 2019, 7, 1028–1042, https://doi.org/10.1039/C8BM01154K. 

213. Yilmaz, G.; Guler, E.; Barlas, F.B.; Timur, S.; Yagci, Y. Polymeric thioxanthones as potential anticancer and radiotherapy agents. 

Macromol. Rapid Commun. 2016, 37, 1046–1051, https://doi.org/10.1002/marc.201600189. 


