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Abstract: Xanthone derivatives constitute an interesting and widely studied group of compounds,
both in terms of the activity of naturally occurring plant ingredients and as a scaffold with high
biological activity potential for medicinal chemists. This group of compounds has already been the
subject of reviews. However, our purpose was to prepare a publication for medicinal chemists to have
a clear overview of anticancer activity, particularly in central nervous system cancer glioblastoma, and
to be able to compare their new achievements to the anticancer activity that has already been found in
this group. An integral part of the work is a tabular summary of the literature results of antineoplastic
activity (e.g., IC50 values) for xanthone derivatives in various types of in vitro viability assays.
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1. Introduction
1.1. Xanthone Scaffold

Xanthone (9H-xanthen-9-one, xanthos gr. yellow) is a tricyclic scaffold, containing
oxygen as the heteroatom, namely, dibenzo-γ-pyrone (Figure 1A). In nature, xanthone
derivatives occur mostly in two families of higher plants, Guttiferae and Gentianaceae. There
are numerous activities exerted by these plants’ ingredients that are mostly associated
with variously substituted xanthone derivatives, both in terms of position and the kind of
substituent [1].
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1. Introduction 
1.1. Xanthone Scaffold 

Xanthone (9H-xanthen-9-one, xanthos gr. yellow) is a tricyclic scaffold, containing 
oxygen as the heteroatom, namely, dibenzo-γ-pyrone (Figure 1A). In nature, xanthone 
derivatives occur mostly in two families of higher plants, Guttiferae and Gentianaceae. 
There are numerous activities exerted by these plants’ ingredients that are mostly asso-
ciated with variously substituted xanthone derivatives, both in terms of position and the 
kind of substituent [1]. 

 
Figure 1. Chemical structure of xanthone, resonance forms of its neutral form (A) and structure of 
its O,O-dipolar ion (B) [2]. 
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O,O-dipolar ion (B) [2].

The xanthone core can be presented in several resonance forms, which influence its
reactivity (Figure 1A) [2]. The presence of the biaryl ether group and the carbonyl group
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implies the planar tricyclic system, associated with the O-O dipolar ion form (Figure 1B).
As a consequence, xanthone exerts poor solubility, which can only be minimized with the
use of proper substitution.

This group of compounds has attracted considerable attention due to their very inter-
esting biological activities, such as anticancer [3–6], anticonvulsant [7,8], anti-inflammatory,
antioxidant [9], α-glucosidase inhibitory activity [10], cholesterol acyltransferase inhibitory
activity [11], antibacterial [12,13], and antifungal [14] activity. The biological activities of
these compounds are associated with their tricyclic scaffold and vary, depending on the
nature and/or position of the attached substituents. As a consequence, a whole variety of
xanthone derivatives has been obtained and tested in terms of their biological activity.

1.2. Characteristics of Medicinal Chemistry Research Regarding Brain Cancers

Glioblastoma multiforme (GBM) is the most frequent, primary malignant, lethal
brain tumor in humans, characterized by a survival rate of less than 5% in 5 years after
diagnosis, as well as a median survival of 14.6 months. Notwithstanding the considerable
advancement in the development of new treatments, this disease continues to progress
through rapid cell growth [15]. Like most tumors, this disease is treated by surgical resection
followed by radiotherapy and chemotherapy (Temozolomide). However, the distribution
of the drug to the tumor is also a challenge, resulting in poor efficacy. Treatment for brain
glioma is still insufficient, and there is an urgent need for new agents against glioblastoma
with strong brain permeability [16].

Currently, despite significant progress in therapy for cancers, human brain tumors
still require unmet medical needs, to such an extent that even dietary phytochemicals are
considered a possibility for any therapy or even to serve as lead compounds in the process
of drug discovery [12]. A great number of epidemiological studies have proven the chemo-
preventive role of natural, dietary compounds against cancer. Many of these studies have
reported the potential of using natural compounds in combination with chemotherapy and
radiotherapy as a novel approach to the effective treatment of cancer [17]. Effective treat-
ment for brain cancer would have a large impact on this cancer’s morbidity and mortality.
Accordingly, new derivatives have been synthesized that are based on the structures of the
active compounds that have been isolated from plants. The xanthone skeleton is nowadays
seen as a privileged structure [18] and several xanthone derivatives have reached the stage
of clinical trials, e.g., Gambogic acid [19] (chapter 2.2 Figure 3) and dimethylxanthoneacetic
acid (DMXAA, 5,6-dimethylxanthone-4-acetic acid, Vadimezan) [20]. DMXAA is currently
not associated with central nervous system tumors. However, it is worth mentioning in
the context of research on xanthones in cancer therapy. It is a naturally occurring xanthone
that has also been synthesized and described in the literature [18,21–24]. The compound
belongs to vascular-disrupting agents. Its antitumor activity is probably based on the
reduction of the blood flow within the tumor, causing vascular collapse and hemorrhagic
necrosis—which consequently generates tumor hypoxia [20,25–28]. Vadimezan had been
the subject of two big clinical trials (phase III) [20,25,29] regarding its efficacy in non-small
cell lung cancer (NSCLC) in combination with Paclitaxel and Carboplatin or Docetaxel.
Both trials were terminated prematurely due to a surprising lack of improvement in the
overall survival levels when compared to the control group. The failure of the clinical trials
could have been caused by the imperfection of the animal models, the selection of taxanes
as the primary therapy, or the wrong choice of tumor type. Currently, the potential use of
DMXAA in combination with immunotherapy has been proposed, due to the effectiveness
of these drugs in different areas of tumor tissue [25].

Exploring unconventional molecular targets raises hopes for new anti-cancer thera-
pies. There are numerous types of membrane receptors specific to various mitogens: (1)
epidermal growth factor receptor (EGFR) responsive to EGF (epidermal growth factor)
and TGF (transforming growth factor), and (2) platelet-derived growth factor receptors
PDGFR-α and -β, (3) insulin-like growth factor receptor (IGFR). These cell structures may
be involved in the stimulation of tumor cells via an alteration of signaling cascades that
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has already been described. Many alterations in the progress of gliomas [11] have been
observed, such as an increase in the activation and/or overexpression of growth factors and
receptors (EGF, TGF, and EGFR), as well as increased mutations of tumor suppressor genes
(e.g., p. 53, phosphatase and tensin homolog deleted on chromosome 10, PI3K/AKT—
intracellular signaling proteins). Development of therapeutic agents targeting these altered
signaling cascades may provide alternative strategies, in addition to conventional treatment
procedures. On the contrary, cell death is regulated by mitochondrial signaling involving
anti-apoptotic proteins such as Bcl-2 (B-cell lymphoma 2) and Bcl-XL (Bcl-2-like protein)
and pro-apoptotic proteins such as Bax (Bcl-2-associated X protein), Bid (BH3-interacting
domain death agonist), and Bad (Bcl-2-associated death promoter, BCL-2 antagonist of cell
death). The pro-apoptotic proteins activate caspase-3, -8, and -9 and induce the cleavage of
caspase substrate proteins including poly-ADP ribosyl polymerase (PARP), which conducts
the last step of the apoptotic cell signaling pathway [30].

Research on new antineoplastic agents relies on cell viability assays, which are useful
tools in screening a large number of chemicals for their cytotoxicity to various cell lines.
We can divide them into dye exclusion, colorimetric, fluorometric, luminometric, and
flow cytometric assays. Among them, the most commonly used ones are colorimetric
assays, where biochemical markers are measured spectrophotometrically to determine the
metabolic activity of the cells [31].

The NR (neutral red, 3-amino-7-dimethylamino-2-methyl-phenazinehydrochlorid) [32],
CV (crystal violet), and SRB (sulforhodamine B) assays rely on the uptake of the dye by
the viable cells and its retention within lysosomes (NR) or proteins and DNA (CV). In
the case of SRB, the dye binds to proteins in acidic conditions, while rising pH enables its
dissolution [31].

Among commonly used tetrazolium salts, MTT (3-(4,5-Dimethyl-2-thiazolyl)-2,5-
diphenyl-2 tetrazolium bromide) [33] was the first to be developed. The test relies on
the reduction of yellow salt into purple insoluble formazan in the reaction catalyzed by
the dehydrogenase in metabolically active viable cells. The remaining tetrazolium assays
are variations of the MTT test, characterized primarily by the water/medium solubility
of the resulting product, which simplifies the test methodology. These include the follow-
ing: XTT (2,3-Bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilid) [34],
MTS (tetrazolium inner salt, 3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium) [33], WST-1 (2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium, monosodium salt) [35], and WST-8 (2-(2-Methoxy-4-nitro
phenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt) [36].
One of the tetrazolium derivatives (Iodonitrotetrazolium or 2-(4-Iodophenyl)-3-(4-nitrophen
yl)-5-phenyl-2H-tetrazolium) is also utilized in the LDH (lactate dehydrogenase) assay. In
contrast to the above-mentioned assays, LDH is based on necrotic/apoptotic/damaged
cells detection—the enzyme is released into culture media due to loss of cell membrane
integrity and reduces the reagent to formazan dye [37].

In this paper, we review the role of several natural and synthesized xanthone deriva-
tives in the treatment of glioblastoma and other cancers, using the results of cell viability
assays performed with the use of various cell lines as a basis and—if available—in vivo or
clinical studies. Only compounds cytotoxic to central nervous system cell lines are included.
However, we decided to discuss their activity against other cancer cell lines in order to
obtain a holistic picture of their pharmacological profile. In some cases, this approach
also allows us to show the multi-stage process of their development as CNS antineoplastic
compounds.

2. Antineoplastic Activity of Xanthone Derivatives
2.1. Mangostin Isomers and Derivatives
2.1.1. Apoptosis Phenomenon

Garcinia mangostana pericarp (Mangosteen) has proved active against breast cancer [38].
Garcinia mangostana extract contains in its composition: mainly α-Mangostin (80–90%), β-
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Mangostin, γ-Mangostin, methoxy-β-Mangostin, Garcinone E, 1,3,6,7-Tetrahydroxyxantho
ne, Mangostenone E, 11-Hydroxy-1-isomangostin, and four newly discovered xanthone
analogues: Garcinoxanthones S–V [39–42]. The activity was observed in the MCF-7 breast
cancer cell line, which is an in vitro model of overexpressed ER-α cells. The Mangosteen
pericarp extract exhibits strong cytotoxic activity on MCF-7 cells with IC50 of 45 µg/mL
(MTT test) and apoptosis induction was observed; although, Mangosteen pericarp extract
did not suppress the ER-α either in the nucleus or cytoplasm. The conclusion is that
its anticancer activity might be mediated by other genes involved in the ER-α signaling
pathway in breast cancer cells. The Mangosteen cytotoxic and proapoptotic activity was
lower compared to that of Tamoxifen [38].

The pericarp extract contains four prenylated xanthone derivatives: α-Mangostin, β-
Mangostin, γ-Mangostin, and methoxy-β-Mangostin (Figure 2), which have been evaluated
in various human cancer cells. The first three derivatives are cytotoxic in the human
leukemia cell line HL60 (tested concentrations from 5 to 20 µM), α-Mangostin showed
the most pronounced effect in concentrations of 10 µM and 20 µM. Methylation of R2 (4,
Figure 2, β-Mangostin-OMe) significantly reduced the activity. The antiproliferative activity
of α-Mangostin could result from the apoptotic process. α-Mangostin induces caspase-3-
dependent apoptosis in HL60 cells, and may therefore mediate the mitochondrial pathway
during apoptosis. One to two h after the application of the compound, the parameters of
mitochondrial dysfunction, which include swelling, loss of membrane potential (DΨm),
a decrease in intracellular ATP, ROS accumulation, and cytochrome c/AIF release were
observed. On the other hand, α-Mangostin-treatment did not affect the expression of the
Bcl-2 family proteins. Activation of MAP kinases was not observed. This can indicate
that α-Mangostin preferentially targets mitochondria in the early phase, resulting in the
indication of apoptosis in HL60 cells [43].
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Even more pronounced growth suppression has been observed on human colon cancer
DLD-1 cells for α-Mangostin (IC50 = 7.5 µM, cytotoxicity at 20 µM, trypan blue assay) [44].
α-Mangostin induces apoptosis through the down-regulation of signaling involving MAP
kinases and the serine/threonine kinase Akt. It also exhibits synergistic effects with the
anti-cancer drug 5-fluorouracil. The synergistic growth suppression in DLD-1 cells by
the combined treatment with α-Mangostin and 5-fluorouracil both at 2.5 µM, resulted in
more pronounced growth inhibition than with the treatment with 5 µM of α-mangostin or
5 µM 5-fluorouracil alone. These findings indicate unique mechanisms of α-Mangostin-
induced apoptosis and its action as an effective chemosensitizer. Mangostin alone exhibited
a cytotoxic effect at 20 µM mainly due to caspase-independent apoptosis [44].

α-Mangostin properties were also tested in vitro against three human cell lines: squa-
mous carcinoma SCC-15 (human tongue, Squamous Cell Carcinoma) and glioblastoma
multiforme U-118 MG (human glioblastoma astrocytoma cells) and was compared to
normal skin fibroblasts BJ [45]. The compound showed cytotoxic activity: decreased cell
viability and proliferation, induction of apoptosis, and reduction in adhesion at concen-
trations lower than 10 µM (the IC50 values were 6.43, 9.59, and 8.97 µM for SCC-15, U-118
MG, and BJ, respectively) [45].

Moreover, our research showed that α-Mangostin strongly upregulated the expression
of pro-apoptotic Bax in comparison to antiapoptotic Bcl-2 [4].
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α-Mangostin significantly suppresses cell proliferation, induces cell cycle arrest, and
triggers apoptosis in hepatocellular carcinoma HCC cell lines such as HepG2, SK-Hep-1,
Huh7, and SMMC-7721. It was also found that the compound inhibits tumor growth
in nude mice bearing HepG2 or SK-Hep-1 xenografts. The mechanism of a potent α-
Mangostin anti-HCC effect is in the blocking of the STAT3 signaling pathway by means of
suppression of the degradation of SHP1 induced by the ubiquitin–proteasome pathway [46].

γ-Mangostin was reported to strongly inhibit glioblastoma multiforme cell prolif-
eration. It is suspected to mediate cytotoxicity via apoptosis in U87 MG and GBM 8401
cell lines [47]. γ-Mangostin exhibits IC50 values 74.14 and 64.67 µM in U87 MG and
GBM 8401 cell lines, respectively. These values are significantly lower than for the clinical
chemotherapeutic agent Carmustine (BCNU), with IC50 values 632.1 and 346.6 µM in
U87 MG and GBM 8401 cell lines, respectively. Considering the mechanism of action in
U87 MG and GBM 8401, cells treated with γ-Mangostin were observed: condensed cells
and hypodiploid cells that carry on several intracellular reactive oxygen species (ROS)
production and mitochondrial dysfunction [47].

There are also results from in vivo studies available. Panaxanthone (α-Mangostin,
80–90%; γ-Mangostin, 10–20%) was administrated orally to mice every day by gavage with
doses of 20 and 40 mg/kg for 30 days. The NK (natural killer) cell activity was determined
by measuring LDH after the incubation of YAC-1 cells (target cells) and splenocytes
(effector cells) at a ratio of 1:50. The activities of both groups were significantly elevated
(control group 0 mg/kg). A significant increase in the NK cell activity by Panaxanthone
was also observed in the human pilot study on healthy people at a dose of 150 mg/day per
person for 7 days [39].

2.1.2. Autophagy Phenomenon

Some research shows that α-Mangostin induces autophagic cell death but not apopto-
sis. This activity was proved with the use of autophagy inhibitors 3-methyladenine and
bafilomycin or beclin-1 [48], which resulted in the suppression of α-Mangostin-mediated
cell death. A critical mediator of α-Mangostin’s inhibition of cell growth is the liver ki-
nase B1 (LKB1)—AMP-activated protein kinase (AMPK). Activation of AMPK induces
α-Mangostin-mediated phosphorylation of raptor (RPTOR, the regulatory associated pro-
tein of mTORC1), which subsequently associates with 14–3-3γ and results in the loss of
mTORC1 activity. The phosphorylation of both downstream targets of mTORC1, p70
ribosomal protein S6 kinase (p70S6 kinase), and 4E-BP1, is also diminished by the acti-
vation of AMPK [48]. Further evidence of the autophagy theory is in the inhibition of
AMPK expression with shRNAs or the inhibitor of AMPK reduced α-Mangostin-induced
autophagy.

GBM8401 and DBTRG-05MG are human glioblastoma multiforme (brain tumor)
cell lines. The research showed that these cell lines are highly sensitive to α-Mangostin
both in vitro and in vivo (transplanted glioblastoma in nude mice) tests. The mechanism
of action of α-Mangostin is associated with autophagic cell death, which has been proven
by analysis as having influence on several autophagy-related pathways, e.g., liver ki-
nase B1 (LKB1)/AMP-activated protein kinase (AMPK). This finding demonstrates that
AMPK activation by α-Mangostin could also inhibit mTORC1 activity by increasing raptor
phosphorylation [48].

2.2. Gambogic Acid

Gambogic acid (5. Figure 3) is the major active ingredient of Gamboge (resin) from the
Garcinia hanburryi tree and is used in traditional Chinese medicine [30]. It has been tested
for cytotoxic activity with the use of various cell lines, including those within CNS.
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Gambogic acid induces ROS generation, which contributes to the anticancer activity
of this compound on glioblastoma multiforme T98G cell lines (anti-proliferative activity
at 300 nM, MTT assay). The generation of ROS in cancerous cells results in the induction
of apoptosis by activating caspase-8, -9, and -3, and down-regulating the expression of
Bcl-2 as well as increasing the release of the cytochrome c apoptosis-inducing factor (AIF).
Co-treatment with antioxidants neutralizes the cytotoxic effect of Gambogic acid, which
confirms the involvement of ROS in its mechanism of action [30]. There are more written
reports regarding the interference of Gambogic acid in the antioxidant system of the cell.
In our study, it decreased significantly the activity of the pivotal antioxidant enzyme—
superoxide dismutase (SOD). The observed effect was opposite to the results obtained
for α-Mangostin [4,5]. ROS can affect cells in two ways, depending on the concentration.
While slightly increased, they promote cell proliferation and differentiation. However,
a large increase in the ROS concentration leads to oxidative damage and cell apoptosis.
Both phenomena may be supported/prevented by the mechanisms developed by cancer
cells [5]. For example, the level of the mitochondrial form of SOD (MnSOD) may be
decreased, leading to accumulation of the superoxide anion, which stimulates cell growth.
As the tumor cells develop, MnSOD expression increases, the catalase and the glutathione
peroxidase expression decrease, and the overall ROS levels constantly increase. Therefore,
both the anti- and pro-oxidant activities do not preclude the anti-cancer effect of the
compound.

Gambogic acid (GA) also causes the apoptosis of rat C6 glioma cells in a concentration-
dependent manner by the mitochondrial pathway of apoptosis [49]. The research was
performed with the use of rat brain microvascular endothelial cells (rBMEC) and apop-
tosis was induced via mitochondrial Bax, Bcl-2, caspase-3, caspase-9, and cytochrome c
release [49]. Bcl-2 and Bax are two kinds of apoptosis-related proteins and caspase-3 is the
regulator downstream of Bcl-2 and Bax [30,50,51]. As a result, the expression of Bcl-2 was
decreased, while Bax and caspase-3 increased, thus causing the reduction in the ratio of
Bcl-2 to Bax [49,52]. It had an antineoplastic effect on rat C6 glioma cells. Secondly, Gam-
bogic acid passes the blood–brain barrier, which could make this compound very useful
in glioblastoma therapy. The in vivo study also revealed that an intravenous injection of
GA once a day for two weeks could significantly reduce tumor volumes by the process of
anti-angiogenesis and apoptosis of glioma cells.

In addition to the previously noted possible mechanisms of action, there are several
less common molecular targets associated with gambogic acid. Transferrin receptor 1 (TfR),
is a transmembrane protein whose expression is increased in rapidly dividing cells—in
cancers such as glioma, as well as colon and pancreatic cancers. It has been proven that
Gambogic acid binds to TfR, inducing the signal leading to rapid apoptosis [53].

The effect of gambogic acid on another interesting target—phosphoinositide kinase-
3 (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin (mTOR) signaling
pathway—was examined in human U251 glioma cells (compound cytotoxic in MTT assay
at 5 nM). Gambogic acid decreased the phosphorylation of P38, AKT, and mTOR. Addition-
ally, it reduced the phosphorylation of ribosomal protein precursors (Pre), the insulin-like
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growth factor I (IGF-1), and the upstream binding factor (UBF). These results suggest
that the compound downregulates and inactivates the pro-survival PI3K/AKT/mTOR
pathway. This is important from the point of view of ribosomal occurrence in gambogic-
acid-affected glioma cells. Moreover, the results indicate that the PI3K/AKT/mTOR
pathway may serve as a potential molecular target in glioma therapy [54,55].

Gambogic acid has been subjected to clinical trials (Phase II) regarding therapy of
solid tumors (intravenous injections) [56]. The most important challenges include its poor
solubility and related pharmacokinetic problems (research on an appropriate drug delivery
system is ongoing), as well as difficulties in optimizing the method of chemical synthesis,
as currently Gambogic acid is extracted from natural sources with a low yield [55].

2.3. Gartanin

Gartanin (6, Figure 4) is an isoprenylated xanthone that can be found in the Mangos-
teen fruit. This compound has been tested, among others, on the T98G glioma cell line and
showed cytotoxic activity in the MTT test at 10 µM. The compound inhibits proliferation,
colony formation, and migration of glioma cells. This is probably due to cell cycle arrest
at phase G1 and induction of autophagy. The decreased migration of malignant cells is
probably caused by suppression of the MAPK signaling pathway. These results indicate
that Gartanin is very promising regarding therapy of glioblastoma—both administered
alone or as an additional drug in combination therapy with another, already established
chemotherapeutic agent [57]. Gartanin also reduces the viability and proliferation of
prostate cancer 22Rv1 and LNCaP cells (in MTT test IC50 equal to 14.9 µM and 15.3 µM,
respectively) and induces apoptosis of these cells. The unique mechanism of action of this
compound probably involves degradation of the androgen receptor—a target of prostate
cancer [58].
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2.4. Garcinoxanthocin A and B

Garcinoxanthocin A (7, Figure 5A) and Garcinoxanthocin B (8, Figure 5B) are two ex-
amples of prenylated xanthone derivatives isolated from the fruits of Garcinia xanthochymus.
They show an inhibitory effect against U251MG glioblastoma cells (IC50 values 3.5 and
1.8 µM, respectively). The postulated mechanism of action involves the STAT3 transcription
factor (signal transducer and activator of transcription 3), the abnormal activity of which
characterizes the U251MG cells. However, it should be noted that mechanism studies were
performed for other derivatives in the series, containing structural modifications of the
xanthone moiety [59].
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2.5. Xanthone Glucosides
2.5.1. Mangiferin and Its Derivatives

Mangiferin (9, Figure 6A) can be found in Mangifera indica mango leaves. It indi-
cates anticancer activity on a few human brain cancer cell lines (MTT assay): U-138 MG
(glioblastoma) [60], U-87 MG (glioblastoma astrocytoma) [61], and U-118 MG (glioblas-
toma multiforme)—by increasing apoptosis [62]—and among other cancer cells, A549
human lung carcinoma cells (apoptosis induction) [62,63], K562 leukemia cells (telom-
erase inhibition and apoptosis induction), and MDA-MB231 breast cancer cells [64].
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It was also discovered that Mangiferin can make glioblastoma cells more sensitive
to radiation. The in vitro results (MTT assay) showed that mangiferin administration
(59.2 ηmol/mL) followed by radiation causes DNA damage and decreases proliferation
of glioblastoma cells U-87 MG and U-118 MG. The mock-treated cells served as a control
in this experiment and the effect was more pronounced for cells treated with Mangiferin.
Using a combination of mangiferin and radiation, the topic was further investigated on
tumor-bearing mice. The obtained results were promising: reduction of the tumor mass:
from 2.0 ± 0.1 to 0.6 ± 0.1 g, and the tumor volume: from 1 ± 0.05 to 0.37 ± 0.05 cm3, as
well as extended life span: in the group treated with Mangiferin and radiation more than
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80% of mice were alive after 100 days, whereas in the control group, bearing the tumor
without any treatment, all mice were dead after 80 days [60].

Mangiferin was subject to acetylation, as this structural modification is known to in-
crease the solubility and stability of some natural compounds (e.g., flavonoids) in lipophilic
systems. Mangiferin (9, Figure 6A) and Mangiferin peracetate’s (10, Figure 6B) growth
inhibitory activity was tested on six human cell lines, including three glioblastoma astro-
cytoma lines: U87MG, U251, U373, and A375-C5 (malignant melanoma IL-1 insensitive);
MCF-7 (breast adenocarcinoma); and NCI-H460 (non-small cell lung cancer). Mangiferin
was active only on A375-C5, MCF-7, and NCI-H460 with GI50 values higher than 150 µM.
GI50 is defined as the concentration of the tested compound that causes 50% cell growth
inhibition. In contrast, Mangiferin peracetate displayed cell growth inhibitory activity
on all of the tested cell lines. The best activity of mangiferin peracetate (the lowest GI50)
was observed for the A375-C5 cell line (GI50 = 58.06 µM). In the case of glioblastoma
astrocytoma cell lines, the GI50 values were higher than 150 µM [65].

2.5.2. 3,6-Bis(2,3,4,6-Tetra-O-Acetyl-β-Glucopyranosyl)Xanthone

3,6-dihydroxyxanthone was tested on glioma, lung, and breast cell lines, but demon-
strated only weak growth inhibitory activity [66]. New acetylated xanthonoside 3,6-
Bis(2,3,4,6-tetra-O-acetyl-β-glucopyranosyl)xanthone (11, Figure 6C) and its deacetylated
derivative 3,6-Bis(O-β-D-glucopyranosyl)xanthone (12, Figure 6D) were tested on glioblas-
toma cell lines: U251, U373, and U87MG cell lines, as well as A375-C5 (IL-1 insensitive
malignant melanoma), MCF-7 (breast adenocarcinoma), and NCI-H460 (non-small-cell
lung cancer) with GI50 values for the acetylated compound (12, Figure 7C): 0.55 (U251), 0.42
(U373) 0.42 (U87MG), 135 (A375-C5), 0.46 (MCF-7), and 0.19 µM (NCI-H460), respectively.
A deacetylated derivative has not been tested on glioblastoma cell lines, while in the case
of other cell types, the GI50 values were above 150 µM. Active compounds still have to pass
the blood–brain barrier (bbb) without being hydrolyzed by enzymes known as esterases.
To solve this problem, the acetylated, glycosidic derivatives of xanthone were encapsulated
into liposomes. However, there is one well-known problem with liposomes concerning
their becoming unstable after a short time. Therefore, compound 11 (Figure 6C), besides
other glycosidic derivatives of xanthone, has been packaged into both liposomes and proli-
posomes. Depending on the cell line, the effects of encapsulation in the carrier varied. In
the case of liposomes, cytotoxic activity was retained in two out of three tested cell lines
(U251 and U373), but it was less marked than that observed with the free compound. In
the case of proliposomes, an unexpected, strong cytotoxic effect was observed in all tested
cell lines U87MG, U251, and U373 (particularly in the highest tested concentration 100 µM),
both for the compound enclosed in the carrier and for the carrier itself. This may be due to
the presence of excipients such as mannitol. Carriers represent a promising development
route for xanthone derivatives, while the impact of their use on therapeutic activity requires
further study [67].
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2.6. Cudraxanthone and Its Derivatives

Cudraxanthone (13, Figure 7A), 8-Hydroxycudraxanthone (14, Figure 7B), and
Morusignin I (15, Figure 7C) [68] are examples of naturally occurring xanthone derivatives.
These compounds were tested in resazurin reduction assay on various cancer cell lines.
Cudraxanthone I (13) was active with IC50 values ranging from 2.78 (against breast can-
cer MDA-MB231 BCRP cells) to 22.49 µM (against human glioblastoma U87MG cells),
8-hydroxycudraxanthone with the IC50 values ranging from 7.15 (against leukemia CCRF-
CEM cells) to 53.85 µM (against human glioblastoma U87MG.∆EGFR cells), while Mo-
rousignin I (15, Figure 7C) with the IC50 values ranging from 16.65 (against leukemia
CCRF-CEM cells) to 70.38 µM (against hepatocarcinoma HepG2 cells).

2.7. Norswertianin

Norswertianin (NOR, 16, Figure 8A) and other similar xanthones with a 1, 3, 7, 8-
oxygenation pattern, as well as O-glicosilated forms of these compounds, were found in
Gentiana dinarica Beck. G. dinarica plant. This endemic plant was genetically modified in
order to obtain higher xanthones accumulation and faster root growth. Norswertianin
and Norswertianin O-glicoside (NOR-O-P, 17, Figure 8B) were investigated for antiglioma
activity. The results of the crystal violet assay indicated that NOR and NOR-1-O-P inhibit
U25 glioblastoma cells growth in a dose-dependent manner (IC50 = 31.2 µM for NOR and
48.3 µM for NOR-1-O-P, respectively) [69].
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2.8. Thioxanthone Derivatives

The most known compound Lucanthone (18, Figure 9A) and its active metabolite Hi-
canthone (19, Figure 9B) [70] are antiparasitic drugs, which have been extensively studied
regarding other indications, including cancer—Lucanthone has reached phase II clinical
trials for glioblastoma multiforme [71]. Both compounds are DNA intercalators. The
mechanism of their action involves also inhibition of nucleic acid biosynthesis as well
as inhibition of topoisomerases and apurinic endonuclease 1 [72]. However, their muta-
genic properties led to their withdrawal from further use. The structural modifications
of these compounds led to the discovery of other potent thioxanthones with neoplastic
activity. It transpired that some derivatives among them were cardiotoxic and likewise
withdrawn (1-chloro-4-propoxy-9H-thioxanthen-9-one (20), SR271425 (21), and SR233377
(22), Figure 9C–E). An interesting example is 1-[[2-(diethylamino)ethyl]amino]-4-propoxy-
9H-thioxanthen-9-one (23, Figure 9F), which showed advantageous properties in tests
performed with the use of various cell lines (e.g., the sulphorodamine-B assay performed
on the K562 cell line—chronic myeloid leukemia, GI50 = 1.9 µM). This serves as a lead-
ing compound for the design of a new series of thioxanthone derivatives with neoplastic
activity [2].
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3. Xanthone Derivatives Targeting CNS Tumors—Medicinal Chemistry Perspective

A review of the literature indicates that among the derivatives of xanthones and
thioxatones, there are substances with proven cytotoxic activity against cancer cells of the
central nervous system. These compounds are summarized in Table 1 together with the
results of selected studies of antitumor activity in order to compare their pharmacological
profiles. Most of these compounds also have cytotoxic activity against other cancers. The
cited studies are characterized by a diverse research methodology, including the types of
cytotoxicity tests used and the range of cell lines tested. Therefore, the discussion of the
influence of the structure on the selectivity of the anticancer activity of these compounds is
difficult to perform. It can be concluded that multidirectional activity in relation to many
cell lines, also outside the CNS, is commonly observed.
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Table 1. Xanthone derivatives cytotoxic toward tumor cell lines within CNS and their anticancer activities.

Tested Compound Cancer Cell Type Cell Lines Performed Experiments Selected Results Proposed
Mechanism/Effect Reference

α
-M

an
go

st
in

glioblastoma multiforme U-118 MG
cytotoxicity: neutral red uptake (NR)

and XTT reduction assays, proliferation:
cell proliferation Assay, migration:

wound healing assay,
Homogenous Caspase-3/7 and

luminescent cell assay

NR IC50 = 9.59 (µM)
XTT IC50 = 18.57 (µM) decrease in cell viability,

inhibition of proliferation,
induction of apoptosis, and

reduction in adhesion

(Markowicz 2019)
[45]

squamous carcinoma SCC-15 NR IC50 = 6.43 (µM)
XTT IC50 = 7.72 (µM)

colorectal cancer DLD-1

caspase activity assay, Real-time PCR,
measurement of mitochondrial

membrane potential
using MitoTracker probe,

Semi-quantitative RT-PCR

Trypan blue-exclusion test
IC50 = 7.5 ± 0.3 (µM)

induction of apoptosis by
caspase inhibitors

endonuclease-G released
from mitochondria with the

decreased mitochondrial
membrane potential

(Nakagawa 2007)
[44]

glioblastoma multiforme GBM8401 (BCRC 60163)
cell viability and clonogenic, apoptosis

assay, detection of acidic vesicular
organelles with Acridine Orange

staining, detection and quantification of
autophagic vacuoles with

Monodansylcadaverin, EGFP-LC3
Plasmid Transfection

WST-1 cell viability assay
IC50 = 6.4 (µM) autophagic cell death

through AMP-Activated
Protein Kinase Pathway

(Ching-Chao 2011)
[48]

human glioblastoma DBTRG-05MG (BCRC 60380) WST-1 cell viability assay
IC50 = 7.3 (µM)

colon cancer DLD-1

Clonogenic assay: viable cell calculation
in growth inhibitory test,

Semi-qRT-PCR, rat carcinogenesis
bioassay

Clonogenicity assay
IC50 = 7.5 (µM)

cell cycle arrest at G1 phase
and subsequent apoptosis,

caspase-independent
pathway via mitochondria
with the release of Endo-G,

down-regulation of
signaling cascades

involving MAP kinases and
the serine/threonine kinase

Akt

(Akao 2008)
[39]

Hepatocellular carcinoma
(HCC)

HepG2

Sulforhodamine B (SRB) staining assay,
annexin

V-fluorescein isothiocyanate
(FITC)/propidium iodide

(PI) assay

Clonogenicity assay
IC50 = 10.94 (µM) suppressed cell

proliferation, induced cell
cycle arrest and apoptosis,
inhibition of the activation

of STAT3’s upstream
kinases, including JAK2, Src,

ERK, and Akt

(Zhang 2020)
[46]

SK-Hep-1 Clonogenicity assay
IC50 = 9.44 (µM)

Huh7 Clonogenicity assay
IC50 = 14.49 (µM)

SMMC-7721 Clonogenicity assay
IC50 = 13.22 (µM)
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Table 1. Cont.

Tested Compound Cancer Cell Type Cell Lines Performed Experiments Selected Results Proposed
Mechanism/Effect Reference

β
-M

an
go

st
in

colon cancer DLD-2

Clonogenic assay: viable cell calculation
in growth inhibitory test,

Semi-qRT-PCR, rat carcinogenesis
bioassay

Clonogenicity assay
IC50 = 8.1 (µM)

cell cycle arrest at G1 phase
and subsequent apoptosis,

caspase-independent
pathway via mitochondria
with the release of Endo-G

(Akao 2008)
[39]

γ
-M

an
go

st
in

colon cancer DLD-1

Clonogenic assay: viable cell calculation
in growth inhibitory test,

Semi-qRT-PCR, rat carcinogenesis
bioassay

Clonogenicity assay
IC50 = 7.1 (µM)

cell cycle arrest at S phase
and subsequent apoptosis,

caspase-independent
pathway via mitochondria
with the release of Endo-G

(Akao 2008)
[39]

astrocytoma glioblastoma, grade III U87 MG
3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT)
assay

MTT assay
IC50 = 74.14 ± 2.93 (µM) in vitro cell growth

inhibitory activity,
inhibition of proliferation,

in vitro cell growth
inhibitory activity

(Chang 2010)
[47]

glioblastoma multiforme GBM 8401 MTT assay
IC50 = 64.67 ± 2.42 (µM)

glioblastoma C6 rat
analysis of arachidonic acid liberation,

assay of the enzyme activities of COX-1
and -2, immunoblotting

COX-1 enzymatic assay
IC50 = 0.8 (µM)

inhibition of
cyclooxygenase and

prostaglandin E2 synthesis,
inhibition of constitutive

COX (COX-1) inhibition of
inducible COX (COX-2)

(Nakatani 2002)
[73]

COX-2 enzymatic assay
IC50 = 2.0 (µM)

G
am

bo
gi

c
ac

id

glioblastoma multiforme T98G

Cell viability assay: Fluorescein
isothiocyanate (FITC)-conjugated

annexin V EZ-Tox assay, Propidium
iodide (PI) test

(FITC)-conjugated annexin
V EZ-Tox assay
IC50 = 0.3 (µM)

inhibition of proliferation,
increased Bax and

decreased Bcl-2 protein
levels, increased release of

AIF and cytochrome c

(Thida 2016)
[30]
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Table 1. Cont.

Tested Compound Cancer Cell Type Cell Lines Performed Experiments Selected Results Proposed
Mechanism/Effect Reference

G
am

bo
gi

c
ac

id

glioblastoma astrocytoma U87 MG

CCK-8 cell viability assay, Clonogenicity
assay, Quantification of apoptosis by

enzyme-linked immunosorbent
assay (ELISA), Caspase-3 activity assay,

protein isolation, Western blot and
quantification,

Clonogenicity assay
IC50 = 1 (µM)

apoptosis and growth
inhibition,

inactivation of
Akt/mTORC1 (mTOR
complex 1) signaling

pathway, induced LRIG1
(leucine-rich repeat and

Ig-like
domain-containing-1)

upregulation, responsible
for EGFR (epidermal

growth factor receptor)
degradation and

Akt/mTORC1 inhibition

(He XY 2013)
[74]

glioblastoma astrocytoma U251 conventional MTT assay, Transmission
Electron Microscopy (TEM), qRT-PCR

MTT assay
5 (pM) < C < 5 (mM)

suppression of cell
proliferation through
PI3K/AKT/mTOR

pathway

(Luo 2020)
[54]

glioblastoma C6 rat, rBMEC

Cell viability assay,
expression detection of antiapoptotic

protein Bcl-2, the proapoptotic proteins
Bax and Pro-caspase-3

Cell viability assay
IC50 = 1-2 (µM)

reduced cellular viability,
inhibition of cellular growth

and induction of cell
apoptosis, intrinsic

mitochondrial pathway of
apoptosis

(Qiang 2008)
[49]

G
ar

ci
no

xa
nt

ho
ci

n
A

breast cancer MDA-MB-231

Clonogenicity assay: in vitro cell growth
inhibitory activity test

Clonogenicity assay
IC50 = NA cell growth inhibition,

inhibition of aberrant
STAT3 activity in the tumor

cell cytoplasm

(Youn 2017)
[59]

glioblastoma U251MG Clonogenicity assay
IC50 = 3.5 ± 0.10 v

G
ar

ci
no

xa
nt

ho
ci

n
B

breast cancer MDA-MB-231
Clonogenicity assay: in vitro cell growth

inhibitory activity test

Clonogenicity assay
IC50 = NA cell growth inhibition,

inhibition of aberrant
STAT3 activity in the tumor

cell cytoplasm

(Youn 2017)
[59]

glioblastoma U251MG Clonogenicity assay
IC50 = 1.8 ± 0.43 (µM)
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Table 1. Cont.

Tested Compound Cancer Cell Type Cell Lines Performed Experiments Selected Results Proposed
Mechanism/Effect Reference

M
an

gi
fe

ri
n

pe
ra

ce
ta

te

malignant melanoma IL-1
insensitive A375-C5

Clonogenicity assay: in vitro cell growth
inhibitory activity test

Clonogenicity assay
GI50 = 58.06 ± 2.74 (µM)

cell growth inhibition

glioblastoma astrocytoma U251 Clonogenicity assay
GI50 > 150 (µM)

glioblastoma astrocytoma U373 Clonogenicity assay
GI50 > 150 (µM)

glioblastoma astrocytoma U87-MG Clonogenicity assay
GI50 > 150 (µM)

breast adenocarcinoma MCF-7 Clonogenicity assay
GI50 = 88.49 ± 0.72 (µM)

non-small cell lung cancer NCI-H460 Clonogenicity assay
GI50 = 99.90 ± 5.81 (µM)

C
ud

ra
xa

nt
ho

ne
x

glioblastoma astrocytoma U87MG

resazurin assay compared with
doxorubicin, analysis of mitochondrial

membrane potential (MMP),
measurement of reactive oxygen species
(ROS) by flow cytometry, effect on the

activity of caspases 3/7, 8 and 9

resazurin assay
IC50 = 26.78 ± 2.78 (µM)

apoptosis, inhibition of
proliferation, MMP

disruption, cell cycle arrest
between G0/G1 and S

phase, strong induction of
apoptosis via caspases 3/7,

caspase 8, caspase 9,
disruption of the

mitochondrial membrane
potential

(Kuete 2014)
[68]

glioblastoma astrocytoma U87MG. EGFR resazurin assay
IC50 = 19.13 ± 2.09 (µM)

lymphoblastic leukemia CCRF-CEM resazurin assay
IC50= 10.63 ± 1.51 (µM)

human acute lymphocytic
leukemia CEM/ADR5000 resazurin assay

IC50= 8.23 ± 1.27 (µM)

breast cancer MDA-MB-231 BCRP resazurin assay
IC50= 2.78 ± 0.19 (µM)

breast cancer MDA-MB-231 pcDNA resazurin assay
IC50 = 7.80 ± 1.08 (µM)

colon cancer HCT116 (p53+/+) resazurin assay
IC50 = 9.79 ± 0.63 (µM)

colon cancer HCT116 (p53−/−) resazurin assay
IC50 = 13.28 ± 2.30 (µM)

hepatocarcinoma HepG2 resazurin assay
IC50 > 105.82 (µM)

hepatocarcinoma AML12 resazurin assay
IC50 >10.65 (µM)
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Table 1. Cont.

Tested Compound Cancer Cell Type Cell Lines Performed Experiments Selected Results Proposed
Mechanism/Effect Reference

8-
H

yd
ro

xy
cu

dr
ax

an
th

on
e

G

glioblastoma astrocytoma U87MG

resazurin assay compared with
doxorubicin, analysis of mitochondrial

membrane potential (MMP),
measurement of reactive oxygen species
(ROS) by flow cytometry, effect on the

activity of caspases 3/7, 8 and 9

resazurin assay
IC50 = 26.78 ± 2.78 (µM)

apoptosis, inhibition of
proliferation, MMP

disruption, apoptosis
induced by activation of
initiator caspases 8 and 9

and effector caspase 3/7 in
mitochondria

(Kuete 2014)
[68]

glioblastoma astrocytoma U87MG.EGFR resazurin assay
IC50 = 53.85 ± 5.63 (µM)

lymphoblastic leukemia CCRF-CEM resazurin assay
IC50 = 7.15 ± 1.10 (µM)

human acute lymphocytic
leukemia CEM/ADR5000 resazurin assay

IC50 = 30.12 ± 2.98 (µM)

breast cancer MDA-MB-231 BCRP resazurin assay
IC50 = 30.93 ± 0.51 (µM)

breast cancer MDA-MB-231 pcDNA resazurin assay
IC50 = 30.00 ± 3.49 (µM)

colon cancer HCT116 (p53+/+) resazurin assay
IC50 = 29.12 ± 2.46 (µM)

colon cancer HCT116 (p53−/−) resazurin assay
IC50 = 38.83 ± 1.85 (µM)

hepatocarcinoma HepG2 resazurin assay
IC50 = 39.22 ± 7.00 (µM)

hepatocarcinoma AML12 resazurin assay
IC50 > 97.56 (µM)
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Table 1. Cont.

Tested Compound Cancer Cell Type Cell Lines Performed Experiments Selected Results Proposed
Mechanism/Effect Reference

M
or

us
ig

ni
n

I

glioblastoma astrocytoma U87MG

resazurin assay compared with
doxorubicin, analysis of mitochondrial

membrane potential (MMP),
measurement of reactive oxygen species
(ROS) by flow cytometry, effect on the

activity of caspases 3/7, 8 and 9

resazurin assay
IC50= 69.62 ± 7.12 (µM)

apoptosis, inhibition of
proliferation, MMP

disruption, apoptosis
induced by activation of
initiator caspases 8 and 9
and effector caspase 3/7

(Kuete 2014)
[68]

glioblastoma astrocytoma U87MG.EGFR resazurin assay
IC50 = 38.53 ± 5.30 (µM)

lymphoblastic leukemia CCRF-CEM resazurin assay
IC50 = 16.65 ± 0.76 (µM)

human acute lymphocytic
leukemia CEM/ADR5000 resazurin assay

IC50 > 101.52 (µM)

breast cancer MDA-MB-231 BCRP resazurin assay
IC50 = 28.98 ± 0.36 (µM)

breast cancer MDA-MB-231 pcDNA resazurin assay
IC50 = 39.26 ± 3.10 (µM)

colon cancer HCT116 (p53+/+) resazurin assay
IC50 = 41.88 ± 6.03 (µM)

colon cancer HCT116 (p53−/−) resazurin assay
IC50 = 37.64 ± 1.04 (µM)

hepatocarcinoma HepG2 resazurin assay
IC50 = 70.38 ± 4.39 (µM)

hepatocarcinoma AML12 resazurin assay
IC50 > 101.52 (µM)

N
or

sw
er

ti
an

in

glioblastoma astrocytoma U251

cell viability: MTT and crystal violet test,
cell cycle analysis, the levels of

autophagy, and oxidative stress: flow
cytometry, immunoblotting

MTT assay
C = 52.41 (µg/mL)

autophagy, autophagic cell
death, proliferation in

G2/M phase

(Tovilovic-Kovacevic
2018)
[69]
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The chemical structures of the presented substances are very diverse. This makes
it difficult to perform a consistent and complete structure–anticancer activity analysis.
Nevertheless, it can be concluded that most of the xanthones and thioxanthones active
against CNS tumor cells have hydroxyl substituents attached directly to the aromatic
xanthone system. In some cases, hydroxyl groups may be modified by etherification,
e.g., methylation (compounds 1, 2, 4, and 20) or acetylation (compounds 10 and 11). In
addition, structural modifications may include the incorporation of other functional groups,
including amino group (compounds 17, 18, 20, 21, and 22), amide moiety (compound
20), carboxylic group (compound 5, Gambogic acid), as well as other substituents, e.g.,
chlorine (compound 19) and isoprene groups (compounds 1, 2, 3, 4, 5, 6, 7, 8, 13, 14, and
15). Particularly noteworthy is the isoprene group, due to the abundance of this type of
compound among the cytotoxic derivatives of xanthones.

Based on the available literature data, it is not possible to perform a proper SAR
analysis. However, a comparison of the compounds described above allows us to draw the
conclusion that the presence of hydroxyl groups and isoprene substituents predisposes the
CNS cytotoxic activity of xanthone derivatives. In addition, the replacement of the oxygen
atom with sulfur in the xanthone scaffold does not preclude its anticancer activity (activity
of compounds 17–22).

4. Conclusions

Xanthone derivatives (both natural and rationally designed/synthetic) constitute an
interesting group of compounds regarding medicinal chemistry, including the search for
new neoplastic agents. In this review, the anticancer activity of xanthone derivatives was
distinguished by a focus on glioblastoma—one of the most frequent lethal brain tumors
in humans, characterized by a low survival rate and a median survival period. Xanthone
and its modifications are undoubtedly a promising group in the design of compounds
active in relation to this type of cancer—one of the thioxanthone derivatives (Lucanthone)
has reached phase II clinical trials for this indication. Literature analysis illustrates that
important issues for the further development of xanthone derivatives are the insight into
the structure–activity relationship, the appropriate selection of screening tests for activity
and safety, and the proper design of advanced pre-clinical and clinical studies. Table 1
summarizes the research conducted so far on the anticancer activity of xanthones, including
the results of selected in vitro viability tests.
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