
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ABSTRACT 
Plants are a source of biologically-active 
compounds. They are used as crude material or 
pure compounds for cancer treatment. Besides 
these uses, such products are part of the integrative 
healthcare systems. Medicinal plants are formulated 
in different modern dosage forms, such as Cat’s claw 
(Uncaria tomentosa), Maca (Lepidium meyenii), 
Dragon's blood (Croton lechleri), Acai palm 
(Euterpe oleracea), Noni (Morinda citrifolia) and 
Green tea. However, the use of medicinal plants in 
combination with conventional chemotherapeutics 
has significantly incremented the risk for adverse 
effects. Clinical data on interactions of medicinal 
plants with anti-cancer drugs contribute to the 
inter-individual variation, unexpected toxicities, 
and under-treatment seen in cancer patients. Based 
on the traditional use, or as part of systematic 
studies in the laboratory, plants and molecules 
with antitumor properties were studied; some of 
these plants are Calophyllum brasiliense and 
Garcinia mangostana, belonging to the family 
Clusiaceae. Juice of G. mangostana is sold as a 
dietary supplement with chemopreventive properties. 
Its effects are mainly attributed to xanthones, 
which inhibit cell proliferation, affect signaling 
pathways and induce apoptosis in different 
cell lines. Other xanthones are also present in 
C. brasiliense and are currently under study to 
determine their antitumor properties. All these 
features of xanthones make these compounds 
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excellent candidates as anti-cancer agents and to 
study novel mechanisms of action that can be 
exploited as new therapeutic targets with fewer side 
effects, improve the patient’s quality of life and 
reduce costs in public and private health systems. 
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ABBREVIATIONS 
BPH: Benign prostate hyperplasia, CML: Chronic 
myelogenous leukemia, FL: Follicular lymphoma, 
NSCLC: Non-small cell lung cancer 
 
INTRODUCTION 
Mexico is one of the five megadiverse countries 
of the world given that about 50% of the 30,000 
vascular plants species are endemic [1]. Over 
3000 of these plants are used medicinally; it is 
10% of the total floristic richness of the country 
[2]. Currently, in Mexico, there are about 4,000 
species with medicinal attributes (15% of the total 
flora). This number coincides with that reported in 
several regions of the world from specialists in 
this subject, who believe that one in every seven 
species has a healing property. 
The interest in knowing the properties of plants is 
related with the need to find ways of alleviating 
illness, injury, suffering and other symptoms. 
In Mexico, this interest in learning about 
phytotherapeutic resources dates back to pre-
Conquest times. As examples we can point to 
the old botanical gardens, among which are the 
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cancers, that are more selective against tumor 
cells, that induce fewer side effects, and are 
hopefully, easy to obtain. The obvious source of 
these compounds turns out to be plant-derived 
compounds [8]. 
 
Plant-derived anti-cancer agents in clinical use 
There are now four major structural classes of 
plant-derived compounds used in medicine as 
single chemical entity compounds, namely, the 
vinca alkaloids (vinblastine, vincristine, vinorelbine), 
the epipodophyllotoxin lignans (etoposide, 
teniposide, etoposide phosphate), the taxane 
diterpenoids (paclitaxel, docetaxel), and the 
camptothecin quinoline alkaloid derivatives 
(toptotecan, irinotecan), as listed in order of their 
introduction to established oncology therapy in 
the United States [9] (Table 2). Since a detailed 
treatment of these four classes of plant-derived 
agents has appeared in the literature recently [10], 
these compounds will not be further discussed in 
the present review. However, it should be noted 
that the contributions of pioneering natural product 
chemists in North American academic, governmental, 
industrial, and private research institutions were 
instrumental in the isolation and/or structure 
elucidation of the key lead compounds 
vinblastine, vincristine, podophyllotoxin, taxol, 
and camptothecin. The antineoplastic activities of 
these five compounds were discovered through 
systematic laboratory studies, rather than relying 
on ethnomedical observations on their respective 
plants of origin [4]. 
 
New sources of anti-cancer drugs  
Although plants have been used for over 3,500 
years in the treatment of “cancer”, it was only 
since the late 1950s that the evaluation of crude 
plant extracts for their antiproliferative potential 
was initiated in earnest. Since then, more than 
120,000 plant extracts from over 6,000 genera 
have been tested, resulting in the development of 
a large number of widely structurally divergent 
“natural products” as candidate anti-cancer agents 
(Table 3). Some of these proved to be clinically 
useful, and others served as tools to unravel the 
biochemical mechanisms involved in the growth 
and regulation of tumors. In the latter cases, a 
broad arsenal of mechanisms of action has been 

Cerro de Tetzcotzingo in the kingdom of Texcoco, 
and Quauhnahuac Oaxtepec Huaxtepetl in 
Cuernavaca [3]. The Codex de la Cruz-Baldiano 
(from 1552) collects most of those traditions from 
indigenous medicinal herbs. Since then, several 
studies have been made in order to establish 
therapeutic uses of medicinal plants in Mexico, 
based on adequate dosage and preparation [2]. 
The discovery of new drugs from medicinal plants 
may be aided by ethnopharmacology, which is a 
mode of scientific investigation of the indigenous’ 
medicinal uses of various species (Table 1). 
Fabricant and Farnsworth, in 2001, documented 122 
plant natural products with therapeutic use in their 
pure form, of which over 70% were developed, at 
least partially, as a consequence of the gathering 
of available ethnopharmacological information [4]. 
 
Modern medicine from plants 
Currently, an estimated 80% of the world’s 
population uses traditional herbal medicine for 
primary health care. In Asia, millions of people 
maintain their health through the use of leaves, 
roots and bark. In fact, 25% of medicines 
prescribed by European physicians and the United 
States are derived from plants found in forests. 
According to leading researchers, almost all these 
plants have been “discovered” thanks to the 
information derived from its use in traditional 
medicine [5] [6]. In Mexico, chronic degenerative 
diseases are a public health problem, with cancer 
as the third cause of death in the population and 
the leading cause of morbidity, involving the 
biggest health-related expense. Among the cases 
of morbidity from cancer, leukemia had the 
greatest number of cases in 2007 (13.2% in 
women and 19.4% in men) [7]. 
Treatment strategies for several types of cancers 
are basically surgery, radiotherapy and chemotherapy. 
The latter two currently used conventional 
treatments (Table 2) are expensive, have unwanted 
side effects, reduce the quality of life and often 
involve other health-related complications. This 
discourages the patients to continue with their 
treatments and, therefore, results in a low success 
rate. On the other hand, surgical procedures 
generate functional deficiencies or esthetic 
discomfort. Therefore it is necessary to develop 
new drugs that can be used in a wider variety of 
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supplements (Table 5), herbal cosmetics and other 
pharmaceutical products [29, 30]. The presence of 
high levels of xanthones in mangosteen fruit rinds 
(more than 60) were reported by several research 
groups [14, 31, 32]. The α-mangostin was the 
first xanthone isolated from G. mangostana [33]. 
 

identified. The fact that thus far only a relative 
handful of natural products have been evaluated 
for their anti-cancer potential holds promise for 
the identification of agents acting through even 
more sophisticated mechanisms. 
There are an impressive number of higher plant-
derived anti-cancer drugs of diverse structural 
types (Table 4), in both present clinical use and as 
antineoplastic candidates undergoing clinical trial 
[11-13]. Another structural type of compounds 
that represent a promising source of anti-cancer 
compounds is the xanthones. 
 
Potential anti-cancer activity of xanthones 
The xanthones possess a six-carbon conjugated 
ring structure with multiple double carbon bonds 
and may be classified into four major groups: 
simple oxygenated xanthones, xanthone glycosides, 
prenylated and related xanthones [14]. Over 260 
xanthones are currently known to exist in nature 
[15, 16] and previous studies on different 
xanthones demonstrated remarkable pharmacological 
activities including analgesic [17], antioxidant 
[18], anti-inflammatory [19, 20], anti-cancer [21-
24] and antiallergic effects [25], among others. 
Xanthones can be obtained from several plant 
families; the Clusiaceae family, including the 
genus Garcinia and Calophyllum are well known 
as rich sources of bioactive xanthones.  Garcinia 
is a large genus of polygamous trees or shrubs, 
distributed in tropical Asia, Africa, and Polynesia. 
It consists of 180 species [26] and the most 
studied species is Garcinia mangostana.  
G. mangostana or mangosteen, is a tropical tree. 
Different parts of mangosteen, mostly the 
pericarp, the leaves, and the bark have been used 
traditionally for a variety of medical conditions, 
such as arthritis, diarrhea, dysentery, 
inflammation, and skin disorders, and have also 
been utilized for their wound-healing properties. 
Recently, extracts obtained from the pericarp of 
mangosteen exhibited a variety of biological 
properties in vitro, such as antioxidant cytotoxic, 
anti-inflammatory, antibacterial, antifungal, 
antiviral, and cancer-chemoprevention related 
effects [27, 28]. 
Mangosteen is used worldwide as an ingredient of 
several commercial products including nutritional 
 

Table 5. Dietary supplements with unconfirmed 
anti-cancer activity. 

Herb 
Acanthopanax senticosus [100]. 
Aesculus hippocastanum [101]. 
Allium sativum [102]. 
Aloe barbadensis [103]. 
Andrographis paniculata [104]. 
Angelia sinensis [105]. 
Artemisia annua [106]. 
Asimina triloba [107]. 
Brassica oleracea L. var. italica Plenck [108]. 
Bupleurum scorzoneraefolium [85]. 
Calendula officinalis [109]. 
Camellia sinensis [110]. 
Capsicum annuum [111]. 
Coleus forskohlii [112]. 
Euterpe oleraceae [113]. 
Garcinia mangostana L. [114]. 
Larrea tridentate [115]. 
Lessertia frutescens [116]. 
Momordica charantia [117]. 
Morinda citrifolia [118]. 
Nerium oleander [119]. 
Petiveria alliacea L. [120]. 
Radix isatidis baphicacanthi [121]. 
Rhamnus purshiana [122]. 
Sanguinaria canadensis [123]. 
Sarcandra glabra (Thunb.) Nakai [122]. 
Scutellaria baicalensis [124]. 
Symphytum officinale [125]. 
Triticum aestivum [126]. 
Uncaria tomentosa [127]. 
Vaccinium myrtillus [128]. 
Withania somnífera [129]. 
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The major xanthones obtained from mangosteen 
are α-mangostin, β-mangostin, γ-mangostin, and 
methoxy-β-mangostin. The prenyl group is 
considered to be implicated in the internalization 
into the cell, which in turn leads to interaction 
with the signal transduction molecules and the 
proteins involved in mitochondria permeability 
transition [21, 34]. 
The genus Calophyllum comprises 180-200 
tree species with pantropical distribution [35, 36]. 
In the American continent, Calophyllum genus 
is represented by 8 species; among them, 
C. brasiliense has the widest distribution from 
Argentine to Mexico. C. brasiliense is used to 
treat rheumatism, varicose, hemorrhoids, ulcers, 
inflammation and pain [36, 37]. It is also used 
as an antimicrobial, cytotoxic, antineoplasic, 
antispasmodic, antinociceptive, anti-HIV, and 
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CONCLUSIONS 
Multiple lines of evidence from numerous in vitro 
and in vivo studies have confirmed that xanthones 
inhibit proliferation of a wide range of human 
tumor cell types by modulating various targets and 
signaling transduction pathways, supporting its 
remarkable potential as an anti-cancer agent [46]. 
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