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ABSTRACT. The search for new and effective antitumor agents
with fewer cytotoxic side effects on normal tissue has increasingly
become important. Lapachol, a natural organic compound isolated
from the lapacho tree (Tubebuia avellandedae), is chemically identified
as belonging to the naphthoquinone group and is known for its anti-
inflammatory, analgesic and antibiotic properties, although there
are questions about its effectiveness for treating neoplasic cells. We
evaluated the antitumoral effects of lapachol by testing for clones of
epithelial tumors in Drosophila melanogaster. Seventy-two-hour old
larvae bred from wits/TM3, Sb' females and mwh/mwh males, were
treated with different concentrations of lapachol (20, 40 and 60 pg/mL).
Lapachol alone did not significantly increase the number of epithelial
tumors. However, lapachol did significantly reduce the number of
tumors provoked by doxorubicin.
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INTRODUCTION

Natural products extracted from plants have significantly contributed to the develop-
ment of various medications used clinically in traditional medicine (Newman et al., 2003).
Prospection of biological materials in plants, in areas of wide biodiversity in tropical and
subtropical regions, provides chemical diversity for obtaining products for the development of
new drugs (Kinghorn et al., 2003).

Natural products have been widely used for the treatment of diseases in popular medi-
cine. Based on this tradition the use of medication produced from plants for the treatment of
cancer has become common. Between 1983 and 1994, approximately 62% of commercial
drugs used to treat cancer were derived from natural sources (Ravelo et al., 2004).

Tabebuia impetiginosa, also known as “ipe”, is one of the various species of plants
tested for chemical substances. The active chemical compound found in this plant is naphtho-
quinone, also known as lapachol. Quinones are classified by the aromatic moieties present in
their structure and naphthoquinone constitutes the naphtalenic ring (Silva et al., 2003).

The naphthoquinones are a class of compounds having cytotoxic properties that can
be advantageous for treating cancer. Two essential mechanisms are linked to the effects of
naphthoquinone, oxidative stress and nucleophilic alkylation (Bolton et al., 2000). These sub-
stances are able to accept electrons and generate reactive oxygen species (hydrogen peroxide
(H,0,), superoxide anion radical (O,”) and hydroxyl radical (HO"), whose oxidative effects
could explain the cytotoxicity produced by these compounds (Boveris et al., 1978; Silva et al.,
2003; de Witte et al., 2004).

Bolton et al. (2000) suggested that quinones are highly reactive molecules and can
reduce the redox cycle using semi-quinine radicals, generating reactive oxygen species (ROS)
that include superoxide radicals, peroxide radicals, hydrogen peroxide, and hydroxyl radi-
cals. ROS production can cause severe oxidative cell stress, forming oxidative macromolecule
cells, affecting lipids, proteins and DNA.

Lapachol (4-hydroxy-3-(3-methylbut-2-enyl)naphthalene-1,2-dione) is a natural qui-
none that can be isolated from many species of Bignoniaceae found in Brazil, commonly
known as “ipé amarelo” (Oliveira, 2000). A number of studies have examined this natural
quinine, including its anticancer, antiviral, antimicrobial, antiinflammatory, and antimalarial
effects, as well as its significant effect on Trypanosoma cruzi (Carvalho et al., 1988; Grazzio-
tin et al., 1992).

Chemotherapy agents used in treating cancer can be synthetic, semi-synthetic or natu-
ral. They are divided into five different groups, namely, alkanes, antimetabolic, natural prod-
ucts, hormones, and antagonists (Hardman et al., 2005).

The origin and progression of tumors in humans involves a series of genetic changes
that include oncogene activation and the loss or deactivation of tumor suppressor genes
(Schmandt and Mills, 1993). The importance of tumor suppressor genes has recently been
recognized in new molecular techniques of studying various genes and the loss of normal al-
leles in different types of tumors. The byproduct of tumor suppressor genes includes cellular
fixation protein, molecular transduction indicators, and transcription factors, molecules that
control cell cycles and programmed cell death by apoptosis (Knudson, 1993).

The imaginal discs of Drosophila larvae have only one cellular layer that during the
metamorphosis stage develops into the epidermic structures in adult flies (Edgar and Lehner,
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1996). One of the genes involved in the cellular cycle of the imaginal discs is wes (warts).
Mutations in the wts genes are recessive and lethal. However, homozygotic clones that appear
among heterozygotic flies in cells of imaginal discs developed epithelial tumors (previously
known as warts) that are visible in the adult fly cuticles (Eeken et al., 2002). The loss or de-
activation of both wzs gene copies that encode a likely kinase protein depends on serine and
threonine, leads to a loss of control and direction of cell proliferation in the development of the
imaginal discs. Considering that the appearance of tumors is present only in the homozygosis
phase due to genetic loss, wis is thought to be a tumor suppressor gene (Justice et al., 1995).

Sidorov et al. (2001) induced epithelial tumor clones in Drosophila using a lineage
heterozygotic for the tumor suppressor gene wts. They studied 10 compounds of five chemical
groups: polycyclic aromatic hydrocarbonates (PAH), aromatic amines, derivatives of hetero-
cyclic aromatic N-nitrosamines, and platinum complex materials, to see how efficient they
were at generating tumors.

We used Drosophila melanogaster heterozygous for the tumor suppressor gene wis to
evaluate the effect of lapachol on epithelial tumors.

MATERIAL AND METHODS

Chemical compounds

Doxorubicin (DXR) (Figure 1) was manufactured by Eurofarma Laboratorios Ltda.
Each bottle supplied by the manufacturer contained 50 mg lyophilized DXR.

Lapachol (LAF) Dozorubicin (DXR)
Figure 1. Chemical structures of LAP and DXR.

Lapachol (CAS 84-79-7) was provided by Dr. A.B. Oliveira (Federal University of
Minas Gerais, Belo Horizonte, Minas Gerais, Brazil). The molecular structure is shown in
Figure 1. Solutions of this compound were made with 5% ethanol, immediately before use.

Drosophila strains

The following D. melanogaster strains were used: 1) wts/TM3, Sb’. This strain pres-
ents one lethal allele warts (wts) on chromosome 3, balanced by a TM3 chromosome, hav-
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ing multiple inversions, characterized by dominant stubble (Sh) mutation, phenotypically
identified by short bristles. This strain was provided by Bloomington Drosophila Stock
Center of the University of Indiana, USA, under registry No. (Bloomington/7052). 2) mul-
tiple wing hairs (mwh/mwh). Flies of the mwh strain have a marker gene on chromosome
3 (3-0.3) in a distal position, having three or more hairs in each cell. The strain is kept in
homozygosis since it is a viable mutation. This strain was provided by Dr. Ulrich Graf
(Physiology and Animal Husbandry, Institute of Animal Science, ETH Zurich, Schwerzen-
bach, Switzerland).

Crosses

To obtain wts +/+ mwh heterozygotic larvae, virgin female wis/TM3, Sb’ (Eeken et al.,
2002) were mated bred to mwh/mwh males. The larvae from this cross were treated with the
chemical compound. However, only adult flies, without the chromosome balancer (TM3, Sb’)
were analyzed, and they did not have truncated bristles.

Experimental procedure

Third-instar larvae (72 + 4 h) were transferred to a glass tube (2.5 cm in diameter
and 8.0 cm in length) containing 1.5 g instant mashed potatoes (HIKARI, Lot No. L3068DD)
and 5.0 mL lapachol (20, 40 or 60 mg/mL) associated or not with DXR (0.125 mg/mL). The
concentrations used in this experiment were based on studies of Rodrigues et al. (2005) on the
lethal dose of lapachol in Aedes aegypti larvae. DXR was used (0.125 mg/mL) as a positive
control and 5% ethanol was used for a negative control. Since some compounds were photo-
sensitive, all tubes were wrapped in aluminum foil.

The agents tested (lapachol, DXR and the combination of lapachol with DXR) were
mixed with 5% ethanol before treatment. All experiments were performed at temperatures of
25° + 2°C and 65% humidity.

Scoring of warts

After metamorphosis, the individual adults were transferred to a recipient containing
70% ethanol and males and females with genotype (wts +/+ mwh) and normal bristle pheno-
types were identified. Tumor analysis was conducted using a stereoscopic microscope with
an amplification of 25X. Tumors were only recorded when large enough to be unequivocally
classified. The tumor frequency was calculated as (number of tumors / number of wts +/+
mwh flies) (Eeken et al., 2002).

Statistical analysis

The frequency of tumors per fly in each series was compared with the negative con-
trol to evaluate induction tumor effects. In order to assess the reduction of frequency of
tumors, the frequency of tumors per fly in each treated series was compared with the posi-
tive control. Statistical comparisons were made using the non-parametric Mann-Whitney-
Wilcoxon U-test.
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RESULTS AND DISCUSSION

Tumors were found in the head, eyes, legs, wings, and any other part of the body of
adult flies. In flies, not all precursors of different body parts are well known. In specific animal
body parts, such as the eyes and legs, the cellular precursors are located in well-defined areas,
during the larval stage, and are known as the cells of the imaginal disc. The development and
proliferation of cells of these discs in particular are not dependent on other areas of the body.
This situation is very intriguing when animals are tested at a specific age; chemical com-
pounds that can harm the DNA cause tumors to appear (Eeken et al., 2002).

The analyses and the location of each tumor were conducted according to each region
of the fly’s body. These regions were distributed based on Eeken et al. (2002) findings: eyes,
head, wings, body (abdomen and chest), legs, and halter (Figure 2).

Figure 2. Tumor wts clones of different location (arrows). A. Tumor on the wing. B. Tumor on the body. C. Tumor
on the leg. D. Tumor on the head.

Descendants treated with different lapachol concentration levels (20, 40 or 60 pg/
mL), did not show any significant changes in the frequency of tumors when compared to the
negative control (5% ethanol) (Table 1). Therefore, no significant carcinogenic effect of lapa-
chol was found. On the other hand, DXR (used as a positive control, enhanced the frequency
of tumors (P < 0.05).
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In the 145 flies analyzed and treated with DXR, 134 tumors were identified. Most of
the tumors (64, equivalent to 48% of the number of tumors) were observed on the wings. The
remaining tumors were distributed in other areas of the body, eyes (4.5%), head (9.0%), body
(22.4%), legs (14.9%), and halters (1.5%).

In the 107 individuals that were treated with 5% ethanol (negative control), 17 tumors
were found, indicating a spontaneous frequency. The distribution of these tumors was re-
stricted to the wings (9 tumors), body (5 tumors) and legs (3 tumors). This rate of spontaneous
frequency, with a distribution of tumors primarily on the wings and the body of the fly, was
also reported by Sidorov et al. (2001). They indicated that the tumor frequencies on the wing
and on the notum are the highest among all the organs because they have the largest number
of cells and the longest period of cell proliferation.

Lapachol (20, 40 or 60 pg/mL) significantly reduced the induction of tumors by DXR
(0.125 mg/mL).

The frequency of reduction of tumors was directly proportional to the concentration
of lapachol. At a concentration of 20 pg/mL, there was a reduction of 64% in the frequency
of tumors induced by DXR. At a concentration of 40 pug/mL, the reduction was 71% and at a
concentration of 60 pg/mL a 76% reduction was noted. There was tumor reduction throughout
the body of the animal, concentrated primarily on the wings and body (Figure 3).
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Figure 3. Frequency of the tumors after chronic treatment with different concentrations of lapachol associated with
DXR (0.125 mg/mL), according to the body region of Drosophila.

The mechanisms by which lapachol reduced tumors were not analyzed. However, an
understanding of the chemical structure of this compound makes it possible to link the action
of lapachol to its chemical group. Quinones are organic compounds often found in plants.
They are widely used as anticarcinogenic, antibacterial, antimalarial, and fungicidal agents
(O’Brien, 1991). Lapachol is a quinone whose chemical structure belongs to the naphthoqui-
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none group (Falkenberg, 2003). Silva et al. (2003) reviewed the chemistry and the pharmacol-
ogy of naphthoquinones. Their main interest in lapachol was its capacity to induce oxidative
stress by developing intracellular ROS, such as H,0,, O," and HO". These species can harm
some important cellular components in malignant cells. This xenobiotic interference alters the
natural balance of the signals, acting during cellular division at specific points (checkpoints).
Normal alterations can induce apoptosis as a possible alternative if complete oxidative stress
is not eliminated.

Additional studies demonstrated that oxidative stress induced by lapachol and its ef-
fect on DNA occurs in response to the P450 cytochrome reductase enzyme biotransformation
(Kumagai et al., 1997; Silva et al., 2003).

Studies conducted to analyze antitumoral properties and the action mechanism of
naphthoquinone and its derivatives have shown the inhibitory effect of topoisomerase when
linked to DNA. These enzymes have been successfully used in treating cancer (Wang, 1996).
Esteves-Souza et al. (2007) evaluated the cytotoxicity of lapachol and its derivatives when
treating Ehrlich’s carcinoma and K562 leukemic cells. They reported a cytotoxic effect due
to the inhibitory action of DNA-topoisomerase II. Krishnan and Bastow (2000) reported a
direct beta-lapachone interaction (semi-synthetic lapachol derivative) with topoisomerase 1.
They concluded that the inhibitory mechanisms of topoisomerase of naphthoquinone reveals
potential for developing an anticancer drug.

In 1974 the National Institute of Cancer of North America suspended all studies with
lapachol, due to the need for high serum concentrations for an effective chemotherapy treat-
ment (Suffness and Douros, 1980). The elevated amounts needed to make medication effec-
tive are extremely toxic; hence it is no longer used. None of these studies considered lapachol
molecularly. Hussain et al. (2007) indicate that recent studies form the basis for the synthesis
and the development of new drugs derived from lapachol that could be used in the future as
a potent biomolecule. One example is the study done by Netto et al. (2010). To prepare more
active and less toxic compounds, they designed new derivatives, named pterocarpanquinones,
in which the pro-toxic cathecol group was changed by a naphthoquinone group (lapachol).
Pterocarpanquinone showed potent antineoplasic effects against leukemic cell lines and were
effective against non-small lung cancer cell lines.

Even though the National Institute of Cancer of North America suspended the use of
lapachol as an antineoplasic chemotherapy drug, studies using lapachol to treat cancer continue.
To analyze molecular and morphological changes caused by lapachol treatment in invasive
cells, Balassiano et al. (2005) used HeLa cells exposed to different lapachol concentrations.
They concluded that lapachol induces alterations in the proteins of the cell cycle and inhibits
the invasion of HeLa cells, showing its potential in the fight against metastasis. Similar suc-
cess in reducing metastasis was reported by Maeda et al. (2008) in mice treated with lapachol
at doses between 5 and 20 mg/kg.

Castellanos et al. (2009) reviewed study on lapachol and beta-lapachone and found
that, despite efforts to provide scientific evidence, the lack of material, observational studies
and problems associated with the lack of product quality in processing the drug to the final
product minimize the efficiency of these compounds for therapeutic use. Castellanos et al.
(2009) also emphasized the need for new studies, not only in vitro, but also in vivo using
quality-controlled compounds.

There are also therapeutic studies using lapachol that do not involve cancer treatment.
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Many studies have demonstrated the effect of lapachol against leishmaniosis (Lima et al.,
2004), Chagas disease (Carvalho et al., 1988; Grazziotin et al., 1992; Santos et al., 2001; Silva
et al., 2009), and schistosomiasis (Lima et al., 2002).

Ravelo et al. (2004) suggested that lapachol has potential for preventing cancer.
They also found that lapachol did not induce cancer and that it helped protect against cancer
induced by DXR.

Finally, we conclude that lapachol did not show any carcinogenic activity. Although
there was tumor reduction in Drosophila melanogaster epithelial cells, we suggest that further
studies should be conducted to evaluate the antitumoral activity of lapachol and its chemical
derivatives.
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