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Wilhelm Filho5, and Rozangela Curi Pedrosa6

1Department of Biochemistry, Universidade Federal de Santa Catarina, Florianopolis, Brazil, 2Department of Botanic, da Universidade do Extremo
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Abstract

Context: Croton celtidifolius Baill (Euphorbiaceae) is a tree found in the Atlantic Forest in
Southern Brazil, where it is commonly known as ‘‘Sangue-de-Dragão’’. Its red latex is used
traditionally for treating ulcers, diabetes and cancer.
Objective: To evaluate antitumor activities of Croton celtififolius latex in vitro and in vivo.
Material and methods: Phytochemical analyses were conducted using HPLC-DAD-MS. Cytotoxic,
nuclease and pro-apoptotic properties were determined using the tetrazolium salt assay (MTT),
plasmid DNA damage assay and ethidium bromide (EB)/acridine orange methods, respectively,
and antitumor activity was determined in the Ehrlich ascites carcinoma (EAC) mouse model.
Results: Phytochemical studies indicated a high phenol content of flavonols (45.67� 0.24 and
18.01� 0.23 mg/mL of myricetin and quercetin, respectively) and flavan-3-ols (114.12� 1.84
and 1527.41� 16.42 mg/L of epicatechin and epigallocatechin, respectively) in latex. These
compounds reduced MCF-7 and EAC cell viability in the MTT assay (IC50¼ 169.0� 1.8 and
187.0� 2.2mg/mL, respectively). Latex compounds caused significant DNA fragmentation and
increased the number of apoptotic cells (negative control (NC), 12%; latex, 41%) as indicated
by differential staining in the EB/acridine orange assay. The in vivo latex treatment at
3.12 mg/kg/day reduced the body weight by 7.57� 2.04 g and increased median survival time
to 17.5 days when compared to the NC group (13.0 days). In addition, the highest latex
concentration inhibited tumor growth by 56%.
Discussion and conclusion: These results agree with ethno-pharmacological reports showing
cytotoxicity and antitumor activity of C. celtidifolius latex. The mechanism of antitumor action
may be related to direct DNA fragmentation that reduces survival and induces apoptosis.
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Introduction

Due to the lack of efficient and safe treatments, cancer

remains a fatal disease in most cases (Kumar et al., 2004).

Chemotherapy is often the most appropriate medical choice.

However, though several chemotherapeutics are now avail-

able, most adult tumors develop resistance. One of the main

problems with currently available anticancer drugs is their

non-selective cytotoxicity, which leads to various adverse

effects. In addition, the development of multi-drug resistant

cancer cells often restricts successful therapeutic outcomes

(Rey et al., 2009). In recent years, much research has been

devoted to the discovery of novel cost-effective anticancer

agents with minimal side effects from natural products.

Brazil’s biodiversity is a rich source of medicinal plants, and

while a number of plant extracts are used against diseases in

traditional medicines, only a few of these have been

investigated scientifically (Kviecinski et al., 2008).

Nonetheless, many of these plants have been used for the

treatment of several ailments, including proliferative diseases

such as cancer. According to Cragg and Newman (2005), over

50% of antitumor drugs in clinical trials were isolated from

natural sources, or are chemically related to naturally occurring

compounds. Several plant products have been tested for

antitumor activity and some of these, such as vincristine and

taxol, are now available as drugs of choice.

Ethnomedical observations provide one of the best

approaches to the discovery of antitumor agents from plant

resources. Indeed, the study of traditional indigenous medical

practices in Southern Brazil indicated ethno-medicinal uses of

Croton celtidifolius for the treatment of certain tumors

(Maciel et al., 2007).
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Croton celtidifolius Baill (Euphorbiaceae) is a medicinal

plant popularly known in Brazil as ‘‘Sangue-de-Dragão’’ or

‘‘Dragon’s blood’’ (Farnsworth et al., 1969). This tree is

found in tropical regions, and its hydrophilic red latex has

been used in South America as an abortifacient, and to treat a

variety of diseases including some tumors. Scientific reports

have since confirmed that extracts obtained from the bark

and/or leaves have promising antiinflammatory, antioxidant

and analgesic effects (Nardi et al., 2006, 2007).

Phytochemical studies of C. celtidifolius bark indicate the

presence of cyclitols such as 1L-1-O-methyl-myo inositol,

neo-inositol and sitosterol (Mukherjee & Axt, 1984), cat-

echins and gallocatechins, proanthocyanidins (DalBó et al.,

2008; Nardi et al., 2003), alkaloids and saponins (Amaral &

Barnes, 1997). In Croton species containing red latex, only

proanthocyanidin polymers of varying molecular weight have

been characterized, comprising almost 90% of the red latex

dry weight (Salatino et al., 2007).

These compounds are the subject of many studies that

screen and characterize novel, potentially therapeutic herbal

products. Therefore, the aim of the present study was to

investigate the antitumor activity (in vitro and in vivo) of latex

and its phytochemical components.

Material and methods

Extraction of latex from C. celtidifolius

Red latex was collected in February 2009, at Lauro Müller

city, Santa Catarina, South Brazil. To collect samples, cuts

were made in the stem bark of C. celtidifolius to allow the

latex to run off into a suitable flask. The voucher specimen

(collection numbers CRI 4309) was identified by Dr. Vanilde

Citadini-Zanette and was deposited into Herbarium Padre

Raulino Reitz (UNESC, Criciúma).

Preparation of latex sample

In order to prepare the sample, 10 mM phosphate buffer

solution (pH 7.0) was added to samples of the crude latex

(CL) (1:1), and a precipitate was formed overnight at 2–8 �C.

The precipitate was then removed by centrifugation (5000 g,

10 min, 25 �C), and the aqueous solution, referred to as C.

celtidifolius supernatant (CCS), was freeze-dried and used for

experiments (Oliveira et al., 2007).

Phytochemical studies

Portions of CL and CCS were assessed for antitumor activity

and major secondary metabolites were identified.

Spectrophotometric analyses

Total phenolic content of CL and CSS aliquots were directly

measured using the Folin–Ciocalteau reagent (Singleton &

Rossi, 1965). Concentrations were determined using a

calibration curve of gallic acid equivalents, and were

expressed as g/L of the material.

Total flavonoids

The total flavonoid contents were determined as described by

Di Stefano et al. (1989) using absorbance at 280 nm, and

concentrations were expressed as g/L of catechin.

Total acid hydrolysis

To characterize anthocyanidine, about 80 mL of C. celtidifo-

lius CL and 30 mg of CCS were dissolved in 2 M HCl (3 mL),

heated to 100 �C in a sealed tube for 30 min, cooled and

extracted with ethyl acetate (2 mL) twice, and the organic

layer was discarded. The remaining aqueous layer was

extracted again with n-butanol (2 mL) twice, and the organic

layer was concentrated to dryness. The residue was dissolved

in 0.1% methanol HCl and submitted to chromatographic

analysis and UV–Vis spectrophotometry. Anthocyanidin was

identified using co-chromatography with authentic markers,

which were obtained by the acidic hydrolysis of cyanic

residues from the plants as previously described (Harborne,

1998; Sakata et al., 2006).

HPLC–DAD–MS analysis

HPLC–DAD–MS (MS, mass spectrometer) analyses were

performed using a Waters 2690 HPLC system (Waters,

Milford, MA) equipped with a Waters 996 DAD and a

Micromass ZQ electrospray ionization–MS (ESI–MS) in the

negative mode. The samples (latex and CCS), without prior

preparation, were filtered through 0.22 mm, 13 mm PTFE

syringe tip filters (Millipore, Bedford, MA) prior to injection

into the HPLC system.

Flavan-3-ols content

Separation and quantification of the compounds (catechin,

epicatechin, gallocatechin and epigallocatechin) was per-

formed according to Gris et al. (2011). Compound separation

was performed using an Atlantis C18 column (5.0 mm,

4.6� 250 mm; Waters, Manchester, UK) protected by a

guard column containing the same material. The flow rate

was 0.9 mL/min and the injection volume was 10 mL. The

mobile phases consisted of 2.5% acetic acid in H2O (A) and

methanol (B). The separation was carried out at 40 �C over

47 min under the following conditions: linear gradients starting

at 5% B to 6% B over 5 min, to 18% B over 25 min, to 30% B

over 1 min and finally to 100% B over 16 min. The column was

then washed with 100% of B for 1 min and was equilibrated for

7 min prior to each analysis. UV–Vis spectra were recorded

from 210 to 400 nm, and absorbance was recorded at 280 nm.

The MS detector operated at a capillary voltage of 3000 V,

extractor voltage of 6 V, source temperature of 150 �C,

desolvation temperature of 500 �C, cone gas flow (N2) of

50 L/h, and a desolvation gas flow (N2) of 1200 L/h. ESI–MS

spectra ranging from m/z 100–1500 were taken in negative

mode with a dwell time of 0.1 s. Flavan-3-ols were quantified

using MS with the external standard method and molecular

ions (M–H) at m/z 289.3 for catechin and epicatechin, and m/z

305.3 for gallocatechin and epigallocatechin.

Determination of flavonols

HPLC separation and quantification of the flavonols myr-

icetin, quercetin and kaempferol was carried out according to

Mattivi et al. (2006) using a reversed-phase column Purospher

RP18 (5 mm) with a pre-column (Merck, Darmstadt,

Germany) with solvents A) HClO4 0.3% in water and B)

methanol. The linear solvent gradient was from 40% to 90% B

2 F. Biscaro et al. Pharm Biol, Early Online: 1–7
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in 30 min with a flow rate of 0.45 mL/min. The column was

equilibrated over 5 min, and the injection volume was 5 mL.

The presence of flavonols was confirmed by co-injection with

corresponding standards (DAD–MS). Each flavonol was

quantified at 370 nm and is expressed as mg/mL relative to

the external standard calibration.

In vitro biological assay

Endpoint of cytotoxicity

Ehrlich ascite carcinoma (EAC) and Michigan Cancer

Foundation-7 (MCF-7) cells were cultured in RPMI and

DMEM medium, respectively, supplemented with fetal calf

serum (10%), penicillin (100 U/mL), streptomycin (100 mg/

mL) and NaHCO3. The cells were maintained at a density of

1–2� 106 cells/mL (96-well plate) at 37 �C, in 5% CO2 and

95% humidity (Kviecinski et al., 2008). The cytotoxicity of C.

celtidifolius latex in EAC and MCF-7 cells was measured

using the MTT assay (Mosmann, 1983). Briefly, the culture

medium from both cell lines was removed and treatments

were added for 48 h. NC and positive controls (PCs) were

treated with 100 mL of untreated medium, and 100 mL

medium containing doxorubicin at 32.25–500 mg/mL, respect-

ively. All other cells were treated with 100 mL of medium

containing CCS at 32.25–1000 mg/mL (Kviecinski et al.,

2008). Reduction of MTT was measured spectrophotometric-

ally and IC50 values were calculated using linear regression

data are presented as mean� SD.

DNA fragmentation

To assess the nuclease activity of C. celtidifolius latex,

samples were incubated with 5 mL of a solution of plasmid

DNA (600 ng), 5 mL of HEPES buffer (pH 7.4) and 10 mL of

CCS (0.78–25.00mg/mL) or the restriction enzyme EcoRI

(PC) for 16 h at 50 �C. Subsequently, these solutions were

loaded onto agarose gels containing ethidium bromide (EB),

and after electrophoresis, bands corresponding to supercoiled

form (FI), open circular form (FII) and the linear form (FIII)

were obtained (Scarpellini et al., 2003). Fluorescence inten-

sity of EB stained bands was measured and a correction factor

of 1.47 was applied to FI according to a previous study

(Sreedhara & Cowan, 2001).

Assessment of apoptosis and necrosis

EAC cells (5� 106 cells/mL) were placed in 96-well plates

and were incubated in a controlled environment. Culture

medium (RPMI) was removed and cells were incubated in the

medium containing 169 mg/mL CCS latex or 62.5 mg/mL

doxorubicin for 48 h. Subsequently, cells were centrifuged for

10 min at 1000g, the supernatant was discarded, cells were

suspended in 25 mL of PBS, 1 mL of a 10% EB/acridine

orange (EB/AO; 1:1) dye solution was added. Solutions

containing 1% DMSO or 1% DMSO with 1.20mg/mL

doxorubicin (98.0–102.0%; Sigma–Aldrich, St. Louis, MO)

were used as NC and PCs, respectively. For each sample, 300

cells were counted and photographed. Data are expressed as

the percentage of viable, apoptotic and necrotic cells from

three independent experiments performed on different days

(Geng et al., 2003).

In vivo biological assay

Animals

Male isogenic Balb/C mice (all from the Central Biotery of

the University Federal of Santa Catarina) were kept under

controlled conditions (12 h light–dark cycle, 22� 2 �C, 60%

air humidity) and received water and food ad libitum. All

animal procedures were conducted in accordance with legal

requirements appropriate to the species (NIH publication #80-

23, revised in 1978) and with approval from the local ethics

committee (CEUA: 23080.025627/2009-72).

Experimental procedures

The animals were divided into five groups (n¼ 12) and, apart

from the no tumor control group, received xenografts of EAC

cells (200 mL of 5� 106 cells/animal, i.p.). Intraperitoneal

treatments started 24 h after inoculation of tumor cells and

continued for nine days. NC animals (NC group) were treated

with saline (50mL/day), PC animals (PC group) were treated

with 1.20 mg/kg/day doxorubicin, while the test groups

(C1, C2 and C3) were treated with CCS at 0.78, 1.56 and

3.12 mg/kg/day, respectively. On the tenth day, six mice from

each group were sacrificed for the analysis of antitumor

activity. The remaining animals were used to evaluate mean

survival time (MST) (Kviecinski et al., 2008).

Inhibition of tumor growth

Inhibition of tumor growth by CCS was determined according

to morphological and cellular parameters including body

weight, tumor volume, packed cell volume and proportion of

viable and non-viable cells. Cell viability was evaluated by

Trypan blue uptake (Freshney, 1999). MST was identified by

recording daily mortality for 30 days, and percent increase in

life span (% ILS) was calculated using the following equation:

MST¼ (day of the first deathþ day of the last death)/2, and

%ILS¼ [(median survival time of treated group/median

survival time of control group)� 1]� 100 (Mazumder et al.,

1997).

Statistical analysis

All the biochemical experiments were conducted in triplicate.

Data are presented as mean� SD and comparisons were made

using the Student t-test, the Tukey–Kramer multiple com-

parison test and Dunnett’s test for simple comparisons. p

Values less than 1% (p50.01) were considered statistically

significant.

Results

The chemical analysis of latex revealed a high content of

phenolic compounds both before and after sample processing

(Figure 1). Fresh latex had twice the total flavonoid content,

(kaempferol, quercetin and myricetin) of CCS. Flavonol and

flavan-3-ols that were concentrated in fresh latex and CCS

were myricetin and epigallocatechin, respectively. After the

material preparation (CCS), the presence of flavan-3-ol

gallocatechin was not further observed. However, prodelphi-

nidins (polymeric tannins composed of gallocatechin) were

identified in both latex and CCS samples.
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The assessment of cell viability with different concentra-

tions of CCS showed a significant dose-dependent cytotoxic

effect (Figure 2). At the highest concentration tested (500 mg/

mL), cell viability in EAC and MCF-7 cells was reduced to 23

and 16%, respectively. The IC50 values of CCS were

169.0� 1.8 in EAC and 187.0� 2.2 mg/mL in MCF-7 cells.

Treatment of plasmid DNA with 6.25 mg/mL CCS caused

significant DNA fragmentation (Figure 3). The in vitro assay

of the nuclease activity uses supercoiled plasmid DNA (FI) as

a substrate. Single-strand cleavage by CCS results in an open

circular DNA (FII), while cleavage involving two DNA

strands results in the linear form (FIII) (Rey et al., 2009).

Decreased FI and concomitant intensification of FII and FIII

forms indicates a dose-dependent cleavage of plasmid DNA

by CCS at 0.78–3.12mg/mL.

In experiments using differential staining with EB/AO,

apoptotic orange cells increased in number after treatment

with CCS (Figure 4), while bright green viable cells

(viable cells) were found more frequently in animals from

the NC group. After 48 h of treatment with CCS at 169 mg/

mL, 60� 2.6% of cells were viable cells and 41� 2.0% were

apoptotic. These data were significantly different from those

with PCs (viable: 5.0� 2.0%; apoptotic: 95.0� 3.0%) and

NCs (viable: 88.0� 2.0%; apoptotic: 12.0� 1.5%). Curiously,

no necrotic cells were detected.

Regarding the in vivo antitumor potential of CCS, animals

of the C1 group showed no significant differences in body

weight, but had significantly reduced tumor volumes

(Table 1). Animals of the C2 and C3 groups had significant

Figure 1. Total phenol (g/L), flavonol (mg/L), and flavan-3-ol (mg/L) contents of latex and CCS.
Note: CCS was produced by treatment of CL phosphate buffer. n.e.¼ not evaluated.

Figure 3. Damage profile to plasmid DNA after treatment with CCS at
0.78–25 mg/mL Statistically significant differences (p50.001) in the
abundance of FI, FII and FIII plasmid forms between the CSS treatments
and the NC are denoted by a***, b*** and g***, respectively, (n¼ 3).
NC, NC treated with saline; PC, PC plasmid linearized with EcoRI. Tests
were performed in triplicate and results are expressed as Mean� SD.

Figure 2. Effects of CCS and the PC doxorubicin at 31.25–500 mg/mL
on cell viability of EAC and MCF-7 cells. All data are expressed as
mean� SD, n¼ 3. Significant differences between treatment groups and
the NC group are denoted by ** and ***, indicating p50.01 and
p50.001, respectively.

4 F. Biscaro et al. Pharm Biol, Early Online: 1–7
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reduced body weights and tumor volumes (C2: 8.03� 1.97;

C3: 2.8� 1.7) compared with NC animals (NC:

12.73� 1.33 mL). MST and %ILS measurements indicated

significant inhibition of tumor growth following treatment

with CCS (C1, 26%; C2, 32%; and C3, 56% of the NC group;

Figure 5).

Discussion

Croton celtidifolius has a long history of use in Brazil as an

antitumor plant. Whereas all parts of the plant are used in

medicinal preparations, the latex component is most com-

monly used as an oral treatment. To date, neither the chemical

composition of C. celtidifolius latex nor its pharmacological

effects have been investigated. Our preliminary phytochem-

ical study showed that fresh latex from C. celtidifolius is rich

in phenolic compounds that are soluble in phosphate buffer.

Importantly, treatment of CL with phosphate buffer decreases

the concentration of these compounds and is necessary to

attenuate the high toxicity in animals.

The cytotoxicity of CCS in MTT experiments may follow

direct damage to DNA, as is evident in determinations of

nuclease activity. This DNA interaction may involve inter-

calation between base pairs, and cleavage of the DNA

molecule, and may be a significant antitumor mechanism of

new compounds (Rey et al., 2009).

The genotoxicity of CCS indicates a possible mechanism

of cytostatic action similar to that of some existing anticancer

drugs, such as cisplatin, which acts through DNA alkylation

or doxorubicin, which acts by intercalating between DNA

base-pairs and causing DNA strand breaks (Gong et al., 1999;

Singal & Iliskovic, 1998).

According to Suffiness and Pezzuto (1990), IC50 values

lower than 200 mg/mL indicate effective cytotoxicity. In the

present MTT experiments, the IC50 values of CCS were

169.0� 1.8 in EAC cells and 187.0� 2.2 mg/mL in MCF-7

cells, indicating significant cytotoxicity of CCS. Although

latex of C. celtidifolius has not been studied before, these data

are in agreement with cytotoxicity data of plants of the genus

Croton. Specifically, diterpenes from Croton zambesicus

leaves showed cytotoxic activity in HeLa (IC50¼
36.2 mg/mL), HL-60 (IC50¼ 28.9 mg/mL) and WI-38 (IC50¼
32.6 mg/mL) cells (Block et al., 2004). Also, clerodanes

obtained from Croton cajucara bark were cytotoxic to EAC

(IC50¼ 52.2mg/mL) and K562 (IC50¼ 14.9 mg/mL) cells

(Maciel et al., 2007).

Until the final stages of apoptosis, cell membranes remain

intact, though release of permeable solutes allows differential

staining with EB/AO (Fayad et al., 2009; Kumar et al., 2004).

In the present study, treatment with CCS-induced apoptosis in

the majority of cells without disrupting cell membranes.

Quercetin induces cell death in K562, Molt-4, Raji and

MCAS cells by stimulating apoptosis through the inhibition of

HSP70 protein, which is involved in the survival of tumor

cells (Wei et al., 1994). Moreover, kaempferol exerts

antiproliferative effect in A549 cells by inducing the pro-

Table 1. Effect of CCS treatment at doses of 0.78 (C1), 1.56 (C2) and 3.12 mg/kg/day (C3), and PC (62.5 mg/mL doxorubicin) on morphologic
parameters of EAC-bearing mice.

CCS (mg/kg)

Parameter Normal mice PC NC C1 (0.78) C2 (1.56) C3 (3.12)

Body weight (g) 3.3� 0.9*** 2.2� 0.8*** 12.18� 1.7 10.56� 2.12 8.10� 1.96** 7.57� 2.04**
Tumor volume (mL) – – 12.73� 1.33 9.45� 0.94** 8.03� 1.97*** 2.8� 1.70***
Packed cell volume (mL) – – 2.21� 0.49 2.27� 0.5 2.25� 0.69 0.43� 0.45***
Internship cells/tumor volume – – 0.19 0.24 0.28 0.12
Internship unviable/viable – – 0.01 0.029 0.013 0.038
MST (days) 30 30 13 15.5 16 17.5
ILS (%) 100 100 0 19.23 23.08 34.61

Significant differences between CCS treatment groups and the NC group are denoted by *** and **, indicating p50.001 and p50.01, respectively.

Figure 4. Cell death indicated by EB/AO differential staining of EAC
cells after 48 h treatment with CCS at 169 mg/mL. Data are expressed as
mean� SD, n¼ 3. Statistically significant differences (p50.001)
between treatments and NC and PC (62.5 mg/mL doxorubicin) are
denoted by a*** and b***, respectively, (n¼ 3).

Figure 5. Inhibition of tumor growth by CCS treatments at 0.78, 1.56
and 3.12 mg/mL, and in the PC (62.5 mg/mL doxorubicin). Data are
expressed as mean� SD, n¼ 6. Statistically significant differences
(p50.001) between treatments and NC and PC are denoted by a*** and
b***, respectively.
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apoptotic molecules Bax and Bad (Debatin, 1999; Nguyen

et al., 1994). We have determined the flavonol content of CCS

using phytochemical analyses, and we suggest that this

product may have promise as a cancer treatment (Table 1).

Moreover, the present DNA fragmentation data indicate a

mechanism by which the latex compounds in the trial of BE/

LA (Chen et al., 2000) may exert apoptotic effects.

As other antiproliferative compounds such as lignins have

been found in latex (Manna et al., 2010), synergistic effects

with flavonoids may be responsible for the antitumor

activities observed in this study. A novel benzofuran lignin

that is a derivative of the naturally occurring active principles

of Sangue-de-Dragão látex Benfur was identified as a

potential antiproliferative and antitumor agent that caused

G2/M cell cycle arrest in tumor cells via the p53 pathway. The

lignans steganacin and steganangin also showed antitumor

activity in murine models of leukemia, and in human

nasopharyngeal carcinomas (Kupchan et al., 1973). Other

studies have also shown that some lignans cause

DNA fragmentation in HeLa leukemic cells in vitro (Chen

et al., 2005).

The antitumor activities of C. celtidifolius latex were also

evaluated in vivo using a tumor model with rapid ascitic

tumor growth that increases animal body weight and abdom-

inal circumference (Ajith & Janardhanan, 2003; Prasad &

Giri, 1994). In this model, the ascitic fluid serves as a direct

nutritional source for tumor cells, and the antitumor effect of

the latex was evident in reduction of animal weight,

abdominal circumference, and in a 3.5-fold increase in the

ratio of non-viable to viable cells (Rajeshwar et al., 2005).

The extension of survival time is the most rigorous criterion

on which to accesses the efficacy of antitumor agents

(Clarkson & Burchenal, 1965). In this study, we determined

%ILS after CCS treatment and showed dose-dependent

improvements in survival time (C1: 19.23%; C2: 23.08%

and C3: 34.61%). The same was reported in a study of the

protein Haishengsu from Tegillarca granosa L. This study

showed an increase in %ILS in animals inoculated with EAC

cells, indicating inhibition of tumor growth (Liu et al., 2009).

Conclusions

Our results suggest that the hydrophilic fraction of

C. celtidifolius latex (CCS) exerts cytotoxic effects in tumor

cells by inducing apoptosis. The mechanism by which CCS

promotes this antitumor effect may relate to direct inter-

actions of flavonols and flavan-3-ols with DNA. In particular,

we observed a high level of epigallocatechin in CCS samples

by chromatographic methods, and identified the presence of

delphinidin after acidic hydrolysis. Taken together, we can

conclude that the hydrophilic fraction of C. celtidifolius has

antitumor constituents that are active against the MCF-7 and

EAC cells, supporting the popular use of latex aqueous

preparations to treat tumors.
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