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Abstract: Due to its folk use, scientific reports and phytochemical screening, the
purpose of this work was to study the phytochemical and the biological properties of
the methanol extract and to evaluate the anti-inflammatory activity as well as determine
the acute toxicity, antitumor and cytotoxic activity of the root barks of Guettarda
platypoda DC., Rubiaceae. In this analysis the presence of flavonoids and therpenoids
were identified. These data and the ones in the literature indicated it as a potential
antioxidant and motivated the cytotoxic analysis related with three tumoral cell strains
as well as to evaluate its antitumoral activity (sarcoma 180 and Ehrlich carcinoma) in
female mice. Due to the presence of esteroids and the previous study of the ethanolic
extract, its anti-inflammatory activity and toxicity were also evaluated. Absence or low
toxicity in 2000 mg/kg doses was verified and the attention to their phytochemical and
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pharmacological properties is constantly increasing.

Introduction

The chemical and pharmacological potential of
higher plants due to the identification of their secondary
metabolites has long been known and the attention to
their phytochemical and pharmacological properties is
constantly increasing. Stems, flowers, leaves, roots,
tubercle, seeds and fruits are targets of interdisciplinary
studies in order to broaden the knowledge of their
properties.

It is reported that from nearly 400000 plant
species existing on our planet (IGEduca, 2010), Brazil
has about 55000 of these in its territory. Thus, Brazil
has one of the highest biodiversity in the world,
featuring a variety of biomes that reflects the richness
of flora and fauna. For this reason, it is one of the most
important regions among the so-called mega-diverse
and, many species found in Brazilian biomass are
unique (endemic) (Portal Brasil, 2011). Due to this, it
is easy to deduce the potential of bioactive products
from the plants, and a large number of plant species in
Brazil has still not been studied from the chemical and/
or pharmacological point of view (Cunha et al., 2003;
David et al., 2006).

Among the angiosperms, the most representative
is the Rubiaceae family, being the fourth largest in
Dicotyledons, comprising about 13000 species in 650
genera and 44 tribes (Delprete, 2004). Its species are found

http://dx.doi.org/10.1590/S0102-
695X2012005000118

in tropical and subtropical regions, and can also reach the
temperate and cold regions of Europe and northern Canada
(Pessoa, 2009). In the Americas, the family Rubiaceae is
represented by 217 genera and 5000 species and in Brazil,
about 120 genera and 2000 species, representing one of
the leading families of our flora. This family is present in
almost all natural formations: forest, Cerrado, Caatinga,
shoal, rainforest, forest and mountain altitude, trays,
dunes and open fields (Delprete, 2004; Lima et al., 2010;
Pereira, 2002). According to Barbosa et al. (2011), the
Rubiaceae family also stands out among the most diverse
in the Brazilian Northeast, with 66 genera and some 310
species.

One of the representatives of this family is
the genus Guettarda, composed of about 180 species
known widely distributed in the tropical and neotropical
zone, with the occurrence of 24 species distributed
throughout the Brazilian territory (Mo6l, 2010). They
are used in folk medicine for various purposes, mainly
in the treatment of wounds and inflammation (Agra et
al., 2007, 2008; Bertucci et al., 2008; Capasso et al.,
1998).

Guettarda platypoda DC., Rubiaceae is found
in the coastal plain of northeast of Brazil and is known
as “angelica” or “angelica-do-mato” (Andersson, 1992;
Pereira & Barbosa, 2004). G. platypoda is a shrub and
its root is used in folk medicine as a febrifuge (Aquino
etal., 1988a,b; Bhattacharyya & Almeida, 1985; Ferrari
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et al., 1986), as well as during the puerperal period
(Bhattacharyya & Almeida, 1985; Matos, 1997) and to
correct menstrual irregularities (Bahia, 1979).

The objective of this work was to perform
the phytochemical analysis and to evaluate the anti-
inflammatory activity as well as to determine the
acute toxicity, antitumor and cytotoxic activity. As the
population of the northeast of Brazil uses this plant for
medicinal purposes, and very few data were available, it
was decided to evaluate its pharmacological potential,
toxicity and safety levels of employment.

Materials and Methods
Plant material

The barks of Guettarda platypoda DC.,
Rubiaceae, were collected in August 2009 in the
Island Itamaracé (Pernambuco, Brazil). The plant was
identified by Rita de Cassia Araujo Pereira and a voucher
specimen was deposited at Dardano de Andrade Lima
Herbarium, Agronomic Institute of Pernambuco (IPA),
under the number 86565.

Preparation of methanolic extract

After G. platypoda roots were collected the barks
were immediately removed from them and left to dry at
room temperature (252 °C) for seven days. They were
weighed and triturated in an electric mill to obtain a fine
granulated powder. The preparation of the methanolic
extract was obtained by an infusion of 700 g of bark roots
in 2000 mL of methanol, followed by 72 h maceration with
sporadic agitation. The extract was filtered and the plant
residue was re-extracted two more times. The filtered was
concentrated in a rotary evaporator at 50 °C, to obtain the
Crude Dry Extract (CDE).

Phytochemical analysis

Using silica gel plates (Alugram® SIL G/UV254,
Ref: 818133), 10 uL aliquots were subjected to thin layer
chromatography (TLC) to analyze the presence of the main
secondary metabolites: flavonoids, cinnamic derivatives,
phenylpropanoid glycoside (Neu, 1956; Wagner & Bladt,
1996), condensed proanthocyanidins, leuco-anthocyanins
(Roberts et al., 1957), monoterpenes, sesquiterpenes,
diterpenes (Wagner & Bladt, 1996), triterpenes, steroids
(Harbone, 1998; Sharma & Dawra, 1991), cardiac
glycosides, alkaloids (Wagner & Bladt, 1996) and reducing
sugars (Russel, 1982), employing the respective standards
and specific revelators. The saponin presence was tested
by afrogenicity, according to the methodology by Costa
(2001).
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Animals

Adult female mice (Mus musculus) weighing
25-35 g were obtained from the Antibiotics Department
of the Federal University of Pernambuco. The animals
were kept in polypropilene cages with water and ration
(Labina Purina Brazil) ad libitum, under controlled
lightness, light and dark cycles of 12 h and of
temperature (2342 °C).

The experimental procedure was performed
according to the ethical principles of CEEA (Ethics
Committee of Animal Experiments) of Federal
University of Pernambuco under the number
23076.013788/2009-82.

Acute toxicity evaluation

The mice were submitted to acute toxicity
essay according the OECD 423 protocol (2001). The
CDE was given orally. After 8 h of fasting, the animals
received a 2000 mg/kg and 3000 mg/kg doses and were
observed during the first 24 h and daily for fourteen
days period. At the end of fourteen days, they were
sacrificed in a CO, chamber and taken to autopsy for
macroscopic observation of the organs (liver, kidney
and spleen).

Anti-inflammatory activity evaluation

The carrageenan-induced peritonitis experiment
was conducted in female mice (n=6) as describe by Uchba
et al. (2009). One hour before the experiment, the animals
received the G. platypoda CDE orally in doses of 30, 50,
100, 150 and 200 mg/kg. The standard group received the
vehicle (10% propylene glycol in saline, orally). Mice were
injected intraperitoneally with 0.25 mL of carrageenan (1%
in saline solution). After 4 h, the animals were sacrificed
in CO, chamber and immediately submitted to surgery to
have their chest opened, which was flushed with 3% of
saline solution containing 3 pM of EDTA. The collected
exudates were centrifuged and re-suspended in saline
solution and the count of polymorph nuclear leucocytes
(PMNL) was performed in cell automatic counter (Micros
60) (Vital et al., 2009).

Antitumor evaluation (Sarcoma 180 and Ehrlich
carcinoma)

The antitumor experiment was performed
according to Sugiura et al. (1955) method. After
removing the tumor mass from the donor animal, it
was placed in physiologic solution associate with an
antibiotic, separating necroses from the other parts.
After this, the fragments (about 3 mm) were induced
by subcutaneous way in the receptor animals. The



animals were then divided in three groups (six animals
per group). During the experiment (seven days), the
animals were weighed and the control group received
0.5 mL of physiological solution orally, the positive
group was treated with methotrexate (2.5 mg/kg
oral way) and to the test group G. platypoda CDE in
doses of 100 and 200 mg/kg was administered. The
experimental chemotherapy was started 48 h after the
transplant. At the end of the treatment (8" day) all the
animals were weighed and sacrificed, and the organs
(liver, kidneys, heart, lung and spleen) were removed
and weighed, as well as the tumors were also excised,
dissected and weighed. The tumor inhibition was
calculated as: Inhibition ratio (%) was calculated as:
inhibition ratio (%)=[(A-ByA]x100, where A is the
average tumor weitht of the negative control, and B is
that of the treated group.

Cytotoxicity evaluation

The cytotoxic potential of Crude Dry Extract
was evaluated by the MTT assay (Mossman, 1983),
comparated with three human tumor cell lines: HT29
(human colon carcinoma), MCF-7 (breast human
carcinoma) and NCI H-292 (lung human cancer)
obtained from Rio de Janeiro’s Cell Bank Brazil. All cell
lines were maintained in DMEN medium supplemented
with 10% fetal bovine serum, 100 U/mL penicillin and
100 mg/mL streptomycin, at 37 °C with 5% CO,. The
cells were plated in 96-well plates at 1x 10° cells/mL.
The G. platypoda CDE was diluted in DMSO 0.1%
and tested in quadruplicate in 50 pg/mL concentration.
After 72 h of incubation, 25 pL of MTT (5 mg/mL) was
added. Three hours later the MTT formazan product
was dissolved in 100 mL DMSO and absorbance was
measured at 595 nm. The experiments were carried out
in duplicate and they were analyzed according to their
averages and standard deviations employing the Graph
Pad Prism program.

Statistical analysis

All results were expressed as mean values£SD
for each experimental group. Statistical analysis
between groups was performed by one-way analysis
of variance (ANOVA), followed by Tukey’s test. For a
confidence interval of 95%, only p values less than 0.05
(»<0.05), as determined by BioEstat (version 5.0), were
considered to be indicative of statistical significance.

Results
Phytochemical analysis

The phytochemical analysis enables the
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identification of the secondary metabolites, which may
be related to biological activities. The phytochemical
profile from the methanol extract of the root bark
of Guettarda platypoda DC., Rubiaceae, detected
the presence of flavonoids, cinnamic derivatives,
phenylpropanoid glycoside, monoterpenes,
sesquiterpenes, diterpenes, triterpenes, steroids,
saponins and reducing sugars. The other metabolites
(condensed proanthocyanidins, leuco-anthocyanins,
cardiac glycosides and alkaloids) were not detected
in the tests. A strong violet coloration was observed
in the chromatographic test for triterpenes/steroids
identification, which may indicate the presence of
triterpene acids (oleanolic acid or ursolic acid). The
presence of steroid beta-sitosterol was found in the
extract, afrogenicity was found in the test, and the
presence of saponins was indicated by the existence of
an intense foam which lasted for more than 24 h.

Acute toxicity evaluation

Some signs and unusual symptoms during
the first 60 min of the acute toxicity protocol were
observed (Table 1): as exciting behavioral (agitation,
touch response, tachycardia and tremor), inhibitory
(sleepiness) and others characteristics (piloerection
and tail quivering).

However, in this study, no death was observed
fourteen days after acute treatment with high doses
(2000 and 3000 mg/kg) of G. platypoda CDE, so it
was not possible to calculate the LD50, considered
here as greater than 3000 mg/kg. The treated animals
did not show any significant alteration in water or
food consumption, or in body weight (Table 2) during
the experimental period. In addition, macroscopic
examination revealed that the organs taken presented
aspect of color, size and texture, showing no difference
from the control group, with the remaining aspects
preserved.

Anti-inflammatory activity evaluation

The results obtained in the carrageenan-
induced peritonitis test are shown in Table 3. The data
revealed that the doses tested with the Groups 2, 3,
4 and 5 (50, 100, 150 and 200 mg/kg, respectively)
caused a significant reduction in the migration of
polymorphonuclear leukocytes in comparison to the
control group, presenting a promising anti-inflammatory
activity. But, between these groups no statistically
significant difference was observed.

Antitumor activity evaluation

The effects of G. platypoda CDE in mice
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transplanted with the tumor sarcoma 180 and Ehrlich
carcinoma are shown in Figure 1 and 2, respectively.
Compared with the mean tumor weight control group
treated with saline solution, the groups treated with 100
mgkg (74,26%) and 200 mgkg (84,77%) doses, had
the men weight of sarcoma 180 tumors reduced (Figure
1). The positive control group, metotrexato (2.5 mg/
kg, oral way) had 89% tumor inhibition. In the animals
transplanted with Ehrlich carcinoma, of the treatment
with G. platypoda CDE presented a slight increase of
the average weight of the tumor, however this decrease
was not statistically significant. The positive control
group (metrotexate) showed 92% inhibition in the
growth of Ehrlich carcinoma.

Table 1. Clinical signs of acute toxicity observed in adult
female mice (Mus musculus), treated with different doses
CDE of Guettarda platypoda by oral doses.

Parameters Groups
2,000 mg/kg 3,000 mg/kg  Group control
Stimulants

Agitation -+ o ++
Convulsions - — —
Vocal fremitus + - —
Irritatacion - - —
Stereotyped - ++ —
movements

Touch Response ++ ++ —
Salivation - - —
Tachycardia ++ - —
Tremors ++ 4 _

Inhibitory
Abdominal writhing - + —
Stretch - - —
Ptosis - - —
Sleepiness ++ N +
Hindquarter - + —
Other

Cyanosis - - —
Defecation ++ 4+ +
Diarrhea — — —
Tearing - - —
Urination + + —
Piloerection + + -
N° of deaths 0 0 0

—: no effect; +: light effect; ++: moderate effect; +++: major effect.

During the experiments it was observed
that all the animals presented no significant weight
changes Mice with Sarcoma 180: 90% of the ST1 or
ST2 experimental groups presented hyperemic, friable,
fibrous-looking lungs, one of the ST1 group presented
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kidneys with a cystic appearance Mice with Ehrlich
carcinoma; it was macroscopically verified that two
animals of CT1 group presented lung hemorrhage.
With these exceptions, the mice of both strains, and
independent of treatment, showed no macroscopic
changes in their organs, with no fibrous consistency,
thrombus, lesions and atrophy on the edge of the organs,
preserving aspects in relation to structure, texture and
shape. The tumors were well-defined and had a solid
consistency (Figure 3).

6
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0
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Figure 1. Antitumor activity of Guettarda platypoda CDE

Tumour weight {g)

0.47x
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in Mus musculus female mice after implantation of Sarcoma
180. Saline (0.5 mL) was orally administered in the Control
Group (SCQG) and experimental treated groups (ST1=100 mg/
kg; ST2=200 mg/kg) for seven days. *p<0.05.
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Figure 2. Antitumor activity of Guettarda platypoda CDE in
Mus musculus mice after implantation of Ehrlich carcinoma.
Saline (0.5 mL) was orally administered in the Control Group

(SCG) and experimental treated groups (CT1=100 mg/kg;
CT2=200 mg/kg) for seven days. *p<0.05.

Tumour weight (g)

Cytotoxicity evaluation

According to the results, CDE did not present
cytotoxicity for any of the strains tested. The intensity
scale used to evaluate the cytotoxic potential of the samples
tested was: samples with no activity (10-20% inhibition),
with few activity (cell growth inhibition ranging from 20
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Table 2. Weight gain and physiological habits (consumption of water/diet) in adult female mice (Mus musculus), treated with
different doses of G. platypoda CDE in acute toxicity by oral doses.

Body weight . . .
Groups — - Consumption of water (mL) Consumption of diet (g)
Initial (g) Final (g)
Control 22.6+0.85 27.7+1.11 31.07+6.59 11.28+4.69
2000 mg/kg 24.6+0.52 30.6+1.39 30.71£9.83 12.7742.21
3000 mg/kg 23.9+1.41 29.7+1.38 31.78+8.64 11.66+7.96

to 50%) with moderate activity (cell growth inhibition
ranging from 50 to 70%) and with large activity (cell
growth inhibition ranging from 70 to 100%). The average
cell growth inhibition (IC%) of cell treated with 50 pg/mL
CDE is shown below (Table 4).

Table 3. Effect of Guettarda platypoda CDE, in different
doses, on cell migration into peritoneal cavity on carrageenan-
induced peritonitis in mice. Data are the mean+SD of at least six
animals.

Treated Dose (mg/kg) N of(I)’(II/([)I:I)L/mL Inhibition (%)
Group 1 30 9.48+2.0 6.7
Group 2 50 3.35+0.7 * 67.0
Group 3 100 4.72+1.4 * 53.5
Group 4 150 3.40+0.7 * 66.5
Group 5 200 6.54+1.7 * 35.6
Indomethacin 10 4.90+0.5 * 51.8
Control - 10.16+3.1 -

*p<0.01. Significance was determined with ANOVA one-way
followed by Tukey’s Test when compared with control group.

Discussion

The phytochemical analysis indicated the
presence of significant secondary metabolites in the
Guettarda platypoda DC., Rubiaceae, CDE. Some
authors have reported the presence of several triterpene
saponins, such as quinovic acid derivatives (Aquino
et al.,, 1988a, 1989; Almeida, 1982; Bhattacharyya
& Almeida, 1985; Ferrari et al., 1986, Melo et al.,
2008). In this study alkaloids were not identified but

A

their presence was described in the ethanol extract
by Almeida (1982) and detected the presence of Sa-
carboxistrictosidina was detected by Ferrari et al.
(1986) and Melo et al. (2008).

Results indicated that G. platypoda CDE
has low oral acute toxicity. According to the criteria
for acute toxicity by the GHS (Globally Harmonized
Classification System) the fact that no serious injury
or death occurred in any animal tested at the highest
recommended dose (2000 mg/kg), indicate that the
compounds were fit in class 5 (very low or no toxicity)
(GHS, 2005). The absence of atypical behavior is also
another indication of lack of toxicity of the compounds
(Vital et al., 2009).

In order to evalute the effect of G. platypoda
CDE on cell migration to the peritoneal cavity, we
tested its effects on the induction of peritonitis by
carrageenan. The statistical analysis revealed also that
G. platypoda CDE evaluated, exhibited an inhibitory
profile similar to indomethacin in the doses 50, 100,
150 and 200 mg/kg. The potential anti-inflammatory
activity by CDE may be due to synergistic action
of quinovic acid glycosides already reported in the
literature (Bhattacharyya & Almeida, 1985; Aquino
et al., 1988a, 1989, 1991; Ferrari et al., 1986) and the
presence of beta-sitosterol (Bhattacharyya & Almeida,
1985), flavonoids and the triterpnes identified in this
study, since anti-inflammatory action of the metabolites
mentioned above have been already described.

The action of B-sitosterol is similar to the
hydrocortisone (Gupta, 1980) and the action of
flavonoids was explained in part by its inhibitory effect
on arachidonic acid metabolism (Silva et al., 2002).

B -

Figure 3. Illustration of antitumor evaluation sarcomatoses tumors. A. Control group; B. Group treated with CDE Guettarda
platypoda dose 100 mg/kg (ST1); C. Group treated with CDE G. platypoda dose 200 mg/kg (ST2).
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Table 4. Percent inhibition of cell growth (IC%) of the three tumor cell lines tested in a single dose (50 ng/mL) of Guettarda

platypoda CDE.

Tumor lineage C];\;[;?;’O(EQL) Standard Deviation (SD) CDE Doxorrﬁi?ng(cl‘?)“g o)
HT29 15.2 0.6 0.4
MCF-7 0 0 N.d.
NCI-H-292 17 0.5 0.2

N.d: no determined.

Some flavonoids can block the biosynthetic processes
of eicosanoids, which lead to an anti-inflammatory
action, because it causes inhibition of COX-2 and nitric
oxide synthase (Machado et al., 2008). It is also reported
that triterpenes have anti-inflammatory activity, due to
inhibition of nitric oxide and prostaglandin E2 synthesis
(Moraes et al., 2012).

However, other disorders can lead to a decrease
in PMNL migration. This probably happened with
doses above 150 mg/kg, observing an activity decrease
anti-inflammatory, probably because exudate presented
hemolysate due to the abundant presence of saponins
in the roots of G. platypoda as described in this paper
and by several other authors (Aquino et al., 1988a,
1989; Almeida, 1982; Bhattacharyya & Almeida, 1985;
Ferrari et al., 1986, Melo et al., 2008).

In the antitumor activity evaluation, the G.
platypoda CDE is quite promising for the treatment
of Sarcoma 180, but did not provide satisfactory
results against the Ehrlich carcinoma. Therefore, it
is important to emphasize the positive results of this
study, which may improve our understanding in the use
of this plant as an alternative anti-cancer therapy. For
Sarcoma 180, as this strain is the most difficult to treat,
according to Almeida et al. (2005), who emphasizes
that sarcomatose tumors are more difficult to treat
because they affect of bone and muscle regions. The
identification of active principles and their mechanisms
of action still need to be studied in order to enhance the
promising effects in treatment of this strain. Probably
flavonoids are responsible for the antitumor action due
to its antioxidant capacity, and cell growth inhibitory
activity in several tumor cell lines and induce apoptosis
(Machado et al., 2008).

It was verified in this study that of G. platypoda
CDE did not demonstrate cytotoxic activity. Analysis
of cytotoxicity by MTT method has been used in the
screening program of the National Cancer Institute of the
USA (NCI), which tests more than 10000 samples each
year (Skehan et al., 1990). It is a rapid, sensitive and
inexpensive test. [t was first described by Mosman (1983) as
having the potential to analyze the viability and metabolic
state of the cell. This is a colorimetric analysis based on
conversion of 3-(4,5-dimethyl-2-thiazole)-2,5-diphenyl-2-
H-tetrazolium bromide salt (MTT) into blue formazan due
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to mitochondrial enzymes present only in metabolically
active cells. The study carried out employing cytotoxic the
MTT method allows to define the cytotoxicity easily, but
not the action mechanism (Berridge et al., 1996).

Conclusions

The methanolic extract of Guettarda platypoda
DC., Rubiaceae has low toxicity and promising anti-
inflammatory activity at doses of 50, 100 and 150 mg/
kg and antitumor activity to Sarcoma 180 at doses of
100 mg/kg and 200 mg/kg. It’s necessary to continue
the studies with fractions to determine which fraction
may will be more active. The cytotoxic activity did
not indicate satisfactory results. These tests don’t
necessarily discard the potential of CDE against this
activity and it is necessary additional tests using other
cell strains and experimental models.
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