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ABSTRACT

Four Combretum species (Combretaceae) from northern Thailand (Com-
bretum deciduum, Combretum griffithii, Combretum latifolium and Combretum
quadrangulare) were tested for antioxidant and anticancer activities. Antioxi-
dant activities were assessed by ABTS and DPPH radical scavenging capacity
methods. Anticancer activity was tested against three cancerous human cell lines
(KB, MCF7 and NCI-H187). All methanolic leaf extracts showed antioxidant
activities with the ABTS and DPPH methods. The methanolic leaf extracts
of C. deciduum inhibited KB-oral cavity and MCF7-breast cancer cell lines,
C. latifolium inhibited MCF7-breast cancer cell line and C. quadrangulare
inhibited KB-oral cavity and NCI-H187-small cell lung cancer cell lines.
However, the methanolic leaf extracts of C. griffithii were inactive against all
three cell lines. All methanolic leaf extracts exhibited non-cytotoxicity to Vero
cell lines.
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INTRODUCTION

The genus Combretum belongs to the family Combretaceae. This genus
of trees, woody climbers and shrubs is distributed in the tropics, including
southern Africa, Asia and America. The genus is well known in folk medicine for
its medicinal value. In southern Africa, Combretum is used to treat abdominal
disorders, backaches, bacterial infections, bilharzia, cancer, coughing, the urinary
system, colds, conjunctivitis, constipation, diarrhea, dysentery, dysmenorrhea, ear-
aches, fever, gastric ulcers, general weakness, gonorrhea, headaches, heart disease,
hookworm, hypertension, jaundice, leprosy, nose bleeds, pneumonia, skin diseases,
sore throats, swelling caused by mumps, syphilis, toothaches, malaria and diabetes
(Clarke, 1878; Banskota et al., 2003; Eloff et al., 2008 and Lima et al., 2012).

Previous research on the genus includes the antioxidant activities of C.
decandrum Roxb. (DC) and C. duarteanum Cambess. and the anticancer activities
and cytotoxicity of C. duarteanum, C. collinum Fresen., C. apiculatum Sond. subsp
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apiculatum, C. fragrans F. Hoffm., C. micranthum G. Don, C. padoides Engl. &
Diels, C. hereroense Schinz, C. psidioides Welw. and C. zeyheri Sond. (Lima et
al., 2012).

According to the Thai Forest Bulletin, 19 species of the genus Combretum
are found in Thailand (Nanakorn, 1986). Four Combretum species grow commonly
in northern Thailand: C. deciduum Coll. & Hemsl., C. griffithii Heur. & M.A.,
C. latifolium Bl. and C. quadrangulare Kurz. The leaves, stem bark, root and
seeds of C. quadrangulare have been used in Thailand and other countries
as traditional medicine as antihepatitis, antipyretic, antidysenteric and anthel-
mintic agents (Banskota et al., 2003). Several studies in Thailand on the root
and seeds of C. quadrangulare reported anthelmintic activity (Somanaban-
dhu, 1984 and Euswas et al., 1988), antibacterial activity (Nantachit et al., 2006)
and toxicity (Nakornchai et al., 1987; 1994). C. latifolium has not been reported
on, but its stem and fruits have been used by rural people as an astringent and for
dysentery, dysmenorrhea and nourishing the blood and body. Locals have used a
water decoction of the stem of C. griffithii as a traditional medicine for hepatitis
(Moosophon et al., 2011). The use of C. deciduum as a traditional medicine has
not been reported, and no study on C. deciduum has been found.

Given the leaves can be harvested easily without killing the plants and
several prior studies of Combretum species also used the leaves (Pettit et al.,
1987; Banskota et al., 1998; 2003; McGaw et al., 2001; Fyhrquist et al., 2002;
Inngjerdingen et al., 2004; Karou et al., 2005; Eldeen et al., 2007; Maregesi et
al., 2007; Eloff et al., 2008; Gronhaug et al., 2008 and Coulidiati et al., 2009),
this study has selected the leaves for extractions.

No report has tested the antioxidant activity of the leaves of C. deciduum,
C. griffithii, C. latifolium and C. quadrangulare. Only one of the four, C. griffithii,
has been tested for anticancer activity. The purpose of this study, therefore, was
to investigate these four species, focusing on validating their antioxidant and anti-
cancer activities using leaf extracts from specimens growing in northern Thailand.

MATERIALS AND METHODS

Plant material

The plants were collected from convenient areas of several provinces in
northern Thailand. C. latifolium specimens were collected in Wang Nua District,
Lampang Province in December 2009. C. quadrangulare specimens were collected
in Doi Saket District, Chiang Mai Province in June 2009. C. deciduum and
C. griffithii specimens were collected in Mae Rim District, Chiang Mai Province in
July 2010. The specimens were identified at the Chiang Mai University Herbarium,
Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mali,
Thailand. The voucher specimens were deposited in the Herbaria at the Faculty
of Pharmacy and the Department of Biology, Faculty of Sciences, Chiang Mai
University.
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Plant extraction

The dried, powdered leaves of Combretum deciduum 264.35 g, C. griffithii
302.91 g, C. latifolium 611.29 g and C. quadrangulare 930.00 g were macerated
in methanol for approximately 24 hours at room temperature and filtered. The
marc was macerated again using the same procedure twice. The filtrates were then
pooled and concentrated under reduced pressure until dry. In the same methods,
n-hexane and dichloromethane extracts were prepared.

Antioxidant activity tests
The antioxidant activity of the crude plant extracts obtained from the above
procedure was determined by the ABTS and DPPH methods.

ABTS method
The antioxidant activity of the crude extracts was investigated using the
ABTS radical cation (ABTS™) scavenging method following the methodology of
Roberta et al. (1999) and compared with Trolox standards (concentration range
0.5-2.5 mM). For the ABTS method, 20 pl of crude plant extracts (0.1 g/ml) were
mixed with 2.0 ml of diluted ABTS solution (A, = 0.700 + 0.020) and the
absorbance was determined at 734 nm after 5 minutes incubation at room tem-
perature. A solvent blank was run in each assay. All determinations were carried
out at least three times, and in triplicate. Inhibition of free radical by ABTS™ in

percent (1%) was calculated by the following equation:
L) =[(A

Ay | Ay 1 X 100

blank blank

Where A, is the absorbance of the control reaction and A e is the
absorbance of the test compound. The percentage inhibition of the absorbance
at 734 nm was calculated and plotted as a function of the concentration of anti-

oxidants and of Trolox and vitamin C for standard reference data.

DPPH method

A stock solution (5.0x10* mol/l) of DPPH was prepared by dissolving 10.0
mg in 50 ml 95% ethanol. This solution was stored at 4°C away from light, and
was stable after a week. The DPPH working solution containing 1.0x10* mol/l
was prepared by pipetting 50 ml of the stock solution into a 200 ml volumetric
flask and diluting with 95% ethanol to volume. This working solution was prepared
fresh daily and protected from light (Thongchai et al., 2009). The test sample
(20 pl) was added to 180 ul of ethanolic DPPH solution in a 96-well microtiter
plate. The reaction mixture was incubated at 37°C for 30 minutes, and then the
absorbance of each well was measured at 540 nm. The DPPH solution was used
as negative control. Trolox, vitamin C and quercetin were used as reference
standards. For 50% inhibitory concentration (IC,)) evaluation of the crude
extracts, a graph showing concentration versus % DPPH reduction was plotted. The
IC,, was calculated from the calibration curve and activity was expressed as the
percentage DPPH scavenging relative to the control using the following equation:
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DPPH scavenging activity (%) = [ (A /A x 100

control sample) control ]

Where A 1s the absorbance of the control reaction and A, is the

control ample

absorbance of the test compound.

Anticancer activity tests

Anticancer method. The anticancer activity of the crude extracts was tested
using three cancerous human-cell lines: KB cell line (epidermoid carcinoma of the oral
cavity, ATCC CCL-17), MCF7 cell line (breast adenocarcinoma, ATCC HTB-22) and
NCI-H187 (small cell lung carcinoma, ATCC CRL-5804). This test was determined by
resazurin microplate assay (REMA) following a modified method using fluorescent
dye for mammalian cell cytotoxicity according to O’Brien et al. (2000). Ellipti-
cine, Doxorubicin and Tamoxifen were used as positive controls. 0.5% DMSO
and sterile water were used as negative controls. In brief, cells at a logarithmic
growth phase were harvested and diluted to 2.2x10* cells/ml for KB and 3.3x10*
cells/ml for MCF7 and NCI-H187 in fresh medium. Successively, 5 ul of the
methanolic extract was diluted in 5% DMSO and 45 ul of the cell suspension
was added to 384-well plates and incubated at 37°C in 5% CO, incubator. After
the incubation period (3 days for KB and MCF7; 5 days for NCI-H187), 12.5
ul of 62.5 pg/ml resazurin solution was added to each well and the plates were
then incubated at 37°C for 4 hours. Fluorescence signal was measured using a
SpectraMax M5 multi-detection microplate reader (Molecular Devices, USA) at
the excitation and emission wavelengths of 530 nm and 590 nm. The inhibitory
concentration (IC, ) represented the concentration that caused a 50% reduction
in cancer cell line growth.

Cytotoxicity method. The cytotoxicity method conformed to published
standard methods (BS-EN30993-5 and ISO10993-5) using Vero cell lines (African
green monkey kidney; ATCC Cat. No. CCL-81) by the MTT cytotoxicity method.
The cells were exposed to the sample for 24 hours over the concentration ranges
of 1000-7.8 ug/ml. The results were shown by percent survival of cells at each
concentration compared to control and IC, values. The method was a modified
version of conventional direct and indirect contact tests. The MTT method (Plumb
et al., 1989) is a tetrazolium-dye based colorimetric microtitration assay. Metabo-
lism-competent cells are able to metabolize the tetrazolium (yellow) to formazan
(blue); this color change is measured spectrophotometrically with a microplate
reader. It is assumed that metabolically deficient cells will not survive, thus the
MTT method is also an indirect measurement of cell viability. The cells were
seeded in a 96-well plate at a density of 3,000 cells/well, and incubated for 48
hours. The samples at various concentrations were added to the cells and incubated
for 24 hours. The test samples were removed from the cell cultures and the cells
were reincubated for a further 24 hours in fresh medium and then tested by the
MTT method. Briefly, 50 pul of MTT in phosphate buffer saline (PBS) at 5 mg/ml
was added to the medium in each well and the cells were incubated for 4 hours.
Medium and MTT were then aspirated from the wells and formazan solubilized
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with 200 pl of DMSO and 25 pl of Sorensen’s Glycine buffer, pH 10.5. The optical
density was read with a microplate reader (Molecular Devices) at a wavelength
of 570 nm. The average of four wells was used to determine the mean of each
point. The data were analyzed with the SoftMax Program (Molecular Devices) to
determine the IC, | for each toxin sample. A dose-response curve was derived from
eight concentrations in the test range using four wells per concentration. Results
of toxic compounds are expressed as the concentration of sample required to kill
50% (IC,,) of the cells compared to the controls.

RESULTS

Among the three extracts, the methanolic extracts of the four Combretum
species showed the most potent antioxidant activity using three conventional
standards (Trolox, vitamin C and quercetin) (Table 1 and 2). These methanolic
extracts were subsequently investigated for anticancer activity (Table 3).

Antioxidant activity

The antioxidant activities of the extracts are shown in Table 1 and 2. Meth-
anolic extracts had the most potent antioxidant activity, followed by n-hexane
extracts and dichloromethane extracts.

For the ABTS method (Table 1), the highest antioxidant activity was obtained
with methanolic extracts (9.85-22.61 mM Trolox/mg of extracts and 2.15-4.96 mM
vitamin C/mg of extracts), followed by dichloromethane extracts (5.75-9.82. mM
Trolox/mg of extracts and 1.25-2.14 mM vitamin C/mg of extracts) and n-hexane
extracts (3.87-8.74. mM Trolox/mg of extracts and 0.83-1.90 mM vitamin C/mg
of extracts).
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Table 1. Antioxidant capacities of extracts from leaves of four Combretum species.

Extracts and ABTS ABTS ABTS
standards % inhibition/mg mM Trolox/mg mM vitamin C/mg
of extracts of extracts of extracts
C. deciduum
Hexane 30.37 +£ 0.0015 3.87 0.83
Dichloromethane 44.97 + 0.0076 5.75 1.25
Methanol 78.41 + 0.0006 10.05 2.19
C. griffithii
Hexane 57.70 £ 0.0029 7.38 1.61
Dichloromethane 54.35 £ 0.0015 6.95 1.51
Methanol 76.86 + 0.0012 9.85 2.15
C. latifolium
Hexane 62.61 + 0.0015 8.02 1.75
Dichloromethane 53.11 £ 0.0108 6.79 1.48
Methanol 176.06 + 0 22.61 4.96
C. quadrangulare
Hexane 68.20 + 0.0021 8.74 1.90
Dichloromethane 76.62 £ 0.0040 9.82 2.14
Methanol 154.59 + 0.0006 19.85 435

Note: NT = not tested. Values are given as mean + S.D. of triplicate experiments. Values represent
the significantly different results (p < 0.05).

For the DPPH method (Table 2), the IC,, values of the n-hexane extracts
were 0.52-6.53 pg/ml, the dichloromethane extracts were 1.52-5.93 pg/ml and the
methanolic extracts were 0.13-0.81 pg/ml. The three standards showed antioxidant
activity with the DPPH method with IC_ values of 0.06, 0.07 and 0.05 pg/ml,
respectively.
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Table 2. DPPH radical scavenging activity of extracts from leaves of four Com-
bretum species.

Extracts and standards DPPH IC,; (ng/ml)
C. deciduum
Hexane 1.76 + 0.0201
Dichloromethane 1.52 £ 0.0273
Methanol 0.81 + 0.0202
C. griffithii
Hexane 0.52 + 0.0220
Dichloromethane 5.93 £ 0.0283
Methanol 0.23 £ 0.0100
C. latifolium
Hexane 2.79 + 0.0218
Dichloromethane 3.57 £ 0.0218
Methanol 0.13 £ 0.0224
C. quadrangulare
Hexane 6.53 + 0.0215
Dichloromethane 5.16 £ 0.0169
Methanol 0.23 = 0.0219
Standards
Trolox 0.06 + 0.0233
Vitamin C 0.07 = 0.0170
Quercetin 0.05 = 0.0260

Note: NT = not tested. Values are given as mean + S.D. of triplicate experiments. Values represent
the significantly different results (p < 0.05).

Anticancer Activity

The methanolic extracts of all four Combretum species exhibited significant
anticancer activity against KB, MCF7 and NCI-H187 cell lines with IC, (Table
3). The methanolic extract of C. deciduum inhibited KB and MCF7 cell lines
with an IC_ value of 34.34 pg/ml and 28.84 pg/ml, respectively. The methanolic
extract of C. latifolium inhibited MCF7 cell line with an IC, value of 26.63 pg/
ml. Methanolic extract of C. quadrangulare inhibited KB and NCI-H187 cell
lines with IC, values of 26.76 pg/ml and 46.88 pg/ml, respectively. However,
methanolic extract of C. griffithii was inactive against all three cell lines. Ellipti-
cine, Doxorubicin and Tamoxifen were used as standard compounds. All extracts
were non-cytotoxic against Vero cell lines.
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Table 3. Anticancer activity of methanolic extracts from leaves of four Combretum
species.

IC,, (ug/ml)
Human cancer cell lines

Extracts and

standards Vero cell lines
KB MCF7 NCI-H187

C. deciduum 34.34 28.84 Inactive Non-cytotoxic
C. griffithii Inactive Inactive Inactive Non-cytotoxic
C. latifolium Inactive 26.63 Inactive Non-cytotoxic
C. quadrangulare 26.76 Inactive 46.88 Non-cytotoxic
Ellipticine 1.19 NT 1.11 NT
Doxorubicin 0.39 9.04 0.07 NT
Tamoxifen NT 9.61 NT NT

Note: 0.5% DMSO was used as negative control. IC,; > 50 pg/ml = inactive. NT = not tested.

DISCUSSION

The leaf extracts of four Combretum species showed antioxidant and
anticancer activities, which suggests the presence of antioxidant and anticancer
compounds in the leaves. The antioxidant activity of these four species is newly
reported here. Anticancer activity on KB, MCF-7 and NCI-H187 cell lines of
C. deciduum and C. latifolium are initially reported here.

Methanolic extracts of the four species displayed the most potent antio-
xidant activity against both ABTS™ and DPPH" radicals. Methanolic extracts of
C. latifolium leaves showed the highest antioxidant activity, suggesting that this
extract is a rich source of antioxidants. The antioxidant activity of C. quadran-
gulare, C. griffithii and C. deciduum followed. To study antioxidant activity, it is
recommended to use at least two methods, as we did here. Our results showed
that extracts with different polar compounds exhibit different antioxidant activities.

As traditional medicinal plants associated with anticancer uses might be
potential sources of potent natural antioxidant, we also investigated these extracts
for anticancer activity. The methanolic extracts from the leaves of C. deciduum,
C. latifolium and C. quadrangulare exhibited anticancer activity against cancer
cell lines (KB, MCF7 NCI-H187). However, the methanolic extract from the
leaves of C. griffithii was inactive against all three cell lines. All methanolic leaf
extracts were non-cytotoxic against Vero cell lines. It is generally accepted that
free radicals react with biological molecules, leading to the possible development
of cancer. Considerable laboratory evidence from chemical, cell culture and
animal studies indicates that antioxidants may slow or possibly prevent cancer
by stabilizing biological molecules and preventing damage to cells. The study
confirmed that the methanolic extracts are the most potent in terms of their an-
tioxidant, suggesting that the polar compounds residing in these extracts may be
responsible. However, the anticancer activity of the plants could not be associated
with these polar extracts, which have shown strong radical scavenging activity.
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These results suggest that free radical scavenging activity may not be the only
mechanism preventing development of cancer.

Lima et al. (2012) reviewed the bioactivities of the genus Combretum,
in which the authors stated that ethanolic leaf extract of C. decandrum showed
antioxidant activity with IC, value of 0.75 g/kg by ferrous ion oxidation-xylenol
orange method in rats. And ethanolic leaf extracts of C. duarteanum possess a
strong antioxidant potential by using thiobarbituric acid reactive species (TBARS),
hydroxyl radical-scavenging and scavenging activity of nitric oxide assays. In the
review, Lima et al. (2012) also stated that the ethanolic extracts of the leaves, root
and stem of C. duarteanum showed anticancer activity against KB cells. Metha-
nolic and ethanolic extracts of dried air parts of C. collinum exhibited anticancer
activity against squamous carcinoma KB with IC,  value of 20.00 pg/ml and
methanolic extracts of leaves and root exhibited anticancer activity against MCF7
breast cancer with IC, value of 25.00 pg/ml. Methanolic extracts of leaves and
root of C. apiculatum subsp apiculatum, C. fragrans, C. micranthum; methanolic
extracts of stem bark and root of C. padoides; methanolic extracts of stem bark
of C. hereroense and C. psidioides; and methanolic extracts of root and fruits of
C. zeyheri inhibited MCF7 breast cancer cells with IC,  value of 25.00 pg/ml.

Our findings support the above research, having found similar antioxidant
and anticancer properties for extracts from the genus Combretum. These results
indicate that properties of Combretum species might be further explored in the
search for new antioxidant and anticancer compounds. This work could be extended
by testing other parts of the four species studied here, or expanding to additional
species.
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