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Abstract: Methanol (ME) and hot water extracts (WE) of catm® sapwoodGeratonia siliqual.) exhibited
high antioxidant activity and were rich in phenotompounds, with the main compounds identified by
HPLC/DAD as gentisic acid and (-)-epicatechin. TME displayed a highn vitro antitumor activity against
human tumoural cell lines and reduced intracellR&S production by HelLa cells after treatment WitO,.
(-)-Epicatechin was shown to contribute to the tyt@ activity of the ME. This is the first repoan the
biological activity of carob tree sapwood.
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1. Plant Source

Carob tree Ceratonia siliqgualL.) is an evergreen plant from the MediterranessaaCarob
fruits are mainly used for locust bean gum (LBG1&dextraction from the seeds, widely used in food
industry as a thickening agent and stabilizer. Seggvsamples, which were identified by J. Graca,
were obtained from mature female trees of cultMadata in August of 2005, a cultivar collection
field, Ministry of Agriculture and Rural Developntesnd Fisheries (Direc¢cdo Regional de Agricultura
do Algarve, Tavira, Portugal).
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2. Previous Studies

Fruits and leaves of carob tree contain proteind phenolic compounds, and exhibit
antioxidant, antiproliferative and antimicrobiatisities [1-16]. In a previous work Balaban [17]eds
common spectroscopic (Folin—Ciocalteu and Rhodaadsays) and chromatographic (GC-MS)
methods to determine the chemical composition othenel / water extracts of heartwood and
sapwood of carob tree from Turkey. Those extractsewfractionated by organic solvents and
hydrolysed with hydrochloric acid to determine bdumydrolysable tannins. Before hydrolysis the
main phenolics of diethyl ether and diethyl ethendthanol fractions of sapwood were gallic acid
(GA) and chalcone (4 x OH), whereas after hydrdlgsa the diethyl ether / methanol fraction was
mainly composed by methyl inositol, GA and methy.G o our best knowledge, there are no reports
on the biological activities of carob tree sapwood.

3. Present Study

Samples were dried at 40°C for 2 days, milled aockd in dark at -20°C. ME was prepared by
Soxhlet extraction [8] and WE was obtained by Ingilsamples (1 g) in 100 mL of distilled water for
10 min, which was cooled and filtered (Whatmanndh®For the cell experiments, methanol was
removed under reduced vacuum at 40°C and the drgatxesuspended in the culture medium. Stock
solutions of the phenolic compounds were prepareaphosphate-buffered saline (PBS, pH 7.4), and
diluted with culture medium immediately before use the cell assays to the concentrations
corresponding to the amounts quantified in the ME.

Total content of phenolic compounds (TPC), condénaanins (TTC) and flavonoids (TFC)
were evaluated as described previously [8]. The EiBhalysis and identification of the main phenolic
compounds in the extracts were conducted accotdiffgy11].

The antioxidant activities of the extracts at difet concentrations (125 to 1000 pg/mL) were
evaluated by their radical-scavenging activity (RS the DPPH [18, 19] and ABTS [20, 21]
radicals and reducing power [22, 23]. Butylatedrbygitoluene (BHT, E321) was used as a positive
control

Four human tumour cell lines (cervical: HelLa, prost&&l-145, breast: MDA-MB-231 and
colon: HCT-116 cells) were used to determine cyioity of ME, as it exhibited the highest
antioxidant activity. Extracts, dissolved in cutumedium, were applied to cells for 72h at différen
concentrations (25-400g/mL), and the cell viability was determined by W&TBssay in HelLa cells
[16] and MTS method [17, 18] in other cell linesieRolic compounds were applied to HelLa cells for
72h in concentrations corresponding to the amogntmntified in the ME,and cell viability was
determined by the MTT assay [9, 11]. The capacitthe ME to scavenge intracellular ROS
generation as a result of an oxidative stress ingudy HO, treatment of HelLa cells was evaluated
by 2',7'-dichlorodihydrofluorescin diacetate (DCE#) method [9, 10].

4. Results and Discussion

ME had the highest level of TPC, almost 5 timesibighan the level present in the WE (4.8
mg GAE/g, Table 1). In a previous study [17], itsm@ported that an aqueous extract of sapwood
from carob tree had a TPC of 4.2 mg GAE/g driedemalt as determined by F-C method, which is
similar to the value obtained in this work for Wehe TTC was 2.5 mg CE/g for the ME and 1.2 mg
CE/g for the WE, while flavonoids were present iace amounts in both samples (Table 1). Our
results indicated that the sapwood of carob treeahhigher TPC than leaves, pulps and germ flour,
but lower concentrations of TTC and TFC [8, 18].aReneet al [9] also observed different amounts
of phenolic compounds in different organs (podspgend seeds) of female carob trees.

Gentisic acid was identified as a major compoumdlpded by (-)-epicatechin, GA, (+)-
catechin and chlorogenic acid (Table 1, supportirfigrmation). Minor amounts of syringic acid,
vannilin, rutin and kaempferol were also observEdb{e 1, supporting information). Balaban [17]
studied the phenolic composition of aqueous / nmetth@ extracts of heartwood and sapwood from
carob tree, after fractioning using organic solgebefore and after hydrolysis with hydrochloriedac
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Before hydrolysis, the main compounds identified aiathyl ether and diethyl ether / methanol
fractions of sapwood were GA and chalcone (4 x Qidile after hydrolysis, the diethyl ether /
methanol fraction was mainly composed by methykitod, GA and methyl GA. Our results differ
from that earlier reported, since gentisic acid wemntified as the main compound in carob tree
sapwood.

Table 1.Phytochemical evaluation and radical scavenginyiac{RSA) of carob tree sapwood extractives.

Phenolics content RSA (ICgq, pg/mL)
Sample TPC TTC TFC DPPH ABTS
Methanol extract 23.8+0.9 25+0.2 05%0.0 281.1+6.9 253.2+0.0
Hot water extract 4.8 +0.F 1.2+00 ta 476.6 + 46.4 341.2+0.%
BHT - - - 258.1 + 18.2 758.0 + 0.0

TPC: Total phenolic content, mg GAE/g extract DWICE total tannin content, mg CE/g extract, DW; TR@tal flavonoid content, mg
RE/g extract, DW; GAE: gallic acid equivalents; Qfatechin equivalents; RE: rutin equivalents; tacé amounts; (-) not testetl.”
“Different letters in the same column indicates igant differences by Duncan’s New Multiple Rangest at p < 0.05; *Reference
compound, 1 mg/mL.

The extracts showed similar RSA on DPPH, and evgheh on ABTS radicals than BHT
(Table 1), and higher capacity of reducing irorg(Ri, supporting information). Antioxidant activity
of carob tree sapwood was found to be higher tharrdported earlier for leaf, pulps and germ flour
extracts of the same species [16, 18], which cbeldue to its higher content of phenolic compounds
[24].

Treatment with ME resulted in the decrease in dability, for all cell lines tested (Fig. 1).
However, only in HelLa cells the application of ieasing concentrations of the extract was
accompanied by the corresponding decrease of aelluability, following a clear concentration-
dependent pattern (Fig. IJhe IG, values obtained for different cell lines were alofvs: Hela,
41.3pg/mL; MDA-MB-231, 21.8ug/mL and HCT-116, 101.pg/mL.
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Figure 1. Effect of treatment with the ME from carob tre@waod on the cell viability of human cancer
cell lines after 72h of incubation. Different le#én the same cell line indicates significant @iéinces between
concentrations by Duncan’s New Multiple Range Test.

The ME had a highdn vitro antitumoral activity against breast and colon te#s than leaf
extract of the same species [9], possibly due ¢ohigher content in phenolic compounds. Phenolics
display in vitro antiproliferative and cytotoxic activities througtifferent mechanisms, such as
apoptosis and cell cycle arrest [25]. There are alsdences that their cytotoxicity can be duehtirt
oxidative activity, since phenolics can be eithetiaxidants or pro-oxidants [25]. In fact, theifest
on thein vitro viability and proliferation of tumour cells is Ity dependent on their structural
characteristics (reviewed in [25]).

Gentisic acid had a protumoural activity on HeLdlscécell viability: 125.9%, Fig. 2,
supporting information). Gentisic acid is an activetabolite of salicylic acid degradation and
displays analgesic, anti-inflammatory, antirheumaditiarthritic, cytostatic and antioxidant adiag
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[21]. However, our results indicated that undereikperimental conditions of this study, gentisidac
was not the responsible for the cytotoxic activifythe crude extract, since it caused a significant
increase in cell viability. Besides the structurhracteristics of phenolic compounds, other featur
such as dose, target molecule, and environmentncalify theirin vitro antitumoral activity [26]. (-)-
Epicatechin exhibited the strongest cytotoxic aistivreducing cell viability to 59.4% (Fig. 2,
supporting information). Epicatechin, which is afdhe main components of green tea, is a flavonoid
[27] andtogether with epigallocatechin gallate, epigallechin, and epicatechin gallate, is responsible
for the antitumoral activity of green tea [27]. Aggficant reduction in cell viability was observed
after treatment with all the remaining phenolic pmunds, except for chlorogenic acid, which had no
cytotoxic effect (Figure 2, supporting informatioijowever, since we tested the activity of theltota
extract, we cannot exclude that other compoundsitnagntribute to the inhibition of cell viability.
The biological activity of a crude extract cannetditributed to a single compound but also to other
components present in the extract, often resuftimg their synergistic effects.

The application of the ME at the concentration @ 1g/mL resulted in a significant decrease
of ROS production compared with control celfsy( 3, supporting informatignROS are the products
of normal cellular metabolism, and are extremefctiwe and potentially damaging transient chemical
species to several macromolecules, such as DNA.hUh&an body is equipped with enzymatic and
nonenzymatic antioxidant systems to protect cejlresst ROS induced damage. Nevertheless, those
systems may not be enough in cases involving sewereontinued oxidative stress, and certain
amounts of exogenous antioxidants are constangyimed for the maintenance of adequate level of
antioxidants in order to balance the ROS in hunay28].

As a conclusion, carob tree sapwood can be a safiraetioxidant and cytotoxic compounds,
and (-)-epicatechin can be one of its active ctuestis.
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