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Abstract

In this work, 22 alcoholic extracts, obtained from 14 species of plants belonging to four families, used for different food and medicinal
purposes in Brazil, were evaluated for their capacity to inhibit the reduction of the free radical, 1,1-diphenyl-2-picrylhydrazyl (DPPH), and
to protectSaccharomyces cerevisigells, an eukaryotic cell model, against the lethal oxidative stress causedtimtylhydroperoxide
(TBH). Five extracts, two from Lamiaceae family (ethanol and butanol extracts from aerial pestptes fasciculatpand three from Palmae
family (Copernicia ceriferdeaves and mesocarp of fruits and the endocarp/mesocarp of fruitfroignya speciosayere able to increase
the tolerance 08. cerevisia¢o TBH and showed to be active as DPPH radical scavengers, thus indicating that these plant extracts could be
considered as potential sources of antioxidants. With the exception of ethanol extiatasficulatathe remainder four extracts exhibited a
DPPH radical scavenging activity higher than that obtained f@nkgo bilobaa reference plant with well documented antioxidant activity.
Interestingly, the ethanol extract@f bilobawere not effective for yeast cell protection, reinforcing the antioxidant potential of these extracts.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction anion[2]. Damage induced by ROS includes DNA mutation,
protein oxidation and lipid peroxidation, contributing to the
Chemistry of natural products is a research field with end- development of cancer, diabetes, atherosclerosis, inflamma-
less potential, and is especially important in countries pos- tion, and premature agiri§]. About 95% of the pathologies
sessing great biodiversity, as Brazil. In the last years, inter- observed in people above 35 years of age are associated with
est in the antioxidant activity of plant extracts, or isolated production and accumulation of free radicglp.
substances from plants, has grown, due to the fact that free  Antioxidant properties elicited by plant species have a
radicals have been related to some diseases, as well as to thiill range of perspective applications in human healthcare.
aging proces§l]. Reactive oxygen species (ROS) are gen- In recent years, the prevention of cancer and cardiovascular
erated by normal metabolic processes in all oxygen utilizing diseases has been associated with the ingestion of fresh
organisms. It is estimated that about 1% of the total oxygen fruits, vegetables or teas rich in natural antioxidd&}svhat
consumed by mitochondria is transformed into superoxide suggests that a higher intake of such compounds should
lower the risk of mortality from these diseagé&g In search
* Corresponding author. Tel.: +55 21 25626413; fax: +55 21 25626413, 10F Sources of novel antioxidants, in the last few years some
E-mail addressfsmenezes@pharma.ufrj.br (F.S. Menezes). medicinal plants have been extensively studied for their
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radical scavenging activity6]. However, in vivo assays centration) oral solution. The 1,1-diphenyl-2-picrylhydrazyl
are also necessary to have a more precise evaluation of th€ DPPH) radical was purchased from Sigma. Recordings were
potenciality as an antioxidant agent of the plant extracts. made in a UV-vis Spectrometer Shimadzu UV-2200. All
Saccharomyces cerevisiathe preferred model for studies reagents used, including solvents, were of analytical grade
of response to stress in eukaryotic cells, is a useful organismand obtained from Tedia.
for the identification of antioxidant agents. The use of lower
organisms, like yeast cells, as model systems is particularly2.2. Plant material
attractive because of the facility in genetic manipulation,
the availability of the completeS. cerevisiaegenomic Table 1lists the plants used in this study. All of these
sequence and the apparent conservation of moleculamplants were formerly mentioned in the treatment of some
mechanisms between yeast and human cells. About 30%diseases. They were collected at different periods of time.
of the human disease-associated genes significantly match-or each plant a herbarium sample has been deposited in the
yeast genes and, in contrast to humans, yeast genes can hbgerbarium of the Botanical Garden of Rio de Janeiro, Brazil.
easily manipulated through molecular biology techniques
[7]. 2.3. Sample preparation
The aim of this work was to analyze the antioxidant activ-
ity of Brazilian medicinal plant extracts by two complemen- Crude extracts were obtained from different parts of plants
tary approaches: evaluation of the capacity of these extractsafter maceration with 96% ethanol, at room temperature for
to eliminate free radicals in vitt@and analysis of their po-  at least 24 h, and repeated until exhaustion of the material.
tential in protectings. cerevisiaeells against oxidation. The  Thereafter, the ethanol crude extract (ECE) was dried under
present paper deals with a preliminary screening of somereduced pressurélyptis fasciculatsaECE was also submit-
Brazilian plants from four families, Palmae, Leguminosae, ted to a liquid—liquich-butanol extraction procedure in order
Polygalaceae and Lamiaceae, chosen due to their uses as hue obtain another extract of different polarity. Therefore, our
man food or as phytomedicines in the treatment of different analysis were conducted with a total of 21 ECE and one bu-
pathologies. tanol extract. The dry extracts were dissolved in 96% ethanol
Among the plants of the Tropics it is difficult to find a to afinal concentration of 1.0 mg ml. The standard samples
family of plants more useful to people than the Palmae fam- (G. bilobaand rutin) were prepared using the same dilution
ily. In fact, this family has been called the most versatile of procedure.
all due to its many uses. Brazilian palms are a source of a
useful leaf fiber and a brittle yellowish wdg]. Generally, 2.4. DPPH photometric assay
carotenoids are in greater concentrations in palm fruits, as
buriti (Mauritia vinifera), which could help to explain their The extracts were measured in terms of hydrogen donation
use as an anti-tumoral age[®. Bauhiniaspecies (Legu-  or radical scavenging ability using the stable radical DPPH,
minosae family) have been used as forage, human food orwhich is purple at room temperatJtel]. Ethanol solution of
for the treatment of diabetgd0]. Plants from the Poly-  the extract (2.5 ml), at different concentrations, were mixed
galaceae family have been used for their analgesic ability, with 1.0 ml of a (0.3 mM) DPPH ethanol solution. The ab-
while plants from Lamiaceae have been found to possesssorbance was measured at518 nm (ARwrLg) after 30 min
anti-inflammatory activity. It has been well established that of reaction at 25C. Ethanol (1.0 ml) plus plant extract so-
all of these diseases have one or more components that pointution (2.5 ml) were used as blank. DPPH solution (1.0 ml)
at their etiology/onset as being caused by oxidative damageplus ethanol (2.5 ml) were used as a negative control. Pos-
[3]. itive controls were those using the standard solution& of
Brazil is one of the greatest centers in the world when bio- biloba and rutin. The percentage of DPPH discoloration of
diversity is considered. Furthermore, it should be taken into the sample was calculated according to the equation %Discol-
account that this biodiversity could become lost in a short oration =[1— (ABSsampLe/ABSconTroL)] X 100. Discol-
period of time due to the lack of knowledge of its chem- oration was plotted against sample extract concentration, and
istry and pharmacological potentials. Having theses aspectsa linear regression curve was established in order to calculate
in mind, a study of Brazilian folk medicinal plants has been the IGs (inhibitory concentration 50.g mi~1), which means
undertaken. the amount of sample necessary to decrease the absorbance
of DPPH in 50%.

2. Materials and methods 2.5. Yeast growth conditions and in vivo antioxidant
analysis
2.1. General
TheS. cerevisiastrain BY4741 [1ATa; his3A1; leu2A0;
Commercial rutin was obtained from MeftélandGinkgo met150; ura3A0) used in the in vivo assays was acquired
biloba extract (Egb 761) from Tanakan, as a 40mg (con- from Euroscarf, Frankfurt, Germany. Stocks of this strain



C.G. Silva et al. / Pharmacological Research 52 (2005) 229-233 231
Table 1
Plants used in this study
Family Plant Part used Extract Abbrev.
Palmae Copernicia cerifera Leaves Ethanol CCL
Mesocarp of fruits Ethanol CCM
Epicarp of fruits Ethanol CCEP
Mauritia vinifera Mesocarp of fruits Ethanol MVM
Epicarp of fruits Ethanol MVEP
Syagrus oleracea Epicarp of fruits Ethanol SOEP
Epicarp/mesocarp of fruits Ethanol OSM
Orbigynia speciosa Endocarp of fruits Ethanol OSEN
Flowers Ethanol OSF
Leaves Ethanol OSL
Leguminosae Bauhinia variegata Aerial parts Ethanol BV
Bauhinia purpurea Aerial parts Ethanol BP
Bauhinia candida Aerial parts Ethanol BC
Bauhinia monandra Aerial parts Ethanol BM
Bauhinia angulosa Aerial parts Ethanol BA
Polygalaceae Polygala paniculata Aerial parts Ethanol PPA
Roots Ethanol PPR
Lamiaceae Hyptis fasciculata Aerial parts Ethanol HF
Aerial parts Ethanol HFB
Hyptis heterodon Aerial parts Ethanol HH
Ginkgoaceae Ginkgo biloba Leaves Ethanol GB

were maintained on solid YPD medium (1% yeast extract, 2% 3. Results

glucose, 2% peptone and 2% agar) in appropriate conditions

to avoid selection of petites or suppressors. Cells were grown DPPH is a free radical, stable at room temperature, which
up to the middle of exponential phase (1.0mg dry weight produces a violet solution in ethanol. It is reduced in the
mi=1) in liquid YPD medium, using an orbital shaker at presence of an antioxidant molecule, giving rise to uncolored
28°C and 160 rpm, with the ratio of flask volume/medium of ethanol solutions. The use of DPPH provides an easy and
5/1[12]. Thereafter, cells were reinoculated in fresh medium rapid way to evaluate antioxidant activity. Results of DPPH
(control), and in fresh medium containing, either 3 nevk- reduction by extracts are shownTable 2 The IG values
butylhydroperoxide (TBH) or 5mgmil plant extract, as  were obtained by linear regression and showed a very good
well as fresh medium containing 3mM TBH plus 5 mghl coefficient of determinationrf > 0.95). Statistical analysis
plant extract and incubated, for 3 h, at”Z8160 rpm, in the (ANOVA) of data from the three separate tests showed that

dark (to avoid peroxide degradation). The initial cell concen-
tration was 0.1 mg mi’.

2.6. Viability determinations

Cell viability was analyzed by plating, in triplicate, on
solid YPD medium, after proper dilution. Plates were incu-
bated at 28C for 72 h and the colonies countd®]. Survival
rates were calculated in relation to the viability of cells har-
vested immediately after reinoculation.

2.7. Statistical analysis

all experiments made with each sample, were statistically
equivalentp < 0.05).

Nine extracts (CCL, CCM, CCEP, OSM, BV, BC, BF,
HF and HFB) exhibited 1€ values below 6Q.g mi~1, indi-
cating a good potential as free radical scavengeablé 2J.
Among them, six extracts showed a higher capacity of scav-
enging the DPPH free radical (three extracts from the Palmae
family, two extracts from the Leguminosae family and one
extract from the Lamiaceae family) th&h bilobaethanol
extract used as a standard (positive control). Two extracts
of the Palmae family exhibited an outstanding DPPH scav-
enging potential: CCM, whose Kgwas almost the same as
purified rutin, (rutin IGowas 11.9+ 0.4ug mi—1):; and CCL
that showed a twofold higher, in vitr@antioxidant activity

Experiments were done in triplicate. The results are given than theG. bilobastandard extract. The unusual highs¢C

as a meat: standard deviation (S.D.). Student'$est was

found for some extractsTéble 2 were achieved by mathe-

used for comparison between two means and a one-way analmatical equation due to the fact that those ones had a very

ysis of variance (ANOVA) was used for comparison of more

than two means. A difference was considered statistically

significant wherp < 0.05.

low activity in DPPH assay.
To analyze the capacity of extracts in protectiigcere-
visiaecells against oxidation, viability was determined after
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Table 2 A review pointed out that, today, approximately 60% of the
Yeast survival rates after incubation with TBH, in the presence or not of gnti-tumoral and anti-infective agents, either commercially
plant extracts, and DPPH radical scavenging activities (expressed®s IC available or in late stages of clinical trials are of natural ori-

Extract In vivo assay survival (%) In vitro assay gin [13].
Control TBH TBH+extract EGo(ugmi~1) Based on the mechanism of reduction of the DPPH
(no drugs) molecule, extensively described in the literature, and on pre-
CcCL 100 0 42.0£2.7 23.53 0.1 vious knowledge of the chemistry of some plants, it is possi-
CCM 100 0 36.1+3.6 15.3 0.4 ble to infer that the strong antioxidant activity of some polar
CCEP 100 0 0 41.% 0.8 extracts is due, at least in part, to the presence of substances
mx:\zﬂp 11%% 00 1()5'5i2'2 5?;3_'&& i:g with an available hydroxyl group, flavonoids, in this case
SOEP 100 0 16.8+1.8 4255 1.9 [14,15]
OSM 100 0 15.0+2.3 27802 We have also attempted to evaluate the antioxidant ac-
OSEN 100 0 0 4104.3 6.7 tivity of plant extracts, using the yea®, cerevisiagas an
OSF 100 0 0 4274 1.8 experimental model. The usefulness of lower eukaryotic or-
g\?l‘ 11(;)(()) g 8 83?75’& 3:431 ganisms, such as yeast, in drug activity screening has been
BP 100 0 0 137.9- 1.1 largely demonstratefd 6]. In analyzing results obtained, the
BC 100 0 0 45.4+ 0.9 capacity of some extracts of protecting yeast cells against
BM 100 0 0 199.8+ 1.6 TBH, in most cases, correlated with their anti-radicalar activ-
BA 100 0 0 106.4+ 1.1 ity. However, results of the screening tests indicated that the
SE 188 g g gg:ﬁ é;g antioxidant potential estimated by the in vitro DPPH assay,
PPA 100 0 0 135.48 1.1 though present in 40% of the extracts tested, did not con-
PPR 100 0 0 325.6 1.6 fer protection to yeast cells, per se, against oxidative stress.
HF 100 0 7.3£0.5 57.% 0.9 Out of nine extracts that positively reduced the DPPH radical
HFB 100 0 4.0+0.7 35.&: 0.3 (ICs0 < 60pg mI~1), only five were able of increasing yeast
(|_3|-|._|biloba 188 8 8 Ziigi cl)f cell tolerance to TBHTable 2.
EGb 76F This occurs because the mechanism involved in the reduc-

tion of DPPH free radicals is based on a scavenging activ-
ity. In this system, the structure (both planar and spatial) of

oxidative stress with or without plant extracts. To verify their the antioxidant compound, present in the extract, is impor-
possible toxic effects, cells were also grown in YPD medium tant for its capacity of donating hydrogen ions. Compounds
supplemented with 5 mg mt extracts. None of them caused  able to donate hydrogen are derived from the shikimate path-
growth inhibition (results not shown). The oxidative stress way, as for example, flavonoid47]. These molecules are
generator used in this study was TBH, which leads to lipid not produced by plants whose extracts display a very high
peroxidation, a parameter associated with cell dgh As ICsp in the DPPH test. Such plants are, in fact, very rich in
expected, cells showed extreme sensibility to 3mM TBH, compounds of the acetate pathway, like terpenoids and fatty
and were unable to survive when exposed to this condition acids, which are unable of scavenging the DPPH free radical,
(Table 2. However, seven extracts increased cell tolerance to but are able to avoid oxidative damage of cell membranes
TBH: CCL, CCM, MVM, SOEP, OSM, HF and HFB. Fur-  [18]. This is the case of extracts from the mesocarp of fruits
thermore, the ECE dCopernicia ceriferdeaves showed the  from M. viniferaand from the epicarp of fruits froiByagrus
best protective effect, and even after 17 h of exposure to TBH, oleracea(Table 2. Antioxidants involved in the protection
11% of cells survived (results not shown). against TBH, which leads to lipid peroxidatifi?], are those
With the exception of the extracts obtained from MVM available at the site of radical attack. They break the chain
and SOEPwhich exhibited IGo higher than 40Q.,g mI~%, of oxidation by being preferentially oxidized by the attack-
all others, that increased cell tolerance to TBH, showed low ing radical, thereby preventing oxidation of the adjacent fatty
ICs0 values Table 3. On the other hand, four extracts that acid of cellmembranf]. The plant extracts that scavenge the
were found to be more active as DPPH scavengers (CCEPDPPH radical and also proteBt cerevisia@against oxidative
BV, BC and BF) did not exert any protective effect uf®n  damage are probably rich in both compounds, encompassing
cerevisiaeLikewise, the ethanol extract @. biloba used both pathways. This is the case of CCL, CCM, OSM, HF and
as standard during in vitro analysis, was inactive for cell pro- HFB extracts.
tection against TBH. Another important result of our work is that these two
methodologies were able to infer about the possible oxida-
tive etiology of the diseases for which the mentioned plants
are used: generally, the extracts tested exhibited antioxidant
potential as a radical scavenger or as a cell protector, or both.
We have studied several plants belonging to different fam- Few extracts (HH, BM, PPR, OSL, OSF and OSEN) did not
ilies, trying to validate some of their uses by Brazilian people. show either in vitro or in vivo antioxidant activities. This

4. Discussion
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null effect could be explained by the fact that the species [2] Boveris A, Chance B. The mitochondrial generation of hydrogen per-

from which the extracts were obtained are not exactly the oxide. General properties and effect of hyperbaric oxygen. Biochem
; J 1973;134:707-16.

Species us.ed popularly for the purpo;e. Therefore, ?Ithoth [3] Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology

some;Hypﬂsspeues are used to treat |nf'lammat'ory dlsegses, of ageing. Nature 2000:408:239-47.

Hyptis heterodor(HH) seems to be an ineffective species. (4] Gordon MH. Dietary antioxidants in disease prevention. Nat Prod

SomeBauhiniaspecies are employed to lower blood glucose Rep 1996;13:265-73.

levels, butBauhinia monandrgBM) showed a very weak [5] Johnson IT. Antioxidants and antitumour properties. In: Pokorny J,

effect. Polygala paniculatdeaves have anti-nociceptive ac- Yanishlieva N, Gordon M, editors. Antioxidants in food. Cambridge:

. . Woodhead Publishing Ltd; 2001. p. 100-23.
tivity, but not the roots (PPR). The mesocarp of the fruit from [6] Joyeux M, Moitier F, Fleurentin J. Screening of antiradical, an-

O. SpECiOS_EiIS used in prevention and treatment of leukemia. tilipoperoxidant and hepatoprotective effects of nine plant ex-
However, its leaves (OSL), flowers (OSF) as well as the en- tracts used in caribbean folk medicine. Phytother Res 1995;9:
docarp of fruits (OSEN) have no effect. 228-30.

Itis noteworthyto mention that apparentunexpected result [7] Foury F. Human genetic diseases: a cross-talk between man and
. . yeast. Gene 1997;195:1-10.
with the EGb 761@' bilobastandard e.xtrac.:t) has a COh?r_em [8] Cruz MAL, Gomes VM, Fernandes KVS, Machado OLT, Xavier J.
explanatlon. The molecules presen? in this extract (oxidized Identification and partial characterization of a chitinase and a beta-1,
diterpenes and glucosylated flavonoids) are not able to protect  3-glucanase fronCopernicia ceriferawax. Plant Physiol Biochem
the damage induced by TBH d® cerevisiaanembranes, 2002;40:11-6.
making them inactive in this methodology [9] Rodriguez-Amaya DB. Latin American food sources of carotenoids.

Finally, according to our results, the ye&stcerevisiae Arch Latinoam Nutr 1999;49:745-84S.
Ys g ! y [10] Pepato MT, Keller EH, Baviera AM, Kettelhut IC, Vendramini RC,

was confirmed as being useful in evaluating the antioxidant Brunetti IL. Anti-diabetic activity ofBauhinia forficatadecoction in
activity of plant extracts. There may, of course, be limita- streptozotocin-diabetic rats. J Ethnopharm 2002;81:191-7.
tions in extrapolating results obtained with yeast cells, due to [11] Parejo |, Viladomat F, Bastida J, Rosas-Romero A, Saavedra G,

differences in the molecular environment and the more com- Murcia MA, et al. Investigation of Bolivian plant extracts for
their radical scavenging activity and antioxidant activity. Life Sci

plex genetic interactions in mammals. Howe®&rgerevisiae 200373:1667-81
could be proposed as a cell model to provide an initial and [12] pereira MD, Herdeiro RS, Fernandes PN, Eleutherio ECA, Panek
rapid screening of the antioxidant potential of plants. Fur- AD. Targets of oxidative stress in yeast sod mutants. Biochim Bio-

thermore, this in vivo methodology could be complemented phys Acta 2003;1620:245-51.
by in vitro assays, producing a more complete analysis of the13] €ragg GM, Newman DJ, Weiss RB. Coral reefs, forests, and ther-
tioxidant capacity of plant extracts mal vents: the worldwide exploration of nature for novel antitumor
an p yorp R ’ . agents. Semin Oncol 1997;24:156-63.
The_re are sgveral other in \{III‘O methOd‘)lOg'es tha.t MEa- [14] Harborne JB, Williams CA. Anthocyanins and other flavonoids. Nat
sure different kinds of free radical species such as lipid per- Prod Rep 2001;18:310-33.
oxidation, deoxyribose damage assay, superoxide scavengei5] Mensor LL, Menezes FS, L& GG, Reis AS, Santos TC, Coube
capacity, among othe[$1,19} Nevertheless, it is important CS et al. Screening of Brazilian plaqt extracts for antioxidant ac-
L . tivity by the use of DPPH free radical method. Phytother Res
to use an in vivo methodology to assess the real capacity of an 2001:15:127-30
antioxidantto protect.cells. Thlswa)_/, thg presentwork should [16] Buschini A, Poli P, Rossi CSaccharomyces cerevisi@s an eu-
be complemented with further studies in order to understand  karyotic cell model to assess cytotoxicity and genotoxicity of three

the mechanistic features of each used methodology. anticancer anthraquinones. Mutagenesis 2003;18:25-36.
[17] Tian F, McLaughlin JL. Bioactive flavonoids from the black locust
tree, Robinia pseudoacacig?harm Biol 2000;38:229-34.
[18] Das U. Essential fatty acids, free radicals, limphokines and AIDS. J
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[19] Aruoma Ol. Methodological considerations for characterizing po-
[1] Willcox JK, Ash SL, Catignani GL. Antioxidants and prevention of tential antioxidant actions of bioactive components in plant foods.

chronic disease. Crit Rev Food Sci Nutr 2004;44:275-95. Mutat Res 2003;523-524:9-20.
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