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Evaluation of Extracts and Isolated Fraction from Capparis
spinosa L. Buds as an Antioxidant Source
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The antioxidant activity of extracts from Capparis spinosa L. buds was evaluated using different in
vitro tests: ascorbate/Fe?*-mediated lipid peroxidation of microsomes from rat liver; bleaching of
1,1-diphenyl-2-picryl-hydrazyl radical; and autoxidation of Fe?* ion in the presence of bathophenan-
throline disulfonate. The methanolic extract showed strong activities in all of these in vitro tests. The
amount of total phenols was determined in the methanolic extract. In addition, the level of rutin was
calculated as 0.39% (w/w) by HPLC analysis. Our findings indicate the following: (a) the antioxidant
efficiency of the methanolic extract may be attributed to its phenolic content; and (b) the antioxidant
activity of the methanolic extract was maintained after removal of glucosinolates, confirming that
these compounds do not interfere with the antioxidant properties of the extract. The results obtained
from this study exalt the nutritional value of the flowering buds (capers) which are widely used as a
source of flavor.
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INTRODUCTION Previous chemical studies @apparis spinos&ave reported

the presence of alkaloids, lipids, flavonoids, and glucosinolates
(4), which are naturally occurring products belonging to the
order Capparales, known as flavor compounds, cancer prevent-

The generation of reactive oxygen species (ROS) beyond the
antioxidant capacity of a biological system gives rise to oxidative
stress (1). It is well-known that free radical oxidative stress is . : -
implicated in the pathogenesis of a variety of human diseases.Nd agents, a_nd biopesticides (5). o
Cells and tissue normally possess antioxidant defense mecha- The object|ve$ Of the present work are the foI_Iowmg. (@) to
nisms to ensure the removal of reactive oxygen species; Someevaluatg the_ antioxidant activity of the metha_no|_|c extract frc_>m

SCapparls spinosduds; (b) to compare the antioxidant potential
of the extract with that of rutin, which is one of the most
commonly found flavonoid glycosides from aerial parts of
Capparis spinosa; (c) to determine the differences in the
antioxidant activity of the methanolic extract after removal of
the glucosinolates.

d The antioxidant properties were estimated by measuring the
inhibition of ascorbate/Pé-induced lipid peroxidation on
microsomes from rat liver, the direct scavenging effect of the
stable free radical on 1,1-diphenyl-2-picryl-hydrazyl (DPPH),
and the autoxidation of P& ion in the presence of batho-
phenanthroline disulfonate (6).

are provided by dietary and other means (ascorbic acid,
o-tocopherol, ang3-carotene) Z). In the context of cellular
prooxidant states and lipid peroxidation, simple plant compo-
nents as part of the regular diet, other than traditional nutrients,
may have influence in the treatment/amelioration/prevention of
many chronic diseases, such as cancer, and cardiovascular an
inflammatory damages including cellular degeneration related
to aging (3).

Capparis spinosda.. (Capparidaceae) is one of the most
commonly found aromatics in the Mediterranean kitchen, and
it is also important in the commercial preparation of frozen food.

The aromatic part of the caper is the floral bud, which is
gathered just before it blossoms. The plant is typically not
cultivated, but rather the wild buds are harvested by seasonal Materials. Plants of Capparis spinose.. were collected during

pickers. Before commercial packaging, the buds are stored undeSpring 1999 from Lipari, in the Aeolian Archipelago (Italy), and they
salt. were authenticated by the botanists of the Pharmaco-Biological
Department of the University of Messina (Italy).

N " p hould be add p Chemicals.Ascorbic acid, boric acid, 1,1-diphenyl-2-picryl-hydrazyl
3533;|'£cl>szomma”c_orrespon ence should be addressed. Fa29 (0)90 (DPPH), (N[2-hydroxyethyl]piperazine-N2-ethanesulfonic acid])
. E- : germamp@pharma.unime.it. ) : . ) .
t School of Pharmacy. (HEPES), iron sulfate heptahydrate, ossalic acid, potassium chloride,
*CITSAL. rutin, 1,1,3,3-tetraethoxypropane, thiobarbituric acid (TBA), and ba-

MATERIALS AND METHODS

10.1021/jf010678d CCC: $22.00 ~ © 2002 American Chemical Society
Published on Web 02/02/2002



Evaluation of Antioxidant Potential of Capparis spinosa J. Agric. Food Chem., Vol. 50, No. 5, 2002 1169

thophenanthroline disulfonate were purchased from Sigma (Sigma factors, and then it was resuspended in KCI/HEPES. For ascorbate/
Chemical Co., St. Louis, MOp-Dimethylaminocinnamaldehyde was  Fe**-induced lipid peroxidation, the incubation mixture (1 mL)
from Merck (E. Merck, Darmstadt, Germany); butylated hydroxytoluene consisted of microsomal suspension (0.5 mg of proteins), various
(BHT) was from Fluka (Fluka Chemie AG, Buchs, Switzerland); and concentrations of the tested compounds in DMSO, and ascorbic acid
Folin-Ciocalteu reagent was from Carlo Erba Reagenti (Milano, Italy). (0.1 mM). The reaction was started by the addition of a freshly prepared
All solvents were HPLC grade, and were purchased from Carlo Erba. FeSQ solution (10uM). The mixture was incubated fd. h at 37°C

Preparation of Extracts. According to the method of Elliot and (12). As a marker of lipid peroxidation, the formation of thiobarbituric
Stowe (7, the fresh buds were separated from the aerial parts, weighed acid reactive substances (TBARS) was determirig). (TCA/TBA/

(500 g), then immersed in boiling methanol for 2 min, and finally left HCI solution (2 mL, 15% w/v trichloracetic acid, 0.375% wi/v
in cooled methanol overnight before filtration. thiobarbituric acid, 0.25 N hydrochloric acid) was added to the sample

The residue was ground and extracted with warm (8% 80% mixture which was then heated for 15 min in a boiling-water bath.
methanol (500 mLx 2). The solvent was evaporated from the combined After the mixture cooled the flocculent precipitates were removed by
filtrates under reduced pressure to obtain the extract (yield 1.68%). centrifugation (1000dgor 10 min).

A part of the methanolic extract @apparis spinoséguds obtained The absorbance of the resulting solution was measured at 535 nm,
as described above was preliminarily passed through an alumina acidusing a spectrophotometer (Shimadzu UV-1601). The percentage of
column. A glucosinolate fraction was eluted by sodium sulfate (1%). inhibition is expressed as the inhibition of lipid peroxidation of sample
The presence of glucosinolates in the eluted fraction was confirmed compared to that of a blank using the following formula:
by TLC, using as solvent system butanol/ethanol/water (4:1:2, v/v upper

hase), and for detection tipedimethylaminocinnamaldehyde reagent —
?Ehrlic)h’s reagent) (8). pedimethy g ? ol — Pk~ Asampee 3
The methanolic extract residue after removal of the glucosinolate Ablank
fraction was recovered on the alumina acid column.
Determination of Total Phenolic Compounds.The levels of total where %l = percentage of inhibitioriank = absorbance of the blank,

phenolic compounds were determined in the methanolic extract. An and Asample = absorbance of the sample. Butylated hydroxytoluene
aliquot of extract (0.1 mL of 10 mg/mL) was mixed with 0.2 mL of ~ (BHT) was tested and used as reference standard. All tests were
Folin-Ciocalteu reagent, 2 mL of 4@, and 1 mL of 15% N#COs, and performed in triplicate, and the results were averaged.

the absorbance was measured at 765 nm after 2 h incubation at room Measurement of the DPPH Radical-Scavenging Activity.The
temperature. Rutin was used as the standard for the calibration curve,method of Ohinishi et al.14), with minor modification, was used for
and the total phenolics were expressed as milligrams of rutin equivalentsassessment of the free radical-scavenging activiyagparis spinosa

per gram of methanolic extract. extracts and rutin.

TLC and HPLC —DAD Analysis. The presence of rutin was After dissolving the test sample in methanol, aliquots (0.5 mL) were
preliminarily assayed in the methanolic extract by TLC, using precoated mixed with 3 mL of a 0.1 mM methanolic solution of DPPH. The
silica gel 60 ks4 plates (Merck), eluted with ethyl acetate/formic acid/  mixture was shaken vigorously and then kept in the dark for 30 min at
water (8:1:1). For detection, the plates were sprayed with boric-acid room temperature. The decrease in absorbance of the resulting solution
oxalic acid reagent (9), heated, and examined in long-wave UV light. was measured at 517 nm with a spectrophotometer (Shimadzu UV-
For quantification of rutin, an HPLEDAD analysis was performed: 1601). DPPH solution was freshly prepared prior to use, and BHT was
three replicates from each methanolic extract were filtered through a tested and used as reference standard. All tests were performed in
0.45-um filter. Samples of 2@L of extract were analyzed using an triplicate, and the results were averaged.

HPLC system (Hewlett Packard, 1100 pump) with an autosampler,  The inhibition percentage (% ) of the DPPtddical was calculated
coupled with a photodiode array detector (DAD) operated by HP according to the following formula:
ChemsStation software. A reversed-phasg Bucleosil column was

used (250x 4 mm, 5um) (Hewlett Packard), and maintained at room Acoy— A
__ ¢ A ()
temperature. %l = ——F— x 100
The mobile phase was methanol/acetic acid 1% aqueous solution, Aco)

43:57 (v/v) at a flow rate of 1 mL/min. Rutin was identified by its
retention time and its UV spectrum, which were compared to those of whereAc(q) is the absorbance of the control DPPH solutiort at O
the authentic standard. Quantitation of rutin was performed by using a min andAa ¢ is the absorbance after addition of test samplés=a80
six points regression curve?& 0.999) obtained by employing the — min.
authentic standard. The extract concentration required to reduce the absorbance of DPPH
Isolation of Liver Microsomes. Male Sprague Dawley rats (180 control solution by 50% (E&) was obtained by interpolation of
200 g) (Morini s.a.s. Reggio Emilia, Italy) were acclimatized for two concentration—inhibition curves.
weeks at 23t 2 °C with free access to standard rodent chow and water ~ Autoxidation of Fe2" lon in the Presence of Bathophenanthroline
before treatment. Disulfonate. Fe* autoxidation was evaluated by determining thé'Fe
Healthy rats were selected and sacrificed by decapitation under etherconcentration with bathophenanthroline disulfonate, a reagent that avidly
anesthesia after overnight starvation. Liver microsomes were isolated binds F&* forming a complex with a maximum absorption at 540 nm
as described by Fowler et all@). The livers were quickly removed  (6). A stock solution of FeSPwas prepared daily. The samples (1
and homogenized with a glass potter in ice-cold KCI (1.15%) buffered mL) contained 10 mM TrisHCI (pH 7.1), 0.05 mM FeS@ and
with 0.02 M HEPES (pH 7.5) at 4C, to make a 20% (w/v) mixture. various concentrations of the tested compounds. All the incubations
The homogenate was centrifuged at §76r 10 min to remove nuclei were carried out at 37C. The reaction was started by addition of
and cell debris, then at 1009Gor 15 min to remove mitochondria, FeSQ. Aliquots (0.5 mL) ¢ a 1 mM bathophenanthroline disulfonate
and again at 1050@0for 60 min. The microsomal pellet was  solution were added to the samples at appropriate intervals of time,
resuspended in HEPEXCI buffer (pH 7.5) and the last step was and the decrease in absorbance of the resulting solutions was measured
repeated. Finally, aliquots of microsomal pellets were stored&a at 540 nm with a spectrophotometer (Shimadzu UV-1601).
°C until use. For the experiment, the microsomes were thawed, diluted  Rutin was tested and used as reference standard. Bathophenanthroline
in ice-cold HEPESKCI buffer, and washed with centrifugation at  disulfonate solution was freshly prepared before use. All tests were
105000gfor 45 min. performed in triplicate, and the results were averaged.
The pellet was resuspended in HEPESCI buffer, and microsomal
protein concentrations were determined according to the method of ResyLTS
Bradford (11).
Assay of Nonenzymatic Lipid Peroxidation.The liver microsomal The level of total phenolic compounds was 100.51 mg of
pellet was heat-inactivated at 90 for 1.5 min to remove all enzymatic ~ rutin equivalents per gram of methanolic extract.
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Figure 1. Effect of Capparis spinosa L. extracts on ascorbate/Fe?*-induced
lipid peroxidation from rat liver microsomes. Notes: % Inhibition = (mean
absorbance of the blank — mean absorbance of sample)/mean absorbance
of blank. * = Values significantly different at p < 0.01 (ANOVA followed
by Student's t-test as post-test). MeOH = methanolic extract at 10, 100,
and 1000 ug/mL concentrations. MeOH R = methanolic extract residue

Figure 2. Effect of Capparis spinosa L. extracts on DPPH radical
scavenging activity. Notes: % Inhibition = (absorbance of DPPH solution
— (absorbance of DPPH + test sample))/absorbance of DPPH solution.
MeOH = methanolic extract. MeOH R = methanolic extract residue after
removal of glucosinolates. Rutin tested at 0.39, 0.78, 1.56, 2.34, and

3.90 ug/mL corresponding to 100, 200, 400, 600, and 1000 wg/mL
methanolic extract, respectively.

at 1000 ug/mL concentration, after removal of glucosinolates. Rutin tested
at 3.90 ug/mL corresponding to 1000 «g/mL methanolic extract. BHT at

2.20 pg/mL concentration. o
Table 1. Effect of Capparis spinosa Extracts on DPPH Test: ECsy?

The effect ofCapparis spinos&xtract on ascorbate-induced

. o . . . . sample ECso (ug/mL)
lipid peroxidation of microsomes from rat liver was investigated.

As shown inFigure 1, the methanolic extract exhibited a dose- mgg: R ﬂ;ggé f géig
dependent inhibitory activity on ascorbate-induced lipid per- rutin 6.130 + 2.170
oxidation. It is evident that this extract at 100 and 1@@0mL BHT 119.188 + 3.451

concentrations inhibits significantlp (< 0.01) lipid peroxidation
by 71.50% and 90%, respectively. The effect of the highest dose Al values are shown as the mean + standard deviation of at least three
is comparable to that of BHT, which produced an inhibition of experiments, each in triplicate. MeOH = methanolic extract. MeOH R = methanolic
90.13% (p< 0.01). The antioxidant activity of the methanolic ~ extract residue after removal of glucosinolates.

extract was maintained even after removal of the glucosinolate
fraction.

The methanolic extract ofapparis spinosauds contains
0.39% wi/w of rutin as revealed by HPLC analysis. In the lipid
peroxidation assay, rutin, tested at the concentration found in
the methanolic extract, produced an inhibition of 23%.

Free radical scavenging effect@apparis spinosd. extracts
was determined using the DPPH test. The methanolic extract
showed antioxidant properties for the scavenger activity against
the stable radical DPPH, expressed as percent inhibiguie
2). The strong activity of the methanolic extract is clearly evident
even after removal of glucosinolates. Rutin was tested at
concentrations corresponding to its content in the methanolic

extract, reaching 47.86% of inhibition at the highest dose. Figure 3. Effect of extracts from Capparis spinosa L. on the autoxidation
Results of EG, values are shown ifable 1. of ferrous ion. Iron autoxidation was followed by determining the ferrous

Autoxidation of F&" was assayed in the presence of ion concentration according to the bathophenanthroline disulfonate method.

bathophenanthroline disulfonate. Decrease in absorbance at 540> Ngne; -A- methanolic extract, 10 ug/ m"f 8- methanolic extract, 100
nm was monitored as a color change of the test solution from ugi; -@- methanohc ex.tract, 10.00 uglmL; -0- methanolic extract aﬁer
pink to yellow at different intervals during a time of 20 min as removal of glucosinolates; -O- rutin tested at 3.90 ug/mL concentration.
a result of autoxidation of B& ion. The methanolic extract of
Capparis spinosaincreased the rate of Fe autoxidation
markedly, both at 100 and 100@/mL. Autoxidation of iron In this study, results clearly indicate that the methanolic
increased considerably, even after removal of glucosinolates extract fromCapparis spinoséuds exhibited good antioxidant
from the methanolic extract. Rutin, tested at 3.8G/mL activities: it effectively preserved microsomes from iron-induced
concentration (corresponding to 0.39% w/w of extract), en- |ipid peroxidation, reaching a 90% inhibition when tested at
hanced iron autoxidation to a lesser extent as compared to that; 000 ug/mL concentration. Despite this result, the activity of
of the methanolic extract at 100@/mL concentrationKigure the methanolic extract was lower than that of BHT. In fact, in
3). the lipid peroxidation test when BHT was tested as reference

The glucosinolate fraction did not show evidence of any pure compound, it required 2.28y/mL to produce a percent
antioxidant activity in all of these in vitro tests (data not shown). of inhibition of the same extent.
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Moreover, the methanolic extract possessed hydroxyl radical (2) Haslam, E. Natural polyphenols (vegetable tannins) as drugs:

scavenging properties acting as donor for hydrogen atoms or possible modes of actiod. Nat. Prod.1996,59, 205—215.
electrons in the DPPH test; it also increased iron autoxidation, (3) Steinmetz, K. A.; Potter, J. D. Vegetables, fruit, and cancer. II.
markedly, suppressing the accessibility of iron to oxygen MechanismsCancer Causes Contrdl991,2, 427—442.

molecules by oxidizing ferrous ion to ferric state, which resulted ~ (4) Brevard, H.; Brambilla, M.; Chaintreau, A.; Marion, J. P.
in the inhibition of the hydroxyl radical productio®);, These Oceurrence of elemental sulphur in cape@agparis spinosa
results suggest that the antioxidant activities of the methanolic IE}L;:Z?,CQrjtlégvzeystgfgggzif the flavour  profileFlavour
extract are related to the high level of phenolic compounds. | : |

. . . - (5) Mikkelsen, M. D.; Hansen, C. H.; Wittstock, U.; Halkier, B. A.
Formation of reactive oxygen species is closely related to Cytochrome P450 CYP79B2 from Arabidopsis catalyzed con-

the redox state of transition metals; superoxide anion is readily version of triptophane to indole-3,3-acetaldoxime, a precursor
produced through the one-electron reduction of oxygen by of indole glucosinolates and indole-3 acetic adidBiol. Chem.
ferrous ion and it is largely dismutated into hydrogen peroxide 2000,275, 33712—33717.

by enzymatic and nonenzymatic mechanists This study (6) Yoshino, M.; Murakami, K. Interection of iron with polyphenolic
showed the presence of rutin in the methanolic extract of compounds: application to antioxidant characterizatidmal.
Capparis spinosauds. Yoshino and Murakamb) reported Biochem.1998,257, 40-44.

that both rutin and its aglycon quercetin inhibited microsome  (7) Elliott, M. C.; Stowe, B. B. A novel sulphonated natural indole.
peroxidation induced by Pé. Formation of inactive irorrutin Phytochem1970,9, 1629—1632.

complex, which is unable to generate the reactive hydroxyl (8) Harley-Mason, J.; Archer, A. A. P. G. Use pfdimethylami-
radical, plays a principal role in the antioxidant action of nocinnamaldehyde as a spray reagent for indole derivatives on
flavonoids (L5). Besides, concerning the role of rutin in the paper chromatogram&iochem. J1958,69, 60.
different assays, it is evident that other phenolic compounds ©) LECkner' M. Pljmt eXtraCt'h"Pharmaceu;'Cal Appl'ckat'ons OL

. " L : : Thin-Laye Paper Chromato . Maceck, K., Ed.;
may be involved in the antioxidant properties of the methanolic E|s|2vijryprut3ir;hingapCormparrlymngsrtae?dgm l\?ngYork 1972
extract. Previous studies have reported the presence of other pp 540—586. ’ ’ ' '

flavonoid compounds such as kaempferol and quercetin glyco- (10) Fowler, A. B.; Kleinow, K. M.; Squibb, K. S.; Lucier, G. W.;

sides in addition to rutin (4, 16). Hayes, A. W. Organelles as tools in toxicology. Pninciples
The present study also suggests that glucosinolates, a group and Methods of Toxicolog¥hird ed.; Hayes, A. W., Ed.; Raven

of naturally occurring thioglucosides typically found in the order Press: New York, 1994; pp 1211-1212.

of Capparales, do not seem to interfere with the antioxidant (11) Bradford, M. M. A rapid and sensitive method for the quantitation

properties of the extract. In fact, the antioxidant activity of the of microgram quantities of protein utilizing the principle of

methanolic extract was maintained after removal of a glucosi- protein-dye bindingAnal. Biochem1976,72, 248—254.

nolate fraction. In plants, glucosinolates co-occur with the (12) vanAcker, S. A. B. E.; van den Berg, D. J.; Tromp, M. N. J. L.;

endogenous thioglucosidase—myrosinase system which is re-  Griffioen, D. H.; van Bennekom, W. P.; van der Vijgh, W. J.

F.; Bast, A. Structural aspects of antioxidant activity of fla-

sponsible for the production of hydrolysis products including vonoids. Free Radical Biol Med1996.20. 331—342

by TLC @) 'tes ¢ methan i oy anats Jrere revealed (13) Buege, J. A;; Aust, S. D. Microsomal lipid peroxidatiddethods
by TLC (9) in the methanolic extract even after removal of

lucosinola due to lled i ; f th Enzymol.1978,52, 302—306.

glucosinolates, due to uncontro enzymatic reactions of the (14) Ohinishi, M. Morishita, H. iwahashi, H.: Toda, S.: Shirataki,

crusheql capers during the extraction process. Y.; Kimura, M.; Kido, R. Inhibitory effects of chlorogenic acids
Isothiocyanates are well-known for the important role they on linoleic acid peroxidation and haemolysRhytochemistry

play in plant defense, and also in human affairs as flavor 1994,36, 579—583.

compounds, cancer-preventive agents, and biopestiddés)( (15) Afanas’ev, I. B.; Ostrachovitch, E. A.; Abramova, N. E.; Korkina,

Antioxidant properties can be also assigned to the isothiocy- L. G. Different antioxidant activities of bioflavonoid rutin in

anates, although few related data are reported (19) suggesting normal and iron-overloading ratBiochem. Pharmacol1995,

that these latter compounds may have a possible role in the 50, 627-635.

antioxidant activity ofCapparis spinosaxtract. (16) Sharaf, M.; El-Ansari, M. A.; Saleh, N. A. Quercetin triglycoside
The results obtained from this study bring attention to the from Capparis spinosa. Fitoterapid000, 71, 46-49.

antioxidant potential of and exalt the nutritional value of a7) Dewick,_E.M.Peptides, proteins, and ot_her aming acid derivates.
Capparisflowering buds, which are widely used as a source of g]ev'\\//il SISI I(;ni,ll ’\glfril,hir\s)v(?;dz sﬁn?ﬁtsgmcr;ﬁitécheétpear(ﬁf(h
flavor. There is currently a strong interest in the study of daily 1997- p’p 375426 Y ’ e
foods which are rich in antioxidant compounds such as ! ;

. . - ! . . A (18) Verhoeven, D. T. H.; Verhagen, H.; Goldbohm, R. A.; van den
flavonoids, anthocyanins, carotenoids, and vitamins. Epidemio- Brandt, P. A.: van Poppel, G. A review of mechanism underlying

logical studies have shown that, in addition to the essential anticarcinogenicity by brassica vegetablésem.-Biol. Interact.
nutrients, there are many food products that contain a variety 1997,103, 79-129.

of biologically active compounds providing protection against (19) Fahey, J. W.; Talalay, P. Antioxidant function of sulforaphane:
many chronic diseases (20). On the effectiveness of naturally a potent inducer of Phase Il detoxication enzynf@od Chem.
occurring compounds with antioxidative properties, an increased Toxicol. 1999,37 (9—10), 973—979.

intake of caper buds with the diet, and their cultivation for such (20) Hertog, M. G. L.; Hollman, P. C. H.; van de Putte, B. Content
uses, should be encouraged. of potentially anticarcinogenic flavonoids of tea infusions, wines,

and fruit juices.J. Agric. Food Chem1993,41, 1242—1246.
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