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Thirty-six different extracts of six herbs and aromatic plants (fennel, common melilot, milfoil, lavandin
cv. Super, spike lavender, and tarragon) were evaluated for their radical scavenging activity by the
DPPH-, NBT/hypoxanthine superoxide, and *OH/luminol chemiluminescence methods, and for their
antioxidant activity by the g-carotene blenching test. The total phenolic content was also determined
by the Folin-Ciocalteu method. The plant material included cultivated plants and their wastes after
being distilled for essential oils. Both remarkably high phenolic content and radical scavenging activities
were found for the ethyl acetate and dichloromethane fractions among the different plant extracts. In
general, the distilled plant material was found to exhibit a higher phenolic content as well as antioxidant
and radical scavenging activities than the nondistilled material. Ethyl acetate and dichloromethane
extracts, and even some crude extract, of both distilled and nondistilled plants exhibited activities
comparable to those of commercial extracts/compounds, thus making it possible to consider some
of them as a potential source of antioxidants of natural origin.

KEYWORDS: Antioxidant activity; radical scavenging activity; herbs, aromatic plants; total phenolic
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INTRODUCTION Phenolic substances are widely distributed in the plant
) . kingdom and have been reported to possess a wide range of
Active oxygen molecules, such as superoxidg (COOH), biological effects, including antioxidant, antimicrobial, anti-

hydroxyl (OH) and peroxyl (ROOFj radicals play animportant  iylammatory, and vasodilatory actions. The antioxidant effect
role in oxidative stress related to the pathogenesis of various ¢ plant phenolics has also been studied in relation to the

important diseases. In healthy individuals, the production of free prevention of coronary diseases and cancer, as well as age-
radicals is balanced by the antioxidative defense system. e|ated degenerative brain disordess 4).

Oxidative stress is generated when the balance is in favor of | ihe search of plants as a source of natural antioxidants

the free radicals as a result of an increased production Or gome medicinal plants and fruits have been extensively studied
depletion of antioxidant levels. It is common knowledge that ¢ their antioxidant activity and radical scavenging in the last
oxidative stress, particulary due to aging, may be a contributory geyeral years¥-9). Herbs and aromatic plants, which are highly
factor in neurodegenerative disorders, such as Alzheimer's andyidespread in the Mediterranean region, are of commercial
Parkinson's diseases. Furthermore, oxidative damage, causeghterest for their essential 0il4¢—12). Some of them, including

by the action of free radicals, may initiate and promote the sage and rosemargg—15), thyme (L6), oregano17), and some

progression of a number of chronic diseases, such as cancergther Lamiaceael@—20), have already been studied for their
cardiovascular diseases, atheroesclerosis, cataract, and inflamagntioxidant activity.

tion (1, 2). On the other hand, the search for natural antioxidants in
wastes of plant origin is also being explored as an alternative
* To whom correspondence should be addressed. Teleph684:93- to the synthetic antioxidants used in food and pharmaceutical

4024493. Fax:+34-93-4029043. E-mail: ccodina@farmacia.far.ub.es. industries. Some examples of these wastes include residues of
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information is available on the study of the remaining distillation cool_ed ir_1 a desiccator f@ h before weighing. This measure was carried
material, which is potentially interesting as a result of the water- out in triplicate.

soluble properties of phenolic compounds that rarely form part ~ To obtain the different extracts and fractions of each plant species,
of essential oils. the dried and powdered plant material was first extracted with MeOH

In this work about the search for antioxidant agents from by maceration for 24 h (stirring for 4 h). After fllter_mg, the methanol
was evaporated, and the extract was redissolved in water, keptat 4

natu_ral sources,_36 plar_1t extracts/fractions of d|fferen_t polarity for 12 h, and filtered again, thus obtaining the crude extract:{CE
obtained from six Mediterranean herbs and aromatic plants, (rigure 1). This EG was then partitioned with hexane (200 mL
spike lavenderl(avandula latifolig), common melilot ielilotus fractions repeatedly until decoloration of the organic solvent), thus
officinalis), fennel Eoeniculum vulgare), milfoil (Achillea obtaining both the hexane fraction (HxF) and the “clean” or “defatted”
millefolium), tarragon Artemisia dracunculds and Lavandin crude extract (CB. The Ck was then successively partitioned with
cv. Super Lavandula latifolia x L. angustifoli were studied dichloromethane and ethyl acetate (as for the hexane partition), thus
in order to assess their radical scavenging and antioxidantobtaining the dichloromethane (DCF), ethyl acetate (EAF), and aqueous
activity. Although these plant species have been extensively (WF) fractions. For test dilutions, every extract or fraction was dried
studied for their essential oils, no information about their 2nd redissolved in methanol (Folin Ciocalteu, DPPH, and chemi-
phenolic content or antioxidant and antiradical scavenging 'UTniscence assays), water (superoxide assay), or DM&@otene

S . . blenching test).
activity has been hitherto reported. The extracts and fractions Determination of Total Phenolics. The amount of total soluble

were prepared from both_nondlstll_led and distilled plant material phenolics (TPH) was determined according to the Folin-Ciocalteu
in order to evaluate their potential use as a source of naturalmethod g6). The reaction mixture was composed of 0.1 mL of extract
antioxidants. The three assays used to evaluate the radica(1 or 10 mg/mL, depending on the activity), 7.9 mL of distilled water,
scavenging activity were those of the DPRHR,2-diphenyl-1- 0.5 mL of the Folin-Ciocalteu’s reagent (Panreac), and 1.5 mL of 20%
picrylhydrazyl), superoxide-nitro-blue tetrazolium (NBT) hy- sodium carbonate. The opaque flasks were mixed and allowed to stand
poxanthinae/xanthine oxidase, a@H/luminol chemilumines- for 2 h. The absorbance was measured at 765 nm in a HITACHI U-2000
cence. The-carotene blenching test was used to evaluate the SPectrophotometer (the same equipment was used in all the assays,
antioxidant activity. Furthermore, the total phenolic content was €XCcept for that of chemiluminiscence). The total phenolic content was
determined by the FolinCiocalteu method. The results were detérmined as gallic acid equivalents (GAE)/mg of extract.
compared with those obtained with different reference prod- Free Radical Scavenging Activity. The different extracts were

! . . L measured in terms of hydrogen donating or radical scavenging ability
ucts: quercetin, an antioxidant of natural origin; BHA (butylated using the stable radical DPPE27). A 0.75-mL portion of a methanolic

hy_droxyanisole), one of the most widely used synthetic a_nti- solution of the extract at different concentrations ranging from 1 to
oxidants employed in the food industry; and three commercially 500 ug/mL (methanol for the control) was placed in a test tube, and
available extracts of natural origin with high antioxidant 1.5 mL of a DPPH methanolic solution (20 g/L) was added. The

activity: rosemary, green tea and grape seeds. absorbance was measured at 517 nm after 20 min of reaction. The
absorbance of the control (DPPHadical without sample), was
MATERIALS AND METHODS measured daily. The percent of DPPH decoloration of the sample was

calculated according to the formula,

Plant Material. The different taxa studied wefechillea millefolium
L. andArtemisia dracunculuk. (Compositae)l.avandula latifolia (L. . Abs sampl
Fil) Medikus and_avandula latifolia x L. angustifoliviller (Labiatae), % decoloration= (1 - mj x 100
Melilotus officinalisLam. (Leguminosae), arfebeniculumzulgare Mill.
(Apiaceae). The plants were collected during the flowering period from
cultures established in an experimental plot (Cetina, Zaragoza, Spain)
under agronomically controlled conditions. Only flowers (stem and
floral shoot in the case of the %@ lavender) were studied for their
antioxidant properties. Half of the plant material was distilled for
essential oils by steam distillation at pilot plant scale (“La Alfranca”
Experimental Farm, DiputacinGeneral de Aragg under a standard
operation protocol of the Spanish Ministerio de Agricultura, Pesca y
Alimentacio.

Chemicals.All of the chemicals used in this work were purchased
from Sigma Aldrich (USA), with the exception of the Folin-Ciocalteu’s

reagent, which was purqhased from Panreac. All of the chemicals andlight) is decreased by hydroxyl radical scavenging substa&:29).
reagents were of analytlcal grade.. . . A 300+L portion of buffer pH 9 Co(ll) (2.6 mM) and EDTA (0.84
Sample Preparation and Extraction. The plant material was dried mM), 25 uL of buffer pH 9 luminol (0.56 mM), and 25.L of
Ic? tth"e g)p?n ?'r mt th_elfleld an:j thter:j grui?ed. Both nondcl)stlllec_i a&d methanolic extract at different concentrations ranging from 1 to 500
istiled plant materiais were treated in the same way. ©nce in the ug/mL (methanol for the control) were placed and mixed in a test tube.

laboratory, t_he plant material was drlec_i again In an oven auéder Finally, 50uL of H,0, (0.52 mM) was added to start the reaction in
constant weight, and then powdered with a mill. Two extracts and four dark conditions. CL intensity (RLU) was measured 20 min after the

fractions of each plant species were obtained using an extraction and :
fractionation procedure standardized within the CYTED project (see 'cocion Started.

actionation procedure standardized v € projec (see The percent of inhibition of the CL was calculated for each
acknowledgments), which is shown Kigure 1. Before starting the - .

. : . concentration according to the formula,

extraction, the extractable matter was determined in order to know the
amount of plant material required to obtain 10 g of crude extract. To
do this, 20 g of powdered material was extracted with 400 mL of % inhibition = (1
methanol at room temperature for 24 h, and the total solids content
was then calculated. The total solids content was determined for each
extract or fraction in order to refer all the results to the same  The RLU was plotted against the sample extract concentration, and
concentrationgg/mL). A 10 mL portion of extract/fraction was filtered  a linear regression was established in order to calculate tewdich
and filled in a previously dried and tared flat-bottomed dish. The is the amount of sample necessary to decrease by 50% the CL intensity.
samples were heated to dryness in an oven (3 h,°T@)5and then The results are expressed as antiradical efficiency (AE).

The decoloration was plotted against the sample extract concentra-
tion, and a logarithmic regression curve was established in order to
calculate the 16 (inhibitory concentration 50), which is the amount
of sample necessary to decrease by 50% the absorbance of DPPH. The
results are expressed as antiradical efficiency (AE), which is 1000-
fold the inverse of the 1§ value.

Hydroxyl Radical Scavenging Activity. The radical scavenging
activity was determined through the Co(ll)/EDTAH/H,O,—luminol
system. The intensity of chemiluminescence (CL) was measured as
relative light (RLU = relative light units) in a Turner Designs’ TD-
20/20 luminometer. The highest CL intensity of the reaction (control

_ RLU sampl
RLU controj x 100
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Figure 1. Scheme of the extraction and fractionation procedure followed in this work.

Superoxide Anion Scavenging Activity.The superoxide radicals
were generated in vitro by the hypoxanthine/xanthine oxidase system.
The scavenging activity of the extract is determined by the nitro-blue
tetrazolium (NBT) reduction method. In this method; Qreduces the
yellow dye (NBT*) to produce the blue formazan, which is measured
spectrophotometrically at 560 nm. Antioxidants are able to inhibit the
purple NBT formation 80, 31).

Determination of the Antioxidant Activity. In this method,
antioxidant activity is measured by the ability of a compound to
minimize the coupled oxidation of linoleic acid afdcarotene in an
emulsified aqueous system, which loses its orange color when reacting
with the radicals §2). A decrease in the absorbance can then be
measured at 470 nm. Although this reaction is usually initiated using
heat (50°C) (33—36), it is difficult to obtain reproducible results. That

The capacity of the extracts to scavenge the superoxide radical wasjs why the generation of RO@n this work was performed using AAPH

assayed as follows: A reaction mixture with a final volume of 632
uL/eppendorf was prepared with 50 mM phosphate buffer (pH 7.5)
containing EDTA (0.05 mM), hypoxanthine (0.2 mM), GB NBT (1
mM), 63 uL of aqueous or ethanolic extract (distilled water for the
control), and 63:L of xantine oxidase (1.2 WL). The xanthine oxidase
was added last. For each sample, a blank was carried out. The
subsequent rate of NBT reduction was determined on the basis of
sequential spectrophotometric determinations of absorbance at 560 nm
The solutions were prepared daily, and kept from light.

The results are expressed as the percentage inhibition of the NBT
reduction with respect to the reaction mixture without sample (buffer

only).

(cabs_ CBabs) - (Sabs_ SBabg

O ihii
% inhibition (oo CBor)

x 100

whereSis SBans Cans @and CBpswere the absorbances of the sample,
the blank sample, the control, and the blank control, respectively.

(2,2-azobis (2-methylpropionamide) dihydrochloride), a water-soluble
radical azo-initiator, which decomposes itself at a temperature-controlled
rate, 32°C, yielding molecular nitrogen and two carbon radicaly.(R
Then the Rcan react rapidly with molecular oxygen to produce ROO
This reaction takes place at a slower rate than the heating one, thus
allowing the reaction kinetics to be checked and showing a better
reproducibility.

" A 20-mg portion ofB-carotene was dissolved in 1 mL chloroform
and 9 mL of petroleum ether (0.3Z8V). An emulsion was prepared

as follows: 3 mLpj-carotene solution was filtered and added to a
volumetric flask, together with 5aL of linoleic acid (13.5 mM) and

100 mg of Tween 20. Both ether and chloroform were evaporated under
nitrogen, and 100 mL of distillated water was added. Then the mixture
was vigorously shaken and saturated with oxygen. The reaction was
carried out in situ in the cuvette: 199@ of the emulsion was
equilibrated at 32C for 6 min. The oxidizing reaction was started by
adding 10uL of AAPH (0.9 M). Ten minutes after vortexing the
mixture, 100uL of plant extract dissolved in DMSO at the concentration
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Table 1. Total Solids Content, Total Phenolic Content, Radical Scavenging Activity, and Antioxidant Activity of the Different Extracts and Fractions
Obtained from the Six Distilled (D) and Nondistilled (ND) Plant Materials?

Method
total solids total phenolic DPPH- radical hydroxyl radical superoxide antioxidant
extract/  content® content® scavenging activityd scavenging activityd scavenging activity® activity®
fraction ND D ND D ND D ND D ND D ND D
Achillea millefolium
CE; 351 517 7135+112 8095+013 19.38+065 31.05+284 9.01+£080 1366+1.22 5884207 76.47+157 nd 6.58 +0.02
CE; 191 298 76.12+072 6525+354 2300+051 1311013 1475+127 18.61+0.32 63.66+0.04 6533+1.88 nd nd
HxF 137 111 51.15+0.94 65.82 £ 3.54 2.04+0.13 220+0.21 10.25+ 1.75 12.68+111 1523+7.07 9.28+0.95 nd 8.35+0.01
DCF 204 19.6 126.3+1.06 1475+9.74 8.16 £ 1.41 4.03+£1.89 33.73+£0.31 96.52+£10.91 88.93+1.18 63.67+146 nd 4.92 +£0.02
EAF 318 251 3849558 3239+11.8 107.7+233 90.91+153 36.35+3.86 7424+504 3293+105 7500+520 nd 16.60 + 0.62
WF 354 293 3939+061 4342+285 11.32+0.49 5.80+ 054 475+0.19 5194031 3435+3.60 71.66+3.30 nd 34.70+2.30

Artemisia dracunculus
CE; 405 361 9545+397 98.26+090 1245+0.57 30.79+4.27 10.33+1.18 9.24+142 96.20+240 98.20+254 2931+196 3.76+0.31
CE, 327 380 10335+421 86.03+283 21.24+072 16.70+0.66 9.78+0.24 1156+0.42 81.65+133 81.80+13.0 21.78+0.45 14.75+0.62
HxF 135 17.6 85.89+4.28 84.20+281 325+038 1221+083 1039+096 19.25+385 4245+1.02 4820+2.03 17.47+217 4.20+0.02
DCF 193 145 23466+3.30 45193+18.83 1299+0.75 111.98+12.18 4512+6.55 77.76+139 9852+210 78.63+4.80 22.32+2.17 11.36+0.85
EAF 543 46.5 313.08+14.11 272.04+20.38 91.99+2.86 50.81 +2.83 27.18+4.73 4118+785 92.05+11.2 92.12+208 28.99+0.60 41.89+1.04
WF 516 335 61.98+185 64.23+267 13.25+0.42 8.07+1.20 6.20 £0.33 6.05+100 67.60+10.7 73.62+9.80 22.76 +3.71 48.15+0.80

Foeniculum vulgare
CE; 834 753 7380+322 6227+385 11.00+0.22 15.64+0.40 298+023 1044+1.12 50.67+9.01 58.03+1.38 20.93+1.25 45.35%6.75
CE, 965 1034 7343+181 69.88+218 1656+ 1.45 8.29+0.57 482+0.13 1554+332 5991+173 61.14+2.84 11.68+1.65 4579+0.62
HxF 3.2 6.6 4470+030 5436166 3.72+0.12 2.56 +0.28 1120+ 0.73 17.04 + 2.66 503+0.71 4427+142 3045+0.69 40.39+2.22
DCF 84 143 11953+123 314.49+318 391+031 13.29+037 4468+327 202.02+16.2 53.09+4.85 7485+115 836+1.18 3247057
EAF 541 420 401.37+19.42 549.06+8.15 8291+1138 8517+218 3523+441 70.77+19.8 80.25+150 89.03+0.62 21.41+0.47 44.85+0.82
WF 160 460 36.99+091 41.03+0091 421+0.14 5.38+0.38 4.55+0.48 5804091 4312+0.97 40.79+0.55 18.86+0.94 45.47+0.41

Lavandula latifolia
CE; 285 287 7402+030 82.89+493 20.86+0.68 3430+046 1256+0.09 11.10+0.68 12.7+0.60 4820+0.73 11.46+0.02 92.02+2.54
CE, 158 21.0 9945+581 88.99+125 17.25+047 30.16+7.84 1861+136 12.66+046 nd 55.06 +6.13 12.25+0.61 87.23+7.89
HxF 18 75 36.92+389 41871574 0.35+0.14 1.10+0.01 3.69+0.03 454+017 1956+0.00 1050+0.12 8.49+0.23 94.29+3.25
DCF 123 26.7 16755+7.63 217.87+159 4284+0.72 21.60+060 7479+850 3501+0.08 86.7+1.70 91.66+11.7 16.27+0.51 62.85+2.47
EAF 231 39.0 191.96+9.94 28843+195 3669+254 87.10+051 20.09+0.72 29.97+1.79 8200+7.42 8440+11.0 7.14+0.01 92.84+8.69
WF 276 167 4290+203  44.93+4.04 6.54+022 41.14+0.65 8.41+0.98 845+006 1570+135 17.00+0.14 6.13+0.03 67.03+1.20

Lavandula latifolia x Lavandula angustifolia
CE; 184 409 140.04+131 7384+321 26.35+0.16 977+036 21.24+225 2364+301 6860+241 37.32+1.43 27.90+0.88 23.32+1.67
CE,; 29.0 334 138.63+8.56 7343+181 17.71+1.98 13.25+0.76 28.53+£4.97 20.15+0.83 92.30+6.34 37.95+1.25 5240+1.27 nd
HxF 236 7.8 111.05+10.47 44.70+0.30 4.02 +0.56 0.39+0.19 747+0.78 10.08+0.91 37.25+0.62 15.63+0.50 26.57+0.41 39.74 £1.97
DCF 345 157 17841+7.61 19440+1538 1.95+0.09 1374+0.85 222.22+19.6 127.38+17.7 5256+0.00 43.32+2.20 19.44+0.15 nd
EAF 210 125 473.14+24.42 339.00+17.72 197.62+19.6 570+047 107.18+430 5546+7.73 7243+9.06 64.87+581 nd nd
WF 185 75 4291+109 1530%0.80 6.11+0.33 2.34+0.05 9.08 +2.77 841+205 2821+127 1677+131 nd nd

Melilotus officinalis
CE; 234 141 5074+022 8542+0.83 295+026 11.97+209 11.02+1.18 747+014 1346+158 4450+1.73 36.98+4.64 6.50+0.02
CE, 197 222 5041+161 80.41+3.03 2.63+0.06 20.09 +2.25 6.61+0.23 7.37+0.09 29.14+1.70 27.34+7.73 14.00+0.13 20.13+0.19
HxF 3.2 3.1 219.81+14.05 305.79 £5.03 4.88+0.11 6.87 £0.42 32.13+£0.12 21.89+2.25 7.80+£0.32 19.67+6.00 21.77+1.40 25.60+0.58
DCF 153 193 520.75+320 21698+3.61 2299+0.37 5000+271 90.99+17.87 43.03+4.48 65.07+0.35 8251+840 19.03+1.28 26.69+0.74
EAF 335 493 327.01+16.35 72293+41.07 9.83+1.39 19157+340 10225+216 36.84+6.23 8350+10.0 87.30+7.07 48.31+0.20 44.09+0.78
WF 208 319 2650+202 42.04+051 5.02+0.15 1.39+0.06 2.45+0.09 3.75+067 48.41+592 1486+1.07 890+160 34.35+0.95

2 Values are the mean of three replicates + standard deviation). ° Values expressed as mg dry extract/mL. ¢ Values expressed as GAE/mg extract. 4 Values expressed
as AE (antiradical efficiency). © Values expressed as percentage of inhibition, nd = not detected (see Figure 1 for the identification of extracts and fractions).

of 250 ug/mL (DMSO for the control) was added, and the mixture RESULTS
was vortexed again. The absorbance was measured at 465 nm until the
plateau (90 min). BHA (25@g/mL) was used as a reference synthetic ~ Total Phenolic Content. The TPH values of the different
antioxidant, and a Tween 20 solution was used to blank the spectro-extracts/fractions ranged from 722.93 to 15.30 GAE/mg of
photometer. All of the solutions and emulsions were prepared daily. extract Table 1). In general, the ethyl acetate fractions
. . (especially those df. officinalis, F. vulgareandL. latifolia x
o AA = [1— Sipsat 0 min— Sipsat 90 m':) « 10 L. angustifolig and the dichloromethane ones (mainly those of
Capsat 0 min— C,p.at 90 mi M. officinalis and A. dracunculup of both distilled and
nondistilled plant material were found to contain the highest
whereSy:sis the absorbance of the sample, ahgsis the absorbance  phenolic content. The total phenolic content of these fractions
of the control. _ _ _ was significantly higher than that of the other extracts and
frafttiitrliatiﬁnﬂsfvcglr}f;{r r'iAeI‘ld SLttirr‘]etri;ﬁfaet’;m:r:;ilti(faf{gﬁgmf\l o"“\'/‘i fractions in both distilled and nondistilled plant material. In all
: cases, the lowest amounts of phenolics were found in the

analysis was carried out for the comparison of the results of the fracti ith th i f both distilled d
nondistilled and distilled material, the extracts, and fractions, as well aqueous fractions (wi € exception of bo istiled an

as the six studied plants. The statistical analyses were accomplished’ondistilled lavender), ranging from 64.28. (latifolia x L.

using the computer software Statgraphics Plus for Windows. Regression@ngustifolig to 15.30 A. dracunculus GAE/mg of extract. The
analyses were carried out using the Statistica program. Differences athigher phenolic content in the ethyl acetate and dichloromethane
P < 0.05 were considered to be significant. fractions than in the crude extracts is probably due to the

abs
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purification and concentration of phenolics throughout the Taple 2. Correlation Coefficients (R) between the Total Phenolic

fractionation procedure. Content and the Radical Scavenging Activity
Radical Scavenging Activity. The radical scavenging activi-
ties of the different extracts/fractions are also showitaile plant R
1. The values of the free radical (DPPH) scavenging activitiy N _ materia® TPHYDPPH TPHICL® TPH/SO!
ranged from 197.62 to 0.35. In both the distilled and nondistilled Achillea millefolium 18 ND 0.95¢ 0.80 0.09
plant materials, the ethyl acetate fractions generally exhibited iy 18 D 0.89¢ 0.72 0.30
. L e o Artemisia dracunculus 18 ND 0.79 0.80 0.55
the highest AE values, nondistilléd latifolia x L. angustifolia 8 D 0.97¢ 0.98¢ 0.20
(197.62) and distilledM. officinalis (191.57) being the plants  Foeniculum vulgare 18 ND 0.97¢ 061 075
showing the highest free radical scavenging activity, which was 18 D 0.63¢ 0.95 0.92¢
found to be significantly higher than that of any other extract Lavandula latifolia 18 ND 0.94° 065 085
or fraction. The dichloromethane f_raction of the distillad L. latifoliaxL_angustifolia ig BD 8:226 8:?1451 8:22
dracunculuswas the third most active extract (111.98). The 18 D 021 061 0.91¢
lowest AE values were found in both hexane and aqueous Melilotus officinalis 18 ND 0.92¢ 0.58¢ 0.58
fractions. . 18 D 0'92: 0.69f 0.65
Concerning the hydroxyl radical scavenging activity, the allofthe plants, mixed 182 QD 8;;29 8:2; 8;2;

values ranged from 222.22 to 3.75. In this case, the most active

fractions were generally found to be those of dichloromethane, ~ ap = gistiled, ND = nondistiled. ® TPH = total phenolic content. ¢CL =
nondistilledL. latifolia x L. angustifolia(222.22) and distilled chemiluminiscence. ¢ SO = superoxide anion. ¢ p < 0.05. p < 0.00L.

F. vulgare (202.02) being the plants exhibiting the highest

activity, which was found to be significantly higher than that - ,\ohlics) of all the of extracts and fractions of each plant to
of any other extract or fraction. The ethyl acetate fractions of o regression analysigdble 2), one can observe that, in

both nondistilled hybrid lavender and melilot were found t0  yonera) and independently of the kind of plant material (distilled
exhibit quite good hydroxyl radical scavenging activity (107.18 5 nongistilled), the highest correlation coefficients were

and 102.25, respectively), although it was approximately one- o pipited hetween the TPH and the DPPH scavenging activity
half of the maximum.values. The lowest AE values were found and the lowest ones between total phenolic content and the
in the aqueous fractions and crude extracts. superoxide radical scavenging activity. The TPH correlated
The values of superoxide scavenging activity ranged from petter with the distilled plants (not fok. millefoliun) in the
98.52% in the dichloromethane fractionAf dracunculugo O CL method, and with the nondistilled material (not fAr
in the “cleaned” crude extract af. latifolia (Table 1). As for dracunculu} in the DPPH methodTable 2). Considering all
the DPPH and CL assays, the highest inhibition of the super- the plants simultaneously, however, the highest correlation
oxide anion was found in both ethyl acetate @racunculus  coefficients were found between the TPH and the DPPH radical
and distilled F. vulgare) and dichloromethane (nondistilled  scavenging activity, followed by the hydroxy! radical scavenging
A. dracunculusand distilledL. latifolia) fractions. As in the  activity (Table 2). The two best correlation coefficients between
scavenging activity assays, weak superoxide inhibitory activities the total phenolic content and the three methods of scavenging
were found in the hexane fractions. Surprisingly, however, some activity were found for distilled material (values ranging from
of the crude extracts and aqueous fractions gave a very highp.99 to 0.91P < 0.05, except in the case of the distill&d
activity, such as the distilled plant material of bathdracun- wulgarefor the CL assay), with the exception of the nondistilled
culusand A. millefolium which exhibited values higher than  F. yulgare, which exhibited the second-best coefficient in the
70% of inhibition, one of them even reaching 98.20% (crude DPPH analysis (0.97).
extract). This assay revealedl dracunculusto be the most In general, the ethyl acetate fractions exhibited the highest
active plant material, because all of its extracts were found t0 free radical scavenging activity and TPH values, whereas the
exhibit the highest superoxide scavenging activity values, with gichloromethane fractions showed the best hydroxy! radical
the exceptio.n of the dichloromethane fragtiqn of the distilled scavenging activity as well as quite good TPH values. Other
material, which was lower than that bf latifolia. results should be pointed out. For instance, the dichloromethane
Antioxidant Activity. The antioxidant activity determined  fractions obtained from both distilled and nondistilled plants
by the-carotene blenching method was very different according of A. dracunculugxhibited the best radical scavenging activity
to the plant material analyzed. Thus, it was 94.29% in the hexanein both systems (DPPH and CL), as well as the highest TPH
fraction ofL. latifolia, but it was not detected in several extracts values. Likewise, only the ethyl acetate extractdlobfficinalis
and fractions ofA. millefoliumand the lavender hybrid at the  showed the highest amount of phenolics and the best radical
assayed concentratiomdble 1). Although the hexane fractions  scavenging activity in these two systems, although in this case,
usually exhibited a low antioxidant activity, the high activity the best results of the CL method were found in the nondistilled

showed by all of the fractions of the distilldd latifolia plant material. Hexane fractions were found to contain low amounts
material is noteworthy, with percentages of inhibition ranging of phenolics, although those . officinalis showed both a
from 92.84 to 62.85. high hydroxyl radical scavenging activity and phenolic content,

Total Phenolic Content versus Radical Scavenging Activ-  Whereas those df. latifolia andA. millefoliumexhibited very
ity. Among all the extracts analyzed, a significant phenolic low free radical and superoxide radical scavenging activities.
content (values higher than 250 GAE/mg) and radical scaveng- Comparative Study between Methods.In general, the
ing activity (AE and percent inhibition of the superoxide anion) ranges of the free radical and hydroxyl scavenging activities of
were found for both the ethyl acetate and dichloromethane the different extacts/fractions were quite similar, the highest AE
fractions {Table 1). In general, extracts or fractions with a higher values (the mean of the two top) observed in the DPPH method
radical scavenging activity showed a higher phenolic content, being around 10% lower than those reached in the CL method
but good correlations could not be found among these param-(Table 1). Furthermore, to correlate the results obtained with
eters. When subjecting the results (scavenging activity and the three methods used to determine the scavenging activity, a
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Table 3. Correlation Coefficients (R) between the Radical Scavenging enging activities (the latter measured by the three different
Methods methods) of the distilled plant material were also found to be
higher than that of the nondistilled material, although these
R differences were not significant.
N plant material DPPH/CL® DPPH/SO® CL/so Regarding the two most active fractions (ethyl acetate and
108 ND 0.32¢ 0.29 0.24 dichloromethane), one can observe that those of EtAc of the
108 D 0.26 0.58¢ 031 distilled material (AE= 88.23 as an average) were generally
216 ND +D 0.23 0.38¢ 0.25¢

found to exhibit a free radical (DPPH) scavenging activity not
significantly (P = 0.9526) higher than that shown by the same
fractions of the nondistilled plants (AE 87.01). Analyzing
) ) ] ) ~ the plants separately by a one-way ANOVA, however, the ethyl
regression analysis was carried out. The th.re.e radical scavengingcetate fractions of distilled. latifolia andM. officinalis were
methods showed low correlation coefficients, even when found to exhibit a free radical scavenging activity significantly
considering the distilled and nondistilled plant material sepa- higher than that of the same fractions in the respective
rately (Table 3). . ) nondistilled material. Only the free radical scavenging activity
The results of the radical scavenging assays cannot beof the EtAc fractions of the nondistilled. dracunculusand

compared with those of the antioxidant activity, either, because |ayender hybrid was found to be lower than that of the respective
of the different reaction system, being in this case a lipidic jstilled material.

instead of an aqueous medium. Tlgecarotene blenching
method employs an emulsifier lipid that increases the number di

of variables influencing oxidation, such as temperature, light, activity (AE = 103.03 as an average) not significanty €

air, physical and chemical properties of the substrate, and the 3837, higher than that of the nondistilled DCI fractions (AE

presence of catalysts or starters. Antioxidants can exercise their_ 82.04). Regarded separately, however, the dichloromethane

protective_ properties at di_fferent stages of the oxidation ProCeSSs actions of the distilledA. millefolium A. dracunculusandF.
and by different mechanism&?. Furthermore, the complex vulgare were found to exhibit a hydroxyl radical scavenging

composition of the extracts (.:C.’UId be respor!5|ple for certain activity significantly higher than that found in the respective
interactions (synergistic, additive or antagonistic effects) be- nondistilled material

tween their components or the medium. It could also affect their . . .
P The distilled plant material gave a better correlation between

partitioning into the different phases. . L
: . the TPH content and the scavenging activity (in both the DPPH
he Diff E ) e :
Comparative Study among the Different Extracts and and superoxide methods) than the nondistilled material. Non-

Fractions. The behavior of the different extracts and fractions ) . o .
theless, this correlation was better for the nondistilled material

in relation to the radical scavenging and antioxidant activities .

was checked independently of the plant species and the kind of\évheAr;tﬁom%anng the IC'!_ metgo&versﬁ IZ?HTPH tconmle q

plant material (distiled and nondistilled). Thus, significant t).d toug nq[r?orreamns. € ein.t ehl erebn mef 0 Zufﬁ

differences between the extracts and fractions were found, with c?)rr;;[irg:n:oeff?ci:ﬁ?svir;?cl)rr]%il?g It\c/)l ¥he %\iﬂ”:degla?#; Havee

the ethyl acetate fractions exhibiting the highest antioxidant . o .
y 9 g been revealed to be higher than those of the nondistilled material,

activity and free radical and superoxide radical scavenging X
activities, and the dichloromethane fractions showing the best g)xcept when comparing the DPPH and the CL methgdsle

hydroxyl radical scavenging activity{gure 2). . . o
A comparison of the different scavenging activity of each ~ Comparative Study with Reference Antioxidants. The

kind of extract or fraction among the different plants was also results of both the antioxidant and scavenging activities of the

carried out through a one-way ANOVA. For every scavenging '€ference substances and extracts studied in this work are shown

activity measured, no significant differences were found among In Table 4. Quercetin was found to exhibit the highest free
the AE values of the six different crude extracts of the plants 'adical scavenging activity, followed by that of the grape seeds
analyzed. This comment is also valid for the “clean” crude ©xtract, whereas BHA showed the highest antioxidant and
extracts (CE), as well as the hexane and aqueous fractions. Nydroxyl radical scavenging activities. It had already been
Some significant differences were observed, however, in relation "ePorted that the DPPH radical savenging activity is higher in
to both the ethyl acetate and dichloromethane fractions. Thus,duércetin than BHA 27, 38, 39), and this coincides with
for example, the free radical scavenging activity of the ethyl duercetin’s displaying a slower kinetic behavior than BI28)(
acetate fractions of the distilled lavender hybrid and that of both Green tea and grape seeds extracts, as well as quercetin,
the nondistilled lavender and melilot were significantly lower exhibited quite similar superoxide radical activities, hlgher.than
than that of the rest of the EAF fractions. In the case of the BHA and rosemary extracts. The rosemary extract exhibited
dichloromethane fractions, those of both the distilled fennel and the lowest antioxidant and radical scavenging activities.
nondistilled lavender hybrid exhibited a hydroxyl scavenging  Some of the obtained ethyl acetate and dichloromethane
activity significantly higher than that of the other DCL fractions. fractions, and even some crude extracts, exhibited quite strong
Comparative Study between the Distilled and Nondistilled antioxidant and radical scavenging activities, which were found
Plant Material. Comparison between both the nondistilled and to be similar, and in some cases even higher, than those of the
distilled plant material within each employed method was carried reference compounds or extracts. Thus, the ethyl acetate
out through a Multifactorial ANOVA. Thus, although the total fractions of both nondistilled lavender hybrid and distilled
phenolic content of the distilled plant material (162.06 GAE/ melilot showed a higher free radical scavenging activity than
mg of extract as an average) was found to be higher than thatquercetin (the best reference) and grape seed extract, and all of
of the nondistilled material (146.83 GAE/mg of extract), this the plants exhibited a higher AE value than that of BHA,
difference was not statistically significanP (= 0.1494). In rosemary and green tea extracts.
general, considering all the extracts and fractions of all the plant No extracts or fractions were found to exhibit a higher
species simultaneously, both the antioxidant and radical scav-hydroxyl radical scavenging activity than that of BHA, but all

a CL = chemiluminiscence. ® SO = superoxide anion. ¢ p < 0.05. 9 p < 0.001.

Considering indistinctly all the DCI fractions, those of the
stilled plants were found to exhibit a hydroxyl scavenging
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Figure 2. Global distribution of the antioxidant and radical scavenging activities among the different extracts and fractions, separately for methods (CL,
chemiluminescence; SO, superoxide anion; BCB, S-carotene blenching) and for both distilled (D) and nondistilled (ND) plant materials (AE = antiradical
efficiency).

Table 4. Total Phenolic Content, Radical Scavenging Activity, and Antioxidant Activity of the Reference Compounds and Extracts

total phenolic DPPH radical hydroxyl radical superoxide antioxidant
std content? scavenging activity? scavenging activity? scavenging activity® activity®
quercetin 163.67 £ 14.19 194.93 + 4.56 86.46 + 8.25 81.09+10.1
BHA 29.31+0.54 467.88 +2.18 67.51+£0.29 89.24 +5.39
grape seeds 851.29+12.8 145.35 + 25.14 33.01+£1.62 88.32 £ 0.50 65.56 +2.35
rosemary 131.97 +5.60 28.60 +£0.12 19.01 £2.02 38.48 +£0.96 55.67 + 1.24
green tea 387.24 +7.65 84.53 £1.70 75.41+2.44 92.12 +4.87 72.28 £1.17

aValues expressed as GAE/mg extract. P Values expressed as AE (antiradical efficiency). ¢ Values expressed as percentage of inhibition.

of the plants (with the exception &f latifolia) showed a higher ~ extracts here evaluated, although its antioxidant activity was
AE value than that of the three reference extracts. The low, similar to that of the rosemary extract. The yield afforded

dichloromethane fractions of both nondistilled hybrid lavender by the nondistilled hybrid lavender was also quite good,
and distilled fennel were found to exhibit a higher hydroxyl especially that of the dichloromethane fraction, which was the
radical scavenging activity than that of quercetin and the three highest yield among this fraction type of all of the nondistilled

reference extracts, although lower than BHA. plants [Table 1).

Both the dichloromethane fraction of nondistilléd dracun- The selection of the best species within the distilled plant
culusand the “clean” crude extract of the nondistilled hybrid materials is even more difficult. Thub]. officinaliswas found
lavender showed a higher superoxide radical scavenging activityto contain the highest value for both free radical scavenging
than that of the green tea extract (the best reference), and allactivity and TPH, the latter being higher than that of all the
the plants exhibited a higher AE value than that of quercetin, reference compounds/extracts. Moreover, its ethyl acetate frac-
BHA, and rosemary extract. Finally, only the hexane fraction tion gave the highest yield of all the distilled plant materials
of the distilled L. latifolia was found to show a higher with reference to the same fraction typ€aple 1). But L.
antioxidant activity than BHA (the best reference). The other |atifolia was found to exhibit the highest antioxidant activity,
plants exhibited a lower antioxidant activity than all of the even with a 92% of inhibition in the crude extract, wherdas
reference compounds or extracts. BHA and quercetin showeddracunculusshowed the highest superoxide radical scavenging
a high antioxidant activity, which was moderate in the reference activity, with a 96.2% of inhibition in the crude extract as well,
commercial extracts, probably as a consequence of the interachoth percentages being higher than those exhibited by all the
tions between their individual constituents and both linoleic acid reference standards. Finally, vulgare generally afforded high
and Tween. The extracts and fractions from the studied plants,yields, especially the two crude extracts (E®d EG) of both
which are extremely complex mixtures of components, could distilled and nondistilled plants, and showed reasonably good

act similarly to these commercial extracts. antioxidant activity Table 1).
The relationship between the antioxidant or scavenging
DISCUSSION activity of a plant extract and its phenolic content is very difficult

to establish with statistical tools because (i) antioxidant proper-

Of the six plants studied in this work, it is quite difficult to  ties of single compounds within a group can vary remarkably
decide which plant material is the best potential source of natural so that the same levels of phenolics do not necessarily
antioxidants, because each plant species exhibited differentcorrespond to the same antioxidant responses; (i) the different
antioxidant or scavenging activities. Concerning the nondistilled methods used to determine the antioxidant activity are based
plant materiall. latifolia x L. angustifoliaseems to be the best  on different mechanisms of reaction so that they often give
candidate, because it was found to show both the highest TPHdifferent results; and (iii) extracts are very complex mixtures
value as well as antioxidant and radical scavenging activities, of many different compounds with distinct polarity as well as
with the exception of superoxide radical scavenging, which was antioxidant and prooxidant properties, sometimes showing
the second-highest AE value. In addition, the hybrid lavender synergic actions by comparison with individual compour@s (
exhibited both a higher free radical and superoxide radical Moreover, the response of phenolics in the Fel@iocalteu
scavenging activity than that of any of the reference compounds/assay also depends on their chemical structure. Thus, the radical
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scavenging activity of an extract cannot be predicted on the CL, chemiluminiscence; DPPH, 2,2-diphenyl-1-picrylhydrazyl;

basis of its total phenolic content)( EDTA, ethylenediamine-tetracetic acid; GAE, gallic acid equiva-
Owing to the complexity of the oxidation-antioxidation lents; IGy, inhibitory concentration 50; NBT, nitro-blue tetra-

processes, it is obvious that no single testing method is capablezolium; RLU, relative light unit; TPH, total phenolic content.

of providing a comprehensive picture of the antioxidant profile

of a studied sample. Preliminary studie¥) confirm that a ACKNOWLEDGMENT

multimethod approch is necessary in the antioxidant activity

assessment. Independently of the chosen method, suitableryis \york was carried out within the frame of the Programa
reference antioxidants should be tested for comparison. A |paroamericano de Ciencia y Tecnolagpara el Desarrollo
combination of rapid, sensitive, and reproducible methods, «cyTgD, project IV.11). Dr. Judith Silva is acknowledged for
preferably requiring small sample amounts, should be used o, technical assistance. Antonio Man(EUROMED, Spain)
whenever an antioxidant activity screening is designed. For the ;4 Bernd Weinreich (RAPS, Germany) are acknowledged for

determ.ination pf the primary antiqxidant activity, thecarotene supplying us with extracts of grape seeds and extracts of green
blenching test is not the best choice, and another method should; and rosemary, respectively.

be chosen. A rapid estimation of radical scavenging abilities
by using DPPH, CL or superoxide inhibition could save much
laboratory work and provide preliminary information about
screened samples, giving a basis for further isolation procedures.
Despite some limitations, DPPH, CL, and superoxide inhibition
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