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ABSTRACT

Antioxidant activities of ethyl acetate extractrfrhimonium bonduelli and its constituents : eriogdt luteolin,
apigenin and 4-hydroxy-3-methoxy benzoic acid ewstudied in vitro. The phenolic and flavonoid eon$ were
determined and inhibition of malondialdehyde forimatand the scavenging of DPPH were assayed. Tiractx
and pure flavonoids, eriodictyol and luteolin skealva high antioxidant effect, especially scavenghdPPH
anions and inhibition of lipid peroxidation compdréo vitamin C. The total content of phenolic coompids and
total flavonoids content of ethyl acetate extractiofionium bonduelli were 353 ug of gallic acid e@lénts/mg
extract and 170.5 pg of quercetin equivalents/ntgpekrespectively. eriodictyol, luteolin, apigeramd 4-hydroxy-
3-methoxy benzoic acid are described for the finseé for Limonium Bonduelli.

Key words: eriodictyol; luteolin; apigenin;imonium bondueljiLipid peroxidation; DPPHEree radical scavenging
capacity.

INTRODUCTION

The natural phenolic compounds and flavonoids hraceived increasing interest in the last years They may
reduce the risk of development of several diseasased by oxidative stress, including neurodegémera
cardiovascular diseases, cancer, diabetes andsd@jefTheir protective effects stem for the agilio inhibit lipid
peroxidation, chelat redox-active metals (by bidiron), and attenuate other processes involviagtiee oxygen
species (such as through radical scavenging) [341§. excellent antioxidant activity of flavonoidepends on their
chemical structure: the presence of hydroxyl grompgositions 3' and 4' of the B ring, double bowetween
carbon C-2 and C-8f the ring C, additionally free hydroxyl groupsposition 3 of ring C and in position 5 in ring
A, together with the carbonyl group in positionadle also important for the antioxidant activitytbése compounds
[6].

In continuation of our phytochemical and biologieairk on Saharian plants [7-23], we report hereahgoxydant
activity of the flavonoids and phenolic constituentf Limonium Bonduell{Lestib.) Sauv. Et Vindt an endemic
Saharian species which was not previously invegiya

MATERIALS AND METHODS

Plant material
The genud.imonium,formerly known as Statice, is a member of the Plagiaceae family and involves 150 wild
species. These species are widely distributed astabregions and plains throughout the world ithlmpical and
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temperate zones such as Europe, Middle Easin America, Africa,[24]. This genus isepresented by about 23
species in Algeria [25].

Limonium bonduellis a halfhardy annual plant with winged panicles of brightlgw flowers(Figure 1) which is
endemic of the septentrionall$ara. It's considered as a subspecies ofMediterranea speciesLimonium
sinuatum[25]. Aerial parts of this species were collectedApril 2011 at Mogheul near Bechar in the South W
of Algeria. The voucher specimen was identifiedProf. MohamedKaabeche from niversity of Setif and was
deposited at the Research UNMRENBIOMOL under the referen : LB/236/04-11.

Figure 1. Limonium Bonduéelli.

Extraction and isolation

The dried aerial parts &f Bonduell (1500 g) were macerated with EtOH@®(70:30 v/v) for 24 t three times; the
residue was filtered, concentrated then succesgsastactecwith CHClL, EtOAc andn-BuOH. A 13 g portion of
the EtOAc extract was chromatographed on silicg2f&0-400 mesh) column using CHy/CH;COCH; as eluent, to
yield 20 fractions from which thiur described compounds4 were isolated angurified on silica gel TLC plate

eluted with a mixture of CH@IEtOH (8,5 /1,5.

Determination of total phenolic compound

The content of total phenolic compoundsethyl acetate extract fromimonium bonduel was determined using
Folin—Ciocalteureagent according to the method of Singleton ¢ [26]. 20 ul of ethyl acetate extract from
Limonium bonduelli(l mg/ml) was mixed with 1( pl Folin-Ciocalteu reagent and 1580 ul of disti water,
followed by 300 pl 20 % sodium carbonate ,CO;) threemin later. The mixture was shaken for 2 h at rc
temperature and absorbance was measured at 765lInests were performed in triplicate. Gallic asichs used a
a standardThe standard curve was prepared using 0, 50, 18,200, 250, 5( mg /L solttions of gallic acid in
methanol: water (10:90, v/V].he concentration of total phenolic compoundethyl acetat extract fromLimonium
bonduelliwas determined as pg gallic acid equivalents (GAE) per 1mg of extractngsihe following equatio
obtained from a standaréltjc acid graphR2 = 0.991). Absorbance =01 x Gallic acid pg).

Determination of total flavonoid content

Total flavonoidcontent was estimated according to the method itbescby Wang et al[27]. Briefly, to 0.5 ml of
sample, 0.5 ml of 2% AlGImethanol solution was added. After 1 h incubatioroam temperature, the absorba
was measured at 420 nm. Totalvibndd content was calculated as pg aefeccetin equivalents (QE) per 1 mg
extract using the following e@tionobtained from a standard quercetin graRh € 0.983.

Absorbance =.34 x Quercetingg) + 0.015.

DPPH radical-scavenging activity asse

The hydrogen donatingbility of test samplesethyl acetate fraction fronLimonium bonduel and isolated
flavonoids : eriodictyol, luteolirapigenit, was examined in the presence of DPPH-(liphenyl-2-picrylhydrazyl)
radical using the method descril ley Braca et al. [28]3 ml of methanol DPPH solution (0.004%was added to
various concentrations (1, 2.5, 10, 15, 20, 30, 50, 75 pg/ml) of test samplesn methanol. After 30 mil
incubation at room temperatuadsorbance was measured at 51'. Inhibition of free radical DPPH in percent
%) was calculated as follows;
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1% = (A control — A sample/A control) x100;

Sample concentration providing 50% inhibition {fOvas calculated from the graph plotted of inhitpercentage
against extract concentration. Tests were carnigdnariplicate. Ascorbic acid was used as thetiadn

Assays of lipid peroxidation usingvitellose

Lipid peroxidation assay was performed accordinghtalified protocol of Cao and lkeda [29], to meastine lipid
peroxide formed, using eggdtellosehomogenates as lipid-rich media. Egg homogenaten{Dof 10%, v/v) were
incubated with samples or vitamin C (10, 20, 30, 80, 60, 80, 100 pl/ml) in the presence of 50 fil o
FeSQ (0.07M) at 37°C for 30min. Then 1 ml trichloroacetic acid (TCA 20%), ah& ml thiobarbituric acid (TBA
1%) was added in succession, and the resultingungixtvas vortex and then heated at 95°C fomitb After
centrifugation at 4000 rpm for 20 min to removequéated protein the color of the complex was diste at 532
nm. The lipid peroxidation scavenging activity (%gs calculated by the following equation:

1% = (A control — A sample/A control) x100.

Statistical analysis
Data are presented as mean + standard deviatiop {32 statistical significance of differences be#w results
obtained for samples and standard antioxidant waluiated by student test using SPSS program (ver$i0).

RESULTS AND DISCUSSION

Isolated and identified compounds

Compound 1: CisH1.Og . yellow powder, Mass spectrum (El, 70 ez (Irel %): 288[M7] (95), 287[M-

H]*(43.7)."H NMR(500 MHz, CROD, &, ppm,J/Hz ): 6.93 (1H, br s, H-2"), 6.82 (2H, m, H-5',6%, 5.94 (1H, d,
J=2.0, H-8), 5.91 (1H, dJ=2.0, H-6), 5.29 (1H, ddI=12.7; 3.1, H-2), 3.06 (1H, dd=17.1; 12.7, H-3, 2.69 (1H,

dd,J=17.1; 3.1, H-®, “*C NMR (500 MHz,5, ppm): 197.8 (C-4, C=0), 168.4 (C-7), 165.4 (CH94.9 (C-9), 146.9
(C-3), 146.5 (C-5"), 131.8 (C-4"), 119.3 (C-1)16.3 (C-2), 114.8 (C-6"), 103.4 (C-10), 97.1 (C-8p.2 (C-8),
80.5 (C-2), 44.1 (C-3). These assignments were tetagon the basis of the results of HSQC, HMBC ey

experiments. This compound was characterized as3®, 4'-tetrahydroxyflavanone (Eriodictyol).

Compound 2: CysH140s, yellow needles, mp.348-350 °C, U¥ by, MeOH, nm): 269, 335; +NaOH: 274, 324, 392;
+AICl3: 274, 348, 382; AIGIHCI: 274, 334,380; +NaOAc: 276, 306, 386l NMR(400 MHz, CROD, 8, ppm,
JHz ): 7.77 (2H, dJ=8.5; H-2’, HE"); 6.84 (2H, dJ=8.5; H-3’, H5"); 6.49 (1H, sH-3); 6.36 (1H, dJ=2.2; H-8);
6.11 (1H, d,J=2.2; H-6). Mass spectrum (El, 70 eWyz (Irel %): 270[M7] (12.3), 271[M+H[(47.7). This
compound was characterized as 5,7,4'-trihydroxyite (Apigenin).

Compound 3: CysH;00s, yellow needlesmp.329-331 °C, UViXa, MeOH, nm): 264, 350; +NaOH: 267, 329, 402;
+AICl3: 273, 303, 422; AIGIHCI: 274, 297,385; NaOAc: 254, 269, 358.NMR (400 MHz, CRQOD, 8, ppm,J/Hz

): 7.52 (1H, dJ=2.1; H-2); 7.49 (1H, ddJ=8.4; 2.1, H-6’); 7.02 (1H, d}=8.4; H-5"); 6.62 (1H, s,H-3); 6.55 (1H,

d, J=2.1; H-8); 6.26(1H, dJ=2.1; H-6). The spectral data led to the structure of3&-tetrahydroxy- flavone
(Luteolin).

Compound 4: CgHgO, *H NMR (400 MHz, CROD, 8, ppm,J/Hz ): 7.60 (1H, dJ=1.6; H-2); 7.51 (1H, ddJ=8.2;
1.6, H-6); 6.77 (1H, d}=8.2; H-5); 3.95 (3H, sSOQCH-3); Mass spectrum (El, 70 em/z (Irel %): 168[M] (60.3),
153[M-15]'(33.7), 149[M+H-18](100). These spectral data led to the structuré-lejdroxy-3-methoxy- benzoic
acid . The structure of these compounds were atmitby extensive UV, MS and NMR spectroscopic yaiglas
well as by comparing their spectroscopic data witise reported in the literature [30-35].
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Figure 2: structures of the compounds 1-4

Total phenolic compounds

Phenols are very important plant constituents b&eaf their radical scavenging ability due to thejydroxyl
groups [36]. The total amount of phenolic compouimdthe plant extract was determined as microgrémadiic
acid equivalent by using an equation that was obthifrom standard gallic acid graph. Ethyl acetat®act of
Limonium bonduellexhibited higher phenolic content (353 ug of gadicid equivalents/mg extract) (Table 1).

Table 1. The phenolic and flavonoid contents of ey acetate extract ofLimonium bonduelli

Species Extract/Fraction ug GAE/mg extract ug QE /mg extract
Limonium bonduelli Ethyl acetate 353+1.28 170.5+0.41

Total flavonoid content
Flavonoids as one of the most diverse and widedpgeaup of natural compounds are probably the rimygbrtant

natural phenols. These compounds possess a boastiep of chemical and biological activities indhugl radical
scavenging properties [37]. Ethyl acetate extra¢timonium bonduellcontained higher flavonoid content (170.5ug
guercetin equivalent/mg extract) (Table 1).
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Figure 3: DPPH Scavenging activities of ethyl aceta extract of Limonium bonduelli, isolated compounds and
Vitamin C. Values are mean + SD of three samples alyzed individually in triplicate.

DPPH radical scavenging activity
In the present study, the free radical scavengatiyity of ethyl acetate extract dafimonium bonduellithree pure

flavonoids and Vitamin C were evaluated throughirtadility to quench 2, 2-diphenyl-1-picrylhydraz¢DPPH)
radical. Ethyl acetate extract bimonium bonduelland isolated flavonoids have DPPH radical scavengctivities

at various degreesigure 3 and table 2 illustrated a significant @ase of DPPH radical due to the scavenging
ability of tested samples which correlates withosead effect dependent. Scavenging activity differsvieen tested
samples. It is shown that chemical structure hasmgoortant impact on radical scavenging activitheThigher
antioxidant activity depends on their moleculausture, and the number and position of the hydrgxglups. Two
hydroxyl groups in B ring are required to strongatioxidant potential; lack of them (apigenin) sfigantly
reduces this activity [38]. The scavenging effefotthyl acetate extract éfimonium bonduellipure flavonoids and
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Vitamin C on the DPPH radical decreased in theroofl&itamin C > Eriodictyol > Ethyl acetate exttac Luteolin

> Apigenin at the concentration of 20 pg/ml, theuteng inhibitions were 96%, 95%, 91%, 59.3%, 7.3%
respectively. Comparing Kgvalues of tested samples, we observed that etymdliand ethyl acetate extract are the
most effective antioxidants. Only 5.4 ug/ml and @g/ml respectively needed to eliminate 50% of DRBéical,
which nearly comparable to the reference contrtdmin C (5ug/ml). The value for luteolin was 15.8/ml.
Apigenin showed the weakestsyZadical scavenging potential against DPPH (324/mj).

Table 2: ICsy values of ethyl acetate extract afimonium bonduelli and isolated compounds in relation to
DPPH inhibition

Extract/Compound IC s (pg/ml)
Ethyl acetate extract af. bonduelli 7.7
Eriodictyol 5.4
Luteolin 15.3
Apigenin 324.1
Vitamin C 5

Inhibition of lipid peroxidation

In the present study, we measured the potentigthofl acetate extract dfimonium bonduelliand eriodictyol to
inhibit non-enzymatic lipid peroxidation in egitellosehomogenate, induced by the FeS9stem. Inhibitions of
lipid peroxidation (Figure 4) by tested samplesevebserved to be lower in magnitude in comparisostandard
vitamin C. On the other hand, ethyl acetate ektodid imonium bonduelliisolated compound (eriodictyol) and
vitamin C were different in their degree of lipicerpxidation prevention in eggitellose homogenate. The
percentage inhibition of lipid peroxidation by 1A@/ml ethyl acetate extract bimonium bonduelland eriodictyol
were found to be 58% and 69.25% respectively. i rat this concentration for vitamin C was fouledbe
86.95% inhibition of lipid peroxidation. The {gof ethyl acetate extract afimonium bonduellieriodictyol and
vitamin C (standard) were 20.88, 22 and@@ml respectively (Table 3). Decrease in lipid pddation by ethyl
acetate extract dfimonium bonduelland eriodictyol may be a result of it scavengingefradicals produced by
FeSQ in the reaction system. Structure-activity anaysivealed that the flavonoid molecule with polytoyg/lated
substitutions on rings A and B and a 4-keto momtuld confer upon the compound potent anti-perdiida
properties [39].

100 O Ethyl acetate Ext
a0 I W Eriodictyol

vitamine C

24 & 100

Concentration {pg/ml)

Figure 4 : The effect ofethyl acetate extract of Limonium bonduelli, isolated compound (Eriodictyol) and
Vitamin C on inhibition of FeSO4 induced lipid peraxidation of eggvitellose. Values are expressed in terms of
mean + SD. for three observations.

238
Scholar Research Library



Benayache &t al Der Pharmacia Lettre, 2013, 5 (5):234-240

Table 3: ICsq values of ethyl acetate extract dfimonium bonduelli and isolated compound (Eriodictyol) in
relation to lipid peroxidation inhibition

Extract/Compound IC s (ug/ml)
Ethyl acetate extract af bonduelli 20.88
Eriodictyol 22
Vitamin C 20
CONCLUSION

The results clearly indicated high antioxidant ptitd of ethyl acetate extract &fmonium bonduelland isolated
flavonoids. Eriodictyol exhibited the highest lewdlradical scavenging properties at all conceitnatamong tested
samples followed by ethyl acetate extractimionium bonduelliluteolin and apigenin.

This study demonstrated that DPPH radical scavengativity and inhibition of lipid peroxidation depd on the
number and order of OH groups in the flavonoidsditire. In addition, the potent antioxidative aityivof ethyl
acetate extract dfimonium bonduellimight result from its high contents of polyphenabmpounds and flavonoids
such as eriodictyol and luteolin. Eriodictyol, agin, luteolin and 4-hydroxy-3-methoxybenzoic aaid described
for the first time fromLimonium Bonduelli
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