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Summary

The aim of this study consisted to evaluate thezgiatant activity ofCachrys libanotis roots
extracts, used in folk medicine. The roots werenstted to extraction and fractionation to
give crude extract (CrE), chloroformic extract (Gh&thyl acetate extract (EAE) and aqueous
extract (AqE). RP-HPLC analysis revealed the presesi catechin and epicatechin in ChE,
and myrectin and gossypin in EAE. The highest tptaiphenols and flavonoids amounts
were recorded in EAE (83.23 ug gallic acid equintllag of extract and 0.63 g quercetin
equivalent/mg of extract, respectively). Xanthinadoreductase (XOR) was purified from
bovine milk with yield of 17.97 mg/l, PFR of ZZ.and XOR specific activity of 2261
nmole/min/mg. Both enzymatic and non-enzymatic méshwere used to evaluate the
antioxidant activity of extracts. Results demorstlathat EAE had the highest XOR
inhibitory effect (IGe= 0.11 mg/ml) followed by ChE, CrE and AgE. ChE ganeted the
highest effect both in cytochrome c test and in Ni&Bay with an 16 of 0.22 mg/ml and
0.21 mg/ml, respectively. All extracts inhibitechdieic acid oxidation, with remarkable
percentage. In fact, the highest effect was shome&AE (76.21%) followed by CrE and
AQE with an approximately similar effect (65.17%da64.57%, respectively), and ChE
(56.95%). DPPH scavenging assay showed that CrEE# €l exhibited the highest effect
with an 1G of 0.41 and 0.59 mg/ml, respectively. Both CrE &gE had a considerable
chelating activity on ferrous iron (E®, 9-folds lower than that of EDTA (ig= 6.1 pug/ml).
Reducing power of extracts was evaluated using FERBRracts exhibited a moderate
reducing power, and the highest power was recofdedEAE (TAP= 6.12 mM F&/g of
extract). These results can be useful as a staptmgt of view for further applications of
Cachrys libanotis roots in healthcare. In addition, the ability obts extracts to inhibit XOR

can be of great use in some diseases where thmtiohiof XOR is warranted.

Key words: oxidative stress, medicinal plants, XOR, anti@xitlactivity, polyphenols.
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Résumé

Le but de cette étude consiste a évaluer l'actibitdogique des extraits des racines de
Cachrys libanotis, utilisées dans la médecine traditionnelle. Lesnes ont été soumises a
une extraction et fractionnement pour avoir l'eitdarut (CrE), chloroformique (ChE),
d’acétate d’éthyle (EAE) et aqueux (AQE). L'analypar RP-HPLC a révélé la présence du
catéchine et épicatéchine dans ChE, et du myréetingossypine dans EAE. La quantité en
polyphénols et en flavonoids la plus élevée estemt® par EAE (83.23 g équivalent d’acide
galliqgue/mg d’extrait et 0.63 pug équivalent de gaéne/mg d’extrait, respectivement). La
xanthine oxydoréductase (XOR) a été purifiee dublavin avec un rendement de 17.97 mgl/l,
PFR de 722, et une activité spécifique de 2261 nmole/min/Bgs méthodes enzymatiques et
non-enzymatiques ont été utilisées pour évaluestiViieé antioxydante des extraits. Les
résultats montrent que EAE présent I'effet inlgbit le plus puissansur XOR (ICs,= 0.11
mg/ml) suivi par ChE, CrE et AgE. ChE montre l&ffle plus élevé dans le test du
cytochrome c et le test du NBT avec unrgl@e 0.22 mg/ml et 0.21 mg/ml, respectivement.
Tous les extraits inhibent remarquablement I'oxiyatle I'acide linoleique. En effet, I'effet
le plus élevé est observé pour EAE (76.21%) spaii CrE et AgE ayant un effet
approximativement similaire (65.17% et 64.57%peesivement), et ChE (56.95%). Le test
du scavenger du DPPH a montré que CrE et EAE miefsel’effet le plus puissant avec un
ICs0 de 0.41 et 0.59 mg/ml, respectivement. CrE et Ag@htrent une activité chélatrice
remarguable, 9-fois moins celle d'EDTA g 6.1 ug/ml). Le pouvoir réducteur des extraits
est évalué utilisant la technique de FRAP. Lesaitstexercent un pouvoir réducteur modére,
et le pouvoir le plus élevée est celui ’'EAE (TABZ2 mM Fé?%/g d’extrait). Ces résultats
peuvent étre investiguer comme un point de démart des applications de ces racines dans
la santé. En plus, le pouvoir de ces racines digthla XOR peut avoir une utilisation
importante pour certaines maladies dont l'inhilitde la XOR est nécessaire.

Mots-clés stress oxydant, plantes médicinales, XOR, aét@ittioxidante, polyphénols.



Abbreviations

AgE: aqueous extract

BHT: butylated hydroxyl-toluene

BMXOR: bovine milk xanthine oxidoreductase

ChE: chloroform extract

CrE: crude extract

DPPH: 1,2-diphenyl-2-picrylhydrazyl hydrate

DTT: dithiothreitol

DW: dry weight

EAE: ethyle acetate extract

EDTA: etylenediamine-tetraacetic acid

FCR: Folin-Ciocalteu reagent

FIOH: flavonoid antioxidant

FRAP: ferric acid reducing antioxidant power

GAE: gallic acid equivalent

GPx: glutathione peroxidase

GSH: glutathione

IR: ischemia-reperfusion

mt-DNA: mitochondrial DNA

NBT: nitro-blue tetrazolium

NOS: nitric oxide synthase

PFR: protein/flavin ratio

PMS: 5-methylphenazinium methyl sulfate

QE: quercetin equivalent

RE: rutin equivalent

RNS: reactive nitrogen species

RONS: reactive oxygen and nitrogen species

ROS: reactive oxygen species

RP-HPLC: reverse polarity-high performance
liquid chromatography

SOD: superoxide dismutase

TPTZ: 2,4,6- tripyridyl-s-triazine

XOR: xanthine oxidoreductase

XDH: xanthine deshydrogenase

XO: xanthine oxidase
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Introduction

Reactive oxygen and nitrogen species are well razed for playing a dual role as both
deleterious and beneficial species. Beneficialotdf®f reactive oxygen and nitrogen species
occur at low or moderate concentrations and invplvgsiological roles in cellular signaling
pathways. In contrast, the generation of reactiygen and nitrogen species, where xanthine
oxidoreductase is considered as one of their nggjorces, beyond the antioxidant capacity
of a biological system gives rise to oxidative s¢tea deleterious process that can be an
important mediator of damage to cell structures|uiding lipids and membranes, proteins,
and DNA. Oxidative stress facilitates the developtd a variety of human diseases such as
inflammations, cardiovascular diseases, neurodegtwe diseases, diabetes mellitus and
cancer. One solution to this problem is compengatitis disequilibrium with antioxidant

compounds that are contained in natural plant surc

Medicinal plants have been used as sources of media virtually all cultures. During the

last decade, the use of traditional medicine hgsmated globally and is gaining popularity.
The interest in many traditional herbs and plaatslue to our increasing knowledge of the
role of free radicals and antioxidants in humantheand disease. However, still there is not

enough knowledge and data about most of them.

Plant materials contain secondary metabolitespgbbfphenols constitute one of the principal
classes. These compounds arouse a big interestebynumerous beneficial effects toward
human health. Polyphenols are subdivided to sinmblenols, flavonoids and tannins. In
particular, flavonoids are recognized for theiri@xitlant properties, antimicrobial, anti-
inflammatory, etc. These activities have the mdttroa link with their antioxidant activity
and particularly their capacity to inhibit enzynmresponsible for radical generation, scavenge

free radicals and chelating metal ions.

14



The research on plants and herbs with alleged dotklused as pain relievers, anti-
inflammatory agents, should therefore be viewedeaseficial and logical strategy in the
search of antioxidants drug. From that came ouricehof Cachrys libanotis L., having

traditional claims for the treatment of rheumatist® subject of our study.

Up to date, there are no scientific reports neithrerthe extraction of flavonoids from the
Cachrys libanotis L. roots nor on its antioxidant properties. Instisiontext, the aim of our

study is to investigate its antioxidant propertiesg thein vitro methods.

15



1. Oxidative stress

Oxidative stress denotes an imbalance between msideeactive species) and antioxidants
in favor of the oxidants at the cellular or indival level, leading to a disruption of redox
signaling and control and /or molecular damage Kegfeldt and Svendsen, 2007). Oxidative
stress might occur when the antioxidant defenséesyss overwhelmed by an increased

oxidant burden or a decrease in antioxidant suf@filgchvink et al., 2008).

1.1. Oxidants

Oxidants are compounds capable of oxidizing tang@ecules. This can take place by one of
three actions: abstraction of a hydrogen atom,rattsdn of an electron or the addition of
oxygen (Lykkesfeldt and Svendsen, 2007). Reactiygen and nitrogen species (RONS) are
the major types of reactive species exist. Somthei are free radicals and some are not
(Table ). A "free radical" is any atom or group of atorhattcontains one or more unpaired
electrons in an outer orbital, which is capablenolependent existence (Gilbert, 2002). The
presence of unpaired electrons can result in aiepéieat is highly reactive. However, the
reactivity of RONS, whether free radicals or nan@ive an idea about their activity and
specificity of reaction with other molecules. Tieactivity of RONS will determine their half-
life in biological systems and how far they canvélaby diffusion from the site of their

generation (Aust, 2004).

1.1.1. Important reactive oxygen and nitrogen spees (RONS)

Under normal conditions, molecular oxygen)@ present in a triplet, diradical form, having
two unpaired electrons of parallel spin. This dicatlform is not very reactive to organic

molecules because most organic molecules are imglet state and due to the quantum
mechanical restriction; a spin restriction creadmrrier to the insertion of a pair of electrons

simultaneously, preventing its reaction with bioewlles (Laranjinha, 2009). However; O

16



can be reduced to.®@ by a series of reduction reactions, either enzigaléy or non-
enzymatically, requiring four electrons in total ug8, 2004; Powerst al., 2008). The
incomplete reduction of oxygen leads to formatidmeactive oxygen species (ROS) that the
most important are superoxide radical {Oone electron), hydrogen peroxide (4, 2

electrons) and hydroxyl anion, OfBerg, 2007; Laranjinha, 2009).

Table I. Nomenclature of RONS (Halliwell and Whiteman, 2pD04

Reactive oxygen and nitrogen species

Free radicals Nonradicals
Superoxide (©) Hydrogen peroxide (D)
Hydroxyl (OH) Hypobromous acid (HOBI)
Hydroperoxyl (HO,) Hypochlorous acid (HOCI)
Peroxyl (RG,) Ozone Q
Alkoxyl (RO Singlet oxygen (&)
Carbonate (CQ) Organic peroxides (ROOH)
Carbon dioxide (CQ) Peroxynitrite (ONOQ
Peroxynitrous acid (ONOOH)
Nitric oxide (NO) Nitrous acid (HNOZ2)
Nitrogen dioxide (NQ) Nitrosyl cation (NO)

Nitroxyl anion (NO)
Dinitrogen tetroxide (AO,)
Dinitrogen trioxide (NOs)
Peroxynitrite (ONOQ
Peroxynitrous acid (ONOOH)
Nitronium (nitryl) cation (NQ")
Alkyl peroxynitrites (ROONO)
Nitryl chloride (NQ.CI)

O7, is considered as primary ROS, and can furtherantewith other molecules to generate

secondary ROS, either directly or prevalently tigtoenzyme- or metal-catalyzed processes

(Bandyopadhyayt al., 1999): 0, +e” — O35

17



H,0, is formed by dismutation of @ in the presence of superoxide dismutase (SOD) or

spontaneously (Valket al., 2005): 03 + D'z_ +2H' ﬂ» H,05; + 0,

H.O, does not contain unpaired electrons in the valembgals and, therefore, is not a free
radical molecule but, upon lysis of the O-O bondfdéayous iron, known as Fenton reaction,

yields the most powerful oxidant known in a biokmaisetting, HO(Valko et al., 2005):

H,0, + Fe*? > OH- + OH- + Fe*3

Endogenous iron is usually present in chelated ant forms as part of hemoglobin,
myoglobin, several enzymes and the transport proteanferrin, and therefore not readily

available for reaction (de Beetral., 2002).

O’ and HO, can react with transition metals such as iron @peo to form the strong

oxidant, OH, following Haber-Weiss reaction (Sorg, 2004):

05 +H,0, - OH™ +OH + 0,

Conversely to @ and HO,, which are less reactive and therefore, more geded its
targets, the OHK upon formation, oxidizes indiscriminately and esspecifically any

biomolecule (Sorg, 2004).

As reported by Niviere and Fontecave (1995), N intercellular messenger, is produced

from oxygen by various nitric oxide synthase (NOS):

02 + arginine + NADPH _NOS | NO. + citrulline + H.0 + NADP

The simultaneous generation of Nanhd O leads to the formation of ONOOONOOH,

formed by its protonation, is a powerful oxidaseif, but can also decompose to yield further
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oxidants with the chemical reactivity of NOOH and NOZ2 NO is poorly reactive with most
molecules in the human body (non-radicals), buadsee radical it can react extremely
rapidly with other free radicals such as,Qamino acid radicals, and certain transition meta

ions (Gutteridge and Halliwell, 2002).

1.1.2. Sources of RONS

The principal sources of RONS are devised in tvp@s$yaccording to their origin:
a. Endogenous sources of RONS

* Mitochondria

ROS are commonly generated as byproducts of thechondrial electron transfer reaction
for the production of ATP. Approximately 2-4% ofethtotal oxygen consumed during
electron transport is reduced not to water by dytmme ¢ oxidase but rather t@ Qdue to
the "leakage" of unpaired electrons tg dring the proton-motive quinone cycle. Under the
physiological condition, the £ generated by the respiratory chain in mitochondsia

scavenged by SOD in the mitochondrial matrix terf¢#,0, (Chen and Castranova, 2004).

* NADPH oxidase

The key component of the respiratory burst systenthe membrane-bound multisubunit
enzyme complex termed the NADPH oxidase in bothgpbgtic cells and nonphagocytes,
which act as a pivotal defense system against geran infectious agents (Babior, 1999).
NADPH oxidase is inactive in resting cells and mstimulation by a variety of soluble
mediators and by particulate stimuli that interatth cell surface receptors, this oxidase is
rapidly activated to produce,O and other ROS, such as®4, OH, and, through the one-

electron reduction mechanism (Babior, 1999; Romn2009):

NADPH oxidase _ _
NADPH+H™ + 20, NADP® +H* + 203
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e Xanthine oxidoreductase (XOR)

Xanthine oxidoreductase (XOR) catalyzes the redactif & to yield O, and BHO, during

uric acid formation from hypoxanthine. Kelley areeir collaborators (2010) reported that
H,0, is the major oxidant product of XOR. Moreover, X®Rs recently been shown to
catalyze the anaerobic reduction of inorganic teitto NO. In the presence of oxygen this

also is reduced, to @ which reacts rapidly with N@o give ONOO (Harrison, 2006).

« Nitric oxide synthase (NOS)

Three NOS isoforms have been identified in mammalissues: neuronal NOS (nNOS or
type 1), inducible NOS (iNOS or type II), and enldelial NOS (eNOS or type Ill). NOS (EC
1.14.13.39) catalyzes the oxygen- and NADPH-dep@nabddation of L-arginine to NGand

citrulline (del Rioet al., 2002).

In addition, ROS generation can make by enzymes sisc membrane oxidases. In fact,
cytochrome P-450, P-450 reductase and cytochrorberéductase in the endoplasmic
reticulum under certain conditions generaté, @nd HO, during their catalytic cycle
(Bandyopadhyayt al., 1999). Peroxisomal oxidases and flavoproteinsyels as D-amino
acid oxidase, L-hydroxy acid oxidase, and fattyl amydase participate in ROS generation
(Bandyopadhyayet al., 1999; Valkoet al., 2007). Furthermore, Reactions catalyzed by
lipoxygenases and cyclooxygenase also are impoxealtlar sources of free radicals.
Cyclooxygenase react with,8, producing ferryl heme and tyroxyl radical. Suchctivated
enzyme” can induce one-electron oxidation of amdghic acid and also other substrates

producing free radicals (Bartosz, 2003).

b. Exogenous sources of RONS
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A number of environmental factors, such as ultretilight, ionizing radiation and ultrasound
can stimulate the RONS generation endogenously iateraction with tissues or cells (Mark

et al., 2000; Bartosz, 2003; Chen and Castranova, 2004).

Various other exogenous sources also contributectyr or indirectly to the total oxidant
load. These include effects of air pollution anduna toxic gases, such as ozone, as well as
chemicals and toxins, including oxidizing disinfeas. Moreover, foreign microorganisms
induce secondary oxidant formation and releasehe host via the immune system, in
addition to their sometimes directly oxidizing chpiéies. Diets containing inadequate
amounts of nutrients may also indirectly resultoxidative stress by impairing cellular

defense mechanisms (Lykkesfeldt and Svendsen, 2007)

1.1.3. Physiological roles of RONS

Sorg (2004) reported that an adequate level oiteRONS can have a physiological role, as
for instance the catalysis of many biochemical tieas, the defense against invading
pathogens or the capacitation of spermatozoa. Merean the nervous system, it acts as a
neuromodulator and plays a role in synaptic pldagtend long-term memory, whereas in the

vascular system, it controls blood pressure, inhipiatelet aggregatio &ble II).

Table Il. Physiological roles that involve free radicalglogir derivatives (Droge, 2002).

Species Source Physiological effects

* Smooth muscle relaxation and others various

Nitric oxid (NO) Different NOS cGMP-dependent functions

* Control of ventilation

 Control of erythropoietin production and other
Superoxide (@) NAD(P)H oxidase  hypoxia - inducible functions

and related ROS
* Smooth muscle relaxation

* Signal transduction from various membrane
receptors / enhancement of immunological
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functions

Superoxide (@)
and related ROS

» Oxidative stress responses and the maintenance

Any sources !
y of redox homeostasis

1.1.4. Biological consequences of oxidative stress

RONS may cause oxidative damage to proteins, li@dd DNA, which inhibits the normal
functions of proteins and lipids, and facilitatesl® mutagenesis; thus, these species play a

pivotal role in various clinical conditions (Ricexéns, 1994).

DNA and RNA damage are major consequences of axelatress. Exposure of nucleic acids
to reactive species may result in base modificattooss-linking of DNA-DNA and DNA-

proteins, sister chromatid exchange and single-double-strand breaking leading to
disruption of transcription, translation and DNAplieation (Goetz and Luch, 2008).
Mitochondrial DNA (mtDNA), which is transiently aithed to the inner mitochondrial
membrane where a large amount of ROS is produsgohrticularly vulnerable to oxidative
damage. Moreover, DNA repair mechanisms in the ¢hidadria are less efficient than in the
nucleus. Therefore, ROS-mediated mtDNA damages maytribute to mitochondrial

dysfunction generated by endogenous reactive imgiates which act directly on

mitochondrial proteins (Valket al., 2006).

Oxidation of proteins may occur directly as protsitle chains are oxidized leading to a loss
of function of proteins and a deactivation of enegmOften, thiols of proteins involved in the
regulation of enzyme activity are directly oxidizddcrease of malondialdehyde has been
suggested to lead to intra- and inter-molecularsstmks of proteins. Conformational
changes leading to an increase in hydrophobicity reault in aggregation or precipitation of
proteins, which can no longer be subjected to tbemal protein degradation pathway

(Stadtman and Levine, 2006; Valkbal., 2006). Additionally, oxidative damage of proteins
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may occur by the adduction of secondary produkesdixidation of sugar (glycoxidation), or

of polyunsaturated lipids (lipoxidation) (Stadtmeamd Levine, 2006).

Lipid peroxidation of membranes occurs as a conmacg! of direct reaction of fatty acids of
polar lipids with oxygen or a reaction catalyzethei by metals like iron or by NADPH
cytochrome P-450 reductad@efasagayanat al., 2003). Lipid peroxidation is initiated by the
formation of a Fenton-derived oxidant that resurtshe production of a lipid radical. In the
presence of oxygen, this radical is converted hydroperoxide radical, which then abstracts
hydrogen from other lipids. These steps result airt propagation and, consequently,

enhanced lipid peroxidation (Wirdt al., 2002).

1.1.5. Pathological implications of oxidative stres

An oxidative stress is often associated to all &infldiseases, although it is not always easy
to determine whether it is a cause or a consequainitee observed condition. A selection of

pathologies, for which the mechanism of oxidatitress is well documented, is described in
Table IlI .

Table Ill Some pathologies result from oxidative stress.
Pathology References

Cancer (Goetz and Luch, 2008)

Cardiovascular diseases  (vijjaya Lakshmiet al., 2009)

Metabolic syndrome (Calhau and santos, 2009)
Diabetes mellitus (Maritim et al., 2003)
Inflammation (Libettaet al., 2011)

Rheumatoid arthritis (Hitchon and El-Gabalawy, 2004)

Ischemic reperfusion injury (Brennan and Eaton, 2006)

Neurodegenerative diseasegAnderson, 2004)

Alzheimer’ disease (Cai and Yan, 2007)
Parkinson disease (Cohen, 2002)
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1.2. Antioxidant defense

Antioxidants was defined as substances that are, ablrelatively low concentrations, to
compete with other oxidizable substrates and, thaissignificantly delay or inhibit the
oxidation of these substrates (Droge, 2002). Adogrtb Shi and their collaborators (2001),
there are several lines of defense as follows:

(i) inhibiting the formation of active oxygen sjes and free radicals,

(i) preventing chain initiation by scavengingtiating radicals,

(iii) repairing, de novo and clearance of oxidatively damaged lipids, pnstand DNA.

1.2.1. Enzymatic antioxidants

They include the glutathione redox system [conwistif glutathione reductase, glutathione-S-
transferase, glutathione peroxidase (GPx), andogki6-phosphate dehydrogenase], SOD

and catalase.

» Superoxide dismutase (SOD)

SOD (EC1.15.1.1.) are a family of metalloenzyrttest catalyze the disproportionation of
O, radicals to HO, and Q, and play an important role in protecting cellsiagt the toxic
effect of superoxide radicals produced in differestlular compartments (del Riet al.,

2002).

* Glutathione peroxidase (GPx)

GPx is a selenoenzyme whose catalytic funadepends on the presence of the mineral
in the enzyme. It catalyzes the reduction of déi®, and lipid hydroperoxides. In general
terms the enzyme functions in a cycle with glutatiei reductase which uses reducing
equivalents derived from glucose via the pentosesphate pathway and NADPH (Diplock,

1994).
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+ Catalase

In human tissues, there is a very high concentratiothe enzyme in liver peroxisome and
erythrocytes, and there is relatively much lesérain, heart and skeletal muscle (Diplock,
1994). The general reaction catalyzed is the realucif H,O, to water and @ However,
H,O, can cross membranes and it may be that the praesffect of GPx is overwhelmed,
when intracellular concentrations op®} are high. Under these circumstances the protective

function of catalase may be of great importanc@l@2k, 1994; Forman, 2008).

1.2.2. Non-enzymatic antioxidants

They includes different chemical compounds suckoaspherol (vitamin E), ascorbic acid
(vitamin C), Caretinoidsglutathione (GSH), phenolic compounds, ubiquinobd@Gzyme
Q10), phospholipids (proteoglycans and hyaluromicl)a lipoic acid, proteins binding free
iron and copper such as ceruloplasmin, , transfeiurine, albumin), protein hydrolysates,
bilirubin, melatonin, uric acid, mucin, surfactantamino acids, peptides, and phytates

(Vallyathan, 2004; Kirschvinkt al., 2008).

. Vitamine E

The vitamine E is a free radical scavenger whiaidg a long-lived radical upon hydrogen
abstraction, thereby interrupting the chain reacticthis property is optimized i-tocopherol
which is a remarkable scavenger of peroxyl radigalphospholipid membrane bilayers.
Vitamin E may reduce the possibility of forming céae OH and ONOQ and thus protect
against oxidative damage. Also, it may modulateabivation and/or expression of redox-
sensitive biological response modifiers, and theratbenuates the cellular events leading to

the onset of cardiovascular, cancer, aging and ogenerative diseases (Chow, 2008).

o Vitamine C
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The role of vitamin C as an antioxidant is gaded by its known free radical-scavenging
action. As a reducing and antioxidant agendirectly reacts with @, OH and various

lipid hydroperoxides. In addition, it can @& the antioxidant properties of oxidized
vitamin E, suggesting that a major functioh vitamin C is to recycle the vitamin E
radical. However, vitamin C shown a prooxidaniactvhich resides in its ability to reduce

Feto Fe? state; F& is known as a potent free radical inducer (Yu,4)99

e Glutathione (GSH)

GSH, the tripeptide glutathione-[-glutamyl-L-cysteinylglycine), has a very impantarole

in protection against free radical damage by priogdeducing equivalents for the several
key enzymes referred to above. GSH is also a sgavesf OH and O; in the case of OH
the thiyl radical is produced, which is also a prectdof the oxidation of GSH by peroxidases
or by G in the presence of transition-metal ions. Thigicals may initiate radical reactions
although they are much less reactive than.@Hslow reaction of GSH with £, may also
lead to the formation of 8 Thus, although the overwhelming function of G8Hiving cells

is protective, the possibility of undesirable sedamy reactions must be borne in mind
(Diplock, 1994). Vitamin E, vitamin C, and GSH magt in combination through NADPH-

glutathione reductase system (Bandyopadteyay., 1999)

+ Carotinoids

Carotinoids have long been considered antioxida@tause of their capacity to scavenge free
radicals. Carotinoids protect lipids against pétation by quenching free radicals and
other reactive oxygen species, notably singigygen.B-carotene displays an efficient
biological radical-trapping antioxidant activitythrough its inhibition of lipid

peroxidation induced by the XO system (Yu, 1994
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* Polyphenols

Polyphenols are a big group of compounds foundantp and uniquely characterize by the
presence of more than one phenol group in the mi@edhey are considered the most
abundant antioxidant in the diet although the diigrof their structures makes them different
from other antioxidants. Moreover, the amount dfedent polyphenols found to date in
plants and plant foods, several thousands, maka theomplex family of compounds with
very interesting therapeutic properties againstegncardiovascular diseases, inflammation

and other diseases (Chow, 2008).

2. Xanthine oxidoreductase (XOR)

XOR known initially as Schardinger's enzyme, it swdiscovered in 1902 by Austrian
biochemist Franz Schardinger. It was later isolapedlified, and studied by Malcolm Dixon
and Sylva Thurlow in the 1920’s, and in 1938 it veaggested by Booth that Schardinger

enzyme be there after referred to as xanthine egi@&0).

2.1. Structure

XOR belongs to the family of molybdenum-containimgdroxylases comprising a group of
closely related metalloflavoproteins (Padtsal., 2002). The enzymes from various sources
are proteins of 290 kDa, and are composed of tveatidal and catalytically independent
subunits (Enrotret al., 2000). The 3D structureéFig. 1) of each subunit is organized into
three major domains: Mo-domain, Fe-S domain, aadirfl adenine dinucleotide (FAD) -
domain. The Mo-domain is the largest and contdes Nlo active site. The Fe-S domain
contains two [2Fe-2S] centers whereas the FAD-donwntains the flavin cofactor

(Brondinoet al., 2006).

The enzyme occurs in two forms, xanthine dehydragen(XDH, EC 1.1.1.204), which

predominatesn vivo, and xanthine oxidase (XO, EC 1.1.3.22). Conversib XDH to XO
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can occur reversibly by oxidation of essential lsydiyl groups or through limited proteolytic
cleavage of the amino terminus (Harisson, 2006hiNes et al., 2008). XDH shows a
preference for nicotinamide adenine dinuclotide [NAreduction at FAD-domain, whereas
XO fails to react with NAD and exclusively uses,@s its substrate, leading to the formation

of Oy and BHO, (Enrothet al., 2000).

Fig. 1. Molecular structure of the XDH. XDH dimer divided into the three major domainglan
two connecting loops. The two monomers have synymelated domains in the same colors, in
lighter shades for the monomer on the left andairker shades for the monomer on the right. From
N to C terminus, the domains are: ironysulfur-cemtemain (residues 3-165; red), FAD domain
(residues 226-531; green), and Mo-pt domain (residi90-1,331; blue). The loop connecting the
ironysulfur domain with the FAD domain (residues24925) is shown in yellow, the one
connecting the FAD domain with the Mo-pt domairs{gees 537-589) is in brown, and the N and
C termini are labeled. The FAD cofactor, the twaniysulfur centers, the molybdopterin cofactor,
and the salicylate also are included (Enettél., 2000).
XDH and XO are products of the same gene; howeX®R is transcribed as a single gene
product, xanthine dehydrogenase (XDH). The geneding human XOR is approximately
60 kb, comprises 36 exons and 35 introns ¢Xal., 1996), and its location was confirmed on
chromosome band 2p23 (International Human Genomee®eing Consortium, 2001). The
nucleotide sequence (1,332 residues) is highly hogoos with that of the bovine milk

enzyme (1332 residues) showing 91% homologydbal., 1994).

2.3. Distribution

XOR was found in liver parenchymal cells and inigles in Kupffer cells and sinusoidal

endothelial cells, using histochemical techniquésciv rely on detection of enzyme activity
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in tissue homogenates (Frederiks and Vreeling-$andea, 2002). Further, immuno-
localization techniques with XOR antibodies recagnactive and inactive forms of the
enzyme in intact tissues such as human liver, lmathheart (Meneshian and Bulkley, 2002;
Martin et al., 2004). Wright and their collaborators (1993) fduXOR in human liver, lung,

skeleton muscle and pancreas, using tissue hylmdegchniques.

Subcellular localization methods have demonstratesl presence of XOR in both the
cytoplasm (Frederiks and Vreeling-Sindelarova, 2G0f) the cell membranes (Rouquette
al., 1998) with cell surface binding likely mediateg glycosaminoglycans (Radit al.,
1997). In addition, the enzyme is a major proteamponent of the milk fat globule
membrane, which envelops fat droplets in freshlgregsed milk (Mather, 2000). XOR is
generally present in mammalian blood and, becatisadogenous proteases, occurs largely

in the XO form (Kooijet al., 1992).

2.4. Catalysis mechanism of XOR

XOR reacts with many substrates including purinpgyine ribonucleosides, and 2-
deoxyribonucleosides. It plays a pivotal role ie ttatabolism of purined-ig. 2) when both
forms catalyze the terminal two steps of purinerdédgtion in humans, hypoxanthine to

xanthine and xanthine to uric acid (Hille and Nisk)i1995).

I °| |°
HN \ Xanthine oxidase HN™ Xanthine oxidase
> K /J\ >—OH
:‘ ; O N ; ;
5, H,0 0,7, H,0, H 0s, H,0
Hypoxanthine Xanthine Uric acid

Fig. 2. The enzymatic process catalyzed by XO (Hille aighMo, 1995).
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Reaction mechanism occurs in two phases, the nedutalf- reaction and the oxidative half
oxidative. The reductive half-reaction involvesdiimg and reaction at molybdenum center of
the enzyme of up successive xanthine moleculesofEn2000). In contrast, the oxidative
half-reaction takes place at FAD-domain. Electraressubsequently transferred from FAD to

NAD™ or O, (Hille and Nishino, 1995).

2.5. Physiological functions

The primary functions of XOR can be including perimetabolism, oxidant and, antioxidant
production, nitric oxide regulation, and drug metém (Parkset al., 2002). In addition,
XOR implicate in innate immunity (Meneshian and Bey, 2002; Harrison, 2006), and it is
essential to the process by which the milk fat glethecomes enveloped by the apical cell

membrane during secretion (Harrison, 2006).

2.6. Pathological implications

As a result of its ability to generate RONS, imataxd in both tissue structural damage and
cell signaling interference, XO form has receivednsiderable attention as a patho-

physiological cause of some pathological states.

2.6.1. Hyperuricemia

Hyperuricemia is the most cited pathology involviK@R. It is a pathological state that
arises from overproduction (by XOR) or under exore(renal tubule disorders) of uric acid.
As a result of hyperuricemia, insoluble uric acidnfis microscopic crystals in the capillary
vessels of joints. These crystals cause inflammadiod sharp pain, which is termed acute

gouty arthritis or acute gout (Saatisal., 2009).
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2.6.2. Ischemia-reperfusion injury (IR injury)

Much of the injury sustained by an organ is a cqueace of ischemia actually occurred at
the time of reperfusion, triggered by ROS generaiedlO upon the reintroduction of oxygen
(Parkset al., 2002). XO may serve as the initial source of tigaxygen species generation
in post-IR injury Eig. 3). During ischemia, mitochondrial oxidative phospiation ceases
and ATP levels decrease. The levels of AMP increaisé AMP is metabolized to adenosine,
inosine, and hypoxanthine. Normally, hypoxanthiaeconverted by XDH to xanthine and
uric acid. Concurrently, transmembrane ion gradieate dissipated, allowing elevated
cytosolic concentrations of calcium that activatesious proteolytic and phospholipase
enzymes. A rapid C&dependent proteolytic conversion of XDH to XO tslpdace, which in
the phase of reperfusion usegs & an electron acceptor instead of nucleotidecagdihus
catalyzing O, production. These reactive oxygen species camaicttdo yield Q°, and
subsequently pD,, OH-, OONQ HOCI, or the chloramines leading to the cell disdue

injury and organ dysfunction characteristic of piss{Meneshian and Bulkley, 2002).
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Fig. 3. Role of XOR in ischemia reperfusion- injury (Mehis1 and Bulkley, 2002).

In side of these pathologies, XO has been implitdte play a significant role in other
pathological states such as cardiovascular dise@®msy and Hare, 2004), neurological
dysfunction (Haret al., 2007), and rheumatoid arthritis and in other tjamlammation (Al-

Mouhtasel®t al., 2011).

2.7. XOR inhibition

Allopurinol, a potent XO inhibitor with a purine tiédbone, has been used clinically for more
than 40 years. Unfortunately, this drug has infesqubut severe side effects (Pachieal.,
2006). Febuxostat is a potent non-purine, seleatiibitor of both the oxidized and reduced
forms of XOR, and could be useful for the treatmehhyperuricemia and gout, as report
Yasuhiro and their collaborators (2005). Currentlg, clinically effective xanthine oxidase

inhibitor for the treatment of hyperuricemia hagmeleveloped since allopurinol. Therefore,
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new inhibitor devoid of undesired side effects haen investigated. Many studies of natural
polyphenols, especially flavonoids, in the formpddnts or purified extracts show that they

could be used as XOR inhibitors (Naual., 2010).

3. Polyphenols

With nearly 10,000 individual compounds, phenolesmpounds are the most abundant
secondary metabolites in plants. They are defiokemically, as compounds that have one or
more hydroxyl groups attached directly to a benzeng and that have more than one
phenolic hydroxyl group attached to one or morezbee rings. Plant phenolics are
biosynthesized by several different routes whiclo thasic pathways are involved: the
shikimic acid pathway and the malonic acid pathWBsiz and Zeiger, 2003). They can be

classified into phenolic acids, tannins and flavideo

3.1. Phenolic acids

Phenolic acids are by their structure simple pheraid include two major subgroups:
hydroxybenzoic acids and hydroxycinnamic acids.nBhe acids are commonly present
under two principal forms in all plant-derived f@od free and a bound form. The latter is
found more frequently and occurs in the form ofest glycosides and bound complexes

(Andjelkovicet al., 2006).
3.2. Tannins

The term tannin was first used to describe compsuhdt could convert raw animal hides
into leather in the process known as tanning. Theeetwo categories of tannins: condensed
and hydrolysable. Condensed tannins are compouoasefl by the polymerization of
flavonoid units. Hydrolysable tannins are heter@gers polymers containing phenolic acids,
especially gallic acid, and simple sugars. Theysamaller than condensed tannins and may be

hydrolyzed more easily; only dilute acid is nee{lEaiz and Zeiger, 2003).
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3.3. Flavonoids

To date, more than 8000 structures have been fotassis members this class of natural
products (Quideaset al., 2011).

Flavonoids are a group of polyphenolic commsurdiverse in chemical structure and
characteristics. They occur naturally in fruegetables, nuts, seeds, flowers, and bark
and are an integral part of the human @ebk and Samman, 1996), although they are
considered as non-nutrients (Negrao and Faria, )2@0Bflavonoids share a basicsC3-Cs
structural skeleton, consisting of two aromaticridgs (A and B) and a heterocyclic ring (C)

that contains one oxygen atofid. 4).

Fig. 4. Basic structure of flavan nucleus (Negrao and Fa€a9).

On the basis of the position of and the modificaitmthe A, B and C rings, flavonoids are
grouped into the following structural classeflavanones, dihydroflavonols, leuco-
anthocyanidins (flavan-3,4-diols), flavan-3-olanthocyanidins, anthocyanins, flavones,
flavonols and isoflavones (Negrao and Faria, 2008o0st flavonoid compounds are
glycosides, which are often accumulated in the gksuof plant cells. Glycosides can be

either O- or C-linked (Rice-Evans, 2001).

Many of these flavonoids have potential benefiefécts on human health. They have been
found to have effects on: cardiovascular diseasegeption by virtue of their capacity to
inhibit lipoproteins oxidation (Minket al., 2007), neuro-degenerative diseases prevention
(Singhet al., 2008) and reduction in cancer incidence (Singth ldhar, 2006). In addition,

flavonoids exhibit a wide range of biological adie$, including antioxidant, anti-
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inflammatory (Negrao and Faria, 2009), antimicrgbamnti-ulcer, hepatoprotective actions
and as enzymes inhibitors (Harborne and Willian®¥)03. Most of the beneficial health

effects of flavonoids are attributed to their antiaxt abilities (Negrao and Faria, 2009).

3.3.1. Antioxidant activity of flavonoids

a. Scavenging activity

Flavonoids express their radical-scavenging actloough two mechanisms. The first is
based on the capacity of the flavonoids functigralp to donate a hydrogen atom to a free

radical R (R represents superoxide anion, peroxyl, alkceaytl hydroxyl radicals).

FI-OH+ R~ " FI-0 +RH

Through this so-called hydrogen-atom transfer meisha, the flavonoid antioxidant (FIOH)
itself becomes a free radical (F}@hich may react with a second radical, acquiangable
quinone structureHig. 5). The second mechanism is the single-electrorsteafrom FIOH to

a free radical Rwith formation of a stable radical cation FIOEWright et al., 2001).Due to
their lower redox potentials (0.54 E; [1 0.7V), flavonoids are thermo-dynamically able to
reduce highly oxidizing free radicals with redoxtgnttials in the range (1.0-2.13V), such as

superoxide, peroxyl, alkoxyl, and hydroxyl radic@levanovicet al., 1994).

OH o
R°® RH
OH \_/' OH
Fl-OH Fl-0°
1]
D o
R RH

OH \_/ 0
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Fig. 5. Scavenging of ROS (Roy flavonoids (Pietta, 2000).

All these reactions provoke inhibition or reductionthe formation of free radicals, they
interrupt the propagation of free radical chainctiems, or they delay the start or reduce the
reaction rate (Wrighét al., 2001). Besides scavenging, flavonoids may stabitiee radicals

involved in oxidative processes by complexing witam (Pietta, 2000).

There are three functional groups that have begeibwed to an increase in the ROS-
scavenging potential among the flavonoids: thehydtlioxy structure of the B ring; the C2 -
C3 double bond in concert with a 4-oxo functionalitf the C ring; and the additional
presence of both a 3- and a 5-hydroxyl moiety ef@and A rings, respectively (Heehal.,

2002).

b. Chelating activity

Flavonoids can also act as antioxidants by chejatietal ions Fig. 6) such as Fé/ Cu" and
Fe"/Cu*? ions that are involved in the conversion ef@d HO. into highly aggressive OH
through Haber-Weiss/Fenton-type reactions (Engetnetial., 2005). Thus, chelating agents
may inactivate metal ions and potentially inhilbié tmetal-dependent processes (Andjelkovic

et al., 2006).

Fig. 6. Binding sites for trace metals (Pietta, 2000).
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The flavonoids with better F&reducing activity are those with a 2, 3-double dand
possessing both the catechol group in the B-ring e 3-hydroxyl group. The copper
reducing activity seems to depend largely on theaber of hydroxyl groups. However, it
must also be recalled that plant polyphenols bgatatechol and/or pyrogallol moieties can,
under certain circumstances, exert prooxidant ptimse notably by reducing Feor Cu?

ions that they chelate (Miet al., 2002).

c. Implication in lipidic peroxidation process

The previous two action modes may explain the etédlavonoids on lipidic peroxidation,
since lipidic peroxidation implies the presencefreke radicals and metallic ions. They are
able to directly scavenge free radicals and thésriumpt the propagation step. Moreover, as
potent chelators, they chelate the free iron (Emgeh et al., 2005). Finaly, flavonoids
present on membrane surface are able to regenkeat@amin E, one of antioxidant essential

to cell membrane protection (Negre-Salvastral., 1995).

d. Enzymes inhibition

Flavonoids are also known to be potent inhibitars deveral enzymes, such as XO, NOS
cyclooxygenase, lipooxigenase, and phosphoinosBittéhase. The presence of numerous
aromatic hydroxyl groups on flavonoids enables theneasily attach to enzyme surfaces

averting potent inhibitioMiddletonet al., 2000).

The hydroxyl groups at C-5, C-7, C3’ and C4’ and tlarbonyl group at C4, which contribute
favorable hydrogen bonds and electrostatic intemastbetween inhibitors and the active site,
and the double bond between C-2 and C-3 in C-mrgch maintain planar structure, were
essential for a high inhibitory activity on xantbinxidase (Coet al., 1998; Van Hoormt al.,

2002; Linet al., 2002; Heimet al., 2002).
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4. Plant (CachryslibanotisL.)

The Apiaceae (Umbellifereae) is a cosmopolitan kanii is a large family with about 300

genera and more than 3000 species (Heyvebatl, 1996). In Algeria, it has about 55 genera
and 130 species. Cachrys is a genus belongingttathily of Apiaceae. This genus consists
of more than 100 species and is widely distribueMediterranean basin (Quezel and Santa,

1963).

4.1. Taxonomy
Kingdom: Plantae, subkingdom: Tracheobionta, sugigision: Spermatophyta, division:
Magnoliophyta, class: Magnoliopsida, subclass: &asi order: Apiales, family: Apiaceae,

genusCachrys, specieCachryslibanotis L. (C. libanotis).

Cachrys libanotis has many synonyme such @achrys echinophora var. leiocarpa Guss.,
Hippomarathrum libanotis var. typicum Fiori, Hippomarathrum libanotis Koch, and

Hippomarathrum bocconei Boiss.

Cachrys libanotis is called: ighni (local name), amarint(h)e or armigh)e a fruit lisse
(French), and with the common Persian name of hianseel. However, only the name of
genus Cachrys) was found in English, basil. Cachrys was deriftesn the romans word

kaio, to burn, on account of the carminative qualitéthe plants (Don, 1834).

4.2. Botanical description

Cachrys libanotis is a perennial plant distributed in Italy, SardinNorth Africa and South
West of Europe. It's of 40-80 cm height; its leaaes divided into linear strips. Flowers are
yellow and organized in umbel. Its fruits are snhoahd ovoid (10-15 mm) and its seeds are
extremely acrid. Its roots are gross, white, bramg;hand aromaticHig. 7). The plant grows

in arid places and in hedges (Quezel and Sant&)196
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4.3. Traditional uses

Cachrys libanotis is heating, astringent and anti-jaundice (de Lakianed Poiret, 1783)
Local healers have traditional knowledge aboutrtises. In fact, they use this plant for
treatment of rheumatism. Noting that, in our knage, there is no scientific studies on its

biologic proprieties, excepting its dermatitis effé€Enaet al., 1989; Enaet al., 1991).

Flowers Roots

Fig. 7. Cachrys libanotis L. plant. Arial part, leaves and flowers availablend:
http:/www.actaplantarum.org/acta/albums1.php?i@438

Materials and methods
1. Materials
1.1. Biological materials

The medicinal plan€. libanotis L. was gathered in November 2010 from Ain-Toutafria.
The sample was authenticated by Pr. Oudjhih Bacimiversity Elhadj Lakhdar, Batna.

Cachrys libanotis roots were washed, cut in thin rings, dried foo tweeks in free air and in
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dark, and powdered using traditional mill. The pewadvas conserved in glass bottle at
ambient temperature until its use. Bovine milk whagined in February 2011 from local farm

(Guediel) and stored at 4°C prior to its use.

1.2. Chemicals and materials

Many of chemical materials were used : butanol, hawbl, hexane, chloroform, acetate
ethyle, acetic acid, Folin-Ciocalteu, aluminiumaride (AICL), Caffeic acid, catehin, ellagic
acid, epicatechin, feslin, flavon, propyl gallatallz acid, gossypin, kaemferol, morin,
myricetin, naringin, naringenin, quercetin, rutietylenediamine-tetraacetic acid (EDTA),
dithiothreitol (DTT), ammonium sulfate, sodium ppbate (NaHPQO, and NaHP(Q,), bicine,
acrylamide, bis-acrylamide, brillant bleu R250, aihe, sodium dodecyl sulphate (SDS),
coumassie blue, xanthine, NADallopurinol, cytochrome ¢, 1,2-diphenyl-2-picrytirazyl
hydrate (DPPH)B-carotene, linoleic acid, tween 40, butylated hygtoluene (BHT), nitro
bleu tetrazolium (NBT), 5-methylphenazinium methsiilfate (PMS), ferrozine, iron Il
chloride (FeGl), 2,4,6- tripyridyl-s-triazine (TPTZ), iron Il dbride (FeC}). All these
reagents are from Sigma, Fluka and Prolab. Amoregl wgpparatus: rotavapor (Rotavapor
Germany, bUchi461), centrifuge (Sigma) 3K30, spmtotometer (TechomP, UV/VIS-

8500), electro-migration apparatus (pharmacia-LK}LC apparatus (Shimadzu 10 vp).

2. Methods

2.1. Flavonoids extraction

Cachrys libanotis powder was soaked, according to Markham metho@2)19in 85%
aqueous-methanol with a ratio of plant material awttacting solvent of 1:10 w/v, under
agitation overnight at 4°C. The extract was filtean filter paper then on sintered glass to
obtain the first filtrate. This procedure was rdpdaon the residue using 50% aqueous —

methanol under agitation for 4h to obtain the fasate. The first and the last filtrates were
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combined then the methanol was removed under rdduessure on a rotavapor below 45°C.

The milk white crude extract was coded as CrE. finéd portion of total CrE volume was

lyophilized and stored at -20°C until it use.

CrE was subjected to fractionation using liquidilay extraction. CrE was successively

extracted with different solvents of increasinggity: hexane for defatting, chloroform for

aglycone flavonoids extraction and ethyl acetategfgcoside flavonoids extractiorfrigy. 8).

The obtained organic layer of each partition waapevated under reduced pressure on a

rotavapor below 45°C to dryness and to afford hexahloroform, ethyl acetate and aqueous

fractions coded as HXE, ChE, EAE and AQE, respebtiAll of these fractions were stored

at -20°C prior to use.

Roots powder

- Methanol 85% extraction
- Agitation for 24h
- Filtration on sintered glass

l

Filtrate

A\ 4

Combined filtrates

l

Residue

- Methanol 50% extraction
- Agitation for 4h
- Filtration on sintered glass

A\ 4

Filtrate

l- Filtration (filtre paper)

Criida aviras I

&
<«
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Fig. 8. Extraction procedure of flavonoids frot libanotis roots (Markham, 1982).

2.2. Analyse ofC. libanotis extracts

2.2.1. Determination of total polyphenols content

Total polyphenols content was estimated by thenF@iocalteu method (Lét al., 2007).
This method consists of the phosphotungstic (Vi@hosphomolybdic (MoO? acid

(Folin-Ciocalteu’s reagent, FCR) reduction by theemolic hydroxyl groups, resulting in the

formation of a blue product in alkaline solutiorriéBly, 200 ul of appropriate dilution of each
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extract were added to 1 ml of 1:10 diluted FCR.eAf# min, the reaction mixture was

neutralized with 800 ul of saturated sodium carb®r(@5 g/l). Subsequently, the shaken
mixture was allowed to stand for 2h at room temjpeea and then measured at 765 nm using
VIS spectrophotometer. Gallic acid (20-140 mg/lswsed for the standard calibration curve

(Fig. 9). The results were expressed as g gallic acitvaigmt (GAE)/mg of each extract.

127 y=0,007x+0,116
R? = 0,996
o 0,9 1
[&]
C
©
2 06 1
@]
[7)]
e
<C 0,3 -
0

0 20 40 60 80 100 120 140

Concentration (ug/ml)

Fig. 9. Calibration curve of gallic acid.

2.2.2. Determination of flavonoids content

The AICl; method (Bahoruset al., 1996) was used for determination of the flavoeadntent

of the C. libanotis extracts, employing the reaction of complex foiprabetween flavonoids
and aluminum chloride. Aliquots of 1 ml of eachrext were added to equal volumes of a
solution of 2% AIC}.6H,0O (2 g in 100 ml methanol). The mixture was vigalgushaken,
and absorbance was read at 430 nm after incubitidark at room temperature of 10 min.
Quercetin and rutin (1-40 mg/l) were used as stalsddor calibration curveHig. 10).
Flavonoids contents were expressed as pg quereetinrutin equivalent (QE and RE,

respectively)/mg of each extract.
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Fig. 10 Calibration curve of quercetin and rutin.

2.2.3. Reverse polarity-high performance liquid chomatography (RP-HPLC)

Reverse polarity-high performance liquid chromaapgry (RP-HPLC) was performed with a
Shimadzu 10 vp class system comprising a pumpg¢awa degasser, a UV-VIS detector, and
a 25 pl sample injector. Compounds were separated ®25 mm x 4.6 mm C18 column.
The mobile phase comprised acetonitrile and bltdtwater at a volume ratio 8:2. The flow
rate was 1 ml/min. The chromatograms were recoal @80 nm selected on the specific UV
absorption of the assayed compounds. Separatedcexteaks were initially identified by

direct comparison of their retention times with ¢boof standards : Caffeic acid, catehin,
ellagic acid, epicatechin, feslin, flavon, propwligt, gallic acid, gossypin, kaemferol, morin,

myricetin, naringin, naringenin, quercetin, rutin.

2.3.Purification of bovine milk xanthine oxidoreductase(BMXOR)

Purification of BMXOR was carried out according @an8lers and their collaborators method
(1997), slightly modified by Baghiani and their leddorators (2003). The BMXOR was
purified in the presence of DTT, by ammonium selfétactionation, followed by affinity
chromatography on heparin-agarose. XOR concentrates estimated at 450 nm using the

FAD extinction coefficient of 36 000 Mm™ (Ventonet al., 1988). The purity of enzyme
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was assessed on protein/flavin ratio (PFRsoM4sq) (Bray, 1975), and on a 10% sodium
dodecyl sulphate- polyacrylamide gel electropharéSDS—PAGE) (Laemmli, 1970). Total
and specific activity of BMXOR was assayed spedtaip-metrically at 295 nm following

the production of uric acid with an extinction digént of 9600M'cm™ (Avis et al., 1956).

2.4. Evaluation of antioxidant activity of C. libanotis by enzymatic methods

2.4.1. XOR inhibition

XOR inhibitory activity was carried out using spegthotometric method, following uric acid
production at 295 nm (Boumerfegal., 2009). The assay mixture consisted of 840 ulOof 5
mM air-saturated phosphate buffer fNRO, and NaHPQ,, pH 7.4, and containing 0.1 mM
EDTA), 100 ul of 0.1 mM xanthine (pH 7.4), 50 ul @drresponding concentration of each
extract diluted in buffer or methanol, and 10 pkeakzyme solution. The reaction was initiated
by the addition of enzyme and the inhibition wasleated after 1 min. Allopurinol was

assayed as a positive control. Inhibition of XORswalculated as:

Ac _Aa

Inhibition% = X100

c

WhereA:: XOR activity without extracts or allopurinaind A.: XOR activity in the presence
of extracts or allopurinoResults were expressed as extract concentratiomtiibits 50% of

enzyme activity (1G).

2.4.2. Cytochrome c test

Superoxide produced by the xanthine-XOR systerahle to reduce cytochrome c. Effects
of C. libanotis extracts on the generation of Qvere determined according to (Robak and
Gryglewski, 1988). The reaction mixture containexhthine (100 uM), cytochrome c¢ (25

HM) in air-saturated phosphate buffer {NRO, and NaHPO, 50 mM, pH 7.4) supplemented
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with 0.1 mM EDTA, and corresponding concentratidneach extract diluted in buffer or
methanol. The reaction was started by the addibbthe enzyme. After 1 min, reduced
cytochrome ¢ was spectrophotometrically determiatesb0 nm against enzyme-free mixture.

Reduction cytochrome c inhibition was calculated as

Ac_"qa

Inhibition% = X100

c

WhereA.: reduced cytochrome ¢ absorbance without extrantsAda reduced cytochrome ¢
absorbance in the presence of extrdgesults expressed as extract concentration thatitinh

the reduction of the moiety amount of cytochron{éCg).

2.5. Evaluation of antioxidant activity of C. libanotis by non-enzymatic

methods

2.5.1. NBT assay

Antiradical activity was determined according toifamd their collaborators (2006) method.
The assay involves the production of @om O,, using NADH as a reductant, and PMS as
a catalyst, in the presence of an indicator (NBWich turns blue when reduced by 'OThe
color change can be monitored spectrophotometyicall 560 nm. Briefly, the reaction
mixture consisted of 300 pl of buffer (NgfO, and NaHPQ,, pH 7.8), 50 uB-NADH (3
mM), 50 pl of varying concentrations of each extr&0® pl NBT (1 mM) and 50 pl PMS (0.3
mM). The reaction was conducted at room temperdtur2 min and initiated by the addition
of PMS for 3 min. Superoxide scavenging by extragés determined by comparing the
extent of NBT reduction with controls. Evaluatirtgetsuperoxide-scavenging was based on
ICs0. The IGo values were expressed as mg/ml. The inhibitiongreage of superoxide anion
generation was calculated using the following foanuvhereA. is the control absorbance,

andA. is the absorbance in the presence of extracts:
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Inhibition% = 5;-1_ ® X100

c

2.5.2.p-carotene-linoleic acid bleaching method

Antioxidant capacity is determined by measuring thhibition of C.libanotis extracts
compounds and the conjugated diene hydroperoxidema from linoleic acid oxidation
(Aslan et al., 2006). A stock solution of-carotene-linoleic acid mixture was prepared as
follows: 0.5 mgp-carotene was dissolved in 1ml of chloroform, amehnt 25 pl linoleic acid
and 200 mg Tween 40 were added in flask. Chlorofeas evaporated using a rotavapor. 100
ml distilled water saturated with oxygen (30 mi01ml/min) was added with vigorous
shaking to form emulsion. 350 ul of each extrgatepared in methanol and/or distilled water
at concentration of 2 mg/ml, were added to 250@ljguot of reaction mixture, and the
emulsion system was incubated up to 48h in damo@tn temperature. Control samples (2
mg/ml) received only the emulsion without any sampihile blank consisted only of
corresponding extract or control. After this inctiba period, absorbance of the mixtures was
measured at 490 nm after Oh, 1h, 2h, 4h, 6h, 12h,a&hd 48h of incubation. The rate of
bleaching ofp-carotene was calculated as antioxidant activitg aalculated using the
equation:

A
Antioxidant activityl = A—EXIGG
C

WhereA.: control absorbance (BHT), add: absorbance in the presence of extracts.

2.5.3. DPPH scavenging assay

The DPPH assay measures hydrogen atom (oelenton) donating activity and hence

provides a measure of free-radical scavengargioxidant activity. DPPH is a purple-
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colored stable free radical; it becomes reducedh®® yellow-colored, diphenyl picryl-
hydrazine (Prioret al., 2005). According to Cuendet and their collabosat@997) method
with slight modification, 50 pl of various dilutisnof each extract or standards were mixed
with 1250 ul of a 0.004% methanol solution of DPRAter an incubation period of 30 min
in dark at room temperature, the absorbance o$dnaples was read at 517 nm. BHT, gallic
acid, quercetin, rutin were used as standards. Labsorbance of the reaction mixture
indicated higher free radical-scavenging activithe ability to scavenge the DPPH radical

was calculated by using the following equation:

HE HE
Scavenging ef fect® = Y, X100

c

WhereA.: control absorbance aml: absorbance in the presence of extrd@s, values of
the extract, concentration of extract necessamyetrease the initial concentration of DPPH

by 50%, was calculated.

2.5.4. lon chelating assay

Ferrous iron-chelating activity was measured byfition of the formation of Fé-ferrozine
complex after treatment of test extract witt Féllowing the method of Decker and Welch
(1990) modified by Le and their collaborators (2D0lhe reaction mixture containe@do pl
extract, 50 pl FeGI(0.6 mM in water) and 450 pl methanol. The contmhtained all the
reaction reagents except the extract. The mixtuae shaken and allowed to react at room
temperature for 5 min. 100 pl of ferrozine (5 mMnmethanol) were then added, the mixture
shaken again, followed by further reaction at romperature for 10 min to complex the
residual F& ion. The absorbance of the *Béerrozine complex was measured at 562 nm
against a blank contained all the reaction reagemtept ferrozine. Lower absorbance
indicates a higher chelating power. EDTA and quéragere used as reference chelators. The

chelating activity was calculated as percentage:
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Chelating activity% = E}l_ = X100

c

WhereA.: control absorbance antd: absorbance in the presence of extracts;ofifective
concentration which produces 50% *Fdons chelating, was calculated from curve of

chelating percentage in function ©f libanotis extracts concentrations.

2.5.5. FRAP assay

The total antioxidant potential of each extract wagermined using an Fereducing ability

of plasma (FRAP) (Benzie and Strain, 1996) modifisd Pulido and their collaborators
(2000). FRAP assay measures the change in abserbam®3 nm due to the formation of a
blue-colored F&-TPTZ compound by the reaction of colorless*Fend electron-donating
antioxidants. FRAP reagent was prepared by mixthgdlume of 300 mM acetate buffer (pH
3.6) with 1 volume of 10 mM TPTZ in 40 mM HCI andvitlume of 20 mM FeGl Freshly
prepared FRAP reagent was warmed to 37°C, andgemedlank reading was taken at 593
nm. Subsequently, 90 ul of deionized water and B®fusample, water or methanol as
appropriate for the reagent blank, were added ¢d=RAP reagent. The initial blank reading
with the FRAP reagent alone was subtracted fromfitted reading selected of the FRAP
reagent with the sample to determine the FRAP vafube sample. A standard curvéd.

11) was prepared using different concentrations (@A) of FeSQ .7H,O. The final result
was expressed as the concentration of antioxidewg a ferric reducing ability equivalent
to that of 1 mM FeS©7H,O, EC1 (Pulidoet al., 2000). EC1 was calculated as the
concentration of antioxidant giving absorbanceease in the FRAP assay equivalent to the
theoretical absorbance value of 1mM concentratibiré® solution determined using the
corresponding regression equation. In this stuayréaction was monitored for 30 min, but
the 4 and 30 min readings were selected for calonlaf FRAP values. Total antioxidant

power (TAP) was calculated from EC1. All solutiomere used on the day of preparation.
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Fig. 11.Calibration curve of FeS{OH,0.

Statistical analysis

The results were expressed as mean + standardtidav(&D) of two or three replicates.
Where applicable, the data were subjected to oneanalysis of variance (ANOVA), where
the differences between extracts to each other wetermined by Dunnett's multiple
comparison test, and Tukey’s multiple comparisa@t ter comparison between extracts and

standards, using GraphPad programalue< 0.05 was regarded as significant.

Results and discussion
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1. Flavonoids extraction

Extracts preparation fror@. libanotis roots was carried out according to Markham method
(1982) using solvents with different polarities.tiis extraction, methanol was used to obtain
CrE due to its polarity and because it was antteighahat alcohol solvent would more
effectively extract the polyphenols which possessetioxidant activity from plant samples
(Mohammedi and Atik, 2011). CrE is fractionated cassively with solvents of increasing
polarity: hexane, chlorophorm and ethyle acetatéitey to separate CrE extract compounds
according to their solubility in solvents and thtieir glycosylation degree (aglycone
flavonoids, mono, di and tri glycosulated). In tptthis extraction allows to obtain five
extracts: CrE, HXE, ChE, EAE, and AgE. Yields ofragtion Table 1V) showed that CrE
gave the highest yeild with 12.14% followed by A{E38%), ChE (0.26%), EAE (0.21%)

and HxE (0.17%).

Table I\Wields of extraction o€. libanotis roots.

Extract Yield (%)

CrE 12.141 +0.338
HXxE 0.173 £ 0.006
ChE 0.260 = 0.008
EAE 0.208 + 0.008
AgE 7.380 £ 0.101

Solvent extractions (solid-liquid and liquid-liquigktraction) are the most commonly used
procedures to prepare extracts from plant matedaésto their ease of use, efficiency, and
wide applicability (Stalikas, 2007).Preparation@E was carried out in the dark and under
cold conditions (4°C) to minimize transformatioracgon of phenol induced by UV and to

avoid phenol oxidation and hydrolysis (Csekal., 2006), respectively.
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2. Analyse ofC. libanotis extracts
2.1. Determination of total polyphenols and flavonials content

As phenolic compounds constitute one of the megmtributors to the antioxidant capacity
of plant, it was reasonable to determine theirl tataount in the selected plant extracts. The
total polyphenols content of extracts was estimatethe Folin—Ciocalteu method (ki al.,

2007), and the amount of polyphenols in the extracts expressed as pg GAE/mg of extract.

According to the results shown Trable V, the total polyphenols contents in decreasingrorde
were: 83.23, 49.64, 15.64 and 14.98 GAE pg/mgesponding to EAE, ChE, CrE and AgE,
respectively. In other words, approximately 1.7d&I5.3-folds and 5.6-folds higher amounts
of phenolic compounds existed in EAE extract retatio that of ChE, CrE and AqE,

respectively.

Table V. Total polyphenols and flavonoids content®iibanotis extracts.

Extract Total phenols content Flavonoids content

png GAE/mg of extract ng QE/mg extract png RE/mg extre
CrE 15.635 + 3.585 0.099 + 0.007 0.248 £ 0.030
ChE 49.637 £ 6.014 0.109 + 0.007 0.259 + 0.022
EAE 83.228 + 2.034 0.634 £0.281 0.977 £ 0.297
AqE 14.977 +2.018 0.054 £ 0.011 0.145+ 0.003

The choice of Folin-Ciocalteau method as total pbgnols determination method is due to
their advantages: convenient, simple, and repradriciAlthough FCR is nonspecific to
phenolic compounds as it can be reduced by mangheolic compounds, the measurement
of color changes after two hours storage amdkubasic conditions could be used to
determine the existence of phenols in extrédtsaanget al., 2005). The determination of
polyphenols level is not based on absolute measntmof the amounts of phenolic
compounds, but is in fact based on their chemieducing capacity relative to gallic acid

(Amzad Hossain and Shah, 2011).
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Since flavonoids are probably the most importaniura polyphenols (Djeridanet al.,
2010), its amount in eadB. libanotis extract was measured. The AJGhethod is simple,
inexpensive, offer sigh sensitivity, which makegrgferred in quality control and analytical
laboratories. In addition, this method allows tbeak flavonoids content to be determined
even in the presence of other polyphenolic compsumat forming complexes with Algl
(Matyushchenko and Stepanova, 2003). The flavonooigent was estimated using AdCI
method (Bahorumt al., 1996), and calculated as ng QE and RE/mg of &x{fable V). The
content of flavonoids decrease in the order: EABECCrE and AgE, where the highest
values found in EAE, 0.63 pg QE/mg extract and QU@BRE/mg extract. In other term,
flavonoids existing in EAE as QE/RE are, approxehgt5.8-folds/ 4-folds, 6.4-folds/3.8-
folds and 11.7-folds/ 6.8-folds higher than tho$eCbE, CrE and AQE, respectively. It is

noted that this order is similar to that of totalyphenols contents.

Cachrys libanotis roots (CrE) showed a similar polyphenols contdn847 mg GAE/g dry
weight (DW)) to that ofThapsia garganica (1.84 mg GAE/g DW), plant belongs to the same
family of C. libanotis (Apiaceae). In contrast, its flavonoids conten082 mg RE/g DW) is
lower than that offhapsia garganica (1.25 mg RE/g DW), according to the Djeridane and
their collaborators (2010), worked on 18 Algeriaedicinal plants. Moreover, by 2-folds
lower, polyphenols content of CrE was equal to thfaPlumbago rosea (4.41 mg GAE/g
DW), roots that showed the highest level of polypiis, in the work of Surveswaran and
their collaborators (2007) on 133 Indian medicipknts. Also,C. libanotis roots might be
considered as poor source of phenolic compoundenwik compared to the highest

polyphenols conteni®Cacia catechu, 41.47 mg GAE/g DW), in the previous work.

2.2. RP-HPLC

In the present study, we conducted preliminary tifieation of representative natural

phenolic compounds from select€d libanotis extracts by chromatography with phenolic
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standards. RP-HPLC currently represents the mgailapand reliable technique for analysis

of phenolic compounds (Dai and Mumper, 2010).

By comparison with § of standardsTable VI), ChE profile Fig. 12) revealed the presence
of catechin or epicathechin (2.81%=T1.583 mn) and probably gossypin (0.42%=T
0.917 mn) and myricetin (8.57%¥ 1.967 mn). Whereas, EAE profile showed the presen
of gossypin (3.68%) and myricetin (5.03%3=T1.950 mn). In contrast of ChE and EAE
profiles, both CrE and AgE profiles did not presany phenolic compounds corresponding to

used standard.

Table VI. Retention time of standards.

Standards Retention time (mn)
Gossypin 0,908
Naringin 1,533
Gallic acid 1,567
Rutin 1,567
Epicatechin 1,583
Catechin 1,583
Morin 1,592
Ellagic acid 1,600
Caffeic acid 1,633
Gallat propyle 1,755
Naringenin 1,800
Quercetin 1,917
Myricetin 1,958
Kaempferol 1,992
Fisetin 2,467
Flavon 3,250
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Fig. 12.Separated extracts peaks in RP-HPLC (a): ChEE®EE, (c): CrE and (d): AgE.
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3. Purification of bovine milk xanthine oxidoreductase BMXOR)

XOR was prepared from bovine milk (Sandetsal., 1997), method slightly modified by
Baghiani and their collaborators (2003). The y@gurification is up to 17.97 mg per liter of
milk, comparable to that found by Baghiani and thesllaborators (2003). The purified
BMXOR showed an UV/VIS spectrum with classical nmaaiat 280, 325 and 450 nm. SDS-
PAGE of BMXOR showed a major band of around 150 KBa&sult not showen). As
generally accepted, the most sensitive indicatof@R purity is the PFR (£sd/A4s0), which,
for the purest enzyme preparations, is close tqBay, 1975). The purified BMXOR gave a

PFR of 7.2, indicating an acceptable puribalfle VII ).

The XOR activity was determined following the ambof uric acid formed without NAD
(oxidase activity) and in the presence of NADxidase plus dehydrogenase activity, total
activity). Xanthine oxidase specific activity was 2011 nmole/mg of enzyme; whereas total
specific activity was 2261 nmole/min/ mg of enzy(fable VIl ). These results are similar to

those obtained by Baghiani and their collabora{@@®3).

Table VII. Characteristics of purified BMXOR.

Concentration Specific activity (nmole/min/mg of enzyme)
(mg/ml) XO Totativity

PFR XO ratio

7.2 89% 1.198 2011 2261

Around 10% of the purified enzyme was in the dehgdnase form. Since the solubilization
of BMXOR, as described herein, was done in thegmes of 5mM of DTT (reducing agent),
it is reasonable to assume that the solubilized BN®Xwill be primarily in XDH form and

this form can be retained during the purificatiorogedure (Hunt and Massey, 1992).
However, in the process of purification of BMXORy lneans of ammonium sulfate
fractionation, dialysis, and chromatography, thelumng agent will be progressively

eliminated from the protein solution. Under thisireduced condition the XDH form will be
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converted to the XO. The isolated BMXOR will thenef be mostly, if not completely, in the

XO form.

4. Evaluation of antioxidant activity of C. libanotis by enzymatic

methods

4.1. XOR inhibition

Inhibition of XOR by C. libanotis extracts results in a decreased production of aeid,

which was measured spectrophotometrically at 29Fesults were expressed agoMalues.

Extracts ofC. libanotis inhibited XOR in a concentration-dependent mar(kéy. 13. The
most potent XOR inhibitors observed were EAE and @lith an 1G of 0.110 + 0.006 and
0.139 £+ 0.002 mg/ml, respectively, followed by QtEs= 1.049 + 0.001 mg/ml) then AqE
(ICs0= 2.349 = 0.076 mg/ml). Than vitro inhibition of XOR by EAE and ChE showed a
remarkable effect by 13-folds and 16-folds, respebt, comparing to allopurinol as a

specific inhibitor for XO Fig. 14).

Inhibiton %
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Fig. 15. BMXOR inhibition by C. libanotis roots extracts. Values were expressed as mean = SD
of duplicate.
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Fig. 14. 1Cs, Inhibitory concentration ofC. libanotis extracts for 50% of BMXORactivity.

Comparison was realized against allopurinolp < 0.05,~ : p< 0.001, and ns: non significance.
Comparing our results to that of Boumerfeg andrtbeilaborators (2009), EAE presented an
inhibitory effect higher than that observed with EAf Tamus communis L. roots (0.316
mg/ml), while ChE showed a similar effect compat@dhat of ChE (0.138 mg/ml). Thug,

libanotis roots are more effective in inhibiting uric acahation tharifamus communis L.

Since flavonoids are a group of polyphenolic commus) which have been reported to
possess XO inhibitory activity (Costantired al., 1992), the presence of phenolics and
flavonoids content in the extracts would have cbnotad towards XOR inhibition. The 4¢
values were plotted versus the polyphenol and flaudcontents. The rough trend: the higher
the polyphenol and flavonoid contents, the lowey, ialue. In the view of this correlation
between the polyphenol and flavonoid contents a@RXnhibition activity ofC. libanotis
extracts, our results were confirmed by those abthiwith Tamus communis L. roots
(Boumerfeget al., 2009),Geranium sibiricum L. (Wu et al., 2010) andCarthamus caurulis
(Baghianiet al., 2010), extracts contained high phenolic compouegs| were the most
active. In addition, our results showed that theRXi@hibition could be linked not only on the
polyphenols and flavonoids contents of the extraat,also to the nature (structure) of these
compounds (Cost al., 1998), where, glycosidic (EAE) and non-glucosigialyphenols

(ChE) showed the highest inhibitory effect.
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Previous studies (Selloust al., 2001; Van Hoorret al., 2002; Linet al., 2002) indicate that
flavones (e.g. Myrectin) show a high potential fiohibition of XO with competitive mode.
However, catechin and epi-catechin does not shomirdnbitor activity on XO (Cot al.,
1998; Hsieh and Chang, 2010). Or, RP-HPLC reshltsved the presence of myrectin in both
EAE and ChE, catechin and epicatechin were record€hE. Thus, we can assume that a
part of C. libanotis inhibition of XOR is due to presence of myrectinding to XO allosteric
center, thereby replacing xanthine. In additi@n,libanotis may content other components
exercising XOR inhibition action. In fact, some laats reports the possible synergism
between polyphenolic compounds and other compomeasent in an extract, may contribute

to its overall antioxidant activity (Ordonetal., 2006).

4.2. Cytochrome c test

The Q" generated from the xanthine/XOR system can be uneddy their ability to reduce
cytochrome €. Thus, the initial rate of cytochrome c retie will directly reflect the
level of G~ (McCord and Fridovich, 1968). The effects of CrEdaall fractions ofC.

libanotis roots were studied for their ability to scavenge.O

The G scavenging activity of theC. libanotis extracts are increased markedly with
increasing concentrationg=i§. 15. Results showed that ChE present the most potent
scavenger of & with an 1Gg of 0.223 = 0.001 mg/ml followed by EAE with 4¢of 0.471 +
0.003 mg/ml, which is approximately 2-folds highiban that of ChE. While CrE present a
high 1G5, of 2.685 + 0.084 mg/ml, 1§ value of AQE could not be determined, since the
highest concentration tested did not lead to inioibias high as 50%. The reduction of
cytochrome & was almost totally inhibited by SOD (330 U/mL). Asmparisong. libanotis
extracts showed a less superoxide scavenger gctinan that ofTamus communis L. roots

extracts (Boumerfegt al., 2009).
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Fig. 15 Superoxide- scavenging effect ©f libanotis extracts using cytochrome c assay, where

O, was generated by xanthine-XOR system. Values waressed as means + SD in duplicate.
Since an inhibitory effect on the enzyme itself Wbalso lead to a decrease in reducing
cytochrome &, we cannot confirm that this decrease in presefi@xtracts is only due to
their G,” scavenger abilities. In this regard, the previoesults were compared with that
obtained from extracts inhibitory effect on XOR,mmnstrating that CrE, ChE and EAE
exhibited a dual effect (XOR inhibition and,Qscavenger) on cytochromé3aeduction.
These extracts present a predominance of an enzyhigition activities rather than a

scavenging of @ . In contrast, AQE shows an inhibitory effect oa #nzyme onlyKig. 16).
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Fig. 16. Comparison between jgof C. libanotis extracts resulting from XOR inhibition and,©
scavenging assays, wheresd@ the inhibitory concentration for 50% of BMXCdtivity and for
50% of cytochrome c activity, respectively. Valwasre expressed as means = SD of duplicate.
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Robak and Gryglewski (1988) reported that flavosoate effective antioxidants mainly
because they scavenge superoxide anions. Myreitgtibits stronger the cytochromé3c

reduction than the production of uric acid as fobgdselloum and their collaborators (2001).
Thus, it was selected into category C (XO inhilstatith an additional superoxide scavenging
activity), according to classification of XO inhibr of Cos and their collaborators (1998);
however, catechin and epicatechin are selected ¢éategory A (superoxide scavengers

without inhibitory activity on XO).

5. Evaluation of antioxidant activity of C. libanotis by non-
enzymatic methods

5.1. NBT assay

To confirm the scavenger effect 6f libanotis extracts on @, the NBT assay was carried
out (Aniet al., 2006). The different concentrations of extratisveed antioxidant activities in
a dose-dependent manné&ig. 17). At concentration of 120 to 300 pg/ml, ChE inkebi the
reduction of NBT by 29.15 to 75.15%, showing coesadble superoxide radical scavenging
activity higher than those of EAE and CrE by, apprately, 20 and 33-folds, respectively

(Fig. 18). The results were statistically significapt<{0.05).
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Fig. 17. Superoxide- scavenging effect ©f libanotis extracts using NBT assay, wherg” @as
generated by NADH/PMS system. Values were expregsedean = SD (n=2).
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Fig. 1&. ICso, inhibitory concentration o€. libanotis extracts for 50% of superoxide generation
using NBT assay. Comparison was realized againg;€h p < 0.001.
The antioxidant properties of flavonoids are effeximainly via the scavenging of superoxide
anion (Robak and Gryglewski, 1988). In additionnBisaki and their collaborators (1994)
showed that flavonoids such as epicatechin, mynicatid catechin are able to scavenge
superoxide radical. Accordingly, our result showedt the superoxide-scavenging effect

return to the non-glucosidic phenolic compoundsEh

Since the 1G, of ChE (0.208 mg/ml, in the NADH-PMS system) simita that found in the

xanthine-XOR system (ChE, 0.223 mg/ml), it might $igggested that ChE has a direct
scavenging effect on superoxide radicals. Thuss tlesult suggests that the possible
mechanism of inhibition effect was through direaperoxide radicals- scavenging action

instead of XOR inhibition.

5.2.p-carotene-linoleic acid bleaching method

It has long been known thAtcarotene reacts with the peroxyl radical to preditcarotene
epoxides (Kennedy and Liebler, 1991). Theref@k&arotene has received attention as a
radical scavenger or antioxidant (Tsuchihashial., 1995). The inhibition of3-carotene

bleaching in a coupled oxidation with linoleic acgla well-known methodology used for
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evaluating the antioxidant activity. The mechanddrbleaching oB-carotene is a free-radical
mediated phenomenon resulting from the hydropeesxitbrmed from linoleic acidp-

carotene undergoes rapid discoloration in the alesefian antioxidant. The linoleic acid free
radical formed upon the abstraction of a hydrogemafrom one of its diallylic methylene
groups attacks the highly unsaturafgdarotene molecules. Ai-carotene molecules lose
their double bonds by oxidation; the compound loggeschromophore and characteristic

orange color, which can be monitored spectrophotocadly (Naiduet al., 2011).

The kinetic activity of different extracts @. libanotis, BHT, methanol and water during a
range of time between 1h to 48h was showedigaore 19. EAE exhibited the highest

antioxidant activity (76.21 £ 6.12%), which was n&athat of BHT (96.17 = 2.05%) used as
positive control, following by CrE and AqE with, gqoximately, an equal antioxidant activity
(65.17 = 1.88 % and 64.57 + 1.68%, respectivelyhevéas, ChE exhibited the lowest

antioxidant activity (56.95 + 3.40%lrig. 20).
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Antioxidant activity %
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% H20 -~ MeOH -e- ChE % AQE -+ CrE -+ EAE - BHT

Fig. 19. Kinetics of B-carotenebleaching in the presence . libanotis extracts, water, methanol

and BHT during 48h, using B-carotene-linoleic acid bleaching assay. Valuesewexpressed as
means of triplicate.
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Fig. 20. Antioxidant activity of C. libanotis extracts compared with BHT, methanol and water.
Comparison was realized against positive contrbi B *: p< 0.05;~ : p< 0.001.

All extracts ofC. libanotis roots exhibited an antioxidant activity which wasich higher
than that of methanolic extract ¢iippomarathrum microcarpum leaves (22.9 + 2%),
according to Ozer (2007). It was probable thatahgoxidative components in these extracts
were found to hinder the extent pfcarotene bleaching by neutralizing the linoleate f

radical and other free radicals formed in the syste

Flavonoids and other polyphenols have the abibtys¢avenge free radicals and, therefore,
delay lipid auto-oxidation (Gaet al., 2000). Thus, the highest activity of EAE could be
attributed to its highest contents, and naturecgidic) of polyphenol. Moreover, Burda and
Oleszek, (2001) reported that the differences ilkslity of flavonoids, both aglycones,
glycosides, and methoxylated derivatives, in a Hacevater—lipid system may influence the
results obtained from this test, and the partibbthe compounds between the two phases can
influence the oxidation results. In this regard, marked that mild-polar and polar extracts
(EAE, CrE, AgE) were more potent that apolar ext(@hE), which was not adequate with

phenomenon of polar paradox (Porter, 1993).

Although ChE contains a high polyphenols amounbl@pantioxidant) than CrE and AqE, it
showed the lowest antioxidant activity. Accordigprevious remarks, these results indicate

that the polyphenols and flavonoids content anébxaiatants polarity are not the only factor
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related to this antioxidant activity. The possildgnergism of polyphenols with other

components present in the extracts may be resgerisitihis observation.

The antioxidant activity measured as the inhibitidroxidation of linoleic acid can simulate
the oxidation of the membrane lipid components €l&l., 2005). ThusC. libanotis roots
might exhibit a high effect against peroxidation lgdids. Or, the inhibition of lipid
peroxidation implies radicals-scavenging and/or ebelating, DPPH-scavenging assay and

ferrous iron chelating assay were carried out.

5.3. DPPH-scavenging assay

DPPH-scavenging assay is based on a mixed mechaoifisfiree radical stabilization:
hydrogen-atom transfer and single-electron trangfee method presents several analytical
critical points (Prioret al., 2005), but it has the great advantage of beisy & implement

and not requiring special equipment (just a singplectrophotometer).

DPPH radical scavenging activity of extracts inseshwith concentratiori-{g. 21). The CrE
was found to exhibit the greatest scavenger agtiwith 1Cso of (0.414 mg/ml), which is
lower by 5-folds than that of BHT, followed by that EAE (0.593 mg/ml). The radical
scavenging activity in the plant extracts decreasebe following order: CrE] EAE [ AgE
[1 ChE (Table VIII'). The DPPH scavenging activities of all plant agts were significantly

lower than that of BHT{< 0.001).

Table VIII . DPPH scavenging activity @. libanotis extracts and standards.

Standards I6s(mg/ml) Extracts IGo(mg/ml)
BHT 0.087 £ 0.001 CrE 0.414 £ 0.010
Gallic acid 1.267 +0.001 ChE 1.143 + 0.02%4
Quercetin 2.565 + 0.000 EAE 0.593 + 0.013
Rutin 5.586 + 0.000 AgE 0.685 + 0.006

* ug/ml. Comparison was realized against BHT,p < 0.001.
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Fig. 21. DPPH scavenging activity @. libanotis extracts and standards. Values were expressee
mean * SD of triplicate.

The CrE extract showed a strong scavenging actiitympared to methanolic extract of
Hippomarathrum microcarpum (Bieb) leaves which possess no scavenger actioitards

DPPH (Ozekt al., 2007).

Surveswaran and their collaborators (2007) repottedl the radical scavenging activity of

plant extracts depends on the amount of polyphermimpounds in the extracts. A high
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radical scavenging activity of polyphenols can Ué&itated to their high degree of
hydroxylation of aromatic rings, the arrangementtioé hydroxyl group, as well as the
number of galloyl group and ortho-hydroxyl groups,benzene nucleus structure (€adl.,
2006). However, in our study, the order of decregsicavenging activity among tl
libanotis extracts was found to be CrE > EAE > AgE > ChEiclhs not in accordance with
the amount of phenolic compounds present in thedeas. These results are not in
agreement with that found by Amzad Hossain and S{281i1) and Abdille and their
collaborators (2005). Despite the fact that AgEtaonthe lowest amount of polyphenols and
flavonoids, it showed a scavenger activity 1.7-$oligher than that of ChE (§¢& 1.143
mg/ml). This could be explained by the presencetber compounds in AgE beside the

polyphenols and also, their specificity againstahgoxidant activity.

The measurement of consumption of DPPH radicalwall@etermining exclusively the
intrinsic ability of a substance or a complex migtto donate hydrogen atoms or electrons to
this reactive species in a homogeneous system.t@tisique does not consider the partition
in organized mediums or antioxidant mechanismsrdtien radical scavenging (Chaillu and

Nazareno, 2006).

5.4. lon chelating assay

In this study, ferrous iron chelating activity waeasured by inhibition of the formation of
Fe'%ferrozine complex after treatment of test mateviith Fe following the method of
Decker and Welch (1990) modified by Le and theitadmrators (2007). Ferrozine produces
a violet complex with free F& In the presence of chelating agent, complex ftionais

interrupted and as a result the violet color ofdbmplex is decreased.

The chelating effects of the extracts on ferrouseased as a function of concentratibig(

22).The extracts exhibited an excellent chelatinditgbiwhich was even much better than
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that of quercetin (1= 950.4 + 11.0 ug/ml). CrE and AQE showed the hsglatelating
activity with an 1Gp values of 52.6 + 0.3 and 52.7 + 0.2 pug/ml, respelst, followed by
EAE (503.5 £ 3.8 pg/ml) and ChE (635.5 + 18.4 pug/mloreover, both CrE and AgE had a

chelating effect lower by, approximately, 9-foldsatn EDTA, which demonstrate the

excellent chelating ability of these extradegy( 23).
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Fig. 22. Ferrous iron-chelating ability of extracts fromethmoots ofC. libanotis. Results were
expressed as mean = SD (n= 3).
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Fig. 23 EG,, effective concentration dE. libanotis extracts and EDTA for 50% of chelating activity.
Comparison was realized against EDFA;p < 0.01,~: p< 0.001.
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EDTA exhibited a strong chelating ferrous iron &pi(ICso= 6.1 pug/ml) which is comparable
to that found by Le and their collaborators (2009) pg/ml. It is because the unique
structure of EDTA possesses two nitrogen atomsfamdoxygen atoms bearing to carboxyl
moiety, which can chelate ferrous ion in the cemtnel block the Fé-ferrozine complex
formation (Luoet al., 2011). However, quercetin showed a low activitycloelating ferrous
ion, which may be due to the presence of Faflthe system to induce its degradation,
indicated that the antioxidant abilities of quentetere associated with their strong radical
scavenging capacity, but not related to their meltalating capacity (Tung al., 2009). This
result let us suggest that the inhibition of ligigieroxidation might be due to the chelating

effect rather than scavenging one.

The relationship between polyphenols complexatmnaf range of metals has been widely
reported in the literature. As a class, they tente good metal complexing agents. It is the
structure of polyphenols that ultimately determittesir effectiveness as complexing agents
as well as the number of metal cations they cad.biBinding ratios vary depending on the
molecules involved (Fernandesx al., 2002), where bidentate ligands are more effective
complexes than monodentate ligands (Helal., 2001). Therefore, phenolics possessing the
structural elements necessary to form bidentateptaras with metals would be expected to
be good metal chelators. It was also proposeddpinum metal-binding and antioxidant
activity is associated with the structures whichtao hydroxy-keto group (a 3-OH or 5-OH
plus a 4-C=0), as well as a large number of cateshgallol groups (Khokhar and Owusu

Apenten, 2003; Perron and Brumaghim, 2009).

The possible mechanism of chelating”Fey phenolics is as follows: phenolics, which
possess a number of hydroxyl groups, firstly losggorated hydrogen and then form strong

coordination oxygen ion complexes with a ferrous (Bernandeet al., 2002).
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Although polyphenols was considered as potent ttralaagents, our study d libanotis
extracts showed a weak relation between polyphermitents and chelating activity. This
result combined with 165 values let us suggest that the noticeable chelatativity of C.
libanotis roots was the result of synergic effect of altfrans’ compounds that include a high

amount of nonphenolic hydrosoluble compounds.

The metal chelating capacity is important sinceeduces the concentration of transition
metals acting as catalysts to generate the fimgtréaicals and initiate the radical mediated
oxidative chain reactions in biological or food &yss. lon chelating agents also may inhibit
the Fenton reaction and hydroperoxide decomposiiibin et al., 2010). Thus, an

antioxidant’s ability to chelate metals is thusimportant antioxidant property to measure.

5.5. FRAP assay

On the basis of the reports that showed the ami@mi activity of plants being closely
associated with their reducing power (Singh, 2@ et al., 2009), we further evaluated the
reducing powers extracts using FRAP assay. In ashto Benzie and Strain (1996) method,
the absorbance did not stabilize after 4 min; tloeeethe measurements were continued for

30 min, in agreement with Pulido (2006)d. 24).
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Fig. 24. FRAP reaction kinetics of reagent blank andlibanotis extracts (73.5 pg/ml). Values
were expressed as mean (n= 2).
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Some extracts even doubled their initial absorbaafter 30 min of reaction, as was the case
with CrE and EAE. However, while ChE showed onlgneor increase beyond 4 min, AgE
showed a high increas€ig. 25. Cachrys libanotis extracts increased their reducing power
with time might imply an ability to maintain theantioxidant activity for longer times,
helping to maintain an adequate antioxidant statwsvo. Another remark that the reducing

powers ofC. libanotis extracts increased with the increase in conceotrat
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Fig. 25. Comparison between TAP Gf libanotis extracts at 4 min and 30 min. TAP values were
expressed as mean = SD of duplicate.

The results of reducing power of extracts and galtiid is presented ifable IX. At 4 min,
EAE showed the highest TAP, which was, approxinyatelb-folds lower than that of gallic
acid, referring a good reducing power. EAE wasolwid by ChE, CrE and AgE with TAP
lower than that of gallic acid by 9.6-folds, 11des and 12.8-folds, respectively. However,
this order was changed at 30 min to: EAE (4.6-fpldsCrE=AqE (7-folds)/ ! ChE (9.8-
folds) lower than gallic acid. ChE appears havimg strongest reducing power compared to
CrE and AgE at 4 min; however, at end of reacti®d tin), it presented the less reducing
power (Fig. 26). The matter might return to the nature of phenaitd non-phenolic

compounds of each extract.
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Table IX. EC1 and TAP values at 4 min and 30 min of reaatising FRAP assay.

EC1 (4mn) EC1 (30mn) TAP (4mn) TAP (30mn)
(mg/ml) (mg/ml) mM Fe? /g mM Fe? /g
extract extract
Gallic acid 0.048 £0.003 0.035+0.002 21.287+1.179 28,312+1.458
CrE 0.524 £0.018 0.250 = 0.004 1.907 £ 0.066 3.991 £ 0.065
ChE 0.450 £ 0.004 0.3453 +0.0004 2.220 +0.020 2.896 + 0.003
EAE 0.255+£0.005 0.1634 £0.0005 3.924 +0.071 6.120 £ 0.020
AqE 0.602 £ 0.003 0.2503 + 0.0006 1.661 +0.008 3.994 + 0.010

30+

N
?

=
2

TAP (mmole Fe*? /g extract)

Gallic acid CrE ChE EAE AqE

Fig. 26. TAP, total antioxidant power df. libanctis extracts and gallic acid at 30 min. comparison
was realized against gallic acidp < 0.05,~ : p< 0.001.

CrE showed a low antioxidant capacity (231.5 pungol®W, at 4 min) compared to
commercially availabl&ingo biloba extract (9254.2 umole/g DW), according to Bornad a
their collaborators (2009), i.e. CrE reducing powass 40-folds lower thaGingo biloba. In
other hand, antioxidant capacity of CrE was, appnaxely, 2-folds lower thaargentodoxa
cuneata (453.53 umole/g DW), plant was found to have tighést antioxidant capacity
among 44 others (Let al., 2008). The surprising matter is th&rgentodoxa cuneata
polyphenol contents, in the same work, equal tdok¥s (52.35 mg GAE/g DW) that of CrE
(1.897 mg GAE/g DW). Thu<C. libanotis is more potent thagargentodoxa cuneat, when

compare reducing capacity versus polyphenols cantigloreover, the last comparison
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showed that reducing power of CrE might be retora synergism effect of both phenol and

non phenol compounds.

The reducing power and the total phenolic contdnC.olibanotis extracts showed a high
correlation at 4 min {= 0.938;p < 0.05). Therefore, the presence of phenolic comgsun
contributed significantly to the antioxidant actyviaf the C. libanotis plants. High phenolic

content is thus an important factor in determinihg antioxidant activity. This result is in
agreement with previous reports that the phenaimomounds contribute significantly to the

antioxidant activity in different medicinal plarf#/onget al., 2006; Borneet al., 2009).
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General discussion

Medicinal plants have been in use all over the @vad treat various diseases including
inflammation, heart diseases, cancer, etc. A graahber of medicinal plants contain
compounds exhibiting antioxidant properties. Told@anedicinal plants to be use in modern
medicine, researches and development are impoftanthe advancement of traditional
medicines. However, scientific information on awrittant activities from plants that are less
widely used for medicinal purposes, includi@qg libanotis is still rather scarce. This fact
partially inspired this study. An increasing demdadnaturalness of healthcare was another
important motivation. As the antioxidant properties C. libanotis had been not studied

before, it was selected for investigations.

In the present work, the antioxidant capacitie<ofibanotis roots extracts were evaluated
using both enzymatic and non-enzymatic methodso#lieg to enzymatic method results,
extracts inhibited XOR in a concentration-dependeaanner. EAE and ChE exhibited an
effective effect in inhibiting XOR (I&= 0.110 + 0.006 and 0.139 %= 0.002 mg/ml,
respectively), whereas CrE and AQE presented a wHakt by 10-folds and 21-folds lower
than EAE. The XOR inhibition could be linked notlypmn the polyphenols and flavonoids
contents of the extract (Wai al., 2010), but also to the nature (structure) ofé¢h@smpounds
(Cos et al., 1998). These results suggest tlatlibanotis roots possess XOR inhibitory
activity that might be helpful in preventing orsiog the progress of several diseases. On the
other hand, ChE ( I§g= 0.223 £+ 0.001 mg/ml) was the most potent extmactcavenging
superoxide radical generated by XOR, followed byE-Avhich gavea scavengingffect
lower than that of ChE by 2 folds, whereas, Aqievetd no effect. CrE, ChE and EAE
presented a predominance of an enzyme inhibititimites rather than a scavenging 0§ O
In contrast, AQE shows an inhibitory effect on émzyme only. According to classification of

Cos and their collaborators (1998), CrE, ChE andEBxere selected in category C (XO
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inhibitors with an additional superoxide scavengawujivity), and AgE in category B (XO

inhibitors without any additional superoxide scayieg activity).

As non enzymatic methods,,Gscavenging activity using NADH-PMS systefiicarotene
bleaching, DPPH scavenging activity, ferrous ioelating, and reducing power have been

used to investigate antioxidant activity.

Results of @ scavenging using NADH-PMS system showed a highiestging activity for
ChE followed by EAE and CrE (with 20-folds and 286 lower than ChE, respectively), an
order similar to that found in O scavenging using xanthine-XOR system. Compared to
result obtained in @ scavenging using xanthine-XOR system, we can sigideat the
possible mechanism of inhibition of both NBT andocyhrome c¢ reduction was through direct
superoxide radicals- scavenging action ChE, amltir dual action of XOR inhibition and

superoxide radicals- scavenging with favor of X@Mibition for the rest of extracts.

Followed by CrE, AqQE and ChE, respectively, EAE ibkithe highest activity ifg-carotene
bleaching assay (76.21%). This activity could kelatted to its highest contents of phenols
compounds as well as to the compound’s nature dglgic polyphenols). In contrast,
antioxidant activity of CrE (65.17%), AqE (64.57%ihd ChE (56.95%) indicate that the
polyphenols and flavonoids content and antioxid@otarity are not the only factor related to
this antioxidant activity. The possible synergist pmlyphenols with other components
present in the extracts may be responsible for dhiservation. The antioxidant activity
measured as the inhibition of oxidation of linoleicid can simulate the oxidation of the
membrane lipid components (Tegeal., 2005). ThusC. libanotis roots might exhibit a high
effect against peroxidation of lipids. Or, the imkibn of lipid peroxidation implies radicals-
scavenging and/or ion chelating, DPPH-scavenging, farrous ion chelating assays were

carried out.
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CrE had the highest activity toward DPPH scavengi@g,= 0.414 mg/ml) followed by EAE,

AgE and ChE with scavenging activity lower by loddf, 1.7-folds and 2.8-folds than CrE.
Such order is not in accordance with polyphenold #avonoids contents in extracts. This
may due to supplement activity of other componeahtsn polyphenols as well as to

inadequate structure of phenolics compounds toesepe/DPPH radicals in these extracts.

Moreover, CrE and AgE exhibited an excellent attian ferrous ion chelating=(53 pg/ml)
which was lower by only 9-folds than EDTA, a stroofgelator. This activity could be
contributed to the nature of phenolic compoundweas the synergic effect of all fractions’
compounds. As conclusion of these resultslibanotis roots might be used as a potential

source of natural chelating agent.

The reducing power dZ. libanotis extracts was determined by FRAP assay. EAE exthibit
highest reducing power followed by CrE, AgE and Chike reducing power and the total
phenolic content o€. libanotis extracts showed a high correlation at 4 mfir 0.938;p <
0.05). Therefore, the presence of phenolic compsuoontributed significantly to the

antioxidant activity of the. libanotis roots.

In conclusion, C. libanotis roots extracts showed a good XOR inhibition, fesrawon

chelating and inhibition of linoleate oxidation, darthey present a medium free radical
scavenging and reducing power. These results carmséill as a starting point of view for
further applications ofC. libanotis roots or its constituents in area of healthcareraf

performing clinicalin vivo researches.

Generally after antioxidant activity evaluation ags it is still rather difficult to
unambiguously identify investigated plant materiats a new source of antioxidaniis
work open thus a large field f@. libanotis study, plant used traditionally but that its bgto

activities still until now uninvestigated.
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