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ABSTRACT
In this study, the hydro-alcoholic extract of AlgerianArtemisia campestris
for its phenolic constituents using HPLC-DAD-ESI-MS/MS. Also, the in

alcoholic extract of Artemisia campestrisi candidate for the production of
naturally occurring antioxidant agents.
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Cezayir'denArtemisia ca Hidro-alkolikEkstresininTanimlanmasi,
ce ntioksidanAKktivitesi

OZET

czaywAriemisia campestrisin hidro-alkolikekstresi, HPLC-DAD-ESI-MS /

: % bilesenleriagisindanarastirilmistir. Ayrica, in vitro antioksidanaktivite
enolik iceriksirasiyla ORAC ve Folin Ciocalteu
dirilmistir HPLC-DAD-ESI-MS / MS analizi,

Bu calismada,

ptanananabilesiklerin,  caffeoylquinic  asitizomerleri,  flavonoidler  ve

1 TEAC/g DW'niniimitvaatedenantioksidanaktivitedegerigosterdi ve buaktiviteile 102.09
1.65mg / g GAEDW'intoplam fenolik i¢erikdegeriarasindagii¢liibirkorelasyon saptanmistir
var. Sonugolarak, Artemisia campestrisin hidro-alkolikekstre,

dogalolarakolusanantioksidanajanlariniiretimiicinumutvericibiradaydir.



AnahtarKelimeler: Artemisia campestris, Polifenoller, Flavonoidler, Klorojenikasit,
Antioksidan.

INTRODUCTION

The genus Artemisia is one of the largest and mostwidely distributed genus of the
familyAsteraceae in Europe and North Africa, which have been characterizedfor t

pronounced biological activities and are considered to produce most medicinally imp

2].Artemisiacampestris is a perennial faintly aromatic herb widespread i
Algeria, commonly known as “Dgouft”.The aerial parts of the plant hav@, been tised in
s, gastric

ulcer, and menstrual pain [3-5].A. campestris extract was reported to Qe nt free radical

regarding the phenolic composition of this pla
properties, since only a few studies have identifie 1 lumber of phenolic compounds [5-
8].

However, the phenolic profile of A. C ris 1 e complex. Flavonoids present in this

species consist of flavones, flavonols, anones, dihydroflavonols and their methyl ethers,

whereas the isolation of and phloracetophenones is also reported[9-
10].Chlorogenic acid is a
parts of the plant; for in A. campestris chemically, it is the ester of caffeic acid and

quinic acid, 3-O-ca inic acid (3-CQA). Other isomers are derivative chlorogenic acid

4-O-Caffeoylq 4-CQA) and 5-O-Caffeoylquinic acid (5-CQA). Additionally, there

are othe ers d iso-chlorogenic acids, with two caffeic acid moieties such as 3,4-

dicaffeoyllguinic/acid, 4,5-dicaffeoylquinic acid, and 1,5-dicaffeoylquinic acid.

ive of the present work was to contribute to the identification of the major phenolic
ounds in the hydroalcoholic extract of Artemisia campestrisusingHPLC-DAD (High-
ormance Liquid Chromatographic/Diode Array Detector) coupled with ESI-MS
lectrospray Ionization/Mass Spectrometry). In addition, HPLC-DAD-EC
(ElectrochemicalDetector)  quantification of phenolic, flavonoid contents and
hydroxycinnamic acid was carried out.Finally, the antioxidant capacity of the extract was also

evaluated using ORAC assay.



EXPERIMENTS

Chemicals

Chlorogenic acid was purchased from Extrasynthese (Genay, France). Methanol for HPLC-
GOLD-Ultra gradient was purchased from Carlo Erba Reagents (Val de Reuil, France).
Phosphoric acid (85%) and formic acid (98%) were purchased from Panreac Qui
(Barcelona, Spain) Acetonitrile HPLC gradient grade was purchased from VWR® (Le
Belgium). Milli-Q® water (18.2 MQ.cm) was obtained in a Millipore-Direct Q3

equipment (Molsheim, France).

Plant Material
Aerial parts of A. campestris were collected fromthe Laghouat region i Algerian
Sahara in summer 2015.The identification and authentication of the carried outby

Dr. Mohamed Kouidri, botanist (Department of Agronomy, Fagulty of Scid@iges, University of

Laghouat-Algeria)and the voucher specimens were dep@s he laboratory of Process
Engineering, University of Laghouat under the num
Preparation of the hydroalcoholic extrac
One gram of dried powder was mixed with nol$ (8:2; v/v, 10 mL) and macerated
under sonication, (water bath, room tendperdture, in). The material was filtered and the
crude extract obtained was analyzed Wikectlyfby HPLC. The procedure was repeated in

triplicate.

Equipments and condii f analySis

Liquid chromatogra with'diode array, and electrochemical detection

Chromatography (HPLC) system used was a Thermo Finnigan
(Surveyor , USA),equipped with an autosampler, pump, photodiode-array
detectorf(PDA) amd clectrochemical detector (ED).Chromatographic separation of compounds
a Lichrocart RP-18 column (250 x 4 mm, particle size 5 um, Merck). The

ical detector (ED) Dionex® performed signal measurements by

ined results were acquired at a frequency of 50Hz using an analog/digital converter.
hotodiode array detector was programmed for scanning between 192 and 798nm at a speed
of 1Hz with a bandwidth of 5 nm. The detection was monitored using three
individualchannels, 280, 320 and 360 nm, at a speed of 10Hz with a bandwidth of 11 nm. The

injection volume was 20.00 pL, and total time of analysis was 120 min.A binary gradient



elution (Table 1) was used. The mobile phase was as follows: 0.5 % formic acid in
Milli-Q® Water95% (eluent A) and 0.5% phosphoric acid in acetonitrile 90% and 9.5 %
Milli-Q® Water (eluent B). The flow rate was systematically controlled and set at 0.3
mL/min.

Liquid chromatography with mass spectrometry

The identification of compounds in the extracts was carried out by HPLC-MS/MS using
Waters® Alliance 2695 HPLC equipment fitted with a diode array detector (DAD),

Waters) with an ESI source operating in negative mode. The capillary in the

placed at 3.0KV and the cone at 30V. The chromatographic separation wa

nebulizer and drying gas and gas. Argon (Ar) ult
pressure of 10 mbar. For data acquisitign an.
version 4.1 was used.

Determination ofPhenolic Chromato

Total phenolic content was de the 280 nm total peak area above 40 min

Calibration curves with g 5 ppm) were performed and final results were

expressed in terms of galligjacid e ents per gram of dry weight (mg/g GAE DW).

Total flavonoids conte as d€termined using the 360 nm total peak area above 40 min.
Calibration cun¥e ' (0-50 ppm) were performed and final results were expressed in

per gram of dry weight (mg/g RE DW).
xyciinamic acids content was determined using the 320 nm total peak area

and 40 min. Calibration curves with caffeic acid (0-25 ppm) were performed and

DW).Additionally, the content of total phenols was determinedcolorimetrically with
olin’sreagent according to the method ofStamatakis[11]. The phenolic contents were

expressed as mg of gallic acid equivalents per gram of dry weight (mg/g GAE DW).

Oxygen radical absorbance capacity (ORAC)



Peroxyl radical scavengingcapacity was determined by the ORAC method. The assay was
carried out by followingmethod of Huang [12] modified for the FL800 microplate
reader(BioTekInstruments, Winooski, VT, USA) as described by Feliciano[13]. All data were
expressed as micromoles of Trolox equivalent antioxidant capacity per gramdry weight.

(umol TEAC/g DW).
Results

The HPLC method employed for the separation of phenolic components in the hydi®

extract of A. campestris revealed a good separation ofthe majeri

compounds.Chromatograms at 280 nm are widely used to study phenolic compoun ause

2, where the compounds are numbered according to

obtained chromatograms.

Four compounds were unequivocally identified b p analysis of standard compounds

and comparing their HPLC retention time, U S/MS fragmentation pattern. The
remaining compounds were characterizgd and th ctures proposed based mainly on the
MS/MS fragmentation data conjugated With the/V-DAD spectra. Most of the peaks showed

similar UV absorptions maxim: ands at Amax 230-240 nm and 320-330 nm. These

types of UV absorption b a araeteristic of hydroxycinnamic acids. Some peaks with
characteristic UV absomtio nds for flavonoids were also detected [14].The chromatogram
cto

of the hydroalcoholic € e aerial parts from A. campestris is presented in Fig.1. The

@ s Were caffeoylquinic acids.In general, in the MS'spectrum the most
gsponds to the deprotonated molecular ion [M-H] . The main fragments

observediin the MS/MS experiments are given in Table 2.

most relevant g

intense p,

ntification of chlorogenic acid derivatives of A. campestris

content of chlorogenic acids derivatives of A. campestris extract was determined. The

ount of the identified compounds is given in Table 2. The 3,4-Dicaffeoylquinic acidwas

the major caffeoylquinic acid in the hydroalcolicextract of A. campestris (274.76 + 9.50 mg
eq Trolox/L).



The data in Table 2 reveal that the highest quantities of the three isomers of the caffeoylquinic
acid (3-O-Caffeoylquinic acid191.92+5.4 mg eq Trolox/L), (4,5-Dicaffeoylquinic acid 117.61
+ 3.52 mg eq Trolox/L), and(5-O-Caffeoylquinic acid 6.48 + 0.25 mg eq Trolox/L).

Antioxidant activity and total phenolic content

The antioxidant and total phenolic content of the A. campestris extract were measured using

ORAC assay, and the result is shown inTable 4.

Discussion

Characterization of Caffeoylquinic Acids (M= 354) and Dicaffeoylquinic S (

Two peaks were detected at m/z 353 and assigned using the hiera
developed [15-18] as well-known Chlorogenic acid (3-O-Caffeo

reviously

d) and 5-O-

Caffeoylquinic acid. Two dicaffeoylquinic acid isomers identified¥By their parent ion

M/z 515 and were assigned as 3,4-Dicaffeoylquinic acid a icaffeoylqumic acid [8,18].

Characterization of other nucleus
A peak was detected at R = 27.5 min w z 153 with a characteristic MS?

fragment at m/z 109 [M-H-44]" due %

dihydroxybenzoic acid (Protocatechuicfacid) [19)]. Another peak at Rt = 31. 6 min showed a

» moiety; it was identified as 3.4-

deprotonated molecule [M-H] MS? fragments of 143, 129 and 114; it was
assigned to Quinic acid met 20]8A molecular ion at Rt = 44.9 with a deprotonated ion
[M-H] at (m/2) 179 wi hter 10ns at m/z 135 [M-H-44]" due to the neutral loss of CO2
moiety and 107 [M- -28] dwe to further neutral loss of CO moiety; it was identified as

3,4-Dihydroxy+€ (Cafteic acid) as previously described [21].A peak at Rt = 58.6

showed a

inic acid [22].Also, a peak at R = 73.3 showed a deprotonated ion [M-H]™ at
463 MS" ions at mVz 301 due to loss of glucose moiety (-mVz 162) and equivalent to
ucreetin aglycone moiety. In addition, characteristic fragments of aglycone were appeared at
179 and 151; it was identified as Quercetin-O-glucoside[23]. A peak at R = 76.8 showed
deprotonated ion [M-H]™ at m/z 609 and a characteristic MS" ion at myz 301 due to loss of
rutinosyl moiety (-m/z 308) and equivalent to quercetin aglycone moiety; it was identified as
quercetin-3-O-rutinoside (Rutin)[24].Finally, a peak at Rt = 114.0 showed a deprotonated ion
[M-H] at m/z 313 and a characteristic MS" ions at MYz 298 due to the loss of methyl moiety



[M-H-CH3] and 283 due to further loss of another methyl moiety [M-H-2CH3]; it was
identified as 4',7" -dimethoxy luteolin[25].

Antioxidant activity and total phenoliccontent

In the current study, theORAC (Trolox equivalents, TE) value (120.5 = 10.4umol TEAC/g
DW) is below the results (263.65+ 39.7 umol TEAC/g DW) found by Bakchicheet al.[7] q

also stronger than the values of different Artemisia species harvested in Kore

wasreported by Lee et al.[26]. This can be explained for several reasons as th
extraction, the date and place of the harvest(seasonal variations).

The reagent Folin Ciocalteu is almost used in the quantification of tota

ect.So,for this reasonour result is very high. We found a

total phenols with the same species Djeridaneet al.[27] (20 / gGAE DW), Bakchiche et
al.[7](53.84 mg / g GAEDW).

Bakchicheet al.[7]previously stated that the hyd act from aerial parts of A.
campestris was shown to possess high antioRi oupled to high phenolic content.
Further investigation of known phenoli ds in this extract, quantified by HPLC-
MS/MS, revealed that chlorogenic acidivas in fligh abundance (161.92 + 5.4 mg/g DW) and
was most likely responsible for the observed antioxidant activity [7].In the
current study,A. campestri that demonstrated the high antioxidant activity and
phenolic content was d for the presence of a number of mono(3-O-
caffeoylquinic, 5 inicacids) and di (3,4-Dicaffeoylquinic acid, 4,5-
Dicaffeoylquini ituted chlorogenic acid derivatives using HPLC-MS/MS.

Conclusion

In conclision, th@ aim of the present study was to contribute to the identification of the major
nds in the hydroalcoholic extract of A. campesiris, quantification of

vonoid contents and hydroxycinnamic acid was carried out, and the antioxidant

of the extract was also evaluated using ORAC assay.According to the data obtained,
I#¥phenolic compounds in the hydroalcoholic extract ofwere tentatively identified using

PLC-DAD-ESI-MS/MS technique. The identified compoundscontained phenolic acid
derivatives and flavonoids. Moreover, the hydroalcoholic extract showed a noticeable
antioxidant potential; this high activity may be due to the presence of phenolic compounds. In

conclusion, A. campestrisaerial parts are considered a promising source of naturallyoccurring



antioxidant agents, andpolyphenol profile may be regarded as a model for caffeoylquinic acid
distribution in the plant A. campestris and can help to distinguish the chlorogenic acid

1Somers.
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