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ABSTRACT

The present work aimed to evaluate the antioxidandt antiproliferative properties of leaves and sieaf the
Lebanese Eryngium creticum grown in Bekaa at 120@nch then to compare the obtained results with éhos
obtained using the same plant grown up at 300 mrdter to determine the effects of the altitude loe ¢hemical
composition and thus on the biological propertiéshis plant. Phytochemical screening results shioat the two
studied parts of E. creticum are rich in a varieif secondary metabolites depending on the usecrsohn
addition, an antioxidant activity arises due to pbkc compounds present. Increasing number of RAM26ells
showed some anti-inflammatory properties. At thmesdgime, an antiproliferative capacity was obsenusihg
MCF-7 and MDA-MB-468 cellsAll of these results have been compared with otbbtained using the same plant
growing at 300 m. Our study showed that the alétederts an effect on the chemical compositioh@fptant and
thus on its biological activities.

Keywords: Eryngium creticumphytochemical screening, Antioxidant activity, ainflammatory property, anti
proliferative property, Altitude.

INTRODUCTION

During the last decade there had been many teropsatd incorporate medicinal plants in modern meddigstems
and the reasons are many as their lower cost adatailability regarding the cost of the pharmaaml products
which is still rising for governments and individsiaOn the other hand, the existence of diseasesHtizh there is
no effective pharmaceutical treatments has opeopd m these plants for healing, and there was af Ilaboratory
confirmations on the efficacy of an increasinglynhber of medicinal plants [1].

Despite that Lebanon is considered small, it is icmany plants with medicinal properties. 260W®wspecies from
which 92 are endemic, hence the importance of ugiage plants and expand the investigation of thielogical
properties.

Eryngium creticunis perennial plant that belongs to Umbellifereamify. It is found only in Lebanon, Palestine,
Jordan and Syria. It is cultivated for use as vegiet mainly in salad. It is traditionally used asrelic, laxative.
Submerged roots and seeds in water have been trurdat the kidney stone and the infections, skiseases and
tumors. It is an antidote, used in the treatmenthefsnakebite [2]E. creticumshowed also an anti-inflammatory
property and an anti-microbial activity [3]. It watso used in the treatment of liver diseases,opaig, anemia and
infertility [4]. This plant has showed an antioxidgroperty by inhibiting the lipid peroxidase Ietliver of the rat
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[5]. Recently, a study demonstrated the antioxidgamt anti-tumor activities of the Lebandsecreticumgrown at
300 m [6,7].

Our work aims to explore, for the first time, theportance oE. creticumgrown in Bekaa at an altitude of 1200
meters and to compare the results with those ofs#free plant studied before [6,7] grown at an alétof 300
meters in southern Lebanon to assess the effetiheofaltitude on the chemical composition and sosome
biological properties.

EXPERIMETAL SECTION

Plant collection and preparation of powders

FreshEryngium creticumwas gathered from Bekaa, Makneh at 1200 m altitlaiing April 2014. Then, plants
were well cleaned and washed with water and theddn the shade and at room temperature and drséde the
limit in humid, well-opened to prevent damage happe samples. After this period, leaves and stefthe®
collected plant have been grinded and transforroegotvder by a grinder. The powders were presermetean
plastic containers, kept away from light and hewt moisture until use.

Preparation of extracts

100 g of each part of the plant were put in 500 ofithe selected solvent (water, ethanol and methaAtier a
period of maceration and stirring for 8 hours atmotemperature and then at 37 °C, the maceraténebtavas
filtered to remove insoluble residues. The filtratas then condensed with a rotary evaporator tbevaporation
and the filtrates were then frozen before beinglyiized powder to be processed.

Phytochemical Screening

To study the chemical composition (Alkaloids, TarmiResins, Saponins, Flavonoids, Terpenoids, Molails,
Carbohydrates and Phenols) of the aqueous, etbaantl methanolic extracts of the leaves and steimi. o
creticum qualitative detection of secondary metabolites marformed according to Muanda [8].

Total phenolic compounds (TPC)

The Folin—Ciocalteau reagent method has been usmedthé estimation of TPC [9]. Five concentratiorfsat
extracts of the used plants have been preparethandlOOuL have been taken from each concentration and mixed
with 0.5 mL of Folin—Ciocalteau reagent (1/10 ddua and 1.5 mL of N&CO; 2% (w/v). The blend was incubated
in the dark at room temperature for 15 min. Theoatence of blue-colored solution of all samples masasured at
765 nm using a Gene Quant 1300 UV-Vis spectrophetem The results were expressed in mg of Gallid ac
equivalent (GAE) per g of dry weight of plant powsle

Total flavonoids compounds (TFC)

The aluminum chloride method [10] was used fordbtermination of TFC of all extracts of the studpdant. 1 mL

of various concentrations of all extracts was miwgith 1 mL of 2 % methanolic aluminum chloride didn. After

an incubation period at room temperature in thd dar 15 min, the absorbance of all samples waerdghed at
430 nm using a Gene Quant 1300 UV-Vis spectrophetem The results were expressed in mg per g @i rut
equivalent (RE) and ethanol was used as blank.

Evaluation of the antioxidant activity

The method of Farhan et al. [9] has been usechostavenging ability of DPPH antioxidant test. 1 @f different
concentrations of diluted extracts of the plantgar used solvent was added to 1 mL of DPPH (éhdbin same
solvent) and at the same time, a control consisbing mL DPPH with 1mL of used solvent was preparEide
reaction mixtures were mixed very well by hand #meh incubated in the dark at room temperaturg@omin and
the absorbance was measured at 517 nm by a Gem¢ LBG@D UV-Vis spectrophotometer. The DPPH scavengi
ability of plant extracts was calculated using filiowing equation:

% Scavenging activity = [(A control — A sample)]/ A control)] x100

The A control is the absorbance of DPPH + usedest\A sample is the absorbance of test sample.

Evaluation of the anti-inflammatory activity

To investigate the anti-inflammatory activity alaallture was conducted using RAW264.7 macrophajs.cThen
the measure of viability and cell proliferation wasde by the XTT technique. Briefly, cell culturaswperformed

in 96-well plates each containing 100 uL DMEM eglé@nt to 20.000 cells. The extracts were diluteth e
DMEM culture medium at decreasing concentratiof®(2.00, 50, 25 and 5 pg/mL) and are then addéuketavells
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after pre-incubation of the cells for 24 hours. Titetes were then incubated under 5%, @60d at a temperature of
37 °C for 24 and 48 hours. Then 50 uL of XTT salnthas been added to each well followed by an iaiboib for
24 and 48 hours. Finally, the absorbance was re48Canm.

Evaluation of the antiproliferative activity

To study the antiproliferative activity of leavesdastems oE. creticuma cell culture was performed using breast
cancer cell MCF-7 and MDA-MB-468 cells of the mammyngland / breast; derived from the metastatic giteural
effusion. Then a measure of the inhibition of gedliferation by the neutral red method was applied

Cell culture was performed in 96-well plates eacmtaining 100 uL DMEM equivalent to 20.000 cellheT
extracts were diluted with the DMEM culture mediatndecreasing concentrations (200, 100, 50, 25%gng/mL)
and are then added to the wells after pre-incubaifdhe cells for 24 hours. The plates were theulthated under
5% CQ and at a temperature of 37 °C for 24 and 48 hduren Neutral Red (NR) solution has been addead¢b e
well followed by an incubation for 3 hours. Aftehet time of contact with xenobiotics, the amount NRR
incorporated into the cells was measured by an Elrkader with a spectrophotometer at 540 nm. Thantjty is
directly proportional to the number of cells with iatact membrane [6].

Statistical analyses

Data are presented as mean + standard deviationdfSbree independent experiments and statissicgdificance
was determined using the unpaired t-Test usingstdfevare Prism 6.0 (GraghPad Software, Inc.). Aidicant
difference was consideredrf<0.05.

RESULTS AND DISCUSSION
Phytochemical screening
In order to study the chemical composition of vasicextracts prepared from stems and leaves of ldm@ B.
creticumgrown at an altitude of 1200 m and compare it whith same plant that grows up at an altitude ofr&p@
standard phytochemical screening has been practiced

Table 1: Phytochemical screening dE. creticum leaves and stems aqueous extracts

Altitude
1200 m 30Cm [6]
Leaves| Stems| Leaves Stems
Alkaloids - - + +
Tannins + - ++ +
Resins + + - -
Saponins - - +++ +++
Phenols ++ + ++ +
Terpenoids + + ++ ++
Flavonoids + ++ - -
Carbohydrates - - - -
Volatile oils - - - -

(+++) sign indicates a very positive response; (+3ign indicates a positive response; (+) sign iatks a moderately positive response; (-)
sign indicates a negative response so the absdratemical constituents

Table 2: Phytochemical screening oE. creticum leaves and stems ethanolic extracts

Altitude
1200 m 30Cm [6]
Leaves | Stems| Leaves Stems
Alkaloids - + T+ T
Tannins + - +
Resins + - T+ T
Saponins - - ++ T+
Phenols ++ ++ +++ +
Terpenoids +++ ++ ++
Flavonoids - + ++ ++
Carbohydrates + ++ - ++
Volatile oils - - - -

(+++) sign indicates a very positive response; (+sipgn indicates a positive response; (+) sign idés a moderately positive response; (-)
sign indicates a negative response so the absdrdeemical constituents
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Table 3: Phytochemical screening oE. creticum leaves and stems methanolic extracts

Altitude
1200 m 30C m [6]
Leaves | Stems| Leave Stems

Alkaloids - + ++ ++
Tannins + - + +
Resins - - ++ +
Saponins - - -

Phenols ++ ++ +++ ++
Terpenoids +++ ++ +++ ++
Flavonoids ++ + ++ ++
Carbohydrates + + / /
Volatile oils - - -

(+++) sign indicates a very positive response; (+sipgn indicates a positive response; (+) sign idés a moderately positive response; (-)
sign indicates a negative response so the absdrdeemical constituents

The results obtained from the phytochemical scregpresented in Tables 1, 2 and 3 show Ehatreticumis rich
in a variety of secondary metabolites dependintherstudied part (leaf or stem) and on the usedesatl We noted
the presence of resins, terpenoids, flavonoids @rehol in the aqueous extracts of the plant growh280 m,
whereas the majority of other secondary metabobfgsear more significantly in the ethanolic and hraablic
extracts. Thus there is a difference of the presemd amount of secondary metabolites in the sdam petween
the stems and leaves using the same solvent im éditbe leaves that are richer in secondary méitelsahan stems
which gives them a greater bioavailability. Congagly, with its wealth in secondary metabolitEs creticummay
present several medical importances. It can berdedaas a analgesic due to the presence of alkalai. In
addition, the presence of flavonoids in the plamég it an antitumor property [12] and an antioxidproperty. On
the other hand, we noticed a difference in the armofi secondary metabolites betwdencreticumthat grows at
1200 m and that grows at an altitude of 300 m wofeof that of 300 m. This difference may be duethe
acclimations of the plant to a decreased tempezataww oxygen and low atmospheric pressure thailtrés a
change in the amount of secondary metabolites., As® difference may be explained by the fact #igt200 m we
can observe a high amount of snow however at 3d@&mote the presence of high quantity of rain,decthat can
change the chemical composition of the differemtgaf plants.

Determination of total phenolic contents (TPC) andotal flavonoids contents (TFC)

The TPC and TFC in the leaves and stem& . otreticumwere evaluated. The concentrations of the different
extracts for leaves and stems were representedbie ™. The absorbance of these extracts, withbaarbance of
765 nm for the TPC and 430 nm for the TFC was nredsun triplicates experiments for two different
concentrations.

As shown in Table 4, both aqueous, MeOH and EtOtreets from both leaves and stems of this planevieand
to contain high amounts of TPC and TFC in the E&xttact than the two other extracts. Moreover aimdunts of
TPC and TFC in the leaves are higher than the stems

In comparison with the TPC and TFC evaluated fergfant grown at 300m we can find that this lates higher
amount thakE. creticumgrown at 1200 m [7].

Table 4: TPC and TFC of different solvent extractfrom leaves and stems oE. creticum

Agueous Leaves| Aqueous Stems  Ethanolic Leaves  Etidic Stems | Methanolic Leaves| Methanolic Stems
TFC 0.93% 441 % 17.53 % 3.75% 16.80 % 3.55 %
TPC 33.88 % 31.96 % 24.19 % 21.85% 17.27 % 14.33 %

Antioxidant activity

Our results presented in table 5 showed an inciieabe antioxidant activity of the leaves and stesfiE. creticum
with increasing the concentration of the aqueousaek This increase has reached 59 % and 35 %eat t
concentration 0.5 mg/mL for the leaves and stersgasively. These results may be due to the fattttie leaves
contain more polyphenols that stems as shown ie thb

Studies on the same plant but from an altitude rB0¢howed that the leaves and stems at the samertaaiion
(0.5 mg/mL), exerted an antioxidant activity of @and 75 % respectively. These results show tlaaltitude has
a significant influence on the chemical compositminthe plant. It has induced a decrease of flaidmand
polyphenols which have an important role in thecdant power and therefore it has caused a réegtudh the
antioxidant capacity [6].
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On the other hand, at a concentration of 0.5 mgtmeLethanolic extract showed an important antioxidativity of
both leaves (81 %) and stems (79 %) (Table 5). Mewehis antioxidant capacity was highest for phent that
grows at 300 m. It has reached the 93 % for theekeand 82 % for the sterf@.

For the methanolic extract, the obtained resulsagld that both leaves and stems have exerted aaortizmp
antioxidant activity reaching 90 % and 79 % respebt at a concentration of 0.5 mg/mL (Table 5)e%$a results
may be due to the presence of higher amount obflaids and phenols and both parts.

Table 5: Free radical scavenging activity oE. creticum leaves and stems in DPPH assay

% of Scavenging activity
Concentration Aqueous Aqueous Ethanolic Ethanolic Methanolic Methanolic
(mg/mL) Leaves Stems Leaves Stems Leaves Stems
Control - - - - - -
0.1 20 7 53 21 80 29
0.2 33 14 60 42 85 39
0.3 48 22 78 63 86 58
04 53 26 78 77 88 62
0.5 59 35 81 79 90 79

% Scavenging activity = [(A control (517)-A sam 7)) / A control (517)] x100

Anti-inflammatory Activity

For the first time, an evaluation of the anti-imflamatory activity of each of the extracts preparsihg different
solvents from leaves and stemskofcreticumhas been done by measuring the viability of tha\R&4.7 cell line
after 24 hours treatment with increasing conceiainat(5, 25, 50, 100, and 200 pg/mL) of these eidra

The cell viability XTT test shows that aqueous agts of the leaves and stemdofcreticumincreased the number
of macrophages (RAW 264.7) with increasing conegians of the extract from 5 to 200 pg/mL compated
control as shown in table 6.

Table 6: Effects of aqueous, ethanolic and methariolextracts from leaves and stems d&. creticum on RAW264.7 cell line after 24 hours
treatment (P<0.05)

Number of cells
Concentration (ug/mL) | Aqueous Leaves| Agqueous Stems EtOH Leaves | EtOH Stems| MeOH Leaveg MeOH Stems
Control 20000 20000 20000 20000 20000 20000
5 23767* 28738** 29366*** 25488* 25807** 24287*
25 21928,4 27570** 29565*** 28760** 12595 24364*
50 24926** 26501* 26501** 28000** 27945* 24970*
100 28617+ 29036*** 23537* 19174 29025**+* 26446,3**
200 26534** 32573 28265** 15119 17388 28430**

Ethanolic extract of both leaves and stems of thatphas induced an increase in the viability oMRR64.7 cells,
but we observed that the most important viabilgyel is at a low concentrations of the extractfl 85 pg/mL)
especially from the leaves where the number osceliched 29366 at a concentration of 5 pg/mL €répl

For the methanolic extract cell viability XTT testtows that stems of this plant have increased thgber of cells
till 28430 at the concentration of 200 pg/mL. Oe tither hand, methanolic extract from leaves of giant has
increased the number of cells at the concentratigrts, 50 and 100 pg/mL but it decreased this nunalbehe
concentrations of 25 and 200 pg/mL as shown iretébl

Antiproliferative activity

An evaluation of the anticancer activity of eaclttaf extracts prepared from leaves and stens ofeticumgrown
at 1200 m using different solvents was made forfitis¢ time by measurement of cell viability in M&Fcell line
and MDA-MB-468 cells after treatment for 24 andhtgirs with increasing concentrations (5, 25, 5@, Hhd 200
pg/mL) of these extracts.

After 24 hours treatment with the aqueous extraoimf leaves and stems d&. creticum with increasing
concentrations, we observed a partial inhibitionthef proliferation of cancer cells MCF-7 and MDAél obtained
results showed that leaves of this plant have iedug maximal partial inhibition of the cell line WM& at a
concentration of 200 pg/mL where the number ofsceths lower than the control. For the MDA cell liwe found
that the maximum inhibition of the proliferation sh@ccurred at low concentrations (50 and 100 ug/amd
especially at the concentration of 100 pg/mL aswhim tables 7 and 8. On the other hand aqueouadatgtfrom
stems of E. creticum did not exert an antiprolifie@effect at all used concentrations.
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For the ethanolic extract, after 24 h treatmentyas noted that both leaves and stems of the didntot exert an
antiproliferative effect of the MCF-7 cell line ali concentrations as shown in table 7. On therdthed, leaves at
the concentration of 200 ug/mL have decreaseduheer of MDA cells by 6 % (table 8). Also, stenigtos plant
have showed a partial inhibition of the prolifeoatiat the concentrations 25 and 100 pg/mL by 18n% & %

respectively (Table 8) .

Concerning the methanolic extract, leaves at time@otration 200 pg/mL have induced a significantrease of the
number of MCF-7 and MDA cells by 62 % and 48 % extjvely (Tables 7, 8). Also, all concentrationsstéms
except 25 pg/mL have induced an antiproliferatiegviy by decreasing the number of MCF-7 cells.eTimost
important concentration was 5 pug/mL which decredabechumber of MCF-7 by 28 % as shown in tablecof. the
MDA cells, methanolic extract of stems has onlyrdesed the number of cells at the concentratiog/B. This

decrease reached 33 % as shown in table 8.

Table 7: Antiproliferative activity of aqueous, ethanolic and methanolic extracts from leaves and stesrof E. creticum on MCF-7 cell line
after 24 hours treatment

Number of cells
Concentration (ug/mL) | Aqueous Leaves| Aqueous Stems EtOH Leaves | EtOH Stems| MeOH Leave§ MeOH Stems

Control 20000 20000 20000 20000 20000 20000
5 34025 30629 32075 30063 20881 14402*

25 21006 38239 30187 25978 23648 27170

50 22075 30566 32201 25975 29497 16918

100 19308 32704 29245 26918 19624 17296

200 14528 29182 31635 27736 7610*** 18994

Table 8: Antiproliferative activity of aqueous, ethanolic and methanolic extracts from leaves and stesrofE. creticum on MDA cell line
after 24 hours treatment

Number of cells
Concentration (ug/mL) | Aqueous Leaves| Aqueous Stems EtOH Leaves | EtOH Stems| MeOH Leaveg MeOH Stems

Control 20000 20000 20000 20000 20000 20000

5 26097 25072 25869 21880 28775 13333*

25 24729 21823 24106 16467 22849 27464

50 14017* 25413 22792 17493 21595 23248

100 12080* 28433 25242 18747 19373 30199

200 18803 22450 18747 21254 10427** 34017

After 48 hours treatment with the three extraotsnfleaves and stems Bf creticumgrown at 1200 m the obtained
results by the neutral red technique have showadtitie number of treated cells is lower than thatrod for both
MCF-7 and MDA cell lines as shown in tables 9 arl The most important decrease was noted for the

concentration 200 pg/mL of both leaves and stemalf@xtracts.

Table 9: Antiproliferative activity of aqueous, ethanolic and methanolic extracts from leaves and stesrof E. creticum on MCF-7 cell line
after 48 hours treatment

Number of cells
Concentration (ug/mL) | Aqueous Leaves| Aqueous Stems EtOH Leaves | EtOH Stems| MeOH Leave§ MeOH Stems

Control 33000 33000 33000 33000 33000 33000

5 21119 16973* 20531* 24089 22000 29638
25 23991 23861 19944* 20498 24024 20074*

50 18279* 18769* 19552* 22816 24970 24546

100 18834* 17822* 25362 14460** 20662* 22751

200 15537** 12436** 16092** 20401* 13285** 17039*

Table 10: Antiproliferative activity of aqueous, ehanolic and methanolic extracts from leaves and stes of E. creticum on MDA cell line
after 48 hours treatment

Number of cells
Concentration (ug/mL) | Aqueous Leaves| Aqueous Stems EtOH Leaves | EtOH Stems| MeOH Leave§ MeOH Stems

Control 33000 33000 33000 33000 33000 33000

5 17405** 18092* 19901* 23447 17694* 11832**

25 20806* 20842* 19033* 15632** 20372* 19684*

50 15921** 15414** 22109 16862* 17079* 14763**

100 14799** 17730* 17586* 18128* 10313*** 13171*

200 16500* 19141* 6007*+* 15451* 5391 *+* 10204***
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CONCLUSION

The antioxidant, anti-inflammatory and antiproldéve activities of aqueous, ethanolic and methanextracts
from leaves and stems Bf creticumgrown at 1200 meters was evaluated in this work.

By comparing some of the obtained results with ¢hobtained in another study on the same plant graws00
meters, we can estimate that the altitude afféetschemical composition &. creticumand consequently it will
influence its biological activities. In conclusidinpm a low level to a high altitude the plant Issecertain amount
of ingredients and therefore decrease in its médadaes.
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