Available online at www.der phar machemica.com

o o]
NY
- =w=_l

\

»* D@,

| SSN 0975-413X Der Pharma Chemica, 2016, 8(4):338-347
CODEN (USA)Z PCHHAX (http://derpharmachemica.com/archive.html)

**ed

Antioxidant and antimicrobial activities of chemical constituents
from Celtisaustralis

Najoie Filali-Ansari', Ahmed El Abbouyi’, Anake Kijjoa? Soukaina El Maliki*
and Said El Khyari*

Y aboratory of Biochemistry, Nutrition and Valoriia of Natural Resources. Department of Biologycuity of
Sciences. PO 20. 24000. El Jadida. Morocco
ZInstituto de Ciéncias Biomédicas de Abel SalazaBAS), University of Porto. 4099-003 Porto, Portlga

ABSTRACT

The chemical investigation of the hydro-methanelitract of leaves from Celtis australis led to tbelation of 3
known compounds: 2 sterolg-¢itosterol andf-sitosterol-3-Of-glucoside) and 1 phenolic acid (vanillic acid)
which are reported for the first time in this plagpecies. Antioxidant activity of the isolated coomuds was
assessed by in vitro measurement of DPPH (1, liethgl-2-picrylhydrazil) radical scavenging activignd
conjugated dienes (CD) and TBARS (thiobarbituriddameactive substances) inhibition during linoleazid
peroxidation. Antimicrobial activity of isolated mpounds was also carried out by the quantificatidbrminimum
inhibitory concentration (MIC) using disc diffusid&échnique against seven bacterial and three fusgains.

The results of the present study showed the signifi(P<0.01) antioxidant and antimicrobial actieis of the
tested compounds.
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INTRODUCTION

Cannabaceae is a large family, containing aboweligra and 200 species. The largest genus, Getfisdes about
60 species. Among these speciesClltis australis commonly known as European nettle tree, Mediteraa
hackberry or honeyberry. ik a deciduous tree endemic to southern EuropethN&frica, and south-western Asia
[1, 2]. Celtis australisis widely used in many traditional systems as wiadl plant. In Indian traditional medicine,
the decoction of both leaves and fruits is usethéntreatment of amenorrhea, heavy menstrual aedimenstrual
bleeding, diarrhea, dysentery and peptic ulcersTB¢ paste obtained from the bark®faustralisis considered as
an important remedy for bone fracture and alsoie@pbn pimples, contusions, sprains and joint p§ijsIn
Moroccan traditional medicineZ. australiscommonly called “Taghzaz” is mainly used to trgastro-intestinal
ailments [5].

Because of their traditional medicinal applicatiomarious Celtis species have been studied for thieémical
constituents, leading to the isolation of stero[@s8], flavonoid-glycosides [9-13], phenolic amid6, 14],
sulphonated phenolics and bacteriohopanoid [7, tE8henoids [16, 6, 8], anthraquinone [8], glucasgblipid
[17], tannins, saponins and alkaloids [18], fattida [19], apigenin, quercetin and its glucoside [8

In a continuation of our previous studies ©@altis australis[20-22], we report herein the isolation and chexhic
structures of 3 known compounds from this planttifier first time and their antioxidant and antimhied properties.
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MATERIALSAND METHODS

Plant M aterial

The leaves o€. australiswere collected from El Jadida city (Morocco) ifyJR014. The plant was identified and
authenticated at the laboratory of botany at tlwolgy department. A voucher specimen (reference @K is
kept on file in our laboratory.

Extraction and isolation

The air-dried leaves (2.5Kg) @feltis australiswere powdered by an electrical mill mesh and slewging a fine
muslin cloth. The obtained powder was exhaustiealiyacted by maceration using methanol-eau mixtai&2V)

for 3 days at room temperature and repeated thresst The crude solution was dried by rotavapagridtd 308.6g

of a dark green sticky paste. It was then dechloytbgted according to the method described by Hemd
Hogenanef23] giving 117.2g of crude extract. About 20 gtleé crude extract, dissolved in a minimum amount of
ethanol, were subjected to flash chromatographsilaa gel column and successively carried out i mixtures

of chloroforme-petroleum ether (V/V; 7V/3V; 9V/1\Bhloroforme-acetone (9V/V; 7V/3V; 3V/7V) and ace¢oin
increasing order of polarity. The eluates wereemtéid in 25 ml portions and combined upon monitphy TLC
giving three major fractions:

Fraction A was concentrated giving whitish syrupakhon placing in ethyl acetate followed by recajiiation in
chloroforme afforded 15.9 mg of compound 1.

Fraction B (748mg), chromatographied on silica ggdlmn with chloroforme-petroleum ether mixture¥/@v;
3VI7V; VIV, 9V/1V) in increasing polarity, gave 83nof compound 2.

Fraction C was subjected to repeated column chagnaphy on a silica gel column with the mixture of
chloroforme-acetone (9V/V; 7V/3V; 3V/7V) in increag polarity. The sub-fraction, corresponding toatés 229-
233, precipitated white granules weighing 30 mgarhpound 3.

Spectral analysis

The *H and ™*C-NMR spectra, including DEPT 135 technique, wezeorded in CDGl as internal standard on
Bruker Aspect AMX-500 NMR instrument operating 805VIHz. The chemical shifts were recorded in ppiafd
coupling constants (J) in Hz.

Antioxidant tests

DPPH radical scavenging activity

The DPPH free radical is a stable molecule widelgduto assess radical scavenging activity (RSAgntibxidant
compounds. The method is based on the reductioBR#*H radical in methanol solution in the presenta o
hydrogen—donating antioxidant due to the formatibthe non-radical form DPPH-H. This transformatiesults in
a color change from purple to yellow, which is ntoreéd spectrophotometrically at 517nm.

The RSA of the tested compounds was evaluated @diogoto the modified method previously reportedBigis
[24]. A solution of DPPH (0.1mM) in methanol waspared and 2.5ml of this solution was mixed witbhetested
compound or BHT (positive control) at final conaations of 4, 8 and 16pg/ml. The reaction mixtueswortexed
and left in the dark at room temperature. The dizswe of the control (Aand samples (Awas measured, and the
RSA, expressed in percentage, was calculated lasvfol

AC_AS

RSA (%) = x100

C

M easurement of conjugated dienes (CD)

During the formation of hydroperoxides throughche peroxidation of lipids, conjugated dienes (CE) tgpically
produced, due to the rearrangement of the doubidsidrhe resulting CD exhibit an intense absorpéib34 nm.
Thus, the increase in UV absorption reflects themfdion of CD, the primary oxidation products opidis
peroxidation, with good correlation between CD aedoxidation process.

CD generation was measured spectrophotometricalB34 nm according to the modified method describgd
Esterbauer et al. [25]. A mixture of linoleic acfd.5 mM), emulsified with Tween 20 (0.1 v/v per tenn
phosphate buffer (pH 7.4), at a final concentratbt0 mM, was incubated alone (control) or witlcle@ompound
at final concentrations of 4, 8 and 16pg/ml. Thaation was initiated by the addition of freshlyepared CuSg)
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at a final concentration of 1@M. It was stopped by cooling in an ice bath, in pnesence of EDTA (100M) and
BHT (20uM). BHT was used as positive control at final camtcations of 4, 8 and 16ug/ml.

The inhibition of CD production was calculated wsthe following formula:

o eas c As
Inhibition (%) =
Where:

A.:= Absorbance of control
As= Absorbance of the sample

x100

C

M easurement of TBARS

TBARS are naturally present in biological systemd aclude lipid hydroperoxides and aldehydes thatease in
concentration as response to oxidative stressodddical molecules. The quantification of TBARS wasnitored,
according to the modified method as described bka@a et al.[26]. A mixture of linoleic acid (7.5 mM),
emulsified with Tween 20 (0.1 v/v per cent), in ppbate buffer (pH 7.4), at a final concentratiorl®fmM, was
incubated at 37°C alone (control) or with each coomal at final concentrations of 4, 8 and 16ug/rhie Bxidation
was initiated by the addition of freshly preparatSQ,, at a final concentration of 1(M. It was stopped by cooling
in an ice bath, in the presence of EDTA (108) and BHT (20uM). TBARS were measured by addition of 1ml of
trichloracetic acid (20%) and 1ml of thiobarbitudcid (0.78%) to each sample. The mixtures werketdn water
bath during 45min. The reaction was stopped byiegadh an ice bath and the TBARS extracted withutabol.
The absorbance of the sample supernatagt \as readied at 532nm against absorbance of dofftd that
contained all reagents except linoleic acid. Thehition of TBARS production was calculated usihg following
formula:

c_As

Inhibition (%) = x100

C

BHT was used as standard at final concentratio8sathd 16pg/ml.

Antimicrobial test

Microorganisms

The antibacterial screening was conducted agadustGram positive bacteri&{aphylococcus aureuBacillus sp
Bacillus cereusandListeria ivanovii) and three Gram negative bacteiisd¢herichia coli Citrobacter freundiiand
Salmonella sp)

For antifungal test, two yeast€dndida albicansaand Candida tropicali$ and one filamentous fungudgpergillus
niger) were used.

All the microorganisms were procured from Pastestifute (Casablanca, Morocco). They were mainthibg
subculturing periodically and stored at +4°C ptioruse. For inocula preparations, bacteria andtystesins were
incubated for 24 h in Mueller Hinton Agar (MHA) mach and filamentous fungus for 3 days in Potato tiese
Agar (PDA).

Quantification of minimum inhibitory concentrations (MICs)

MICs of the isolated compounds were determined ube tdilution method (turbimetric method). The mimed
cultures were diluted in broth at a density coroesfing to a 0.5 McFarland turbidity standard cqseesling to 18
CFU/ml for bacterial strains and 2OFU/ml for fungal strains. Each compound was #gritiluted between1/2 to
1/512 giving respective concentrations from 50Q.@mg/ml. To 180ul of microbial suspension was ad2ieul of
each tested compound at every concentration, amdititubated under aerobic conditions for 24h @r&dtstrains)
or 48h (fungal strains) at 37°C or 28°C respecyivélegative control samples contained sterile puatribroth.
Tetracycline and Fluconazole were used, in the saonditions, as positive controls. The lowest comgion that
did not allow any noticeable bacterial growth wheympared with the negative control was consideredha
minimum inhibitory concentration (MIC). All the egpments were performed in triplicate and the tssekpressed
as mean value + standard deviation.

Statistical analysis

The experimental results were expressed as metandasd deviation (SD) of three replicates. Whepgliaable,
the data were subjected to one way analysis onee (ANOVA). P Values < 0.01 were considered gsifsicant.
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RESULTSAND DISCUSSION

Phytochemical investigation

Compound 1 was crystallized from chloroforme astavhrystalline powder (15.9 mg). It responded tebldrmann-
Burchard reaction indicating a steroidal substaticgave negative Molisch test. The Rf value inocbforme-
petroleum ether (9V/1V) was 0.65.

The™ NMR of compound 1 exhibited methyl signalsda0.67 (Me-18), 0.81 (Me-26), 0.83 (Me-27), 0.84¢M
29), 0.91 (Me-21), and 1.02 (Me-19). This compotiad revealed one proton multiplet at 3.50 (H-3)e Ehift at
5.35 was evident for the olephinic hydrogen (H¥)om DEPT it is appeared that compound 1 contak@d
carbons: six methyl carbon (-G}l eleven methylene carbon (-gH nine methine carbon (>CH-) and three
quaternary carbons (>C<) with a hydroxyl grolethyl carbons (C-18, C-19, C-21, C-26, C-27, an@¢
appeared ab 11.99, 19.41, 18.78, 19.84, 19.03, 11.87 ppm; yhetie carbons (C-1, C-2, C-4, C-7, C-11, C-12, C-
15, C-16, C-22, C-23, and C-28) appeared a¥.25, 31.66, 42.30, 31.92, 21.09, 39.17, 24.812& 33.94, 26.26
and 23.06 ppm; methine carbons (C-3, C-6, C-8, C44, C-17, C-20, C-24, and C-25) appeared &i.82,
121.73, 31.90, 50.12, 56.78, 56.04, 36.15, 45.82 213 ppm; and quaternary carbons (C-5, C-10, Gii®)
appeared ab 140.76, 36.51 and 42.32 ppm. By correlating oua aéth those of literature [27-29], compounds 1

was identified ag-sitosterol (figure 1).

29CH3

22 CH3

Figure 1: Chemical structure of B-sitosterol

Compound 2 was crystallized from chloroforme asteviurystalline powder (89mg), mp 280°C. It respahdiz
Liebermann-Burchard reaction indicating a sterogldistance. It gave positive Molisch test indiaatime presence
of glucidique fraction. The Rf value in chloroformetroleum ether (9V/1V) was 0.55. Theé NMR spectrum of
compound 2 showed six shift@D.65, 0.96, 0.90, 0.82, 0.81 and 0.83 ppm for gidthdrogen (-CH) at positions
18, 19, 21, 26, 27 and 29 respectively. One prato8-3 appeared as multiplet at 3.42 ppm and aldbab5.32
ppm was the characteristics of double bond in thg between quaternary carbon C-5 and methine oa€h6.
These ab 4.90, 4.87, 4.87, 4.43, 3.50 and 4.21 can beébated to protons at positions 1’, 2’, 3’, 5’ andig’sugar
moiety. The®®C NMR exhibited 6 peaks & 11.75, 19.69, 18.58, 18.89, 19.69 and 11.64 ppmthi® six methyl
group at positions 18, 19, 21, 26, 27, and 29. glafanethylene carbons appeared 86.79, 31.34, 39.19, 33.30,
22.55, 38.26, 25.36, 29.22, 39.44, 27.77 and 23M®8 that were correlated to positions C-1, C-2,, G4, C-11,
C-12, C-15, C-16, C-22, C-23, and C-28 respectivEhe methine carbons C-3, C-6, C-8, C-9, C-14,7Ca-20,
C-24, and C-25 appeared at70.04, 121.19, 31.38, 49.56, 55.38, 56.14, 3545609 and 28.64 ppm. The
guaternary carbons (C-5, C-10, and C-13) appedréd40.4, 35.93 and 45.68 ppm. The glucose unit aoedasix
carbons of which oxygenated carbon C-1 appear@@8®¥3 ppm and methylene carbon C-6 appeared @4 @pm.
The other four carbons of the glucose molecule appeared at 70.04, 73.42, 76.72 and 76.84 ppmsintirity
of our data with those of literature [30, 31], lesl to identify compound 2 gssitosterol-3-OB-glucoside (Figure
2).
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Figure 2: Chemical structure of &sitosterol-3-O-8-glucoside

Compound 3 was crystallized from acetone as whiystalline powder (30mg).The Rf value in chlorof@im
acetone (3V/7V) was 0.55. The dataldfNMR were given as follows: 7.58 (H, d, j=1.9Hz, H-2), 6.97 (H, d, J=8.3
Hz, H-5), 7.71 (H, dd, J=8.3, 1.9 Hz, H-6) and 3(8/, s, CHO). Those of*C NMR were summarized as follow
:121.1 (C-1 and C-2), 145.2 (C-3), 150.7 (C-4)4.21(C-5), 125.1 (C-6), 169.8 (COOH) and 56.1 {OH By
correlating our data with those of literature [38], compounds 1 was identified as vanillic acigufe 3).

0] OH

H,CO

OH

Figure 3: Chemical structure of vanillic acid

Antioxidant activity

The isolated compounds were tested for their amtéo® potential using three different methods. PHM test,
which enables to measure the radical scavengingitgcti) Quantification of conjugated dienes whi@llows to
estimate the antioxidant activity of extracts dgriprimary lipid oxidation phase and iii) TBARS et which
evaluates the antioxidant properties of extractandusecondary lipid oxidation phase. The quardifn of
different oxidation products, at different stagéshe oxidative process, provides more detailedrimftion about
this dynamic pathway [33].

DPPH radical scavenging activity

As shown in figure 4, all the tested compounds sfbw significant (P<0.01) and dose-dependent sgavgeffect
on the DPPH radical. At 16ug/ml, vanillic acid shemimthe highest activity among all the tested sasnfi®&%),
followed by B-sitosterol-3-OB-glucoside (66 %) an@-sitosterol (64%) which were higher than that pretl by
BHT (58%). Otherwise, as shown in table 1, the, Malues of tested compounds corroborated theirdsigtadical
scavenging activity with regard to BHT. Vanillicidavas the highest active (8.2pg/ml), followed ffgitosterol-3-
O-B-glucoside (9.5pg/ml) anf-sitosterol (10pg/ml) whereas the one of BHT wagd/ghl. It is well known that
the effect of scavengers on DPPH is thought toumetd their electron accepting/hydrogen donatinljtias. The
tested compounds proceed probably with this meshard quell the free radicals, acting possibly amary
antioxidants. This assumption is corroborated byawicos and Moren¢34] who showed that the GSH and
GSH/total glutathione ratio recovered after treathimy B-sitosterol suggesting that this phytosterol cdadda ROS
scavenger. In the same way several studies sugg#sié the antioxidative potency of phenolic acisisch as
vanillic acid and their derivatives, depended oe ttumber of hydroxyl groups in the molecules andtios
stabilization of the radical formed via an increhséectron delocalization [35, 36].
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Figure4: Radical scavenging activity (RAS) of Vanillic acid (VA), B-sitoster ol-3-O-B-glucoside (BSG)
and B-sitosterol (BS) isolated from C. australis
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Table 1: ICs of DPPH radical scavenging activity of isolated compoundsfrom C. australis

Isolated compounds leug/ml
Vanillic acid 8.2
[B-sitosterol-3-OB-glucoside] 9.5
B-sitosterol 10.0
BHT 12.0

Otherwise, our results are corroborated by sevespbrts which have shown a significant radical scayng

capacity of phytosterols, mainfrsitosterol and3-sitosterol 3-OB-glucoside [27, 37, 38] in one hand and vanillic
acid in the other hand [39-41].

Conjugated dienes (CD) inhibition

Polyunsaturated fatty acids, such as linoleic amid,easily oxidized. This oxidation leads to theusrence of chain
reactions with the formation of coupled double kmpdmary oxidation products such as conjugatededi¢25]. In
order to estimate the antioxidant potential of teelated compounds during primary oxidation procdbe
inhibition of the peroxidation of the linoleic acidas quantified at various concentrations (4, &, &8ug/ml). As
shown in figure 5, a significant (P<0.05) and ddseendent inhibitory effect was obtained on CD puobidn
during linoleic acid oxidation in solution. At 16{ng, all the tested samples showed a significahibitory effect
(P<0.01) on CD production which decreased in tlkeioof vanillic acid>[3-sitosterol-3-OB-glucoside-sitosterol
that were higher than the one exhibited by BHT. Vakies of 1G, reported in table 2, showed high antioxidant
potential of the tested compounds with regard torBHhe antioxidant effect of phytosterols was elishbd by
several studies. Thus, Ferreti et[dR] have investigated the in vitro interactionsvienp-sitosterol, campesterol,
and stigmasterol and LDL isolated from normolipemitjects. The authors demonstrated that thesegthybls
exert an inhibitory effect against copper-indudgitiperoxidation of LDLs, as shown by the loweledels of CD
in oxidized LDL incubated with different concentoats of plant sterols (5-50 mM). These phytostepoés/ent also
the alterations of apoprotein structure and physiemical properties associated with copper-triggielipid
peroxidation of lipoproteins. The antioxidant prageof phytosterols was also showed in vivo by jwag studies
which suggested that these molecules counteragatixe stress through the modulation of antioxidamtymes and
free radical production [34]. In the same way, DlaeSMarinelli et al.[44] reported the reduction of hepatic lipid
peroxidation products and plasma levels of MDA @ndialdehyde) in rats after phytosterols suppleatén.
Otherwise, the antioxidant potential of vanillicidhavas also showed by Kumar et §5] who reported the
significant reduction of the levels of TBARS, LOQ(pid hydroperoxides) and CD in L-arginine-methsgter
hydrochloride-treated rats.
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Figure5: Inhibition of conjugated dienes (%) by Vanillicacid (VA), B-sitosterol- 3-O-B-glucoside
(BSG)and B-sitosterol (BS) isolated from C. australis
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Table 2: | Cs of conjugated dienesinhibition of isolated compounds from C. australis

Isolated compounds lepg/mi
Vanillic acid 7.4
B-sitosterol-3-OB-glucoside 8.1
B-sitosterol 8.1
BHT 11.5

TBARS inhibition

During the process of lipid peroxidation, hydropéade is produced as the first stable product irhlibe radical and
non-radical reactions, and TBARS are the secongdewglucts, which are expressed as MDA, an indicatazell
oxidative stress. Figure 6 reported the inhibiteffict of the tested compounds on TBARS productiegicating a
significant anti-lipid peroxidation activity (P<Q At 16ug/ml, the inhibition percentages wergha range of 95,
80 and 72% for vanillic acjdB-sitosterol, and3-sitosterol-3-OB-glucoside respectively. In the same conditions,
effect exerted by BHT was weak and reached 70%. IThgvalues of the samples were 7, 8.5, and 9ug/ml for
vanillic acid, &-sitosterol, andp-sitosterol-3-OB-glucoside respectively, whereas the one of BHT wagg/ml
(table 3). Several findings suggested that phytoktavere responsible, at least in part, for prévereffects on the
development of diseases due to reactive oxygeriesped oshida and Niki [46] reported the antioxidaffects of
o-sitosterol, stigmasterol, and campesterol agdip&t peroxidation. Van Rensburg et al. [47] showédt low
concentrations off-sitosterol and other sterols reduced levels of RBAsecondary products of lipid peroxidation,
while high concentrations @Fsitosterol promoted the increase of this markeritiro. Antioxidant activity has also
been attributed to these plant compounds in foatispal models and human studies [48-50].

Figure6: TBARSInhibition by Vanillicacid (VA), B-sitoster ol-3-O-B-glucoside (BSG) and B-sitoster ol
(BS)isolated from C. australis
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Table 3: |Cs of TBARS inhibition of isolated compounds from C. australis

Isolated compounds ug/ml
Vanillic acid 7.0
B-sitosterol-3-OB-glucoside 9.0
B-sitosterol 8.5
BHT 10.0

It is well known that lipid peroxidation is causedt least in part, by molecules having unpairectedas.
Antioxidant compounds are molecules that can acekgutron/donate hydrogen. These include ring &iras as
found in steroid molecules, electron acceptors sagloxygen, as well as glucose. This could exphaiw the
phytosterols tested in this study inhibited lipiddation.

Otherwise, the protective effect of vanillic acieh lipid peroxidation by reducing MDA formation, s/also showed
by Chou et al][51] who suggested the possible role of carboxglugr constituent, which can transfer electrons
/donate protons, and act as a primary and secomaaidioxidant in the inhibition of lipid peroxidatigprocesses.

Antimicrobial activity

The values of MICs are summarized in Table 4. Ad tested compounds showed significant antibatteciavity
(P<0.01) against all bacterial strains, albeitaoying extent. Very strongest activity (MIC= 25ud¢ymvas observed
with vanillic acid againsB. cereusStrongest activity (MIC=50ug/ml) was recordedhaitnillic acid againgB. sp,
C. freundiiandS. sp and withB-sitosterol-3-OB—glucoside again®. sp Moderate activity (MIC = 100ug/ml) was
obtained with vanillic acid again&t ivanovii, S. aureysandE. coli, with B—sitosterol 3-OB-glucoside againdit.
ivanovii, C. freundiiandS. spand withd-sitosterol againsB. sp Weak activity (MIC=200ug/ml) was showed with
B-sitosterol-3-OB-glucoside againsB. cereus, S. aureusnd E. coli and with 3-sitosterol againsB. cereus, L.
ivanovii, E. colj andS. sp Tetracycline showed very strongest activity (MI2-5 to 25 pug/ml) against 2 bacterial
strains . ivanovii, and S. aurelisstrongest activity (MIC=50ug/ml) against 4 baietkestrains B. sp, B. cereus, C.
freundii andS. sf) and moderate activity (MIC=100pg/ml) agaiBstcoli.

Table4: Antibacterial activity of isolated compounds from C. australis

MICs pg/ml
Strain V‘?;'ildhc 3 g?-tgﬁsgosli de B-sitosterol | Tétracycline

B. sp 50 50 100 50
Gram+ B. _cereug_ 25 200 200 50

L. ivanovii 100 100 200 12.5

S. aureus 100 200 100 25

C. freundii 50 100 ND 50
Gram- | E. coli 100 200 200 100

S. sp 50 100 200 50

Table 5 reported the MICs values of the isolatethpounds against 3 fungal strairg.albicanswas sensitive
(MIC=50ug/ml) to vanillic acid anf-sitosterol-3-OB-glucoside, wherea€. tropicalis was sensitive toward
vanillic acid andd-sitosterol. Moderate antifungal activity (MIC=10§ml) was showed with vanillic acid against

A. niger, with B-sitosterol-3-OB-glucoside agains€. tropicalissand A. niger and with B-sitosterol againscC.
albicansandA. niger. Otherwise, all tested fungal strains were vensiive to Fluconazol.

Table5: Antifungal activity of isolated compounds from C. australis

MICs pg/ml
Strain - . [-sitosterol .
Vanillic acid 3-08-glucoside B-sitosterol | Fluconazol
C. albicans 50 50 100 125
C. tropicalis 50 100 50 6.25
A. niger 100 100 100 12.5

Several studies have reported the antimicrobialiactof different phytosterols corroborating owgsults. Thus,
Subramaniam et gl52] showed thap-Sitosterol-glucoside have significant antimicrdlaativity againsiS. aureus,
B. subtilis, E. faecalis, E. coli, V. cholera, Kanqumoniae, P. vulgaris, P mirabilis, S. dysentedadP. aeruginosa
(MICs=6-50ug/ml). Furthermore, the time kill curves showed tiés compound kills most of the pathogens within
5-10 h Sen et al.[53] established thag-sitosterol at 20ug/ml has antimicrobial activitgainst E. coli, P.
aeruginosa, S. aurewmndK. pneumonia@lmost equivalent to that of Gentamycin at the esalmse. Kiprono et al.
[54] reported the antibacterial effect ®@kitosterol fromSenecio lyratusgainstS. typhiiandC. diphtheriaand its
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antifungal activity againgtusarium sppHowever, the antimicrobial potential of phytosierhave not established
by some studies. Thus, Bayor et [85] reported no antibacterial activity @fsitosterol and3-sitosterol-3-OB-
glucoside isolated fror@roton membranacelsgyainstS. aureus, B. subtiliandP. aeruginosaln the same wayB-
sitosterol isolated fronCoccoloba acrostichoidesxhibited no effect again&. aureus, M luteus, A. nigandF.
Oxysporuni56].

The antimicrobial activities of vanillic acid reged in this study were corroborated by other redess which
demonstrated its bacteriostatic and bactericidactf against seve@ronobacter sp57]. Aziz et al.[58] reported
the antibacterial effect of Oleuropein, and vaajllp-hydroxybenzoic, and p-coumaric acids mixtudeting/ml)
againstE. coli, K. pneumoniaand B. cereusand the antifungal activity of vanillic and caffexcids mixture (0.2
mg/ml) againsi. flavusandA. parasiticus The antifungal activity of vanillic acid was alsbowed by De Souza et
al. [59] againsi_. gongylophorus

CONCLUSION

To the best of our knowledge, until this momentsithe first time thaf-sitosterol,3-sitosterol-3-OB-glucoside
and vanillic acid are being cited as constituet€ ocaustralis All these compounds exhibited in vitro free radic
scavenging effect and antioxidant activity duririgoleic acid peroxidation, assessed by CD and TBARS
production, when compared with BHT as standardoaittant. The in vitro antioxidant potency of tested
compounds is probably due to their capacity to enge radicals by transfer electrons /donate pro&md act as a
primary and secondary antioxidant in the inhibitimhlipid peroxidation process. The tested compausidowed
also related antimicrobial and antifungal propertigth regard to Tetracycline and Fluconazol useaatibiotic
standards. Although these results corroboratedutiieation of C. australisin traditional medicine, important
guestions remain regarding the in vivo efficacytiodé tested compounds. Further scientific invesbgat and
clinical trials are required to support these ressahd establish their therapeutic efficacy.
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