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ABSTRACT

Biological properties of natural flavonoids werecseeding great interest for the synthetic of newdhoids; recent
publications were shown that these last have pesskea various biological activities particularlyn@microbial,
anti-viral, anti-tumoral, and antihypertensive... Thén of this study was to assessment the effesymhetic
flavonoids on growth of probiotic (Lactobacillusatmnosus and Streptococcus thermophilus) and patioge
(Staphylococcus aureus and Escherichia coli)baateill tested compounds were exhibited an antibidtand
prebiotic effect; The7-[3-N-(1,2-O-isopropylidéne=D-xylofuranos-5-yl)-amino-2-hydroxypropoxyl]-8-miyl
flavone(product 4) was found to have the most significactivity as antibacterial agents ; Regarding to the
prebiotic activity, 7-[3-N-(D, L-glycéryl)-amino-2-hydroxypropoxy]-8-ntigéylflavone (product 5) was the most
active. The results suggest that these moleculssuat both the antimicrobial and prebiotic actiesi
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INTRODUCTION

Probiotic are microbial dietary adjuvant that bériefly affects the host modulating mucosal systeimmunity as
well improving nutritional and microbial balancetime intestinal tract by reduction of its pathagemembers and
increasing the potentially beneficial ones (1). Hpplication of probiotic as tools that can be usednanage the
GIT ecosystem during development and there by ingtbe health and nutritionalstatut of the host.&fiieacy of
these bacteria is dependent on the changes thay ielithe composition and metabolic activitiestbé resident
assemblages of microorganisms. This has encourdgedievelopment of approaches to manage the piobiot
bacteria by use of new prebiotic ingredients (2).

Plant is a good source of natural preparationsatoing effective bioactive compounds which can lsedufor
different applications, as food additives and Hephomoting ingredients in the formulation of fuinctal foods and
neutraceuticals or as prebiotic preparations (B fhajor active neutraceutical ingredients in gare flavonoids;
Approximately 2000 individual members of the flaeais group of compounds have been described. Agisal

for phenolic compounds, they can actas potent xdaats and metal chelators(4). These molecules @®up of
organic product ubiquitously distributed in vascyants, they belong in the family of polyphenstkucturally, this
molecules have a common Skelton or core: the flavarcleus with 15 atom of carbon, consisting of iemzene
rings A and B linked by an oxygen-containing pyraing (5).

Polyphenolic compounds, particularly flavonoidse droadly recognized by their various biologicatiaties

including antioxidant, anti-inflammatory, anti-aligc, anti-carcingenic, anti-hypertensive and dmtembosis (6),
(7). These activities are, generally, attributeéheir property antioxidant (trap the ROS, chelatidrmetallic ions
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and inhibition of the enzymes responsible: xantluirgdase4); Flavonoid reactivity with the ROS was the aim of
many studies (8).

Interest in antimicrobial activities of flavonoitiss increased in recent years; Experimental stiidies repeatedly
confirm this activities(9), (10), (11); Other stadihave put in evidence the impact of flavonoid¢han retrovirus

HIV of theby the inhibition of reverse transcripgasnzyme of viral DNA replication or affect the adion of virus

by acting on the glycoprotein of viral surface (12)

From them Albertcet al (13), (14), confirm that flavonoids may affect gtb and metabolism of bacteria. They
could have an activating or inhibiting effect mioral growth according to their constitution and centration.

Health effects of flavonoids attract the presemtegation of searchers, particularly their antimiiad activities; this
is why the diversification of flavonoid's sourcetli® major interest. The study of flavonoids chémikas emerged
like that the most natural product, from the seaf@whnew compounds with useful physiological propes.
Semisynthetic endeavors of oligoflavonoids are insminstances to those substitution patterns ebetibby
monomeric natural product that are available inntjtias sufficient for preparative purposes. Inartb alleviates
these restriction, several programs focusing orth&gis of enantiomers pure flavonoids monomersfoAsve, we
have studied the effect of synthetic flavonoidsbacteria growth which were tested particularly ag-aral and
anti-tumor; The objectif was to demonstrate theliapfion of these flavonoids as tools that can beduto manage
the GIT through the evaluation of their effect omolgotic (Lactobacillus rhamnosusand Streptococcus
thermophilus)and pathogenic bacteri&taphylococcus aureamdEscherichia colijactivities.

EXPERIMENTAL SECTION

2.1.Microorganism and culture conditions

The pathogenic bacterBtaphylococcus aurewgas clinical isolate from human vaginal infectiand Escherichia
coli was isolated from a fecal matter of healthy mahe bacteria were identified in our laboratory bith
biochemical tests (Gram coloration, API120 and Aigphk); they were cultured aerobically at 37°C.

Lactobacillus rhamnosuand Streptococcufiermophilesvere used as probiotic bacteriagctobacillus rhamnosus
was isolated from human fecal matter, and cult@edbically on MRSStreptococcusthermophillugas isolated
from ordinary yoghurt, cultured aerobically on M17.

The probiotic candidate were examined from Granoredion, catalase activity, oxidase reaction, gaslypction,
sugar metabolism, this tests are confirmed by Afland API50 CHI; and they were characterizedh®ygrincipal
criteria of selection of probiotic bacteria (Grovahdifferent temperature, at acid pH, resistanchile salts, anti-
bacterial propriety and bacteriocin production,raggtion and adhesion capacity, resistance toiatitip(15), (16).
The microbial strains were maintained-20°C in culture broth with 15% (v/v) of glycerdll7); prior to any
microbial test, the strains were subcultured ostfrappropriate agar plate, incubated for 24h ard as source of
bacterial suspension.

2.2. Primary matter used

The molecules used in this study were synthesizeth@ method of Albert Pare in the Laboratory of&bic
Chemistry and Kinetic of Picardie Jules Verne Ursity (Amiens France). These molecules are:

v’ 7-glycéryl-8-méthylflavone;

v 7-0O-(D, L-xylityl)-8-méthylflavone;

v 7-0-(1,2-O-isopropylidéne-D-xylofuranos-5-yl)-8-méthylflavone;

v 7-[3-N-(1,2-O-isopropylidene-D-xylofuranos-5-yl)-amino-2 hydroxypropoxyl]-8-ntétiflavone;

v 7-[3-N-(D, L-glycéryl)-amino-2-hydroxypropoxy]-8-nigylflavone.

2.3.Antimicrobial and prebiotic effect of natural and synthetic flavonoids

2.3.1. Inoculum preparation

The strains that were frozen at-20°Cwere takenr gdotesting, they were inoculated at 37°C for 8Hen the
appropriate agar plats were inoculated from théhbealture, and after incubated at 37°C for 24hrifieroorganism
suspension used for inoculation was prepared aitptd the density of McFarland (9Qwith broth mediun(18).

2.3.2. Anti-microbial and prebiotic tests

Antimicrobial activity and prebiotic effects wereatuated by using the turbidity read@m), which enables the
simultaneous testing of 96 samples and monitorfrigaoterial growth in real time during the test.
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The broth media used in these tests were: MR&#&obacillus rhamnosysvi,-for streptococcus thermophiland
nutritive broth forstaphylococcus aureusandEscherichia coli The initial pH adjusted to 6.5 fdactobacillus
rhamnosusandStreptococcus thermophiluand to 7.0 foStaphylococcus aure@ndEscherichia coli

The media were inoculated with suspension dfak@ incubated at 37°C.

For the preparation of suspension, the cells wargdsted from stationary phase culture by centaifiog and
suspended in 10 ml of sterile 0.9% 5 (w/v) sodidrodde solutiong19). The CFU counts were based on Qgbm
values(16).

RESULTS AND DISCUSSION

2.1. Antimicrobial effect

The increasing resistance to antibiotic represéimés main factor justifying the need to and/or depsl new
antimicrobial agents. Thus, many studies have eensed on antimicrobial agents and on the antibiat
properties of plant-derived active principles.

The different results observed after growth of pgtnic bacteria in the presence of synthetic flaidsmshowed an
inhibitory effect particularly important againStaureusn comparison with control tests.

Figure 1 showed that the inhibitory effect of syttt flavonoids was important, and these afteh38 incubation
with Py, 40 h with B 42 with B; 34h with B and 18h with B

Among the five synthetic flavonoids, Bxhibited the highest inhibitory effect &aureusgrowth; it showed a
decrease of log2 final cell density. The chemi¢alciure of this compound was elucidated that: -R{8L, 2-O-
isopropylidénes-D-xylofuranos-5-yl)-amino-2 hydroxypropoxyl]-8-nitiflavone.

Against E.coli, the results reported that the synthetic flavosaiffect the growth oE.coli; the effect of P was
shown weak in comparison with the others P, P3 and P4which were showed an important inhibitffect
(figure 2).

In this work, synthetic flavonoids showed an intoby effect againsé.aureusandE.coli.

A number studies have confirmed the antimicrobfééat of flavonoids against pathogenic bacteriatipalarly
againstS.aureusand E.coli; the study of the effect of polyphenols on G + @dbacteria confirms that these
phenolic compounds inhibitel.coli andSalmonella enterid®). Also, it has been shown that the flavonoidsrir
propolis extract exhibited an antimicrobial effagainst several strains Bfcoli(10); Another studies reported that
pure flavonoids and polyphenolic compounds of diffé wine were effective against several straimsprag it
S.aureufll),(20).

On the other hand, the influence of polyphenolsgoowth and adhesion of commenggl col) and pathogenic
bacteria §. aureus and S. typhimiriyrof human gastrointestinal tract was confirmed(21)

From them, Kuetet al (22), confirm the inhibitory effect of four flavoid, Angusticornin B and Bartericin A
prevented the growth of all the pathogens testaahc@onin Q and Stipulin were active against 77.2%%he
investigated bacterial species, Stipulin and BaiteA exhibited both antibacterial and anticandlieffects.

It is important to note that the effect of our cawupds was estimated weak in comparison with thatifférent
studies cited; this is may be attributed to théediince of their structures, the high cell coneeitn (10UFC/ ml)
cultured in presence of weak concentration of sstitHlavonoids (20%).

The difference of activities between our five swiit flavonoids may be attributed to the differerafetheir

chemical structures, several investigation havenémxad the relationship between flavonoid structumd biological

activities, these studies confirms the relationdglgpveen the flavonoid structure and their acteit{4), (8), (23)and
the importance of hydroxyl group on the inhibitiohenzymes as xanthine oxydase (3, 3', 4") (24).

It has been confirmed also that quercitin 3-metiyler exhibited the highest inhibitory effect bielicobacter
pylori than quercitin 3-7-dimethyl ether and kaempfer@t8imethyl ether (25).

The antimicrobial activities of flavonoids can baedto the Inhibition of microbial enzymes, sequesin of
necessary substrate or chelation of metal suctoasgnhibition of nucleic acid synthesis, inhibiti@f cytoplasmic

230



Boubakeur B. et al J. Chem. Pharm. Res., 2015, 7(10):228-236

membrane functions, membrane disruption, abilitgamplex with bacterial cell well and adhesivieibition of
cytoplasmic membrane functions or inhibition of gyyemetabolism.(23), (26)
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Figure N°01: Effect of synthetic flavonoid onStaphylococcus
aureus growth. This figure showed the inhibitory effect of
flavonoids on the growth ofStaphylococcus aureus
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3.2. Prebiotic effect synthetic flavonoids
Probiotic bacteria are natural inhabitants of thenan gut, they beneficially affect human healthimaproving the
gut microbiota balance and the defenses againkbgans, the growth and the activity of this baetean be

improved by the prebiotic; the purpose of this teas to evaluate the effect of synthetic flavona@idghe growth of
probiotic bacteria.
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The effect of synthetic flavonoids on the growthpodbiotic bacteria after 50 h of incubation iswhain fig 3 and
fig 4.
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Figure N°04: Effect of synthetic flavonoid orSterptococcus thermophillugrowth. This figure showed the stimulatory effecbf
flavonoid on the growth of Sterptococcus thermophillus

Compared to control media (without flavonoids)c#n be seen that the growth lcdctobacillus rhamnosugs
important in the presence of synthetic flavonoidwere the growth (LogN) increased from 7 to 8.33pby from 7
to 8.22 for p2; from 7 to 7.99 for p3; from 7 ta}B.for p4 after 4h of incubation. Among the synih@avonoids,
p5 showed the weak effect during 32 h; From 34idpphoduct became more active. Thedifference afities can
be attributed still to the difference of chemicaisture.

For Streptococcus thermophilluso significant difference of growth was markedvi®en flavonoids. Furthermore,
the stimulatory effect was lower than that notedhviactobacillus rhamnosusCampos, Couto, and Hogg (27)
reported that p-coumaric, caffeic, ferulic, protecduic, gallic and vanillic acids present at 106/Indid not
significantly affect growth oE. hilgardii.

Alberto et al (13) reported thatt. hilgardiifrom wine showed a growth stimulatory effect in fhresence of gallic
acid and catechin at concentrations normally pitesenine.

In their studies Albertet al (14) have demonstrated the abilitylofhilgardii X1B to modify the concentration of
wine phenolic compounds in culture media, they tomfthat the different effect of phenolic compounals
bacterial growth observed among different speangsstrains of lactic acid bacteria indicate thairtleffect is strain
dependent. Albertet al28), showed different pH values after the growtt.actobacillus hilgardiiin the presence
or absence of polyphenolic compounds, in theirgmes the phenolic compounds have ability to stabilhe pH of
media between 4.41 and 4.51.( the initial pH fonaddia was 4.5). In the other hafrkar et a(21) demonstrated
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how several polyphenols, including caffeic acidechin, epicatehecin, coumaric acid, phloridzininunaringenin,
daidzein, genistein, and quercetin, enhanced gramth adhesion ofactobacillus rhamnosut human Caco-2
cells . Several studies were also confirmed théiptie effect of pures flavonoids and plant extsaotiched en
flavonoids (29), (30), (31).

CONCLUSION

In conclusion, this study argues for the use ofdteids chemistry to improve the proprieties of thdigenous
microflora. Above results demonstrated that thettsstic flavonoids used were showed an antibactearad
prebiotic activities with significant difference wte product 4 was found to have the most signifieativity as
antibacterial agentand product 5 as prebiotic substance. In this reghede compounds may be considered as
tools that can be used to manage the GIT throughréduction of their pathogenic bacteria and irgirgathe
potentially beneficial ones.
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