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ABSTRACT

Staphylococcus aureus 1s a pathogen known to cause biomaterial-associated infections of
implants and devices. Adherent Staphylococcus aureus are highly resistant to the bactericidal
activity of phagocytes and they are also resistant to most antimicrobial agents. This study aimed
to evaluate the antibacterial activity and the abhesive property of hydro-distillation of Vitis vinifera
seeds extract against Staphylococcus aureus. The Minimum Inhibitory Concentration (MIC) of
susceptibility Staphyiococcus aureus, isolated from patients, to oxacillin and hydro-distilled grape
seed extract were determined by microdilution method using Muller-Hinton broth. Oxacillin or
grape seed extract was added either before or after bacterial adhesion in the well of micro-titer
plate. Five out of 24 isclates collected from infected burns and 7 out of 8 isolates collected from
infected wounds were resistant to oxacillin (MIC=8 pyg mL™" and the MICs of grape seed extract
were ranged from 1.152 to>150 pg mL ™. The growth of Staphylococcus is effectively inhibited by
the extract of grape seed when the extract is added either before or after bacterial adhesion
(MIC <150 pg mL™). It concludes that grape seed extract inhibits the growth of oxacillin-resistant
Staphylococcus aureus and it exerts abhesive effect against it.
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INTRODUCTION

Bacterial adherence, a prerequisite in the medical implants infections, initially reversible but
later becomes irreversible (Busscher et al., 2010; Matl et al., 2008). The biomaterial surface is
colonized and bacteria develop an environment that protects them from host defenses and
antibiotics (Verran and Whitehead, 2005; Pereni et al., 2006; Maddikeri et al., 2008), Adherent
bacteria are highly resistant to the bactericidal activity of phagocytes and they are also resistant
to most antimicrobial agents (Zimmerli and Sendi, 2011). Therefore, the best prophylactic approach
would be, to prevent bacterial adhesion or to kill bacteria shortly after adhesion, during reversible
phase. Vancomyecin and/or gentamicin in the irrigating solutions may be useful in reducing
Staphylococcus  epidermidis  adhesion to intraocular lens during cataract surgery
(Abu el-Asrar et al, 2000). Synthetic substances like copper additives in silicon implants,
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polytetrafluorcethylene coated with antibiotics, titania nanotubes incorporated with sliver
nanoparticles and some poloxamers have been shown to have abhesive (anti-adhesive) activity
which makes them useful as detergents (Gosau et al., 2010; Matl et «l., 2008; Zhao et al., 2011;
Portoles ef al., 1994),

Natural substances obtained from herbs and plants also have abhesive activity. The essential
o1l of Boswellia papyrifera showed considerable activity against both Staphylococcus epidermidis
DEM 3289 and Staphylococcus aureus ATCC 29213 biofilms 1.e., prevents bacterial adhesion at
sub-minimum inhibitory concentrations (Schillaci et al., 2008). Sub-inhibitory concentrations of the
carvacrol and thymol oils attenuated biofilm formation of Staphyilococcus acureus and
Staphylococcus epidermidis strains on polystyrene microtitre plates (Nostro et al., 2007),

The antibacterial activity of Viiis vinifera seed extract against Staphylococcus aureus is
contradictory. Mayer ef al. (2008) found that fractionated proanthocyanidins and gallate esters had
antibacterial activity towards gram positive and negative microorganisms. At a concentration of
2000 pg mL™', grape seeds extract significantly reduced the formation of multi-species biofilm
grown on saliva-coated hydroxyapatite (Furiga et al., 2009). The cobjective of this study is to
evaluate the antibacterial activity and the abhesive property of hydro-distillation of Viiis vinifera
seeds extract on Staphylococcus qureus.

MATERIALS AND METHODS

This study was conducted in Department of Microbiology in cooperation with Department of
Pharmacology, College of Medicine, Al-Mustansiriyva University in Baghdad, Iraq. Clinical isclates
of Staphylococcus aureus were collected from infected wounds (n = 8) and burns (n = 24) of patients
admitted in Al-Kindey Teaching Hospital.

Preparation of grape seeds extract: Aqueous extract of Vitis vinifera was prepared by simple
hydro-distillation. In brief, 1 g of fine powder of grinded grape seeds in 100 mL distilled water (1%)
was boiled, the vapor separated and condensed to obtain clear colorless liquid that was more
concentrated in volatile polar compounds. UV-Visible spectra of distilled aqueous extract was
recorded on a Aquarius (Cecil series with scanning ability, France) from 150 to 900 nm wavelength
at rcom temperature with a 10 mm length quartz cell with a scan rate of 600 nm min™". Serial
dilutions of extract were done with distilled water.

Susceptibility of Staphylococcus aureus: Antimicrobial susceptibility of the clinical isclates and
the Minimum Inhibitory Concentrations (MICs) of oxacillin and grape seeds extract were
determined by microdilution method using Muller-Hinton broth and a standard inoculum of
0.5 McFarland.

A sterile micro-dilution plate of 96 wells (8%12) of 250 pli volume per well was used.

In one series of experiments 15 ulL oxacillin {two fold serial dilutions ranged from 0.25 to
32 pg mL™' final concentration) or equivalent volume of grape seed extract (at different
concentration) were added into wells. Then after 1 h, 220 pL. Muller-Hinton broth and 15 plL
bacterial suspensions (=1.5%10° microorganism) in sequences added. The negative control contained
antimicrobial and broth. Plates were incubated for 18-24 h at 37°C.

In another series of experiments the wells were inoculated with 220 pl. Muller-Hinton broth
and 15 uLbacterial suspensions (=1.5x10° microorganism) and then the plates were incubated for
18-24 h at 37°C. On the next day the Muller-Hinton broth was discarded from each well and a
layer of bacterial adherence was observed in the well. Wells containing adherent bacteria were used
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for testing the effect of oxacillin or the extract of grape seed. To these wells 15 pL oxacillin (two fold
serial dilutions ranged from 0.25 to 32 pg mL ™! final concentration) or grape seed extract and
220 uL Muller-Hinton broth were added and then the plates were incubated for 18-24 h at 37°C.

The MIC was determined by observing all wells for visible growth. The MIC was defined as the
lowest concentration of antimicrobial at which the well appeared clear. Strains were categorized as
susceptible to oxacillin at MIC<8 pg mL ™"

RESULTS

UV-Visible spectra of hydro-distilled grape seeds extract (1%) showed two peaks at 192.5 nm
(O.D. 0.471) and 277.5 nm (O.D. 0.187). Table 1 showed that 5 out of 24 isolates collected from
infected burns and 7 out of 8 isolates collected from infected wounds were resistant to oxacillin
(MIC=>8 pg mLL ™). The MICs of grape seeds extract were ranged from 1.152 to>150 pg mlL !
{Table 2). Nine out of twelve clinical 1solates that resistant to oxacillin were inhibited by grape seeds

Table 1: Susceptibility of isolated Staphylococeus aureus to oxacillin
MIC (ug mL™) of oxacillin

Isolate Control Before adhesion After adhesion
1 8 2 8

2 0.25 0.25 0.25
3 0.25 16 0.5
4 0.25 1 =32
5 =32 4 32
6 8 8 =32
7 0.25 0.25 0.25
8 0.25 16 =32
9 0.25 8 =32
10 0.25 32 32
11 2 32 =32
12 2 32 =32
13 0.5 =32 16
14 0.5 16 16
15 1 32 16
16 4 32 16
17 8 16 32
18 4 0.25 2
19 4 1 8
20 0.25 =32 =32
21 0.25 16 32
22 1 32 32
23 =32 =32 32
24 0.25 16 32
25 32 32 16
26 32 32 32
27 32 32 32
28 32 32 16
29 =32 16 =32
30 32 1 8
31 8 1 1
32 0.25 0.25 32
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Table 2: Susceptibility of isolated Staphylococeus aureus to hydrodistillation of Vitis vinifera seeds extract
MIC (ug mL™Y) of Vitis vinifera seed extract (1%)

Isolate Control Before adhesion After adhesion
1 1.156 5 9.25
2 37.6 150 5

3 185 150 5

4 37.5 %5 37.5
5 =150 9.25 1.156
6 37.5 9.25 =150
7 75.0 1.156 18.5
8 =150 9.25 2312
9 =150 9.25 2312
10 75.0 150 5

11 =150 2312 2312
12 75.0 =150 150
13 =150 1.156 9.25
14 =150 4.625 9.25
15 =150 18.5 9.25
16 =150 37.5 4.625
17 185 9.25 %5

18 1.156 150 1.156
19 150 =150 150
20 37.5 =150 =150
21 9.25 150 1.156
22 150 37.5 1.156
23 =150 150 =150
24 1.152 150 185
25 75 =150 5

26 9.25 150 5

27 150 150 5

28 150 =150 1.156
29 150 =150 =150
30 =150 =150 5

31 37.5 =150 4.625
32 1.152 150 18.5

extract of 1.156-<150 ug mL™". Table 2 showed that oxacillin failed to inhibit the growth of
Staphylococcus aureus in 22 isolates when it added before the adherent microorganisms and in
27 isolates of adherent microorganisms. The growth of Staphviococcus is effectively inhibited by the
grape seed extract when the extract 1s added before the microorganisms adhered to wells of
microdilution plate in 24 isolates (MIC<150 pyg mL™) and in 28 after adhered microorganisms
(MIC<150 pg mL™). Fourteen isclates that were susceptible to cxacillin became resistant when
oxacillin is added prior to adherent microorganisms and four resistant isolates became susceptible.
On the other hand sixteen susceptible clinical isolates became resistant when cloxacillin is added
after the microorganisms adhered to the wells while only one resistant isclate became susceptible,

DISCUSSION
The present study clearly showed that hydro-distilled grape extract (1%) inhibits the growth
of Staphylococeus aureus clinical isolates, The hydro-distilled grape extract which is the polar
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fractions of extract showed the antibacterial activity against Staphylococeus aureus. This finding
is in agreement with others who found the polar fractions of Vitis rotundifolic which contained
malic and tannic acids, inhibited the growth of K. sakazakii while the polyphenol fraction which
contained gallic acid catechin, epicatechin, ellagic acid and pigments slightly inhibited the growth
of K. sakazakii (Kaim et al., 2009). Moreover, whey protein 1solate coating incorporated with grape
extract is found to be a promising mean of controlling the growth and recontamination of
L. monocytogenes, S. typhimurium and E. coli 0157 in ready to eat poultry products (Gadang ef al.,
2008), Grape seed extract combined with amphotericin B strikingly retarded the growth of yeast
{Han, 2007). The main determinant of the antimicrobial activity of grape seed extract i1s the
constituents of proantheocyaniding which consisted from catechin and epicatechin (Mayer ef al.,
2008). Recent study reported that proanthocyanidins extracted from cranberry reduced the
formation of biofilms by S. mutans in vitre and dental caries development n vive due to the
presence of specific bioactive A-type dimers and oligomers (Koo ef al., 2010). Moreover, in one
cross-over clinical study Lavigne ef al. (2011) found that administration of proanthocyanidine plus
propolis onee daily offered some protection against K. coli adhesion, multiplication and virulence
in the urinary tract.

This study indicates that the anti-adhesive effects are possibly due to interactions of the
polyphenols constituents of grape seed extract {detected by UV scan at 192.5 nm and 277.5 nm)
with binding factors on the bacterial surface (Janecki ef al., 2011). One of the limitations of this
study is the identification of the active ingredient in the grape seed extract that exerts the abhesive
effect. It concludes that grape seed extract inhibits the growth of oxacillin-resistant Staphylococcus
aureus and it exerts abhesive effect against it.
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