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ABSTRACT

The main objective of this study was to assess the effects and mode of action of crude
preparation of garlic (Allium sativum) on clinical isolates of Pseudonomas aeruginosa and
Staphylococcus aureus from Nigeria. An experimental study was conducted in Department of
Medical Microbiology & Parasitology, University College Hospital, Ibadan, Nigeria by agar
dilution technique. The minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of garlic to control strains of Saphylococcus aureus ATTC 25923 and to
clinical isolates of S aureus and P. aeruginosa were determined using agar dilution method. All
the tested organisms were inhibited by 134mg/ml for P. aeruginosa and 201mg/ml for S. aureus
of the crude preparation of garlic except control organism and clinical isolates of S aureus,
which were inhibited by 201mg/ml of crude garlic extract. The study showed that in the absence
of the extract, the cells grew to high densities within 1 h 30 min at 37 °C. Cells treated with
garlic extract reduced in number and died. Percentage of viable at 201 mg/ml was 0% for both
bacteria. Sucrose and MgSO, stabilized and protected the cells. At 67, 134 and 201 mg/ml of the
extract in the presence of this Sucrose and MgS0,, 47, 4 and 0% of P. aeruginosa cells were
viable. Microscopic examination of carbol fuschin and Giemsa stained cells showed that the
garlic treated cells were bigger in size than those of untreated ones; and intact and definite
nuclel were lacking. The differences could be attributed to the genetic differences among the
organisms and differences in the modes of action of the garlic extracts. No isolates were
resistant to garlic, making it a promising antimicrobial agent. From the findings, it appears that
the cell wall of these test bacteria was the target of attack and the extract was bacteriolytic in
action. It also appears that the garlic extract interfere with DNA and RNA syntheses, this could
constitute an effective partner in the synergic effect of garlic currently being investigated
worldwide. Further studies are also recommended to investigate the detail steps involved in the
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mechanism of action of garlic extracts. Crude preparation of garlic could be used as an effective
antibacterial agent for the tested bacteria. We hoped that this study would lead to the
establishment of some new and more potent antimicrobial drugs from natural origin and native
plants. Nevertheless, clinical trial on the effect of garlic is essential before advocating large-
scale therapy.

Keywords: Antibacterial activity, Extracts, garlic, Liliaceaminimum inhibitory concentration
(MIC), Pseudonomas aer uginosa, Staphylococcus aureus.

INTRODUCTION

Over the past 20 years, there has been a lotexesitin the investigation of natural materials as
sources of new antibacterial agents [1]. Literatiggorts and ethno-botanical records suggest
that plants are the sleeping giants of pharmacduiiclustry and provide natural source of
antimicrobial drugs that provides novel compourits imay be employed in controlling some
infections globally [1]. Different extracts fromatifitional medicinal plants were tested and some
natural products were approved as new antibacmas. However, there is still an urgent need
to identify novel substances active against pathegéth higher resistance [1-3].

Garlic belonging to family Liliaceae is well knowor having antibacterial effects [1, 4]. Garlic

is a perennial bulb-forming plant that belongshte genu\lliumin the family Liliaceae [4]. For
several centuries, garlic has been known to postietsy and medicinal properties [5]. Garlic
(Allium sativum) has come to be seen as an all dedntreatment for preventing wound
infection, common cold, malaria, cough and lung etghlosis, hypertension, sexually
transmitted diseases, mental illness, kidney dessdver diseases, asthma, diabetesABjum

is the largest and important representative geriubhe Alliaceae family and comprises 450
species, widely distributed in the northern heméspH7]. These species are characterized by a
specific flavour and are used for cooking [8].

For several centuries, garlic has been known tegsssdietary and medicinal properties [4-5].
Increased consumption Aflium vegetables decreases the risk of gastric cancsiljpbecause

of the effect of garlic ondelicobacter pylori, as this organism is associated with gastric aance
[4, 9]. In addition to their nutritional effect$d antibacterial and antifungal activities agathst
variety of Gram-negative and Gram positive were aodtinue to be extensively investigated
[10]. Garlic @Allium sativum) has traditional dietary and medicinal applicatioas an
antiinfective agent [11].

In vitro evidence of the antimicrobial activity of fresh afmdeze dried garlic extracts against
many bacteria [1, 5, 12-14], fungi [15] and virugé8] supports these applications. Several
studies have proved that garlic has antimicrobifdces [11, 17-23]. It inhibits the growth of
both gram-negative and gram-positive bacteria,smae as molds and yeasts [5, 24]. Increased
consumption ofAllium vegetables decreases the risk of gastric cancailyppdecause of the
effect of garlic orHelicobacter pylori, as this organism is associated with gastric agdc®].

This broad spectrum of activity has been attributedhe over 100 phytotherapeutic sulfur
compounds present in varying concentrations inigafhey include allicin and thiosulfinates,
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which are formed by crushing-induced metaboliccactof the enzyme allicinase (a cysteine
sulfoxide lyase) on the odorless amino acid all{@8]. Variations in composition of garlic and
genetic disparity among bacteria and fungi of tame or different species have been found
responsible for the few inconsistencies in thebautierial and antifungal properties of garlic
extract, necessitating the need for local antinii@otesting of garlic [11, 20, 26]. This study
aimed at assessing the antibacterial effect andenoddaction of crude preparation Aflium
sativum (garlic) on bacterial isolatesPgeudonomas aeruginosa and Staphylococcus aureus)
from Nigeria.

MATERIALSAND METHODS

This experimental study was conducted in DepartroéMedical Microbiology & Parasitology,
University College Hospital, Ibadan, Nigeria by mgdilution technique. The minimum
inhibitory concentration (MIC) and minimum bactédial concentration (MBC) of garlic to
control strains o8taphylococcus aureus ATTC 25923 and to clinical isolates 8faureus andP.
aeruginosa were determined using agar dilution method.

Collection of plant material
Allium sativum examined in this study were purchased from Boudfigaket in Ibadan, Nigeria
and their scientific names were determined in grbdrium.

Test organism

Standard strains ofStaphylococcus aureus ATTC 25923 and the clinical isolates of
Pseudonomas aeruginosa and Saphylococcus aureus were obtained from the Department of
Medical Microbiology & Parasitology, University Gefje Hospital, Ibadan, Nigeria, sub-
cultured on nutrient broth and nutrient agar (LapTdpley, England).

Preparation of Garlic extracts

Plant material including peeled bulbs was removethfAllium sativum under investigation. All
samples were collected from original locations dniéd in darkness. The air-dried and finely
ground samples were extracted [27-28]. A 5g dryghiesample of different parts of each sample
was washed, mined and added adequate amount i slistilled water to a concentration of
12.5% (wl/v), respectively, then ground in a blengesviously surface sterilized with 96.0%
ethanol for 90 min. The products were squeezedutfirogauze cloth to remove the larger
particles and the extracts were passed through2au. filter (Millipore, Spa, Italy). The
procedures of extraction and filtration were opedadt room temperature and then the sterilized
filtrates were stored at 4°C and used in antibadtassay.

Antibacterial assays and the mechanism of action of garlic (Allium sativum) extract
Antibacterial activity of garlic Allium sativum) extracts was evaluated by diffusion test [29].
Method of Park [30] was used with little modificati to determine the mode of action of the
garlic at 67, 134 and 201 mg/ml. Minimum inhibitocpncentration (MIC) of extracts was
determined using twofold dilutions method [31]. Ftetermination of MIC, the plant organs
having the highest antibacterial effect in eaclecasre employed. The mechanism of action of
Allium sativum extract was studied at the minimum inhibitory camications of 134mg/ml fde.
aeruginosa and 201mg/ml fofS aureus [27]. A set of eleven tubes received additionsia®yn
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in Table 1. Turbidity of the contents of each tukas measured as optical densities using a
spectrophotometer at a wave length of 670nm. Befureulation, the optical densities of the
18h old cultures were taken at 670nm and it showéa5 forP. aeruginosa and 0.106 foiS.
aureus. An 18 h old culture at Ofpof 0.635 was used. Tubes 1, 2 (a, b, c¢), 3 and, #4,(c)
were incubated at 37°C for 11/2 h and 5 (a, bpcpfh. Contents of each test tube prepared for
this experiment are shown in Table 1. Controls wespared for each tube which excluded the
cultures substituted with dimeneralized water. BuBe, 4c, and 5¢c were not prepared For
aeruginosa (Table 1).

Table 1: Contentsof test tubesused for in vitro study on the antibacterial activity of garlic (Allium sativum) extract

Volume (ml)
Parameter §Tubes 1 2a 2b 2c 3 4a 4b 4c 5a 5b be
Double strength nutrient broth ( Iml) 4 4 4 4 4 4 4 4 4 4 4
2 M sucose (ml) 0 0 O 0 2 2 2 2 0 0 0
0.1ml MgSQ (0.9ml) 0 1 1 1 0 1 1 1 0 0 0
Garlic extract (ml) (0.0067gl/ml) 0 1 0 0 0 1 0 0 10 0
Garlic extract (ml) (0.0201gl/ml) 0 0O O 1 0 0 0 1 00 1
Dimineralized water (Iml) 4 2 2 2 2 0 0 0 3 3 3
Culture (ml) 2 2 2 2 2 2 2 2 2 2 2
Total volume (ml) 10 10 10 10 10 10 10 10 10 10 10

Microscopic examination of wet preparations

Wet samples were prepared by using methylene lblusatin the cells in the medium in the
various test tubes in order to observe the celltiarcture. The observation was carried out with
X40 objective. During the microscopic examinatiavinig cells of Pseudomonas aeruginosa
were differentiated, living from the dead on8sphylococcus aureus is not motile. Therefore to
test the viability ofSaphylococcus aureus was inoculated (0.1ml) into nutrient agar by pour
plating and incubated at %7 for 24 h.

Deter mination of growth of test bacteria

Turbidity of the cultures in the tubes was rea@# nm. Cells were stained with methylene blue
on a glass slide and examined microscopically &t x4ving and dead cells were counted. An
aliquot (1 ml) of theSaphylococcus aureusculture was pour-plated in nutrient agar and
incubated as before in order to determine its litglsince the bacterium is not motile (it is not

possible to see its motility microscopically).

Test for effect of garlic (Allium sativum) extract on cell walls of test bacteria

Formalin (0.2 mL) was added to each tube, left 3omin and 2 mL of the content was
centrifuged at 12,168x#@ (MSE Minor 35 Centrifuge) for 15 min. The celistubes 1-4 were
resuspended in 0.1 ml demineralized water. Smears made on glass slides, dried and stained
with dilute carbol fuschin for 30 sec, rinsed intera air-dried, examined under the microscope
and photomicrographs were taken at x400.

Acid-Giemsa Staining M ethod of DNA of test bacteria

Dense smear of formalin treated cells in each efttlbes labelled 5 (a, b, c) were made on a
coverslip, air-dried and heated in 1 M HCI at 550€ 10 min. The coverslip was rinsed in tap
water for 30 sec. Three millilitres of dilute Gieandye was added to a slide and the smeared
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coverslip was turned upside down to dip the smea&iemsa stain for 30 min. It was rinsed in
water and blotted dry. Vaseline was applied to edgethe coverslip and placed on a slide. It
was observed under oil immersion lens and photagraphs were taken.

RESULTS

Garlic (Allium sativum) extracts possessed antimicrobial activity agaitist two tested
organisms at the minimum inhibitory concentrati¢hBCs) of 67, 134 and 201mg/ml. Results
showed antibacterial activity of garli@l{ium sativum) againstPseudomonas aeruginosa and
Staphylococcus aureus. The minimum inhibitory concentration (MIC) of plaextract was also
determined. Table 2 shows the effect of Garlic aottron the growth and viability of
Pseudomonas aeruginosa and Staphylococcus aureus. The spectrophotometer reading at 670nm
showed a decrease in turbidity of the contentstfmes) of the test tubes (Tube 1) with
introduction of garlic extract and at a higher camication a much more decrease in absorbance
was noted (Table 2). Tube 1 showed the highestrbasoe reading. This was followed by Tube
2a and there was subsequent decrease in absonteauieg with introduction of garlic extract
for P. aeruginosa. In the case of. aureus, Tube 2a showed the highest absorbance reading.
There was decrease in optical density of the ceiltith increase in the concentration of garlic
extract, except for Tube 2a, which showed a higiptical density reading than Tube 1 with no
garlic extract (Table 2). All the cells in tubesafid 3 were living because there was no garlic
extract added to them (Table 2). Table 2 also sdawat the number of living cells in Tubes 2,

4 and 5 reduced.

Table 2: Effect of Garlic (Allium sativum) extract on the growth and viability of Pseudomonas aeruginosa and

Staphyl ococcus aureus
Turbidity Reading [Optical Density Viablecdls (%)
(ODs1)]
Tube Pseudomonas Staphylococcus Pseudomonas Staphylococcus
aeruginosa aureus aeruginosa aureus

1 0.730 0.318 100.0 100.0
2a 0.615 0.368 39.0 19.0
2b 0.415 0.290 02.0 10.0
2c NA 0.203 00.0 00.0
3 0.349 2.457 100.0 100.0
da 0.329 0.186 47.0 25.0
4b 0.210 0.105 04.0 03.0
4c NA 0.055 00.0 00.0
5a 0.442 0.218 07.0 04.0
5b 0.189 0.139 03.0 01.0
5c NA 0.039 00.0 00.0

Treatments 1, 2a, 2b, 2¢, 3, 44, 4b, 4c, 5a, 5b and 5¢: are as explained in the materials and methods. Tube 1=
Contains the broth, culture and dimineralized water. Tube 2= Contains the broth, magnesium sul phate, culture
dimineralized water and garlic extract at different concentrations. Tube 3= Contains the broth, sucrose,
dimineralized water and the culture. Tube 4= Contains the broth, sucrose, magnesium sulphate, culture and garlic
extract at different concentrations. Tube 5= Contains the broth, dimineralized water, culture and garlic extract at
different concentrations. NA= not applicable.

Figure 1 shows the effect (mechanism of action)gaflic (Allium sativum) extract on the
bacterial cells oP. aeruginosa. It showed the monograph of bacterial cells téaed untreated
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with garlic extract. Numbers 1, 2 (a, b), 3 anda4 If) are number of tubes as recorded in
materials and methods (Table 1). Figure 1 showstki®acells in tubes 1 and 3 have intact cell
walls. Cells in other tubes (2 and 4) appeareddsitjgan those in tubes 1 and 3.

3 4a 4b

Figure 1. The effect (mechanism of action) of garlic (Allium sativum) extract on the bacterial cells of P.
aeruginosa.

Figure 2 shows the effect (mechanism of actionganfic (Allium sativum) extract on bacterial
cells of S auerus. It showed a monograph of bacterial cells treated untreated with garlic
extract. Numbers 1, 2 (a, b, ¢), 3 and 4 (a, lare)number of tubes as recorded in materials and
methods.

Figure 3 and 4 shows the effect (mechanism of attad garlic @Allium sativum) extract on
nucleus (DNA) ofP. aeruginosa andS. aureus respectively. It shows the acid-giemsa staining of
the test organisms. It showed a photomicrograptett$ stained with Giemsa dye. Numbers 5a,
b, and ¢ are number of tubes as recorded in mistena methods. Pictures of the dilute carbol
fushion cells of the pathogenic microbes showed tifere was no difference between the cell
wall structures of the organism to which the gaditract was added and those that did not
contain any extract (Figure 3 and 4). The acidngi@ stained cells from the tubes contain only
the culture and the garlic extract at different @antrations without sucrose or magnesium
sulphate showed a pink powder like cytoplasmic @ohtaind a dot like nucleus containing the
DNA which was stained deep blue (Figure 3 and 4oAcells in tube 5 have lysed as shown in
Figure 3 and 4.
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4b 4c

Figure 2: The effect (mechanism of action) of garlic (Allium sativum) extract on bacterial cellsof S. auerus.

5a 5b

Figure 3: The effect (mechanism of action) of garlic (Allium sativum) extract on nucleus (DNA) of P.
aeruginosa. It showed a photomicrograph of cells stained with Giemsa dye. Numbers 5a and 5b are number
of tubes asrecorded in materials and methods.

Figure4: The effect (mechanism of action) of garlic (Allium sativum) extract on nucleus (DNA) of S. auerus. It
showed a photomicrograph of cells stained with Giemsa dye. Numbers 5a, 5b, and 5¢ are number of tubes as
recorded in materials and methods.

DISCUSSION

Results showed that the highest antibacterial i@gtiof Allium sativum was against
Saphylococcus aureus. S aureus was extensively studied and its sensitivity tonplextract is
reported widely [1, 32]. The minimum inhibitory amntration (MIC) of plant extract was also
determined. The results indicated that the minimuahibitory concentration (MIC) of plant
extracts against the tested organisms was 67, A@2@Lmg/ml. Also, we can regard the plants
that have MICs between 67, 134 and 201mg/ml asivelp good antibacterial agents [5, 20-23,
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27, 32-34]. Boboye and Dayo-Owoyemi [27] also foundt that garlic was effective
againstSaphylococcus aureus andPseudomonas aeruginosa at minimum inhibitory
concentrations of 161 and 134 mg/ml respectiv&liium sativum reduced chronitlelicobacter
pylori disease at minimum bactericidal concentrationg; [88nfirming the killing potential of
the garlic extracts oRseudomonas aeruginosa andStaphylococcus aureus.

Higher number of living cells was observed in tuBesnd 4 than 5 due to the effect of sucrose
and MgSQ added which were lacking in tubes of number 5Stineat. The sucrose used was
meant to protect the cells from lysis and magnesuiphate stabilizes unprotected membranes
[30]. Viable count ofS aureus also showed a similar effect with no consideraliédble cells in

the third plates of each set of the tubes as shiowable 2. This could be attributed to the action
of garlic extract on the test bacteria. This ha® &#leen reported by many researchers. Geippo
al. [36] reported that the levels of some microorgars were reduced after treatment with garlic
and tea tree oil separately. The difference ing@age of viable cells and turbidity of culture in
the tubes indicates effect of increase in conceatraf the extract. This pattern of the effect of
the garlic is common to the two bacteria used is ¢lperiment.

Cultures ofS aureus in tubes numbered 1 and 3 lacking garAdi(Um sativum) extract showed
considerable growth while those with the extract@tcentration 201mg/ml did not show any
growth. The nature of the cell wall of gram negatbacteriaR. aeruginosa) may be responsible
for this observation. However, the cell wall of graegative bacteria has been reported to
contain 15.0-20.0% polysaccharides and 10.0-20.4%#6l, | whereas gram-positive bacteria
contain 35.0-60.0% polysaccharides and only 0.9&2ipid [4, 37]. Sivam [38] reported that the
cell membrane o&aphylococcus aureus contains 2.0% lipid.

Monographic pictures of DNA stained bacterial call®wed irregular distribution of cellular
particles as shown in Figure 1 and 2. This indedl@t cell division and DNA replication have
occurred in the cells. Abnormal elongation of celiss not observed. This is because essential
oils of plants including that of garlic can interadth microbial cells membranes and inhibit the
growth of some gram-positive and gram-negativedsac{39]. The acid giemsa stain shows the
DNA blue in colour in pink cell content backgrourithis however shows that the garlic extract
affected the nucleus. The cell wall was also affeécifter staining with the dilute carbol fuschin.
This is similar to the result obtained by Feldbetal. [40] who reported a partial inhibition of
DNA and protein synthesis by garlic extract but daded that the mechanism of action was
likely the complete and almost immediate inhibitioh RNA synthesis. This conforms to
previous reports. However, the antimicrobial atyiaf garlic has been attributed to the presence
of thiosulfinates €.g., allicin) whose removal completely renders gaiheffective against
microorganisms [41]. Allicin is obtained by crusgior cutting garlic cloves. The ordorless
amino acid, alliin, present in the garlic clovesmetabolized by the enzyme allinase (a cysteine
sulfoxide lyase) to allicin and other thiosulfingtavhich besides their antimicrobial effects,
produce the characteristic odor of garlic [42].iéHl acts by totally inhibiting RNA synthesis
and partially inhibiting DNA and protein synthesssiggesting that RNA is the primary target of
allicin [4, 40].

Figure 3 and 4 deviates from the findings of prasistudies. Allicin, the active ingredient of
garlic [41], acts by partially inhibiting DNA andrgtein synthesis and also totally inhibiting
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RNA synthesis as a primary target [40]. Siveinal. [43] noted that garlic has broad spectrum
activity, and is known to act synergistically widimtibiotics. Similarly, Ciprofloxacin inhibits
bacterial DNA gyrase, and thus interferes with Di&nscription and other activities involving
DNA [44]. Also, similar to garlic, Amplicillin inhbit cell wall synthesis, it inhibits
transpeptidation enzymes involved in the crossitigkof the polysaccharide chains of the
bacterial cell wall and also activates lytic enzgnj4]. Feldbergt al. [40] reported that there
was partial inhibition of DNA and protein synthe&ig garlic extract. Clear nuclei were not
observed in this work because the cellular contemte released outside the cells (due to cell
lysis) and scattered in the medium and thus theg wbserved as particles in the monographic
pictures. Bacteriolytic agents like this garlicraxt bind tightly to cellular target of the relevan
microorganisms and induce killing by lysis whichsa@bserved as a decrease in cell numbers or
in turbidity after the agent is added. They inhd®stl membrane and cell wall synthesis [45].

The turbidity which reduced with the introductiondaincrease in concentration of the garlic
extract was due to antimicrobial effect of the igagixtract on the tested organism. Introduction
of magnesium sulphate into tubes number 2 and 4 rtredorganism a little more tolerant to the
extract. This was because the compound acts teqgtrdte cell wall by stabilizing it. Sucrose
although serve as a source of food for the organisim primarily osmotic and thus made the
organism to tolerate the extract a little and gbsotect the nucleaus. Dilute carbol fuschin
stained cells of both organisms which appearedcintaade it clear that the extract did not
distrupt the cell wall. Bacterial susceptibility garlic may also depend on structural differences
of the bacterial strains. The polysaccharide apid Icontents of the cell wall have an effect on
the permeability of allicin and other garlic cohstints; this may be responsible for the
difference in susceptibility to garlic between graeygativeP. aeruginosa and gram positivé.
aureus[4, 9, 43].

Several studies, including those of Restsal. [17] and Reuter et al. [18), had previously
demonstrated the antibacterial potency of garli@iresy enteropathogens such ®#rio
parahaemolyticus, E. coli, Klebsiella spp.,Proteus spp., andS. aureus. In spite of geographical
variation, the MICs of garlic for our isolates arensistent with those of Boboye and Dayo-
Owoyemi [27] but are relatively lower than valudstaaned by Rosst al. [5], Sivam [38] and
Iwalokun et al. [20]. This antimicrobial potencysdarity of garlic has been attributed to the
different concentrations of individually and synetigally active biosubstances in garlic
preparations coupled with their interactions withiflsydryl agents in culture media. This
phenomenon has been used to explain the strongeri@obial effect of allicin than garlic oil
disulfides [20, 35]. Meanwhile, allicin and othealtylsulfide compounds have been found at
different concentrations in garlic determined bg agd method of extract preparation [20, 46].

Our results showed that all testédlium sativum had antibacterial activity against tested

bacteria. Broad spectrum activity of garlic agaigistm-positive and gram negative bacteria has
been previously reported [4-5, 47]. Many prior népashowed that garlic have considerable
antibacterial and antifungal effects [1, 21-23, 28,49]. Our findings is comparable to what was
reported by Iwalokun et al. [20] and the resultdho$ study support the use of garlic in health

products and herbal remedies in Nigeria. Sincestheied plants have edible parts, our finding is
important regarding using them as edible medicpiahts. It seems that this ability is due to

having Allicine andAllium species have been reported to accumulate the higheentration of
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Allicine in their bulbs than other organs [1]. Thpecies studied had different compounds and
formulation. The differences could be inferred frgmnetic differences among the organisms
and differences in the modes of action of the gagktracts. It appears that garlic interfere with
DNA and RNA syntheses, this could constitute arative partner in the synergic effect of

garlic currently being investigated worldwide [4].

Garlic has been known for ages to have anti-infectoroperties against a wide range of
microorganisms [20]. Our study has further demeanstt the antimicrobial potency of garlic
against local multidrug-resistant bacteria isoldRseudomonas aeruginosa andsS. aureus) from
Nigeria. The major part of the findings in thisdyuvas that raw garlic extract could be a more
effective antimicrobial agent than antibiotics eutty in use in Nigeria. Garlic mechanism of
action is the inhibition of DNA and or RNA synthesé&econdly, the effect of garlic extract is
most pronounced on bacterial pathogens [4]. Therales of resistance to garlic enhances its
ability to effectively act against even highly gant bacterial strains, such Bseudomonas
aeruginosa. It therefore appears attractive that antibiotleast affect DNA and RNA syntheses
could form an effective combination with garlic. i@ extract can also cause death of
microorganisms through oxidative stress as was dstrated inCandida albicans with
concomitant inhibition of both growth and respioatiof the yeast [50].

In this study, the mode of action of garlic appdaediffer from one test organism to the other.
Since the extract affected the cell wall, theraniandication of the effect of the garlic extraat o
the nucleus by inhibition of DNA or RNA synthesMercola [50] reported that allicin from
garlic blocks the action of bacterial enzymes lactmg with thiols thereby inhibiting the growth
of the microbe. It could also be concluded fromfihdings of this study that the mode of action
of garlic extract as an antibiotic is by affectitig nucleus (DNA or RNA synthesis). This study
has shown that garlic extract is antagonistié®dsudomonas aeruginosa andSaphylococcus
aureus by causing their cells to rupture. Further studiesalso recommended to investigate the
detail steps involved in the mechanism of actiorgaflic extracts. More studies on the DNA,
RNA and protein synthesis is also advocated to kttevexact mode of action of garlic extract
on pathogenic microbes.

In this study, neither of the isolates f aeruginosa nor S. aureus showed resistant to garlic,
thus, making garlic a promising antimicrobial agenhis is part of the search for suitable
antibiotics for synergism with garlic, or garlicoak againsP. aeruginosa and S aureus. No
resistance has been reported but more clinicaieguteed to be done to assess the use of an
antibiotic/garlic combination for bacteria that ha®ved difficult to eradicate. In line with the
assertions of lwalokun et al. [20], complementanyg alternative medicine practices with plant
extracts including garlic as a means of decreatsiadurden of drug resistance and reducing the
cost of management of diseases would be of clingcal public health importance in this
country. We hoped that this study would lead todsablishment of some new and more potent
antimicrobial drugs from natural origin and natplants.

Acknowledgement

The authors acknowledge the assistance of the BReputctor and members of staff of
Department of Medical Microbiology & Parasitologyniversity College Hospital, Ibadan,
Nigeria for instrumentation and provision of cliaigsolates and materials during the course of

34
Pelagia Research Library



Alli JAet al Adv. Appl. Sci. Res., 2011, 2 (4):25-36

this study. We also recognize the contribution andports of lecturers especially Dr. Boboye
BE, in the Department of Microbiology, Federal Usmsity of Technology, Akure, Ondo State,
Nigeria for supervising this study.

REFERENCES

[1] Chehregani A, Azimishad F, Haj Alizade BDO7a. International Journal Of Agriculture &
Biology, 9(6): 873-876

[2] Cragg GM, Newman DJ, Snader KiR97. J. Natural Prod., 60: 52—-60

[3] Malika N, Mohamad F, Chakib ER004. Int. J. Agric. Biol., 6: 289-293

[4] Eja ME, Asikong BE, Abriba C, Arikpo GE, Anwan EEnyi-ldoh KH. 2007. Southeast
Asian J. Trop. Med. and Public Health, 38 (2): 344-348

[5] Ross ZM, OOGara EA, Hill DJ, Sleightholme HV, MaslDJ. 2001. Appl Environ
Microbiol; 67: 475-480.

[6] Tessema B, Mulu A, Kassu A, Yismaw £206. Ethiop Med J.; 44(4):385-389.

[7] Lonzotti V. 2006. The analysis of onion and garlit.Chromatography, 112: 3—22

[8] Tada M, Hiroe Y, Kiyohara S, Suzuki $88. J. Agric. Biol. Chem., 52: 2381-2385

[9] Cellini L, DiCampli E, Masuli M, DiBartolomeo S, Kicati N. 1996. FEMS Immunol Med
Microbiol; 13: 273-277.

[10] White TC, Marr KA, Bowden RA1998. Clin Microbiol Rev; 11:382-402.

[11] Lawson LD.1998. Garlic: a review of its medicinal effects andicated active compounds.
In: ACS Symposium Series 691: Phytomedicines of Europe: Chemistry and Biological Activity
(Lawson LD, Bauer R, eds.), American Chemical Sg¢ié/ashington, DC, pp. 176-2009.

[12] Onyeagba RAL, Ugbogu OC, Okeke CU, Iroakask@4. African J. Biotechnol., 3: 552—
554

[13] Alves De Moura KO, Santoss-Medonca RC, De Mirandan{@e LA, Dantas Vanetti MC.
2005. J. Food Processing Preservation, 29: 98-105

[14] Shalaby AM, Khattab YA, Abdel Rahman AN006. J. Venomous Animals and Toxins
Including Tropical Diseases, 12: 172-201

[15] Adetumbi M, Javor GT, Lau BH3986. Antimicrob Agents Chemother, 30: 499-501

[16] Weber ND, Anderson DO, North JA, Murray BK, Lawddn, Hughes BG1992. Pl. Med.,
58: 417-423

[17]Rees LP, Minney SF, Plumer NT, Slater JH, Skyme D893. World J Microbiol
Biotechnol; 9:303-307.

[18] Reuter HD, Koch HP, Lawson L1996. Therapeutic effects and applications of garlid an
its preparations. InGarlic. The Science and Therapeutic Application of Allium sativumL and
Related Species (Koch HP, Lawson LD, eds.), Williams and WilkinsalBmore, pp. 135-512.
[19] Martin KW, Ernst E2003. J Antimicrob Chemother; 51: 241-246.

[20] Iwalokun BA, Ogunledun A, Ogbolu DO, Bamiro SB, 3@mojola J.2004. Journal of
Medicinal Food, 7(3): 327-333

[21] Hyeon-Hee Yu, Kang-Ju Kim, Jeong-Dan Cha, Hae-Kgo#im, Young-Eun Lee, Na-
Young Choi, Yong-Ouk Youw2005. Journal of Medicinal Food 8:4, 454-461.

[22] Ali A, Kamil B, Mehmet EE, Bai B. 2007. Journal of Medicinal Food 10:1, 203-207.

[23] Noori S. Al-Waili , Khelod Y. Saloom , M. Akmal ,hHia N. Al-Waili , Ali N. Al-Waili ,
Hamza Al-Waili , Amjed Ali , Karem Al-Sahlani2007. Journal of Medicinal Food 10:1, 208-
212.

35
Pelagia Research Library



Alli JAet al Adv. Appl. Sci. Res., 2011, 2 (4):25-36

[24] Pai ST, Platt MV1992. Clin Microbiol; 30: 2881-2886.

[25] Lawson LD, Wood SG, Hughes B®91. Planta Med; 57:263-270.

[26] Kivanc M, Kunduhoglu B1997. J Qafgaz University; 1:27-35.

[27] Boboye, B. and 1.D.Owoyem?004. Biosci. Biotechnol. Res. Asia, 1: 37-40.

[28] Lee CF, Han CK, Tsau JR004. Int. J. Food Microbiol., 94: 169-174

[29] Kim J, Marshall MR, Wei C1995. J. Agric Food Chem,, 43: 2839-2845

[30] Park RWA. 1982. Sourcebook of Experiments for Teaching of Micodbgy. 1st Edn.,
Academic Press, New York, pp: 332-336.

[31] Chehregani, A., S.J. Sabounchi and V. Jod&@@dr7b. Pakistan J. Biol. Sci., 10: 641-644
[32] Park H, Hung YC, Brackett RR002. Int. J. Food Microbiol., 72: 77-83

[33] Sivam GP2001. J Nutr; 131(Suppl):1106S-1108S.

[34] Akinpelu DA, Onakoya TM2006. African J. Biochem., 5: 1078-1081

[35] 0OOGara EA, Hill DJ, Maslin D2000. Appl Environ Microbiol; 66:2269-2273.

[36] Groppo FC, Ramacciato JC, Simoes RP, Florio FMio&sto A.2002. Int. Dent. J., 52:
433-437.

[37] Carpenter PL1968. Microbiology. 2nd ed. Philadelphia: WB Saundgrd,76.

[38] Sivam, GP.1998. Protection againdtielicobacter pylori and other bacterial infections by
garlic (Abstract). Newport Beach CA: The Conferentéhe Recent Advances in the Nutritional
Benefits Accompanying the Use of Garlic as a Suppl&. 15-17 November 1998.

[39] Calsamiglia S, Busquet M, Cardozo PW, Castillejog-&rret A.2007. J. Dairy Sci., 90:
2580-2595.

[40] Feldberg RS, Chang SC, Kotik AN, Nadler M, NeuwithSundstrom DC, Thompson NH.
1988. Antimicrob Agents Chemother; 32: 1763-1768.

[41] Hughes BG, Lawson LDOL991. Phytother Res; 5: 154-158.

[42] Block E.1985. Science American; 252: 114-119.

[43] Sivam GP, Lampe JW, Ulness B, Swanzy SR, Pottef9®. Nutr Cancer; 27: 118-121.
[44] Prescott LM, Harley JP, Klein DA2005. Microbiology. 8" ed. Boston: McGraw-Hill,
992pp.

[45] Brock TD, Smith DW, Madigan MT1984. Biology of Microorganisms. 4th Edn., Prentice-
Hall International Inc., New Jersey, USA.

[46] Lawson DL.1996. The composition and chemistry of garlic cloved processed garlic. In:
Garlic: The Science and Therapeutic Applications of Allium sativumL and Related Species, 2nd
ed. (Koch HP, Lawson DL, eds.), Williams and WikkiiBaltimore, pp. 37-107.

[47] Farbman KS, Barnett ED, Bolduc GR, Kleirnl993. Pediatr Infect DisJ.; 12: 613-614.

[48] Benkeblia N.2004. Lebenson-Wiss.u.-Technol., 37: 263-268

[49] Tsao SM, Yin MC2001. J. Med. Microbiol., 50: 646-649

[50] Lemar KM, Passa O, Aon MA, Cortassa S, Muller Clijniner S, O'Rourke B, Lloyd D.
2005. Microbiology, 151: 3257-3265.

[51] Mercola J.1997. Antimicrob. Agents Chemother., 41: 2286-2288.

36
Pelagia Research Library



