CHAPTER 11

LITERATURE REVIEW

Honey has been used for long time as medicine, the ancient Sumerians B@!ans,

and Egyptians all recorded its use. Honey was used as a drug more t|1zm\m1tricm.

Avicenna (Ebne Sina), from about 1,000 years ago, mentioned the i}lerag‘utic effect of

honey in Ghanoon of medicine (Yaghoobi et al., 2008). The ‘OIW’OI} mineral and

vitamin contents of honey depend on the flower from vujggsi#bcts %e nectar.
) ; ®

Honey has been used to treat infected disease such as | Icer, eafach 11]ea§§.eyc

disease, and gastric ulcers (Molan, 2001; Blair &

rtere 005 )¢ Ilongk has'Qeen used
Na

2]

for the treatment of respiratory, urinary diseasdgga

dise@,s;kin ulcers,
wounds, eczema, psoriasis, dandruff, diapelwatis, and ) tioé‘ucositis (Molan,
1999: Al-Waili, 2003; Al-Waili, 2005) %one@gd
]
Lt

—

)QQ)I'S mellifera is used
A

in th&geatphent 6&'6\761'211 human diseases

AN
(Lusby et al., 2005). Y. , §

|
% Sf'zéo and New Zealand inhibited

in traditional medicines to be imp

Honey collected from, bothethg

Helicobacter pylori at @tmt'
5 .

l
(2003) reported thatn actefia gr tb‘wtsjmhibitcd by 10% concentration of honey.
:pmﬁ

f g% ( o et al., 1999). Asadi-Pooya et al.

3
/}I-Wm%\,(2004) who reported that honey prevented

Similar findingséggre,®

the growth é] positive and Gm&#ncgative bacteria as well as C. albicans. Noori

%ortcd that five honey samples which are Talah, Dhahian, Sumra-1, Sidr,

mrI®2 inhibited Gram positive pathogens and fungi such as C. albicans ATCC

o

etal.

10231 and C. tropicalis. Theunissen et al. (2001) reported that three samples of South

African honey (Wasbessie, Bluegum and Fynbos) inhibited the growth of C. albicans



ATCC 3118. The Wasbessie honey at concentration of 25 % showed 29.4 % inhibition

on the growth, while Fynbos and Bluegum honey produced partial inhibition.

2.1 Chemical Composition of honey !%\

Chemically, honey is a complex substance that has been estimated to ntain at least

600 components (Bogdanov et al., 2004). Essentially, it is a supwmed solution of

four main sugars — fructose 38.2%, glucose 31.3%, sucrosg d1 wltose 7.3%.

Water is second component of honey, the weather and gumidity i 51d 1 \Q'can
effect the water content of honey. The organic acids 1 esent}b ut 70 honey

Q‘u coni Xc'ld Honey

which are responsible for the acidity of honw in

contains 0.17% minerals such as potassiu %er, ca

manganese (Moundoi et al., 2001). %

1xo®‘$llosphonus and
&

N
Honey also contains other com a% u'tos@cids, protein enzymes,
amino acid, minerals, vitamins an er (i/est s B@lubmk 1999). In addition

honey contains Oli”OS’lCChﬂl‘i(! S \’11cl% &‘tl%gl owth of probiotic bacteria in

the gut (Leite et al., HOO an’ 4 et al, 20 IIo and propolis are bee products that
used for Lentunes in ? al‘éﬁOS) Propolis is a complex resinous
mixture LO”L(,t Lsfl mgplant dateq, and mixed with hypo-pharyngeal

secretions, b 'md pollen. Thu ll(,dl composition of propolis varies depending

on the diw : f plants and geogr dphl(, locations from which bees collect it (Bankova
et 2 " The biological activities of propolis (antibacterial, antiviral, antifungal)
vary according to its source (Muli et al., 2008).

The composition and properties of honey depend on several factors, such as

geographic origin, collection season, mode of storage, bee species, botanical origin and



interactions between chemical compounds and enzymes in the honey. In addition, honey
vary from country to country due to the different compositions of pollen or nectar (Oddo
et al., 2004; Kaskoniené & Venskutonis, 2010). Blossom honey is honey that?ns
from nectars of plants while honeydew honey the sweet material that exu @ the
leaves of certain plants in hot weather, honeydew honey contains higher an%‘ts of the

oligosaccharides melezitose and raffinose compared to the Blossonagongy (Table 1).

TABLE 1: Composition of honey (Data in g/100 g).

Blossom honey
Average min-max

Water 1§75 15-20
Monosaccharides

Fructose 38.2 30 — \)3 .
Glucose 31.3 24 26.

Disaccharides &
Sucrose 0.7 O%.S \5«31
Others 5.0 € @ 4

Trisaccharides é
Melezitose 0.1 \ 4. ¥)
Erlose SY.O.SE() ?
Others % O.} 1 2
Oligosaccharides 234

Total sugars \7 | \ !

Minerals &0.2 - 0. 0.9 0.6-2

Amino acids, proteir \ OB o 0.1 - Q? 0.6 0.4-0.7

Acids % f 2 1.1 0.8-1.5

pH — value ; 5.2 4.5-6.5

Source: Bogdz

N
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The antimicrobial factors in honey are summarized as follows:
1- Acidity the pH of honey is between 3.2 and 4.5 due to the presence of
gluconic acid (White, 1975).

2- Osmotic effect high osmatic and low water activity of honey is mry to

the growth of bacteria and fungi (Molan, 1992a). T
3- Hydrogen peroxide produced by glucose oxidase em has the

antimicrobial activity against most pathogens (Sn xZQ Cjiver, 1996).

e e
2.2 Microorganisms found in honey .
' 4
T Y\}.
There are many of microorganisms in honey whiChg inﬂi\—‘ he QI@}/ and safety

of honey like bacteria, yeast and molds (T They

nectar, honey bee intestine, human, cor %, wi® b\%h* intestine of bees
. A Q‘?
contains 1% yeast 27% Gram—positi\ ‘teriM% (i&n—nt‘gativc bacteria (EIl-

Leithy & El-Sibael, 1992). Scrcgf C
vaé&'ﬂ‘om mild constipation and poor

different containers of honey whic#l ca

1 (?l
‘at{n@ 1 as hypotonia, poor head control and
3

S, th@ honey should not be fed to infant younger

apnea. To preve % 2

>4
than one )«K ge (Tanzi & Gzﬂs‘@/, 2002). Honey can be sterilized by gamma

rad@wc the risk of botulinum spores ( Molan & Allen 1996; Al-Waili et al.,

2012



TABLE 2: Microorganisms found in honey

Bacteria Yeasts Moulds
Alcaligenes Ascosphaera Aspergillus
Achromobacter Debaromyces Atichia

Bacillus Hansenula Bettsia alvei
Bacteridium (sic) Lipomyces Cephalosporium

Brevibacterium
Citrobacter
Clostridium
Enterobacter
Escherichia coli
Erwinia
Flavobacterium
Klebsiella
Micrococcus
Neisseria
Pseudomonas
Xanthomonas

Nematospora
Qosporidium

Pichia
Saccharomyces
Schizosaccharomyces
Trichosporium

Torula

Torulopsis
Zygasaccharomyces

Source: Shimanuki & Knox (1991).

2.3 Medical properties of honey

2.3.1 Oral health

Gy N
SV E

Chaetomium
Coniothecium
Hormiscium
Peronsporoceae V
Peyronelia
Triposporiu
Uredian
Ustilaginac

|73) S

In a study carried out on oral % Moldn re OI'!G@W honey can promote the oral

health by decreasing the "Wden ;
%

al., 2004). 5

Altun et ‘haL)@’lsumption of honey does not cause

ot:\&% role of honey contents such as calcium,

corrosion of tooth Tbecalise

phosphorous aﬂwidc. 4

&’
2.3.2 Ilacn\)gy and immunity

For p¢ suffering from anaemia, it was found that honey can be beneficial medicine.
Honey enhances haecmoglobin concentration, haematocrit, and erythrocyte count due to

presence of iron in honey which has an important role in improvement of haemoglobin



concentration (Ajibola et al., 2007). Honey has immune-nutrient benefit, it can stimulate

and increase the production of antibodies against the T-cells of the thymus dependent

as well as the thymus independent antigens (Al-Waili & Haq, 2004). T

2.3.3 Ophthalmology : )

Honey was used in the treatment of eye diseases by the ancient pcol%.lzian use honey

as eye drops to treat eye diseases (Mahawar & Jaroli, 2000). Awlhe honey on the

Gl

eye can prevent the scarring effect of the cornea which g alfer pdasleginfections

(Imperato & Traore, 1979). Moreover, honey was fagd in trgatm erent

o
.S
ophthalmological diseases such as blepharitis, cQnjurMsivitisgantl k ratitMEmarah,
N
1982). Likewise, Park et al. (1996) and Ajibola $ \ed thé&».ncy possess
‘ pp@‘undcr the lower
eyelid. Honey has been used for treats L%‘bum‘ 1 i) @scd by chemical and
6 oy
']
thermal agents. \

2.3.4 Gastroenterology z | o
'3 f &
Honey inhibits the ncti\& lelrs

\
gy
(Osato et al., 1999 ney edug éu& wtestinal disorders caused by alcohol,

\
vhict Qg y‘sult@m the antioxidant properties of honey that
stimulates I\Am-y nerves in sto@ (Nasuti et al., 2006). Clinical studies on infants

“monstrated that honey can shorten the duration of diarrhea. This may be

atidibutc Mo the antibacterial activities of honey. The effect of honey in treating diarrhea

may be repair of the intestinal mucosa which is damaged by infections (Dupont, 2005).



2.4 Physiological properties of honey

2.4.1 Antioxidant effects

Honey contains a variety of antioxidant compounds such as glucose oxidas&gl‘bic
acids, phenolic acids, amino acids and proteins catalase (Pérez et al., 2007§hy also
contains various polyphenols like caffeic acid, chrysin, gelangin, quvie, acacetin,
kaempferol, apigenin, pinoembrin and pinobanksin that could be Nr treatment of

cancer and cardiovascular diseases (Jaganathan & Manda Oc). Pther study In

California observed that when buckwheat honey was given pegsol ¢ ayerage
¥
1.5g/kg body weight with corn syrup as control, de trafted ingre éla‘@] total
£

phenolic connect and plasma antioxidant. Therefoer Nl\tl '1dan$?om honey

increase antioxidant activity (Schramm et @

=
Oy,

/

S
tipn 0 g of honey decreased the

r
2¢aptl PGF by 48%, 63% and 50%,

>

gﬁelam honey reduced inflammatory

plasma concentration of tl&mb ai E

respectively. Kassim ‘@01
‘ 3 e
mediators like COJml a thus

i
In another stu : ianof L2044 observed that honey reduce the activity of

1il(tng the activation of the NF-XB pathway.

effecig Ney. Furthermore, ingestion of diluted natural honey produced reductions

on Sntrations of prostaglandins such as PGE: (prostaglandin  Ez), PGFaq
(prostaglandin F»,) and thromboxane B> in plasma of normal individuals (Reyes-

Gordillo et al., 2007). Recently, Yao et al. (2011) reported that several types of honey



from Malaysia including Tualang, Nenas, Coconut and Gelam honey possess anti-

Ag

Honey has antimicrobial activity against several pathogens which ar sistant to

inflammatory effects.

2.4.3 Antimicrobial activity of honey

antibiotics and cause many infectious diseases (Table 3). The anti%gial activity of
honey is dependent on a verity of factors such as hydrogen erWH:Oz), phenolic
compounds, low pH and high osmatic pressure (Wilkins avan 1’, 20Q). Honey

B ®
ation offglu 7 ox(ggs'e to
espogsille Jor z@‘nicrobial

pcr@&.activity of

mul@&»ncy from New

produced hydrogen peroxide when diluted because a

gluconic acid, and H202 which is the main compgun

N

ney from Malaysia showed

strong antibacterial activity especd " typhimurium and S. pyogenes.

Tan et al. (2009) rcportmu y hgghey f@ alaysia possess high antibacterial
activity against mos cter a o&nb Yhen compared with manuka honey.
N3
However, Tual% mah ne towed good antimicrobial activity agaimst

Stenotroph y maltophilia tha&ls resistance to many antibiotics and causes

int‘ccti(%h as pneumonia, urinary tract infection and bloodstream infection
sp@

n immune compromised patients thus, led to nosocomial infections (Al-
Jasser, 2006). Recently, Aween et al. (2012b) also reported that strains of Lactobacillus

acidophilus] isolated from different sources of honey samples showed high



antibacterial activity against three Gram negative pathogenic bacteria S. typhimurium,

E. coli and E. aerogenes.

TABLE 3: Infections caused by bacteria that have found to be sensitive to h 162
Pathogen Infection caused %
Bacillus anthracis Anthrax

Corynebacterium diphtheria Diphtheria

Escherichia coli Diarrhoea, septicaemia, urinary¥fections,
wound infections V

Haemophilus influenza Ear infections, meningiTpiralory
infections, sinusitis

Klebsiella pneumonia Pneumonia '

Mycobacterium tuberculosis Tuberculosis

Proteus sp. Septicaemia, fecfions .

Pseudomonas aeruginosa Septicaemia, u infecfiong ’ (—}

Salmonella sp. Diarrhoea A

Salmonella cholerae-suis Septicacing

Salmonella typhi Typhoid
Salmonella typhimurium Wo i
Serrata marcescens i
Vibrio choleriae

Shigella sp.
Staphylococcus aureus
Streptococcus faecalis
Streptococcus mutans
Streptococcus pneumonia

< \Xd )Jsgies, wound infection
{ 1S (}

etigo, puerperal , rheumatic

Streptococcus pyogenes
‘er, wound infections

E. coli, salmonella, shigella, Hel. I

Source: Cooper et al.. (20 \ Q
\ ¢ i O
.=
2.5 Lactic acid b ri \(J

& v s
Lo’
Lactic uci% ia (LAB) are GrW?positive, non-sporulating, low-GC (< 55 mol%

Mne base pairs in DNA), fastidious, acid-tolerant and catalase-negative

fermentative metabolism, some species are aerotolerant, and others are strictly

anaerobic (Stiles & Holzapfel, 1997; Axelsson, 2009). Lactobacilli are divided into



14

three groups based on their phenotypic characteristics. Group 1 includes the obligatory
homo-fermentative Lactobacilli that ferment glucose to lactic acid. Group 2 includes
facultative hetero-fermentative lactobacilli that ferment hexoses to lactic aci
pentose can be fermented into lactic and acetic acids. Group 3 includes th@ ory
hetero-fermentative lactobacilli that ferment hexoses to lactic acid, acetiC aowg, ethanol
and carbon dioxide (Stiles & Holzapfel, 1997). Lactic acid bacteria@i‘froorganisms
which are used in food preservation and responsible for the Wtion of yogurt,
cheese, sour cream, sausage, olives, fermented meats, wiéld @gh bread
(Asmahan, 2010). % ’ .(’}Y'
Lactobacilli play an important role in prevention ol Wfectiog, It ¢ int\()%c%rc with
(TpathoPeh-adherence

f antimicrobial

@osurfactams to limit

Ge

antifungal activity of honey (The issw{ (ﬁ{ﬁj}pish et al., 2006; Boukraa et al.,

2008; Koc et al., 200@“ \
lavender honey inhi% thefgr

#
ro
ol
neoformans by #.§" W1 6% ﬂ%,@pcctwcly.

St

nho @ (2011) showed that Portuguese

i f albicans, C. krusei and Crptococcus

V
X
2.5:1 al activity of LAB

Most of the antifungal activity of LAB studied are due to production of diverse
compounds such as organic acids, diacetyl, hydrogen peroxide, nisin, bacteriocins and

biosurfactants that have antifungal activity against several pathogenic microorganisms



1]

(Guerra et al., 2005; Kaewsrichan et al., 2006; Mija¢ et al., 2006; Martinez et al., 2008).
Okkers et al. (1999) reported that L. pentosus inhibits the growth of C. albicans. While
Strus et al. (2005) reported that L. debrueckii showed strong inhibitory acti\fityw't
C. albicans. %\
LAB play an important role that prevent the development (& a/bicans‘kroducing
lactic acid (Savadogo et al., 2004). Cabo et al. (2002) reported that @ and acetic
acid in the medium was responsible for the antifungal activity. ist et al. (2007)
also reported that L. fermentum Ess-1 showed strong inhijy ac wi@t both C.
albicans and C. glabrata. Monthon, (2005) reported th

1¢ supeghata ],ToduQYa by
icansgPMS SZSwAskari et

Lactococus lactis showed inhibitory activity agains{ C.

al. (2012) showed that cell free supernatant of &y ferent

had high activity against Streptococcus SN))tococcus
epidermis, Staphylococcus aures, Prof)%mblwxa (Qw'e and Yersinia spp.
o )

Sungsri et al. (2012) reported thak ACASMNI 4&' growth of C. albicans

BCC6120 using dual agar ov*lde. luw e @Adetunji (2011) add that L.
CD (S
i had inh\j

plantarum isolated from g
Adeniyi and Damsa (2 &por cdthagghe s@atzmt of LAB isolates produced by

B
Lactobacillus /)/anla%how d hi
90029 with inhi‘%;oncﬁf L.

2.5.2 Anti- n activity of LA&}’

—
o=

et al. (2001) reported that L. brevis PELI, L. reuteri ING1, L. rhamnosus VTT E-800
and L. rhamnosus LC-705 have anti-adhesion activity against Salmonella

typhimurium and E. coli. Fracchia et al. (2010) reported that Lactobacillus CVSLAC



isolated from cabbage showed higher anti-adhesion activity against two C. albicans

CA-2894 and DSMZ 11225 in pre-coating and co-incubation experiments and adhesion
was reduced by 82% and 70% respectively. T

Matijasic et al. (2006) observed that L. gasseri had anti-adhesion activity ag%\ coli,
also Gudina ef al. (2010b) reported that L. acidophilus and L. paracasei sspNparacasei
A20 had lower anti-adhesion activity against C. albicans. Rccen%Yo.maa (2013)

reported that L. fermentum showed the highest anti-adhesion tiwcﬁinst C. albicans
ATCC 70014 by 84.69%. (d
o
1.5
2.5.3 Antifungal compounds produced by LAB b
N
2.5.3.1 Organic acids

"iQacids, lactic and

LAB produce a variety of antimicrobial comptmnd
acetic acid are main products of thel?laabah m. long been used in
us

fermented foods for the preserve OfN f%icsc{ﬁ?’l%(); Kim, 1993; Johan
& Jesper, 2005).The 01'gani<%zroducl1 biL.l sq@‘%{mcisco CBI strains are low-

£

molecular mass (Corsetti \199@&1‘gani 38elds play a role in inhibiting fungal

tic ¢c originates from the bacterial growth

«édnsiblc for inhibiting the growth of several

production of organic acids helps to reduce

orgal (Batish et al., 1997).
Lavermicocca et al. (2000) showed that L. plantarum produce of the antifungal

compounds like, phenyllactic acid and 4- hydroxy phenyllactic acid have antifungal



1%

activity against several microorganisms. Strém et al. (2002) also reported that
Lactobacillus produced various antifungal compounds, like cyclic dipeptides,

pyroglutamic acid and lactones that have high inhibitory activity against v:
I

species, L. plantarum Mi LAB 393 produced three antifungal compounds ¢ 1e-

L-Pro), cyclo (L-Phe-trans-4-OH-L-Pro) and phenyllactic acid wh‘*ave high
antifungal activities against moulds and yeasts. Vz
N

Hydrogen peroxide is produced by most LAB in the ence of 0X re'l @aler,

2.5.3.2 Hydrogen peroxide

1983). LAB produce hydrogen peroxide which cr% rox\t\hYBf many

undesirable microorganisms. (Schntirer & lzw,on

rowth bagfcria @fungi species by

Various studies show that LAB strains inhib1

the produced H20: (Falagas et al., 20@0%’%i1 c
u
species such as super peroxide anioN hydroXyfi#fe ra@ which are highly toxic
N
against several pathogenic mjgrooranisms jKuligsa 1@, 2002).
r
0) 1;! r *YN{Q

0

Jaroni and Brashears (& i l
which has high effect Ki&sev ;
showed that cell freamgupgmatagt

Qv N
’

effect against orne * pgfofensyitke, Listeria, Yersinia and Aeromonas spp.

V
Recently, I&

et al. (2010) showwsd that L. plantarum strains and L. reuteri ATCC
5578 H,0> which is responsible for inhibitory effect against C. albicans.
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2.5.3.3 Bacteriocins

Some LAB produce different types of bacteriocins, several reports demonstraigagtat
bacteriocins can be used as preservation of food, also have inhibitory effect m ood
borne and human pathogenic bacteria (Cleveland et al., 2001; Forouhan&l., 2010)

and (Oh et al., 2000) showed that L. acidophilus produce bactezcins as first

T'Vms produced by
L. plantarum 2141 has inhibitory effect against C. gla slakei.

Maria and Janakiraman, (2012) demonstrated that L. ac hilus
inhibitory effect against food borne and human pathogc 2 e
N

N

antimicrobial compound. Also Zalan et al. (2005) added that ba

<
/S
&7

2.5.3.4 Biosurfactants CV

Biosurfactant is amphipathic compoun %‘Cedﬁgvﬂ c&hs antimicrobial and
O

anti-adhesive activity against sevel nogel

Q
cR
E%w
=
w
—~
)
o
w
]
5
4]
=)
a
[l {8
a
o

AN

2007; Pascual et al., 2008). Rodriw al. FOO ) ‘ho)@that biosurfactant produced
ad ant:') | 1

by L. fermemtum RC-14 h

dhe§{
reduce infection caus&\ @
biosurfactants produ%)\ i

silicone rubber %k‘ostlp N R iﬁa%‘dl. (2010a) demonstrated that biosurfactants
produced bémcusei ssp. A20 L@ﬁited the growth of C. albicans. Tahmourespour

al. (2 ¥orted that biosurfactant secreted by L. acidophilus reduced the adhesion

ovent microbial biofilm formation on

et
ofdgunulms to glass side. Recently, Gomaa (2013) reported that L. fermentum has high
anti-adhesion activity against C. albicans 70014 by 59.37%. Consequently,

biosurfactant can be used as preventive strategy to pathogenic biofilm formation on
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medical devices in biomedical field and also in the food industry (Falagas & Makris,
2009).

2.5.4 Mechanisms of the antifungal activity of compounds produced by LY

The mechanisms of antifungal activity of compounds produced by LA% qot fully
understood. The effect of organic acids such as lactic, acetic and ?oﬁionic acids
produced by LAB on the growth of many pathogenic microorga%y by interfering
with the maintenance of cell membrane, inhibiting a ran'port, reducing
intracellular pH and inhibiting a variety of metabolic fugctior Lir gM&)blqgosz,
LS
o%. 1Sms 18

1990). The effect of organic acids on inhibitory 4Rty againgt nTjro

’

related to the pH value (Kashket, 1987; Lju11ﬁw&$ads \1\2 09) I?\‘a’ddition, to
i

acids LAB can produce other antimicrobi* HZSQVI“CII has strong

effect on membrane lipids and cellular%zins al ? y enzymes such as
Py N

g Qidase (Daeschel, 1989;

tes

NADH peroxidase, NADH oxidase

u‘@y LAB is the formation of

Reid, 2008). The mode of action Y ‘tcrf

holes in the membrance of t%et IK :
potential and the pH gr@hi ‘llc

N
death of microorgan(§ e @ ¢ Qf)!)OLé{veland et al., 2001; Parada et al., 2007;

Todorov, 2009 Q" N
AKQ L <
2.6 ldcné‘ ion of lactic acid bacteria

Thé cular biology has developed very fast and this leaves a high impact on the

—_

microbiology world. The identification of LLAB using API 50 CHL Kit method (API
system, BiomMerieux, France) is conventional method and it based on sugar

fermentation which may not always offer sufficient basis for the reliable identification



of the LAB (Ahmed & Kanwal, 2004; Nair & Surendran, 2005; Ashmaig et al., 2009).
Recently, the genetic techniques developed to identify LAB especially polymerase
chain reaction (PCR) based methods such as 16S rDNA sequencing has Ww
commonly used in microbiology and biotechnology for identification of%\ﬁeria
specially LAB. In this method two primers 16S.S: (S—AGAGTTTGAT&GCTC—S)

and 16S.R. (5 CGGGAACGTA TTCACCG-3) are suitable for i%‘tigation of LAB

(Schleifer & Ludwig, 1995). T

2.7 Pathogenic Candida species \d
S

Pathogenic Candida spp. are the most common ¢ h% quirgdbinfections
especially, in cancer and transplant patients@ p@sive therapy.

Candida species cause many human 1N tract infection,

vulvovaginal candidiasis (VVC), and4ygs on}‘l

4 Q
Chandra et al., 2001; Douglas, 2& amage ., 2Q0). Candida species have
N
potential resistance to sevegal an fungal fagengs (i
? 2 '3
amphotericin B (Odds, ZO&PaI 1 \al\~ 08) é)"

i}
Candida spp. are a@dheh&? ace (D&‘Mcal devices such as pacemakers, joint

-_
=X
=
(@]
o)
=
o
N
of
o
<
=
=
o)
=
jov]
N
=
(¢}
ob)
=
o

.". )

‘ : E
replacement, progeRgtic@hearf vagy siliope voice prostheses, end tracheal tubes,
3
i fid sh

_ These devices can become colonized by

catheters and:c >ppospinal
Candida s which form biofilm al?this biofilm leads to acute disseminated infection

bec: ‘c‘? ereased resistance to antifungal therapy (Ramage et al., 2006; Silva et al.,
20



2.7.1 Biofilms

Biofilms are aggregates of microorganisms, which are formed due to the attachment of

cells to host surface in aqueous environment (Lynch et al., 2003). Cana’id(cm are
responsible for many infections such as vaginitis, urinary tract infectio% nfection
of the nails and skin (Table 4). Nevertheless, more than 90% of infe%ns are caused

by C. albicans, C. glabrata, C. parapsilosis, C. tropicalis and ei (Pfaller et al.,

2007). Biofilms formed from Candida species are difficul@rON¥cat (,ue to increased

resistance to antifungal agents (Ramage et al., 2000,
Noverr, 2011). Growth of biofilms is effected b me f¥t s
to fg{ﬂﬁoﬁ m vary.

OOSéeneviratne et al.,

2008). In other studies (Seneviratne et a 8, Sar W l@‘ﬁhowed that biofilms

ifte @s?tifungal agents.

¢ :$

I
TABLE 4: Candida species Causihg lifefheegsCung infection to humans.
iflic N mpat: e References

L (Molero et al., 2010)

1
&‘f) (Lingappan et al., 2012)

(Ogunshe et al., 2009)

of Candida spp. were associated w

e

Candida strain

C. albicans

trafisipiible disease

Vulvo-vagin "m‘l{didiasis (Martens et al., 2004)
Nosocomial candidaemia (Kothari & Sagar, 2009)
Chronic mucocutan (Weder et al., 2004)
Eouscandidiasis (Dixon et al., 2004)
Cause infecions in patient with (Barasch et al., 2004)
leukemia

Cause infections in patients with
‘ (Barasch et al., 2004)

C. krusei A
bone marrow transplant recipients

Spaansons Candidaemia Infections 5 (McNeil et al., 2001)




o
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2.7.2 Resistance of Candida spp. to antifungal agents

Candida spp. have ability to form biofilms due to resistance to antifungal thelYeld
the ability of yeast cells within the biofilms to withstand host immune defer \veral
Candida spp. have become resistance to many antifungal drugs such a.s%ghotericin
B, fluconazole and itraconazole (Mishra et al., 2007; Pfaller et a%o ). Al-Abeid et

1A W'apsi/osfs and C.

CFal i('ans uggested

al. (2004) reported that C. glabrata, C. tropicalis, C. krus,

lusitaniae have higher resistance against fluconazole

. . ’ -
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