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ABSTRACT

To overcome the development of drug resistance, it is necessary to find a
new class of antimicrobial compounds possessing different mechanism or
chemical properties from those that are used commonly for the treatment of the
diseases which are caused by Candida albicans. This study was designed to
investigate the antifungal activity of Diacetyl against Candida albicans isolates
with a total of forty eight Candida albicans isolates which was isolated from
sputum, vagina and urine sample of different patients were tested against several
concentrations of Diacetyl compound (30,60,120,180)ug/ml and for different
incubation time to examine the inhibitory activity of the compound in vitro. All
urine isolates showed 100% complete inhibition to(30,60,120,180) pg/ml
concentrations after 24,48,72 hrs incubation at 37C°,while only three vaginal
isolates 30% and eleven sputum isolates 42.3% showed resistance after 48 hrs
incubation to 30 and 60 pg/ml concentrations. It seems that Diacetyl compound
has a potent antifungal activity against Candida albicans in vitro.

INTROUDACTION

Candida albicans is the major fungal pathogen that affects humans.
Although Candida albicans is a commensal organism on the cutaneous and
mucosal surfaces of oral, gastrointestinal, urinary, and vaginal tracts of healthy
individuals [1], [2], it is also an opportunistic pathogen and can cause infections
ranging from superficial mucosal infections to hematogenously disseminated
candidiasis. In immunocompromised patients, Candida albicans is responsible
for a number of life-threatening infections [1], [2]. Moreover, with the rapidly
expanding use of medical devices (e.g., indwelling catheters) and increases in
the number of patients receiving antibiotic and immunosuppressive therapies,

there is an increased risk of quion through mucosal barriers with
P A 2267 <4 Iaa
” \@ ﬁ %/ ”

v 2012 &5l g (ualdd) daad)



http://www.plosone.org/article/info%3Adoi/10.1371/journal.pone.0017755#pone.0017755-Odds1
http://www.plosone.org/article/info%3Adoi/10.1371/journal.pone.0017755#pone.0017755-Calderone1
http://www.plosone.org/article/info%3Adoi/10.1371/journal.pone.0017755#pone.0017755-Odds1
http://www.plosone.org/article/info%3Adoi/10.1371/journal.pone.0017755#pone.0017755-Calderone1

Antifungal Activity of Diacetyl Compound against Candida Isolates in Vitro..
Khalida Kareem Al-Kareemi ,Ban Auday Abdul Sattar ,Sinan Ezzat Saeed

subsequent entry into the blood stream, which often leads to multi-organ
infections. Consequently, Candida albicans is the leading cause of nosocomial
bloodstream infections and has a mortality rate of 40% [3], [4]. Candida
albicans can colonize or infect virtually all body sites because of its high
daptability to different host niches by the activation of appropriate sets of genes
in response to complex environmental signals [5-6].commensal, which can
become a facultative pathogen under altered physiological situations. Candida
albicans pathogenesis studies have suggested that several steps may lead to
mucosal infection, i.e., early colonization, invasion, and late tissue disruption
[7], [8]. C. albicans first colonizes and proliferates on the mucosal surfaces of
host epithelial cells; these events are followed by invasion and tissue damage
[9], [10]. Therefore, C. albicans adhesion is the first step in infection and allows
the pathogen to persist on mucosal surfaces. As the outermost layer of C.
albicans, the cell wall interacts with the host cells [11]. The cell wall of C.
albicans contains many different carbohydrates and proteins that come into
contact with epithelial cells and facilitate cell-cell interconnections [12]
.Diacetyl (IUPAC systematic name: butanedione or 2,3-butanedione) is a natural
byproduct of fermentation. It is a vicinal diketone (two C=0O groups, side-by-
side) with the molecular formula C4H¢O,. Diacetyl occurs naturally in alcoholic
beverages and is added to some foods to impart a buttery flavor.

O

CHs
HsC

O

In food products Diacetyl and acetoin are two compounds that give butter its
characteristic taste. Because of this, manufacturers of margarines or similar oil-
based products typically add diacetyl and acetoin (along with beta carotene for
the yellow color) to make the final product butter-flavored, because it would
otherwise be relatively tasteless. [13].In milk products In milk, sour cream,
cultured buttermilk or fermented butter are produced by inoculating pasteurized
cream or milk with a lactic starter culture, churning (agitating) and holding the
milk until a desired pH drop (or increase in acidity) is attained. This cultured
sour cream, butter and buttermilk which are made by fermenting pasteurized and
homogenized light cream or milk owes its tart flavor to lactic acid bacteria and
its buttery aroma and taste to diacetyl[14].http://en.wikipedia.org/wiki/Diacetyl -
cite_note-5The aim of the study was the determination of antifungal activity of
Diacetyl against Candida albicans isolates.
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MATERIALS & METHODS
Samples collection:

A total of forty eight isolates of Candida albicans were obtained from
different specimens urine, vagina and sputum from Medical City Laboratory in
Baghdad between March 2009 to January 2010.The samples were cultured on
Saburoud agar and incubated for 24 hours at 37C°, then identified by gram
staining and germ tube procedure [15] which conducted on each isolate.
Antifungal activity:

By using well assay [16].All isolates were cultured oin Muller-Hinton
agar plate (Oxoid) each plate were cultured with overnight growth from nutrient
broth by using sterile swab so as to achieve a confluent growth. The plates were
allowed to dry and a sterile cork borer of diameter 5.0 mm was used to bore five
wells in each agar plates. Four concentration of the Diacetyl compound (Fluka)
were made (30,60,120,180) pg\ml .A 50uL volume of each concentration was
applied by micropipette in the wells into Muller-Hinton Agar plate and distilled
water used as a control. The plates were allowed to stand for 1h or more for
diffusion to take place and then incubated at 37°C for 24hrs-48hrs-72hrs to
examine if Diacetyl compound have cidal or static effect on Candida albicans
isolates. The zone of inhibition was recorded in mm.

RESULT and DISCUSSION

There is a continuous and urgent need to discover new antimicrobial
compounds with diverse chemical structures and novel mechanisms of action
due to an alarming increase in the incidence of new and reemerging infectious
diseases and development of resistance to the antimicrobial drug in current
clinical use[17]1. Antifungal drug resistance is fast becoming a major problem;
particularly with the immuno-compromised population[18].Many works equally
reviewed that the emergence of resistance occurred following prolonged
therapy, and that switching (the ability of Candida species to generate a variety
of phenotypes) is a virulent factor [19].In the present study, we have examined
the antifungal properties of Diacetyl compound the result of this study showed
that different inhibitory effect of Diacetyl compound concentrations against
Candida albicans isolates taken from sputum samples were observed. There was
eleven isolates(42.3%) showed resistance to 30,60 pug/ml concentration after 48
hrs incubation and the inhibitory effect started at 120 and 180 pg/ml
concentration as shown in table 1.
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Table 1: Kntllungal activity of Dlacetyl against Candida albicans isolated from sputum

24-48 hrs 72 hrs
isolate 30ug/ml | 60ug/ml | 120ug/ml | 180ug/ml | 30ug/ml [ 60ug/ml | 120ug/ml | 180ug/ml
Inhibition zone (mm) Inhibition zone (mm)
C.albicansl R R 23 31 R R 23 31
Calbicans2 | g C.l C.l Cl Cl Cl Cl C.I
C. albicans3 R R 14 17 R R 11 15
C.albicans4 C. C.l C.l C. C.l C.l C.l C.l
C albicans5 C. C.l C. C. C. C.l C.l C.
C.albicans6 C.l C.l C.l C.l 12 17 34 44
C.albicans7 C.1 C.1 C.l C.l 50 C.l C.l 40
C.albicans8 C.l C.l C.1 C.l C.l C.l C.l C.
C. albicans9 C. C.l C.l C.l C. C.l C.l C.l
C.albicans10 C. C.l C. C. C. C.l C.l C.
C.albicans11 6 16 32 37 6 16 32 37
C.albicans12 C.1 C.l C.l C.l C.l C.l C. C.l
C. albicans13 C.l C. C. C.l C.l C.l C.l C.
C.albicans14 C.l C. C. C. C. C.l C.l C.
C.albicans15 C. C. C. C. C. C.l C.l C.
C.albicans16 R R 17 19 R R 17 19
C.albicans17 R R 22 43 R R 19 40
C. albicans18 R R 25 40 R R 25 40
C. albicans19 R R C.l C.l R R C.l C.
C.albicans20 R R 32 40 R R 32 40
C.albicans21 C.1 C.l C.l C.l C.l C.l C. C.l
C.albicans22 C.1 C.l C.l C.l C.l C.l C. C.l
C.albicans23 R R 22 46 R R 22 46
C.albicans24 R R R R R R R R
C.albicans25 R R 37 50 R R 37 50
C.albicans26 R R C.l C.l R C.1 C.l C.l

R: Resistant,'’C.I.: complete growth inhibition

Preventive antifungal therapies have been adopt-ed to avoid the
occurrence of systemic candidosis. Oral Candida spp. level control might be an
important preventive measure since the occurrence of oral candidosis may be
considered a potential risk for the occurrence of systemic diseases among
immunocompromised patients. Biocides, better known as antiseptics,
disinfectants, or preservatives, are commonly added to mouthwashes,
toothpastes, hand soaps, and related consumer products. Pathogenic fungi have
received little attention as biocide targets. Candida albicans is commonly found
at low levels among the normal oral flora, but its overgrowth in
immunocompromised individuals or following broad-spectrum antibiotic
therapy leads to oropharyngeal candidiasis[20].This is typically treated with
fluconazole or related azole antifungal, inhibitors of ergosterol biosynthesis [20-
21].However, extended treatment frequently selects for fluconazole-resistant

strains that display upregulated expression of multidrug transporters, specifically
A
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those encoded by the CDR1, CDRZ2, and MDR1 genes, along with mutations In
the ERG11-encoded target enzyme [22-23].There have been no reports on the
effect of Diacetyl on Candida albicans. Furthermore, no studies have examined
Diacetyl interaction, i.e., the potential effects of combination treatment on
oropharyngeal candidiasis. On the other hand Candida albicans isolates taken
from vagina samples showed complete inhibition against Diacetyl (30,
60,120,180) pg\ml concentrations except three isolates (30%) was resistant as

shown in table 2.
Table 2: Antifungal activity of Diacetyl against Candida albicans isolated from vagina

24-48 hrs 72 hrs
isolate 30ug/ml | 60ug/ml | 120ug/ml | 180ug/ml | 30pg/ml [ 60ug/ml | 120ug/ml | 180ug/ml
Inhibition zone (mm) Inhibition zone (mm)
C.albicansl R R 19 39 R R 19 39
C albicans2 R R 20 24 R R 20 24
C. albicans3 R R 20 23 R R 20 23
C.albicans4 C.l C. C. C.l C.l C.l C.l C.l
C albicans5 C. C.l C.l C.l C.l C.l C.l C.l
C.albicans6 C. C.1 C.1 C.l C.l C.l C.l C.l
C.albicans7 C. C.1 C.1 C.l C.l C.l C.l C.l
C.albicans8 C.l C. C. C.l C.l C.l C.l C.l
C. albicans9 C.l C. C. C.l C.l C.l C.l C.l
C.albicans10 C.l C.l C.l C.l C.l C.l C.l C.l

WR: Resistant,'’C.1.: complete growth inhibition

While all Candida albicans isolates taken from urine samples showed
complete inhibition(100%)against  Diacetyl (30, 60,120,180) pug\mi
concentrations after 24 hrs and the effect lasted up to 72 hrs incubation as shown

in table 3.
Table 3: Antifungal activity of Diacetyl against Candida albicans isolated from urine

24-48 hrs 72 hrs
isolate 30pg/ml | 60ug/ml [ 120ug/ml [ 180ug/ml [ 30ug/ml | 60pg/ml | 120pg/ml | 180ug/ml
Inhibition zone (mm) Inhibition zone (mm)
C.albicansl C.l C. C. C.l C. C.l C.l C.
C albicans2 C. C.l C.l C.l C.l C.l C.l C.l
C. albicans3 C.l C.1 C.1 C.l C. C. C.l C.l
C.albicans4 C.l C.1 C.l C.l C.l C. C. C.l
C albicans5 C.l C.1 C.l C.l C.l C. C. C.l
C.albicansé C.l C. C. C.l C. C.l C.l C.
C.albicans7 C. C.l C.l C.l C.l C.l C.l C.l
C.albicans8 C.l C.1 C. C. C. C. C. C.l
C. albicans9 C.l C.1 C.1 C.l C. C. C.l C.l
C.albicans10 C. C. C. C.l C. C.l C.l C.
C.albicans11 C.l C.l C.l C. C.l C.l C.l C.l
C.albicans12 C.l C.l C.l C. C.l C.l C.l C.l

In case of Candida albicans infection of the vaginal ecosystem, astudy[24]
found that Clotrimazole, although effective against Candida albicans infection,
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also has a deleterious effect on components of the normal vaginal micro flora.
One of the implications for women using clotrimazole for microbiologically
undocumented vaginal yeast infections is an increased risk of infection or
disease through the disruption of the protective micro flora barrier so it is
necessary to find alternative treatment that has no effect on the ecosystem and
has no side effect. It seems that Diacetyl compound has a potent antifungal
activity against Candida albicans in vitro.

REFERENCES

1-Odds FC Candida and candidosis. Maryland: University Park Press. 382 p. (1979)

2-Calderone RA Candida and Candidiasis.Washington DC: ASM Press. 451 p. (2002)

3-Kauffman CA . fungal infections. Proc Am Thorac Soc3:35-40. (2006).

4-Wenzel RP .John E. Bennett Forum on Deep Mycoses Study Design 2004:
Candidiasis and salvage therapy for aspergillosis. Clin Infect Dis 41: Suppl 6S369—
370. (2005)

5- Staib P, Kretschmar M, Nichterlein T, Hof H, Morschhauser J: Differential
activation of a Candida albicans virulence gene family during infection. Proc Natl
Acad Sci USA97: 6102-6107.(2000 )

6- Heinig MJ, Francis J, Pappagiansis D: Mammary candidosis in lactating women. J
Hum Lact, 15: 281-288(1999 ).

7-Naglik JR, Challacombe SJ, Hube B .Candida albicans secreted aspartyl proteinases
in virulence and pathogenesis. Microbiol Mol Biol Rev67: 400-428. (2003) Find
this article online

8-Wilson D, Thewes S, Zakikhany K, Fradin C, Albrecht A, et al. .Identifying
infection-associated genes of Candida albicans in the postgenomic era. FEMS Yeast
Res 9: 688-700. (2009) Find this article online

9-Filler SG, Sheppard DC .Fungal invasion of normally non-phagocytic host cells.
PLoS Pathog2: €129. (2006) Find this article online

10-Filler SG .Candida-host cell receptor-ligand interactions. Curr Opin Microbiol9:
333-339. (2006).Find this article online

11-Tronchin G, Pihet M, Lopes-Bezerra LM, Bouchara JP .Adherence mechanisms in
human pathogenic fungi. Med Mycol.46: 749-772. (2008).

12-Zhu W, Filler SG .Interactions of Candida albicans with epithelial cells. Cell
Microbiol.12: 273-282. (2010) Find this article online

13- Pavia et al., Introduction to Organic Laboratory Techniques, 4th ed., ISBN 978-0-
495-28069-9

14-Modern food microbiology, sixth edition, James M.Jay, page 120, starter cultures,
products.

15-Cheesebrough M. Microbiology. 2nd. ed. Il. ButterWorth-Heinemann; Medical
Laboratory Manual for Tropical Countries; pp. 389-390. (1984).

16-Barry,A.L.Procedure for testing antimicrobial agents in agar media:Theoretical
considerations .In"Antibiotics in Laboratory Medicine"Ed.V.Lorian.Willams &
Wilkins:Baltimore & Liondon. P1-26. (1986).

@% w@
ia ) 4 5%@@& A |
it “‘f./

2012 Cgramad) 9 (ualdd) daad)



http://www.plosone.org/article/findArticle.action?author=Naglik&title=Candida%20albicans%20secreted%20aspartyl%20proteinases%20in%20virulence%20and%20pathogenesis.
http://www.plosone.org/article/findArticle.action?author=Naglik&title=Candida%20albicans%20secreted%20aspartyl%20proteinases%20in%20virulence%20and%20pathogenesis.
http://www.plosone.org/article/findArticle.action?author=Wilson&title=Identifying%20infection-associated%20genes%20of%20Candida%20albicans%20in%20the%20postgenomic%20era.
http://www.plosone.org/article/findArticle.action?author=Filler&title=Fungal%20invasion%20of%20normally%20non-phagocytic%20host%20cells.
http://www.plosone.org/article/findArticle.action?author=Filler&title=Candida-host%20cell%20receptor-ligand%20interactions.
http://www.plosone.org/article/findArticle.action?author=Zhu&title=Interactions%20of%20Candida%20albicans%20with%20epithelial%20cells.
http://en.wikipedia.org/wiki/Special:BookSources/9780495280699
http://en.wikipedia.org/wiki/Special:BookSources/9780495280699

Antifungal Activity of Diacetyl Compound against Candida Isolates in Vitro..
Khalida Kareem Al-Kareemi ,Ban Auday Abdul Sattar ,Sinan Ezzat Saeed

17. Bauer J, Rojas R, Bustamante B. Antimicrobial activity of selected Peruvian
medicinal plants. J Ethnopharmacol, 88: 199- 204.( 2003).

18. Jabra-Rizk MA, Falker WA, Meiller TF. Fungal Biofilms and Drug Resistance.
Emerging Infectious Diseases. 10(1) www.cdc.gov/eid.( 2004).

19-Lachkel S, Srikantha T, Tsai L, Danicls K, Soll D R. Phenotypic switching in
Candida glabrata 34-involves phase specific regulation of the metallotheionein gene
MT-II and the newly discovered homolysin gene HLP. Infect Immun.;68:884-895.(
2000)

20- Calderone, R. A. (ed.) .Candida and candidiasis. American Society for
Microbiology, Washington, D.C. (2002).

21. Sanglard, D., and F. C. Odds. Resistance of Candida species to antifungal agents:
molecular mechanisms and clinical consequences. Lancet Infect. Dis. 2:73-85.
(2002).

22- Perea, S., J. L. Lopez-Ribot, W. R. Kirkpatrick, R. K. McAtee, R. A. Santillan, M.
Martinez, D. Calabrese, D. Sanglard, and T. F. Patterson.Prevalence of molecular
mechanisms of resistance to azole antifungal agents in Candida albicans strains
displaying high-level fluconazole resistance isolated from human immunodeficiency
virus-infected patients. Antimicrob. Agents Chemother. 45:2676-2684. (2001).

23- White, T. C., S. Holleman, F. Dy, L. F. Mirels, and D. A. Stevens. Resistance
mechanisms in clinical isolates of Candida albicans. Antimicrob. Agents.
Chemother. 46:1704-1713. (2002).

24- PhDRobin A Ross, PhDMei-Ling T. Lee and PhDAndrews Onderdonk .Effect of
Candida albicans infection and clotrimazole treatment on vaginal microflora in
vitro.Obstetrics & Gynecology.Volume 86, Issue 6. Pages 925-930(1995).

e oA
P L A {%ﬂg& K4 Py
2012 & gread) 9 (ualdd) daal)



http://www.cdc.gov/eid
http://www.sciencedirect.com/science/journal/00297844
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235130%231995%23999139993%23189782%23FLP%23&_cdi=5130&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=40952df8ae87378eafc76557e859e8b2

Antifungal Activity of Diacetyl Compound against Candida Isolates in Vitro..
Khalida Kareem Al-Kareemi ,Ban Auday Abdul Sattar ,Sinan Ezzat Saeed

aa Diacetyl Syl dug Soa aaa dulladl) A

Candida albicans

‘;A.J)SS\ HJS IV ES

Sl s ge oL
s e Gl
g peatio) daalall [ slall agle aud [ aslall 4K

Ladal)

all ALl e saas slial alagl (g9 pall (e Glaliadl) daglia Je laall
la Aeadivall 4g Sae adall alsall e it SbeS Sy 480K Db A S
ol e dyaill cuyal. Candida albicans o 4laY) oo dsalil)l cllal) z3ka
e LY 5 Al cilasdlaidl e g 3=all Candida albicans e e Gsa)ls
Jefabe s Sole 30,60,120,180 Diacetyl (e 4dlise 3815 aladind iy iyl Calidg
LY Glie JS A °37 Bl Aap b delu 24,48,72 ddlite i) uina il
Lib cNie EDE Cpelal Ly Aol 24,48,72 2y Aol 31 JS 4 s gl ek
Agimadl Yyl (e Aje yie saaly %30 Jadd) (e Ug3=al Candida albicans
o defele Sl 60 5 30 S A sl (e dele 48 da Aaglia %423 addll (e
A A S am dlad 4l Diacetyl Sy o) i 4uyaall.Candida albicans
.Candida albicans <Y e

3 )
@& [2
A 4 AL(I-A-L_‘Y‘ A "g 7 "\ Q‘( A ‘\A
\@J"’

2012 Gl g ualdd) 2anl)



