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ABSTRACT KEYWORDS
Pseudomonas aeruginosa produced the maximum amount of pyocyanin Pseudomonas aeruginosa;
pigment (64.90 pg/ml) after 5 days of incubation in liquid peptone water Pyocyanin;
medium. In vitro antimicrobial activity of the purified pyocyanin was Skininfection;
demonstrated by agar well diffusion test. Gram positive bacteria were Rabbits;

more susceptible to the antibiotic action of pyocyaninthan Gram negative Topical treatment.
bacteria. Thus, the Gram negative bacteria; E. coli and Salmonella typhi
weretheonly affected isolates by the original extract of pyocyanin (1: 0.5
v/v). Whereas, Klebsiella pneumoniae was only affected at twenty folds
of the original concentration. P. aeruginosa and Shigella flexneri were
resistant to pyocyanin at all concentrations. Gram positive bacteria were
more susceptible to P. aeruginosa pyocyanin (MICs 0.06 mg/ml) than
Gram negative bacteria. Fungi that were non-susceptible to pyocyanin at
original concentration (1 : 0.5 v/v), were affected when the concentration
of pyocyanin increased to twenty fold of the original pigment extract.
Thus, theinhibition zones of fungal growth reached 19 mm. The minimum
inhibitory concentrations of pyocyanin against the affected bacteria and
fungi ranged from 0.06 to 1.2 mg/ml. In an animal model, pyocyanin was
applied topically to treat wounded skin of rabbits which infected with S,
aureus, K. pneumoniae or C. albicans. Maximum healing and hair growing
of the pyocyanin treated area of rabbit skin was observed after 14 -20
daysin all cases compared to the untreated infected control.
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INTRODUCTION Pseudomonas aer uginosa. Pyocyanin (N-methyl-1-

hydroxyphenazine) hasantibioticactivity against awide

Phenazines are heterocyclic compoundsthat are
produced naturally and substituted at different points
around their rings by different bacterial species®®2,
Pyocyaninisawater-solubleblue-green phenazinepig-
ment produced in large quantities by active cultures of

variety of microorganismg??”, Several recent investi-
gationshavededlt with the problem of antibioticresis-
tance in P. aeruginosal*2. Multidrug resistant P.
aeruginosa strain caused an outbreak in aneurosur-
gery wardi®Y, Furthermore, P. aeruginosa and
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Acinetobacter baumannil infections were recorded
inthehealthcare setting®l. Saphylococcusaureusand
P. aeruginosa strains showed different res stance pat-
tern to various antibacterials. Strains of Klebsiella
pneumoniae, Acinetobacter baumannii, Citrobacter
freundii, Enterococcus faecalis, Proteus mirabilis,
P. vulgaris, Sreptococcus agalactiae and Vibrio
cholerae, wereresistant to 4-9 antibioticg®.

Andarmingincreasein bacteria strainsresstant to
exigting antimicrobid agentsdemandsarenewed effort
to seek agents effective against pathogeni c bacteriare-
gstant to current antimicrobias. Inthisconcern, phena
zineshavebeen of great interest to pharmaceutical and
clinica research groupsfor thelast 50 yeard®. Antibi-
otic-resistant microbes, suchasmethicillin-resstant Sa-
phylococcus aureus (MRSA), seriously threaten
human health. Thefirst case of MRSA infectionwas
reported in the United Kingdom in 19611, At present,
MRSA infectionshave becomepandemicin many medi-
cd ingdtitutions (hospitd-acquired MRSA) and the com-
munity (community acquired MRSA) worl dwidg*t22,
MRSA infections cause many health problems. It has
becomeaprimary cause of skin and soft tissueinfec-
tionsamong personswithout extensive exposureto pro-
fessiond hedthcare®!. Moreover, the overuse of van-
comycinintreating MRSA infectionsand theexistence
of vancomycin-resistant enterococd hasled totheemer-
genceof vancomycin-intermediate Saureus®. In or-
der to prevent additional MRSA infections, more ef-
fectiveantimicrobial drugsareneeded.

Fixed oil of Nigella sativa seeds enhance healing
of stgphylococcd -infected skinof miceby reducingtota
and absol utedifferential WBC counts, local infection
and inflammation, bacteria expansion and tissueim-
pairment’™. A new antimicrobia peptide, ctriporin, was
cloned and characterized from the venom of the scor-
pion Chaerilustricostatus, an animal which has not
yet been explored for toxic peptide resources. The
MICs of ctriporin against Saphylococcus aureus,
Bacillusthuringiensis, Bacillus subtilis, Micrococ-
cus luteus, and Candida albicansare 5 to 20 ig/ml.
Meanwhile, itsMIC against clinicd antibiotic-resistant
bacterial strainsis10ig/ml. Furthermore, the potential
for ctriporin to be used asatopical antibiotic for treat-
ing staphylococcal skininfectionswasinvestigated.
External useof the peptide ctriporin dramatically de-

creased the bacterial countsand cured skininfections
inmice. Inaddition, ctriporin demonstrates antimicro-
bid efficacy viathebactericidd mechanismof rgpid cdll
lysid®. Crude extracts of Suaeda aegyptiaca were
applied on miceskin that previoudy infected with the
fungus Trichophyton rubrum. Animalsinfected with
T. rubrumweretreated with combination of crude ex-
tractsof (100) mg/ml. After ninedaysof thetreatments
with crudeextractsof S aegyptiaca, theincisonwas
completely covered with newly formed epithelium and
the hair seen in comparison with mycodin ointment in-
dicating the efficiency of this extract as antifungal
agentgy,

The objective of the present study wasto produce
a phenazine antibiotic pigment (pyocyanin) by P.
aeruginosaisolated from clinical specimens. Thein
vitro antibiotic action of pyocyanin pigment againgt dif-
ferent multi-drug resistant bacteriaand yeast wasin-
vestigated. Thein vivo healing efficacy of pyocyanin
oninfected skin of rabbitswasa so studied.

MATERIALSAND METHODS

Microor ganisms

Themicroorganismsused for thisstudy wereiso-
lated from clinical specimensat the Diagnostic Micro-
biology Laboratory of Medical Sciences College,
Hodeidah University, Yemen (provided by Prof. Dr.
W.A. El-Shouny, Faculty of Sciences, TantaUniver-
sity, Egypt). Some bacteria were obtained from the
culturecollection of theMicrobiology Department, Fec-
ulty of Pharmacy, TantaUniversity, Egypt.

Thetested Gram positive bacteriawere Saphylo-
coccus aureus 1, Saphylococcus aureus 2, Srepto-
coccus viridians, Sreptococcus pneumoniae, Lac-
tobacillus acidophilus and Dephtheroides. Gram
negative bacteriaincluded Escherichiacoli, Klebsidla
pneumoniae, Salmonella typhi, Shigella flexneri,
Pseudomonas aer uginosa and Proteusmirabilis. The
fungi; Candida albicans, Candidatropicalis, Saccha-
romyces servisiae and Aspergillus niger were also
used for antimicrobia testing. All stock bacteria cul-
tureswere maintained on nutrient agar dantsat 4UC
with monthly transfers. Whereas, fungi weremaintained
on Sabouroud’s agar slants.
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Culturemediaused

Theconedtituentsof solid media; nutrient agar, blood
agar, Mac Conkey agar and Miiller Hinton agar were
mentioned by Cheesbrough (2000). Theliquid pep-
tonewater medium iscomposed of (g/l); peptone 10,
sodium chloride 5 and distilled water 1 litre. Theme-
diumwasadjusted at pH 7.0- 7.4.

Effect of different mediaon pyocyanin production

Nutrient agar, blood agar, Mac Conkey agar and
Miiller Hinton agar were used for the growth of P.
aeruginosa and testing the biosynthesis of pyocyanin.
P. aeruginosawasinocul ated into peptonewater lig-
uid medium and grown for 5 daysat 37°C. Bacteria
werethen removed by centrifugation (20,000 g x 30
min) and the supernatant wasfiltered of through 0.45-
um filters. The dark blue supernatant was subjected to
chloroform extraction. The obtained pigmentswere
stored at 4°C in the dark.

Purification and quantification of pyocyanin

Pyocyanin was extracted from culture supernatant
of P. aeruginosa by seria chloroform extractionsfol-
lowed by sequential extractionswith acid and neutral
water®. Briefly, 3ml of chloroformwasaddedto 5 ml
of culture supernatant. After extraction, thechloroform
layer wastransferred to afresh tube and mixedwith 1
ml of 0.2 N HCI, which converted pyocyanin to the
acidic(red) form. After centrifugation, thetop layer (0.2
M HCI) wasremoved and itsabsorption measured at
520 nm. Concentrations, expressed as micrograms of
pyocyanin producedper ml of culture supernatant, were
ca culated using an extinctioncoefficient at 520 nm of
17.072119, Pseudomonasproteinswereremoved dur-
ing purification by chloroform extractionof thepyocya
nin. After the compl etion of five separation sequences,
the pH of theisolated acidified water layer could be
adjusted to pH 7.5 with aminimumvolumeof 0.1 M
NaOH. Needle-likecrystal sformed in the chilled solu-
tion over thefollowing 2 hours. Theseweretrapped on
a0.45 um (pore size) filter, and washed with water.
Finally, the pyocyanin wascrystallized, dried under
vacuum and weighed. It wasresuspended in water and
stored at 4°C until used.

Invitro antimicrobial activity test

Theantimicrobid activity of pyocyaninwasassayed
by agar wellsdiffuson. Agar plateswere prepared us-
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ing Miiller Hinton agar. The plates were seeded with
0.1 ml of test culture corresponding to 10°cfu/ml. Wells
of 6 mm in diameter were made using a sterile cork
borer in solidified agar. Thetest pyocyanin prepara-
tions (50 ul) were added to the wells. The extracting
agents weretested as control %, Plateswereleft for
onehour a 4UC and then incubated for 24 hat 37UC
(except for Aspergillus niger which wasincubated at
28UC for 72 h). Inhibition zones were measured in mm
and threereplicateswere averaged®!,

in vivo antimicrobial assay
Experimental animals

Rabbitsweighing 1250 to 1500 g were used. The
animal swere housed oneper cage under standard con-
ditionsof light and temperaturewith accessto food and
water. Theexperimentswere carried out in accordance
withingtitutiond guiddinesfor anima care®,

Preparation of inoculum.

Standard S aureus, K. pneumoniaeand C. albicans
wereculturedin nutreint broth medium at 37°C. A por-
tion of culturelogarithmic-phasebroth (1-ml) wasquan-
tified and concentrated to 20 ul using phosphate-buff-
ered saline (PBS) asdescribed by fan et all*e,

Pyocyanin prepar ation.

The purified pyocyanin was prepared as an oint-
ment in 0.5% hydroxypropyl celluloseto afinal con-
centration of 5 mg/mit,

Rabbit skin abrasion and infection modd!.

Ininitia experimentscarried out to set up therabbit
model skininfection, three human pathogens (S aureus,
K. pneumoniae and C. albicans) were used. Before
creation of thewounds, therabbitswere shaved onthe
dorsal surfaces. After removing hair, the skin was
cleaned and disinfected with cotton swab saturated with
70% alcohol. Skin abrasion woundsweremadeonthe
dorsal surfaces of rabbitsusing abladeby creating 3-
cm diameter scratch areaboth on right and | eft sides.
Theabrasion wounds only damaged the stratum cor-
neum and the upper layer of the epidermisbut not the
dermig*¥. Rabbitswereinocul ated intracutaneously
with thetested microorganisms. Theintracutaneousin-
jectionscontaining livemicrobewereappliedtotheback
of each anima previoudly shaved. Anima swerefirst
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inoculated with 0.5 ml of saline containing 107 cfw/ml of
the pathogen (S. aureus, K. pneumoniae or C.
albicans). At 5 min after thewounding, apipettetip
was a so used to inoculate 20 pl of concentrated sus-
pension containing 107 to 10® CFU of standard S
aureus, K. pneumoniae or C. albicansinto each de-
fined wounded area.

Treatment was conducted by application of pyo-
Cyanin ointment preparation. Approximately 100 mg
(containing 5 mg of pyocyanin pigment) of theointment
preparation were topically applied to the skin area
abovetheinoculation sitein two daily doses (in the
morning and theevening). Thetreatmentswere sarted
72 h after the challengeand lasted for 10 days. Animas
wereclinicaly monitored photographed oncedaily. The
rabbitswerefollowed daily for the devel opment of deep
dermal abscesses, inflammatory reaction of theinocu-
lated areaand wound sizefor atotal of 3 weekge.

At the end of the experiment, the skin areacorre-
sponding to theinfection sitewasinjected with 1 ml
sdinesolution and the salinewaswithdrown again and
processed for bacterial and candidal count. Suitable
dilutionsof the obtained salineeffusionwereplated on
Petri platesto determinethe number of living patho-
gens (expressed as CFU). In order to investigate the
reproducibility of the infection with S. aureus, K.
pneumoniae or C. albicans, three independent ex-
perimentswere performed.

Satistical analysis

Oneway analysis of variance (ANOVA) is used
according to SPSS¥. Inthe present work, each value
presented in thetablesisthe mean of threereadings=+
thestandard deviation (SD). Theleast significant dif-
ferenceisabbreviated asL.SD and measured at P<0.05.

RESULTS

Production of pyocyanin on different media

Four solid mediawere used for the growth of five
isolates of P. aeruginosa and detection of pyocyanin.
Culturesof P. aeruginosaisolateselicited abluegreen
pigment, reminiscent of pyocyanin, during growth on
thefour tested media; nutrient agar, blood agar, Mac
Conkey agar and Miiller Hinton agar. The highest blue
pigment formation was detected when P. aeruginosa

No. 4 wasgrown on Miiller Hinton agar. Therefore, P.
aeruginosaNo. 4 wasinocul ated into peptone water
liquid medium and grownfor 5 daysat 37°C. Bacteria
werethen removed by centrifugation and the dark blue
Supernatant was subjected to chloroform extraction. The
obtained pyocyanin pigment was quantified. There-
sultsin TABLE 1 showed that the pyocyanin synthesis
required at least 3 days and the maximum production
of thepigment (64.90 ug/ml) was attained after 5 days
of incubetion.

TABLE 1 : Production of pyocyanin by Pseudomonas
aeruginosa No. 4 grown in peptonewater broth for 5days

Yield of pyocyanin

Incubation period (days)

0O.D.50nm pg/ml
1 0.00 0.00
2 0.00 0.00
3 0.289 29.47
4 0.600 62.80
5 0.690 64.90

Concentrations of pyocyanin (ng/ml) were determined by
multiplying the optical density at 520 nm (OD,,)) by 17.072.

Antimicrobial activity of pyocyanin

Agar well diffusontestswereperformedon 12iso-
lates of Gram positive and Gram negative bacteriaas
well as4isolaesof fungi to determinetheir susceptibility
topyocyanin. Theresultspresented inTABLE 2reveded
ardatively highantibacterid activity of pyocyaninagangt
thetested Gram positive bacteria. The susceptibility of
bacteriato pyocyanin wasdlightly increased whenthe
concentration of pyocyaninincreased fromtheorigina
concentration (1:0.5) tofiveand twenty folds. However,
Gram negativebacteriathat wereres stant to pyocyanin
a theorigina concentration of thetested pyocyanin, were
aso res stant to the pigment at the higher concentrations
except K. pneumoniaewhichinhibited at twenty folds
of the pyocyanin concentration recording inhibition zone
of 14 mm. Fungi that werenon-susceptibleto pyocyanin
a origind concentration (1:0.5), wereaffected whenthe
concentration of pyocyaninincreased to twenty fold of
theorigina pigment extract. Thus, C. albicansshowed
cloudy zoneof inhibition growth (19 mm) when exam-
ined againgt thetwenty fold concentrated pyocyanin. A.
niger was al so susceptibleto pyocyanin at the twenty
fold concentrationrecordinginhibitionzoneof 14 mmin
diameter. Theminimuminhibitory concentrationsof pyo-
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TABLE 2: Antimicraobial activity of different concentrations
of Pseudomonasaeruginosa No. 4 pyocyanin against some
multi-drugresistant bacteriaand fungi grown on Miiller-
Hinton agar

Pyocyanin extraction
Culture super natant:
chloroform (v/v)

1:05 5fold 20fold mg/ml
Inhibition zone (mm)
Gram positive bacteria

MICs
Tested

micr oor ganisms

Saphylococcus

important to exploreitsinvivoantimicrobia activity in
topicd treetment of anima skininfectionmodd. Inthese
experiments, rabbitswerewounded and infected with
S aureus, K. pneumoniaeor C.albicans. Theinfected
sitesweretopically treated by using pyocyanin asan
ointment application. Wound morphol ogieswere ob-
served daily for 20 daysafter infection.

The obtained data reveal ed that pyocyanin oint-
ment displaysreasonableantimicrobid activity invivo
against al tested pathogens. TABLE 3 showed the ef -

22+2 172 28+ 0.06 ) ) )
aureus 1 3 fect of pyocyanin asatopical treatment on rabbitss.c.
guﬂi'gcoccus 2243 ND  25:3 006 infected with S aureus. Skin areainfected with S.
aureus showed the highest rednessand swelling after 4
Streptococeus 1882 1742 2022 0.06 e o -
viridians : daysof infection, while dlight pusformation was ob-
Streptococcus 1242 1812 2643 0.06 _sen/ed after6-8 dgys A notablei nerease of hair grow-
Eg%‘k‘)‘;@iﬁis ing wasrecorded in skin areatreated with pyocyanin
acidophilus 29+3 2943 243 006 o nt_ment after 1420_days compared to slower regen-
Dephtheroides 1742 20&2 1942 006 edive changesseen in Fhe untreat_ed control area. _
Gram negative bacteria Inthe ani malsthat |_nfe_cted with K. pneumoniae
Escherichia coli 2043 29:3 2953 006  andtrestedwithpyocyaninaintment, wound morpholo-
Klebsella 050 050 14n1 10 gieswereobserved daily. At 4 daysafter infection, the
pneumoniae ' highest redness was observed. While swelling was
Sal {1a typhi 29+3 ND ND 0.06 . :
i rrglneﬂa yp ,I TABLE 3: Effect of pyocyanin asatopical treatment on rab-
b Igd aftiexnert 0+0 0+0 0+0 R bitss.c. infected with Staphylococcusaureus
seuaomonas
aeruginosa 00 0£0 0£0 R _ Pus Hair growing
S Days Redness Swelling !
Proteus mirabilis 7+1 7+1 7+1 R formation Treated «L» Control “R”
fungi 2 - -
Candida albicans 0+0 0+0 19+2 1.2 4 +++ ++ - - -
Candida tropicalis 18+2 9+1 1442 0.06 6 ++ + + - -
Saccharomyces 19:2  10:2 22:3 006 8  *
servisae 10
Aspergillus niger 0+0 0+0 1442 12 12 i i i " ot
LSD 6.82x10"° 0.055 1.27x10™"° u . ) ) s o
Each value isthe mean of threereadings + standard deviation. 16 ) ) ) -+ -+
MI1Cs=Minimum inhibitory concentrations, R=resistant.
] ] ] ] 18 - - - ++++ +++
cyaninagaing theaffected bacteriaandfungi rangedfrom 5 i i i St et

0.06to1.2mg/ml.

Pyocyanin asatopical treatment for infected skin
of rabbits

The pyocyanin showed potent growth-inhibitory ac-
tivity against standard Gram-positive bacteria, Gram
negative bacteriaand Candida albicans at |ow con-
centrations. Moreover, theinvitro treatment of clini-
calyisolated pathogens showed that pyocyaninisable
toinhibit antibiotic-res sant pathogens. Therefore, itwas

L = left side, R =right side, The increase of itemswere repre-
sented by + to ++++++.

started at 4 days and reached itshighest level after 6
days. No pusformation was observed in theinfected
area. Anenhanced healing and hair growing of the pyo-
cyanin treated areaof rabbit skinwas observed after
14 -20 days. In the untreated infected area of skin,
rednessdtill perast with swellingand dightly lossof hair
for longer timethaninthe pyocyanintreated skin area.
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Thus, thetimefor hedling by pyocyaninislessthan that
intheuntreated control (TABLE 4).
Thedatapresented in TABLE 5 showed that rab-
bitswereinfected with C. albicans and treated with
pyocyanin preparation. Skinwound morphologieswere
observed daily. At 4 days after infection, the highest

TABLE 4 : Effect of pyocyanin asa topical treatment on
rabbitss.c. infected with Klebsiellapneumoniae

Days Redness Swelling PUS. Rair growing
formation Treated «L» Control “R”

2

4 ++

6 ++ ++

8 ++ - +

10 + +++ - ++

12 + ++ - ++ ++
14 + +++ ++
16 - - - ++++ +++
18 - - - +++++ +++
20 - - - ++++++ ++++

L = left side, R = right side, The increase of items were
represented by + to ++++++.

rednessof skinwasobtained. Whileswelingwassarted
at 6 daysand reached its highest level after 10 days.
Pusformation wasobservedintheinfected areaafter 6
-16 days, and reached its highest value at 10 days.
Maximum healing and hair growing of the pyocyanin
treated areaof rabbit skin was observed after 14 -20
daysrepresenting two foldsof hair growing obtained

TABLE 5: Effect of pyocyanin asa topical treatment on
rabbitss.c. infected with Candida albicans.

Days Redness Swelling forril;?ion = Hiw”growmg —
reated “L” Control “R

2 ++

4 ++++ ++

6 +++ ++++ + ++ +

8 ++ +++ + ++ +

10 ++ +++ ++ +++ ++

12 + ++ ++ +++ ++

14 - ++ + ++++ ++

16 + + ++++ ++

18 - + - ++++ ++

20 - + - ++++ ++

L = left side, R = right side, The increase of items were
represented by + to ++++++,
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on theuntreated control area. Generally, thetimefor
wound hedling by pyocyanintreatment wasshorter than
that inthe untreated contral.

DISCUSSION

Production of pyocyanin

Phenazine compounds have been shown to beim-
portant virulencefactorsin P. aeruginosa. In addition,
they act ascell-cd | sgnding moleculesand haveinhibi-
tory activity againstother bacterid**%, Phenazine com-
pounds, such as pyocyanin produced by P. aeruginosa,
areantibioticsintheir ownright that can functionascom-
petitiveagentsinmicrobia communities. Theantibiotics
secreted by other microorganismsinmicrobia commu-
nitiescould serveasasgnd todert P. aeruginosatothe
existenceor aggression of other bacteria, and the subse-
quent increased pyocyanin production would help P.
aeruginosa to competewiththe other microbes?4.

Culturesof P. aeruginosaisolateselicited ablue
green pigment, reminiscent of pyocyanin, during growth
onthefour tested media; nutrient agar, blood agar, Mac
Conkey agar and Miiller Hinton agar. Considerable
amounts of blue pigment were produced by P.
aeruginosaisolateswhen grown on Miiller-Hinton agar.
Pigment production began during thefirst 24 hrs of
growth, and maxima pigment productionwasachieved
by isolate No. 4 after 72 hrs. Daly et all*”, showed
that ninety-seven percent of atotal of 135clinical P.
aeruginosaisolates el aborated detectable pigmentson
themodified Mac Conkey agar (MMA) within 24 hrs.
Several strainsof P. aeruginosa (83%) produced pig-
ment on Mac Conkey agar and sheep blood agar as
well, but most required 48 hrsof incubation.

invitro airing, pH and temperature play arolein
the variation of pyocyanin production®. Our bacte-
rium; P. aeruginosaNo. 4 wasinoculated into peptone
water liquid medium and grown for 5 daysat 37°C.
Chloroform extraction was used to obtain pyocyanin
pigment. Theresults showed that the pyocyanin syn-
thesisrequired at | east 3 days and the maximum pro-
duction of thepigment (64.90 pg/ml) was attained after
5 days of incubation. In previous investigations, P.
aeruginosa was grown in low- and high-phosphate
succinate media. Under culture conditionsof limited
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phosphate, both pyocyanin production and catal ase
activity were enhanced®. Fiveclinical isolates(Cls)
of P. aeruginosa were examined for the production of
pyocyaninusing glycerol danineminima medium. The
level of pyocyanin producedby CI-5wascomparable
to that produced by PAO15,

Cheluvappaet al®®. found that pyocyanin concen-
trations from patients with (CF) colonized by P.
aeruginosa can go up to (27.3 ig/ml). Ra’oof and
L atifi>? observed that all P. aeruginosaisolates pro-
duced pyocyanin pigment on King’s A medium in dif-
ferent amounts, whereas some of them produced dif-
ferent typesof other pigmentslike (pyoverdine-ydlow,
pyorubin-red, and pyomel anin-black) on King’s B me-
diumand adsoindifferent amounts. Guptaet al™. found
that theculturesof P. aeruginosa PAOLgrowninLuria
broth at 37°C and 120 rpm for 16-18 hrs produced
low amount of pyocyanin (8.55 pg/ml). The low pig-
ment production could beattributed toiron deficiency
inthemedium.

Antimicrobial activity of pyocyanin

Invitro antimicrobial activity of the purified pyo-
Cyanin pigment agai nst thetested microorganismswas
demongtrated by agar well diffusion tests. The obtained
resultsreved ed that Gram positive bacteriawere more
susceptibleto the antibiotic action of pyocyanin than
Gram negativebacteria. Thus, the Gram negative bac-
teria; E. coli and Salmonella typhi werethe only af-
fectedisolatesby theorigind extract of pyocyanin (1:0.5
vIv). Whereas, Klebsiella pneumoniae was only af -
fected at twenty folds of the original concentration. P.
aeruginosa and Shigella flexneri were resistant to
pyocyaninat dl concentrations. Gram positivebacteria
were more susceptible to Pseudomonas aeruginosa
pyocyanin (MI1Cs0.06 mg/ml) than Gram negative bac-
teria All tested fungi weresengtivetopyocyaninat MIC
ranged from 0.06to 1.2 mg/ml. Thisfinding agreed with
that obtained by Baron and Rowe™® who reported that
the Gram positive bacteria (Micrococcusluteus, Sa-
phylococcus aureus, Bacillus licheniformis, Ba-
cillussubtilis, Paracoccus denitrificans) weremore
susceptibleto the antibiotic action of pyocyanin than
were the Gram negative bacteria (Escherichia coli,
Proteus vulgaris, Enterobacter aerogenes and P.
aeruginosa). Norman et al®”. reported that pyocya-
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nin hasbeen detected in an oil-degrading culture con-
taining P. aeruginosa and isaredox-active compound
cgpableof inhibiting the growth of pyocyanin-sengtive
membersof themicrobia community. Price-Whdan et
al**3 gated that the antagonistic effectsof amost all
of phenazinederivativesare usually attributed to one
generd characteristicredox activity.

The herein obtained data showed that only two
yeasts; Candida tropicalis and Sacchromyces
servisiae were susceptibleto pyocyanin at theorigina
concentration (1: 0.5). Theantifungd effect of pyocya
ninwasrecorded asaninhibition zonesranged from 14
to 19 mm. Fungi; C. albicansand A. niger that were
non-susceptibleto pyocyaninat origina concentration
(1: 0.5), were affected when the concentration of pyo-
cyaninincreased to twenty fold of theorigina pigment
extract. Flaishman et al'*”). observed that pyocyanin, a
phenazine produced by P. aeruginosa, suppresses
whest blotch caused by Septoriatritici. Anjaiahet al2.
stated that production of phenazine antibioticsby P.
aeruginosa PNA 1 enabled the bacterium to suppress
some phytopathogenic fungi. Stephen and Hawkey!®
indicated that pyocyanin isbactericidal for many spe-
ciesincluding E. coli, Saphylococcus aureusand My-
cobacterium smegmatis which may benefit P.
aeruginosa by elimination of competing microorgan-
isms. Pyocyaninisbactericida for many specieswhich
can exist either in oxidized or reduced form, the | atter
being an unstablefreeradicad whichreactsrapidly with
molecular oxygen. Thisautoxidation leadsto thefor-
mation of superoxide (O, °) or hydrogen peroxide
(H,0,). Thiskillingisobserved on agar platesasclear
zoneson lawnsof sensitive bacterid®l. Pyocyaninwas
effectiveonthegrowth of thefollowing studied micro-
organisms: Escherichiacoli, Proteusmirabilis, Sa-
phylococcus aureus, Salmonella typhi, Klebsiella
pneumoniae and Penicilliumsp., whileit was not ef-
fective on P. aeruginosa and Fusarium spi#.

Pyocyanin asatopical treatment of skin infected
rabbits

Pyocyanin possessesantimicrobia activity against
severd multidrug res stant pathogenic microbesand may
be used topically in susceptible cases. Sincethereare
no effectivetreatment strategiesfor someseriousskin
infections, our study focused on the effect of the exter-
nal useof pyocyanin. Theresultssuggest that pyocya
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nin may becomeapotentia candidatefor treating skin
infections. In vitro, pyocyanin can effectively inhibit
Gram-positive and Gram-negative bacteria. Moreover,
pyocyanin a so shows antifungal activity against C.
albicans. A test for the efficiency of external use of
pyocyaninwas carried out in vivo. Theresults show
that pyocyanin topica trestment can effectively protect
skin from infection in a rabbit skin S aureus, K.
pneumoniae and C. albicansinfection models. Mor-
phologica observation showed that pyocyanin-treated
skin wasback to normal.

Pseudomonads represent the major group of non-
differentiating microorganismsthat produceantibiotics.
The antibiotic substances produced by thisgroup of
organismsare pyocyanin, pyrolnitrin and pseudomonic
acid. Kaleli et al’?Y, investigated the in vivo and in
vitro anticandidal activity of P. aeruginosa strains
against Candida species. Forty-four P. aeruginosa
grainsisolated from various specimensof intensivecare
patientswereincludedinthestudy. All P. aeruginosa
dranshavepyocyanin pigment. Thetotd inhibitionrates
obtained by using Sabouraud dextrose agar of C.
albicans, C. parapsilosis, C. krusei and C. tropicalis
were 45%, 39%, 48% and 25% respectively. In the
mouse model of concomitant subcutaneousinfection
with Candida speciesand P. aeruginosa no yeast were
recovered from skin cultures despite 100% detection
of P. aeruginosa. The anticandidal activity of P.
aeruginosa-pyocyanin may beimportant in thetreat-
ment of patients. Al-Ani et all¥ reported that skin area
of miceinfected with Trichophyton ruburmshow ir-
regular marginwith boil formation, rednessand swell-
ing (2x2) cm. Thisindicatestheinvasion of the hyphae
into stratum corneum inducing ahyperkeratosiswith
crust. Thisrepresented by el evation of skindueto ac-
cumulation of inflammatory cells, thisisinturnleadto
dilation of theblood vessdl scausing rednessof theskin.

Inaconclusion, thisstudy showed that pyocyanin,
anew member of antimicrobid pigment, demonstrates
astrong antimicrobid activity, including the multidrug
Gram-positive and Gram-negativebacteriaaswell as
fungi (S aureus, K. pneumoniaeand C. albicans). It
isanew templatefor anti-infectivedrug design. It rap-
idly killed microbes and effectively cured skininfec-
tionsin rabbitswhen gpplied externdly. Therefore, we
believe pyocyanin, becauseof itshighantimicrobid ac-

tivity and therapeutic potentia intresting skininfection,
showspromiseintheareaof clinica application asone
of thedternativesto traditiona antibiotics. More stud-
ies are needed to further explore the antimicrobial
mechanism of pyocyanin asapromising candidatefor
thetreatment of skininfection by topica application. In
vivotrialsarerequired to advocate the systemic use of
the potent antimicrobialsininfectiousdiseases.
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