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Abstract: Problem statement: The developing microbial resistance to the exgstamti-microbial
agents has become a real challenge and a seriobigpr facing patients suffering from skin infecson
Seeds ofNigella sativa have been used for a long time in folk medicine tfee treatment of such
infections. Production of new potent agents is ntigeneeded, especially for hospitals and health
centers. Therefore, the anti-microbial effect ofi@aus, diethyl ether, chloroform and petroleum rethe
extracts of the seeds against four standard miar@iains and seven clinical isolates from pasient
with skin wound infections were investigatefjpproach: The in vitro anti-microbial effect of the
extracts at a concentration of 20% on standardhstand clinical isolates was assessed and compared
with standard drugs, chloramphenicol and amphateBcusing agar well diffusion assay. Timevivo
anti-bacterial effect of petroleum ether extractswstudied in male BALB/c mice infected
subcutaneously witl$. aureus (ATCC 25923) or a clinical isolate (0.1 mL from*®lony forming
units mL" suspension) and immediately treated at the irdesite by subcutaneous injection of 0.1 mL
of pure extract (fixed oil) or chloramphenicol @mrmal saline. Counts of viable bacteria presetién
skin area corresponding to the infected site werterdhined, after 24 and 48 h of infection and
treatment.Results: The aqueous extract did not show any inhibitorfeatf against all the tested
microorganisms. The diethyl ether and chloroforrramts indicated significant inhibitory effect only
against Gram-positive bacteria. However, petroletiner extract was proved to be the most powerful
one against these bacteria and also against olingrat isolates like one Gram-negative bacterium
(Klebsiella pneumonia) and the yeastQandida albicans). Moreover, the extract revealed a superior
effect over the standard drug, chloramphenicol,tlom clearance of subcutaneous staphylococcal
infection in mice when injected at the site of otfen. Counts of viable bacteria were decreased at
highly significant level in mice infected witls. aureus (ATCC 25923) or a clinical isolate.
Conclusion/RecommendationsThe results of this study revealed clear potdtyialf N. sativa fixed

oil as a source for anti-microbial drugs and supjisr use in folk medicine for the treatment of
microbial skin infections.
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INTRODUCTION possess a number of pharmacological prop&tidike
anti-oxidant!, anti-tumoff”, anti-parasiti?!, anti-
Nigella sativa (black cumin)Linn. (Ranunculaceae) inflammatory”, anti-diabeti€®, protection against
is an herbaceous indigenous plant in the Mediteman nephrotoxicity"! and hepatotoxicitf’? and acting as
region. Seeds of this plant have been used foutest promoter of skin wound healifg.

as a spice and food preservative, as well as #itnaal The anti-microbial effects df.. sativa seeds against
medicine for the treatment of various diseasesdifferent pathogenic microbes were investigatede Th
including skin infection$?. diethyl ether extract was found to cause conceotrat

The main component of a seed is oil (about 31dependent inhibition of Saphylococcus aureus,
36%), however other reserves are also found likd°>seudomonas aeruginosa, Escherichia coli and a
carbohydrates (33-34%), proteins (16-20%) and fibepathogenic yeas€Candida albicans™. The methanol
(4.5-6.5%). The major component of oil is the fb@ll  and chloroform extracts have high inhibitory effect
while the volatile oil ranged between 0.4-0.7 patde  againstS aureus, P. aeruginosa and C. albicans™®.

Crude extracts and seed constituentdNogativa, The essential oil of the seeds have also dose-depen
in particular thymoquinone, have been reported tanti-bacterial effects on Gram-positive. @ureus) and
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Gram-negative K. coli) bacteri&®. The volatile oil of  Irbid, Jordan. The seeds were authenticated at the
N. sativa seeds, prepared by steam distillation, wasHerbarium of the Department of Biological Sciences,
proved to be more effective against many strains oAl al-Bayt University, Mafraq, Jordan.
bacteria, including those known to be highly resisto
drug$'”. The anti-microbial agent has been isolatedPreparation of seed extractsSeeds ofN. sativa were
from the volatile oil, identified as thymohydroqaime  ground into slightly coarse powder using electric
and was found to be active against Gram-positivéblender. Organic extracts were prepared by soaking
bacteria and yeas$td. three portions of 150 g each of the dried powder
The in vivo anti-fungal effect of the aqueous separately in 600 mL of analytical organic solvents
extract of N. sativa seeds was also investigated. (chloroform 95%, diethyl ether 99% and petroleum
Treatment of mice with the extract 24 h afterether 40-60°C), using a conical flask plugged with
intravenous injection of C. albicans caused a cotton wool. The mixture was kept at room tempegatu
considerable inhibitory effect on the growth of thefor 48 h under continuous shaking (memmert shaker S
fungus in the liver, spleen and kidnEf)s Moreover, 1422, Germany). Aqueous extract was prepared by
the anti-fungal effects of ether extract andsoaking 50 g of the dried powder in 300 mL distille
thymoquinone oN. sativa seeds against many specieswater and heating for 30 min at 50°C. Then, the
of dermatophytes, revealed the potentiality of suchmixture was kept at room temperature under contisuo
seeds as a source for anti-fungal drugs and suffpgirt  shaking for 48 h. The viscous mixture was centefiig
use in folk medicine for the treatment of fungalnsk for 5 min at 2000 rpm to collect the supernatarite T
infection$®*2?, aqueous supernatant and organic extracts wereefilte
The skin represents the first line of defenseragai separately through whatman filter paper no. 2 under
microbial colonization and infection simply indieat vacuum. The filtrates were evaporated to dryness by
the presence of microbes, which may be pathogenfota vapor (Richl R-114, Switzerland). The rotary
opportunist or commensals. However, the skin sugpor water bath (Richl B-480) was adjusted to 55°C. The
the growth of commensally bacteria, which protéet t organic extracts were kept overnight under vacuum
host from pathogenic bacteria. In fact, environraknt fume hood to obtain a constant dry weight. Theasts
factors, host immunity, organism adherence andvere weighed and stored in closed vessels at 4°€ in
virulence are strongly related to cutaneous infe€tf. refrigerator for further use.
S. aureus and Streptococcus pyogenes are among the
most common causative agents of primary and/oDetermination of in vitro anti-microbial effect:
secondary skin infections in hun¥&f*. These Microbial strain: The aqueous and organic extracts of
infections may lead to serious local and systemid\. sativa seeds were tested against four standard
complications like skin lesioffs. microorganisms Saphylococcus aureus (ATCC
The developing microbial resistance to the existin 25923) Bacillus subtilis (ATCC 6051),E. coli (ATCC
anti-microbial agents has become a serious problenl1229) andCandida albicans (ATCC 18804)) and
Therefore, production of new potent agents is utgen seven clinical isolates S@phylococcus aureus,
needed, especially for hospitals and health center&aphylococcus epidermidis, Streptococcus pneumonia,
keeping in mind that studies on strains of path@agen Bacillus subtilis, Escherichia coli, Klebsiella pneumonia
microbes are scarce. Furthermore, most studiehi®n t and Candida albicans) from patients with skin wound
anti-microbial potential of plant extracts, active infections in El-basher hospital and Islamic haapit
ingredients and/or chemical drugs have been tested Amman- Jordan, from February to June 2008.
experimental animals. So, the present study wagedar
out to investigate the anti-microbial effect Mf sativa  Inoculum's preparation: Microbial strains and clinical
crude (aqueous and organic) extracts against alinic isolates were re-identified and characterized bpdsrd
isolates from patients with skin wound infectiomslao  microbiological techniques prior to use. The test
elucidate the effectiveness of petroleum ethermekton  microorganisms were maintained at 4°C on nutrient
the clearance aofubcutaneous staphylococcal infectionagar slants (bacteria) and potato dextrose agatssla
in mice. (yeast). Active cultures for each bacterial speuiese
prepared by transferring a loopful of cells frone th
MATERIALS AND METHODS stock cultures to test tubes of nutrient broth pothto
dextrose broth for yeast. The inoculated tubes were
Selection of Nigella sativa: Seeds ofN. sativa were  incubated without agitation for 24 h at 37°C. The
purchased in February, 2008 from an herbal shop icultures were diluted with fresh nutrient or potato

1441



Am. J. Applied Sci., 6 (8): 1440-1447, 2009

dextrose broth to achieve optical densities comedimg  The bacterial suspension was then diluted withilster
to 1x10¢ colony forming units per milliliter (cfu mY)  saline to 1x1bcfu mL™ using a standard growth curve
for bacteria and 1xf&pore mL* for yeast&®. to relate measurellyto the bacterial concentratioh

Agar well diffusion assay: The agar well diffusion Infection of animals: Skin infection of BALB/c mice
method was used to test the anti-microbisgatfbf  with S aureus (ATCC 25923) or a clinical isolate was
N. sativa crude extracl. All media plates (9 cm in conducted as described by Godinal 2% The assay
diameter) were prepared according to the manufactur was run on a total of forty-eight mice randomlyided
recommendations (Difco Laboratories, USA). Afterinto two groups. In the first experimental group,
agar solidification, the well (7 mm in diameter)ssgut  twenty-four mice were injected subcutaneously with
from the agar to produce a total of three wellsgmrh 100 pL of S aureus (ATCC 25923) at a concentration
agar plate. For preliminary test, six concentragiari  of 1x1¢ cfu/mouse into the previously shaved mid-
each extract (10, 20, 30, 40, 50 and 60% v/v) werglorsal skin of the mice. The infected mice were
prepared in a total volume of 1QQ per well using randomized into four sub-groups, with six mice acle
99.5% analytical Dimethyl Sulphoxide (DMSO) as ansub-group. Three sub-groups were treated with
organic solvent. Chloramphenicol (10g/well) and petroleum ether extract, chloramphenicol and thécle
amphotericin B (10ug/well) were used as positive (normal saline). Sub-group four was left untrease
standard antibiotics. One hundretl of each diluted control. Post-infection immediate treatment ocatlirre
microbial suspension were inoculated on nutrienf@n  through subcutaneous injection of the infected \sitl
dextrose agar plates using sterile cotton swab. Th@.1 mL of pure extract (fixed oil), antibiotic stion
inoculums were allowed to dry for 5 min. Then, 100 (10 pg/mouse) and the vehicle using insulin syringes. In
of each extract solution, blank (DMSO or water) andthe second experimental group, twenty-four miceewer
positive control was added separately to each wfell injected subcutaneously with 100L of S aureus
agar plate and allowed to diffuse at room tempeeatu (clinical isolate) at a concentration of 1Xkfu/mouse.
for 15-20 min. After incubation at 37°C for 24 Hl a The experimental protocol was followed as described
plates were examined for any zones of growththe first group.

inhibition and the diameter of these zones was The mice were monitored for the development of
measured. Preliminary test revealed that the extraskin abscesses and lesions characterized by sellin
concentration of 20% was the most effective. Treeeef redness and other inflammatory reaction on thecteté
the assay was repeated six times at such condentrat site through 48 h after infection.

for each extract. The anti-microbial effect wasoreled
as the mean diameter of the resulting inhibitionezo
of growth in millimeter.

Bacterial counts: Three mice from each treated and/or
untreated sub-group were sacrificed after 24 and 4B
infection. Then, after disinfection with 70% ethgribe
Determination of in vivo anti-microbial effect: skin area corresponding to the infection site and
Animals: Male BALB/c mice six-week of age were underlying tissue were removed and homogenized i
purchased from the animal house of the Department @ ML sterile saline. To quantify the bacterial nars
Biological Sciences, Yarmouk University, Irbid, dan. S@mples were diluted to 1:10, plated on nutrierdrag
All animals were housed, fed and treated in acomela Plates and incubated for 24 h at 37°C. Bacteriaht®
with the in-house guidelines for animal d&Fe were expressed as numbersSoéureus colony forming

. - . 9,30]
Animals were kept for two weeks to be acclimatizedunlts per gram (cfu'g) of tissu&®*.

prior to the investigation. During this time theyen®  gatistical  analysis: Data were presented as
given standard pellet diet and waset libitum. At the  means + SEM (Standard Error of the Mean).
body weight of 23.4+1.2 g. paired students t-tesin a Statistical Software Package
(SPSS). Differences were considered significanp-if

Bacterial strain: Based on results obtained from agar, e is less than 0.05 and 0.01.

well diffusion assay, the bacterial strain seledtedhis
experiment was. aureus (ATCC 25923) and a clinical RESULTS
isolate. Bacterial cultures were routinely grown in
nutrient broth at 37°C for 24 h. Active culturesrere Preliminary assessment andn vitro anti-microbial
harvested by centrifugation, washed twice and reeffect: The preliminary assessment of finevitro anti-
suspended in sterile saline. Bacterial density wasnicrobial effect ofN. sativa crude extracts revealed
determined by measuring the absorbance at 600 nrthree basic outcomes (Table 1 and 2).
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Table 1: The anti-microbial effect df. sativa crude extracts against standard microbial strains

Mean diameter of inhibition zone in mm (meanE\Vg®

Extracts (20% v/v) Standard antibiotic [@/well) Vehicles (10QuL/well)

Microorganisms  Aqueous Diethyl ether  Chloroform etrBleum ether  Chloramphenicol ~Amphotericin B DMSONater

Gram positive:

S aureus NZ 17.00£0.17  15.66%0.33* 38.66:0.34**  22.33:0.32 NZ NZ NZ
(ATCC 25923)
B. subtilis NZ 24.6620.21  33.5020.31  35.170.31* 22331033 NZ NZ NZ

(ATCC 6051)
Gram negative:

E. coli NZ NZ NZ NZ 20.21+0.22 NZ NZ Nz
(ATCC 11229)

Yeast:

C. albicans NZ NZ NZ NZ NZ 18.50+0.26 NZ Nz

(ATCC 18804)

% (n = 6), *: p<0.055*: p<0.01 were considered significant in comparigobthe standard antibiotic control group; NZ: Non&cof inhibition;
DMSO: Dimethyl Sulfoxide

Table 2: The anti-microbial effect df. sativa crude extracts against clinical isolates fromeyat with skin wound infections

Mean diameter of inhibition zone in mm (meanEMg®

Extracts (20% v/v) Standard antibiotic ([dg/well) Vehicles (10QL/well)
Microorganisms Aqueous Diethyl ether ChloroformPetroleum ether Chloramphenicol Amphotericin B DIMS Water
Gram positive:
S aureus NZ 09.831£0.31* 09.50+0.34* 41.33+0.22** 21.00£0.26 NZ NZ NZ
S epidermidis NZ 25.66+33 30.16+0.31* 36.83+0.17** 22.3340.21 NZ NZ NZ
S. pneumonia NZ 07.50£0.22 09.680.21 18.50+0.22 21.56D.22 NZ NZ NZ
B. subtilis NZ 24.3310.21 38.660.31 38.8310.31* 22.880.17 NZ NZ NZ
Gram negative:
E. coli NZ NZ NZ NZ 22.331£0.21 NZ NZ NZ
K. pneumonia NZ NZ NZ 10.33+0.21* 22.17+0.40 NZ NZ NZ
Yeast:
C. albicans NZ NZ NZ 11.33+.0.21 NZ 18.00+0.21 NZ NZ

% (n = 6), *: p<0.05 and **: p<0.01 were considersignificant in comparison to the standard antibiaontrol group, NZ: No Zone of
inhibition, DMSO: Dimethyl Sulfoxide

First, the agueous extract at a concentration oGram-negative bacteria of standard strains andcalin
20% did not show any inhibitory effect against all isolates from patients with skin wound infectio@n
standard strains and the clinical isolates tested. the other hand, amphotericin B was effective agains

Second, the organic extracts (fixed oil) at aboth standard and clinical isolate@falbicans.
concentration of 20% were proved to be effectivdasn
the conditions of the present investigation. Thettdil  In vivo anti-microbial effect: The petroleum ether
ether and chloroform extracts were found activarega extract was proved to have potent anti-bacterigdcef
Gram-positive bacteria, both standard and clinicabgainst Gram-positive bacteria, based on results
isolates. However, petroleum ether extract was gaov obtained from Table 1 and 2. The most significant
to be the most powerful one against these bacterda effect was observed againSt aureus, as compared
also against some other clinical isolates like onewith other organic extracts. In the vivo experiments,
Gram-negative bacteriumK( pneumonia) and the the anti-bacterial effect of petroleum ether extriac
yeast C. albicans). The extract also revealed superior mice infected witts aureus (ATCC 25923) or a clinical
inhibitory  effect over the standard drug, isolate was conducted.
chloramphenicol, when testing again& aureus The effect of the extract on the growthSfureus
(standard and clinical isolate®, epidermidis (clinical  (ATCC 25923) in the skin of infected mice was shown
isolate) andB. subtilis (standard and clinical isolate). in Fig. 1. Counts of viable bacteria present in $kim
Third, two standard antibiotics or drugs were usedafter 24 and 48 h of infection, showed that thees w
chloramphenicol and amphotericin B and the formemo significant difference between the infected
was proved to be effective against Gram-positivéd anuntreated (control group) and the saline-treatézk.
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Fig. 1: Counts of viabl& aureus (ATCC 25923) in the Fig. 2: ﬁourllt.s 0:: .vifabléidaureus (c(lji{nic_al isglatel) ;)n led
skin of infected untreated mice (bars labeled the skin of infected untreated mice (bars labele

“1”), saline-treated mice (bars labeled “27), “1"), saline-treated mice .(bars labeled “27),
chioramphenicol-treated mice (bars labeled “3") chloramphenicol-treated mice (bars Iabgled “3")
and petroleum ether extract-treated mice (bars and petroleum ether extract-treated mice (bars

labeled “4") after 24 and 48 h of subcutaneous labeled *4") after 24 and 48 h of subcutaneous

infection and treatment. Data were expressed as infection and ireatment. Data were expressed as
means = SEM for three mice in each group, *: means + SEM for three mice in each group, **:

p<0.05 and *: p<0.01 were considered p<0.01 was considered significant in
significant in comparison to the infected comparison to the infected untreated control

untreated control group. group

However, chloramphenicol-and extract-treated mice urthermore, it was more _eﬁectlve. than the stahdar
drug, chloramphenicol, in treating a non-fatal

had bacterial counts much lower than the controligr . L9 .

In the chloramphenicol-treated mice, viable baateri _supcutaneous gtaphylocoqcal infection in mice when
decreased to a significance level (p<0.05), aftenad  Miected at the site of infection.

48 h of infection, to around 210" and k10" cfu,
respectively. In the extract-treated mice, backeria
numbers decreased considerably to a highly sigmfic

level (p<0.01), after 24 and 48 h of infectionatound . The datg O.f th? preliminary assessment o th
1.8<10' and 510° cfu, respectively. in vitro anti-microbial effect of N. sativa seeds

revealed that aqueous extracts did not contain anti
bacterial and/or anti-fungal constituents, at laaster
the conditions of the current study, which are utyf
. ; . ) agreement with other studies on the same plant
saline-treated mice had bacterial numbers slightlyyo jes  The extract was found to be ineffective on
higher, but was not statistically significant, thére standard and hospital strains @f albicans, S. aureus
infected untreated mice. On the other hand, badteri 54 p. aeruginosa®®. However, other studies have
counts in chloramphenicol-and extract-treated micenown that such extracts of these seeds could mave
declined to a highly significant level (p<0.01)teaf24  jnnipitory effect on the growth of the yeat albicans
h of infection, to around 1:80" and 1.410" cfu, in the liver, spleen and kidneys of infected rfif&eThis
respectively. The bacterial numbers were furthercontroversial results can be explained by: (a) The
declined to a highly significant level (p<0.01)teaf48 different techniques used for extractfdn®” (b) The
h of infection and reached around 918’ and 8.610°  differences betweeim vivo andin vitro studie§>*%, (c)
cfu, respectively. The sensitivity and the accuracy of the anti-micbb

In all groups of animals subcutaneously injectedtest, (d) The concentration and the effectivendghe
with 1x10°cfu of S. aureus (ATCC 25923) or a clinical constituents in the extracts, (€) The conditionsesd
isolate, development of small abscesses in thew#® collections and the seasbh (f) The storage and the
observed within 24-48 h of infection in the infette preservation method of the extracts and (g) Most

DISCUSSION

Similar effect on the growth of clinically isolate
strain of S. aureus in the skin of infected mice was
observed in Fig. 2. After 24 and 48 h of infectitimg

untreated and saline-treated mice. previous studies stressed on the volatile oil aisd i
These findings have clearly demonstrated that theonstituent, thymoquinofié:*8:20-22]
clearance o8& aureus from the site of infection in mice Three organic solvents were used to extract fixed

by petroleum ether extract was significantly highoil constituents from seeds b sativa, these included:
(p<0.01), as compared with the infected untreatex®. diethyl ether, chloroform and petroleum ether. Tirst
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two solvents have been used widélf, while the No previous reports have been published for
third one was never used before at least with seElls  evaluating the efficiency of petroleum ether extrac
sativa. The fixed oil of organic solvents had more the clearance of subcutanedsisaureus infection. The
effective anti-bacterial effect against Gram-pesiti potency of the extract to inhibit the growth®faureus
than Gram-negative bacteria. Gram-negative bacteribothin vitro andin vivo was significantly high, which
have an outer membrane, which make their cell walprovides an evidence for the presence of highlvact
impenetrable to anti-microbial agents. It is poesthat  anti-bacterial agents in that extract. Such extraictht
the apparent ineffectiveness df. sativa organic  have had bactericidal effect and/or stimulatorgetfion
extracts was largely due to this permeability srrfOn mast cells and recruitment of neutrophils at the of
the other hand, Gram-positive bacteria are onlyinfection. Therefore, further studies should bdofokd
composed of peptidoglycan cell wall and so are moréo isolate pure active anti-microbial agents fastitey
susceptible to anti-microbial agehtsY. Although specific anti-microbial effect. Moreover, histologl
petroleum ether extract was a crude one, it proveévaluation of the infected and treated skin bicpsie
superior over the standard antibiotic, chlorampbani should also be investigated to elucidate the efiétiie
when testing agains®. aureus, S. epidermidis and B. extract on the inflammatory process.
subtilis. This could be explained by the presence of
potent anti-bacterial constituents in high concaigns
in the extract. Moreover, the specific mode of @ttf
active chemical constituent against microorganissns
attributed to their chemical composition and
morphology?. The extract was also active df.
pneumonia rather thark. coli, which indicates a higher
concentration of the extract is required to inhithie
growth of E. coli. Since, both are Gram-negative
bacteria with effective permeability barrier. Sianil
effect of the extract was observed on ye&sa(bicans).
The standard strain was insensitive and more eggist
to the extract than clinical isolate. This mearat they  support and technical assistance and Sohail Al iBuha
are different strains and the inhibitory effect thie  for the help in the identification and charactetima of
extract is dose-dependBft®. Such findings need the tested microorganisms. Clinical isolates wénell
further investigation. supplied by Anas Mansi from Islamic Hospital and
It is worth to mention thatS aureus is the Mohammad Kassem from El-Basher Hospital, Amman-
causative agent for the majority of primary skin jordan. | wish also to record my appreciation fue t
infections such as cellulites, trauma and wouneteel  gssistance and facilites provided by Al-al-Bayt
infections, especially when associated with co-fbrb ynjyersity in participating publication this study.
conditions and/or bacteremia, may lead to severe
complications and hospital admission. In some cases
they can be a cause of extensive morbidity and
mortality®®. S aureus produces several biologically
active products, including hemolysins, nuclease 1
coagulase, lipase, exotoxins, fibronectin-and gelte
binding proteins and enterotoxins. Immunity ®
aureus is primarily via complement-mediated killing by 2.
neutrophils and cell-mediated immunity may
secondarily contribute to pathogenesis of some
lesion§?. Skin mast cells can detect and be activated

CONCLUSION

In a conclusion, the results of this study reveéale
clear potentiality ofN. sativa fixed oil as a source for
anti-microbial drugs and support its use in folk
medicine for the treatment of microbial skin infeos.
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