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Nigella sativa has been used traditionally as spice, carminative, condiment, aromatic, stimulant,
diuretic, stomachic, liver tonic and digestive. The rate at which the bacterial strains are becoming
resistant to the available antibiotics has necessitated the demands for a renewed effort to investigate
for new antimicrobial agents. Nigella sativa seed, in various germinating stages, was studied for
antibacterial activity against various pathogenic bacteria resistant to a number of available antibiotics.
The antibacterial activity of Nigella sativa in various germinating stages was studied on five pathogenic
bacteria. The highest antibacterial activity was seen on 9d, 10d and 11d of germination while the seed at
0d showed no activity. The zone of inhibition ranges from 15 to 20mm. It can be concluded that there
was moderate antibacterial activity. The results showed day-dependent activity and not the dose-
dependent activity. During germination, there is always an increase in volume due to water uptake by
the cells. This results into the initiation of numerous metabolic activities. During growth, the metabolic
processes reach their optimum level. As a consequence there is an increase in biomass rapidly. These

variations in the metabolic activity might lead to the alteration seen in the antibacterial activity.
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Introduction

Nigella sativa Linn. is commonly known as black seed
which belongs to the botanical family of Ranunculaceae.
N. sativa seeds have been used for nutritional and
medicinal purposes in many Middle Eastern countries
and other parts of the world (Al-Ghamdi, 2001; El-
Dakhakhny et al, 2000). N. sativa is considered a natural
food additive and a condiment. Also, it had been used for
medicinal purposes as a natural remedy in many ancient
cultures, as those of Egypt's Greece and Rome
(Al_Haider et al., 1993). The N. sativa is the medicine for
every disease except death (Ghosheh et al., 1999;
Takruri, 2003). Seeds of N. sativa are frequently used in
folk medicine in the Middle East and some Asian
countries for acquiring good health and treating of many
ailments including fever, common cold, headache,
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asthma, rheumatic diseases and various microbial
infections and to expel worms from the intestine(Akhtar
and Riffat, 1991; Al-dassir, 1992, Al-Ghamdi, 2001).

The anti-microbial effects of N. sativa seeds against
different pathogenic microbes were investigated. The
diethyl ether extract was found to cause concentration
dependent inhibition of  Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli and a
pathogenic yeast Candida albicans (Hanafy and Hatem,
1991). The methanol and chloroform extracts have high
inhibitory effects against S. aureus, P. aeruginosa and C.
albicans (Mashhadian and Rakhshandeh, 2005). The
essential oil of the seeds have also dose-dependent anti-
bacterial effects on Gram-positive (S. aureus) and Gram-
negative (E. coli) bacteria (Hosseinzadeh, H. et al, 2007).
The volatile oil of N. sativa seeds, prepared by steam
distillation, was proved to be more effective against many
strains of bacteria, including those known to be highly
resistant to drugs (Salman, M.T. et al, 2008.)

The developing microbial resistance to the existing anti-
microbial agents has become a serious problem.
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Therefore, production of new potent agents is urgently
needed, especially for hospitals and health centers,
keeping in mind that studies on strains of pathogenic
microbes are scarce. So, the present study was the first
to investigate the antimicrobial effect of successive
germinating phases of N. sativa crude aqueous extracts
against five pathogenic bacterial strains.

Materials and Methods
Collection of Nigella sativa

Seeds of N. sativa were procured in the month of February, 2009
from a herbal shop in Lucknow, India.

Germination of seeds

Seed lots used for the different experiments showed germination
capacities ranging from 80 to 98%. For germination studies, seeds
were placed on four folds of damp filter paper at 25°C and
incubated in the dark till the initiation of sprouting after which they
were placed at a light intensity of 100 pmol m? s'and a 14/10 h
(day/night) photoperiod till the complete plantlet with two leaves
were obtained. Germination, defined as 1 mm radicle emergence,
was followed for 11d; no contamination by microorganisms was
observed during this time.

Extraction method

A modification of reflux extraction and wetting procedure by
Mashhadian and Rakhshandeh (2005) was used. 500 mg of N.
sativa seeds in 20 mL of water were incubated for 48 hours at 25°C
with at least 5 times vibration per day. The viscous mixture was
centrifuged for 10 min at 12000 rpm to collect the supernatant. The
extracts were filtered using Whatman filter paper and evaporated
using rotary distillation apparatus. The extracts were further dried in
a 50°C oven for 4 h, dissolved in DMSO and finally kept at 4°C until
further testing.

Microbial strains used for the study

The aqueous extracts of different germinating stages of Nigella
sativa seeds were tested against five standard microorganisms
which included Gram positive strain Staphylococcus epidermidis
(NCIM 2493) and Gram —ve bacteria Pseudomonas aeruginosa
(NCIM 5029), Klebsiella neumonia(NCIM 2957)  Enterobacter
aerogenes (NCIM 5139) Salmonella typhymurium (NCIM 2501).
These strains were obtained from National Chemical Laboratory
(NCL), Pune.

Inoculum preparation

The test microorganisms were maintained at 4°C on nutrient agar
slants. Active cultures for each bacterial species were prepared by
transferring a loopful of cells from the stock cultures to test tubes of
nutrient broth. The inoculated tubes were incubated without
agitation for 24 h at 37°C. The cultures were diluted with fresh
nutrient broth to achieve optical densities corresponding to 10° cfu
mL" (Duraipandiyan, V., M. Ayyanar and S. Ignacimuthu, 2006).

Determination of in vitro anti-microbial effect
Broth dilution assay

The minimum inhibitory concentration (MIC) values were
determined by using a modified macro-broth dilution technique
(Ibrahim et al., 1997). Overnight culture of bacteria grown in nutrient
both cultures were diluted 100 folds in NB (100ul bacterial cultures
in 10ml NB which contained 10° cfu of bacteria). Gradually
increasing volumes of the extracts were added to test tubes
containing the bacterial cultures to know the inhibitory concentration
in a particular tube inhabiting the bacterial growth. The tubes were
incubated at 37°C for 18-24 hours. The tubes were examined for
visible turbidity and optical density of cultures was determined at
620nm using NB as control. The lowest concentration that inhabited
visible growth of the tested organisms was recorded as the MIC.

Agar well diffusion assay

The agar well diffusion method was used to test the anti-microbial
effect of N. sativa crude extracts in different stages of germination.
(Okeke et al., 2001; Perez et al, 1990). All media plates (9 cm in
diameter) were prepared with nutrient agar. After agar solidification,
the well (7 mm in diameter) was cut from the agar to produce a total
of four wells per agar plate. For test, three doses of extract (25, 50,
100 pg/well) were prepared using 99.5% analytical Dimethyl
Sulphoxide (DMSO) as an organic solvent. Streptomycin (30 pg),
gentamycin(10pug), doxycycline (30 pg), ampicillin (10 pg), penicillin
(10 ug), tetracycline (10ug)were used as positive standard
antibiotics. 100 pL (10° cfu) of each diluted microbial suspension
were inoculated on nutrient agar plates using sterile cotton swab.
The inoculums were allowed to dry for 5 min. Then, 100 pL of each
extract solution, blank (DMSO) and positive control was added
separately to each well of agar plate and allowed to diffuse at room
temperature for 15-20 min. After incubation at 37°C for 24h, all
plates were examined for any zones of growth inhibition and the
diameter of these zones was measured. The assay was repeated
three times for each extract. The anti-microbial effect was recorded
as the mean diameter of the resulting inhibition zones of growth in
millimeter.

Results and Discussions

Qualitative analysis of primary metabolites showed that
after the imbibition and sprouting, there was a little
decrease in the content of soluble sugars till 6d after
which a sharp increase was observed till 10d. After 10d,
the amount of sugars remained constant till 11d when
complete plantlet was formed. These results clearly
demonstrate that the contents of soluble sugars rise after
the initiation of solubilization of complex sugars to liberate
water soluble sugars which could be easily assimilated by
the growing embryo. The changes of biomolecules such
as chlorophyll, reducing sugar, starch, protein, proline
and an enzyme activity peroxidase in shoot and root at
15th day seedlings has been reported in three species of
Vigna under NaCl stress (Arulbalachandran et al, 2009).
It could be deduced that there was modification of the
aldose sugars by the addition of either ester group
(Takashi et al, 2007) or any other group during later
stages of germination which might be responsible for the
antimicrobial activities. Antimicrobial compounds such as
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Table 1. Preliminary screening of primary and secondary metabolites from N.sativa

Day Soluble sugars Fructans Proteins Alkaloids Tannins Flavonoids
0 ++ + + +++ - +
1 ++ + + ++ - +
2 + + ++ ++ - +
3 + + ++ ++ - +
4 + + +++ ++ - +
5 + + +++ ++ + ++
6 ++ ++ ++ ++ + ++
7 +++ ++ ++ ++ + ++
8 ++++ + ++ ++ ++
9 ++++ + ++ ++ ++
10 ++++ + ++ - ++ +++
11 ++++ + ++ - ++ +++
carbohydrates, proteins, tannins and flavonoidal Nigella sativa in different germination stages have

glycosides have been reported in the extracts of Lantana
indica Roxb. (Venkataswamy, 2010).

In case of total fructans, it remained uniform till day 5
after which there was a sharp increase till day 8. After
day 8 there was a decline in the amount of fructan till day
11. Therefore it could be deduced that fructans are not
responsible for the antibacterial activity.

In case of proteins, there was a sharp increase on day
4 and day 5 after which it showed uniform content till day
11. The antibacterial activity can also be due to the
synthesis of some bioactive peptides during later stages
of germination. Proteins with antimicrobial activity were
first reported by Balls et al (1942). Moreover, the
aqueous extract of medicinal and food plants have been
previously reported to show antifungal activity
(Schamourlo, et al, 2005). Generally, higher levels
protein and carbohydrate content of the extract had better
antimicrobial activities (Wafaa, et. al.2007). During the
hydrated part of seeds life, i.e. maturation and
germination, seeds are very sensitive to viruses, fungi
and bacteria. Many proteins are involved in the microbial
defense mechanism of plants. Puroindoline is the main
component of a new family of proteins that has been
suggested to exert an antimicrobial activity in plant seeds
(Dhatwalia et al., 2009). Two peptides with antimicrobial
activity, designated p1 and p2, were purified nearly to
homogeneity from Scots pine seedlings (Kovaleva et al,
2009).

The curative properties of medicinal plants are perhaps
due to the presence of various secondary metabolites
such as alkaloids, flavonoids, glycosides, phenols,
saponins, sterols etc. Recent studies have shown that the
secondary metabolite content varies during germination
of seeds. A highly significant antibacterial effect of Allium
roseum L (bulb, leaf, seed and flower) extracts on S.
aureus, B. subtilis, B. cereus, E. faecalis, E. coli, P.
aeroginosa, S. typhimurium and C. albicans strains.has
been shown (Najjaa H, 2009). The extracts of seeds of

revealed the presence of alkaloids, tannins and
flavonoids (Table 1).Thus the preliminary screening tests
may be useful in the detection of the bioactive principles
and subsequently may lead to the drug discovery and
development.

In this study, we had also investigated the antibacterial
effects of aqueous extracts of successive stages of the
germinating seed on standard gram positive and gram
negative bacterial strains. The results of antibacterial test
indicated that different extracts of Nigella sativa showed
different degrees of growth inhibition depending on the
day of germination and bacterial strains. Nigella sativa is
frequently used as an active ingredient in certain
medicines and reported to possess a number of
pharmacological effects to treat different human ailments
(Bonjar et al., 2004). Several investigations have been
directed towards their antibacterial  properties
(Voravuthikunchai et al., 2005). The preliminary
assessment of the in vitro antimicrobial effect of different
germinating stages of N. sativa crude extracts revealed
some basic outcomes. First, the aqueous extracts of
seed of Nigella sativa did not show any significant
inhibitory effect during earlier germination stages but they
showed inhibition against all standard strains in later
stages of germination (Table 3). Second, the extracts
showed highest activity from 8d to 11d of germination
(Table 2).

Conclusion

In the light of these results we can conclude that level of
antimicrobial activities of the aqueous extracts was
compared with the chemical composition of extract to
determine the chemical composition-activity relationship
of extract. The alkaloid content showed a decrease while
the tannin and flavonoid contents have shown an
increase from day 8 of germination. High tannin and
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Table 2. Minimum Inhibitory Concentration of aqueous extract of N. sativa seed in different germination phases.

S.No Pathogen

Minimum Inhibitory Concentration (mg/ml) Day of germination

Day 0 Day 4 Day 5 Day 6 Day 7 Day 8 Day9 Dayi10 Day 11
1 E. aerogenes - 8+0.43 10+£0.37 10+0.39 9+0.42 5+0.57 7+0.43 7+0.47 67+0.51
2 K. pneumoniae - 9+0.77 8+0.56 9+0.48 7+0.66 6x0.75 6+0.48 6+0.49 6+0.57
3 P. aeruginosa - - - - 8+0.59 8x+0.67 7x0.43 6+0.42
4 S. epidermidis - 9+0.29 10+£0.37 10x0.77 7x0.57 7+0.67 6+0.47 6+0.57 6+0.32
5 S. typhimurium - - - - 8+0.59 9+0.54 8%0.39 7+0.56
Table 3. Zone of Inhibition shown by aqueous extract of N. sativa seed in different germination phases
Pathogen ZONE OF INHIBITION (mm)
Days Antibiotics
0 4 5 6 7 8 9 10 11 ST GN DO AM PN TC
E. aero - 10£04 10+£0.5 10+0.5 10+0.3 12+0.3 12+0.5 12 14+0.3 | 23+#0.3 18+0.4 12+0.3 - - 19+0.
7 3 2 9 3 4 +0.41 5 7 3 9 44
K. pneu - 10+0.8 10+0.6 10+0.4 11x0.3 13+0.7 14+0.7 13+0.5 13#0.6 | 21x0.5 18+0.4 19+0.3 - - 25+0.
1 5 9 5 2 5 9 1 7 9 3 59
P. aeru - - - - - 12+05 12+0.3 12+04 13+0.5 | 26+0.3 18+0.6 12+0.5 - - 10+0.
6 7 1 2 8 2 8 39
S. epi - 10£0.3 10+£0.2 10+0.6 11x0.5 1404 13+x0.5 14+0.8 13%£0.7 | 23x0.5 18+04 12+0.6 - - 19+0.
0 7 1 7 4 9 1 7 8 9 9 43
S. typhi - - - - - 12£0.3 12+0.4 12+0.3 14+0.2 | 22+0.7 18+0.3 12+0.5 - - 10+0.
7 2 1 9 5 8 8 39

‘Data is a mean of three replications, * Antibiotics - positive control, *10% DMSO - Negative control, *“-“ No inhibition observed,

* ST : Streptomycin(30 pg) , GN : Gentamycin(10 pg), DO : Doxycycline (30 pg), AM : Ampicillin (10 pg), PN : Penicillin (10 pg), TC

(10ug) OBSERVATION: All the bacterial strains are resistant to Penicillin and ampicillin.

flavonoid content might also be responsible for the
antibacterial activity in later stages of germination (Table

1)

Finally, the extract also revealed superior inhibitory

effect over the standard drugs ampicillin (10 pg) and
penicillin (10 pg), and tetracycline (10ug) (Table 3).

: Tetracycline

Penicillin and ampicillin antibiotics are the inhibitor of cell
wall synthesis (B-lactams). They are the inhibitors of the
last step in cell wall synthesis, the cross-linking of
different peptidoglycan strands. The extract of N.safiva
showed the activity against the penicillin and ampicillin
from day 8 to day 11 of

resistant pathogens

on



germination (Table 3). This might be due to the synthesis
of some metabolites on these days of germination which
could act by inhibition of cell wall synthesis, by inducing
changes in membrane structure, by inhibiting bacterial
protein synthesis or by binding to ribosomal 50S subunit
and interfering with the peptidyl transferase activity. The
depiction of the exact mechanism of inhibition by the
extracts needs further investigation.

The results are in agreement with others which showed
that Nigella sativa extracts produce antimicrobial activity
against a broad range of microbes and especially on
multiple antibiotic resistant bacteria. (Morsi et al., 2000).
Further studies on the activity-directed fractionation for
the isolation of respective pure compounds from the
extracts may result in interesting results.
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