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Abstract: Crude methanol extracts from callus cultures of Nigella arvensis, N. damascena, N. hispanica, N. integrifolia,
and N. sativa were investigated for their anti-microbial activity. Growth inhibition was determined in Gram-positive and
Gram-negative bacterial strains as well as in yeast by using a broth-microdilution method. The results showed that the
extracts of all calli tested exhibited significant anti-microbial activity, especially against Bacillus cereus, Staphylococcus
aureus and Staphylococcus epidermidis. Compared with other Nigella species, a callus culture of N. hispanica was the most
effective against the microorganisms used in this study.
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Introduction

The genus Nigella (family Ranunculaceae) com-
prises 14 species of annual herbaceous plants of
Mediterranean and West Asian origin, including some
species of commercial importance, for example spices,
aromatic, medicinal, and ornamental plants (Zohary,
1983).
Nigella sativa L. is the most studied species of the

genus. Its seeds were investigated for a wide range of bi-
ological activities, e.g. anti-oxidant, anti-inflammatory,
immunomodulatory, anti-ulcer, anti-parasitic (Ali &
Blunden, 2003), and anti-tumour activities (Musa et
al., 2004). A number of reports have been published on
the anti-fungal and anti-bacterial actions of N. sativa
seed extracts or its essential oil (Agarwal et al., 1979;
Khan et al., 2003). The seeds contain fixed oil, es-
sential oil, alkaloids, steroids, and phenolic compounds
(Akram Khan, 1999). Among a large number of pre-
viously isolated compounds, thymohydroquinone (El-
Alfy et al., 1975) and thymoquinone (Aljabre et al.,
2005) were identified as the main anti-microbial princi-
ples of the plant.
Previous studies on seeds of Nigella damascena L.

revealed analgesic, diuretic (Bekemeier et al., 1967),
and estrogenic activities (Agradi et al., 2001). Alka-

loids (Dopke & Fritsch, 1970), flavonoids (Lebre-
ton, 1986), and terpenes (Tillequin et al., 1976) have
been reported as the major components of this plant.
Little information is available about the chem-

istry (Kirichenko et al., 1972; Aitzetmuller et al.,
1997) and pharmacological action (Atia et al., 2002) of
Nigella arvensis L. There have been no studies on the
phytochemistry and pharmacology of Nigella integrifo-
lia Regel and Nigella hispanica L.
The past few decades have seen increasing scien-

tific interest in the both growth of plant tissue cul-
ture and the commercial development of this technol-
ogy as means of producing valuable phytochemicals
(Havkin-Frenkel et al., 1997). Callus cultures from
medicinal plants have been established under suitable
conditions to enable production of anti-microbial sub-
stances in vitro (Chintalwar et al., 2003, Wolters
& Eilert, 2003). Recently, papers investigating the
anti-microbial activity of extracts from calli of different
medicinal plant species have been published (Sokmen
et al., 1999, Furmanowa et al., 2002). Although very
few plant cell processes are operating commercially, the
most successful commercial pharmaceuticals produced
from undifferentiated cell cultures are anti-biotic com-
pounds (Khafagi et al., 2003).
The aim of this study was to determine the in vitro
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anti-microbial activity of crude methanol extracts from
callus cultures of five Nigella species against Gram-
positive and Gram-negative bacterial strains as well as
against yeast, using the broth-microdilution method.

Material and methods

Plant materials
The seeds of all species tested were obtained from the
botanical gardens international exchange service (Index
Seminum). The plants were grown on the experimen-
tal fields of the Czech University of Agriculture Prague
(CUA Prague). The voucher specimens authenticated by
Dr. Kokoska were deposited in the Institute of Tropics and
Subtropics Agriculture Herbarium, CUA Prague.

Callus culture conditions
The callus tissue was derived from the stems of seedlings.
Explants were cultured on solid Murashige and Skoog
medium (MURASHIGE & SKOOG, 1962) supplemented with
3% of sucrose, naphthalene acetic acid (1 mg/L), and kinetin
(0.5 mg/L). The newly initiated calli were then transferred
to fresh media containing the same components. Cultures
were maintained in permanent darkness for one year at 25
± 2◦C (except for N. arvensis which was under 16h light
/ 8h dark period). The subculture intervals and harvesting
time ranged from 14 to 30 days depending on the particular
species.

All callus cultures are included in collection of the De-
partment of Plant Tissue Cultures of the Institute of Or-
ganic Chemistry and Biochemistry of the Academy of Sci-
ences of the Czech Republic. The callus culture strain num-
bers are given in Table 1.

Preparation of extracts
The freshly harvested cell mass from callus cultures was
lyophilised and the resulting powdered material of each sam-
ple (10 g) was extracted using a Soxhlet apparatus with
methanol for 24 h. The extract was subsequently filtered
and concentrated in vacuo at 40◦C. The residue was resolved
in 10% (v/v) solution of dimethylsulfoxide (DMSO) in Tris
buffer saline (TBS) of pH 7.6 (Sigma, USA) to create a con-
centration of 200 mg/mL of stock solution. All samples were
sterilized by filtration through a 0.23 µm membrane filter
and stored at +4◦C until tested. The yields of dried residues
are shown in Table 1.

Microorganisms and media
The following strains of bacteria were used: Bacillus cereus
ATCC 11778, Bacillus subtilis ATCC 6633, Bacteroides
fragilis ATCC 25285, Enterococcus faecalis ATCC 29212,
Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Staphylococcus aureus ATCC 25923, Staphy-
lococcus epidermidis ATCC 12228, Streptococcus pneumo-
niae ATCC 6305, and Streptococcus pyogenes ATCC 19615.
The yeast strain used in this study was Candida albicans
ATCC 10231.

B. fragilis was grown in Wilkins-Chalgren anaerobe
broth under conditions using Anaerobic Jar HP11 (Oxoid,
UK). Streptococci were grown in Brain-heart infusion broth
and other microorganisms were tested in Mueller-Hinton
broth.

All microbial strains and cultivation media were pur-
chased from Oxoid (UK). The susceptibilities of bacteria

to ciprofloxacin and yeast to nystatin (Sigma, USA) were
checked as positive controls (Table 1).

Anti-microbial test
In vitro anti-microbial activity was determined by the broth-
microdilution method (JORGENSEN et al., 1999) using 96-
well microtitre plates. Two-fold dilutions (six) of each ex-
tract tested were carried out, starting from a concentration
of 100 mg/mL. Each well was inoculated with 5 µL of bacte-
rial suspension at a density of 107 CFU/mL. The microtitre
plates were incubated at 37◦C for 24 h (or 48 h for the yeast)
and then observed for the minimum inhibitory concentra-
tion (MIC), which was defined as the lowest concentration
that inhibited any visible growth. A solution of DMSO (5%
v/v) in TBS was assayed as the negative control, simulta-
neously. All samples were tested in triplicate.

Results and discussion

Table 1 gives a summary of the investigated Nigella
species and the results of anti-microbial screening. It
was observed that the extracts from callus cultures of
all species showed significant anti-microbial activity,
especially against Bacillus cereus, Staphylococcus au-
reus and Staphylococcus epidermidis (with MICs val-
ues ranging from 12.5 to 50 mg/mL). Moderate or
weak inhibition activity was observed against Bacillus
subtilis, Enterococcus faecalis, and Bacteroides fragilis.
No significant activity was seen against Streptococcus
pneumoniae, Streptococcus pyogenes, Escherichia coli,
Pseudomonas aeruginosa, or Candida albicans (except
for the extracts from N. hispanica callus).
The extracts from seeds of N. sativa (Hanafy &

Hatem, 1991) and N. damascena (Fico et al., 2004),
as well as the extracts from cell cultures of N. sativa
(Sokmen et al., 1999) have previously exhibited signif-
icant anti-microbial activity. In addition, both plants
are generally considered as the most pharmacologically
active species of the genus (Riaz et al., 1996). However,
our results showed that extracts from N. arvensis, N.
integrifolia, and N. hispanica calli were more effective
than those of N. sativa or N. damascena, whereas the
extract from N. hispanica callus culture was more effec-
tive than other Nigella calli against the microorganisms
used in this study. A significant inhibitory activity has
also been observed for cell culture extract of N. arven-
sis.
Based on our results, we suppose that higher ac-

tivity of N. arvensis, N. integrifolia, and N. hispan-
ica extracts then those of N. sativa and N. damascena
could be caused due to production of anti-microbial
compounds previously detected in seeds e.g. quinones
(Mouhajir et al., 1999) or due to presence of new type
of active structures. Since variances in chemical compo-
sition of callus tissues and intact plants have been de-
scribed for number of plant species (Lopez et al., 1999;
Taniguchi et al., 2002; Schmeda-Hirschmann et al.,
2005), we also suggest that the resulting anti-microbial
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Table 1. Minimum inhibitory concentrations of methanol extracts from callus cultures of four Nigella species (mg/mL).a

Plant species and cell culture strain/yield of dried residues (g) Positive and negative controls
Microorganisms

NA 1AL01 ND 1AD01 NH 1AD01 NI 1AD01 NS 1AD01 CIP NS DMSO
(3.715) (5.180) (1.955) (2.511) (5.308) (µg/mL) (µg/mL) (5%)

Gram-positive
Bacillus cereus 25 50 25 50 50 1 n.d. n.a.
Bacillus subtilis 50 n.a. 25 50 50 2 n.d. n.a.
Enterococcus faecalis 100 n.a. 50 50 50 1 n.d. n.a.
Staphylococcus aureus 25 50 12.5 50 50 0.5 n.d. n.a.
Staphylococcus epidermidis 25 50 12.5 50 50 1 n.d. n.a.
Streptococcus pneumoniae 100 n.a. 25 n.a. n.a. 1 n.d. n.a.
Streptococcus pyogenes n.a. n.a. 50 n.a. n.a. 1 n.d. n.a.
Gram-negative
Bacteroides fragilis 50 50 25 n.a. 50 2 n.d. n.a.
Escherichia coli n.a. n.a. 50 50 n.a. 0.015 n.d. n.a.
Pseudomonas aeruginosa 50 n.a. 50 100 n.a. 0.25 n.d. n.a.
Yeast
Candida albicans 100 n.a. 50 n.a. n.a. n.d. 4 n.a.

a NA: Nigella arvensis, ND: Nigella damascena, NH: Nigella hispanica, NI: Nigella integrifolia, NS: Nigella sativa, CIP: ciprofloxacin,
NS: nystatin, DMSO: dimethylsulfoxide, n.a.: not active (>100), n.d.: not determined.

effect of the extracts tested could be significantly af-
fected by possible differences in chemical composition
between the seeds and calli.
In summary, the results obtained in the present

investigation demonstrate that N. arvensis and N. his-
panica calli can be considered to be more potent sources
of anti-microbial compounds then other Nigella species
investigated. However, further phytochemical studies
are required to determine the types of compounds re-
sponsible for the anti-bacterial effects of these species.
In addition, our results indicate that investigation of
N. arvensis, N. integrifolia, and N. hispanica seeds for
anti-microbial activity could bring valuable results.
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