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olanum nigrum (L.) is an important herbaceous medicinal 
plant belonging to family Solanaceae. It is antiseptic, 
antibacterial, antidiuretic and anti-inflammatory. In the 

present study, stem nodal segments of Solanum nigrum were used as 
explants to induce callus formation on Murashige and Skoog basal 
medium fortified with 30 g/l sucrose, solidified with 6 g/l agar and 
supplemented with BA and 2,4-D under biotic (autoclaved Fusarium  
oxysporum culture filtrate) and abiotic elicitation (mannitol induced 
osmotic stress). Results revealed that the callus vigor of growth, 
color, texture and the nature of the surface of fresh and dry weight, 
size of callus and contents of some secondary metabolites were 
affected by the action and interaction and concentration of the two 
applied elicitors. Elicitation, in general, enhanced the biosynthesis 
and accumulation of secondary metabolites in callus tissues. 
Alkaloids were increased from 30 mg/g in dry callus powder 
(control) to 200 mg/g in calli treated with 1% fungal filtrate and 100 
mM mannitol. Flavonoids increased from 20 mg/g in dry callus 
powder (control) to 410 mg/g  in calli treated with 1% fungal filtrate 
without mannitol. Tannins increased from 10 mg/g in dry callus 
powder (control) to 310 mg/g in calli treated with 0.5% fungal 
filtrate and 50 mM mannitol or 1% fungal filtrate with or without 50 
mM mannitol. The obtained results indicated also that elicited calli 
exhibited in general much more pronounced antibacterial effect 
against the four tested pathogenic bacterial strains (Staphylococcus 
aureus, Bacillus cereus, Pseudomonas aeruginosa and Escherichia 
coli). The obtained results indicate the possibility of maximizing the 
production of valuable phytopharmaceutics in vitro using biotic and 
abiotic elicitation. 
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Higher plants are sources of a lot of important pharmaceutics, which 
can’t be replaced by synthetic substitutes in many cases. Rates (2001) 
mentioned that 11% of the 252 drugs considered as basic and essential by 
WHO are exclusively derived from flowering plants but, unfortunately, 
many plants containing high-value compounds are difficult to cultivate or 
are becoming endangered because of overharvesting. Furthermore, Namdeo 
(2007) stated that the chemical synthesis of plant derived compounds is often 
not economically feasible because of their highly complex structures and the 
specific stereochemical requirements of the compounds. Although callus, 
cell suspension and hairy root cultures are regarded as modern 
biotechnological alternatives for the production of phytopharmaceutics, the 
lack of understanding of how secondary metabolites biosynthesis is 
regulated and the difficulties in selecting high-yielding plant cells and stable 
cultures (Verpoorte and Memelink, 2002) makes it difficult to use such 
biotechnological methods for the production of phytopharmaceutics on the 
commercial level. However, elicitation is now regarded as one of the most 
elite approaches, which can be used to trigger the plant cells and elevate 
their biosynthetic potential of bioactive substances in vitro and makes such 
systems closer to commercial or semi commercial production. Shikonin, 
ginsenosides, berberine and taxol are already good examples of important 
phytopharmaceutics, which could be produced commercially on large scale 
in bioreactors as described Malik et al. (2016). 

Elicitation is the induced or enhanced biosynthesis of defense 
secondary metabolites by plant cell culture systems in vitro due to addition 
of trace amounts of elicitors (Radman et al., 2003). These substances 
(elicitors) can be of biological origin like microbial enzymes or cell wall 
fragments (biotic elicitors) or of non-biological origin like stress inducing 
chemicals including mannitol or sodium chloride (abiotic elicitors). The 
exact mechanism of elicitation is not fully understood. 

The main objectives of the present study were to induce callus 
formation from stem nodal explants of Solanum nigrum (L.) and study the 
effect of biotic elicitation (autoclaved Fusarium oxysporum culture filtrate) 
and abiotic elicitation (mannitol induced osmotic stress) on callus growth, 
morphology, biosynthesis of some active constituents and antibacterial 
activity.  

MATERIALS AND METHODS 

1. Explant Preparation 
Surface sterilized seeds of S. nigrum were allowed to germinate and 

grow on Murashige and Skoog (1962) culture medium (MS medium) for 
three weeks. The seedlings were then used as sources of stem nodal explants 
(1 cm2). 
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2. Treatments 
For callus induction, explants were separately cultured on MS 

culture medium supplemented with BA (1 mg/l) in combination with 2,4-D 
(0.75 mg/l). Media were supplemented with biotic elicitor represented by 
fungal filtrate (Fusarium oxysporum) and abiotic elicitor represented by 
mannitol to create 15 different formulations in addition to the control 
treatment as illustrated in table (1). 

Table (1). Amounts added of fungal filtrate and mannitol to MS culture 
medium to create biotic and abiotic stresses, separately and 
interacted.  

 Mannitol 
(mM) 

 

Fungal filtrate (%) 

0.0 0.5 1.0 1.5 

0  1 2 3 4 
50  5 6 7 8 
100  9 10 11 12 
150  13 14 15 16 

3. Determination of Secondary Metabolites 
3.1. Total alkaloids 

Total alkaloids were determined according to Harborne (1984). Five 
grams of the sample were weighed into a 250 ml beaker and 200 ml of 10% 
acetic acid in ethanol was added and covered and allowed to stand for four 
hours. This was filtered and the extract was concentrated in a water bath to 
one – quarter of the original volume. Concentrated ammonium hydroxide 
was added dropwise to the extract until the precipitation was completed. The 
whole solution was allowed to settle and the precipitate was collected and 
washed with dilute ammonium hydroxide and then filtered. The residue is 
the alkaloid, which was dried and weighed. 
3.2. Total tannins 

Total tannins were determined gravimetrically according to Ali et al. 
(1991). One gram fresh callus was boiled for one hour with two successive 
quantities, each of 100 ml of acetone: water (1:1). Filtration was carried out 
and the combined filtrates were completed to 250 ml using distilled water 
and heated again till boiling. Tannins were then precipitated from the extract 
as copper tannate by the addition of 30 ml of 15% aqueous solution of 
copper acetate. The precipitate was collected on ashless filter paper, washed 
with water till being free from copper acetate, ignited in porcelain crucible 
that was previously ignited to a constant weight. A few drops of nitric acid 
were added to the residue and reignited to a constant weight. The weight of 
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the resulting copper oxide was determined and the amount of tannins was 
calculated. 
3.3. Total flavonoids 

Total flavonoids were determined according to Bohm and Kocipai-
Abyazan (1974). Two grams of the plant material were extracted repeatedly 
with 100 ml of 80% aqueous methanol at room temperature. The whole 
solution was filtered through a filter paper number 42 (125 mm) and the 
filtrate was later transferred into a crucible and evaporated to dryness over a 
water bath and weighed to a constant weight. 

4. Assay of Antibacterial Activity 
Assay of antibacterial activity was carried out by the disk-diffusion 

method described by Salie et al. (1996). Five mm (diameter) filter paper 
disks were allowed to imbibe different aliquots of ethanolic extract in order 
to have an exact amount of dry callus extract equal to 30 mg per disc. After 
the organic solvent was completely evaporated, the discs were put on the 
surface of nutrient agar seeded with test bacteria in 9 cm diameter Petri-
dishes.  All the plates were incubated at 37°C for 24 h. The experiment was 
performed three times under strict aseptic conditions. Antibacterial activity 
was determined by measuring the diameter of the inhibition zone and the 
mean values were calculated. 

5. Experimental Design and Statistical Analysis 
Experiments were repeated three times following a completely 

randomized block system. Statistical analysis (Anova- one way completely 
randomized, significance level "0.05") was performed using CoStat 
statistical software, CoHort info@cohort, www.cohort.com. 
 

RESULTS AND DISCUSSION 

The effect of biotic elicitation (represented by the addition of 
autoclaved fungal filtrates to the callus inducing culture media) and abiotic 
elicitation (represented by the addition of mannitol to the callus inducing 
medium) on callus morphology (vigor of growth, color and texture) can be 
seen in table (2, 3 and 4) and fig. (1). The results obtained showed that the 
incorporation of fungal filtrate reduced the vigor of growth of S. nigrum 
callus, while on the other hand mannitol treatment (100 mM and 150 mM) 
enhanced callus growth. Except for one case, the interaction of fungal filtrate 
and mannitol reduced the callus growth from medium to week or mild 
growth.  The color of callus and its uniformity varied according to treatment, 
but it is difficult to correlate the color of callus to a specific treatment, 
however the color ranged from green to greenish and from creamy to 
brownish and the treatment with 1.5% fungal filtrate alone or combined with 

http://www.cohort.com/
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mannitol generally resulted in patchy calli. The calli obtained were either 
soft with smooth surface or compact and nodular. It could be obviously 
observed that mannitol or fungal filtrate resulted in a soft smooth callus 
resembling the control one, but the interaction of mannitol and the fungal 
filtrate in some concentrations (in the great majority) resulted in the 
production of compact nodular calli. The observed changes in growth, color 
and texture of calli may have resulted from altered metabolism of the 
cultured cells under the effect of elicitors. Many of the secondary 
metabolites are colored substances. 

 
Table (2). Effect of biotic and abiotic elicitation on vigor of growth of S. 

nigrum callus. 

Mannitol 
(mM) 

Fungal filtrate (%) 

0.0 0.5 1.0 1.5 
0 ++ + + + 

50  ++ + + + 
100  +++ + + ++ 
150  +++ + + + 

Note:  + (Mild growth), ++ (Medium growth), +++ (Vigorous growth) 

Table (3) Effect of biotic and abiotic elicitation on color S. nigrum callus. 
 

Mannitol 
(mM) 

    Fungal filtrate (%) 

0.0 0.5 1.0 1.5 
0 Bsh/P Cr/U Cr/U Gsh/P 
50 G/P G/P G/P G/P 

100 Cr/U Cr/P G/P G/P 
150 Cr/U Gsh/P Bsh/U Gsh/P 

Colors: G (Green), Gsh (Greenish), Y (Yellow), Ysh (Yellowish), B (Brown), Bsh 
(Brownish),Cr (Creamy), Uniformity: U (uniform), P (Patchy) 

Table (4). Effect of biotic and abiotic elicitation on texture and surface of 
callus of S. nigrum. 

 
Mannitol 

(mM) 

Fungal filtrate (%) 

0.0 0.5 1.0 1.5 
0 S/Sm S/Sm S/Sm S/Sm 

50  S/Sm C/Nr C/Nr S/Sm 
100  S/SP S/Sm C/Nr C/Nr 
150  S/SP C/Nr S/Sm C/Nr 

Texture: S (Soft), Sp (Spongy), C (Compact); Surface: Nr (Nodular), Sm (Smooth). 

 

.
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Fig. (1). Calli of S. nigrum produced under biotic and abiotic elicitation. 

With respect to callus size, the results illustrated in table (5) show 
that the treatment with mannitol generally increased the callus size 
significantly. The lower concentration of the fungal filtrate (0.5%) exhibited 
no effect on callus size in comparison to the non-treated control calli. While 
the treatment with 1% fungal filtrate significantly increased the callus size, 
the higher concentration (1.5%) reduced the size of the callus. The 
interaction between mannitol and autoclaved fungal filtrate exhibited various 
effects on callus size and it is clear from the results that the effect depended 
on the concentration of the two factors applied. In general, the highest callus 
size reached up to 8.33 cm3 in response to the treatment with 50 mM 
mannitol and 1% fungal filtrate. This value represents a significant increase 
over all the other treatments. The minimum callus size (1.0 cm3) resulted 
from the treatment with 150 mM mannitol and 0.5% fungal filtrates. It is to 
be mentioned that the callus with the maximum size is not necessary to be 



IMPACT OF BIOTIC AND ABIOTIC ELICITATION ON ………. 53 

Egyptian J. Desert Res., 67, No. 1, 47-63 (2017) 

the one with the highest fresh or dry weight. The nature, morphology and 
growth of the callus may play a role. 

Table (5). Effect of biotic and abiotic elicitation on size of callus of S. 
nigrum. 

Mannitol 
(mM) 

Fungal filtrate (%) 
0.0 0.5 1.0 1.5 

0    3.33 cd   3.66 c   5.66 b       2.66 cd 
50   9.33 a   2.66 cd   8.33 a     2.66 cd 
100   6.00 b      2.00 cd   2.66 cd   2.33 cd 
150   6.33 b      1.00 d   2.00 cd   1.33 cd 

Each value is a mean of three determinations. Different letters means significant 
value, LSD 0.05 = 1.499 

The increase in callus size as a result of the treatment with mannitol 
is accompanied by a significant increase also in fresh weight of callus. This 
can be seen in the results of the present study, as illustrated in table (6). 
Fresh weight of callus increased from 3.28 g on control medium to 5.3 g in 
calli treated with 50 and 150 mM mannitol. Mitoi et al. (2009) revealed that 
long term exposure to mannitol at high concentrations, may activate the 
adaptive mechanisms by which the expression of antioxidant enzymes are 
correlated.  Hadi et al. (2014) explained that there is a big difference 
between gradual and shock exposure of callus to mannitol treatment.  
Working with fenugreek calli, Hussein and Aqlan (2011) found out that 
osmotic stress created by low mannitol concentration enhanced callus 
growth. Ziegler (1990) stated that while shock exposure results in a 
significant decrease in callus fresh weight, the gradual exposure results in no 
adverse effects on callus fresh weight and in some cases may even improve 
callus growth. The same author reported that gradual exposure of Ruta 
graveolens calli to mannitol exhibited no adverse effects on callus fresh 
weight. Even more, the same author added that they observed a significant 
increase in callus growth in response to 240 g/l mannitol after twelve weeks 
of exposure and concluded that it seems that callus growth increased slowly 
with increasing the time of exposure to mannitol. The gradual exposure of 
callus to mannitol induces high expression for a number of genes like osmo-
proteins (shock proteins), but these proteins do not forme when calli expose 
to shock treatment with mannitol. According to Peleg et al. (2011), the 
results observed may be due to the over expression of specific genes that has 
activated the expression of many downstream genes thus plants express 
improved stress tolerance. 
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Table (6). Effect of biotic and abiotic elicitation on fresh weight of callus of 
S. nigrum. 

Mannitol 
(mM) 

Fungal filtrate (%) 

0.0 0.5 1.0 1.5 
0   3.28 b   1.69 def      3.15 bc   1.50 def 
50   5.30 a   1.89 cdef   2.77 bcd   1.05 ef      

100   4.57 a   1.99  cde  0.82 ef   1.89 cdef   
150   5.30 a   0.40 f  0.79 ef        1.80 cdef 

Each value is a mean of three determinations. Different letters means significant 
value, LSD 0.05 = 0.921 

With respect to fungal filtrate, the results showed that the lower and 
higher concentrations resulted in a decrease in fresh weight of callus, while 
the medium concentration of 1% showed insignificant increase in 
comparison to the corresponding control. It is worthy to mention that the 
treatment which resulted in the minimum callus size had resulted also in the 
minimum callus fresh weight (0.4 g). In general, the maximum fresh weight, 
which also represents a significant increase over all the other treatments, was 
obtained in control callus (3.28 g). The results obtained may agree and 
confirm the results which were obtained by El-Nabarawya et al. (2015), who 
reported that fungal biotic elicitation showed negative effect on both callus 
fresh and dry weights compared to control. 

With respect to the dry biomass, the results illustrated in table (7) 
show that calli, which exhibited the maximum fresh weight (control calli) 
had shown the maximum dry weight (0.31 g). It is clear from the same table 
that all the fungal treatments resulted in an insignificant decrease in callus 
dry biomass. The minimum dry biomass (0.04 g) resulted from the treatment 
with 0.5% fungal filtrate and 150 mM mannitol.  

With respect to alkaloids, the results illustrated (Table 8) show that 
the amount of alkaloids in calli ranged between 10 and 200 mg/g dry callus 
powder. Treatment with autoclaved fungal filtrate resulted in an increase in 
alkaloid content from 30 mg/g in control calli to 130 and 140 mg/g dry 
callus powder in response to 0.5 and 1.5%, respectively. The amount of 
alkaloids of 170 mg/g dry callus powder was recorded in calli treated with 
50 mM mannitol, which can be considered proper for alkaloid biosynthesis, 
while the higher concentrations suppressed alkaloid biosynthesis or 
accumulation. The results of interaction of the two elicitation factors ranged 
from enhancement of alkaloid biosynthesis to suppression. For example 
treatment with 1% autoclaved fungal filtrate plus 100 mM mannitol resulted 
in the maximum accumulation of alkaloids (200 mg/g dry powder), a value 
which means that the treatment increased the amount of alkaloids more than 
six folds of the amount of alkaloids detected in control calli. Probably, the 
combination of the two eliciting factors in these concentrations was proper 
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and that some sort of synergism have resulted and triggered the biosynthesis 
of alkaloids. On the other hand, treatment with 0.5% fungal filtrate in 
combination with 150 mM mannitol was severe enough to decrease the 
amount of alkaloids to 10 mg/g dry callus powder. In general, it may be 
mentioned that working out the proper combination and concentration of 
elicitors may exhibit positive effects on the biosynthesis of alkaloids by calli 
of S. nigrum in vitro. 

Table (7). Effect of biotic and abiotic elicitation on dry weight of callus of S. 
nigrum. 

Mannitol 
(mM) 

Fungal filtrate (%) 
0.0 0.5 1.0 1.5 

0 0.31 a 0.20 abcde 0.21 abcd 0.20 abcde 
50 0.29 ab 0.14 bcdef 0.23 abcd 0.11cdef 

100  0.27 abc 0.17 abcdef 0.08 def 0.17 abcdef 
150  0.31 a 0.04 f 0.05 ef 0.17 abcdef 

Each value is a mean of 3 determinations. Different letters means significant value, 
LSD 0.05 = 0.094 

Table (8). Effect of biotic and abiotic elicitation on total alkaloids (mg/g dry 
plant material) of calli of S. nigrum induced from stem nodal 
segments. 

Mannitol 
(mM) 

 

Fungal filtrate (%) 

0.0 0.5 1.0 1.5 
0 30 130 15 140 
50  170 70 100 100 

100  30 60 200 50 
150  20 10 30 20 

 
Although the treatments applied exhibited in some cases positive 

effects and in other cases negative effects on alkaloids. The situation differed 
with respect to flavonoids. All the applied treatments (as illustrated in table 
9) triggered flavonoid biosynthesis, a result which may show for some extent 
that flavonoids play a role in osmotic adjustment, defense mechanisms and 
anti-oxidative effects against biotic or abiotic stress or elicitation factors. 
The amount of flavonoids in control calli was 20 mg/g dry callus powder, 
while in treated calli it ranged between 60 mg (i.e three folds the 
concentration of flavonoids in control calli) and 430 mg (i.e. more than 21 
folds the concentration of flavonoids detected in control calli).   
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Table (9). Effect of biotic and abiotic elicitation on total flavonoids (mg/g 
dry plant material) of calli of S. nigrum induced from stem nodal 
segments. 

Mannitol  
(mM) 

Fungal filtrate (%) 
0.0 0.5 1.0 1.5 

0 20 360 430 350 
50  280 200 230 210 

100  390 210 60 410 
150  120 60 160 170 

The amounts of tannins (Table 10) increased from 10 mg/g in 
control calli to a maximum value of 310 mg/g, in calli treated with 150 mM 
mannitol. It is worthy to mention that except for treatment with 1% fungal 
filtrate and 150 mM mannitol, all the other treatments markedly resulted in 
amounts of tannins higher than the corresponding control. So, It can be 
freely mentioned that both biotic and abiotic treatments individually or 
combined exhibited positive effects on secondary metabolism and 
accumulation of alkaloids, flavonoids and tannins. The results obtained in 
this study are in agreement with other studies, which found out that in vitro 
cultured plant cells could synthesize extra amounts of secondary metabolites 
like phenolics (Grace and Logan, 2000), anthraquinone (Nazif et al., 2000), 
flavonoids and indole alkaloids (Chutipaijit et al., 2009) and anthocyanin 
(Chan et al., 2010) in response to various abiotic stress factors. It is to be 
mentioned that osmotic stress tends to accumulate sugars and compatible 
solutes in the cytoplasm (Chen and Murata, 2002) and other osmotically 
active low molecular weight compounds (Roychoudry et al., 2008). The 
results of the present study may agree with Dixon and Priva (1995), who 
mentioned that soluble phenolics, which represent the most widely 
distributed secondary metabolites in the plant kingdom, could be enhanced 
as a powerful antioxidant in plant tissues suffering from different stress 
factors. The results obtained in this study that biotic elicitation may enhance 
the biosynthesis of secondary metabolites in callus cultures may agree with 
previous observations, which were made on other plants by Baldi et al. 
(2009), Karwasara et al. (2011), Mendhulkar and Vakil (2013), Swaroopa et 
al. (2013), Tahsili et al. (2013), Ahmed and Baig (2014), Ebrahimi and 
Zarinpanjish (2015) and Gadzovska Simic et al. (2015). Elicitation is done to 
enhance the production of secondary metabolites in plant cultures by using 
biotic/abiotic molecules. They are considered as signaling molecules as their 
incorporation in the cultures generates signal transduction cascade and leads 
to activation and expression of the related genes with the biosynthesis of 
metabolites (Zhao et al., 2005) and also stimulates plant’s antioxidant 
defense system (De Gara et al., 2003). 
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Table (10). Effect of biotic and abiotic elicitation on total tannins (mg/g dry 
plant material) of calli of S. nigrum induced from stem nodal 
segments. 

          Mannitol 
          (mM) 

Fungal filtrate (%) 
0.0 0.5 1.0 1.5 

0 10 110 200 210 
50 130 200 200 120 
100 110 30 130 140 
150 310 110 10 80 

The results illustrated in table (11) and fig. (2) show the antibacterial 
activity of methanolic extracts of calli of S. nigrum against four pathogenic 
bacterial strains (Staphyllococcus aureus, Bacillus cereus, Pseudomonas 
aeruginosa and Escherichia coli). The inhibition zones of bacterial growth 
were measured in mm. The results in general indicate that the extracts of 
elicited calli were much more powerful in inhibiting the growth of the tested 
pathogenic bacterial strains. The diameter of inhibition zone of S. aureus 
reached up to a maximum of 18 mm in calli treated with 1 or 1.5 fungal 
filtrate plus 50 mM mannitol, while the diameter of the inhibition zone that 
resulted from extracts of untreated calli was only 6 mm. The treatment with 
0.5% fungal filtrate increased the inhibition zone of Bacillus cereus up to 14 
mm in comparison to 6 mm in the extracts of control calli. With respect to E. 
coli, the maximum inhibition zone caused by treated calli reached up to 10 
mm (1% fungal filtrate with or without 0.5 mM mannitol; 100 mM and 0.5% 
fungal filtrate plus 150 mM mannitol), while the inhibition zone caused by 
control extracts was 6 mm. In contrast to the previously mentioned cases, the 
methanolic extract of untreated calli was more powerful in inhibiting the 
growth of Pseudomonas aeruginosa. The inhibition zone reached up to 15 
mm, while in the best cases (with extracts of treated calli, the inhibition 
zones reached 14 mm). It has been also observed that under some treatments, 
the extracts of calli could not inhibit the bacterial growth, probably due to 
the severity or improperly applied treatments or due to the biosynthesis of 
metabolites with less antibacterial effects. However, the results obtained in 
inhibiting the bacterial growth may be due to the elevated biosynthetic 
potential of the treated calli of secondary metabolites, which already known 
to inhibit bacterial growth like alkaloids, flavonoids and tannins, which were 
determined in this study.  
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Table (11). Effect of biotic and abiotic elicitation on antibacterial activity of 
methanolic extracts of calli of S. nigrum obtained from nodal 
explants as measured in mm inhibition zones by the disc-plate 
method. 

Mannitol 
(mM) 

Fungal 
filtrate 

(%) 

Pathogenic bacteria 

Staphyllococcus 
aureus 

Bacillus 
cereus 

Eschershia 
coli 

Pseudomonas 
aeroginosa 

0 
 

0.0 6 6 6 15 
0.5 9 14 8 9 
1.0 14 12 10 9 
1.5 16 10 9 12 

50 
 

0.0 14 9 9 8 
0.5 12 10 9 11 
1.0 18 12 10 14 
1.5 18 13 8 9 

100 

0.0 14 13 10 12 
0.5 16 -ve -ve -ve 
1.0 14 12 10 12 
1.5 -ve 10 10 10 

150 
0.0 14 12 8 11 
0.5 10 9 10 -ve 
1.0 12 9 -ve -ve 
1.5 12 -ve 8 -ve 

Hussein (2009) found out that callus cultures from leaf and stem 
explants of Cordia africana exceeded the mother plant parts in antibacterial 
activity. The results obtained by Chaudhry et al. (2014) indicated that the 
extracts of elicited calli obtained from explants of Nigella sativa (biotic and 
abiotic) showed better antibacterial activity against pathogenic Gram +ve 
and Gram –ve bacterial strains even more than some commercially available 
antibiotics. The same authors explained the high antibacterial activity on the 
basis of elevated biosynthesis of secondary metabolites like alkaloids and 
flavonoids, which were also determined in their study. The authors 
concluded that the results of their study have revealed clear potentiality of N. 
sativa callus extracts as an alternative source for antimicrobial drugs. The 
results of the present study are in agreement with the previous findings that 
methanolic plant extracts give higher antimicrobial activities as stated by 
Soniya et al. (2013). The higher antimicrobial activity of the callus extract 
could be either related to the production of a compound/group of compounds 
produced only in undifferentiated callus cells or may be produced in higher 
amounts in these cells when compared to differentiated cells as reported in 
the previous studies (Nagananda et al., 2012), suggesting that in vitro cell 
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cultures contain potential active antimicrobial components. Elicitation also 
played a remarkable role in elevating the antibacterial activity of callus 
extracts in many cases. 

 

  

  
Fig. (2). Antibacterial activity of alcoholic extracts of calli of S. nigrum 

produced under biotic and abiotic elicitation. 
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 ةالحيىي وغير الحيىي على الشكل الظاهري والنمى والمركبات الفعال التظهيرتأثير 
 فً المعمل والنشاط الضد بكتيري لكالس نبات السىالنن نيجروم المتكىن

*1َذاء أحًذ حغٍٍٔ  2ػصاو ػبذ انغالو حغٍٍ ،1ػبٍذ بٕعشٌغأ تفٕصٌ  

 يصش ،انقاْشة، صْشاأل تصايؼ ،انؼهٕو فشع انبُاث تكهٍ ،قغى انُباث ٔانًٍكشٔبٍٕنٕص1ً
 يصش ،انقاْشة، صْشاأل تصايؼ ،انؼهٕو فشع انبٍٍُ تكهٍ، قغى انُباث ٔانًٍكشٔبٍٕنٕص2ً

ش، ٌغخخذو كًطٓ تانبارَضاٌٍَؼخبش َباث انغٕالَى ٍَضشٔو َباث ػشبً طبً حابغ  نهؼائهت  
عخخذاو انقطغ إ تنقذ حى فً ْزِ انذساع نخٓاباث. يضاد نهبكخٍشٌا ٔيذس نهبٕل كًا ٌغخخذو كًضاد نإل

 ىػه تحٍذ حى صساػت حهك انًُفصالث انُباحٍ ،انكانظ ىنهحصٕل ػه تكًُفصالث َباحٍ تانغاقٍّ انؼقذٌ
 (D-2,4) هٍكدٌٍٍُ يغ رُائً كهٕسٔفٍُٕكغً حًض انخأٔعظ يٕساشٍش ٔعكٕس انًضٔد بانبُضٌم 

اسٌٕو صفٍٕ إلعخحزاد حكٌٕ انكانظ ححج حأرٍش انخظٍٓش انحٍٕي )بشاشح انٕعظ انغزائً انًؼقى نفطش
صٓاد انًائً يٍ اإل تعخخذاو عكش انًاٍَخٕل إلحذاد  حانإأٔكغً عبٕساو( ٔانخظٍٓش غٍش انحٍٕي )ب

 تأرش بشكم يخفأث ػهى َغبربخج َخائش ْزِ انذساعت أٌ انخظٍٓش قذ أنقذ  . (تػهى انخالٌا انًُضسػ
ٔكزنك حضى انكانظ ٔيحخٕاِ يٍ  ،انغطح ٔنٌٕ ٔقٕاو انكانظ ٔٔصٍَّ انطاصس ٔانضاف تانًُٕ ٔطبٍؼ
انخكٌٍٕ  أصشٌج ػهى أٌ انخظٍٓش بشكم ػاو  قذ ػضص ًحذل انًالحظاث ٔانخحانٍم انخ  .تانًٕاد انفؼان

يٍ انكانظ  تث انُخائش أٌ انقهٌٕذاث انُاحضأظٓشٔ  انكانظ. تفً أَغض تانحٍٕي ٔحشاكى انًٕاد انفؼان
 إنى 31ًٕل ياٍَخٕل صادث يٍ ٍيه 111يغ  ييٍ يغخخهص انشاشح انفطش تانًؼايم بـٕاحذ بانًائ

فى انكانظ انًؼايم  ةنهفالفٌَٕٕذاث انًقذس تأيا بانُغب . تيهٍضشاو نكم صشاو يادِ َباحٍت صاف 211
يهٍضشاو نكم صشاو  411 إنى 21فقذ صادث يٍ  ،ايُفشد   ييٍ يغخخهص انشاشح انفطش تٕاحذ بانًائبـ

يٍ يغخخهص  تبانًائ ُصفانكانظ انًؼايم بـ ًف ةكًٍت انخاٍَُاث انًقذسحٍٍ أٌ  ًف تَباحٍت صاف ةياد
 11ا صادث يٍ يُفشد   ييٍ يغخخهص انشاشح انفطش تًٕل أٔ ٔاحذ بانًائٍيه 15يغ  يانشاشح انفطش

 ةيهٍضشاو نكم صشاو ياد 311 إنىانكانظ غٍش انًؼايم )كُخشٔل(  يهٍضشاو نكم صشاو صاف يٍ أَغضت
 تْزِ انذساع ًأصشٌج ف ًانخ يأشاسث َخائش حقذٌش انُشاط انضذ بكخٍش  نهكانظ انًؼايم. تَباحٍت صاف

يخفأث يقابم  يأٌ انكانظ انُاحش يٍ انخظٍٓش انحٍٕي ٔغٍش انحٍٕي قذ أظٓش حأرٍش ضذ بكخٍش ىإن
عخافٍهٕكٕكظ أٔسٌٕط  ًْٔ ،ْزِ انذساعت ًحى إخخباسْا ف ًانخ تانًًشض تانغالالث انبكخٍشٌ

حى انحصٕل  ًانُخائش  انخ حشٍش  .ئباعٍهظ عٍشٌٕط ٔعٍذٔيَٕاط إٌشٔصٍُٕصا ٔإٌششٌشٍا كٕال
 تقذ ٌؼضصاٌ يٍ إَخاس انًٕاد األٌضٍ ئغٍش انحٍٕ يإنى أٌ انخظٍٓش انحٍٕ تْزِ انذساع ًػهٍٓا ف
 نخالٌا كانظ َباث عٕالَى ٍَضشٔو. يانضذ بكخٍشٔانُشاط  تانزإٌَ

 
 
 
 

 
 


