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Summary. An effective in vitro callus regeneration was developed for Stachys cretica L. subsp. garana (Boiss) 
Rech., a valuable medicinal plant. Callus formation in in vitro of S. cretica subsp. garana was induced on hypo-
cotyl explants cultured on  2,4-D with and without TDZ (9 combinations). The findings of the results showed 
that callus formation percentage of the treatments ranged from 83.66±0.13 to 46.33±1.23. Maximum callus 
formation percentage was observed on explants cultured on MS medium having 4 mg/l 2,4-D. Minimum 
callus formation percentage was seen on MS medium having 2 mg/l 2,4-D + 0.2 mg/l TDZ. Callus weight of 
the treatments ranged from 352.32±0.63 to 163.12±1.56. Increase concentration of TDZ significantly decre-
ase in callus weight. Antibacterial activity was evaluated inhibition of growth Staphylococcus aureus COWAN 
1 and Bacillus subtilis var. niger ATCC 10 in the callus extracts determined by disc diffusion methodology. 
No antibacterial activities were detected in control group, acetone extracts and hexane extract of callus re-
generated on MS medium having 4 mg/l NAA. Antibacterial activity for Staphylococcus aureus COWAN 1 
and Bacillus subtilis var. niger ATCC 10 was noted on methanolic callus extracts. Moreover, the present study 
results showed that the increase of TDZ concentration in the callus regeneration environment resulted in 
a increase of antibacterial activity. The results of the present finding showed that extracts of calli developed 
through influenced therapeutic potential by the plant growth regulators treatments. The in vitro induced S. 
cretica subsp. garana Calli can be used as healing and curing agent in  pharmaceuticals.  
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O r i g i n a l  A r t i c l e

Introduction

There are more than 270 species in genus Stachys 
L.  (1) and is it is the largest genera among the  La-
biataes. This genus is generally found in the temper-
ate Irano-Turanian and the Mediterranean regions (2). 
With 83 recorded species and a level of 48% ende-
mism, Turkey is one of the richest countries in Stachys 
taxa. Many members of this genus find use in tradi-
tional medicine of Anatolia. They are used the same 
purpose as sage to treat skin infections, digestive prob-
lems and respiratory disorder (3). Similar folkloric uses 
of many other species that possess antiphlogistic, cho-

lagogic, sedative which are used for the treatment of 
coughs, kidney diseases, tumors and throat pains have 
also appeared in the world literature (4,5). Stachys taxa 
at least nine natural product chemical which including 
alkaloids (6), iridoids (7), terpenoids (8,9), steroids, 
flavonoids (10), phenylpropanoid glycosides, as well as 
carbohydrates, essential oils and lipids (11-13).

Plant micropropagation and tissue culture is most 
popularly used to conserve rapidly propagate plants 
under in vitro conditions to produce secondary me-
tabolites (14, 15). These cultures are well known in the   
medicine and pharmacology. These cultures can also 
help in bioactive extraction of natural products contin-
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uously without waiting for a specific season. Therefore, 
this plant species could be benifically used for extrac-
tion of useful medicinally important metabolites. 

The objective of present research was to develop a 
protocol for in vitro callus induction using  hypocotyls 
of S. cretica subsp. garana and to determine����������� antibacte-
rial activity of S. cretica subsp. garana which may have a 
greater application and potential in treatment of infec-
tious diseases against Staphylococcus aureus COWAN 1 
and Bacillus subtilis var. niger ATCC 10.

Materials and Methods

Plant material and callus regeneration
The seeds of S. cretica subsp. garana were provided 

by the Department of Biology, Bitlis Eren Univer-
sity, Bitlis, Turkey. Voucher specimens are deposited 
at the Faculty of Science Herbarium at Firat Univer-
sity, Elazig, Turkey. The seeds were sterilized with 5%  
NaOCl  from Ace® Turkey branded commercial bleach 
by continuously stirring for 20 min. It was followed by 
3 × 3 min. sterilized distilled water rinsing. The steril-
ized seeds were germinated by culturing on agar solidi-
fied MS medium (16) contained in Petri dishes (100 
×10 mm) that was supplemented with 3% sucrose at 4 
± 1ᵒC. Thereafter 7 weeks, the hpocotyl explants were 
excised from the seedlings and taken to culture on 1, 
2, 4 mg/l 2,4-D (2,4-Dichlorophenoxyacetic acid) 
containing MS medium with and without  0, 0.1, 0.2 
mg/l TDZ (Thidiazuron). All cultures contained 3% 
(w/v) sucrose and 0.65% (w/v) plant agar (Duchefa), 
them under 16 h light photoperiod (35µmol m−2s−1) in 
Aralab versatile growth chamber at 24 ± 1ᵒC. All media 
were autoclaved for 20 min. at 121°C and 1.4 kg cm−2 

pressure. The pH of all media was adjusted to 5.7± 0.1 
with 1N NaOH or 1N HCl. 

Antibacterial Activity
The calli regenerated after each treatment were 

lavigated under aseptic conditions. Each of the lavi-
gated calli (5 g) were extracted using 25 ml hot wa-
ter (control), acetone, hexane and methanol (99%) 
solvents by using a rotary shaker (100 rpm) for 24 h. 
The solvents used in the study were removed with the 
help of a rotary vacuum evaporator at 35ºC. What-

man filter paper were used for filtering. Thereafter, 25 
μl extracts were syringed onto empty antibiotic paper 
discs (6 mm) (Bioanalyse). The experimental studies 
were repeated triplicate. Antibacterial activities for 
Staphylococcus aureus COWAN 1 and Bacillus subti-
lis var. niger ATCC 10 strains of bacteria were stud-
ied. Therafter, 100 µl bacterial  solution (106 cells/ml)   
were inoculated into petri plates containing Mueller 
Hinton Agar (Difco) using disc diffusion method for 
antibacterial activity. Six (6) mm diameter discs were 
used containing to pour 25 µl (500 µg) of the extracts 
(20 mg/ml) that were placed on the inoculated Muel-
ler Hinton Agar (Difco). The Petri dishes were incu-
bated at 4ºC for 2 h. Thereafter, the inoculated plates 
were incubated at 37 ºC, for 24 h (for bacterial strains). 
Antibacterial activity was evaluated by measuring zone 
diameters in mm (17).

Statistical analysis
In each treatment 30 explants were used and di-

vided into 3 replications. Experimental values for each 
parameter were compared using One Way Anova of 
IBM SPSS 22 for Windows. Standard error was com-
puted using descriptive statistics function. Means were 
compared using Tukey’s b test. All values expressed as 
0.00 were not subjected to statistical analysis.

Results 

Callus induction on MS medium containing 2,4-D + TDZ
Callus induction was noted for all treatments 

on hypocotyl explants (Table 1). The findings of the 
results showed that 100% calli were induced on hy-
pocotyl explants irrespective of 2,4-D concentrations 
with or without TDZ in the culture medium. The 
result showed that the plant growth regulators had 
significantly different effect on callus formation per-
centage (Table 1). Callus formation percentage of the 
treatments ranged from 83.66±0.13 to 46.33±1.23. 
Maximum callus formation percentage was noted on 
MS medium containing 4 mg/l 2,4-D followed 4 mg/l 
2,4-D + 0.1 mg/l TDZ. Minimum callus formation 
percentage was recorded on MS medium containing 
2 mg/l 2,4-D + 0.2 mg/l TDZ (Table 1). The callus 
weight was also affected by the growth regulators com-
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binations. Callus weight of the treatments ranged from 
352.32±0.63 to 163.12±1.56. Maximum callus weight 
was noted using 4 mg/l 2,4-D in MS medium. It was 
followed weight of 312.08±0.19 and 301.68±0.74 us-
ing 2 mg/l 2,4-D, 1 mg/l 2,4-D in MS medium. Each 
increase in the concentration of 2,4-D  (with or with-
out any concentration of TDZ) was accompanied 
with significant increase in callus weight but increased 
TDZ  concentrations significantly decreased the callus 
weight (Table 1).

Antibacterial activity 
Antibacterial activity was detected in in vitro cal-

lus of S. cretica subsp. garana are given in Table 2. No 
antibacterial activities was detected using extracts ob-
tained from control group, acetone extract and hexane 
extract from develope on MS medium containing 4 
mg/l NAA. The methanol extracts of S. cretica subsp. 
garana calli exhibited inhibitory action against both 
bacterial strains variably.

When we compared the antibacterial activity of 
the methanol extracts of the calli developed on MS 
medium containing 4 mg/l 2,4-D with those on 2,4-
D + 0.10 or 0.20 mg/l TDZ induced callus extracts it 
was noted that the obtained on MS medium contain-
ing 2,4-D had less antibacterial activity. Methanolic 

extracts of various callus showed bioactivity against 
Staphylococcus aureus COWAN 1 and Bacillus subtilis 
var. niger ATCC 10 bacteria. The increase of TDZ 
concentration in the callus production environment 
resulted in an increase of antibacterial activity.

Discussion

S. cretica subsp. garana  herbaceous plant that 
contain a large number of volatile and aromatic com-
pounds (18). We studied callus induction in hypocotyl 
explants raised from seeds and tested their crude callus 
extracts for antibacterial activity.

Synergistic effects in callus formation is depen-
dent on cytokinin-auxin in in vitro. Comparative 
impacts were additionally seen in a few other species 
(19-21). The outcomes demonstrate that the blend of 
2,4-D and TDZ were critical for significantly callus 
development in S. cretica subsp. garana. The combined 
favorable impact of cytokinin-auxin was similar to the  
response  observed in other lant species (19, 22, 24). 
The present research showed that callus induction in 
S. cretica subsp. garana is reliant on the sort and blend 
of phytohormones. Comparable results have likewise 
been reported for other plant species (19, 20). The nu-

Table 1. The effect of 2,4-D and TDZ concentrations on callus formation percentage and callus weight of hypocotyl explants.

	 Plant growth regulator 	 Callus formation	 Callus 
	 concentrations and combinations	 percentage (%)*	 weight (mg)*

2,4-D (mg/l)	 TDZ (mg/l)	

1	 0.0	 56.37±0.24e	 301.68±0.74c

2	 0.0	 67.87±0.52b	 312.08±0.19b

4	 0.0	 83.66±0.13a	 352.32±0.63a

1	 0.1	 52.33±1.42f	 205.61±0.35f

2	 0.1	 57.87±0.87d	 243.21±0.96e

4	 0.1	 63.33±1.02c	 262.17±0.43d

1	 0.2	 48.67±1.36g	 163.12±1.56i

2	 0.2	 46.33±1.23h	 187.63±1.07h

4	 0.2	 51.66±1.07f	 194.79±1.43g

	 Control (MS medium)	 0.00 ± 0.00	 0.00 ± 0.00

*All values in a single column showed by different small letters are statistically different at 0.05 level of significance ± = Standard error
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trition needs for the growth of tissue under in vitro 
conditions can fluctuate among species and genotypes 
and also with the impact of endogenous phytohor-
mones level in respective plant species. 

Investigation of bioactivity of callus and plant tis-
sues is needed to bolster its utilization in customary 
pharmaceuticals (25). By and large, micropropagated 
and plants propagated in fields can not be utilized 
therapeutically potent as naturally grown plants. How-
ever, this case is not generally precise (26, 27). In the 
present research antibacterial bioactivity was noted on 
in vitro induced callus against S. aureus and B. Subti-
lis. The outcomes show that bioactivity is subject to 
treated plant growth regulators and the plant tissue.

This acquisition is likewise effective for Scutellaria 
orientalis subsp bicolor, Drimia robusta, Catha edulis and 
Cotyledon orbiculata (19, 24, 27, 28). Antibacterial prop-
erties were influenced by auxiliary compounds (19, 24, 
29). The bioactivity in plants may have been affected 
with secondary compounds which controlled by PGRs 
amid in vitro cultures and acclimatization. Be that as it 
may, the system of biochemical changes should be re-
searched in this species. In conclusion this is the first 
report of in vitro callus development and antibacterial 

movement in S. cretica subsp. garana. This paper demon-
strated that in vitro callus induction of S. cretica subsp. 
garana contains therapeutic  ability, which can be uti-
lized as a part of conventional medicines. Additionally, 
the convention will be useful for callus induction of bio-
active compounds for future research. 
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