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Abstract Ziziphora tenuior L. (Lamiaceae) is an aromatic herb used for its medicinal values against

fungi, bacteria. Micropropagation can be used for large-scale multiplication of essential oil produc-

ing plants thus avoiding an overexploitation of natural resources. This work aims to develop a reli-

able protocol for the in vitro propagation of Z. tenuior, and to compare the antioxidant activity

between in vitro propagated and wild plants.

The explants were sterilized and cultured on MS medium containing different concentrations of

growth regulators naphthalene acetic acid (NAA) or indole-3-butyric acid (IBA) with 0.5 mg/L of

kinetin (Kin) callus formation was 70.2% after 45 days of incubation in dark on medium supple-

mented with 1.5 mg/L of NAA. After one month of callus culture on medium supplemented with

2 mg/L BA the shoot number was 5.12 and for the multiplication stage. The shoot number was

4.21 and length was 6.17 cm on medium supplemented with 1 mg/L Kin + 0.1 mg/L NAA.

DPPH� reagent was used to test the antioxidant activity. The aqueous and methanol extracts of

in vitro plants which were treated with 1.5 and 1 mg/L of kin plus 0.1 mg/L of NAA showed a strong

DPPH� scavenging activitywhere IC50was 0.307and0.369 mg/ml, respectively,while the IC50 of aque-

ous and methanol extracts of wild plants was 0.516 and 9.229 mg/ml, respectively. Our results sug-

gested that plant growth regulators and in vitro culture conditions increased the antioxidant activity.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.
1. Introduction

Reactive oxygen species (ROS) are a byproduct of normal

metabolism. ROS are additionally produced in cells as a
response to several factors, including oxidative and thermal

http://crossmark.crossref.org/dialog/?doi=10.1016/j.sjbs.2013.12.002&domain=pdf
mailto:abdu83alkarim@yahoo.com
http://dx.doi.org/10.1016/j.sjbs.2013.12.002
http://dx.doi.org/10.1016/j.sjbs.2013.12.002
http://www.sciencedirect.com/science/journal/1319562X
http://dx.doi.org/10.1016/j.sjbs.2013.12.002


318 A. Dakah et al.
stresses, ultraviolet light, chemical agents, and ionizing radia-
tion. Oxidative stress can cause DNA damage, cell functions
inhibition (Yoo et al., 2008), lipid and protein peroxidation,

and disturbance of glutathione levels. In addition, ROS con-
tribute to the development of cancer, diabetes, atherosclerosis,
inflammatory diseases, and ageing (Harman, 1956, 1992; Beal,

1995; Maxwell, 1995; Lee et al., 2005). ROS are divided into
free radical species, such as superoxide anion radical, hydroxyl
radical, and non-free radical species that are involved in oxida-

tive reactions, such as singlet oxygen. ROS free radicals con-
tain unpaired electrons (Halliwell and Gutteridge, 1999),
which usually show a high degree of reactivity with biological
macromolecules such as proteins, lipids, and DNA. Free rad-

icals can oxidize DNA bases (especially guanine), leading to
mutations (Harman, 1956, 1992).

Oxidative damages can be reduced through enzymatic

mechanisms such as superoxide dismutase (SOD) and catalase
(CAT) (Niki et al., 1994) or by antioxidants presented as nat-
ural products (Rice-Evans et al., 1997). Many synthetic drugs

protect against oxidative damage, but some have adverse side
effects. An alternative solution to overcome ROS is to con-
sume natural antioxidants from food, beverages, and tradi-

tional medicines containing natural antioxidants such as
L-ascorbic acid, tocopherol, and polyphenols (Van Wyk and
Wink, 2004; Yazdanparast and Ardestani, 2007; Wink and
Van Wyk, 2008; Wink and Abbas, 2013).

Medicinal plants played an important role in the treatment
of diseases and health disorders for thousands of years and are
still important in traditional medicine systems around the

world (Van Wyk and Wink, 2004). Experiments with animal
models have shown that the green tea polyphenol epigallocate-
chin gallate (EGCG) decreased the oxidative damages of

superoxide anion radicals and increased the lifespan in the
model organism Caenorhabditis elegans (Maupas) (Rhabditi-
dae) (Abbas and Wink, 2009). In addition, EGCG reduced

the formation of b-amyloid oligomers involved in Alzheimer’s
disease (Abbas and Wink, 2010).

A sufficient supply of the plant raw material contains a con-
sistent quality of valuable natural products becomes difficult

with increasing the need to consume such natural products.
Therefore, laboratories worldwide are trying to produce sec-
ondary metabolites from plant tissue cultures for commercial

applications (Wink et al., 2005; Alfermann, 2009) as an alter-
native or addition to plants produced in fields or greenhouses.
Lamiaceae include several important species that contain sec-

ondary metabolites such as phenolic compounds, flavonoids,
iridoids, and terpenoids (Richardson, 1992; Zegorka and
Glowniak, 2001; Lu and Yeap-foo, 2002), which have antiox-
idant, antiinflammatory, antibacterial, and antiviral properties

(Van Wyk and Wink, 2004; Wink, 2008). Ziziphora tenuior L.
(Lamiaceae) is an annual and aromatic herb of 5–15 cm height
(Fig. 1A), and the stem is simple or branched from the base.

The leaves are simple and lanceolate, the flowers are hermaph-
rodite and zygomorphic with a narrow and tubular calyx (size:
1–2 · 6–9 mm). The corolla is pink and contains five petals.

The androecium consists of two fertile stamens and the gynoe-
cium with two carpels (ACSAD, 2008; Mouterde, 1966). Z.
tenuior volatile oil contains pulegone as a main constituent.

Extracts of Z. tenuior exhibited antifungal and antibacterial
effects (Naeini et al., 2010; Ghasemi Pirbalouti et al., 2012;
Mahboubi et al., 2012). In addition, Z. tenuior has been used
to treat fever, dysentery (Talebi et al., 2012), diarrhea, gut
inflammation, cough (Safa et al., 2012), bladder stones, and
painful menstruation (Naghibi et al., 2005).

Plant tissue culture is the process whereby small pieces of

living tissue are isolated from an organism and grown asepti-
cally for indefinite periods on a nutrient medium under con-
trolled conditions (Ali et al., 2007). In vitro cultivation of

plants is a necessary step in many experiments like microprop-
agation, creation of virus-free plants and genetic transforma-
tion. (Georgieva et al., 1996).

For increased human needs of medicines, plant tissue cul-
ture is used widely for micropropagation of medicinal plants
to produce enough amounts of drugs and secondary metabo-
lites, using this technology, the natural products can be pro-

vided at any time of the year without waiting for the suitable
season to collect the plant and controlling the environmental
conditions of plant growth (Sidhu, 2010). In addition to that,

it could be obtained of the plants in a short time and a small
place (Prakash and Van staden, 2007).

Z. tenuior is an important medicinal plant. Therefore, the

current study aimed to explore possibilities to propagate the
plant in vitro employing tissue culture via callus and shoot
induction using different growth regulators. In addition, the

antioxidant activities of aqueous and methanol extracts of
the in vitro propagated and wild plants were studied, using
the reagent DPPH� (2,2-diphenyl-1-picrylhydrazyl).
2. Materials and methods

This research was carried out in the Plant Tissue Culture and
Molecular Biology Laboratory in Damascus University,

Faculty of Science, Department of Plant Biology.

2.1. Chemicals and reagents

Indole-3-butyric acid (IBA), benzyladenine (BA), kinetin
(Kin), naphthalene acetic acid (NAA), and 2,2-diphenyl-1-pic-
rylhydrazyl (DPPH�) were purchased from Sigma–Aldrich

GmbH (Munich, Germany).

2.2. Plant material

Wild plants were collected from Kalamoon Mountains, Assal
Al-Ward (Syria), and authenticated by Dr. Imad Alkadi at
the Department of Plant Biology, Damascus University, Syria
and used as experimental material.

2.3. Establishment of plant tissue culture

Explants of wild plants were washed with water for 30 min.

and treatment with 1% antifungal for 5 min, samples were
washed three times with sterilized water. Final sterilization
was done using 70% ethanol and 10% sodium hypochlorite

for 5 min in the presence of few drops of Tween 20. Samples
were washed three times with sterilized H2O and cultured on
callus induction MS medium (Murashige and Skoog, 1962)

supplemented with different concentrations of auxin (NAA
or IBA) in the presence of kinetin. The basic nutrient medium
(MS) contained mineral salts, vitamins, 3% sucrose, and 0.7%
agar. The pH was adjusted to 5.8. The media were sterilized by

autoclaving. 40 explants were cultured for each treatment and



Figure 1 Micropropagation of Z. tenuior. (A) Z. tenuior from the field. (B) Callus induction from leaf explants after 45 days in the dark

on a medium supplemented with 1.5 mg/L NAA + 0.5 mg/L Kin. (C) Calli after incubation for 7 days in light. (D) Shoot formation from

calli after incubation for 4 weeks on a medium supplemented with 2 mg/L BA. (E) Micropropagated shoots after incubation for 4 weeks

on a medium supplemented with 1 mg/L Kin + 0.1 mg/L NAA. (F) Number of shoots on medium supplemented with 1 mg/L

Kin + 0.1 mg/L NAA.

In vitro propagation of the medicinal plant 319
the experiments were repeated three times. Samples were incu-

bated in the dark for 45 days at 23 ± 1 �C. The incidence of
callus formation per leaf was evaluated.

2.4. Shoot induction

Calli were transferred to MS medium supplemented with dif-
ferent concentrations of BA. Samples were incubated in the
light for 16 h (light 2000 lux, temperature 23 ± 1 �C, humidity

60–70%) followed with 8 h in darkness at 16 ± 1 �C. The
number and length of the shoots produced from calli were
established after 30 days of culture.

2.5. Shoot multiplication

The callus-derived shoots were transferred to MS medium sup-

plemented with different concentrations of cytokines in combi-
nation with auxin (Kin + NAA). Using the conditions
described for shoot induction, 40 shoots were cultured. The
number and length of shoots were determined after 30 days

of culture; the experiments were repeated three times.

2.6. Plant extract preparation

Aerial parts of wild and in vitro plants were dried and ground

by pistil and mortar to a soft powder. For aqueous extract, 5 g
of powder was immersed in 100 ml of distilled water; the solu-
tion was heated in a water bath for 30 min at 95 �C. For the
methanol extract, 5 g of powder was immersed in 100 ml of
80% methanol and heated at 40 �C for 24 h. Then the samples
were centrifuged and the supernatants were transferred to new

tubes and stored at �20 �C.

2.7. Free radical scavenging activity test

The free radical scavenging activity of samples was measured
using 2,2-diphenyl-1-picrylhydrazyl (DPPH�), following the
method described by Blois (1958) with some modifications



Table 2 The effect of different concentrations of BA on shoot

induction from callus cultures. Number and length of shoots

after 4 weeks from culture.

Mean shoot length

(cm ± SE)

Mean shoot

numbers (no ± SE)

Growth

regulators (mg/L)

1.8 ± 0.04 a 2.35 ± 0.08 c 1 BA

1.24 ± 0.04 b 3.77 ± 0.15 b 1.5 BA

0.56 ± 0.02 c 5.12 ± 0.13 a 2 BA

0 ± 0.0 d 0 ± 0.0 d 0 BA

Table 3 The effect of Kin combination with NAA on the

number and length of new shoots.

Mean shoot length

(cm ± SE)

Mean shoot

numbers (no ± SE)

Growth regulators

(mg/L)

6.12 ± 0.031 b 3.90 ± 0.052 b 0.5 Kin + 0.1 NAA

6.17 ± 0.072 a 4.21 ± 0.093 a 1 Kin + 0.1 NAA

5.22 ± 0.081 d 3.13 ± 0.051 c 1.5 Kin + 0.1 NAA

5.52 ± 0.082 c 1.20 ± 0.044 d 0 Kin + 0 NAA
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(Laouini et al., 2012). DPPH� is reduced to hydrazine when it
reacts with hydrogen donors. Briefly, serial dilutions (10, 1,
0.1, 0.01, 0.001 mg/ml) of samples (aqueous and methanol

extracts) were tested for radical scavenging activity. 0.2 mM
DPPH� was prepared in methanol and 500 ll of this solution
was added to 1000 ll of a sample at different concentrations.

The samples were incubated in the dark at room temperature
for 30 min. After that, the absorbance was measured at
517 nm using a spectrophotometer. The percentage of radical

scavenging activity (RSA%) was calculated using the follow-
ing equation:

RSA% ¼ ½ðA0 �A1=A0� � 100

in which A0 is the absorbance of the control reaction, and

A1 is the absorbance in the presence of the sample. In addition,
the inhibitory concentration that reduces 50% of free radicals
(IC50) was determined. The experiments were repeated three
times.

2.8. Statistical analysis

Statistical comparisons were done with the SPSS program

using one-way analyses of variance (ANOVA) test. All figures
indicate means and standard errors of the means. P < 0.05
was regarded as statistically significant.

3. Results

3.1. Effect of auxin on callus formation

Auxins are known to exhibit a significant effect on callus for-

mation from leaf explants. 1.5 mg/L of NAA was the best con-
centration for callus induction with 70.2%± 0.28 of leaf
explants (Table 1) (Fig. 1B and C), whereas 2 mg/L of NAA
reduced the callus formation to 60%. The treatment with

2 mg/L of IBA led to an increase in callus formation to
62.1%, while the growth regulator free MS medium did not
show any callus formation and the leaf explants died after

10 days of culture (Table 1).

3.2. Effect of BA on Shoot formation

Different concentrations of BA induced shoot formation from
the callus without root formation, while MS medium without
growth regulator did not show any shoot induction. Shoot
Table 1 The effect of different concentrations of NAA and

IBA with Kin on callus induction from leaf explants after

6 weeks of in vitro culture.

Callus induction

(in%± SE of number of leaf explants)

Growth regulators

(mg/L)

10.2%± 0.17 f 1 IBA + 0.5 Kin

40.1%± 0.12 e 1.5 IBA + 0.5 Kin

62.1%± 0.18 b 2 IBA+ 0.5 Kin

50.5%± 0.18 d 1 NAA+ 0.5 Kin

70.2%± 0.28 a 1.5 NAA+ 0.5 Kin

60.2%± 0.26 c 2 NAA+ 0.5 Kin

0% g No growth regulator
numbers significantly increased by increasing the BA concen-
tration; the shoot numbers were 5.12 ± 0.13 at 2 mg/L of
BA and 2.35 ± 0.08 at 1 mg/L of BA (Table 2). Shoots treated

with 1 mg/L of BA were the longest with 1.8 ± 0.04 cm and
only 0.56 ± 0.02 cm at 2 mg/L BA (Table 2) (Fig. 1D).

3.3. Shoot multiplication

The statistical analysis showed that the best of shoot multipli-
cation (4.21 ± 0.093) and length (6.17 ± 0.072) were achieved

with 1 mg/L of Kin and 0.1 mg/L of NAA. Increased concen-
tration of Kin up to 1.5 mg/L led to a decrease in shoot num-
ber and length. (Table 3) (Fig. 1E and F).

3.4. Free radical scavenging activity

The results of DPPH� assay (Table 4) indicate significant
differences in the ability to scavenge free radicals between

the in vitro propagated plants and wild plants. The aqueous
and methanol extract of in vitro grown shoots on medium
Table 4 Radical scavenging activity (IC50 ± SE) of in vitro

propagated and wild plants using aqueous and methanol

extracts.

Extract type (growth regulators combination) IC50 (mg/ml)

Methanol extract of wild plant 9.229 ± 0.144 f

Aqueous extract of wild plant 0.516 ± 0.001 b

Methanol extract of plant (0.5 Kin + 0.1 NAA) 8.712 ± 0.016 e

Aqueous extract of plant (0.5 Kin + 0.1 NAA) 0.399 ± 0.011 ab

Methanol extract of plant (1 Kin + 0.1 NAA) 8.452 ± 0.016 d

Aqueous extract of plant (1 Kin + 0.1 NAA) 0.369 ± 0.001 a

Methanol extract of plant (1.5 Kin + 0.1 NAA) 8.026 ± 0.013 c

Aqueous extract of plant (1.5 Kin + 0.1 NAA) 0.307 ± 0.001 a

Methanol extract of plant (0 Kin + 0 NAA) 8.832 ± 0.035 e

Aqueous extract of plant (0 Kin + 0 NAA) 0.411 ± 0.007 ab
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supplemented with 1.5 Kin + 0.1 NAA, exhibited a stronger
antioxidant activity (IC50 = 0.307 ± 0.001 and 8.026 ±
0.013 mg/ml) than wild plants (IC50 = 0.516 ± 0.001 and

9.229 ± 0.144 mg/ml) respectively. As for the extract of
in vitro propagated plants, increasing concentration of Kin
led to increase IC50 but without significant difference for aque-

ous extract, while with significant differences for methanol
extract.
4. Discussion

Callus is a mass of undifferentiated cells, which are formed
in vitro from an explant tissue cultured on nutrient medium

supplemented with suitable plant growth regulators (PGRs)
during a dedifferentiation process (Skoog and Armstrong,
1970; Letham, 1974; Akiyoshi et al., 1983; Fowler et al.,

1993; Bhojwani and Razdan, 1996). In our experiments, callus
occurred on the cut surfaces of leaves after 6 days on the media
supplemented with 1.5 mg/L NAA+ 0.5 mg/L Kin similar to
the situation of callus formation in Salvia canariensis L.

(Mederos-Molina, 2004) or Nicotiana tabacum L. (Ali et al.,
2007). After 1 week of light subjecting, the calli became gran-
ular and green. Then the calli turned to a dark brown color

and shrunk, indicating that light treatment induces the produc-
tion of phenolics (Shabnum and Wagay, 2011).

The differentiation of callus to differentiated organs is a

complex process controlled by many factors. PGRs play an
important role in cell differentiation and organ formation,
and the effective concentration of cytokinin and auxin can
be different between tissues and species (Skoog and Miller,

1975). The presence of cytokinin into the nutrient media has
special importance (Nordstrom and Eliasson, 1986). In the
current study, the largest number of shoots (5.12) was obtained

with 2 mg/L of BA, while the longest length was seen with
1 mg/L of BA. For Thymus vulgaris L., the optimal condition
was 4 mg/L of benzylaminopurine (BAP) (Shabnum and

Wagay, 2011) and for N. tabacum (K-399) was 2 mg/L of
BAP combined with 0.2 mg/L NAA (Ali et al., 2007).

Cytokinin promotes the growth of axillary buds by reduc-

ing the apical dominance of buds during the micropropagation
phase (Van Staden et al., 2008(. Furthermore low auxin con-
centrations are important for micropropagation)Christison
and Warnick, 1988). In our experiments the combination of

1 mg/L Kin + 0.1 mg/L NAA was optimal for shoot multipli-
cation, whereas in T. vulgaris L. 0.5 mg/L BA without auxin
had the best results (Ozudogru et al., 2011). An increase of

the concentration of Kin led to a decrease in the number of
shoots and this corresponds with findings of Ozudogru and
his colleagues (Ozudogru et al., 2011(. Steephen and his group

showed that the increasing concentration of BA above 1 mg/L
led to callus formation and decreased shoot development of
Vitex negundo L. (Steephen et al., 2010).

Most of the antioxidant activity is due to particular second-

ary metabolites especially phenolic compounds and some terp-
enes (Marzouk et al., 2007; Awaad and AL-jaber, 2010). Our
results showed that the IC50 value of aqueous and methanol

extracts of wild Z. tenuior were 0.516 and 9.22 mg/ml, respec-
tively. In another study, extracts of essential oil of Ziziphora
clinopodioides Lam. and Ziziphora pamiroalacia Juz showed

IC50 values of 8.1 and 5.3 mg/ml respectively (Si-lei et al.,
2010). Water extract showed a strong antioxidant activity in
compression with methanol extract, which could be due to a
better solubility of antioxidant compounds in water. Wong
and his colleagues found that water extracts of 23 from 30

medicinal plants have antioxidant activity higher than those
of the methanol extracts (Wong et al., 2006). The results of
the current study showed that the radical scavenging ability

of in vitro propagated plant extracts of Z. tenuior was higher
than aqueous and methanol extracts of wild plants. Stress con-
ditions during in vitro cultivation may have stimulated poly-

phenol production, and (plant growth regulator cytokinin
and auxin) treatment might have been responsible. The forma-
tion rate of some phenolic compounds depends on the growth
rates of the cultured tissue (Barz, 1977), and on auxin/cytoki-

nin levels into the medium (Sargent and Skoog, 1960; Skoog
and Montaldi, 1961). The components in Z. tenuior responsi-
ble for the antioxidant activity are unknown. Further research

is therefore needed for the identification and isolation of the
corresponding antioxidant components.

5. Conclusions

In conclusion, our present investigation shows that microprop-
agation of Z. tenuior through in vitro is a reliable method for

the rapid multiplication of this species. In the current study
Z. tenuior has been cultured in vitro for the first time and it
was possible to obtain more than 314 plants from one single

explant after four subculture cycles of multiplication. This pro-
tocol will be helpful for rapid and large scale propagation.
Also we can use plant tissue culture to increase the active sub-
stance, our results show that the water extracts of in vitro pro-

duced plants showed an increase in antioxidant activity as
compared to the starting material.
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