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Abstract
A protocol for callus induction from leaves of carnation is established. MS
fortified with 2.0 mg /l 2,4‐D and 0.5 mg/l Kn was found to be the appropriate
medium for producing callus cultures. Methyl jasmonate at 20 μM concentration
showed the highest growth rate (98.21 mg/day) while mannitol concentrations at
2% gave the peak growth rate (97.1 mg/day).The highest content of eugenol
(14.65 μg/100 g calli) was recorded with medium containing 20 μM methyl
jasmonate followed by 8.16 μg/100 g calli with 10 μM methyl jasmonate. In
presence of 0.5% mannitol, maximum eugenol content (18.00 μg/100 g calli) was
obtained.

Introduction
The carnation (Dianthus caryophyllus L.) is an important cut flower crop of the
Caryophyllaceae family. Cuttings of D. caryophyllus have a sizeable division of the
world’s cut flower production market and progressively moved up (Lu et al.
1991, Jurgens et al. 2003). Large scale plantation and international trade were
mainly take place in Latin America, Europe, a few Asian, some African and
Mediterranean countries (Sparnaaij 1987, Zuker et al. 2002). Carnation has been
considered in European traditional herbal medicine to treat coronary and
nervous disorders (Chevallier 1996). It is an aromatic, stimulant plant that has
been used in tonic cordials to treat fevers, though this use is now old‐fashioned
(Bown 1995). Moreover, the flowers were believed to be alexiteric, antispas‐
modic, cardiotonic, and diaphoretic and used as a vermifuge (Chopra et al. 1986).
*Authors for correspondence: <usamajp@yahoo.com>.
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From the middle of last century, scientists were exerting their efforts to
cultivate carnation plants using cell culture systems (Esmaiel et al. 2013). A callus
culture of carnation was established by many researchers (Buiatti et al. 1985,
Palet et al. 1991, Zuker et al. 2002). The major importance of carnation remains
with the cut flower market. Client preference concerning coloring and growth
uniqueness is mandatory for breeders to release new cultivars (Lu et al. 1991). El‐
Ghorab et al. (2006) affirmed that, about 12 volatiles were identified as the main
components of carnation flower fragrance signature. Clery et al. (1999) reported
that, flowering carnations aroma volatiles were differentiated by the fraction of
eugenol (trace‐84.1%) and methyl salicylate (0.1 ‐ 1.4%).
Carnation essential oils obtained from the flowers are used in perfumery
(Uphof 1968). The flower heads are dried and used in potpourri, scented sachets
and cosmetic products (Bown 1995). The leaves can be simmered in water, and
this water can then be used as soap for cleaning the skin, clothes, etc. (Allardice
1993).The plant also has antifungal activity due to the presence of flavonoid
glycosides (Galeotti et al. 2008).
To supply the market demands and industries requirements it is necessary to
maintain a constant essential oil production and quality, mainly in terms of
chemical composition (Silva 2002). The essential oil production does not depend
only on plant genetics or developmental stage. The environment and its changes
can influence in a significant way biochemical pathways and physiological
processes that alter plant metabolism and, therefore, the essential oil biosynthesis
(Sangwan et al. 2001).
Since 1940 natural and synthetic growth regulators have been used in
agriculture to control developmental processes like germination, vegetative
growth, reproduction, maturation, senescence and post harvest (Basra 2000). The
use of growth regulators in agricultural production has increased due to their
positive influence on product quality. This is a common practice in small
countries where this technology is necessary to achieve higher yields and better
products (Poyh and Ono 2006). It is known that plant growth and development
are regulated by action and balance of different groups of growth regulators,
which promote or inhibit such processes. Nevertheless, the effects of the use of
plant growth regulators on essential oil production are not well known (Ortuño
et al. 1999, Poyh and Ono 2006).
Mannitol is a six carbon sugar alcohol which commonly used in plant cell
culture as an osmoprotectant and is believed to be metabolically inert because it
is very slowly taken up by a wide range of plant cells (Thimann et al. 1960, Yuri
1988, Nade1 et al. 1989). Besides its function in osmotic adjustment, mannitol
improves tolerance to stress through scavenging of hydroxyl radicals and
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stabilization of macromolecular structures (Crowe et al. 1992, Shen et al. 1997).
The importance of mannitol as a scavenger of the hydroxyl radical has been
demonstrated in vitro (Smirnoff and Cumbes 1989) and in vivo using transgenic
tobacco (Shen et al. 1997).
The accumulation of metabolites often occurs in plants subjected to stress,
due to various elicitors or signal molecules (Zhao et al. 2005). The jasmonates are
possibly signal compounds in the elicitation process inducing transcriptional
activation of genes involved in de novo formation of secondary metabolites
(Zhang and Memelink 2009). For this reason, elicitation has been used to increase
the accumulation of active metabolite in plant tissue and cell cultures
(Matkowski 2008).
There remains a need to increase secondary metabolite production rates to
support their commercial exploitation. To overcome the present limitations, one
approach is elicitation. The elicitor molecule interacts with a plant membrane
receptor (Cosio et al. 1990) that through an unidentified mechanism activates
specific genes (Menke et al. 1999), resulting in the synthesis of almost all
chemical classes of secondary plant products (Zhao et al. 2001).
Among the various elicitors, exogenous methyl jasmonate (MJ) has been
confirmed as effective for the induction of secondary metabolites in plant cell
cultures (Ketchum et al. 1999). It has also been established that treatments with
exogenous MJ can elicit the accumulation of several classes of alkaloids,
including the benzophenanthridines (Gundlach et al. 1993), the vinca alkaloids
(Aerts et al. 1996) and the tropane alkaloids (Saenz‐Carbonell et al. 1996), in a
range of plant species. Jasmonic acid (JA) and MJ are considered to be involved
in a part of the signal transduction pathway that induces particular enzymes to
catalyze biochemical reactions to form defense compounds of low molecular
weight in plants, such as polyphenols, alkaloids, quinones, terpenoids, and
polypeptides (William et al. 1996, Mizukami et al. 1993).
The aim of this paper is to study the effect of different concentrations of
methyl jasmonate and mannitol on growth rate and eugenol content of Dianthus
caryophyllus callus cultures.

Materials and Methods
Under sterile conditions, seeds of Dianthus caryophyllus were surface
sterilized by immersion in 70% ethanol for 10 sec, followed by rinsing three
times in sterile distilled water. Seeds were then immersed in different
concentrations of commercial Clorox solution (contain 5.25% sodium hypo‐
chlorite) 15 and 25% for different periods 15 and 25 min and rinsed three times
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with sterile distilled water. The disinfected seeds will then placed on 200 ml glass
jars containing 50 ml of solidified basal MS. Culture medium was solidified by 7
g agar, adjusted at pH 5.8. Cultures were incubated in a growth chamber at 25
± 2ºC under light conditions of 16 hr day photoperiod at intensity of 2000 Lux
from cool white fluorescent lamps. Within four weeks of cultivation, the in vitro
growing plantlets attained about 6‐8 cm in height and used as starting plant
material.
Leaf segments (0.3 cm2) were excised from in vitro growing plantlets and
cultured on MS supplemented with 0.0, 0.5, 1.0 or 2.0 mg/l 2,4‐D in combination
with 0.0, 0.5, 1.0 or 2.0 mg/l Kn (Sigma Chemical Company St. Louis , Mo 63178
USA ) as shown in Table 1. Cultures were incubated in a growth chamber at 25 ±
2ºC under light conditions of 16 hrs day photoperiod intensity of 2000 lux from
cool white fluorescent lamps. After four weeks of cultivation, the culture media
were evaluated to point the optimal medium introducing callus.
This experiment was carried out to study the effect of methyl jasmonate
(C13H20O3) on growth and eugenol content in extracted essential oils. Calli (200
mg) were subcultured onto MS supplemented with different concentrations (0.0,
10.0, 20.0, 30.0 and 40.0 μM) of methyl jasmonate, (Sigma chemical company St.
Louis, Mo 63178 USA). The culture media contained 2.0 mg/l 2, 4‐D and 0.5 mg/l
Kn as the optimal concentration obtained before. Cultures were incubated in a
growth chamber at 25 ± 20C under light condition 16 hrs day photoperiod at
intensity of 2000 lux from cool white fluorescent lamps. Data of growth
dynamics and quantitative analysis of the eugenol in essential oils were
recorded.
Effect of mannitol (C6H14O6) as osmotic stress on growth and eugenol content
in extracted essential oils in calli cultures was studied. Calli (200 mg) were
transferred to MS supplemented with different concentrations (0.0, 0.5, 1.0 and
2.0%) of mannitol (Sigma chemical company St. Louis, Mo 63178 USA) in
presence of growth regulators 2,4‐D (2.0 mg/l) and Kn (0.5 mg/l). Cultures were
incubated as previously described for four weeks.
The growth of calli cultures was monitored by weekly measurement of
average fresh weight (mg). Growth rate (mg fw/day) was determined according
to Szoke et al. (1979) as follows:
Growth rate = Ge - G s / 7
where: Ge = Callus mass (mg) at the end of every week and Gs = The starting
mass (mg) of callus.
Essential oil content of each treatment was extracted with hydro‐distillation
by adding water to the tissue material and boiling the mixture for 3 hrs at
Clevenger‐type apparatus using fresh calli according to Guenther (1961). The
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resulted essential oil of each treatment was separately dehydrated with
anhydrous sodium sulphate and kept in the deep freezer until used for biological
activity.
The HPLC system used for quantification of eugenol according to the method
of Saran et al. 2013, consisted of a Jasco PU‐980 pump, AS‐2057 auto sampler and
Jasco UV‐970 detector. The chromatogram peaks were quantified by means of PC
based Borwin software (Version 1.5). Chromatography separation for analyte
was achieved on cosmosil C18 analytical column (150 mm × 4.6 mm 5μ)
maintained at ambient temperature. The mobile phase was pumped at flow rate
1 ml/min. The mobile phase was filtered through a 0.45 μ nylon membrane filter
and degassed in an ultrasonic bath prior to use. The injection volume was 30 μl,
the flow rate was 1.0 ml/min and chromatographic peak was detected at 215 nm.
The results presented are the mean values ± standard deviation (Sd) obtained
from at least three replicates (Snedecor and Cochran 1980).

Results and Discussion
To provide the necessary plant materials for callus induction, disinfection of
Dianthus caryophyllus seed surfaces with Clorox (5.25% NaOCl) took place at 25%
concentration for 25 min. Surface‐sterilized seeds were aseptically germinated
on basal MS. Seeds started germination within two weeks of cultivation, and
reached 95% after one month cultivation (Fig. 1).
Different concentrations of 2, 4‐D and Kn were examined. Leaf explants
excised from in vitro growing plantlets were cultured on solid MS supplemented
with 2, 4‐D (0.0. 0.5, 1.0 and 2.0 mg/l) and Kn (0.0, 0.5, 1.0 and 2.0 mg/l). Callus
initiation was observed within two weeks of cultivation.
Calli derived from the different treatments were evaluated depending on their
fresh weight after four weeks of cultivation. Data clearly revealed the
significance of 2,4‐D for callus induction even when Kn was added to culture
media (Table 1).
Based on fresh weight measurements, solid MS with 2.0 mg/l 2,4‐D + 0.5 mg/l
Kn was the most appropriate medium for callus initiation (2174.6 mgfw),
followed by MS + 2.0 mg/l 2,4‐D + 1.0 mg/l Kn (2086 mgfw) (Table 1).
Growth dynamics of calli cultures were done in order to point out the optimal
time for transferring calli into fresh culture medium, when calli reached its
maximum fresh weight. Each treatment was started with initial weight (200 mg)
of callus and cultured on the selected medium for callus production (2.0 mg/l
2, 4‐D and 0.5 mg/l Kn).
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Table 1. Fresh weight of leaf derived calli of Dianthus caryophyllus after four weeks of
cultivation on MS supplemented with different combinations of 2,4‐D and Kn.
Values are the mean of 3 replicates.
Growth regulators (mg/l)
2,4‐D
Kn
0.0
0.5
0.0
1.0
0.0
2.0
0.5
0.5
0.5
1.0
0.5
2.0
1.0
0.5
1.0
1.0
1.0
2.0
2.0
0.5
2.0
1.0
2.0
2.0

Mean fresh weight
0.0
0.0
0.0
250.0
0.0
0.0
610.0
0.0
0.0
2174.6
2086
470.0

Figs 1‐2. 1. Seedling germination of Dianthus caryophyllus after one month cultivation on
MS. 2. Callus derived from leaf explants of Dianthus caryophyllus cultured on MS
supplemented with 2.0 mg/l 2, 4‐D and 0.5 mg/l Kn.

Data presented in Fig. 3 indicated that calli fresh weights were gradually
increased during the culture period until the fourth week, and declined at the
fifth week. The fresh weight reached its maximum (2174.6 mg) at the fourth
week. Likewise, the growth rate took a trend like those observed in fresh weight
(Fig. 3). The growth rates were progressively increased and reach its maximum
(282 mg/day) at the fourth week before slowly turned down (Fig. 3).
The results indicated that MS supplemented with Kn as a sole growth
regulator did not stimulate callus induction except with 0.5 mg/l 2, 4‐D. The
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same result was obtained in the presence of 2, 4‐D and Kn in equal
concentrations, and in the presence of higher concentration of Kn than 2, 4‐D.
Callus induction from leaf explants was achieved with 2.0 mg/l 2, 4‐D and 0.5
mg/l Kn. In vitro culture of carnation has been reported (Miller et al. 1991,
Nugent et al. 1991). Major emphasis in D. caryophyllus studies was paid attentions
for cultivar, explants, growth regulators and medium formulations (Mii et al.
1990). The obtained results were in agreement with those of Rao et al. (1997).
They reported that callus tissues were induced from the leaf explants of clove
when cultured on MS comprised 2.0 mg/l 2, 4‐D and 0.5 mg/l Kn.

Fig. 3. Effect of cultivation time on fresh weight and growth rate of Dianthus caryophyllus
callus cultured on MS supplemented with 2.0 mg/l 2,4‐D and 0.5 mg/l Kn. Values are
the mean of 3 replicates ± Sd.

In vitro callus induction requires a change in cell metabolism from a
quiescent state to one of active cell divisions, which often means the reversal of
cell differentiation and specialization. Auxin is normally required in the medium
to induce callus from explants, the most common being 2,4‐D (Phillips 2004). It is
well known that callus formation is a result of cell division and cell enlargement
as well as auxins increase cell growth, while cytokinins stimulate cell division
(Gamborg and Shyluk 1981). The synthetic auxins (2,4‐D) are used more
commonly in tissue culture, depending on the plant species to be cultured (Laiu
and Boll 1970). The most potent auxin, 2, 4‐D, may be used in the range of 0.1‐
10.0 mg/l (Mantell and Smith 1989). The effective role of 2, 4‐D in callus
production from Kidney bean was reported by Laiu and Boll (1970) who
obtained callus from different explants on culture medium containing 2 mg/l
2, 4‐D plus 0.64 mg/l Kn. On the other hand, Griga and Klenoticova (1994) found
that 2, 4‐D is essential for callus establishment from faba bean.
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The effect of methyl jasmonate (C13H20O3) on leaf callus growth. Callus
tissues (200 mg) were sub‐cultured onto MS supplemented with different
concentrations (0.0, 10.0, 20.0 30.0 and 40.0 μM) of methyl jasmonate. The
selected culture media contained 2.0 mg/l 2, 4‐D and 0.5 mg/l Kn. Fresh weight of
three replicates was recorded every week to calculate the growth rate. The calli
were collected for essential oil extraction and analyzed using HPLC. Fig. 4
showed that the highest growth rate was recorded on medium containing 20 μM
of methyl jasmonate (98.2 mg/day). It was clear that the presence of MJ at
different concentrations escalating the growth rate compared to control medium
(Fig. 4).

Fig. 4. Effect of different concentrations of methyl jasmonate on growth rate and eugenol
content of Dianthus caryophyllus callus cultured on MS supplemented with 2.0 mg/l
2,4‐D and 0.5 mg/l Kn. Values are the mean of 3 replicates ± Sd.

For eugenol content, data presented in Fig. 4 showed that the highest content
of eugenol (14.65 μg/100g calli) was recorded with medium containing 20 μM
methyl jasmonate followed by 8.16 μg/100 g calli in medium with 10 μM methyl
jasmonate. On the other hand, the lowest content of eugenol (1.89 μg/100 g calli)
was recorded in medium containing 30 μM of methyl jasmonate. In control
medium and that containing 40 μM of methyl jasmonate there were no
detectable amount of eugenol.
Essential oils are the most important raw materials of the fragrance and
aroma industry. They are also used in the food and pharmaceutical industries
due to their therapeutic, antimicrobial and antioxidant activities. Nevertheless,
they have biological activities that make them suitable for use as herbicides,
pesticides and anticancer compounds (Mahmoud and Croteau 2002, Burfield and
Reekie 2005).
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Endogenous factors like development stage of whole plant and specific
organs, and exogenous factors (biotic and abiotic) can alter essential oil
production (Sangwan et al. 2001, Lima et al. 2003, Gobbo‐Neto and Lopes 2007).
Methyl jasmonate (MeJA) has been reported to play an important role in the
signal transduction process that regulates defense genes in plants (Gundlach
et al. 1993). The present results were moderately agreed with those obtained by
Rebecca and Deepa (2012) who evaluated the effect of methyl jasmonate on cell
cultures of sweet basil. They found that methyl jasmonate was found to strongly
affect cell growth; 25 μM of MeJA were found to accumulate highest biomass for
O. basilicum and O. sanctum, and 50 μM for O. gratissimum. This study
demonstrates that elicitors such as methyl jasmonate could effectively enhance
cell biomass and hence can be used for effective induction of phytochemicals.
Also our results were concomitant with those obtained by Kim et al. 2006. They
found that rosmarinic acid and caffeic acid content of sweet basil was
significantly increased with MeJA application compared to control. Furthermore,
eugenol was increased by 56%, by 0.5 mM MeJA treatment.
The effect of mannitol as osmotic stress mediator on callus growth and
eugenol content in extracted essential oils were studied. Callus tissues (200 mg)
were transferred to MS supplemented with different concentrations (0.0, 0.5, 1.0
and 2.0%) of mannitol in the presence of 2, 4‐D (2.0 mg/l) and Kn (0.5 mg/l).
Fig. 5 showed that growth rate values increased in a direct relation with
mannitol concentrations from the first week to the third week. On the other
hand, at 2% mannitol, growth rate decrease was occurred (Fig. 5). The highest
growth rate was recorded in medium containing 1% mannitol (97.14 mg/day).

Fig. 5. Effect of different concentrations of mannitol on growth rate and eugenol content of
Dianthus caryophyllus callus cultured on MS supplemented with 2.0 mg/l 2,4‐D and
0.5mg/l Kn. Values are the mean of 3 replicates ± Sd.
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For eugenol content, data presented in Fig. 5 showed that the highest amount of
eugenol (18.0 μg/100 g calli) was detected in medium containing 0.5% mannitol
followed by 1.13 μg/100 g calli with 1% mannitol concentration. It was found that
1% mannitol concentrations caused a significant decrease in eugenol content and
totally omitted in medium containing 2% mannitol.
Mannitol is a polyol normally synthesized in numerous species of vascular
plants, which serves as an alternate metabolic reserve as well as an osmoticum.
Mannitol accumulation increases when plants are exposed to a low water
potential and the most obvious function of this compound is in osmotic
adjustment (Abebe et al. 2003). Therefore, mannitol has been proposed to
enhance tolerance to water deficit stress primarily through osmotic adjustment
(Loester et al. 1992). many authors evaluated the effect of mannitol as a water
stress agent on both growth of calli and biosynthesis of secondary metabolites.
The reduction in water content caused a decrease in cell turgor pressure
and consequently reduction in callus growth as expressed as callus fresh weight
(AL‐Taha 2013). Mohamed and Ibrahim (2012) suggested that mannitol is taken
up and metabolized by plants. The in vitro growth medium contains a source of
carbon, but increasing the carbohydrate concentration in the growth medium up
to a limit, increases the water potential, resulting in reduced water uptake and
thus caused growth inhibition. Data presented here support the results of Hadi et
al. (2014) who studied the effect of mannitol on callus growth of Ruta graveolens.
They found that increasing mannitol concentration caused a progressive
reduction in callus fresh weight. Likewise the current experiment demonstrated
that by raising mannitol concentrations to 2% the growth rate was diminished.
Of the two elicitors, mannitol seems to be more effective in enhancement
and accumulation of eugenol content.
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