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Abstract

Hyssopus officinalis L. is a medicinal plant containing valuable phytochemicals and is used extensively in the
pharmaceutical industry. As this plant naturally contains low levels of these metabolites, plant cell and tissue culture technologies are used to produce them in large volumes. The present study aimed first to evaluate the effects
of different types of cytokinins, including benzyl adenine (BA), kinetin (KIN), and thidiazuron (TDZ), at 1 ppm
concentration in the culture medium on growth parameters and production of secondary metabolites and photosynthetic pigments in organ culture of H. officinalis; in the second step, the study investigated the effect of different concentrations (0, 0.2, 1, 1.5, and 2 ppm) of the most effective type of cytokinin. The results showed that
TDZ was the optimal type of growth regulator compared to BA and KIN as it showed a positive influence on the
studied traits; furthermore, its highest concentration of 2 ppm in culture medium was determined to be the best
one that enabled the highest production of secondary metabolites and photosynthetic pigments. We conclude that
the presence of growth regulators can strongly influence the growth and development of plants in tissue culture
conditions.
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Introduction
Since ancient times, plants have been used as sources of natural drugs to treat various diseases. It has been
reported that over 60% of anticancer drugs and 75% of
drugs for treating infectious diseases are derived from
plants or are analogs of plant compounds (Anand et al.,
2019). Medicinal importance of plants depends on the
presence of a large group of low-molecular-weight organic compounds known as secondary metabolites that
are available in very low quantities (less than 1% of dry
weight of plants). These metabolites are categorized as
phenolic acids, flavonoids, alkaloids, glycosides, tannins,
lignans, and essential oils and are involved in plant protection against herbivores, as an attractant of pollinators,
and in plant symbiosis with microorganisms (Chitra
et al., 2019). The production of these compounds may
be limited to a particular plant family, genus, or even

a particular species. One of the most widely used herbal
plants in Iran is Hyssopus officinalis (family Lamiaceae ),
which is used as expectorant, antiseptic compound,
tonic, and cough reliever due to the presence of some
secondary metabolites such as flavonoids, tannins, diosmin, pinocamphone, α- and β-pinene, and sesquiterpenes
(Bernáth, 1993; Fathiazad and Hamedeyazdan, 2011). To
achieve a high level of production of valuable secondary
metabolites, plant cell and tissue culture technique is
considered as a powerful method that could enable to
control the factors that affect the synthesis and/or accumulation of these metabolites (Chitra et al., 2019).
Manipulating the amount of plant growth regulators in
the culture medium is an important strategy for inducing
these metabolites (Fathiazad and Hamedeyazdan, 2011).
Cytokinins are among the plant growth regulators that
induce the production of secondary metabolites in
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in vitro cultures of several medicinal plants such as Salvia miltiorrhiza, Sibylum marianum L. Gaertn., Lallemantia iberica, Scutellaria alpine, and Artemisia annua
(Gupta et al., 2011; Khan et al., 2014; Pourebad et al.,
2015). Because of the pharmacological importance of
H. officinalis and because only few reports are available
for in vitro regeneration of this plant, the present study
aimed to compare, in the first step, the effect of different
types of cytokinins (adenine-type and phenylurea-type),
including kinetin (KIN), 6-benzylaminopurine (BA), and
thidiazuron (TDZ), on the production of total phenol and
flavonoids, the content of photosynthetic pigments, and
some growth parameters of this plant, and, in the second
step, to determine the effect of different concentrations
of the most effective phytohormone on the abovementioned parameters.

Extraction of photosynthetic pigments

Photosynthetic pigments were extracted using the
method of Wellburn (Wellburn, 1994). After 5 weeks of
culture, 0.2 g of regenerated plants were grinded in 2 ml
of 100% dimethyl sulfoxide and centrifuged at 13 000 rpm
for 15 min (Spectrafuge 24D), Bioseb, Vitrolles, France).
The supernatants were collected, and the absorbance
was measured at 665, 649, and 480 nm for chlorophyll a,
chlorophyll b, and carotenoids, respectively, by using
a spectrophotometer. The concentrations of chlorophyll a (Ca), chlorophyll b (Cb), and carotenoids (CX+C)
were calculated as mg of pigments per g of FW using the
following formula:
Ca = 12.19 A665 ! 3.45 A649
Cb = 21.99 A649 ! 5.32 A665
CX+C = (1000 A480 ! 1.14 Ca ! 70.16 Cb ) / 220

Materials and methods

Extraction of secondary metabolites

Plant material

After 5 weeks of culture, shoots obtained from the
nodal explants were dried in an oven at 35EC for 24 h.
To extract phenolic and flavonoid compounds, 0.2 g of
plant material was crushed in 2 ml of 99.9% methanol.
The extracts were centrifuged at 13 000 rpm for 10 min,
and the supernatants were collected for the next experiment. Total phenolic content in each extract was determined by Folin-Ciocalteu reagent. Methanolic extracts
(100 μl) were mixed with 2.5 ml deionized water and
100 μl of Folin-Ciocalteu reagent. After 6 min, 150 μl of
sodium carbonate solution was added to the mixture.
The absorption was measured at 760 nm after 30 min.
The results were expressed as mg of pyrogallol per g of
dry weight (DW). To estimate the total flavonoid content, 0.5 ml of methanolic extracts was mixed with
2.5 ml of deionized water and 150 μl of 5% (w/v) sodium
nitrate solution. After 6 min, 300 μl of 10% (w/v) aluminum chloride was added. After 5 min, 1 ml of 1 M sodium hydroxide was added to the mixture. The absorbance was measured at 510 nm using a spectrophotometer. Flavonoid contents were expressed as mg of
quercetin per g of DW.

The seeds of H. officinalis L. were obtained from Department of Plant Eco-physiology, Faculty of Agriculture,
University of Tabriz, Iran. The mature seeds were
disinfected with 70% (v/v) ethanol for 3 min and 5% (v/v)
sodium hypochlorite for 15 min and were washed using
sterile distilled water. The disinfected seeds were
cultured on basal MS medium without growth regulators
(Murashige and Skoog, 1962).
Explant preparation, shoot formation,
and growth parameter determination
The media containing seeds were kept in a growth
chamber (Conviron PGR15, Winnipeg, MB, Canada)
with the daily photoperiod of 16 h light/8 h dark,
200 μmol @ m!2 @ s!1 photosynthetic photon flux density,
and a constant temperature of 24 ± 1EC. After obtaining
the seedlings, the nodal segments were cut and placed
on MS media containing different growth regulators,
namely TDZ (Sigma, P6186), BA (Sigma, B3274), and
KIN (Sigma K0753), at the concentration of 1 ppm or at
different concentrations (0, 0.2, 1, 1.5, and 2 ppm) of
TDZ (Figs. 1A–D). Each treatment was performed in
triplicate with 5 to 8 explants per medium. After 5
weeks, the number of leaves, number of shoots and
roots, number of nodes, length of shoots and roots (cm),
and fresh weight (FW, g) of the regenerated plants were
determined.

Statistical analysis

Experiments were performed in a completely randomized design in a triplicate for each treatment. The data
were analyzed using GraphPad prism 6 software. Oneway ANOVA and Duncan’s multiple range test were used
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Fig. 1. Seeds germination on basic MS agar medium (A, B and C)
and the nodal segments on differents hormonal containing media (D)

to compare mean ± SD between the groups. P < 0.05
was considered to be statistically significant.

A

Effect of different cytokinins on total phenolic
and flavonoid content of seedlings
Figure 3 and Table 4 present the effects of 1 ppm of
hormonal treatments on total phenolics and flavonoid
contents. Flavonoid content was significantly increased
after BA (+102.05%, P < 0.05), KIN (+42.66%, P < 0.05),
and TDZ (+207.69%, P < 0.05) treatments as compared
to control. Similar results were also obtained for total phenolic content for BA (+42.16%, P < 0.05), KIN (+27.04%,
P < 0.05), and TDZ (+45.87%, P < 0.05) treatments.
Effect of different cytokinins on the production
of photosynthetic pigments in seedlings
As shown in Figure 4 and Table 5, TDZ exhibited the
most positive effect on the production of photosynthetic
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Effect of different cytokinins
on the growth parameters of seedlings
In Figure 2, the effect of different hormonal treatments on growth parameters of 5-week-old seedlings is
presented. As shown in this figure, TDZ supplementation exhibited a significant increase only in the number
of leaves (+82.1%, P < 0.05), and all other parameters
(number of shoots, roots, and nodes) were decreased in
the presence of this hormone. BA and KIN negatively
affected the abovementioned parameters (Fig. 1A). The
lengths of shoots and roots were significantly decreased
after BA (!68.68% and !98.41%, P < 0.05, respectively),
KIN (!18.52% and !78.16%, P < 0.05, respectively), and
TDZ (!17.09% and !76.05%, P < 0.05, respectively)
treatments (Fig. 2B), and the fresh weights of explants
were increased only in those grown on TDZ-containing
media (+22.71%, P < 0.05) (Fig. 2C, Tables 1, 2, and 3).
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Fig. 2. Effect of different hormonal treatments (ppm) on the
number of A) shoots, roots, leaves and nodes, B) length of shoot
and roots, C) and fresh explants weight (P < 0.05 versus control)

pigments, including chlorophyll a (+546.42%, P < 0.05),
chlorophyll b (+1211.11%, P < 0.05), and carotenoids
(+740%, P < 0.05) as compared to control. Additionally,
KIN supplementation also increased chlorophyll b production (+144.4%, P < 0.05) as compared to control.
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Table 1. Effect of different hormonal treatments (ppm) on the number of shoots, roots, leaves
and nodes of Hyssopus officinalis L.
Hormones

Shoots

Roots

Leaves

Nodes

MS

5.002 ± 0.80

2.73 ± 0.06

15.26 ± 0.24

1.02 ± 0.22

BA

2.14 ± 0.24

0.47 ± 0.04

5.47 ± 0.64

0.67 ± 0.20

KIN

3.67 ± 0.12

1.01 ± 0.05

13.35 ± 0.01

0.70 ± 0.10

TDZ

4.80 ± 0.34

1.16 ± 0.06

27.80 ± 0.34

0.73 ± 0.34

Data are presented as mean ± standard division (SD); MS – Murashige and Skoog
medium; BA – benzyl adenine; KIN – Kinetin; TDZ – Thidiazuron

Length

Hormones

shoots [cm]

roots [mm]

MS

3.86 ± 1.06

8.06 ± 0.24

BA

1.21 ± 0.41

0.128 ± 0.04

KIN

3.145 ± 0.02

1.76 ± 0.03

TDZ

3.20 ± 0.30

1.93 ± 0.06

Data are presented as mean±standard division (SD); MS – Murashige
and Skoog medium; BA – benzyl adenine; KIN – Kinetin; TDZ – Thidiazuron

Table 3. Effect of different hormonal treatments (ppm)
on fresh explants weight of Hyssopus officinalis L.

250
Change form control [%]

Table 2. Effect of different hormonal treatments (ppm)
on the length of shoot (cm) and roots (mm)
of Hyssopus officinalis L.

flavonoid
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Fig. 3. Effect of different hormonal treatments (ppm) on total
flavonoid (mg QE/g) and phenol (mg PYRO/g) content (P <
0.05 versus control)
Table 4. Effect of different hormonal treatments (ppm)
on total flavonoid (mg QE/g) and phenol (mg PYRO/g)
content of Hyssopus officinalis L.

Hormones

Fresh weight
[mg]

Hormones

Flavonoid
[mg QE/g]

Phenol
[mg PYRO/g]

MS

75.46 ± 6.41

MS

125.33 ± 8.59

63.63 ± 2.20

BA

32.96 ± 8.52

BA

253.23 ± 3.63

90.46 ± 2.03

KIN

61.70 ± 16.54

KIN

178.80 ± 1.11

80.84 ± 2.11

TDZ

92.6 0 ± 6.58

TDZ

385.63 ± 11.85

92.82 ± 3.13

Data are presented as mean ± standard division (SD); MS – Murashige
and Skoog medium; BA – benzyl adenine; KIN – Kinetin; TDZ – Thidiazuron

Data are presented as mean±standard division (SD); MS – Murashige
and Skoog medium; BA – benzyl adenine; KIN – Kinetin; TDZ – Thidiazuron

Effects of different TDZ concentrations
on the growth parameters of seedlings
According to the abovementioned results, TDZ was
determined as the optimal type of growth regulator as
compared to BA and KIN. Therefore, its different concentrations (0.2, 1, 1.5, and 2 ppm) were evaluated to
achieve the best culture medium conditions. The results
showed that the maximum number of leaves was obtained in 1 ppm of TDZ (+108.3%, P < 0.05), although
the concentrations of 1.5 (+87.15%, P < 0.05) and 2 ppm
(+71.76%, P < 0.05) also had a positive effect on this

parameter (Fig. 5A). In all concentrations of TDZ, the
length of roots decreased significantly, whereas shoot
length decreased at 2 ppm concentration (!73.07%,
P < 0.05) (Fig. 5B). Fresh weight of explants increased
remarkably at the concentration of 2 ppm (+531.24%,
P < 0.05) (Fig. 5C, Tables 6, 7, and 8).
Effect of different TDZ concentrations
on total phenolics and flavonoid content of seedlings
According to the obtained results, a positive correlation was observed between the contents of total phenolics

37

Effects of different hormonal treatments on growth parameters and secondary metabolite production in organ culture

Table 5. Effect of different hormonal treatments (1ppm)
on photosynthetic pigments production of Hyssopus officinalis L.
Hormones

Chlorophyll a
[mg/g]

Chlorophyll b
[mg/g]

Carotenoid
[mg/g]

MS

0.28 ± 0.002

0.18 ± 0.004

0.05 ± 0.001

BA

0.36 ± 0.003

0.25 ± 0.002

0.02 ± 0.003

KIN

0.28 ± 0.008

0.44 ± 0.02

0.04 ± 0.002

TDZ

1.81 ± 0.002

2.36 ± 0.03

0.42 ± 0.005

Data are presented as mean±standard division (SD); MS – Murashige and Skoog
medium; BA – benzyl adenine; KIN – Kinetin; TDZ – Thidiazuron
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Fig. 4. Effect of different hormonal treatments (ppm) on photo
synthetic pigments production (P < 0.05 versus control)

Effect of different TDZ concentrations
on photosynthetic pigment production in seedlings
Figure 7 and Table 10 present the effect of different
concentrations of TDZ on chlorophyll a, chlorophyll b,
and carotenoid production. As shown in the figure, TDZ
at 2 ppm concentration had the best effect on chlorophyll a (+850%, P < 0.05), chlorophyll b (+359.09%,
P < 0.05), and carotenoid (+900%, P < 0.05) production;
however the concentrations of 1 and 1.5 ppm were also
found to be the effective concentrations that influenced
these parameters.

B
Change from control [%]

and flavonoids with an increasing TDZ concentration in
growth medium; the highest contents of phenolics
(+542.12%, P < 0.05) and flavonoids (+237.42%, P < 0.05)
were obtained at 2 ppm concentration of TDZ (Fig. 6,
Table 9).
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Discussion
Growth regulators have a remarkable effect on the
development of explants in tissue culture. Different experiments have proven a significant influence of cytokinins on the growth rate and multiplication of explants
(Khan et al., 2014; Siddique et al., 2015). H. officinalis is

Fig. 5. Effect of different concentrations of TDZ on growth
parameters (P < 0.05 versus control)

a pharmacologically important plant, and very few reports are available on its in vitro regeneration; therefore,
the present study evaluated the effects of different cyto-
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Table 6. Effect of different concentrations (0, 0.2, 1, 1.5 and 2 ppm)
of TDZ on the number of shoots, roots, leaves and nodes of Hyssopus officinalis L.
TDZ concentration
[ppm]

Shoots

Roots

Leaves

Nodes

0

5.31 ± 0.57

3.24 ± 1.16

13.00 ± 1.52

4.00 ± 0.57

0.2

3.10 ± 0.16

0.47 ± 0.35

15.42 ± 2.51

2.33 ± 0.33

1

3.17 ± 1.00

1.38 ± 0.62

27.08 ± 8.50

1.00 ± 0.10

1.5

2.33 ± 0.33

0.62 ± 0.26

24.33 ± 2.18

2.00 ± 0.10

2

1.55 ± 0.87

0.32 ± 0.18

22.33 ± 0.33

2.00 ± 0.57

Data are presented as mean ± standard division (SD)

Length

TDZ concentration
[ppm]

shoots [cm]

roots [mm]

0

4.16 ± 1.50

10.54 ± 2.86

0.2

3.76 ± 0.68

3.62 ± 0.96

1

3.32 ± 0.89

2.32 ± 0.88

1.5

3.01 ± 0.35

2.37 ± 0.49

2

1.12 ± 0.15

2.34 ± 0.46

800
Change from control [%]

Table 7. Effect of different concentrations
(0, 0.2, 1, 1.5 and 2 ppm) of TDZ on the length
of shoot (cm) and roots (mm) of Hyssopus officinalis L.

Fresh weight
[mg]

0

64.66 ± 5.58

0.2

176.38 ± 30.59

1

122.38 ± 25.79

1.5

146.83 ± 32.14

2

408.16 ± 95.75

Data are presented as mean ± standard division (SD)

kinins (KIN, BA, and TDZ) on some growth parameters
and production of secondary metabolites and photosynthetic pigments in organ culture. The effect of different concentrations of the most effective type of cytokinin determined in this study was also evaluated. The
results revealed that TDZ was the optimal type of
growth regulator as compared to BA and KIN for in vitro
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Fig. 6. Effect of different concentrations of TDZ
on total flavonoid and phenol content (P < 0.05 versus control)
1000
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Table 8. Effect of different concentrations
(0, 0.2, 1, 1.5 and 2 ppm) of TDZ on fresh explants weight
of Hyssopus officinalis L.

flavonoid

chlorophyll a
chlorophyll b
carotenoid

500
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2

Fig. 7. Effect of different TDZ concentrations on photosynthetic pigments production (P < 0.05 versus control)

cultures of H. officinalis, as it positively influenced the
biochemical traits and pigmentation of the plant at its
highest concentration of 2 ppm. Most growth parameters were not affected by any of the hormones tested,
except for “number of leaves” and the “FW of explants”
that were augmented in the presence of TDZ. The
stimulating effect of TDZ on some growth parameters
has also been reported in previous studies. In Clematis
viticella and Clematis integrifolia, TDZ increased the
number of leaves, nodes, and axillary shoots and the
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Table 9. Effect of different concentrations (0, 0.2, 1, 1.5 and 2 ppm)
of TDZ on total flavonoid (mg QE/g) and phenol (mg PYRO/g) content of Hyssopus officinalis L.
TDZ concentration
[ppm]

Flavonoid
[mg QE/g]

Phenol
[mg PYRO/g]

0

42.25 ± 0.10

2.73 ± 0.17

0.2

50.63 ± 0.21

3.15 ± 0.08

1

53.63 ± 0.10

4.26 ± 0.13

1.5

62.41 ± 0.25

6.33 ± 0.12

2

142.56 ± 0.10

17.53 ± 0.08

Data are presented as mean ± standard division (SD)

Table 10. Effect of different concentrations (0, 0.2, 1, 1.5 and 2 ppm)
of TDZ on photosynthetic pigments production of Hyssopus officinalis L.
TDZ concentration
[ppm]

Chlorophyll a
[mg/g]

Chlorophyll b
[mg/g]

Carotenoid
[mg/g]

0

0.12 ± 0.002

0.22 ± 0.001

0.02 ± 0.001

0.2

0.46 ± 0.003

0.35 ± 0.002

0.019 ± 0.003

1

0.75 ± 0.001

0.45 ± 0.001

0.16 ± 0.003

1.5

0.99 ± 0.001

0.51 ± 0.003

0.17 ± 0.002

2

1.14 ± 0.002

1.01 ± 0.001

0.20 ± 0.005

Data are presented as mean ± standard division (SD)

weight of main shoots; however, it simultaneously decreased the length of main shoots and the weight of
axillary shoots (Parzymies and Dabski, 2012). In Cassia
angustifolia, TDZ was the optimal hormone for multiple
shoot induction as compared to BA and KIN (Siddique
et al., 2015). According to our results, the stimulation of
growth and induction of shoots in TDZ-treated explants
occurred only up to 30-35 days, and after this period, the
growth rate of the regenerated plants decreased.
Various reports have indicated that prolonged exposure
to TDZ in a culture medium could negatively affect shoot
proliferation or somatic embryogenesis. Liu et al. (2003)
demonstrated that plants grown on TDZ-supplemented
medium for 20 days produced the maximum number of
shoots in Artemisia judaica, while there was no significant increase in the number of shoots when the duration of exposure was increased. Mondal et al. (1998) observed that the callus of tea plants grew slowly and developed necrotic lesions when explants were continuously
grown on TDZ-containing medium. The deleterious effects of the continued presence of TDZ in the culture
medium have also been reported for chickpea (Murthy

et al., 1996), Pisum sativum (Böhmer et al., 1995),
Anoectochilus formosanus (Ket et al., 2004), and Rauvolfia tetraphylla and Psoralea corylifolia (Faisal and
Anis, 2006). According to previous reports, the optimal
TDZ exposure duration is 15–25 days, and the subsequent transfer to TDZ-free medium is beneficial to
obtain better results (Lorteau et al., 2001; Makara et al.,
2010). As TDZ is a urea-based cytokinin, it is nondegradable by cytokinin oxidase and is persistent in
plant tissues. Makara et al. (2010) reported that TDZ
had a carry-over effect that enabled shoots to continue
proliferation on a hormone-free medium. Although the
exposure duration of TDZ is an important factor for its
inhibitory effects on growth parameters, the concentration of the hormone in the medium also plays a critical
role in these phenomena. One of the reasons for the
deleterious effect of TDZ may be related to the accumulation of endogenous ethylene in plant tissues (Lorteau
et al., 2001). The negative influence of ethylene on
growth parameters has been reported in Oryza sativa
(Ma et al., 2014), Arabidopsis thaliana (Swarup et al.,
2007), Achillea millefolium and Rumex palustris (Visser
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and Pierik, 2007), and Linum usitatissimum (Mundhara
and Rashid, 2006).
The effect of TDZ on secondary metabolite production in in vitro culture conditions is also well documented. In our experiment, we observed a positive correlation between the content of total phenolics and
flavonoids with TDZ concentration in the medium.
Baskaran et al. (2012) showed the high level production
of secondary metabolites in root culture of Merwilla
plumbea in the presence of TDZ. The maximum level of
total phenolic content in callus cultures of Artemisia
absinthium was also obtained in response to 1.0 mg/l of
TDZ (Ali et al., 2013). It was suggested that TDZ might
have triggered stress in plant tissues, following which
the phenylpropanoid pathway was activated to produce
different secondary metabolites to resist the stress conditions (Bhargava et al., 2013). Although the mechanism
of action of TDZ is not clearly understood at the molecular level, there is evidence demonstrating variations in
gene expression in the presence of this hormone. The
expression of laccase (RhLAC ) and aquaporin (RhTIP )
genes in Sparkle rose plants was not affected by TDZ
(Rasouli et al., 2015); however, several abscission-related
genes in Gossypium hirusutum plants (GhCEL1, GhPG,
and GhACS ) were significantly upregulated (Du et al.,
2014), and the nitrate transporter genes (AtNRT2.1 and
AtNRT2.3 ) were downregulated in TDZ-treated A. thaliana plants (Kiba et al., 2005).
The effect of different concentrations of TDZ on the
production of photosynthetic pigments was also investigated in the present study. The results showed that the
amount of chlorophyll a, chlorophyll b, and carotenoids
significantly increased following increased TDZ concentrations. These results are in agreement with those
of Rayya et al. (2015) who found that cytokinin improved
the efficiency of photosynthetic machinery and thus enhanced the content of photosynthetic pigments. It has
been reported that the elevated level of photosynthetic
pigments in the presence of cytokinin may be related to
the cell division/expansion-promoting effect of TDZ, which
subsequently increases the size and number of chloroplasts (Murthy et al., 1998; Amarante et al., 2003). Yaronskaya et al. (2006) reported that cytokinin could stimulate the production of photosynthetic pigments in barely
seedlings by accelerating the biosynthesis of 5-aminolevulinic acid (ALA), which is considered as the precursor of tetrapyrrole.

Conclusions
On the basis of the present study, it can be concluded
that TDZ provides the best results compared to KIN and
BA in organ culture of H. officinalis plants, leading to an
increase in the production of secondary metabolites,
photosynthetic pigmentation, and growth properties.
Further studies are needed to investigate the effect of
different combinations of cytokinins as well as a cytokinin and an auxin to enhance further medicinal properties of this important plant.
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