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St. John’s wort (Hypericum perforatum L.) is the most important species of the genus 
Hypericum and produces a wide range of chemical constituents including essential oil. 
Regarding advantages of in vitro culture techniques in production of desired 
metabolites, the present study was aimed to investigate volatile constituents of H. 
perforatum shoots cultured in different basal media. Shoot cultures were established by 
culturing six nodes of aseptic plants in three liquid media including MS (Murashige and 
Skoog), B5 (Gamborg B-5) and half-strength B5 containing 30 g L-1 sucrose and 0.5 mg 
L-1 BA (6-benzyladenine). According to the results, growth and profile of volatile 
constituents of cultured shoots were affected by the type of medium used and shoots 
cultured in the B5 medium exhibited the highest growth which was reached to 42.95 g 
flask-1. On the other hand, 44 components were totally identified by GC-FID and GC-
MS analysis of essential oils of cultured shoots. Decane (27.7%), menthol (8.9%), 
methyl decanoate (4.6%) and β-elemene (4.6%) were the major volatile constituents of  
the shoots cultured in MS medium, while eudesma4(15),7-dien-1-β-ol (8.1-7.5%), 
thymol (7-7.2%) and 1,4-trans-1,7-trans-acorenone (5.2-5.5%) were found as the 
principal components of shoots cultured in B5 and half-strength B5 media. 
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INTRODUCTION1 

he genus Hypericum is a member of the 
family Clusiaceae (Guttiferae) and 
comprises about 460 species (Robson 2006). 

Plants of the genus Hypericum, especially H. 
perforatum L. (St. John’s wort), are well known for 
their therapeutic uses (Barnes et al. 2001; 
Karppinen et al. 2010). Commercially, St. John’s 
wort is the most important species of the genus 
Hypericum and constitutes one of the 10 best-
selling herbal medicines in developed countries 
(Chauhan et al. 2011). For centuries, the plant has 
been used in herbal medicine for a range of 
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indications including skin wounds, eczema, burns, 
diseases of the alimentary tract and psychological 
disorders as well as treatment of depression, 
anxiety and unrest (Sanchez-Mateo et al. 2002; 
Iavikin et al. 2007).  

Besides other classes of components including 
naphthodianthrones, phloroglucinols, tannins, 
xanthones, flavonoids and phenolic acids, St. 
John’s wort also produces an essential oil with 
considerable variations in its composition (Greeson 
et al. 2001; Karppinen et al. 2010). In previous 
studies, essential oils extracted from the plant have 
been reported to possess antioxidant, larvicidal, 
antibacterial and antifungal properties (Rancic et al. 
2005; Saroglou et al. 2007; Akhbari et al. 2012; 
Rouis et al. 2013).  

Micropropagation is a useful method for the 
multiplication of selected genotypes of medicinal 
and aromatic plants (Rout et al. 2000). The ability 
of plant cell, tissue and organ cultures for 
production of many chemical compounds has been 
recognized (Karuppusamy 2009). Traditional 
agricultural systems, depending on the plant 
species, require months to years in order to obtain a 
suitable secondary metabolites. Furthermore, 
herbage yield and concentrations of secondary 
metabolites usually affect by geographical, 
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seasonal, environmental factors, and etc. (Murch 
and Saxena 2006).  In vitro culture techniques 
provide attractive alternatives for production of 
desired metabolites. This method of production 
metabolites offers a number of advantages than 
whole plants of which production under controlled 
and optimized conditions independent of climate 
and geographical location can be mentioned 
(Chattopadhyay et al. 2002). In fact, in vitro 
techniques provide model systems in order to study 
the production, and accumulation, of important 
secondary metabolites such as essential oil 
(Mendes et al. 2013). In vitro propagation of field 
grown plants through multiplication of nodal has 
been previously reported (Ozudogru et al. 2011; 
Mendes et al. 2013). 

Under the in vitro conditions, growth and 
production of secondary metabolites is influenced 
by environmental factors and composition of the 
culture medium. In other words, factors such as 
light, temperature, plant growth regulators and type 
and strength of basal media affect growth and 
secondary metabolites content of cultured plant 
materials. Given the interest of the essential oil 
compositions from this species (Morshedloo et al. 
2012a; Morshedloo et al. 2012b; Morshedloo et al. 
2015) the present study was aimed to investigate 
volatile constituents of H. perforatum shoot 
cultures in different basal media and to explain the 
conditions needed to grow H. perforatum shoots in 
a controlled environments that provided chemotype 
and/or genotype stability and best profile of 
essential oil for relevant industries. To the best of 
our knowledge, this is the first study report for 
detailed essential oil production in H. perforatum 
shut cultures. 

MATERIALS AND METHODS 

Growing media and establishment of shoot 
cultures 

To obtain aseptic H. perforatum plants, seeds 
of the plant were surface sterilized by immersing 
them in 75% ethanol for 30 sec and 1% sodium 
hypochlorite for 10 min. After treatment, sterilized 
seeds were rinsed in sterile distilled water and 
placed on the surface of solid MS (Murashige and 
Skoog 1962) medium containing 7 g L-1 agar and 
30 g L-1 sucrose. Afterwards, cultures were 
transferred to the growth chamber at 25 °C under a 
16 h light and 8 h dark photoperiod. Plants of about 
4 weeks age were used as explants. Shoot cultures 
were established by culturing nodes of aseptic 
plants in different liquid media including MS, B5 
(Gamborget al. 1968) and half-strength B5 
supplemented by 30 g L-1 sucrose and 0.5 mg L-1 6-
banzyladenin. The pH of the culture media was 
adjusted to 5.7 before autoclaving. Before culture, 
nodes were separated from plants and their leaves 

removed. Six nodes were placed in 250 mL 
Erlenmeyer flask containing 70 mL medium and 
cultures were transferred on a shaker incubator at 
25 °C under a 16 h light and 8 h dark photoperiod 
at 120 rpm. Cultured nodes were periodically 
subjected to the fresh medium every week for five 
weeks. The experiment was done based on the 
completely randomized design with three 
replications. 

Isolation of essential oils  

Five weeks cultured shoots were harvested 
and 30 g of fresh materials were subjected to the 
separation of essential oil (as the plant is poor in 
essential oil, all three repeats for each treatment 
were mixed and then subjected for essential oil 
extraction). Essential oil isolation was performed 
by the hydrodistillation method using a Clevenger-
type apparatus for 3 h, according to the European 
Pharmacopoeia (Council of Europe 2007). Isolated 
oils were dried over anhydrous sodium sulphate 
and stored in the tightly sealed dark vials at 4 °C 
until analysis. 

Essential oil analysis procedure 

Isolated essential oils were subjected to GC 
and GC-MS analyses using an Agilent 6890 GC 
with Agilent 5973 mass selective detector operated 
in the EI mode, electron energy = 70 eV, scan 
range= 50-550 amu, and an Agilent ChemStation 
data system. The GC column was an HP-5ms fused 
silica capillary with a film thickness of 0.25 µm, a 
length of 30 m, and an internal diameter of 0.25 
mm. The carrier gas was helium with a flow rate of 
0.8 mL min-1. Injector temperature was 290 °C. 
The GC oven temperature program was managed 
as follows: 50 °C initial temperature, hold for 5 min 
(temperature gradient was 3 °C); increased at 
15°C/min to 240 °C; increased to 300 °C and held 
for 3 min. Identification of the oil components was 
based on their retention indices determined by 
reference to a homologous series of n-alkanes and 
by comparison of their mass spectral fragmentation 
patterns with those reported in the literature 
(Adams 2001).  

Statistical analysis 

The experiment was conducted using a 
completely randomized design (CRD) with three 
biological replications. Herbage yield data was 
subjected to analysis of variance (ANOVA) 
followed by an LSD test with P < 0.05 as the 
significant cut-off using MSTATC software.  Mean 
values are presented with the standard errors. For 
essential oil analysis, as the plant is poor in 
essential oil, all three repeats for each treatment 
were mixed and then subjected for oil extraction.  
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RESULTS AND DISCUSSION 
In this study, shoot cultures of H. perforatum 

plant were established using culturing nodes of in 
vitro grown plants. As depicted in Figure 1 and 2, 
the growth rate of cultured shoots was influenced 
by the used types of culture medium. The highest 
shoot growth was obtained following the use of B5 
medium (42.95 g flask-1). Similarly, differences 
were observed among the volatile constituents 
profile of shoots cultured in various basal media. 

Results of GC and GC-MS analyses of volatile 
constituents are presented in Table 1, where they 
are listed according to their elution order from the 
HP-5 column. In total, these analyses enabled 
identification of 44 compounds. Based on obtained 
results, in shoots cultured in MS medium, decane 
(27.7%), menthol (8.9%), menthyl decanoate 
(4.6%) and β-elemene (4.6%) were found as the 
principal components. On the other hand, 
eudesma4(15),7-dien-1-β-ol(impure) (8.1-7.5%), 
thymol (7-7.2%) and 1,4-trans-1,7-trans-acorenone 
(5.2-5.5%) constitute the main volatiles of shoots 

Table 1. Volatile constituents of H. perforatum shoots cultured in different basal media. 
 

 
Compound KI 

Percentage 

Peak B5 ½ 
B5 

MS 

1 Decane 999 3.2 3.1 27.7 
2 Limonene 1032 0.1 0.1 0.6 
3  n-Undecane 1099 0.8 0.7 0.4 
4  Menthone 1165 0.5 0.5 1.4 
5 Menthol 1186 1.4 1.6 8.9 
6  Dodecane 1199 0.1 0.1 - 
7  Thymol 1302 7.0 7.2 1.7 
8 Carvacrol 1310 1.4 1.2 0.2 
9 Methyl decanoate 1328 4.2 3.1 4.6 
10 β-Elemene 1394 1.2 2.3 4.6 
11 n-Tetradecane 1399 0.6 0.5 3.7 
12 Dodecanal 1417 0.5 0.5 0.3 
13 β-Funebrene 1423 0.3 0.4 0.3 
14 β-Farnesene 1456 1.1 0.8 1.0 
15 Cyclododecane 1482 1.0 5.0 1.1 
16 10s,11s-Himachala-3(12),4-diene 1491 0.3 0.4 0.4 
17 Farnesene 1508 0.1 - - 
18 Phenol,2,4,bis(1,1-dimethylethyl) 1516 0.3 1.4 0.5 
19 γ-Cadinene 1522 0.2 0.2 0.3 
20 ɣ-Cadinene 1526 0.2 - - 
21 Methyl dodecanate 1529 2.4 2.4 4.2 
22 1,5 Epoxi salvia -4(14) ene 1581 2.4 2.4 0.9 
23 Spathulenol 1590 0.6 0.6 0.3 
24 Caryophyllene oxide 1595 0.2 0.2 - 
25 Hexadecana 1600 2.0 2.0 0.6 
26 Salvia-4-(14)-en1-one 1606 0.1 - - 
27 β-Oplopenone 1608 3.2 3.2 1.1 
28 Humulene oxide II 1608 2.8 2.8 0.8 
29 Alloaromadendrene(epoxy-allo) 1630 0.7 0.7 0.6 
30 Azulene,1,2,3,4,5,6,7,8-octahydro 1638 0.5 - 1.9 
31 Cyclopropa(d)naphthalen-2(4aH)-one 1642 0.3 - - 
32 Cubenol 1648 1.9 1.7 0.7 
33 α-Cadinol 1658 1.6 1.8 0.6 
34 Cedr-8(15)-en-9-α-ol 1661 1.4 1.4 0.3 
35 Cedranol(5-neo) 1670 1.3 1.3 0.4 
36 Eudesma4(15),7-dien-1-β-ol(impure) 1675 3.2 2.8 0.9 
37 n-Heptadecane 1691 2.2 - 0.7 
38 1,4-Trans-1,7-Trans-Acorenone 1697 5.5 5.2 2.2 
39 Cycloisolongifolene,8-hydroxy-endo 1704 1.4 1.3 0.5 
40 Eudesma4(15),7-dien-1-β-ol 1707 7.5 8.1 2.8 
41 Lepidozenal 1756 0.6 - 0.4 
42 n-Octadecane 1800 1.3 1.4 0.5 
43 Phethaleic acid 1872 0.1 - 0.7 
44 Hexadecene 1888 0.2 - 0.8 
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cultured in B5 and half-strength B5 media (Table 
1).  

Nowadays, using tissue culture technology 
appears to be very interesting and attractive in 
order to change the production of plant secondary 
metabolites (Mendes et al. 2013). According to 
literatures, tissue culture strategies could 
significantly improve the production of plant 
metabolites (Debnath et al. 2006). In previous 
studies, essential oils of H. perforatum plant from 
different sources have been isolated and subjected 
to the chemical analyses. According to the results, 
considerable variations have been observed in the 
chemical profile of analyzed essential oils 
(Weyerstahl et al. 1995; Schwob et al. 2004; 
Rancic and Sokovic 2005; Radusiene et al. 2005; 
Pavlovic et al. 2006; Saroglou et al. 2007; Akhbari 
et al. 2012; Rouis et al. 2013). Such variation may 
be due to factors such as climatic and genetic 
factors, methods of processing, developmental 
stages and types of plant materials (Morshedloo et 
al. 2015). In this study, however, H. perforatum 
shoots exhibited variability in the type and 
concentration of volatile constituents as a result of 
culturing in different basal media. In agreement to 

our results, significant effects of basal culture 
media on growth and secondary metabolism of 
different plant species have been reported (Mendes 
et al. 2013). Previous study on shoot cultures of 
Thymus caespititius exhibited slight differences in 
essential oil compositions (Mendes et al. 2013).  

Different basal media vary in type and 
concentration of their organic and inorganic 
ingredients and such differences can influence 
growth and secondary metabolite production of 
cultured plant materials. Since chemical and 
biological properties of essential oils are 
determined by their constituents and relative 
concentrations, oils produced in different media 
may be exploited for use in relevant industries.  

CONCLUSION  
In this study, shoots cultures of H. perforatum plant 
were performed in different basal media. 
According to the results, types of the culture 

medium interestingly effect the growth and 
secondary metabolism of cultured shoots. The 
highest and lowest growth rates were obtained 
following culture of nodes in B5 and MS media, 
respectively. Obtained results may be helpful for in 
vitro production of useful H. perforatum secondary 
metabolites as an important medicinal plant.   
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