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ABSTRACT 
 

Over the past three decades, plant cell and tissue culture and plant biotechnology techniques have 
proved to be a valuable tool for study biosynthesis and production of plant secondary products. Rosmarinic acid 
(RA) is a natural phenolic compound produced by variety species of Lamiaceae and Boraginaceae families. In 
the recent few years, RA has attracted attention due to its antiviral, antibacterial, anti-inflammatory and anti-
allergic activities. In the present study, the efficiency of using plant tissue culture techniques as a promising 
alternative method for the production of RA from basil and lemon balm was tested. Callus and shoot cultures 
were established using different types of explants and medium composition to test the optimum condition for 
their production. Results showed that leaf explants were the best explants for callus production. MS medium 
containing 1mg/l BA and 1mg/NAA (MS2) was the best medium for callus growth in lemon balm while MS4 
was the optimum media for basil. Stem segments and shoot tips were used as explants for production of shoot 
cultures in lemon balm and basil. Rosmarinic acid levels were determined in control, callus and shoot cultures. 
Results showed that callus and shoot cultures accumulated higher levels of rosmarinic acid compared to control. 
Rosmarinic acid levels ranged from 9.42±1.27 to 38.25±0.73 ug/mg plant dry weight. Shoots produced 3 and 
2.7 folds higher rosmarinic acid levels compared to control in lemon balm and basil. The overall results 
indicated that plant tissue culture is an efficient tool for RA production from basil and lemon balm plants.  
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Introduction 

Many higher plants are major sources of natural products used as pharmaceuticals, agrochemicals, 
flavors, fragrance ingredients, food additives and pesticides (Mann, 1992; Wink, 1999 and  Wink, 2007). 
Studies on plant natural products have been increasing over the last decades. Moreover, different pharmaceutical 
companies are utilizing such plant based formulations in treatment of various diseases and disorders worldwide. 
With increasing realization of the health hazards and toxicity associated with the indiscriminate use of synthetic 
drugs and antibiotics, interest in the use of plants and plant-based drugs has revived throughout the world 
(Julsing et al., 2007). 

Rosmarinic acid (RA) is a natural antioxidant widespread in Lamiaceae and Boraginaceae families. In 
the recent few years, it has gained high attention due to its biological activities. RA is an ester of caffeic acid 
and 3,4-dihydroxyphenyllactic acid which possesses antiviral, antibacterial, anti-inflammatory, anti-allergic 
activities (Makri and Kintzios, 2004; Osakabe et al., 2004 and  Chun et al., 2005) and prevents the proliferation 
of human cancer cells (Yoshida et al., 2005). The interesting biological activities of RA and its low content in 
the intact plants impose the development of alternative ways for the production of RA. Plant cell and tissue 
cultures are considered prominent producers of RA (Petersen and Simmonds, 2003).The present study was 
undertaken to test the efficiency of using plant tissue culture techniques as a promising alternative method for 
the production of RA from the Lamiaceae plants Basil and Lemon balm. 

Basil (Ocimum basilicum L.) is a culinary herb native to tropical and subtropical region of Asia and 
Africa. Recently, there has been much research into the health benefits conferred by the essential oils found in 
basil. Scientific studies in vitro have established that compounds in basil oil have potent antioxidant, antiviral, 
and antimicrobial properties, and potential for use in treating cancer (Bozin et al., 2006; Chiang et al., 2005; 
Manosroi  et al., 2006 and  De Almeida et al., 2007). 

Lemon balm (Melissa officinalis L.) is one of the oldest and still most popular medicinal plants. It is a 
representative of the Lamiaceae family. The plant is used as sedative, carminative, and antispasmodic. 

http://en.wikipedia.org/wiki/Lamiaceae
http://en.wikipedia.org/wiki/In_vitro
http://en.wikipedia.org/wiki/Antioxidant
http://en.wikipedia.org/wiki/Viricide
http://en.wikipedia.org/wiki/Antimicrobial
http://en.wikipedia.org/wiki/Cancer
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Moreover, it has antibacterial, antiviral, anti-inflammatory and anti-oxidant activities. Essential oil and 
rosmarinic acid are considered to be the therapeutic principles mainly responsible for most of the activities 
mentioned 
 
Materials and Methods: 
 
Plant seeds:  
 

The present study was undertaken on the two Lamiaceae plants: Basil (O. basilicum L.) and Lemon 
balm (M. officinalis L.). Seeds were purchased from Diane,s Flower seeds (1380 N. Hwy 89, Ogden, UT 84404, 
USA). 

 
Rosmarinic acid authentic standard:  
 

Rosmarinic acid standard was obtained from Sigma-Aldrich Co. (3050 spruce street, St. Louis, MO 
63103, USA). 

 
Seeds sterilization and cultivation: 
 

Seeds of basil and lemon balm were sterilized in 70 % ethanol for 30 sec and transferred to 50% 
commercial Clorox solution (containing 5.25 % sodium hypochlorite) for 15 min, finally washed four times with 
sterilized distilled water. For obtaining seedlings, sterilized seeds were cultured in MS basal medium Murashige 
and Skoog, (1962) supplemented with 3 % sucrose, and 0.7% agar. Cultures were incubated in a growth room at 
25±2 °C under 16-h photoperiod provided by cool white fluorescent lamps. One month old seedlings were used 
as a source for explants for callus and shoot culture experiments. 

    
Production of callus cultures 
 

Stem, leaf, and root explants were excised from one month old seedlings and used as explants for callus 
cultures establishment. Callus cultures were initiated on MS basal medium (MS1) as a control medium without 
any growth regulators, MS+ 1mg/l BA (6-benzyladenine) + 1mg/l NAA (1-naphthalen acetic acid) (MS2), MS+ 
3mg/l BA + 1mg/l NAA (MS3), MS+ 5mg/l BA + 1mg/l NAA (MS4).  Cultures were incubated in a growth 
room at 25±2 °C under 16-h photoperiod. Fresh weight was collected after incubation for one month and 
cultures were subcultured on fresh media every month to maintain callus stock. 

   
Establishment of shoot cultures 
 

In case of lemon balm, stem segments containing one node, leaf, and root explants were used to 
determine the best explants for shoot production. Shoot cultures were initiated on MS basal medium (M1) , 
MS+ 1mg/l Kin (kinetin) + 1mg/l 2,4-D (2,4-dichlorophenoxy acetic acid) (M2), MS+ 3mg/l Kin + 1mg/l 2,4-D 
(M3), MS+ 5mg/l Kin + 1mg/l 2,4-D (M4).  Shoot tips, leaf and root explants were used as explants for shoot 
cultures establishment experiments in basil. Shoot cultures were established on MS medium supplemented with 
0.4 mg/l thiamine HCl and 1mg/l BA. Cultures of both plants were incubated in a growth room at 25±2 °C 
under 16-h photoperiod. Shoot number was recorded after one month. 

 
Rosmarinic acid extraction and determination 
 

Two grams of dried and powdered plant samples of control, callus and shoot cultures were extracted 
with 50% ethanol at 70°C for 1h (3 x 20 min). Ethanolic extracts were combined and evaporated with vacuum 
evaporator. The samples were dissolved in 70% ethanol and stored for 24h at -20°C. The obtained precipitate 
was separated and the supernatant was used for analysis of rosmarinic acid. As a standard, pure rosmarinic acid 
was used. All determinations were performed in three replicates. 

 
HPLC analysis of rosmarinic acid: 
 

Apparatus: An Agilent 1100 series HPLC system with the quaternary solvent delivery system (G1311 
A), was used for rosmarinic acid determination. The HPLC column was Phenomenex Luna C18 (5µm, 250 mm x 
4.6 mm). The column temperature was maintained at 30 °C. 
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Chromatographic conditions:  
 

The analysis performed by gradient elution with a flow rate 1 ml/min. The injection volume was 10 µl. 
The run time was 20 min and peaks detected at 330 nm. The mobile phase was a mixture of trifluoroacetic acid 
0.1 % in water (solution A), trifluoroacetic acid 0.1 % in methanol (solution B), trifluoroacetic acid 0.1 % in 
acetonitrile (solution C). The composition of the gradient system (A: B: C) was summarized in table (1). The 
duration between runs was 5 min. 
 
Table 1: Gradient system used for rosmarinic acid HPLC analysis. 

Minutes A % B % C % Flow rate 

0 80 10 10 1.0 ml/min 
5 60 25 15 1.0 ml/min 

10 50 30 20 1.0 ml/min 
15 40 40 20 1.0 ml/min 
20 0 75 25 1.0 ml/min 

 
Results and Discussion 
 

Callus cultures production in basil and lemon balm 
 

Seeds of lemon balm and basil were germinated on MS basal medium and one month old seedlings 
were used as a source for explants for callus and shoots production Fig. (1A, 2A). Callus cultures were initiated 
on four types of media composition to choose the optimum conditions for callus production and growth. Callus 
fresh weight (gm/explant) was collected 30 days after cultivation. In case of lemon balm, results in Table (2) 
and Fig (1B) showed that MS medium containing 1mg/l BA and 1mg/NAA (MS2) was the best medium for 
callus growth and leaf was the best explant for callus production as indicated by the highest fresh weight 
(11.75±1.85 gm), while MS medium supplemented with 5mg/l BA and 1mg/l NAA (MS4) produced the lowest 
callus fresh weight when root explants were used. Moreover, the results of callus production in basil showed 
that leaf explants growing on (MS4) medium composition produced the highest callus fresh weight 
(10.45±1.01gm) followed by leaf explants growing on (MS3) medium which produced (7.33±0.820 gm) Table 
(3) and Fig (2B). Stem explants growing on (MS3) medium produced the lowest callus fresh weight (2.28±0.74 
gm) Table (3).  

 
Table 2: Fresh weight (gm/explant) of callus culture derived from leaf, stem, and root explants of lemon balm cultured for 30 days under 

light condition on 25±2 °C. 
Media type Leaf Stem Root 
MS1 ------ ------ ------ 
MS2 11.75±1.85 8.52±1.04 6.23±0.85 
MS3 8.54±1.22 4.24±0.25 3.17±0.22 
MS4 4.35±0.43 3.42±0.33 2.21±0.25 

Each treatment is average of five replicates ± SE 

 
Table 3: Fresh weight (gm/explant) of callus culture derived from leaf, stem, and root explants of basil cultured for 30 days under light 

condition on 25±2 °C. 
Media type Leaf Stem Root 
MS1 ------ ------ ------ 
MS2 6.55±0.64 4.90±0.54 5.74±0.67 
MS3 7.33±0.82 2.28±0.74 4.82±0.42 
MS4 10.45±1.01 5.88±0.83 4.21±0.32 

Each treatment is average of five replicates ± SE 

 
Establishment of shoot cultures 
 

Shoot cultures of lemon balm were established on four types of media (M1-M4). Number of shoots 
derived from leaf, stem, and root explants was recorded. Results illustrated in Table (4) showed that only stem 
explants was capable of producing shoots and shoot number per explant varied according to medium 
composition. Among the four types of medium used, MS medium containing 1mg/l of both Kin and 2,4-D (M2) 
produced the highest number of shoots (12±1.5 shoot) Table (4) and Fig (1C). 

In basil, shoot tips were able to produced shoots while leaf and root explants failed in producing any 
shoots. Individual explants produced an average of three shoots/ explants fig (2C). 
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Table 4: Number of shoots (shoots /explant) derived from leaf, stem, and root explants of lemon balm cultured for 30 days under light 
condition on 25±2 °C. 

Media type Explants type 
Leaf Stem Root 

M1 ------ ------ ------ 
M2 ------ 12±1.5 ------ 
M3 ------ 7±0.8 ------ 
M4 ------ 3±0.4 ------ 

Each treatment is average of five replicates ± SE 
 

 
 
 
 

 
   
 
 
 
Fig. 1: In-vitro culture of lemon balm. A- One month old seedling grow on MS basal medium, B-Callus culture 

derived from leaf explants grow on MS+1mg/l BA and 1mg/l NAA (MS2) AND C-Shoot culture 
derived from stem explants grow on MS+1mg/l of both Kin and 2,4-D (M2). 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: In-vitro culture of Basil. A- One month old seedling grow on MS basal medium, B- Callus cultures 

derived from leaf explants grow on MS+ 5mg/l BA + 1mg/l NAA (MS4) and C-Shoot culture derived 
from shoot tip explants grow on MS+ 0.4mg/l thiamine HCl + 1mg/l BA. 

 
Rosmarinic acid levels in basil and lemon balm. 
 
Plant extracts were prepared from: 

1- Control seedlings. 
1- Callus cultures of lemon balm and basil derived from leaf explants grown on MS2 and MS4 medium. 
2- Shoot cultures derived from stem explants of lemon balm grown on M2 medium. 
3- Shoot cultures derived from shoot tip explants of basil. 

Rosmarinic acid levels were determined using HPLC. Results in Table (5) showed that callus and 
shoot cultures produced higher levels of rosmarinic acid compared to control plants in both basil and lemon 
balm. Rosmarinic acid levels ranged from 9.42±1.27 to 38.25±0.73 ug/mg plant dry weight. Shoots produced 3 
and 2.7 folds higher rosmarinic acid levels compared to control in lemon balm and basil respectively. 

The use of plant cell and tissue culture methodology as a means of producing medicinal metabolites 
has a long history (Rout et al., 2000 and Verpoorte et al., 2002). Rosmarinic acid is a simple phenolic 
compound widespread in many Lamiaceae plants. Several plants and various techniques have been used for in 
vitro production of this compound. In the present study, plant tissue culture techniques were used to produce RA 
from basil and lemon balm. Callus and shoot cultures were established and rosmarinic acid levels were 
determined. The obtained results showed that the growth rate of callus cultures and shoot numbers were 
dependent on explants type and the culture medium employed. The results were in agreement with those of (De-

A B C 

B C A 
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Eknamkul and Ellis 1985) who reported that the culture biomass and RA content in Anchusa officinalis cell 
suspension culture responded differentially to changes in growth regulators concentration in the culture medium. 
Results also indicated that callus and shoot cultures accumulated higher levels of rosmarinic acid compared to 
control plants in both basil and lemon balm. Rosmarinic acid levels ranged from 9.42 ± 1.27 to 38.25±0.73 
ug/mg plant dry weight. Shoots produced 3 and 2.7 folds higher rosmarinic acid levels than control plants. 
Several publications showed that RA can accumulate in tissue and cell cultures to amounts greater than those in 
intact plants. Vogelsang et al., 2006 reported that rosmarinic acid yield exceeded 5% of cell dry mass in 
Anthoceros agrestis cell suspension cultures.  Also, RA concentrations reached 4.5% of dry weight in Salvia 
officinalis hairy root cultures (Grzegorczyk et al., 2006) and larger amounts (over 7%) in Agrobacterium 
transformed callus of Coleus blumei (Bauer et al., 2004). The results indicated that plant tissue culture 
techniques can be used successfully for RA production from basil and lemon balm.  
 
Table 5: Rosmarinic acid levels (ug/mg DW) in control, callus and shoot cultures of lemon balm and basil. 

Basil Lemon balm 
Control Callus Shoot Control Callus Shoot 

9.42±1.27 13.20±1.21 25.30±0.24 12.82±0.83 28.12±0.39 38.25±0.73 

Each treatment is average of three replicates ± SE 
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