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1. Introduction

In this study, novel Ocimum sanctum in vitro cell suspension cultures were used to monitor the 

effects of different concentrations of sucrose (3.0, 4.0, 5.0, or 7.0%),  phenylalanine (0.1, 0.25, 

0.5, or 1.0 g/L) or elicitors including yeast extract (YE) (0.1, 0.25, 0.5, or 1.0 g/L) and methyl 

jasmonate (MJ) (100, 200, 300, or 500 M), on cell growth and rosmarinic acid (RA) production. 

The cellular content of RA increased slowly and reached the maximum after 18 days of 

inoculation, irrespective of treatment. An addition of sucrose at 5.0% showed considerable 

(2.7 fold) RA accumulation compare with control (3.0%) than other concentrations tested. 

Supplementation of phenylalanine at 0.25 g/L resulted in a higher accumulation of RA (4.1 

fold) compared to non supplemented cells (RA content 5.7 mg/L/day; dry weight 0.98 

g/L/day) than the other concentrations tested. Addition of YE at 0.5 g/L elevated RA content up 

to 7.0 fold of that found in non elicited suspension cells. Furthermore, a dramatic increase in 

cell growth and RA production was observed with MJ at 100 M. By overall MJ elicited cells were 

able to accumulate up to 8.6 folds of RA compared to non elicited cells. RA formation was 

paralleled with cell growth and it was isolated from suspension harvested biomass and 

characterized by spectral analysis. 

Rosmarinic acid (RA), an ester of caffeic acid and 3,4 dihydroxy 

phenyllactic acid, is a natural antioxidant most commonly 

occurring in the species belonging to Lamiaceae and Boraginaceae. 

This caffeoyl ester has a distinguished antioxidant, antimicrobial, 

antiviral, and antiphlogistic effect, which makes it a valuable 

product for the food, pharmaceutical, and cosmetic industries [1,2]. 

The antioxidant activity of RA is stronger than that of vitamin E [3] 

or Trolox [4]. 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 techniques for production of RA [5] and, 

therefore, a number of strategies for yield improvement have been 

developed, such as the optimization of nutrient medium [6], and 

culture conditions [7], and elicitation[8]. 

Accumulation of RA has been intensively investigated in 

suspension cultures of Anchusa officinalis [9,10] and Coleus 

blumei [11]. The effect of yeast extract (YE) as a fungal elicitor or of 

methyl jasmonate (MJ) on the accumulation of RA has been 

described for cell cultures namely in Orthosiphon aristatus[12] 

and Lithospermum erythrorhizon [13]. In cell cultures of L. 

erythrorhizon, RA accumulation increased two to three fold by YE, 

with the maximum levels being achieved 24 hrs after addition. 

Addition of 100 M MJ led to a ten fold increase in RA accumulation 

in L. erythrorhizon cells after 48-72 hrs[14]. Nabila et al.  

[15]investigated the effect of phenylalanine on Salvia officialis cell 

culture and reported a positive influence of phenylalanine on 

culture growth and RA accumulation. Sucrose is the preferential 

carbon source for the culture of cell suspensions. The sucrose 

concentration greatly influences the production of metabolites of 

the phenylpropanoid pathway[16]. Increased sucrose 

concentration in medium resulted in higher RA production in S. 

officinalis [17].
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Working on Ocimum sanctum [18], we able to obtain ten fold 

accumulation of RA in callus cultures than in intact plant organs. 

However, the optimal composition of the nutrient medium for 

growth of O. sanctum cell cultures and accumulation of RA has not 

yet been established. The objective of the present study was to 

determine the effect of concentration of sucrose, phenylalanine 

and elicitors (viz. YE and MJ) in the nutrient medium on 

biosynthesis of RA in O. sanctum cell suspension culture.

Leaf explants from 1-year-old O. sanctum plant were surface 

sterilized for 3–5 min in Tween 80 and for 3 min in 0.1% (w/v) 

HgCl  and then rinsed three times with sterilized distilled water. 2

Sterilized explants were cut into 1.0 cm long pieces and cultured 

on MS (Murashige and Skoog, 1962) solid medium containing 

3.0% sucrose (analytical grade), 0.8% agar (Himedia Laboratories, 

Mumbai, India), 1.0 mg/L 2,4 dichlorophenoxyacetic acid (2,4-D), 

and 0.1 mg/L kinetin (KIN). The cultures were maintained at 25 ± 

2°C under 12 h light (40 – 45 mol/m2/Sec)/12 h dark.

Suspension cultures were established by transferring three 

year old calli, grown and stabilized (subcultured at 20 day 

intervals) on MS solid medium supplemented with 1.0 mg/L 2,4-D 

and 0.1 mg/L KIN to 50 mL of MS liquid medium containing the 

same composition. Cell suspensions were maintained in 250 mL 

Erlenmeyer flasks. After 15 days, a volume of 50 mL fresh medium 

was added, and 15 days later the contents of the flasks were used 

for subcultuing. Subcultures were performed by transferring a 

volume of 10 mL suspension into 100 mL of a fresh medium at 

weekly intervals. Batch suspensions were maintained on a rotary 
0shaker (120 rpm) at 25 ± 2 C under 12 h light (40 – 45 

mol/m2/Sec)/12 h dark

At the end of the fifth subculture, suspensions (each with a 

biomass of 2.0 mg dry mass/mL) were supplemented with sucrose 

(3.0, 4.0, 5.0 or 7.0%), phenylalanine (0.1, 0.25, 0.5 or 1.0 g/L), YE 

(0.1, 0.25, 0.5 or 1.0 g/L) or MJ (100, 200, 300 or 500 M). Samples 

constituted by six flasks of each treatment were taken from the 

culture (three flasks for biomass measurement and three flasks for 

RA quantification), after 3 days, and thereafter at three day 

intervals up to the 18 days of inoculation. The values of 

accumulation of RA per day and biomass growth per day of each 

treatment is the mean of total RA accumulation and biomass 

growth of  whole experimental period of 18 days. Cell viability was 

assayed by differential staining with fluoresceine diacetate [19]. 

The callus (biomass of 30.2 g dry weight) was extracted with 

80.0% methanol. Filtration and removal of solvent under reduced 

pressure at a temperature below 40°C yielded a crude methanol 

extract (7.4 g), which was fractionated using ethyl acetate and 

diethyl ether. The residue from the diethyl ether was discarded. 

The removal of solvent from an ethyl acetate phase under reduced 

pressure at a temperature below 40°C yielded ethyl acetate extract 

(3.5 g), which was adsorbed on Si gel (30 g 60-120 mesh). RA was 

eluted with methanol:chlorofom in the order of increasing 

proportions and collected in 25.0% methanol:chlorofom fractions. 

Solvent partitioning between water and petroleum ether yielded a 

white amorphous RA powder. The purity of isolated RA was 

checked by thin layer chromatography (TLC) eluting with ethyl 

acetate:methanol:water (100:16.5:13.5), n-butanol:acetic 

acid:water (10:2:1) (Fukui et al., 1984) with a reference standard. 

UV spectra were measured in methanol using an Analytic Jena 

UV/VIS Spectrophotometer (Germany). IR spectra were recorded 
1on a Perkin-Elmer 650 IR spectrometer. H NMR spectra was 

recorded on Bruker DRX–300 spectrometer in dimethylsulfoxide; 

δ values in ppm relative to internal TMS, J values in Hz. The electron 

spray mass spectrum measurement was determined on a 

Micromass Quattro II triple quadrupole mass spectrometer 

(Altrincham, UK) by ESI mode at cone voltage of 40eV.

The cell biomass was harvested from the suspension by 

filtration and RA was extracted with 80.0% methanol in a mortar. 

Extracts were vortexed, incubated for 10 min at 70C, and vortexed 

again. Cell residues were settled 3000 g for 15 min. RA 

concentration was determined by HPLC analysis as previously 

described [20]. 

Data were collected with respective intervals and presented as 

mean ± SE of each triplicates of two independent experiments. The 

statistical significance was evaluated by student's t-test at p<0.05 

levels by using excel software 2003.

Biosynthesis of RA in vitro is considerably affected by the 

amount of sucrose added to the nutrient medium, but the sucrose 

concentration in the nutrient medium needed for obtaining the 

maximum yield of RA is different for the different plant cell 

producers. For C. blumei, for instance, it varies from 5.0%[20] to 

7.0%[21], while for S. officinalis it is 5.0% [20] to 7.0%[21],           

[17]and for S. fruticosa it is 4.0% [15]. In this study, growth of O. 

sanctum cell cultures in terms of increase in biomass and 

production of RA in MS media containing different concentrations 

of sucrose (3.0% – 7.0%) was followed. The results given in Figure 

1 shows that, with the increase in sucrose concentration in the 

nutrient medium up to 5.0%, the amount of synthesised cell 

biomass and RA content increased. Among the concentrations of 

sucrose, 5.0% was more effective than other concentrations 

tested. In this system, RA production was concomitant with 

biomass growth throughout the experimental period. O. sanctum 

cell suspension grew fast, hence there was no clearly out lined lag 

phase in its cell growth cycle, which may be due to the intensive 

consumption of sucrose, particularly its inversion products 

(glucose and fructose) or this was probably due to the relatively 

large inoculum (2 g/L) necessary for the normal growth cycle. The 

similar tendency has been reported in Lavendula vera MM cell 

suspension cultures where, increase RA production was observed 

by means of extensive consumption of inversion products of 

sucrose and the large inoculum size [22]. In this study, maximum 

accumulation of RA (15.6 mg/L/day, p<0.05) and biomass 

production (1.43 g dry weight/L/day, p<0.05) was observed in 

cultures supplemented with 5.0% sucrose. It was 2.7 fold higher 
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than 3.0% (Control) sucrose supplemented cells (RA content 5.7 

mg/L/day; dry weight 0.98 g/L/day). Similar results were 

reported by Hippolyte et al. [17] where S. officinalis cell cultures 

showed maximum RA accumulation at 5.0% sucrose 

supplementation. It should be pointed out that in O. sanctum cell 

cultures a concentration of sucrose over 5.0% lowered the biomass 

production and RA accumulation. This could be due to the high 

osmolarity with 7.0% sucrose which would lead to metabolic 

modifications in strongly hypertonic conditions thus, may disturb 

the enzymatic functioning of secondary metabolism.

Figure 1. Dry weight of biomass and rosmarinic acid content 

as affected by culture duration on MS liquid medium 

containing various concentrations of sucrose.

Figure 2. Dry weight of biomass and rosmarinic acid content 

as affected by culture duration on MS liquid medium 

containing various concentrations of phenylalanine.

Values are mean ± SE of each triplicates of two independent 

experiments. 

Values are mean ± SE of each triplicates of two independent 

experiments

3.2.Effect of phenylalanine

medium, RA production decreased by 35.0% in C. blumei cell 

suspension cultures. However, when it was added to C. blumei 

cultures in a medium with a limited sucrose, RA production was 

increased by 100.0% [21]. In the present study, in order to avoid 

the effect of combining nutritional factors, different 

concentrations (0.1, 0.25, 0.5 or 1.0 g/L) of phenylalanine were 

added to the basal medium with 3.0% sucrose. The content of RA 

increased as cells grew and reached the maximum level at day 18 

(Figure 2) and thereafter decreased rapidly (data not shown) 

along with biomass growth. The maximum accumulation of RA 

(23.6 mg/L/day, p<0.05) and biomass production (1.93 g dry 

weight/L/day, p<0.05) was observed in cultures supplemented 

with 0.25 g/L phenylalanine. It was 4.1 fold higher than the non 

supplemented suspension cells (RA content 5.7 mg/L/day; dry 

weight 0.98 g/L/day). During O. sanctum cell growth cycle, the 

submerged cells showed appreciable growth until the eighteenth 

day of cultivation, thereafter the biomass turned brown, growth 

was retarded, and production of RA declined since its production 

depended on biomass growth with irrespective of treatments. The 

decrease may be due to oxidative destruction of RA caused by 

peroxidase-like enzymes and formation of brown pigments during 

aging and resulted in the decrease of RA [24]. A similar tendency 

was observed in Agastache rugosa cell suspension cultures where, 

the decrease of RA content was associated with browning which 

took place after 15 days of culture [25].

Phenylalanine is one of the biosynthetic precursors of RA (Ellis 

and Towers, 1970)[23]. Hippolyte et al. [17] showed that both the 

composition of the nutrient medium and the physiological 

properties of the cell culture can account for the influence of 

phenylalanine on culture growth and RA accumulation in S. 

officinalis. It is also reported in the literature that the effects of 

phenylalanine differ according to the medium used. When 

Razzaque and Ellis [9] added this precursor to optimized culture 
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Several studies indicated that multiple signal transduction 

pathways are involved in elicitor-induced secondary metabolite 

accumulation and, amongst MJ has been implicated as 

intermediate signals [27-33].In the current study, the cultures 

showed a steady-state growth rate, irrespective of concentration of 

MJ, and attained stationary growth phase on the 18th day (Figure 

4). The highest accumulation of RA (49.4 mg/L/day, p<0.05) and 

cell growth (3.3 g dry weight/L/day, p<0.05) was observed in 

cultures elicited with 100 M of MJ. It was 8.6 fold higher than the 

non elicited suspension cells (RA content 5.7 mg/L/day; dry 

weight 0.98 g/L/day). This result is in agreement with others 

findings, which revealed that addition of MJ considerably elevated 

RA accumulation in C. blumei [11] and L. erythrorhizo[14] 

suspension cultures. 

In conclusion, an “in vitro” model system was developed which 

could be used for future studies on the molecular biology and 

regulation of the complex metabolic pathway of RA in O. sanctum 

cell suspension cultures and were effective in producing a higher 

yield of RA than would be obtained by the mother plant.

3.3.Effect of Yeast extract (YE) 3.4.Effect of methyl jasmonate (MJ)

Elicitors are defined as molecules that stimulate defense or 

stress-induced responses in plants [26]. The exogenous 

application of elicitors to in vitro plant cell cultures is useful for 

studying plant responses to potential microbe attack as well as for 

enhanced biotechnological production of value added secondary 

metabolites. Optimization of cellular proliferation in suspension 

cultures is the first step toward establishing large scale up 

production of biologically active compounds. Accumulation of RA 

has been reported to be affected by various elicitors in a number of 

plant species. Suspension cultures of C. blumei treated with an 

elicitor preparation from the culture medium of phytopathogenic 

Pythium aphanidermatum enhanced accumulation of RA [11]. 

Accumulation of RA was also induced by addition of YE to L. 

erythrorhizon [13] and Orthosiphon aristatus [12] suspension 

cultures. In the current study, content of RA increased as cells grew 

and reached the maximum level at 18 days (Figure 3). The 

maximum accumulation of RA (40 mg/L/day, p<0.05) and cell 

growth (2.94 g dry weight/L/day, p<0.05) was observed in 

cultures elicited with YE at 0.5 g/L. It was 7.0 fold higher than the 

non elicited suspension cells (RA content 5.7 mg/L/day; dry 

weight 0.98 g/L/day).

Figure 3. Dry weight of biomass and rosmarinic acid content 

as affected by culture duration on MS liquid medium 

containing various concentrations of yeast extract.

Figure 4. Dry weight of biomass and rosmarinic acid content 

as affected by culture duration on MS liquid medium with the 

containing various concentrations of methyl jasmonate.

Values are mean ± SE of each triplicates of two independent 

experiments.

Values are mean ± SE of each triplicates of two independent 

experiments.
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