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ABSTRACT 

The present study examined the effects of precursors (pyruvic acid, 

ferulic acid and cinnamic acid) on growth and alphatocopherol and 

pigment (yellow and red) prodcutions in Carthamus tinctorius callus 

and cell suspension cultures. The callus and cell suspension growth 

and alphatocopherol and pigment contents improved significantly on 

Murashige and Skoog (MS) medium (solid and liquid) containing 50.0 

μM α-naphthalene acetic acid (NAA) and 2.5 μM 6-

Benzylaminopurine (BAP) at 28 days of incubation period. 

Incorporation of 50 µM pyruvic acid significantly enhanced the 

production of alphatocopherol (17.8-fold) and yellow pigment (2.0-  

fold). Similarly, supplementation of 70 µM pyruvic acid enhanced 13.4 fold red pigment in 

callus culture. Among precursors, cinnamic acid (10 µM), significantly improved production 

of yellow (4.6 fold) and red pigment (3.4 fold) in cell suspension culture. However, 

precursors feeding suppress the biomass of cell culture and production of alphatocopherol in 

cell suspension culture. The present study reports improved productions of alphatocopherol 

and the pigments as a stress response of safflower callus and cell suspension cultures exposed 

to these precursors. 
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INTRODUCTION 

Higher plants are rich source of bioactive constituents or phyto-pharmaceuticals used in 

pharmaceutical industry. Many of the industrially and commercially used pharmaceuticals are 

products of secondary metabolism in microbial or plant systems. Currently one-forth of all 

prescribed pharmaceuticals in industrialized countries contain compounds that are indirectly, 

via semi- synthesis, derived from plants. Furthermore, 11 % of the 252 drugs considered as 

basic and essential by WHO are exclusively derived from flowering plants.
[21]

 Many plants 

containing high-value compounds are difficult to cultivate or are becoming endangered 

because of over harvesting. Furthermore, the chemical synthesis of plant derived compounds 

is often not economically feasible, because of their high complex structure and the specific 

steriochemical requirements of the compounds. 

 

Alphatocopherol (Vitamin E) detected and isolated from different species of Carthamus (C. 

glaucus, C. lanatus, C. oxycanthus, C. palaestinus, C. tinctorius).
[25]

 Among them C. 

tinctorius is a good source of alphatocopherol (Vitamin E), which accounts for more than 

95% of the total tocopherols (α, β, γ, and δ). The oil from the seeds of safflower is premium 

edible oil since its consumption help to lower blood cholesterol, as alphatocopherol is an 

efficient scavenger of activated oxygen species. Besides, safflower also contains red (water-

insoluble) and yellow (water-soluble) pigment utilized for producing herbal medicines, food 

colorants, cosmetics, textile, and natural dyes
.[3] 

 

 

Many plants even from diverse taxonomic groups share biosynthetic pathways for these 

secondary metabolites. Many biotechnological strategies have been hypothesized and 

experimented for enhanced production of secondary metabolites from cultured cells may then 

be possible through the standard media modification, and precursor feeding. 
[26]

 

 

Plant tissue cultures, are found to have potential as a supplement to traditional agriculture in 

the industrial production of bioactive plant metabolites.
[20] 

Callus cells can produce the same 

secondary compounds that are produced in whole plants, but the concentrations are often 

different
[2]

 or cell suspension culture systems could be used for large scale culturing of plant 

cells from which secondary metabolites could be extracted. The advantage of this method is 

that it can ultimately provide a continuous, reliable source of natural products. Feeding of 

precursors and elicitation has proved to be an effective way to enhance secondary metabolites 

in plant cell cultures.
[1]

 Keeping this in view, the present investigations were undertaken to 

study the influence of precursors of pyruvic acid, ferulic acid and cinnamic acid on growth 
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and accumulation of alphatocopherol, yellow and red pigment in callus and cell suspension 

cultures of Carthamus tinctorius L. 

 

MATERIALS AND METHODS 

Germination of seeds 

Seeds of Carthamus tinctorius L. (Safflower) Cv. Bhima variety were collected from Nimkar 

Agriculture Research Institute (NARI, Phaltan, Maharashtra, India) were used as source of 

plant material for establishment of callus and cell suspension cultures. Seeds were surface 

sterilized 
[3-17]

  and then placed in a medium containing 1.0% ( w/v ) sucrose and 0.8% ( w/v ) 

agar – agar (Himedia Pvt., India) only. The tubes were incubated at 25 ± 2 °C in total absence 

of light for germination of seeds. Cotyledon explants from 7 days old axenic seedlings were 

used for the establishment of calluses. 

 

Establishment and maintenance of callus and cell suspension cultures 

A segment of cotyledon with an approximate size of 1 cm
2 

was used as explant. The explants  

were cultured aseptically on solid Murashige and Skoog (MS) medium
[15]

 containing 3.0% 

(w/v) sucrose supplemented with 50.0 µM NAA fortified with 2.5 µM BAP. The pH of the 

medium was adjusted to 5.8 prior to autoclaving at 121 °C for 15 min. The cultures were 

incubated at 25 ± 2°C daily for 16 h in light [40 μ mol m 
−2

 s
− 1

 photon flux density (PFD)] 

and 8 h in darkness. After 4 weeks, fresh weight (FW) of the calluses formed was 

determined. Dry weight (DW) was recorded after oven-drying the calluses at 60 °C for 48 h. 

The moisture content (M %) of the calluses was determined using the equation 

[(FW−DW)/FW] × 100.  

 

Precursor’s administration 

The callus and cell suspension were cultured on MS + 50 µM NAA + 2.5 µM BAP media 

containing different concentrations of pyruvic acid (10, 30, 50 and 70 µM), cinnamic acid 

(10, 30, 50 and 70 µM) and ferulic acid (10, 30, 50 and 70 µM). These organic supplements 

were added before autoclaving the callus and cell culture medium (day 0).  

 

Extraction and estimation of alphatocopherol 

Alphatocopherol was extracted from callus and cell biomass
 [19] 

and analyzed using high-

performance liquid chromatography (HPLC).
 [3] 

Samples of α-tocopherol (20 μ l) were 

injected and scanned at 220 nm. The content in the samples was quantified by comparing the 
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peak area with that of an alphatocopherol standard (Cat. No. 10191, Sigma-Aldrich, USA). 

The alphatocopherol content was calculated and expressed in terms of μg g 
− 1

 FW. 

 

Preparation of red and yellow pigment standard  

Preparation of yellow and red pigment standard were carried out by following method 

described by Hanagata et al. and Fatahi et al
.[5-8]

.  

 

TLC of red and yellow pigment  

Thin layer chromatographic measurement of yellow and red pigment was employed as 

reported by Rudometova et al.
[22] 

The Rf values of yellow and red pigment were examined by 

TLC method (0.2-0.3 mm thick with silica gel G, Merk). The plates were developed in a 

solvent mixture of distilled water: isobutanol: ethanol: formic acid (4:7:4:4). Maximum 

spectra and Rf values (0.81, yellow) (0.90, red) of pigments were matched with other 

previous reports. 
[10-24-27]

  

 

Spectroscopic measurement of yellow and red pigment 

The yellow and red pigment was analyzed spectrophotometrically by using Nanodrop 1000, 

JH Bio, Germany with Nanodrop 3.0. Software.
[3]

  

 

Statistical analysis  

All experiments were done in triplicates and had a minimum of 14 replicates. Data were 

analyzed using analysis of variance (ANOVA) and with DMRT at 5% level to determined the 

significant difference between means. 

 

RESULTS AND DISCUSSIONS 

Effect of feeding precursors on growth and accumulation of alphatocopherol, yellow 

and red pigment in callus and cell suspension cultures of Carthamus tinctorius L.  

The effect of precursors (Pyruvic acid, cinnamic acid and ferulic acid) on growth and 

accumulation of alphatocopherol, yellow and red pigment in callus culture of Carthamus 

tinctorius L. shows precursors feeder callus increased the 1.8 and 1.7 times more fresh and 

dry weight than control in the presence of 10 µM of pyruvic acid and 70 µM ferulic acid. 

Similar result was observed to Karam et al. they found that highest root fresh weight (4.1 g), 

dry weight (0.4 g), and rosmarinic acid yield (4.7 mg/100 mg dry weight) were obtained with 

10 mgl
-1 

phenylalanine in wild Salvia fruticosa 
[9]

. However, Rudus et al.
[23] 

reported the 

addition of jasmonates as well as abscisic acid were round to be inhibitors of callus growth 
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and somatic embryogenesis in Medicago sativa L. Fresh and dry weight of callus was 

gradually decreased at high concentration (70 µM) of pyruvic acid. The minimum fresh and 

dry weight of callus at this concentration was 3.93±0.5g and 0.14±0.04g respectively.   

 

 Plant secondary metabolites were synthesized by the shikimate and phenylpropanoid 

pathways in vivo, and several middle chemicals, including L-phenylalanine, L-tryptophan 

and cinnamic acid were produced.
[26]

 Phenylalanine, cinnamic acid and tryptophan were 

shown to function as precursors in taxoid, shikonin, phenylethanoid glycosides, melatonin 

and serotonin synthesis, as well as in the biosynthesis of other compounds in various plants. 

[7-11-12-14-18-16]
  

 

The precursors at all mentioned concentration was superior for accumulation of 

alphatocopherol in callus culture. But, among precursors, 50 µM of pyruvic acid accumulate 

maximum content of alphatocopherol (155.0±1.8 µg g
-1

 FW), which increased 17.8 fold more 

than control (8.7±0.8 µg g
-1

 FW) (Table-01). Furmanova et al. reported the highest paclitaxel 

content increased from 1674 µg g
-1

 to 74 µg g
-1

 dry wt in callus of Taxus media by medium 

supplemented with 20 mg of phenylalanine 
[6]

. In cotyledon derived callus, maximum content 

of yellow (7.0±0.6 mg g
-1

 DW) and red pigmnet (6.7±0.07 mg g
-1

 DW) was obtained with 

MS + 50 µM NAA + 2.5 µM BAP fortified with 50 µM and 70 µM pyruvic acid in callus 

culture. 

 

Table -01: Influence of precursors on growth and secondary metabolites prodcution 

callus culture of Carthamus tinctorius L. 

Organic 

supplement 

Conc. 

in 

(µM) 

FW (g) DW (g) 
Moisture 

% 

Alphatocopherol 

(µg g
-1

 FW) 

Yellow 

pigment 

(mg g
-1

 DW) 

Red 

pigment 

(mg g
-1

 DW) 

Control 0.0 2.97±0.5
j
 0.16±0.08

e
 94.4 8.7±0.8

e
 7.0±0.6

d
 0.5±0.05

j
 

Pyruvic 

acid 

10 5.46±0.3
a
 0.21±0.03

a
 95.3 139.0±1.9

b
 6.5±0.8

f
 1.9±0.09

e
 

30 4.36±0.4
g
 0.18±0.05

d
 96.0 123.0±1.6

c
 7.0±0.9

d
 1.8±0.07

f
 

50 4.00±0.5
h
 0.16±0.05

e
 96.7 155.0±1.8

a
 14.3±0.7

a
 3.4±0.08

c
 

70 3.93±0.5
i
 0.14±0.04

f
 96.3 118.0±1.4

d
 10.2±0.9

c
 6.7±0.07

a
 

Cinnamic 

acid 

10 4.93±0.3
c
 0.20±0.04

ab
 96.0 8.3±0.4

e
 6.2±0.7

g
 0.9±0.09

e
 

30 4.86±0.5
de

 0.20±0.05
ab

 95.7 7.6±0.5
e
 2.0±0.5

l
 1.9±0.07

i
 

50 4.80±0.4
de

 0.20±0.06
ab

 96.0 7.2±0.2
e
 6.8±0.4

e
 2.1±0.09

d
 

70 4.53±0.6
f
 0.19±0.07

c
 95.3 6.8±0.3

ef
 3.8±0.6

j
 1.8±0.06

f
 

Ferulic 

acid 

10 4.54±0.7
f
 0.19±0.04

c
 95.7 5.9±0.4

ef
 11.3±0.8

b
 5.2±0.07

b
 

30 4.47±0.5
f
 0.19±0.07

c
 95.5 4.3±0.5

f
 6.0±0.5

h
 1.6±0.09

g
 

50 4.07±0.7
h
 0.20±0.06

ab
 95.4 4.0±0.2

f
 4.2±0.7

i
 1.8±0.06

f
 

70 5.18±0.4
b
 0.21±0.03

a
 95.9 4.0±0.3

f
 2.2±0.4

k
 1.1±0.08

h
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F.W: Fresh weight and D.W: Dry weights represent the mean±SE calculated on three 

independent experiments, each based on minimum 15 replicates. Data of secondary 

metabolites were expressed by mean±SE (n = 3)  

            

In contrast, in cell suspension culture, the fresh and dry weight of cell culture and content of 

alphatocopherol was decreased by addition of precursors of pyruvic acid, cinnamic acid and 

ferulic acid (Table.02). Ferulic acid is an organic compound that is abundant phenolic 

phytochemical found in plant cell walls. It is a derivative of trans-cinnamic acid. As a 

component of lignin, ferulic acid is a precursor in the manufacture of other aromatic 

compounds. Ferulic acid, being highly abundant, may be useful as a precursor in the 

manufacturing of vanillin. However, biotechnological processes may be the most efficient 

method to use ferulic acid as a precursor.  

 

 Content of yellow and red pigment in cell culture before feeding precursor was low 

(0.69±0.08 mg/g DW, 0.17±0.06 mg/g DW) and it significantly 4.6 and 3.4 fold  increased 

yellow pigment (3.2±0.09 mg/g DW) and red pigment (0.59±0.05 mg/g DW) when addition 

of 10 µM cinnamic acid in the nutrient medium (Table-02), may be because of cinnamic acid 

is a key intermediate in shikimate and phenylpropanoid pathways and shikimic acid is a 

precursor of many alkaloids, aromatic amino acids, and indole derivatives. Phenylpropanoid 

are a class of plant metabolites based on phenylalanine. They are widely distributed in plants 

fulfilling many functions including plant defense mechanism, pigmentation and external 

signaling system.  Liu et al. reported the enhanced hyperforin production induced the 

cinnamic acid (25, 50 mg/l) and hypericin by L-phenylalanine at 75 to 100 mg/l in the liquid 

culture of Hypericum perforatum L.
[11]

 Increased crocin content to 6.00 % and 5.22 % from 

in vitro induced stigma-like-structure (SLS) from floral organs of Crocus sativus L on MS 

medium fortified with 23.32 µM (5 mg l
-1

 ) kinetin and 21.5 µM (4 mg l
-1

) NAA with 

addition of sodium acetate and polyvinylpyrrolidon
.[28]

 Combination of salyscylic acid and 

yeast induced cryptotanshinone formation was enhanced 37 % in Ti transformed Salvia 

miltiorrhiza cell suspension cultures 
[4]

. Similar result was reported by Malarz et al.
[13] 

to 

increase in sonchuside A by addition of salicylic acid in hairy roots of Cichorium intybus.   
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Table 02: Influence of precursors on growth and secondary metabolites production in 

cell suspension culture of Carthamus tinctorius L. 

          

F.W: Fresh weight and D.W: Dry weights represent the mean±SE calculated on three 

independent experiments, each based on minimum 15 replicates. Data of secondary 

metabolites were expressed by mean±SE (n = 3) 
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