
Polyamines are low-molecular-weight polycationic molecules 
and essential compounds in both eukaryotic and prokaryotic 
cells. In plants, the polyamines (putrescine, spermidine, and 
spermine) are known to play an important role in the regulation 
of plant growth and development, and as well as adaptation to 
abiotic and biotic stress (Moschou et al., 2008). The application 
of exogenous polyamines was proven to be a very effective way 
to increase secondary metabolite production in plant cell and 
hairy root cultures (Suresh et al., 2004).

Rubia akane belongs to the family of Rubiaceae and is 
a perennial plant widely distributed in East Asian countries. 
It has been used as a traditional medicine and natural dye for 
thousands of years in Asia (Singh et al., 2004). Anthraquinones 
are the main active components in R. akane and constitute an 
important group of natural products used in the making of dyes 
such as alizarin and purpurin (Shin, 1989). In addition, anthra-
quinones have been reported to exhibit various pharmacologi-
cal and biological activities, including anticancer, antimalarial, 
antimicrobial, antifungal, and antioxidant activities (Singh et 
al., 2004).

Agrobacterium rhizogenes, a gram-negative soil bacte-
rium, can easily infect the plant cell and lead to the formation of 
hairy roots. Hairy root culture is a useful biotechnological tool 
for producing valuable secondary metabolites in higher plants 
(Guillon et al., 2006). Recently, we reported the development of 
hairy root culture of R. akane (Park et al., 2009) and the influ-
ence of media and auxin treatment on anthraquinone production 
in R. akane hairy root culture (Park and Lee, 2009). In this 
paper, we describe the effects of the polyamines on growth and 
anthraquinone production in hairy root culture of R. akane. 

We previously established hairy root culture of R. akane 
for production of anthraquinones. The method used here for 
establishment of hairy roots and maintenance of hairy root 
culture followed the procedures described by Park et al. (2009). 
Root cultures were maintained at 25oC on a rotary shaker (100 
rpm) in a growth chamber illuminated by standard cool white 
fluorescent tubes under conditions of a flux rate of 35 mol s-1 

m-2 and a 16-h photoperiod. 

For selection of optimal conditions for hairy root growth 
and anthraquinone production, we tested the effects of adding 
different concentrations (0, 10, 50, and 100 mg/L) of poly-
amines (putrescine, spermidine, and spermine) to the culture 
media. After 21 days of culture, hairy roots were harvested 
and dry weights and anthraquinone contents were determined. 

Three flasks were used for each set of culture conditions, and 
experiments were performed in duplicate. 

Hairy roots were dried at -80oC for at least 48 h using a 
freeze dryer (Model FD-5508, Ilsin Engineering Co., Seoul, 
Korea). Dried samples were ground into a fine powder using a 
mortar and pestle. Samples (0.5 g) were extracted twice with 10 
ml methanol at 50oC in a water bath for 1 h. After centrifuga-
tion, the supernatant was concentrated under reduced pressure 
and the residue dissolved in 1 mL of methanol.

Quantitative analysis of alizarin and purpurin produced in 
the obtained hairy root cultures was done with Beckman Coulter 
DU 700 series UV/Vis spectrophotometers. The absorbances of 
alizarin and purpurin at 572 and 516 nm were measured and 
their amounts calculated by comparing with the calibration 
curves of standard compounds. Standard forms of the chemi-
cals alizarin and purpurin were purchased from Wako Pure 
Chemical Industries, Ltd. (Osaka, Japan) and Sigma-Aldrich 
Korea (Seoul, Korea). Analysis of alizarin and purpurin was 
performed using the method of Shin (1989). 

Hairy roots of R. akane were subcultured on fresh agar-
solidified SH (Schenk and Hildebrandt, 1972) medium every 
month. The roots were transferred to SH liquid culture medium 
and used for initial experiments. Hairy root cultures were main-
tained in SH liquid medium and subcultured every 21 days. 

To study the effect of polyamines on growth and produc-
tion of anthraquinones (alizarin and purpurin) in R. akane 
hairy root cultures, they were grown for 3 weeks in media 
supplemented with various concentrations of three different 
polyamines (putrescine, spermidine, and spermine). Our results 
showed that all tested polyamine treatments increased growth 
rates of the hairy roots, and also increased the production of 
alizarin and purpurin under our experimental conditions (Table 
1). Among the different polyamines tested, putrescine gave the 
greatest increases of both dry weight and alizarin and purpurin 
production of R. akane. At a concentration of 50 mg/l putres-
cine produced the greatest dry weight (13.7 g/l) and the highest 
content of both alizarin (6.2 mg/g of D.W.) and purpurin (7.4 
mg/g of D.W.). At that concentration of putrescine, dry weight 
and anthraquinone (alizarin and purpurin) production were 
around 12 and 30%, respectively, higher than control values. 
Although treatments with spermidine and spermine increased 
growth and the production of alizarin and purpurin in hairy root 
cultures of R. akane, they were only slightly increased. 
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Table 1. Effect of polyamines on growth and production of alizarin and purpurin in hairy roots of Rubia akane after 3 weeks in culture. D.W. = Dry 
Weight, Data are means ± SE.

Exogenous application of polyamines has also been report-
ed to stimulate growth and secondary metabolite production in 
hairy root cultures. Putrescine treatment increased the growth of 
hairy roots, as well as the production of esculin and esculetin in 
hairy root culture of witloof chicory (Bais et al., 1999; Bais and 
Ravishankar, 2003). Other studies have also reported differen-
tial efficiency of various polyamines in promoting the growth 
and secondary metabolite production of hairy roots. Putrescine 
was among the most effective in promoting hairy root growth 
and coumarin and betalaine synthesis in Cichorium intybus and 
Beta vulgaris (Bais et al., 1999; Suresh et al., 2004). 

The results obtained in this study indicate that hairy 
cultures of R. akane can be a valuable alternative source for 
the production of anthraquinones. Using exogenous putres-
cine treatments, relatively high anthraquinone production and 
improved root growth can be achieved. Further investigations 
aimed at improving anthraquinone production in hairy root cul-
tures of R. akane are in progress at our laboratory. 
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Polyamines
(mg/l)

Dry Weight
(g/l) 

Alizarin
(mg/g D.W.)

Purpurin
(mg/g D.W.)

control    0 12.1 ± 1.1 4.3 ± 0.2 5.3 ± 0.4

Putrescine  10 12.9 ± 1.0 5.2 ± 0.4 6.1 ± 0.5

50 13.7 ± 1.2 6.2 ± 0.6 7.4 ± 0.6

100 13.5 ± 1.5 5.9 ± 0.5 7.1 ± 0.7

Spermidine 10 12.2 ± 1.1 4.3 ± 0.2 5.5 ± 0.4

50 12.5 ± 1.2 4.5 ± 0.4 5.5 ± 0.5

100 12.9 ± 1.3 4.9 ± 0.6 5.8 ± 0.5

Spermine  10 12.4 ± 1.1 4.4 ± 0.5 5.6 ± 0.5

50 12.8 ± 1.2 4.5 ± 0.5 6.1 ± 0.7

100 12.6 ± 1.3 4.7 ± 0.4 5.7 ± 0.69


