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^Äëíê~Åí= The effect of biotic elicitors (yeast extract, chitosan), signaling molecule (salicylic acid), and polyamines (putrescine and 

spermidine) was studied with respect to isoflavones accumulation in hairy root cultures of mëçê~äÉ~=ÅçêóäáÑçäá~=L. Untreated 

hairy roots (control) accumulated 1.55% dry wt of daidzein and 0.19% dry wt of genistein. In precursor feeding experiment, 

phenylalanine at 2 mM concentration led to 1.3 fold higher production of daidzein (1.91% dry wt) and genistein (0.27% dry 

wt). In biotic elicitors, chitosan (2 mg/L) was found to be the most efficient elicitor to induce daidzein (2.78% dry wt) and gen-

istein (0.279% dry wt) levels in hairy roots. Salicylic acid at 1 mM concentration stimulated the maximum accumulation of 

daidzein (2.2% dry wt) and genistein (0.228% dry wt) 2 days after elicitation. In case of polyamines, putrescine (50 mM) re-

sulted in highest accumulation of daidzein (3.01% dry wt) and genistein (0.227% dry wt) after 5 days of addition. Present re-

sults indicated the effectiveness of elicitation and precursor feeding on isoflavones accumulation in hairy roots of mK=ÅçêóäáÑçäá~. 

This is the first report of elicitation on isoflavones production by hairy roots of mK=ÅçêóäáÑçäá~. © KSBB 

 

hÉóïçêÇëW=Psoralea corylifoliaI=éÜóíçÉëíêçÖÉåëI=ÉäáÅáí~íáçåI=éêÉÅìêëçêI=ëáÖå~äáåÖ=ãçäÉÅìäÉ 

 

 

 

 

INTRODUCTION 

 

Psoralea corylifolia (Indian bread root) Linn. (Fabaceae) 
is a rich source of phytoestrogenic isoflavones daidzein and 
genistein [1]. Genistein is a potent growth inhibitor of hu-
man breast carcinoma cell lines MDA-468, MCF-7, and 
MCF-7-D-40 [2]. Recently, daidzein was shown to inhibit 
the proliferation of murine and human neuroblastoma cell 
lines in vitro, cell cycle progression to G2/M phase and in-
duce apoptosis in the neuronal tumor cells [3]. Various bio-
logical properties are associated with daidzein and genistein 
such as anti-inflammatory, anti-allergic, anti-oxidant, anti-
angiogenic, DNA polymerase, topoisomerase-II activity in- 
hibition, and protection against low-density lipoprotein oxi-
dation [4-6]. 

The possibility of in vitro plant cell cultures for produc- 
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tion of plant pharmaceuticals was studied in details as an 
alternate and complimentary method to whole plant extrac-
tion [7-9]. Stimulation of biosynthetic activity using elicita-
tion and precursor feeding is most studied approach to opti-
mize product accumulation in plant cell cultures [10-12]. 
Elicitors are the compounds of biological and non biological 
origin, which effectively induce secondary metabolite pro-
duction by plant cell cultures [13,14]. Wide range of elicitors 
has been employed to modify plant metabolism in order to 
enhance productivity in plant cell/tissue cultures [15-17]. 
Polyamines are group of naturally accruing low molecular 
weight polycationic, aliphatic natural compounds associated 
with several important cellular processes and plant response 
to abiotic stress. Growth regulator or secondary hormonal 
messenger like activity was proposed with polyamines and 
related compounds [18,19]. In addition, interrelationship 
between polyamines and secondary metabolite production 
was reported in cell cultures of Chichorium intybus, Hyo- 
scyamus muticus, and Capsicum frutescens [20-22].  

Elicitation particularly induces plant cells to synthesize 
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phytoalexins at elevated levels. In regard to this, possibility 
of enhanced accumulation of isoflavones by elicitation has 
been reported in cell suspension cultures [17,23,24]. How-
ever, there are only few reports of application of elicitors to 
hairy root cultures [25,26]. Isoflavone production by hairy 
root cultures was studied in Psoralea sp. and Pueraria lo-
bata [27-29]. To our knowledge, so far no information is 
available on influence of elicitation and precursor feeding on 
isoflavones accumulation in P. corylifolia hairy root cultures. 
In this article, we reported the effect of chitosan, yeast ex-
tract, salicylic acid, and polyamines on phytoestrogenic 
daidzein and genistein production. In addition, effect of pre-
cursor feeding is also studied on hairy root cultures of P. 
corylifolia. 

 
 

MATERIALS AND METHODS 

 

e~áêó=oççíë=fåáíá~íáçå 
 
Hairy root cultures were obtained by infecting stem seg-

ments of in vitro grown P. corylifolia seedlings with Agro-
bacterium rhizogenes strain LBA 9402. Hairy roots emerged 
at wounding sites were carefully excised and cultured on MS 
[30] medium supplemented with 500 mg/L filtered sterilized 
cefotaxime (Sigma, USA). Hairy roots were repeatedly sub-
cultured on MS medium with reduced concentrations of ce-
fotaxime until complete eradication of bacteria. Approxi-
mately 3~5 cm long hairy root segments were inoculated on 
fresh MS medium and sub-cultured after every three weeks. 
Transformed nature of roots was confirmed by PCR and 
selected for further experiments. For elicitation experiment, 
approximately 250 mg (fresh wt) of hairy root segments 
were inoculated on liquid MS medium (50 mL). Flasks were 
kept on gyratory shaker at 40 rpm under 16/8 photoperiod 
conditions (13 µmol/m2/s, cool white fluorescent tubes, Phil-
lips, Holland). 

 
bäáÅáíçê=mêÉé~ê~íáçå=~åÇ=̂ ééäáÅ~íáçå 

 
Concentrated chitosan (Sigma, USA) solution was pre-

pared by dissolving chitosan in (1%, v/v) acetic acid. The pH 
was adjusted to 5.5 with 1N NaOH and sterilized by auto-
claving at 120°C and 15 lbs for 20 minutes. Yeast extract 
was dissolved in distilled water whereas salicylic acid in 
ethanol and filter sterilized using 0.22 µM filter before appli-
cation. For elicitation experiments, concentrated solution of 
elicitors were added to 18 day old cultures to give final con-
centrations (0.01, 0.1, 1, and 2 mM) for salicylic acid (25, 50, 
100, 200, and 500 mg/L) and for yeast extract (2, 5, 10, 20, 
40, and 80 mg/L) for chitosan.  

For studying polyamine effect, concentrated solutions 
were added to 18 day old cultures to give final concentra-
tions (25, 50, 100, and 200 µM) for spermidine and putre-
scine. Control cultures received equal volume of medium 
without any elicitor. To study the effect of treatment duration, 
biomass was harvested at regular interval (1, 2, 3, 5, and 7 
days) after addition of elicitors. Non treated hairy roots (con-

trol) were harvested on similar day as experimental flasks. 
All experiments were replicated four times.  

Precursor phenylalanine, was added to culture at concen-
tration (0.05, 0.1, 0.5, 1, 2, and 5 mM) on 15 day and hairy 
roots were harvested after 5th day of addition. 

 
fëçÑä~îçåÉë=bñíê~Åíáçå 

 
Harvested biomass was dried in an oven at 55°C for 16 h 

and powdered by Wiely Mill (Model No. 4276, Thomas 
Scientific, USA). Dried powdered material was mixed with 
water and 3 M H2SO4 (1:1, v/v) and sonicated (33 KHz) for 
10 min. Subsequently extract was kept in a water bath at 
100°C for 1 h followed by addition of equal volume of etha-
nol. Samples were vortexed for 3 min, transferred into poly-
propylene micro-centrifuge (Eppendorf) tubes, and centri-
fuged at 12,000 × g for 10 min. The supernatant was trans-
ferred to clean glass vials and analyzed by High Performance 
Liquid Chromatography (HPLC). Similar method was 
adopted for analysis of isoflavones from spent medium.  

 
nì~åíáÑáÅ~íáçå=çÑ=fëçÑä~îçåÉë=Äó=eáÖÜ=mÉêÑçêã~åÅÉ= =
iáèìáÇ=`Üêçã~íçÖê~éÜó 

 
An isocratic analytical HPLC was performed on Jasco 

Liquid Chromatograph (Model 980, Japan) equipped with an 
auto-sampler injector (Model No. Jasco AS-950, Japan) with 
a 25 µL loop and a variable wavelength detector (Model No. 
UV-975, Japan). Data collection and integration were ac-
complished using BORWIN software (Japan). Separations 
were performed on Inertsil C18 (250 mm × 4.6 I. D, Sigma, 
USA) column. The daidzein and genistein were determined 
by using acetonitrile:water (40:60, v/v) as a mobile phase. 
The flow rate was 0.6 mL/min and the elution was moni-
tored at 250 nm. Peak identification was carried out on the 
basis of an authentic sample of daidzein and genistein (Sig-
ma, USA) and chromatography co-injection.  

 
pí~íáëíáÅ~ä=̂ å~äóëáë 

 
The influence of various treatments on isoflavones content 

was analyzed by one-way analysis of variance (ANOVA) 
using the statistical software IRRISTAT 4.0 (Biometric unit; 
IRRI Los Banos, Philippines). Values are mean of four repli-
cates from two experiments. The data was processed statisti-
cally by analysis of variance (ANOVA) and difference be-
tween means of the samples analyzed by the least significant 
difference (LSD) at a probability level of 0.05. 

 
 

RESULTS 

 

bÑÑÉÅí=çÑ=mêÉÅìêëçê=cÉÉÇáåÖ=çå=fëçÑä~îçåÉ=mêçÇìÅíáçå 
 
The effect of precursor feeding (phenylalanine) on pro-

duction of isoflavones is presented in Fig. 1. It can be seen 
that phenylalanine at 2 mM concentration increased the pro-
duction of daidzein and genistein by 1.3 fold compared to
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cáÖK=NK Effect of precursor feeding on isoflavones accumulation in 

hairy root culture of mK=ÅçêóäáÑçäá~ harvested on 20
th
 day. Re-

sults are the mean of three replicates ± SD. 
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cáÖK=OK Effect of polyamines (5
th
 day after administration) on isofla-

vones production in hairy root culture of mK=ÅçêóäáÑçäá~. Results 

are the mean of three replicates ± SD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cáÖK=PK Effect of salicylic acid (2
nd

 day after addition) on isoflavones 

production in hairy root culture of mK=ÅçêóäáÑçäá~. Results are 

the mean of three replicates ± SD. 
 
 

control. Maximum concentration of daidzein (1.91% dry wt) 
and genistein (0.27% dry wt) was obtained in phenylalanine 
fed cultures. Daidzein (1.035% dry wt) and genistein (0.17% 
dry wt) levels greatly inhibited when concentration of pheny- 
lalanine was increased to 10 mM. 

 

bÑÑÉÅí=çÑ=mçäó~ãáåÉë=çå=fëçÑä~îçåÉë=mêçÇìÅíáçå=
 
Of the polyamines studied, addition of 50 mM putrescine 

resulted in increased accumulation of daidzein and genistein 
production as compared to control. Highest accumulation of 
daidzein (3.01% dry wt) and genistein (0.227% dry wt) was 
obtained after 5 days of addition. Spermidine at 25 mM con-
centration accumulated maximum levels of daidzein (2.33% 
dry wt) and genistein (0.341% dry wt). Further increase in 
putrescine and spermidine concentration resulted in reduced 
isoflavones accumulation Figs. 2A and 2B.  

 

bÑÑÉÅí=çÑ=aáÑÑÉêÉåí=bäáÅáíçêë=çå=fëçÑä~îçåÉë= =
^ÅÅìãìä~íáçå 

 
Isoflavones content in hairy roots were analyzed under the 

influence of salicylic acid, yeast extract, and chitosan. In 
case of signaling molecule, salicylic acid at 1 mM concentra-
tion stimulated the maximum accumulation of daidzein 
(2.2% dry wt) and genistein (0.228% dry wt) 2 days after 
elicitation. Further increase in salicylic acid concentration 
significantly reduced levels of daidzein and genistein (Fig. 3). 
Highest level of daidzein (1.93% dry wt) and genistein 
(0.23% dry wt) was obtained in yeast extract (200 mg/L) 
treated hairy roots 2 days after elicitation compared to con-
trol. Higher concentration of yeast extract (500 mg/L) in 
culture medium significantly reduced daidzein (0.77% dry 
wt) and genistein (0.1% dry wt) accumulation in hairy roots 
(Fig. 4). 

Chitosan was found to be the most efficient elicitor to in-
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cáÖK=QK Effect of yeast extract (2

nd
 day after addition) on isoflavones 

accumulation in hairy root culture of mK=ÅçêóäáÑçäá~K Results are 

the mean of three replicates ± SD. 
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cáÖK=RK Effect of chitosan (mg/L) on daidzein (A) and genistein (B) 

accumulation in hairy root culture of mK=ÅçêóäáÑçäá~. Results are 

the mean of three replicates ± SD. 

q~ÄäÉ=NK Effect of elicitation treatment on biomass accumulation in 

hairy root culture of mK=ÅçêóäáÑçäá~ 

Treatment 

Effective 

concentration

and day 

Fresh wt (g/L) Dry wt (g/L) 

Control −  171.83 ± 10.49
bc

 18.40 ± 0.46
c
 

Phenyl alanine 2 mM (5)  181.35 ± 13.28
c
 18.94 ± 0.32

c
 

Salicylic acid 1 mM (2)  104.11 ± 14.72
a
 11.49 ± 0.19

a
 

Yeast extract 200 mg/L (2) 118.87 ±  9.57
a
 12.30 ± 1.46

a
 

Chitosan 10 mg/L (4)  169.46 ± 11.88
b
 15.61 ± 0.32

b
 

Spermidine 25 mM (5)  160.24 ± 13.43
b
 14.09 ± 0.72

b
 

Putrescine 50 mM (5) 159.74 ±  8.45
b
 14.86 ± 0.41

b
 

Values were recorded at maximum isoflavones accumulating stage [Incubation 

period (days)]. 

Means with common letters (a~c) within column are not significantly different at 

é ≤ 0.05 according to LSD test. 
 
 
duce isoflavones production (Fig. 5). The lowest applied 
dose of chitosan (2 mg/L) slightly enhanced the production 
while 10 mg/L treatment of chitosan significantly increased 
the daidzein (2.78% dry wt) and genistein (0.279% dry wt) 
level in hairy roots. Maximum levels of daidzein and gen-
istein was obtained after 3rd and 5th day of elicitation, respec-
tively. Further increase in incubation period reduced isofla-
vones accumulation Figs. 5A and 5B. Chitosan at 80 mg/L 
concentration was found to be detrimental for daidzein 
(0.81% dry wt) and genistein (0.13% dry wt) accumulation.  

Table 1 represents changes in biomass accumulation after 
various treatments. Of the studied treatments, salicylic acid 
(11.49 g dry wt/L) and yeast extract (12.30 g dry wt/L) sig-
nificantly reduced biomass accumulation compared to con-
trol (18.40 g dry wt/L). Moderate amount of daidzein and 
genistein leaching was observed after various elicitation 
treatments. Effective treatment of elicitor concentration and 
incubation period on isoflavones leaching in medium is pre-
sented in Table 2. Maximum concentrations of daidzein (33 
mg/L) and genistein (8.2 mg/L) were leached out 3 days 
after elicitation by salicylic acid treated cells compared to 
control.  

 

 

DISCUSSION 
 
In hairy root cultures of P. corylifolia, phenylalanine feed-

ing showed positive effect on isoflavones production. Pre-
cursor feeding strategy was used to enhance the biosynthesis 
of secondary metabolites in hairy root cultures of Catharan-
thus roseus and Beta vulgaris [31,32]. Isoflavones daidzein 
and genistein are originated from phenylalanine, a upstream 
metabolic precursor through phenylpropanoid pathway. 
Considering this phenylalanine supplementation expected to 
increase metabolic flux through phenyl-propanoid biosyn-
thetic pathway and elevated level of target compound. 
Phenylalanine supplementation has been reported to enhance 
secondary metabolite production in cell cultures of Straw-
berry and Taxus baccata [11,12]. Results obtained are in
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q~ÄäÉ=OK Effective treatment and incubation period (day) for isofla-

vones leaching in medium by hairy root culture of mK=ÅçêóäáJ

Ñçäá~ in response to elicitation and precursor feeding 

Treatment 

Effective  

concentration 

and day 

Daidzein (mg/L) Genistein (mg/L)

Control - 4  ± 0.2
a
 3.3 ± 0.3

a
 

Phenyl alanine 0.5 mM (5) 10.8 ± 0.5
d
 3.2 ± 0.4

a
 

Salicylic acid 1 mM (2) 33  ± 1.5
f
 8.2 ± 0.6

e
 

Yeast extract 500 mg/L (5) 5.6 ± 0.6
b
 5.6 ± 0.2

d
 

Chitosan 10 mg/L (5) 7  ± 0.4
 c
 4.2 ± 0.3

b
 

Spermidine 50 mM (5) 18.4 ± 0.7
e
 3.2 ± 0.3

a
 

Putrescine 50 mM (5) 6  ± 0.5
 b
 5.2 ± 0.1

c
 

Means with common letters (a~f) within column are not significantly different at 

é ≤ 0.05 according to LSD test. 

 

 

accordance with these findings. However appropriate con-
centration of precursor and time of addition of precursor are 
crucial factors. In addition feedback inhibition to the meta-
bolic pathway due to excess precursor is necessary for con-
sideration during product optimization. [33]. 

Polyamines administration influenced daidzein and gen-
istein accumulation in hairy root cultures of P. corylifolia. 
Polyamines were reported to be involved in the interaction 
with ethylene and abiotic stress tolerance [34]. Furthermore 
it was believed that phenylpropanoid pathway provide con-
jugation partners for polyamines which also contribute to 
regulatory machinery of plant growth [35]. Interaction be-
tween polyamines and secondary metabolism was investi-
gated in plant cell cultures. Stimulatory effect of polyamines 
on growth and secondary metabolite production was ob-
served to be mediated through increased endogenous poly-
amines level in hairy root cultures of Cichorim intybus and 
Beta vulgaris [20,36,37]. Among polyamines studied, putre-
scine administration significantly stimulated isoflavones 
accumulation in hairy root cultures. Putrescine addition has 
been shown to have stimulatory effect on secondary metabo-
lites [20,36,37]. Similar, stimulatory effect of putrescine was 
also observed on enhancement of growth and capsaicin pro-
duction in the cell suspension cultures of Capsicum frutes-
cens [22]. 

Yeast extract, chitosan, and salicylic acid elicit production 
of daidzein and genistein at various concentrations tested. 
Salicylic acid is an important plant signaling compound as-
sociated with stimulation of pathogen induced plant defense 
response and accumulation of pathogenesis related com-
pounds [15,38-40]. Stimulatory effect of salicylic acid was 
commonly observed on overproduction of secondary me-
tabolites in plant cell cultures [41,42].  

Elicitors mainly derived from cell walls of fungal patho-
gens are known to induce the synthesis of phytoalexins [43]. 
Chitosan [poly(1,4-B-D-glucopyranosamine)] is the deacety-
lated form of chitin, a main component of cell wall of some 
fungal species and of the exoskeletons of insects and crusta-
ceans. Chitosan has been also associated with plant growth, 
development, and protection against microorganisms by 

inducing defense response in terms of secondary metabolites 
production [44]. The results implied that chitosan was an 
effective elicitor for production of daidzein and genistein in 
hairy root cultures of P. corylifolia. It was reported that chito-
san induced enzymes involved in phenylpropanoid metabo-
lism of Vanilla planifolia [45]. Similar stimulatory effect of 
chitosan on secondary metabolites was reported in Hyoscya-
mus muticus and Panax ginseng [16,46]. Additionally influ-
ence of yeast extract on isoflavones production has been well 
known. Elicitor induced enzymatic and genetic activation of 
isoflavonoid production was reported in Pueraria lobata cell 
cultures [17]. An increased level of isoflavones upon yeast 
extract elicitation was mediated through elevated levels of 
transcripts for enzymes flavanone 2-hydroxylase, isoflavone 
2′-hydroxylase, and isoflavone synthase in cell suspension 
cultures of Glycyrrhiza echinata [47]. Similar effect of yeast 
extract was observed on L-phenylalanine ammonia lyase and 
chalcone synthase transcripts in cell suspension of Medicago 
truncatula [48].  

It was observed that isoflavones were constitutively ex-
pressed in tissues and further induced in response to patho-
gen attack [49]. Elicitor induced accumulation of phenylpro-
panoids especially isoflavones were demonstrated in several 
legumes such as Cicer arietinum, Pueraria lobata, and soy-
bean [17,23-24]. Results obtained here indicated for the first 
time that efficacy of elicitation for optimized production of 
phytoestrogenic isoflavones in hairy root cultures of P. 
corylifolia. 

 
 

CONCLUSION 

 
Phytoestrogens production was influenced by elicitation 

and precursor feeding in hairy root cultures of P. corylifolia. 
Chitosan and polyamine putrescine showed significant in-
crease in phytoestrogen accumulation. Present results indi-
cated effectiveness of elicitation for optimized production of 
isoflavones daidzein and genistein by hairy root cultures of P. 
corylifolia.    
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