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ABSTRACT

Elicitation of flavonoids in cell suspension culture of Blumea lacera (Burm.f.) DC was carried out using chemical
elicitor, chitosan and biological elicitor, Penicillium expansum. Each elicitor was used in three different concentration
and treatment duration. Chitosan was used in 5 mg, 10 mg, 20 mg concentration Whereas 0.3%, 0.6% and 1.2% of
Penicillium expansum homogenate was used as elicitor. Aluminium chloride colorimetric assay revealed that
Chitosan with higher dose (20 mg) was the most favourable treatment dose among all the studied treatment
concentrations and durations that yields maximum elicitation of flavonoids (3.5 fold, 96 hr treatment). The
treatment of Penicillium expansum elicitor revealed most fluctuating results for flavonoid at lower and moderate
treatment duration (2 and 5 days). The total flavonoid content (0.057 mg/g) was measured in 0.3% of Penicillium
expansum elicitor with 5 days treatment duration. The treatment of higher dose of Penicillium expansum elicitor and
treatment duration had no impact on flavonoid elicitation.
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many medicinal plants % Large-scale production of

INTRODUCTION

secondary metabolites has been achieved in many plant

Plants are recognized as important resource of

systems. Moreover, efficient in vitro production of

secondary metabolites which provide industrially

important natural products like colour, insecticides,
Plant
derived secondary metabolites have played an essential

antimicrobials, fragrances, therapeutics etc.
role as medicine for thousands of years. It has been
estimated that 80% of the population cannot afford the
products of the Western Pharmaceutical Industry and
must rely on the medicinal product derived from the
plant material . So, there is a great demand of plant
based medicines. In recent years, Plant tissue cultures
technigue have been an alternate option to traditional
plant extraction for obtaining valuable phytochemicals
throughout the year >3. The enhancement in production
of biologically active compounds by in-vitro techniques
has been achieved most successfully and promisingly in

secondary metabolites needs high effective systems
with optimized cultivation conditions, use of elicitors >
8 or simulation of nutritional deficiency of cells %, use of
permeabilizing agents 101,

Elicitors are the compounds which, when introduced in
small concentrations to a living cell system, initiates or
improves the biosynthesis of specific compounds 2.
Elicitors are signal triggering elements that contribute
enhanced synthesis of secondary metabolites. They are
classified based on their nature and origin into abiotic

13, 14

or biotic elicitors The biological elicitors

(components of microbial cells and poly- and

oligosaccharides), chemical elicitors (heavy metals,
pesticides, and the signaling compounds in plant
defense responses), or physical factors (cold shock, UV,
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hyperosmotic stress, ultrasound, and pulsed electric
field) induce enzymatic activity against stress which
result in enhanced production of secondary metabolites
15-17-

Blumea lacera (Burm.f.) DC (family- Asterceae), is an
erect annual herb with strong odour of turpentine. In
Ayurveda, Blumea lacera is described as thermogenic,
anti-inflammatory, ophthalmic, digestive, anthelmintic,
liver tonic, expectorant, good for bronchitis, antipyretic,
8 The plant is
astringent, diuretic, and useful in catarrhal affections *°.

stimulant and memory enhancer

In Homeopathy, Blumea lacera is used for pitta and
kapha, abdominal disorders, bronchitis, intermittent
fever, and cholera %°.

In the present study, the effect of chemical elicitor,
Chitosan, and biological elicitor, Penicillium expansum
on flavonoid biosynthesis in the cell suspension culture
of Blumea lacera was investigated. The parameters such
as type of elicitor, elicitor concentration and treatment
duration on flavonoid production were studied in detail.
To the best of our knowledge, this is the first report on
elicitation of flavonoid in B. lacera cell suspension using
Chitosan and Penicillium expansum as chemical and
biological elicitor respectively.

MATERIALS AND METHODS

Plant material and establishment of callus culture:
Young leaves of Blumea lacera were used as explants
source for initiation of callus. Callus and cell suspension
culture were established according to our previous
report 2%,

Preparation of elicitor: The cell suspension was treated
with Chitosan
expansum (biological elicitor).

(chemical elicitor) and Penicillium
The stock solution of Chitosan was prepared by
dissolving 100 mg Chitosan in 5% (v/v)1 N HCl with
gentle heating and continuous stirring. After complete
dissolution, the pH of the solution was adjusted to 5
with 1 N NaOH and the final concentration was adjusted
to 100mg/10 ml. The stock solution was autoclaved at
15 Ibs for 20 min. before use. 5 mg, 10 mg and 20 mg of
Chitosan was added to 50 ml cell suspension culture of
B. lacera at late exponential phase (21 days) for 24, 48
and 96 hr treatment duration. These cultures were
incubated at 25 + 2 °C in gyratory shaker (120 rpm)
under dark condition.

Penicillium expansum used for elicitation were obtained
from Institute of Microbial technology, Chandigarh. The
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fungal cultures were maintained separately as slants in
culture tubes containing Czapek dox agar. After two
weeks, both the fungi were grown separately in 250 ml
flasks containing 100 ml of Czapek dox broth under dark
and static condition at room temperature for three
weeks. The flask containing fungal cultures along with
Czapek dox agar broth was autoclaved at 15 psi for 20
min. The mycelial mat was separated and washed
several times with demineralized water. The mycelial
residue was resuspended in an amount of
demineralized water equal to that of the filtrate and
homogenized. This homogenate was autoclaved again
and used without further purification.0.3%, 0.6% and
1.2% of this fungal homogenate was administered in cell
suspension culture of B. lacera at late exponential phase
for the treatment duration of 2 days, 5 days, and 8 days.
The control was maintained with each set of treatment.
0.3%, 0.6% and 1.2% of the homogenate were
equivalent to 4.08 mg, 8.16 mg, and 16.32 mg of fungal
polysaccharide I respectively. The total carbohydrate
content of the fungal homogenate was determined by
the phenol sulfuric acid assay using glucose as the
standard.

Sample preparation for flavonoid quantification: After
each elicitor treatment, cell suspensions were filtered
and the cells were washed several times with distilled
water. The filtered cells were dried in oven at 40°C.
Completely oven dried samples of all treatments were
100 mg of
powdered sample was sonicated in 2 ml methanol using

powdered using mortar and pestle.

2 mm probe for 10 min with pulse rate operating at 10
secs on and 2 sec off, amplitude 20% using SONICS Vibra
Cell (VCX 130) instrument. After sonication, the extract
was centrifuged at 5000 rpm for 5 min. The supernatant
was transferred into 2 ml eppendorf tubes. This extract
was used for identification and quantification of
flavonoids by HPTLC and UV-Vis spectrophotometer
respectively.

Identification and quantification of total flavonoid
content:

Identification of flavonoids was done by using High
Performance Thin Layer Chromatography (HPTLC) and
quantification of total flavonoid content was done with
UV- Vis Spectrophotometer by Aluminium Chloride
Colorimetric method.

High Performance Thin layer chromatography (HPTLC):
HPTLC analysis was performed on aluminium-backed
precoated silica gel 60 F254 TLC plate (0.2 mm
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thickness, E. Merck). 10 pl of sample solution were
applied as 8 mm wide bands, 8 mm apart, by the spray-
on technique, by means of a Camag (Switzerland)
Linomat IV sample applicator fitted with a 100-pl
syringe (Hamilton, Bonaduz make, Switzerland). Plates
were developed with mobile phase Ethyl acetate:
formic acid: acetic acid: water (13.42:1.47:1.47:3.62).
Plates were heated for 10 minutes. Visualization of the
flavonoids was achieved by spraying the plates with
ethanolic Polyethylene glycol (4000 MW) and estimated
under UV light with a wavelength of 365 nm 22,
Estimation of Total Flavonoid Content:

Total flavonoids content was determined using the
aluminum chloride colorimetric method 23. Quercetin
procured from Sigma-Aldrich was used as reference
standard.

RESULTS AND DISCUSSION

In the present experimental work, the impact of
chemical elicitors, Chitosan, and biological elicitor, was
studied on the total flavonoid content.

Elicitation by Chemical elicitor, Chitosan:

The doses and treatment durations for Chitosan were
justified on reviewing work reported by earlier workers.
Cell suspension cultures were treated with 5 mg, 10 mg
and 20 mg Chitosan for 24, 48 and 96 hr treatment
durations.

Int J Pharm Biol Sci.

Identification of flavonoids in Chitosan treated cell
suspension samples was done by High Performance
Thin Layer Chromatography (HPTLC). Yellow coloured
bands of flavonoids were visible on TLC plate after
derivatization (Fig.1). The total flavonoid content in
sample was measured by Aluminium Chloride assay
Chitosan concentrations 5 mg, 10 mg and 20 mg for 24
hr treatment duration showed 0.034+ 0.011, 0.017+
0.006 and 0.052+ 0.008 mg/g total flavonoid content
respectively. The content was more as compared to
control (0.021+ 0.007 mg/g) in 5 mg and 20 mg
concentrations of Chitosan whereas 10 mg Chitosan
showed less flavonoid quantity than control. Highest
flavonoid content was observed in 20 mg concentration
of Chitosan. In case of 48 hr treatment duration, total
flavonoid content was noticed as 0.067+0.021 mg/g in 5
mg, 0.089+0.011 mg/g in 10 mg and 0.108+0.018 mg/g
for 20 mg concentration in context to 0.044+0.009 mg/g
in control. All the three studied concentrations showed
gradual enhancement in total flavonoid content.
Highest content was observed in 20 mg of Chitosan
treatment. For 96 hr duration, 5 mg Chitosan showed
0.017+ 0.011 mg/g, 10 mg Chitosan indicated 0.056+
0.013 mg/g and 20 mg Chitosan showed 0.081+ 0.010
mg/g flavonoid content against 0.023+ 0.009 mg/g in
control.

Flavonoids-)[

Fig. 1: HPTLC chromatogram showing flavonoids as yellow band

The estimate of flavonoid was more in 10 and 20 mg
concentration of Chitosan but it was less in 5 mg
concentration compared to control. Highest content

was recorded in 20 mg concentration of Chitosan for 96
hr duration.
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Out of studied treatment durations, 24 hr treatment
duration showed 2.5-fold increase over the control. In
case of 48 hr and 96 hr treatment duration 2.5-fold and
3.5-fold increase was observed respectively. Maximum
fold
duration.

increase was observed for 96 hr treatment
It was noticed that for all the studied
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treatment durations, highest concentration of Chitosan
i.e. 20 mg was favourable for the enhancement of total
flavonoid content. In Chitosan, mediated elicitation
treatment, the most favourable concentration and
treatment duration was 20 mg for 96 hr (Table -1; Fig.
2).

Table 1: Total content in Blumea lacera cell suspension cultures treated with Chemical elicitor, Chitosan

Elicitor Treatment duration Concentrations Total flavonoid content (mg/g)
Control 0.021+ 0.007
5mg 0.034+0.011
24 hr
10 mg 0.017+ 0.006
20 mg 0.052+ 0.008
Control 0.044+ 0.009
Chitosan 5mg 0.067+0.021
48 hr
10 mg 0.089+0.011
20 mg 0.108+0.008
Control 0.023+£0.016
5mg 0.017+0.011
96 hr
10 mg 0.056% 0.013
20 mg 0.081+ 0.010
0.12 -
01 - H control
= 0
ED m5mg
= 0.08 - 10 mg
o
g 0.06 - B 20 mg
()
T
2 0.04 -
)
>
8
* 0.02 -
O .
24 hr 48 hr 96 hr

Fig.2: Effect of Chemical elicitor, Chitosan on total favonoid content

Chitosan has been used for enhancement in secondary
The
enhanced production of andrographolide and total

metabolites production by many workers.
flavonoid content was observed in cell suspension
culture of Andrographis paniculata >7.

The hairy root cultures of Trigonella foenum-graecum
were treated with 0.5, 1, 2.5, 5, 10, 20, 30, 40, 50 and
60 mg/| Chitosan concentrations to study the effect on
diosgenin content 2% The diosgenin content was
significantly increased in all cases by the addition of
Chitosan. Medium supplemented with 40 mg/I Chitosan

showed the highest diosgenin content (0.125% dry

weight). This was three times the amount detected in
the control roots (0.040% dry weight) and five times the
amount detected in the non-transformed roots. In
Plumbago rosea, the elicitation of plumbagin
production was 6.71-fold higher compared to control
cells in 150 mg/l Chitosan concentration when
incubated for 48 hr 2°. 20 mg/| of Chitosan was found
most effective for paclitaxel production in callus of
Taxus media. The paclitaxel content was 139 ug/ g dry
weight as compared to 89 ug/g dry weight in the control
Chitosan

culture 26, increased the production of
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flavonoid glycosides by about 500% after 24 hr
elicitation in Onosis arvensis ?’.

Elicitation by biological elicitor, Penicillium expansum:
The fungal homogenate prepared from Penicillium
biological Cell
suspension cultures were treated with 0.3%, 0.6% and

expansum was used as elicitor.
1.2% concentrations of fungal homogenate for 2, 5 and
treatment  durations. The  studied
0.3%, 0.6% and 1.2% Penicillium
expansum for 2 days treatment duration showed 0.024+
0.010, 0.056+ 0.021 and 0.053+ 0.011mg/g total
flavonoid content respectively whereas the quantity of

flavonoid in control was 0.042+ 0.009 mg/g. The

8 days
concentrations,
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compare to control whereas it was enhanced in 0.6%
and 1.2%. Higher content of flavonoid was recorded in
0.6% concentration. In case of 5 days treatment
duration, 0.057+0.015 mg/g flavonoid content was
observed in 0.3% concentration against control (0.041+
0.012 mg/g). However, the flavonoid content in 0.6%
(0.028+0.013  mg/g) 1.2%
concentration (0.019+0.008 mg/g) was observed to be

concentration and
reduced than control. The studied concentrations for 8
days treatment duration showed 0.030+ 0.011, 0.028+
0.003 and 0.022+ 0.008 mg/g flavonoid content against
0.029+ 0.006 mg/g in control and it does not indicate
sign of elicitation (Table-2; Fig. 3).

flavonoid content in 0.3% concentration was reduced
Table 2: Total flavonoid content in Blumea lacera cell suspension cultures treated with biological elicitor,
Penicillium expansum

Elicitor Treatment duration Concentrations Total flavonoid content (mg/g)

Control 0.042+ 0.009

0.3% 0.024+0.010
2 days

0.6% 0.056% 0.021

1.2% 0.053+0.011

Control 0.041+0.012

Penicillium expansum 54 0.3% 0.057+0.015
ays

y 0.6% 0.028+0.013

1.2% 0.019+ 0.008

Control 0.029+ 0.006

0.3% 0.030+ 0.011
8 days

0.6% 0.028+ 0.003

1.2% 0.022+ 0.008

Results obtained in all studied three treatment duration
revealed variation, but these variations were not much
encouraging. The positive variations were marginal in
nature i.e. 1.3, 1.4 and 1.03-fold more content of

flavonoid over control samples for 2, 5 and 8 days’
treatment duration respectively. The 1.4-fold increment
in flavonoid content was noticed in 5 days’ treatment
for 0.3% concentration of Penicillium expansum elicitor.

0.06 -
)
E’ 0.05 -
TE' 0.04 -
i) M control
€ 003 -
o m0.30%
2 0.02 -
g © 0.60%
S
E 0.01 - m1.20%
fre
0 _

2 days 5 days

8 days

Fig.3: Effect of biological elicitor, Penicillium expansum on total flavonoid content
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Inspite the results obtained in the present work, it is to
be noted here that the fungal elicitor Penicillium
expansum is a preferred biological elicitor used by many
workers in different plant systems. Addition of an
elicitor derived from the fungus Penicillium expansum
to a cell suspension culture of Sanguinaria canadensis
induced the production of the benzo-phenanthridine
alkaloids, sanguinarine and chelerythrine, in a dose-
dependent manner 2. In Tagetes patula hairy root
1.5% (v/v)

expansum enhanced thiophene
29

culture, concentration of Penicillium

production upto 55%

Though, elicitation enhances secondary metabolite
synthesis in plants or plant cells in vitro but the exact
mechanism of elicitation is not exactly understood. All
elicitors do not follow the same sequence of events but
varies with their origin, specificity, concentration,
physiochemical environment, stage of their growth
cycle, nutritional uptake etc. Various mechanisms in this
regard have been hypothesized like messenger Ca?,
factors affecting cell membrane integrity, inhibition/
activation of intracellular pathways and changes in
osmotic stress 332, binding of the elicitor to a plasma
membrane receptor for elicitation process 3.

For successful elicitation of plant metabolites several
important parameters need to be considered. These
parameters are elicitor concentration and selectivity,
treatment duration of elicitor, age of the culture, cell
line, growth hormones, nutrient composition, and
substantial enhancement of product accumulation 34
Like dose concentration, treatment duration of elicitor
also plays a crucial role in elicitation. Several studies has
revealed that the prolonged exposure of cells to
elicitors result in decrease in metabolic accumulation.
For example, when cells of C. roseus exposed with
elicitor extracts of T. viride, A. niger and F. moniliforme
for 24h, 48h, 72h and 96h. T. viride caused about 3-fold
increase in ajmalicine production whereas, about two-
fold increase was observed with A. niger and F.
moniliforme for 48 hr in Catharanthus roseus 3>3%,
However, further increasing exposure time resulted in
decrease in ajmalicine content.

concentrations and durations that yields maximum
elicitation of flavonoids (3.5 fold, 92 hr treatment).
Elicitation treatment of Penicillium expansum revealed
most fluctuating results for flavonoid at lower and
moderate treatment duration (2 and 5 days). Flavonoid
content was more in 0.3% and less in 0.6% & 1.2%
concentration treatment compared to control. The 8
days treatment duration does not indicate any impact
on elicitation of targeted compound.
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