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ABSTRACT

Use of Gymnema sylvestre, commonly known as periploca of woods an Indian medicinal woody climber has increased recently due to the pharmaceutical
potential of gymnemic acids, found in its leaves. Gymnemic acids have been reported to effect a natural treatment for diabetes. This study developed a novel
cell culture system for in vitro growth and production of this species, suggesting a possible technology for large scale production of gymnemic acids. Leaf
explants grown in Murashige and Skoog salts supplemented with IAA 1.5mg/l and BA 0.5mg/l gave maximum percentage of callus formation compared to
other treatments evaluated. The growth rate and gymnemic acid accumulation in the callus suspension culture was determined. The HR protein from
Xanthomonas spp. was used as an elicitor for the production of gymnemic acid. When compared to non-elicited cultures, two fold increase of gymnemic acids
yield in elicited cultures was observed. The quantification of gymnemic acid was done using HPLC. The total gynemagenin after 21* day of incubation was

30.2389mg/100ml. This method can be used economically in pilot scale studies.
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INTRODUCTION

The past studies were basically on the plant and its
phytochemical analysis which mainly lead to the extinction
of the plants. As the medicinal plants are getting extinct day
by day due to it’s over exploitation for commercial and
pharmaceutical purpose'. Plant tissue culture techniques are
the best method to conserve these plants from extinction by
increasing its number in the habitat. Callus culture and
suspension culture by taking plant leaves as explants can be
used for regeneration of these plants. The whole plant can
also be derived from a single callus varying its hormonal
concentration.”>™ These callus culture techniques can also be
used for the production of secondary metabolites which are
bio active compounds. Several major strategies have been
explored for up regulation of metabolism including precursor
feeding, hormonal signaling, elicitation, immobilization of
the plant cells and nutrient stress.” The process of enhancing
or inducing secondary metabolite production by the plants to
maintain their survival, persistence and competitiveness is
referred as elicitation.® Elicitors are of two types: abiotic and
biotic elicitor. In abiotic elicitor various types of metals are
used for inducing the stress.” Various types of microorganism
such as algae, fungi as well as bacteria®, which are mainly
plant pathogen in nature, can be used. The hypersensitivity
reaction which is caused in the plant cells in presence of
microorganism leads to the production of the secondary
metabolite as a defense mechanism is the main principle
behind this stress.” This method is cost effective as a single
colony of microorganism can produce large amount of
elicitor proteins and purification is also very cheap in pilot
scale. The microorganism does not affect humans as they are
mainly plant pathogens. The aim of the present research is
mainly based on the Gymnema sylvestre suspension culture

and enhanced the production of the secondary metabolite
responsible for the antidiabetic activity.

The novelty of this work lies in using bacterial plant
pathogen, Xanthomonas spp as bio elicitor for increasing the
yield of the secondary metabolite production of Gymnema
sylvestre.

MATERIALS AND METHODS

Collection of plant material

Leaves of Gymnema sylvestre were collected from one single
plant grown in the natural habitat of Porur forest located in
Javadhu hills located 45-60 kilometers from Vellore, Tamil
Nadu, India and it was identified by the taxonomist from
Botanical Survey of India, Coimbatore, Tamil Nadu.

Callus culture

The surface sterilized auxiliary nodal explants of 12 cm
height were cultured on Murashige and Skoog medium
supplemented with 3% sucrose and solidified with 0.8% agar
with 1.5 mg/l of IAA and 0.5 mg/l of BA and the pH of the
medium was maintained at 5.8.* Samples were grown at a
photoperiod of 16 h light and 8 h darkness at 25 = 1°C with
the light intensity of 1000-2000 lux provided by cool white
fluorescent lamps during the photoperiod. Subcultures were
carried out for every 15 days.

Suspension culture

After 7-8 subcultures, calli were inoculated in 250 ml conical
flask containing 100 ml of the MS medium with BA 0.5 mgl”
and IAA 1.5 mgl”, without agar and maintained on a rotary
shaker at 120 rpm. After 7 days in liquid culture, the cells
released from calli were transferred to fresh liquid medium.*
The calli which turned to black color in the liquid medium
were discarded and the healthy callus aggregates were
repeatedly selected and transferred into another flask
containing fresh liquid medium for every 6 days. After
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several rounds of selection, the callus suspension culture was
established. The subculture calli were maintained by
replacing the liquid medium for every 10 days.

Preparation of bacterial elicitor

Xanthomonas spp. was isolated from citrus canker of lemon
leaves and was identified by standard microbiological
methods. Xanthomonas spp. was grown on plates containing
YEPG media. Seed cultures were inoculated from these
plates and grown in 50% LB at approximately 27° C (room
temperature), until an optical density (620 nm) of 0.5 to 0.8
was achieved. The seed cultures were then used to inoculate
minimal media cultures in a manner such that no LB was
introduced into the minimal media. A 1: 10 ratio of seed
culture to minimal media was used to inoculate into the
minimal media cultures (i. e. the cell pellet from a 50 ml seed
culture was used to inoculate 500 ml of minimal media). In
the minimal media containing K,HPO, of 39.2¢g/1, KH,PO, of
71.5g/1, (NH4),.SO4 of 10.0g/1, MgCl, of 3.5g/l, NaCl of
1.0g/1, sucrose of 34.23g/1 served to induce the bacteria to
produce significant amount of the HR elicitor. The minimal
media culture was grown at approximately 27° C (room
temperature) until an OD of 1.7 to 2.0 was achieved at
620nm.Once the desired OD was reached, the minimal media
culture was centrifuged. The resulting cell pellet was
resuspended at a 1: 10, weight to volume ratio in lysis buffer
(20mM NaCI and 20mM Tris-HC1 at pH 8.0). The
resuspended cells were ruptured by sonication. The resulting
sonicate was maintained on ice until the heat-treatment. The
sonicate was placed on a preheated stir plate, and brought to a
rolling boil. The boil was maintained for 5 minutes. The
solution was then placed in an ice water bath and cooled to
approximately 10° C. Once cooled, the sonicate was brought
back to its original volume with double distilled water
(replacing the volume lost to evaporation during boiling). The
solution was then centrifuged at 15000 rpm for 30 minutes.
The centrifugation was repeated for 3 times. The resulting
supernatants were combined and frozen at -80° C."

1 g of fresh healthy callus was transferred to 100 ml MS
liquid medium with 1.5mg/1 of IAA and 0.5mg/ | of BA. One
flask was introduced with 3 ml of HR bio elicitor and the
other was kept as control (without elicitor). The flasks were
incubated at 25+2°C for 21 days in 16 h of light and 8 h of
dark. Both the flasks were kept in a shaker at 120 rpm.
Extraction of gymnemic acids

Release of gymnemic acids into the medium was extracted by
two methods. In the first method'' the callus in the
suspension culture was filtered, and the medium was
centrifuged at 10,000 rpm for 10 minutes to remove coarse
debris. The clear supernatant was taken and the pH was
reduced to 2 by adding 10% HCI. At the same time, the
filtered callus was immersed in petroleum ether. After that
the petroleum ether extract was removed and the mare was
carried out by maceration for 2 days in each solvent at room
temperature (25 £+ 2°C). The aqueous extract of Gymnema
callus was filtered, pH of the solvent extracted material is
reduced to 2 by adding 10 per cent HCI. Then both the flask
were incubated at 4°C for one day, gymnemic acid was
precipitated, the precipitate was centrifuged and washed with
water and dried.

In the second method*, dried samples of in vitro Gymnema
sylvestre cultures were extracted with ethanol in an ultrasonic
bath and kept for 2 days incubation at room temperature. As a

general procedure, 75 ml of the solvent was added to dried
sample (1 g) and sonication carried out for 30 minutes with
75 ml of water (aqueous extract) and it was kept in water
bath. Then the pH of the extract was reduced to 2 by adding
10% HCI. The flask was incubated at 4°C, gymnemic acid
was precipitated, and the precipitate was centrifuged and
washed with water and dried.

Identification and quantification of gymnemic acid

The major bioactive compound of Gymnema sylvestre is a
group of ‘gymnemic acid”. Non- availability of the different
reference standards make the job more difficult, therefore the
estimation of the different gymnemic acid was performed by
hydrolyzing the extract first with alkali and then with acid.
The ‘Gymnemagenin’ thus obtained was estimated by HPLC
2 and the total gymnemic acid was calculated by applying
the molecular weight.

Estimation of gymnemic acids in gymnema sylvestre
extract

Preparation of test solution

The sample of 0.75g was weighed accurately and dissolved it
in 50 per cent ethanol to make 50 ml. To 10 ml of this
solution, 2 ml of 12.0 % KOH was added and heated on a
boiling water bath for 1h. After cooling, 5.5 ml of 4 N HCI
was added and heated on a boiling water bath for 1h. After
cooling 12.0 % KOH was added to make pH between 7.5 and
8.5 and 50% ethanol is added to make 100 ml. Then it was
filtered through Whatmann No.1 filter paper and subjected to
50 per cent ethanol to make 100 ml. Then it was filtered and
subjected to HPLC.

Preparation of a standard solution, Gynemagenin of 0.010g
was weighed accurately and dissolved in 50 % ethanol to
make 100 ml.

Testing procedure: Test solution and standard solution were
subjected to HPLC separately.'”> HPLC operating conditions
are Wakosil II 5CI8 P 4.6 mm x 250 mm column with
Acetonitrile — Water (80: 20) and KH,PO, — Water (0.1 —
100) from 0 to 20 minutes with flow rate of 1.5 ml / minute.
The amount of sample injected was 20 pl with UV detector
210 nm A with column temperature of 40°C .*

RESULT AND DISCUSSIONS

Callus Induction

The growth and frequency of callus induction was observed
till 30™ day from the day of incubation. The callus induction
was observed on 20" day in IAA+BA combination, while in
NAA+BA there was no callus induction till 30" day. As the
frequency of the callus induction was more in IAA+BA®, this
is unlike many reported literature for micropropogation of
Gymnema sylvestre and other medicinal plants **'*, where
there is callus induction with NAA+BA. From the above
observation [AA+BA was observed to be the better
combination for the callus induction of Gymnema sylvestre.
The color of the callus was cream to pale yellow. The callus
was increased after 9 days of its incubation. The color of the
callus was pale green(Fig. 1).

Suspension culture

Initially the growth rate of the callus was very slow and then
gradually increased after 7 to 10 days. The calli which turned
black in the liquid medium was removed. The gymnemic acid
was more accumulated in the callus itself; the release of
gymnemic acid into the suspension was facilitated using
shaker with 120+2rpm. The fragile callus gave a ball like
appearance with cream in color in the suspension medium.
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The fragile callus gets dissociated into smaller calli while
kept in shaker to produce sand like calli at the bottom of the
conical flasks. The production of secondary metabolites in
the suspension is detected by color change of the media to
yellow (Fig 1). When the shaking was continued for more
than 21 days the callus turned dark green color, which
indicates the organogenesis of the callus (Fig. 1). This also
resulted in decrease in production of gymnemic acid. The
highest production of the gymnemic acid was on 18" day.
Unlike the other suspension cultures reported previously the
gymnemic acid was accumulated inside the callus other than
releasing out in the media was detected by phytochemical
analysis and HPLC *'*. The darkening of callus occurred
after 30" day from the day of inoculation when kept
continuously in shaker in the same media. The callus was
more fragile in the combination with IJAA+BA than 2, 4-D
+NAA+BA. For increasing the growth and fragility of the
callus for the further experiments the subculturing of the
callus to the fresh media was done after every 10 days. The
growth of the callus in the suspension culture was
significantly higher with IAA+BA combination than
2,AD+NAA+BA  combination which was reported
previously.1* Different kinds and concentrations of auxins
were tested for cell culture of Gymmnema sylvestre. Cell
growth was greatest at 5.0 mg L' NAA, while significantly
inhibited by IBA treatment."” So the hormone combination of
TAA+BA was used for the further experiments as it was
suitable for the Gymnema callus growth.

Bioelicitation using xanthomonas spp.

Hypersensitive Response (HR) elicitor from Xanthomonas
spp was added into the medium. After 21 days the biomass
content in the elicited suspension culture was significantly
higher than the non-elicited culture. The color of the callus
changed from pale colored to dirty pink in colored due to the
hypersensitivity response of the elicitor (Fig 1). The amount
of initial inoculum added was 1g/100ml. After 21 days of
incubation, the biomass in the elicited callus suspension was
found to be 22884 mg/100ml and in the non-elicited it was
15478 mg/100ml. The gymnemic acid production was also
high in elicited than in non-elicited suspension. The detection
and quantification of gymnemagenin was done using HPLC
analysis.

HPLC analysis

The samples extracted from callus were subjected to HPLC
analysis. The total content of gymnemic acids was
determined by HPLC analysis as gymnemagenin, which was
the main sapogenin obtained on the hydrolysis of the mixture
of gymnemic acids present in the extract. Fig. 2, 3, 4 shows
the HPLC profile of gymnemagenin. The retention time of
gymnemic acid was 0.90. Fig.2 shows the typical separation
profile of gymnemagenin standard. Fig.3 and Fig.4 shows the
separation profile of the test samples. The gymnemagenin
content of each sample was measured from the corresponding
peak and the quantity calibrated with that of the external
standards. The content of gymnema saponin in cell
suspension culture of Gymnema sylvestre before and after

treatment with biotic elicitor is given in the table 1. When
compared to non-elicited cultures very high yield was
achieved in elicited cultures. The maximum gymnemagenin
yield of elicited cultures was found to be 30.2389 mg/100ml.
The increase in Gymnemagenin yield was approximately
twofold in the elicited callus culture than the control
suspension. The mechanism of action of this elicitor is still
not known properly, but the metabolic pathways of secondary
metabolite production are helpful in understanding the
microbial interactions between the plants cells and the
microbes. It has been previously reported that various
elicitors like MJ, yeast extract, pectin and chitin treatment
could be effective for enhancing gymnemic acid production
in cell suspension cultures.'® Aspergillus niger cell extract
was also used as a bio-elicitor ', the productivity increase
was considerably greater than that obtained with non-elicited
cultures. 8-9 fold increase in gymnemic acid was observed in
fermentor and two fold in shake flask.'” In vitro salt stress
also induced the production of gymnemic acid in callus
cultures of Gymnema sylvestre R.Br. The gymnemic acid
content increased with increasing concentration of 2,4-D
along with NaCL."® 2,4-D (2.0 mg/L) and Kinetin (0.1 mg/L),
and 3% w/v sucrose was found best for the accumulation of
Pgiomass and gymnemic acid content (9.95 mg/g dry weight)

In vitro production of gymnemic acid through callus culture
under abiotic stress was also reported.”’ In abiotic elicitor
various types of metals are used for inducing the stress. For
the laboratory scale studies of the abiotic elicitor it is cost
effective but when used in pilot scale production of the
bioactive compound it becomes highly economic due to the
cost of the metal as well as the purification steps involved in
the downstream processing. The improper purification of
these metals may also lead to lethal effects for humans. These
problems can be overcome by using biotic elicitor such as
microorganism for giving stress to the callus. The
hypersensitivity reaction which is caused in the plant cells in
presence of microorganism leads to the production of the
secondary metabolite as a defense mechanism is the main
principle behind this stress. ’

In conclusion addition of HR elicitor to cell suspension
cultures of G. sylvestre enhanced the production of
gymnemic acid.

Table 1: The content of Gymnemagenin in cell suspension cultures of
Gymnema sylvestre before and after treatment with HR bio elicitor.

Metabolite content
mg/100ml (21* day)

Cell suspension

Control 14.97£1.35

Elicitated by HR elicitor of
Xanthomonas spp
Values are mean * SE of 10 replicates

30.89+1.02

Page 223



C.Subathra Devi et al. IRJP 2012, 3 (1)

Fig 1: A- Callus of Gymnema sylvestre on solid media; B- Callus in suspension culture; C- Pure culture of Xanthomonas species on Y east extract peptone
glucose agar; D- Suspension cultures of Gymnema sylvestre treated with HR elicitor of Xanthomonas species.

Fig 2.: HPLC profile for Gymnemagenin standard.
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Fig 3.: HPLC profile for bioelicitated callus
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Fig 4: HPLC profile for control

CONCLUSION

In vitro propagation of Gymnema sylvestre with enriched
bioactive principle and cell culture methodologies for
selective metabolite production is found to be highly useful
for commercial production of gymnemic acid. Bioelicitors
could be used as enhancers of plant secondary metabolite
synthesis and could play an important role in biosynthetic
pathways to enhanced production of commercially important
compounds. The increased production, through elicitation, of
the secondary metabolites from plant cell cultures has opened
up a new area of research, which could have important
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economical benefits for bio industry. Elicitation studies have
shown promise in increasing yields and cutting production
costs.

REFERENCES

1.

10.

11.

Chowdhury, B.P. Assessment and conservation of medicinal plants of
Bubhaneswar and its neighbourhood. /n Indigenous Medicinal Plants,
Today and Tomorrow’s Printers & Publishers, New Delhi, India; 1988:
211-219.

Komalavalli, N. and Rao, M.V. In vitro micropropagation of Gymnema
elegans W & A. a rare medicinal plant, Indian J. Exp. Biol 1997; 35:
1088-1092.

Reddy, P.S., Gopal, G.R. and Sita, G.L. In vitro multiplication of
Gymnema sylvestre, an important medicinal plant. Current Science
1998; 75: 843-845.

Subathra devi,C., Murugesh, S. and Mohanasrinivasan, V. Gymnemic
acid production in suspension cell cultures of Gymmnema sylvestre, J.
Appl. Sci 2006; 6(10): 2263-2268

Karuppusamy.S. A review on trends in production of secondary
metabolites from higher plants by in vitro tissue, organ and cell cultures,
Journal of Medicinal Plants Research 2009; 3(13) : 1222-1239.

Namdeo AG (2007). Plant cell elicitation for production of secondary
metabolites: A review. Pharmacognosy Rev 2011; 1: 69-79.

Jeong GA, Park DH. Enhanced secondary metabolite biosynthesis by
elicitation in transformed plant root system. Appl. Biochem. Biotechnol
2007; 130 : 436-446..

Staniszewska I, Krolicka A, Mali E, Ojkowska E, Szafranek J.
Elicitation of secondary metabolites in in vitro cultures of Ammi majus
L. Enzyme Microbiol. Technol 2003; 33 : 565-568.

Zhao J, Davis LC, Verpoorte R. Elicitor signal transduction leading to
production of plant secondary metabolites. Biotechnol. Adv 2005; 23:
283-333.

Wei, Zhong-min, Swanson, Shane S., Fan, Hao, Hypersensitive response
elicitor from Xanthomonas campestris US patent 0066122.2002
Agarwal, S.K., Singh, S.S., Verma, S., Lakshmi, V., Sharma, A. and
Kumar, S. Chemistry and medicinal uses of Gymnema sylvestre (GUR-
MAR) leaves — A review. Indian Drugs 2000; 37: 354-360.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Yokota, T., Mizcetani, K., Okada, K. and Tanaka, O., Quantitative
analysis of gymnemic acids by high performance liquid
chromatography, Nippoushikuhin Kyogyo Gakkaishi 1994; 41: 202-205.
Gopi, C., and Vatsala, T.M.. In vitro studies on effects of plant growth
regulators on callus and suspension culture biomass yield from
Gymnema sylvestre R.Br. Afr J Biotechnol 2006; 5: 1215-1219.
Komalavalli, N., Abdul Bakrudeen Ali Ahmed, Rao, A.S. & Rao M.V .
In vitro organogenesis of Gymnema sylvestre (RETZ.) R.Br., EX
ROEMER & SCHULTES A Multipurpose medicinal plant. Proceeding
of National Symposium on Plant Biotechnology: New Frontiers. Central
Institute of Medicinal and Aromatic Plants, Lucknow. Editors Kukreja,
A.K., Mathaur, A.K., Banerjee, S., Mathur, A., Sharma, A and Khanuja,
S.P.S,2007: 6-17.

Lee, EJ., EJ. Hahn, KY. Pack.. Effects of chemical and physical
environments on cell culture of Gymnemasylvestre. Acta Hort 2007;
764.175-180.

Veerashree, V., Anuradha, C. M. and Vadlapudi Kumar. Elicitor-
enhanced production of gymnemic acid in cell suspension cultures of
Gymnema sylvestre R. Br. Plant cell,Tissue and Organ culture 2011;
108(1):27-35

C. Subathra Devi and V. Mohana Srinivasan. In vitro studies on
stimulation of gymnemic acid production using fungal elicitor in
suspension and bioreactor based cell cultures of Gymnema sylvestre
R.br. Recent Research in Science and Technology 20113 3(4): 101-104.
Kumar U, Singh I, Priyanka VY. In vitro salt stress induced production
of gymnemic acid in callus cultures of Gymnema sylvestre R. Br. Afr J
Biotechnol 2010; 9(31):4904-4909.

Nagella, P., chung, I.-M. and Murthy, H. N. In vitro production of
gymnemic acid from cell suspension cultures of Gymnema sylvestre R.
Br. Engineering in Life Sciences. 2011; 11: 537-540

Ali Ahmed AB, Rao AS, Rao MV. In vitro production of gymnemic
acid from Gymnema sylvestre (Retz) R. Br. Ex Roemer and Schultes
through callus culture under abiotic stress conditions. Methods Mol Biol
2009;547(1):93-105

Source of support: Nil, Conflict of interest: None Declared

Page 225



