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Abstract: Reserpine 1s a monoterpene indole alkaloid used to treat hypertension because of its hypotensive
property and psychiatric disorders because of its tranquilizing effect. Protocol has been standardized to
enhance the synthesis of reserpine in leaf derived calli of Rauvolfia tetraphylla 1.. by adjusting the auxins
combinations in the medium consisting of MS nutrient salts and B, vitamins. Auxins such as naphthalene acetic
acid (NAA), mdole-3-acetic acid (LAA) and indole-3-butynic acid (IBA) were used i1 1-5 M concentration along
with 9 pM concentration of 2,4 dichlorophenoxy acetic acid (2,4-D), which was found swtable for callus
induction. The combination of (2,4-D) with NAA had been proved to accumulate maximum amount of reserpine
followed by 2,4-D with TBA. The TAA with 2,4-D combination yielded very less amount of reserpine than the
other combinations and 9 pM 2,4-D alone. The results suggest that there may be synergetic effect of NAA with
2,4-D and IBA with 2,4-D for mcrease i the biomass and reserpine accurmnulation and antagomstic effect of IAA

with 2,4-D for the above said factors in the callus.

Key words: Rauvolfia tetraphylla L., callus, 2,4-D, NAA TAA, IBA, reserpine

INTRODUCTION

Rauvolfia tetraphylla 1.. is a medicinally important
woody shrub belongs to the family Apocynaceae. The
wild population of Rawvelfia tetraphylla L. 13 endangered
inIndia (Swarup and Arora, 2000; Faisal and Anis, 2002)
due to uprooting of the plants for drug preparation. The
alkaloids present in the roots of R tetraphylla are
reserpine, ajmalicine, ajmaline, serpentine, rescinnamine,
yohimbine and tetraphyllicine (Faisal and Anis, 2002). In
Rauvolfia serpentina (L) Benth. ex. Kwz., a most
extensively studied and highly exploited species, the total
alkaloid content was reported to vary from 0.7-3.0% of
total root dry mass (Dhiman, 2006) and the reserpine
content was estimated as 0.1% of dry root (Anonymous,
1998). Isolated reserpmne 1s used in the modern medicine
to treat hypertension and psychological disorders, which
is found to be more potent than the crude drug prepared
from the root (Pullaiah, 2002) and reserpine is the first
natural tranquilizer. The major problem in extracting the
active principle from the field grown plants 1s the variation
in the compound yield, both qualitatively and

quantitatively, depend on specific seasons during
which plant collection is performed (Rocha et al., 2005;
Ralphs and Gardner, 2003), besides the effect of
environmental factors. The lLterature availability on
R. tetraphylla secondary metabolism from the field grown
plants was very scanty and no research was reported on
in vitro production of compounds except the attempts
made by our group (Anitha and Ranjitha Kumari, 2006a,
b). In this commumication we report the production of
reserpine by adjusting the auxins combinations in the
growth medium.

MATERIALS AND METHODS

Callus induction: Leaf explants were collected from the
field grown plants of Medicinal plants garden,
Bharathndasan Umversity, Tiruchirappalli, Tamil Nadu in
the month of December 2005 and thoroughly washed in
running tap water to remove the dust particles from the
surface of the explants. For the surface sterilization of leaf
explants and for callus mduction the already explained
procedure was followed (Anitha and Ranjitha Kumari,
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2006a, b). The swface cleaned explants were taken to
the laminar airflow chamber and swface sterilized with
0.1% mercuric chloride (W/V) for four minutes followed by
washing with sterile distilled water for 4-5 times. The
callus induction was done in MS medium (Murashige and
Skoog, 1962) that was modified by supplementing with
9.04 uM 2,4-D and 40 g L™ sucrese. The modification also
included additions of 100 mg L™ myoinoesitel, 2 mg L™
thiamine HCI, 0.1 mg L.~ of riboflavin, biotin and folic
acid. Auxins such as TAA, TBA and NAA ranging from
1-5 pM concentrations was added in the MS medium. The
pH of the medium was adjusted to 5.7 and the mednum was
sterilized at 15 1b for 15 min. The sterile explants were
inoculated on callus induction medium and cultures were
exposed to 254+2°C and 16/8 h light/dark condition by
using cool white fluorescent tubes (40 pM m™ sec™').
The explants were transferred to fresh medium for every
30 days. The results were recorded periodically and the
data were subjected to statistical analysis.

Biomass analysis: Moisture content of the callus was
analyzed all through the ten subcultures of the calli in the
respective treatment mediun. For the analysis, the callus
was cut in to approximately 50 mg pieces and moculated
on callus induction medium in control and treatment
conditions. After 30 days of culture, the calli were
collected, washed with distilled water, air dried and the
weight was recorded as fresh weight. The calli were dried
at 40°C for 24 h and the dry weight was recorded. The
percentage of moisture content of the callus was
calculated by using the fresh weight and dry weight of
the callus.

Alkaloid extraction and analysis: Sheludko et al. (1998)
method was followed for extraction and analysis of
alkaloids with some modifications. One gram dried callus
was powdered and extracted with 80% methanol in
distilled water. The extracted sample was acidified with
0.1 N HC] and neutralized with diluted NH,OH (1%). The
sample was decanted and then evaporated wunder vacuum
and the weight was recorded as crude alkaloid content.
Crude alkaloid was dissolved in a few drops of ethanol
and subjected to TLC and reverse phase HPLC analysis
by using reserpine (SRL products, India) as standard.
Reserpine content in the crude extract was calculated
and tabulated.

Statistical analysis: For each treatment 15 replicates
(explants) were used and the experiments were repeated
upto ten subculture period. The mean values derived from
all the experiments was subjected to One way ANOVA
and DMRT (Duncan’s Multiple Range Test) by using

SPSS software (Statistical Package for the Social Sciences)
version 10.0 (LEAD Technologies Inc., Chicago, TUSA).
The sigmficance of the experiments was calculated at 0.05
and 0.02 sigmficant level. The alkaloid content was
analysed only in the calli which reached appreciable
weight in each treatment during the ten subculture period
and the mean values was presented here.

RESULTS

Callus induction: Callus induction was high m the
combinaticnal treatment of 2,4-D and NAA. The
combination of IBA with 2,4-D also enhanced the
callusing response. Callus induction was started from the
margins and wounded regions of the leaf explants after
ten days to three weeks of inoculation. In the control
(2,4-D alone) callus, callusing response started after two
weeks of culture whereas in NAA combinations the
response was preceded three to five days. The maximum
callus induction was observed as 96% in 3 pM NAA
treatment. The least callusing response was observed in
TAA combinations with 2,4-D and the response was 40%
in 4 pM IAA treatment (Fig. 1).

Biomass analysis: There was an increase in fresh biomass
observed m the NAA combination treatments at 1, 2 and
3 puM concentrations than the control and other
treatments. In the control (0.3354 g) and IBA treatments
(0.3400 g at 2 uM TBA) also the increase in biomass was
high than the combinations of TAA with 2.4-D (Fig. 2).
The similar pattern of results was observed in the dry
weight of the calli also. The maximum dry weight of the
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Fig. 1: Effect of different auxins combinations on callus
induction in Rauvelfia tetraphylla L. Callusing
response with, (1) - 9 pM 2,4-D (Control), (2-6) - C
+1-5 pPMNAA, (7-10) - C+ 1-4 uM TAA, 11-15) -
C+1-5 UM IBA treatments. According to DMRT,
the alphabets followed by different letter are
statistically sigmficant at 0.02 level
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Fig. 2: Biomass increase in the callus of Rauvolfia
tetraphylla L. grown in medium fortified with
different combinations of auxins. Fresh weight in,
(1)-9 M 2,4-D (Control), (2-6) - C+1-5 pM NAA,
(7-10)-C+ 14 uM IAA, (11-15)- C+1-5 pM IBA
treatments. According to DMRT, the alphabets
followed by different letter are statistically
significant at 0.02 level
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Fig. 3: Dry  weight m the of Rauvolfia
tetraphylla L. grown in medium fortified with
different combinations of auxins. Dry weight in, (1)
-9 uM 2,4-D (Control), (2-6) - C + 1-5 uM NAA,
(7-10)-C+ 14 uMTAA, (11-15)- C+1-5 pYM IBA
treatments. According to DMRT, the alphabets
followed by different letter are statistically
significant at 0.02 level

callus

calli was observed after drying i the oven for 24 h at 40°C
2 uM NAA concentration as 0.0923 g and at 3 uM NAA
as 0.0961 g. In 2 pM IBA treatment the dry weight was
high (0.0862 g) than the calli grown in control (0.0826 g)
(Fig. 3). The moisture content of the callus decreased
sequentially with the increase in NAA concentration up
to 3 uM NAA and then increased in 4 and 5 M NAA
treatments. Higher percentage of moisture content was
observed in [AA treated calli than m all other treatments
(Fig. 4).
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Fig. 4: Moisture content (%) in the callus of Rauvolfia
tetraphylla L. grown in medium fortified with
different combinations of auxins. Moisture content
m, (1) -9 uM 2,4-D (Control), (2-6) —C + 1-5 uM
NAA, (7-10)-C+1-4 pMIAA, (11-15)-C+1-5 pM
IBA treatments. According to DMRT, the

alphabets followed by different letter are
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Fig. 5: Crude alkaloid and reserpine content in the callus
of Rauvolfia tetraphviia L. grown m medium
fortified with different combinations of auxins.
Crude alkaloid and reserpine in (1) - 9 uM 2.4-D
(Control), (2)- C+2 uMNAA, (3)-C+3 uMNAA
(D-C+2puMIBA, (5)- C+2 pMIAA. According
to DMRT, the alphabets followed by different
letter are statistically sigmificant at 0.05 level

Effect of various treatments on alkaloid accumulation in
the calli: The reserpme production was stably maintained
in the calli subjected to different auxins combinational
treatments during the ten subculturing period. In the
control callus the reserpine content was calculated as
0.9mg g~ dry weight (D. wt.). In the combined treatment
with two auxins, maximum reserpine production was
detected as 1.81 mg g~' . wt. in the callus treated with
3 UM NAA followed by 1.64 mg g~ D. Wt. at 2 uM NAA
treatment. Next maximal response was observed with 2 uM
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TBA treatment as 1.51 mg g~' D. wt. The reserpine content
was less in the TAA combinationas 0.11 mg g D. wt.
(at 2 pM IAA treatment) which was very less than the
contrel value (0.9 mg g~ D. wt.) (Fig. 5).

DISCUSSION

In general callus and cell cultures were believed to
vield very less amount of secondary metabolites and
various reasons had been proposed to support this view.
Lindsey (1988) reported that secondary compounds are
produced 1n specific tissue types in the plants and often
only when the plant is subjected to stress or elicitation.
Similarly, Charlwood et al. (1995) stated that as because
disorganized cultures (callus, suspension and protoplast
etc.) lack differentiated cell types, they are often1 unable to
synthesize tissue-specific compounds and may also lack
the ability to accumulate the secondary metabolite in the
vacuole or extracellularly. A further problem with
disorgamzed cultures was stated that they are notoriously
genetically unstable (Holden et al., 1988) so that they can
not be used for commercial scale-up by using stable cell
lines (Rhodes et al., 1988, Iwase et al., 2005). Contrary to
their statements, we observed increased synthesis of
reserpine in callus than the ir vivo leaf which was used as
explant in the present experiment. The reserpine content
of the callus in each subculture was analyzed and we
observed a stable production of reserpine in all through
the period. The results we presented here for moisture
content and alkaloid content was similar during all the ten
subcultures of the callus in respective treatments.

The combmation of two auxins resulted mn more
secondary metabolite accumulation and 2,4-D was
necessary for imtial callus induction. Baskar Rajan (2001)
also reported that 2,4-D was found to be the best
regulator for the callus induction and preduction of the
alkaloid solasodine in Solanum eleagnifolium. Similarly
2,4-D enhanced the production of stercid diosgenin in the
cultures of Dioscorea doryophora (Yeh et al, 1994).
Contrarily, m Aspidosperma ramiflorum, the indole
alkaloids production was detected in the callus but the
compound concentration was less than intact plant
(Olivera et al., 2001). Consistent with present research,
production of azadirachtin and nimbin has been shown to
be higher in cultwed shoots and roots of Azardirachta
indica compared to that of field grown plants
(Srividhya et al, 1998). Narasunhan and Nair (2004)
reported that in the medium supplemented with 2 mg L™
2,4-D and 0.4 mg 1.~' BAP, production of an isoquinoline
alkaloid berberine was 57.37% of total dry weight and
when 2,4-D was replaced by 4 mg L~' NAA, the
production of berberine increased to 76.25%. Contrary

to the reports supporting the enhanced effect of
phytohormones on the production of secondary
metabolites, Siah and Doran (1991) reported that without
exogenous hormones, maximum codeine and morphine
production was observed in cultures of Papaver
somniferum and this amount is three times higher than in
cultures supplied with hormones.

Radwanski and Last (1995) and Seth and Mathur
(2005) reported that tryptophan is one of the least
abundant amino acids present in plants and is the sole
donor of mdole ring for the synthesis of auxins,
glucosinolates, nicotinic acid, phytoalexins and alkaloids.
Hence the production of auxins and alkaloids are
interlinked that they need the common precursor for the
synthesis, supply of auxins (NAA and IBA) in the culture
medium may enhanced the alkaloid synthesis. Moreover
the indole ring of the supplemented hormones may also
play a role in alkaloid synthesis. In the case of TAA, the
reason for reduced alkaloid production 1s not clear, there
may be a chance for the degradation of this auxm during
autoclaving process and or it may interfered with the
activity of 2,4-D. In owr previous investigation, we
reported enhanced synthesis of reserpine in the calli when
they fed with tryptophan (Anitha and Ranjitha Kumari,
2006a), a precursor of alkaloids and auxins. However, the
biomass increase was very less in the calli fed with
tryptophan. In the present study we found the
combmational auxins supplementation mduced more
biomass as well as reserpine accumulation in the callus,
this may be a promising approach for the production of
reserpine at mdustry level

In conclusion, synthesis and accumulation of
reserpine in cultured cells of Rawvelfia tetraphylla 1.
provide an opportunity for bypassing the plant because
the plant root contains the active principle and hence in
the conservation of this species which is endangered. A
culture system with combination of two hormones (2,4-D
and NAA) is desirable for the enhanced production of
reserpine where the calli were dark green and compact in
nature. The combimation of 2.4-D with IAA was
ineffective for the enhancement of the alkaloids in
callus culture.
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