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ABSTRACT

Highest biomass in terms of Fresh Weight (FW) and Dry Weight (DW) ob-
tained on 2, 4-D (1 mg/l) for dl studied medium, and for higher akaloids
productioni.e. for hyoscyamine and scopolamine wefound that 2, 4-D, BAP
(0.5, 0.5 mg/l) wasthe best medium. So thismediumwasused for manipulation
of alkal oids using different stress producing agents (elicitors) and thereforeit
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was used to carry out further experiment. Highest hyoscyamine and scopola-
mine content was obtained at 0.25mM treatment of Salicylic acid (SA) which
was 0.254 mg/g DW and 8.588 mg/g DW respectively, at 36 h. High level of
hyoscyamine (0.224 mg/g DW) and scopolamine (8.490 mg/g DW) was ob-
tained at 200 mg/l of Y E treatment at 36 h. Highest hyoscyamine and scopo-
lamine content wasobtained at pH 5.5 at 12 hand it was0.217 mg/g DW, 8.333

mg/g DW respectively.

INTRODUCTION

Thegenus Datura producesgresat range of tropane
alka oids, and two of them are hyoscyamine and sco-
polaminewhich areimportant for pharmaceutical in-
dustries¥. World consumption of scopolamineissev-
erd foldshigher thanthat of hyoscyaminemainly dueto
thefact that scopolamineisused asstarting materid for
semi-synthesis of several important drugs?. Tropane
akdoidshavesgnificant medicina importanceasthey
arecompoundswith avariety of pharmacological ef-
fectson some human organs such aseyes, nerve sys-
tem, heart, blood circulation and respiration®®. Tropane
akdoidsinhibit themuscarinergic acetyl cholinerecep-
torsand show parasympatholytic properties. Assuch
they are used in medicineto treat spasms, to sedate
patientsand for dilation (mydriass) of pupils. Further-
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moretropaneakaoidsaffect neurond activitiesand are
known ashallucinogensg?. The Tropaneakadoidshyos-
cyaming® and scopolamineare used in medicinefor its
anticholinergic activity!®. Scopolamineisthemost valu-
abletropanedkaoid, preferred for itshigher physiologi-
ca activitiesand fewer sideeffects.

PlantsCdl cultureshave been devel oped asaprom-
ising alternativefor production of secondary metabo-
liteswhichisdifficult to obtain usng other methodssuch
as chemical synthesisor plant extraction”. Cell sus-
pension of D. innoxia Mill.[® and D. stramonium?
wereinvestigated for growth and production of tropane
akaloids. Some aspectsfor manipul ation of secondary
metabolites were studied by variousworkers. One of
the aspect widely used ismaking of elicitors, abiotic
stress and other approaches”.

Thepresantinvestigationamed to usedifferent stress
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producing agent i.e. Elicitorsfor manipulation of tro-
panedkaoidsin cel suspension culturesof D. metel L.

MATERIALSAND METHODS

Collection and sterilization of explants

Plant materia sfor thetissue culture experiments
were collected from in and around University of Pune
area. For sterilization leaf explants were kept under
running water for 30 min. with 2-3 drops of Tween-
20 followed by awash of 70% alcohol (v/v) for 10
sec. Then explantswere sterilized with 0.1% HgCI,,
(w/v) (Sigma) for 3 min. The explants were then
washed threetimeswith steriledistilled water to re-
move thetraces of HCIL.,

I noculation of leaf explants

Theleaf disc were cut in size of 5mm and were
used asexplantsfor inoculation with abaxia surfacein
contact with M Smedium supplemented with different
concentration of 2, 4-D. Thedifferent concentrations
of 2,4-D (0.5, 1, 1.5, 2,4, and 6 mg/l) were used for
raising the callus. The M Sbasal mediumwas used as
control.

Céell suspension cultures

For cdl suspension cultureinitiation, frigblecali ob-
tainedon MS+ 1mg/l 2, 4-D wasused asinoculums.
For optimization of biomasscell suspension cultures
wereraised on different growth regulatorsof different
concentrationssuchaslAA (0.5, 2mg/l), NAA (0.5,2
mg/l), BAP (0.5, 2mg/l), and 2, 4-D. (0.5, 1, and 2
mg/l). Approximately 2-3 g of calluswasused asin-
oculum in 40 ml medium in 250 ml flask which was
kept on shaker at 125 rpm. All theexperimentshad 3
replicates and each experiment was repeated twice.

Alkaloid production

Theakaloid content was checked for every com-
bination of PGR. Thecdl suspension cultureswerehar-
vested after every seven daysfor checking thedkaloid
content up to three weeks. The combinations of PGR
which showed highest alka oid content were used for
the enhancement processby using dlicitors.

Enhancement of alkaloids
Threedicitorswereused for enhancing alkaoids.

Salicylicacid (SA)

Stock of 10 mM of SA was prepared and the pH
was adjusted to 5.8 before autoclaving. Different con-
centrationsof SA (0.1, 0.25, 0.50 mM and O mM used
ascontrol) wereused in thisexperiment.

Yeast extract (YE)

Stock of 1.0 g per 10ml of Y E was prepared and
the pH was adjusted to 5.8 before autoclaving. Differ-
ent concentrationsof Y E (100, 200, 400 mg/l and cul-
tureswithout Y E used as control) wereused inthisex-
periment.

pH variation

Different ranges of pH were used (4.5, 5.5, 6.5
and control (5.8)).

Fourteen day old cultures were used for this ex-
periment. Cdlsfrom cdl suspenson cultureswhichwere
treated with SA, and Y E were harvested at different
timedurationsi.e. at 24, 36, and 48 h. along with con-
trol and for pH treatment cellswereharvested at 6, 12,
and 36 h. dongwith control. Freshweight of cell sus-
pens on culturewastaken and cellsweredried at 50°C
to obtaindry weight.

Extraction of alkaloids

Berkov!® method was used for extraction of alka
loidswith somemodifications. Freshweight of cdlsfrom
cell suspension culturewastaken and dried at 50°C to
takeitsdry weight. Dried samplewas powdered and
to thissamplel0 ml of 3% H,SO, wasadded. Extract
wassonicated for 10 min at 33 KHz. Extract washeated
at 40-45°C for 60 min. Extract was filtered using
Whatman Filter Paper No. 1 andfiltratewas maded-
kaline using 20% NH,OH and pH was adjusted be-
tween 9- 10. Tothisfiltratedichloromethanewas added
in separating funnd and mixed well. Organic phaseob-
tained infrom separating funnel wascollected and kept
onwater bath at 60°C until dry residue was obtained.
Obtained res duewas dissolved in methanol and mixed
well using vortex mixer. After mixing it waskept over-
night before using for further analysis.

Qualitativemethodsfor | dentification of Tropane
alkaloids.

Thin layer chromatography (TLC) was used for
quditativeidentification using solvent sysem Chloroform
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: Methanol (8:2). The TLC plate was removed from
TLC chamber after the solvent had traveled up to 10
cmand sprayed with Dragendroff |ocating reagents. Or-
ange color represented presence of alkaloidsand back-
ground changed to cream color. Thiswas compared
with Rf of Standard Hyoscyamine and Scopolamine.

Quantitativemethod for estimation of tropaneal-
kaloids.

Quantification of Hyoscyamineand Scopolamine
content was done by spectrophotometricanaysis. The
cell suspensionsgrown in different mediawere used
to harvest cellsand the biomasswas assessed interms
of Freshweight (FW) and Dry weight (DW). Theal-
kal oid extraction was done as described previously.
Std. Hyoscyamine and Scopolamine (Sigma) were
used at different concentrations at 545nm and 264nm
and quantification of experimental sampleswas car-
ried out using std. graph.

RESULTSAND DISCUSSION

Biomassand metabolitesproduction in cdl cultures

For the growth analysisof D. metel L., cell sus-
pension culturesdifferent parameterswere used such
ascell count (number of cells/40ml), Packed Cell Vol-
ume (%), Fresh Weight (g), Dry Weight (g). On the
basisof production of alka oidsi.e. hyoscyamineand
scopolaminewefound that themedium C (2, 4-D, BAP
0.5mg, 0.5mg) wasthe best for enhancement of alka-
loidsand thereforeit wasused to carry out further ex-
periments.

Manipulation of secondary metabolitesproduction
using different icitor treatments-Effect of sali-
cylicacid (SA)

For SA treatment highest biomasswasobtainedin

termsof FW at 0.50mM treatment whichwas8.033 at
24 h, whilelowest biomassfoundfor 0.1mM trestment
of SA (2.707 g) (TABLE-1). Highest Dry weight was
foundin control at 24 h. (0.098 g), whilelowest Dry
weight was obtained in treatment with 0.25mM SA
(0.051g) at 36 h(TABLE-1). For dkaoid production
highest hyoscyamine and scopol ami ne content was ob-
tained at 0.25mM treatment of SA which was0.254
mg/g DW and 8.588 mg/g DW respectively, at 36 h
(Figureland2).

Balwin*® reported that methyl jasmonate and sdli-
cylicacidareinvolved in signal transductionand in-
ducethetranscription of biosynthetic enzymesinvolved
intheformation of defense compoundsin plantsand
Jaber-Vazdekis et al™ reported that use of different
concentration of SA and analysistimedid not affect
culture growth compared to the control in Atropa
baetica, although at 48 htherewasadtatistical differ-
ence between 1.0 and 0.1mM treatments. On the
contrary in our experiment we have observed that SA
treatment was statistically significant ascompared to
control, (Figure 1 and 2). Thisis probably because
we have used different concentrations of SA (0.1,
0.25, 0.50 mM) and different durationsof cell har-
vesting (24, 36, and 48 h). In our experiment we have
observed that thetreatmentsof SA arestatisticaly sig-
nificant ascompared to control. According to Pitta—
Alvarez et a*? relationship between total scopola-
mine and hyoscyamine did not vary for SA treated
cultures of Brugmansia candida compared to con-
trol for the different durations of the treatment. He
used 0.01, 0.10, and 1.0 mM concentrations of SA
and duration of study after treatment was 24, 48, and
72 h. In our study we have used 0.1, 0.25, and 0.50
mM concentrationsof SA and harvesting of cellswas
doneat 24, 36, and 48 h (Figure1 and 2). Thediffer-
enceinour resultsas compared to Pitta—Alvarez!*3

TABLE 1: Effect of SA treatment on growth of D. metel L. Cell cultures(FW and DW).

No. SA (mM) Fresh weight (g) Dry weight (g)
24 hrs 36 hrs 48 hrs 24 hrs 36 hrs 48 hrs
1 0.1 2717+0.7 3.145+09 3.066+0.4 0.064 + 0.004 0.055 =+ 0.002 0.070+ 0.001
2. 0.25 3.848+1.1 6.131+2.1 5642+2.3 0.062 +0.002 0.051+0.002 0.074 + 0.009
3. 0.50 8.033+£0.6 7.103+2.0 5938+24 0.065 + 0.004 0.060 + 0.003 0.076 + 0.002
4, Contral 3.924+0.6 4718+1.6 2996+0.9 0.098 + 0.003 0.095+ 0.010 0.095+ 0.006

* All results are mean of 3 replicates + S.D.

BioTechnology —

Hn Tudian Jounual




BTAIJ, 5(5) 2011

S.B.Zimare and N.P.Malpathak

319

Effect of Salicylic acid on Hyoscyamine
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o
:_u
:

0.25 1

bbb e

0.05
0.25

Salicylic acid (mM)

Figurel: Effect of SA on Hyoscyamine Content (mg/g Dry
weight) in cell cultureof D. metel L.

*|ndicates significant increase in Alkaloid production (Hyos-
cyamine and Scopolamine) as compar ed to the control on apply-
ing T-test with a p value < 0.05.
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Figure?2: Effect of SA on Scopolamine Content (mg/g Dry
weight) in cell cultureof D. metel L.

*|ndicates significant increase in Alkaloid production (Hyos-
cyamine and Scopolamine) as compar ed to the control on apply-
ing T-test with a p value < 0.05.

might be dueto use of different concentration of SA,
and harvesting time. Pitta— Alvarez!'? havealso re-
ported that SA probably inducesthe biosynthetic rout
during thefirst 48 h of treatment, but without altering
theakaloid profile, which has clearly favored scopo-
lamine production in this period of growth. Our re-
sults showed agreement with thisanalysis of Pitta—
Alvarez!'?, SA isalso reported ason an aternative
potent stimul ator of secondary metabolites produc-
tion*3, Therole of SA as part of the signaling cas-
cade leading to systematic acquired resistance has
been intensely studied*¥. Kang et a* reported that
exogenous SA did not have positive effect on hyos-
cyamine. Treatment with 2.0mM SA dightly increased
hyoscyamineat 0.5 h after elicitation but it was still
lower than hyoscyamine production by the control.
In comparison, our results showed that the enhanced

————, FyurrL PAPER

hyoscyamine productionisstatisticaly significant as
compared to control at different concentrations of
SA (0.1, 0.25, 0.50 mM) and at different duration
(24, 36, and 48 h). This could be attributed to the
different concentrationsof SA and different time of
cdl harvesting.

SA isshowntoincreasetheexpressionlevel of en-
zymeH6H™, H6H isanimportant enzymewhich con-
verts hyoscyamineto scopolaming?®l. In our experi-
ment we al so found high concentrations of scopola
mineand it may be because of effect of SA onthelevel
of enzyme. Alsowehaveused Daturametd L. which
already has higher concentration of scopolamine as
compared to other scopolamine producing plantg®.

In our experiments at higher concentration of SA
(0.50mM) cdll growth and the production of alkaloids
wasreduced. Similar observations have been reported
inViciafaba L.[*and Atropa belladonnal®®. It isre-
ported that dueto reease of dkaloidsinto medium cedll
growth probably got hampered because of poisoning
effect of alkaloids. Thismay be one of thereasonsfor
lessgrowthinour cultures.

Effect of yeast extract (YE)

InY E treatments highest biomassintermsof fresh
weight wasobtained at 100 mg/I concentration which
was 5.2369 at 36 h. treatment duration while lowest
freshweight wasobtained at 24 hrsand it was3.376 g
in400mg/l Y E treatment. Highest dry weight (0.067 )
was obtained in 100 mg/l at 48 h. while lowest dry
weight was obtained at 200 mg/I of Y E concentration
at 36 h(TABLE 2). For dkaoid production high level
of hyoscyamine (0.224 mg/g DW) and scopolamine
(8.490 mg/g DW) wasobtained at 200 mgy/l of Y E tresat-
ment at 36 h. (Figure3and 4).

Enhanced accumulation of secondary metabolites
by'Y E hasreceived wideacceptance® 2. Inour study
theeffect of Y E onthetropaneaka oid productionin
cell suspension culturesof D. metel L. wasinvestigated
(TABLE 2, Figure 3 and 4). Maximum tropane alka-
loid wasobtained a 200 mg/l Y E treetment andat 36 h
duration for dicitation. To thebest of our knowledgein
theliterature, thisisfirst report on effect of Y Eonthe
tropane dkaloid productioninthe cell suspension cul-
turesof D. metel L. Treatment of suspension cultures
of D. metel L. with a crude yeast extract improved
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TABLE 2: Effect of YE treatment on growth of D. metel L. Cdl cultures(FW and DW).

Fresh weight ()

Dry weight (g)

No. YE (mg/l)
24 hrs 36 hrs 48 hrs 24 hrs 36 hrs 48 hrs
1 100 4229+0.7 5236+0.5 4.434+0.9 0.059+ 0.002 0.063 £0.004 0.067 +0.002
2. 200 4.090+0.8 5.006=+0.5 5.603+ 0.6 0.055+ 0.002 0.053+0.003 0.056=+ 0.006
3. 400 3.376+0.2 5120+09 5.043+0.1 0.065 +0.002 0.057 +0.005 0.062+ 0.002
4 Contral 3.786+0.2 5536+0.1 5.400+0.1 0.072 +0.002 0.063 +0.002 0.061 +0.005

* All results are mean of 3 replicates + S.D.
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Figure3: Effect of Y E on hyoscyaminecontent in cell culture
of D.metel L.

*|ndicates significant increase in Alkaloid production (Hyos-
cyamine and scopolamine) as compared to the control on apply-
ing T-test with a p value < 0.05.
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Figure4: Effect of YE on Scopolamine Content in cell culture
of D.metel L.

*|ndicates significant increase in Alkaloid production (Hyos-
cyamine and Scopolamine) as compar ed to the control on apply-
ing T-test with a p value < 0.05.

production of hyoscyamine 1.46% fol dshigher and sco-
polamine approximately 1.17% folds higher than that
of thecontrol. In Taxas (treatment duration used was
5, 10, 15, days)?- 22l and in Panax ginseng cdll streated
with 10 g/l concentration of Y E showed hypersengitive
response, cellsturned brown and cell growth wasar-
rested®l. In our study we found that higher level of
akaoidwasproduced at high concentration of Y E (200
mg/l) and no hypersensitive effect wasfound on cell
growth. It wasfound that elicitation time, dicitor con-
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centrationsare probably theimportant parametersfor
tropaneakaloid production. Maximum tropane al ka-
loid production was reported at 200 mg/l concentra-
tionof YE (TABLE 2, Figure3 and 4). Ascompared
to other concentrationsof Y E, alka oid content wasless
at 100mg/l Y E and the probable reason is the stress
produced by the elicitor was probably insufficient to
enhanceakaoids(TABLE 2, Figure3and 4). At 400
mg/l concentration of Y E tropane alkaloid production
waslow, probably dueto inhibition at higher concen-
tration of Y E. Our observation supportsthe view of
Avancini et d® that dicitationtimeand concentrations
aretheimportant parametersin enhancement of alka-
loids.

Y E have been reported to effectively bind to re-
ceptorson the plant cell, inducethe synthesisof PAL
and enhance secondary metabolitesaccumul ationin plant
cell cultures®!. Cramer et a?® concluded that dicitor
induced the de novo synthesis of MRNA’s encoding
CHS, PAL, and CHI aspart of an extensve shiftinthe
pattern of MRNA synthesis. They have suggested that
aspecific changein geneexpression occursat an early
stageinthe plant defense mechanismwhich couldlead
toducidation of sgna response couplingmechanismin
plant pathogen interaction and the devel opment strate-
giesto manipulate and enhance the response of plant
cdlstobiologica stress®. Theeffect of YEisasodue
toitsroleinincreasein phenylaanineammonialyase
activity whichisakey enzymeof phenylpropanoid path-
way that catdysesL-phenyldaninedeaminaionandtrans
cynamic acid production which links primary metabo-
lism to the secondary one, and formation of vast sec-
ondary metaboliteswith phnyl propanoid skel eton(27.

Although the physiological mechanismfor thisphe-
nomenonisnot well understood, it may be associated
with theshifting of metabolicflux toward different sec-
ondary metaboliteswhich can beinduced different sec-
ondary metaboliteswhich can beinduced by dlicita-
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TABLE 3: Effect of pH treatmentson growth in cell cultureof D. metel L (FW and DW).

Fresh weight (g) Dry weight (g)
No. PH 6hrs 12 hrs 18 hrs 6hrs 12 hrs 18 hrs
1. 4.5 4266+09 2533+£0.8 4.063+1.4 0.062+0.001 0.067 + 0.002 0.064 + 0.003
2. 55 4561+12 2520+£09 5333+1.3 0.056 + 0.002 0.054+ 0.003 0.058 + 0.005
3. 6.5 3.498+1.5 5208+09 3.920+1.5 0.065+0.002 0.055+ .0009 0.066 + 0.002
4, 5.8 (contral) 3.083+1.0 3413+£0.2 3573+0.9 0.073+£0.003 0.064 + 0.004 0.062 + 0.004

*All results are mean of 3 replicates + S.D.

tion™. Onthebasis of these speculations, webelieve
that Y E probably caused acomplex stressresponsein
culturesleading to accumulation of tropaneakaloids
because of activation of metabolic pathways as sug-
gested by earlier workers.

5.5andit was5.333 g (18 h) and 2.520 g (12 h)
respectively. Highest dry weight (0.067 g) wasobtained
withpH 4.5 at 6 h, whilelowest dry weight (0.054 g)
was obtained at pH 5.5 at 12 h (TABLE-3). Highest
hyascyamine and scopol amine content was obtained at
pH 5.5 (12 h) andit was0.217 mg/g DW, 8.333 mg/g
DW respectively (Figure5 and 6).

Pitta- Alvarez and Giulietti®®® havereported that a
decreasein pH did not affect growth significantly inhairy
root cultures of Brugmansia candida duringtheinitial
48 h, but after 72 h, and a low pH levels, growth was
inhibited and furthermore some moderate browning of
the roots was observed. In our experiment we have
used different range of pH aspul setreatment and treat-
ment duration used was short (6, 12, 18 h) for cdll har-
vesting. In our resultsdecreasein pH (i.e. at pH 4.5)
affected cdl growth (DW) duringfirst 6 h. Control (pH
5.8) and pH 6.5 treatments showed differencein re-
sultsas compared to thereports of Pitta- Alvarez and
Giulietti™ and thismight bebecausethe systemwehave
usediscell suspension cultures (Unorganized system)
and Pitta- Alvarez and Giulietti®?® (1999) used hairy root
culturesfor study (Organized system).

For production of alkaloidsit was observed that
pH 5.5isbest. pH 6.5 treatment a so produced higher
amount of akaloidsthan control (pH 5.8) and pH 4.5
(Figure5 and 6). So we can conclude that optimum
range of pH for production of alkaloidsis probably
between 5.5t0 6.5.

Theextracellular pH may havearoleincdl sgnd-
ing, and it potentialy could affect theregul ation of sec-
ondary metabolism. ThepH isknown to affect the up-

takerate of carbon and nitrogen nutrients?. Thedif-
ferencein nutrient level would then affect the energy
statusof thecell. Additionaly, the maintenance of pH
gradient between theintracellular and extracdlular me-
diacould affect the cellular energy Satus. Furthermore,
acontrolled external pH may lead to an alternation of
cytoplasmicandvacuolar pH. Any of thesefactorscould
lead to altered gene expression or enzyme activities.
Furthermoreby controlling pH, the accumul ation pat-
tern and amountsof secondary metabolitescan becon-

Effect of pH on Hyoscyamine
content

0.35

_ ] * o6 hrs
LB . . mi2hrs
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0 T T T . \
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Figure5: Effect of pH on Hyoscyamine Content in cell cul-
tureof D. metel L.
*Indicates significant increase in Alkaloid production (Hyos-
cyamine and Scopolamine) as compared to the control on apply-
ing T-test with a p value < 0.05.
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Figure6: Effect of pH on Scopolamine Content in cell culture

of D.metel L.

*Indicates significant increase in Alkaloid production (Hyos

cyamine and Scopolamine) as compar ed to the control on apply-
ing T-test with a p value < 0.05.
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trolled?. Soin our experiment wecould concludethat
probably the effect of different range of pH may alter
cell growth and secondary metabolites production by
producing stressin cultures|eading to enhanced pro-
ductionof dkaloids.
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