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ABSTRACT

Tropane alkaloids, hyoscyamine and scopolamine, vaed-known secondary metabolites produced by many
solanaceous species such as hyoscyamus. Afigese compounds are widely used for scopolamineobsamide
and hyoscyamine sulfate tablets production as hotionergic, antispasmodic and sedative agents. dljective of
current study was to investigate the effects ofousr calcium concentrations (0, 16.6, 33.3 and FfiLinon black
henbane roots and leaves dry weight and their alkial content under hydroponic culture. Results gtbthat the
plants root dry weight increased with increasing thmount of calcium fertilization from 0 to 33.3 @g/L, but
decreased at 50 mg Ca/L. However, the total folidgeweight was recorded at the lowest calcium lleResults
also revealed that the maximum content of hyosayamnd scopolamine in leaf was observed in 50 nig,®@éile

the highest content of scopolamine and hyoscyaméne found in control and in 33.3 mg Ca/L leveéspectively.

It seems that a calcium fertilizer is essentialrieumt elements necessary for henbane growth andboésm.
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INTRODUCTION

Plant alkaloids constitute the largest groups ofur@ products, providing many pharmacologicallytise
compounds. Tropane alkaloids such as hyoscyamine sanpolamine are among the most valuable drugs in
medicine due to its higher pharmacological actgitiand fewer side effects, which are produced byyma
solanaceous species such lgoscyamusniger [3]. These secondary metabolites are used in nmedias
anticholinergic, antispasmodic, hypnotic, and seddtLl0]. Hyoscyamine is used in the treatmentadtgpintestinal
disorders and Parkinson’s disease, while scopokamsiemployed against naupathia [9]. Although, plaaredity
controls the biosynthesis of alkaloids, some emvitental and agrotechnical parametéesy., biological and
abiological factors and nutrition) could enhanceirttibit tropane alkaloids production [4]. It isparted that
mineral nutrition is one of the most obvious enmirental factors to manipulate. In fact, a secondaeyabolite
pathway depends on numerous factors but nutritistzls leads to major effects, major minerals sichitrates,
calcium, potassium, sulfur and also carbon hydrades among the most essential ingredients of tteent
medium known to affect the growth and metabolisothsas alkaloids. [1] stated that the availabitifyessential
nutrient elements necessary fDatura growth and metabolism cause vigorous vegetatiash ligh chemical
production. Also, [7] reported that the fertilizaii of medicinal plants causes an increase in tolg yif bioactive
compounds. Data on the effect of the ion-balancgield and alkaloid content iDatura stramoniunwere showned
differences in alkaloid accumulation in the uppegetative plant parts when potassium or calciumewbae
dominant cations within the interionic balance leé six major elements [2]. It is well establishkedttthat cell wall
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strength and thickness were increased by calciuditiad. Calcium is one the most important essemntiatrient

element in plants, which affects all levels of pl&unction from metabolism to resource allocatignpwth and

development. However, not much information is alzi& on the effect of calcium fertilization on tentent of leaf
and root alkaloids irHyoscyamus nigeplants under hydroponic culture conditions. Tharef purpose of the
present study was to investigate the effect ofowsriconcentrations of calcium fertilizer on blagnbane root and
leaf dry weight and their alkaloids content undgdroponic culture.

MATERIALS AND METHODS

2.1. Seed preparation and germination

Generally, black henbane seeds have little germimatte even under normal laboratory conditionsus seeds
were treated with gibberellic acid (GA250 mg/L) for 48 h at room temperature (22+2 °T)en, seeds were
surface-sterilized with 70% ethanol for 2 min ahert in 25% commercial bleach for 10 min and finaihsed three
times with sterile distilled water. Subsequentlgeds were placed in petri dishes on two layersil fpaper
moistened with 4 ml distilled water. After threeydaseeds were germinated (with 1-2 mm radiclett@nd\fter
two weeks later, seedling (with double leaves) waented in plastic pots and irrigated immediatfely better
establishment. During the whole experiment peribdy received 16-h light/8-h dark (day/night ligiycle) under
greenhouse conditions. The plants were cultivatedozopeat and perlite.

2.2. Calcium treatments application

Calcium was applied at the concentrations of O tfodn 16.6, 33.3, 50 mg/L. The plants were ferdli six times
with six equal portions of the proposed fertilizkrse in once every five days intervals, startirtgra#0 days from
germination time. The experiment was arrangedranglomized complete block design with six replmasi (n=6).

Also, calculation of the weight of chemical nuttieised to prepare stock solution under open hydhiofsystem is
given in tablel. During the experimental period,rarmal agricultural practices were performed f@sticide or
herbicide was applied to the plants). After 4 mottile plants were harvested and their parts werarated into leaf
and root, and then dried at ambient temperaturthénshad. Thereafter, root and leaf dry weight alk@loids

content were evaluated.

Table 1: Stock solution

Chemical materials | mg/L
P 40
K 50
Fe 250
Zn 200
Cu 150
Mg 100
Br 5
Mo 5

2.3. Alkaloids extraction

After harvesting, plant samples (root and shootevar dried, grinded into fine powder and sievathwaboratory
mesh (size 30, opening 54&n). Then, two grams of each samples was addedpmppate volume of CHGI
MeOH: NH,OH 25%, (15:5:1), sonicated for 10 min. Alkaloiddgraction were based essentially on the procedure
described by [6] as following:

- Solution was kept at room temperature (22+2 ®€)Lfhour.

- Then filtered through paper and washed two timigis 1 ml CHC} and then evaporated

- CHCI; (5 ml) and NHSQy, (2 ml) was added and then mixed thoroughly.

- CHCl; fraction was removed and adjusted to pH 10 with 28%OH on ice.

- Alkaloids were extracted once with 2 ml CH@hd twice with 1ml CHC}.

- Extract was filtered after the addition of antouls NaSO, and washed the residue with 1-2 ml CEICI
- Samples were evaporated and dissolved in 1-2 e®M

2.4. Determination of tropane alkaloids

Alkaloids extracted were identified by gas chrongaaphy (GC) analysis. The chromatographic colunmtlie
analysis was a Chrompack WC OT-Fused Silica CBGHB capillary column (30 ms 0.25 mm I.D., film thickness
0.25um). The carrier gas used was helium at a flow cdté& mL/min. Then J4L crude alkaloid fractions were
injected and analyzed with the column held inigiat 125°C for 1 min and then increased to Z&Dwith a 10°C
/min heating ramp and subsequently kept at Z5@r 5 min. The injection was performed in spdis$ mode at 280
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°C. All the calculations concerning the quantitatiaealysis were performed with external standaraimaby
measurement of the peak areas. Hyoscyamine andlacaipe were measured according to [8].

2.5. Statistical analysis

Data were processed by the analysis of varianceO¥A) on the basis of completely randomized desiGRD)
with 3 replications. The data were analyzed usimgmuter SAS software (version 9.1; CoHort Softwaasd the
means were compared by Duncan’s multiple ranggRest0.05).

RESULTS AND DISCUSSION

3.1. Leaf and root dry weight

The effect of different calcium fertilization doses leaf and root dry weight of henbane plants ve&i@vn in figure
1 and 2. Results revealed that calcium treatmesrdssignificant (P < 0.05) influence on henbane thrgfweight.
The lowest (1.4 gr) and the highest (1.9 gr) leaf weight were observed at the control and 16.6Lnogdcium
treatment, respectively (Figl). The results alsowsd that calcium treatments significantly (P <5).thfluenced
plant root dry weight. The minimum (1.2 gr) and mmaxm (1.7 gr) root dry weight were obtained at 5ideand 13.3
mg/L calcium concentration, respectively (Fig 2).
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Fig. 1. Effect of calcium fertilization on henbandeaf dry weight (n=6). Values with different lette(s) were significantly different at P <
0.05 (Duncan test). Ca0, Cal, Ca2 and Ca3 refer@ 16.6, 33.3 and 50 mg/L calcium, respectively
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Fig.2. Effect of calcium fertilization on henbane oot dry weight (n=6). Values with different letter) were significantly different at P <
0.05 (Duncan test). Ca0, Cal, Ca2 and Ca3 refer @ 16.6, 33.3 and 50 mg/L calcium, respectively

It is reported that calcium is directly essentil foot growth [8]. According to [1] the excess ambof fertilizers

caused burning and death of the root hairs effgatiegatively the root growth by inhibiting the edation and

enlargement of roots in the soil as they becamewsdeort and fluffy. Consequently, the burning aledth of root

hairs resulting from high calcium fertilizer suppgd to a lower effectiveness of calcium absorptioat causes a
decrease in the yield of henbane. Results recordéis study confirm these findings since, theheist dose of
calcium fertilization caused substantial reductionthe dry weight of leaves and roots.
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3.2. Hyoscyamine and scopolamine production

The influences of various calcium concentrationdeaff and root scopolamine content are given in3fignd 4.
Calcium treatments had significant (P < 0.05) dffes scopolamine content of both root and leaf gpafhe
scopolamine content increased by increasing calcaienof application and reached a maximum valt&§ ang/L.
Scopolamine content at four various calcium treatn€0, 16.6, 33.3 and 50 mg/l) comprised 8.2,3,114.5 and

13 gr/gr x 1¢ in terms of leaf dry weight, respectively. Alszopolamine content under different employed four
calcium treatments comprised 4.1, 4.7, 5.2 andd g0 in terms of root dry weight, respectively.
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Fig.3. Effect of calcium fertilization on leaf scoplamine content of henbane (n=6). Values with diffent letter(s) were significantly
different at P < 0.05 (Duncan test). Ca0, Cal, Cahd Cag3 refer to 0, 16.6, 33.3 and 50 mg/L calciungspectively
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Fig.4. Effect of calcium fertilization on root scoplamine content of henbane (n=6). Values with diffent letter(s) were significantly
different at P < 0.05 (Duncartest). Ca0, Cal, Ca2 and Cag3 refer to 0, 16.6, 32d 50 mg/L calcium, respectively
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Fig.5. Effect of calcium fertilization on leaf hyosyamine content of henbane (n=6). Values with diffent letter(s) were significantly
different at P < 0.05 (Duncartest).Ca0, Cal, Ca2 and Cag3 refer to 0, 16.6, 32Bd 50 mg/L calcium, respectively
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Fig.6. Effect of calcium fertilization on root hyogyamine content of henbane (n=6). Values with diffent letter(s) were significantly
different at P < 0.05 (Duncartest).Ca0, Cal, Ca2 and Ca3 refer to 0, 16.6, 3%8d 50 mg/L calcium, respectively

The effect of various levels of calcium on the loy@mine content of henbane leaf and root are shiowig 5 and
6. The results showed that various doses of caltiadhsignificant effect (P < 0.05) on the hyoscysriontent of
leaves and roots. The plants leaf hyoscyamine nbitereased by increasing calcium rate (fig5).t@mother hand
maximum leaf hyoscyamine value was observed ahigifeest calcium treatment. The results also inditahat the

root hyoscyamine content increased with increagiegamount of calcium fertilization from 0 to 331y Ca/L, but
decreased at 50 mg/L calcium (Fig 6).

The content of alkaloids in plants could be incegathrough genetic and or environmental manipuiatidn fact, a
secondary metabolite pathway depends on numeraetsrgabut nutritional status leads to major effeétamajor
mineral such as calcium is among the most essengeddients of the nutrient medium known to affénet growth
and metabolism [5]. It has been established tHatura acts as an intracellular messerigezoupling a wide range
of extracellular signals to specific responses saglrell division, cell elongation or cell diffetetion [11]. The
availability of calcium is expected to play an imamt role in the biosynthesis and accumulatioral&iloids in
plants. Not enough researches are available regartie effect of calcium fertilization on hyoscyaeiand
scopolamine content of henbane particularly in gheese culture and management. From our resultgnitbe
concluded that the content bfoscyamine and scopolamine of leaf tissueblyoscyamus nigeplants increased
significantly with increasing calcium levels. Hovezythe root and leaf biomass of plants increasdy at the low
or moderate calcium concentrations i.e., high oatctreatment had reverse effect on plant dry ma#so, the
results here provide important information aboutican effects on plant dry weight and alkaloids o for
commercial production of henbane. This plant isch source of tropane alkaloids. Therefore, in ortdeobtain
high bioactive compounds content calcium is necgsasmain macro nutrient
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