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[63] Then tell Me about the seed
that you sow in the ground.
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[64] Is it you that make it grow, or
are We the Grower?
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Summary

Summary

Several experiments were carried out in Plant Tissue Culture Laboratories at both
Duhok and Sulaimani to investigate the tropane alkaloids in medicinal plant species,

Datura innoxia Mill which belongs to the (Solanaceae) family.

The conducted experiments included: leaf explants sterilization, studying the
effect of different combinations and concentrations of cytokinin (BA) and auxins (NAA
and 2,4-D). The cultures were grown on MS medium with normal So (30 gl}), Sz (15 gl
1), and Sz (45 glt) sucrose. The MS media also contained 3 levels of salts, normal, half,
and double salt strength i.e., Xo, X1, and Xz respectively and all the cultures were placed
in three local Aluminum made Growth Chambers maintained in an air conditioned room
at a temperature of 25+1 C°, the source of illumination in each chamber was with
irradiance of 60-100 pmol m2s~ provided by 1.25 feet white cool fluorescent tubes (20
watt). In addition to the above mentioned, treatments were placed under different
illumination intensities which were 1000, 2000, and 3000 lux (about 19, 37 and 56
umolm2st respectively) at the level of cultures in 3 chambers and a 16 hour light regime
was followed by 8 hour darkness. Histological examination was carried out to find out
the mode of cell differentiation in Datura during callus formation at fourth subculture,
while we continued up to 12" subcultures. Organogenesis and shoot formation in vitro
culture depend on the application of exogenous plant growth regulators, specially auxins
and cytokinin, and also organogenesis depends on the ability of the tissue to respond to
these plant growth regulators during culture period, as shown by Datura callus which
responded very well to these plant growth regulators.

Of the various pretreatment trials for Datura innoxia Mill, ethanol %70 (2 min.)
+ NaOCIl % 2.0 (2 min.) gave the maximum survival percentage (97%).

From the results of these experiments, it can be concluded that the best characters
of Datura callus growth studied {frequency of callus formation ( %), dry matter (DM)
%, dry weight (g), and fresh weight (g)} was obtained from the combination of cytokinin

(BA, 0.6 mgl') / auxin (NAA, 1.0 mgl?) at 2" subculture. The highest frequency % of

callus formation (99.42) was obtained, which was highly significantly different from all
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other combinations even from the value of 93.35 for (BA 0.4 mgl™Y) / auxin (2,4-D 1.0
mgl™!) combination. The maximum values of calli (DM %), fresh weight (g), and dry
weight (g), for (BA, 0.6 mgl™) / auxin (NAA, 1.0 mgl™?) combinations were 11.97%,
11.39g, and 1.579 respectively, while for the correspondent values for cytokinin (BA) /
auxin (2,4-D) combinations were 11.08%, 8.39g, and 0.844 g at (0.4 mgl™* BA) / (1.0 mgl-
12,4-D) combinations respectively.

The highest number of shoots (46.167) was obtained at (BA, 2 mgl™?) / auxin
(NAA, 0.6 mgl’Y) combination at sixth subculture, which was highly significantly
different from other plant growth regulator combinations. Maximum growth of the callus
as expressed on the basis of dry weight (1.357g) was observed at the end of the 2"
subculture (8" week) for the treatment (BA, 0.6 mgl™) / auxin (NAA, 1.0 mgl?)
combination, calli growth was declined thereafter.

It appeared that the effects of growing Datura leaf explants at different sucrose
concentrations on alkaloid concentrations and their totals were found to be increased
especially the first three alkaloids (atropine, hyoscyamine and scopolamine) at Sz (15 gl?)
sucrose treatment when the means of S1 and S2 were compared to those of So treatments.

In general the effect of growing Datura leaf explants at different salt strength on
alkaloid concentrations and their totals especially at Xi treatment followed the similar
trend of sucrose concentrations. While reducing the salt strength into half (X1) caused an
increase in alkaloid concentrations compared to the effects of double strength (X2) and
normal salt strength (Xo).

It was shown that the effect of growing Datura calli under different light intensities
on four alkaloids, atropine, hyoscyamine, scopolamine and tropine concentrations and
their totals were found to be increased when the means of LI11 (1000 lux) were compared
to those of LIz (2000 lux) and LIz (3000 lux) treatments. However, treatment of LIz
significantly decreased the concentrations (28.250 and 22.155 pg/g DW) of both
alkaloids, 7-hydroxyhyoscyamine and tiglohyoscyamine respectively as compared to
mean concentrations of the same alkaloids under LI1 (61.04 and 56.452 pg/g DW) and
L13(50.472 and 31.816 pg/g DW) respectively.
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In general, when the concentrations of all alkaloid types (except scopolamine) of
Datura innoxia calli grown at different sucrose and salt concentrations under different
light intensities were compared to their correspondent concentrations of leaves from
greenhouse grown plants which showed greater concentrations differences under
L11(1000lux) condition, treated with S1 (15 gl sucrose) and Xi (half strength salt).
However, in case of scopolamine it was clear that the treatment LI2 (2000 lux)
significantly decreased the concentration of scopolamine by 25.051 (pg/g DW) compared
with calli from leaves of greenhouse plants. Consequently, the present results indicated
that growing leaf explants of Datura innoxia in MS media at different sucrose, salt
concentrations under light intensity of (1000 lux) might be regarded as the best growing

MS media to give higher concentrations of all alkaloids apart from scopolamine.
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CHAPTER ONE

Introduction

Plants are valuable source of a vast array of chemical compounds; they synthesize and
accumulate extractable organic substances in quantities sufficient to be economically useful as
raw materials for various commercial applications. Industrialization coupled with urbanization is
constantly putting pressure on natural resources. Due to depletion of habitat and ruthless

collection, medicinal plants are on the verge of extinction (Naika and Krishna, 2008).

A part from primary metabolites (i.e. carbohydrates, lipids & amino acids), plants
synthesize a wide variety of secondary metabolites like alkaloids, glycosides, steroids,
flavonoids, volatile oils, tannins, resins...etc. (Bhalsingh and Maheshwari. 1998 and Evans,
2001). However these compounds are sometimes considered as waste or secondary products of
plant metabolism (Hedge, 1984 and Aissa, 1991).

Medicinal plants have been the subject of man’s curiosity and purpose since the time
immemorial. The importance of medicinal plants in the treatment of chronic diseases needs no
elaborations (Srivastava et al., 2004). Medicinal plants are also unique sources of life saving
drugs for the majority of the world population. Many of these compounds are also acknowledged
as having pharmaceutical values, for example, in developing countries, 25% of all prescription
dispensed from community pharmacies from 1959 through 1980 contained plant extracts or
active principles prepared from higher plants, e.g. codeine (Fransworth et al., 1985). In fact,
even with more recently tremendous advancement in the field of synthetic chemistry, almost
50% of the commercial drugs available in the market remain of plant origin (Srivastava et al.,
2004). For developing countries , the World Health Organization (WHO) recently reported that
more than 3.5 billion people rely on plants as components of their primary health care (WHO,
2002).

Moreover, secondary plant metabolisms are also generally recognized as being critical to
plant protection because they serve as a chemical defense against herbivores or invasion by
pathogens while the physiological function of these metabolites regarding plant protection is well
recognized (Ziska et al., 2005).
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Secondary metabolites often accumulate in the plant in small quantities, sometimes in
specialized cells, hence their extraction is often difficult (Heble and Chadha, 1985b). There are
many compounds which are commercially important as medicinal substances, fragrances, food
additives (pigments, flavoring and aromatic compounds) and herbicides (Heble and Chadha,
1985bh).

In spite of the progress made in organic synthesis or semi-synthesis of a wide range of
compounds similar to those produced by the plants, extraction of secondary metabolites from
plants is still of considerable commercial importance. A large number of those metabolites are
difficult or virtually impossible to synthesize at economic values. In several cases, the natural
product is more easily accepted by consumers than an artificially produced one (Sasson, 1991).

Both reasons as an objective and subobjective explain that natural extraction still applies
to a large number of aromas or fragrances which are the result of a mixture of hundreds of
different compounds as the case of jasmine and strawberry, or to biochemical that have complex
molecular structures, e.g. some alkaloids and glycosides (Dicosmo and Misawa, 1995).

In recent years, there has been an increased interest in in vitro culture techniques, which
offer a viable tool for mass multiplication and germplasm conservation of rare, endangered, and
threatened medicinal plants (Li et al., 2004 and Emma et al., 2005).

Plant tissue culture technology has become a powerful tool in plant biotechnology. The
potential of plant tissue culture for plant propagation and production of secondary metabolites has
itself provided substantial impetus for research (Dicosmo and Misawa, 1995). Many
biotechnological strategies have been hypothesized and experimented for enhanced production of
secondary metabolites from medicinal plants (Namdeo et al., 2007).

Tissue culture technology is widely applied for the improvement of Field Crops, Forests,
Horticulture and Plantation Crops for increased Agricultural and Forestry production. This
technology has been commercialized globally and contributed significantly towards the enhanced
production of high quality planting material (Kumar, 2005).

In the present study the genus Datura belonging to the Solanaceae family and are a
group of a pharmaceutically important medicinal plants was selected. Plants of Datura innoxia
Mill. were used because of the following criteria favoured its choice:-

a) Plants are of easy cultivation and seeds are readily available.
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b) A scrutiny of literature revealed that the plant has not been previously worked out for
tissue culture studies in Kurdistan region.

c) These plant species are most available in the city gardens compared to other Datura
species.

d) The question arose as to whether an effect of salt strength on alkaloid accumulation is
in dependant of the light regimes. This can be of practical importance as Datura

innoxia Mill is grown in different regions, under different light conditions.

Moreover, they are known to be rich sources of alkaloids which are  synthesized in
several Datura species, these are scopolamine and hyoscyamine (Tailang et al., 1997 ) all of
which can cause anticholinergic poisoning if taken in large concentrations (Shervette et al.,
1979; Sakuta et al., 1987; Kurzbaum et al., 2001;Salen et al., 2003 and Ertekin et al., 2005).

Secondary metabolism in higher plants is strongly influenced by environmental factors. In
plant tissue culture, plant growth regulators, nutritional factors and light intensity affect the
production of secondary metabolites as well as growth under control conditions. Different types
and concentrations of growth regulators i.e. auxins and cytokinins are known to show different
effects on plant growth and production of secondary metabolites (Sakuta et al., 1987).

The aim of the study

The goal of this study was to apply plant tissue culture technique in Kurdistan region as a new
technique for the region, through this technique we might be able to increase the tropane
alkaloids contents in callus culture of (Datura innoxia Mill) compared with those naturally
grown plants and producing them all year around without depending on the season. Moreover,
determining the relationship between the physiological age of the plant and its chemical
contents, through applying the following treatments:

1. Using different concentrations of auxins and cytokinins to follow up their effect on both
callus production and their contents of some alkaloids, as well as their effect on shoot
formation.

2. Study the effect of different concentrations of MS salts (strength of MS medium salts) on
some alkaloids’ production.

3. Study the effect of carbon concentration on the production of these materials.

4. Testing the effect of light intensity on the production of some alkaloids.

-3-
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More recently (Dechaux and Boitel-Conti, 2005) found that transformed roots in
axenic culture present a good model system for studying the regulation aspects of plant
secondary metabolism in Datura innoxia. However, for industrial use, scopolamine is the
more valuable than hyoscyamine. Thus they confirmed that there is increasing interest in
obtaining cultures with enhanced content of scopolamine. Accordingly based on the

literature that was the reason why we have chosen Datura genus and in particular Datura

innoxia.
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CHAPTER TWO
Literature Review
2.1. The Genus Datura:

The genus Datura comprises more than fifteen species of vespertine (in botany, a
vespertine flower is one which opens or blooms in the evening) flowering plants belonging to the
family Solanaceae. Its precise and natural distribution is uncertain, owing to its extensive
cultivation and naturalization throughout the temperate and tropical regions of the globe. Datura
stramonium was introduced by the first American settlers in a settlement called (James town)
and hence the name James weed came as a result because it became a noxious weed, its
distribution then started from the United States south through Mexico, where the highest species
diversity occurs. The english names are Thorn apple; Trumpet; Devil’s Trumpet flower; Stink
weed; Jimson weed; Mad apple (Chakravatry, 1976).

2.1.1. Description

Datura are woody-stalked, leafy annuals and short-lived perennials which can reach up to
2 meters in height. The leaves are alternate, 10-20 cm long and 5-18 cm broad, with a lobed or
toothed margin. The flowers are erect or spreading (not pendulous like those of the closely allied
Brugmansiae), trumpet-shaped, 5-20 cm long and 4-12 cm broad at the mouth; colours vary
from white to yellow, pink, and pale purple. The fruit is a spiny capsule 4-10 cm long and 2-6
cm broad, splitting open when ripe to release the numerous seeds. The seeds disperse freely over
pastures, fields and even wasteland locations (Al-abdalli, 1975 and Chakravatry, 1976).

There are three common species of Datura in Iraq (Al-Khalidi, 2005) as follows:
e Datura stramonium Linn.
e Datura inoxia Mill .

e Dtura metel Linn.

In the present study only one species (Datura innoxia Mill .) was selected. Angel's trumpet
(Datura inoxia Mill) is an annual shrubby plant that typically reaches a height of 0.6 to 1.5
metres. Its stems and leaves are covered with short and soft grayish hairs, giving the whole plant
a grayish appearance. It has elliptic entire-edged leaves with pinnate venation( Preissel and
Hans-Georg, 2002). All parts of the plant emit a foul odor similar to rancid peanut butter when

crushed or bruised, although most people find the fragrance of the flowers to be quite pleasant

-5-
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when they bloom at night ( Hawkes et al., 1991 and Preissel and Hans-Georg, 2002). The
flowers are white, trumpet-shaped, 12-19 cm long (Fig. 1).

Description N e
Scientific classification

Kingdom: Plantae
(unranked): Angiosperms
(unranked): Eudicots

(unranked): Asterids

Order: Solanales
Family: Solanaceae
Genus: Datura
Species: D. innoxia

Binomial name

Datura innoxia Mill.

Figure 1. D. inoxia with ripe, white-open flower.

They first grow upright, and later incline downward. It flowers from early summer until
late fall. The fruit is an egg-shaped spiny capsule, about 5 cm in diameter (Fig. 2 and 3). It splits
open when ripe, dispersing the seeds. Another means of dispersal is by the fruit spines getting
caught in the fur of animals, which then carry the fruit far from the mother plant. The seeds have
hibernation capabilities, and can last for years in the soil. The seeds, as well as the entirety of this
plant, are also hallucinogenic, but have a high probability of overdose (Taha, 1984 and Djibo and
Bouzou, 2000 ).
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Figure 2. D. inoxia with fruit.

Figure 3. D. inoxia with ripe, split-open fruit.

2.1.2. Geographical Distribution of Datura innoxia Mill.

Mexico and USA are considered the habitat of this species, it grows near the Himalayan
mountains and widespread in equator, and in house gardens of many Iragi provinces including
Abi-ghreb, Zaafaranniah,etc. (Al-abdalli, 1975 and Muhamed, 1996) and in Sulaimani province

as well, especially widely distributed along the banks of Tanjaro river.

Date of Planting
The seeds are sown between March 1-15; germinate when the soil temperature ranges
between 8-15°C (Al-Abdalli, 1975).

Soil and fertilization
This plant species favours clay loam soil and the fertilizer is applied at budding stage at
rate of 35-40 kg ammonium nitrate and 40-45 kg super phosphate / Donum (Al-Abdalli, 1975).

-7 -
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2.1.3. Medicinal Uses

All parts of the plant are anodyne, antispasmodic, hallucinogenic, hypnotic and narcotic
(Emboden, 1979 and Chopra et al., 1986). It has been used in the past as a pain killer and also in
the treatment of insanity, fevers with catarrh, diarrhoea and skin diseases (Chopra et al., 1986).
The plant contains several alkaloids, the most active of which is scopolamine (Chopra et al.,
1986). This is a potent cholinergic-blocking hallucinogen, which has been used to calm schizoid
patients (Weiner, 1980). The leaves contain 0.52% scopolamine, the calices 1.08%, the stems
0.3%, the roots 0.39%, the fruits 0.77%, the capsules 0.33%, the seeds 0.44% and the whole plant
0.52 - 0.62% (Chopra et al., 1986).

2.1.3.1. General Poisoning Notes

Angel's trumpet (Datura innoxia) contains toxic alkaloids that have caused poisoning and
death in humans and other animals. Most of the literature concerns poisoning by jimsonweed
(Datura stramonium), but angel’s trumpet should be considered poisonous as well. This plant is
occasionally grown as an outdoor ornamental herb because of its spectacular tubular flowers
(Cheeke and Shull, 1985).

2.1.3.2. Toxic parts
They include leaves, stems and seeds (Al-Abdalli, 1975).

2.1.4. Plant Chemistry (Phytochemistry)

Every plant is a chemical factory for array of complex substances which exceeds human
capability to synthesize. In their poisons, antibiotic agents, prickles and foul tastes, they
developed defenses against attack long before human stockades and pesticides.

Plants provide us with an enormous array of chemicals essential to industry and to our daily
lives, but why are the chemicals there and why does the plant produce them? Many of the
chemicals are linked to the ingenious strategies that plants have developed to help them flourish
and survive (Price, 1998 and Raven and Freeman, 1999).

Plants can’t run away from their enemies, be the animals or bacteria. Some of their
defenses include the thick, insulating bark of many trees, the vicious thorns on roses, etc. (Price,

1998 and Raven et al., 1999), as well as chemical components to deter the attackers.
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Most plants can be regarded as complex chemical factories, since an astonishing array of
compounds has evolved within them over millions of years. Scientists divide these compounds

into two categories:

2.1.4.1. Primary Metabolites

Primary Metabolites are found in all plant cells. These include sugars (carbohydrates),
lipids and proteins which are involved in the fundamental biochemical reactions common to all
life (Kurz, 1989). However, we’re not interested in primary metabolites here; we’re more
interested in the second category.
2.1.4.2. Secondary Metabolites

Secondary Metabolites tend to be more specialized, and some are usually peculiar to only
one plant or species. Their biological function is not always obvious, but they are not formed
without a reason. They are important for the survival and propagation of the plant. While some
secondary metabolites are designed to attract creatures that can pollinate their flowers or
distribute their seeds, others protect the plant from the sun’s radiation, or serve as ‘chemical
signals’ that enable the plant to respond to ‘environmental clues’. Others are defensive
compounds, designed to deter or Kkill disease-causing organisms, potential predators or
competitors. Oddly enough, it’s among the plant chemicals that are generally poisonous to
mammals, that so many of our medicines are found. Examples of such drugs in common use
today include morphine and digitoxin. These are both secondary metabolites, and still isolated

from plant sources (Price, 1998 and Raven and Freeman, 1999).

There are three major categories of secondary metabolites: alkaloids, phenols and

terpenoids (Price, 1998 and Raven and Freeman, 1999).
2.1.4.2.1.Alkaloids

Alkaloids are important groups of plant chemicals, more than 10000 of which have now been
isolated. Many are extremely poisonous to humans but a number, like morphine, atropine and cocaine,
are widely used in medicine. Alkaloids represent a highly diverse group of compounds that are
related only by the occurrence of a nitrogen atom in a heterocyclic ring. Alkaloids can be
organized into groups according to their carbon skeletal structures. Their biosynthesis in plants
involves many catalytic steps, catalyzed by enzymes and their starting materials are a wide range

of amino acids (Jorg and Facchini, 2008).
-9-
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Alkaloids are a class of "secondary” plant metabolites that traditionally have been
classified as basic compounds derived from amino acids that contain one or more heterocyclic
nitrogen atoms. Although this definition holds for most known alkaloids, recently any N
containing secondary compound is considered an alkaloid if it cannot readily be classified
otherwise i.e. not an amine, cyanogenic glycoside, glucosinolate....etc. Oksman-Caldentey and
Saito (2005) also showed that the best characterized groups of alkaloids are tyrosine-derived
isoquinoline alkaloids, the tryptophane-derived indole alkaloids, and ornithine-derived nicotine
and tropane alkaloids. The word alkaloid is derived from the Arabic al-gali, a plant from which
soda was 1% isolated. The original definition for alkaloids is pharmacologically active, N-
containing basic compounds of plant origin. Humans have been using alkaloids in the form of
plant extracts for poisons, narcotics, stimulants and medicines for at least the past several
thousand years. Morphine was isolated from poppy seeds in 1806 although its structure wasn't
known until 1952. The antimalarial properties of quinine, an alkaloid extracted from the bark of
Cinchona spp. trees indigenous to the high eastern slopes of the Andes Mountains have long been
known. More than 12000 different alkaloids (Jorg and Facchini, 2008) of widely differing
structures are now known from the small fraction of the planet's plants that have so far been
examined. Currently more than 15000 different alkaloids are known and they are classified into
several subclasses based on the amino acids from which they are derived and according to their
chemical structures (Verpoorte, 2000). He also showed that contrary to other secondary
metabolites, e.g. plant phenolics, which are abundant throughout the whole plant kingdom,
alkaloids are often restricted to certain plant families or even certain plant species. Most
medicinal compounds have traditionally been extracted from some plant tissues although modern
synthetic chemistry has also attempted to synthesize all important medicinal compounds. Still
25% of compounds used in western medicine are plant-derived and most are still derived from
plants in traditional medicine. Recent advances in plant genetic engineering are likely to make
plants the preferred source of many medicinal compounds again in the future with "Pharming"
developments (University of Kentucky / Research Annual Report 2002).

Alkaloids are physiologically active, nitrogen containing low molecular-weight
compounds produced predominantly, although not exclusively, in higher plants (Kutchan, 1995).
Mankind’s use of alkaloid-containing plants as medicinal agents can be traced back thousands of

years, and indeed the modern pharmaceutical industry finds its roots in physiologically active
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secondary metabolites. A role in the chemical defense of the plant also emerges for alkaloids,
causing this class of metabolites to be of both eco-chemical and pharmaceutical interest (Pauli
and Kutchan, 1998). Like many secondary metabolites, plants apparently synthesize alkaloids for
defensive purposes. Nicotine and derivatives are among the earliest known and most potent
insecticides. Some plants had already evolved the ability to synthesize alkaloids at the beginning
of angiosperm evolution 200 million years ago. Like most natural product chemistry, the
accumulation of alkaloids tends to run in families. Griffin and Lin, (2000) illustrated in their
review the distribution of tropane alkaloids also within other families including,
Erythroxylaceae, Proteaceae, Euphorbiaceae, Rhizophoraceae, Convolvulaceae and

Cruciferae.
2.1.4.2.2. Classification of Alkaloids

The biosynthetic precursors of most alkaloids are amino acids. At a very basic level it is

possible to distinguish between aromatic and aliphatic amino acid precursors (Figure 4).

Aliphatic Amino Acids Aromatic Amino Acids

III

T S

HN\;LDH =
T, I NN

(L Omithiine (L Lyslne (L Phenyalanine (L3 Tyrozine
five carbons six carbons
H '3 HH__cH, "=
bt O, -
HO

Qb

Cocgine Caniine hode

Moradrenaline ez caline

Figure 4. Precursors of aromatic and aliphatic amino acids (Griffin and Lin, 2000). Even in
complex alkaloids the aromatic amino acid portion can easily be identified.

Most alkaloid skeletons are derived from amino acids with many different amino acids
being alkaloid biosynthetic precursors. Some alkaloid carbon skeletons are derived from other

groups of molecules such as the steroid alkaloids with the nitrogen from glutamine or another N

-11 -



CHAPTER TWO Review of Literature

donor being added in later biosynthetic steps. Alkaloids are classified based on the structure of
the N-heterocycle. Some major alkaloids and their structures are given in Kutchan (1995).

In this section we will cover a few of the alkaloid groups, some representative structures
and some examples of biosyntheses are shown in table 1 below ( Jakubke and Jeschkeit, 1975).

Table 1. General structural classification of alkaloids (Jakubke and Jeschkeit, 1975).

Group name Base structure

Pyrrolidine @m
|
Pyrrolizidine C’j/

Tropane

N, LS
K| b ] =]
-

Piperidine

CA
Punica, Sedum and Lobelia alkaloids

.
Quinolizidine O)j

Isoquinolizidine
R
\/\'
Indole
@\N j:r\““
Rutaceae alkaloids
(o1 1
Terpene alkaloids
%
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The following figures 5 and 6 show the main pathway leading to secondary metabolites:

Biosynthesis I

Photosynthesis

N

piperidine alkaloids glucose
lupin alkalodds
Sedum alkaloids
NPAA:
S GaP |
Iysine
aspertate |q ¥ prruvate
Pyvrimidines
NPAAs _r oxaloacetate —
malate
! KREBS CYCLE
su::tinate
T

glutamate ~
glutamine

" oxoglutarate &~

Figure 5. Main pathways leading to secondary metabolites.

Abbreviations: IPP, isopentenyl

glvcosides
¢ oligosaccharides
polvsaccharides
— C10 monoterpenes
""-—-_______ C15 sesquiterpenes
T C20 diterpenes
T PP C30 triterpenes
DMAPP ® (27 steroids
C40 tetraterpenes
Cin) polyterpenes
AcCod
e 7 ¥ fatty acids
~ - Waxes
\ malonyl - CoA polyketides
anthraquinones
naphthoquinones
. . flavonoids
citrate tropane alkaloids Conium alkaloids
- ithi Coca alkaloids
P Dm“\u:f_—' Nicotiana alkaloids
arginine
¥ alkaloids - -
purines \'\g Pyrrolizidine alkaloids
NPAAs
diphosphate; DMP, dimetyl allyl diphosphate; GAP,

glyceraldehydes-3-phosphate; NPAAs, nonprotein amino acids; AcCoA, acetyl coenzyme A

(Michael, 1999 ).

-13-



CHAPTER TWO Review of Literature

Biosynthesis I1

Erythrose -4-P phosphoenolpyruvate

[ gallic acid ——»{ fannins

A J
shikimate

naphthoquinones

anthraquinones
k4
chorismate \

e

prephenate anthranilate—| acridone alkaloids
arogenate
L - tyrosine L - phenylalanine L - tryptophan
isoquinoline alkaloids indol alkaloids
phenylpropanoids glucosinolates
lignin, lignans NPAAs
cyanogenic glycosides amines
glucosinolates auxines
flavonoids, stilbenes
qUINoONes,
coumarines, furanocum
NPAAs

Figure 6. Several pathways of secondary metabolites derive from precursors in the shikimate
pathway. Abbreviation: NPAAs, nonprotein amino acids (Michael, 1999).
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2.1.5. Notes on Toxic angel's trumpet (D. innoxia) Plant Chemicals

Many plants belonging to the Solanaceae family have been used as a source of
pharmaceuticals for centuries because of their active principles, tropane and nicotine alkaloids.
Tropane alkaloids, atropine, hyoscyamine and scopolamine, are among the oldest drugs in
medicine. These alkaloids are used in the chemo taxonomy of Solanaceae family (Griffin and
Lin, 2000). On the other hand nicotine, the addictive agent in tobacco, has only recently gained
attention as a backbone for novel potential alkaloids to be used for certain neurological diseases
(Oksman-Caldentey, 2007). It has been found from the literature that Datura contains the tropane

alkaloids atropine, hyoscine, and hyoscyamine (Cheeke and Shull, 1985).

2.1.5.1. Tropane alkaloids

Since the discovery of the opium alkaloid morphine almost two centuries ago, alkaloids
are still one of the most studied groups of plant secondary metabolites often possessing strong
physiological properties leading to their use as pharmaceuticals (Oksman-Caldentey, 2007).
Tropane alkaloids, such as atropine, hyoscyamine and scopolamine have an important role as
medicinal compounds acting as parasympatolytes. They have been isolated from many different
plant families, e.g. Solanaceae, Erythroxulaceae, Convolvulaceae, Proteaceae, Rhizophoraceae
and Euphorbiaceae. In the Solanaceae family, e,g of common tropane alkaloid producers are
Duboisia, Atropa, Hyoscyamus, Scopolia and Datura sp. Other Solanaceous plants such as
Scopolia carniolica, Mandragora officinarum, Brugmansia candida and some food crops
(e.g.potato, eggplant) also contain tropane or tropane-like alkaloids. The total alkaloid content
varies from 0.01 — 3 % of dry weight depending on the species and plant organs. Plant breeding
has resulted in contents up to 5% (Oksman-Caldentey, 2007). Cocaine is also tropane alkaloid but
it is found outside Solanaceae plants, namely in Erythroxylon coca (Latorre and Klimek, 1999).
have been reported to cause degenerative neurological disorders in cattle (Todd et al., 1995).
L-Hyoscyamine is a levorotatory component of the racemic atropine. Scopolamine demand is
estimated to be tenfold compared to that of hyoscyamine and atropine combined (Hashimoto et
al., 1993). Due to the difficult synthesis of these rather complex molecules, both alkaloids are

still extracted from plants.

-15 -


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oksman-Caldentey%20KM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

CHAPTER TWO Review of Literature

2.1.5.1.1. General Medical Uses of Tropane Alkaloids

1. Atropine, hyoscyamine and scopolamine affect the parasympathetic nervous system.

2. They competitively inhibit muscarinic receptors for acetylcholine and act as
nonselective muscarinic antagonists, producing peripheral antimuscarinic and central
sedative, antiemetic, and amnestic effects.

3. The semi-synthetic quaternary muscarinic antagonists ipratropium and, more recently,
tiotropium, are two effective bronchodilators that have been developed and are used
extensively in the treatment of chronically obstructed pulmonary disorder (Rodrigo
and Nannini, 2006).

2.1.5.1.2. Biosynthetic Pathway of Tropane Alkaloid

Roots are the main sites of nicotine and tropane alkaloid biosynthesis, and generally have
higher alkaloid content and a wider variety of alkaloids than the other parts of the plant.
However, secondary modifications, e.g. epoxidation of hyoscyamine to scopolamine, and the
storage of alkaloids occur in aerial parts (Kanage et al., 1994). As a consequence, leaves are often
the preferred source of isolation. Tropane alkaloids have a pyrrolidine and a piperidine ring,
which share the nitrogen atom and two carbon atoms. In tropane alkaloid producing plants, the
tropane ring system requires the condensation of an appropriate acetate-derived intermediate with
N-methylpyrrolinium to form tropinone (Humphrey and Hagan, 2001). Tropane alkaloid is
considered the key intermediate in the biosynthesis of tropane esters in Solanaceous plants
(Portsteffen et al., 1991).

Biosynthesis of tropane alkaloids (Figure 7) starts from the amino acids arginine and
ornithine, as is the case with tobacco alkaloids. Tobacco and tropane alkaloid pathways share
common steps until N-methylpyrrolinium, which is directed towards tropinone in tropane
alkaloid producing systems (Sévon et al., 2001 and Humphrey and Hagan, 2001). The role of
tropinone in tropane alkaloid biosynthesis was controversial for a long time, until in 1990 in
which some researchers showed it to be an intermediate in the biosynthesis of tropine (Landgrebe
and Leete, 1990). Tropinone is further converted into tropine and pseudotropine by the reactions
catalysed by two distinct enzymes, tropinone reductase | :TRI (Nakajima et al., 1993) and
tropinone reductase Il; TRII (Nakajima et al., 1993 and Keiner et al., 2002), respectively.
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Littorine, a positional isomer of hyoscyamine, is formed from tropine and phenyllacetic acid, the
latter deriving from phenylalanine.

Recently, Li and co-workers exploited virus-induced gene silencing (VIGS) to discover the
rearrangement of littorine to hyoscyamine (Li et al., 2004). It was suggested that the (R)-littorine
is converted to hyoscyamine in a two-step process, first by formation of hyoscyamine aldehyde
catalyzed by a cytochrome P450 enzyme, proceeding to the formation of hyoscyamine by an
alcohol dehydrogenase-catalysed reaction. Hyoscyamine-6p3-hydroxylase (H6H; EC 1.14.11.11)
catalyzes both the hydroxylation of hyoscyamine leading to 6f-hydroxyhyoscyamine and the
epoxidation of the latter leading to scopolamine (Hashimoto and Yamada, 1986 and Matsuda et
al., 1991). The hydroxylase activity of H6H has commonly been observed to be much higher than
the epoxidase activity leading to the formation of scopolamine. Scopolamine production has been
increased in hairy roots of hyoscyamine-producing plants by overexpressing H6H alone (Yun et
al., 1992; Hashimoto et al., 1993 and Jouhikainen et al., 1999), and simultaneously with PMT
(Zhang et al., 2004). Calystegines, which are synthesized in the other branch of the tropane
pathway, are polyhydroxy nortropane alkaloids, possessing strong glycosidase inhibitory activity
(Asano et al., 2000). The compounds were originally found in Calystegia sepium (L.)
(Goldmann et al., 1990), but they have also been detected in many Solanaceae and other
families, even in some species which were not thought to possess the tropane alkaloid pathway,
such as Solanum tuberosum (L.) (Dréger et al., 1995). Calystegines are formed from tropinone
in a reaction catalysed by TRII (Dréger et al., 1994).
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Figure 7. Tropane alkaloid pathway. One arrow may represent more than one step. Hypothetical
steps are indicated with dashed lines. Abbreviations: ADC, arginine decarboxylase; ODC,
ornithine decarboxylase; PMT, putrescine N methyltransferase; MPO, N-methylputrescine
oxidase; TRI, tropinone reductase I; TRII, tropinone reductase IlI; ATAT, acetyl-CoA:tropine
acyl transferase; TTAT, tigloyl-CoA:tropine acyl transferase; TPAT, tigloyl-CoA:pseudotropine
acyl transferase; APAT, acetyl- CoA:pseudotropine acyl transferase; H6H, hyoscyamine-6p-
hydroxylase (Portsteffen et al., 1992).
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2.1.6. Atropine

Atropine is the best-known member of a group of drugs known as muscarinic antagonists,
which are competitive antagonists of acetylcholine at muscarinic receptors. This naturally
occurring tertiary amine was first isolated from the Atropa belladonna plant by Mein in 1831
(Weiner, 1980).
Name and chemical properties of Atropine and L-Hyoscyamine which is a levorotatory
component of the racemic atropine:
Atropine is DL mixture (Racemis) of Hyoscyamine when the position of OH-group (alcoholic) is
either L (above) or D (bellow) the o carbon next to COO group.
Both alkaloids have the same empirical formula Ci7H2303N while are having different chemical

structures.
2.1.6.1. Medical Uses of Atropine

Although atropine earlier enjoyed widespread use in the treatment of peptic ulcer, today it
is mostly used in resuscitation, anaesthesia, and ophthalmology, usually as the more soluble
sulphate salt. By competitively blocking the action of acetylcholine at muscarinic receptors,
atropine may act as a specific antidote. As such, it may also be used to counteract adverse
parasympathomimetic effects of pilocarpine, or neostigmine administered in myasthenia gravis. It
is a specific antidote for the treatment of poisoning with organophosphorus and carbamate

insecticides and organophosphorus nerve agents (Heath, 2002).

2.1.6.2. Name and Chemical Properties of Scopolamine
(Karch, 2003; Spinks et al., 2004 and White et al., 2007)

Scopolamine is a thick, syrupy, colourless alkaloid, C17H21NOs, extracted from plants such
as alkaloid drug obtained from plants of the nightshade family (Solanaceae), chiefly from
henbane, Hyoscyamus niger. Scopolamine is more valuable and is preferred for its higher
physiological activity and fewer side-effects (Hakkinen et al., 2005).

Scopolamine: Chemical formula: C17H2:04N

Scopolamine
HsC—N

\
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Etymology

Scopolamine is named after the plant genus Scopolia. The name "hyoscine” is from the

scientific name for henbane, Hyoscyamus niger.

Physiology

Scopolamine acts as a competitive antagonist at muscarinic acetylcholine receptors,

specifically M1 receptors; it is thus classified as an anticholinergic,anti-muscarinic drug.

2.1.6.3. Medical Uses of Scopolamine

In medicine, scopolamine has these uses (Joubert et al., 1984; Wedin, 1988 and

White et al. 2007) :

1.

For treatment of nausea It is used as an antiemetic in the form of a transdermal patch
and motion sickness.

For treatment of intestinal cramping.

For ophthalmic purposes used in eye drops to induce mydriasis (papillary dilation).
Used as a general depressant and adjunct to narcotic painkillers. As a preanesthetic
agent.

Used as a drying agent for sinuses, lungs, and related areas.

It can be used as a depressant of the central nervous system.

Due to its effectiveness against sea-sickness it has become commonly used by
scuba divers.

Used to enhance the pain-killing ability of various opioids.

Because of its anticholinergic effects, scopolamine has been shown to prevent the
activation of medial temporal lobe structures for novel stimuli during spatial memory

tasks.
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2.1.7. Plant Tissue Culture

2.1.7.1. Callus Culture

Plant tissue culture forms the backbone of plant biotechnology, i.e. micropropagation,
induction of somaclones, somatic hybridization, cryopreservation and regeneration of transgenic
plants. Plant Tissue Culture is an essential component of plant biotechnology. Plant cell and
tissue culture has already contributed significantly to crop improvement and has great potential
for the future (Kumar and Kumar, 1996). Research efforts in plant cell and tissue culture have
increased dramatically worldwide in recent years including efforts in developing nations. Tissue
culture techniques are now being widely applied for improvement of field crop, forest,
horticulture and plantation crop for increased agricultural and forestry production. Today, tissue
culture technology is being exploited mainly for large-scale production or micropropagation of
elite planting material with desirable characteristics. This technology has now been
commercialized globally and has contributed significantly towards the enhanced production of
high quality planting material (Baran Jha and Ghosha, 2005).

The growth and maintenance of unorganized cell masses initiated from disorganized
growth of pieces of plant tissues or the explants are known as callus. Callus cultures are initiated
from a small part of an organ or tissue segment called the explants on growth supporting
solidified nutrient medium { One of the most commonly used media for plant tissue culture is
that developed by Murashige and Skoog (MS) for tobacco tissue culture in (1962), table 4 —
chapter 3} under sterile conditions. Any part of the plant organ or tissues may be used as the
explants (Baran Jha and Ghosha, 2005).

Furthermore, the callus, derived from surface sterilized plant material on a medium
promoting rapid growth (inorganic nutrients, vitamins, growth regulators, or a carbon/energy
source) consists of undifferentiated plant cells. The callus usually contains a mixture of cell types
and/or cells in an early phase of differentiation. The part of the explants providing the source of
callus initiation (e.g., root, leaf, or stem) can result in differences in the biosynthetic
characteristics of the callus (Ddrnenburg and Knorr, 1996). Cell cultures have a higher rate of
metabolism than intact differentiated plants because the initiation of cell growth in culture leads
to a fast proliferation of cell mass and to a condensed biosynthetic cycle. This is the most

important advantage of plant cell cultures as model systems for the study of biosynthetic
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pathways, because secondary metabolite formation may take place within a short cultivation time
of about 2 to 4 weeks (Ddérnenburg and Knorr, 1996). Also, plant cell cultures are an excellent
source for the isolation of enzymes, much better ones than differentiated plant itself. “A pot of
gold “ as it was described by (Zenk, 1991).

Plant cell cultures are generally considered totipotent. This means that they retain the
genetic information and capacity to regenerate the whole plant when the callus or suspension is
given the environmental signals. The ability of the plant cells to differentiate also seems to be
important for the formation of secondary metabolites (D6rnenburg and Knorr, 1996).

Plant cell culture have been pursued for more than thirty years as a potential source of
secondary metabolites to rival extraction processes based on whole plant material. However,
progress has been somewhat disappointing, with only a very limited number of successes in the
market. Many questions still remain, with a particular need for enhanced productivities in cell
cultures and simplified and improved process technologies (Hékkinen et al., 2005 and Oksman-
Caldentey, 2007).

The large-scale production of secondary metabolites such as pigments and alkaloids by
field grown plants had been limited in the last century due to the dependency of the metabolism
on rate of propagation, cultivation of plants, and climate during the cultivation. Many higher
plants are major sources of natural products used as pharmaceuticals, agrochemicals, flavuor and
fragrance ingredients, food additives, and pesticides (Balandrin and Klocke, 1988). The search
for new plant derived chemicals should thus be a priority in current and future efforts toward
sustainable conservation and rational utilization of biodiversity (Phillipson et al., 1990). In the
search for alternatives to production of desirable medicinal compounds from plants,
biotechnological approaches, specifically, plant tissue cultures, are found to have potential as a
supplement to traditional agriculture in the industrial production of bioactive plant metabolites
(Kamada et al., 1986 and Ramachandra and Ravishankar, 2002). In spite of these efforts, the
large-scale production of only few substances such as shikonin has succeeded (Fujita et al.,
1981). Even though alkaloids have been widely used and studied for decades, surprisingly little is
known about their synthesis in the plant cells. The lack of understanding of the functions of
various enzymes and their respective genes in directing and controlling the long multistep
biosynthetic pathways has hampered the development of biotechnological production systems in

the cell and tissue cultures. Characterization of many alkaloid pathways is currently under way in
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several laboratories using classical biochemical or new functional genomics approaches
(Verpoorte, 2000; Hirai et al., 2004 and Oksman-Caldentey and Saito, 2005). As cross point of
these technologies, hydroponics called Plant Milking Technology (PMT) has been used to grow
entire plant in non sterile conditions and to force root secondary metabolite exudation in order to
collect these compounds from the nutrient solution in which the plant has grown (Thi Le et al.,
2007). They studied the efficiency of detergent (Tween 20) and demonstrated that hyoscyamine

and scopolamine can be obtained from living Datura innoxia Mill plants.

2.1.7.2. Tissue Cultures Producing Pharmaceutical / Products of Interest

2.1.7.2.1. Tropane Alkaloids

Oksman-Caldentey (2007) reviewed the tropane and nicotine alkaloids and their
pharmacological properties. He highlighted recent achievements in the biosynthesis of these
alkaloids and had given special focus on the new possibilities of metabolic engineering towards
efficient biotechnological production of plant secondary metabolites using plant cell and tissue
culture systems.

Although tropane alkaloid-based drugs have been known for a long time, they are still
recognized as effective and readily available drugs and in most cases have not been superseded
by better or cheaper alternatives (Arroo et al., 2007). Novel derivatives of naturally occurring
tropane bases have been developed and are likely to be used in the foreseeable future. As an
example, pervilleine A, a novel tropane alkaloid isolated from Erythoxylum pervillei has shown
it’s potential to act as a multi-drug resistance (MRD)-reversing agent (Mi et al., 2001).

Tropane alkaloids that include scopolamine and hyoscyamine are being used
commercially as anesthetic and antispasmodic drugs. The production of tropane alkaloids by
callus, cell, shoot, root and hair root cultures has been reported before for several genera of
Solanaceae including Atropa, Datura, Duboisia, Hyoscyamus and Scopola and occur in leaves of
(Solanaceae) plants including generally Datura species (Evans, 1989 and Kinsara and Seif El-
Naser, 1994). They found that the in vitro plant culture resulted in obtaining high percentage of
alkaloids more than in the intact plant. Studies on production of tropane alkaloids by plant tissue
cultures have been actively carried out by many researches (Tabata et al., 1971 and Yamada and
Hashimoto, 1982). It has been shown repeatedly that undifferentiated cultures such as callus and

cell suspension cultures produce only very low contents of secondary metabolites. High
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production, dependent on primary differentiation of cells, is often lost in undifferentiated cell
suspension cultures especially during long periods of subculturing. Many cultures have shown
fluctuation in productivity or even dramatic decrease with time. Several attempts have been
carried out to solve these problems. However, selection of high producing cell lines, optimization
of the growth medium and the use of elecitors had only a marginal influence on enhancement or
control of tropane alkaloid production (Oksman-Caldentey and Inze, 2004).

The connection between the expression of alkaloids and the differentiation programme
has been often pointed out. In higher plants, the occurrence of certain pathways can depend on
the general development of the organism and/or on the development of single organs, tissue and
particular specialized cells. Synthesis and accumulation can be endogenously controlled by
development-dependent differentiation processes, and/or can be regulated by exogenous factors
(Kanage et al., 1994). Therefore production of alkaloids in differentiated tissue cultures, first
using conventional root cultures and later hairy roots, has gained much interest in recent years
since tropane alkaloid production is associated with the organogenesis of roots (Hashimoto and
Yamada, 1986). Compared to conventional root cultures, hairy roots possess higher growth rates,
which are comparable to those of cell suspension cultures, and they are genetically stable.
Furthermore, they are able to produce tropane alkaloids at levels which are often comparable to
or greater than that of the intact plants (Sevon and Oksman-Caldentey, 2002). However, they are
not as easily modified by changing the culture conditions as in the case of undifferentiated plant
cells (Sevdn, 1997). Careful optimization of the culture conditions in bioreactors is often needed
to maximize the production of medicinal compounds from plant cell cultures. Several elicitors,
for instance, sucrose as nutrients and abscisic acid and auxin as phytohormones used in root
cultures of Atropa belladdonna (Rothe and Dréager, 2002); and east extract also as elicitors used
in root cultures of Brugmansia candida (Pitta-Alvarez et al.,2000), have been applied in an
attempt to enhance tropane alkaloid production in hairy root cultures of Solanaceae.

The concentration of scopolamine and hyoscyamine in cultured cells are generally very
low in spite of many efforts to increase the yield using various approaches. Other investigators
(Bhandary et al., 1969; Hiraoka and Tabata , 1974 and Hashimoto and Yamada 1983) also found
that the production of tropane alkaloids by callus culture, was generally difficult. It seems that the
biosynthesis of such alkaloids was correlated with the organization of cells as root (Kamada et

al., 1986). Therefore, the plant cell cultures have not yet been employed to manufacture these
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alkaloids. For example, Tabata et al. (1971) added tropic acid into Scopolia japonica suspension
cultures as a precursor and could increase the level of alkaloids up to 15 times. Mitsuno et al.
(1983) selected a high tropane alkaloids producing strain of Hyoscyamus niger which produced
about 7 times more hyoscyamine (13.9X103% fresh cells), than that of the parent strain.
According to their results, there was no direct correlation between high producing ability and
variation of chromosomal numbers. Endo et al., (1985) and Kitamura (1988) and many other
scientists reported that roots differentiated from cultured cells accumulate scopolamine,
hyoscyamine and/or nicotine. However, Kitamura indicated that the alkaloids were not
accumulated in leaves of the regenerated plantlets.

Since the alkaloids are synthesized in the root, Flores and Filner (1989) cultivated hairy
roots transformed with Agrobacterium rhizogenes and showed the production of hyoscyamine
and other alkaloids at the similar levels to the normal roots. Also, Kamada et al. (1986), showed
the amount of the tropane alkaloids in the axenic cultures of hairy roots of Atropa belladonna
was the same as or even higher than those of normal plants grown in the field.

In most cases, hyoscyamine is the major alkaloid (0.5-0.8 g/100g dry weight) ( Huang et
al., 1996; Lanoue et al., 2002 and Berkove et al., 2003). For example Datura stramonium L.,
produce a range of biologically active alkaloids, including tropane alkaloids. The major alkaloids
are hyoscyamine (generally the most abundant) and scopolamine; atropine may be formed from
hyoscyamine by racemization during the extractive procedure. More recently Dechaux and
Boitel-Conti (2005) found that transformed roots in axenic culture present a good model system
for studying the regulation aspects of plant secondary metabolism in Datura innoxia. However,
for industrial use, scopolamine is the more valuable of these two alkaloids. About 38 tropane
alkaloids have been found in Datura innoxia (Berkove and Zayed, 2004). Hyoscyamine and
scopolamine are present in low concentration in all organs whereas the ester derivatives of
tropine (3a-tigloyloxytropine and 3-igloyloxy-6-hydroxytropine) are the major compounds. The
results of Dechaux and Boitel-Conti (2005) pointed out that the alkaloid formation is nearly
absent or very low in cultured callus and is induced upon differentiation of the callus to roots and
shoots. Thus they confirmed that there is increasing interest in obtaining cultures with enhanced
content of scopolamine.

In recent decades, approaches and research in the area of plant tissue culture technology

(in vitro) aimed to production of natural compounds have employed callus induction and
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differentiated organ culture (Parr et al., 1990) and resulted in the production of many
pharmaceutical substances for new therapeutics (Vanisree et al., 2004).They showed that
advances in the area of plant tissue cultures for the production of medicinal compounds has made
possible the production of a wide variety of pharmaceuticals like alkaloids, terpenoids, steroids,
saponins, phenolics, flavanoids, and amino acids. Cultures showed stable production of the
compounds, which typically resemble that of the parent plant, both qualitatively and
quantitatively (Robins et al., 1991). However, levels of alkaloid production have been observed
to be different between cultured and naturally grown plants, and between different plant organs.
Several products were found to be accumulated in cultured cells at higher level than those
in native plants through optimization of cultural conditions. For example, shikonin by
Lithospermum erythrorhizon (Takashahi and Fujita, 1991) was accumulated in much higher
levels in cultured cells than in the intact plants and Iranbakg et al. (2006) found idioblast cells in
semi-hyaline calli derived from basal parts of Datura stramonium leaf cultured under a 16 h
photoperiod; thus it is possible to obtain tropane alkaloids from cell cultures under appropriate
conditions. However, many reports have described that yields of desired products were very low
or sometimes not detectable in dedifferentiated cells such as callus tissues or suspension cultured
cells. In order to obtain products in concentrations high enough for commercial manufacturing,
therefore, many efforts have been made to stimulate or restore biosynthetic activities of cultured
cells using various methods. The following are typical approaches that may increase production

of cultured plant cells.

2.1.7.3. Optimization of Cultural Conditions

Various strategies have been followed to increase alkaloid production in vitro, including
the optimization of medium composition, elicitation, genetic engineering, phytohormones
(Whitmer et al.,1998) pH, temperature, aeration, light intensity, salt strength, different sucrose
concentrations,...etc. This is the most fundamental approach in plant cell culture technology.
Zenk et al. (1977) showed that the amount of serpentine depended on the composition of the
basal medium used. Among them Murashige-Skoog's (MS) formulation was recognized to be the

most suitable one for the production of serpentine alkaloid by Catharanthus roseus suspension.
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2.1.8. Plant Growth Regulators

Phytohormones strongly influence secondary metabolism, affecting both culture growth
and secondary metabolite production; efforts aimed at optimizing the chemical composition of
the medium have thus largely dealt with the manipulation of the level of phytohormones. Among
a number of other components in the medium, phytohormones such as auxins and kinetins have
shown the most remarkable effects on growth and productivity of plant metabolites. There is
extensive literature on the effects of plant growth regulators on secondary metabolism in cultures
(Kurz, 1989, Staba, 1980 and Rhodes et al., 1994). The importance of using the appropriate
concentration of an auxin and a cytokinin to induce proliferative growth and callus formation
from an explants is known to all tissue culturists, as are the standard recipes for inducing
regeneration from callus. It is therefore not surprising that the concentration and balance between
growth regulators in a culture medium would influence secondary metabolism, a facet of
differentiation. Generally, treatments which encourage structural differentiation, e.g. shoots or
roots from callus, also change the biochemical profile. For example, the regeneration of roots
from callus of several species tends to be accompanied by a sharp rise in alkaloid content (Tabata
et al., 1971; Hashimoto and Yamada, 1983 and Endo and Yamada, 1985). The best callus
response was obtained from the stem explants derived from Datura insignis, by using BA
concentrations above 0,25 mg It + 0.25 or 1 mg I NAA. Combinations containing
concentrations of BA and NAA below 0.06 and 2 mg I, respectively, promoted root regeneration
in leaf explants (Figueiredo and Esquibel, 1991).

In general, as an auxin 2,4-Dichlorophenoxyacetic acid (2,4-D) or Naphthalenacetic acid is
frequently used for example an increase of auxin levels, such as 2,4-D, in the medium stimulates
dedifferentiation of the cells and consequently diminishes the level of secondary
metabolites(Goddijn et al., 1992 and Arroo et al., 1995). The influence of various growth
regulators, especially auxins, on alkaloid production by C. roseus cultures has been reviewed
(Van der Heijden et al., 1989). Auxins have repeatedly been shown to inhibit alkaloid
accumulation in periwinkle cell suspensions (Sakuta and Komamine, 1987 and Arvy et al., 1994),
Auxins negatively influence the TIA pathway primarily at the transcriptional level of gene
expression. Pasquali et al. (1992) showed that the addition of 2,4-D and other auxins to cell
cultures of C. roseus rapidly down-regulated the transcription of the genes 136 encoding STR
and TDC. Transcriptional repression, triggered by addition of 2,4-D, may also be responsible for
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the reduced abundance of a group of polypeptides that appeared to be related to TIA biosynthesis
(Ouelhazi et al., 1993). This is why auxins are commonly added to the medium for callus
induction, but they are added at a low concentration or omitted for production of metabolites.
Constabel et al. (1982) reported that cytokinins stimulated alkaloid synthesis which was induced
by removing auxin from the medium of a cell line of C. roseus. The concentration of auxins in
the medium is generally between 0.1 to 50 uM. The kinetin or Benzyladenine as a cytokinin is
occasionally required together with auxins for callus induction at concentrations of 0.1 to 10 uM.
Other derivatives of auxins and kinetin are also used in some cases. Since each plant species
requires different kinds and levels of phytohormones for callus induction, growth and metabolites
production, it is important to select the most appropriate growth regulators and to determine their
optional concentrations (Masanaru, 1994).

Tropane alkaloids were detected in non-rooted shoots regenerated from calluses induced
with benzyladenine (BA) 10 uM + naphthaleneacetic acid (NAA) 1 uM and BA 10 pM +
indole-3-butyric acid(IBA) 0.1 pM. The peak of hyoscyamine and scopolamine contents were
38.5* 10 “*and 6.5 * 10" dry weight, respectively (Khanam et al., 2001). Also, hyoscyamine and
scopolamine were detected in the 11-week-old callus induced with 10 uM BA + 1 uM NAA. No
tropane alkaloids were detected in the 4-week-old shoot cultured in liquid medium which were
induced with 10 uM BA + 0.1 uM NAA (Khanam et al., 2000).

Moreover, Dessouky et al., (2001), induced cell suspension cultures from different
explants cultures of D. stramonium L. and D. metel L.. Influence of different concentrations of
various growth regulators i.e., 2,4-D, Kin, NAA and BA on callus production was investigated.
They reported that D. stramonium showed better results as compared with D. metel . The best
supplementation to the liquid MS medium was 1 mgl? of each of NAA and BA. The
establishment of calli cultures from different explants of Datura metel (L.) had been carried out
by Miskat et al. (2003). They reported that internodal segment showed best and prompt calli
response in MS medium supplemented with 2 mgl? 2,4-D. Furthermore Zayed et al. (2006)
established undifferentiated callus from the stem explants of Datura innoxia using MS medium
supplied with BA at 1 mgl™* and 1AA at 0.5 mgl™ in combination for 6 weeks.

Concerning the in vitro propagation of Datura, Dos Santos et al. (1990) reported that
Datura insignis Bard Rod nodal explants were cultured on MS medium supplemented with either

BA alone or in combination with 2,4-D or IAA. Shoots multiplication and elongation were
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obtained in various growth regulator different concentrations. However the best results were
obtained in a medium with 1 mgl™* of BA. Furthermore, Sethi et al. (1990) investigated the effect
of various inhibitors on differentiation (shoot morphogenesis) in calli cultures of Brassica,
Datura and Nicotiana . Hormone medium without any inhibitor (control) resulted in 6% shoot
formation. Addition of inhibitors such as actinomycin D,cordyceptin , abscisic acid, trigonelline
and theophylline greatly enhanced shoot formation. The results suggested that inhibitors played a
regulatory role in the control of differentiation sequences. Moreover, Muthukumar et al. (2000),
studied plants regeneration from hypocotyl explants of Datura metel (L.) on MS basal medium
with different concentrations of BA and 2,4-D. They reported that, maximum percentage of shoot
proliferation was observed at 1.5 mgl™* BA followed by 1 mgl™t BA. The regenerated shoots were
elongated on MS basal medium without any growth regulator and rooted with different
concentrations of IBA. The rooted plantlets were hardened properly and transferred to soil.
Furthermore, De, (2003) described the regeneration of adventitious shoots from young leaves of
Datura metel. He reported that shoots buds were developed on MS medium with 2 mgl™* BA and
elongated on hormone-free solid basal medium.

The production and evaluation of some active ingredients from Solanaceae family using
plant cell cultures had been carried out by Kinsara and Seif EI- Nasr, (1990). They investigated
cell suspension of Hyoscyamus albus L. for growth and production of tropane alkaloids in three
different media. The effects of sucrose concentration and initial pH were also studied. 2,4-D and
1% sucrose enhanced the production of tropane alkaloids. The percent of alkaloids (0.75%) was
higher in cell cultures than in intact plant (0.352%). Furthermore, Missaleva et al. (1993) tested
five nutrient media for expression of morphological pathway in Datura innoxia callus cultures.
Regenerants — rooted plantlets and non-rooted shoots obtained from three subsequent subcultures
of callus cultures were assayed for tropane alkaloids content and composition. Although no wide
variation of biochemical traits of regenerants was observed. For a given number of plantlets,
decrease of hyoscyamine in their roots was detected. Alkaloids content and composition of upper
parts of plantlets having roots and shoots and / or lacking roots was studied-receiving an idea
about biosynthesis of these organs.

Also, Raoufa et al. (2008) showed that MS-medium supplemented with 1 mg/l of NAA

and BA gave the best results of calli production in Datura metel ( L.). However, MS medium
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containing 1 mgl™ of 2,4-D and Kin resulted in maximum number of shoots formation from leaf

explants as compared with other types of explants.

2.1.9. Sucrose Concentration of MS Medium

Sucrose is the most commonly used carbon source in heterotrophic and/or mixotrophic
tissue culture. However, contradictory effects of supplied sugar on plant metabolism have been
reported (Sima and Desjardins, 2001). Exogenous sucrose negatively affected growth and
photosynthesis of various in vitro plantlets (Schéfer et al., 1992; Kozai et al., 1995 and Serret et
al., 1997). On the other hand, stimulating effects of sugars on growth and photosynthesis have
also been reported for in vitro plantlets of tobacco (Paul and Stitt, 1993); for nicotine
accumulation in tobacco (Mantell and Smith, 1983); for polyphenol production by cells of Rosa
(Davies, 1972) and also for potato (Ticha et al., 1998). In addition, Hdide and Desjardins, (1994)
showed that sucrose induced non-photosynthetic carbon fixation by providing PEP necessary for
PEPC activity. It has been suggested that sucrose can enhance the PEPC activity of C3-plants
(Hdide and Desjardins, 1994). Under high N assimilation, degradation of starch and sucrose,
which in turn, provide PEP, phosphorylated sugars (Glc-6-P, triose-P) and DHAP
(dihydroxyacetone phosphate), can drive PEPC activity. The regulation of light-induced PEPC
phosphorylation by PEPC protein Kinases is common in plants (Jiao and Chollet, 1991,
Rajagopalan et al., 1993 and Lepiniec et al., 1994). Light greatly activates C4-PEPC and has a
reduced effect on C3-PEPC (Rajagopalan et al., 1993). The presence of Glc 6- P, a PEPC
activator, lowered the L-malate inhibiting effect in the three treatments as earlier mentioned by
Wedding et al. (1989). A low inhibition of PEPC observed in sucrose fed plants suggested that
sucrose led to enhanced phosphorylation level, thus protecting the enzyme desensitizing it to
malate (Kromer et al., 1996). In vivo, PEPC might also be protected against malate effect by the
rapid conversion of this organic acid into isocitrate when the demand of a-ketoglutarate is
increased by N assimilation. Sima and Desjardins (2001) concluded from their study that Plants
grown with 3% Sucrose + N had the highest phosphorylation level compared to those cultured
with 3% Sucrose and the control (1% Sucrose + N). These investigations demonstrated clearly
that sucrose enhanced phosphorylation. This induction probably modulates the N effect.

Since 3-PGA is thought to influence enzyme phosphorylation, exogenous sucrose could
be involved in such a mechanism by way of its glycolytic degradation. Cytosolic sucrose

degradation may provide phosphoglycerate (PGA) that increases pH by capturing H* ions and
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liberating Ca?* from the vacuole, thus inducing PEPC and PEPC-kinase synthesis and activation
of the former. Sucrose or its metabolism may cause PEPC to become less sensitive to L-malate
inhibition (Sima and Desjardins, 2001).

During their study, Pruski et al. (2000) demonstrated that all cultures {of potato
(Solanum tuberosum) cv. Atlantic, chokecherry (Prunus virginiana L.) cv. Garrington and
Saskatoon berry (Amelancher alnifolia Nutt.) cv. Northline grown in vitro for 3 weeks at 24/22
C, 16-h photoperiod, 150 pmol m? s photosynthetic photon flux density (PPFD) mixed
fluorescent/incandescent light were stored for 6, 9 and 12 weeks at 4 C° under O (darkness) and
3 umol m? st PPFD (690 nm red light continuous illumination). Growth regulators free MSMO
medium either with or without 30 g I* sucrose was used to store the cultures, retained capacity to
re-grow after storage. Tested factors, sucrose, light and the length of the storage period had an
impact on shoot quality and re-growth capacity of the cultures. For either light treatment, sucrose
was essential for the low temperature maintenance of vigorous stock plants of potato, if stored for
over 6 weeks. Chokecherry and saskatoon cultures stored well without sucrose; although
chokecherry benefited from sucrose in the storage medium when the stock cultures were kept at
the low temperature for 12 weeks. Low light significantly improved quality of the stored potato
cultures, but had very little effect on both chokecherry and saskatoon berry cultures. All RGR
values calculated for potato cultures grown from the cultures stored on media without sucrose are
negative. The positive RGR are only for cultures stored on media with sucrose, irrespective of the
length of the storage period. Cultures also benefited from the light during storage producing
significantly higher RGR than those stored in dark (Pruski et al., 2000).

In general, raising the initial level of sucrose leads to an increase in the secondary-
metabolite yield of cultures. There are many other examples, including the production of the
steroidal alkaloids, solasodine, in callus cultures of Solanum nigrum (Bhatt et al., 1983) and in
suspension cultures of Solanum elagnifolium (Nigra et al., 1990), alkaloids and polyphenol
production in dark-grown suspension cultures of Catharanthus roseus (Knobloch and Berlin,
1980), and anthocyanin accumulation in Vitis suspension cultures (Yamakawa et al., 1983,
Cormier et al., 1990 and Do and Cormier, 1991). The increased accumulation of anthocyanin in
Vitis vinifers suspension cultures when the sucrose levels were increased has been shown to be
the result of osmotic stress (Do and Cormier, 1990). However, apart from these findings and

those of Boyd (1991) with cultures of Bixa orellana accumulating carotenoids, most of the
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reports gave little indication as to how the metabolism of the cells is affected by increased
sucrose levels. Interaction between sucrose and nitrogen have also been reported. Yamakawa et
al. (1983) have reported that increased anthocyanin levels occurred in Vitis cell cultures when
sucrose levels were increased. However, they also found that at lower sucrose concentrations
reduced nitrogen levels also resulted in higher amounts of anthocyanin and suggested that there
was an optimal C:N ratio for pigments production. These observations from a variety of
laboratories working with several different species further support the concept of an inverse
relationship between major aspects of primary metabolism, example of protein synthesis and the
synthesis and accumultion of secondary metabolites, based on the differential and ontagonistic
utilization of common precursors. Attention will be now focused on the possible role of plant
growth regulators on this partitioning (Yeoman and Yeoman, 1996).

Sucrose and glucose are the preferred carbon source for plant tissue cultures. The
concentration of the carbon source affects cell growth and yield of secondary metabolites in
many cases. Increased sugar concentration favoured synthesis of shikonin in cell cultures of
Lithospermum erythrohizon, diosgenin production in Dioscorea, and anthraquinone in cell
cultures of Gallium mollugo. On the contrary, lesser amounts of sucrose favoured the production
of ubiquinone 10 in Coleus blumei (Roja and Rao, 1998). The maximum yield of rosmarinic acid
produced by cell suspension cultures of Salvia officinalis was 3.5 gl"* when 5% of sucrose was

used but it was 0.7 gI** in the medium containing 3% sucrose (Whitaker et al., 1984).

2.1.10. Salt Strength

There is no universal medium for in vitro culture, since plant species and cultivars are
genetically specific with regard to different components of the medium, which include not only
organic substances, but also mineral elements (Sari’c et al., 1995). According to Williams (1995),
the in vitro chemical micro environment can be regarded as having three main phases, the
medium, the atmosphere or head space and the plant material. Under in vitro conditions, plant
growth depends on the mineral elements and organic components of the medium, due to a very
low level of photosynthesis and small leaf area of the plants. Hence, the choice of mineral and
organic components is very important (Lumsden et al., 1990).

Regarding other plant species and cultivars, Ruzi'c et al. (2000) stated that mineral
composition of many media is deficient in or in excess of some macroelements, thus inducing

abnormal growth, vitrification and other undesirable effects. Hence, the widely used salts
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proposed by Murashige and Skoog (1962) are deficient in some macroelements for pear and crab
apple (Singha et al., 1988). After varying the concentrations of potassium (K) and carbon (C) in
MS medium, Pasqualetto et al., (1988) concluded that the percentage of vitrified apple shoots
(Malus domestica Borkh.) was highest on medium with lowest potassium (K) and carbon (C)
concentrations. Severe signs of deficiency in elements in sweet cherry rootstock culture occurred
after individual exclusion of nitrogen (N), phosphorus (P) and calcium (Ca) from the media
(Ruzi’c et al., 2000). Hence, a clear determination of both the effect of the essential elements in
mineral nutrition on in vitro plant growth and optimal concentrations for specific stages or
culturing systems is of prime importance (Ruzi’c et al., 2000).

The mineral nutrition can exert an effect by the relative ionic composition, by the pH of
the culture medium, and by the total mineral dose. All three parameters can simultaneously exert
their own specific influence (Demeyer and Dejaegere, 1989; 1993; 1995; 1996).

There are numerous reports in the literature of how the application of nutrient stress to
plant-cell and tissue cultures can reduce growth and primary metabolism and promote
differentiation of secondary metabolism (Dougall, 1980; Mantell and Smith, 1983 and Collin,
1987). It has already been shown in the literature that the pathways of primary and secondary
metabolism compete for common precursors and this competition depend on whether the culture
condition support rapid or slow growth (Phillips and Henshaw, 1977; Lyndsey and Yeoman,
1985; and Yeoman, 1987b). As the cells cease to synthesize the polymers necessary of the
formation of new cells and larger cells, the precursors will be directed towards secondary
metabolism. Therefore, any manipulation of the culture medium which inhibits cell division and
cell expansion might be expected to enhance cell differentiation and the capacity to synthesize
and accumulate secondary metabolites (Yeoman, 1987b).

There are two obvious targets for this empirical approach, the sources of phosphate and
nitrogen (N) in the culture medium. Nitrogen is essential for the synthesis of protein and nucleic
acids; reducing or removing the source of nitrogen (N) will reduce/stop growth. There are many
references in the literature which demonstrate unequivocally that a depletion or deficiency of N
and/or phosphate is associated with growth limitation and a concomitant increase in the level of
secondary metabolism (Knobloch and Berlin, 1981; Yamakawa et al., 1983; Lindsey, 1985;
Collin, 1987 and Oksman-Caldentey et al., 1994). Over 30 years ago, Nettleship and Slaytor,

(1974) showed that of a variety of nutrient-limited media, phosphate-free was especially

-33 -


http://www.agr.state.nc.us/cyber/kidswrld/plant/nutrient.htm#Potassium
http://www.agr.state.nc.us/cyber/kidswrld/plant/nutrient.htm#Potassium
http://www.agr.state.nc.us/cyber/kidswrld/plant/nutrient.htm#Nitrogen
http://www.agr.state.nc.us/cyber/kidswrld/plant/nutrient.htm#Phosphorus
http://www.agr.state.nc.us/cyber/kidswrld/plant/nutrient.htm#Calcium

CHAPTER TWO Review of Literature

conducive to the production of alkaloids and other secondary metabolites by a callus culture of
Peganum harmala. Knobloch and Berlin (1981) showed that the accumulation of cinnamoyl
putrescines in cultures of tobacco was enhanced greatly by phosphate limitation, whereas growth
of the cultures was reduced under such conditions, and concluded that the levels of inorganic
phosphate used routinely for cell culture are prohibitively high for certain types of secondary
metabolism to proceed. Mantell and Smith, (1983) concluded that lack of phosphate more than

any other nutrient stimulates secondary-metabolite biosynthesis.

In addition to those reports on the effects of phosphate, there are also numerous references
to the effects of a reduction in nitrogen level on the production of secondary metabolites
(Yamakawa et al., 1983; Lindsey, 1985 and Do and Cormier, 1991). In the majority of cases a
reduction in nitrogen was found to reduce the growth of the cultures and bring about a premature
stationary phase in which the product accumulated. In total contrast there is a report of stimulated
betacyanin accumulation accompanying an increase in the nitrogen supply in suspension cultures
of Phytolacca americana (Sakuta et al., 1987), but in this case there is a close correlation
between growth and betacyanin accumulation. Moreover (Ruzi’c et al., 2000) found that as fresh
and dry weight of the explants of Sweet cherry rootstock Gisela 5 where { micropropagated on
Murashige and Skoog (MS) medium, on MS medium containing double-strength macro salts
(MS 2X), 1/2 strength (MS 1/2) and 1/4 strength (MS 1/4) with 4.4 uM BA, 0.5 pM NAA, and
0.3 UM GAs} increased during subculturing, the fresh and dry weight of the media decreased.
The pH of the media declined during subculturing following by slow increase on media MS 1/2
and MS1/4. Gisela 5 showed the best growth and development on MS 2X and MS media with the
highest N and P uptake. Growth and multiplication depend on the uptake of these elements from
the medium.

According to Ingestad and Agren, (1992), one of the models for the study of in vitro
mineral nutrition and plant growth is based on the observation that the relative plant growth is
linearly related to the external concentration of the elements in the medium. However, in their
experiment (Ruzi’c et al., 2000), investigated the effect of the concentration of mineral elements
in the medium on plant growth and found that it is closely related to the uptake of mineral
elements from the medium and to the culture growth. Gisela 5 on MS 2x and MS media, on
which it had the best growth and development, absorbed the highest levels of nitrogen (N) and

phosphorus (P) as a result of apart from (N) and phosphorus (P), which remained in small
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quantities in MS 2x and MS medium after day 40, residues of other elements were considerably
higher in these media. Thus, it can be assumed that the growth and multiplication depend on the
uptake of these elements. Williams (1995) also reported that a limited addition of an essential ion
is one of the possible factors leading to a limited plant growth. Sakano et al. (1995) also reported
the correlation between the uptake of P from MS medium and Catharanthus roseus (L.) G. Don
cell growth. Phosphorous is not only the element which plants take up in the highest amount and
most rapidly, but its concentration in the medium is of great importance as well. Pryce et al.
(1993) found out that the growth rate of Delphinium plants increases with the increase in the
levels of mineral elements or only in the phosphate concentration in the medium. Schmidt et al.,
(1992) investigated the mechanism of the uptake of non-organic P in Catharanthus roseus cell
suspension, and reported that cell growth on MS medium is linearly related to phosphate level in
the medium. This clearly showed that phosphate had become growth limiting factor (Ruzi'c et
al., 2000).

Miraldi et al. (2001) reported that the levels of hyoscyamine and scopolamine within
datura plant parts depend on several factors, the nutritional state is one of them, and atropine is
often formed from hyoscyamine racemization and the hyoscyamine content is approximately two
fold that of scopolamine.

Microelements such as iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), Crome (Cr),
Nickel (Ni), lead (Pb), cadmium (Cd) and cobalt (Co) have an important physiological role in
human organism while metals like nickel, lead and cadmium are very toxic substances.
Microelements enter human body mainly by consumption of food of plant and animal origin.
Moreover, the micro-elements found in a reasonably balanced level and chelated form gave the
fertilizer a good opportunity to play an important role in the physiological activities of a plant. In
this concern, the majority of the micro elements were found to enhance the activity of many
enzymes within plant cells (Liptay and Arevalo, 2000). In addition, Fe, Mn, and Zn somehow
participate in chlorophyll formation (Salisbury and Ross, 1992). Molybdenum is essential for N
fixation in the soil and for nitrate reductase enzyme in the plant (Mengel and Kirkby, 1987).
Copper and B are essential factors for phytohormone synthesis, carbohydrate translocation, and
nucleic acid formation (Bernier, 1988).

Demeyer and Dejaegere, (1989) have stated that when aiming to increase the yield of the

medicinally used alkaloids in Datura stramonium L., mineral nutrition is one of the most
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obvious environmental parameters to manipulate. Data on the influence of the ion-balance on
yield and alkaloid content in Datura stramonium have shown differences in alkaloid
accumulation in the upper vegetative plant parts when potassium or calcium were the dominant
cations within the interionic balance of the six major elements.

Moreover, Demeyer and Dejaegere (1989), also found that contents of both main alkaloids
present in this plant were affected differently. Hyoscyamine content in leaves and stems was
positively influenced when the balance between potassium, calcium and magnesium was shifted
to calcium, which also promoted growth, while scopolamine accumulation increased with the
relative proportion in which potassium was present in the culture medium. The latter response
coincided with a retarded development of the plants. As it is well known that the epoxydation of
hyoscyamine to scopolamine is strongly dependant on the developmental stage of the plant
(Cosson, 1969; Cosson et a., 1978 and Van de Velde et al., 1988), the observed effect of the
Ca?*/K* balance on the hyoscyamine: scopolamine ratio could have resulted from a positive
action on hyoscyamine epoxydation and from an indirect influence exerted by the developmental
stage of the plants.

Although high levels of nitrate (NOs) decreased the alkaloid concentration in relatively
young plants of Datura stramonium L., high levels of nitrate (NO3) increased nitrogen uptake
and alkaloid yield as plants matured. In younger plants, increased alkaloid yield was associated
with vegetative plant parts while in older plants increased alkaloid yield was associated with the
generative plant parts. Nitrate (NOs3) dose effects on the hyoscyamine to scopolamine ratio were
influenced by plant development (Demeyer and Dejaegere, 1997). Sikuli and Demeuer (1997)
showed that the highest biomass yield of “Hairy roots *“ of Datura stramonium L. was found
with NO3z™ and K*- dominance, whereas hyoscyamine yield was highest with the cultures medium
in which SO4% and K* were dominant. Shifting the inter-cationic balance to strongly towards
Ca?* caused and overall reduced metabolism, since as well biomass yield as hyoscyamine was
lost with the NOs™ - Ca?* - medium. Also tropine yield was affected by the ion-balance, indicating
that this culture parameter also influences alkaloid synthesis.

Micronutrients are often neglected in using the single-fertilizer form, although vigorous
plant growth and crop production require an adequate supply and balanced amounts of all
nutrients (Mengel and Kirkby, 1987) in order to maximize plant health and vigor by optimizing

the plant nutrient uptake. This can be only achieved if the nutrient content of the fertilizer is
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appropriate to the needs of the plants. Compound-fertilizers, containing both macro and micro-
elements, may possess this characteristic and in several studies have been found to escape
leaching losses of nutrients when applied in chelating form (Brown et al., 1982; Snyder et al.,
1984 and Mancino, 1991).

Sodium chloride, potassium chloride and sorbitol were found to stimulate alkaloid
accumulation in C. roseus as well as abscisic acid (Smith et al., 1987a). Higher concentrations of
phosphate results in an increase in the production of indole alkaloids in Catharanthus roseus,
whereas in callus cultures of Peganum, low phosphate levels stimulate the secondary metabolism
(Nettleship and Slayter, 1994). Transfer of suspension cultures of Thuja occidentalis from MS to
B5 medium induced the synthesis of terpenoids. Both, different NH4* content and the stress due
to transfer to specific media, seemed responsible for accelerated shikonin production in
suspension cultures of Lithospermum erythrorhizon (Fujita et al., 1981). The type and the
amount of N source seems to affect the yield of secondary products. The ratio of nitrate and
ammonia in the culture media also influences growth and secondary metabolite production. Fujita
et al. (1981) reported increase in the yield of shikonin with increase in the concentration of sole
nitrogen source, nitrate till 6.7 mM, but the production decreased with above 10 mM nitrate level.
Decreased levels of N are reported to stimulate the production of secondary metabolites such as,
certain polyphenols, anthocyanins (Datta and Srivastava, 1997).

Manipulation of concentrations of microelements in the nutrient media offers a strategy to
increase the production of secondary metabolites in plant cell cultures (Demeyer and Dejaegere,
1993). Trace elements have indeed been considered as abiotic elictors or as inducing factors
(Pinol et al., 1999) that trigger the biosynthesis of secondary metabolites. There are results
showing the effect of divalent ions; Co?* and Cu?* seem to have received more attention because
of their positive effects on the production of secondary metabolites (Fujita,et al., 1981; Furze,
1991; Sri Andrijany et al., 1999 and Trejo-Tapia, 2001). Increase in Co?* from 1 to 5 uM resulted
in the enhanced production of betalains in Beta vulgaris (Trejo-Tapia, 2001). Enhanced shikonin
production in the cultures of Lithospermum erythrorhizon have been attributed to the increased
concentration of both copper and sulphate (Fujita et al., 1981).

Cupper (Cu?") enhanced both, the growth and the alkaloid yield in Hyoscyamus albus
hairy roots. Similar results have been obtained in the production of shikonin derivative by cell

suspension cultures of Lithospermum  erythrorhizon (Christen et al., 1992). Copper
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concentration up to 11 uM stimulated hyoscyamine production but had no influence on growth of
hairy root cultures of Hyoscyamus. Hairy root cultures of Brugmansia candida produce the
tropane alkaloids scopolamine and hyoscyamine. CaCl. had little effect on accumulation or
release of either alkaloid. CdCl, acted positively on the release of both alkaloids (3- to 24-fold),
but was highly detrimental to growth (Sandra et al., 2000).
2.1.11. Light Intensity

Several aspects such as wavelength (quality), intensity (quantity) and duration of light are
important factors affecting plant growth (Arditti and Ernst, 1992). High light intensity
substantially increased the total number of expanded leaves, dry matter, sugar content and
nitrogen absorbed in Phalenopsis (Kubota and Yoneda, 1993). But, excessive light intensity
causes stunting of the stem and leaf of alpine plants (Datta, 1994). High light intensity stimulated
growth, tillering and yield per tiller and increased the stem proportion of Brachiria bizantha and
Panicum maximum. It greatly increased the number of sclerenchyma cells and their wall
thickened in all organs (Deinum et al., 1996). Higher light intensity has more violet and ultra-
violet radiation that causes the production of excess phenolic compounds in Zosteria marina
(Vergeer et al., 1995). Most lower plants like mosses and ferns, as well as several woodland wild
flowers are retarded in their growth or killed by high-sunlight intensity (Datta, 1994).

In moderate light intensity, plants generally bear longer internodes, and are less tough and
more succulent with larger leaves than those grown in intense light (Barber and Anderson, 1992).
Plant growth is related to the function of growth hormones like auxin, which is sensitive to high
light intensity. Cytokinins act in concert with auxin to cause cell division in plant tissue culture
(Soontornchainaksaeng, et al., 2001). They showed that light intensity plays a significant role not
only on dry weight accumulation but also on plant height, leaf number, leaf shape and leaf area.
The best results were found at 74 umol m? s, On the other hand, plantlets of V. coerulea, as
well as P. tankervilliae, grown under the light intensity of 56 pmol m2 s grew less than those
grown under 37 and 74 pmol m? s, Generally, plant growth and development are affected by
both internal factors including genotype and plant hormones and external factors such as light,
temperature and moisture supply. This result may be due to the interaction between light intensity
and internal factors which directly affect plant growth. The suitable light intensity and duration

will give the best result of product. Stronger light intensity costs more in terms of energy input.
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Consequently, the results suggest that light intensity of 37 umol m? s was sufficient to culture

both V. coerulea and P. tankervilliae economically.

Light intensity in the range of 25-500 pmol m? s? altered the growth of Brassica
seedlings. Plant height and gibberellin concentration increased progressively when light intensity
decreased. In contrast, plant dry weight decreased with decreasing light intensity (Potter et al,
1999). Light is the ultimate substrate for photosynthetic energy conversion, it can also harm the
plants. Higher light intensity causes photooxidation which involves the destruction of
chlorophyll, resulting in less biomass production. High light intensity is damaging to the water-
splitting photosystem |1 (PSII), leading to degradation of the reaction center. The frequency of
this damage is relatively high when light intensity is increased, especially when combined with
other environmental factors. There is an exception for lily plants in which no photoinhibition or
damage to PSII was observed in the critical condition of strong light and high temperature in the
culturing season (Sorrentino et al., 1997). Moreover, Scindapsus yielded plants that were more
vigorous when the light intensity of the pretransplant stage was either 3,000 or 10,000 lux,
whereas Cordyline and Dracaena showed progressive increases in the vigor of plants with
increasing light intensity up to 10,000 lux (Miller and Murashige, 1976).

Light is the physical condition that can be manipulated to increase product yield. Light is
known to affect the production of several secondary metabolites (Mantell and Smith, 1983 and
Towers and Yamamoto, 1985). Contacting effects of light on the production of secondary
metabolites have been reported; for example, the inhibition of nicotine accumulation in tobacco
cell cultures (Ohta and Yatazawa, 1978) and the stimulation of anthocyanine production by
Haplopappus cultures (Stickland and Sunderland, 1972) and of betalains by cell cultures of
Chenopodium rubrum (Berlin et al., 1986).

Callus production from leaves of quince clone BA 29 was increased with increasing 2,4-D
concentration from 2.5 mg/l to 5mg/l and after 2, 4, or 5 days of induction period, but it was not
influenced by light quality where the leaf explants cultured under red, blue, red+blue, far-red
+blue, white, far-red light or darkness conditions, the only exception was far-red +blue light,
which reduced callusing response (Morini et al., 2000). These results suggested the involvement
of the Dblue-absorbing photoreceptor system in the callus formation processes. For root

regeneration, phytochrome seemed to be the only photoreceptor involved.
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Alkaloid content and production of both Datura metel and Datura stramonium are also
influenced by the radiation the plants receive (Cosson, 1969 and Trease and Evans, 1978)
respectively.

Demeyer and Dejaegere (1997) found that when plants of Datura stramonium var. tatula
L. Torr were grown on two different mineral media, varying only in the relative proportions
between these two cations (Ca?*/K* balance) under different light conditions, those grown under
higher light energy regime, had more alkaloids accumulated in the plants during a certain stage of
development, but also a higher proportion was found in fruits and seeds. This was associated with
lower alkaloid content in leaves and stems. The observed effect of the Ca®'/K* balance on
alkaloid content in the leaves was affected by the different light regimes. They also concluded
that the Ca®*/K* balance exerts an effect on alkaloid concentration. This influence is, however,
only noticeable during a certain stage of the development of the plant, while the intensity of it is
affected by the amounts of light energy received by the plants. As both ecophysiological
parameters are synergistic, a different influence of a changing Ca?*/K* balance may be expected
when plants are grown at different locations. In addition to the mineral composition, Alkaloid
content and production are also influenced by the radiation the plants receive (Cosson, 1969 and
Trease and Evans, 1978).

Kleiber and Mohr (1967) observed that light stimulated TE (tracheary elements are useful
experimental systems to study the biosynthesis of secondary cell walls in vitro ) differentiation in
hypocotyls of Sinapis alba L. (mustard) seedlings. Mizuno et al. (1971) found that light was
necessary to induce TE differentiation in Daucus carota L.(carrot) root explants and Fosket
(1968) reported that light increased TE differentiation in cultured stem segments of Coleus
blumei Benth (coleus). Light has been found to increase the proportion of tracheary elements
differentiating in callus cultures derived from xylem-parenchyma of Pinus radiata D. grown on
an induction medium containing activated charcoal but no phytohormones. The differentiation
rate increased from 20% when callus was grown in darkness to 45% when callus was grown with
a 16 h or 24 h photoperiod (Mdller, 2006).
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CHAPTER THREE

Materials and Methods

3.1. Equipments and Instruments

The following equipments and instruments were used throughout the present study:

Table 2. The equipments and instruments used throughout this study.

No. Equipment / Instrument Company Origin
1 | Laminar Air Flow Cabinet Envirco US.A

2 | Incubator Binder Germany
3 | Autoclave Certoclar Austria
4 | pH-meter Fisher Germany
5 | Oven Memmert Germany
6 | Analytical Balance Meltter England
7 | Compound Light Microscope Olympus Japan

8 | Growth Chamber Labconco U.S.A

9 | Hotplate Magnetic Stirrer Bibby England
10 | Refrigerator Vestel Turkey
11 | Shaking Water Bath Eppendorf Germany
12 | Rotary Evaporator Buchi Germany
13 | Centrifuge Beckman Germany
14 | High Performance Liquid Chromatography Shimadzu/ Kyoto | Japan

(HPLC)

15 | Air Dryer Philips Holland
16 | Pasteur Pipettes Analar England
17 | Millipore Filters Halzfeld Germany
18 | Filter Papers (Watman) Analar England
19 | Glass and Plastic(Petridishes) Sterilin England
20 | Glass Flasks Terumo Japan

21 | Glass Culture Tube Halzfeld Germany
22 | Glass Pipette Halzfeld Germany
23 | Micropipette Eppendorff Germany
24 | Loop and Needle Analar England
25 | Forceps Analar England
26 | Gas Burner Analar England
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3.2. Chemicals

The following chemicals were used throughout these experiments:

Table 3. The chemicals used throughout this study.

Chemicals Company
2,4-Diclorophenoxyacetic acid (2,4-D) BDH
Ammonium nitrate (KNO3) BDH
Benzyladenine (BA) BDH
Boric Acid BDH
Calcium Chloride Anhydrate BDH
Cobalt Chloride.6H.O BDH
Ethanol BDH
Ferric Chloride BDH
Ferrous Sulfate.7H,O BDH
Magnesium Sulphate Anhydrate BDH
Magnesium Sulphate.4H,O BDH
NaCl BioMerieux sa
Petroleum ether BDH
Potassium iodide BDH
Potassium nitrate BDH
Potassium Phosphate Monobasic BDH
Pyrodoxine.HCI BDH
Sulphuric Acid BDH
Thiamine.HCI BDH
Zinc Sulphate.7H,0 BDH
Methanol BDH
Chloroform BDH
Acetic acid BDH
Ammonia Solution Fluka
Ferrie Chloride Fluka
Sodium Hydroxide BDH
Dhydrogen Potassium Phosphate Fluka
Thiamine — HCI Sigma
Pyridoxine — HCI Sigma
Myo — inositol BDH
Formaldehyde Merck
Glacial Acetic Acid BDH
Sucrose Fluka
Tween 20 BDH
Hyoscine Standard Renaudin - France
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Atropine Standard Renaudin — France

Atropine Sulphate Standard Renaudin — France

Naphthalene Acetic Acid ( NAA) Sigma

Glycine BDH

Commercial Bleach (NaOCI 5%) Turkish-Chlorox and Dax and
Iranian — Buzhna)

Mercuric Chloride (HgCly) BDH

Ascorbic Acid BDH

Citric Acid BDH

Activated Charcoal BDH

Chloramphenicol BDH

Diethylether BDH

Ethylacetate BDH

Methanol Special Grade for HPLC BDH

Agar Sigma

Hydrochloric Acid BDH

Ammonium hydroxide 25% BDH

Sodium Hydroxide BDH

Glycine Sigma

Nicotine Sigma

Pyroledoxine Sigma

Thiamine Sigma

3.3. Experimental locations:

This study was carried out at the following laboratories:

a) Plant Tissue Culture Laboratory, College of Agriculture / University of Duhok during the
period from Dec.25, 2007 to Dec.1, 2008,

b) Plant and Cell Culture Laboratory, Kurdistan Institute For Strategic Studies and Scientific
Research / Sulaimani, during the period from Dec.15, 2008 to Sep.20, 2009,

¢) Phytochemistry Laboratory, Department of Crop Science and Laboratory of Food
Technology, Department of Food Industry, College of Agriculture / University of
Sulaimani where the extraction of alkaloids was carried out after final collection of

samples.
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d) Research Laboratory, College of Pharmacy/University of Sulaimani where the
alkaloid samples were analyzed with High Performance Liquid Chromatography
(HPLC) until end of Dec., 2009.

3.4. Plant Materials and Explants Preparation

The medicinal plant Datura (Datura innoxia Mill) which belongs to the family

Solanaceae was used in this study.
3.4.1. Greenhouse Grown Plants

3.4.1.1. The seeds of Datura innoxia Mill. were collected from local public gardens in

Sulaimani city. Plant leaves were used as explants and as a source of alkaloids. Seeds of both
plant species, 5 seeds each were planted separately in plastic pots (30 cm in diameter) in the
greenhouses / Colleges of Agriculture / Universities of Duhok and Sulaimani.

Leaves and single nodes were removed from their main axis and used for explants
preparation and they were washed with tap water for 60 minutes to remove soil and other
superficial contaminants followed by tap water and liquid soap for 20 minutes, followed by 3-5
minutes rinses in sterile distilled water, and then surface sterilized as follows:

All steps of sterilization were carried out under septic conditions (Laminar air flow cabinet)
by using sterilized instruments, different concentrations of different origins of NaOCL (Sodium
Hypochlorite) were used. These concentrations were chosen according to active chlorine
available in the detergents. Moreover, the use of different concentrations of HgCl, as sterilant
was also investigated. The trails were also pertained at the use of mixture of NaOCI, HgCl; and
ethanol in the sterilization procedure.

The following treatments were used for surface sterilization of Datura innoxia Mill leaf
explants:

Erasing the leaves with ethanol %70 + NaOCI 1.0% (10 min.)
Erasing the leaves with Ethanol %70 + NaOl 1.0% (5 min.).
Erasing the leaves with Ethanol %70 + NaOCI 0.5% (10 min.)
Erasing the leaves with Ethanol %70 + NaOCI 0.5% (5 min.)
Ethanol 70% (2 min.) + NaOCl %1.0 (5 min.) + HgCl, 0.1% (1 min.)
Ethanol 70% (1 min.) + NaOCI %1.0 (5 min.)
Ethanol 70% (2 min.) + NaOCI %1.0 (5 min.)
Ethanol 70% (3 min.) + NaOCl %1.0 (5 min.)
Ethanol 70% (4 min.) + NaOCI %1.0 (5 min.)
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10. Ethanol 70% (5 sec.) + NaOCI %1.0 (10 min.)

11. Ethanol %70 (2 min.) + HgCl, % 0.05 (5 min.)

12. Ethanol %70 (2 min.) + HgCl, % 0.01 (5 min.)

13. Ethanol %70 (2 min.) + HgCl, % 2.0 (5 min.)

14. Ethanol %70 (2 min.) + NaOCI % 2.0 (2 min.)

15. Ethanol %70 (2 min.) + HgCl, % 0.01 (2 min.)

16. Ethanol %70 (2 min.) + HgCl, % 0.01 (4 min.)

17. Ethanol %70 (2 min.) + HgCl, % 0.1 (2 min.)

18. Ethanol %70 (2 min.) + HgCl, % 0.1 (4 min.)

19. Ethanol %70 (2 min.) + NaOCI % 2.0 (2 min.)+ Activated charcoal 1.5 gl to
(MS) medium.

20. Ethanol %70 (2 min.) + NaOCI % 2.0 (2 min.)+ Ampiciline 125 mgl™ to (MS)
medium.

21. Ethanol %70 (2 min.) + NaOCI% 2.0 (2 min.)+ Chloramphenicol 125 mgl™ to
(MS) medium.

22. Ethanol %70 (2 min.) + NaOClI% 2.0 (2 min.)+ Ascorbic acid & Citric acid 100
mgl* for (5 min.).

23. Ethanol %70 (2 min.) + NaOCl% 2.0 (4 min.) + Ascorbic acid & Citric acid 100
mgl-*for (5 min.).

Moreover, all sterilization treatments contained one drop of Tween-20 and after each
treatment, the single nodes were rinsed 3 to 5 times using sterilized distilled water. All the
sterilization steps were carried out under vacuum pump and all the tissues visibly damaged by
the sterilant were removed.

The leaves were cut into suitable explants as follows:

1. Leaf blades were cut into pieces of 1.0 cm?.

2. Single nodes were cut into 1.0 cm long.

One explant was placed horizontally in 25x150 mm test tube or 500 ml conical flask or 250
ml bottle. Besides, before culturing, all excised leaves were dried-off on sterilized filter papers.
The cultures were maintained at 25 £ 1 °C and 60 + 5% relative humidity in a culture room under
16 hour photoperiod provided by white fluorescent tubes (Karim, 2008). The records on percent
survival of explants were made after 2 weeks of incubation, from these experiments; a
sterilization regime was adopted and used for future experiments.
3.5. Sterilization of the Media and Instruments
The cultures were grown on (Murashige and Skoog, 1962) medium (Table 4) with normal
So (30 gl'Y), Sz (15 gIh), and S2 (45 gl™t) sucrose. The MS also contained 3 levels of salts, normal,
half, and double salt strength i.e., Xo, X1, and Xz respectively. All the media contained agar

(Agar-agar, Gum agar, A-9915, “Sigma”) at 8 gl, and 100 mgl? Myoinositol. Medium
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components were placed on a hotplate magnetic stirrer and its pH was adjusted to 5.6 - 5.7 using
0.1 N of NaOH or HCI. Various containers of tissue culture medium, tools and instruments were

wrapped with aluminum foil, autoclaved at 121 C” under a pressure of 1.04 kg.cm for 15

minutes (Cappuecino and Sherman, 1987 and Karim, 2008).

Table 4. Murashige and Skoog’s medium components (Murashige and Skoog, 1962).

Murashige-Skoog Medium Composition

Components Chemical Weight (mgl?)
formula

Macronutrients
Ammonuim Nitrate NH4NO3 1650
Potassuim Nitrate KNOs3 1900
Calcium Chloride Anhydrate CaCl2.2H20 440
Magnesium Sulphate Anhydrate MgS0O4.7H20 370
Potassium Phosphate Monobase KH2PO4 170
Micronutrients
Boric Acid HsBOs 6.20
Potassium lodide Kl 0.83
Manganese Sulphate.4H20 MnS0O4.4H20 22.30
Zinc Sulphate.7H20 ZnS04.7H20 8.60
Molybdic Acid (Sodium Salt).2H20 Na2Mo004.2H20 0.25
Cupric Sulphate.5H20 CuS04.5H20 0.025
Cobalt Chloride.6H20 CoCl2.6H20 0.025
Chelated Iron
Sodium Ethylene Diamine Tetraacetate Naz-EDTA 37.35
Ferrous Sulphate.7H20 FeS04.7H20 27.8
Vitamins
Thiamine. HCI CI2HI7CIN4OS.HCI 0.1
Nicotinic Acid(free acid) CsH11NO3.HCI 0.5
Pyrodoxine HCI CsHsNO2 0.5
Glycine (free base) C2HsNO: 2.0
Common organic sources
Myo-inositol 100
Sucrose 30000
Agar 8000
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3.6. Plant growth regulators

Different PGRs at different concentrations were prepared and added to the culture media
as required. The PGRs used were as follows:
Benzyl adenine (BA) at 0.0, 0.3, 0.6 and 0.9 mgl were used in combination with auxins
including naphthalene acetic acid (NAA) at 0.0, 1.0, 2.0 and 3.0 mgl™ for callus induction and
also BA at 0.0, 1.0, 2.0 and 3.0 mgl* in combination with NAA at 0.0, 0.2, 0.4 and 0.6 mgl*
were used for shoot formation. Benzyl adenine (BA) at 0.0, 0.2, 0.4 and 0.6 mgl™* were used in
combination with 2,4-diclorophenoxyacetic acid (2,4-D) at 0.0, 0.5, 1.0 and 1.5 mgl™* for callus
induction and also BA at 0.0, 1.0, 2.0 and 3.0 mgl were used in combination with 2,4-D at the

same concentrations for shoot formation. Each combination was used with 10 replications.

3.7. Preparation of Laminar Air Flow Cabinet and Cultural conditions:

3.7.1. Preparation of Laminar Air Flow Cabinet

All experimental manipulations were carried out under strictly aseptic conditions in
laminar air flow bench fitted with a U.V. tube (15 W, peak emission 2637 A). The floor of the
chamber was thoroughly scrubbed with cotton dipped in alcohol. The chamber was then sterilized
with U.V. rays continuously for one hour before starting cultures. The surface of all the vessels
and other accessories such as (spatula, forceps, scalpels, blade..etc.,) gas burner, lighter, tube
containing, absolute alcohol..etc., were also cleaned with alcohol. Alcohol was then sprayed in
the chamber with the help of an atomizer.

Hands and arms which were to be used inside the Laminar were also scrubbed with
alcohol before culturing. The rims of the test tubes and the sides of the plugs were flame
sterilized. Structures (like forceps, scalpels, spatula.etc.) were all sterilized by dipping them in
the alcohol and flaming them several times. Care was taken to cool the instruments before using

them under Laminar Air Flow Cabinet (Figure 8).
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Figure 8. Laminar Air Flow Cabinet.

3.7.2. Cultural conditions

All the cultures were placed in three locally made Aluminum Growth Chambers
maintained in an air conditioned room at a temperature of 251 C°, the source of illumination in
each chamber was with irradiance of 60-100 umol m2s provided by 1.25 feet white cool
fluorescent tubes (20 watt).The intensities of illumination were 1000, 2000, and 3000 lux (about
19, 37 and 56 pmolm-2s? respectively) at the level of cultures in 3 chambers and a 16 hour light
regime was followed by 8 hour darkness. From the calli present at the age of eight weeks, i.e.
after 2" subcultures, the 2" experiment was carried out via another ten subcultures maintaining
enough number of jars containing calli by four weekly transfers for 48 weeks (i.e. total of 12
subcultures) to the same freshly prepared medium in the same conditions. The young matured
leaves from greenhouse grown plants (control or intact two months age plants) were separately
dried at 60C" in air drying oven until having constant weight and powdered. Moreover, the
alkaloid content of callus of the 2" subculture was extracted and determined and compared to

that of the control leaves.
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3.8. Histological Examination

This examination was carried out to find out the mode of cell differentiation of Datura

during callus formation at fourth subculture.
3.8.1. Killing and Fixation

Formalin-acetic acid-alcohol (FAA) solution was used for this purpose. FAA solution was
prepared through mixing 90 ml of 70% alcohol, 5 ml of glacial acetic acid and 5 ml of formalin.
Calli of Datura were placed in FAA solution for 24 hrs. Vials containing the fixed tissue in FAA
solution were placed inside a desecrator connected to a mild vacuum pump for 5 min. to remove
air bubbles from the tissue (Al-Mukhtar et al., 1982).

3.8.2. Dehydration Series

The samples were dehydrated through passing them in a series of increasing ethanol
(EtOH) concentrations (50, 70, 80, 90, 96 and 99%) for 45 min. at each step. Dehydrated tissues

were then transferred to absolute alcohol and xylene combinations as follows:

Mixture absolute alcohol+ xylene 3: 1 (45 min)
Mixture absolute alcohol+ xylene 1: 1 (45 min)
Mixture absolute alcohol+ xylene 1: 3 (45 min)

Xylene 2-3 min.

o~ w0 DN e

Micrografted tissues were infiltrated in a mixture of 1/3 xylene + 2/3 paraffin in room
temperature (20- 22°C) for 30 min., then transferred to 40°C for 24 hrs. Tissues were
embedded in fresh melted paraffin and left in wax at 60°C for 24- 72 hrs (Al-Mukhtar, et
al., 1982).

3.8.3. Preparation of Sample Blocks

Tissues embedded in melted paraffin were transferred to a rectangular cavity framed by two
previously L-paper boat smeared with glycerol. The tissues were quickly oriented in a proper
direction in the melted paraffin with the help of warm tweezers and needle. When the tissue was

oriented in the proper position, the boat were quickly cooled over cold water.
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3.8.4. Trimming and Sectioning the Blocks

Trimming was the first procedure towards sectioning the blocks which was performed with
a razor blade, placing them on flat surfaces. All the surfaces of the block were plane and the
edges were parallel to each other. Samples were cooled, a small piece of wax was mounted over
the sample and melted with a hot scalpel holder. The block was placed on the melted wax and the
base was strengthened with extra wax using the same scalpel holder. After ascertaining that the
razor had satisfactorily been sharpened, the section cutting may be started by setting the
microtome at the desired thickness and inserting the block holder in the microtome. The long axis
of the material was oriented towards the blade of knife. Sections were cut at 12 p thick and

obtained as a ribbon of successive sections.
3.8.5. Affixing the Ribbon on the Slide

A suitable length (2-3 cm) of the ribbon was cut with a razor blade, and placed on clean
slides smeared with a Haupt’s adhesive (Al-Mukhtar et al., 1982) which consists of the
following: Pure gelatin 1 g, distilled water 100 ml, glycerol 15 ml and phenol crystals 2 mg. For
Haupt’s adhesive preparation, gelatin was suspended in water for 12- 24 hrs, and next all other

ingredients were mixed.

One drop of the adhesive was added at nearly one end of slide and rubbed with finger in
one direction to make a fine smear over the slide, a drop of distilled water was placed on the slide
and then 1 or 2 ribbons were put on the slide. The slide was placed on a hot plate (50 C°) or
passed over spirit lamp. When sections were stretched, the slides were carefully drained by a

piece of filter paper. The slides were placed in an incubator (35 C°) for 24h.

3.8.6. Deparaffin and Hydration

Slides with sections were passed in a series of xylene and an alcohol to remove the wax

then hydrated through decreasing alcohol concentrations at 10 min. intervals as follows:

Xylene 10 min.
Xylene 10 min.
Xylene: absolute alcohol 3: 1 10 min.
Xylene: absolute alcohol 1: 1 10 min.

Xylene: absolute alcohol 1: 3 10 min.
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Absolute alcohol 10 min.
Alcohol 96% 10 min.
Alcohol 92% 10 min.
Alcohol 70% 10 min.
Alcohol 50% 10 min.

3.8.7. Staining

The sections were stained with safranin and fast green. Safranin is a micro stain and water
and alcohol soluble. The safranin stain was prepared by dissolved in 100 ml of 50% ethanol. Fast
green (Fast green, micro stain, pure) was prepared by dissolving 0.1 g of fast green in 100 ml of
92% ethanol.

The sections were dipped in safranin solution for 24- 72 hrs. The slides were rinsed in
distilled water (two changes) to remove excess stain and passed through increasing
concentrations of alcohol to dehydrate the slides for 10 min. intervals as follows:

Alcohol 50% 10 min.
Alcohol 70% 10 min.
Alcohol 80% 10 min.
Alcohol 92% 10 min.
The slides were then stained with fast green for 10 min. and rinsed in isopropanol (two

changes) (Al-Mukhtar et al., 1982).

The slides were then mounted with Canada balsam and covered with a cover slip and
allowed to dry on a hot plate (40°C) for 24 hrs, and permanent preparation were attained
following the sealing of cover slip with melted wax.

The slides were systematically examined under magnifying compound microscope
(Axiostar, Japan) to find out the mode of cell differentiation of Datura during callus formation at
fourth subculture, the slides were carefully studied, photographed and documented using digital
camera (Canon 8.0 mega pixels, Japan).

3.9. Callus induction and in vitro studies
3.9.1. Callus Induction

A set of experiments were conducted to find out the most appropriate plant growth
regulator supplements used for callus formation of Datura innoxia Mill. The explants were
transferred to similar fresh medium every 4 weeks for a total of 48 weeks i.e. total of 12
subcultures. All cultures were incubated as mentioned in (3.5.2). The experiments were arranged
in completely randomized design with 10 replications each consisted of 10 culture jars. After 8
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weeks i.e. after the 2" subculture the frequency % of callus initiation was calculated according to
Liskova et al. (1994). The dry matter content (%) and fresh weight of the calli were measured as

described by Ferreira and Janick (1996) as follows:
Dry matter content (%) = Dry weight x 100 / Fresh weight.

The numbers of shoot formation was measured at the stage of shoot induction and
proliferation which occurred at 6™ subculture in case of treatment of 2 mgl"t BA + 0.6 mgl™?
NAA and at 8" subculture in case of the treatment 1 mgl™ BA + 0.5 mgl™2,4-D.

3.10. Extraction and Analysis of Alkaloids
3.10.1. Alkaloids Extraction

The following steps were followed for alkaloid’s extraction procedure:

1- For each of the 10 replicates vials per experiment, the harvested samples were combined,
cut into tiny pieces and weighed as fresh samples for extraction and analysis. Alkaloids
were extracted from the calli of different treatments according to a method reported by
Djilani et al. (2006).

2- Sample of fresh callus of Datura plant leaf explants (various weights g.) was placed in
the beaker and treated with 15 ml of NH4OH (25%, m/m).

3- At room temperature the solvent extraction was performed with 300 ml of ethyl acetate
for 72 h.

4- The extract was filtered.

5- The solvent was evaporated in a rotary evaporator under reduced pressure at 40 °C.

6- The residue, dissolved in H20 and acidified with H.SO4 to pH 3-4.

7- It was later extracted with petroleum ether and diethyl ether to remove lipophilic, acidic
and neutral material.

8- The aqueous solution was basified to pH 9-10 with NH4OH (25%, m/m).

9- It was extracted with chloroform, the extract was washed with distilled water to
neutral pH.

10- It was dried with Na;SOs and concentrated to dryness in a rotary evaporator under
reduced pressure at 40 °C to obtain crude alkaloids.

11-Finally the crude alkaloids was collected using a mixture of equal volumes of

Chloroform: Methanol for alkaloids analysis by HPLC.
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3.10.2. Alkaloids Analysis

Due to the availability of the main alkaloid constituents (atropine, hyoscyamine,
scopolamine, tropine, 7-hydroxyhyoscyamine, and tiglohyoscyamine) as a standard reference
compound, Rts of plant sample extracts were compared with that of the reference using 50 pl.
The extracts were qualitatively and quantitatively analyzed by High Performance Liquid
Chromatography (HPLC) {Research Laboratory of the College of Pharmacy, Sulaimani
University} using a model, Shimadzu Corporation, Kyoto Japan. With a pump 6000 A waters
was used: column Phenomenex Nuc / eosi /HSC-18 ( 250 * 4.6 mm 5u ID ); mobile phase:
Methanol MeOH and KH2POs, 0.01M, (95:5) absorbance. The flow rate was 0.7 ml/min
throughout the analyses; UV detector: at 280 nm; at temperature 30C°. The Rt (Retention time)
values obtained from the extracts were compared with those obtained for authentic standards.
The samples were previously prepared in equal volumes of Chloroform: Methanol. Fifty pl were
injected with micro jets. The instrument was firstly run with deionized water followed by 50 ml
20% Ethanol, it was also ran daily with 50 ml of buffer solution, composed of Methanol MeOH
and KH2POg4, 0.01M, (95:5) before operating and running the samples. After every day finishing
it was washed with 50 ml Ethanol 20%.

3.10.3. Alkaloid Measurements

Extraction and analysis of alkaloids were conducted as mentioned in section (3.10). The
concentration of each type of alkaloid was measured in fresh weight (g) and thereafter converted

to dry weight bases in pug™ according to the following calculations.

X=R*10°*V

1

Where, X = Amount of alkaloid in (g) in the fresh sample (callus),
R= Reading from HPLC pgml™* measured as follows:

Area of Sample
Concentration of alkaloid (ugml?) = X Concentration of Standard (ugml™)
Area of Standard

(Illiana and Alfermann, 1989)
10° = pg/g

V = Final volume (ml) of the prepared alkaloid sample.
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X
Y =———X100 2
FW

Y = Percentage of alkaloid in Fresh sample (callus).

FW = Fresh weight of sample (callus).

Z=Y (1+W), 3

Where, Z = Percentage of alkaloid on dry bases.

W = Water content of sample (callus) expressed as decimal (Hanks and Ashcroft, 1980).

3.11. Statistical Methods

3.11.1. Calli Growth Characters

The characters of frequency of callus initiation %, dry matter content (DM) %, dry weight
(9), fresh weight (g), and number of shoots induced/leaf explant were analyzed by analysis of
variance (ANOVA) and mean comparisons were carried out using Duncan’s multiple range test,

to assess the statistical significance (P< 0.05) which was considered to be statistically significant,

using statistical software SPSS Version 18 (SPSS Inc., Chicago, USA).

3.11.2. Alkaloid Statistical Analysis

The factors (Sucrose, Salt strength and Light intensity) were implemented separately in
Completely Randomized Block Design (CRBD) with nine replications. Means comparisons were
carried out by using Least Significant Difference (LSD) Test (Sucrose; So, S1, and Sz, Salt
strength; Xo, X1, and Xz, and Light intensity; LI1, L12, and L13) at a significant level of (P< 0.05)

in all analysis.

-54-



CHAPTER FOUR Results and Discussion
CHAPTER FOUR

Results and Discussion

4.1. Sterilization
A prerequisite for successful culture is the establishment of an aseptic technique. Thus,
the first experiment in this investigation involved the establishment of suitable sterilization

regimes for the explants.

Concerning the leaf explants of Datura innoxia Mill, figure (9) shows the effect of
different sterilants concentration and duration on the survival percentage of leaf explants. Of the
various pretreatment tried, (N) treatment which is consisted of ethanol %70 (2 min.) + NaOCI %
2.0 (2 min.) gave the maximum survival percentage (97%). This sterilization regime was

therefore selected for subsequent experimentations. As sterilants ethanol and HgCI2 concerned, it

was found that ethanol became deleterious when the duration of treatment exceeded 2 minutes

and the chemical HgCI2 also damaged the explants tissues irrespective of the concentration and

duration of the treatment. Also sodium hypochlorite (Iranian Buzhna) proved to be the best of
sterilants as it was effective not only in decontamination but is easy to remove resulting in

minimal damage to the explants.
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Figure 9. Effect of different sterilants concentration and duration on the percentage survival of
leaf explants of Datura innoxia Mill after two weeks of culture.
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Erasing the leaves with Ethanol %70 + Naocl 1.0% (10 min.)
Erasing the leaves with Ethanol %70 + Naocl 1.0% (5 min.)

: Erasing the leaves with Ethanol %70 + Naocl 0.5% (10 min.)
. Erasing the leaves with Ethanol %70 + Naocl 0.5% (5 min.)

Ethanol 70% (2 min.) + NaOCI %1.0 (5 min.) + HgCl, 0.1% (1 min.)
Ethanol 70% (1 min.) + NaOCI %1.0 (5 min.)

: Ethanol 70% (2 min.) + NaOCI %1.0 (5 min.)
: Ethanol 70% (3 min.) + NaOCI %1.0 (5 min.)

Ethanol 70% (4 min.) + NaOCl %21.0 (5 min.)
Ethanol 70% (5 sec.) + NaOCl %21.0 (10 min.)

: Ethanol %70 (2 min.) + HgCl, % 0.05 (5 min.)

Ethanol %70 (2 min.) + HgCl, % 0.01 (5 min.)

: Ethanol %70 (2 min.) + HgCl, % 2.0 (5 min.)

Ethanol %70 (2 min.) + NaOCl % 2.0 (2 min.)
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: Ethanol %70 (2 min.) + HgCl, % 0.01 (2 min.)

Ethanol %70 (2 min.) + HgCl, % 0.01 (4 min.)

: Ethanol %70 (2 min.) + HgCl; % 0.1 (2 min.)

Ethanol %70 (2 min.) + HgCl, % 0.1 (4 min.)

Ethanol %70 (2 min.) + NaOCI % 2.0 (2 min.)+ Activated charcoal 1.5 gl * to (MS)

Ethanol %70 (2 min.) + NaOCI % 2.0 (2 min.)+ Ampiciline 125 mgl * to (MS)

Ethanol %70 (2 min.) + NaOCl% 2.0 (2 min.)+ Chloramphenicol 125 mgl ! to (MS)

V: Ethanol %70 (2 min.) + NaOCIl% 2.0 (2 min.)+ Ascorbic acid and Citric acid 100 mgl for
(5 min.).

W: Ethanol %70 (2 min.) + NaOCI% 2.0 (4 min.)+ Ascorbic acid and Citric acid 100 mgl for
(5 min.).

cC 4 v 1O T O

4.2. Experiments of plant growth regulators:

The first set of experiments carried out aimed at finding out the best concentrations of
cytokinin and auxin combination enhancing callus growth of Datura innoxia plant leaf explants,
the plant growth regulators were {NAA, 2,4-D, and cytokinin (BA)} according to the basic
proposal of the present study. From the results of these experiments, it can be concluded that the
best characters of callus growth studied (frequency of callus formation (%), dry matter (DM) %,

dry weight (g) and fresh weight (g), were obtained from the combination of cytokinin (BA, 0.6

mgl?) / auxin (NAA, 1.0 mgl?) at 2nd subculture, and number of shoots induced / leaf explants
was obtained from the combination of cytokinin (BA, 2.0 mgl™?) / auxin (NAA, 0.6 mgl™?) at 6%
subculture (Figure 19 a and b).

Figures (10 and 11) show the effects of cytokinin (BA) / auxin (NAA) and cytokinin (BA)
/ auxin (2,4-D) combinations on frequency % of callus formation of Datura innoxia. The highest
frequency % of callus formation 99.42 was obtained at (BA, 0.6 mgl™) / auxin (NAA, 1.0 mgl™?)
combination, which was highly significantly different from the value of 93.35 for (BA, 0.4 mgl™)

/ auxin (2,4-D, 1.0 mgl*) combination.
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Figure 10. Effects of cytokinin (BA) / auxin (NAA) combinations on frequency (%) of callus
formation of Datura innoxia Mill callus.
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Figure 11. Effects of cytokinin (BA) / auxin (2,4-D) combinations on frequency of callus
formation (%) of Datura innoxia Mill callus.

Moreover, Figures (12 and 13, 14 and 15, 16 and 17, and 18 and 20) show the effects of
cytokinin (BA) / auxin (NAA) and cytokinin (BA)/auxin (2,4-D) combinations on dry matter
(DM) %, fresh weight (g), dry weight (g), and number of shoots induced/leaf explants of the
callus of Datura innoxia respectively. In general, among the different treatments, the highest
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values of callus production were obtained from the addition of (BA, 0.6 mgl) / auxin (NAA, 1.0
mgl™?) to the medium which were highly significantly different from the correspondent values for
cytokinin (BA) / auxin (2,4-D) combinations at all concentrations .The maximum values of calli
dry matter (DM %), fresh weight (g), and dry weight (g), for (BA, 0.6 mgl™) / auxin (NAA, 1.0
mgl™?) treatment were 11.97%, 11.39g, and 1.57g respectively, while the correspondent values
for cytokinin (BA) / auxin (2,4-D) combinations were 11.08%, 8.39g, and 0.844 g at (0.4 mgl™*
BA) / (1.0 mgl 2,4-D) combinations, respectively.
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Figure 12. Effects of cytokinin (BA) / auxin (NAA) combinations on dry matter (DM) % of
Datura innoxia Mill callus.
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Figure 13. Effects of cytokinin (BA) / auxin (2,4-D) combinations on dry matter (DM) % of
Datura innoxia Mill callus.

12
ONAA:0.00 mgl 1
s ENAA:1.00 mgl
C
2 g e ONAA:2.00 mgl -1
= ‘ _
B8 4 A ENAA:3.00mgl?
S 6 - 2 9
- L~ > -
= w7 =
€ 4 & o
4:‘; n:;
2 ;"w] ;'_u
% %
0 5 3N
0
Benzyladenine (mgl!)

Figure 14. Effects of cytokinin (BA) / auxin (NAA) combinations on the fresh weight (g) of
Datura innoxia Mill callus.
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Figure 15. Effects of cytokinin (BA) / auxin (2,4-D) combinations on the fresh weight (g) of
Datura innoxia Mill callus.
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Figure 16. Effects of cytokinin (BA) / auxin (NAA) combinations on dry weight (g) of Datura
innoxia Mill callus.
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Figure 17. Effects of cytokinin (BA) / auxin (2,4-D) combinations on dry weight (g) of Datura
innoxia Mill callus.

From the above results, one may conclude that supplementation of MS medium with 0.6
mgl BA in combination with 1.0 mgl™* of NAA is more suitable for callus production from leaf
explants of Datura innoxia than BA and 2,4-D combination. In this respect, such results are in
agreement with those of Nussbaumer et al. (1998). They reported that supplementation of B5
medium with 1.0 mgl™ from each of NAA and BAP gave the best results of growth value for
Datura candida and Datura aurea calli. Also, our results are close to those of Dessouky et al.
(2001) who reported that the addition of 1.0 mgl* of each of NAA and BAP to the liquid MS
medium was more suitable for callus production from Datura stramonium L. and Datura metel
L. than the addition of NAA and Kinetin. In this respect, they concluded that callus formation
and production are due to the presence of auxins and cytokinins that stimulated cell division and
cell enlargement. Furthermore, our results with Datura innoxia calli induced from leaf explants,
showed higher values for calli fresh, dry weights (g), and dry matter (%), 11.393, 1.574 and
11.97% respectively, compared to the results of EI-Rahman et al. (2008) who reported that MS-
medium supplemented with1.0 mgl? of both NAA and BA gave the best results of calli
production, the maximum values of calli fresh weight (g), 6.76, dry weight (g), 0.673, and dry
matter, % 9.05, were recorded with leaf explants of Datura metel L. The obtained results are in
agreement with those of (Torres, 1988, El-Bahr, et al., 1989 and Dos Santos, et al., 1990) who
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reported that the addition of 1.0 mgl™ of each BA and NAA was more suitable for callus

production from D. metel and D. stramonium.

Figures 18 and 20 show the effects of cytokinin (BA) / auxin (NAA) and cytokinin
(BA)/auxin (2,4-D) combinations on the number of shoots induced / leaf explants of the callus of
Datura innoxia Mill at six and eight subcultures respectively. The highest number of shoots
(46.167) (Figure 19) was obtained at cytokinin (BA, 2.0 mgl™) / auxin (NAA, 0.6 mgl™?) at six
subculture, which was highly significantly different from that value of 39.0 shoots for cytokinin
(BA 1.0 mgl?) / auxin (2,4-D 0.5 mgl™) at 8" subculture. However, concerning the number of
shoots induced / leaf explants, EI-Rahman et al. (2008) reported that MS medium containing 1.0
mgl™ of 2,4-D and Kinetin gave the maximum number of shoots formation from leaf explants as

compared with other types of explants.
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Figure 18. Effects of cytokinin (BA) / auxin (NAA) combinations on the number of shoots
induced/leaf explant of Datura innoxia Mill callus at sixth subculture.

-63 -



CHAPTER FOUR Results and Discussion

Figure 19a. Shoot formation on Datura innoxia Mill treated with (2.0 mgl* BA + 0.6 mgl
NAA).

Figure 19b. Further development of shoots on the same treatment at 8" subculture into complete
regenerated plants.
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Figure 20. Effects of cytokinin (BA) / auxin (2,4-D) combinations on number of shoots
induced/leaf explants of Datura innoxia Mill callus at 8" subculture.

(Figures from 10 to 17 represent the average means of 2" subcultures only).

However, other researchers found the establishment of calli cultures but from different
explants of Datura metel L. (Miskat et al. 2003). They reported that internodal segment showed
best and prompt calli response in MS medium supplemented with 2.0 mgl™? 2,4-D. Furthermore,
Zayed et al. (2006) established undifferentiated callus from the stem explants of Datura innoxia
using MS medium supplied with BA at 1.0 mgl™ in combination with 1AA at 0.5 mgl* for 6
weeks. Concerning the shoot multiplication in in vitro from nodal explants of Datura Dos Santos
et al. (1990) reported that Datura insignis Barb. Rod. nodal explants were cultured on MS
medium supplemented with either BA alone or in combination with 2,4-D or IAA. Shoots
multiplication and elongation were obtained in various growth regulators at different
concentrations. However, the best results were obtained in a medium with 1.0 mg/lI* of BA,
whereas in our study the highest number of shoots 46.167 was obtained at (BA, 2.0 mgl?) in
combination with auxin (NAA, 0.6 mgl?) at 6" subculture, and the highest value for (BA, 1.0
mgl™) in combination with auxin (2,4-D, 0.5 mgl™) was 39 shoots at 8" subculture.

Similarly, Khanam et al. (2001) have reported that shoot regeneration from organogenic

and non-organogenic calli of Duboisia myoporoides (an Australian medicinal plant containing
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"Atropine) can be induced with cytokinin (BA) more than kinetin in combination with different
auxins (10uM IAA or NAA or 1u M IBA).

As suggested previously for different Duboisia as well as other plant species, BA alone
can cause shoot-bud initiation on the callus induced with various cytokinin and auxin
combinations (Kitamura, 1988; Nin et al., 1996 and Panizza et al., 1997). Kaminek et al., (1997)
who reported that in plant cells, cytokinin levels depend on cytokinin biosynthesis and/or uptake
from extracellular sources and in addition, auxins may influence cytokinin levels. Patel and
Thorpe (1984) stated that cell division mediated by BA leads to shoot formation in radiata pine
which support the results of previous researchers and also our results. Therefore, from the results
of the present study, NAA appear to be suitable auxin for quicker callus induction and shoot
regeneration in Datura innoxia Mill in culture. To our knowledge the regeneration of shoots
from about 25% only of the available calli in our study, can be well explained that by varying
cytokinin/auxin combinations at the calli induction stage shoot buds or even root induction can be
enhanced. Our conclusion can be supported by the findings of Khanam et al. (2001) in Duboisia
myoporoides.

Figure (21) shows the growth of callus in (g) of Datura innoxia Mill at different
subcultures or passages (4 weeks / subculture, total of twelve subcultures). Maximum growth of
the callus as expressed on the basis of dry weight, 1.357g was observed at the end of the 2™
subculture (8" week). Despite our results were in disagreement with Kinsara and Seif El-Nasr
(1994) but generally both results had similar trend, they reported that maximum rate of growth
rate of the cell suspension culture was 2.476 g dry weight / 100 ml medium, reached at the end of
the 3@ week but both results followed similar trend in the rest of their growth passages where
declined thereafter (Figure 21).
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Figure 21. Growth of Datura innoxia Mill callus at different subcultures. (This figure represents
the average means of twelve subcultures of the treatment: 0.6 mgl* BA + 1.0 mglt NAA).

The obtained results are similar with those of Smith (2000) and EI-Rahman et al. (2008)
who reported that the rate of growth of calli tissue parallels in many ways the sigmoid curve seen
in population of single celled organisms. There are usually five stages for callus growth rate; a
lag phase in which cells prepare to divide, a period of exponential growth in which cell division
is maximal, a period of linear growth in which division slows down and cells enlarge, a period of
decelerating growth and stationary or no-growth period in which the number of cells is constant.
The behavior of cells of callus tissue is different during each stage of growth. These differences
in the growth stages may be attributed to the various auxins (IBA) and continuous illumination of
3000 lux used compared to normal light condition and auxin (NAA) used in our experiment. The
media composition can also influence how long the callus remains at a particular stage. The calli
grew as pale green cultures with isolated cell and small cell aggregates of cells (Figure 29).

This stock calli was used in subsequent subcultures in the present study. The calli were
pale green, fine and friable till the end of the 3" week of 1% subculture. After that, it became light
green, fine and friable till the end of the seventh week of 2" subculture.

Furthermore, the calli turned yellow- green with small aggregate cells and clumps till the
end of the experiment (twelve subcultures). The incubation of the growth of calli subcultures for
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reported that histochemical study showed the presence of only meristemoid regions in the 11-
week-old non-organogenic calli of Duboisia myoporoides and Thorpe (1980), the presence of
meristemoid regions in the calli tissues of various plants, that may be used as a good indicator of

active cell division in the calli.

Histological examination of the calli which are formed in fourth subculture (Figure 22)
and showed the formation of different structures like root primordial, leaf primordial, globular
embryo-like structure and epidermal cells (Figures 23). Organogenesis in vitro culture depends
on the application of exogenous phytohormones, specially auxins and cytokinin, and also
organogenesis depends on the ability of the tissue to respond to these plant growth regulators
during culture period, where Datura callus responded very well to these plant growth regulators
(Figure 23). The manipulatable nature of tissue culture can be exploited for the physiological
dissection of organogenesis in vitro culture. In general, three phases of organogenesis are
recognizable, on the basis of temporal requirement for a specific balance of plant growth
regulators in the control of organogenesis. In the first phase, cells in the explants acquire
“competence” which is defined as the ability (not capacity) to respond to hormonal signals of
organ induction. The process of acquisition of organogenic competence is referred to as
“dedifferentiation” hereafter. The competent cells in cultured explants are canalized and
determined for specific organ formation under the influence of the phytohormone balance
through the second phase. Then after that the morphogenesis proceeds independently of the
exogenously supplied plant growth regulators during the third phase (Christianson and
Warnick,1983; Attfield and Evans, 1991 and Lo et al., 1997). Furthermore, figure 23 (C, D and
E) clearly shows the distribution of some idioblast cells within Datura tissues which are

responsible for alkaloid biosynthesis and accumulation (Iranbakhsh et al., 2006).
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Figure 22. Datura innoxia Mill callus formed as a result of treatment with (BA, 0.6 mg/I't) +
(NAA, 1.0 mg/I'%) at the 4™ subculture.

Furthermore, our results are also in agreement with results of Missaleva et al. (1993) who
reported that in the 4™ passage of callus culture of Datura innoxia Mill spontaneous formation
of meristematic structures was observed. The calli of present study were also characterized by
structures, resembling bulbs in appearance, were easy to disingwish by their more compact
texture and dark green colour, their number increased in the next passage. However, in later
passages the ability for self-initiaion of such structures was reduced as shown by Missaleva et al.
(1993).
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Figure 23. The development of cells during callus formation of Datura innoxia Mill.(A and B
show the beginning of vascular tissue formation, C, D and E show the advance stage of vascular
tissue formation and the presence of idioblast cells, F shows the formation of root primordia and

embryo like structure, and G and H show the formation of leaf primordia).
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4.3. Authentication of the Isolated Alkaloids of Datura innoxia Mill. Under
Tissue Culture Conditions Using HPLC

Figures (24 to 38) represent the chromatograms of callus extract of Datura innoxia at
different sucrose and salt concentrations under different light intensities with their retention times
(Rts). Alkaloid analysis was carried out under the same conditions as mentioned in chapter three
(Materials and Methods).
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Hyoscyamine 2.372 Hyoscyamine 2.372
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Tropine 4.242 Tropine 4.242
7-Hydroxyhyoscyamine 5.112 7-Hydroxyhyoscyamine 5.112
Tiglohyoscyamine 5.958 Tiglohyoscyamine 5.958
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FIgRpétR and b. Detection of Rt ggin.) of different alkaloids in of Datura innoxia Mill calli,
! g{rgpme 1.365

[

arreferenee

b Ygs%ag] Lne greenhotsepipnts (2“372u €ontrol), 8 weeks old, identified by (HPLC).
Scopolamine 3.217
Tropine 4.242 -71 -
7-Hydroxyhyoscyamine 5.112

Tiglohyoscyamine 5.958
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Compound Rt Compound Rt

Atropine 1.537 Atropine 1.323
Hyoscyamine 2.48 Hyoscyamine 2.363
Scopolamine 3.282 Scopolamine 3.16
Tropine 4.28 Tropine 4.213
7-Hydroxyhyoscyamine 5.125 7-Hydroxyhyoscyamine 5.033
Tiglohyoscyamine 6.12 Tiglohyoscyamine 5.917

Others unknown compounds.

Others unknown compounds.

Figure 25 a and b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (SoXoLl:
treatment), cultured on MS medium supplemented with BA (0.6 mgl™) + NAA (1.0
mgl?), identified by (HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (SoXoLlI
treatment), cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0

mgl), identified by (HPLC).
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Compound Rt Compound Rt
Atropine 1.28 Atropine 1.352
Hyoscyamine 2.362 Hyoscyamine 2.388
Scopolamine 3.153 Scopolamine 3.35
Tropine 4.145 Tropine 4.233
7-Hydroxyhyoscyamine 5.037 7-Hydroxyhyoscyamine 4,967
Tiglohyoscyamine 5.92 Tiglohyoscyamine 5.867

Others unknown compounds.
Figure 26 a and b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (SoXoLlI3

Others unknown compounds.

treatment), cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0

mgl™?), identified by (HPLC).
b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (SoXiLls

treatment), cultured on MS medium supplemented with BA (0.6 mgl™) + NAA (1.0

mgl™?), identified by (HPLC):
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Compound Rt Compound Rt

Atropine 1.358 Atropine 1.47
Hyoscyamine 2.487 Hyoscyamine 2.345
Scopolamine 3.268 Scopolamine 3.287
Tropine 4.187 Tropine 4.282
7-Hydroxyhyoscyamine 5.073 7-Hydroxyhyoscyamine 5.037
Tiglohyoscyamine 5.95 Tiglohyoscyamine 5.988

Others unknown compounds. Others unknown compounds.

Figure 27 aand b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill , (SoXiLl>
treatment), cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0
mgl™?), identified by (HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill , (SoXiLls
treatment), cultured on MS medium supplemented with BA (0.6 mgl™) + NAA (1.0
mgl?), identified by (HPLC).
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Compound Rt Compound Rt

Atropine 1.332 Atropine 1.345
Hyoscyamine 2.367 Hyoscyamine 2.372
Scopolamine 3.15 Scopolamine 3.177
Tropine 4.17 Tropine 4.118
7-Hydroxyhyoscyamine 5.058 7-Hydroxyhyoscyamine 5.045
Tiglohyoscyamine 5.988 Tiglohyoscyamine 5.83

Others unknown compounds. Others unknown compounds.

Figure 28 a and b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (SoXzLI3 treatment),
cultured on MS medium supplemented with BA (0.6 mgl™t) + NAA (1.0 mgl™?), identified by
(HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (SoXzLl: treatment),

cultured on MS medium supplemented with BA (0.6 mgl™t) + NAA (1.0 mgl?), identified by
(HPLC).
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Compound Rt

Atropine 1.323
Hyoscyamine 2.375
Scopolamine 3.225
Tropine 4.213
7-Hydroxyhyoscyamine 5.1

Tiglohyoscyamine 6.018

Others unknown compounds.
Figure 29. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (SoXzLI,

treatment), cultured on MS medium supplemented with BA (0.6 mgl™) + NAA (1.0 mgl?),
identified by (HPLC).
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Others unknown compounds.

Figure 30 a and b.
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Compound Rt Compound Rt
Atropine 1.377 Atropine 1.263
Hyoscyamine 2.345 Tiglohyoscyamine 5.915
Scopolamine 3.175
Tropine 4.202
7-Hydroxyhyoscyamine 5.992
Tiglohyoscyamine 6.018

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill , (S1XoLI; treatment),
cultured on MS medium supplemented with BA (0.6 mgl™) + NAA (1.0 mgl™), identified
by (HPLC).

Detection of Rt (min.) of different alkaloids of Datura innoxia Mill , (S:XoLI> treatment),
cultured on MS medium supplemented with BA (0.6 mgl™) + NAA (1.0 mgl™), identified

by (HPLC).
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Compound Rt Compound Rt
Atropine 1.397 Atropine 1.35
Hyoscyamine 2.392 Hyoscyamine 2.243
Scopolamine 3.265 Scopolamine 3.192
Tropine 4.025 Tropine 4.163
7-Hydroxyhyoscyamine 5.038 7-Hydroxyhyoscyamine 4.985
Tiglohyoscyamine 5.987 Tiglohyoscyamine 6.053

Others unknown compounds.

Others unknown compounds.

Figure 31 a and b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S1XoLIs treatment),
cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0 mgl™?), identified by
(HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S1X1LI: treatment),
cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0 mgl™?), identified by

(HPLC).
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Compound Rt Compound Rt
Atropine 1.425 Atropine 1.42
Hyoscyamine 2.423 Hyoscyamine 2.467
Scopolamine 3.28 Scopolamine 3.3
Tropine 4.31 Tropine 4.265
7-Hydroxyhyoscyamine 5.102 7-Hydroxyhyoscyamine 5.108
Tiglohyoscyamine 6.055 Tiglohyoscyamine 6.028

Others unknown compounds.

Figure 32 a and b.

Others unknown compounds.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (SiXiLI3
treatment), cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0
mgl™?), identified by (HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S1X1LI2
treatment), cultured on MS medium supplemented with BA (0.6 mgl™) + NAA (1.0

mgl?), identified by (HPLC).
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Compound Rt Compound Rt
Atropine 1.53 Atropine 1.398
Hyoscyamine 2.432 Hyoscyamine 2.33
Scopolamine 3.228 Scopolamine 3.145
Tropine 4.242 Tropine 4.155
7-Hydroxyhyoscyamine 5.147 7-Hydroxyhyoscyamine 5.065
Tiglohyoscyamine 6.027 Tiglohyoscyamine 5.797

Others unknown compounds.

Figure 33 aand b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S1XzLI1 treatment),
cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0 mgl™?), identified by
(HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S1X2LI> treatment),
cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0 mgl™?), identified by
(HPLC).
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Compound Rt Compound Rt

Atropine 1.413 Atropine 1.422
Hyoscyamine 2.473 Hyoscyamine 2.42
Scopolamine 3.27 Scopolamine 3.262
Tropine 4.247 Tropine 4.118
7-Hydroxyhyoscyamine 5.287 7-Hydroxyhyoscyamine 5.175
Tiglohyoscyamine 5.94 Tiglohyoscyamine 5.493

Others unknown compounds. Others unknown compounds.

Figure 34 a and b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S1X2LI3
treatment), cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0
mgl™?), identified by (HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S2XoLl1
treatment), cultured on MS medium supplemented with BA (0.6 mgl™) + NAA (1.0
mgl?), identified by (HPLC).
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Compound Rt Compound Rt
Atropine 1.282 Atropine 1.278
Hyoscyamine 2.392 Scopolamine 3.247
Scopolamine 3.217 Tropine 4.25
Tropine 4.183 7-Hydroxyhyoscyamine 5.043
7-Hydroxyhyoscyamine 5.075 Tiglohyoscyamine 6.015
Tiglohyoscyamine 6.008 Others unknown compounds.

Others unknown compounds.

Figure 35aand b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S2XoLI2

treatment), cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0

mgl™Y), identified by

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S2XoLl3

(HPLC).

treatment), cultured on MS medium supplemented with BA (0.6 mgl™) + NAA (1.0

mgl?), identified by

(HPLC).
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Compound Rt Compound Rt
Atropine 1.318 Atropine 1.298
Hyoscyamine 2.347 Hyoscyamine 2.312
Scopolamine 3.138 Scopolamine 3.19
Tropine 4.142 Tropine 4,112
7-Hydroxyhyoscyamine 4.975 7-Hydroxyhyoscyamine 4.97
Tiglohyoscyamine 5.87 Tiglohyoscyamine 5.838
Others unknown compounds. Others unknown compounds.

Figure 36 a and b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S2X1LI1 treatment),
cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0 mgl™?), identified by
(HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S2X1LI> treatment),
cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0 mgl™?), identified by
(HPLC).
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Compound Rt Compound Rt
Atropine 1.402 Atropine 1.373
Hyoscyamine 2.438 Hyoscyamine 2.413
Scopolamine 3.217 Scopolamine 3.242
Tropine 4.288 Tropine 4.285
7-Hydroxyhyoscyamine 5.122 7-Hydroxyhyoscyamine 5.152
Tiglohyoscyamine 6.017 Tiglohyoscyamine 5.898

Others unknown compounds.

Figure 37 aand b.

Others unknown compounds.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S2XoL1; treatment),
cultured on MS medium supplemented with BA (0.6 mgl™t) + NAA (1.0 mgl?), identified by

(HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S2X1LI3 treatment),
cultured on MS medium supplemented with BA (0.6 mgl™t) + NAA (1.0 mgl™?), identified by

(HPLC).
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Compound Rt Compound Rt
Atropine 1.317 Atropine 1.307
Hyoscyamine 2.38 Hyoscyamine 2.542
Scopolamine 3.287 Scopolamine 3.26
Tropine 4.273 Tropine 4.382
7-Hydroxyhyoscyamine 5.045 7-Hydroxyhyoscyamine 5.273
Tiglohyoscyamine 5.953 Tiglohyoscyamine 5.873
Others unknown compounds. Others unknown compounds.

Figure 38 a and b.

a. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S2X2LI> treatment),
cultured on MS medium supplemented with BA (0.6 mgl™?) + NAA (1.0 mgl?), identified by
(HPLC).

b. Detection of Rt (min.) of different alkaloids of Datura innoxia Mill calli, (S2X2L 13 treatment),
cultured on MS medium supplemented with BA (0.6 mgl™t) + NAA (1.0 mgl™?), identified by
(HPLC).
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The chromatograms in the previous mentioned figures showed different number of

peaks in each of them (mainly six peaks), representing atropine, hyoscyamine, scopolamine,
Tropine, 7-hydroxyhyoscyamine and tiglohyoscyamine according to their retention times (Rts)
when compared to the references of those alkaloids. Besides, some other minor peaks were also
presented in most of the chromatograms, which was not identified because of the lack of all
alkaloid references.

Concerning the quantitative evaluations of these major alkaloid components in the calli
of Datura innoxia, tables (5, 6 and 7) show the means of the main alkaloids of Datura innoxia
Mill calli at different sucrose (S), salt (X) concentrations and under different light intensities
(L1of MS medium supplied with BA (0.6 mgl™) + NAA (1.0 mgl™). Many studies were carried
out concerning the biosynthesis of tropane alkaloids dealing with the callus tissues of this plant
(Hiraoka and Tabata 1974). These studies indicated that total alkaloid content of the callus tissue
was less than that of the intact plant. The total alkaloid in cell suspension of Datura innoxia was
far below than that detected in the intact leaves. However there was also contradicting studies
indicating the in vitro plant culture resulted in obtaining high percent of alkaloids more than in
the intact plant (Kinsara and Seif EI-Nasr 1994). Sucrose is the most commonly used carbon
source in heterotrophic and/or mixotrophic tissue culture. However, contradictory effects of
supplied sugar on plant metabolism have been reported (Sima and Desjardins, 2001). Exogenous
sucrose negatively affected growth and photosynthesis of various in vitro plantlets (Schéfer et al.,
1992; Kozai et al., 1995 and Serret et al., 1997). On the other hand, stimulating effects of sugars
on growth and photosynthesis have also been reported for in vitro plantlets of tobacco (Paul and
Stitt, 1993); for nicotine accumulation in tobacco (Mantell & Smith, 1983); for polyphenol
production by cells of Rosa (Davies, 1972) and also for potato (Ticha et al., 1998). In addition,
Hdide and Desjardins, (1994) showed that sucrose induced non-photosynthetic carbon fixation by
providing PEP necessary for PEPC activity.

Table (5) represents the mean concentrations of the six alkaloids in Datura innoxia calli,
cultured in MS medium at different sucrose concentrations (So, S1 and S2). It appeared that the
effects of growing Datura callus at different sucrose concentrations on alkaloid concentrations
and their totals were found to be increased but not significantly especially the first four alkaloids
at S1 (15 gl?) sucrose treatment when the means of S: and Sz were compared to those of So

treatments.
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Our results are in agreement with those of Kinsara and EI-Naser (1994) who studied the

effects of sucrose concentration and reported that auxin, 2,4-D and 1% sucrose (10 gl*) enhanced
the production of tropane alkaloids in Datura innoxia calli. In addition the total concentrations
at sucrose treatment (S1) 356.688 pg/g DW for all alkaloids was higher than those of So and S
treatments (206.423 and 268.051 pg/g DW) respectively. However, in general, raising the initial
levels of sucrose leads to an increase in the secondary-metabolite yield of cultures. There are
many other examples, including the production of the steroidal alkaloids, solasodine, in callus
cultures of Solanum nigrum (Bhatt et al., 1983) and in suspension cultures of Solanum
elagnifolium (Nigra et al., 1990), alkaloids and polyphenol production in dark-grown suspension
cultures of Catharanthus roseus (Knobloch and Berlin, 1980), and anthocyanin accumulation in
Vitis suspension cultures (Yamakawa et al., 1983, Cormier et al., 1990 and Do and Cormier,
1991). The increased accumulation of anthocyanin in Vitis vinifers suspension cultures when the
sucrose levels were increased has been shown to be the result of osmotic stress (Do and Cormier,
1990). Yamakawa et al. (1983) have reported that increased anthocyanin levels occurred in Vitis
cell cultures when sucrose levels were increased. However, they also found that at lower sucrose
concentrations, reduced nitrogen levels also resulted in higher amounts of anthocyanin and
suggested that there was an optimal C:N ratio for pigments production. Thus, decreasing sucrose
concentration in MS medium to (15 gl™?) in our experiment can be explained by the presence of
an optimal C:N ratio for alkaloid production. Moreover, Huimei et al., (2007) proved that
adventitious root formation is strongly dependent on sucrose supply. They showed that on the
medium lacking sucrose, the plantlets remained green in the culture period and no adventitious
roots produced. Sucrose concentration was positively correlated with the percentage of rooting
and root number per rooted shoot. The rooting percentage and root number increased with the
increasing concentrations of sucrose from 10 gl to 30 gl* Higher concentrations of sucrose
inhibited root formation which may explain the reflection of a genuine regulatory role of sucrose
in adventitious regeneration.

These observations from a variety of laboratories working with several different species
further support the concept of an inverse relationship between major aspects of primary
metabolism, example of protein synthesis and the synthesis and accumultion of secondary
metabolites, based on the differential and antagonistic utilization of common precursors.

Attention will be now focused on the possible role of plant growth regulators on this

partitioning (Yeoman and Yeoman, 1996). Sucrose and glucose are the preferred carbon source
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secondary metabolites in many cases. Increased sugar concentration favoured synthesis of
shikonin in cell cultures of Lithospermum erythrohizon, diosgenin production in Dioscorea, and
anthraquinone in cell cultures of Gallium mollugo. On the contrary, lesser amounts of sucrose
favored the production of ubiquinone 10 in Coleus blumei (Roja and Rao, 1998). The maximum
yield of rosmarinic acid produced by cell suspension cultures of Salvia officinalis was 3.5 gl
when 5% of sucrose was used but it was 0.7 gl in the medium containing 3% sucrose (Whitaker
etal., 1984).

Table 5. Means of the main alkaloids concentrations (pug/g DW) identified by (HPLC) of Datura

innoxia Mill calli at different sucrose concentrations of MS medium supplemented with BA (0.6
mgl™?) + NAA (1.0 mgl?).

Concentrations of Alkaloids ( pg/g DW)

T w > —
= 5 S = e s e
3 5 S S 25 = 2 S
Treatments = 3 =} @ 3. X 3 ~
= 3 g v
So 38.646 35.063 30.958 29.507 30.97 41.279 206.423
S1 69.695 79.961 51.47 58.718 43.428 53.416 356.688
S2 53.3 54.517 36.434 42.436 36.025 45.339 268.051
LSD
beo0s) | NS n.s. n.s. n.s. n.s. n.s. n.s.
_ 53.88+ | 56.51+ 39.62 £ 4355+ | 36.81% 46.68 + 277.05 £
X+SE 12.98 14.09 11.76 11.08 9.23 7.44 43.61
Cl 26.36 — | 26.63 - 14.68 — 20.06 — 17.24 - 30.91 - 184.59 —
95% 86.39 86.38 64.55 67.04 56.38 62.45 369.50

n.s: not significant. (So: normal sucrose concentration - 30 gl* in MS medium; Si: sucrose
concentration - 15 glt in MS medium; S2: sucrose concentration - 45 gl in MS medium).
ClI : Confidence Interval
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Table (6) represents the mean concentrations of the six alkaloids in Datura innoxia calli,
cultured in MS medium at different salt concentrations (Xo, X1 and Xz). In general the effect of
growing Datura leafexplants at different salt strength on alkaloid concentrations and their totals
especially at X1 treatment followed the similar trend of sucrose concentrations. While reducing
the salt strength into half (X1) caused non-significant increased in alkaloid concentrations as
compared to the effects of double strength (X2) and normal salt strength (Xo).

It seems possible that despite reducing the salt strength into half (Xi) it might be
explained that at this salt concentration, the majority of the microelements were found to
enhance the activity of many enzymes within explant cells (Liptay and Arevalo 2000). In this
regard, several studies have indicated that the treatment (X1) could have been considered by the
callus cells as the suitable amounts of mineral nutrition which enhanced the hyoscyamine,
scopolamine, and other alkaloids synthesis in Datura as a result of influencing the formation of
amino acids that are converting to the drug components (Pinol et al., 1999, Demeyer and
Dejaegere 1993).

These findings are similar to those researches conducted previously by (Knobloch and
Berlin, 1981; Yamakawa et al., 1983; Lindsey, 1985; Collin, 1987 and Oksman-Caldentey et al.,
1994), which demonstrated unequivocally that a depletion or deficiency of N and/or phosphate is
associated with growth limitation and a concomitant increase in the level of secondary
metabolism. Mantell and Smith (1983) concluded that lack of phosphate more than any other
nutrient stimulates secondary-metabolite biosynthesis. Ruzi’c et al. (2000) found that fresh and
dry weight of the explants of Sweet cherry rootstock Gisela 5 when micropropagated on
Murashige and Skoog (MS) medium, on MS medium containing double-strength macro salts
(MS 2X), 1/2 strength (MS 1/2) and 1/4 strength (MS 1/4) with 4.4 uM BA, 0.5 uM NAA, and
0.3 UMGAS3 increased during subculturing. However, in their experiment (Ruzi’c et al., 2000),
investigated the effect of the concentration of mineral elements in the medium on plant growth
and found that it is closely related to the uptake of mineral elements from the medium and to the
culture growth. These findings were in harmony with those reported by Mazrou (1985), on
Atropa belladonna and Mazrou and Al-Humaid (2000) on gladioli plants. On the other hand, Al-
Humaid (2004) found that total alkaloid and drug (hyoscyamine and scopolamine) contents also
increased with increasing the fertilization level to a peak value at 600 kg / ha, but he found the
harmful effect of the extreme amounts of fertilization (800 kg ha) on root growth and branching,

which then, decreased at 800 kg / ha level., which lowered their ability to adsorb the nutrients
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sufficiently. This may help us to explain the deleterious effects of double strength salt treatment

on decreasing the alkaloid content of Datura innoxia calli in the present study. However, (X2)

treatment gave mixing results. It has been reported that high ionic media strength has growth

inhibitory effects on several woody species (McCown and Sellmer, 1987).

Regarding other plant species and cultivars, Ruzi'c et al. (2000) stated that

mineral

composition of many media which is deficient in or in excess of some macroelements, resulted in

abnormal growth, vitrification and other undesirable effects.

Table 6. Means of the main alkaloids concentrations (ug/g DW) identified by (HPLC) of Datura
innoxia Mill calli at different salt concentrations of MS medium supplemented with BA (0.6

mgl™?) + NAA (1.0 mgl?).

Concentrations of Alkaloids ( pug/g DW)
I (V2] > ~ _|
> S 8 — S+ < Q&
5 3 3 3 3 < s S
Treatments = < = =] < s 3 o %
=] 3, 2, o 32 ® 2 -
= 3 g v
Xo 47.401 46.299 22.255 22.434 26.44 43.014 207.843
X1 71.669 78.671 62.123 60.726 59.013 61.577 393.779
X2 42,571 44.348 36.137 38.501 24.97 46.554 233.081
LSD
(P<0.05) n.s. n.s. n.s. n.s. n.s. n.s n.s.
_ 5388+ | 56.44+ | 40.17+ | 40.55+ 36.81 + 50.38+ | 278.23+
X+SE 14.74 17.79 13.78 12.98 10.28 11.16 58.23
Cl 22.63- | 18.73- | 10.95- | 13.03- 15.02 - 26.72— | 154.78 -
95% 85.13 94.15 69.38 68.07 58.60 74.04 401.67

n.s: not significant, (Xo: normal salt concentration in MS medium; X1

medium, Xz: double - salt strength in MS medium).

Cl : Confidence Interval.

. half - salt strength in MS

Table (7) represents the mean concentrations of the six alkaloids in Datura innoxia calli,
cultured in MS medium under different light intensities (LI1, LI2 and L1s). It generally showed

that the effect of growing Datura leafexplants under different light intensity conditions on the

first four alkaloid concentrations and their totals were found to be increased but not significantly

when the means of L11(1000 lux) were compared to those of LI2 (2000 lux) and L13 (3000 lux)
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treatments. However, LIz significantly decreased the concentrations (28.250 and 22.155 pg/g

DW) of both alkaloids, 7-hydroxyhyoscyamine and tiglohyoscyamine respectively when

compared to mean concentrations of the same alkaloids under L1 (61.04 and 56.452 pug/g DW)
and LI (50.472 and 31.816 pg/g DW) respectively (table 7). Concerning the totals of the six
alkaloids, generally they followed the same trend of the previous treatments of sucrose and salt
strength. It is clear from the table (7) that the total alkaloids concentrations under L1 was higher
(387.307) ng/g DW compared to L12 (185.450) pg/g DW and LIs (257.221) pug/g DW (Figure 39
a and b). In general the effects of different light intensities on plants growth characters either in
vivo or in vitro have been studied in the literature with contradicting results. Light is known to
affect the production of several secondary metabolites (Mantell and Smith, 1983 and Towers and
Yamamoto, 1985). Contradicting effects of light on the production of secondary metabolites have
been reported; for example, the inhibition of nicotine accumulation in tobacco cell cultures (Ohta
and Yatazawa, 1978 and Hobbs and Yeoman, 1991), and the stimulation of anthocyanine
production by Haplopappus cultures (Stick-land and Sunderland, 1972) and of betalains by cell

cultures of Chenopodium rubrum (Berlin et al., 1986).
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2000 Lux

1000 Lux

Figure 39 a and b. a) The effect of different light intensity treatments (LI1, LI2 and LIs) on
growth and development of Datura innoxia Mill calli. b) The effect of LI:1 treatment on growth
and development of Datura innoxia Mill calli.
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Table 7. Means of the main alkaloids concentrations (ug/g DW) identified by (HPLC) of
Datura innoxia Mill calli under different light intensities of MS medium supplemented with BA

(0.6 mgl™) + NAA (1.0 mgl™).

Concentrations of Alkaloids ( ug/g DW)
I (V2] = ~ _|
< =) < —
z 2 § 5 gz B —
Treatments = < = S r 3 o %
= 3 3, 3 = 3 2 -
=] > S Q
D @ D
LIy 75.733 71.295 59.117 63.669 61.041a | 56.452a | 387.307
LI> 42.214 48.658 20.57 23.605 28.25b | 22.155b 185.45
Lls 43.694 47.143 40.828 43.387 50.472a | 31.816a | 257.221
n.s. n.s. n.s. n.s. * * n.s.
LSD
($<0.05) 24.697 23.383
_ 53.88+ | 55.69+ | 40.17+ | 4355+ 46.58 + 36.81+ | 276.66 £
X+SE 14.76 17.74 11.66 11.18 8.24 7.80 59.07
Cl 2259 - | 18.08- | 1545- | 19.85- 29.11 - 26.27 - | 151.43-
95% | 85.17 93.30 64.89 67.25 64.05 53.34 401.88

n.s: not significant; (L1: Light intensity;L11: 1000 lux; L12:2000 lux; LIs: 3000 lux).

* Significant at (P<0.05) level
ClI : Confidence Interval.

Moreover, Pretto and Santarem (2000) reported that tissues of Hypericum perforatum
cultured in the presence of light have increased the activity of IAA-Oxidase which altered the
endogenous balance between auxin/cytokinin and consequently decreasing the callus growth and
affecting the content of secondary metabolites. However, Dong et al. (2006) tested different light
intensities to determine the optimal intensity for shoot organogenesis from guayule leaf strips.
The rate of organogenesis significantly improved when the light intensity dropped to 12pmol m
s': both the number of explants producing shoots and the total shoots produced were doubled.
Lowering of the light intensity appeared to enhance shoot production, down to 1.5 pumol m?2 s,
although the differences were not statistically significant. Dark grown leaf strips had less brown
sectors than those grown under low light, but they produced fewer shoots.

Our results are in agreement with those of Soontornchainaksaeng, et al. (2001) who found

that plantlets of V. coerulea, as well as P. tankervilliae, grown under light intensity of 56 pmol

-93 -



CHAPTER FOUR Results and Discussion

‘mZ s grew less than those grown under 37 and 74 pmol m™ s™.. On the other hand, they showed
in their study that light intensity plays a significant role not only on dry weight accumulation but
also on plant height, leaf number, leaf shape and leaf area. The best results were found at 74
umol m2 s, In moderate light intensity, plants generally bear longer internodes, and are less
tough and more succulent with larger leaves than those grown in intense light (Barber and
Anderson, 1992). Likewise, in papaya, the root formation of shoots or embryoids derived from
callus or shoot tips occurred at light intensities of 3,000 to 4,000 lux (Yie and Liaw, 1997). Plant
growth is related to the function of growth hormones like auxin, which is sensitive to high light
intensity. Cytokinins act in concert with auxin to cause cell division in plant tissue culture
(Soontornchainaksaeng et al., 2001).

Generally, plant growth and development are affected by both internal factors including
genotype and plant hormones and external factors such as light, temperature and moisture supply.
This result may be due to the interaction between light intensity and internal factors which
directly affect plant growth. The suitable light intensity and duration will give the best result of
product. Stronger light intensity costs more in terms of energy input. Consequently, the results
suggest that light intensity of 37 umol m2 s was sufficient to culture both V. coerulea and P.
tankervilliae economically. Similarly our results also showed that the treatment of LIz had
deleterious effects in decreasing the concentration of different alkaloids particularly 7-
hydroxyhyoscyamine and tiglohyoscyamine in calli of Datura innoxia Mill cultured in MS
media treated with different sucrose and salt concentrations, supplemented with 0.6 mgl™* BA +
1.0 mgl™t NAA. In other words it is apparent from table (8) that the normal light intensity, 1000
lux gave the best results although were not significant in first four alkaloids but were significant
in the last two alkaloids. Consequently, the results suggest that light intensity of 1000 lux was
sufficient to culture Datura leafexplants economically. Aoshima and Takemoto (2006) reported
that light is the ultimate substrate for photosynthetic energy conversion; it can also harm the
plants. Higher light intensity causes photo oxidation which involves the destruction of
chlorophyll, resulting in less biomass production. High light intensity is causing the damage of
the water-splitting photosystem Il (PSII), leading to degradation of the reaction center. The
frequency of this damage is relatively high when light intensity is increased, especially when
combined with other environmental factors. There is an exception for lily plants in which no
photoinhibition or damage to PSII was observed in the critical condition of strong light and high

temperature in the culturing season (Sorrentino et al., 1997). Moreover, Scindapsus Yielded
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plants that were more vigorous when the light intensity of the pretransplant stage was either

3,000 or 10,000 lux, whereas Cordyline and Dracaena showed progressive increases in the vigor
of plants with increasing light intensity up to 10,000 lux (Miller and Murashige, 1976).

Table (8) shows the comparison differences in alkaloid concentrations (pg/g DW)
between leaves from greenhouse plants and callus of Datura innoxia grown at different
sucrose and salt concentrations under different light intensities.
The results of the table (8) showed that in general the alkaloids production in vitro compared to
that in vivo which was insignificantly higher indicated clearly the success of alkaloids production
process from Datura innoxia Mill calli grown on MS medium supplemented with BA (0.6 mgl™)
+ NAA (1.0 mgl?) at different sucrose (S) and salt (X) concentrations under different light
intensities (L1). The results showed that concentrations of all alkaloid
types (except scopolamine) of Datura innoxia calli grown under L11 (1000lux) condition, treated
with S1 (15 gl sucrose) and Xz (half strength salt) were greater than those obtained from leaves

of in vivo plants.

Table 8. The comparison differences in alkaloid concentrations (g/g DW) between leaves from
greenhouse plants (in vivo) and callus of Datura innoxia Mill (in vitro) grown on MS medium
supplemented with BA (0.6 mgl™t) + NAA (1.0 mgl™?) at different sucrose and salt concentrations
under different light intensities.

Atropine
Difference So S1 Sy Xo X1 X2 L1 L» L3
invivo _ -0.087 | -31.135 | -14.740 | -8.841 | -33.109 | -4.011 | -37.173 | -3.655 | -5.133
in vitro
t cal. -0.008 | -0.835 | -0.386 | -0.306 | -0.766 -0.249 -0.879 | -0.136 | -0.286
toos(10)= | 2.228

Hyoscyamine
Difference So S1 So Xo X1 X2 L1 L, L3
in vivo
in vitro. 5.047 | -39.851 | 26.072 | -6.189 | -38.561 | -2.915 | -31.185| -7.002 | -9.478
t cal. 0.684 -0.820 0.489 -0.181 | -0.869 -0.104 -0.911 | -0.206 | -0.337
toos(10)= | 2.228
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Table (8) continued.

Scopolamine

Difference So S1 S, Xo X1 X2 L1 L, L3
in vivo

0 Vitro. 14.664 | -5.866 7516 | 23.369 | -16.519 | 9.465 -13.514 | 25.051 | 4.778
t cal. 1.036 -0.132 0.209 1.994 -0.370 0.568 -0.297 | 2.508 0.281
t 0.05(10)= 2.228

Tropine

Difference So S1 Sy Xo X1 Xo L Lo L3
in vivo

ifVitro. 9.881 |-19.331 | -3.049 | 16.953 | -30.339 | 0.887 -24.281 | 15.782 | -3.999
t cal. 1.050 -0.423 | -0.124 1.490 -0.696 0.049 -0.541 | 1.162 | -0.210
t 0.05(10)= 2.228
Table (8) continued.

7-Hydroxyhyoscyamine

Difference So S Ss Xo X1 X2 L1 L, L3
in vivo

in Vitro. -2.466 | -14.924 | -7.522 2.064 | -30.509 | 3.533 -27.948 | 6.348 | -3.312
t cal -0.251 | -0.450 | -0.305 0.103 -1.045 0.265 -0.505 | 0.501 | -0.240
t 0.05(10)= 2.228

Tiglohyoscyamine

Difference So 51 Sz Xo X1 Xz L1 Lz L3
in vivo

in Vitro. -17.906 | -29.977 | -21.966 | -8.462 | -38.204 | -23.184 | -37.601 | -4.879 | -27.369
t cal. -1.279 | -1.110 | -0.999 | -0.484 | -0.460 | -0.479 | -1.770 | -0.366 | -1.216
t 0.05(10)= 2.228
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The (-) sign indicates that the mean difference is in favor of increased alkaloid concentration of
in vitro over in vivo treatment.
The (+) sign indicates that the mean difference is in favor of dominated alkaloid concentration of
in vivo over in vitro treatment.

However, in case of scopolamine it was clear that the treatment L12 (2000 lux) significantly
decreased the concentration of scopolamine by 25.051 (ug/g DW) as compared with those of
calli from leaves of greenhouse plants . Consequently, the present results indicate that growing
leafexplants of Datura innoxia in MS media at different sucrose, salt concentrations under light
intensity of (1000 lux) might be regarded as the best growing MS media to give higher
concentrations of all alkaloids apart from scopolamine. Morini et al. (2000) suggested the
involvement of the blue-absorbing photoreceptor system in the callus production from leaves of
quince clone BA 29. For root regeneration, phytochrome seemed to be the only photoreceptor
involved. Alkaloid content and production of both Datura metel and Datura stramonium are
also influenced by the amount of radiation the plants received (Cosson, 1969 and Trease and
Evans, 1978). Our results are in disagreement with those of Demeyer and Dejaegere (1997) who
found that when plants of Datura stramonium var. tatula L. Torr were grown on two different
mineral media, varying only in the relative proportions between two cations ( Ca?*/K* balance)
under different light conditions, those grown under higher light energy regime, had more
alkaloids accumulated in the plants during a certain stage of development. The observed effect of
Ca?*/K* balance on alkaloid content in the leaves was affected by the different light regimes.
They also concluded that Ca?*/K* balance exerts an effect on alkaloid concentration. This
influence is, however, only noticeable during a certain stage of the plant development, while the
intensity of it is affected by the amounts of light energy received by the plants. Cosson (1969)
and Trease and Evans (1978) also stated that in addition to the mineral composition, alkaloid
content and production are also influenced by the radiation the plants received.

Kleiber and Mohr (1967) observed that light stimulated TE ( tracheary elements which are
useful experimental systems to study the biosynthesis of secondary cell walls in vitro )
differentiation in hypocotyls of Sinapis alba L. (mustard) seedlings. Mizuno et al. (1971) found
that light was necessary to induce TE differentiation in Daucus carota L.(carrot) root explants
and Fosket (1968) reported that light increased TE differentiation in cultured stem segments of
Coleus blumei Benth (coleus). Light has been found to increase the proportion of tracheary

elements differentiating in callus cultures derived from xylem-parenchyma of Pinus radiata D.
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grown on an induction medium containing activated charcoal without phytohormones. The

differentiation rate increased from 20% when callus was grown in darkness to 45% when callus
was grown under 16 h or 24 h photoperiod (Mdller, 2006).

In case of general viewing the data shown in table (8), one may conclude that when
checking the total concentrations of each alkaloid type within all treatments applied in the study,
the alkaloid types could be arranged in the following order starting from greater concentration
(ug/g DW): Tiglohyoscyamine — Atropine — Hyoscyamine — 7-hydroxyhyoscyamine —
Scopolamine — Tropine. Consequently, it appears from the above data that the Tiglohyoscyamine
was the first major alkaloid in the callus of Datura innoxia Mill. However, Berkov and Zayed
(2004) found that scopine was main alkaloid in the leaves of the Egyptian Datura plants whereas
hyoscyamine was main compound in the leaves of Bulgarian Datura plants. Moreover,
scopolamine was main compound in the fruit alkaloid fractions of both Egyptian and Bulgarian
Datura plants. As a comparison, Witte et al. (1987) reported 3, 6-ditigloyloxytropane and
scopolamine as main alkaloids in the roots and leaves, respectively, of D. innoxia plants grown
in Germany.

Our results as well as the results of Witte et al. (1987) and Berkov and Zayed (2004) clearly
showed that the alkaloid spectra and accumulation in Datura innoxia are strongly influenced by

the environmental factors.
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Conclusions

1.

Of the various pretreatments used for sterilization of leafexplants of Datura innoxia
Mill, the treatment ethanol %70 (2 min.) + NaOCI % 2.0 (2 min.) gave the maximum
survival percentage (97%) (Figure 15). Sodium hypochlorite (lranian Buzhna)
proved to be the most effective sterilants.

The best characters of callus growth studied (frequency of callus formation (%), dry
matter (DM) %, dry weight (g), and fresh weight (g), were obtained from the

combination of cytokinin (BA, 0.6 mgl™) / auxin (NAA, 1.0 mgl?) at 2nd subculture,
and the highest number of shoots induced/leaf explant(46.167) was obtained from the
combination of cytokinin (BA at 2.0 mgl™) in combination with auxin (NAA at 0.6
mgl™) at sixth subculture.
Organogenesis in vitro culture of Datura callus responded very well to the plant
growth regulators (auxins and cytokinin).
Supplementation of MS medium with cytokinin (BA at 0.6 mgl™?) in combination
with auxin (NAA at 1.0 mgl™?) was the best treatment for callus production from leaf
explants of Datura innoxia Mill as compared with that of 2,4-D.
Maximum growth of the callus as expressed on the basis of dry weight, 1.357g was
observed at the end of the 2" subculture (8" week). However, in the rest of their
growth passages i.e. from 3" to the 12" subculture it declined thereafter and gave
almost stable line with little or no change from 6" to the last subculture.
In general the alkaloids production in vitro compared to that in vivo which was
insignificantly higher indicated clearly the success of alkaloids production process
from Datura innoxia Mill calli grown on MS medium supplemented with BA (0.6
mgl™) + NAA (1.0 mglY) at different sucrose (S) and salt (X) concentrations under
different light intensities (L1I).
The effects of growing Datura leafexplants under different light intensities on the
alkaloids (atropine, hyoscyamine, scopolamine and tropine) concentrations and their
totals were found to be increased under LI1 (1000 lux) treatment. However, LI
significantly decreased the concentrations of the alkaloids, 7-hydroxyhyoscyamine
and tiglohyoscyamine respectively as compared to mean concentrations of the same
alkaloids under L1zand LlIs.
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8. In general when the concentrations of all alkaloid types except that of scopolamine
of Datura innoxia Mill calli grown at different sucrose and salt concentrations under
different light intensities were compared to their correspondent concentrations of
greenhouse plant leaves showed greater concentrations differences under
L11(1000lux) condition, treated with S1 (15 gl sucrose) and X (half strength salt).

9. Among the six alkaloids measured in the present study, it appeared from the data that
tiglohyoscyamine was the first major alkaloid in the callus of Datura innoxia Mill
leaf explants.

10. Itis clearly showed that the alkaloid spectra and accumulation in Datura innoxia are
strongly influenced by the environmental factors such as light factor in the present
study.

Recommendations

1. Production of plants regenerated from Datura innoxia Mill callus and analyzing it’s
alkaloid contents and comparing them with those of in vivo plants.

2. Culturing Datura roots to manipulate the alkaloids production.

3. Analyzing the alkaloids contents by using GC/MS instrument and replicating the
samples for Datura for more identifications.

4. Micro propagation of different species of Datura cultivated in the area or wild grown
Datura to compare their alkaloids contents.

5. Possibility of selecting particular type of alkaloid content of Datura via micro
propagation technique for future drug manufacturing companies in Iragi Kurdistan
Region.

6. Micropropation of some rare or an endangered plant species in Iragi Kurdistan

Region.
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