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Micropropagation of Andrachne asper Spreng from shoot tip and nodal segments
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Abstract
Andrachne aspera belongs to Euphorbiacea family and mostly grows in dray woody land

or bush land and in dry sandy or stony cover bed at elevation from sea level up to
(2000m-2400m). This plant is mostly used as antibiotic and to treat poison of snake and
malaria. The seeds were washed under running tap water followed by washing in 70%
ethanol for 2 to 3minutes. These seeds were surface sterilized using 20% Clorox for 10
minute and washed using sterile distilled water. The sterilized seeds were then cultured
on growth regulator free Murashige and Skoog (MS) medium. After germination, shoot
tips were excised and cultured on MS medium supplemented with different
concentrations BAP or kinetin for culture initiation. The initiated shoot tips were
transferred to solid MS medium supplemented with different concentrations of BAP or
kinetin in combination with NAA. On shoot initiation medium, MS medium containing
1.5 mg/l BAP resulted in highest mean shoot number per explants (5.03+0.29). On shoot
multiplication medium, the highest mean shoot number per explants (5.12+0.29 from
shoot tip), 5.23+0.22 from node explants and highest mean shot length (4.30+£0.20 cm)
were obtained on medium containing 0.5mg/l BAP in combination with 0.25 mg/l NAA.
The highest mean number of roots per shoot (6.00+ 0.77) and mean root length
(6.00+0.55 cm) were obtained on half strength MS medium containing 0.25 mg/l 1AA.
After acclimatization, 90% plants survived in green house. BAP (1.5mg/l) was best for
shoot induction and BAP in combined with NAA(0.5mg/l BAP +0.25 NAA) produced
best result for shoot multiplication. Rooting of microshoots was successful in 0.25 mg/l
of IAA. Cultivation of the propagated plant to provided medicine and reduce the

endanger status of the plant.

Key words: - Acclimatization, Andrachne aspera, growth regulators, in vitro

propagation, shoot multiplication, rooting.
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1. Introduction
The use of herbal medicines continues to expand rapidly across the world with many

people now resorting to these products for treatment of various health challenges in
nations health care setting (WHO, 2004).This past decade has obviously witnessed a
tremendous surge in acceptance and public interest in natural therapies both in
developing and developed countries, with these herbal remedies being available not only
in drug stores, but also in food stores and supermarkets. It is estimated that up to 4 billion
people of the world’s population living in developing world rely on herbal medicinal
products as primary source of health care and traditional practice which involves the use
of herb viewed as an integral part of the culture in those communities (Mukherjee, 2002;
Bodeker et al, 2005;Bandaranayke, 2006).

Currently there are many well established herbal and plant medicine practice which are
popular in many parts of the world .The world health organization (WHO) reported that
80% of people in the developing world uses medical plants for their primary health care
(Vines,2004).

In Ethiopia, the list of medical plants documented for national biodiversity strategy and
action plan by Tesema et al. (2002) shows that about 887 plant species were reported to
be utilized in traditional medicine. Among these, 26 species are endemic and they are
becoming increasingly rare and are on the verge of extinction. It is believed that the
greater concentrations of these plants are found in the southern and south western parts of
the country following the concentration of biological and cultural diversity (Yineger,
2005; UNEP, 1995).

Majority of Ethiopians rely on traditional medicine as their primary form of health care,
yet they are endangered of losing both their knowledge and the plants they have used as

medicines for millennia (Avigdro et al., 2014) .

Ethiopia has been described as one of the most unusual and important sources of
biodiversity in the world (USAID, 2008), yet is perilously close to losing much of this
rich diversity due to deforestation, land degradation, lack of documentation of species in

some areas as well as of traditional culture and potential acculturation (Teketay and



Bekele, 1995; Kassaye et al., 2006; Gidayet al., 2009; Lulekal et al., 2008). Intertwined
with the irretrievable loss of important species of plants and animals is risk of traditional
herbal medicine knowledge. An estimated 80 to 90% of Ethiopians use herbal medicine

as a primary form of health care (WHO, 2009).

In Ethiopia, the majority of the rural populations traditionally use many plants as sources
of medicine for humans and livestock (Tesfaye et al, 2009). Generally, traditional healers
use roots, barks and other parts of the plants to prepare phytotherapies (Alexiads, 1996)

and in the process they have developed their own local knowledge.

Medically, Andrachne aspra is rare species following Tackhom (1974).The aerial and
root plants are used in local medicine in Pakistan and UAE to improve eye sight and to
treat eye sores (Satiyanatil975). The plant is also used as expectorant (Kamal, 2001).
There are contradicting reports in its use as a substitution of Polyaiasenga (used as
expectorant) (Qzilbash,, 1949; Shah and Kahann, 1959). It is used in Ethiopia to relieve
pain and reduce fever (Debebe et al., 2006), snake bite and malaria (Hunde et al, 2006).
A crude alkaloidal mixture has been reported to show various biological activities (Hoppe
and Khalsa., 1999).

For many years the traditional medicines was made by wildly grown local plant.
Phytochemicals extracted from different parts of plant is used for the treatment of various
diseases, for supplementing nutrition in food and cosmetic industries has a great
potential. Most valuable phytochemicals are products of secondary metabolism and
possess sufficient chemical or structural complexity, so that artificial synthesis is difficult
(Leung, 1980).

A.aspera is propagated by a seed which is incompetent due to lack of seed and seed
viability loss after short period. Propagation through seeds is time consuming and useful

to produce a large mass plantlets.

Though the conventional breeding techniques have considerably increased the
productivity of modern crops, the application of biotechnology could speed up further
crop improvement. It over comes the barriers in conventional vegetative propagation and

fulfills the demand for large scale cultivation in a short period by rapid multiplication.
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Plant tissue culture technique now plays an important role in the micropropagation and
improvement of plants. Medical plants are the richest sources of drugs for traditional
medicine, neutraceutical, food supplements, folk medicines; pharmaceutical
intermediates, etc. (Hammer et al., 1999). For many years tissue culture techniques are
being applied for germplasm conservation mass propagation and disease free plan
production of medicinal plants. With the help of tissue culture it is possible to produce a
huge number of plantlets from single explants within short span of time (Bajaj, 1995).
Micropropagation has been used to conserve the germplasm of many rare and endangered
species of medicinal plants (Fay, 1992, Mikulik, 1999).

In vitro culture is one of the key tools of plant biotechnology that exploits the totipotence
nature of plant cells, a concept proposed by HaberIindt (1902) and unequivocally
demonstrated, for the first time by Stewand et al, (1958). Tissue culture is alternately
called cell, tissue culture and organ culture through in vitro condition (Debergh and Read,
1991); it can be employed for large scale propagation of disease free clones and gene

pool conservation.

Therefore, the objective of this study was to develop micropropagation protocol of this
medicinally important herb, Andrachne aspera Spreng. Also to introduce the medicinal
importance of these plant and to produce industrially antibiotic, anti-mosquitoes
insecticide .



2. Literature review

2.1 Description and taxonomy of Andrachne aspera

Euporbiaceae family comprises nearly 322 genera and 8910 species many of which have
their own economic value and hence contribute to the floristic wealth of tropical and
subtropical countries of the world (Bingtao Li et al., 2008). The family comprises a
number of endemic and endangered taxa. However the in vitro studies are confined only
to a few genera of aesthetic, medicinal, timber yielding, rubber yielding , dye yielding,
cottage industries, ornamental and food crops like Acalypha, Baliospermum, Codiaeum,
Colistanthus, Croton, Euphorbia, Emblica, Eryngium, Exoecaria, Givtia,
Glochidion,Hevea, Jatrpha , Mallotus, Manihot, Phyllanthus, Putranjiva, Ricinus,

Sapium and Uapaca.

The family Euphorbiaceae is grouped into 52 tribes and five subfamilies namely,
Phyllanthoideae, Oldfieldioideae, Acalyphoideae, Carotonideae, and Euphoribideae
(Webster 1975).

A. aspera was grouped in Euphoribideae by Webster (1975) and Engler and Prants (1931)
under subfamily Phyllanthoideae and sub tribe Porantherreae APG Il and 111 (2003, 2009)
and A. aspera is included in the family Phyllanthaceae (Chase, et al.2002, Davis and
Chase,2004; Wurdack et al.,2004).

2.2 Origin and distribution of A.aspera
Andrachne aspera is mainly of arid and lowland of the subtropics, but also found in the

tropic of West Africa. It is found in the wild open dry woodland or bushland or stony
river beds in dry sandy, well drained soils. It is drought tolerant and grows at elevation

from sea-level up to 2000 meters, occasionally to 2400 meters.

A. aspera is perennial and usually produces several stems from a woody root stock.
Aserpera grows in Cameroon, Morocco, Egypt, Sudan, Ethiopia, Eritrea, Kenya, and

Somalia, through Saudi Arabia to Pakistan.

The habitat of these plants is woodland or bushland and in dry sandy or stony and, at
elevations from sea-level up to 2000 m- 2400 m. In Ethiopia it grows at an altitudinal
range from 1000 to 2400m.



Importance of A. aspera
Several medicinal plants are traditionally used in Ethiopia for the relief of pain. Few of
them have been subjected to pharmacological screening for their anti-nociceptive effects

and have shown promising results (Makonnen et al., 2003).

A. aspera is used in Ethiopia to prevent from snake bite unidentified gastrointestinal, to
relieve pain and reduce fever. The roots of this plant are traditionally used in for various
ailments (Eyob et al., 2007).

It is known in Konso, south Ethiopia by the vernacular name “Koramegana” also in
Boast, Eastern Shewa Zone Oromia by the vernacular name ‘“korichaadda” and
“Hakanur” “Etse- Tekeze” (Atnafu et al, 2018)

2.3 Plant tissue culture and its application

Plant tissue culture (PTC) is different kinds of techniques for the in vitro aseptic cultures
of plant body structures such as cell, tissue organ and their components under controlled
physical and chemical conditions and environment. PTC technology also explores
conditions that promote cell division and genetic reprogramming in vitro conditions and
it is considered an important tool both basic and applied studies as well as in traditional

medicinal plants preparations (Thorpe, 1990).

Plant tissue culture is a term containing techniques used to propagate plants vegetative by
ng small parts of living tissues (explants) on artificial growth mediums under sterile
conditions. Explants regenerate shoots and roots, and consequently whole fertile plants
under certain cultural conditions. Micropropagation is the production of whole plants
through tissue culture from small parts such as shoot and root tips, leaf tissues, anther,
nodes, meristems and embryos. Micropropagation is the vegetative (asexual) propagation
of plants under in vitro conditions and is widely used for commercial purpose worldwide
(Huettemanet al., 1993; Pierik, 1978).

In vitro propagation offers a good alternative to multiply novel and endangered plant
species. Moreover; it is also used to provide sufficient number of plantlets for planting
from few stock plants which responds well to vegetative propagation. (Strivastava et
al.,2005).



In vitro propagation in many cases is more rapid than traditional methods and offer virus
and disease free plants all year round. It is carried out in aseptic and favorable condition
on growth media, using various plant tissue culture techniques (Zhou and Wu, 2006).
Plant micropropagation is an integrated process in which cells, tissues or organs of
selected plants are isolated, surface sterilized, and incubated in a growth-promoting
aseptic environment to produce clone plantlets (Altman, 2000). Micropropagation can
also be described as the process of mass propagation of selected plants via in vitro
techniques. In vitro propagation for mass production refers to the process of asexual
reproduction by multiplication of genetically identical copies of individual plants (Omar
and Aouine, 2007).

In vitro propagation techniques are preferred over the conventional asexual propagation
methods because a small amount of tissue is required to regenerate millions of clones of
plants in a year. Micropropagation provides a large number of potential for large scale
multiplication of such useful species for the next production.

PTC involves the use of small pieces of plant tissue (explants) which are cultured in a
nutrient medium under sterile conditions. Using the appropriate condition for each
explant type plants can be induced to rapidly produce new shoot and node with addition
of suitable hormones. These plantlets can also be divided, usually at a shoot stage, to
produce a large number of new plantlets.

In vitro culture techniques are an attractive alternative to overcoming problems with the
inconsistencies in secondary product formation in field-grown plants that have phyto-
chemical pharmacological, and biotechnological value. (Rao and Rhvishankar,2002). In
vitro plants have also been used as a source of biomass and to produce disease free
clones that have no seasonal variation (Simons et al., 2006; Grzegorczyr et al., 2007).
Moreover, plant tissue and cell culture suspensions grown in vitro can often produce
novel secondary metabolites or increase the production of molecules that may not be
present at useful level in whole plant materials. (Stckigt et al., 1995; Santos —Gomes et
al., 2002)

Plant biotechnology has recently replaced most conventional method used for plant
propagation and conservation, as it has overcome all obstacles facing such purpose.
(Debanath and Malik 2006.Hussey, 2011)
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Using tissue culture techniques for plant propagation was found to be fruitful, as it can
guarantee a stable biomass availability of plants of neutraceutical interest in addition to
high quality of extracts (Lucchesini and sodi, 2010). Also, in vitro cultivation techniques
were developed over years to get high yields of uniformed agronomic compounds in a
short time and to protect endangered plants from extinction (Bajaj; 1998; Shbliet al.,
2006).

Various in vitro culture techniques such as, micropropagation direct regeneration,
regeneration from callus, somatic embryogenesis genetic transformation, were applied to
mega production of medicinal plant biomass. (Lucchesini and Sodi,2010). Using tissue
culture techniques as a plant biotechnology approach was remarkably successful when
applied for identification, isolation and extraction of secondary metabolites of
phytochemical importance (Hussein 2011).

2.4 Composition of culture medium

Culture media contain macroelements, microelements, vitamins, other organic
components (e.g. amino acids), plant growth regulators, gelling agents (agar if solid) and
sucrose.

Growth and morphogenesis of plant tissue in vitro are largely governed by the
composition of the culture medium.

The composition of the culture medium depends upon the plant species, the explants, and
the aim of the experiments. In general, certain standard media are used for most plants,
but some modification may be required to achieve genotype specific and stage dependent
optimizations, by manipulating the concentrations of growth regulators, or by the

addition of specific components to the culture medium.

Commercially available ready-made powdered medium or stock solution can be used for
the preparation of culture media. A range of culture media of different formulations, and
plant growth regulators are supplied by companies such as Duhefa and Sigma-Aldrich.
The importance of nutrition in plant tissue culture is reported by Gautheret (1955).
Murashige and Skoog medium (MS) is used most extensively (Murashige and Skoog,

1962). Since then, it is widely used for micropropagation, organ culture, callus culture



and suspension culture. The formulation is a nutrient blend of inorganic salt, vitamins,
amino acid and carbohydrate.

MS provides all the essential macroelements and microelements. Potassium dihydrogen
phosphate serves as a source of phosphate. Microelements like Boron, Manganese,
Molybdenum, Copper, Iron, and Zinc play a vital role in metabolism. Boron plays a key
role in carbohydrate metabolism. Thiamine, pyridoxine, nicotinic acid act as enzymatic
cofactors in universal pathways including glycolysis and TCA cycle along with the
primary and secondary metabolism in plants. Glycine serves as a source of amino acid.
According to the recommendation of the International Association for Plant
Physiologists, the elements required by plants in concentration 0.5 mmol 1™ are referred
to as macroelements, relatively large amount of some inorganic elements also called
major plant nutrients : ions of Nitrogen(N) Potassium (K), Calcium (Ca), Phosphorus (P),
Magnesium (mg), and Sulphur (S); and those in concentration less than 0.5 mmol 17 are
microelements, small quantities of other elements are also called trace elements : Iron
(Fe), Nickel (Ni), Chlorine (Cl), Manganese (Mn), Zinc (Zn), Boron (B), Copper (Cu),
and Molybdenum ( Mo) (De Fossard, 1976).

Carbohydrate plays an important role in vitro culture as an energy and carbon source; as
well as an osmotic agent. In addition, carbohydrate-modulated gene expression in plant is
known (Koch, 1996). Sugar (sucrose) is an important component in medium and its
addition is essential for in vitro growth and development plants because photosynthesis is
insufficient, due to the growth taking place in conditions unsuitable for photosynthesis or
without photosynthesis (Pierik, 1977).

The sugar concentration depends on the type and use of growth materials; very young
embryo requires a relatively high sugar concentration. Generally, growth and
development increase with sugar concentration until an optimum is reached and then

decreases at high concentration.

The most commonly used source of carbon is sucrose at concentration of 2-5%. Glucose
and fructose are also known to support good growth of some tissue (Bhojwani and Radar,
2004). Variation in shoot response was observed in different sugars and different sugars

and lower concentration of dextrose is found to enhance the root and shoot growth in
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comparison to sucrose and maltose. Sucrose has been replaced by dextrose in rice grain
culture and found to be more efficient and can be used for further tissue culture

experiment (Ruby et al., 2007).

Four vitamins, myo-inositol, thiamin, nicotinic acid, pyridoxine are ingredients of MS
medium and have been used in varying proportion for the culture of tissue of many plant
species.

The requirements of cells for added vitamins vary according to the nature of the plant and
the type of culture. Welander (1977) found that Nitsch and Nitsch (1965) vitamins were
not necessary, or were even inhibitory to direct shoot formation on petiole explants of
Begonia xhiemalis (Roest and Bokemann, 1975) on the other hand, obtained increased

shoot formation on Chrysanthemum pedicels when MS vitamins were present.

2.5 Plant growth regulators

The basal medium (e.g., MS) is designed to keep plant tissue alive and thriving. Plant
growth regulators or hormones are needed to manipulate the developmental program of
tissues to make callus tissue proliferate, or produce roots from shoot. Growth regulators
are the items most often manipulated as experimental factors to enhance tissue culture
condition. The most growth regulators for tissue culture are auxins, cytokines, and
gibberellins. Both natural and synthetic auxins and cytokines are used in tissue culture.
Auxins promote cell growth and root growth. The most commonly used auxins are I1AA
(Indole acetic acid), IBA (indole butryic acid), NAA (naphthalene acetic acid) and 2, 4-D
(2, 4-dichlorophenoxy acetic acid).

Auxins are involved in the regulation of several physiological processes, as e.g. apical
dominance and formation of lateral and adventitious roots. These growth regulators
generally cause cell elongation and swelling of tissue, cell division, callus formation and
the formation of adventitious roots as well as the inhibition of adventitious and axuillary
shoot formation (Pierk,1997).Also auxins are often added to the culture medium to
promote the growth of callus, cell suspensions or organs, and to regulate morphogenesis,
especially in combination with cytokinin (Gorge,1993). IBA and 1AA are widely used for
root and, in interaction with a cytikinin, for shoot proliferation. Auxins are usually
dissoived in either in ethanol or dilute NaOH (Bhojwani,1996)

9



Cytokines promote cell division and shoot growth,modification of apicaldominance
,shoot differentiation, etc. In tissue culture media cytokinins are incorporated mainly for
cell division and differentiation of adventious shoots from callus and organs. An auxin
like compound TDZ (thidiazuron) has increased success rate of plant regeneration in
many species. The most commonly used cytokines are BAP (benzyl amino purine),
zeatin and kinetin. In addition to auxin and cytokines, other hormones such as abscisic
acid (Augustine and D Souza 1997; Cardoza and D Souza, 2002) and jasmnic acid

(Blazquezet al., 2004) have also been used in plant cell culture.

2.6 Culture conditions and Vessels
Cultures are grown in growth rooms or chambers. Humidity, light, and temperature have

to be controlled for proper growth of cultures. A 16-h light photoperiod is optimal for
tissue culture, and a temperature of 22-25°C is used in most laboratories. A light intensity
of 25-50 mol m™ s is typical for tissue cultures and is supplied by cool white fluorescent
lamps. A relative humidity of 50-60 % is maintained in the growth chambers. Some
cultures are also incubated in the dark.

Cultures can be grown in various kinds of vessel such as Petri plates, test tubes, and

Magenta boxes.
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3. Objectives

3.1 General objective
To develop an efficient micropropagation protocol for Andrachne aspera from shoot tip
and nodal explants

3.2 Specific objectives

X To optimize growth regulators concentration for shoot and nodal induction

X To optimize concentrations of growth regulators for shoot multiplication
X2 To optimize concentration of auxin for rooting

X To acclimatize and evaluate the survival rate of in vitro produced A. aspera

plantlets in greenhouse
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4. Materials and Methods

All the laboratory activities and experiments were conducted at Plant Tissue Culture and

Molecular Biology Laboratory, Institute of Biotechnology, Addis Ababa University.

4.1 Plant material

The seeds of A. aspera were collected from a single wild type mother plant growing in
the wild in Boasat Worda, East Shewa Zone, Ethiopia.

The area lies between 8°25and 8°50°N and 39°16 and 39°50 E. Boosat fall between
1100 and 1800 m.a.s.l. (Debela, et al., 2006).

4.2 MS medium stock solution preparation

Murashige and Skoog (1962) (MS) medium was used throughout the research activity.
Full strength stock solution macronutrients, micronutrients, Fe-Na-EDTA and FeSO4
maximum and vitamins were prepared separately. To do so, appropriate amount of each
nutrient was weighed in grams per liter and dissolved in distilled water consecutively in
such a way that the next nutrient was added after the first one was completely dissolved.
After all the components were fully dissolved using magnetic stirrer, finally the solution
was dispensed in to plastic or glass bottles and stored at -20°C until used.

4.3 Plant growth regulators stock solution preparation

Plant growth regulators such as 6-Benzyl Amino-Purine (BAP), kinetin (KIN) for shoot
induction and Indole-Butyric Acid (IBA), Naphthalene Acetic Acid (NAA), Indole
Acetic Acid (IAA), for rooting were used in this study. All of the plant growth regulators
stock solutions were prepared by weighing and dissolving the powder in double distilled
water 1:1 (1 mg/ml) and dissolved by 2-3 drops of 1INNaOH and /or 1N HCI based on the
requirement of the plant growth regulators. Then, the volume was adjusted by double
distilled water and magnetic stirrer. Finally, growth regulator stock solutions were stored

in a refrigerator at +4° C for short term use.

4.4 Culture medium preparation

Culture medium was prepared by taking 100 ml/l macronutrient and 10 ml/l
micronutrient and 10 ml/l vitamin stock solution of MS medium. Then, 30 g/l of sucrose

was dissolved and different concentrations of BAP, kinetin, and NAA for shoot induction
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and IAA and IBA for rooting was added. The pH of the culture medium was adjusted to
5.8 using 1N NaOH and/or 1N HCI. Then 7 g/l agar was added. Then gently mixed and
heated in microwave oven until the agar was melted followed by dispensing 50 ml of the
prepared medium in to Magenta GA-7 culture vessels. The culture vessels were covered
with caps immediately after dispensing the medium and autoclaved at a temperature of
121°C and pressure of 105 KPa for 15 minutes. Immediately after autoclaving, the
medium was taken and kept in laminar air flow cabinet bench or kept in refrigerator for
one or two days until used.

4.5 In vitro seed germination

Seeds of A. aspera were released from the fruit cover and washed with detergent under
running tap water to reduce the contamination. Seeds were surface sterilized in 70%
ethanol for 2-3 minute and rinsed 4 to 5 times by using sterile double distilled water, to
lower the toxic effect of ethanol, followed by 20% Clorox solution (NaOCI) for 10 min
and rinsed 5 times using distilled water under a laminar flow hood. The sterilized seeds
were aseptically germinated on 50 ml MS (Murashige and Skoog, 1962) medium without
hormone containing 7 g/l agar and 30 g/l sucrose (w/v) were dispensed in culture vessel
(10x6 cm, height, width, respectively). Before addition of agar, pH of the medium was
adjusted to 5.6-5.8 with 0.1 N HCI or 0.1N NaOH and autoclaved at 121°C for 15 min
under 105 KPa pressure. Five seeds per Magenta culture vessel were cultured in 6
replicates per treatment. Cultures were maintained at 22-25°C under 16 h photoperiod

and light intensity of 22#mol m™s™ under white fluorescent lamp.

.Seeds were removed from pod and surface sterilized by washing with OMO (detergent
soap) thoroughly under running tap water for 30 min, then washed by distilled water.
Antiseptic solution of 20% Clorox (sodium hypochlorite) was used under the Laminar air
—flow cabinet and seeds were immersed in the solution for 10 min with continuous
shaking. Seeds were then rinsed with sterilized distilled water for 8-10 times. Finally,
70% ethanol alcohol was added to the seeds for 3 min then rinsed with sterile distilled

water for 8-10 times.
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Shoot initiation

Shoot tips were excised from seedlings and cultured on full strength MS medium
containing 30 g/l sucrose (w/v), BAP ( 0.0, 0.5, 1.00, 1.5, 2.00, 2.5 mg/l) and kinetin (0.0,
0.5, 1.00, 1.5, 2.00, 2.50 mg/l) and 7 g/l agar was added after adjusting the pH to

5.8before autoclaving.

Cultures were incubated under light intensity of 22 umol m? s and 16 h photoperiod
provided by white light fluorescent lamps at 22-25°C. All experiments (total of 30
treatments) were performed by using five plants per culture vessel in 6 replications.

Number of initiated explants was recorded after four weeks.

4.6 Shoot multiplication

Shoots from initiation culture were used as explants in shoot multiplication, Shoots were
transferred to MS medium containing different concentrations of BAP (0.0, 0.5, 1.00,
1.50, 2.00, 2.50 mg/l) in combination with NAA (0.0, 0.25, 0.5, 1.00, 1.50, 2.00 mg/l)
and kinetin (0.0, 0.5, 1.00, 1.50, 2.00, 2.50 mg/l). All experiments were performed by
five explants per culture vessel in 6 replications. The cultures were kept at 22-25° C

under 16 h photoperiod and light intensity of 22 umol m?s™ for 30 days.
4.7 Rooting

For rooting, half strength MS medium containing 1AA (0.0, 0.25, 0.5, 1.00, 1.50, and
2.00) or IBA (0.0, 0.25, 0.50, 1.00, 1.50, 2.00 mg/l), 30 g/l sucrose was used. The pH was
adjusted to 5.8 followed by addition of 7 g/l agar. Well-developed micro shoots were
excised and transferred to rooting media. Five explants were transferred to each culture
vessel (1cm). The cultures were maintained at 22-25'C with 16 h photoperiod at light

intensity of 22 umol m?s™.

Data were recorded after 1 month for rooting percentage, number of roots, root length

and callus percentage.

4.8 Acclimatization

Well-developed rooted plantlets were removed from the medium and washed gently

under running tap water to remove the MS medium that helps to prevent the new plant
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from attacking of microbes. The in vitro developed rooted shoots were transplanted in to
the pots that containing sterilized mixture of soil, sand and peat in the ratio of 2:1:1v/v
respectively. The pots were covered with transparent poly-ethylene bags and kept in the
culture room for 15 days and watered at an interval of 2 to 3 days. After two weeks the
poly-ethylene bags were removed and transferred to greenhouse. Finally, the plants were

fully exposed to the normal growth condition for a month.

4.9 Data analysis

Data were statistically analyzed using statistical package for the social sciences (SPSS).
Standard error was calculated for all the experiments. Analysis of variance (ANOVA)
was used to analyze the obtained results for shoot number, number of node, shoot height,
root number and root length per explants. The least significant difference (LSD) was
tested using statistical analysis software SPSS 20.0 version at 0.05 levels. Means were

separated with probability of 0.05 according to the Tukeys HSD.
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5. Results

5.1 In vitro seed germination
The study revealed that sterilization of A. aspera seed with 70% ethanol for 3 to 5 minute

was found to be effective to control contamination. Below 70% concentration resulted in
100% contamination while no germination was observed at the mentioned concentration
(Above 80%).

The second surface sterilization was carried out by 20% Clorox (sodium hypochlorite) for
10 minute provided 100% contamination free seeds. Cultures were contaminated when
the concentration of Clorox was below 20% and exposure time was below 10 minute.
However, when the concentrations of Clorox were above 20%, it affected seed

germination.

Figure 1Seed germination on MS medium
5.2 Shoot initiation

Shoot tips cultured on the MS medium supplemented with BAP and kinetin alone and the
control showed significant variation (p< 0.05) in terms of percentage of shoots induced.
All shoot tips produced proliferated shoots on MS medium supplemented with 1.5 mg/I
BAP and 0.5 mg/l kinetin (Tables 1 and 2).

On the other hand, the lowest shoot induction percentage was observed on medium
containing 2.5 mg/l BAP only. And 2.5 mg/l KIN shoots exhibited less new growth of

shoots.
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Table 1 Effects of different concentrations of BAP on shoot induction of A.

aspera Data expressed as Mean + SE

BAP No. Shoots Number of node Shoot length
(mgll)

0.0 0.27+0.09° 0.23+0.10° 0.25+0.10°
0.5 1.80+0.15° 3.27+0.27° 4.40+0.34®
1.0 2.93+0.34° 3.50+0.32" 2.83+0.26°
1.5 5.03+0.29° 4.93+0.28° 4.05+0.24®
2.0 2.20+0.21" 4.10+0.32% 4.93+0.37°
2.5 1.93+0.23° 3.30+0.31° 3.33+0.35™

Different letters within the same column represent significant differences according to

Tukeys multiple range test at 5% level.

Figure 2 Shoot initiations on different concentrations of BAP

Table 2 Effect of kinetin on shoot initiation

Kinetin No. of shoot No. of node Shoot length(cm)
(mg/1)

00 0.17+0.07° 0.17+0.07° 0.25+0.11°

0.5 2.50+0.27° 3.00+0.28° 2.97+0.35

1.0 2.73+0.29° 3.1740.24° 2.93+0.24°

15 1.60+0.13° 2.43+0.28° 3.10+0.43°

2.0 1.400.10° 2.50+0.23° 2.88+0.32°

25 1.47+0.10° 2.33+0.16° 2.43+0.27°

Different letters within the same column represent significant differences according

to Tukeys multiple range test at 5% level.
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Figure 3 Shoot initiations on different concentrations of kinetin
5.3 Shoot multiplication
Effects of BAP and NAA on the shoot multiplication of A. aspera

The effect of NAA in combination with BAP on shoot multiplication after four weeks of
culture was highly significant (p<0.05). The results of this study indicated that using
BAP in combination with NAA for shoot multiplication was better than Kinetin in
combination with NAA.

In all treatments, there were differences in the rate of shoot multiplication. The mean
number of shoots per explants ranged from 2.23+0.14 to 5.17+0.29 (Table 3 and Fig. 4).
Among all the treatments, 0.5 mg/l BAP in combination 0.25 mg/l NAA resulted in the
highest mean number of shoots per explants (5.174+0.29) (Table3).

MS medium supplemented with 0.5 mg/l kinetin combined with 0.25 mg/l NAA, and 0.5
mg/l NAA resulted in the first (2.61+0.70) and the second (2.00 +0.48) highest mean
shoot number respectively. Shoot explants cultured on MS medium supplemented with
2.00 mg/l BAP in combination with 1.5 mg/l NAA and 2.0 mg/l kinetin in combination
with 1.5 mg/l NAA produced the lowest mean number of shoot per explants (2.23 +0.14)
and (1.08+0.09) respectively. Shoot length was significantly the highest (1.05+0.59
shoot number and 1.43+0.13shoot length on growth regulators free medium(00) but it
produced the lowest mean number of shoots per explants (1.08+ 0.098). The highest
mean shoot number per explant (5.1740.29), number of node per explants (5.23+0.21)
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and shoot length(4.30£0.22 cm) were recorded on MS medium supplemented with 0.5
mg/l BAP combined with 0.25 mg/l NAA and 0.5 mg/l kinetin combined with 0.5 mg/I
NAA respectively. With increasing the concentrations of kinetin in combination with
NAA, the number of shoot per explants decreased.

Table3.Effects of BAP and NAA on the shoot multiplication of A. aspera. Data expressed
as Mean = SE

BAP NAA No. Shoot No. Node Shoot length (cm)
00+00 1.03+.076° 1.20+0.11° 1.32+.13°
0.5+0.25 5.17+0.29° 5.23+0.22° 4.30+0.22°
1.0+0.5 4.13+0.30° 4.97+0.31978° 4.03+0.26°
15+1.0 2.30+0.15° 3.1000+0.23° 2.73+0.21°
2.0+1.5 2.23+0.14° 2.97+0.23" 2.70+0.22"

Different letters within the same column represent significant differences according to

Tukey's multiple range test at 5% level.

Figure 4 Shoot multiplications on MS medium containing 0.5 mg/l BAP in combination
with 0.25mg/l NAA
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Table 4 Effects of different KIN and NAA on shoot multiplication. Data expressed as

Mean + SE

Kinetin + No. of Shoot No. of Node Shoot length

NAA

00+00 1.50+0.59° 1.39+0.42° 1.43+0.12°

0.5+0.25 2.61+0.70° 2.9000+0.17° 2.37+0.10°
1.0+0.5 2.00+0.48° 2.10+0.15° 1.83+0.12°
1.5+1.0 1.43+0.13° 1.83+0.19° 1.57+0.18"
2.0+1.5 1.08+0.08° 1.80+0.090" 1.53+0.73"

Different letters within the same column represent significant differences according to

Tukey’s multiple range tests at 5% level.

5.4 In vitro rooting

The highest mean number of root per shoot (6.00+£0.71) and root length (6.00£0.55 cm)
were obtained on half strength MS medium containing 0.25 mg/l IAA. The lowest mean
number of roots per shoot (1.00+0.00) and root length (1.00+£0.00 cm) were obtained on
half strength MS medium containing 2.00 mg/l IAA.

Table 5. Effect of half strength MS medium containing different concentrations
of 1AA on in vitro rooting of A. aspera. Data presented as Mean + SE

IAA(mg/L) No. Root Root Length (cm)
00 0.00+0.00° 0.00+0.00°
0.25 6.00+0.717° 6.00+0.55°
0.50 4.00+0.32° 4.00+0.45°
1.00 3.20+0.37° 2.80+0.49°
1.50 1.80+0.20¢ 1.40+0.24°
2.00 1.00+0.00¢ 1.00+0.00°

Different letters within the same column represent significant differences according

to Tukey's multiple range test at 5% level.

The highest mean number of roots per shoot (2.00+0.32) and root length (2.80+0.37)
were obtained on medium containing 0.25 mg/l IBA. The lowest mean number of
roots per explant (0.80£0.20) and mean root length (0.00£0.00 cm) were obtained on

growth regulators free medium which was used as a control (Fig. 5).
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Table 6 Effects of half strength MS medium containing different concentrations
of IBA on in vitro rooting of A. aspera. Data expressed as Mean = SE

IBA(mg/l) No. roots Root length
0.0 0.00+0.00° 0.00+0.00°
0.25 2.00+0.32° 2.80+0.37°
0.50 2.00+0.00% 1.30+0.20°
1.00 1.00+0.00° 1.00+0.00"
1.50 1.00+0.00° 0.30+0.20
2.00 0.800+0.20 0.00+0.00 ¢

Different letters within the same column represent significant differences according

to Tukey's multiple range test at 5% level.

Figure 5 Rooting on half strength MS medium containing 0.25 mg/l IAA

5.5 Acclimatization

After one month, all the plantlets transferred to the greenhouse grew healthy, and
survived (Fig.6). They had normal leaf development and did not show any detectable
differences in morphology.

These plants were observed on 15™ and 30™ day almost 90%of in vitro regenerated
plants were successfully established in soil.
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Figure 6 Acclimatization of in vitro rooted shoots of A.aspera in green house. A) Plant
covered with plastic bag B) Plant transferred to greenhouse C) After 30 days of

acclimatization
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6. Discussion
6.2 Sterilization of the seed

This study used various sterilization agents to avoid the contamination of microorganisms
from A .aspera. The small size seeds were washed with detergent Omo thoroughly in tap
water followed double distilled water for effective reduction of contamination.

The seeds surface sterilized with 70% ethanol alcohol for 2-3minute and 20% of Clorox
for 10 minute showed higher percentage of clean seed. The reduction below 70% alcohol
and 20% Clorox concentration obtained contamination of seed by microorganisms.

The surface sterilized 80% of ethanol alcohol and 20% of Clorox inhibits the germination
of seed. This result indicates the concentration of 70% alcohol and 20% of and exposure
time were used for disinfectant were interrelated factors to obtain contamination free
explants.

This is similar to the finding of Silva et al., (2013) who reported the best sterilization for
the seed of Carton floribudus were 70% alcohol for 3minutes of exposure time.

6.3 Soot induction from shoot tip and node explants

In culture initiation experiment, shoot tip and node of 1cm of explants cultured on control
and MS medium supplemented with 0.5, 1.0, 1.5, 2.0, 2.5 mg/l BAP and kinetin
separately, showed a significant variation (p<0.05). Cytokinin type and concentration
were always described as the key leaders that control the performance of plant

multiplication in the tissue culture (Schuelter et al. 2009).

The result thus conclusively showed that cytokinis were essential for shoot induction and
proliferation of tip and node explants of A. aspera. BAP at 1.5 mg/l and kinetin at 1.00
mg/l resulted in high shoot induction. This is similar to the finding of Matin et al. (2009)
that reported the influence of in direct in vitro morphogenesis of mesophyll cells of
Euphorbia nuvlia, Kinetin reduces the rate of morphogenesis, where as BAP induced

somatic embryo genesis.

The numbers of initiated shoots were found to vary in the different concentration of
cytokinins and the control treatment. The maximum shoot initiation was recorded from

medium containing 1.5 mg/l BAP and 1.00 mg/l kinetin.

23



The effects of BAP on shoot induction, highest shoot number was attained at 1.5 mg/I
treatment and the number of shoot obtained (5.03+0.29) (fig.1 ), the number of node
obtained ( 4.93+0.29)and average length more seen in the treatment 2mg//I that obtained
(4.9340.37cm). This finding was similar with the work of Catapan et al .2002) who got
on Phyllantus fraternus used 1.0 mg/l-2mg/l BAP to gate 6.9+£0.21and 3.1+0.06number
of shoots respectively. According to the work of Catapan the increasing of BAP reduced
the number of shoot and shoot length. This finding in agreement the present study of A.

aspera.

The effects of kinetin on shoot induction, highest shoot number attained at 1.0 mg/I
Kinetin and the number of shoot reached its level (2.73+0.29), the number of nodes
(3.1740.24) but the highest shoot length (3.10+0.43) was on 1.5mg/Kinetin. This is
similar to the Upadhya et al., (2015) who reported the maximum shoot number
(3.2+0.22) and shoot length (2.27+0.2 cm) was attained when the explants were cultured
on the MS medium supplemented with 1mg/l Kinetin. The shoot number reduces 1.88 to

0 when the Kkinetin increases from 2-10 mg/I.

On the other hand, increasing BAP and kinetin above 1.5 mg/l caused the reduction of
shoot induction which is in agreement with the report of Hu and Wang (1983) who
reported that the higher concentration of cytiokinin reduced the number of multiplied
shoots. The control medium also showed multiple shoot development but they were

smaller in size.

The present study did n’t agree with the work of Catapan et al.,(2001) who obtained
100% shoots on phylinthus stipulantus on MS supplemented with 0.31-5.00uM BAP or

Kinetin

The current result is in agreement with the finding of other workers who have noted the
effectiveness of BAP than kinetin for shoot induction of A. aspera shoot and nodal
explant cultured on MS medium supplemented with different concentrations of BAP and
kinetin (Ghanti et al., 2009).
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6.4 Shoot multiplication

There was a significant difference (p<0.05) among the treatment effects both in
terms of shoot number, number of node and shoot length per explant. In this study,
four different concentrations of BAP combined with NAA and kinetin combined

with NAA were used for shoot multiplication.

BAP alone or in combination with NAA were found to be the most suitable plant
growth regulator for micropropagation of A. aspera rather than a combination of
kinetin and NAA.

In present study, the highest mean number of shoot per explants was (5.17+0.29)
with (4.30+0.22 cm) mean shoot length and (5.23+0.22) number of nods per explants
were records on MS medium supplemented with 0.5mg/l BAP in combined with
0.25mg/l NAA.

The results of this study was similar with the finding of Ghabbia et al (2016) who
obtained the maximum shoot number (5.20) of Euphorbia pulcherrima when the
hypocotyls were cultured on the MS medium supplemented with BAP+NAA.
Lower shoot length (1.03 cm) was obtained on medium containing 1.5 mg/I
BAP+0.5 mg/l NAA for shoot multiplication. On the other hand, Patel et al.,(2018)
obtained the highest mean shoot number and shoot length per explants (5,314 0.1)
and (6.5+ 0.5 cm) respectively were obtained by these authors. From Phyllantus
niruri on MS medium containing 0.5 mg/l BAP+0.5 mg/l NAA and 1.0 mg/l
BAP+0.5 NAA respectively which was in agreement with the present study.

BAP in combination with NAA found to be high-quality, attractive culture
maximum number of shoots per explant for shoot regeneration in many plants
(Rosaool et al., 2009; Islam and Bari, 2013) which is in agreement with the present

study.

The finding of Kafane (2018) on Pterolobium stellatum showed that MS medium

supplemented at 0.5 mg/l KIN +0.25mg/l NAA resulted in maximum mean shoot
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number on nodal explants (1.56 mg/I+0.17) and shoot length (3.25+0.33 cm), which

is similar result with present study.

The present study showed when the concentration of BAP and NAA raised lower
number of shoot per explants. In contrast with Ali et al.,(2014) who reported MS
medium  0.5mg/l BAP+0.25mg/l NAA produced the highest mean
number(20.4+£0.920) of shoots per explants. This study reported that the increasing
BAP and NAA in combination in the MS medium provided more shoot

multiplication

Generally, the present study showed that the explants of A. aspera produced multiple
shoots when BAP combined with NAA than kinetin  combined with NAA.

6.5 . Rooting and Acclimatization

Auxins are mainly used in root induction and their effect varies with type and
concentrations used in different plant species (Singh, 2002). IAA was reported as
potential auxin for rooting in several plants including Arahisstenosperma and A.
villosa(Vijayalakshmi and Giri, 2003). In this study, different concentrations of IAA and
IBA alone on half MS medium was used for root formation of A. aspera plant. The
highest number of root per shoot (6.00+0.71) was obtained and mean root length (6.00+
0.55 cm) on medium containing 0.25 mg/l IAA. This is similar to finding of Rehamet a.,
(2017) who reported 90% rooting in half strength MS supplemented with 0.5 mg/l IAA
while the decline of root indicated increasing of IAA above 1.0 mg/l which is similar
with this study. In contrast, with the study of Gharbia H et al. (2016) who reported 66%
pre explant or 4.86 plant of Euphorbia pulcerriama also indicated that increasing IAA
above 1.0 mg/l provided effective in vitro root formation which is different from this
study. IBA was not effective in this study when compared to IAA. According to Catapan
et al., (2002) rooting was activated with 93-100% of the microshoots on MS medium
without growth regulators, although 1.25-5.0 uM NAA significantly increase the number

of root per explant.

After development of extensive root system, these plantlets were gradually acclimatized

to natural environment and finally planted in specially prepared plastic pot. The soil was
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prepared in the ratio of 1:1 (sand soil, loom soil) and dried. Then this soil was sterilized
in autoclave to prevent contamination. Finally, plantlets were planted into the pot soil.
These plants were observed on 15" and 30" day. A. aspra potted plantlets showed 90%
survival. This could be attributed to the weedy nature of plant as it supports its survival at

harsh environmental condition (Pandhure et al., 2010).
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7. Conclusions

Successful propagation of Andrachne aspra was obtained via tissue culture techniques.
Using BAP (1.5 mg/l BAP) and BAP X NAA(0.5 mg/l BAP+0.25 mg/l NAA) was found
to be best for shoot induction and shoot multiplication, respectively, while best rooting
was achieved in micro shoots treated with IAA at 0.25 mg/l. Moreover, 90% of plantlets
survived after being transplanted to greenhouse conditions. The plant has wide important
to treat bacterial disease, anti-malaria prevention and from snake bite, it should be plant
in to produce traditional and modern medicines. The propagated plant must cultivate in

the natural area to reduce endangered condition.
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8. Recommendations
v Explants other than shoot tips culture for in vitro propagation of A.aspera
should be considered to investigate if they can offer better and efficient

responses.

v Further studies on the performance of the tested cytokinins in combination
with other type of hormone (cytokinins and /or auxins) should be carried out

for better result on shoot induction and multiplication.

v" The effect of different concentrations of auxins on induction of roots should
be further studied.

v It is also recommended to practice other techniques like culturing of explants

in liquid medium to reduce the cost of agar for mass propagation of A.aspera

However, more research is still needed to investigate the effect of in vitro propagation of
this plant on the quality and quantity of its active ingredients and to prevent it from

extinction it is endangered next species.

29



9. References
Alexiades, M.N. (1996).Collecting Ethnobotanical Data: An Introduction to Basic

concepts and techniques. In: Alexiades, M.N. (Ed), selected Guideline for
Ethnobotanical Research Garden, New York, pp.:52-94

Ali, AA, Munawar, A. and Naz, S. (2014). In Vitro study on Micropropagation of
Caladium bicolor hatt://www.fspublishers.org

Altman, A.(2000).Micropropagation of plants, principles and practice.in; Spire
R.E.Encyclopedia of cell Technology. New York: Johin Wiley and Sons 80 (5);
247252. Ann. Bot. 85, 587-592.

Augustin, A.C. and Souza L.(1997).Somatic embryogenesis in GentumulaBronga.
(Gentumedule) (willd) Blume.plant cell Rep 16:354-357.

Avigdor,E., WohIlmuth ,H., Zemede Asfaw, TesfayeAwas. (2014) The current status of
knowledge of herbal medicine and medicinal plants in Fiche ,Ethiopia.10:38

Bajaj Y. P. S. (1995). Biotechnology in agriculture and forestry, (ed). Medicinal and
Aromatic plants —IV. Springre —Verlag Berlin Hiedelbreg, edition, 21,413-426.

Bhojwani,S.S and M.K. Razdan.( 2004). Plant tissue culture :Theory and practice

Bingtao, Li., Huaxing,Qiu., jin-shuang ,Ma., Hua Zhu., Michale,G., Gilbert,
HansJoachim(Hajio) Esser, Stefan Dressler,Petra Hoffmann, Lynn, J. Gillespie,
Maria Vorontsova and Gordon, D. McPherson (2008 ) Flora of china . Vol. 11 pp
163, http;//www, efioras.org, dated 22nd Septmber. 2008

Bandaranayake,W.M( 2006 ) Quality control, screening ,toxic ,and regulation of herbal
drugs. In Modern phytomedicine Turning Medicinal Plants into Drugs, pp.25-27
(I. Ahmad, 1., Aqgil,F.and Owais,M.,eds) Wiley-VCHGmMbH&Co.KGaA.

Bianca Ortiz da Silva, Ana Claudia F, Amaral, Jose Luiz P, Ferreira, Laura Jane Moreira
Santiago, Ricardo P. Louro. (2013). Micropropagation and in vitro production of
secondary metabolites of Croton floribundusSpreng,

Blazquez S., Olmose |E., Hernadez J.A, Hellen E, Franadez ,J.a, Piqueras, A .(2004)
Somatic embryogenesis in safarin(Crocus sativus L.) morphological differention

and role of the antioxidant enzymic system, Actahoristic. 650:261-267.

30



Bodeker, C., Bodeker,.G., Ong, C.K., Grundy, C.K., Burford, G. and  Shein,K.(2005).
WHO Global Atlas of Traditional,Complmantary and Alternative medicine.
Geneva, Switzeland World Health Organization.

Catapan, E., Outuki,M.F. and Viana,AM.(2001).In Vitro culture of Phyiianthus
stipulates(Euphorbiaacae) Revata brasil.Bot 24:pp 25-34.

Catapan, E., Luis, M., Silva, B. D., Moreno, F.N. and Maria ,A.(2002).
Microprpoagation ,Callus and root culture of Phyllantus urinaria (Euphorbiaceae)
Plant Cell tissue and organ culture 70(3),301-309.

Cardoza, V. and Souza,D. (2002) Induction development and germination of somatic
embryos from nuclear tissue of cashew (Anacardiumoccidentale L). Sci Hori
.93:367-373

Chase, M.\W., Zmarzty, S., Lledo, M.D., Wurdack, K.J., Swensen, S.M. and Fay, M.F.
(2002) When in doubt, put it Flacourtiaceae: a molecular phylogenetic analysis
based on plastirbocL DNA sequences. Kew Bull., 57:141-181.

Davis, C.C., and Chae,M.W .( 2004) Elatinaceae are sister to Malpiaceae; peridiscaceae
belong to saxifrageles . Am.J.Bot.,91(2): 262-273.

De Fossard, RA. (1976).Tissue culture for plant propagators. University of New England,
Armidale.

Debanat ,M. and Malik, C. P. (2006). Micropropagation: A tool for production of high-
quality plant-based medicines Current Pharmaceuticals Biothnol.7; 33-49.

DebelaHunde MSc, Zemede Asfaw, Ph.D, Ensermu Kelessa ,Ph.D. (2006). Use of
traditional medicinal plants by people of ‘Boosat’ sub distric, central eastern
Ethiopia. Ethiopian J. Health Sci., 16: 141-155.

Debergh,P..C., and Read, P.E.(1991). Micropropagation, In Debergh PC, Zimmerman
RH, editor. Micropropagation. The netherland: Klwr Acad. Publ pp. 1-13.

Demel Teketay and Tamrat Bekele . (1995). Floristic composition of Wof-Washa natural
forest, central Ethiopia: Implications for the conservation of biodiversity.
FeddesRepertorium,106: 127-147.

Derassani,H. and khalsa, J.H. (1966) Indian J. pharm., 28, 237.

31



Fay , MF. (1992) Conservation of rare and endangered plants using in vitro methods. In
vitro cell and Dev.Bio; 14:28

Engler .and Prants.(1931). Die Naturalichen P flazenfmilineveritagen von Wilhelm
Engemann, Lepzing.

Ermias Lulekal, Ensermu Kelbess ,Tamerat Bekel., Haile Yineger ,H. (2008). An
ethnobotanical study of medicinal plants in Mana Angetu district ,southeastern
Ethiopia .J EthnobiolEthnomed , :10

Eyob Debebe, Eyasu Meakonnen , Asfaw Debella.(2007).Antinociceptive Effect of The
Methanlic Extract of Roots Of Andrachne aspera in Thee Models Of Nociception.
Pharmacologyonline ;1:41-48

Fowler, M.R., F.W. Rayns and CF .Hunter Editor (1993).The language and aims of plant
cell and tissue culture .In Vitro cultivation of plant cells , Butterworth-Heinmann
Ltd ,oxford ,page 1-18.

G.V.Satiyanaati. (1976).Med, plants of India ,Vol 1,63,Indian council of Medical
Research ,New Delhi. .

Gharbia ,H., Danial, Ibrahim,A.(2016). Efficient protocol of micropropagation, and
organogenesis of Euphorbia pulcherrima wild. Plant via Stem and Leaf Segments
IJAERS vol-3 P 23349-6495

Ghanti,. K. S, Govindaraju, B., Venugopal, R.B,Ramgpal,R. S, Kaviraj, C.P,Jabeen,
Barad, A, Srinath Rao.(2002). High frequency shoot regeneration from
Phyllanthus amarus Schum. and Thonn.

Grzegorczyk,l., Matkowski,A., Wysokinska ,H. (2007). Antioxidant activity of extracts
from in vitro cultures of Salvia offcialis L Food Chem 104 :536-541

HaberIndt,G,(1902).KultversuchemitisoliertenpefulanzenzelleSberMat.Nat.
klkis,Akad.Wiss.wine 111:69-92

Hammer KA, Carson CF, Riley TV (1999) Antimicrobial activity of essential oils and
other plant extracts. J Appl microbial: 86(6):985

Hailu Atnafu, Tesfaye Awas,Sisay Alemu,Sisay, Sisay Wube.(2018).Ethnobotanical
study of medicinal plants in Selale mountain ridge, North shoa, Ethiopia.
Biodiversity Int J.2 (6): 567-577.

32



Haile Yineger .and Delenasawe Yewhalaw.(2007). Traditional medicinal plant
knowledge and use by local healers in Soekoru district, Jimma Zone, Southwestern
Ethiopia.Journal of Ethobiology and Ethnomedicne 3:24.

Hammer, KA, Crson, CF., Riley, TV. (2009). Antimicrobal activity of essential oils and
other plant extracts. J Appl Microbiol; 86(6):985

Hu,C.and Wang P.J. (1983). Techniques for propagation and Breeding. In: Handbook of
Plant Cell Culture Crop Species,Sharp,W.R.,D.A Envans,P.V.Ammirato and Y.
Yamada(Eds.).vol 1,MacMillan,New York, pp:65-90.

Huetteman CA., Huetteman, CA., Preece ,JE., Thidiazuron. (1993). a potent cytokinn for
woody plant culture. Plant Cell Tissue Organ Culture 1993;33: 105 -119. Mantell
SH, Haque SQ, Whitehall AP. Clonal Multiplication of Dioscoreaalata L. and
DioscorenrotiindataPoir. Yams by tissue culture. Journal of horticultural Science
1978; 52(2): International Journal Integrative Biology 95-9

Hussein, E.A. (2011).In vivo versus in vitro: A comparative study of solanum villosum
Mill . plant leaves .. 11:140-144

Hussey, G.(1982).In vitro propagation of monocotyledonous bulbs corns. Plant cell,tissue
culture organ culture , 19,677-680.

Islam, MS., and Bari, MA. (2013). Rapid invitromultiplication ,callgenesis and indirect
and indirect shoot regeneration in Ipomeiamaurtiana-a rare medicinal plant in
Bangladish. Med aroma plant 2:138-140

IUCN Redlist . (2001) . http://, Juoerd List.org.

Kamal, A.( 2001).Studies in the Chemical constiuteents of Andrachne aspera spreng
(Euphorbiaceae).PhD thesis, University of Karachi,Karachi, Pakistan .pp175
Kebede Deribe Kassye, Alemayehu Amberbir., BinyamGetachew, Yunis Mussema
.(2006).A historical overview of traditional medicine practice and policy in

Ethiopia. Ethiopian J Health Dev, 20:127-134

Kefane Jemaneh. (2018). In vitro propagation of Pterolobiums taellatum from shoot tip
plant Msc thesis, Addis Ababa University ,Addis Ababa,ETHIOPIA, pp. 24.

Khanna, V.K. (2003).Plant Tissue Culture and Practice. Kalyani Publishers, New Delhi,
India, p -12-15

33



Koch, K.E. (1996). Carbohydrate —-modulated gene expression in plants Ann Rev. plant
mol.Biol 47,509-540

Leung, AY. (1980). Encyclopedia of common natural ingredients used in food, drugs and
cosmetics. John wiley and sons, New Yor Leung,

Lucchesini,M. and Sodi, AM.(2010).Plant tissue culture an opportunity for the
production of nutreucetical. Advances in Experimental medicine and Biology,
689:185-202

Meakonnen E, Debella A, Abebe D, Teka F (2003). Anaalgestic properties of some
Ethiopian medicinal plants in different models of nociciption in mice.phytotherapy
research, 2003a; 17:1108-1112.

Mirutse Giday, Zemede Asfaw ,Zerihu Woldu and Tilahun Tekelehaymanot. (2009).
Medicinal plant knowledge of the Bench ethnic group of Ethiopia: an
ethnobotanical investigation. Journal of Ethnobiology and Ethmoedicin, 5:26

Mikulski,J.(1999).Propagation of endangered plant species by tissue culture.
Biological1999; 37:27-33

Mukherjee, P.W.( 2002).Quality Control of herbal Drugs :An Approach to Evaluation of
Botanicals, Business Horizons Publiher,New Delhi, India.

Murashige ,T., Skoog ,F. (1962) A revised medium for rapid growth and bioassays with
tobacco tissue culture. Physiolobiaplantarum. Plant.15, 473-497

Neumann, K., Kumar, A., Immani, J. (2009). Plant cell and Tissue Culture: A Tool in
Biotechnology Basic and Aplication principles. Springer, Verlag Berlin
Heidelberg, Germanny, P.45.

Nichlas. (1889). Bacterial contaminants of Micropropagated plant tissue cultures.
Journals of Microbiology, 67,353-381.

Nitsch and Nitsch. (1965). Haploid plant from pollen grains. Science 163:85-87.

Omar and Aouine, Omar,M., Aouine,M. (2007). Commercial in vitro Mass Propagation
of plans:Current status and Future Investment Prospects.

Pandhuren.Bansode R. and Kothekar V.( 2010).in vitro multiplication of important
medicinal plant SolanumnigrumL.Recent research in science technology, 2(7):33-3

Pierik R.L.M (1978) In vitro Culture of Higher Plants. MartinusNijhoff publishers,

Dordrect

34



Pierik, R.L.M. (1997). In vitro Culture of Higher Plants. Springer. pp. 89-125

Qzilbash,(1949)

Rao, S. R., and Rhvishankar, G. A.( 2002).Plant cell culture chemical factories of
secondary metabolites. Biothnolo Adv:101-153.

Rayns,F.W. , Fowler,M.F., and Hunter,. C.F .(1993).Media design and use In vitro
cultivation of plant cells. Butterworth-Heinemann Ltd Oxford, pp. 43-64.

Rasool, R., Kamili,AN.,Ganai, BA., Akbar S .(2009). Effectsof of BAP and NAA on
shoot regeneration in Prunellavuigaris. J Nat Sci Math 3:21-26

Reham,W. Tahtamouni.,Shibi R.A. ,Younes L.S.,Alqudah, S.T.,Hawmdeh,Al.F.,Kiyyam,
AlLM (2007). In vitro propagation, Direct Regeneratio and Acclimatization of
Salanum villosum (L.) Mill.: A promising medicinal plant that grows wild in
Jordan Journal of Agricultural Sciences volume 13, No 1

Richaupadhyay., Sarveshprratap., Kashyap.,Nathtiwari.K, KarunaSingg., and Major
singh (2015). Micropropagation of Phyllanthusfraternus Webster (Euphorbiaceae)
from filed drived shoot tip explant and assessment of its genetic fidelity. Vol
.38:517-525.

Roest,S., and Bokelmann, G.S.(1975). Vegetative propagation of Chrysanthemum
morifolum Ram. In vitro. Sci.Hortic.3,317-330.

Rolando,l, T.Pilar,J.,Upali,D.,John.(1986).Tissue culture for Elimination of pathogen
specialized Technology Document 3

Ruby, J..G Jan, C H., Bartel, D P. (2007). Supplementary information, Nature
4489(7149): Fly Base 1D fbrf 0202573.

Santos—-Gomes, PC., Seabra, RM., Fernades-Ferrira, M .(2002). Phenolic antioxidant
compounds produced by in vitro shoots of sage (salvia officinalis L) Plant Sci
162:981987

Satiyanati(1975) Schelter A.R, Grunvald A.K., AmaralJumior A.L., LuzC.L., (2009). In
vitro regeneration COCONA(Solanumsessiliflorum, solanaceae) cultivars for
commercial production. Genetics Molecular Reserch, 8(3):963-975

Schuelter, A.R., Grunvald, A.K., Amaral Junior, A.l, Luz C.L.,, Goncaives, L.M.,

Stefanello, S and Scapim C.A (2009). In vitro regeneration of cocna (Solanum

35



sessiliflorum, Solanaceae) cultivars for commercial production. Genetics and
Molecular Research,8 (3):963-975.

Shbli, R.A., Shantaawi, Ma.,Subani, W.and Ajlouni,M.( 2006).In vitro conservation and
cryopreservation of plant genetic resources: A review , journal of Agricultural

Simons,C., Mattos, JCP., Sabino, KCC,, Calderia de Arauojo, A., Coelho
MPG.,AlbarelloFigueiredo, SFL. (2006). Medicinal potencial from in vitro and
acclimatized plants Cleome roseavahal ex DC (capparaceae), Fitoterapia 77:94-9

Stckigt J, obitz P, FalkenhagenH,Lutterbach R, EndrebS (1995). Naturalproducts and
enzymes from plant cell cultures. Plant cell Tissue organ cult 43:97-109

Stewand, FC, Maron, O.,Maps,and Mears, K. (1958). Growth and Organization
Devlopment culture cell. Am.J. Bot 45:705-8

Swamy, S.L., Puri,P and Sing,A.K.( 2002).Effects of axuin( IBA and NAA) and seasons
on rooting of juvenile and mature hard wood cuttings of Robinapseudoacaia and
grewiwaoptiva.New Forest, 23:143-157

Tesema Tanto, MirutseGiday and NugsuAKlilu. (2002). National Biodiversity Strategy
and Action Plan (BSAP) project;Resource Base of biodiversity Conservation,
Addis Ababa.

Tesfaye Hailmariam., Sbesebe Demesew and Zemede Assfaw (2009). An ethnobotanical
study of medicinal plants used by local people in the lowlands of Konta special
wereda, Southern Nations,nationalitis and peoples regional state,Ethiopia. J.
ethnobiol .Ethnomed., 5:26.

Thrope, Ta.(1990).The current status of plant tissue culture in the development in
cropscience. plant tissue culture: applications and limitations,Bhojwaniss(ed)
Elsevier,Amserdam,pp 1-33.

USAID Biodiversity Analysis and Technical Support Team (2008). Ethiopia Biodiversity
and tropical Forests 118/119 Assessment

Vijayalashmi, G., Giri (2003) Plant regeneration via organogenesis from shoot base
derived callus of A.villosacurrn.sci. 85:1624-1629

Vines. (2004).Herbal harvest with future toward ds sustainable sources for medical

plants. plant life International, WWW .plant life .couk.

36



Vijayalakshmi, G., and Giri,C C.( 2003). Plant regeneration via organogenesis from shoot
base derived callus of stenosperma and A.villosa. Currn.Sci, 85:1624-1629

Webster, G.L. (1975). Conspectus of new classification of the Euphoribideae. Taaon, 24:
593-601.

Welander. (1977). In vitro organogenesis in explant from different cuiturs of Begonia
xhieels

WHO. (2004).WHO Guideline on Safety Monitoring of Herbal Medicine in
pharmacovigiance Systems Geneva Swaziland World health Organ

WHO.(2009).WHO congress on Traditional Medicine and the Beijing
Declaration, WHODrud information , 23:8-11.

Wurdack,K.J, Hofmann, P., Samuel,R., Bruijn,A.De,Vander bank ,M. and
Chease,M.W.(2004).Molecular phyiogenetic analysis of
phallanthaceae(phyllanthioideaeproparte, Euphorbiaceas,l) using plastid rbcl DNA
sequence. A.m Bot., 91: 1882-1990.

Zobayed, S., Afreen-Zobayed, F., Kuota, C., Kozai, T.(2000). Mass propagation of
Eucalyptus camaldulensisin a scaled-up vessel under in vitrophotoautothrophic
condition.

Zhou, LG. and J.Y, Wu. (2006). Development and application of Medicinal plant tissue
culture for production of drugs and herbal medicinal in china. Natural Product
Reports, 23:789-810

37



Appendix 1.

Table 4. Nutrient composition and concentration of full strength MS basal medium.

Components Macronutrients Concentration (gm/L)
NH4NO3 16.5
KNO3 19.0
CaCl2.2H20 4.4
MgS04.7H20 3.7
KH2PO4 1.7

Micronutrients

Fe-Na-EDTA 4.0
ZnS04.7TH20 0.86
H3BO3 0.62
MnS04.4H20 2.23
CuS04.5H20 0.0025
Kl 0.083
NaZzMo04.2H20 0.025
COCI2.6H20 0.0025

Organic supplements

Myo-inositol 1.0
Glycin (Glycocoll) 0.2
Nicotinic acid 0.05
Pyridoxin (B6) 0.05
Thiamin (B1) 0.01
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