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THE EFFECT OF ORGANIC ADDITIVES ON GROWTH AND DEVELOPMENT OF
Clinacanthus nutans IN VITRO.

ABSTRACT

An experiment was conducted at the Faculty of Sustainable Agriculture in University
Malaysia Sabah to investigate the effect of organic additives on growth and development
of Clinacanthus nutans. The nodal segment of C. nutans was cultured on different MS
medium supplemented with different types of organic additives. The media used were
MSO (control), MS + 10% (v/v) coconut water, MS + 10% (v/v) banana homogenate,
MS + 10% (v/v) potato homogenate and MS + 10% (v/v) tomato juice. The experiment
was designed in a completely randomized designed (CRD) and each of the treatment
was replicated 8 times. Data was collected according to number of leaves, length of
regenerated shoots and number of roots. After 26 days of culture, results showed that
MS medium supplemented with 10% (v/v) of coconut water showed the highest number
of leaves (8.13+0.30), and highest length of regenerated shoot (2.71+£0.07cm). While,
the number of roots produced was (0.75+0.71). The addition of 10% (v/v) potato
homogenate showed the highest number (0.88+0.64) of roots. Thus, the presence of

coconut water as organic additive in culture medium increase effectiveness of
regeneration of nodal segment of C, nutans.

AYELY:|



KESAN ADITIF ORGANIK KE ATAS TUMBESARAN DAN PERTUMBUHAN
Clinacanthus nutans SECARA IN VITRO.

ABSTRAK

Satu eksperimen telah dijalankan di Fakulti Pertanian Lestari Universiti Malaysia Sabah
untuk mengkaji kesan aditif organic ke atas tumbesaran dan pertumbuhan Clinacanthus
nutans secara jn vitro. Bahagian nodal Clinacanthus nutans dikultur ke medium MS
dengan penambahan aditif organik yang berbeza-beza. Reka bentuk eksperimen yang
digunakan ialah CRD di mana MS0 (kawalan), MS + 10% (v/v) air kelapa, MS + 10%
(v/v) homogenat pisang, MS + 10% (v/v) homogenat kentang and MS + 10% (v/v) jus
tomato. Setiap rawatan direplikasi sebanyak 8 kali. Data dikumpul berdasarkan bilangan
daun, panjang pucuk dan bilangan akar. Pada hari ke 26 selepas pengkulturan, medium
MS + 10% (v/v) air kelapa menunjukan bilangan daun yang tertinggi (8.13+0.30),
panjang pucuk yang tertinggi (2.71+0.07cm). Penambahan 10% (v/v) homogenat
kentang telah menunjukan bilangan akar yang tertinggi (0.88+0.64). Secara
kesimpulannya, penambahan air kelapa sebagai aditif organic ke dalam medium kultur
dapat meningkatkan kesan pertumbuhan semula bahagian nodal Clinacanthus nutans.

Eksperimen ini boleh dicuba dengan menggunakan tumbuhan herba yang berlainan
untuk membandingkan keputusan yang diperoleh dari kajian ini.
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CHAPTER 1

INTRODUCTION

1.1 Background

A few decades ago, there has been a discovery of the ability of the plant to synthesis
secondary metabolites for medical purpose. These metabolites are used for defensive and
biological functions in plants. Tapsell (2006) reported that the secondary metabolites
produced by plants are able to improve human health and can also be used as pharmaceutical
drugs. Edgar (2002) stated that based on World Health Organization (WHO), almost 80% of
humankind still depends on herbal medicine for their basic health care.

The tropical rainforest in Malaysia has abundant of herbal plants due to the biological
diversity (Yusof, 2002). However, Malaysia still lack of information about the variety of herbs
due to few studies and researches conducted on herbs. Herbal plants are famous for medicinal
purpose. For example, Lavandula officinalis is very useful in relieving pain, Mentha piperita
helps in relaxing muscle stress. Clinacanthus nutans is famous for antioxidant,

antiproliferation, antivenum, anti-inflammatory effects as well as containing a high amount of
vitamin C (Yoke, 2013).



Clinacanthus nutans is a native medicinal plant mostly in South East Asian
countries such as China, Indonesia, Thailand and Malaysia (Yuann, 2012). Clinacanthus
nutans comes from family Acanthaceae. Usually, C. nutans known as Belalai Gajah,
Dandang Gendis, Sha Ba She Cao and Sabah Snake Grass. According to Malaysia Herbal,
C. nutans favours countries that have a tropical weather and have a hollow stem
structure as well as thin and long leaves with average surface of 1.5 cm by 7 cm. The
colour of C. nutansis green for seedling stage, and dark green for mature stage.

Due to the ability of C. nutans to cure diseases and high nutritional content,
undoubtedly C. nutansis one of the herbs that need to be included in medicinal research
(Yuann, 2012). Furthermore, China Vegetable Research Institute (2009) reported that
C. nutansis a very good antioxidant and has a potential in curing cancer. Moreover, it is

also effective against Hepatitis B, diabetes, bone fracture and food poisoning (Siang,
2012).

Plant tissue culture is a technique of in vitro plant propagation that been used in
the investigation of totipotency and role of hormone during plant cell differentiation, as
well as organogenesis (Lorraine, 2000). The study regarding plant tissue culture is very
important because the applications of tissue culture technique brings a lot of benefits to
mankind. By tissue culture, large number of clones from a single explant can be
produced. Furthermore, tissue culture also provides rapid propagation and producing a

plant that is free from diseases through careful stock selection and sterile techniques
(Abdullah, 2012).

Based on a study by Siang (2012) on the investigation of bioactivities of C.
nutans, showed that C. nutans have analgesic properties and anti-viral activities against

various diseases. This is due to the composition of C. nutans containing secondary

metabolites such as C-glycosyl flavones, sulphur - containing glucosides,

glycoglycerolipids and monoacylmonogala ctosylglycerol. Malaysia has been using C.
nutans as an alternative health care for cancer patients.



1.2 Justification

The demand for medicinal plant is increasing and might reduce the sustainable supply
of medicinal herbs in the future. In managing a sustainable production of medicinal plant,
avoiding over-collecting, unsustainable planting practices and pollution are very
important. Therefore, the application of plant tissue culture techniques is needed in mass
producing C. nutans for better propagation and production of valuable secondary
metabolites. In addition, this study will provide new information and understanding
about the best culture medium for micropropagating C. nutans. Moreover, there is only
little research that has been done regarding this study. The ability of tissue culture
technique to produce C. nutansin a large scale, provide an advantage for C. nutans to
be commercialized. In this study, growth and development of nodal segment of C. nutans
will be investigated in a period of one month by using a basic MS medium supplemented
with different organic additive composition. The suitable composition of media for the
growth and development of C. nutans will show a responds on length of regenerated
shoots, number of leaves and number of roots. Hence, this study was conducted to study
the effect of organic additives and to investigate the necessity of medium and nutrient
that is suitable for growth and development of C. nutans via tissue culture.

1.3 Objective

- To study the effect of organic additives on growth and development of C. nutans via
tissue culture.



1.4 Hypothesis

Ho : There is no significance difference between the addition of organic additives on
growth and development of C. nutans via tissue culture.

Ha : There is a significance difference between the addition of organic additives on

growth and development of C. nutans via tissue culture.



CHAPTER 2

LITERATURE REVIEW

2.1 Acanthaceae

Clinacanthus nutans comes from the family Acanthaceae, which is native to tropical Asia
countries. Usually it is called as Sabah snake plant or Belalai Gajah. Clinacanthus nutans stems
are terete, striate and glabrescent as well as 1-3 metre high with pubescent branches. The
leaves are opposite and lanceolate with a length of 2.5-13cm and wide by 0.5-4cm.
Clinacanthus nutans has various synonyms, they are Clinacanthus angustus, Clinacanthus
burmanni, Clinacanthus spirei, Clinacanthus siamensis (Nees, 2012). These four species of
Clinacanthus are used traditionally as herbs in Southeast Asia and China and able to grow in
nearly every habitat such as valleys, scrublands, and wet fields. This family mostly consists of
tropical herbs, shrubs or twining vines and some are epiphytes (Sangeetha, 2013).



Table 2.1 Shows the taxonomic classification and nomenclature of Clinacanthus nutans.

Table 2.1 Scientific classification of Clinacanthus nutans or Sabah snake grass.

Kingdom Plantae
Phylum Magnoliophyta
Class Magnoliopsida

Subclass Asteridae
Order Lamiales
Family Acanthaceae
Genus ) ~ Clinacanthus
Species G nutans

~ Scientific name Clinacanthus nutans

Source: Gunasekaran, 2014.

Figure 2.1  The leaves of Clinacanthus nutans



2.2 Uses of Clinacanthus nutans

Clinacanthus nutans is a type of medicinal plant that provides medicinal uses and
products. There are a variety of medicinal products that have been produced based on
C. nutanssuch as medicinal cream, drug, lotion, tea, and secondary metabolite products.
Furthermore, according to Remedy, (2013) the extracted dried leaves of C. nutans help
to serve as medicine in relieving pain and healing herpes infection.

Clinacanthus nutans, also known as Sabah snake grass is an alternative
treatment and cure for cancer using natural therapies. Traditionally it was used as an
herb to cure snakebite. It is believed that it able to neutralize the poison from the
snake. Recently, it is well known for its healing properties such as the cure for cancer
and kidney failure alleviation. According to Ong (2013), C nutans reduces
hyperlipidemia, high cholesterol and high blood pressure. Furthermore, based on a
research done by experts from Academy of Agricultural Science China, they found out
that C. nutans contain flavanoids which is quite effective towards cancer (Katrin, 2014).

In Malaysia, C. nutans are broadly used to treat uric acid, gout, urinates
neuropathies, liver cancer, kidney syndrome, nasal cavity cancer and uterine fibroid. This
plant has been certified for treatment of herpes simplex, herpes zoster and skin psoriasis
in the Primary Health Care Programme (Prakash et a/., 2014). Clinacanthus nutans acts
as an anti-inflammatory which relieves major skin inflammation and rashes, and insect

bites. Apart from these reports and preliminary studies, Malaysian species of C. nutans
may give potential lead compounds in drug discovery.



Table 2.2 shows the recommended daily dosage of C. nutansleaves (mix with cool boiled

water and the filtered juice will be drunk without residue once a day), that should be
taken by a cancer patient with different level of cancer status.

Table 2.2 The recommended daily dosage of

cancer patient.

C. nutans leaves for

Cancer Status Number of Leaves Weight
Stage 1 50 leaves 10g
Stage 2 100 leaves 20g
Stage 3 150 leaves 30g
Stage 4 300 leaves 60g

Source: Ong, 2013.

2.3 Plant Tissue Culture

Plant tissue culture refers to growing and multiplying of cells, tissues and organs on
defined solid or liquid media under aseptic and controlled environment. According to a
research done by Trevor (2006), the theoretical basis for plant tissue culture was

proposed by Gottlieb Haberlandt in his address to the German Academy of Science in
1902 on his experiments on the culture of single cells.

Through tissue culture methods, plant can be produced in large quantities and
time required is short. Plant with high quality and free from any disease is one of the
advantages of this technique and made it widely performed across the world. Various

quality hybrids can be produced and preservation process for the endangered species

could be done. Micro-propagation has superiority over conventional methods of

propagation because of the high multiplication rate and disease free plants. Efficient

plant regeneration protocol is essential for genetic manipulation of crop species (Samuel
et al., 2001).



2.4 Micropropagation of medicinal plant

Plants have been an important source of living for mankind and they depend on plant as
food sources, flavours, medicinal and many other uses. The demand for a huge raw
material of medicinal plant has been incline globally because plant medicine practices
has been well established and very popular in many parts of the world. According to
World Health Organization (WHO), 80% of peoples living around the globe is using
medicinal plant as their primary health care (Stuart, 2010). Due to the high demand of
for medicinal plants, plant tissue culture was done to accelerate clonal multiplication and
high yielding of medicinal plant. Nicotiana tabacum was the first medicinal plant that
being propagated through micropropagation, followed by Daucus carota (Chaturvedi,
2007). By that, species of some Acanthaceae families such as Adhatoda beddomei are
vegetatively propagated using /in vitro culture methods (Jitendriya, 2014).

In addition, medicinal herbs such as Justicia gendarussa, was also propagated
via tissue culture by using nodal segment as explant and shoot multiplication were
obtained by using MS medium supplemented with 1.0 mg/L BAP alone with 10% coconut
milk (Sumathi, 2010). Furthermore, in vitro plant regeneration was done by using shoot
tip of Exacum travancoricum Beed|, which is an endangered herb mainly known for
ornamental purposes (Janarthanama, 2010). In addition, Vinod (2003) successfully

developed a protocol in micropropagating a medicinal plant, Leptadenia reticulate.

There are four stages in micropropagation of most plants. Initially, the first stage
is the establishment of axenic explants for producing aseptic culture, where
contamination-free of selected explants need to be ensured because it will be used for
shoot production stage. The next stage is the shoot multiplication stage, where shoots
will be developed. This developed shoots will be separated and sub-cultured several
times into a new media to enhance a better quality of shoot production. Then, followed
by rooting stage, where root induction could be achieved in vitro. Finally, is

acclimatization stage, where the cultured plant will be transferred to soil for better
survival (Kenneth, 2015).



2.5 Factors affecting in plant tissue culture.

2.5.1 Explant selection

In tissue culture, explant selection is the main steps that need to be handled properly.
A proper selection of explant is very important because the key to a successful
micropropagation is by choosing the best explant. Gintonga et a/. (2010) stated that the

explant characteristics such as type source, genotype, and history affect the success and
commercial viability of tissue culture systems.

Naphaporn et a/. (2009) and Prerna (2011) was successful in propagating
Adhatoda vasica via micropropagation using nodal segment as explant. Koilpillai (2010)
also meets a success in the micropropagating nodal segment of Graptophyllum pictum
L. by using MS media fortified with BAP and the addition of organic additive and have a
high rate of survival after being transferred to soil for hardening.

2.5.2 Surface sterilization

Explant sterilization is the initial step in culture establishment. Surface sterilization aims
to remove microorganism from the surface of the explants. The major contaminant /n
vitro culture is fungus and bacteria. In order to overcome these contaminants, antibiotics
and fungicides are used as surface sterilants on and into the medium. Ethyl alcohol,
mercuric chloride, chlorine water, bromine water, and other commercial bleaches are

some example of surface sterilants that usually used in in vitro culture (Gunasekaran,
2014).

Hartmann (1975) stated that surface sterilized the explants in the series of steps
involving a rinse in ethyl alcohol (45% w/r) followed by 10 minutes bleach treatment
and finally rinsed in double distilled water (Gunasekaran, 2014). In Elatteria cardamom
mercuric chloride gave better sterilization that sodium hyperchloride (Raghunath1989).

In Piper Nigrum also mercuric chloride was found to be best surface disinfectant (Nazeem
1994).

Surface sterilants usually are toxic to explants. Hence, washing off the sterilants
from the surface of explant after surface sterilization process is crucial. It is done by
washing twice or thrice by using sterilized distilled water. Percentage of contamination

can be reduced by pre-treatment of plants with the use of effective fungicides (Mc Grath,
2004).

10



2.5.3 Culture media

The media of plant tissue culture should generally contain macronutrients,
micronutrients, vitamins, amino acids or nitrogen supplements, sources of carbon,
undefined organic supplements, growth regulators, and solidifying agents. Tissue culture
media were first developed from nutrient solutions used for culturing whole plant such

as root culture medium of White and callus culture medium of Gautheret (Abobkar,
2009).

Basic media that are frequently used include Murashige and Skoog (MS) medium,
Linsmaier and Skoog (LS) medium, Gamborg (B5) medium, and Nitsch and Nitsch (NN)
medium (Ahmed, 2009). According to Kartha (2008) different media composition of
potato meristem culture was tested and found that basal medium (Murashige and Skoog
1962) performed well than other culture media, in terms of meristem survival and

development of shoots. The basal medium has been invariably used in meristem and
shoot tip cultures.

Usually, all mediums of plant tissue culture contains sucrose as 1-3% as carbon

source, glucose, sorbitol as well as fructose were used as a carbon source in various
experiments (Bhagya, 2007).

2.5.4 Organic additives

The use of organic additives on plant tissue culture medium helps to reduce the cost of
using plant growth regulators. Many undefined supplements such as organic additives
were employed in early tissue culture media and now it is a common practice to improve
the growth of in vitro (Norhayati, 2011). Organic additives act as a natural source that
provide minerals, sucrose, vitamins, and amino acids (Shivani et a/, 2009).

11



a) Coconut Water

According to Steward, 1948, coconut water was used as organic additives at the rate of
concentration of 10% to 20% (v/v) (Ying, 2013). In 1941, Van Overbeck introduced the
usage of coconut water in culture medium. Young coconut water was supplemented in
the media culture. The use of young coconut water acts as a plant growth regulator that
gives a better response on plant tissue culture. According to George (2001), coconut
water is composed of many amino acids, nitrogenous compounds, inorganic compounds,

organic acids, carbon sources, vitamins and growth regulators such as cytokinin and
auxin.

At a low concentration, coconut water is a natural source that acts as a growth
regulator which plays an important role in the development of the plaht physiology
(Davies et al., 1997). Liya (2005) stated that young coconut water contains Kinetin which
are significantly important in regulating the growth and development of plant tissue
culture. According to an analysis done by Zhen et a/. (2008), there are four classes of
phytochormone in coconut water, which are Indoleacetic acid (IAA), Indole-3-butyric acid
(IBA), Abscisic acid (ABA), Gibberellic acid (GA), Zeatin (Z), 6-benzyladenine (BA),
Napthaleneacetic acid (NAA), and 2,4-dichlorophenoxyacetic acid (2,4-D). Based on
previous studies on micropropagation of Adhatoda vasica, the combination of 15%

coconut water (v/v) and BAP helps to induce a high number of shoot development
(Sangeeta, 2013; Peixe et al., 2007).

b) Potato Homogenate

Potato is an important source of vitamins such as vitamins C, vitamins B1, B3, and B6.
In addition, potato also rich in minerals such as phosphorus, calcium, magnesium,
manganese, iron, and zinc. Potatoes are also known as sources of antioxidant
compounds, including polyphenols, carotenoids and vitamins, pointing to their relevance
not only as a starchy food, but also as a vegetable (Hannah, 2011). Bin et a/. (2007)

reported that MS media supplemented with 10% potato homogenate (v/v) for
micropropagation of Saussurea involucrate can achieve high root induction.

12
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