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ABSTRACT 

Viola odorata L. is common ly known as banafsha belong to fam il y Vio laceae is an 

herbaceo us perennial evergreen wi ld p lant. Whole plant stem, leaves, roots and flowers 

are used for medic inal purposes and are very important fo r pharmaceuti cals. Important 

secondary metabolites fo und in Viola are violin, vo latil e oil , sali cylic ac id , methyl este r, 

saponins, flavonoids and alkaloids which show different activities li ke antiox idant, 

antimicrobial, and antipyretic activity. Vio la odorata is included in the li st of end angered 

species because of its intensive use in medicine in local market but it is not being 

cul tivated commercially to fulfill its market requ irements. In order to conserve the plant 

and to overcome over exploitation of it in the local market for medicinal purposes an in 

vitro protoco l fo r ca llogenes is and organogenesis was developed and opt imized on half 

strength MS medium using 6-benzy ladenine (BA) 2.5 mg/I and 2, 4-

dichlorophen~xyacet i c ac id (2 , 4-D) 0.15 mg/I growth hormones which can further be 

used fo r its micropropegation and commercial cul tivat ion. Leaf, stem and pet ioles were 

used for ca llus induction in which leaf was the best explant for callus induction. The 

callu s formed by different combination of plant growth hormones and different explant 

sou rces were studied comparative ly in their colour, texture and effic iency for 

organogenes is. Incorporation of different types of plant growth regulators induced 

organogenes is and subsequently produced shoots. Optimum shooting occurred on 

medium hav ing naphthalene- aceti c acid (NAA) 0.5 mg/I, Gibberellic ac id GA3 1.05 

mg/I, Sil ver ni trate AgN03 0.42 mg/I and Thidiazuron CTOZ) 2.5 mg/ 1. The re lat ive 

concentrat ion of AgN03 and TOZ have very important role and have effect on the 

organogenic ab ility and potential of explant along with plant growth regulators . The 

different biochemical and phys iological changes take place during callogenes is and 

organogenesis has direct effect on its secondary metabolites which were evaluated by 

determining their antioxidant activity by DPPH Ca, a-diphenyl-~-picrylhydrazyl) method . 

The antioxidant act ivity of callus was higher than wild plants and had better performance 

which is med icinall y very important and can be preserved and sub cultured for medicinal 

LI se on commercial scale. 

Key words: Viola odorata, callogenes is, organogenes is, antioxidant act ivity. 
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Chapter 1 Introduction 

Viola odorata L. is medicinally and economically important perennial plant of temperate 

forests, edge bushes and open habitats (Lambinon et al., 1992) which have the ability of 

vegetative propagation . It belongs to family Violaceae, a medium sized family including 

violets or pansies having 22 genera and 900 species (Heywood, 1993). Among all these 

genera Viola is the largest genus having S2S-600 species in the world (Ballard, 1999). 

Viola odorata is commonly known as Sweet Violet, English Violet, Common Violet, or 

Garden Violet. This herb is known as Banafsa, Banafsha or Banaksa in Pakistan and 

India. Viola odOl'ata is considered as native plant of Southern Europe, North-Western 

Africa, and Western Asia. In Europe, it is found only in South of Alps and in parts of 

Western Europe, but it has spreaded much more because of extensive cultivation 

(Valentin et al., 1968; Huetteman and Preece, 1986; Marcussen and Borgen, 2000). 

Now Viola odorata is found in all the temperate zones of all continents and because of 

multiple introduction it is found in areas which are non-native of it, for instance in 

Scandinavia (Marcussen et al.) 2001), but inspite of these facts Viola odorata has very 

little morphological variation throughout its natural range. In Pakistan it is found in 

Southern hilly regions of Swat, Hazara, Muree and Kashmir represented by 17 species. It 

is frequently cultivated in gardens up to 1900 m, usually found as escapes (Qaiser and 

Omer, 1985). Violets grow mostly on alkaline soils (Henry and Malecot, 200S) but it can 

also be found on acidic soils with low calcium concentration (pH 4.1-7.8). Soils from 

natural habitats contain a significant amount of organic matter (S .8-10.86 %). Organic 

matter has a positive effect on plant growth because it contributes to the improvement of 

the physical , chemical and biological properties of soil. 

1.1. Plant morphology 

Viola odorata is an acaulescent perennial herb which propagates by stolons to form mats 

(Thomas, 200S). The Rhizomes are, creeping, densely articulate, 3-S mm thick, branched, 

with terminal leaf rosettes and lateral stolons. Rosette leaves are several in number, short­

hairy, stipules ovate or broadly lanceolate, 3-S mm, acute, pale or sometimes greenish, 

densely fimbriate with fimbriae usually 0-1 mm but in some populations 1-2 mm; petiole 

5-17 cm; blade ovate to orbicular, 4-10 x 3-7 cm, broadest near the middle; margin 
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Chapter 1 Introduction 

convex, crenate with 20-26 teeth ; base cordate; apex obtuse . Sto lons creeping, 2 mm 

thick and lip to 30 cm long, with 1- 6 cm long internodes, rooting, in the second year with 

term inal and latera l leaf rosettes. Sto lon leaves similar to the rosette leaves but smaller 

and blades sometimes wider than long, with a shallowly cordate to almost truncate base 

(Qaiser and Omer, 1985; Marcussen et aI., 2005). 

1.1.1 Flower morphology 

The wild type expresses seasonal cleistogamy, producing showy, potentially out crossing 

chasmogamolls flowers in early spring and obligately self-pollinated , cleistogamous 

flowers in favou rab le periods throughout the summer. The chasmogamous flowers are 

heavi ly scented; arise from the leaf rosettes and stolons . Pedicels of chasmogamo ll s 

flowers are up to 5 cm which exceeds the foliage at time of flowering; bracteoles are 4-5 

mm present in the middle third of the pedicel. Sepals are ovate or obtuse and are 4-6 x 2-

3 mm (including the appendage). Appendage is 2-4 mm, petals are lilac, sometimes white 

or sordid pink and obovate. Upper petals are 7-8 x 4-8 mm, lateral petals are usually with 

hyaline hairs at the throat and spurred petal is 15-21 x 5-8 mm exc luding the spur which 

is variab ly v iolet, darker or li ghter than the petal limbs and 3-4 mm (Qaiser and Orner, 

\98 5) . 

Cleistogamous flowers are \-3 mm and have decumbent pedicel. Capsu le is globose, 8-

12 mm and is non-explosive. Seeds are e llipsoid 2 x 3 mm. Some forms and cu ltivars 

have deviant corolla co lor, such as white, purple, or even yellow or apricot, and others 

produce chasmogamous flowers throughout the winter. However, many sweet smelling 

cultivars often assigned to Viola odorata, belong to other species, such as Viola alba (the 

famous Parma Violets) (Henry et aI., 2005), Viola suavis, Viola rossica (Gams, 1925) 

and Viola sintenisii, a spec ies reported and cultivated in Central Asia (Yuzepchuk, 1949; 

Marcussen et aI., 2005) . 

1.1.2 Chromosome number 

The chromosome number of Viola odorata is 2n = 20 and belongs to section Viola 

Uncinatae, a well-characterized Eurasian group of approximately 25 species (Marcussen 

and Borgen , 2000; Diny and YtldlrlmiI, 2002; Dine;: et al. , 2003). Morphological and 

allozymic ev idence reveals that its c losest relatives are two species Viola pyrenaica Ram 
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(2n = 20) , a nonstoloniferous disjunctive of the mountains of south Europe and Viola 

suavis (2n = 40) , an al\opolyploid derivative of Viola pyrenaica and some unknown 

taxon (Marcussen and Borgen, 2000). Their hybrids are rare but have been reported to be 

sem i-ferti le, which is often the case with interspecific hybrids within the section . 

1.1.3 Chemical constituents 

The flowers of Viola odorata contain the odorous principle, blue co loring matter and 

sugar (glycoside). Its flowers also contain 4.0 % anthocyan ins, 1.1 % flavonoids, 0.4 % 

outside, 18 % mucilage and 8.S % ash (Lamaison et al. , 1991). Flowers along with 

leaves, stem and roots contain an alkaloid violin. Viola-quercitin is found throughout the 

plant and sa li cy li c ac id is also obtained from the plant extract (Jackson and Bergeron, 

200S). Essenti'al oil of Viola odorata contains ionine, sapon ins, glycoside, methyl 

salicylate, mucilage, vitamins A and C, and alkaloids (Kathi, 1991). The elemental 

investigation of sweet violet showed the presence of carbon, oxygen, sodium, 

magnesium, aluminum, si licon, chlorine, potassium, calcium and iron in different parts of 

plant in vary ing concentrations. It was estab li shed that higher concentrat ion of nitrogen 

and potassium accumulates in vegetative plant parts, calcium in roots while phosphorus 

and sulphur in the flower. Moreover it was observed that potassium, magnesium and 

su lphur levels are the highest at the end of the flowering season (B ibi and Ghulam, 2006). 

Cyclotides are also common in Viola odorata which are mini proteins consist of 28-37 

amino ac ids residues that have the remarkable feature of a head-to-tail cyclic backbone 

surrounding a cystine knot. This molecular structural design gives the cyclotides sharp 

resistance to thermal, chemical and enzymatic degradation and has encouraged 

investigations into their use as scaffolds in peptide therapeutics. These cyclotides show a 

range of biological activit ies; for example, uterotonic (Gran, 1973), hemolytic (Schopke 

et al. , 1993), antibacterial, antifungal (Tam, 1999), anti-HIV (Bokesch et al., 2001, 

Gustafson et al., 1994 and Hallock et al., 2000), insecticidal (Jennings et af., 2001) and 

cytotoxic activities (Lindholm et al., 2002) . 

The antibacterial , antifungal and insecticidal properties of the cyclotides suggest that they 

are involved in plant host-defense (Craik, 2001). It has been proposed that the cyclotides 

represent the perfect host-defense proteins, since the cystine knot and the N- and C-
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termini joined in a peptide bond represent a tremendously stable and stiff structure that 

enables them to coexist with various proteases (Trabi and Craik, 2002). It is recently 

reported that cyclotides are produced by genes which are found in different isoforms 

within each plant species (Jennings et al., 2001). The production of several isoforms 

within a single species further supports the hypothesis that these peptides are involved in 

defense. To make possible the establishment of their structure-function relationship , it is 

necessary to carefully characterize the three-dimensional (3 -D) structure of cyclotide 

isoforms. 

1.1.4 Medicinal uses 

Viola odorata is medicinally very important and has a long history in phytomedicine. The 

Greeks made use of this herb as a medicine from ancient time. Long accounts of its 

properties are found in most Arabic and Persians works in Materia Medica (Said, 1969). 

The different parts used in traditional and Unani medicine are roots (Bekh-e-banafsha), 

fruits (Pool-e-banafsha) , flower (Gul-e-banafsha) and oil (Roghan-e-banafsha). In India 

and China its flower are used for the purification of blood and the plant is used as a pot 

herb. The plant extract is also mashed and applied to ulcer and foul sores (Kirtikar and 

Basu, 1918). Its flower are collected in March- April and mixed with powdered Ziziyphus 

sativa fruit which is then mixed with soup and is used in sore throat, kidney and liver 

disorder. Decoction and powder of whole plant is laxative, antimycotic, antibacterial, 

antipyretic, expectorant, diuretic, diaphoretic, bitter and pungent and employed against 

cough, jaundice, malaria, bronchitis, asthma, catarrhal and pulmonary troubles, eczema, 

earache, eye and skin diseases and also used as general body tonic (Ahmad and Sher 

1997). 

Syrup and decoction of flower (Gul-e-banafsha) is emollient, demulcent, laxative in 

nature and used for curing cough, sore throat, ague and harshness. Root extract of bekh-e­

banafsha have emetic, diuretic, anti-inflammatory, purgative properties and used as a 

medicine for abdominal pain, skin disorders, upper-respiratory problems, and cough 

(Hansel et al., 1993). Extract of leaves and seeds have analgesic properties and it has 

been used for the treatment of pain in throat and mouth cancer. In large doses, leaves as 

well as roots are cathartic and the seeds are poisonous (Khan, 1996). Although, the use of 
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Viola as herbal medicine goes back centuries, the biological activ ity of its main 

secondary metabo lites has hardly been studied. Reports about Viola deal only with the 

cytotoxicity of its cycli c peptides (Svangard et at., 2004) and its antimicrobial activity 

(Witkowska et aZ., 2005). 

1.1.5 Economic importance 

The flowers, leaves and roots of various Viola species are used mostly for medicinal 

purposes on industrial scale, being rich in vitamins A, C and also contains a type of 

antioxidant called anthocyanins. Its flowers are used to make herbal tea which is used in 

Chinese herbal medicine. The flower and leaves contain volatile oil which contain 21 % 

eugenol (Sabetay and Traband, 1941) and other essential chemicals like Benzyl alcohol, 

2, 6 Nonadien-l-ol, n-Hexanol , 2, 6 Nonadien-l-al and parmone which are used in 

chemical industry. Moreover Krocher described that it contain Me, salicylate in the form 

of glycos ide and saponin which is much valued for production of high grade perfumes. 

Its flowers are used to flavor breath fresheners. Pigments extracted from the flowers are 

used as litmus to test for acid and alkaline. Violet flowers are also used in confectionery 

for the decoration of cakes and ice cream. 

1.2. Tissue culture 

Plant cell or tissue culture is the in vitro culture of sterilized plant cells , tissues or organs 

on a nutrient medium under defined physical and chemical conditions (Sharma, 2000). 

Unlike animal cells, many plant cells are totipotent, meaning that each cell has the 

capacity to regenerate the entire plant. This fact lies at the foundation of all tissue culture 

work. The concept of plant tissue culture is based on the principles of cellular totipotency 

and regeneration, which can be traced back to the Cell Theory of Matthias Jakob 

Schleiden and Theodor Schwann (Vasil, 2008). In 1839, Schleiden and Schwann 

proposed that cell is the basic unit of organisms. They visualized that cell is capable of 

autonomy and therefore it should be possible for each cell to regenerate and copy itself if 

given an environment to regenerate into whole plant. 

Based on Schleiden and Schwann work, in 1902, a German physiologist, Gottlieb 

Haberlandt developed the concept of in vitro cell culture. Haberlandt isolated single fully 

differentiated individual plant cells from different plant species like palisade cells from 
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leaves of Laminum purpureum, glandul ar hair of Pulmonaria and pith ce ll s from pet ioles 

of Eicchornia crassiples etc and was first to cu ltu re them in Knop's salt so lution enri ched 

with glucose. The ce ll s increased in size in culture, accumulated starch but failed to 

divide . Therefore, Haberlandt' s prediction fai led that the cultured plant cells could grow, 

divide and develop into embryo and then to whole plant. Despite lack of success, 

Haberlandt made several predictions and suggestion about media and its ingredients 

which cou ld induce cell division , regeneration , proliferation and embryo induction . 

Because of his pioneering work and experimentation in the field of tissue culture, 

Haberlandt was appropriately recognized as the fathe r of plant tissue cu lture (Thrope, 

1990). 

The science of tissue culture progressed slowly for many years due to unavailability of 

nutrients solution that cou ld support the growth of isolated plant cells and tissues. 

Molliard in France, Korte in Germany, and Robbins in the United States, cultured 

fragments of embryos, and excised roots, on Knop 's salt solution. Some growth was 

observed on this minimal medium, but none of the cultures could be maintained fo r more 

than few weeks (Vasi l, 2008) . The most detailed and systemati c studies on the nutrient 

requirements of cultured plant tissues were carried out by Albert Hildebrandt at the 

University of Wisconsin . Albert made an attempt to develop an ideal nutrient so lution 

(Hildebrandt et al., 1946; Hildebrandt and Riker, 1949; Vasil and Hildebrandt, 1966) 

succeeded in the development of solutions that contained greatly elevated levels of 

mineral salts, such as the tobacco high salts medium (Vasil and Hildebrandt, 1966). 

Toshio Murashige at the same time was trying to obtain optimum and expected growth of 

cu ltured tobacco pith tissues which Skoog needed for perform ing reliable bioassays of 

cytokinin activity. Murashige studied that by add ing an aqueous extract of tobacco leaves 

to White's medium growth can be increased more than four times and this was due to 

largely by the inorganic constituents of the leaf extract. Similar results were obtained 

when the ash of tobacco leaf extracts, nitrate, large amounts of ammonium and potassium 

salts were added to the White's medium and this led to the formulation of a new and 

completely defined nutrient solution, the Murashige and Skoog or MS medium. To make 

the media more stable Murashige included chelated iron, myo-inositol, and a mixture of 

four vitamins. MS med ia is the most widely used media for plant tissue culturing 
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(Murashi ge and Skoog, 1962) and remains one of the most high ly cited publications in 

plant biology . 

Phytohormones or plant growth regul ators (PGRs) are known to play an importan t role in 

the stimulation of grain germination (Akazawa, 1972) and its activity is enhanced at low 

external pH (Sinjorgo et al., 1993). Therefore, changes in pH cou ld be a mechanism by 

which processes during germination can be controlled by phytohormones. PGRs have 

been found to playa central role in the incorporation of the responses expressed by plants 

under stress conditions (Amzallag et al., 1990). It has been found that water uptake is 

affected under stress conditions, either by increasing membrane permeability or by 

increas ing the internal concentration of osmotically active so lutes (Banyal et al., 1983) . 

Went (1928) in Netherland for the first time isolated and quantified plant hormone which 

he call ed "wuchstoff' (hormone) , and coined the phrase " Ohne Wuchstoff, kein 

Wachstum" (without hormone, no growth) . The hormone later on identified as the 

natu rall y occurring auxin wh ich regulates the amount, type, and direction of plant 

growth. Auxins include both naturall y occurring substances and related synthetic 

compounds that have similar effects . Auxins are found in all members of the plant 

kingdom. They are most abundant ly produced in growth areas (meristem) , e.g., root and 

shoot tips , but are also produced elsewhere, e.g., in the stems and leaves. Similarly, 

Indole acetic acid (lAA) was first isolated in crystalline form from the urine of pregnant 

women by Kogi (Kogi et al., 1934) in Copenhagen and from large scale cu ltures of the 

fungus , Rhizopus suinus, by Thimann (1935) at the California Institute of Technology 

(Caltech) in the United States. Thimann and his students James Bonner and Folk Skoog 

also studied auxin and contributed a lot in understanding the structure and function of 

aux in . They also contributed in the development of wide variety of synthetic auxin such 

as 2, 4-0 which are now being used widely in the field of plant tissue culture (Vas il , 

2008). 

Another important class of plant growth regulator includes cytokinin which is naturally 

occurring plant growth hormone that has had a profound impact on the culture of isolated 

plant ce lls. It was discovered by Folke Skoog and his co lleagues at the University of 

Wisconsin. Only a few naturall y occurring cytokinin have been identified, but it is due to 
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the work of Skoog and hi s colleagues, a number of cytokinins with varying leve ls of 

activity were synthes ized. Soon after the di scovery of cytokinins, Skoog and Mill er 

(1957) made another si gnificant contribution, by demonstrating the hormonal (auxin­

cytokinin) regulation of morphogenesis in plants, which allowed the control led formation 

of shoots or roots in cultured callus tissues, and is rightly considered an important 

milestone in understanding plant morphogenesis, and in micro propagation and 

regeneration of plants from cultured tissue. Nearly at the same time Carlos Miller isolated 

kinetin from aged autoclaved herring sperm DNA. Kinet in was identified as N6-

fllrfurylaminopurine (Miller et al., 1956) and was given the name kinetin because of its 

ability to induce ce ll division, provided that auxin was present in the medium. 

Gibberellic ac ids also called Gibberellins (GA3) have been cons idered to increase the 

extracellular acidification of mature barley alellronic layers (Drozdowicz and Jones, 

1992). It is also suggested that GA3 stimulates phosphate and organic acid release by the 

aleurone layers. No stimulation of extracellular acidification was observed when aleurone 

layers of wheat were treated with GA3 (Hamabata et al. , 1988). Involvement of GA3 has 

been suspected for it because they are known to promote elongation of A vena internodes. 

Gibbere llins have also been shown to mediate the stimulatory effect of ethylene on stem 

elongation in the semi-aquatic plant Callitriche platycarpa. It has been reported to 

promote cell division and ce ll elongation (Naylor, 1984). 

PGRs li ke 2, 4-dichlorophenoxyacetic acid (2, 4-D) or I-napthalene- acetic acid (NAA), 

and cytokinins such as 6-benzyladenine (BA) are prerequisites for plant tissue cu ltures, 

including liquid suspension cu ltures and solid agarose bed cultures. However, the relative 

growth rate of the plant cells in culture strictly depends on the initial cell density, even if 

sufficient amounts of auxin and cytokinins are present in the medium. 

There have been studies about the cultivation, inheritance and breeding of Viola 

(Rupinder and Ramesh, 1998; Novotna, 1984), however, there was little information 

about callus induction and plant regeneration of this species. Babber and Kulbhushan 

(1991) obtained callus derived from root, hypocotyls and cotyledonary segments of Viola 

tricolor but failed to achieve shoot regeneration . In a report Sato et al. (1995) achieved 

regeneration of plantlets from petiole callus of wild Viola (Viola patrinii DC.). In yet 
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another report Wijowska et al. (1 999) obtained callus, autonomous endosperm and roots 

in vitro by culturing unfertili zed ovules of Viola odorata. Direct regeneration of Vio la 

odorata was carried out by Hussain et al (2010) has better quality than parent plants. 

Regeneration is a useful tool for rapid propagation and for induction of somaclonal 

variation in plants (Snyman et al., 2000) . Although attempts have been made, successful 

regeneration of Viola wittrockiana has not made much progress. It seems that this species 

is one of the recalcitrant plants for in vitro regeneration. 

Plant tissue and cell culture techniques have become very important as they increase the 

work in the area like biotechnology, genetic engineering and production of pathogen free 

plants. Now tissue culture has become an important tool for genetic engineering as plant 

regeneration is essential for stable transformation (Ishii, 1998). Plant tissue culture 

techniques have great potential in plant improvement if plants are regenerated in large 

number (Jain et al ., 1998). In regenerated plants, variation can be induced by tissue 

culturing called somaclonal variation (Larkin and Scowcroft, 1981) which can result 

geneticall y stable variation, useful in crop improvement (Skirvin et al., 1993). Recently 

tissue culture techniques have been adopted for reliab le commerc ial production of 

economicall y important plants (Honda et al., 2001) . The possible method to protect the 

endangered and rare plant species is to multiply and conserve the plants by in vitro 

cultures. Plant tissue culture technology has been successfully used for the commercial 

production of microbe free plants (Parmessur et at., 2002; Liao et at., 2004), for the 

conservation of germplasms of rare and endangered plant species to protect them from 

extinction (Milkulik, 1999; Chang et at., 2000 and Jaime and da Silva, 2003). 

Medicinal plants are the most exclusive source of life saving drugs for majority of the 

world ' s population . The utilization of plant cells for the production of natural or 

recombinant compounds of commercial significance has gained increasing concentration 

over the past decades (Canter et at., 2005). These bioactive compounds currently 

extracted from plants are used as pharmaceuticals, additives, pesticides, agrochemicals, 

flavour and fragrance ingredients. The secondary metabolites playa major and important 

role in the adaptation of plants to their environment, but also represent an important 

source of pharmaceuticals (Ramachandra and Ravishankar, 2002) . Cell suspension 

culture systems could be used for large scale culturing of plant cells from which 
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secondary metabolites could be extracted. The advantages of thi s method are that it can 

ultimately provide a constant reliable source of natural products. 

The traditional system of medicine has become internationally very important topic in 

recent years. Although modern medicine may available in every country yet 

phytopharmaceuticals or herbal medicines have gained popularity because of historical 

and cultural reasons. Discoveries of cell cultures capable of producing particular 

medicinal compounds at a rate similar or superior to that of whole plants have been 

accelerated in the last few years (Vanisree and Tsay, 2004) . The medicinal compounds 

which are localized in morphological specialized tissues or organs of native plants have 

been produced in culture system by inducing specific organized cultures and also by 

undifferentiated cell culture. For the specific biotransformation of natural compounds the 

uses of plant cell culture have been established (Ravishankar and Rao, 2000). Because of 

these advances, research in the area of tissue culture technology for production of plant 

based chemicals has bloomed beyond expectations . 

1.3. Antioxidant activity 

Molecules which inhibit the oxidation of other molecules are called antiox idants and its 

activity is called antioxidant activity. The main characteristic of an antioxidant is its 

ability to trap free radicals. Highly reactive free radicals and oxygen species are present 

in biological systems from a wide variety of sources. When oxygen is used to generate 

energy these free radicals are produced as by-product in living system. These free 

radi cals are generally reactive oxygen species (ROS) such as super oxide anion, hydroxyl 

radical and hydrogen peroxide that result from the cellular redox process. ROS in low 

concentration has beneficial effects on cellular responses and immune function but at 

high levels free radicals are harmful and can damage cell structure (Pham-Huy et al. , 

2008). 

These free radicals may oxidize nucleic acids, proteins, lipids or DNA and can initiate 

degenerative diseases. Plants are rich sources of biologically active compounds called 

phytochemicals which possess a number of biological activities including antioxidant 

activities (Craig, 1999). These phytochemicals plays a vital role in the prevention of 

cancer, cardiovascular diseases (Gerber et al. , 2002) and neurodegenerative diseases, 
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inc luding Alzheimer and Park inson diseases (Oi Matteo and Espos ito, 2003) as we ll as 

inflammation and problems caused by continues aging (Ames et at., 1993). 

Antioxidant compounds like phenolic acids, polyphenols and flavonoids scavenge free 

radicals such as peroxide, hydrogen peroxide or lipid peroxyl and thus inhibit the 

oxidative mechanisms that lead to degenerative diseases. Epidemiological studies show 

that many of antioxidant activities possess anti-atherosclerotic, inflammatory, 

antimutagenic, antitumor, anticarcinogenic and antiviral or antibacterial activities to a 

greater or lesser extent (Halliwell, 1994). Moreover, it can be used as an alternative to the 

synthetic food additives such as Butylated hydroxy toluene (BHT) or Butylated 

hyd roxyan isole (BHA). 

Many antioxidant compounds, naturally occurring in plant sources have been identified 

as free radical scavengers (Ouh, 1998). Primary sources of naturally occurring 

antioxidants are whole grains, fruits and vegetables. Plant sourced food antioxidants like 

vitamin C, vitamin E, carotenes, phenolic acids and phytoestrogens have been recognized 

as having the potential to reduce disease ri sk. The extracts of different native plants 

having antimicrobial and antioxidant properties have been reported for centuries, and 

indigenous plants have been used in herbal medicine to cure various diseases (Tepe et al. , 

2005). 

Herbal remedies are still being used widely in many countries of the world and therefore 

research on biologically active extracts and compounds from natural sources has been of 

great interest to scientists in order to discover new sources for drugs that may be useful in 

combating infectious diseases. About 80 % of the world population used medicinal plants 

for their essential health care needs (Zaidi and Crow, 2005). It is necessary to establish a 

relationship among biological , chemical and therapeutic act ivities in traditional medicine. 

Plants having antioxidant and antibacterial activities against various diseases are of great 

importance and a number of studies related to antioxidant and antibacterial screening of 

extracts of medicinal plants have been conducted. 

For estimating the antioxidative potential of chemical components, several methods have 

been developed to assay free radical scavenging capacity and total antioxidant activity of 

plant extracts (Prior et al., 2005). Most of them require a spectrophotometric 
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measurement and a certain reaction time in order to obta in reproduc ible results (Ku li sic et 

01., 2004) . The most re li able and commonl y used method involves the determination of 

the di sappearance of free radi cals, such as 2, 2-azinobis (3-ethylbenzothiazoline-6-

sulfonic) acid radical (ABTS+) (Miller et al. , 1993) and DPPH (1,1-diphenyl -2 

picrylh ydrazy l) radi ca l (Williams et 01. , 1995) using a spectrophotometer. Reduction of 

ABTS+ or DPPH by a radical species (R) (ABTS+ or DPPH+R. ABTS-H DPPH-R) or 

by an antioxidant (A) (ABTS+ or DPPH+A ABTS-H or DPPH-H + A) causes a loss of 

absorbance at 734 nm or 515 nm, respectively. These methods have been modified and 

improved in recent years (Re et al., 1999). 

The DPPH method is described as a useful , rapid and simple method independent of 

samp le polarity for screening of many samples for radical scavenging act iv ity (Koleva et 

at. , 200 I). The use of DPPH for a radical scavenging measuring method is described by 

Yen and Duh (1994) , Yordanov and Christova (1997), Masuda et al. (1999) , Anderson 

and Padhye (2004), and Iwashima et al. (2005). DPPH is a stable free radical in a 

methanoli c solution and in its oxidized form , the DPPH radical has an absorbance 

max imum centered at about 520 nm (Molyneux, 2004). Usually, the DPPH absorbance is 

measured at a wavelength of 515-520 nm (Bandoniene et al. , 2002; Pavlov et al ., 2002 

and Gazi et al. , 2004). For its function as a measure of antioxidant potential, absorbance 

at the se lected wave length should be mainly influenced by the DPPH radical and not by 

interference as caused by antioxidants (Bondet et aI., 1997). 

12 
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1.4. Aims of the present study 

Viola odOJ-ata is not only plant of hi gher medicinal value but also have great economic 

impoliance. Keeping in view the importance of this valuable plant following objectives 

has been designed for this study. 

• To establish and characterize an efficient callus culturing protocol for Viola 

odorata 

• To determine the effects of different hormonal concentrations and type of 

explants on callus growth 

• Standardization of an efficient protocol for organogenesis i.e shooting and rooting 

• To determine organogenic potential of callus and effects of different hormones on 

it 

• To determine antioxidant activity by DPPH method in wild plants and callus. 
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Chapter 2 Materials and Methods 

The present research work was carri ed out in Plant Biochemistry and Molecular Biology 

laboratory, Quaid-i-Azam University, Islamabad . In the present study experiments were 

carried out to optimize condition for cal logenesis and organogenesis of Viola odorata and 

to determine and compare the antioxidant activity of callus and wi ld plant extracts. The 

experimental work was carried out in three steps . First, conditions for callus induction or 

callogenesis were optimized on half strength MS medium using different plant growth 

hormones (BA and 2, 4-D) with different concentrations. In the second step, the calluses 

obtained were transferred to regeneration medium for checking their organogenic ability 

with respect to the explant origin and the media type used. Thirdly, the ant ioxidant 

activity of wild plant and callus extracts were determined by DPPH method. A brief 

account of material and methods used and all procedures adopted are given below. 

2.1. Collection of plant material 

The samp les of Viola odorata were taken from green house of National Agriculture 

Research Council (NARC) Islamabad, Pakistan . The leaves, stem and petioles were used 

as exp lants for call us induct ion . 

2.2. Preparation of glassware 

All glass ware used in the experiments were washed thoroughly using a commercially 

availab le detergent. These were then washed three times with distilled water prior to 

sterilization. The forceps, scissor, beakers and media were sterilized by autoclaving at 15 

Tb pressure/square inch, at 121°C for 15 minutes prior to use in experiments. 

2.3. Sterilization and inoculation of explants 

Leaves, stem and petioles were washed with distilled water to remove the dust and soil 

particles . Then these were kept in 70 % ethanol for one minute and in 50 % clorox 

(bleach) for 8-10 minutes . The bleach was removed by wash ing thrice with autoclaved 

distilled water under aseptic cond itions . The explants were kept on autoclaved filter paper 

in a petri plate for drying. The leaves and petiole were cut into small pieces of 10-15 mm 

Standardization of tissue culture conditions for Viola odorata L. 14 



Chapter 2 Materials and Methods 

in size rectangular or squ are in shape with the help of a sterilized surgical blade and were 

inoculated on half strength MS basa l medium . 

2.4. Media preparation 

Callus is a coherent but unorganized and amorphous tissue, formed by the vIgorous 

division of plant cells. For callus culture of Viola odorata half and full strength MS 

medium was used supplemented with twenty different concentrations and combinations 

of hormones (Table 1) . The pH of media was adjusted at 5.8 and 2 gi l gelling gum 

powder was also used to so lidify the media. 

2.5. Aseptic transfer of explants 

Aseptic transfer of exp lants were accomplished in Laminar flow hood. Before 

transferring the explants, the laminar flow hood was sprayed with 70 % ethanol and was 

treated with UV light for 15 minutes prior to use . Then explants were transferred on to 

the med ium for call us induction. 

2.6. Culture conditions 

The callus culturing was done on media present in petri plates. These cultures were kept 

under 16 hrs photoperiod, 55±5 % relative humidity at 25-26 °C and the light intensity 

was maintained at 1000 lux inside growth chamber for callus induction. 

2.7. Maintenance of in vitro cultures 

In order to increase the callus induction rate, the explants were sub-cultured on the 

simi lar medium having same concentration of hormones after a regular interval of 25-30 

days. The callus initiated on different media was also maintained by sub-culturing in the 

same way. Colour, size and texture of callus were noted and photographs were taken 

every week. 
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Table 1. Media w ith different combinations of hormones used for callus induction of 

Vio la odorata. 

Med ia Ha If(H)/Full(F) PGR's Coneen tra tion 
Code(C*) MS m~1 

C 1** H BA+2,4-0 
2+0. 11 

C2 H BA+2,4-0 
2.2+0. 12 

C3 H BA+2, 4-0 
2.3+0.13 

C4 H 
BA+2, 4-0 

2.5+0.15 

C5 H 
BA+2,4-0 

2+ 1.9 

C6 H 
BA+2,4-0+NAA 

2.5+0. 1 +0. 15 

C7 F BA+2,4-0 
2+0.11 

C8 F BA+2,4-0 
2.3+0. 13 

C9 F BA+2,4-0 
2.5+0.15 

CIO H 
BA+2,4-0+Kin 

1.5+ 1 +0. 1 

CI I H 
BA+2,4-0 +Kin 0.5+1 +0.4 

C I2*** H 
BA+lAA+Kin 

1.5+1+.0. 1 

C I3 H BA+IAA+Kin 
3+2+0.4 

CI4 H 
BA+NAA 

2.2+0.54 

C15 H 
Kin+NAA 

2+0.8 

C16 F Kin+2,40 
2+0.15 

C17 F 
Kin+IAA 

1.5+0.2 

CI8 H 
BA+2,4-0 

4+0.22 

C19 H 
BA+2,4-D 

4.4+0.26 

C20 H 
BA+2,4-0 

5+0.3 

C*: Callus media 

**Media stated by Wang and Man (2006) 

*** Media stated by Hussain etal. (2010) 
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2.8. Shoot fo rmation 

After callus induction it was transferred . to another half strength MS media called 

shooting media supplemented with different combinations and concentration of 

Thidiazuron (TDZ), Silver nitrate (AgN03), Gibberellic acid (GA3) and 1-

naphthaleneacetic acid (NAA) (Table 2) adopted from Wang and Man (2006) previously 

used for shoot initiation of Viola wittrockiana. The shooting media were poured in glass 

bottles inside the Laminar flow hood. After inoculation of callus on shooting media the 

bottles were kept inside the growth chamber for shoot initiation. 

2.9. Root formation 

After shoots formation , it was transferred to rooting medium for root initi at ion. The 

rooting media were supplied with different concentration of 6-Benzylaminopurine (BA) 

and NAA (Table 3). 

2.10. Antioxid ant activity 

Natural antioxidants that are present in herbs and spices are responsible for inhibiting or 

preventing the deleterious consequences of oxidative stress. Spices and herbs contain free 

radical scavengers like polyphenols, flavonoids and phenolic compounds. In the present 

study the free radical scavenger activity of methanolic extract of Viola odorata and its 

callus is evaluated . 

2.11. Preparation of extract 

The plant material was ground into fine powder by using pestle and mortar. It was then 

soaked in 98 % methanol for 5-7 days with regular stirring. It was then fi ltered with 

Whatman filter paper No.1 and was further concentrated by evaporat ing the methanol 

either by using rotary evaporator or simply by pouring it into large petri plate and placed 

it in open air for some time. After evaporation of methanol fine crystals like dried plant 

material were scratched and collected in a fa lcon tube (Khalaf et aI., 2007). The same 

method was followed for the preparation of callus extract. 
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Table 2. Shooting media with different hormonal combinations. 

Media Concentration 
PGRs 

code(S*) mg/} 

S1 NAA+GA3 +AgNo3 +TDZ 0.2+0.99+0.4+2 

S2 NAA+GA3 +AgNo3 +TDZ 0.5+1.05+0.42+2.5 

S3 GA3 +AgNo3 +TDZ 1.2+0.45+ 1 

S4 N AA +GA3+ AgNo3 0.5+ 1.5+ 0.2 

S*: Shooting media 

Table 3. Rooting media with different hormonal concentration . 

Media code Concentration 
PGRs 

(R*) mg/l 

R1 NAA+BA 0.1+0.8 

R2 NAA+ BA 0.204+0.248 

R3 NAA+BA 0.3+2 .5 

R *: Rooting media 
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2.12. Determination of antioxidant activity 

The capability of prepared extracts to scavenge free radical a., a. -diphenyl - ~ ­

picrylhydrazyl (DPPH) was then determined by the method of Amarowicz et al. (2004). 

Briefly, 2 mg of plant tissue extracts were dissolved in 4 ml of methanol and then added 

to methanolic solution of DPPH (0 .5 ml) . The resulting mixture was vortexed for 15 

seconds and then left to stand for 30 minutes at room temperature. The absorbance of the 

resulting so lution was examined spectrophotometrically at 517 nm. A methano lic 

so lution of DPPH that had decayed and hence no longer exhibited purple colour was 

chosen for background correction, instead of pure methanol. Finally, the radical 

scavenging activity was calculated as percentage of DPPH discoloration using the 

following formula (Yen and Chen, 1995). 

% scavenging DPPH free radical = 100 x (l-AdAD) 

Where AE is absorbance of the so lution, when extract has been added at a particular level 

and AD is the absorbance of the DPPH solution with nothing added i.e no plant extract. 
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3.1. Callogenesis 

For callus induction of Viola odorata twenty types of media with different hormonal 

comb inations were used (Table 1). However, callus was induced on nine different media 

i.e Cl, C2, C3, C4, C8 , C9, ClO, Cli and C12 media (Table 4) with different induction 

percentage. Among these media half strength MS medium along with plant growth 

regulators BA and 2, 4-D was more effective and significant for callus induction as 

compared to full strength MS medium. It was observed that both fu ll and half strength 

MS medium without any growth hormone did not promote callus induction. Ful l strength 

MS medium along with BA and 2, 4-D induced callus as in C8 having BA 2.3 mg/I, 2, 4-

D 0.13 mg/I and C9 having BA 2.5 mg/I and 2, 4-D 0.15 mg/I, however the media were 

not so much effective for callus induction as compared to half strength MS media like C2 

having BA 2.2 mg/I , 2, 4-D 0.12 mg/l, C3 having BA 2.3 mg/I, 2, 4-D 0.13 mg/I and C4 

having BA 2.5 mg/I, 2, 4-D 0.15 mg/I media. 

The effect of different plant growth hormones alone and in combination was al so checked 

fo r call us induct ion. All the hormones alone did not induce callus induction however in 

combination with each other were more effective for example, in C3 , C4, C8, C9 and 

CI0 media, the hormones in different combination with each other induced optimum 

callus with higher induction percentage. The explant response, growth rate, co lour and 

size of callus was studied for all the plant growth regulators and their different 

combinations (Table 4). Among all the hormones BA 2.5 mg/l and 2, 4-D 0.15 mg/I 

proved to be more effective in combination with each other and callus induction was 

optimized efficiently and with greater percentage as C4 compared to other media. Callus 

induction occurred after 65 days of incubation and up to 50-55 % on medium C 1 and C2 

but by increasing concentration of BA and 2, 4-D, cal lus response was quick and 

induction occurred after 55 days of incubation and up to 70 % on C3 medium and were 

even more quick on medium C4 occurred after 40-45 days of incubation up to 85 %. By 

increasing further concentration of these hormones cal lus induction was observed to be 

decreased. The callus was however more or less green in colour and compact in all the 

media. 
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Table 4. Data of call us induct ion on MS media with different combinations of hormones. 

S. Med ia 
Ha lf(H)lFull(F) PGRs Concentration 

MS mcd ia mg/ml Percentage Co lour Texture Size DHYs 
No. code 

I CI H 
BA+2,4-0 2+0.11 

50 
Light 

Small 65 compact 
green 

2 C2 H 
BA+2,4-0 2.2+0.12 

55 
Light 

Sma ll 65 compac t 
green 

3 C3 H 
BA+2,4-D 2.3+0.13 

70 
Light 

Medium 55 compact 
green 

BA+2,4-D 2.5+0.15 Dark 
4 C4 H 85 compact Large 40-45 

green 

5 C8 F 
BA+2, 4-D 2.3+0.13 

25 
Light 

crysta ll ine Small 70 
brown 

BA+2,4-D 2.5+0.15 whitish 
6 C9 F 30 crysta lline Medium 65-70 

brown 

BA+2,4-D+Kin 1.5+1+0.1 Greenish 
7 CIO H 60 Granulated Large 50-60 

brown 

8 CI I H 
BA+2,4-D+Kin 0.5+1+0.4 

20 Ye ll ow Granulated Small 70 

BA+IAA+Kin 1.5+1+.0.1 Greenish 
I) C I2 H 25 Granu lated Medium 60-65 

brown 
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BA was proved more important and effect ive than 2, 4-D for cal lus induction and had 

greater concentration than 2, 4-0 i.e BA is 1 mg/I greater than 2, 4-0 as in C4 medium , 

however SA without 2, 4-0 did not induce callus (Fig. 1, A-O). Explants also did not 

have any response to medium having BA and 2, 4-0 more or less in equal concentration 

as in C5 medium BA 2 mg/l and 2, 4-0 1.9 mg/l. 1-Naphthaleneacetic acid (NAA) was 

also checked along with BA and 2, 4-0 but exp lant did not respond and no callus 

induction occurred as in C6 medium. Full strength MS media e.g C8 having BA 2.3 mg/l, 

2, 4-0 0.13 mg/I and C9 having BA 2.5 mg/I and 2, 4-0 0.15 mg/I induced ca llus but at 

very slow rate smaller in size and whitish brown in colour (Fig. 1, E & F). 

Explant response to C I 0 medium having kinetin 0.1 mg/I, BA 1.5 mg/I and 2,4-0 1 mg/I 

were good and callus inductions occurred up to 50-60 % after 50-60 days but however 

the callus formed were greenish brown or yellow in colour and smaller in size. C I 1 have 

small concentration of BA i.e 0.15 mg/I due to which callus induction was slow with 

lower growth rate . In C12 medium IAA hormone was used which is a naturally auxin 

instead of 2, 4-0 and the media induced callus having greenish brown colour, medium 

size, granulated texture and callus induction percentage was 25 % (Fig. 1, G-I). The 

hormonal concentration in C 12 media was IAA 1 mg/I, SA 1.5 mg/I and kinetin 0.1 mg/1. 

Another medium C13 having double concentration of hormones than C II i.e SA 3 mg/I, 

IAA 2 mg/I and Kinetin 0.4 mg/I did not induce callus. The over all percent response of 

callus to different PGRs are represented graphically (Fig. 2) . 

3.1.1 Effect of explant on callogenesis 

The callus induction potential varied in different parts of plant used as an explant i.e 

stem, petioles and leaves. Efficient and frequent callus induction occurred at the cut 

edges of the midrib of wounded and cut leaves as compared to stem and petiole in wh ich 

callus induction frequency was slow (Fig. 3). The response of different parts of plants 
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B 

c D 
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Fig. 1 Callus of Viola odorata formed on different MS media having varied hormonal 

concentration. 

A: C1: BA 2 mg/l and 2, 4-D 0.11 mg/l (callus age 65 days), B: C2: BA 2.2 mg/l and 2, 

4-D 0.12 mg/l (callus age 65 days), C: C3: BA 2.3 mg/l and 2, 4-D 0.13mg/1. Callus age 

55 days. D: C4: BA 2.5 mg/l and 2, 4-D 0.15 mg/I (callus age 45 days). 
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.. 

Fig. 1 Callus of Viola odorata formed on different MS media having varied hormonal 

concentration. 

E: C8: BA 2.5 mg/l and 2, 4-D 0.13 mg/l (callus age 70 days), F: C9: BA 2.5 mg/l and 2, 

4-D 0.15 mg/l (callus age 65 days). 
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G 

Fig. 1 Callus of Viola odorata formed on different MS media having varied hormonal 

concentration. 

G: CI0: BA 1.5 mg/I, 2, 4-D 1 mg/I and kinetin 0.1 mg/I (callus age 50 days), H: Cll: 

BA 0.5 mg/I, 2, 4-D 1 mg/I and kinetin 0.4 mg/I (callus age 70 days), I: BA 3 mg/l, IAA 

1 mg/I and 0.2 mg/I (callus age 60 days) 
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Fig. 2 Percentage callus induction of Viola odorata on media having different hormonal 

combinations. Cl: 50 %; C2: 55 %; C3: 70 %; C: 85 %; C8: 25 %; C9: 30 %; CIO: 60 %; 

CII: 20 %; C12: 25 % . 
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Fig. 3 Over all percent callus response of ditIerent explant3. Leaf, 80 %; stem, 25 %; 
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used was dissimilar to different hormonal concentration. The young and green exp lants 

used were more efficient and frequent in callus formation as compared to old, diseased 

and spotted explants, particularly leaves. The spotted and old exp lants became 

deco lorized after few days of incubation. It was observed that the small callus formed on 

stem and petiole was localized only to their tips and terminal parts, different from that of 

leaves which was formed through out the leaf disc. In case of petioles and stem 

contamination was also frequent as compared to leaves. No callus induction occurred in 

the case of roots when used as an explant. The calluses formed from explants and on all 

media were compact, green and soft initially but with the passage of time became hard, 

granulated and whitish brown or yellow in colour. 

3.2. Shooting 

The callus 60-70 days old, from callus induction media particularly from C2, C3 and C4 

when became granulated, semi-compact and its colour changed to ye llow green or brown 

were transferred to shooting MS medium supplemented with GA3 and NAA hormones 

along with AgN03 and TDZ for shooting. Four media with different concentration of 

hormones were used for shooting each induced shooting with different percentage (Fig. 

4). Gibberel li c acid is simple gibberellins, promoting growth and elongation of cells 

caused shoot formation. NAA promote cell division and growth. It was observed that 

AgN03 and TDZ triggered shoot formation along with GA3 . S 1 medium containing NAA 

0.2 mg/I, GA3 0.99 mg/I, AgN03 0.4 mg/l and TDZ 2 mg/I has induced 65 % shooting 

after 35-40 days hav ing 1-2 branches and 2-3 cm length. Best shooting occurred on S2 

medium, containing NAA 0.5 mg/I, GA3 1.05 mg/I, AgN03 0.42 mg/I and TDZ 2.5 mg/I , 

indicating 80 % shooting after 30 days of incubation having 2-3 branches which reached 

4-5 cm in length. No or very slow shooting occurred with less number of branches on 

media not supplied with AgN03 and TDZ. S3 medium having NAA OJ mg/I, GA3 1.2 

mg/ I and TDZ 1.5 mg/I , not containing AgN03, induced 25 % shooting after 45 days with 

only one branch of 2 cm long. In another medium (S4) having NAA 0.5 mg/I, GA3 1.5 

mg/ I and AgN 03 0.2 mg/I, induced 15 % shooting after 50 days having 2 cm long single 

shoot (Table 5). Moreover, it was observed that callus taken from Cl, C3 and C4 medium 

showed greater number of shoots (Fig. 5 to Fig. 8). 
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Fig. 4 Percent shooting (total shoot/total callus used) on media havi ng different horm onal 

combinations. S 1: (1 2/20) 65 %; S2: 80 %; S3: 25 %; S4: 15 %. 

Table 5. Data of shooting on MS media containing different combinations of hormones. 

Media Concentration Percent Length No. of 
PGRs Days 

code (mg/I) shooting (em) shoots 

S I NAA+GA3 +AgNo3 +TDZ 0.2+0.99+0.4+2 65 35-40 2-3 1-2 

S2 NAA+GA3 +AgNo3 +TDZ 0.5+ 1.05+0.42+2.5 80 30 4-5 2-3 

S3 NAA +GA3+ TDZ 0.3+ 1.2+ 1.5 25 45 2 I 

S4 NAA+GA3+AgNo3 0.5+ 1.5+ 0.2 15 50 2 1 
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Fig. 5 Differentiated plant having more than two shoots after 35 days of 

culturing on S2 media supplemented with NAA 0.5 mg/l and GA3 1.05 

mg/I. 

Fig. 6 Differentiated plant having two shoots after 30 days of culturing on 

SI media supplemented with NAA 0.2 mg/l and GA3 0.99 mg/I. 
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Fig. 7 Differentiated plant having one shoots after 45 days of culturing 

supplemented with NAA 0.3 mg/l, GA 1.2mg/1 and TDZ 1.5 mg/l with out 

AgNo3. 

Results 

Fig. 8 Differentiated plant having one shoot after 50 days of culturing supplemented with 

NAA 0.5 mg/l, GA3 1.5 mg/l and AgNo3 0.2 mg/I. 
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It is noted that organogenesis is depended on both PGRs concentration and also on size, 

colour and origin of callus . It is also studied that the callus which was greenish in colour 

and large in size showed rapid rate of organogenesis as compared to small sized and 

whitish or brownish calluses because greenish callus have greater organogenic potential 

as compared to brown or yellow callus. 

3.3. Rooting 

The differentiated shoots were transferred to another MS medium supplemented with 

various concentrations ofNAA and BA. Three types of media Rl were having NAA 0.1 

mg/l , BA 0.8 mg/l, R2 hav ing NAA 0.204 mg/l, BA 0.248 mg/l and R3 having NAA 0.3 

mg/ l and BA 2.5 mg/l were used for rooting (Tab le 3) . Roots are still under study and in 

the process of deve lopment. 

3.4. A" tioxidant activity 

Antioxidant acti vity or radical scavenging activity (RSA) was determined by using DPPH 

method . The DPPH method is commonly used for checking antioxidant activity. The 

RSA was determined to elevate the antioxidant potential of regenerated tissue and these 

were compared with levels in wild grown plants. Viola odorata over all is a medicinal 

plant show higher antioxidant activity against free radicals and medicinally very 

important used in medicine for curing different diseases. In the present study the in vitro 

callus has formed showed greater antioxidant activity and has sign ificantly higher 

capacity to detoxify DPPH free radicals than wild plants collected from wild condition . 

The antiox idant activity of callus extract determined by DPPH method was 38 %, while 

that of wild plant extract was 33 %. Wild plants have 5 % less antiox idant activity than 

cal lus. 
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Chapter 4 Discussion 

4.1. Callus ind uction 

The effect of various plant growth hormones such as BA, 2, 4-D, kinetin, NAA, IAA etc 

on explant response in preliminary experiments on callus induction from leaf, stem and 

petiole were evaluated. Callus production may be important for studies of indirect 

morphogenesis (Radice and Caso, 1997) or for studies of production of secondary 

metabolites in medicinal plants (Mertan et al., 2009). In the present experiments, BA was 

proved more effective and important than kinetin for high percentage of callus induction 

while among auxin 2, 4-D proved effective than NAA for callus induction. Both PGRs 

BA and 2, 4-0 in combination with each other showed good and optimum results and 

best callus induction occurred on media containing both these hormones as in media C 1, 

C2 and C4 (Table 4). Previously Wijowska et al. (1999) obtained callus, autonomous 

endosperm and roots in vitro by culturing unfertilized ovules of Viola odorata incubated 

on medium supplemented with BA or kinetin and 2, 4-D with more or less equal 

concentration which agree with our observation that these PGRs are important for callus 

induction of Viola odorata. Both these hormones have synergistic effect for each other in 

combination and enhanced callus induction. It is also proved by our resul ts that both 

these hormones used alone was not effective and did not induce callus as compared to in 

combination with each other. These observations are in contrast with that of Bhaskaran 

and Smith (1990) who demonstrated that 2, 4-D in many cases is usually the choice of 

auxin for callus induction and subculture of grasses and herbs. Because of this synergistic 

effect of BA and 2, 4-0 the explant response is inclined towards the relative 

concentration of both BA and 2, 4-0. Similar response towards BA and 2, 4-D was found 

in case of Viola wittrockiana, in which callus was induced using leaves and petioles as an 

explant (Wang and Man, 2006). 

The MS basal media used for callus induction in the experiments have half strength 

proved more effective and optimum for callus induction as compared to full strength MS 

media as shown by the results in C8 and C9 media (Table 4). These results are in 

agreement with that of Viola tricolor (Wang and Man, 2006) and Hybanthus jloribundus 

(Bidwell et al., 2001) in which callus induction optimized on MS media having half 

strength. However in case of ovule callus induction of Viola odorata (Wijowska et al., 
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1999) and Hybanthus enneaspermus which belong to other genus of Violaceae (Parksh et 

aZ. , 1999) the MS medi a used have full strength on which callus has been optimi zed. The 

reason may be due to different explant origin , used for callus induction as in the present 

experiment leaves, petiole and stem are used, which respond differently than that of 

ovule. Secondly, it also explains that the amount and concentration of micro and 

macronutrients of MS basal media have effect on explant response and different explant 

respond differently according to the amount and concentration of both these nutrients . 

Callus induction response of explant is linear to the concentration of both these hormones 

and response was rapid and quick by increasing its concentration but up to some limit 

beyond which no callus induction was observed . This may be due to the hyper 

accumulation of both hormones which decreases efficiency of explant for callus 

formation as in our results by doubling the concentration of both hormones than 

optimized concentrations no callus formation occurred. 

NAA alone and along with BA did not induce callus in Viola odorata though reports are 

available fo r the seed derived callus on MS media supplemented with NAA and BA 

(Parkash et af. 1999) . Our resul ts also disagree with that of Baber and Ku lhbushan (1999) 

work on Viola tricolour in which NAA plus 2, 4-D induced callus. This is because the 

synergistic effect of hormones varies from species to species and even among different 

parts of same species used as an explant. The previous data revealed that both NAA and 

BA induced callus with optimum rate in Hybanthus jloribundus (Bidwell et al. , 2001) 

and Hybanthus ennespermus (Parkash et al. , 1999) both belong to Violaceae but not 

effective in the present study for callus induction. There are many factors due to which 

different pl ants and different parts of same plant respond differently to same hormone. 

This may be due to different explant used , different origin of explant, different 

phytochemistry and having different genetic make up. Recently, Zheng et al . (2009) 

reported that leaf explant from in vitro grown plants of Lysimachia were more responsive 

to callogenesis and organogenesis than those obtained from in vivo growth conditions. 

These factors also have effect on callus structure, colour, texture and growth rate as in the 

present study the explant derived from leaves have green colour, rapid growth rate and 

compact in texture as compared to callus derived from stem and petioles. Moreover 
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qual ity, health condition and age of explant may also have effect on its response to 

different hormones. 

4.2. Shoot initiation 

Best and optimum shooting occurred on shooting media by uSing green callus as 

compared to ye llow or brown callus. The medium used for shooting was supplemented 

by GA3 hormone which can promote growth and elongation of cells and it has been used 

earlier by Wang and Man (2006) in case of Viola tricolour for shoot initiation . TDZ and 

AgN03 used with GA3 and NAA have role in promoting shoot formation. TDZ is one of 

the several substituted ureas that have been investigated recently for their cytokinin-like 

activity. TDZ is known to be more active than zeatin for stimulating the growth when 

added to a tissue culture medium at a low concentration (Sajid and Faheem, 2009). It has 

b'een considered to be more potent than most of the commonly used cytokinins 

(Huetteman and Preece, 1993) . 

AgN03 has proved to be a very potent inhib itor of ethylene action and is wide ly used in 

plant ti ssue cultu re. Silver ion mediated responses seem to be involved in polyamines ; 

ethylene and calcium mediated pathways, and play a crucial ro le in regu lating 

physiological process including morphogenesis (Kumar et al., 1993). AgN03 is also 

known to promote multiple shoot formation in different plants . In vitro shoot formation 

was improved by incorporating AgN03 in the culture medium. Earlier, Ganesh and 

Sreenath (1996) reported in vitro sprouting of apical buds of Coffea under the influence 

of AgN03. 

In the present study it was observed that shooting was poor on media devoid of both or 

one of these chem icals i.e AgN03 and TDZ. Furthur NAA was used along with AgN03 

and TDZ for shoot initiation. It was found that the shoots developed on green cal luses 

have grown rapidl y and up to 4-5 em in length after 5-6 weeks of incubation . Shooting of 

Viola odorata was easy and rapid as compared to rooting. This might be due to the high 

concentration of BA accumulated in the callus during callus formation which latter on 

has effect on shooting and rooting. It also explains that pre treatment of explant have 
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effect on post treatment response of explant i.e PGRs used earlier for callogenesis have 

effect on the activity and response of callus formed latter on for other PGRs. The same 

patron is also stated by (Wang and Man, 2006) in Vio la wttirockinii in which rooting was 

easy as compared to shooting because media contain higher concentration of auxin as 

compared to cytokinin, which promote rooting. The number of shoots and branches 

formed on the callus also varied in our results among different calluses and among 

different media. It might be due to difference in efficiencies of calluses and media for 

shoot formation. The relative concentration of hormones, TDZ and AgN03 also have 

direct relation to regeneration and by increasing their concentration, shooting rate was 

also observed to be increased as in S 1 and S2 med ia (Table 5). 

However apart from this, shooting efficiency also depends on callus co lour, callus age 

and the type of explant from which callus derived (orlikowska et al., 1999). Green callus 

have higher organogenic potentia l than other types of calluses. The same resu lts were 

also observed on some other plants (Maureen and pau, 1990; Vargas et al ., 2004). These 

observat ions made it poss ibl e to get high shooting rate by selecting green ca lluses in 

Viola odorata tissue cul ture. 

4.3. Root initiation 

Shoot failed to form roots on MS medium lacking auxin. Roots are under the process of 

development after 4 weeks of incubation from the bases of differentiated shoots in the 

presence of NAA and BA best on R2 medium (Table 3). Both these hormones SA and 

NAA act synergistically for rooting irrespective of our previous result where it fa iled to 

induce callus in C 14 media. In these two hormones the concentration of NAA is more 

important for rooting and any variation its concentration greatly effect rooting. The same 

result was observed by Kumar et al. (1993) in Clitoria ternate. 

4.4. Antioxidant activity 

[n the present study the free radical scavenging activity of methano lic extract of cal lus 

and wild plant of Viola odorata was determined. The callus has the ability to accumulate 

secondary metabolites simi lar to those found in the mother plant (Shilpa et al. 2010). Due 
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to these stored metabolites, plant and the callus extracts have antioxidant activity against 

free radi cals. In the present study the activity of these secondary metabolites was 

determined by using DPPH free radical also used by Vukics et al. (2008) in case of Viola 

tricolor, an other species of Violaceae . The scavenging of stable DPPH radical is a 

widely used method to evaluate the free radical scavenging ability of various samples 

(Ebrahimzadeh et al., 2008). DPPH is a stable nitrogen-centered free radical , the color of 

which changes from violet to yellow upon reduction by either the process of hydrogen or 

electron donation. Substances which are able to perform this reaction can be considered 

as antioxidants and therefore free radical scavengers (Dehpour et al. , 2009). It was found 

that the radical-scavenging activities of all the extracts increased with increasing 

concentration of secondary metabolites . 

In the present study callus derived extract have greater antioxidant activity than wi Id 

plant derived extract because of greater accumulation of secondary metabo lites. This 

variation in its activity demonstrates that different components are accumulated during 

different growth phases and in different environmental conditions . Because of difference 

in the amount of secondary metaboli tes, different parts of plant also have variation in 

their activities. Earli er it was suggested that the phenolic compounds contributed 

significantly to the antioxidant capacity of 112 wild grown Chinese herbs (Cai et al., 

2004). 

In Viola odorata antioxidant activity is related to the amount of anthocyan ins, one of the 

groups of flavonoids pigments. Anthocyanins occur in all tissues including leaves, stems, 

roots and flowers which are derivatives of anthcyanidin which include pendant sugars 

Anthoxanthins are their clear, white to yellow counterparts occurring in plants. Other 

bioactive compounds and secondary metabolites showing antioxidant activity are violin, 

flavonoids, alkaloids and phenolic compounds. The total phenol and flavonoids contents 

of leaf of Viola odorata were determined previously by Ebrahimzadeh et al. (2010). 

Previous data suggest that leaf of Viola odorata has higher antioxidant activity than other 

parts of plant, however antioxidant activity of callus is higher than other plant parts as 

reveal ed by the present study, suggesting that callus can be preserved and sub cultured 

for medicinal use related to antioxidants. 
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Conclusions 

In conclusion an in vitro protocol was developed for rapid callus formation from leaf, 

stem and petiole of Viola odorata as well as organogenesis of the plant from leaf callus. 

The leaf based callus induction protocol is expected to be more useful for conservation of 

this endangered species by micropropegation and commercial cultivation. Moreover, 

antioxidant activity was also monitored for callus and wild plants of Viola odorata. It was 

also observed that callus have greater antioxidant activity than wild plants. 
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