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evaluating the antioxidant, antidiabetic and anticancer activity. Methanolic extracts of 

wild type and transgenics showed the antioxidant potential, with transgenics of rol B and 

rol C gene showing better antioxidant activity than the wild type plant. Total phenolics, 

total flavonoids, total antioxidant capacity and total reducing power was found more in 

the transformed plants along with more lipid peroxidation, free radical scavenging and 

DNA protective activity. Among the transgenics, rol B transformed plants were found 

with slightly better activity than the rol C transformed plants. Similar findings were 

observed for the antidiabetic activity, which was measured by determining the inhibitory 

potential of plant extracts for enzymes including alpha glucosidase, alpha-amylase and 

dipeptidyl peptidase-4. Methanolic extracts were found more active against the alpha 

amylase than the other two enzymes. Methanolic and n-hexane extracts of plants under 

study were evaluated for their anticancer activity by using three cancer cell lines 

including HeLA, HePG2 and MCF7. Viability of the cancer cells was found to be 

decreased when treated with both methanolic and n-hexane extract of plants. Viability of 

cells when treated with the wild type n-hexane extract consisting mostly of artemisinin 

was found to be 80% while in case of methanolic extract, consisting mostly of flavonoids, 

viability was decreased to 70%. When cells were treated with both the extracts combined, 

viability was decreased to 60%. Similar pattern was observed for all the transgenics of rol 

B and rol C gene but showing viability of cells less than that found for the wild type 

plant. More or less same results were observed for all the transgenics with rol B 

transformants showing slightly better activity than the rol C transformed plants. These 

studies suggest that the enhanced production of flavonoids and artemisinin in rol gene 

transformants increased the antioxidant, antidiabetic and anticancer potential of the plant, 

besides showing synergism of flavonoids and artemisinin against cancer. Thus, in the 

light of above findings, we can conclude that rol genes have played their role in the 

enhancement of secondary metabolites in general, flavonoids and artemisinin in 

particular of Artemisia carvifolia Buch. Further, they enhanced the pharmacological 

potential of the plant when compared with the wild type.



  

1 

 

1.1: Genus Artemisia L. 

Artemisia L. belongs to the tribe Anthemideae of family Asteraceae with more 

than 500 taxa (Oberprieler, 2001; Valles and McArthur, 2001), first described by 

Linnaeus in his Species Plantarum (Linnaeus, 1753). Northern hemisphere is the area of 

wide distribution of this genus with west and central Asia being two main speciation 

centers. Whereas, the southern hemisphere has only few representatives. There are 25 

species of Artemisia found in Pakistan (Mannan et al., 2010). The high economic 

significance of this genus is due to the wide range of species used as medicines, food, 

forage, ornamentals and soil stabilizers: whereas few of the taxa are toxic and allergenic, 

some being invasive weeds can adversely affect the harvest (Pareto, 1985; Tan et al., 

1998). These species of this genus are perennial, biennial and annual herbs or small 

shrubs (Watson et al., 2002; Mehrdad et al., 2007). Artemisia (Qinghao; warm wood) 

being most antique plant has been a traditional Chinese herb with medicinal properties 

since 168 BC (Anonymous, 1992).   

  

1.2: Ethnopharmacology of genus Artemisia 

In vitro growth of Candida albicans and Saccharomyces cerevisiae was inhibited 

by essential oils distilled from aerial parts of A. absinthium (Juteau et al., 2003). Further,  
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absinthium, A. afra, A. annua, A. maritima and A. scoparia are especially rich in 

terpenoids (Bora and Sharma, 2011). 

 

1.4: Artemisia carvifolia Buch 

Artemisia carvifolia of genus Artemisia belongs to the family Asteraceae. Francis 

Buchanan-Hamilton already described Artemisia carvifolia but the name was validly 

published by William Roxburgh (Hortipedia, 2015). The taxonomic classification is as 

follows:  

 

1.5: Morphology of A. carvifolia 

Artemisia carvifolia has alternate leaves with morphology quite similar to 

Artemisia annua (Fig.1.1), it produces ligth-yellow many-stellate flowers. The perennials 

produce achenes. The habitat of Artemisia carvifolia includes India, Himalaya, Assam, 

Burma, and China. The perennials prefer a sunny situation on dry to moderately moist 

soil (Hortipedia, 2015). 

 

 

Fig. 1.1: Artemisia carvifolia Buch 
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1.6: Natural products 

 Natural products are being used by human since the down of time as antidotes of 

health disorders and to cure different ailments having several other uses, as narcotics, 

dyes and poison for warfare and hunting. Mostly the crude forms of the important 

metabolites were used until 19
th

 century when isolation of pure compounds started. Some 

of those natural products are still in use today i.e. morphine and quinine (Fig.1.2). 

Morphine was isolated first time in 1803 from Papaver somniferum and P. setigru, 

having analgesics and narcotic effects. Quinine is another example with antimalarial 

effects, isolated from Cinchona tree (Mann, 1987). 

 

 

 

 

 

   

 

 

Fig. 1.2: Structure of morphine (1) and quinine (2). 

 

 

1.7: Primary and secondary metabolites 

Primary metabolites refer to the all essential elements, a well-being requires for 

its survival such as amino acids, carbohydrates, fats, proteins and nucleic acids (Torssell, 

1997). Apart from the primary metabolism intermediates and products, the vascular 

plants also contain vast array of chemical compounds playing role primarily in their 

defense mechanisms, called secondary metabolites (Bennet and wallsgrove, 1994). 

Although being nonessential to the survival of the plant, they have contribution towards 

their fitness and survival (Torssell, 1997). The pathways that lead to the secondary plant 

products also include the pathways other than primary metabolites, being specific to a 

particular plant family or genus, have been acquired through evolution.  
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The secondary metabolites in past have been given very little attention and were 

considered the waste products of plant primary metabolism. Kossel was the first one who 

distinguished these compounds from those of primary ones which were later named as 

secondary metabolites. These compounds have low abundance usually less than 1 % of 

the total carbon (Bourgaud et al., 2001). They have significance in protection against 

herbivore and microbial infection: they are also important allelopathic agents, attractants 

for pollinators and seed-dispersing animals. Besides they have great utility as dyes, 

fibres, waxes, polymers, flavouring agents and drugs (Croteau et al., 2000).  

 

 

 

 

Fig. 1.3: A schematic diagram showing different classes of secondary metabolites 

along with their biosynthesis (Patra et al., 2013). 
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1.8: Classes of secondary metabolites 

Owing to the chemical composition, secondary plant compounds can be generally 

separated into two main groups: nitrogenous compounds (alkaloids) and non-nitrogenous 

compounds (phenolics and terpenoids: Fig. 1.3) (Patra et al., 2013). 

 

1.9: Nitrogenous compounds the alkaloids 

Alkaloid is a varied group of secondary plant compounds with a range of structure 

forms, biosynthetic pathways and pharmacological potential. The compounds of this class 

account for about 12,000 different molecules. Pelletier defined alkaloids as cyclic 

compounds which have limited distribution in the living organisms and they contain 

nitrogen in negative oxidation state (Pelletier, 1983). Nitrogen can be either in the 

heterocyclic ring or it can be extracyclic bond. The sources of alkaloids other than plants 

include insects, microorganisms, marine invertebrates and animals. Alkaloids have been 

used as medicines since hundreds of years and are prominent drugs even today (Roberts 

and Wink, 1998). An example of naturally occurring alkaloids are morphine and quinine 

discussed before. The classification of alkaloids based on the structure is given in Fig. 1.4 

 

 

 

 

 

 

 

 

 

Fig.1.4: Structural classification of alkaloids. 
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1.10: Phenolics 

One of the main classes of secondary metabolites is phenolics having unique 

position among natural products owing to ubiquitous distribution in plant kingdom. They 

are aromatic organic compounds in which a benzene ring is attached with at least one 

hydroxyl group (Lutheria et al., 2006). They are of variable structure and function. 

Besides contributing to the nutritional qualities of plant derived food they are also 

responsible for their major organoleptic properties including taste and color (Tapas et al., 

2008). They are protective against a broad range of ailments including coronary heart 

diseases, stroke and various types of cancer. They also possess the antimicrobial, 

insecticidal, algicidal, estrogenic and keratolytic activities (Castellano et al., 2012). The 

hydroxyl groups of phenolics donate H thus scavenging reactive oxygen species and 

stopping the cycle of generation of new free radicals. They are able to inhibit free radical 

mediated oxidative damage to the bio macromolecules including lipids, proteins and 

DNA. They also inhibit the enzymes involved in the free radical generation (Castellano et 

al., 2012).  Different classes of phenolics are given in Fig. 1.5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.5: Classification of phenolics (Ferreira et al., 2010). 
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(i): Simple phenols (Phenolic acids) 

Simple phenols are carboxylic acid derivatives of  phenols. Examples include the 

Hydroxy cinnamic acid derivatives and Hydroxy benzoic acid derivatives. In many cases, 

the aldehyde analogs such as vanillin are also grouped with phenolic acids (Ferreira et al., 

2010). Structures of phenolic acids in given in Fig. 1.6. 

 

 

Fig. 1.6: Structure of phenolic acids 
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2006). Phenolic compounds can also occur as free aglycons or conjugated with 

one or more substituents such as methoxyl, glycosyl, prenyl, methylenedioxy, aliphatic 

acids, etc (Luthria et al., 2006). 

 

1.10.1: Flavonoids: 

Flavonoids are known as hydroxylated polyphenols sharing a common three ring 

chemical structure (C6–C3–C6). Their amount varies depending on plant species, 

developmental stage and growth conditions of the plant (Debeaujon et al., 2001). They 

are ubiquitously present in plants mainly synthesized by phenylpropanoid pathway in 

response to microbial infection. They are diverse in function having structure dependent 

activities. The antiooxidant effect of flavonoids is mediated by the hydroxyl group 

attached, which act as the scavengers of free radicals and metal chelators (Kitamura et 

al., 2006). Regarding chemical structure of flavonoids, there is a backbone of fifteen-

carbon skeleton having two benzene rings (A and B as shown in Fig. 1.7) linked via a 

heterocyclic pyrane ring (C).  

 

 

 

 

 

 

 

Fig. 1.7: Flavonoid basic skeleton 
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Fig. 1.8: Flavonoids classification, sources and health benefits 
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Fig. 1.9: Structure of different classes of flavonoids. 

 

The central conserved pathway of flavonoids biosynthesis utilizes a group of 

enzymes such as isomerases, reductases and dioxygenases depending upon the species 

and after modification of basic flavonoid backbone give rise to different sub categories of 

flavonoids (Martens et al., 2010). Finally the flavonoid back bone is modified by the 

transferases by the addition of sugars, methyl or acyl groups leading to the altered 
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physiological properties of the resulting flavonoids with different solubility, reactivity or 

interaction with the cellular targets (Bowles et al., 2005; Ferrer et al., 2008). 

 

  

Fig. 1.10: A schematic diagram showing biosynthetic pathway of flavonoids in plant 

cell (Petrusa et al., 2013). 

 

1.10.4: Flavonoids of Artemisia genus 

Over 4,500 different flavonoids have been reported to be present in plants 

(Croteau et al., 2000). The genus Artemisia consisting of more than 300 species is one of 

the richest source of these flavonoids (Ferreira et al., 2010). Within this genus A. annua 

is the most extensively studied species from which around 50 flavonoids have been 

isolated, however several flavonoids have been detected in other species too like A. 

absinthium L. (Aberham et al., 2010; Singh et al., 2012), A. asiatica (Hajdu et al., 2014). 
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A. Herba-Alb (Qnais et al., 2014) A. abrotanum (Suresh et al., 2012) A. lactiflora (Xiao 

et al., 2014) and A. sphaerocephal (Zhang et al., 2012).  

However the concentration of these flavonoids is usually very low and not only 

different chemotypes show lot of variability but fluctuations has also been observed in 

the same plant at different growth stages. For example in field cultivation of one of the 

cultivar of A. annua, the highest levels of chrysoplenetin, and casticin were detected in 

flowers and leaves during full bloom (Baraldi et al., 2008). Similarly in another study, 

variation in antioxidant potential has been observed in different cultivars, indicating 

variability in the content of antioxidant components, most likely flavonoids (Ferreira, et 

al., 2010). Phenolics isolated from A. annua have been summarized in the scheme shown 

in Fig. 1.11. 
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Fig. 1.11: A schematic diagram showing phenolics isolated from A. annua (Ferreira et al., 2010).



  

15 

 

1.10.6: Flavonoids show synergism with artemisinin 

Flavonoids also have shown antimalarial and anti-parasitic activities. In addition 

to their own biological activity, these flavonoids are also reported to synergize the 

function of other natural or synthetic products. Some of the flavonoids like artemetin 

(ART), casticin (CAS), chrysoplenetin (CRY), chrysoplenol-D (CRYD), cirsilineol 

(CIR), and eupatorin (EUP), have shown in vitro therapeutic efficacy against 

Plasmodium falciparum (Elford et al., 1987; Liu et al., 1992). When each of these 6 

FLVs was combined individually with artemisinin, the IC50 of artemisinin against P. 

falciparum improved in vitro by 20-50%, demonstrating an apparent synergy with 

artemisinin (Liu et al., 1992). Since then these flavonoids have been isolated from 

Artemisia annua and analyzed in vitro for their antiplasmodial activity (Willcox, 2009) 

including ART (Brown, 1992), CRY (Brisibe et al., 2009), CAS (Zheng and Wang, 

2001), CIR (Ferreira, 2008), CRYD (Marchese, 2005) and EUP (Nijveldt et al., 2001).  

Rath et al. (2004) reported more artemisinin absorption in individuals taking A. 

As suggested by the WHO a multicomponent based drug therapy (ACT) is more effective 

than monocomponent based therapy in the treatment of malaria (WHO, 2010). Several 

studies seem to support this notion for example, silybin a naturally occurring flavonoid 

reversed the chloroquine resistance of Plasmodium (Silveira et al., 2009), whereas some 

of the derivatives of the flavonoids like dehydrosilibin and dimethylallyl campferide are 

active against drug resistant strains of Plasmodium with IC50s ranging from 0.8-11.5 

µg/ml (Monbrison et al., 2006). 

 

1.11: Terpenoids 

Terpens are the major group of secondary metabolites with over 22, 000 

compounds described. Isoprene (C5H8) is the simplest terpenoid, and classification of 

terpenoid is based on isoprene units involved in their construction. Essential oils mainly 
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consist of momoterpenoids and sesquiterpenoids. Being highly volatile, they are 

responsible for the fragrance of the plant that produces them. Essential oils have 

antibacterial effects. Glandular trichomes of mint plant produces large quantities of 

menthol and menthone. Essential oil of Vernonia amygdalina showed presence of 

eucalyptol having cytotoxic effects against S. zeamais weevil (Hassanali and Asawalam, 

2006; Rozman et al., 2007). 

Pyrethrins are actually monoterpenoid esters which are produced by the plant 

chrysanthemum, and act as insect neurotoxins (Isman, 2006). Gossypol is a diterpenoid 

produced by cotton (Gossypium hirsutum), having strong antimicrobial properties. 

Triterpenoids have similarity in structure to sterols and steroid hormones. The fresh scent 

of lemon and orange peels is the result of a class of triterpenoids called limonoids 

(Kumar et al., 2003; Defago et al., 2006).  

 

 



  

17 

 

 

Previously our group reported artemisinin in 12 Artemisia species found in 

Pakistan (Mannan and Mirza, 2004; Mannan et al., 2010) but scarce availability of 

artemisinin i.e. 0.1-0.8% of the dry weight of the plant (Abdin et al., 2003), maximally 

reaching 1.5% in some cases (Kumar et al., 2004; Weathers & Towler, 2012) arises the 

need for either enhancing the metabolite concentration in natural plant or seeking the 

alternative sources of artemisinin.  
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1.11.5: Biosynthetic pathway of artemisinin 

Artemisinin biosynthesis is almost completely known (Fig. 1.15) (Nguyen et al., 

2011). It originates from a common biosynthetic precursor for the synthesis of terpenoids 

that is isopentenyl diphosphate (IPP), formed via either the cytosolic mevalonate pathway 

(MVA) or the plastidic mevalonate independent pathway (MEP); both pathways supply 

the IPP for artemisinin (Croteau et al., 2000). Condensation of three molecules of IPP 

forms farnesyl diphosphate (FDP) by farnesyl diphosphate synthase (FPS). 

Amorphadiene synthase (ADS) a sesquiterpene cyclase then catalyzes the formation of 

amorpha-4,11-diene by the cyclization of FDP. The next two steps are catalysed by a 
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Fig. 1.13: Biological activities shown by artemisinin 

 

Fig.1.14: Derivatives of artemisinin 
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Fig. 1.15: A schematic diagram showing biosynthesis of artemisinin (Arsenault et al., 

2010a).  
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1.12: Strategies to enhance secondary metabolites 

Owing to the low abundance of secondary metabolites accounting for less than 

1% of total carbon as discussed previously, the following strategies are adopted to 

enhance their concentration. 

 

 

 



  

22 

 

1.12.2: Genetic engineering for enhancement of secondary metabolites 

Genetic engineering of a secondary metabolic pathway refers to manipulation of 

the pathway by inserting or knocking out some genes in the pathway to get desired 

amount of a particular product or group of products (Dixon, 2001; Facchini, 2001). In the  
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Noteworthy increase in 1, 3-D-glucanase activity was observed due to production of a 

new enzyme isoform in ginseng cells expressing rol C gene.  

Regarding the rol D gene, it has already been proved that this gene functions as an 

ornithine cyclodeaminase enzyme, which catalyzes the conversion of ornithine to proline 

(Trovato et al., 2001). Rol D gene causes an earlier induction of flowering process and 

increases the number of flowers in transgenic tobacco plants (Mauro et al., 1994) which 

has a relationship with accumulation of proline or depletion of ornithine. Rol D gene in 

Artemisia plants show pleiotropic effect, which mainly affects traits of economic interest 

including plant productivity and also the characters generally correlated with the defence 

response to pathogens (Bettini et al., 2003).  

 

1.14: Aims and objectives 

Following were the aims and objectives of the current study: 

• Identification of A.carvifolia Buch through DNA Barcoding. 

• Genetic Transformation of A. carvifolia with rol B and rol C gene. 

• Molecular Analysis to confirm the integration and expression of rol B and rol C 

gene and Southern blotting to confirm the gene copy number. 

• Analysis of Flavonoids by HPLC-UV system and analysis of artemisinin and 

derivatives by HPLC-MS system. 

• To study the expression of genes involved in the biosynthetic pathway of 

flavonoids, artemisinin and the trichomes to evaluate the possible effect of rol 

genes on metabolic pathways. 

• Calculation of trichome density of transformed and untransformed plants. 

• In vitro assays for biological evaluation including antioxidant assays, antidiabetic 

assays and anticancer (MTT) assay. 
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CHAPTER 2 

IDENTIFICATION OF A. CARVIFOLIA BUCH THROUGH DNA BARCODING 

 

 

(a) To germinate seeds of A. carvifolia and then extraction of whole DNA from 

germinated plantlets. 
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(b) To amplify and sequence the psbA-trnH region of chloroplast DNA of A. 

carvifolia using gene specific primers. 

(c) To compare the sequences obtained with the standard psbA-trnH sequence of A. 

carvifolia. 

 

2.2: Material and Methods 

A brief account of the materials used and the procedures adopted is given below. 

 

2.2.1: Glassware and chemicals 

Glassware used was of borosilicate (Pyrex). Before each experiment, all the 

glassware was cleaned by rigorous washing with detergent followed by immersion in 

10% bleach solution. The glassware was then put on drying at 200ºC in air dry heating 

oven. Afterwards the glassware was wrapped and autoclaved at 120 ºC and 15 psi for 20 

minutes.  

Analytical and molecular biology grade chemicals were used in all the 

experiments of tissue culture study (MS, Sucrose, gelrite, plant growth regulators) and 

they were purchased from Phytotechnology, USA. Molecular biology products used were 

bought from Sigma, Invitrogen and Fermentas.  

2.2.2: Medium used for seed germination 

        Murashige and Skoog (MS) medium (Murashige and Skoog, 1962) was used 

for germination of seeds in the present investigation.  

2.2.3: Preparation of ½MS medium for seed germination 

Half strength MS salts (Phytotechnology Lab cat # M519) supplemented with 3% 

(w/v) sucrose (Phytotechnology Cat # S391), solidified with 0.5% (w/v) gelrite 

(Phytotechnology Cat #G32511) was prepared. The pH of the media was set to 5.8 by 

using 1 N NaOH / HCl before the addition of gelrite. The medium was autoclaved at 15 

psi, 121ºC for 20 minutes. This medium was referred to as the seed germination medium 

(SGM).  
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2.2.5: DNA extraction from germinated plantlets 

            The whole DNA of germinated plantlets was extracted by CTAB 

(Cetyltrimethylammonium bromide) method (Ahmed et al., 2009) with minor 

modifications. Briefly following steps were followed:  

 

 Frozen plant material (200mg) in liquid nitrogen was ground to fine powder with 

the help of chilled pestle and mortar. 

 CTAB extraction buffer (500µl) was added to ground powder material. 

 SDS 20 % was added to each vial (40 µl) and vortexed for 20 sec. 

 Vials were incubated at 65ºC for 30 minutes in a water bath with vigorous 

shaking. 

 Phenol, chloroform (25:24) was added to each vial (500µl) and  placed on a 

shaker inverter for 10-20 minutes. 

 Centrifugation at 14000rpm was carried out for 5 minutes to resolve phases. 

 Supernatant (aqueous phase with nucleic acids) was shifted to fresh vial. 

  Chilled ethanol (100%) was added and after shaking vials, they were kept at -

20ºC overnight for the precipitation of DNA.  

 Next day vials were centrifuged at 14000rpm for 15 minutes.  

 Supernatant was discarded and pellets were washed with 70 % ethanol (500µl) 

thrice. 
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 Finally the pellet was dissolved in appropriate amount of TE buffer (20-50µl) 

containing RNases.  

 Stored in a refrigerator at -20ºC. 

The quality and quantity of DNA was checked by taking absorbance at 260 and 280 

nm and calculating the ratio. The quality of DNA was also checked by running on 

0.8% agarose gel containing ethidium bromide and photographed under UV. 

 

       Composition of CTAB buffer 

 

Components Concentration 

Tris (pH 8)                                            1M   

EDTA (pH 8)                                     0.5M    

NaCl                                                     5M   

CTAB                                                    3 % 

Polyvinylpyrolidone (PVP)                   3% 

Β-Mercaptoethanol                             0.2% 

 

2.2.6: Polymerase chain reaction 

Here for the identification of A.carvifolia Buch, non-coding spacer region 

between the psbA and trnH genes of chloroplast DNA was amplified by PCR using 

primers of psbA: 5′ -GTTATGCATGAACGTAATGCTC-3′ and trnH: 5'-

CGCGCATGGTGGATTCACAATC-3'. The PCR reaction was carried out according to 

the Liu and Ji (2009) in 200µl tubes containing total reaction volume of 25 µl. Following 

reagents were added with given concentration. 

 

Reagent used Final concentration 

DNA 50ng 

Forward primer 0.25 µg 

Reverse primer 0.25 µg 

Dntps 0.2 mM 
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MgCl2 2 mM 

Taq polymerase 0.2 U 

PCR buffer  1X 

  

Reaction conditions applied were: 94 ℃ for 3 min; 35cycles of 94 ℃ for 30 s, 55 

℃ for 30 s, 72 ℃ for 45 s; and 72 ℃ for 7min. The PCR products were analyzed on 1.5 % 

agarose gel. 

 

2.2.7: Agarose gel electrophoresis 

Agarose gel electrophoresis was used to examine the PCR products. For that 

purpose agarose gel was prepared (1.5 %, w/v) as follows: 

 

Reagent Concentration 

Agarose 1.5g 

1X TBE buffer 100ml 

Ethidium bromide 

(0.2 µg/mL) 

2ul  (10mg/ml stock) 

Loading dye (3µl) 

(when loading DNA 

to the wells) 

0.25 % bromophenol blue   

40 % sucrose 

  

Voltage applied was 100 volts (60 mA) for 60 minutes in 1X TBE running buffer. 

The gel was photographed under UV by using UV-transilluminator (Life Technology, 

USA). 

            Composition of 10 X TBE 

 

Chemical name Amount added Final concentration 

Tris 108g 890mM 

Boric acid 55g 890 mM 

Na2EDTA 9.3g 20 mM (pH 8.3) 
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2.3: Results 

2.3.1: Seeds germination 

After surface sterilization with 70% ethanol and 0.1% mercuric chloride seeds 

germination was carried out on half strength MS media without any growth hormone. 

Germination started within a week after 2 days of chill treatment in dark at 4ºC. After one 

month these plantlets were used for the extraction of DNA for barcoding purpose (Fig. 

2.1). 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1: Seeds germination: One week later (a), germinated plantlets of A. carvifolia 

after one month with roots (b). 

 

2.3.2: DNA extraction 

         For PCR analysis, genomic DNA was extracted using CTAB method 

(Cetyltrimethylammonium bromide) (Ahmed et al., 2009) from the germinated plantlets. 

(a) (b) 
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The quality and quantity of extracted DNA was found to be good when checked by 

taking absorbance on a spectrophotometer at 260/280nm. The quality of DNA was also 

checked by running on 0.8 % agarose gel and visualized under U.V transilluminator (Fig. 

2.2).  

 

 

 

 

 

 

 

Fig. 2.2:  Total genomic DNA extracted from plantlets of A. carvifolia in triplicate. 

‘M’ stands for marker DNA of 1kb. 

 

2.3.3: Polymerase chain reaction 

Successful amplification of the psbA-trnH region of chloroplast genome was 

carried out. PCR reaction was performed in triplicate and expected length of 500bp was 

obtained (Fig. 2.3). 

 

 

 

 

 

Fig. 2.3: PCR product of psbA-trnH region of chloroplast DNA (500bp). Band no 1, 

2 & 3 show reaction product in triplicate whereas ‘M’ stands for marker DNA of 

1kb. 

 

2.3.4: Purification of gel products and sequencing 

 PCR products after purification were subjected to the sequencing by dideoxy 

chain termination method. DNA samples were sequenced in triplicate to confirm the 

authenticity of species specific nucleotides and got the same results. Gene bank 

             M                             1                              2                            3 Total genomic 

DNA 

        M                               1                                  2                                3 

 500bp 
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Accession number FJ418751 (A. carvifolia psbA-trnH sequence) was used as reference 

sequence to confirm the desired plant species. After performing the CLUSTAL W in 

BioEdit software (version 7.2.5.0) and the BLAST in NCBI we found our sequence 

99.6% similar to psbA-trnH sequence of A. carvifolia with differences found at three base 

pairs (Fig. 2.4). 

 

TGTTATGCATGAACGTAATGCTCATAATTTCCCTCTAGACTTAGCTGCTATTG

AAGCTCCATCTACAAATGGATAAGACTTTGGTCTGATTGTATAGGAGTAGTTT

TTGAACTAAAAAAGGAGCAATAGCTTTCCTCTTGTTTTATCAAGAGGGCGTTA

TTGCTCCTTTTTTTATTTAGTACTATTTGCCTTACACAGTTTCTTTAAAAATATT

TTATAGTTTGGTTCGATTCGCGTGTTTTCTCTTTGTATTCATATTCATTTATATT

ATAGGTTTGTATATTCTATTCCAAATTTTTTATGAAGTTTGATTTCCAATTCAA

TTTCAAACCAAAATATATAAAAATTGAATTTTTGCTTATTTATTACTTTGATTT

CATAAATAAAAAAGAAATAATATGCTCTTTTTTATGTTGAGGTAAAAATATA

GATAATACTAGATAGATATATAGTAGAGGGGCGGATGTAGCCAAGTGGATCA

AGGCAGTGGATTGTGAATC 

 

 

TGTTATGCATGAACGTAATGCTCATAATTTCCCTCTAGACTTAGCTGCTATTG

AAGCTCCATCTACAAATGGATAAGACTTTGGTCTGATTGTATAGGAGTAGTTT

TTGAACTAAAAAAGGAGCAATAGCTTTCCTCTTGTTTTATCAAGAGGGCGTTA

TTGCTCCTTTTTTTATTTAGTACTATTTGCCTTACACAGTTTCTTTAAAAATATT

TTATAGTTTGGTTCGATTCGCCTGTTTTCTCTTTGTATTCATATTCATTTATATT

ATAGGTTTGTATATTCTATTCCAAATTTTTTATGAAGTTTGATTTCCAATTCAA

TTTCAAACCAAAATATATAAAAATGGAATTTTTGCTTATTTATTACTTTGATT

TCATAAATAAAAAAGAAATAATATGCTCTTTTTTATGTTGAGGTAAAAATATA

GATAATACTAGATAGATATATAGTAGAGGGGCGGATGTAGCCAAGTGGATCA

AGGCAGTGGATTGTGAATC 

 

 

 

Fig. 2.4:  psbA-trnH reference sequence of A. carvifolia Buch (a) and that of plant 

under study (b) with differences highlighted. 

 

2.3.5: Conclusion 

psbA-trnH gene sequence of chloroplast DNA of A. carvifolia is useful in successful 

identification of this plant species, and can be utilized for the identification or 

authentication of other species of Artemisia genus.  

(a) 

(b) 
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CHAPTER 3 

TRANSFORMATION OF A. CARVIFOLIA BUCH WITH ROL B AND ROL C 

GENES 

 

Thus, in the current study, genetic transformation of Artemisia carvifolia Buch 

was carried out with rol B and rol C gene. For that purpose Agrobacterium tumefaciens 

strains GV3101 harboring the vectors pPCV002-CaMVBT and pPCV002-CaMVC 
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containing the rol B and rol C gene was used. Different parameters were studied 

including type of explant, time of bacterial infection and co-cultivation. Different 

formulations of regeneration media were also studied to select the best one. Transgenic 

plants produced were confirmed by molecular analysis analysis. The conditions 

optimized would be beneficial for future investigations and genetic transformation with 

other genes. Following were the aims and objectives of the study. 

 

 To optimize transformation conditions for A.carvifolia with rol B and rol C gene 

and to generate different transgenic lines. 

 To confirm transgene integration by PCR. 

 To confirm the expression of rol genes by semi quantitative reverse transcriptase 

PCR. 

 To confirm independent transgenic lines and gene copy number by southern blot 

analysis. 

 

3.2: Material and methods  

A brief account of the materials used and the procedures adopted is given below. 

 

3.2.1: Media used for transformation and regeneration of A. carvifolia 

Murashige and Skoog (MS) medium (Murashige and Skoog, 1962) was used for 

micropropagation and organogenesis of A. carvifolia. Media used for seeds germination, 

shoot regeneration and rooting were prepared as given in table 3.1. The plant growth 

hormones were added in different combination (Table 3.2) to select the best combination. 

The selection media formulation used for transformation purpose is also given in table 

3.2. 

Table 3.1: Composition of MS media used for seeds germination, shoot 

regeneration and rooting of plants. 

Constituents  Catalog No. Seeds 

germination 

Shooting 

Media 

Rooting 

Media 
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MS Phytotechnology 

Lab cat # M519) 

2.22g 4.4g 2.22g 

D-Sucrose Phytotechnology 

Cat # S391 

20g 30g 20g 

Gelrite Phytotechnology 

Cat #G32511 

5g 5g 5g 

Dist. H2O  1L 1L 1L 
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3.2.2: Preparation of media for bacterial growth  

For bacterial growth nutrient agar and Luria broth were prepared as given in 

Table 3.3. 

 

Table 3.3: Media for bacterial growth 

Media Catalog No. Amount added Solvent pH 

Nutrient agar Sigma Cat # N-9405 23g Dist. H2O 7 

Luria Broth Sigma Cat # L-1900 25g Dist. H2O 7 

 

transformation purpose. 

 

3.2.4: Plant material 

Seeds of Artemisia carvifolia were collected from Astore, in the Northern regions 

of Pakistan (35.3667° N, 74.8500° E; 8,500 ft elevation). Plants germinated from these 

seeds were used for the transformation experiment. 
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Fig. 3.1: Vectors (pPCV002-CaMVBT and pPCV002-CaMVC) used in the 

transformation of Artemisia carvifolia (Fig. taken from Spena et al., 1987). 
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and putative transformants. Plasmid DNA was also isolated from the strain of 

Agrobacterium tumefaciens under study. 

 

3.2.12: DNA extraction 

            The DNA from the shoots of putative transformants and wild type plant was 

extracted by CTAB (Cetyltrimethylammonium bromide) method (Ahmed et al., 2009) 

with minor modifications. Briefly given steps were followed:  

 

 Frozen plant material (200mg) in liquid nitrogen was ground to fine powder with 

the help of chilled pestle and mortar. 

 

 CTAB extraction buffer (500µl) was added to ground powder material. 

 

 SDS 20 % was added to each vial (40 µl) and vortexed for 20 sec. 

 

 Vials were incubated at 65ºC for 30 minutes in a water bath with vigorous 

shaking. 

 

 Phenol, chloroform (25:24) was added to each vial (500µl) and placed on a shaker 

inverter for 10-20 minutes. 

 

 Centrifugation at 14000rpm was carried out for 5 minutes to resolve phases. 

 

 Supernatant (aqueous phase with nucleic acids) was shifted to fresh vial. 

 

  Chilled ethanol (100%) was added and after shaking, vials were kept at -20ºC 

overnight for the precipitation of DNA.  

 

 Next day vials were centrifuged at 14000rpm for 15 minutes.  

 

 Supernatant was discarded and pellets were washed with 70 % ethanol (500µl) 

thrice. 
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 Finally the pellet was dissolved in appropriate amount of TE buffer (20-50µl) 

containing RNases.  

 

 Stored in a refrigerator at -20ºC. 

 

The quality and quantity of DNA was checked by taking absorbance at 260 

and 280 nm and calculating the ratio. The quality of DNA was also checked by 

running on 0.8% agarose gel containing ethidium bromide and photographed under 

UV. 

 

Composition of CTAB buffer 

 

Components Concentration 

Tris (pH 8)                                            1M   

EDTA (pH 8)                                     0.5M    

NaCl                                                     5M   

CTAB                                                    3 % 

Polyvinylpyrolidone (PVP)                   3% 

Β-Mercaptoethanol                             0.2% 

 

These were combined; pH was adjusted to 8 and autoclaved 
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Reagent used Final concentration 

DNA 50ng 

Forward primer 0.25 µg 

Reverse primer 0.25 µg 

Dntps 0.2 mM 

MgCl2 2 mM 

Taq polymerase 0.2 U 

PCR buffer 5 µl 
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programmed DNA thermal cycler (Biometra, USA). Primers of each gene are given in 

Table 3.4. 

 

3.2.15: Agarose gel electrophoresis 

Agarose gel electrophoresis was used to examine the PCR products. For that 

purpose agarose gel was prepared (1.5 %, w/v) as follows: 

 

Reagent Concentration 

Agarose 1.5g 

1X TBE buffer 100ml 

ethidium bromide 

(0.2 µg/mL) 

2ul  (10mg/ml stock) 

loading dye (3µl) 

(when loading DNA 

to the wells) 

0.25 % bromophenol blue 

40 % sucrose 

  

Voltage applied was 100 volts (60 mA) for 60 minutes in 1X TBE running buffer. 

The gel was photographed under UV by using UV-transilluminator (Life Technology, 

USA). 

 

Composition of 10 X TBE 

 

Chemical name Amount added Final concentration 

Tris 108g 890mM 

Boric acid 55g 890 mM 

Na2EDTA 9.3g 20 mM (pH 8.3) 
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Table 3.4: Primer sequences used for the detection of NPT II, rol B, rol C and β-actin 

genes along with lengths of amplified fragments 

 

3.2.16: Southern blot analysis 

                Southern hybridization was based on a non-radioactive digoxigenin method 

using the protocol of DIG high prime DNA labeling and detection kit (Cat. number. 11 

585 614 910; Roche, Mannheim, Germany). 

 

S.no Gene 

Name 

Primer sequences Length of 

amplified 

fragments 

1 NPTII Forward : AAGATGGATTGCACGCAGGTTC 

Reverse : GAAGAACTCGTCAAGAAGGCGA 

781 bp 

2 Rol B Forward: GCTCTTGCAGTGCTAGATTT 

Reverse:  GAAGGTGCAAGCTACCTCTC 

779 bp 

3 Rol C Forward: GAAGACGACCTGTGTTCTC 

Reverse:  CGTTCAAACGTTAGCCGATT 

540 bp 

4 Β-Actin Forward: ATCAGCAATACCAGGGAACATAGT 

Reverse: AGGTGCCCTGAGGTCTTGTTCC 

160 bp 
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Reagents required 

 

                                                                                                                

 

 

 

 

 

 

 

 

                                                                                                                         

Solutions Components Concentration 

20X SSC NaCl 3 M 

Sodium citrate 0.3 M 

Denaturation solution NaOH 0.5 M 

NaCl 1.5 M 

Neutralization 

solution 

Tris-HCl 

 

0.5 M (pH 7.2) 

 

NaCl 1.5 M 
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methodology (Macrae 2007; Rio et al., 2010) with some modification. Briefly the 

procedure is given below: 

 Plant material (100mg) was ground in liquid nitrogen with the help of sterile and 

chilled pestle and mortar. The ground plant material was shifted to a sterile 2ml 

vial. 

 

 Trizol reagent (1ml/100mg of ground tissue) was added to the vial and it was 

subjected to vortexing for few seconds (10-20sec). 

 

  3 metallic balls were added to each vial and subjected to homogenization in a 

tissuelyser and then left at room temperature for 5 minutes. 

 

 Chloroform was added (0.2ml/ml trizol) and tubes were mixed by inverting 

carefully. Centrifugation at 13000rpm was done at 4ºC for 15 minutes. 

 

 Supernatant was shifted to fresh vial on ice and isopropanol (0.5ml/ml trizol) was 

added and mixed carefully by inverting few times. It was left at room temperature 

for 10 minutes. 

 

 Centrifugation at 13000rpm was carried out for 10 minutes at 4ºC. Supernatant 

was discarded and 75% ethanol was added (1ml) to the pellet and it was left on 

ice for 30 minutes.  

 

 Again centrifugation at 13000rpm was carried out for 10 minutes at 4ºC. Ethanol 

was removed and pellet was left to dry at room temperature. 
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 Finally pellet was dissolved into DEPC treated water (50µl) and stored at -70ºC 

until use. 

 

Composition of RNA extraction buffer 

 

Component Concentration 

Tris (pH 8) 100mM 

EDTA (pH 8) 20mM 

NaCl 2M 

CTAB 2 % (w/v) 

Polyvinylpyrolidone (PVP) 4% (w/v) 

β-Mercaptoethanol (added just before 

use) 

2% (v/v) 

Sodium dodecyl sulphate 1 % (w/v) 

 

3.2.18: Semi-quantitative RT-PCR 

Semi quantitative RT PCR was performed to check the expression of rol genes, for 

that purpose extracted RNA of transformed and untransformed shoots (4 months old) was 

treated with Turbo DNAse (Ambion) to ensure complete removal of DNA from RNA. The 

purity and quantity was checked by taking absorbance at 260 and 280nm on 
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were the same as for PCR above (Table 3.4). To ensure equal amounts of cDNA, a control 

reaction was performed with primers corresponding to the β-actin gene (Table 3.4). β-actin 

gene was used as an internal control. Amplification was carried out by  

 

3.3.2: Effect of Media on seed germination 

Two types of media were used for the seed germination i.e. half MS and plain 

agar medium. Germination efficiency was found to be more on half MS medium which 

was 95% than plain agar on which 75% seeds germinated (Fig. 3.3) Seeds given cold 
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Type of media used 

treatment for 2-3 days were found more prone to germination than those without it. 

Germination time was found to be one week. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2: Percentage seed germination with different duration of exposure to 0.1% 

(w/v) mercuric chloride 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.3: Effect of media on percentage of seeds germination. 
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Fig. 3.4: Seeds germination on ½ MS (1
st
 row) and plane agar (2

nd
 row). 
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On the basis of above results SRM2 and SRM4 were selected as regeneration 

media to assess the transformation efficiency of two different constructs containing rol B 

and rol C gene, while leaf and stem with nodal regions were used as explants for the 

transformation experiment (Table 3.6). SRM4 with 50mg/l kanamycin and 300mg/l 
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Table 3.6: Transformation experiment performed with two different constructs in 

A. carvifolia. 

 

Table 3.7: ANOVA table for data in table 3.6. Effect of explant type, media 

composition and bacterial strains on transformation efficiency. 

 

Plasmid 

constructs 

 

 

Explant type 

 

Explants 

inoculated 

on 

 

Explants 

forming shoots 

on 

 

%Transformation 

efficiency ± S.E. on 

SRM2 SRM4 SRM2 SRM4 SRM2 SRM4 

pPCV002-

CaMVBT 

Leaf 

Stem with node 

100 100 5 25 5±0.32 25±0.51 

100 100 42 50 42±0.71 50±0.67 

pPCV002-

CaMVC 

Leaf 

Stem with node 

100 100 7 30 7±0.12 30±0.23 

100 100 53 60 53±0.9 60±1.2 

K 

Value 

Source Df Sum of 

Squares 

Mean  

Square 

F Value Prob 

2 Factor A (bacterial strains) 1 315.375 315.375 172.022 0.0000 

4 Factor B (explants) 1 7526.042 7526.042 4105.113 0.0000 

6 AXB 1 92.042 92.042 50.2045 0.0000 

8 Factor C (media) 1 1365.042 1365.042 744.568 0.0000 

10 AC 1 5.042 5.042 2.7500   0.1167 

12 BC 1 287.042   287.042   156.568 0.0000 

14 ABC 1 1.042 1.042 0.5682  

-15 Error 16 29.333 29.333   

 Total 23     
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Coefficient of Variation: 3.86% 

 

           3.3.4: Effect of infection time and co-cultivation period 

             Explants when given infection with bacterial strains in log phase with OD 1.0, for 

varying durations of time (5min, 10min, 15 min, 20min, 25 min) showed different 

responses. Explants with infection time of 15 min showed maximum transformation 

efficiency, longer infection time was not optimal as it lead to the death of explants (Fig 

3.6a) Thus explants after infection were co-cultivated for 24, 48 and 72 hours and 

transformation efficiency was calculated. Co-cultivation period of 48 hours was best for 

maximum transformation efficiency, longer co-cultivation resulted in overgrowth of the 

bacteria (Fig 3.6b). 

 

3.3.5: Regeneration of transgenic shoots and roots 

After co-cultivation of explants with bacterial strains containing the desired 

constructs, explants were subjected to washing with sterile distilled water and cefotaxime 

for the removal of excess bacteria, and then shifted to the selection medium for shoot 

regeneration (Table 3.2) of transformants (Fig. 3.7). Transformation efficiency was 

calculated on the basis of no of regenerated shoots with respect to total no of explants 

given infection (Table 3.6).  Rooting response of regenerated shoots was also observed 

on rooting medium (0.1mg/l NAA + 30mg/l Kanamycin) which was found to be 60% 

(Fig 3.8). Two independent transformation experiments were conducted and 200 explants 

per transformation event were used for each gene. Due to various contaminating factors 

like fungal and bacterial, only four transformants of rol B and three transformants of rol 

C gene survived till maturity.  

 

3.3.6: Morphological analysis of transformed plants 

Morphological variability was observed between wild type plants and transgenics 

bearing rol B and rol C genes (Table 3.8).  Rol B transgenics, which grew faster on the 

selection media, had wider leaves and more inflorescence, while rol C transgenics, which 

were recalcitrant to regeneration, showed a narrow leaf blade and decreased internode 

length (Fig. 3.9). 
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3.3.7: Acclimatization to pots 

Plants showed survival responses when shifted to the pots, although fungal 

infection was the limiting factor for their survival. The plants were very delicate and 

unresponsive to get acclimatized quickly. They took more than one month to get 

acclimatized to the environment in the growth room. Gradually they were hardened and 

got the maturity to be shifted to the green house after few months (Fig. 3.10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.6: Effect of infection time (a) and co-cultivation period (b) on regeneration of 

explants.  

(a) 

(b) 
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Fig. 3.7: Regeneration of explants on selection media after co-cultivation (1
st
 row). 

Shoot organogenesis of rol B transformants (2
nd

 row) and rol C transformants (3
rd

 row) 

on selection medium. 
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Fig. 3.8: Rooting response of transgenics of rol B (1
st
 row), transgenics of rol C (2

nd
 

row) and wild type plant (3
rd

 row). 
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Fig. 3.9: Morphological analysis of wild type plant of A. carvifolia (a) transformants 

of rol B (b) and rol C gene (c). 

 

Fig. 3.10: Acclimatization of transgenics and wild type plant 

WT 
RolC RolB 
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3.3.8: PCR analysis of independent transgenic lines 

All transgenic lines which showed regeneration on selection media were analyzed by 

PCR for the confirmation of rol genes integration. After extraction of genomic DNA from 

shoots of putative transgenic and wild type plants, PCR analysis was performed for three 

different genes including rol B, rol C and NPTII. Amplified products of 779bp for rol B, 

540bp for rol C and 781bp for NPTII gene were obtained. Similar amplified products were 

obtained from plasmid DNA of bacterial strains but wild type plant genome was unable to 

show these amplified products (Fig. 3.11a, b & c). 

 

3.3.9: Analysis of transgene copy number and expression level 

In order to determine the stable integration of rol genes, four transgenic lines of rol B 

and three transgenic lines of rol C gene were analyzed by southern blot analysis by using 

DIG High Prime DNA Labeling and Detection Starter Kit II (Roche Cat. number 

11585614910), according to the manufacturer’s instructions. Single gene integration was 

found to be most frequent in most of the transgenic lines except TB4 and TC1 which 

showed integration of two copies of rol B and rol C gene respectively. Wild type plants 

showed no signal. The following results confirmed the integration of T-DNA of 

Agrobacterium tumefaciens, further the transgene copy number in each transgenic line 

(Fig. 3.12).  

In order to check that weather the integrated rol genes were being expressed or 

not, semi quantitative reverse transcriptase PCR was performed with cDNA of wild type 

and transgenic shoots of 4 month old transgenic lines. RT-PCR confirmed gene 

expression in all the regenerants, although it varied according to line (Table 3.9). The rol 

B transgenic line TB4 and the rol C transgenic line TC3 showed the highest levels of 

expression (Fig 3.11d & e), and were found to harbor two copies of the respective genes.  

Wild type plant was unable to show the presence of transcripts of rol genes. β-actin 

which was used as an internal control showed uniform expression in all transgenic lines 

and wild type plant (Fig. 3.11f). 
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Fig.3.11: PCR analysis of transgenics and wild type A. carvifolia: showing amplified 

products of rol B (a), rol C (b) and nptII gene (c). Semi quantitative RT-PCR, showing 

the relative expression of rol B (d) and rol C gene (e). β-actin used as housekeeping gene 

(f). TB1-TB4 represent rol B transgenics whereas TC1-TC3 represent rol C transgenics. 

WT stands for wild type plant of A. carvifolia, lane ‘P’ refers to the plasmid DNA and 

lane ‘M’ corresponds to the marker DNA (Fermentas). NC= negative control. 
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Fig. 3.12: Southern blot analysis of rol B (a) and rol C transgenic lines (b). TB1-TB4 

represent rol B transgenics whereas TC1-TC3 represent rol C transgenics. Whereas ‘P’ 

stands for the plasmid DNA used as positive control. ‘WT’ indicates the wild type plant 

showing absence of rol genes. 

 

Table 3.9: Results obtained from Kodak Molecular Imaging software version 4.2, 

presenting intensity of bands shown by rol B and rol C gene transgenic lines in 

reverse transcriptase PCR. 

T TB1 TB2 TB3 TB4 TC1 TC2 TC3 WT 

Intensity 2753 1523.6 9494.7 14171 14119.4 3536.7 3568.8  

β actin 24120 24118 24119 24117 24120 24118.3 24118.3 24120 
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3.4: Conclusion 

The current study gives the following conclusions: Seeds of A. carvifolia grow 

best on ½ MS media without any growth hormone after sterilization with 70% ethanol 

and 0.1% HgCl2 for a maximum time of 20 seconds. Stems with nodal segments were 

found to be the best explants for regeneration and thus, were used for transformation 

purpose, giving significant number transgenic shoots on SRM4 (MS + 2.5mg/l BAP, 

NAA 0.25mg/l). Kanamycin 50mg/l was found optimum for the selection of 

transformants and cefotaxime 300mg/l was found enough to control the overgrowth of 

bacteria without affecting the regeneration efficiency of explants. Infection time of 15 

minutes and co-cultivation time of 48 hours gave the maximum transformants.  PCR 

successfully confirmed the integration of rol genes. The single gene copy number was 

found most frequent as observed by southern blotting. Semi quantitative PCR confirmed 

the expression of rol genes under study.  
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CHAPTER 4 

QUALITATIVE AND QUANTITATIVE ANALYSIS OF FLAVONOIDS AND 

ARTEMISININ 

 

4.1: Introduction: 

Artemisia genus is one of the richest sources of the flavonoids and other 

polyphenols (Ferreira et al., 2010). Within this genus A. annua is the most extensively 

studied specie from which around 50 flavonoids have been isolated, however several 

flavonoids have been detected in other species too like A. absinthium L (Aberham et al., 

2010; Singh et al., 2012), A. asiatica (Hajdu et al., 2014) A. Herba-Alb (Qnais et al., 

2014) A. abrotanum (Suresh et al., 2012) A. lactiflora (Xiao et al., 2014) and A. 

sphaerocephal (Zhang et al., 2012). However the concentration of these flavonoids and 

other polyphenols is usually very low and not only different chemotypes show lots of 

variability but also fluctuations have been observed in the same plant at different growth 

stages (Baraldi et al., 2008). HPLC based quantification of flavonoids is the optimal 

method among the chromatographic techniques used for the analysis of flavonoids due to 

various positive features, as it needs no derivatization thus reducing the time 

consumption in comparison to GC (Qureshi et al., 2014; Sultana et al., 2008; Tolonen 

and Usitalo, 2004). Furthermore, it is safe for flavonoids as it can be operated even at 

room temperature thus avoiding the risk of decomposition of compounds like flavonoids 

at high temperature (Numonov et al., 2015). 

The most widely used and the most rapidly acting antimalarial drugs are 

artemisinin and its derivatives which are used in the artemisinin based combination 

therapies with remarkably few adverse effects (Haynes and Krishna, 2004, Hien and 

white, 1993). But scarce availability of these metabolites has left artemisinin based drugs 

quite expensive and hardly available on global scale (El-Naggar et al., 2013). In recent 

years some advancements have been made for the improvement of artemisinin by 

biochemical and metabolic engineering (Arsenault et al., 2008; Teoh et al., 2009), both in 

planta and microorganisms (Covello et al., 2007; Covello, 2008). Still there is another 

challenge regarding safe extraction and exact quantification of artemisinin and its 

derivatives especially in complex matrix like plant extract where they are present in trace  
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In the current study A. carvifolia after transformation with rol B and rol C gene 

was subjected to the qualitative and quantitative analysis of flavonoids and artemisinin. 

Following were the aim and objectives of the current study: 

 Extraction of flavonoids from wild type and transformed plants of A. carvifolia. 

 Detection and quantification of extracted flavonoids by HPLC. 

 Extraction of artemisinin from wild type and transformed plants of A. carvifolia 

 Detection and quantification of artemisinin and derivatives by LC-MS. 

 

4.2: Material and methods 

The following study was conducted in the “Laboratorio de Fisiologia Vegetal, 

Facultad de Farmacia, Universidad de Barcelona, Spain. A brief account of the materials 

and methods used and the procedures adopted is given below. 

 

4.2.1: Chemicals and reagents 

All the reagents and chemicals used were of HPLC grade and were purchased 

from Sigma-Aldrich (Madrid, Spain), which include the Methanol, n-Hexane, 

ethylacetate and acetonitrile, besides the standards used for the analysis of flavonoids 

(Querceitin, rutin, catechin, gallic acid, caffeic acid, myricetin, kampherol, apigenin) and 
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those used for analysis of antimalarial compounds (artemisinin, artemether, artesunate, 

Dihydroartemisini). PTFE/PVDF syringe filters of 13 mm and 0.22 μM pore size 

(Teknokroma, Spain) were used to filter samples solutions for HPLC and LC-MS. 

 

4.2.2: Analysis of flavonoids by HPLC 

 

4.2.3: Preparation of standards 

Standard stock solutions of all the flavonoids (Quercetin, rutin, catechin, gallic 

acid, caffeic acid, myricetin, kaempferol, apigenin) were prepared in methanol at the 

concentration of 1000ppm and kept at -20ºC until use. From this stock solution further 

serial dilutions were prepared (40, 20, 10 and 5ppm), HPLC analysis of the dilutions 

produced a calibration graph from which the qualitative and quantitative analysis of 

flavonoids in crude extracts was done. 

 

4.2.4: Extraction of flavonoids/ preparation of plant samples 

Extraction of flavonoids from young shoots of transformed and wild type plants 

of A. carvifolia (4 months old) was done according to the methodology described by Zu 

et al. (2006). Briefly, 10mg dry powdered plant material was extracted in 300ul of 

methanol at room temperature in a sonication bath (40 KHz, Branson) for 15 minutes. 

After that the extract was centrifuged at 13000rpm for 5 min and supernatant was shifted 

to fresh vial. The procedure was repeated three times and supernatant was collected. The 

extract was then subjected to drying in a vacuum cell at 50ºC and the dried extract was 

dissolved in 200µl solvent mixture methanol: water (2:1), it was finally filtered by PTFE 

0.45µm (Teknokroma, Spain) and shifted to the HPLC vials for further analysis.  

 

4.2.5: Preparation of mobile phase  

Mobile phase A consisted of Acetonitrile + 0.5% formic acid 

Mobile phase B consisted of H2O + 0.5% formic acid 
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Table 4.1: Retention time of studied flavonoids with wavelength 

 

4.2.7: Quality parameters 

 

(i): Calibration Curve/ Limits of detection and quantification 

Calibration curve was done by plotting analyte chromatographic area (AU) versus 

the analyte concentration (mg/ml) and linear response was observed with correlation 

coefficient (R
2
) higher than 0.99 and accuracy in the determination of standard 

S. No Standard Wavelength Retention time 

 Apigenin 325 20.2 

 Caffeic acid 325 8.7 

 Catechin 279 10.7 

 Isoquercetin 355 11.1 

 Quercetin 370 15.1 

 Rutin 355 10.8 
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concentration between 80-100%. It was done for the serial dilutions (5, 10, 20 and 

40ppm) of all the standard flavonoids. The calibration curve and linear regression  

(ii): Verification: precision and accuracy 

Co-injection was used in order to positively identify peaks as Quercetin, rutin, 

catechin, caffeic acid, gallic acid, myricetin and apigenin. Suspected peak for each 

standard was noted, and their area recorded from the original sample that was run.  

 

4.2.8: Statistical analysis 

All experiments were done at least in triplicate for each sample. Data were 

statistically analyzed using ANOVA and Duncan’s Multiple Range Test. 

 

4.2.9: Analysis of artemisinin and derivatives by LC-MS 

As HPLC with UV detector is not suitable for the quantification of artemisinin 

and its derivatives in complex matrix like plant extract where they are present in trace 

amount and also because compounds lack the UV properties or fluorescent 

chromophores. Thus quantification of the target compounds in the wild type and 

transformed plants of A. carvifolia was carried out by HPLC system liked with mass 

spectrometer for the accurate detection and exact quantification of artemisinin and its 

derivatives. 
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4.2.10: Preparation of standard stock solution 

Standard stock solutions of artemisinin, artesunate, artemether and 

dihydroartemisinin were prepared in acetonitrile at concentration of 1000ppm and stored 

at -20ºC until use. From these stock solution further serial dilution of 5, 50, 100, 150 and 

200ppm were made. LC-MS analysis of these dilutions produced a calibration graph from 

which qualitative and quantitative analysis of artemisinin and derivatives was carried out.  

 

4.2.11: Extraction of artemisinin and derivatives 

Extraction of artemisinin and derivatives from young shoots of wild type plant 

and transformants of rol B and rol C gene (4 months old) was carried out according to the 

methodology described by Towler and weathers (2007). Briefly 20mg of dry powdered 

plant material was extracted by 300µl of solvent mixture of n-hexane and ethyl acetate in 

a ratio of 9:1. After repeated processes of sonication for half an hour and centrifugation at 

13000rpm the extract was collected in a fresh vial, which was then subjected to drying in 

a vacuum cell at 50ºC. Finally the dried extract material was dissolved in 200µl of 

acetonitrile. The samples prepared were treated with 0.5NHCl in order to destroy the 

chlorophyll pigment that may cause hurdle in analysis. Samples were syringe filtered by 

PTFE hydrophilic syringe driven filter unit (Teknokroma, Spain) and samples were saved 

in HPLC vials for further analysis. 

 

4.2.12: Preparation of mobile phase 

Mobile phase A = H2O + 0.1% formic acid 

Mobile phase B = Acetonitrile 100% 

 

4.2.13: Conditions for HPLC-ESI/MS  

HPLC-MS analysis was performed with a Varian 500 Ion Trap Mass spectrometer 

(Varian, Spain) coupled to a 212-HPLC system equipped with an auto sampler 410 

(Varian, Spain). The analytes were separated by a C18 (5µm) column (150mmx 4.6mm) 

(AKDAY Chromatografica, Spain) using a mobile phase consisting of water with 0.1% 

formic acid (A) and acetonitrile (B) in a gradient as follows: (t (min), % B) (0, 50) (10, 

50) (15, 99) (23, 50) (26, 50). The flow rate was 1ml/min. Electro spray ionization (ESI) 
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in positive mode was applied with a capillary voltage of 4000V and plate voltage of 

600V. Other parameters include: spray chamber temperature 50 C, nebulizing gas (N2) 

pressure: 35psi, dry gas (N2) 10 l/min at 35 psi and 400ºC. Mass analyzer scanned from 

66-500 u. Fragmentation amplitude was 1.0 V, injection volume was 20µl. 

 

4.2.14: Quality parameters 

 

artesunate, artemether and D.H.A. Suspected peak and m/z for each standard was noted, 

and compared with the original sample that was run.  

 

(III): Recovery and Matrix effect 

Recovery and matrix effect were evaluated by the standard addition method. In 

this case the medicinal plant Malva moschata, which do not contain the target compounds 

was subjected to the extraction protocol of artemisinin and derivatives and the final 

extract obtained was used to prepare the dilutions (5, 50, 100, 150, 200ppm) of all four 

standards (artemisinin, artesunate, artemether and D.H.A) from their stock solution 

prepared in acetonitrile (1000ppm). This was done to evaluate the effect of plant matrix 

on the concentration of target compounds when analyzed by LC-MS, to rule out the 
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possible ion suppression or enhancement effect caused by the other elements of plant 

matrix. 

 

(IV): Matrix-matching calibration curve 

The same range of concentrations as for the standard curve in acetonitrile were 

prepared by using a non- artemisinin containing Malva moschata extract as solvent, to 

obtain the points of the matrix-based calibration curve.  

 

4.2.15: Statistical analysis 

All experiments were done at least in triplicate for each sample. Data were 

statistically analyzed using ANOVA and Duncan’s Multiple Range Test. 

 

4.3: Results 

 

4.3.1: Analysis of flavonoids 

Qualitative and quantitative analysis of flavonoids form young shoots of wild type 

and transformed plants of A. carvifolia (4 months old) was carried out by HPLC. Here 

eight flavonoids markers (caffeic acid, quercetin, isoquercetin, rutin, catechin, apigenin, 

gallic acid and kaempferol) were studied out of which 4 (caffeic acid, quercetin, 

isoquercetin and rutin) were detected in wild type plant of A. carvifolia and enhancement 

in their concentration was observed in  rol B and rol C transformants. Catechin and 

apigenin were only detected in the transformed plants but not in the wild type (Fig. 4.5). 

Gallic acid and kaempferol were absent from extracts of studied plants. 

Caffeic acid was detected at a concentration of 0.03mg/g DW in the wild type 

plant. Average caffeic acid concentration found in the transformants of rol B gene was 

0.07mg/g DW showing 2.4 fold increase in its concentration. Whereas transformants of 

rol C gene showed average caffeic acid concentration 0.06mg/g DW showing 2 fold 

increase. Quercetin was found at the concentration of 0.01mg/g DW in wild type plants. 

Average quercetin concentration found in the rol B transgenics was 0.059mg/g DW 

showing up to 6 fold increase. Rol C transgenics had an average quercetin concentration 

of 0.04mg/g DW where 4 fold increase in concentration was observed.  Isoquercetin at 
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the concentration of 0.4mg/g DW was detected in wild type plant and 1.9 fold increase in 

transformants of rol B was observed with average concentration of 0.77µg/g DW. 

Transformants of rol C gene showed 1.6 fold increase in concentration of isoquercetin 

with average concentration found 0.66µg/g DW. Average rutin concentration in wild type 

plant was 0.3mg/g DW and up to 2.4 times increase in rol B (0.72mg/g DW) and I.6 fold 

increase in rol C transformants was observed with average concentration 0.57mg/g DW. 

Catechin and apigenin were only detected in the transformants of rol B and rol C 

gene but not in the wild type plant of A. carvifolia. Transformants of rol B gene showed 

average concentration of catechin 0.075mg/g DW and that of apigenin 0.042mg/g DW. 

Whereas transformants of rol C gene showed presence of catechin with an average 

concentration of 0.06mg/g DW and that of apigenin with average concentration of 

0.03mg/g DW.  
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Fig. 4.1: HPLC chromatogram:  standard caffeic acid and apigenin (a), A. carvifolia 

wild type plant (b), rol B transformed sample B1 (c) and rol C transformed sample C1 

(d).  

(a) 

(b) 

(c) (d) 

(a) (b) 



  

77 

 

 

 

 

  

Fig. 4.2: HPLC chromatogram:  standard quercetin (a), A. carvifolia wild type plant 

(b), rol B transformed sample TB4 (c) and rol C transformed sample TC1 (d). 
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(d) (c) 
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Fig. 4.3: HPLC chromatogram: standard rutin and isoquercetin (a), wild type A. 

carvifolia (b), rol B transformed sample TB4 (c) and rol C transformed sample TC1 (d). 
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Fig. 4.4: HPLC chromatogram:  standard catechin (a), A. carvifolia wild type (b), rol B 

transformed sample TB4 (c) and rol C transformed sample TC1 (d). 
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4.3.2: Statistical analysis 

Statistical analysis was conducted in factorial design (8 X 6 X 3) to see the effect 

of two different transgenes on the production of flavonoids, where wild type A. carvifolia 

and transgenics of rol B and rol C gene showed highly significant difference (P=0.000) in 

the production of studied compounds (Table 4.2).      

 

Table 4.2: Analysis of variance for factors effecting the production of flavonoids in 

transgenics of rol B and rol C gene. 

 

Source of Variation df Sum of Squares Mean Square F-Value Prob. 

Transgenic lines (A) 7 0.763 0.109 6.6646 0.0000 

Flavonoids (B) 5 9.591 1.918   117.2688 0.0000 

Transgenic lines X 

Flavonoids (AXB) 

35 2.051 0.059   3.5824 0.0000 

Error 96 1.570 0.016   

Total 143 13.976    

 

Coefficient of Variation: 29.63% 
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Fig: 4.5:  Comparative and statistical analysis of caffeic acid, quercetin, catechin, apigenin, rutin and isoquercetin. Each value 

is the mean of three replicates. Any two means having a common alphabet are not significantly different at p = 0.05 using LSD. 

Vertical bar represents the standard error of the 3 means. WT stands for wild type plant, TB1-TB4= rol B transgenics, TC1-TC3= rol 

C gene transgenics
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4.3.3: Analysis of artemisinin and derivatives by LC/MS 

As discussed previously, analysis of artemisinin and derivatives in plant extract is 

not feasible by simple HPLC-UV method due to lack of UV properties and trace amount 

present, thus qualitative and quantitative analysis of artemisinin and derivatives in wild 

type A.carvifolia and transgenics of rol B and rol C gene was carried out by HPLC-

ESI/MS, coupling HPLC with an Ion trap mass spectrometer for the detection and 

quantification of the target compounds. The results were analyzed by using the MS 

workstation (MS data review, version 6.9.1). 

 In A.carvifolia wild-type extracts: artemisinin (8µg/g), artesunate (2.24µg/g), 

dihydroartemisinin (D.H.A. 13.6µg/g) and artemether (12.8µg/g) were detected. 

Differences in content between transformed and untransformed plants were observed. All 

the transgenic lines bearing rol B and rol C genes showed enhanced levels of artemisinin 

and its derivatives (Fig. 4.8). In rol B gene transgenics, this increase was 5.4-fold for 

artemisinin (average conc 43.7µg/g DW), 7 fold for artesunate (average conc 15.7µg/g 

DW), 3.4 fold for D.H.A (average conc 45.75µg/g DW) and artemether (average conc 

44.6µg/g DW), whereas in rol C transgenics it was 4.7 fold for artemisinin (average conc 

37.6µg/g DW), 6.2 fold for artesunate (average conc 14µg/g DW), 2.6 fold for D.H.A 

(average conc 36.6µg/g DW) and 3 fold for artemether (average conc 39.6µg/g DW). 

 

Table 4.3: Retention time and m/z of artemisinin and derivatives observed for LC-

MS. 

S. 

No 

Metabolite Retention 

Time 

(min) 

Precur-

sor ion 

m/z 

Fragmentation 

pattern 

Reference 

1 Artemisinin 13.4 265.2 (m/z 283→219 + 

229 + 247+265) 

(Maggar, 2012; Van 

et al., 2008) 

2 Artesunate 10.8 391.2 (m/z 391.2→227.1) Van et al., 2008) 

3 D.H.A 11 245.3 (m/z284.3→245.23) (Jessing et al., 2011; 

Van et al., 2008) 
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4 Artemether 16.03 163.2 (m/z316→145.1, 

163) 

Van et al., 2008) 

 

4.3.4: Statistical analysis 

Statistical analysis was conducted in factorial design (8 X 4 X 3) to see the effect 

of different transgenic lines on the production of artemisinin and derivatives, where wild 

type A. carvifolia and transgenics of rol B and rol C gene showed highly significant 

difference (P=0.000) in the production of studied compounds (Table 4.4).      

 

Table 4.4: ANOVA for quantitative analysis of artemisinin and derivatives 

Source of Variation df Sum of Squares Mean Square F-Value Prob. 

Factor A (Transgenic 

lines) 

7 12415.863   1773.695 1457.1584 0.0000 

Factor B (artemisinin 

and derivatives) 

3 11897.913 3965.971 3258.1977 0.0000 

A X B (Transgenic 

lines X artemisinin 

and derivatives) 

21 3329.692   158.557 130.2605 0.0000 

Error 64 77.903 1.217   

Total 95 27721.371    

 

Coefficient of Variation: 3.38% 
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Fig 4.6: LC-MS chromatograms: standard artemisinin, artesunate, D.H.A and 

artemether for C18, 5µm (150mm x 4.6mm) column along with their mass spectra. 
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Fig. 4.7: LC-MS data of all transgenics and wild type plant of A. carvifolia in 

comparison with standards and blank. WT stands for wild type plant, TB1-TB4 are 

transgenic lines of rol B whereas TC1-TC3 are transgenic lines of rol C. 
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Fig.4.8: Comparative analysis of artemisinin content and  its derivatives in wild type A. carvifolia and  transgenics of rol B and 

rol C gene. Values with same alphabet did not differ significantly at 5% probability level using LSD. Error bars indicate the standard 

error of the 3 means. 
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4.4: Conclusion 

Successful qualitative and quantitative analyses of flavonoids, artemisinin and its 

derivatives were carried out. HPLC with an UV detector was found to be an optimal and 

valid method for the detection and quantification of flavonoids. This method was not 

suitable for analysis of artemisinin and derivatives in plant extract, thus was replaced by 

LC-MS. Among flavonoids, caffeic acid, quercetin, isoquercetin and rutin were detected 

in the wild type A. carvifolia along with four antimalarial compounds: artemisinin, 

artesunate, D.H.A and artemether.  A significant increase in the amounts of flavonoids, 

artemisinin and derivatives in transgenics of rol B and rol C transgenic plants was 

observed. Transgenic lines with two copies of rol B and rol C gene produced higher 

amount of studied metabolites than the transgenic lines with single copy of rol genes. 

Although both the rol B and rol C genes were found effective in the enhancement of 

studied metabolites, the rol B gene was found to be more active in playing its role in the 

enhancement of studied secondary plant compounds than the rol C gene.   
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CHAPTER 5 

ANALYSIS OF METABOLIC PATHWAY OF FLAVONOIDS AND 

ARTEMISININ ALONG WITH CALCULATION OF TRICHOME DENSITY 

 

5.1: Introduction 

Biosynthesis of flavonoid represents extensively studied classes of phenolic 

compounds out of 4,000 diverse substances dispersed within the plant kingdom and also 

has served as a model system for understanding gene regulation in plants. Flavonoids are 

divided into different subgroups such as “flavanones, flavones, flavonols, 

leucoanthocyanidins, anthocyanins and isoflavonoids” abundantly found in leaves, 

flowers and fruits  performing various metabolic functions” (Taylor and Grotewold, 

2005). The major pathway which is involved in the flavonoids biosynthesis is the 

phenylpropanoid pathway, which transformes phenylalanine into 4-coumaroyl-CoA, by 

the enzyme phenylalanine ammonialyase which finally enters the flavonoid biosynthesis 

pathway.  

Chalcone synthase is the first enzyme involved in the flavonoid pathway, which 

produces chalcone skeletons from which all flavonoids derive. The basic flavonoid 

backbone is modified by enzymes, such as “isomerases, reductases, hydroxylases, and 

several Fe2+/2 oxoglutarate-dependent dioxygenases”, leading to the different flavonoid 

subclasses (Martens et al., 2010). Tranferase is the last enzyme which transforms the 

flavonoid skeleton into different classes of flavonoids by the addition of “sugars, methyl 

groups and acyl moieties, modulating their physiological activity, reactivity, solubility, 

and interaction with cellular targets” (Bowles et al., 2005; Ferreria et al., 2008). The 

elucidation of the biosynthetic pathways has enabled metabolic engineering of plants and 

consequently the manipulation of the diverse plant products with appreciated uses. 

Glandular trichomes (GLTs) present on flowers, floral buds and leaves are the 

sites of production of important phytochemicals including artemisinin and a mixture of 

chemicals that have been found to have an enormous array of uses in the pesticides, 

pharmaceutical and flavor industries like flavonoids (Duke et al., 1994; Ferreira et al., 

1997). Trichome-specific fatty acyl-CoA reductase 1(TAFR1) is thought to be involved 

in GLT development and sesquiterpenoid biosynthesis; which are important for 
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artemisinin production (Ferreira et al., 1995; Olsson et al., 2009). Other enzymes like 

amorphadiene synthase (ADS), cytochrome P450 (CYP71AV1), double bond reductase 2 

(DBR2) and aldehyde dehydrogenase 1 (ALDH1) catalyzes different steps of artemisinin 

biosynthesis (Croteau et al., 2000; Wallaart et al., 2000; Teoh et al., 2006; Brown & Sy, 

2007; Zhang et al., 2008). Overexpression of these enzymes may lead to increased 

artemisinin accumulation. Some studies provide evidence that metabolic engineering of 

the biosynthetic pathway that leads to artemisinin by the insertion of different genes can 

increase artemisinin content in planta (Chen et al., 2000; Sa et al., 2001).  

In order to confirm that the rol genes are responsible for the enhanced production 

of flavonoids and artemisinin in transgenics of rol B and rol C gene, and to correlate the 

transcripts profile with the target compounds production, biosynthetic pathway of 

flavonoids and artemisinin were studied. For that purpose key enzymes involved in their 

biosynthesis were selected and the dynamics of their level of expression was studied by 

real time qPCR. Following were the aims and objectives of the study: 

 

 To extract RNA from wild type and transformed plants of A. carvifolia. 

 To convert extracted RNA into cDNA. 

 Real time qPCR analysis of genes involved in the flavonoids, artemisinin and 

trichomes biosynthesis. 

 Calculation of trichome density of wild type and transformed plants of A. 

carvifolia. 

 

5.2: Materials and methods 

A brief account of the materials used and methods adopted is given below: 

 

5.2.1: Analysis of metabolic pathway 

5.2.2: Extraction of RNA 

RNA for the real time qPCR analysis was extracted by using the Trizol reagent 

(Life Technologies) according to the reported methodology (Macrae 2007; Rio et al., 

2010) with some modification. Briefly the procedure is given below: 
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 Plant material (100mg) was ground in liquid nitrogen with the help of sterile and 

chilled pestle and mortar. The ground plant material was shifted to a sterile 2ml 

vial. 

 

 Trizol reagent (1ml/100mg of ground tissue) was added to the vial and it was 

subjected to vortexing for few seconds (10-20sec). 

 

  3 metallic balls were added to each vial and subjected to homogenization in a 

tissuelyser and then left at room temperature for 5 minutes. 

 

 Chloroform was added (0.2ml/ml trizol) and tubes were mixed by inverting 

carefully. Centrifugation at 13000rpm was done at 4ºC for 15 minutes. 

 

 Supernatant was shifted to fresh vial on ice and isopropanol (0.5ml/ml trizol) was 

added and mixed carefully by inverting few times. It was left at room temperature 

for 10 minutes. 

 

 Centrifugation at 13000rpm was carried out for 10 minutes at 4ºC. Supernatant 

was discarded and 75% ethanol was added (1ml) to the pellet and it was left on 

ice for 30 minutes.  

 

 Again centrifugation at 13000rpm was carried out for 10 minutes at 4ºC. Ethanol 

was removed and pellet was left to dry at room temperature. 

 

 Finally pellet was dissolved into DEPC treated water (50µl) and stored at -80ºC 

until use. 

 

 Purity and quantity were checked by taking absorbance at 260 and 280nm on a 

Nanodrop ND-2000 spectrophotometer (Thermo scientific). The quality of RNA 

was also assessed by running RNA samples on 1.2 % agarose gel. 
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5.2.3: DNAse treatment 

The extracted RNA was treated with turbo DNAse (Ambion) to ensure complete 

removal of DNA according to the manufacturer’s instructions. Briefly the method is as 

follows: 

 DNAse buffer 0.1 volume was added to the extracted RNA (5µl for 50µl RNA). 

 1µl of DNAse was added and after mixing well mixture was incubated at 37ºC for 

30 minutes. 

 After incubation, DNAse inactivation solution 0.1 volumes was added to the 

mixture and after mixing carefully it was incubated at room temperature for 5 

minutes. 

 Centrifugation at 10,000rpm was carried out for 5 minutes and supernatant was 

carefully shifted to fresh labeled vial. 

 

5.2.4: Synthesis of cDNA 

After the treatment of DNAse, extracted RNA was converted to cDNA by using 

1
st
 strand cDNA synthesis kit (Invitrogen) according to manufacturer’s instructions. Brief 

details are given below: 

 1µg of RNA was converted to cDNA for that following reagents were added to 

reaction mixture 

Reagent Concentration Volume 

RNA 1µg X µl 

dT15 50µM 1µl 

Dntps 10mM 1µl 

DEPC H2O - X µl 

Final volume - 12µl 

 

 All the reagents were mixed carefully in a vial, centrifuged briefly and then 

incubated at 65ºC for 5 minutes and following reagents were added to the 

mixture: 

Reagents volume 

5xbuffer (kit) 4µl 
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DTT (0.1M) 2µl 

RNases out 1µl 

 

 After mixing and brief centrifugation mixture was incubated at 37ºC for 2 

minutes. Then 1µl of RT enzyme (kit) was added and mixture was incubated at 

37ºC for 50 minutes and then on 70ºC for 15 minutes. 

 

 cDNA synthesis was confirmed by taking absorbance at 260/280nm on a 

Nanodrop ND-2000 spectrophotometer (Thermo scientific). 

 

5.2.5: Real time quantitative PCR analysis 

To evaluate the possible effects of rol genes on the expression of flavonoids and 

artemisinin biosynthetic genes, quantitative real time PCR of six selected genes was 

performed, namely those encoding phenylalanine ammonia-lyase (PAL), chalcone 

synthase (CHS), amorpha-4, 11 diene synthase (ADS), cytochrome P450 (CYP71AV1) 

and aldehyde dehydrogenase 1 (ALDH1). The gene involved in trichome development 

and sesquiterpenoid biosynthesis (TFAR1) was also studied. The β-actin gene was used 

as reference gene (Olofsson et al., 2011). For real time qPCR, a 1:4 dilution of cDNA 

was used. The amplification reaction was performed by using gene specific primers as 

given in Table (5.1). Primer amplification efficiency was determined as previously 

described by Sabater-Jara et al. (2014). The qPCR was performed using iTAqTM 

Universal SYBR Green Supermix (BioRad, Hercules, CA, USA) in a 384-well platform 

system (ABI Prism® 7900HT sequence detection system, Applied Biosystems, Foster, 

CA, USA). The reaction conditions for real time qPCR were as follows: denaturation for 

5 min at 95 ◦C, followed by 45 cycles each of denaturation for 10s at 95 ◦C, annealing for 

10 s at 60 ◦C, followed by elongation for 10 s at 72 ◦C. For each gene, the relative 

expression levels were normalized with respect to the wild-type plant (reference value 

=1).  
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Table 5.1: Primer sequences of the genes studied by real time qPCR 

 

5.2.6: Calculation of trichome density 

The glandular trichomes from leaves of wild type and transformed plants of A. 

carvifolia were counted with the help of a fluorescent microscope (Graham et al., 2010). 

Young leaves of wild-type and transformed A. carvifolia plants (4 months old) were 

actually selected to calculate trichome density. For that purpose leaves were cut under 

laminar flow hood with the help of sterilized scalpel. The ventral surfaces of the leaves 

were attached to the microscopic slides with the help of glue and maintained overnight at 

4ºC for dehydration. The next day, slides were ready to be examined under the 

microscope.  

Fluorescent microscope (Leica) with a FITC green filter was used for the 

calculation of number of glandular trichomes. Slides were placed with their upper side 

Gene name Primer sequences Accession 

number 

PAL Forward: ACACTCGGTTAGCTATTGCTGCAA 

Reverse: CCATGGCGATTTCTGCACCT 

FJ481987.1 

CHS Forward: AGGCTAACAGAGGAGGGTA 

Reverse: CCAATTTACCGGCTTTCT 

GQ468548.1 

ADS Forward: ATTACTGGCGGTGCTAAC 

Reverse: GTGCAGAGACAGCCCATT 

JQ319661 

 

CYP71AV1 Forward: ATTTTGGATATGTTTGGAGCAGGC 

Reverse: TCCGCTTGTACTTTCTCCATTGCT 

HQ315834 

 

ALDH1 Forward: CAGGAGCTAATGGAAGTTCTAAGTCAG 

Reverse: TTTCTTCCTTCGGCCACTGTTG 

FJ809784 

 

TAFR1 Forward: CCTTGGAGATCCTGAAGCTG 

Reverse: CGTTGGATTGTGCTGAACTG 

GU733320 

Actin Forward: ATCAGCAATACCAGGGAACATAGT 

Reverse: AGGTGCCCTGAGGTCTTGTTCC 

EU531837 
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downward as the lens was under the diaphragm. Slides were studied under 10 x 

resolution and photographed.  

 

5.3: Results 

5.3.1: Analysis of metabolic pathway 

        The genes PAL and CHS are involved in flavonoids biosynthesis and act by 

converting phenyl alanine as the starting molecule to chalcones. Whereas ADS, 

CYP71AV1 and ALDH1 are involved in the metabolic synthesis pathway of artemisinin 

and are involved in the conversion of FDP to dihydroartemisinic acid, which is a late 

precursor of artemisinin. These key genes were used to determine how transformation 

with the rol genes affected the pathway of flavonoids and artemisinin biosynthesis in the 

transgenics of rol B and rol C gene. Trichome-Specific fatty acyl-CoA reductase 

1(TAFR1) has been suggested to be involved in trichome development and 

sesquiterpenoid biosynthesis, both of which are important for artemisinin production. The 

expression of this gene was monitored to determine if trichome density might also be 

affected. 

 

5.3.2: Relative expression of the genes involved in the metabolic pathway of 

flavonoids 

Significant changes in flavonoids biosynthetic pathway genes (PAL, CHS) were 

observed in transgenics of rol B and rol C gene as compared to wild type A. carvifolia 

(Fig. 5.1). The qPCR analysis clearly showed that expression of the studied genes was 

significantly higher (P ˂0 .0001) in transformants of rol B and rol C gene as compared to 

wild type plant although the increase was not uniform for both genes. Relatively higher 

transcripts of all the studied genes were found in the transgenics of rol B and rol C gene 

although in variable fashion. Among the genes of flavonoid biosynthesis PAL gene was 

found to be relatively more expressive in transgenics than CHS gene. Transgenics of rol 

B gene showed 8-21 fold higher expression of PAL gene whereas CHS gene was found 

to be 3-6 fold more expressive in these transgenic lines. Transgenic line TB4 showed the 

highest expression of these genes than other transgenic lines. Similarly transgenics of rol 

C gene showed 10-19 times more expression of PAL and 3-5.8 times more expression of 
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CHS gene. Transgenic line TC1 showed the highest expression of both genes (PAL, 

CHS) than other transgenics of rol C. 

 

 

 

 

 

 

 

 

 

Fig. 5.1: Relative expression of flavonoids biosynthetic pathway genes: PAL (a) and 

CHS (b) in wild type A. carvifolia and transgenics of rol B and rol C gene. 
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5.3.3: Relative expression of the genes involved in the metabolic pathway of 

artemisinin 

Higher transcript levels of all the studied genes of artemisinin biosynthetic 

pathway were found in the transgenics expressing the rol B and rol C genes, although in a 

variable fashion (Fig. 5.2). Among the artemisinin biosynthetic genes, CYP71AV1 was 

the most expressed in the transgenics, increasing 13-30-fold in rol B transformants and 

10-26-fold in rol C transformants, compared to wild-type plants. The ALDH1 and ADS 

genes showed a respective 3-9-fold and 2-7-fold enhanced expression in rol B 

transformants, and a 4-9-fold and 3-6.5-fold increase in rol C gene transformants. The 

transgenic lines TB4 and TC1 exhibited the highest expression of these genes. Real time 

qPCR analysis of the TFAR1 gene revealed variable expression among the transgenics, 

with a 2.6-6-fold and 3-5-fold increase, respectively, in rol B and rol C transformants. 

 

5.3.4: Relative expression of the TAFR1 

Real time qPCR analysis of the TAFR1 gene revealed variable expression among 

the transgenics, with a 3-6-fold and 2-4-fold increase, respectively, in rol B and rol C 

transformants (Fig. 5.2). 
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Fig 5.2: Expression level of artemisinin biosynthetic genes: ADS (a), CYP71AV1 (b), 

ALDH1 (c) in wild type plant of A. carvifolia and transgenics of rol B and rol C gene. 

TFAR1 is the gene involved in trichome development and sesquiterpenoid biosynthesis. 
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5.3.5: Statistical analysis 

 

Comparative analysis of different genes involved in flavonoids, artemisinin and 

trichomes production in different transgenic lines of rol B, rol C gene and wild type 

Artemisia carvifolia. 

Statistical analysis was conducted in factorial design (8 X 3 X 6) to see the effect 

of rol B and rol C genes on different genes involved in the biosynthetic pathway of 

flavonoids, artemisinin and trichomes in different transgenic lines of rol B and rol C 

gene. 

            Transgenics of rol genes had a highly significant difference (P=0.000) in 

production of flavonoids, artemisinin and trichomes. Most effective results were obtained 

in case of transgenics of rol B gene followed by rol C gene transgenics (Fig.5.3). 

 

Table 5.2: ANOVA for factors affecting expression of different genes involved in 

flavonoids, artemisinin and trichomes production in different transgenic lines of A. 

carvifolia. 

 

Source of 

variation 

Degree 

of 

freedom 

Sum of 

squares 

Mean 

square 

F-value Prob. 

Transgenic lines 

rol B and rol C 

gene (A) 

7 2121.001        303.000     397.4727    0.0000 

 

Genes of metabolic 

pathways (B) 

5 3184.032        636.806     835.3568    0.0000 

 

AXB 35 1228.638         35.104      46.0490    0.0000 

Error 96 73.182          0.762 

 

  

Total 143 6606.854 
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Fig 5.3: Comparative analysis of relative gene expression of flavonoids, artemisinin and trichomes biosynthesis in 

transformants of rol B, rol C gene and wild type A. carvifolia.
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5.3.6: Calculation of trichome density 

The number of glandular trichomes was determined on the adaxial side of 3 random 

pieces of fresh leaf material from each sample (wild type plant and transgenics of rol B 

and rol C gene), with an accurately determined leaf area of approximately 1mm
2 

per leaf, 

and significant differences were observed, as shown in (Fig 5.4). The leaves of A. 

carvifolia Buch transformed with rol B and rol C genes produced more trichomes (20-35 

trichomes/mm
2
) compared to untransformed leaves (4-5 trichomes/ mm

2
). 

 
 

                                                                        (a) 

 

 

(b) 

Fig 5.4: Comparitive and statistical analysis of trichome density of transformed and 

untransformed plants of A. carvifolia Buch (a & b): TB1-TB4 represent rol B 

transgenics whereas TC1-TC3 reprsent transgenics of rol C gene. WT represents the 

control plant of A. carvifolia Buch. 
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5.4: Conclusion 

Real time qPCR analysis of genes encoding enzymes regulating biosynthesis of 

flavonoids and artemisinin revealed their differential expression, correlating with the 

amount of respective metabolite produced. Transgenics of rol B and rol C gene showed 

higher transcripts level than the wild type plant. Transgenics of rol B gene showed 

relatively higher expression of the studied genes than the rol C gene transformants. 

Transgenic lines bearing two copies of the rol genes showed higher transcripts of the 

studied genes than those bearing single gene copy. The level of expression of the studied 

genes is also in accordance with the amount of the studied metabolites produced. When 

these transgenic lines were subjected to the evaluation of the trichome density, higher 

trichome index was observed in transgenic lines of rol B and rol C gene than wild type 

plant. This trichome index was also found to be related to the level of transcripts of the 

trichome specific fatty acyl CoA reductase (TAFR1) gene and amount of artemisinin and 

flavonoids produced by them.  
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CHAPTER 6 

PHARMACOLOGICAL EVALUATION OF WILD TYPE PLANT OF A. 

CARVIFOLIA AND TRANSFORMANTS OF ROL B AND ROL C GENE 

 

6.1: Introduction 

Plant materials have been used for medicinal purposes since the early history of 

mankind. This trend is more prevalent in the developing countries where most of the 

people do not have access to modern health facilities (Sunmonu and Afolayan, 2012). It 

is now known that oxidative stress is the root cause of many of the diseases, resulting 

from imbalance between production and neutralization of free radicals  (Hazra et al., 

2008), which causes damage to the macromolecules such as proteins, lipids and DNA in 

healthy human cells. This results in cellular injury and chronic diseases such as heart 

diseases, aging and inflammatory diseases (Braca et al., 2002; Wong et al., 2006).  In the 

last few decades, the search for antioxidants from natural sources has been a focus in 

order to replace the antioxidants (Sunmonu and Afolayan, 2012).  

Another outcome of the damage caused by endogenous and exogenous reactive 

species and free radicals is cancer (Dizdaroglu, 2015), which is a major cause of death all 

over the world. Cancer accounted for 8.2 million deaths in 2012, among which breast 

(1.67 million) and liver cancers (745,000 deaths) were most common besides lung and 

stomach cancer (Ferly et al., 2015). MTT assay is one of the cytotoxicity assays which 

are most commonly employed for the detection of cytotoxicity or cell viability following 

exposure to toxic substances (Tolosa et al., 2015). MTT (3-[4,5-dimethylthiazol-2-yl]-

2,5-diphenyltetrazolium bromide) is a water soluble tetrazolium salt, which is 

metabolized by mitochondria of living cells. Being impermeable to cell membrane it 

accumulated in the living cells giving purple colour (Mossmann, 1983). 

Diabetes is also prevalent worldwide with an estimated 371 million adults living 

with diabetes, having a prevalence of 8.3%. Managing diabetes without side effects is 

still a challenging task (Ghazanfer et al., 2014). Artemisia is one of the most important 

genera of medicinal plants and famous due to its well-known therapeutically significant 

constituents which besides showing antimalarial activity also exhibit cytotoxicity against 
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various tumor cells (Efferth, 2007). Thus, in the current study, A. carvifolia was 

evaluated to find out the pharmacological significance, including antioxidant, antidiabetic 

and anticancerous potential of transformed and untransformed plants. Further, to check 

whether rol genes played their role in the enhancement of respective secondary 

metabolites.  Following were the aims and objectives of the current study: 

 To find out the antioxidant potential by performing different antioxidant assays 

 To detect antidiabetic activity by performing Alpha-Glucosidase Inhibition assay, 

Alpha-Amylase Inhibition assay and DPP-4 inhibition assay.  

 To assess anticancerous potential by performing MTT assay. 

 

6.2: Material and methods 

A brief account of the materials used and methods adopted is given below: 

 

6.2.1: Sample preparation for antioxidant and enzyme inhibition assays 

Plant extracts for bioassays were prepared, briefly 500mg of dry powdered 

material of wild type plant of A. carvifolia and transgenics of rol B and rol C gene was 

extracted by using 3 ml of solvent mixture consisting of methanol and chloroform in a 

ratio of 1:1, which was then subjected to sonication for 30 min and centrifuged at 

14000rpm for 5 min to collect supernatant in fresh falcon tube. Plant residue left was 

gone through all the above mentioned steps thrice and the final volume of supernatant 

collected was dried in vacucell to evaporate solvent. The dried residue was dissolved in 

DMSO to have final concentration of 100mg/ml (100, 000 ppm). 

 

6.2.2: Antioxidant assays 

Antioxidant capacity was measured by performing following antioxidant assays 

which include: 

 Total Phenolic content  

 Total Flavonoids Contents 

 Total Antioxidant Capacity  

 Total Reducing Power 

 Anti-lipid peroxidation assay 
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 DPPH free radical scavenging assay 

 DNA damage assay 

 

6.2.3: Total phenolic content 

Total phenolic content of A. carvifolia transformed and untransformed plant 

extracts was determined by using modified Folin-Ciocalteu method (Wolfe et al., 2003).  

 

    Assay procedure 

Here, to find total phenolic content, 100µl of plant extract (1mg/ml) was mixed 

with 50 μl Folin ciocalteu reagent (1:10 distilled water) and incubated for 5 min at room 

temperature. Then 50 μl of sodium carbonate (2000 g/L) was added to the reaction 

mixture. Total reaction volume was 200 μl, Gallic acid and DMSO were used as positive 

and negative controls respectively. 

 Mixture was mixed well and allowed to stand for 90 min at room temperature in 

dark place for color development. Absorbance was measured at 760 nm against MS as 

blank by using 96-well micro-plate reader (Biotek Elx 800). The total phenolic content of 

the sample were calculated using the following formula: 

Y = 0.0732 x X – 0.0205 

Where ‘Y’ is the absorbance of the sample and ‘X’ is the total phenolic content of 

the sample which is to be calculated in μg/ml. 

 

6.2.4: Total flavonoid content 

Total flavonoid content of A. carvifolia transformed and untransformed plant 

extracts was measured by Aluminum chloride (AlCl3) colorimetric method (Chang et al., 

2002).  

 

 Assay procedure: 

Aluminum chloride colorimetric method was used for total flavonoid’s content 

determination. Here 100 µl of each sample (1mg/ml) and positive control quercetin was 

separately mixed with 10 μl of 10% aluminum chloride and 10 μl of 1 M potassium 

acetate, then volume was raised to 200 μl using distilled water. It was kept at room 
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temperature for 30 minutes; absorbance of reaction mixture was measured at 415 nm. The 

total flavonoid content of the sample was calculated using the following formula: 

Y = 0.0101X – 0.004 

Where ‘Y’ is the absorbance of the sample and ‘X’ is the total flavonoid content 

of the sample which is to be calculated in μg/ml. DMSO was used as negative control. 

 

6.2.5: Total antioxidant capacity assay  

Total antioxidant capacity of A. carvifolia transformed and untransformed plant 

extracts was determined by using the methodology described by Prieto et al. (1999).  

 

 Assay procedure 

Assay was carried out using 96 well plate. Initially 100 μl of plant extract 

(1mg/ml) was added to the wells and then 100 μl total antioxidant capacity reagent was 

added; the mixture was then incubated for 90 minutes at 90ºC in water bath; color of the 

mixture changed to dark blue; mixture was cooled and absorbance of samples was taken 

at 630 nm on micro plate reader (Biotek, Elx 800). Ascorbic acid was used as positive 

control whereas DMSO was used as negative control. The total antioxidant capacity of 

the sample was calculated using the following formula: 

Ascorbic Acid Equivalence = 100 / 2.651 x Absorbance of sample μg/ml                                                 

 

6.2.6: Total reducing power assay 

Total reducing power of A. carvifolia transformed and untransformed plant 

extracts was determined according to the method of Oyaizu et al. (1986).  

 

 Assay procedure: 

This assay was performed on 96 well plate. Initially 100µl of plant extract 

(1000µg/ml) was added to the eppendorf tubes along with 500 μL of 0.2 M phosphate 

buffer. 500 μL of ferric chloride was then added to the mixture and incubated at 37ºC for 

20 minutes. Further, 500 μL of trichloroacetic acid was added to the eppendorf tubes. The 

mixture was then centrifuged at 3000 rpm for 10 minutes. 500 μL of the supernatant was 

isolated in a new eppendorf tube and 100 μL of ferric chloride was then added; color of 
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ferric chloride changed to blue on reduction. 200 μL of this sample was picked and 

poured into wells. Absorbance of the samples was then taken at 630 nm on micro plate 

reader. Ascorbic acid and DMSO were used as positive and negative controls 

respectively. The reducing power of the sample was calculated using the following 

formula: 

Ascorbic Acid Equivalence = 100 /2.7025 x Absorbance of sample μg/ml. 

 

6.2.7: Anti-lipid peroxidation assay 

The method for the anti-lipid peroxidation assay was adapted from 

Kanagalakshmi et al. (2010). Vitamin E and DMSO were used as positive and negative 

controls respectively. Stock solution of 100,000ppm was used to prepare further dilutions 

of 1000ppm, 100ppm and 10ppm as follows: 

 

Assay procedure 

Lipid peroxidation was induced in liposome prepared from egg lecithin by adding 

5 mL of 400 mM FeCl3 and 5 ml of 200 mM L-ascorbic acid. To this, 100µl of plant 

extract at each concentration was added. The samples were incubated at 37ºC for 60 min. 

The reaction was inhibited by adding 1 mL of stopping solution. These reaction mixtures 

were kept in boiling water bath for 15 min, cooled and centrifuged. 200 μl of the resulting 

solution was picked and placed in well of 96 well plate. Absorbance was measured at 532 

nm. The activity was calculated by using the formula: 

50% inhibition (IC50) = Control OD x sample OD x 100. 

                                    Control OD 

 

 

Concentration (ppm) Stock Solution 

(µl) 

DMSO 

(µl) 

Final volume (µl) 

1000 10 990 1000 

500 500 500 1000 

250 500 500 1000 
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6.2.8: DPPH free radical scavenging assay 

DPPH radical scavenging activity of the plant extracts was determined according 

to the method reported by Nawaz et al. (2009) with minor modification as given below: 

(a)  Preparation of DPPH solution 

DPPH (0.1 mM) solution was prepared by dissolving 3.9 mg of solid DPPH 

(Sigma, U.S.A) in 100 ml of methanol (Sigma, U.S.A). DPPH solution was freshly 

prepared and used. To ensure the complete solubility, it was vigorously shaken for 30 

minutes in dark on magnetic stirrer. 

(b) Preparation of ascorbic acid solution as positive control 

Ascorbic acid (Sigma, U.S.A) was also dissolved in methanol to run as positive 

control at concentrations of 40, 20, 10, 5ppm. 

(c) Preparation of Samples: 

Stock solution of 100,000ppm was used to prepare further dilutions of 1000ppm, 

100ppm and 10ppm as follows: 

 

Concentration (ppm) Stock Solution 

(µl) 

DMSO 

(µl) 

Final volume (µl) 

1000 10 990 1000 

500 500 500 1000 

250 500 500 1000 

125 500 500 1000 

 

(d) Assay procedure  

Assay was performed in 96 well micro plate. Briefly 20µl of each plant extract or 

DMSO in case of negative control was mixed with 180µl of 0.1mM freshly prepared 

DPPH solution. Each concentration was assayed in triplicate. The reaction mixture was 

incubated at 37ºC for 30 min. After incubation the change in color (from deep-violet to 
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light-yellow) of DPPH solution was measured by taking absorbance of reaction mixtures 

at 517 nm on a micro plate reader. Mixture of 180 µl of methanol and 20 µl of DMSO 

was used as blank for spectrophotometric measurements. The percent scavenging of 

DPPH free radical for each concentration of each test compound was calculated by the 

following formula. 

Percentage scavenging =   absorbance of control- absorbance of test sample x 100 

Absorbance of control 

6.2.9: Oxidative DNA damage analysis 

Determination of antioxidant and prooxidant activity of each plant extract was 

conducted according to the reported method (Tian and Hua, 2004), with minor 

modifications. 

(a)  Preparation of samples: 

Stock solution of 100,000ppm was used to prepare further dilutions of 1000ppm, 

100ppm and 10ppm as follows: 

 

Concentration 

(ppm) 

Stock Solution 

(µl) 

DMSO 

(µl) 

Final volume 

(µl) 

1000 10 990 1000 

100 100 900 1000 

10 100 900 1000 

 

(b) Preparation of 50mM solution of phosphate buffer:  

Phosphate buffer of pH 7.4 was prepared by dissolving 0.18 g of NaH2PO4 and 

0.55 g of Na2HPO4 in 100 ml of distilled water. 

 

(c) Preparation of 2 mM FeSO4 

The 2 mM FeSO4 was prepared by dissolving 56 mg of FeSO4.7 H2O in 100 ml 

of distilled water. 

 

(d) Preparation of 30% solution of H2O2 
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A 30% solution of H2O2 was prepared by diluting commercially purchased 36% 

H2O2 solution.  

 

(e)  Dilution of plasmid 

Plasmid DNA, pBR322 was purchased from Fermentas, Germany, pBR322 

plasmid DNA 0.5 µg/µl was diluted to three folds (0.5 µg/3µl) using 50 mM phosphate 

buffer (pH 7.4). 

 

(f) Assay procedure 

  The reaction was conducted in microeppendroff tubes in a total volume of 15µl. 

Three microliters of diluted plasmid DNA was transferred to the microeppendroff tube 

followed by 5µL plant extract at three different concentrations of 1000ppm, 100ppm and 

10ppm. Three microliters of 2mM FeSO4 and 4µL of 30% H2O2 were added 

successively.  

pBR322 DNA with FeSO4 and H2O2 was used as a positive control for DNA 

damage. pBR322 DNA alone in phosphate buffer provides the negative control for DNA 

damage and positive control to check the DNA protection activity and the effect of plant 

extract on DNA i.e., damage effect if any, which was checked by adding plant extract 

with pBR322 DNA in the absence of FeSO4 and H2O2.  The reaction mixture was 

incubated in dark at 37ºC for one hour. After incubation plasmid DNA was run on 1% 

agarose gel. Agarose (1g) was taken in 250mL flask and then dissolved in 100ml of 1X 

TBE buffer (Tris boric acid EDTA) and heated in microwave oven to get a homogeneous 

mixture. After slight cooling to bearable temperature, 20μL of staining agent 

ethidiumbromide was added to agarose. After gentle shaking the agarose was poured in 

the gel tray, and allowed to solidify for 30 minutes. After solidification the 1X TBE (gel 

running buffer) was poured to such a level that both of the electrodes submerged in 

buffer. After incubation 3μL of bromophenol blue (loading dye) was added to each 

reaction mixture and then the samples were loaded on 1% agarose gel wells containing 

TBE buffer and ethidium bromide. 
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Each reaction mixture with controls was run horizontally in 1X TBE buffer at 100 

Volts for 1 hour in an electrophoresis apparatus. The gels were photographed under UV 

light. For each lane, a molecular marker (1 Kb ladder) was run. 

 

6.2.10: Antidiabetic assay 

 

6.2.11: Alpha glucosidase inhibition assay 

Assay was performed using method explained by Wong et al. (2014) with slight 

modification. The assay was run in flat bottom and transparent 96 well microtitre plate. 

 

      Assay procedure                                                                                                       

Glucosidase inhibition activity was measured by adding following components in 

sequential order: 69 µL of 50 mM potassium phosphate buffer (pH 6.8), 25 µL of 20 mM 

4-nitrophenyl-α-D-glucopyranoside, 5 µL of sample (1000, 500 and 250ppm) and 1 µL 

of α-glucosidase. For negative and positive control DMSO and ascorbic were used 

respectively in place of sample. After incubating at 37 ºC for 30 min, reaction was 

stopped by the addition of 100 µL of 0.5 mM Na2HCO3 solution, and the absorbance was 

recorded at 405nm. % inhibitory activity was calculated using following formula: 

% Inhibition = (A control – A sample)/A control x 100 

 

6.2.12: Alpha amylase inhibition assay 

The assay was performed according to procedure reported by McCue and Shetty, 

(2004). The assay was run in flat bottom and transparent 96 well microtitre plate. 

 

      Assay procedure 

Alpha Amylase inhibition activity was measured by adding following components 

in sequential order: 30 µL of 50 mM potassium phosphate buffer (pH 6.8), 20µL of 

sample (1000, 500 and 250ppm), 10 µL of α-amylase and 40µL of starch. For negative 

and positive control DMSO and ascorbic were used respectively in place of sample. 

Reaction mixture was incubated at 50 ºC for 30 min. After that reaction was blocked by 
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pouring 20 µL of 1M HCl. At last 100 µL of iodine was added, and absorbance was 

measured at 540 nm. % inhibitory activity was calculated using following formula: 

% Inhibition = (Acontrol – Asample)/Acontrol x 100 

6.2.13: DPP-4 Inhibition assay 

Plant extracts were investigated for in vitro DPP-4 inhibition fluorometrically 

using a method previously described by Fujiwara and Tsuru (1978) for measurement of 

free AMC (7-amino-4-methyl-coumarin) liberated from the DPP-4 substrate, Gly-Pro-

AMC. Assays were performed in 96 well plates with opaque walls and transparent 

bottoms. Plant extracts were dissolved in 50 mM HEPES buffer at pH 7.4. In each well 

20 µl of purified DPP-4 (1 U/ml), 20 µl of extract and 30 µl of 1 mM AMC substrate was 

added and plates were incubated at 37 °C with gentle agitation. After one hour 100 µl of 

3 mM acetic acid was added in each well to stop reaction and plates were immediately 

read using a Tecan Saffire desktop fluorometer (Reading, UK) at excitation and emission 

wavelengths of 351 and 430 nm, respectively. Extracts were tested at the concentration of 

1.0, 0.5 and 0.25 mg/ml. Berberine (15 mM), a previously reported plant compound with 

DPP-4 inhibitory activity (Al-masri et al., 2009) was used as a positive control.  HEPES 

buffer was used as negative control and percentage inhibition was calculated by the given 

formula. Finally IC50 values were calculated which represents the 50% inhibition of DPP-

4 activity.  

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = (
𝐹𝑐 − 𝐹𝑠

𝐹𝑐
)  𝑋 100 

Where “Fc” is florescence of negative control and “Fs” is florescence of sample.   

 Composition of 50 mM HEPES buffer 

Sr. No. Component Concentration 

10X salt stock solution 

1 NaCl 1.4 M 

2 KCl 45 mM 
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3 CaCl2 12 mM 

4 MgCl2 12 mM 

50X HEPES stock solution 

5 HEPES 1 M 

Working stock 

6* 50ml 10X salt stock solution + 10ml 50X HEPES stock solution + 10 mM 

glucose and raise the volume up to 100ml with distilled water and adjust the 

pH at 7.4 

 

*Buffer composition should be made up fresh on each experimental day.  

 

6.2.14: Methyltetrazolium (MTT) assay 

In order to assess the antiproliferative activity of plant extracts under study, MTT 

assay was performed. MTT assay is a colorimetric technique based on the ability of the 

living cells to transform tetrazolium salt MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) by the mitochondria into a formazan, a characteristic 

purple precipitate (Mosmann, 1983).  

The assay is used to assess the effect of pure compounds, drugs, plant extracts or 

natural compounds on viability of cells treated with. For that purpose three different cell 

lines were used including HeLA (derived from cervical cancer cells), HePG2 (derived 

from hepato carcinoma) and MCF7 (derived from breast carcinoma).  

 

(a) Sample preparation for the MTT assay 

Flavonoids are soluble in methanol whereas artemisinin is highly soluble in n-

hexane/ethyl acetate. To ensure and compare the anticancer activity of flavonoids and 

artemisinin all the samples were prepared in two solvents i.e. methanol for flavonoids and 

hexane/ethyl acetate for artemisinin.  

 

(b) Methanol extraction 

Biomass extraction of flavonoids for MTT assay was carried out according to the 

reported procedure Zu et al. (2006). Briefly 100mg of dried powdered material of 
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transformed and untransformed A.carvifolia plants were extracted with 1ml of methanol 

at room temperature in a Sonication bath (Kerry Ultrasonic UK) for 1 hour. The extract 

was centrifuged and supernatant was concentrated to dryness using a rota-evaporator 

(Buchi R-210, USA) at 40 ◦C. Then these dried samples were dissolved in 100% (V/V) 

DMSO solution with 40 mg/ml final concentration for analysis on all cancer cell lines. 

All the samples were filtered through a DMSO safe filter (22 µM; Tecknochroma, Spain).  

 

(c) Hexane extraction 

Biomass extraction for MTT assay was performed according to the method 

reported by Lapkin et al. (2006). Basically, 100mg dried powdered material of 

transformed and untransformed A.carvifolia plants were extracted with 1ml hexane/ethyl 

acetate (9:1) at room temperature in a Sonication bath (Kerry Ultrasonic UK) for 1 hour.  

Hexane was modified with ethyl acetate to increase the solubility of artemisinin in the 

extraction solvent. The extract was centrifuged and supernatant was concentrated to 

dryness using a rota-evaporator (Buchi R-210, USA) at 40 ◦C. Then these dried samples 

were dissolved in 100% (V/V) DMSO solution with 40 mg/ml final concentration for 

analysis on all cancer cell lines. All the samples were filtered through a DMSO safe filter 

(22 µM; Tecknochroma, Spain).  

 

(d) Mammalian cell lines  

HeLA, HepG2 and MCF-7 cell lines were obtained from ATCC (ATCC numbers: 

CCL-2™, HTB-22™ and HB-8065™ respectively). The cells were cultured in DMEM 

medium without pyruvate (Gilbco, Ref. 42430-023), supplemented with 1 % of 

penicillin/streptomycin (Gilbco, Ref. 15140-122) and 10 % of heat inactivate fetal bovine 

serum FBS (Gilbco, Ref. 10270). All the components were purchased from Gibco 

(Invitrogen, Barcelona, Spain). The cells were incubated with 5% CO2 at 37 ºC. Cells 

grown as monolayer cultures in T-75 flasks Costar, were subcultured twice a week at 

37ºC in an atmosphere containing 5% CO2 in air and 100% relative humidity and 

maintained at low pas-sage number (5 to 20).  

For cytotoxicity assay 3.4 x 10
4
cells/well for HeLA and HepG2 whereas 7x10

4
 

cells/well for the MCF-7 cell line were seeded in a 12 well plate. Cells were grown for 24 
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h, and then plant extracts were added at the concentration of 200ppm to the medium in 

respective well, analyzing the viability after 48 h. All the conditions were run in 

triplicate. A control without drug treatment and a control where the cells were only 

treated with the solvent (DMSO) were included in all the assays.  

 

(e) Reagents required for MTT assay 

 

(i) MTT solution at 0.25 %  

 125mg MTT + 50 mL PBS 1X  

 Filtered through a 0.22 µM filter at the cabin 

 Kept at 4ºC covered with aluminum paper (it is photosensitive)  

(ii) Succinic acid  

 295 mg + 50 mL of PBS 1X.  

 Filtered through a 0.22 µM filter at the cabin 

 Kept at 4ºC  

(iii) SDS/acetic acid/DMSO 

 Always prepared just before use  

 4.5 g of SDS + 257.4 µL of acetic acid + 45 mL of DMSO 

 

(f)  Assay procedure  

The viability of the cells was determined by the MTT [3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide] assay based on Patel et al. (2009). The growth 

medium was removed and 0.63 mM of MTT and 18.4 mM of sodium succinate (from 

Sigma-Aldrich, Madrid, Spain) were added to 1 mL of fresh culture medium and the cells 

were incubated for 3 h at 37 ºC. Then, the medium was removed and the formazan was 

resuspended in DMSO supplemented with 0.57% CH3COOH and 10% SDS (from 

Sigma-Aldrich, Madrid, Spain). Absorbance was measured at 570 nm in a UV2310 

spectrophotometer (Dinko, Barcelona, Spain).  
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6.3: Results 

Pharmacological evaluation of transformed and untransformed plants of A. 

carvifolia was done by performing antioxidants, antidiabetic and antiproliferative assay. 

Results obtained are summarized below: 

 

6.3.1: Total phenolic content 

Samples of wild type A. carvifolia and transformants of rol B and rol C gene were 

analyzed for their total phenolic content using the Folin-Ciocalteu reagent. Total phenolic 

content is expressed in terms of Gallic acid equivalent. Based on the measured 

absorbance at 760 nm, the values obtained for the concentration of total phenols are 

expressed as mg of GA/g of dry weight (DW) of the plant. Linear regression equation: y 

=0.0732x – 0.0205 (R2 = 0.9995) has been used for total phenolic content determination. 

Total phenolic content found in the wild type plant was 0.71%. Transformants of rol B 

gene showed up to 1.2% whereas rol C gene showed 1% total phenolic content. The 

highest content was shown by transgenic line TB4 and TC1. Results are shown in Fig. 6.1 

(a). 

 

6.3.2: Total flavonoids content 

The flavonoids content of transformed and wild type plants of A. carvifolia was 

determined as quercetin equivalents at 415 nm following the AlCl3 colorimetric method. 

The corresponding calibration curve was developed with standard solutions of quercetin 

(0.0 to 25 μg/ml). Total flavonoids content is expressed as mg of quercetin equivalents/g 

of DW of sample. Linear regression equation was used for flavonoid content 

determination. 

Higher flavonoids content was observed in transgenic of rol B (up to 0.8%) and 

rol C gene (up to 0.7 %) as compared to wild type plant of A. carvifolia (0.33%). The 

highest flavonoids content was seen in rol B transgenic line TB4 and then transgenic line 

of rol C gene TC3. Results are shown in Fig 6.1 (a).  
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6.3.3: Total antioxidant capacity  

Total antioxidant capacity of A. carvifolia wild type and transformed plant 

extracts was evaluated by phosphomolybdenum method and expressed as equivalent of 

ascorbic acid (mg/g of the DW) as shown in Fig 6.1 (b). Absorbance was measured at 

630nm.  

Transformants of rol B and rol C gene showed higher antioxidant capacity .i. up 

to 0.76% and 0.7 % respectively as compared to wild type plant (0.53%). The highest 

activity was shown by transgenic line TB4 and TC1 respectively.  

 

6.3.4: Total reducing power assay 

In this assay the yellow color of the test solution changes to various shades of 

green and blue depends upon the reducing power of each fraction which is measured by 

checking absorbance of reaction mixture at 630 nm. Reducing power of samples was due 

to the biologically active compounds present in them which possess electron donating 

abilities. This assay further confirmed the antioxidant properties of the fractions. 

In this assay transformants of rol B gene showed on average 3.4% total reducing 

power and that of rol C gene showed 3%, which was higher as compared to wild type 

plant of A. carvifolia (2%). The highest activity was shown by transgenic line TB4 and 

TC1 respectively. 
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Figure 6.1: Total phenolic and flavonoids content (a) Total antioxidant capacity 

(T.A.C) and total reducing power (T.R.P) (b) of wild type plant of A. carvifolia and 

transgenic of rol B and rol C gene. WT indicate wild type plant of A. carvifolia whereas 

TB1-TB4 represents transgenics of rol B and TC1-TC3 represents transgenics of rol C 

gene. Error bars indicat S.E of three means, Asterisk represents the significant difference 

in data compared with control plants at *P < 0.05 and **P < 0.01. 

 

6.3.5: Antilipid peroxidation assay 

Antilipid peroxidation activity of extracts of wild type and transformed A. 

carvifolia was determined by using 96 well plate and consequently taking absorbance at 

532nm. Assay was performed on three different concentration of extract including 1000, 

500 and 250 µg/ml and IC50 was calculated. Results were statistically analyzed by 

ANOVA and T-test was performed. 

Transformants of rol B and rol C gene showed lower IC50 values compared to 

wild type plant of A. carvifolia. The lowest IC50 was shown by transgenic line TB4 and 

TC1 which was found to be 408.7 µg/ml and 411µg/ml respectively (Table 6.1). Data 

was analyzed statistically by ANOVA to find the effect of concentration and genotype of 

plant on the antilipid peroxidation activity which was found to be highly significant (p= 

0.000) as shown in the Table 6.2. 
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Table 6.1: Antilipid peroxidation activity of wild type A. carvifolia and transgenics 

of rol B and rol C gene 

S. No. Sample Code Percentage Activity ±S.E IC50    µg/ml 

1000 µg/ml 500 µg/ml 250  µg/ml 

1 WT 46.9 ±0.5 39.9±0.25 22.9±0.11 754.77 

2 TB1 63±0.1 52±0.32 27±0.91 460 

3 TB2 60±0.3 49±0.21 25±0.24 529 

4 TB3 65±0.9 54±0.4 29±0.37 427.4 

5 TB4 65.4±0.7 55.6±0.52 28.6±0.4 404.4 

6 TC1 65.1±0.2 54.4±0.61 28±0.52 408 

7 TC2 62±0.2 50±0.22 30±0.32 499 

8 TC3 62.8±0.7 48.9±0.1 29.2±0.46 524 

9 Vitamin E 94.3±0.06 85.7±0.021 74.3±0.07 3.8 

WT indicate wild type plant of A. carvifolia whereas TB1-TB4 represents transgenics of 

rol B and TC1-TC3 represents transgenics of rol C gene. Vitamin E was run as positive 

control. 

Table 6.2: ANOVA for antilipid peroxidation assay 

 

Coefficient of Variation: 1.91% 

Source of Variation Df Sum of Squares Mean Square F-Value Prob. 

Concentrations (A) 2 14254.201 7127.100 8545.4007 0.0000 

Genotype 

(B) 

7 211.206 30.172 36.1766 0.0000 

Concentration X 

Genotype 

(AXB) 

14 246.106 17.579     21.0772 0.0000 

Error 48 40.033 0.834   

Total 71 14751.546    
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6.3.6: DPPH free radical scavenging assay 

The capacity to act as a scavenger of free radical was investigated by DPPH free 

radical scavenging assay. Readings were taken at 517 nm spectrophotometrically. A well-

known antioxidant Ascorbic acid was run as positive control. The % scavenging activity 

for the samples was determined by % scavenging formula. The results obtained are listed 

in Table (6.3).  

All the test samples showed scavenging activity. Assay was performed at 4 

different concentrations (1000, 500, 250, 125 µg/ml) and IC50 was calculated. 

Transformants of rol B and rol C gene showed less IC50 as compared to wild type plant of 

A. carvifolia. The lowest IC50 was shown by transgenic line TB4 and TC1 which were 

202.2µg/ml and 221.9 µg/ml respectively. Data obtained for DPPH free radical 

scavenging assay was analyzed statistically by ANOVA. The effect of concentration and 

genotype of the plant was found to be highly significant (p= 0.000) as shown in the Table 

(6.4). 

Table 6.3: Percentage scavenging and IC50 values for DPPH assay 

 

 WT indicate wild type plant of A. carvifolia whereas TB1-TB4 represents transgenics of 

rol B and TC1-TC3 represents transgenics of rol C gene. Vitamin E was run as positive 

control. 

S. No. Sample Code Percentage scavenging ± S.E IC50    

µg/ml 1000 µg/ml 500 µg/ml 250  µg/ml 125 µg/ml 

1 WT 88.6±0.5 71.1±0.3 35.4±0.7 15.4±0.4 320.2 

2 TB1 81.2±0.21 63.4±0.43 56.6±0.21 20.1±0.35 227.1 

3 TB2 86.56±0.05 71.84±0.67 53.24±0.5 25.92±0.01 242.6 

4 TB3 84.1±0.04 75.4±0.7 53.4±0.4 37.5±0.23 203.7 

5 TB4 85±0.31 73±0.9 54±0.01 38±0.019 202.2 

6 TC1 65.43±1.0 60.59±1.2 55.12±0.5 36.13±0.08 221.92 

7 TC2 61.45±0.9 54.97±0.2 50.89±0.2 30.93±0.5 277.152 

8 TC3 63.8±0.08 55.72±0.0 49.2±0.9 20.9±0.21 282.4 

9 Ascorbic acid 100±0 100±0 100±0 100±0 9.5 
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Table 6.4: ANOVA for DPPH free radical scavenging assay 

 

 

Coefficient of Variation: 2.15% 

 

6.3.7: Oxidative DNA damage analysis 

 Antioxidant and prooxidant effects of plant extracts of transformed and wild type 

A. carvifolia were investigated using a free radical-induced oxidative plasmid pBR322 

DNA damage analysis in vitro. Test samples were analyzed at three final concentrations  

i.e. 1000ppm, 100ppm and 10ppm. Plasmid DNA (pBR322) was observed into three 

forms, including supercoiled (SC), open circular (OC), and linear form. The degree of 

DNA damage was observable from the gel pattern as well as from the intensity of each of 

supercoiled, open circular and linear bands formed after each treatment. 

 All of the test samples were found to have DNA protection behavior against 

DNA damage caused by FeSO4 in concentration dependent manner. Transgenics of rol B 

and rol C gene were found to be more active than wild type plant of A. carvifolia. At 

1000 ppm DNA was found in suppercoiled (undamaged) form while at 100ppm and 

10ppm it was found in open circular or linear. The gel results indicate the conversion of 

supercoiled into open circular and linear form clearly Fig 6.2 (a-d). 

 

 

 

Source of Variation Df Sum of 

Squares 

Mean 

Square 

F-Value Prob. 

Concentrations (A) 2 15107.802 7553.90 101470.30 0.0000 

Genotype 

(B) 

7 1849.574 264.22 3549.28 0.0000 

Concentration X Genotype 

(AXB) 

14 2339.980 167.14   2245.18 0.0000 

Error 48 3.573   0.074   

Total 71 19300.930    
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Fig 6.2 (a): Effect of wild type plant extract on pBR322
 
plasmid DNA. 

 

L               DNA Ladder (1Kb) 

P                pBR322
 
Plasmid 

X               pBR322
 
Plasmid treated with FeSO4 and H2O2 (positive control) 

Lane 1       Control for the damage effect of sample on DNA: plasmid + 1000ppm of WT 

Lane 2         plasmid + 1000ppm of WT+ FeSO4 + H2O2 

Lane 3         plasmid + 100ppm of WT+ FeSO4 + H2O2 

Lane 4         plasmid + 10ppm of WT + FeSO4 + H2O2 

  

     L             P          X           1         2           3          4 
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Fig 6.2 (b): Effect of plant extracts of TB1, TB2 and TB3 on pBR322
 
plasmid DNA. 

 

L               DNA Ladder (1Kb) 

P                pBR322
 
Plasmid 

X               pBR322
 
Plasmid treated with FeSO4 and H2O2 (positive control) 

Lane 1       Control for the damage effect of sample on DNA: plasmid + 1000ppm of TB1 

Lane 2         plasmid + 1000ppm of TB1+ FeSO4 + H2O2 

Lane 3         plasmid + 100ppm of TB1+ FeSO4 + H2O2 

Lane 4         plasmid + 10ppm of TB1 + FeSO4 + H2O2 

Lane 5        Control for the damage effect of sample on DNA: plasmid+1000ppm of TB2 

Lane 6         plasmid +1000ppm of   TB2+FeSO4 + H2O2 

Lane 7         plasmid + 100ppm of TB2+ FeSO4 + H2O2 

Lane 8         plasmid + 10ppm of TB2+ FeSO4 + H2O2 

Lane 9         Control for the damage effect of sample on DNA: plasmid+1000ppm of TB3 

Lane 10      plasmid + 1000ppm of TB3 + FeSO4 + H2O2        

Lane 1        plasmid + 100ppm of TB3 + FeSO4 + H2O2 

Lane 12       plasmid + 10ppm of TB3 + FeSO4 + H2O2 

 

 L      P       X      1      2         3       4       5       6       7      8       9      10      11      

12 
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Fig 6.2 (c): Effect of plant extracts of TB4 and TC1 on pBR322
 
plasmid DNA. 

 

L               DNA Ladder (1Kb) 

P                pBR322
 
Plasmid 

X               pBR322
 
Plasmid treated with FeSO4 and H2O2 (positive control) 

Lane 1       Control for the damage effect of sample on DNA: plasmid + 1000ppm of TB4 

Lane 2         plasmid + 1000ppm of TB4+ FeSO4 + H2O2 

Lane 3         plasmid + 100ppm of TB4+ FeSO4 + H2O2 

Lane 4         plasmid + 10ppm of TB4+ FeSO4 + H2O2 

Lane 5        Control for the damage effect of sample on DNA: plasmid+1000ppm of TC1 

Lane 6         plasmid +1000ppm of   TC1+FeSO4 + H2O2 

Lane 7         plasmid + 100ppm of TC1+ FeSO4 + H2O2 

Lane 8         plasmid + 10ppm of TC1+ FeSO4 + H2O2  

  L          P           X         1          2             3            4          5           6           7             8       
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Fig 6.2 (d): Effect of plant extracts of TC2 and TC3 on pBR322
 
plasmid DNA. 

 

L                DNA Ladder (1Kb) 

P                 pBR322
 
Plasmid 

X                 pBR322
 
Plasmid treated with FeSO4 and H2O2 (positive control) 

Lane 1       Control for the damage effect of sample on DNA: plasmid + 1000ppm of TC2 

Lane 2         plasmid + 1000ppm of TC2 + FeSO4 + H2O2 

Lane 3         plasmid + 100ppm of TC2 + FeSO4 + H2O2 

Lane 4         plasmid + 10ppm of TC2 + FeSO4 + H2O2 

Lane 5        Control for the damage effect of sample on DNA: plasmid+1000ppm of TC2 

Lane 6         plasmid +1000ppm of   TC2+FeSO4 + H2O2 

Lane 7         plasmid + 100ppm of TC2+ FeSO4 + H2O2 

Lane 8         plasmid + 10ppm of TC2+ FeSO4 + H2O2 

 

  

L           P            X           1            2           3           4           5           6            7             
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6.3.8: Antidiabetic assays 

 

6.3.9: Alpha glucosidase inhibition assay  

Alpha glucosidase inhibition assay was performed on extracts of A. carvifolia 

wild type and transformants of rol B and rol C gene using three concentrations (1000, 

500, 250 µg/ml) and IC50 was calculated. The lowest IC50 was shown by the rol B 

transgenic line TB4 (838.7 µg/ml) followed by the rol C transgenic line TC3 (873µg/ml). 

Acarbose was run as positive control. Results are shown in Table 6.3. 

 

6.3.10: Alpha-amylase inhibition assay 

Alpha-Amylase Inhibition assay was performed at three different concentrations 

(1000, 500, 250µg/ml) of plant extracts of wild type and transformed plants and IC50 

was calculated which was found to be different for each sample. Transformants of rol B 

and rol C gene showed less IC50 value than wild type A. carvifolia. The lowest IC50 was 

shown by rol B transgenic line TB4 (742.7 µg/ml) followed by rol C transgenic line 

(747.8 µg/ml) TC1.Results are given in Table 6.4.   

 

6.3.11: DPP-4 inhibition assay 

DPP-4 inhibitory activity of methanolic extracts of wild type plant and 

transformants of rol B and rol C gene was determined according to the procedure 

reported by Fujiwara and Tsuru (1978) by using 96 well plate. The assay was run on 

three different concentrations including 2, 1 and 0.5mg/l and IC50 was calculated. 

Transformants of rol B and rol C gene showed less IC50 value than the wild type plant. 

The lowest IC50 value was shown by the rol b transgenic line TB4 (1330µg/ml) followed 

by the rol C gene transgenic line TC1 (1402µg/ml). Results are summarized in Table 6.5. 

 

6.3.12: Statistical analysis 

Data obtained for all the antidiabetic assays was analyzed statistically to find the 

effect of concentration and plant genotype on the activity under study, the effect of both 

factors was found to be highly significant (p=0.000) as shown in the Table (6.6, 6.8, and 

6.10).  
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Table 6.5: Alpha glucosidase inhibitory effect of wild type A. carvifolia and 

transformants of rol B and rol C gene. 

WT indicate wild type plant of A. carvifolia whereas TB1-TB4 represents transgenics of 

rol B and TC1-TC3 represents transgenics of rol C gene. Vitamin E was run as positive 

control. 

Table 6.6: ANOVA for alpha glucosidase inhibition assay 

 

Coefficient of Variation: 2.84%. 

S. No. Sample 

Code 

Percentage Activity ±S.E IC50     µg/ml 

1000 µg/ml 500 µg/ml 250  µg/ml 

1 WT 26.9±0.31 0.8±0.1 0±0.19 1608.4 

2 TB1 32±0.42 8.6±0.21 2.1±0.81 1273 

3 TB2 30.5±0.32 5.5±0.43 1±0.2 1221 

4 TB3 50.7±0.23 31.5±0.42 1.5±0.23 958.5 

5 TB4 55±0.21 35±0.2 3.6±0.4 838.6 

6 TC1 53.5±0.59 34.8±0.5 3±0.3 873 

7 TC2 45±0.7 25.6±0.64 2.9±0.54 1276.2 

8 TC3 33±0.1 10.7±0.1 2.6±0.56 1344 

9 Acarbose 100±0.3 100±0.79 100±0.31 9.5 

Source of Variation Df Sum of 

Squares 

Mean 

Square 

F-Value Prob. 

Concentrations (A) 2 18080.451 9040.225 26305.6365 0.0000 

Genotype 

(B) 

7 4891.868     698.838 2033.5098 0.0000 

Concentration X Genotype 

(AXB) 

14 2087.478 149.106    433.8739 0.0000 

Error 48 16.496   0.344   

Total 71 25076.294    
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Table 6.7: Alpha amylase inhibitory effect of wild type A. carvifolia and 

transformants of rol B and rol C gene. 

 

S. No. Sample Code Percentage Activity ±S.E IC50    

µg/ml 1000 µg/ml 500 µg/ml 250  µg/ml 

1 WT 22±0.1 0.8±0.23 0 1973.8 

2 TB1 52.1±0.21 25.3±0.01 3.6±0.09 949.3 

3 TB2 59.7±0.34 13.4±0.02 1.5±0.1 908.5 

4 TB3 62.1±0.4 15.4±0.2 1.1±0.51 865.9 

5 TB4 70.5±0.05 30.6±0.54 10.1±0.3 742.8 

6 TC1 70.1±0.42 29.7±0.31 10.2±0.42 747.7 

7 TC2 61.4±0.01 14.9±0.25 4.7±0.26 919.8 

8 TC3 59.2±0.08 14±0.6 1.1±0.7 900.5 

9 Acarbose 100±0 100±0 100±0 21.3 

WT indicate wild type plant of A. carvifolia whereas TB1-TB4 represents transgenics of 

rol B and TC1-TC3 represents transgenics of rol C gene. Vitamin E was run as positive 

control. 

Table 6.8: ANOVA for alpha amylase inhibition assay  

 

Coefficient of Variation: 4.56%  

Source of Variation Df Sum of 

Squares 

Mean 

Square 

F-Value Prob. 

Concentrations (A) 2 33478.358 16739.179 12190.2512 0.0000 

Genotype 

(B) 

7 8026.614 1146.659   835.0506 0.0000 

Concentration X Genotype 

(AXB) 

14 4802.998 343.071 249.8405 0.0000 

Error 48 65.912 1.373   

Total 71 46373.881    
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Table 6.9: DPP-4 inhibitory effect of wild type A. carvifolia and 

transformants of rol B and rol C gene. 

 

WT indicate wild type plant of A. carvifolia whereas TB1-TB4 represents transgenics of 

rol B and TC1-TC3 represents transgenics of rol C gene. Vitamin E was run as positive 

control. 

Table 6.10: ANOVA for DPP-4 inhibition assay 

 

Coefficient of Variation: 2.52% 

 

S. No. Sample Code Percentage Inhibition IC50    mg/ml 

2 mg/ml 1 mg/ml 0.5  mg/ml 

1 WT 54.5±0.8 29.6±0.02 13.5±0.26 1.8 

2 TB1 63.5±0.31 37.5±0.21 14.4±0.31 1.4 

3 TB2 60.2±0.45 33.2±034 10.1±0.05 1.5 

4 TB3 61.1±0.1 35.4±0.54 12.6±0.4 
1.5 

5 TB4 65.4±0.43 39.4±0.61 16.1±0.8 1.3 

6 TC1 62.8±0.3 38.5±0.51 15.4±0.09 1.4 

7 TC2 59.1±0.6 32.0±0.05 9.9±0.45 
1.6 

8 TC3 60.3±0.4 34.0±0.2 11.0±0.15 
1.5 

9 Berbrine 98.5±0.05 78.5±0.32 58.5±0.05 0.4 

Source of Variation Df Sum of 

Squares 

Mean 

Square 

F-Value Prob. 

Concentrations (A) 2 531.467 75.924 91.1389 0.0000 

Genotype 

(B) 

7 28022.963 14011.482 16819.3751 0.0000 

Concentration X Genotype 

(AXB) 

14 108.603   7.757 9.3120 0.0000 

Error 48 39.987 0.833   

Total 71 28703.020    
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6.3.13: Methyltetrazolium (MTT) assay (invitro antiproliferative assay) 

MTT assay was performed on extracts of A. carvifolia wild type plant and 

transformants of rol B and rol C gene by using three cancer cell lines including, HeLA 

(cervical cancer cell line), HePG2 (liver cancer cell line) and MCF7 (Breast cancer cell 

line).  The assay was performed on plant extract at the concentration of 200ppm. 

Untreated cells and cells treated with DMSO were used as negative control and to check 

the validity of the assay. The percentage viability of cells for each cell line was 

calculated, cells were found to be less viable when treated with extracts of transformants 

of rol B and rol C gene as compared to wild type plant extract. The highest activity was 

shown by transgenic line TB4 followed by the transgenic line TC1. Results for each cell 

line are shown in the Fig 6.3 (a, b & c).  

The methanolic fraction (consisting mostly of flavonoids) of all sample was found 

to be more active than the n-hexane fraction (consisting mostly of artemisinin) and when 

both fractions were administered combined the effect was most obvious as compared to 

the effect of individual fractions. The wild type plant extracts of A. carvifolia showed 

almost same inhibitory effect to the survival rate of all three cancers cell lines i.e. 80%. 

Results are shown in Fig 6. 3 (a, b & c).  

 

6.4: Conclusion 

The methanol chloroform extract of A. carvifolia wild type plant exhibited antioxidant 

and antidiabetic potential which was found to be enhanced significantly in transgenics of 

rol B and rol C gene. The methanol and n-hexane fractions of A. carvifolia were also 

found effective in reducing the viability of cancer cell lines, the methanol fraction being 

more effective than the n-hexane. The anticancer activity was more prominent or 

enhanced in the rol gene transformants.  
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Fig 6.3 (a): Percentage viability of HeLA cells ± S.E after treating with extracts of wild type A. carvifolia and 

transformants of rol B and rol C gene. NC stands for negative control, WT stands for wild type and TB1-TB4 indicate 

transgenic lines of rol B gene and TC1-TC3 indicate transgenic lines of rol C gene. “A” stands for hexane fraction of 

artemisinin and “F” stands for methanolic fraction of flavonoids. Asterisk represents the significant difference in data 

compared with wild type plant at *P < 0.05 and **P < 0.01. 
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Fig 6.3 (b): Percentage viability of MCF7 cells ± S.E after treating with extracts of wild type A. carvifolia and 

transformants of rol B and rol C gene. NC stands for negative control, WT stands for wild type and TB1-TB4 indicate 

transgenic lines of rol B gene and TC1-TC3 indicate transgenic lines of rol C gene. “A” stands for hexane fraction of 

artemisinin and “F” stands for methanolic fraction of flavonoids. Asterisk represents the significant difference in data 

compared with wild type plant at *P < 0.05 and **P < 0.01.
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Fig 6.3 (c): Percentage viability of HePG2 cells ± S.E after treating with extracts of wild type A. carvifolia and 

transformants of rol B and rol C gene. NC stands for negative control, WT stands for wild type and TB1-TB4 indicate 

transgenic lines of rol B gene and TC1-TC3 indicate transgenic lines of rol C gene. “A” stands for hexane fraction of 

artemisinin and “F” stands for methanolic fraction of flavonoid. Asterisk represents the significant difference in data compared 

with wild type plant at *P < 0.05 and **P < 0.01. 
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CHAPTER 7 

GENERAL DISCUSSION 

Following study was carried out to enhance the secondary metabolite’s content in 

general, flavonoids and artemisinin in particular of Artemisia carvifolia Buch, after 

transformation with rol genes, besides evaluating the pharmacological significance. Thus, 

in the current study, we have reported Agrobacterium tumefaciens (GV3101 harboring 

rol B and rol C gene) mediated genetic transformation of A. carvifolia Buch after 

identification through DNA barcoding to enhance secondary metabolites. The best tissue 

culturing conditions were selected for the regeneration of transformants and wild type 

plant. Transgenic shoots growing on selection media were subjected to PCR confirmation 

after DNA extraction. The PCR confirmed transgenic lines were further analyzed by 

southern blotting to find out the transgene copy number. The expression of the rol genes 

was confirmed by semi quantitative reverse transcriptase PCR.  The enhancement in the 

content of secondary metabolites especially the flavonoids and artemisinin was evaluated 

by HPLC and LC-MS respectively. The dynamics in the content of studied metabolites 

was correlated with the expression of the biosynthetic pathway genes of concerned 

metabolite. The trichome density was also calculated to find out a relationship between 

metabolites concentration and trichome development. Finally the pharmacology of 

transformed and wild type plant of A. carvifolia was also studied as a confirmation of 

enhancement of the metabolites responsible for particular biological activity. 

 

7.1: Identification of A. carvifolia through DNA barcoding 

DNA barcoding is a technique of identifying biological specimens using standard 

sequences of organelle or nuclear genome (Techen et al., 2014). Medicinal materials are 

being used for centuries for maintenance of health but their adulteration or substitution 

with poisonous life threatening materials is a serious concern of consumers (But, 1994; 

Shaw et al., 1997; Tomlinson et al., 2000). Paul Hebert in 2003 first proposed the idea of 

species identification found worldwide through DNA barcoding and has gained potential 

significance since then (Hebert et al., 2003). For the identification of plant species there 
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are four standard barcodes (rbcL, matK, trnH–psbA and ITS) which are mainly 

considered for the biodiversity and maintenance (Li et al., 2011). Chloroplast DNA is 

suitable to study the phylogenetic relationships among species. As coding regions possess 

low evolutionary rate which can limit the analysis at intraspecific level, whereas 

noncoding loci are associated with higher mutation rate thus facilitating species 

discrimination (Taberlet et al., 1991).  

Here for the identification of A. carvifolia DNA was extracted from shoots of 

germinated plantlets by using protocol reported by Ahmed et al., (2009). As to get the 

reproducible PCR results after long time storage the quality and quantity of DNA matters 

most (Ahmed et al., 2009). Further, during the extraction of DNA from medicinal plant 

material DNA is either degraded or it is contaminated with high amount of polyphenols, 

polysaccharides and other secondary metabolites such as alkaloids and flavonoids (Sahu 

et al., 2012). The protocol adopted for the extraction of DNA here was found best to get 

DNA that was good in quality and rich in quantity.  

Previously it was reported that non-coding spacer region between psbA and trnH 

genes of chloroplast DNA is effective in providing reliable mean for identification of A. 

carvifolia. The same region was used for discriminating this plant species from A. annua 

and A. capillaris Thumb (Liu and Ji, 2009). Schori and Showalter (2011) also used psbA-

trnH region of fourteen medicinal pant species of Pakistan for their identification. This is 

the second most commonly used barcode for the identification of medicinal plant species 

(Li et al., 2011), showing highest amplification rate (100%) and maximum discriminatory 

rate (83%) among different loci tested (Kress et al., 2005; Kress & Erickson, 2007).  

Thus extracted DNA was amplified by using primers of psbA and trnH gene and 

reaction conditions applied were also same as used by the previous group (Liu and Ji, 

2009). Successful amplification was done, 500bp amplified product was obtained from 

all samples of DNA. It is suggested that a standard barcode should be short in length so 

that it’s easy to extract and amplify the DNA and then to sequence it (Kress et al., 2005). 

The amplified products were subjected to sequencing by dideoxy chain termination 

method. Consequently obtained sequences were compared with the standard psbA-trnH 

sequence of A. carvifolia found on NCBI web. To validate and authenticate the sequences 

obtained from species under study, sequencing was done in triplicate and similar results 
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were obtained thus confirming the specie specific nucleotides. CLUSTAL W in BioEdit 

software was used to identify or compare the sequences. It is recommended that a 

favorable barcode should possess high divergence at interspecific level so that it can 

discriminate different species easily (Gao et al., 2010). Theodoridis et al. studied plants 

of Labiatae (Lamiaceae) from Greece and Turkey using barcodes of three loci i.e. matK, 

rbcL, psbA-trnH in both single and multi-region barcodes. They found that matK and 

psbA-trnH are quite useful in Labiatae plant species identification and discrimination 

(Theodoridis et al., 2012). 

The barcode library accessed for the analysis of desired sequences was one of the 

most important repositories of genetic information: the GenBank online genetic sequence 

database (http://www.ncbi.nlm.nih.gov/genbank/) (Benson et al., 2013). This database 

contains over 108 million entries for over 260,000 named organisms and is one of the 

most frequently used databases for genomic authentication (Hennell et al., 2012). There 

are several other barcode libraries which are freely accessible such as BOLD (The 

barcode of life data system) (Ratnasingham and Hebert, 2007), CBOL (Consortium for 

the barcode of life; CBOL, 2009), iBOL (International Barcode of Life project), 

MMDBD (Medicinal Materials DNA Barcode Database) (Techen et al., 2014). 

 

7.2: Agrobacterium tumefaciens mediated genetic transformation of A. carvifolia. 

Among the different means used for the transfer of gene to dicotyledons plant 

species, Agrobacterium mediated transformation is an effective and widely used 

approach. There are various reports regarding Agrobacterium mediated transformation of 

Artemisia species, although most of these describe transformation of A. annua (Vergauwe 

et al., 1998; Biswajit et al., 2000; Vergauwe et al., 2002, Vergauwe et al., 2005). Some 

reports are available regarding transformation of other Artemisia species such as 

Artemisia dubia (Giri and Narasu, 2000; Rizwana et al., 2002; Jun-Li et al., 2005; Kiani 

et al., 2012) and A. absinthium (Mannan et al., 2009).  There is no report regarding 

genetic transformation and tissue culturing of A. carvifolia Buch.  

In the current study, we have reported a simple regeneration conditions and 

transformation protocol involving different types of explants and media formulations for 

direct organogenesis and best regeneration response. MS media containing different 

http://www.ncbi.nlm.nih.gov/genbank/
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combinations of growth hormones were tested and optimum combination giving 

maximum number of shoots was selected. Previously, in vitro propagation of various 

Artemisia species has been studied including A. annua (Janarthanam et al., 2012; 

Jamaleddine et al., 2013; Tahir et al., 2013; Kiani et al., 2014),  Artemisia dubia (Charles 

and Simon, 1990; Altvorst et al., 1992), A. absanthium (Jaya et al., 2014), A. aucheri 

(Gharehmatrossian et al., 2014), A. scoperia (Sarin and Singh, 2010), A. sieberi Besser 

(Sharafi et al., 2014), A. vulgaris (Borzabad et al., 2010), A. pallens (Benjamin et al., 

1990), but no report exist describing the tissue culturing conditions of A. carvifolia Buch. 

Vergauwe et al. (1996a) first established the transformation protocol, before that 

no successful procedure had been developed to regenerate Artemisia plants in short time. 

In 1998, Vergauwe studied various significant parameters affecting the efficiency of 

transformation of A. annua. Results obtained from this and various other reports 

mentioned above were used to produce rol gene transformants of A. carvifolia.  

In this protocol seeds were germinated on half strength MS medium (Murashige 

and Sakoog, 1962) without any growth hormone and they were given the chill treatment 

of three days in dark to break the dormancy of the seeds, seeds which were not given chill 

treatment did not germinate at all. Seed germination took not more than one week 

without requiring any growth hormone for germination. These results are confirmed by 

Jamaleddine et al. (2013) who also found seeds germination within 6-7 days and also 

observed that addition of growth hormones to the germination medium does not influence 

the percentage of germination. Later the germinated seedlings were maintained on MS 

medium with PGRs in order to obtain large no of plantlets for transformation experiment. 

For the transformation purpose one week old leaf and stem explants with nodes 

from in vitro grown seedlings of one month old were incubated in Agrobacterium 

suspension with optical density of 1.0 for different durations of time, It was followed by a  

co cultivation period of varying durations on MS medium supplied with 200 µM 

acetosyringone. Explants were then transferred to selective shoot induction medium 

containing 2.5 mg/l BAP, 0.25mg/l NAA, 300mg/l cefotaxime and 50 mg/l kanamycin. 

After maximum number of shoots had regenerated they were shifted to shoot elongation 

medium containing 0.1 mg/l BAP, 0.1mg/l NAA, 150mg/l cefotaxime and 50 mg/l 

kanamycin. Rooting was obtained on half MS medium containing 0.1mg/l NAA.  
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The stem explants with nodes regenerated transformed plants more robustly than 

leaf explants. The type of explant contributes significantly towards efficient 

transformation system (Michalczuk & Danuta, 2004). The increased transformation 

efficiency of stem explants as compared to leaf explants has also been reported by 

Gamborg et al. (1968), Bidney et al. (1991), Skoog and Miller (1997), Murata (1998), 

and  Robertson and Earle (2000). The age of explant was also found to be critical factor 

here as one week old explants were found more prone to be transformed than older 

explants. These findings are also supported by previous findings reported by Vergauwe et 

al. (1996b) and Nin et al. (1997) showing that transformation efficiency of 

Agrobacterium decreases as age of explants increases.  

The bacterial suspension used for transformation at the optical density of 1.0 was 

found to be optimum for maximum transformation efficiency. Reports are available 

showing that bacterial solution witn 1.0 O.D gave maximum number of transformants of 

A. absanthium (Mannan et al., 2009) and Vigna radiata (Jaiwal et al., 1998; 2001). 

Bacterial density higher than this does not increases transformation efficiency but effects 

regeneration potential of explants due to stress encountered (Mannan et al., 2009). 

Infection and co-cultivation time greatly effect transformation efficiency. 

Infection time of 10-15 minutes was sufficient for getting maximum regeneration 

response on selection media, longer infection time results in the death of the explants. 

The time duration of co-cultivation also positively influences the transformation 

efficiency, probably it allows the T-DNA transfer, integration, transcription and sufficient 

enzyme production leading to the expression of kanamycin resistant phenotypes. It is 

reported by Schmid et al. (2005) that co-cultivation of explants with bacteria in the 

presence of acetosyringone increases transformation efficiency up to 20 %. However, we 

observed that co-cultivation period of 48 hours was found optimum for maximum 

transformation efficiency, as previously reported that longer co-cultivation time only 

results in overgrowth of bacteria on explants and does not increases the transformation 

efficiency (Kiani et al., 2012). 

The regeneration response obtained on shoot induction medium was in 

accordance with the previous report of Wang et al. (2011), who were able to regenerate 

transgenic plants of of A. annua under similar growth hormone concentration. 
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Janarthanam et al. (2012) also showed that nodal explants of Artemisia annua on 2.5mg/l 

BAP gives highest regeneration response. Direct organogenesis takes less time for the 

rapid production of transformed plants (Kiani et al., 2014) in contrast to callus tissue 

which needs to undergo few months of specialized culture before differentiating into 

shoot and root primordial (Palama et al., 2010). Rooting was obtained on half strength 

MS medium supplemented with NAA at concentration of 0.1mg/l which is supported by 

the results of Nair et al. (2001) and Jun-Li et al. (2005) who were working with 

Agrobacterium tumefaciens mediated transformation of Artemisia annua and found 

rooting of Artemisia annua on 0.05-2.0mg/l NAA and 0.1mg/L NAA gave the best 

results.    

For the selection of transformed explants 50mg/l kanamycin and 300mg/l 

cefotaxime were used in the selection media. Various reports (Davioud et al., 1988; 

Maurel et al., 1991; Morgan et al., 2004) have shown that 50mg/l kanamycin is sufficient 

for the selection of transformed plants. The control of Agrobacterium growth at 300mg/l 

cefotaxime has been shown by Vatsya et al. (2002), Jorsobe et al. (2003) and Bettini et al. 

(2003). 

We have reported some morphological variations between wild type A. carvifolia 

and transgenics of rol B and rol C gene. Rol B transgenics, which grew faster on the 

selection media, had wider leaves and more inflorescence, while rol C transgenics, which 

were recalcitrant to regeneration, showed a narrow leaf blade and decreased internode 

length. These Morphological alterations have been related to the variability in the 

expression level of rol genes and can be attributed to position effect (Schmulling et al., 

1988). 

Regenerated plantlets were potted in the greenhouse, and their survival rate was 

90%, which is in accordance with the findings of Fazal et al. (1997). They acclimatized 

the Artemisia absinthium and 95% of the plantlets were successfully transplanted to soil 

and continued to grow in the field. 
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7.3: Analysis of flavonoids and artemisinin 

The most important steps towards analysis of flavonoids include sample 

preparation for extraction followed by quantification using different techniques such as 

spectrophotometry, gas chromatography (GC), high performance liquid chromatography 

(HPLC) or capillary electrophoresis (CE) methods. The most important sources of 

phenolic compounds are the plants and beverages. Extraction of these compounds from 

this wide range of samples entirely depends upon the nature of the sample matrix and 

chemical properties of the polyphenols including molecular structure, polarity, 

concentration, number of aromatic rings and hydroxyl groups. Different chemical 

properties of different phenolic compounds make it difficult to use a single method of 

extraction (Khoddami et al., 2013). 

Flavonoids extraction is usually carried out by using different solvents such as 

methanol, ethanol, acetone, water or mixtures of these solvents using heated reflux 

extraction methods. Sample preparation for the extraction of polyphenols requires plant 

samples to be freeze dried, air dried or dried using oven. It was observed by Sejali and 

Anuar, (2011) that higher phenolic compounds can be extracted in air died plant samples 

than oven dried samples. The extraction of polyphenols is improved by grinding the plant 

material into fine powder so that enzymatic action and extraction is enhanced (Giao et al., 

2009).  

The yield of the polyphenols is greatly influenced by several other parameters 

such as extraction time, temperature, solvent to sample ratio besides the solvent type. The 

recovery of these compounds also varies from sample to sample depending upon the type 

of plant (Khoddami et al., 2013). As analytes solubility is generally increased by 

increasing time and temperature, however, plant phenolics either degrade or undergo 

enzymatic oxidation by increasing time and temperature of extraction (Biesaga et al., 

2013; Davidov-Pardo et al., 2011). Optimum extraction time and temperature for the 

extraction of phenolics was found to be 2 min at room temperature for Canola meal 

(Naczk et al., 2005).  Al-farsi and Lee (2008) reported that solvent to sample ratio of 60; 

1 in two step method is enough for sufficient extraction of polyphenols from plant tissue. 

The most important parameter for the extraction of these compounds is the choice of the 

solvent, either organic or inorganic solvent is used such as, acetone, ethyl acetate, 
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alcohols (methanol, ethanol and propanol), water and their mixture (Garcia-Salas et al., 

2010). The most commonly used solvent for the extraction of flavonoids is the methanol 

(Bridgers et al., 2010; Kapasakalidis et al., 2006). 

Biesaga et al. (2013) carried out flavonoids extraction of maiz samples using 

different techniques such as microwave-assisted extraction, ultrasonic–assisted 

extraction, maceration and heated reflux method. Best results were found by heated 

reflux in water bath and microwave assisted extraction for 1 min at 160 W. 

Among the techniques used for quantification of polyphenols, high performance 

liquid chromatography (HPLC) and gas chromatography (GC), or their combinations 

with mass spectrometry are the most commonly applied methods. Other relevant 

techniques include spectrophotometric assays (Naczk and shahidi, 2004). 

In the following study, qualitative and quantitative analysis of flavonoids in wild 

type A. carvifolia and transformants of rol B and rol C gene was carried out. Extraction 

of dried powdered plant material was done in pure methanol using ultrasonic assisted 

extraction. Detection and quantification of flavonoids was carried out by DAD-HPLC-

UV system. Acetonitrile and water were used as mobile phase and C18 (5µm) column 

(150mmx 4.6mm) was applied for the separation of polyphenols.  

For separation and quantification, HPLC is considered the preferred technique 

(Naczk and shahidi, 2004) which is affected by different parameters such as type of 

mobile phase, column, detector along with method of sample purification (Stalikas, 

2007). Usually a reversed phase C18 column (RP-C18) is used for the separation of 

purified polyphenols on photo diode array detector (PDA) (Ignat et al., 2011). In fact 

sample detection is largely affected by its purification level after pre concentrating them 

from crude plant extracts. There are several reports describing quantification of 

flavonoids and phenolics using HPLC (Merken and beechers, 2000; Robbins, 2003; 

Stalikas, 2007; Kalili and Villiers, 2011). Acetonitrile and methanol, or their aqueous 

forms, are the dominant mobile phases utilized in HPLC quantification of flavonoids 

(Qin et al., 2010; Zareena and Udaya, 2011; Diagone et al., 2012).  

Eight polyphenol markers (caffeic acid, quercetin, isoquercetin, rutin, catechin, 

apigenin, gallic acid and kaempferol) were studied out of which caffeic acid (0.03mg/g 

DW), quercetin (0.01mg/g DW), isoquercetin (0.4mg/g DW), rutin (0.3mg/g DW) were 
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detected in wild type plant of A. carvifolia and enhancement in their concentration was 

observed in the transformants of rol B (2-6 fold) and rol C gene (1.6-4 fold). Catechin 

and apigenin were only detected in the transformed plants but not in the wild type.  

Previously polyphenols or flavonoids have been detected in different Artemisia 

species such as A. absanthium (Oswiecimska et al., 1965; Kordali et al., 2005) A. 

abrotanum (Kranen-Fiedler, 1956; Remberg et al., 2004; Tunon et al., 2006) A. afra (Liu 

et al., 2009), A. annua (Han et al., 2007; Han et al., 2008), A. arborescens (Mazur & 

Meisels, 1955), A. asiatica (Min-Jung et al., 2005), A. capillaris (Min-Jung et al., 2005), 

A. campestris (Cavaleiro, 1986), A. scoparia (Chandrasekharan et al., 1981; Lin et al., 

2004), A. vestita (Trumpowskaand & Olszewski, 1968). 

Bensaddek et al. (2008) reported that rol ABC genes are reliable source for 

increased production of secondary metabolites and hence phenolics in plants transformed 

with rol ABC genes. Similarly, Wang et al. (2006) and Putalun et al. (2007) also 

described that rol genes greatly enhance the production of secondary metabolites in 

transformed plants. Similar findings were reported by Bulgakov et al. (1998), who 

showed for the first time how rol genes induce ginsenoside overproduction in 

transformed cell cultures of P. ginseng, using plasmid DNA containing the individual rol 

genes from the TL-DNA of A. rhizogene strain A4. Rol C cultures were found to 

accumulate 1.8-3-fold more ginsenoside than the control plant, although rol B lines were 

less productive (Bulgakov et al., 1998).  

In contrast, in another study, rol B gene transgenics of Rubia cardifolia showed 

enhanced production of anthraquinones. In fact, β-glucosidase, the product of the rol B 

gene, releases indole acetic acid (IAA) from its inactive glucose conjugates, thus 

increasing auxin sensitivity in rol B transgenics. Increased tyrosine phosphatase activity 

in rol B transformed cells distracts the signal transduction pathway of the hormone. This 

sensitivity and transduction alters the physiological configuration of transformed cells 

and eventually the whole plant (Estruch et al., 1991; Maurel et al., 1991; Nilsson et al., 

1993; Maurel et al., 1994; Filippini et al., 1994; Nilsson and Olsson, 1997; Shkryl et al., 

2008). Kiani et al. (2015) observed increased total flavonoids and total phenolic content 

of A. dubia after transformation with rol ABC gene construct. 



  

142 

 

Different solvents for the extraction of artemisinin and its derivatives have been 

reported previously including ethyl acetate (Ferreira and Janick, 2002), acetonitrile 

(Elsohly et al., 1987), chloroform (Woerdenbag et al., 1991; Mary et al., 1994) and 

petroleum ether (Klayman et al., 1984). Different time span for extraction have been 

reported ranging from few minutes (Duke et al., 1994) to several hours (Charles and 

Simon, 1990). Charles and Simon, (1990) run extraction of artemisinin and derivatives 

for 48 hours and found no difference. The time span can also be reduced by using flow or 

percolated system requiring several solvent steps, each step lasts for 120 min (Cutler et 

al., 2006; Sticher, 2008), but in this system yield is very low along with presence of co-

extracted imputities (Cutler et al., 2006; Lapkin et al., 2006, 2010; Li et al., 2011; 

Ormeño et al., 2011; Sticher 2008; Chemat et al., 2012).  

There is also the problem of artemisinin destruction due to heat of extraction 

(Sticher, 2008; Neill,  2011; Ormeño et al., 2011), therefore mostly used organic solvents 

are those having low boiling point (such as hexane, toluene, petroleum ether and 

chloroform) (Haynes and Vonwiller 1994; Cutler et al., 2006; Lapkin et al., 2006, 2010; 

Liu et al., 2011; Neill,  2011). In literature extraction of artemisinin and derivatives with 

hot water is thought to be insufficient, ehanol is thought to have deleterious effects on 

extraction of artemisinin (Lapkin et al., 2006). Petroleum ether or hexane is considered 

the best solvent for extraction of artemisinin and derivatives (Klayman et al., 1984; 

Elsohly et al., 1990; Christen and Veuthey, 2001; Cutler et al., 2006; Lapkin et al., 2006; 

Kuhn and Wang, 2007; Liu et al., 2011). 

Different methods used for extraction include supercritical fluid extraction 

(Kohler et al., 1997; Sticher, 2008; Tang et al.,2009; Ormeno et al., 2011), pressurized 

solvent extraction (Christen and Veuthey, 2001; Sticher, 2008), microwave assisted 

extraction (Hao et al., 2002; Sticher, 2008; Ormeno et al., 2011), ultrasonic assisted 

extraction (Asfaw et al., 2005; Schilmiller et al., 2008; Briars and Paniwnyk, 2013). 

Different methods of extraction may contribute to the alteration in the detected content of 

artemisinin and derivatives. Mingfu et al. (2005) extracted artemisinin from 2g dry 

powdered material of leaves of A. annua using 50 ml methanol, followed by sonication 

and centrifugation at 12000 rpm for 3 minutes, resulted in 0.03 to 0.71 % artemisinin. 

Elsohly et al. (1987) extracted artemisinin by drying 10g of A.annua leaves in an oven at 
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40ºC for 24 hours. The dried plant material was crushed and extracted with hexane (100 

ml) by boiling for 15 minutes under reflux resulting in 0.153 % artemisinin. Marcel et al. 

(1997) found that liquid solid extraction by ethyl acetate gives more artemisinin (0.88%) 

than supercritical fluid extraction (liquid carbon dioxide and ethanol in a ratio of 97:3 

which gives 0.3% artemisinin.  

Parmeshwari and Ram, (1998) extracted artemisinin from 1.0 g of dried A. annua 

leaves in 15 ml hexane for 3 minutes at 40 ºC (0.009 % artemisinin). Kim et al. (2001) 

extracted 1.0 g roots of A. annua in 3 ml of ethyl acetate and hexane for 30 minutes at 

room temperature (0.003 % artemisinin). Guo et al. (2005) extracted 5 g of dried A. 

annua leaves in a Soxhlet extractor with 200 ml petroleum ether at 60 ºC for 6 hours 

(0.652 % artemisinin). Congyue et al. (2006) refluxed 0.5 g dried A. annua leaves in 50 

ml of hexane at 75 ºC for 1 hour (0.0226 to 0.785 % artemisinin). Filip et al. (2006) has 

done extraction by immersing 1.0 gram of fresh plant material in 6 ml chloroform for one 

minute evaluating an artemisinin content of 0.068%.  

The most commonly used method of artemisinin detection and quantification in 

WHO monograph and International Pharmacopeia is based on HPLC-UV detection 

method (Castilho et al., 2008). But this method is only applicable to pure artemisinin not 

to the detection in complex matrix like plant extracts due to trace amounts present, thus 

several authors have dropped HPLC method for detection of artemisinin (Zhao, 1987; 

Sahai and Vishwakarma, 1998; Christen and Veuthey, 2001; Qian et al., 2005; Jansen 

and Soomro, 2007; Liu et al., 2007). 

 As artemisinin is UV-transparent therefor its derivitization into UV active 

compound is required, which is a time consuming and does not suits routine analysis 

(Elsohly et al., 1987; Zhao, 1987; Qian et al., 2005). Some other detectors have also been 

used such as electrochemical reduction (Acton et al., 1985; Vandenberghe et al., 1995) 

and evaporative light scattering (Avery et al., 1999; Liu et al., 2007) although the 

problem of specificity is faced with these detectors. As the plant extract contains number 

of component including structural analogues of artemisinin thus it requires the detector to 

be highly specific (Lapkin et al., 2009).  

Liquid chromatography coupled with mass spectrometer is a highly sensitive and 

efficient method for the detection of constituents especially not having chromophore 
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moieties (Ranasinghe et al., 1993; De-Rijke et al., 2003). The fragmentation behavior of 

compounds detected through mass spectrometer allows their characterization accurately 

(De Rijke et al., 2003; Fabre et al., 2001; Hughes et al., 2001; Ma et al., 2000; Stevens et 

al., 1997). Several recent studies show the detection and quantification of artemisinin by 

LC-MS (Van et al., 2008, Jessing et al., 2011, Maggar, 2012, El-Naggar et al., 2013). 

In the current study, extraction of artemisinin and derivatives was carried out 

from aerial parts of wild type plant of A. carvifolia and transformants of rol B and rol C 

gene using n-hexane and ethyl acetate in a ratio of 9:1, finally dissolved in acetonitrile 

which is most widely used for extraction now (Van et al., 2008; Yan Liu et al., 2009; 

Alexei et al., 2010). The qualitative and quantitative analysis was done using HPLC 

coupled with electron spray ionization mass spectrometer. Samples were run in triplicate 

and the results obtained were analyzed by ANOVA software for authenticating all the 

comparative results. 

A. Carvifolia wild type plant contained 0.8% artemisinin. Wallaart et al. (1999) 

found 0.1-0.5% DW artemisinin in control plants of A.annua. Mannan et al. (2010) found 

0.44% DW artemisinin in A.annua leaves and 0.05% DW in leaves of A.dubia. In the 

current study derivatives of artemisinin detected were artesunate (0.224%), 

dihydroartemisinin (1.36%) and artemether (1.28%). Significant increase in the content 

of artemisinin and its derivatives was observed in all transformed plants. Rol B transgenic 

showed 3-7 fold more artemisinin, 3-10 fold more artesunate and 2.6-4 fold higher D.H.A 

and artemether content. Whereas rol C transgenics showed 3.8-6 fold more artemisinin, 

4.4-8.9 fold more artesunate, 2.3-3.2 fold increase in D.H.A and 2.3-5 fold increase in 

artemether.  

Similarly, Abdin et al. (2003) reported the presence of artemisinin, ranging from 

0.01 % to 0.80 %, in leaves and flowers of transformed A. annua and by overexpression 

of genes coding for enzymes associated with the rate limiting steps of artemisinin 

biosynthesis pathway. Han et al. (2006) reported that artemisinin production increased by 

up regulation of FDS through genetic transformation of Artemisia annua with different 

genes. Chen et al. (1999, 2000) described that Overexpression of Gossypium arboretum 

FPS in hairy roots and transgenic plants resulted in three to four fold and two to three 

folds increased in artemisinin content respectively.  
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Similarly Kiani et al. (2012) showed that transformation of A. dubia with rol ABC 

gene construct results in tenfold increase in artemisinin content. Another report indicates 

high artemisinin content detected in A. herba (4.9%) and Artemisia monosperma (3.6%) 

through LC-MS (Maggar, 2012). Singh and Sarin, (2010) found A. scoparia callus 

culture as an alternative of A. annua for the production of artemisinin. Varying 

concentrations of artemisinin in various species ranging from 1.38 % in A. annua leaves 

in Switzerland (Delabays et al., 1993), 0.86% in A. annua leaves in Vietnam (Wallart et 

al., 1999), 0.79% in A. annua  leaves in China (Charles et al., 1990), 0.0006% in A. cina 

in Indonesia (Aryanti et al., 2001), 0.2% in A. seibri in Iran (Arab et al., 2006), 0.022 % 

in A. absinthium in Pakistan (Zia et al., 2007) have been reported. 

In general, statistical analysis showed that caffeic acid and quercetin were 

enhanced more than other polyphenols whereas artemisinin content was enhanced much 

more as compared to its derivatives under the effect of transformation with rol genes. The 

rol B gene was found to be more effective in the enhancement of studied metabolites as 

compared to rol C gene. There was found significant difference in the content of studied 

metabolites of wild type A. carvifolia and transformants of rol B and rol C gene (p˂0.05). 

 

7.4: Analysis of metabolic pathways and trichome density 

Flavonoids and artemisinin content variation showed differential expression of the 

genes involved in their biosynthesis with the amounts of transcripts relatively higher in 

the transformants of rol B and rol C gene than wild type plant of A. carvifolia, thus 

correlating the expression of these genes with the accumulation of respective metabolites.  

Previously it has been reported that PAL enzyme catalyzes the flux of primary 

metabolites into the biosynthetic pathway of flavonoids and thus plays a key role in the 

flavonoids biosynthesis (Chang et al., 2009). The CHS gene has been found to be a rate 

limiting step in the flavonoid biosynthesis in different plants (Bovy et al., 2007; 

Pitakdantham et al., 2010; Zhou et al., 2011). This is an acyltransferase enzyme that 

catalyzes the condensation of 4-coumaroyl CoA to the first flavonoid naringenin 

chalcone. It was also revealed that CHS expression in walnut is higher in leaves and buds 

than in liber and bark and is not expressed in wood and medulla (Claudot et al., 1999). In 

the current study, a positive correlation was found in the studied flavonoids accumulation 
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and expression of the PAL and CHS gene. Some of the previous reports also support 

these findings (Jaakola et al., 2002; Nakatsuka et al., 2008; Gupta et al., 2011).  Other 

reports are there proving that overexpression of structural flavonoids biosynthetic 

pathway genes including PAL and CHS is related to increased flavonoids accumulation 

pattern (Jackson et al., 1992; Uimari and Strommer, 1998; Jaakola et al., 2002). 

The genes involved in the artemisinin biosynthesis were studied and their 

expression level was found to be increased in transgenics of rol B and rol C gene as 

compared to wild type A. carvifolia. This increased level of expression is in accordance 

with the increased artemisinin content of transgenic plants (Chapter 4) 

ADS is the first committed enzyme of artemisinin biosynthesis (Bouwmeester et 

al., 1999; Chang et al., 2000) followed by the enzyme CYP71AV1 (Teoh et al., 2006). 

Expression of these genes was found to be significantly increased in transformed plants 

of rol B and rol C gene as compared to wild type plant. ADS encodes the enzyme which 

catalyzes the formation of amorpha-4, 11-diene which is ultimately converted to 

dihydroartemisinic acid by the enzyme encoded by CYP71AV1. Transgenics of rol B and 

rol C gene were found to accumulate more dihydroartemisinic acid as compared to wild 

type A. carvifolia. ALDH1 which carry outs the conversion of artemisinic and 

dihydroartemisinic aldehyde to artemisinin (Teoh et al., 2009) was found to be expressed 

more in rol gene transgenics then wild type plant.  

Among the studied genes of artemisinin biosynthetic pathway CYP71AV1 was 

the most expressed in the transgenics, increasing 15-30-fold in rol B transformants and 

10-26-fold in rol C transformants, compared to wild-type plants. The ALDH1 and ADS 

genes showed a respective 3-9-fold and 2-6-fold enhanced expression in rol B 

transformants, and a 5-9-fold and 3-6-fold increase in rol C gene transformants. The 

transgenic lines TB4 and TC1 exhibited the highest expression of these genes. Which 

were found to have incorporated two copies of rol B and rol C gene respectively.  

Liu et al., (2011) overexpressed ADS gene in A. annua under the control of 

CaMV 35S promoter and terpenoid profile was recorded by GC X GC-MS. Results 

indicated increased content of artemisinin, artemisinic acid and dihydroartemisinic acid 

ranging from 59-100% in ADS overexpressing transgenic lines (Ma et al., 2009). These 

data are consistent with the related literature (Brown and Sy, 2004, 2007). In Tobaco 
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plastids overexpression of ADS leads to 1-1000 times more amorphadiene production 

(Wu et al., 2006).  

Cytochrome P450 monooxygenase (CYP71AV1) is a multifunctional 

sesquiterpene oxidase belongs to the cytochrome P450 family. It plays a key role in the 

biosynthesis of sesquiterpene lactone artemisinin, involving three steps, namely 

conversion of amorpha-4,11-diene to artemisinic acid via artemisinic alcohol and 

artemisinic aldehyde middle metabolites (Teoh et al., 2006; Zeng et al., 2009; Arsenault 

et al., 2010; Maes et al., 2011). Shen et al., (2012) reported that co-overexpressing genes 

CYP71AV1 and CPR could increase the artemisinin content in A. annua plant. There are 

several other reports which confirm our findings that overexpression of CYP71AV1 gene 

increases artemisinin content (Olofsson et al., 2011; Xiang et al., 2012; Lu et al., 2014). 

Aldehyde dehydrogenase (ALDH1), which converts dihydroartemisinic aldehyde to 

dihydryoartemisinic acid (a precursor of artemisinin), seems equally important in 

artemisinin biosynthesis (Teoh et al., 2009). 

The TFAR1 gene, which stimulates trichome development and catalyzes 

sesquiterpenoid biosynthesis (Lies et al., 2011), also showed increased expression in all 

transgenic lines. Accordingly, the transformed lines of A. carvifolia showed higher 

trichome density compared to the untransformed plant (Fig. 5.4), indicating a relationship 

between trichome development and artemisinin production. Glandular trichomes are the 

sites of production of important phytochemicals, including artemisinin, as well as many 

others that have found numerous applications in the pesticide, pharmaceutical and flavor 

industries (Duke et al., 1994; Ferreira et al., 1997). Artemisinin content has been directly 

related to the trichome index in previous studies (Dangash et al., 2014; Kiani, 2013). 

The expression of the above mentioned genes (ADS, CYP71AV1and ALDH1) 

have also been proven to be specific in the glandular trichomes (Olsson et al., 2009). In 

order to carry out the qPCR analysis of the selected genes and also to calculate the 

trichome density, young leaves of 4 months old plants were selected. Olofsson et al., 

(2011) showed in their study that enzymes of artemisinin biosynthesis are expressed in 

flower buds, leaves and stem which carry the glandular trichomes but not in the root 

where glandular trichomes are absent. They also proved that glandular trichomes are 
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present more in number on flower bud and young leaves as compared to old leaves and 

stem (Olofsson et al., 2011).   

 

7.5: Pharmacological evaluation of wild type plant and transgenics of A. carvifolia 

Genetic engineering has allowed the production of plants with altered content of 

secondary metabolites (Marion Siebert et al., 1996; Muhammad et al., 2008). As the 

secondary metabolites play important role in plant defense mechanism, therefore it is 

quite possible that such engineered plants may show changes (alteration) in different 

pharmacological activities. For the last 2 decades scientist are trying to introduce trans-

genes into agriculturally and medicinally important plants in order to get desirable 

outcomes. Although it is rare (Gómez-Galera et al., 2007; Pandey et al., 2010), however 

examples could be found where the transgenes have been introduced to medicinally 

important plants to get the enhanced level of phytochemical/s (secondary metabolites) 

which otherwise are not produced or produced in a very little quantity (Ray et al., 1996; 

Ray and Jha, 1999; Bandyopadhyay et al., 2007; Baldi et al., 2008; Chaudhuri et al., 

2009 and Kiani et al., 2012). For example in one study the transformed root cultures of 

W. somnifera (through A. rhizogenes) showed increased production of secondary 

metabolites, with increase in biomass production (Chaudhuri et al. 2009). The same 

strategy has also been used for the enhancement of important pharmacological activities 

like a significant enhancement of the antioxidant activity was reported in transformed 

roots of W. somnifera by Kumar et al. (2005) and increase in resistance against pathogens 

by Hain et al. (1993). 

In order to find out the antioxidant potential of the transformed and untransformed 

plants in the following study, different antioxidant assays were performed besides the 

HPLC of flavonoids as described previously. Total phenolic content was measured in the 

wild type plant (0.71%) and when analyzed in transgenics, rol B transformants showed 

up to 1.2% and rol C gene transgenics showed up to 1% total phenolic content with two 

fold increase. Similarly higher flavonoids content was observed in transgenic of rol B (up 

to 0.8%) and rol C gene (up to 0.7%) as compared to wild type plant of A. carvifolia 

(0.33%). Total antioxidant capacity was measured as equivalent of ascorbic acid (mg/g of 

the DW), which was found to be 0.53% for wild type plant whereas rol B transgenics 
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showed up to 0.76% and rol C gene transgenics showed up to 0.7% total antioxidant 

capacity. Total reducing power was also enhanced in transgenics of rol B (up to 3.4%) 

and rol C gene (up to 3%) when compared with wild type plant (2%). Similarly IC50 

values of transformed plants were found to be decreased as compared to wild type plant 

for antilipid peroxidation activity and DPPH free radical scavenging activity. Transgenic 

plants were also found to be more active in protecting the DNA against free hydroxyl 

radical induced damage. All of the findings suggest that integration of rol B and rol C 

gene has enhanced the antioxidant potential of the transgenic lines, expressing respective 

gene. 

Evidences suggest that oxidative stress is vital to cause pathogenesis of many 

diseases whereas antioxidants are considered to be effective treatment (Reaven et al., 

1995; Cunningham, 1998). Herbs as antioxidants provide insight to the mechanism of 

action of plant extracts in providing defense against oxidative damage besides identifying 

the specific antioxidant constituents (Liao et al., 2008). The current study demonstrates 

that methanol chloroform extract of A. carvifolia has significant antioxidant potential. 

As major compounds in a plant with antioxidant activity are the polyphenols, they impart 

the antioxidant activity to the plant extract due to their redox potential (Tepe et al., 2006). 

They play important role in neutralizing or quenching free radicals and decomposing 

peroxides (Brand-Williams et al., 1995). They have the ability to delay the onset of lipid 

oxidation and decomposition of hydroperoxides in foods and living tissues (Wettasinghe 

and shahidi, 2002). 

DPPH is an organic radicle widely used in analyzing the antioxidant potential of 

pure compounds and plant extracts (Katalinc et al., 2006). The reaction between 

antioxidant and DPPH mainly depend upon the hydrogen donating ability of the 

antioxidant thus depending upon its structural confirmation (Baumann et al., 1980). The 

reducing power of any compound or plant extract is actually its potential to transfer 

electrons, in other words indicate the antioxidant potential (Meir et al., 1995). Ferric 

reducing power assay is used to evaluate the antioxidant potential of dietary polyphenols 

(Luximon-Ramma et al., 2005). The extracts of plants under study showed very good 

reducing capacity indicating its good antioxidant activity (Hazra et al., 2008).  
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The total phenolic and flavonoid content was measured to find the antioxidant 

activity. In past a relationship has been studied between the antioxidant activity and 

phenolic content of the plant extract (Albayrak et al., 2010; Negro et al., 2003). Another 

report says that antioxidant properties of methanolic extract of Artemisia species can be 

attributed to their phenolic or flavonoid content (Wright, 2002). Antioxidant activity of 

different Artemisia species has previously been determined including A. absinthium, A. 

arborescens,  A. campestris, A. santonicum, A. scoparia, A. vulgaris (Erel et al., 2012), A. 

afra (Sunmonu et al., 2012), A. dubia (Kiani et al., 2015). 

Experiments have been performed to understand the relationship between the 

secondary metabolism activation and reactive oxygen species production (ROS) in 

R.cardifolia transformed with rol B (Bulgakov et al., 2012) and rol C gene (Bulgakove et 

al., 2008; Shkryl et al., 2010). They observed significant reduction in intracellular ROS 

level in the transformed cells of R.cardifolia, thus proving rol B and rol C gene to be 

potential suppressor of ROS. This decrease in ROS was also accompanied by the 

enhanced expression of the genes encoding ROS detoxifying enzymes (Bulgakov et al., 

2012; Shkryl et al., 2010). 

The rol ABC genes have been shown to enhance the production of secondary 

metabolites (Putalun et al., 2007; Wang et al., 2006) in plants, possibly through 

stimulation of the defense pathway (Bulgakov, 2008). As secondary metabolites play 

important role in plant defense mechanism therefore, increased pharmacological activities 

can be correlated with increased secondary metabolites. The increase in secondary 

metabolites can be determined via phytochemical analysis as well. According to 

Mclaughlin et al. (1998) crude botanical extracts can be comprised of very effective 

mixtures of bioactive compounds, and it is quite possible to sort out which activities are 

due to which components with the help of simple bioassay procedures and various 

separation techniques.  

 

Diabetes mellitus is a progressive metabolic disorder of glucose metabolism 

leading to secondary complications which are difficult to control (klein et al., 2007). 

Diabetes mellitus is further categorized into two types; type 1 diabetes in which insulin is 

not synthesized adequately by the β cells of pancreas. Whereas type II diabetes is caused 
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by insulin resistence or disfunctioning of β-cells (Heise et al., 2004). Inhibitors of α-

amylase, α-glucosidase and dipeptidyl peptidase 4 have offered a possible mean of 

lowering the postprandial hyperglycemia (Matsui et al., 2006). Alpha amylase is mainly 

found in the pancreatic juice and saliva, whose function is to breakdown large insoluble 

starch molecules to soluble ones (Afifi et al., 2008). Whereas alpha glucosidase found in 

the small intestine catalyzes the final step of digestion of starch and disaccharides which 

are abundantly found in human diet (Manohar et al., 2002). Dipeptidyl peptidase 4 

(DPP4, also known as CD26) is commonly recognized for its function in regulation of 

glycemia through catabolism of incretin peptides. Initially this enzyme was identified as a 

therapeutic target for type 2 diabetes due to its capacity to carry out degradation of the 

incretin, GLP-1 (glucagon like peptide 1). Inhibition of DPP4 on the contrary increases 

the half-life of incretin peptides thus leads to glucose lowering in the post-prandial state 

(Zhong et al., 2013). Medicinal plants have been a source of inhibitors of these enzymes 

providing an alternative source of high potency antihyperglycemic drugs with fewer side 

effects as compared to synthetic drugs (Matsuda et al., 2002; Matsui et al., 2006). 

Thus in the quest of exploring natural medicines for diabetes, antidiabetic effect 

of extracts of plants under study was determined by evaluating their inhibitory effect 

against alpha amylase, alpha glucosidase and DPP-4 enzymes. For that purpose alpha 

amylase inhibition assay and alpha glucosidase inhibition assay were performed at three 

concentrations i.e. 1000, 500 and 250µg/ml. whereas DPP-4 inhibition assay was 

performed on 2000, 1000 and 500ppm. All the plants showed the inhibition of the 

enzymes to some extent although transformants of rol B and rol C gene were found more 

active with less IC50 value than the wild type plant. Lowest IC50 value was shown by rol 

B transgenic lines TB4 followed by rol C transgenic line TC1 which were found to have 

incorporated two copies of respective gene. Previous reports support these findings which 

showed antidiabetic activities of some Artemisia species such as A. amygdalina 

(Ghazanfer et al., 2014), A. herba-alba (Awad et al., 2011), A. pallens (Nathar et al., 

2014) A. indica linn (Ahmed et al., 2013). 

Cancer is an aggressive killer of human’s life despite of several efforts made.  The 

synthetic chemorapeutic drugs in use are not that much successful in fulfilling the 

expectations. Therefore, there is a need to develop more effective anticancer drugs with 
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less adverse effects (Coseri et al., 2009). Natural products are considered novel and 

potential sources of chemo preventive and therapeutic agents (Newman, 2008; Newman 

et al., 2003).  Almost 60% of the cancer preventive drugs in use comprise natural 

products with plant kingdom being a significant source including Vinca alkaloids, Taxus 

diterpenes, Camptotheca alkaloids, and Podophyllum lignans (Gordaliza, 2007).   

In the following study, n-hexane and methanolic fraction of wild type plant and 

transformants of rol B and rol C gene were evaluated for their antiproliferative potential 

against three cancer cell lines. The cancer cell lines included HeLA (cervical cancer cell 

line) HePG2 (Liver hepatocellular carcinoma) and MCF7 (breast cancer cell line). The 

cells were treated individually with each fraction separately and also with both fractions 

combined. It was observed that methanolic fraction consisting mostly of flavonoids was 

more active at inhibiting the proliferation of cells than n-haxe which contained the 

artemisinin and derivatives. Whereas the combined effect of both the fractions was most 

obvious than the effect of each individual fraction. Almost similar percentage inhibition 

was observed against all the cell lines with slightly higher inhibitory effect against HeLA 

cancer cell line. 

Artemisia genus is a rich source of phytochemicals including “flavonoides, 

coumarins, sterols, polyacethylenes, mono- and sesquiterpenes, and sesquitrpene 

lactones“(Tan et al., 1998; Bora and Sharma, 2011). Dichloromethane fraction of A. 

ciniformis showed significant cytotoxicity against gastric cancer cell line (Emami et al., 

2010) and several other cancer cell lines (Taghizadeh Rabe et al., 2011). Organic and 

aqueous fractions of A. ciniformis have also shown protective effect on H2O2 induced 

cytotoxicity in H9c2 cells (Mojarrab et al., 2013). Essential oils of A. indica have shown 

concentration dependent cytotoxicity against four cancer cell lines (Rashid et al., 2013).  

Essential oils of A. indica also showed toxicity on brine shrimps (Judzentiene et al., 

2012). Similarly the essential oils of A. capillaris and A. herba alba are effective in 

inhibiting the proliferation of human oral cancer and acute lymphoblastic leukaemia cell 

lines respectively (Cha et al., 2009; Tilaoui et al., 2011). Dichloromethane extracts of 

A.annua were more effective than the methanolic extracts against the HeLA cell line 

(Efferth et al., 2011). The chloroform fraction of A. sacrorum was found to be more 

cytotoxic than other eight fractions against HePG2, MCF7 and HT-29 (Piao et al., 2012). 
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Ethanol extracts of various Artemisia species including A. afra, A.argyi and A. annua 

were found effective against HeLA cancer cell line, P388 murine leukemia, molt-4-

human leukemia respectively (Lee and Vairappan, 2011; Singh et al., 2011; Spies et al., 

2013). 

7.6: Conclusion 

Following conclusions can be deduced from the results: 

 MS containing BAP 0.5mg/l and NAA 0.1mg/l is optimum for obtaining best 

regeneration response from nodal explants of A. carvifolia Buch for 

micropropagation and transformation purpose. Rooting was obtained on MS 

containing 0.1mg/l NAA. 

 

 Kanamycin concentration 50mg/l was optimum for the selection of transformants 

and cefotaxime 300mg/l was enough to control the over growth of bacteria. 

 

 Different factors affect the transformation efficiency of A. carvifolia including 

type of explant, infection time and co-cultivation period. 

 

 Morphological variability was observed between wild type plants and transgenics 

bearing rol B and rol C genes.  Rol B transgenics, which grew faster on the 

selection media, had wider leaves and more inflorescence, while rol C 

transgenics, which were recalcitrant to regeneration, showed a narrow leaf blade 

and decreased internode length. 

 

 Significant increase in the content of Flavonoids, artemisinin and its derivatives 

was observed in the transformants of rol B and rol C gene. 

 

 Rol B gene transformants showed more increase in the content of studied 

metabolites as compared to rol C gene transformants, thus proving rol B gene to 

be more effective in the enhancement of secondary metabolism than rol C gene. 
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 Among the genes of flavonoids biosynthetic pathway PAL and CHS showed 

enhanced relative expression in transgenics, with PAL gene showing higher 

relative expression than CHS gene.  

 

 The genes of flavonoids and artemisinin biosynthetic pathway were found to have 

enhanced expression in transgenics of rol B and rol C gene as compared to wild 

type plant. 

 

 CYP71AV1 showed the highest change in the relative expression among the 

tested artemisinin biosynthetic pathway genes when studied in the shoots of 

transformed and wild type plant. 

 

 ADS gene showed the least increase in expression among artemisinin biosynthetic 

pathway genes. Whereas ALDH1 showed moderate increase of the relative 

expression in transgenic shoots. 

 

 The gene for the trichome development and sesquiterpenoid biosynthesis TAFR1 

also expressed more in the transformed plants than wild type plant. 

 

 Trichome density of transgenics of rol B and rol C gene was also found to be 

more than the control plant of A. carvifolia. 

 

 A. carvifolia wild type plant when evaluated for pharmacological potential 

exhibited antioxidant, antidiabetic and anticancer activity. 

 

 Above mentioned activities were found to be enhanced in transformants of rol B 

and rol C gene showing more potential with less IC50 values.  

 

 Methanol extracts of wild type and transformed plants showed more anticancer 

activity than the n-hexane extracts. 

 

 Methanol and n-hexane extracts when combined showed more anticancer activity 

as compared to when administered alone, showing synergism between flavonoids 

and artemisinin.  
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 Increased antioxidant, antidiabetic and anticancer activity could be related with 

the higher accumulation of polyphenols i.e. flavonoids and also artemisinin and 

derivatives in rol gene transformed plants.  

 

7.7: Future prospects 

 

 Transformation with rol A and ABC genes construct may be carried out to check 

their  effect on the flavonoids and artemisinin production. 

 Further, T1 and T2 generations may be evaluated by real time-PCR and Northern 

blot analysis to study the gene expression.   

 Maximum number of Artemisia species could be genetically transformed with rol 

genes for increased, constant and permanent source of these important 

metabolites. 

 Other genes involved in the flavonoids and artemisinin biosynthesis may also be 

transformed into Artemisia carvifolia to increase their content.  

 Other In-vivo and In-vitro assays may be carried out to evaluate other 

pharmacological properties of flavonoids, artemisinin and different Artemisia 

species. 

 Sequencing of whole genome of Artemisia may be helpful in predicting the 

molecular functions of genes of different Artemisia species.  

 Stimulation of the synthesis of artemisinin within these plants has also allowed us 

to alter our perception of how and where artemisinin is produced within the 

plants. These findings will help to develop better strategies to increase the 

production of this valuable therapeutic drug which will in turn allow greater use 

of it in the chemotherapy of malaria and other diseases.  
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