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Abstract 

Concentration of nanoparticles in environment is increasing day by day due to their increasing 

use in consumer products that causes pollution and adverse effects on the environment. 

Nanoparticles adverse effects on ecosystem leading to toxicity in crop plants when released 

through: manufacturing goods, usage and disposal. Further the transfer of nano sized particles 

into the food chain by eatable plants is very significant. Nanoparticles enter the plant cells and 

cause imbalance and disturbance in anti-oxidant processes and induce oxidative stress leading 

to cell damage. Hence it is important to study effects of nanoparticles on plants because they 

are stationary organisms and cannot move away from environmental stresses like animals. To 

date, very few nanoparticles and plant species have been studied, mainly at early growth 

stages of the plants; whereas there has been no comparative research on role of hydrogen 

peroxide (H2O2) when given in combination with nanoparticles on hybrid plants and its 

parents. H2O2 generate Reactive Oxygen Species (ROS) that trigger scavenging antioxidant 

enzymes in plant cells to repair the impairment. This strategy helps plant to survive the biotic 

and abiotic stress. In this research we investigated effects of various doses of H2O2 in 

combination with Titanium dioxide nanoparticles on Capsicum annuum L. hybrid and the 

parents and their effects are studied at physiological, and biochemical levels such as 

chlorophyll content, sugar content and anti-oxidant enzyme activities of plants. We find out 

the H2O2 can act as oxidative tool to reduce biochemical loss in plants. 

Key words: Nanoparticles, H2O2, Capsicum annuum, ROS, antioxidant enzymes
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1 INTRODUCTION 

Hydrogen peroxide (H2O2) is generally known as signaling molecule for plants, 

facilitating the attainment of resistance against abiotic stresses and acquired tolerance 

(Slesak et al., 2007, Ahmad et al., 2013, Wahid et al., 2007). The increased cellular 

concentrations of Reactive Oxygen Species (ROS) and the subsequent conversion of 

ROS into H2O2 is one of the consequences among numerous other stresses. It was 

concluded through extensive research that oxidative stress is induced due to high 

concentration of H2O2  when applied exogenously whereas if low concentration of H2O2 

is applied, it increase the tolerance to abiotic stress by improving the antioxidant 

activities in maize (Chen et al., 2009b, Wang et al., 2010, Ahmad et al., 2012) and 

Brassica juncea (Ahmad et al., 2013) and the resistance against salt stress was induced 

by boosted actions of antioxidants and by decreasing the peroxidation of membrane 

lipids present in the roots and leaves of the maize (Ahmad et al., 2013, de Azevedo 

Neto et al., 2005).  

In future the chances of manifestation of abiotic stresses will be increased due to 

fluctuating climatic factors. Plants are exposed to multiple biotic and abiotic stresses 

simultaneously. Plants bearing two or more autonomously arising stresses, essentially 

do not need to tolerate them when they arise instantaneously (Collins et al., 2008, 

Mittler, 2006, Mittler and Blumwald, 2010, Nostar et al., 2013, Atkinson and Urwin, 

2012, Pandey et al., 2015). The damage is occurred in stress due to activation of 

reactive oxidative species for instance when the temperature is reduced to 10 
0
C in 

Capsicum annuum L. (C. annuum), oxidative damage to numerous cellular structures 

and macromolecules were caused due to activation of ROS (Apel and Hirt, 2004, 

Marocco et al., 2005) as a result poor seedlings were produced (Guan et al., 2009). 

Numerous endogenous resistance mechanisms against ROS comprise of enzymes, such 

as Catalase (CAT), Peroxidase (POD) and Superoxide Dismutase (Noctor and Foyer, 

1998, Ahmad et al., 2013)  

Fundamentally, all abiotic and biotic stresses are induced or involved in oxidative stress 

to some extent and the capability of plants to regulate oxidant intensities is greatly 
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associated with the stress tolerance. It is also recognized that oxidative metabolism, and 

principally H2O2, is convoluted to an extensive diversity of responses and signaling 

cascades essential for all phases of plant development and the integration of action, 

fluctuating from the growth of individual root hairs, to lignification and differentiation 

of xylem, to cross-linking and loosening of wall, to coordination of shoot/root and to 

control stomata. Consequently, the contribution of H2O2 in stress conditions is very 

significant, it certainly must be deliberated in the perspective of, and even as a distinct 

case; the involvement of H2O2 in “standard” development in metabolism (Cheeseman, 

2007) 

H2O2 is basically not a free radical but it is hypothetically reactive oxygen and the 

product of two electron reduction molecules of superoxide radical (•O2)  (Halliwell et 

al., 2000, Cheeseman, 2007). H2O2 is moderately “harmless” as compared to hydroxyl 

radical, (•OH) and •O2, when the transition metals are not present, it is unreactive and 

nontoxic even at increased concentrations than a biotic system would ever produce. 

Practically, this imparts on it more movement within the tissues, and the possible 

utilization as a substrate in different reactions and also as a molecule for the activation 

of ROS (Cheeseman, 2007). 

Conversely, H2O2 is possibly somewhat reactive with other transition metals or 

molecules comprising Fe
2+

 through the Fenton reaction (Becana et al., 1998). The 

toxicity of H2O2 is due to the bond dissociation of hydrogen peroxide into •OH, that’s 

why it is the worst drawback of this reaction. For instance, Rubisco is inhibited by the 

exogenous hydrogen peroxide because it causes the disintegration of the LSU at glycine 

present in the site of catalysis (Ishida et al., 1999). The direct reaction of the –SH 

groups with H2O2 has been reported in previous studies as the system by which the 

inactivation of fructose bisphosphatase occur due to H2O2 in chloroplasts (Charles and 

Halliwell, 1980, Charles and Halliwell, 1981). The generation of •OH is prevented by 

enzymatically (by using ascorbate peroxidase or catalase) removing the H2O2 in order to 

reduce the toxicity of H2O2 (Toda, 2005, Andrade et al., 2006). 

It is reported by Hernández et al. (2001) that at the lower end, levels of tissue that range 

from 10-150 pmol/gFW in the apoplast of pea leaf with the variation (induced by salt) is 
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adequate to cause oxidative abrasions. On the other hand, He et al. (2005) stated that in 

the leaves of Poa pratensis the concentration is 1.3% of the dry weight of leaves. The 

data on which their report was based is ca. 100 mM or 60 μmol/gFW on the basis of 

water present in leaves. By contrast, the plants grown in fields were analyzed with care 

to justify the probable interventions as well as sustained metabolism of H2O2 after 

harvesting and it was proposed that values that range from 1-5 μmol/gFW may be 

normal (Cheeseman, 2006). The tobacco leaf (cv. Xanthi) when critically exposed to 

ozone (200 ppb/2 hr), the levels of H2O2 had raised ca. 4x (in the range of 100 

nmol/gFW) reported by Chen and Gallie (2005). 

In an aerobic atmosphere ROS and H2O2 are usually very important elements of life 

(Møller, 2001). Main sources involve backfires in the ETC (electron transport chain) of 

mitochondria and chloroplasts, a wide diversity of limited substrate oxidases for 

example type III peroxidases, oxidases of NADPH and glycolate oxidase present in 

peroxisomes as well as the Mehler reaction (Halliwel and Gutteridge, 1999). H2O2 is 

directly produced by some of these substances for example; limited substrate oxidases 

while others require some additional reactive intermediates (i.e. •O2) in order to produce 

H2O2. Generally, these events that result in production of H2O2 are boosted by various 

biotic and abiotic stresses (Alscher et al., 1997, Bolwell, 1999), even though they are 

reported as an essential part of several plant developmental processes. 

H2O2 is in general rapidly utilized by catalase as it is produced in glyoxisomes and 

peroxisomes, while isoforms of APX3 (ascorbate peroxidase) confined to the organelles 

might also play role in detoxification of H2O2 (Wang et al., 1999). The association 

between signaling network and H2O2 has been broadly recognized for various stress 

responses, containing  wounding, insect feeding, high temperature, pathogen elicitors 

and closing of stomata related to ABA (Larkindale and Knight, 2002, Apel and Hirt, 

2004, Peng et al., 2004, Mateo et al., 2006). 

In several recent studies many new characteristics and properties of H2O2 are discussed 

in various crops i.e. seedlings of maize when exposed to chilling stress, results in 

endogenous H2O2 production in plant tissues and cells, but the resistance and tolerance 

of maize seedlings is enhanced by exogenously applied H2O2 against the chilling stress. 
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In seedlings of maize this rapid defense is generated as a result of improved anti-

oxidative system and the enzymes of anti-oxidant system don’t let accumulation of ROS 

against this stress (Prasad et al., 1994). The capability of rice seedlings is improved by 

pre-treating with different concentrations of H2O2 against combined stress of heat and 

salt (Uchida et al., 2002). Anti-oxidative enzyme is directly or indirectly activated by 

hydrogen peroxide against the salt stress (Liang et al., 2003). Hence, the pre-treatment 

of H2O2 behaves as a signal molecule and responsible for generating the resistance 

against various stresses i.e. heat, salt and chilling sensitive genotype of maize, drought 

(Gong et al., 2001, Prasad et al., 1994), and in rice against heat stress (Uchida et al., 

2002). 

Nanoparticles also act as abiotic stress in several plants depending on size, type, 

physical and chemical properties of nanoparticles as well as plant species. The 

astonishing biological effects i.e. toxicity could be due to the distinctive properties of 

nanoparticles. Certain previous studies have revealed that nanoparticles have poisonous 

effects on microorganisms (Jones et al., 2008, Rai et al., 2009, Song et al., 2013), 

animals (Griffitt et al., 2007, Bar‐Ilan et al., 2009) and plants (Lee et al., 2008, 

Castiglione et al., 2011, Geisler-Lee et al., 2012). Several nanoparticles such as 

nanoparticles of silver are even synthesized for their lethal properties (e.g. antibacterial 

activity). Conversely, in spite of latest advancement in understanding the environmental 

and health concerns of nanoparticles, the toxicity of some nanoparticles is still 

argumentative and contradictory results are often described. Consequently, for 

upcoming research certain challenges are still needed to be accomplished (Wiesner et 

al., 2006, Song et al., 2013). Moreover, while there are numerous studies on the toxic 

effects of nanoparticles in bacteria and animals, studies evaluating the toxic effects of 

nano-materials in advanced plants are inadequate (Lin and Xing, 2007, Castiglione et 

al., 2011, Song et al., 2013). 

The nanoparticles of titanium dioxide (TiO2) are produced globally in large amounts in 

order to produce cosmetics, particularly sun block, that contains TiO2 nanoparticles 

which help to guard the skin from ultra violet rays (Song et al., 2013, Trouiller et al., 

2009). TiO2 nanoparticles are also extensively used for the production of antibacterial 

products and to decompose organic material in waste water (Castiglione et al., 2011, 



Chapter 1  Introduction 

5 
 

Song et al., 2013). Numerous articles described the toxicity of TiO2 nanoparticles in 

animals, i.e. cytotoxicity (Kang et al., 2008) DNA damage (Trouiller et al., 2009, Song 

et al., 2013) and neurotoxicity (Long et al., 2006). Conversely, several studies, 

inspecting the genotoxicity, cytotoxicity, sensitization and acute toxicity have stated 

reverse consequences, discovered no toxicity (Nohynek et al., 2008) and no indication 

of substantial penetration of TiO2 nanoparticles was found (Newman et al., 2009). The 

toxic effects of nanoparticles of titanium dioxide in animals are still controversial. 

Therefore, the biological effects of TiO2 nanoparticles are further need to be analyzed 

(Newman et al., 2009). In recent studies only few articles are investigating the 

properties of TiO2 nanoparticles on plants (Castiglione et al., 2011, Hong et al., 2005, 

Zheng et al., 2005, Yang et al., 2006a, Song et al., 2013). 

An increased demand to engineer nanoparticles is generated due to several applications 

of nanotechnology. It is estimated that by 2020, the value for the products of 

nanotechnology will exceed to 3 trillion U.S. dollars (Roco, 2011, Servin et al., 2013). 

The transfer of nano sized particles into the food chain by eatable plants is very 

significant. The vegetables that can be grown in gardens may be accompanying with 

nanoparticles by direct application of agrichemicals and bio solids (Servin et al., 2013). 

It is indicated by latest studies that TiO2 is the most extensively used nanoparticle with 

up to 10,000 tons per year of universal production (Piccinno et al., 2012). Almost 

50−80% of the overall production of nanoparticles of TiO2 is utilized in sunscreen 

industries and cosmetics industries (Kaida et al., 2003, Klaine et al., 2008). Among the 

various other applications, the nanoparticles of TiO2 have been utilized in plastics, 

coatings, cement, paints (Kaida et al., 2003) and as a photocatalyst (Nakata and 

Fujishima, 2012). 

It was investigated in earlier studies that TiO2 nanoparticles can be associated with 

leading toxicological harms (Rothen-Rutishauser et al., 2006). Experiments were 

conducted on lung cells of humans in vitro and was revealed that cell growth was 

inhibited by nanoparticles of TiO2 in anatase crystalline phase and oxidative stress was 

induced (Gurr et al., 2005), intracellular contents of cytokine was enhanced (Val et al., 

2009) and cell death was occurred due to intrinsic apoptotic pathway (Shi et al., 2010). 
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Several other reports have also exposed that plants and bacterial species can also be 

affected by the TiO2 nanoparticles (Servin et al., 2013). 

TiO2 nanoparticles improved the malondialdehyde level, which acts as an indicator of 

lipid peroxidation in Nicotiana tabacum and Allium cepa, signifying that DNA damage 

could be occurred (Ghosh et al., 2010). Larue et al. (2012) stated that nanoparticles of 

TiO2 were accumulated in shoots and roots of wheat (Triticum aestivum) grown in 

hydroponic conditions. Likewise, in a prior research, we verified that plants of 

cucumber (Cucumis sativus) uptake nanoparticles of TiO2 from the roots and transport 

them to the leaf trichomes (Servin et al., 2013). 

Nanoparticles are specific particles and the size of the nanoparticles ranges between 1-

1000 nm. There are several applications of nanotechnology in various research fields 

i.e. medicine, agriculture, etc. Nowadays, nanoparticles of TiO2 are broadly used in 

industries (Mohanraj and Chen, 2006, Samadi et al., 2014). These nanoparticles 

generally exist in crystalline and non-crystalline forms, among crystalline forms these 

particles exist with three titles: anatase, rutile and brukite. Nanoparticles of TiO2 are 

applied in layered surfaces, disinfectant sprays, dipole electron tubes, sporting goods, 

optical module etc. The physiologic parameters of plants and biological systems are 

affected by these particles. Antioxidant system which can enhance the water absorbing 

and utilizing abilities can be stimulated by nanoparticles of TiO2 (Lin and Xing, 2007, 

Samadi et al., 2014). 

The 9
th

 most abundant element found in the earth is titanium (Feizi et al., 2013). TiO2 

belongs to the transition metal oxide family and is the oxide of the titanium metal (Li et 

al., 2010). TiO2 is thermally stable but it is not soluble in water (Samadi et al., 2014). 

Recently the discipline of nanotechnology has started taking its roots in agriculture 

and plant biotechnology (Pérez‐de‐Luque and Rubiales, 2009). Nano-sensors are a 

good example; they are indeed very promising for the delivery of small materials 

into the plants. More over nano-fertilizres have been developed which promises new 

and efficient method for nutrient delivery to the fields (Torney et al., 2007). But with 

all this glory the technology has not been tested in case of animals and plants. 

It is suspected and has been understood that these small although beneficial nano-
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materials can accumulate in plants and animals and pass on into humans ( Li n  an d  

X i n g ,  2 0 0 7 ) .  Studies conducted on translocation of these elusive nano- materials 

on various crops and plants helps us to understand the route taken by these chemicals. 

If they accumulate in our food chain then consequences could be chaotic (González-

Melendi et al., 2008). It has been reported that magnetic nanoparticles have 

translocated into the leaves of cucumber plant (Corredor et al., 2009). Both in animal 

or plant the risk exists and thorough studies are needed (González-Melendi et al., 2008). 

The compulsive force behind this huge investment is the small size of these 

nanoparticles, moreover, surface structures also play important role in alluring huge 

sums of money (Corredor et al., 2009). Some materials with dimensions less than 5 

nm show various properties like electrical conductivity optical and magnetic properties 

and different reactivates which big size particles of the same materials does not 

possess (Rawat et al., 2006). Due to small size, these nanoparticles show large surface 

area, which in turn gives more reactivity (Yih and Al‐Fandi, 2006). Besides this study 

on fish, rats and nematodes have also shed light on toxicity (Testillano et al., 2002). In 

terms of toxicity and its effect a great deal of work has been done in aquatic organisms. 

Others have also repotted data and study on the effects of these nanoparticles on roots 

and germination levels of plants (Lam et al., 2004). As plants face these toxic particles 

ROS species are produced.  

In current study we selected Capsicum annuum L. (C. annuum) as it is a significant and 

efficient economical vegetable. In 2013, the genome of C. annuum is completely 

sequenced and the size of the genome is approximately 3.26 Gb (Qin et al., 2014). It can 

be used as fresh vegetable as well as numerous processing industries to produce 

products such as ground pepper, pepper sauce, dried pepper and pickled pepper. The 

genus Capsicum belongs to Solanaceae family and it has 2n=24 number of 

chromosome. After tomato and potato Capsicum annuum L. is the third most significant 

crop of sloanaceae family. In various areas across the world only 5 species (C. 

chinense, C. pubescens, Capsicum annuum, Capsicum baccatum and C. frutescens) are 

cultured and grown among all the other 20 to 27 (Tong and Bosland, 1999, Bosland and 

Votava, 2000). Commonly only two species of Capsicum i.e. Capsicum annuum L (hot 

pepper) and Capsicum frutescens L (sweet pepper) are cultivated in Pakistan. Capsicum 
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annuum L. being a summer vegetable is the most widely and commonly cultivated 

species in Sindh and southern Punjab. In Pakistan, the area under chili production is 

62.7 thousand hectares and the yield harvested from this area 150.3 thousand tons while 

the average yield obtained is 2.7 tons/ha (Farooq, 2013) 

The hybrids of plants are developed by adopting selective breeding methods that makes 

them heritably more vigorous and superior characters than both the parent plants. The 

phenomenon in which F1 generation exhibit diverse or superior characters than the 

parent plants is termed as hybrid vigor. The uniformity, advancement and crop 

efficiency can be exploited by using hybrid vigor as an influential tool. Refaat and 

Elgarhy (2007) described that the yield obtained from hybrid pepper is improved 200 to 

300 percent. Fruit color, fruit shapes and the quality of fruit were also enhanced. 

Enhancement in quality of fruit by hybridization of chili was stated by Milerue et al. 

(2000). It was revealed by Ganesh Reddy et al. (2010) that resistance against diseases 

i.e. caused by viruses was increased due to hybridization of chili. It was observed that Fl 

hybrid pepper was competitively superior and more fruitful than parents. Till date there 

has been no comparative research on role of H2O2 when given in combination with 

nanoparticles on hybrid plants and its parents. In current research project we 

investigated, either ROS is produced endogenously by exogenously applied H2O2? If so 

is it enabling the plant to tolerate stress caused by nanoparticles? In this research we 

take a step forward to find solutions for reducing the emerging nanotoxicty in plants and 

help us to understand the mechanisms used by hybrid to perform better and survive in 

abiotic stress conditions. The objective of this research is to find the role of pretreated 

H2O2 in overcoming nanotoxicity on C. annuum hybrid and its parents. 

The objectives of the study are to determine if (1) hybrids, in general, are more resistant 

to nanoparticles induced toxicity than its inbred parents, (2) pre-treatment of H2O2 

could increase resistance against nanotoxicity in plants and hybrids; and (3) if hybrids 

exhibit more resistance to nanotoxicity on pre-treatment with H2O2 than both the 

parents.  

The methodology of the study comprises of selection and genetic crossings of two 

inbred lines of chilli plant to produce hybrids. Both the hybrids and the parents would 
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be pre-treated with H2O2 four weeks-post germination. Following the pre-treatment, the 

hybrids and parents will be treated with TiO2 nanoparticles. Samples will be taken from 

both the treated and control groups and a number of physical and biochemical assays 

will be performed to determine if the pre-treatment with H2O2 has facilitated resistance 

against the established nanotoxicity. Molecular analyses will also be performed to 

determine the differential expression of various stress related genes in H2O2 pre-treated 

hybrids and the parents in comparison to the control group that is not pre-treated with 

H2O2.  

Outcomes of this study would help us to understand if signalling molecules like H2O2 

could play positive roles in overcoming the stress caused by the nanoparticles in plants; 

and if the hybrids are more resistant to stress caused by nanotoxicity than the inbred 

lines.
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2 REVIEW OF LITERATURE 

 

2.1 Applications of Nano Biotechnology: 

Nano biotechnology has numerous applications among them the most renowned and 

frequently used application is delivery of materials (Rieux et al., 2006). These particles 

were evolved around 1970 originally used and intended for therapeutic use against 

cancer and as vaccines carriers (Kumar, 2000). Now these tiny particles are used 

extensively for delivery of materials like drugs into living tissues of organisms. As a 

result these items and this technology have turned out to be a leading edge in the 

research (Hans and Lowman, 2002). Nanoparticles generally have a nano size ranging 

from 10 to 100 nm. The compass of nanotechnology is not restricted only to health 

associated components but has also been broaden to commercial and industrial products 

(Franklin et al., 2007). Consequently, structure of particles when contrasted with bulk of 

the same materials, contributes in changing physical-chemical properties of 

nanoparticles (Nel et al., 2006). Agricultural sector is also improving by 

nanotechnology through range of applications, such as nanocides that are used for the 

treatment of plant diseases and producing energy from food and agricultural waste 

(Moraru et al., 2003). 

Nanotechnology has a potential to transform agriculture by modifying the conventional 

methods of agricultural practices. Nanoparticles are the effective means of distributing 

the fertilizer and chemicals like pesticides, herbicides and fungicides. Nano-sensors are 

developed for the purpose to detect the quantity required for the chemicals and 

fertilizers in a land and also sense the level of nutrient and moisture in the soil (Sabir et 

al., 2014). Nano-fertilizers are easily absorbed by plant roots and translocated to 

different tissues of plants. Zinc oxide (ZnO) nanoparticles are used as nano-fertilizer in 

the form of colloidal solutions. Nano-fertilizers are used in very small quantity in 

comparison to other fertilizers, the quantity of nano-fertilizer is 40 – 50 kg while 150 kg 

of conventional fertilizer is required for a tree (Selivanov and Zorin, 2001, Raikova et 

al., 2006). 
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2.2 Engineering of Nanoparticles in Industry: 

Engineered nanoparticles are well-known and extensively used as they are prepared 

specifically for a particular task and have discrete chemical properties that make them 

different from others, hence appealing for commercialization (Medina et al., 2007). 

Engineered nanoparticles established their way into food, agriculture, health and 

technology. Their usage is influenced by different surface, size and chemical properties. 

Due to the minute size of less than 100 nm, here is a likelihood that they can transfer 

from lungs to systemic areas, piercing natural barriers and resulting in toxic effects 

(Medina et al., 2007). As these particles can cause problems to the health, studies are 

required to perceive their effects. In the field of medicine, their application is increasing 

and because of being proficient delivery systems, there is no other option available. 

Besides this, cellular toxicity needs to be determined in order to validate health and 

other field applications (Ngoy et al., 2011). 

2.3 Toxicity Caused by Nano-Materials in Living Organisms: 

2.3.1 Nanoparticles in Humans and Animals: 

Some studies have reported accumulation of Titanium Dioxide (TiO2) nanoparticles in 

the liver, lungs and kidneys in mice when injected with TiO2 nanoparticles (Chen et al., 

2009a). In other studies, inhalation was the main source and exposed rats showed 

phagocytosis in lungs as a result of nanoparticles. (Wang et al., 2007)reported that 

5g/Kg dose of TiO2 nanoparticles with size of 80 nm could cause hepatic injury. 

Accumulation of TiO2 nanoparticles in liver lungs and kidney was observed at a dose of 

5mg/kg (Fabian et al., 2008). Studies by Chen et al. (2006) have shown that copper 

nanoparticles cytotoxicity can trigger injuries on the lymph, payer’s patches, liver, 

spleen and kidney of the experimental animals. Other symptoms associated with the 

toxicity were related to alimentary canal such as loss of appetite, vomiting and diarrhea. 

Others included tremor and arching of the back (Chen et al., 2006). 

2.3.2 Nanoparticles in Plants: 

Plant transformation by bombardment with gold coated with DNA is a good example of 

nano scale materials application (Taylor and Fauquet, 2002). Other studies of Torney et 
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al. (2007) showed Mesoporus silca nanoparticles can control the release of certain 

particles into the protoplast. Carbon coated nano-materials have translocated in plants. 

The purpose for this is to release certain chemicals to control the effect of certain 

infections (González-Melendi et al., 2008). 

Agriculture has observed great use of nanoparticles in few years, it has been reported 

that CeO2 particles are easily taken up by plants and are translocated. Presence of these 

nanoparticles has been confirmed in tomato, corn, soybean and cucumber (Zhang et al., 

2012). Nanoparticles interactive with plants and can become the component of the 

ecosystem (Battke et al., 2008). As a result, this interaction can be an issue and cause 

accumulation of nanoparticles leading to biomagnifications. These particles can attach 

themselves with the roots when dilevered to soil. As a result toxic effects can be created 

(Battke et al., 2008). There is increase trend of phyto toxicity occurrence with 

increasing use of nanoparticles (Lin et al., 2009). Moreover it was reported that Zinc 

oxide (ZnO) inhibited several developmental stages including seed germination (Lin 

and Xing, 2007). Copper nanoparticles were toxic for two different crops, wheat and 

mung bean, evident by retarded growth of the seedlings (Lee et al., 2008). 

2.4 Toxicity Caused by Nanoparticles in Plants: 

2.4.1 Uptake, Translocation and Accumulation of Nanoparticles in Plants: 

Nanoparticles have different range of sizes and shapes; it can range from 1 to 100 nm. 

They may be in gas, liquid or powder form (Witzmann and Monteiro-Riviere, 2006). 

The penetration of copper and gold nanoparticles of different sizes was investigated by 

Boyer and Proseus in algal cells (Proseus and Boyer, 2005). While it was demonstrated 

that wheat cells can take up Single Walled Carbon Nano Tubes (SWCNT) (Liu et al., 

2009). Another study showed internalization of silica mesoporous nanoparticles into the 

plant cells. In this study protoplast was used to investigate translocation of nanoparticles 

(Torney et al., 2007). Others have shown that 40 nm size can be taken up easily; 

sycamore cultured cells were used and polystyrene nanospheres along with 20 nm 

Cadmium “Quantum Dots” (QD) were noted to translocate into these cultured cells 

(Etxeberria et al., 2006). It was demonstrated that the entry into cells was through 

certain plasma proteins in a similar fashion as it’s is performed in animal cells through 
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endocytic pathway. 40 nm nanoparticles were seen to be stored in the vacuole while QD 

remained in the cytoplasm (Etxeberria et al., 2006). 

If any micro or macro molecules enter a plant cell it can be translocated via 

plasmodesmata into the cell and eventually make its way into the organelles. A size of 

20 to 50 nm can easily be up taken by different cell organelles (Lucas and Lee, 2004). 

There are many pathways through which these particles can move in a selective or non-

selective manner. These pathways go through plasmodesmata and are known to 

transport regulatory proteins (Kim, 2005). It was observed that silver nanoparticles of 

size 20 nm were taken up by plants and were transported through plasmodesmata 

(Crawford and Zambryski, 2000). 

Uptake and translocation of nanoparticles is of very importance, as this is increasing 

day by day. It was demonstrated that copper nanoparticles can be taken up by bean and 

wheat plants in tissue culture media. It was reported that increase in the concentration of 

these particles could facilitate their uptake (Lee et al., 2008). 

2.4.2 Internalization of Nanoparticles in Plants: 

Many examples of cellular toxicity have been reported against carbon nanoparticles in 

plants and animals (Cotae and Creanga, 2005). As there are many barriers which a plant 

cell possesses like characteristics of cell wall, different protective waxes and the cuticle, 

the entry of the particles can be through stomata. It was reported that hydrophilic 

particles of size 43 nm have been seen to translocate inside the cell through stomata 

(Eichert et al., 2008). 

A study was conducted by Corredor and his team to see the translocation of these 

nanoparticles aggregates inside the plant cell. It was noted that they have travelled far 

from the application point only after 48 hours of application. The size of the particles 

was 46 nm on average while variable sizes of these particles were found to reside in the 

pith cavity and cells that were close towards the application point. This suggests that 

only particles of small size can further translocate inside the cell (Corredor et al., 2009). 



Chapter 2  Review of Literature  

14 
 

2.4.3 Entry of Nanoparticles in Plant Cells: 

Models of nanoparticles entry inside the cells can be helpful in understanding potential 

risks and benefits (Dausend et al., 2008). The size and shape of these particles plays 

important role in translocation and movement inside the cell (Nel et al., 2006). 

Moreover it has been found that this movement can be further enhanced when these 

particles binding to specific proteins creating protein corona. This further improves the 

interaction with other proteins found inside the cell (Gessner et al., 2003). However the 

size of 200 nm or greater is found not as effective as smaller ones; therefore it can be 

assumed that larger size nanoparticles cannot easily translocate inside the cells (Costa et 

al., 2011). 

2.4.4 Accumulation of Nanoparticles in Plant Cells: 

A study conducted on tobacco plant using cell suspension method showed the 

translocation of carbon nanotubes inside the vacuoles. While a study on Alfafa showed 

silver particles accumulation on the surface of root cell organelles. Other study by 

Gardea-Torresdey et al. (2003) showed that silver nanoparticles can translocate into 

stem. Another issue of upmost importance is the transmission of these particles to the 

next generation (Lin et al., 2009). If these particles are found in gametic cells then there 

is a possibility that they can be transferred to next generation the cycle will move on 

and accumulation will increase with each generation.  

The transmission to next trophic levels is also a concern. A study conducted on algae 

and tobacco plants confirmed the movement from one level to another (Judy et al., 

2010). With so many industries manufacturing nanoparticles the chance of 

accumulation has greatly increased (Pan and Xing, 2010). Studies are conducted on 

various crops like rape, lettuce, radish, corn and cucumber and have reported the 

presence of these particles (Lin and Xing, 2007). Previous research by Kurepa et al. 

(2010) showed that TiO2 anatase nanoparticles of 3 nm in size penetrates Arabidopsis 

cells where in root cells these particles are accumulated in nuclei and vacuoles while in 

leaves, hypocotyl and cotyledons TiO2 tend to accumulate in vacuole or in endosomes. 

Different nanoparticles have been found to make complexes with the membranes of the 

cell; therefore they can be easily translocated inside the cell. Once they have moved 
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inside, they can further translocate via apoplastic pathway or symplastic pathway. They 

can also go from one plant cell to next by plasmodesmata. Some of the plants can take 

up these particles very readily while others can take time. While single wall carbon 

nanotubes are very large to go inside the cell wall. It was observed in Arabidopsis that 

endocytosis can help to translocate these materials inside the cell of leaf (Shen et al., 

2010). The hydrophobic properties if these nonmaterials able those to react with organic 

substances, thus making them move inside the cell easily (Yang et al., 2006b). 

2.4.5 Toxic Effects of Nanoparticles in Edible Plants: 

The size and toxicity of nano sized particles can also be related.  It was observed that 

smaller seed species like onion, tomato, Capsicum and lettuce have high toxicity rates 

(Cañas et al., 2008). It can be due to surface area to volume ratio (Lin and Xing, 2007). 

Small seeds have higher surface area compared with larger ones (Lee and Sedlak, 

2008). Plants with more roots have higher toxicity rates as compared to the ones with 

fewer roots. Dicots have larger primary root system as compared to the monocots (Ma 

et al., 2010). A study conducted on monocots and dicots showed that mung bean a dicot 

was more sensitive to nanoparticles of copper than wheat which is monocots 

(El‐Temsah and Joner, 2012). However this study cannot confirm that all monocots will 

have less toxicity when nanoparticles are given (Ma et al., 2010). Solutions of nano 

sized particles are more effective as compared with nanoparticles themselves as they 

tend to dissolve and can easily be translocate inside the cell and plant. The size and 

surface characterization can also play an important role in the toxic effects created by 

nanoparticles (Yang and Watts, 2005). The size and surface characterization can also 

play an important role in the toxic effects created by nanoparticles (Yang and Watts, 

2005). Another factor effecting toxicity is the concentration of the given material. 

Copper nanoparticles reduced the growth of wheat plants at the concentration of 200 

mg/L (Shah and Belozerova, 2009). 

2.4.6 Effects of Nanoparticles on Plant Physiology: 

Nanoparticles act as catalysts and dissolved in solution form active metal ions that 

interact physically and chemically, affecting plants either in positive or negative manner 

(Dietz and Herth, 2011). Khodakovskaya et al. (2012) confirmed the penetration of 
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Multi Walled Carbon Nanotubes (MWCNTs) through seed coat of tomato after several 

days of incubation. These results suggest that carbon nano-tubes puncture the seed coat 

and allow the movement of oxygen and water into the seed, enhancing metabolic 

processes and accelerating seed germination. However, nanoparticles in large quantities 

agglomerate on seed coat, thereby blocking the exchange of oxygen and water into the 

seed, which ultimately reduces seed germination.  

2.4.7 Biotransformation of Nanoparticles in Edible Plants: 

Biotransformation is the upmost concern regarding nanoparticles in agriculture and 

plant delivery mechanisms. In one case it was found that zinc oxide (ZnO) in soya 

bean plants was in oxidized state. It was concluded that it transformed inside the plant 

and in root surface areas. In other study Ni (OH)2 NPs were given to mesquite plants 

and it was seen with the help of XAS spectra that Ni+ was located in roots and 

shoots of the plants. The ionic form can be associated with transformation of the 

particles. As in this form it can react with other particles and can be transformed 

(Parsons et al., 2010) 

2.4.8 Nanoparticles induced Stress in Plants: 

A nanoparticle enter the plant cells and causes imbalance and disturbance in anti-

oxidant processes and induces oxidative stress leading to cell damage (Pulskamp et al., 

2007, Yang et al., 2009b). As the level of oxidative stress increased it caused 

modification of proteins, nucleic acids and lipids resulting in activation of antioxidant 

defense system to neutralize the environment leading to cell death. Meanwhile, ROS 

increases the gene expression of death receptors and DNA damage elevates (Yang et al., 

2009a). Nanoparticles are further reported to cause point mutations or single or double 

strand break in lysosomes as a result of ROS (Singh et al., 2009). Previous studies have 

reported chromosomal aberration in onion root tips as a result of ZnO nanoparticles 

treatment (Raskar and Laware, 2014). Treating maize with Ag nanoparticles decreased 

root elongation in response to high and low concentration, at high concentration 

seedling die within a week of treatment (Nair et al., 2010). 
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2.5 Titanium Dioxide Nanoparticles and its Effects on Plants: 

It was observed that TiO2 nanoparticles due to their distinctive properties altered the 

photosynthetic ability, dry weight, and some other features of metabolisms in 

autotrophic organisms (Mohammadi et al., 2014). The second most abundant element of 

the world is TiO2 and as they are including in number of marketable goods so their 

oxides is produced in a great deal. Their improper disposal may cause their releases into 

environment because of the wide spread production, usage or recycling of nano-TiO2 

(Gottschalk et al., 2009).  

The cells of plant are composed of thick and inflexible wall that is hydrophobic. This 

wall could be punctured with nanoparticles having diameter of 5 nm (Carpita et al., 

1979). TiO2 anatase (2.8 nm) combined with alizarin red S was congregated in 

Arabidopsis thaliana in hydroponics (Kurepa et al., 2010). Because these TiO2 nano-

conjugates pierce through cell wall they were translocated to discrete subcellular 

compartments (Wang et al., 2011). These TiO2 nanoparticles by passing the pore of cell 

wall assimilate in plant roots. Nevertheless, the nanoparticles size larger than pore of 

cell wall was also stated (Corredor et al., 2009). Thus, many studies determined that 

nanoparticles can enter and assimilate into leaves even if the plant cell wall diameter is 

smaller, because plant species, and physiochemical parameters of nanoparticles 

determines the efficiency of nanoparticles accumulation (size, composition, 

agglomeration and dissolution) (Larue et al., 2012). Though TiO2 nanoparticles 

(mixture of anatase and rutile) of 100 nm hindered the germination process in Zea mays 

and blocked in Vicia narbonensis (Zheng et al., 2005). TiO2 nanoparticles (rutile) of 

2.5% boosted the germination process in seeds with encouraging effects on young 

seedlings as nitrogen uptake was improved in spinach (Yang et al., 2006b).  It also 

guarded spinach chloroplast from aging as it diminished the rate of free radicals 

production (Hong et al., 2005). In contrast, contact of TiO2 to Salix for a short time 

period was found unsuccessful in displaying major deviations in transpiration, water use 

efficiency and growth. This result reveals that woody species are not sensitive to acute 

toxic effects of TiO2 (Feizi et al., 2013). 
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TiO2 nanoparticles with primary diameter lesser or equal to 36 nm assimilate in wheat 

roots. TiO2 nanoparticles above 140 nm failed to access parenchyma and their 

movement is restricted to root epidermis. On contrary nanoparticles with primary 

diameter of 36 nm reached and accumulated in parenchyma but were inhibited to reach 

stele; as the movement of nanoparticles is blocked by casparian strip. However, 

diameter less than 36 nm acquire the access to cross casparian strip, reaching vascular 

cylinder, and accumulating into wheat root parenchyma (Chafe and Wardrop, 1972).  

Lu et al. (2002) demonstrated that SiO2 and TiO2 in combination enhanced the seed 

germination and biochemical activity of soybean like superoxide dismutase, catalase, 

and nitrate reduce reductase and peroxidase. However in maize seedlings, no change in 

root growth was observed in response to different concentrations of TiO2 (Song et al., 

2013). 

2.6 Role of Reactive Oxygen Species in Stress: 

Reactive oxygen species (ROS) are produced at high rates in plants under stress 

conditions. ROS accumulation leads to severe injuries because of their extraordinary 

oxidizing potential, comprising degradation of polysaccharides, denaturation of proteins 

and enzymes, and the scission, cross linking, and nicking of DNA strands (Gill and 

Tuteja, 2010). Consequently, the cells either acclimatize by producing anti-oxidant 

enzymes to these variations or may die due to inadequate responses.  

Antioxidant enzymes are generated in the organelles which tackle oxidative stress 

(Foreman et al., 2003). Antioxidants are also called as oxidation inhibitors as they 

inhibit oxidation of molecules by inhibiting propagation of initiation of oxidizing chain 

reaction (Pokorný and Korczak, 2001). There is a large class of these enzymes like 

peroxidase, catalase NADPH oxidase (Foyer and Noctor, 2005b, Foyer and Noctor, 

2005a). One antioxidant scavenges and neutralizes single free radical by donating 

electron and ending carbon stealing reaction to further prevent tissue damage. There are 

variety of components inside cells that neutralize free radicals of both exogenous and 

endogenous origin (Jacob, 1995). Having such a wide range of arsenal, plants can adapt 

to any biotic and abiotic stress situations (Mittler et al., 2004). Antioxidants are 

classified as first \ second line or third line of defense. Primary antioxidants terminate 



Chapter 2  Review of Literature  

19 
 

chain reaction by donating electron and producing stable products, while secondary 

antioxidants are chelating agents or oxygen scavengers. Antioxidants—are important 

inhibitors of lipid peroxidation: a reaction produced by free radicals that cause oxidative 

damage to cells (Vimala and Adenan, 1999). 

2.6.1 Scavenging of ROS: 

ROS is a collective term used for oxygen derived species specifically oxygen radicals: 

non radicals like superoxide (O2•), hydroxyl (OH
-
), hydrogen peroxide (H2O2), and lipid 

peroxide (LOOH) that increases their reactivity (Pham-Huy et al., 2008). Accumulation 

of these ROS is the major cause of loss in yields worldwide. There are many enzymatic 

scavengers that plants posses like, Superoxide Dismutase (SOD), Glutathione S-

Transferase (GST) and Catalase (CAT) to counter the threat of toxicity (Mittler et al., 

2004). Catalase—a tetrahedral protein is comprised of four heme groups that actively 

catalyze dismutation of H2O2 to H2O and O2. Ascorbate peroxidase (APX) detoxifies 

H2O2 and regenerates glutathione via ascorbate-gluthathione pathway, as APX 

particularly scavenges H2O2 produced by superoxide dismutase by using ascorbate as 

electron donor. To combat oxidative stress plant triggers antioxidant enzymes system 

such as superoxide di-mutases (SODs), ascorbate peroxidases (APXs), and catalases 

(CATs) that defend the plant efficiently against these oxidative stresses (Gill and 

Tuteja, 2010). Zhao et al. (2012) showed that CeO2 nanoparticles induced the 

antioxidant enzymes in maize (Z. mays). These enzymes are involved in defense system 

against stresses by scavenging the reactive oxygen ions and radicals. Therefore, plants 

have active system to counter free radicals. A free radical is a molecule or molecular 

fragment comprised of unpaired electrons in outermost orbital, and is also capable of 

existing independently (Gill and Tuteja, 2010) 

2.6.2 Production of ROS: 

ROS are produced mostly in the mitochondria during the cellular oxidative reaction as 

by products (Pung et al., 2012). During cell signaling and mitogenic induced responses, 

ROS play a crucial and advantageous role (Valko et al., 2006, Pung et al., 2012). In 

addition to these reactions there are many reactions in which ROS are produced such as 

transition metals like iron and copper can also produce ROS (Pung et al., 2012). ROS 
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are generally produced during normal biological functions but their over-production can 

lead to the oxidative stress (Meng et al., 2009). 

Hydroxyl radicles may be produced because of extracellular ROS in result of metal 

nanoparticle toxicity. Extracellular reactive oxygen species may change the 

permeability of membrane leading to cell membrane damage. As a result the possibility 

of entrance of metal nanoparticles becomes high (Xia et al., 2006). Metal nanoparticles 

produce ROS and may lead to oxidative stress in plants (Xia et al., 2008).  

A study carried out by Levine (1999) introduced number of stressors to the cells of 

soybean and determined that H2O2 produced due to these introductions bring rapid 

influx of calcium ions, a variation that give rise to apoptosis. 

2.7 Role of Exogenous Hydrogen Peroxide in Stress: 

H2O2 is a significant ROS molecule. Depending upon its concentration, it has a dual 

role in plant cells, as it can work as an indicator of oxidative stress and initiate a 

signaling cascades following early response of plants to abiotic stress where at very 

high concentration itself act as stress. This response to abiotic stress can also be 

established by exogenously applying elicitor molecules, that trigger the activation of 

transduction cascades and hormonal pathways, which recruit induced resistance to 

environmental stress by activating antioxidant system (Mejía-Teniente et al., 2013)  

The purpose of elicitor-induced plant signaling is to assist as a guide to a number of 

intracellular events that finish in triggering of transduction cascades and hormonal 

pathways, which activate induced resistance making plant immune to abiotic stress 

(Mejía-Teniente et al., 2013). Different factors describe role of  elicitors,  such as the 

amount of the elicitor, plant stage in which elicitor is given as well as  time of 

elicitation, and stage in which elicitor is applied (Mejía-Teniente et al., 2013). 

Peroxisomes act as a main site for reactions, producing H2O2 containing 

photorespiration, β oxidation of fatty acids, and further oxidation of other substrates 

(Dat et al., 2000a, Dat et al., 2000b, George, 2014). As there are several pathways for 

synthesis, there are also numerous pathways for removal or scavenging of H2O2. For 

scavenging of peroxide and other free radicals present in cells, numerous enzyme 
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systems are involved as presented in schematic diagram. A study conducted on C. 

annuum showed that exogenous application of 6.7 and 10 mM salicylic acid 

concentration, and, 14 and 18 mM H2O2 concentrations brought an endogenous H2O2 

production and gene expression. It was observed that plants were able to attain a high 

degree control over ROS toxicity, through a highly balanced and strongly organized 

network of minium152 genes, which translate both ROS-producing genes and ROS-

scavenging enzymes (Mejía-Teniente et al., 2013). Consequently, ROS species have 

been applied as signaling molecules and therefore the relationship among the ROS-

producing and ROS-scavenging pathways will define the localization, duration and 

intensity of the ROS signals (Mejía-Teniente et al., 2013).  Exogenous application of 

H2O2 assisted in surviving chilling conditions in field crops (Kumar et al., 2010, Ahmad 

et al., 2013). A general pathway for production of H2O2 has been shown in fig. 2.1. 
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Figure 2.1 Schematic diagram representing production of H2O2 in a cell 

H2O2 production in various intra- and extra-cellular sites and the resulting signaling 

cascade coupled with the regulation of expression of defense genes in plant cells. Figure 

modified from Hossain et al. (2015).
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3 METHODOLOGY 

 

Figure 3.1 Flow chart of overview of methodology 
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3.1 Plant Material: 

Seeds of two cultivars of Capsicum annuum L. (C. annuum) with code no. 16/8 and 

14/9 and their hybrid (produced by cross breeding of homozygous parental lines) were 

obtained from Vegetable Department, Horticulture Research institute, National 

Agriculture Research Center (NARC), Islamabad. 16/8 was termed as Parent 1 (P1), 

14/9 as Parent (P2) and hybrid as H for the study. 

3.2 Growth and Maintenance of Plant Lines: 

Petri dishes were lined with Whatmann filter papers and seeds of C. annuum including 

Parent 1 (P1), Parent 2 (P2) and their Hybrid (H) were distributed on Whatmann filter 

papers with the same distance in separate petri dish. The petri dishes were placed in 

growth room at 26±1 
0
C in dark conditions until germination of seeds. Only 18 seeds 

for each cultivar were implanted in tray after germination. The soil mixture used in 

trays for growing C. annuum seedlings was prepared by mixing 1:1:1 ratio of soil, peat 

moss and sand respectively. The trays containing 32 pots were placed at 26±1 
0
C under 

16 hours of daylight (provided by fluorescent tube lights) and 8 hours of dark period. 

C. annuum seedlings were allowed to grow for 30 days post-germination. The plants 

were only watered with tap water during this period.  

3.3 Selection of Nanoparticles: 

Titanium dioxide nanoparticles (TiO2) were used in this research. TiO2 nanoparticles 

were obtained from Santa Cruz Biotechnology.  

3.3.1 Characterization of Nanoparticles:  

Nanoparticles differ in their chemical characteristics and physical properties and these 

properties affect their ability to assimilate into plant roots and cells and ultimately on 

plant physiology (Feizi et al., 2012). Here, we used X-ray Diffraction (XRD) technique 

to characterize TiO2 particles and its uptake into plant tissues to understand its impact 

on plant physiology, and biochemical activity. This technique was executed to detect 

phase, and crystalline state of TiO2 nanoparticles. It’s a multipurpose and non-

destructive technique that describes crystallographic and chemical structure of 

nanoparticles consists of different phases. These phases are assessed by studying 
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subsequent diffractogram formed via addition of distinct patterns (Karan et al., 2009, 

Aromal et al., 2012). 

3.4 TiO2 Nanoparticles and H2O2 Treatments:  

TiO2 nanoparticles suspension were prepared to determine the combined effects of 

nanoparticles and exogenously provided H2O2 on C. annuum. Nanoparticles suspension 

was prepared by adding 1 g TiO2 nanoparticles in 1 L double distilled autoclaved water 

in the regent bottle, covered with aluminum foil to protect from light. The bottle was 

placed in shaker for 15 min on high speed to ensure the proper mixing of nanoparticles. 

They were further placed in ultra-sonicator for 60 min to ensure their proper dispersion. 

Hydrogen Peroxide (H2O2) treatment was performed using 1 mM and 10 mM 

concentrations also prepared in distilled water. 

 

Table 3.1: To determine the effects of pretreated H2O2 and TiO2 nanoparticles in C. 

annuum parental lines; Parent 1(P1), Parent 2, (P2) and their Hybrid (H), following 

group codes were assigned to treated groups. 

S. No. Group Code 
Treatment 

Description 

1 a Water 

2 b 1 mM H2O2 

3 c 10 mM H2O2 

4 d 1 g/L TiO2 

5 e 
1 mM H2O2 + 1 g/L 

TiO2 

6 f 
10 M H2O2 + 1 g/L 

TiO2 
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3.5 Plant Stage Selection for Treatment:  

Capsicum annuum L. (C. annuum) seedlings were grown for 30 days in a tray 

containing soil, sand and peat. Treatment of H2O2 was given for two days followed by 

a gap day when water was given to all groups of both parents and their hybrid to help 

withstand and survive the stress and uphold its rigidity. To determine the effects of 

H2O2 pretreatment on seedlings TiO2 treatment was provided for 10 days. Group “a” 

was used as control treated with distilled water in both parents and their hybrid; Group 

“b” was used as control for H2O2 with 1 mM concentration in both cultivars and their 

hybrid, Group “c” as control for 10 mM H2O2 concentration in parental and hybrid 

lines. Group “d” was treated with TiO2 nanoparticles to determine the effect of nano 

sized particles on plant physiology. Group “e” was pretreated with 1 mM H2O2 for 2 

days followed by a gap day and then 1 g/L TiO2 for 10 days. While, group “f” was 

treated with 1000 mg/L of TiO2 for 10 days along with 2 days pretreatment of 10 mM 

H2O2. Plant seedlings were uprooted on 44
th

 day post germination from the tray to 

determine physiological, and biochemical parameters. 

3.6 Determination of Nanoparticles Accumulation: 

3.6.1 X-Ray Diffraction (XRD):  

Nanoparticles uptake analysis was performed by X-Ray Diffraction (XRD) technique 

to determine crystal structure and chemical composition of a nanomaterial assimilated 

by plant from soil. The measurement for standard peak was performed on amorphous 

and crystal structures of TiO2 nanoparticles in C. annuum seedlings. Uprooted 

seedlings treated with TiO2 were selected. The soil was removed by washing with 

running tap water; further roots were washed with distilled water 2-3 times. The 

seedlings were placed in dried oven at 70 
0
C for 72 hours, and the seedlings were 

grounded into fine powder to get homogenized mixture using pestle and mortar (Odum, 

2007). Powder was collected in autoclaved eppendroff tubes and conveyed for XRD (to 

SCME, NUST) to detect the accumulation and presence of TiO2 in plant samples via 

software. 
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3.7 Physiological Parameters:  

3.7.1 Seed Germination:  

To analysis how treatment of H2O2 can affect the germination rate in combinations 

with TiO2 nanoparticles the germination assay was carried out. To analyze changes in 

physiological and biochemical behavior of plant seeds exposed to TiO2 nanoparticles, 

concentration of 1 g/L, germination rate of C. annuum was determined. A total of 10 

seeds for each group were used in this germination assay as replicates. Healthy seeds 

were chosen and seeds that float in water were discarded. After that seeds of C. 

annuum were surface sterilized using 5% concentration of Sodium hypochlorite 

(NaOCl) and washed thrice for 3-4 min with tap water to ensure complete removal of 

NaOCl. Whatmann filter paper 1 was saturated by spraying 3 ml of distilled water and 

used as control for each cultivar. Petri dishes containing whatmann filter paper were 

soaked with TiO2 solution (1 g/L concentration) prepared by sonication and used as 

nanoparticles control for each cultivar. Two other sets of petri dishes were prepared 

containing 1 mM and 10 mM concentrations of H2O2 separately for both parents and 

their hybrid. But for combination treatments, seeds of C. annuum were imbibed in 2 ml 

H2O2 of 1 mM and 10 mM concentrations independently for 2 hour and were spread on 

filter papers presoaked with 1 g/L concentration of TiO2 solution separately for each 

cultivar (Pokhrel and Dubey, 2013). The seeds were placed at a distance of 1cm, closed 

with parafilm and wrapped in aluminum foil. Petri dishes containing C. annuum seeds 

were placed in growth room at 26±1 
0
C for 8 to 10 days (until germination). The 

germination percentage was evaluated using the following formula (Pokhrel and 

Dubey, 2013). 

 

Germination % = no. of seeds germinated - total no. of seeds     X 100 

Total no. of seeds planted 

 

3.7.2 Root and Shoot Length Measurements: 

Effects of H2O2 and TiO2 treatment on plant growth and development was determined 

by measuring root and shoot lengths. The germinated seedlings were transferred to 
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trays containing soil mixture. Each treatment contained 3 replicates. 30 days post-

germination, treatments of H2O2 were given for two days followed by nanoparticles 

treatment for 10 days. The plants of each cultivar and each treatment group were 

uprooted on 44
th

 day for measuring root and shoot length. The soil was removed from 

roots and measurements were taken with the help of scale as shown in figure no. 3.2. 

 

     

Figure 3.2 Measurement of root length 

Root length was measured with the help of scale on 44th day in presence of light. 

 

Similarly measurement of shoot length was also taken with scale as shown in figure 

3.3. 
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Figure 3.3 Measurement of shoot length 

Shoot length was measured with the help of scale on 44
th

 day in presence of light. 

 

3.7.3 Moisture Content:  

Moisture content (MC) of young seedlings provides understanding on water content 

retained in groups “a, b, c, d, e and f” as mentioned in section 1 of this chapter. 

Seedlings were weighted and fresh weight was recorded, the seedlings were then kept 

in oven at 70 
0
C for 3 days so that all the moisture retained is evaporated. The dry 

weight was determined subsequently. The difference of wet weight and dry weight of 

seedling were calculated as water content and expressed in percentage (%) (Pokhrel 

and Dubey, 2013).  

The relative change in water content was determined using the following formula: 

 

MC % = Fresh Weight – Dry Weight * 100 

Fresh Weight 
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3.8 Biochemical Assays:  

To understand the effects of nanoparticles and H2O2 pretreatment on anti-oxidant 

enzymes activity of C. annuum seedlings, biochemical assays were performed. This 

technique let us know the up-regulation or down-regulation of antioxidant enzymes due 

to treatments.  

3.8.1 Chlorophyll Content: 

Chlorophyll content in leaves will help us to investigate photosynthesis of respective C. 

annuum groups affected as a result of various treatments. C. annuum seedlings from 

parental and hybrid lines were treated with TiO2 nanoparticles solution (1g/L 

concentration) after H2O2 pretreatment. The chlorophyll content of TiO2 treated 

seedlings was determined using ethanol method. Fresh leaves of from each treated 

group were weighted 0.25 mg and were soaked in 5 ml of 80% of ethanol. The test 

tubes were capped and placed in water bath at 80 
0
C for 10 min. This extract was 

cooled at 4 
0
C in dark. Chlorophyll content was measured by taking Optical Density 

(OD) value at 666 nm through spectrophotometer. Quantification of photosynthetic 

pigment was carried out in triplicates. Chlorophyll content was determined using 

following formula: 

 

Chlorophyll (mg/g fresh weight) = (Chlorophyll -0.01) x 10 

      92.6474 x fresh weight of sample 

 

3.8.2 Soluble Sugar Content:  

Soluble sugar content from C. annuum fresh leaves was determined using the method 

of Dubois et al. (1956) known as phenol and sulfuric acid method. 500 mg of Fresh 

leaves of 44 days old plants from each group (a, b, c, d, e and f as mentioned in section 

1 of this chapter) of hybrid and the parents, were dipped in 80% ethanol in a test tube 

closed with cap and placed in water bath at 80 
0
C for 1 hour to make sample extract. 

After 1 hour, in another set of test tubes 250 μL of this sample extract was poured 

together with 500 μL of 18 % phenol. This solution was incubated at 4 
0
C for 1 hour in 

absence of light. After incubation, 1.25 mL of concentrated sulfuric acid (H2SO4) was 
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added to each sample and test tubes were vortexed. Amount of sugar of each sample 

was measured by evaluating absorbance at 420 nm via UV-Vis spectrophotometer. 

Standard glucose curve was used to determine concentration of sugar content. 

3.8.3 Enzyme Extraction:  

250 mg of fresh leaves were taken and stored immediately at -80 
0
C. For total protein 

extraction, the frozen leaves from group “a, b, c, d, e and f” of C. annuum hybrid and 

the parents were used and grounded to fine powder with liquid nitrogen using pre-

chilled pestle mortar separately. The leaf powder was homogenized with 1.2 mL 

potassium phosphate buffer with molarity 0.2 M (pH 7.8 with 0.1 mM EDTA) and 

collected in autoclaved eppendorf tubes. These homogenized samples from were 

centrifuged at 14,000 rpm for 30 min at 4 
0
C. The supernatant was stored in separate 

vials at -80 
0
C and used to perform anti-oxidant enzyme assays: Catalase (CAT), 

Ascorbate Peroxidase (SOD), and Superoxide Dismutase (SOD) content (Elavarthi and 

Martin, 2010). 

3.8.4 Total Soluble Protein Estimation:  

Total soluble protein content was estimated via Bradford assay (Yadeghari et al., 

2008). Standard curve was produced by using Bovine Serum Albumin (BSA) test 

(Bradford, 1976). However, for total protein content measurement, 0.5 mL of Bradford 

reagent, 2 mL distilled water and 20 μL of crude protein sample from group “a, b, c, d, 

e and f” of C. annuum hybrid and the parents was added separately. The samples were 

vortex and incubated for 10 min at room temperature. Absorbance was measured at 

wavelength of 595 nm on UV/Vis spectrophotometer. Total soluble protein 

concentration was estimated by using standard curve generated through BSA test. 

3.8.5 Catalase:  

The enzyme assay according to Aebi (1984) method with few modifications was 

performed which gives a measure of catalase activity based on detection of 

decomposition of H2O2 (Elavarthi and Martin, 2010). 3 mL reaction mixture containing 

2 mL of leaf extract that is diluted 200 times in extraction buffer (50 mM potassium 

phosphate buffer with pH 7), and 1mL of 10 mM H2O2 was prepared. For dilution of 
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leaf extract 10 uL protein extract was added in 1990 uL extraction buffet. The 

absorption was measured at 240 nm via UV spectrophotometer. The reduction in 

absorbance was observed for 30 seconds and reading was recorded after every 5 

seconds. Catalase reactivity was measured using extinction coefficient of H2O2 (39.4 

mM/cm at 240 nm) that was stated in millimole per minute per gram of sample fresh 

weight (FW). 

 

CAT (mM/gFW) activity = Absorbance change * Total volume of reaction 

mixture 

     Sample Volume * EC * minutes * gFW of sample 

 

3.8.6 Ascorbate Peroxidase:  

Ascorbate Peroxidase (APX) enzyme activity of water controls and treatment groups 

(treated with TiO2 and H2O2) of each cultivar of C. annuum seedlings was estimated 

using Nakano and Asada (1981) method with few modifications. Decline in optical 

density due to oxidative reaction of ascorbate in reaction mixture was observed for 30 

seconds at 290 nm after every 5 sec using UV-Vis spectrophotometer. 3000 uL of 

reaction mixture was prepared containing 600 uL 50 mM potassium phosphate buffer 

(pH 7.0), 100 uL (1 mM) EDTA, 100 uL (5 mM) Ascorbate, 100 uL (0.1 mM) H2O2 

and 100 uL crude protein extract. For blank, 700 uL of potassium phosphate buffer was 

used however blank did not contain protein sample. The 2.8 mM/cm extinction 

coefficient was applied to calculate ascorbate in millimole per minute per gram of 

sample fresh weight. 

 

APX (mM/gFW) activity = Absorbance change * Total volume of reaction mixture 

     Sample Volume * EC * minutes * gFW of sample 

 

3.8.7 Superoxide Di-mutase (SOD) activity: 

To calculate SOD catalytic activity SOD buffer was manufactured according to 

Beauchamp and Fridovich (1971). 3 mL of SOD buffer was taken for each sample in 
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10 mL falcon tube whereas 100 μL riboflavin stock and 100 μL of total protein extract 

was added from each sample to 3 mL SOD buffer in same falcon tube.  All the falcon 

tubes containing resultant mixture of SOD buffer and protein samples were placed 

under florescent lamp of 40 watts on the shaker for half an hour. Yellow color, in the 

test tubes, was change to brown color. One more set of falcon tubes prepared 

containing same reaction mixture for each sample but placed under dark for the same 

time as mentioned above. Mixture of 3 ml of SOD, 100 μL of riboflavin stock and 100 

μL of distilled water was used as blank. At the wavelength of 560 nm, OD was 

measured of both sets on UV/Vis spectrophotometer. 

Riboflavin stock was prepared by adding 0.0016 gms of riboflavin to 5 mL of distilled 

water and SOD buffer was synthesized by adding following chemicals: 

 

Reagent  

 

Quantity ( per 100 mL)  

Methionine  0.194 gm  

ETDA (Ethylenediamine 

Tetraacetic Acid)  

0.0367 gm  

NBT (Nitro Blue Tetrazolium)  0.006132 mg  

 

The activity of SOD was calculated by using the following calculations:  

 

SOD (units/g) = R4/A  

R4=R3-R2,  

And A=50% control= 1unit of enzyme= R1 (50/100).  

Where: R1 =absorbance of control, R2 =absorbance of blank, R3 =absorbance of 

sample
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4   RESULTS 

 

4.1 Growth and Maintenance of Plant Lines: 

Capsicum annuum L. (C. annuum) plants of both parents and their hybrid were 

grown and maintained at 26 ±1 
0
C for 44 days post-germination, in a soil trays with 

16 hours of light and 8 hours of dark period. These seedlings were further tested for 

physiological, biochemical activities and nanoparticle accumulation 

4.2 Characterization of Nanoparticles: 

Characterization of TiO2 particles was performed using X-ray Diffraction (XRD) 

technique from School of mechanical Engineering (SCME, NUST). This technique 

was used to determine phase and assimilation of TiO2 nanoparticles in plant tissues 

by examining diffraction peak of sample (Odum, 2007).  XRD pattern of TiO2 is 

shown in figure. In figure strong diffraction peaks were observed at 26.3
0
 and 29

0
, 

whereas the data analysis showed 16% anatase, and 54.8 nm crystalline size of the 

nanoparticles. The XRD analysis showed that nanoparticles possessed 

orthorhombic crystal system and 3.93 g/cm
3
 calculated density. Figure shows 

diffraction peak at 140 absorbance intensity (a.i) and 87 a.i. Additionally, size and 

phase of nanoparticles are parameters that influence physiology and biochemical 

activity of plants; thereby XRD result gives relevant information regarding 

crystalline size of nanoparticles in order to further formulate effects of TiO2 on 

plant cells (Thamaphat et al., 2008). 
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Figure 4.1 X-Ray Diffraction of TiO2 nanoparticles 

The peaks show that nanoparticles assimilate into C. annuum seedlings. The peak 

intensity at 140 absorbance intensity shows that particles are of small size, while 

the diffraction pattern peaks at 26.30 and 290 show that nanoparticles are in 

anatase phase and in polycrystalline form. The nanoparticles show tetragonal and 

orthorhombic crystalline forms.  

 

4.3 Physiological Parameters: 

4.3.1 Effects of TiO2 and H2O2 Treatments on Plant Growth/Physiology: 

Treatments of Titanium Dioxide (TiO2) nanoparticles and H2O2 had significant 

effects on the growth of the treated plants. Water treated control plants showed 

normal growth but TiO2 treated plants showed stunted growth. Hybrid plants of 

Capsicum annuum L. (C. annuum), pretreated with H2O2 showed comparatively 

better growth as compared to its parental lines indicating resistance towards 

nanotoxicity caused by TiO2 nanoparticles treatments.  

It was observed that 1 mM H2O2 played positive role in plant growth in both the 

parents while it caused minor increase in root and shoot length in the hybrids. 

However 10 mM H2O2 showed positive effects on physiology of hybrid plants. But 
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this concentration of H2O2 was itself found toxic to parental lines as indicated by 

retarded growth of parents at high concentration of H2O2. 

4.3.2 Effect of TiO2 and H2O2 on Germination of C. annuum Seeds: 

To examine the effects of TiO2 and H2O2 treatments on C. annuum germination, 

seeds of Parent 1 (P1), Parent 2 (P2) and their Hybrids (H) were soaked in distilled 

water (Group a), 1 mM H2O2 (Group b), 10 mM H2O2 (Group c) and 1 g/L TiO2 

(Group d) in separate petri plates for each treatment. For combined treatments of 

H2O2 and TiO2, seeds from both parents and their hybrids were pretreated with 1 

mM H2O2 for 2 hours and transferred to separate petri dishes containing 1 g/L TiO2 

(Group e) likewise another group was pretreated with 10 mM H2O2 also transferred 

to petri dishes containing 1 g/L TiO2 nanoparticles (Group f).  

For group P2a (P2 for “parent 2” and “a” denotes “water control group” as 

described above), 48% germination was observed that is higher from Ha and P1a 

which were 43% and 37%, respectively. Interestingly 1 mM H2O2 increased 

germination in group Hb with 46 %, group P1b with 40% and P2b with 52% as 

compared to their respective water controls. For both parents and hybrids, we 

observed highest germination with 62% for Hc group and 49% for P1c group while 

P2c showed 66% germination. It showed that 10 mM concentration of H2O2 is 

highly effective for increasing germination percentage in parental and hybrid lines 

in C. annuum. This may be due to rupturing of seed coat by oxidative effect of 

H2O2. Group d showed decreased germination percentage as compared to water 

control group with germination 41%, 33% and 47% for Hd, P1d and P2d groups 

respectively This result could be due to small size of nanoparticles and phase 

composition of nanoparticles which enters plants cells and creates oxidative stress. 

Similarly in group e, pretreatment of 1 mM H2O2 concentration in parental and 

hybrid lines showed significant decrease in germination rate with 38% for He, P1e 

showed 32% germination and 44% was observed for group P2e. The Same trend 

was observed in group f, where pretreatment of seeds from parental and hybrid 

lines with 10 mM concentration of H2O2 showed more decrease in germination 

with 35%, 30% and 41% for Hf, P1f and P2f respectively. This may be due to the 
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fact that H2O2 break the seed coat and more nanoparticles enter into the seeds and 

destroyed the embryo cells. All the three lines of C. annuum plants used for study 

revealed highest germination rate when used 10 mM H2O2 concentration, hence we 

conclude that 10 mM H2O2 can be used as a tool to increase germination rate. 

 

 

Figure 4.2 Germination percentages of C. annuum hybrids and parents seeds 

of H2O2 and TiO2 treatment groups 

Pretreatment with H2O2 increased nanotoxic effects of TiO2 by decreasing the 

germination percentage of C. annuum hybrid and the parents. However 10 mM 

H2O2 showed highest germination rate in each group. Data represents the means of 

three independent experiments with 3 plants for each treatment in each experiment. 

Error bars are standard error (SE) for three replicate reactions. 

 

4.3.3 Comparison on effects of H2O2 and TiO2 on C. annuum germination: 

Parent 2 showed highest germination rate in all treated and water controlled groups 

while for parent 1 least germination rate was observed in each treated as well as in 

water control group as presented in figure 4.3. Hence hybrid possessed moderate 

germination rate in comparison to both parents. The observed differences are may 
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be due to difference in genetic make-up of both parents and also in their hybrids. 

All the three lines of C. annuum plants used for study revealed highest germination 

rate when used 10 mM H2O2 concentration, hence we conclude that 10 mM H2O2 

can be used as a tool to increase germination rate. 

 

 

Figure 4.3 Comparison of germination rate between hybrids and their parents 

Highest germination rate for parent 2 was observed for each treatment and control 

and least germination rate was revealed by parent 1 in each treatment. Data 

represents the means of three independent experiments with 3 plants for each 

treatment in each experiment. Error bars are standard error (SE) for three replicate 

reactions. 

 

4.3.4 Effects of H2O2 and TiO2 on Post-Germinated Root Lengths in C. 

annuum Seedlings of Hybrids and the Parents: 

The effects of pretreatment of H2O2 for 2 days and subsequent 10 days treatment of 

TiO2 nanoparticles on root length of C. annuum seedlings was observed by 

measuring root length of C. annuum seedlings on 44
th

 day post-germination. In 

group Hb 2.8% increase in root length was observed as compared to water control 
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in group Ha, while for group Hc that is treated with 10 mM H2O2. 13.2% increase 

in root length was observed. The hybrid nanoparticles control group “Hd” showed 

decrease in root length as compared to respective water control “Ha” group by 

23.5%. Hence we can conclude that nanoparticles possessed phototoxic effects on 

growth of roots in hybrid plants. However when nanoparticles were given to “He” 

group pretreated with 1 mM H2O2, the decrease in root length was reduced to 9.1% 

as compared to Ha group. It showed that 1 mM concentration of H2O2 can reduce 

the phototoxic effect of nanoparticles. For plants in group Hf, that were pretreated 

with 10 mM H2O2, the root lengths were observed to increase by 3.6%, showing 

that 10 mM H2O2 is more effective in reducing nanotoxicity in hybrids. We also 

concluded that 10 mM H2O2 treatment in Hc group showed highest root length in 

all treated plants as shown in figure 4.4. 

In group “P1b”, 5.6% increase in root length was observed as compared to control 

“P1a” that is highest for all treated groups of parent 1. Hence, it could be assumed 

that 1 mM H2O2 is found effective in initiating the mechanisms involved in 

increasing root length of parent 1. Contrary to that, when H2O2 concentration was 

increased to 10 mM, a reduction in root length of 11.1% was shown as compared to 

water control group. It may be due to that fact that high concentration of H2O2 

acted as a stress to plants. The TiO2 treated group of parent 1 showed further 

decrease in root length to 21% as compared to control. These results suggested 

phototoxic role of TiO2 on root length. However pretreatment with 1 mM H2O2 

decreased the phototoxic effect of TiO2, because increase in root length of 2% was 

observed as compared to water. Pretreatment with high concentration of H2O2 also 

decreased the phototoxic effects of TiO2 but to a less extent. This pretreatment 

showed a decrease of 16% in root length as compared to water control.  

Parent 2 also showed similar behavior to parent 1of increased in root length with 

12.4% when 1 mM H2O2 was applied as compared to water control. Increased 

concentration of H2O2 had a minor positive role in increasing the root length by 2% 

while 20% decrease in root length was observed for TiO2 treated group. Group 

pretreated with 1 mM H2O2 showed 17% increase and 10 mM H2O2 pretreated 

group showed 8% increase in root length as compared to water control plants. 
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Figure 4.4 Effects of pre-treated H2O2 and TiO2 on post-germinated root 

lengths of C. annuum seedlings of hybrid and the parents 
10 mM H2O2 was determined a better candidate in reducing photo toxic effects of 

nanoparticles in hybrids and 1 mM H2O2 showed same results in parental lines. 

Nanoparticles treated plants reduced root lengths in each group of C. annuum. Data 

represents the means of three independent experiments with 3 plants for each 

treatment in each experiment. Error bars are standard error (SE) for three replicate 

reactions. 

 

4.3.5 Comparison on Effects of H2O2 and TiO2 on Root Length of C. annuum 

Seedlings of Hybrids and the Parents: 

1 mM H2O2 increased root length in hybrid and its parents while 10 mM caused 

stress in parent 1 but increased root length in hybrid and parent 2 as presented in 

figure 4.5. This difference is may be due to difference in genotype of these groups. 

So we concluded that 1 mM played positive role in reducing nanotoxicity in 

parental lines while 10 mM played the same role for hybrid. 
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Figure 4.5 Comparison on effects of pretreated H2O2 and TiO2 on root lengths 

of C. annuum 

Nanoparticles have negative effects on root lengths which were reduced by 1 m M 

H2O2 in parental lines and 10 mM H2O2 in hybrid. Nanoparticles reduced root 

lengths in each group. However, 10 mM H2O2 enhanced root length in hybrid only. 

Data represents the means of three independent experiments with 3 plants for each 

treatment in each experiment. Error bars are standard error (SE) for three replicate 

reactions. 
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annuum Seedlings of Hybrids and the Parents: 
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with 7.7% reduction in shoot length compared to water control. Conversely, 6% 

increase in shoot length was noticed for parent 1 and reduction in shoot length was 

decrease to 1.3% in parent 2 as displayed in figure 4.6.  Pretreatment with 10 mM 

H2O2 caused 9.4% growth increase in hybrid and decreased 7.7% shoot length in 

parent 1 and 22% in parent 2. 

 

 

Figure 4.6 Effects of pre-treated H2O2 and TiO2 on post-germinated shoot 

lengths of C. annuum seedlings 

TiO2 negatively effects shoot growth of C. annuum hybrid and the parents as 

compared to water control, while 1 mM H2O2 reduced the phototoxic effect of TiO2 

in parental lines and 10 mM H2O2 do the same in hybrid as revealed by shoot 

lengths in these groups. Nanoparticles reduced shoot growth in each group. Data 

represents the means of three independent experiments with 3 plants for each 

treatment in each experiment. Error bars are standard error (SE) for three replicate 

reactions. 
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shoots in all the three groups but the increase was more pronounced in parents. 

Boosted concentration of H2O2 to10 mM also revealed further improvement in 

shoot length contrary to both parents in which this treatment acts as a stress. TiO2 

exhibited toxic property towards shoot growth in C. annuum which discovered to 

be diminished with pretreatment of 1 mM H2O2 in parents and with 10 mM H2O2 in 

hybrid as represented in figure 4.7. 

 

 

Figure 4.7 Comparison on effects of pre-treatment of H2O2 and TiO2 on shoot 

lengths of C. annuum seedlings 

10 mM H2O2 increased shoot length in hybrid however this concentration showed 

growth retardation in parental lines. 1 mM H2O2 pretreatment reduced toxic effect 

of TiO2 in parents and 10 mM H2O2 do the same in hybrid. Data represents the 

means of three independent experiments with 3 plants for each treatment in each 

experiment. Error bars are standard error (SE) for three replicate reactions. 
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4.3.8 Effects of H2O2 and TiO2 on Moisture Content of C. annuum Seedlings 

of Hybrids and the Parents: 

The amount of moisture that plant contains, points towards physio-chemical assets 

of plant tissues and effect of environment. To pinpoint probable impact of 

pretreated H2O2 and TiO2 on moisture content, fresh weight and dry weight of C. 

annuum hybrid and parents seedlings was recorded, and moisture content was 

calculated. In hybrid plants, exposed to 10 mM H2O2, the moisture content was 

found 3.3% more as compared to water control that is highest for all the groups of 

hybrid plants. Treatment with 1 mM H2O2 also enhanced 0.6% moisture content of 

hybrid plants contrary to TiO2 which lessened moisture value by 2.3% relative to 

control group. The maximum decrease in moisture content was noticed in plants 

exposed to 1 mM pretreatment of H2O2 showing 4% decrease in moisture level of 

tissues. Likewise, decreasing trend is also observed with 10 mM pretreatment of 

H2O2 which showed 3% decrease in the moisture content. 

In parent 1, highest moisture content was noted with 1 mM H2O2 treatment, while a 

decrease of 0.2% and 0.9% in moisture content was recorded in plants exposed 10 

mM H2O2 and TiO2 treatment. The highest decrease of 2.6% in moisture level was 

detected with 1 mM pretreatment. However 10 mM pretreatment showed 1% 

lessened moisture relative to the water control. A similar trend was noticed for 

parent 2, where highest moisture content of 0.2% was found in plants with 1 mM 

H2O2 treatment, while lowest (6.8%) is observed when 1 mM H2O2 was given as 

pretreatment to nanoparticles treated groups. Among the rest of the groups, plants 

treated with 10 mM H2O2, TiO2 and pretreated with 10 mM H2O2 showed a 

decrease of 1%, 2.5%, and 5.3 respectively as shown in figure 4.8. 
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Figure 4.8 Effect of TiO2 and H2O2 on moisture content of C. annuum 

seedlings  

10 mM H2O2 in hybrid and 1 mM H2O2 in both parents showed highest moisture 

level. However, H2O2 treatment prior to nanoparticles decreased moisture level in 

all groups. So, least moisture content was observed in pretreatment groups. Data 

represents the means of three independent experiments with 3 plants for each 

treatment in each experiment. Error bars are standard error (SE) for three replicate 

reactions. 

 

4.3.9 Comparison on effects of H2O2 and TiO2 on Moisture Content of C. 

annuum Seedlings of Hybrids and the Parents: 

In controlled conditions highest moisture content was observed in parent 1, and 

least was present in hybrid. Highest increased in moisture content was noticed at 1 

mM H2O2 concentration while slight increase was observed at 10 mM H2O2 in all 

groups. TiO2 lessened moisture level in both parents but hybrid was most affected. 

Pretreatment with 1 mM H2O2 indicated least moisture level in all groups while 10 

mM pretreatment exhibited slight increase in moisture level of tissues as compared 

to 1 mM H2O2 pretreatment as displayed in figure 4.9. 
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Figure 4.9 Comparison on effects of H2O2 and TiO2 on moisture content of C. 

annuum seedlings  
1 mM H2O2 was found remarkable in increasing moisture level while treatment of 

H2O2 at same concentration prior to nanoparticles application has negative effect on 

moisture content as compared to nanoparticle control groups. Parent 1 has highest 

water content in its tissues while hybrid has least moisture level. Data represents 

the means of three independent experiments with 3 plants for each treatment in 

each experiment. Error bars are standard error (SE) for three replicate reactions. 
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potential of cell that consequently prevent the nanoparticles to enter into the cell 
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4.4 Biochemical Assays: 

4.4.1 Effects of H2O2 and TiO2 on Chlorophyll Content of C. annum Hybrid 

and Parents Seedlings:  

TiO2 have controversial effects on physiology and biochemical activities of plants. 

Plants grown for 30 days post-germination were applied with H2O2 for 2 days and 

afterward provided with TiO2 for 10 days were harvested and leaves were used to 

analyze chlorophyll content.  

Exogenous application of 1 mM H2O2 in hybrid caused an increase of 1.7% in 

chlorophyll while increasing H2O2 concentration to 10 mM enhanced 3.7% 

photosynthetic pigments. Contrary to that, 5.5% decrease in green pigment was 

recorded by application of nanoparticles. However when nanoparticles were 

applied after 1 mM and 10 mM H2O2 treatment, chlorophyll level enhanced by 

11.9% and 5.8% respectively relative to control group. Hence these results describe 

role of H2O2 in increasing photosynthetic ability of hybrid plants. Similar results 

were revealed by parent 1 where 1 mM and 10 mM boosted 29% and 10.5% green 

pigment in leaf tissues where as 6% decrease was recorded for nanoparticles as 

compared to water control.  In pretreatment groups with less H2O2 and high H2O2, 

16.5 and 21.7% respective increase in light absorbing pigment was recorded as 

shown in figure 4.10. But in parent 2 a slight different behavior was noticed. 1 mM 

like previous 2 groups intensify chlorophyll level (10%) but 10 mM displayed 

negative role and lessened 24% pigment level of cell as compared to control. 

Nanoparticles application also demonstrated 10% declining ability of plants to 

synthesize chlorophyll comparative to control group. Pretreatment with 1 mM and 

10 mM improved the pigment level by 10.5% and 3% respectively. 
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Figure 4.10 Effect of TiO2 and H2O2 on chlorophyll content of C. annuum 

seedlings  

Exogenous application of H2O2 in combination with TiO2 enhanced 

photosynthesizing ability of C. annuum plants tissues, while nanoparticles alone 

showed negative affect on level of green pigment. Data represents the means of 

three independent experiments with 3 plants for each treatment in each experiment. 

Error bars are standard error (SE) for three replicate reactions. 

 

4.4.2 Comparison on effects of H2O2 and TiO2 on Chlorophyll Content of C. 

annuum Hybrid and Parents Seedlings: 

Comparative analysis on green pigment among parental and hybrid lines was 

performed, which revealed that hybrid has maximum photosynthesizing pigment 

whereas parent 1 has the least under controlled conditions but 1 mM exogenous 

application of H2O2 boosted light absorbing ability of leaves in parent 1 although 

hybrid was least affected. Contrary to that, use of 10 mM H2O2 enhanced 

chlorophyll content in hybrid however this concentration has negative effect on 

chlorophyll in parent 2. This difference is may be due to difference in genetic 

makeup. TiO2 has minor negative effects on photosynthesis as compared to 

respective control of all three groups. 
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Figure 4.11 Comparison on effects of H2O2 and TiO2 on chlorophyll content of 

C. annuum hybrid and parents seedlings 
1mM H2O2 improved photosynthesizing pigment in parental lines relative to water 

respective water control whereas this concentration also showed increasing effect 

along with 10 mM H2O2 on chlorophyll when given in combination with 

nanoparticles to hybrid and its parents as compared to respective nanoparticle 

control groups. Data represents the means of three independent experiments with 3 

plants for each treatment in each experiment. Error bars are standard error (SE) for 

three replicate reactions. 

 

A unique trend was observed with 1 mM pretreatment of H2O2 as it enhance 

chlorophyll in hybrid (which was least affected when 1 mM H2O2 alone was 

applied), whereas decrease chlorophyll pigment in parent 1 (which had most 

positive effect when 1 mM H2O2 alone was applied) as indicated in figure 4.11. 10 

mM H2O2 when applied in combination improved photosynthesizing pigment in 

parental lines as compared to their 10 mM control whereas hybrid indicated no 

remarkable change.  
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4.4.3 Effects of H2O2 and TiO2 on Soluble Sugar Content of C. annuum 

Hybrid and Parents Seedlings: 

High sugar content is required by young seedlings to fulfill their energy demand 

especially in actively growing regions(Moghaddam and Van den Ende, 2012, 

O’Hara et al., 2013). Sugar is synthesized in leaves by the process of 

photosynthesis and help plant not only to perform normal physiological process but 

also combat stress conditions, so the level of sugar in plant tissues can be used as 

an indicator of stress on plants. To measure amount of sugar present in leaves, 

standard curve was generated from known concentrations of sugar as presented in 

figure 4.12. 

 

 

Figure 4.12 Standard curve for sugar content 

The straight line indicated direct relation in absorbance and sugar concentration. 

 

Absorbance of experimental samples when plotted on standard sugar curve graph 

provided a measure of sugar concentrations of the samples under examination. 
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Sugar content in C. annuum hybrid increased with increasing concentration of 

H2O2 as 4.6% and 23.6% increase in sugar was detected in group “b” and group “c” 

plants respectively. So it was concluded that increasing stress caused increase in 

sugar level as application of TiO2 also enhanced 21% photosynthate level as 

compared to group “a”. Pretreatment with 1 mM H2O2 reduced total soluble sugar 

by 5% relative to water control indicating stress tolerance role of 1 mM H2O2 in 

hybrid plants. However, 10 mM H2O2 improved toxic role of TiO2 and increased 

stress as 34% escalation in photosynthate was recorded. A similar trend was noted 

in parent 1 where increasing H2O2 concentration increased 20% and 33% in sugar 

content as compared to its water control. Application of nanoparticles in root zone 

proved to be highly toxic as 166% rise in photosynthate was noticed. 

Contrary to that, when nanoparticles were used after 1 mM and 10 mM H2O2 

pretreatment, the increase in sugar level relative to water control was reduced to 

8% and 83% respectively. It again displayed positive role of H2O2 in reducing 

stress imposed by TiO2. Use of 1 mM H2O2 in parent 2 reduced 4.6% sugar content 

instead of increasing relative to its control, though its 10 mM concentration caused 

17% increase in leaf sugar. Again it was displayed that enhancing H2O2 

concentration, increased stress on plants that in turn rise the sugar level of leaves. 

Likewise, use of nanoparticles further improved sugar content to 60% as compared 

to its control. However, prior application of 1mM and 10mM H2O2 to TiO2 reduced 

the increase in sugar level to 23% and 2% respectively as displayed in figure 4.13.  
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Figure 4.13 Effects of H2O2 and TiO2 on soluble sugar content of C. annuum 

seedlings  

Increasing the oxidative stress with exogenous H2O2 application led to increase in 

sugar level as compared to respective water controls in C.annuum seedlings of 

hybrid and its parents. Nanoparticles also enhanced sugar content, however 

pretreatment of H2O2 reduced the increase in sugar level. Data represents the means 

of three independent experiments with 3 plants for each treatment in each 

experiment. Error bars are standard error (SE) for three replicate reactions. 

 

Under controlled conditions, highest sugar level was observed in hybrid and least 

was present in parent 1. Use of 1 mM and 10 mM H2O2 increased photosynthate 

level in all groups. Similarly, nanoparticles also improved sugar level of plants in 

parental and hybrid lines. With the exception of pretreatment of 10 mM H2O2 in 

hybrid, prior treatment of H2O2 either 1mM or 10 mM reduced sugar level by 

reducing stress in all groups. From comparison of results, it is witnessed that 1 mM 

H2O2 prior application can be used as tool to reduce stress imposed by subsequent 

application of TiO2 as represented in figure 4.14. 
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Figure 4.14 Comparison on effects of H2O2 and TiO2 on soluble sugar content 

of C. annuum seedlings 

Treatment with 10 mM H2O2 and nanoparticles increased sugar content in each 

group of C. annuum while 1mM pretreatment of H2O2 reduced sugar level in all 

groups. Data represents the means of three independent experiments with 3 plants 

for each treatment in each experiment. Error bars are standard error (SE) for three 

replicate reactions. 
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peroxidase, superoxide dismutase and catalase (Mittler et al., 2004, Halliwell and 

Gutteridge, 2007, Mateos et al., 2013). Here, we assessed total soluble protein and 

investigated the activity of antioxidant enzymes in C. annuum in response to 

exogenous H2O2 and TiO2. 

4.5.1 Total Soluble Protein of C. annuum Hybrid and Parents Seedlings: 

To study the effect of pretreatment of H2O2 and TiO2 on total proteins of C. 

annuum cells, total soluble protein was measured by Bradford method. Hybrid 

plants exposed to 1 mM and 10 mM H2O2 treatment possessed 5% and 25% rise in 

protein content respective to water control. This may be due to stress conditions 

imposed by these concentrations and plant responded by increasing protein level in 

tissues to survive the stress. When protein content for nanoparticles treated hybrid 

plants was detected, 12.5% increase was found in leaf tissues, which again 

indicated stress, caused by nanoparticles. However, when nanoparticles were given 

after 1 mM application of H2O2, increase in protein content was reduced to 7% 

relative to nanoparticle control but 10 mM pretreatment has opposite role to 1 mM 

pretreatment and increase protein content to 14.2% as compared to water control 

which is higher than nanoparticle control but less than respective H2O2 control.  

Plants from parent 1 applied with 1 mM and 10 mM H2O2 showed 64% and 31% 

increase in protein level whereas nanoparticles increase protein content to 38%. 

When nanoparticles were given after 1 mM and 10 mM H2O2 as prior treatment, 

40.5% and 2.5% rise in protein content were measured. On the other hand, 57.5% 

and 47.5% increase was detected in plants from parent 2 applied with 1 mM and 10 

mM H2O2 respectively as compared to respective water control. Contrary to that, 

when nanoparticles were used as treatment, decrease of 12% was noticed in protein 

content of leaf tissues. Combination groups in parent 2 again exhibited 45% and 

35% increase in protein level as presented in figure 4.15.  
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Figure 4.15 Effect of H2O2 and TiO2 on total soluble protein of C. annuum 

seedlings 

10 mM H2O2 in hybrid, 1 mm H2O2 in parent 1 and parent 2 have shown an 

increase protein content which may be an indication of stress to which plant 

responded by increasing protein level, whereas pretreatment with 1 mM and 10 

mM H2O2 in hybrid and parent 1 respectively, decrease the protein level which 

may be due to the fact that these concentrations of H2O2 decrease the stress 

imposed by nanoparticles when given in combination. Data represents the means of 

three independent experiments with 3 plants for each treatment in each experiment. 

Error bars are standard error (SE) for three replicate reactions. 

 

In controlled conditions, hybrid showed more protein level as compared to parental 

lines whereas 1 mM H2O2 enhanced protein level in all groups but least in hybrid. 

It revealed that 1 mM act as stress in parental lines while hybrid possessed 

resistance towards exogenous oxidative stress at 1 mM. The difference in response 

may be due to difference in genotype.  On the other hand, 10 mM acted as 

oxidative stress in hybrid although it also increased protein content in parental 

lines. Nanoparticles decrease protein content in parent 2 whereas 1 mM pre-

application of H2O2 showed its protective role against nanotoxicity. Likewise, 10 
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mM pretreatment was found more effective in reducing nanotoxicity in parent 1 as 

shown in figure 4.16. 

  

Figure 4.16 Comparison on effects of H2O2 and TiO2 on protein content of C. 

annuum seedlings   
H2O2 acted as oxidative stress in C. annuum hybrid and its parent’s seedlings and 

increased total protein concentration in each group at both concentration. Data 

represents the means of three independent experiments with 3 plants for each 

treatment in each experiment. Error bars are standard error (SE) for three replicate 

reactions. 

 

4.5.2 Effect of H2O2 and TiO2 on Catalase Activity of C. annuum Hybrid and 

Parents Seedlings: 

CAT is present in all organisms and helps to maintain endogenous H2O2 by 

decomposing it into H2O and O2 (Tanaka et al., 1999). We observed 8% and 101% 

increase in CAT activity in group “Hb and Hc” respectively as compared to group 

“Ha” of C. annuum. Group “Hd” also showed increase in CAT activity (86%) as 

compared to group “Ha” of C. annuum. This could be explained due to the toxic 
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system activate to scavenge ROS molecules. However, in group “He and Hf” 12% 

increase and 30% decrease in CAT activity was determined respectively. This 

increase in enzyme activity is lower that nanoparticles control “Hd” group. 

Similarly in P1, group “b and c” revealed 29% and 100% improvement in CAT 

activity respectively as compared to group “a”. Likewise, group P1d also exhibited 

enhanced activity of CAT by 61% as compared to “P1a” group. Group “e and f” in 

P1 revealed 35% and 2% decline in enzyme activity as compared to “P1a” group. 

Correspondingly, in P2 group “b and c” displayed 21% and 105% increase in 

enzyme activity whereas group P2d exhibited 68% improvement in enzyme 

activity. However, group P2e and P2f showed 55% and 29% decline in enzyme 

activity as compared to group P2a. The results support our hypothesis that 

pretreatment of H2O2 reduce toxicity induced by TiO2 nanoparticles as displayed in 

figure 4.17. 

 

 

Figure 4.17 Effect of H2O2 and TiO2 on catalase activity of C. annuum 

seedlings   
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H2O2 acted as oxidative stress in C. annuum hybrid and its parent’s seedlings and 

increased catalase activity in both parents and the hybrid at 1 mM H2O2 and 10 mM 

H2O2 concentration. TiO2 treated groups also exhibited increase in enzyme activity. 

However, pretreated groups showed decrease in enzyme activity. Data represents 

the means of three independent experiments with 3 plants for each treatment in 

each experiment. Error bars are standard error (SE) for three replicate reactions. 

 

The hybrid possessed lowest CAT activity in groups Ha, Hb, Hc, Hd and Hf (as 

mentioned in section I of chapter 3) as compared to its parents whereas in group 

He, hybrid exhibited improved enzyme activity as compared to P1 and P2. Group 

“e and f” of C. annuum hybrid and the parents displayed reduced enzyme activity 

relative to group “d”. Hence we conclude that, pretreatment of H2O2 reduced 

oxidative stress as well as nanotoxicity induced by TiO2 nanoparticles as shown in 

figure 4.18. 

 

 

Figure 4.18 Comparison on effects of H2O2 and TiO2 on catalase activity of C. 

annuum seedlings  

Parent 2 exhibited highest activity of CAT in 1 mM H2O2, 10 mM H2O2 and TiO2 

nanoparticles treated groups. However, lowest activity was revealed in hybrid. 
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4.5.3 Effect of H2O2 and TiO2 on Ascorbate Peroxidase Activity of C. 

annuum Hybrid and Parents Seedlings: 

Oxidative stress causes ROS production which activates plants’ internal antioxidant 

system to reduce the damage caused by free radical. High concentration of H2O2 in 

hybrid plants, enhanced ascorbate peroxidase (APX) activity 3 folds, whereas 1 

mM concentration caused 1 fold increase in enzyme activity. When nanoparticles 

were applied alone or in combination with H2O2, increased in APX activity was 

found. The same trend was observed in parent 2 except in 1 mM pretreatment 

group, where decrease in APX activity was noticed. In parent 1, use of 10 mM 

H2O2 and nanoparticles alone and when given in combination, cause reduction in 

APX activity as demonstrated in figure 4.19. 

 

 

Figure 4.19 Effect of H2O2 and TiO2 on ascorbate peroxidase activity of C. 

annuum seedlings  

10 mM H2O2 enhanced APX activity in hybrid and parent 2 relative to respective 

water control and nanoparticles reduced enzyme action in parent 1, however hybrid 

and parent 2 exhibited increased enzyme action as compared to water control. Data 

represents the means of three independent experiments with 3 plants for each 
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treatment in each experiment. Error bars are standard error (SE) for three replicate 

reactions. 

 

In controlled conditions, parent 1 possessed high APX activity while 1 mM, 10 

mM H2O2 and TiO2 application enhanced peroxidase activity in parent 2. The use 

of 1 mM H2O2 and 10 mM H2O2 prior to nanoparticles reduced APX activity in 

parent 2 and parent 1 respectively. In hybrid, 10 mM H2O2 was observed to 

enhance enzyme action at most among other treatments as demonstrated in figure 

4.20.  

  

Figure 4.20 Comparison on effects of H2O2 and TiO2 on ascorbate peroxidase 

activity of C. annuum seedlings  
1 mM displayed highest ascorbate activity in all groups. Data represents the means 

of three independent experiments with 3 plants for each treatment in each 

experiment. Error bars are standard error (SE) for three replicate reactions. 
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4.5.4 Effect of H2O2 and TiO2 on Superoxide Dismutase Activity of C. 

annuum Hybrid and Parents Seedlings: 

Superoxide anion (O2
-
) is dismutated by antioxidant enzymes superoxide 

dismutases (SODs) to H2O2 that is further catalyzed to H2O by catalase. Contrary 

to that, high dose and/or inadequate elimination of ROS, particularly superoxide 

anion, results in oxidative stress, so SODs are the major line of defense against 

oxidative stress (Alscher et al., 2002). The content of superoxide dismutase (SOD) 

in TiO2 nanoparticle treated C. annuum hybrid and its parents was calculated using 

Beauchamp and Fridovich (1971) method with some modifications.  

44 days old seedlings of C. annuum treated with H2O2 and TiO2 were harvested and 

for SOD measurement. In hybrid highest SOD activity was recorded in 10 mM 

H2O2 treated group where 100.7% rise in enzyme reaction was recorded as 

compared to water control. 1 mM H2O2 treatment also displayed 13.2% increase 

whereas nanoparticles application in root zone caused 53% escalation in SOD 

catalysis in hybrid relative to its water control. This upsurge in enzyme action is an 

indication of oxidative stress, hence exogenous 10 mM H2O2 application in root 

zone is acting as signal to initiate production of SOD to overcome oxidative stress. 

That’s why, use of 1 mM and 10 mM H2O2 (exogenously) before nanoparticles 

application, reduced SOD activity to 8% and 17% respectively relative to their 

water control. This decrease in SOD activity presented that H2O2 may have 

overcome the nanotoxicty caused by nanoparticles as displayed in figure 4.21. 

Similarly, in parent 1, SOD activity was found maximum with 10 mM H2O2 

application contrary to 1 mM H2O2 treatment where 5% less dismutase reaction 

was recorded. Use of 1 g/L TiO2 also enhanced enzyme reaction by 26.3%. 

Correspondingly, use of TiO2 after 1 mM H2O2 in parent 1 instigated 27% rise in 

SOD activity in leaves. It may be due to the fact that 1 mM H2O2 was unable to act 

as a signaling molecule in parent 1 and incapable to initiate pathway leading to 

production of SOD, hence it was found inept to reduce stress make happened by 

nanoparticles. Conversely, exogenous pretreatment of 10 mM H2O2 reduced 10% 

SOD activity relative to its water control. This reduction in dismutation reaction 
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pinpoint supporting role of 10 mM H2O2 in stress survival. For parent 2, highest 

SOD activity was measured in TiO2 treated group, where 34.7% upsurge in 

dismutation reaction was recorded relative to water control in leaf samples. This 

result again suggested toxic behavior of TiO2 due to which plant undergo in stress 

condition. A similar rise (34.3%) in enzyme action was also noticed in 10 mM 

H2O2 treated group but 1 mM only caused 3% increase in SOD activity. On the 

other hand, when TiO2 was applied after 1mM and 10 mM H2O2 treatment, than 

upsurge in enzyme reaction was reduced to 7.7% and 4.8% separately relative to its 

water control. The result again displayed positive role of 10 mM H2O2 in reducing 

nanotoxocity. 

 

Figure 4.21 Effect of H2O2 and TiO2 on superoxide dismutase activity of C. 

annuum seedlings 

Nanoparticles enhanced SOD activity in each group but prior use of 10 mM H2O2 

reduced dismutase activity. Data represents the means of three independent 

experiments with 3 plants for each treatment in each experiment. Error bars are 

standard error (SE) for three replicate reactions. 
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Hybrid possessed relatively low SOD activity as compared to parental lines while 

parent1 exhibited high dismutase reaction. Similarly parent 1 is highly affected by 

10 mM H2O2 but parent 2 is least affected. On the other hand, 1 mM H2O2 is found 

incapable of reducing stress when applied after nanoparticles in parent 1, however 

it was found effective in decreasing stress in parent 2 and hybrid as presented in 

figure 4.22. This difference in response to same treatment is may be due to 

difference in genotype.  

 

 

Figure 4.22 Comparison on effects of TiO2 and H2O2 on superoxide dismutase 

activity of C. annuum seedlings 

Parent 1 showed slight different response to 1 mM pretreatment. Data represents 

the means of three independent experiments with 3 plants for each treatment in 

each experiment. Error bars are standard error (SE) for three replicate reactions.
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5 DISCUSSION 

Nanotechnology has created many advancements in the field of science and the 

products generated by this technology facilitates in medicine, food, cement, textile 

health, agriculture and in many other fields. Engineered nanoparticles have been 

included in many industrial materials and this has raised the threat of accumulation in 

the food chain and can cause toxicity and stress. Plants cannot move from one place to 

another like animals, and are always exposed to different types of stresses. These 

stresses affect the plants: they disturb their metabolism, quality and quantity (Navarro et 

al., 2008). Plants normally produce endogenous ROS in response to external stresses, 

which trigger anti-oxidant enzyme system that helps the plant to combat external biotic 

or abiotic stresses. The issue under discussion in our study was to find the role of 

pretreated H2O2 in nanotoxicity reduction in C. annuum hybrid and its parents and on 

the basis of that we give a comparative analysis in behavior of hybrid and non-hybrid 

lines towards nanoparticles induced abiotic stress and role of H2O2 in resistance against 

such stress. 

Many studies have reported the translocation of these nanoparticles from industries to 

aquatic and terrestrial environments. These investigations help to tell us the path taken 

by these materials which directly lead them into food chain. The important aspect that 

needs attention in this field is the effect created by such particles both in humans and in 

plants, whether it is positive or negative (Theerakarunwong and Chouychai, 2013). In 

this study we chose C. annum plant, which is used as a model for investigating role of 

secondary metabolite in plant development as well as a popular crop that is used in 

cooking and as a flavoring agent (Martínez-López et al., 2014). Moreover being 

consumed as fresh vegetable, it also find an increase in its demand in several processing 

industries such as dried pepper, pickled pepper, pepper sauce and ground pepper (Aza-

González et al., 2012). This research project facilitated us to apply H2O2 as oxidative 

tool in overcoming abiotic stress indorsed by nanoparticles in C. annuum hybrids and its 

parents. One of the key approaches for enhancing animal and crop productivity since 

last few years is the utilization of hybrid vigor. Hybrid vegetable varieties produced in 

last few decades  played a key role in increasing their production worldwide (Hua et al., 
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2003). India ranked largest C. annuum producer in world due to access to improved 

hybrid cultivars. The principal approach in hybrid breading is to utilize heterosis effect 

expressing in F1 generation (Tembhurne and Rao, 2012). 

5.1 Accumulation of Nanoparticles:  

XRD results for C. annuum seedlings in group “d” (TiO2 control groups), group “e” and 

group “f” (pretreated groups) of both parents and their hybrid showed presence and 

accumulation of TiO2 nanoparticles. We assume that TiO2 enters plant cell through roots 

from soil. The uptake of fullerene C70 in rice was confirmed in previous studies. 

Adsorption of nanoparticles on roots causes chemical reactions on surface, precipitation 

and ion exchange that causes changes in functional groups (Mazumdar and Ahmed, 

2011). Cell wall pores with small diameter can be affected by surface area of 

nanoparticles that creates large pores causing nanoparticles to enter protoplast (Navarro 

et al., 2008). The presence of nanoparticles provides details on expected adverse effects, 

once these particles act as transponders and targets specific organelles (Hoshino et al., 

2004), or bound to proteins or RNA molecule in cell (Suzuki et al., 2007) inside 

organisms (Åkerman et al., 2002). Nanoparticles are highly catalytic and reactive due to 

high surface to volume ratio; as they tend to pass through cell membranes (Yin et al., 

2011). 

5.2 Germination Rate: 

In plant life, seed germination is considered as the most essential phase of life cycle 

affecting its development and growth (Wojtyla et al., 2016).  C. annuum seeds showed 

highest germination percentage when treated with 10 mM H2O2 alone (group “c”) in 

each cultivar. However, lowest percentage was observed in group “f” of both parents 

and the hybrid as compared to group “a”. The results revealed that seed germination 

depends primarily on stored reserves to carry out anabolic process which is activated on 

water penetration into seed coat (Liu et al., 2005). The significance of crosstalk between 

H2O2 and various signaling molecules including different hormones of plants playing 

role in plant development such as ethylene, gibberellins, abscisic acid and reactive 

molecules such as hydrogen sulphide and nitric oxide on signaling and cell 

communication has been highlighted in previous studies (Bentsink and Koornneef, 
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2008). We assume that penetration of H2O2 into the germinating seeds increases 

germination rate as low concentration of H2O2 (group “b”) showed less increase in 

germination whereas high concentration (group “c”) showed more increase in 

germination as compared to group “a” in each C. annum cultivar. This may be due to 

the fact that molecules of H2O2 cause pores in seed coat which allow more water 

penetration into the seeds that reaches embryonic tissue, hence facilitating germination 

(Akinci and Akinci, 2010, El-Maarouf-Bouteau and Bailly, 2008). The role of H2O2 has 

been acknowledged in seeds during imbibition and germination during the early stages, 

primarily as a result of a noticeable enhancement in production in their intracellular and 

extracellular environments  (Schopfer, 2001, Kranner et al., 2010, Zhang et al., 2014, 

Kubala et al., 2015). On the other hand TiO2 nanoparticles in group “d” decreased 

germination rate as compared to group “a”. Nanoparticle slowly penetrates into seed 

coat and changes its metabolism in vivo (Navarro et al., 2008). In a research conducted 

on Mentha piperita, when seeds were exposed to TiO2 nanoparticles, they showed 

decrease in germination percentage. This has been reported that TiO2 nanoparticles 

slowly penetrate through the pores in the seed coat and agglomerate and accumulate 

inside the seed coat near the pores, hence closing the passage for water uptake and 

oxygen by the seed (Samadi et al., 2014). Hence the toxic effect of TiO2 on seed 

germination indicates that seeds were stressed by TiO2 nanoparticles (Mushtaq, 2011). 

Yet, it is also reported that TiO2 nanoparticle showed positive impact on seed 

germination by enhancing water absorption (Feizi et al., 2012, Feizi et al., 2013). This 

difference in results is due to difference in nanoparticles concentration, as low 

concentration of nanoparticles increase germination rate whereas high concentration of 

nanoparticles reverses the effects (Zheng et al., 2005). Nanoparticles induced toxicity 

also depend on plant species as cucumber and lettuce are not sensitive to metal oxides 

nanoparticles (Barrena et al., 2009). Pretreatment with H2O2 further decreases 

germination rate in all cultivars of C. annuum when nanoparticles were given. This may 

be due to the fact that H2O2 increases pore size, which ultimately allows more 

nanoparticles to enter into the cells and accumulate in the seed. So pretreatment of H2O2 

increases toxic effects of nanoparticles. 
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5.3 Root Length:  

Root growth in post-germinated C. annuum seedlings was similar to germination rate 

except in groups that are pretreated with H2O2. Roots are the first organs to counter 

nanoparticles, therefore, the growth of roots were directly affected by nanoparticles. 

Nanoparticles decreased root growth in  group “d” of C. annuum of hybrid and the 

parents that revealed toxic effect of nanoparticles which is consistent with previous 

results of Castiglione et al. (2011). However TiO2 also showed positive results on roots 

according to Zheng et al. (2005). Toxic effects of nanoparticles on root elongation, 

analogous with conclusions of our experiments, were reported through applying various 

types of nanoparticles by Yang and Watts (2005) in corn, carrot, cucumber, cabbage 

and soybean. The negative effects on root growth is may be due to toxicity caused by 

TiO2 which reduced mitotic ability of plant cells at root apex as reported by Castiglione 

et al. (2011) by examining mitotic behavior of cells through cytological analysis at root 

apex.  However, our results contradict the data presented by Răcuciu and Creangă 

(2009) who observed that, effects of magnetic nanoparticles in Zea mays was normally 

positive, enhancing plant root proliferation. But this is not unanticipated, bearing in 

mind that nanoparticles can demonstrate their actions based on the concentrations 

applied, the shape and/or the size of the particles, the precise conditions of research 

experiment, the plant species and their pathways of assimilation (Brunner et al., 2006), 

(Lin and Xing, 2007, Eichert et al., 2008, Castiglione et al., 2011). C. annuum hybrid 

seedlings treated with 1 mM H2O2 (group “Hb”) and 10 mM H2O2 (group “Hc”) 

showed increase root lengths as compared to group “Ha” but group “Hc” showed 

maximum increase in root growth. However in parents, increase in root growth was 

shown at 1 mM (group “b”), but 10 mM H2O2 (in group “c”) showed toxic effect 

towards root growth. The results are consistent with previous results of Renew et al. 

(2005) that described that ROS is required for root elongation. The increase in root 

growth was linked with the oxidative breakdown of polyamines by H2O2, as it was 

observed in soybean and cucumber (Li et al., 2007). 

The decrease in root growth in group “c” in parental lines describes toxic role of H2O2 

as it is evident that high concentration lead to programmed cell death (PCD) (Gechev et 
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al., 2006) and stomatal closure (Bright et al., 2006) (Deng et al., 2012). It is well 

established that oxidative molecules particularly H2O2, are key molecules in signaling 

pathways involved in all phases of plant growth, extending from the growth of 

individual root hairs, to xylem differentiation and lignification, and stomatal control at 

low concentrations (Cheeseman, 2007). It has been reported by Ahmad et al. (2013) that 

application of H2O2 on leaves considerably enhanced root and shoot growth in maize.  

So we can conclude that role of H2O2 as stress or as a signaling molecule is 

concentration dependent. Pretreatment of H2O2 decrease toxic effects of nanoparticles 

as displayed by increase in root growth in group “e and f” as compared to group “d”. It 

is reported in a previous study that the pretreatment of H2O2 intricate in oxidation 

reaction signaling, which triggers particular transcription factors to express, resulting in 

activation of antioxidative enzymes. Certainly, it has been reported that pretreatment of 

plants with exogenous H2O2 induces chilling tolerance (Yu et al., 2002) (Yu et al., 

2003). We assume a similar mechanisim may be happened in C. annum seedlings when 

combined treatments of H2O2 and TiO2 were given hence reducing the nanoparticles 

stress. 

5.4 Shoot Growth: 

C. annuum Hb and Hc groups seedlings showed increased shoot lengths as compared to 

Ha group but group Hc showed maximum increase in shoot growth as compared to the 

water control (group Ha) in hybrid, whereas in parents, increase in shoot growth was 

observed with in group “b”. However, group “c” in parental lines showed toxic effects 

and reduced shoot growth compared to group “a”. So our results show that 10 mM H2O2 

cause oxidative stress in parental lines but causes resistance to nanotoxicity in hybrids. 

Thus, with respect to shoot growth, hybrid exhibits more resistance to nanotoxicity with 

the aid of H2O2 than parental lines. The exogenous use of H2O2 in root zone of plants 

has been verified promising in successfully enhancing the shoot growth of numerous 

plants and vegetables, modifying the biochemical activities inside and outside the plant 

cell (Ishibashi et al., 2011, Deng et al., 2012, Ashfaque et al., 2014). It has been 

reported by Ahmad et al. (2013) that application of H2O2 on leaves considerably 

enhanced root and shoot growth in maize.  So we can claim that our results are 
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consistent with earlier published data. The negative effect of 10 mM H2O2 concentration 

can be described on the basis of fact that H2O2 has dual role. At low concentration it 

acts as signaling molecule while at high concentration it causes oxidative stress (Gechev 

et al., 2006).  

TiO2 induced nanotoxicity decreased shoot growth in all groups of C. annuum that 

revealed toxic effects of nanoparticles, which is consistent with previously published 

results as most of research on nanoparticles to date exploit their toxicity in plant growth 

(Siddiqui et al., 2015). The results could be explained if we focus on the findings that 

nanoparticles assimilate into the plants producing numerous variations in morphology 

and physiology based on characteristics of nanoparticles. These modifications are 

deleterious to the plant development (Khodakovskaya et al., 2012). Contradictory 

results to our data are also reported, for instance Zheng reported that combination of 

SiO2 and TiO2 nanoparticles when given in low concentrations, improved nitrate 

reductase catalytic activity in the rhizosphere of leguminous plants and thus accelerated 

germination and shoot growth in soybean (Zheng et al., 2005) and Larix Olgensis (Bao-

shan et al., 2004, Siddiqui et al., 2015). However, pretreatment of H2O2 in TiO2 treated 

groups decreased the nanoparticles induced toxicity as displayed by increase in shoot 

growth as compared to group “d”. Treatment of 10 mM H2O2 in hybrid and 1mM H2O2 

in parental lines prior to TiO2 application, were observed to increase shoot length as 

compared group “d”. 

Similar results were presented by Li et al. (2011) that verified role of exogenous H2O2 

in reducing salt stress. This tolerance is conferred by the plant because pretreatment of 

H2O2 inhibits production of malondialdehyde (MDA), decreases the concentration of 

superoxide radicals (•O2) and enhance the scavenging activities of ascorbate peroxidase 

(APX), superoxide dismutase (SOD), catalase (CAT) and the production of glutathione 

(GSH). Consequently, participation of H2O2 in anti-oxidant enzyme system induces 

tolerance to the abiotic (nanoparticles) stress. The increased concentration of MDA, 

(that is produced as a result of lipid peroxidation) is taken as an indicator for oxidative 

damage (Meloni et al., 2003). Exogenous H2O2 application could inhibit lipid 

peroxidation and protect the C. annuum cells from the toxic effects of TiO2 induced 
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toxicity. That’s why, H2O2 signaling possesses important significance to any research 

project intended to improve crop tolerance to stress.  

5.5 Chlorophyll: 

The toxicity of nanoparticles depends on the environment in which they are dispersed, 

their fate, shape and hydrodynamic diameters. Solubility and agglomeration properties 

of nanoparticles in soil affect its absorption from the surrounding environment (Song et 

al., 2013). We found that chlorophyll content of C. annuum leaves was increased in all 

groups treated with H2O2 except in parent 2 (P2) in which 1 mM H2O2 (group “P2b”) 

showed increase in photosynthetic pigment but 10 mM H2O2 (group “P2c”) exhibited 

decrease in chlorophyll level. The group “d” in all cultivars of C. annuum showed 

minimum chlorophyll content that explains phytotoxic effect of TiO2. Group “e and f” 

showed increase in chlorophyll content as compared to their respective group “d” that 

support our hypothesis that H2O2 can play positive role in reducing nanotoxicity. Small 

size of nanoparticles contributes in its high uptake by plants to the stem and leaves. This 

toxicity of nanoparticles is supported from literature as reported earlier that Zn causes 

damages to chlorophyll by replacing central atom in the stressed plant (Mukherjee et al., 

2014). As a result of this substitution, photosynthetic light-harvesting is prevented that 

reduces photosynthesis by damaging the chlorophyll molecule (Küpper et al., 1996). It 

is known that TiO2 nanoparticles when assimilate into plant tissues cause imbalance in 

ROS that causes DNA damage via oxidation of purine molecules (Afaq et al., 1998). 

While another study states that TiO2 nanoparticles as compared to Ag nanoparticles 

showed no significant difference in chlorophyll content or very little phytotoxicty, as 

Ag nanoparticles cause potential stress as indicated by high content of SOD released on 

exposure to heavy metals (Song and Lee, 2010), thereby we can conclude that 

depending on size and concentration, nanoparticles can cause physiological stress (Song 

et al., 2013). Previous study also shows opposing results that TiO2 nanoparticles tested 

to improve chlorophyll and total soluble protein content significantly, and is promising 

nutrient for plant physiology and development (Raliya et al., 2015). This difference in 

results is may be due to difference in size and crystalline phase of TO2 nanoparticles. 
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The plant researchers have increased plants’ capability to absorb and use more sunlight 

energy by transferring nanotubes of carbon into chlorophyll containing organelle in 

plant cells, and carbon nanotubes can also assist as artificial light capturing antennae 

that allows chloroplast to harvest those wavelengths of light which is not in their 

ordinary range, such as green, UV, and near-infrared (Cossins, 2014, Giraldo et al., 

2014, Siddiqui et al., 2015). It was also noticed in a previous study that treatment with 

higher concentrations of nano sized TiO2 (2000 mgL
-1

) improved leaf photosynthetic 

pigment as compared to water treated plants. This increased chlorophyll accumulation 

may be the consequent of corresponding effects of other essential nutrients like iron, 

magnesium and sulfur. Similar data was published by Zheng et al. (2005) when 

Spinacia oleracea was given nanoscale TiO2 particles. These results from previous 

study is confusing as the plant showing more chlorophyll in high TiO2 nanoparticles 

concentration did not exhibited enhanced growth. Nano sized TiO2 might pass through 

the membranes of chloroplast and accelerate redox reaction that speeds up electron 

transport and release of oxygen (Mahmoodzadeh et al., 2013). 

5.6 Sugar Content: 

High sugar content is required by young seedlings to fulfill their energy demand 

especially in actively growing regions of the plants. Sugar is synthesized in leaves by 

the process of photosynthesis and help plant not only to perform normal physiological 

processes but also combat stress conditions, so the level of sugar in plant tissues can be 

used as an indication of stress on plants (Alcaraz‐López et al., 2004). 

TiO2 is considered as growth stimulator when provided in small amounts; however the 

rapid built up of TiO2 in environment increases toxicity in soil, affecting the plants at a 

large scale (Mushtaq, 2011). Under this scenario, pretreatment of H2O2 can work better 

in keeping up the growth of seedlings. C. annuum seedlings showed high sugar content 

in TiO2 (group “d”): (this is somewhat how you refer to the groups) controls of both 

parents and their hybrid. The data is supported by the previous experimentation of 

Khater (2015), which revealed that application of TiO2 nanoparticles in coriander plant 

resulted in a substantial increase with total sugars content relative  group ‘a’  (water 

control).  While, H2O2 1 mM pretreatment in hybrid (H) and “P1” and 10 mM 
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pretreatment in “P2” drastically reduced total sugar levels in pretreated groups while all 

other treatment increased chlorophyll levels as compared to group “a”. Previous study 

reveals that low concentration of TiO2 (10 to 40 μg ml
-1

) on onion roots increases 

activity of enzymes like amylase and protease to produce soluble sugar and amino acid 

for early germination and seedling growth, along with sufficient amount of oxygen and 

increased water uptake (Haghighi and da Silva, 2014). 

5.7 Enzyme Assays: 

We determine biochemical activity of C. annuum in response to nanoparticles induced 

toxicity along with pretreatment of H2O2. ROS are actively produced in plants’ 

chloroplast, peroxisome, and mitochondria as a result of normal metabolic activities 

(Sharma et al., 2012). High activity of enzymes in groups “b and c” are indicative of 

stimulation of anti-oxidant enzymes, which are found less in group “a” and group “d”. 

Plant cells are equipped by antioxidant system that scavenges the oxidative burst 

causing radicals. CAT, APX, and SOD are among important enzymes that scavenges 

and quenches H2O2 in tissues and oxidize its substrate (Sharma et al., 2012). Peroxidase 

enzymes are localized in peroxisomes where it catalyzes degradation of H2O2 into H2O 

and O2—in stressful conditions. The effective removal of H2O2 from cell reduces 

formation of highly reactive hydroxyl ion (OH
-
). Foyer et al. (1994) suggested that 

exogenously applied H2O2 increases intracellular activity of various iso-enzymes of 

CAT, and SOD. Furthermore, defense genes are sensitive to respond to exogenously 

applied H2O2, by up regulating the expression of proteins and enzymes under abiotic 

stresses (Kumar et al., 2012). Our results also suggested increase in enzyme activity in 

H2O2 treated groups. Similarly, C. annuum seedlings of group “d” also exhibited slight 

improvement in anti-oxidant enzymes activity. However, Hawthorne et al. (2014) 

suggested that CeO2 at high concentration causes decrease in enzyme activities and 

reduction in protein concentration. Rice root exposed to CeO2 were reported to decrease 

CAT activity at low concentration (Rico et al., 2013). Root of mesquite (Prosopis 

juliflora-velutina) exposed to ZnO increased enzyme activity due to production of ROS 

(Hernandez-Viezcas et al., 2011). Previous studies indicated that exposure to low stress 

help plant cells to combat oxidative burst through scavenging processes. Whereas, high 
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protein content indicated active expression of stress related proteins to counter damages 

created by oxidative burst in tissues for long time (Ashfaque et al., 2014).  

Nanoparticles are toxic in ion form, and causes toxicity while they accumulate and 

produces ROS upon contact, causing subsequent damages to the cells (Stampoulis et al., 

2009). CAT is present in all organisms and helps to maintain endogenous H2O2 by 

decomposing it into H2O and O2 (Tanaka et al., 1999). We found minor increase in 

CAT activity in group “d” as compared to group “a” of C. annuum of hybrid and the 

parents. This is due to the toxic effects of TiO2, which in turn increases ROS, 

consequently anti-oxidant system activate to scavenge ROS molecules. All H2O2 

pretreated groups (e and f groups) showed reduced level of CAT activity, as compared 

to group “d” of C. annuum hybrid and the parents which support our hypothesis. 

Previous studies support our results that exogenous H2O2 can help in reducing the 

abiotic stress. Similar results were observed in Wheat. With increase in concentration of 

H2O2 and TiO2, high level of CAT activity was observed. Abiotic stress increases the 

production of H2O2 that further stimulates expression of active oxygen scavenging 

(AOS) enzymes gene (Tanaka et al., 1999). In previous study, high rate of H2O2 

accumulated in leaves during high temperatures; indicative of tolerance in plants as they 

act as signaling molecules to activate stress induced genes that scavenge the free 

oxygen radical and protect plant’s innate proteins from denaturation. Previous studies 

showed that intercellular H2O2 accumulation due to exogenously applied H2O2 was 10 

mM/L (Kumar et al., 2012). Ozden et al. (2009) suggested that high concentration of 

H2O2 is a result of oxidative stress. Whereas, in groups “e and f” CAT activity was 

reduced as compare to group “d” explicitly showing low level oxidative stress in 

pretreated groups of C. annuum hybrid and the parents. This result depicts that H2O2 

boosts plants internal immunity to fight against oxidative stress better than untreated 

plants.  

APX plays vital role in reducing oxidative stress, by converting H2O2 into H2O and 

oxygen, similar to previous results, very high activity of APX was recorded in response 

to exogenous application of H2O2 and TiO2 controls in C. annuum parents and their 

hybrid. However, among pretreated groups hybrid with 10 mM and parent 1 with 1 mM 

H2O2 showed increased level of APX as compared to nanoparticles control. Kumar et 
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al. (2012) shows that exogenously applied H2O2 causes direct accumulation of H2O2 

which increases the activity of various enzymes 

Superoxide radicals (O2
-
) are lethal derivatives of oxidative metabolism and can 

interfere with H2O2 to produce extremely reactive hydroxyl radicals (OH
-
) that are 

supposed to be first and foremost accountable for oxidative toxicity in the plant cells 

(Bowler and Fluhr, 2000, Vaidyanathan et al., 2003). The dismutation of O2 
-
 resulting 

in production of oxygen and H2O2 is an essential event that helps in defending the cell, 

and is carried out by SOD. Among the control groups (b, c and d), group “c” showed 

highest increase in SOD activity where pretreated groups showed decrease in SOD 

activity as compared to group “d” in C. annuum hybrid and its parents. This also shows 

that H2O2 can help in reducing the oxidative stress by TiO2. Similar results to our data 

was reported by Li et al. (2011) who published enhanced SOD activity in wheat, applied 

with exogenous H2O2. Consequently, plants displayed improved •O2 radical scavenging 

capability. It has also been described that tolerance to salt is directly linked to enhance 

in SOD catalytic activity (Shalata et al., 2001, Badawi et al., 2004, Li et al., 2011). In 

previous studies high response of SOD due to exogenous spray of H2O2 indicates 

protective role of SOD to prevent damage of key enzymes involved in metabolic 

pathway from denaturation due to ROS (Kumar et al., 2012). CAT enzyme maintains 

balance of H2O2 in cells as high accumulation of H2O2 may lead to cell death. 

Exogenously provided H2O2 protects plants from heat shock, by increasing the activity 

of CAT enzyme (Kumar et al., 2012). The SOD content in C. annuum increases with 

increase in H2O2 concentration. In group “e and f” high toxicity of H2O2 decreases SOD 

content in leaves. However, due to limited information the exact mechanism of 

nanoparticle tolerance in plants is yet to be explored. 
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6  CONCLUSION 

 

We conclude that pretreatment of H2O2 can aid in decreasing the oxidative radical stress 

and toxicity caused by TiO2 nanoparticles in parental lines and their hybrids. However, 

in parental lines, 10 mM H2O2 itself cause oxidative stress but in hybrid it plays better 

role in reducing stress as compared to low dose of H2O2. Hence, overall H2O2was 

observed to enhance the plant tolerance against nanotoxicity in both parents and their 

hybrid at physiological and biochemical levels. However the results were noted to be 

dependent on exogenous H2O2 concentrations that differ for parents and hybrid. 

Although exact mechanism of H2O2 and its role in reducing toxicity and activating anti-

oxidative defense is still unclear however results revealed that exogenous H2O2 

application is capable of raising endogenous APX, CAT and SOD. So, we assume that 

release of oxidative radical could be eradicated rapidly and prevented lipid peroxidation 

by oxidative radicals and thus secured C. annuum cells from nanoparticles stress and 

damage. The outcomes support the hypothesis that H2O2 applied exogenously can 

improve tolerance of C. annuum hybrid and its parents against nanotoxicity by 

increasing the activity of enzymatic antioxidants. Furthermore, genetic studies are 

required to develop understanding of the exact mechanism used by H2O2 in reducing 

nanoparticles stress.
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