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ABSTRACT 

Zinc oxide nanoparticles are being synthesized through various methods. In study, 

spherical and crystalline particles were effectively synthesized by using alkaline precipitation 

method from zinc acetate dihydrate and sodium hydroxide. Mean size was lies around 36.77 

nm and maximum particles were in 5 to 40 nm. The characteristics of synthesized ZnO NPs 

were determined by SEM EDX and XRD. In second part of study, consequence of ZnO NPs 

on the blood haematology, genotoxicity and DNA damage, oxidative stress and tissue 

alterations were studied by exposing Catla catla (55.7 ± 5.43 g weight and 25 ± 5 cm length) 

in chronic toxicity experiment (28 days). There were six treatments 0, 10, 20, 40, 60 and 80 

mg L
-1,

 where first treatment was the control and all treatments had three replications and 

each replicate had five fish. Blood and tissues samples were taken after the exposure of 7, 14 

and 28 days of each treatment. The study revealed a significant difference of all the 

haematological parameters between control and experimental groups. The RBCs count was 

found increasing with the ZnO NPs concentrations and higher counts (2.91 ± 0.09 x10
6
/mm

3
) 

were observed at 10 mg L
-1

; however, with the increase in dose intensity, a decrease in RBCs 

counts was seen due to anaemic conditions. The number of total WBCs counts was found to 

increase at 20 mg L
-1 

concentration (9329 ± 923/ mm
3
), which decreased after 40 mgL

-1 
to 80 

mg L
-1

. Levels of haemoglobin, haematocrit, MCV along with the other parameters including 

the value of MCH and MCHC were also variant between ZnO NPs and control, The 

assessment of toxicity in term of genetic materials was detected by employing micronuclei 

along with comet assay. Result disclosed increase in number of comet and micronuclei with 

changing concentration of ZnO NPs. Elevated level of frequency in comets and micronuclei 

was documented after 28 days and 80 mgL
-1 

treatment. Oxidative anxiety was assessed by 

detecting levels of certain enzymes in fish body including the SOD, CAT, GST, MDA and 

GSH  in 7, 14 and 28 days treatment of  ZnO NPs. Gills and liver demonstrated a reduction in 
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activity of CAT and GST in a dose reliant style. However, SOD increased in activity in retort 

to ZnO NPs as in MDA. Gills and liver tissues also reflected histological alterations. It was 

revealed that cinnamon had higher amount of total phenolic (11.66 ± 1.76 mg GAE/100 g) 

and flavonoid content (11.55 ± 2.37mg RE/100 g), so; it is a good herb to decrease oxidative 

stress. FRAP, DPPH and ABTS free radicals having the values of 357.13 ± 50.90, 414.91 ± 

97.63 and 917.22 ± 125.23 mg vitamin C equivalent per 100g respectively were used for 

confirmation. Both antioxidants (Cinnamon and Selenium) showed significant activities 

against oxidative stress. It was concluded; ZnO NPs persuaded toxicity and oxidative stress in 

treated C. catla where, cinnamon and Selenium have ameliorated effects reducing the 

oxidative stress and toxicity.  
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C h a p t e r  1   

INTRODUCTION 

―Fishery‖ is a developing sector of Pakistan, but still it is not contributing 

much to meet the nutritional demands, despite of having sufficient natural resources. 

The fishery production share only 1% to the Gross Domestic Product (G D P) of the 

country (GOP, 2013). Fish production and consumption in Pakistan is much low as 

compared to the International standards. With the increase in population, the demand 

of meat has also increased. To meet the increasing demands of meat, it is obligatory to 

enhance the production of fish meat as it is highly nutritious with high protein profile. 

Population in Pakistan is increasing tremendously that results contamination, 

which is a serious and hot issue for the environment in Pakistan. Water pollution, a 

serious problem of the day exacerbating due to increase in demand of the industries 

and vehicles that results in pollution due to electroplating, batteries pollution, dyes 

and pigments, plastic and rubber debris and other chemicals (Ilyas & Javed, 2013). 

The contamination of heavy metals that are being in-discriminately released and 

accumulated in water bodies has been known thoughtful problem of pollution for 

animals living in the aquatic habitats. Metals accumulates in other organisms through 

food chain as it moves from lower feeding level to  higher feeding level (Begum et al., 

2009). These heavy metals are important causative agent in changing genetic makeup 

and biochemistry of all exposed animals and eventually appear in coming generations. 

Molecular, cellular or other biochemical biomarkers are good tools which can be 

employed in assessing these changes (Adedeji et al., 2012). In water bodies these 

aquatic organisms have been used as pollution indicators since long times (Yilmaz & 

Christofori, 2009). The heavy metals are initiators of damage in DNA, induce 

inflammatory responses, produces  oxidative stress and anti-oxidative defence system 
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in fish that indicates the level of pollution in the aquatic environment (Livingstone & 

Black, 2003). 

A study conducted on indus Oreochromis mossambicus at Mianwali 

(Pakistan) shown a pathological changes related to gills and liver (Jabeen & 

Chaudhry, 2013). Newly, the development and progress in the field of 

nanotechnology creates a burning issue of toxicity related to the environment 

especially present in freshwater bodies. But the toxicity of nanoparticles to the fish 

has not yet been studied in Pakistan. The toxicity of Nanoparticles and their remedy 

will be first time analysed in Pakistan on the challenged fish.  

1.1. ZnO Nano particles Toxicity and uses 

Nano industry has progressed rapidly and the total funding in 2010 from all 

sources was around us dollars of 17.8 billion (Sargent, 2012). So, worldwide worth of 

this industry is snowballing day by day in all the fields of life. 

Nanoparticles (NPs) ranging from around about 1 nm to 100 nm in size and 

employed in different areas such as biotechnology and pharmacology due to their 

greater surface area and large amount of particles per unit mass compared to metals 

(Saman et al., 2013). Now a days the production of nanoparticles is about 2300 tons 

and may enhance to 58000 tons by 2020 , and it is estimated that 800 consumer 

products are already available in the market and many are still yet to come (Kuzma & 

VerHage, 2009). 

Owing to the tremendous growth of nanotechnology, nanoparticles (NPs) are 

gaining much importance in the global economy. Therefore, owing to huge amount of 

manufacture, an upsurge discharge of these materials in environment especially in to 

the aquatic environment.  
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The overall manufacture of particles  is about 550 - 33,400 tons and the annual 

production of ZnO NPs and other important nanoparticles like TiO2 and SiO2 NPs is 

3,000 and 5,500 tons correspondingly (Piccinno et al., 2012). These particles are 

employed in light scattering (UV), in beauty products like sunscreens and ingredients 

in toothpastes (Serpone et al., 2007). They are also a principle part of many other 

products e.g. manufacturing of rubber, for the manufacture of LCDs, solar cells, 

pigments, chemical fibbers, textiles  and electronics (Dastjerdi & Montazer, 2010; 

Song et al., 2010). The particles can also be employed in a variety of goods due to its 

unique characteristics like high binding energy, refractive index, thermal conductivity. 

It is used in medicines, food additives rubber and solar cells (Klingshirn, 2007) To 

immobilize and modify the biomolecules it is also used as a bio mimic membrane due 

to having high biocompatibility and fast electric transfer kinetics (Chitra & 

Annadurai, 2013). In comparison with bulk size ZnO NPs offer better performance 

(Ikono et al., 2012). Due to good biocompatibility to human cells zinc is an important 

element for our health (He et al., 2011). ZnO NPs is also an crucial constituent in 

nearly all kinds of antifouling paints (IPPIC 2012) and now a days ZnO NPs are 

taking place of bulk ZnO due to its antibacterial properties (Padmavathy & 

Vijayaraghavan, 2008). 

There is uncertainty on exposure of NPs regarding the effects in behaviour, 

physiological responses and activity of organism in water due to lack of indicated 

data. There are many examples of the effects of nanoparticles on fishes. In African 

catfish dietary iron has caused lipid peroxidation in target tissues such as live and 

heart (Yousefia et al., 2011). Treatment of ZnO NPs in embryos of one of most 

common fish the zebra fish increases intracellular reactive oxygen species and 

showed some toxic properties (Zhu et al., 2009b). Effects of ZnO NPs as compared to 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3677982/#CR81
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equal metal salt is further toxic to embryonic or juveniles conditions (Shaw & Handy, 

2011). 

Nano scale ZnO due to its unusual assets, are employed in various fields such 

sunscreen raw materials (Maier & Korting, 2005), for the wastewater filtration and 

remediation of contaminated and polluted environment (Aitken et al., 2006). 

Discharge of particles directly or indirectly via bathing and most of sewage effluent 

{Handy, 2008 #622}  or engineering industry (Nagaveni et al., 2004) elevated the risk 

of exposure for humans and its physical or natural environment (Nowack & Bucheli, 

2007). It might be the ultimate cause of metallic ion in water {Aruoja, 2009 #427}.  

 Contradictory to this a possibility of size of the NPs than the presence of 

dissolved ions might also affects the properties (Elias et al., 2009). A large serial of 

researches exhibit negative influence of ZnO NPs to living organisms but the 

mechanism of toxicity and interaction with aquatic ecosystems is poorly understood. 

As a result of potential effects of these particles, they gained special attention 

{Oberdörster, 2005 #431}. 

 Toxic influence of particles to fish not only depend on the nature chemical of 

NPs but also health state of studied or exposed animal, species, condition, feed, 

dosage and time of administration. There are many researches that have made known, 

ZnO NPs can generate toxic effects osteoblast and cancer cells (Nair et al., 2009) 

bronchial epithelial (Heng et al., 2011), kidney cells (Pujalté et al., 2011) human 

alveolar adenocarcinoma cells (Ahmed et al., 2011) hepatocytes, kidney cells in 

embryonic conditions and normal cells as well (Guan et al., 2012). 

Animals always try to respond different stressors of chemicals and initiate the 

stress response. This enables animals to ensure homeostasis in spite of stress 

conditions. During this process due to the release of hormones growth and 
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reproduction may be suppressed (Laflamme et al., 2000). It may also supressed due to  

acute or chronic in vitro exposure of different metals or toxicants (Lacroix & Hontela, 

2004). 

In consequence of this stress, Reactive Oxygen Species which is also known 

as are created in cells oxidative metabolism. These ROS are free radicals with atomic 

oxygen due to unpaired valence shall electrons and are highly reactive. These ROS 

include radicles like hydroxyl, superoxide and hydrogen peroxide Due to 

environmental stress by metals, oxidative stress is produced due to increase in ROS 

level that result a decrease in cellular potential to compete with these radicals. 

Therefore, these free radicals interact with vital macromolecules and lost the 

membrane integrity, produce structural along with functional changes in different 

regulatory and structural protein, produce genetic mutations, thus contributing to 

health disorders (Martin & Leibovich, 2005). In order to lessen the hazardous 

consequences of  generated ROS, body largely depends upon several defence system 

including the antioxidant systems. This system consists of enzymes SOD, CAT, GPX, 

GST and GSH-Px. This system also contain some non-enzymatic components include 

glutathione along with several components of vitamin E (Memısogullari et al., 2003).  

1.2. Cinnamon as antioxidant 

In certain conditions the generation of ROS is more than their removal; hence 

oxidative stress occurs. In this regard other supplements like Cinnamon and Selenium 

are used as antioxidants to sustain the condition. Cinnamomum zeylanicum (C. 

zeylanicum) has been using as herbal medicine since 4000 years. It has been used as 

antioxidant to decrease oxidative stress, as food additive, antibacterial, anticandidial, 

antiulcer anticancer and to regulates the lipogenesis (Qin et al., 2010). 
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 C. zeylanicum bark oil has trans-cinnamaldehyde, showing antimicrobial and 

antifungal properties against pathogenic microbes for both animal and plant species 

(Mastura et al., 1999). About 300 volatiles were established in oils of cinnamon. 

Further, leaves of this plant is the richest source of eugenol, the root for camphor and 

buds contained  sesquiterpenes in plenty of amount (Jayaprakasha et al., 2002).  All of 

these compounds are phenolic and polyphenolic compounds  and provide the plant a 

unique antioxidant potential (Tomaino et al., 2005; Jayaprakasha et al., 2006). 

Same is in Methanolic based Cinnamon extracts which are good source of 

superoxide, hydroxyl and some other types of generated free radicals under in vitro 

condition to scavenge reactive oxygen species (Mathew & Abraham, 2006). 

Cinnamon fruit also have phenolic antioxidants which can be possibly utilize in 

redaction of free radicals and may decrease the chance of mutagenesis in different 

tissues. If these free radicals are not efficiently eliminates form body it can be leading 

cause of mitochondrial dysfunction and reduce ATP formation. This process speed up 

the  aging process (Jayaprakasha & Patil, 2007). Decrease in mitochondrial function 

lower ATP level that influence cell growth, viability and aging process (Jakhetia et 

al., 2010). In human there is limited study of cinnamon about the nature as antioxidant  

(Al-Mashhadi et al., 2013). The possible role in human is as spice and some 

phermlogical applications 

1.3. Selenium as antioxidant 

Selenium a trace element symbolized as Se is an important micro mineral 

exists in animal body and required for various physiological functions. If deficiency 

in human is occurs due various reasons, it may cause Keshan disease. This trace 

element is also the part of variousenzymes in body antioxidant system. These 

enzymes may include glutathione peroxidase along with thioredoxin reductase and 
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iodothyronine deiodinases. Due to the presence of Se proteins (selenoproteins), there 

is a great interest in its study (Tapiero & Tew, 2003). About 25 selenoproteins in 

human and at least 30 selenoproteins in mammals have been identified (Kryukov et 

al., 2003). Because of unique physio-chemical properties selenoproteins have been 

conserved throughout evolution but their functional roles are not fully understood (Xu 

et al., 2007). 

Selenium is an important and essential cofactor for GPx and role in antioxidant 

system. In aquatic systems selenium compounds have negative effects in birds and 

fishes decreasing the population (Hamilton, 2004). Selenium is also part of  

glutathione peroxidase which in important protein required to catalyzed  different 

reactions to protective the body against oxidative stress (Schram et al., 2008). It has 

positive effects for fish exposed to heavy metals (Abdel-Tawwab et al., 2007; Lin & 

Shiau, 2007) and these positive effects on heavy metal-induced in fish have been 

studied (Ates et al., 2008). Se is required in less quantity compared to other elements 

but it is extremely necessary for homeostasis.  Otherwise, the ROS may produce 

hazardous effects in the form of cancer, inflammatory disease, neurodegenerative 

diseases mostly in the brain (Valko et al., 2006; Brewer & Fazekas, 2007) and disturb 

the homeostasis (Perry et al., 2002; Klaunig et al., 2010).  

Antioxidants such as polyphenols, sulphur and compounds of Se includes the 

enzymes including the most important one is SOD and GPx, along with essential 

micronutrients including vit- C with its components and vit- E are studying by 

researcher for their possible in contribution of antioxidant activity against body 

oxidative metabolism by-products (Ramoutar & Brumaghim, 2007; Perron et al., 

2008; Battin & Brumaghim, 2009). For instance, the researchers have found out the 

vitamin E has the ability to reduce the chance of occurrence of colon cancer and with 
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also the occurrence cancer in prostate glands. This vitamin can also have the ability to 

reduce probity of heart disease approximately 40% lessen (Ames, 2001). Similarly, 

the utilization of various  fruits and vegetables that contains the selenium even in 

traces can reduce the chance of lung cancer in smokers (Cui et al., 2008). 

Cardiovascular diseases are also reduced (Erlund et al., 2008). These diseases are 

actually occurs due to lower activity of SOD and GPx which produce large amount 

ROS and disrupt the balance of antioxidant system with production (Carmeli et al., 

2008). Raised up ROS onsets the disease as in case of Alzheimer and this is of course 

due to lower activity of above said enzymes in the boday defending systems (Resende 

et al., 2008). 

Only few studies are available to show the possible mechanism of the Se 

uptake in animals including the fish. Most researchers believe that  Se is taken up as 

selenomethione in an amino acid transport system which is absorbed  via duodenum 

in studied mice (Schneider et al., 1994). However, some studies also show that fish 

can also absorb the Se via gills. Therefore, tenacity of this proposed study was to weig 

antioxidant activity of selenium on challenged fish C. catla (Thala). 

1.4. Hypothesis 

ZnO nanoparticles induce oxidative stress and histological alterations in C. 

catla which can be ameliorated by the use of Selenium and C. zeylanicum that show 

antioxidative responses. 
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1.5. Objectives 

 To find out the economic and easy method for synthesis of ZnO NPs 

 To find out the oxidative stress, histological and haematological 

alternations produced due to different concentrations of ZnO 

nanopaticles in C. catla. 

 To find out the anti-oxidative responses in the experimental fish due to 

Selenium and C. zeylanicum. 

 To compare the antioxidant ability of Selenium and C. zeylanicum. 
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C h a p t e r  2   

REVIEW OF LITERATURE 

2.1. ZnO NPs uses and synthesis 

Metal-based nanoparticles are increasingly implemented in materials, 

cosmetics and technical applications (Brun et al., 2014). Zinc oxide has wide distinct 

properties like high electrochemical coupling coefficient, stability of its chemical 

form, high photo stability and high ability of radiation absorption. These properties 

made the ZnO as multifunctional element (Segets et al., 2009). It is also used as 

semiconductor because of covalence in group II-VI. The high bond energy (60 meV)  

thermal as well as mechanical stability are the other important characteristics at room 

temperature that make the ZnO potential use in fields of optoelectronics, electronics 

and technology of laser (Wang, 2005; Bacaksiz et al., 2008). The other potential uses 

includes as a converter, as a sensor, as a source of energy generator and photo catalyst 

in the production of hydrogen due to its piezo and pyroelectric properties (Wang et 

al., 2008; Chaari & Matoussi, 2012). Because of its rigidity and hardness, it is widely 

employed in the ceramics industry and in biomedicine due to low toxicity (Ludi & 

Niederberger, 2013). It is also used in semiconductors, solar panel devices, personal 

care products, waste water treatments, tyres, ceramics, pharmaceuticals, agriculture, 

paints and some other chemicals. (Zimmermann et al., 2015). 

Nano industry has progressed rapidly and the total funding in 2010 from all 

sources was 17.8 billion dollars (Sargent, 2012). So, the worldwide value of nano 

industry is increasing day by day in all the fields of life. 
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Table 1 Some important industrial uses of ZnO nanoparticles 

Sr# Industry Applications 

1 Rubber industry Filter, activator of rubber compounds 

2 Pharmaceutical and 

cosmetic industry 

Component of creams, powders, dental paste etc., 

absorber of UV radiations 

3 Textile industry Absorber of UV radiation 

4 Phtocatalyst Phtocatalyst 

5 Miscellaneous 

application 

Used in production of zinc silicates, typographical 

and offset inks, criminology, biosensor, processing of 

and packing  of meat products and vegetables etc. 

 

 

Figure 1 Industrial uses of ZnO in different Regions. 
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2.2. Synthesis of ZnO NPs 

Nano industry has progressed rapidly and the total funding in 2010 from all 

sources was around us dollars of 17.8 billion (Sargent, 2012). So, worldwide worth of 

this industry is snowballing day by day in all the fields of life. 

Nanoparticles (NPs) ranging from around about 1 nm to 100 nm in size and 

employed in different areas such as biotechnology and pharmacology due to their 

greater surface area and large amount of particles per unit mass compared to metals 

(Saman et al., 2013). Now a days the production of nanoparticles is about 2300 tons 

and may enhance to 58000 tons by 2020 , and it is estimated that 800 consumer 

products are already available in the market and many are still yet to come (Kuzma & 

VerHage, 2009). 

2.2.1. Metallurgical Process  

The roasting zinc ore is used for synthesis of ZnO NPs in the metallurgical 

process. According to the ISO 9298 standard, if the ZnO is synthesized through 

American process it will be classified as type A. this is also called as direct process. It 

will be classified as type B, if synthesized through French process as designated as 

indirect process. 

In the direct process, the zinc ore is reduced by heating it with coal. The 

vapours of zinc are then oxidized in the same cycle of production and same reactor. 

This process usually occurs in the furnace in which there was coal bed as a first layer. 

This process was developed by Samuel Wetherill (Kołodziejczak-Radzimska & 

Jesionowski, 2014). Then there was a second layer of zinc ore mixed with coal. For 

the process of zinc reduction and to carry CO, air (blast) is fed in from the below for 

both layers. The resulting zinc oxide in the type A has crusts of the other metal or 

compounds. ZnO NPs obtained in this process are usually needle-shaped and/or 
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spheroidal in nature. To obtain white colour the oxides of iron, cadmium and lead are 

converted in to sulphates. For rubber processing technology, acidity is required since 

it lengthens the time of pre-vulcanization and safeguards the harmless processing of 

the mixtures (Kołodziejczak-Radzimska & Jesionowski, 2014). 

In the French process, the metallic zinc is first melted using a furnace and then 

vaporized it at 910 °C. The vapours of Zinc react with air oxygen and change into 

ZnO. It is then transported using a cooling duct and finally collected at a bag filter 

station. This method is popularized by LeClaire in 1844.The particle size ranging 

from 0.1 to micrometres and consists of agglomerates (Mahmud et al., 2006). . 

2.2.2. Chemical Processes  

Due to novel properties ZnO it has become an interesting subject for 

researchers; so many methods for the synthesis of ZnO NPs have designed and 

develped. This enables the development of economical methods for synthesizing 

desired compounds.  

2.2.3. Mechanochemical Process  

This method of synthesis is the economical and most widely used method for 

the synthesis of nanoparticle at bulk or commercial scale. It comprises high energy 

dry milling, which pledges a reaction through ball powder influences in a ball mill, at 

squat temperature.  The small particle size, low cost of production and fewer 

tendencies to agglomerate are some of the advantages of using this technique. The 

other advantages include the high uniformity of the crystalline arrangement and 

morphology of the synthesized particles. In the most of the reactions the anhydrous 

ZnCl2 and Na2CO3 are used as the starting material or procurers substances. The NaCl 

salts added in the reaction mixture helps in splitting of the nanoparticles. The zinc 
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oxide precursor formed is then calcined using the temperature between range of 400–

800 °C. 

The mechanochemical technique was planned by (Gong et al., 2007), 

thesynthesized particles were crystalline in nature and have the size of 21 nm. The 

same scheme of substances was used  by Tsuzuki and McCormick (2004) and found 

out that, only 4 h of reaction time is sufficient in the stated that a milling time. This 

established the significant role frolicked by ZnCl2in avoiding agglomeration of the 

nanoparticles.  

this milling procedure of Na2CO3  and ZnCl2 was also accepted by (Moballegh 

et al., 2007) and further by (Aghababazadeh et al., 2006).  

Stanković et al. (2011) revised their prior study of examining the mechanical-

thermal synthesis. The mechanical initiation was followed by thermal activation of 

ZnO from ZnCl2 and oxalic acid as reactants of intention of reaction. This method 

produced the pure ZnO nano-powder.  

2.2.4. Controlled Precipitation  

This method is extensively employed technique of growing the ZnO NPs. It 

makes it conceivable for the synthesis of novel products with repeatable features. This 

technique made it possible for fast reduction of zinc salt solution using a reducing 

agent. It also restricted the growth of ZnO NPs with definite range of dimensions. In 

the general process phase, this precursor experiences thermal action, shadowed by 

milling to remove unwanted impurities. The particles agglomerate in the synthesis 

process and it is very difficult to separate them. So the calcined powders have an 

extraordinary level of agglomeration of particles. The parameters which can affect the 

particle size include pH, temperature and duration of precipitation in the reaction 

mixture.  
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ZnO NPs can also be produced by reaction of aqueous solutions of zinc 

chloride and zinc acetate (Kołodziejczak-Radzimska & Jesionowski, 2014). The 

parameters were controlled in the course of the reaction and these parameters include 

the substances concentration, the degree of addition of reagents, and off course 

temperature of reaction. ZnO NPs was shaped with a monomodal particle size 

distribution and high ratio of surface area. 

For the growth of ZnO NPs this technique is simple, novel and multifunctional 

because of fast reduction of zinc salt solution by using a reducing agent and restriction 

of definite range of dimensions. The unwanted impurities are removed by heating 

followed by milling process. The synthesized particles are restricted to agglomerate 

by calcined powder. Temperature, PH and duration of precipitation are the parameters 

in the reaction.Zinc chloride and zinc acetate are also used for the growth of ZnO NPs 

(Kołodziejczak-Radzimska & Jesionowski, 2014). Temperature, concentration of the 

substances and amount of reagents were the parameters in this reaction and the shape 

of ZnO NPs was monomial with greater surface area.  

ZnO NPs were also precipitated by reaction of the zinc acetate and ammonium 

carbonate solution medicated into a aqueous solution of polyethylene glycol mixed 

with a regular molecular mass (Lanje et al., 2013).  

ZnO NPs can also be prepared by the chemical reaction of the solutions of 

NH4HCO3 and ZnSO4·7H2O in an aqueous medium in a membrane reactor with two 

plates of poly-tetrafluoroethylene (PTFE) and stainless steel. The size of the prepared 

ZnO NPs was in the range of 9 to 20 nm. The temperature, flow rate and calcination 

time can affect the size of the particles (Li et al., 2010). 

In another technique ZnO NPs were prepared by the crystallization 

transformation of Zn (OH) 2 to ZnO and confirmed by XRD and SEM. The formation 
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instrument of ZnO NPs were prepared by heating a water solution covering 

Zn(CH3COO)2 and NH4OH at 85 °C (Fang et al.,2012). 

Zinc oxide particles were also prepared in the presence of cationic surfactant 

cetyltrimethylammonium bromide by the chemical reaction of ZnCl2 and NH4OH at 

room temperature. Then it was calcined at 500 °C to remove the impurities( Wang et 

al., 2008))  

ZnO NPs were also synthesized by the chemical reaction of Zn (NO3)2·6H2O 

and NaOH with nut and rod shaped in the presence of sodium dodecyl sulfate and 

triethanolamine. The presence of surfactant affect the shape and size of the ZnO NPs 

(Li et al., 2005).It was recommended that the changes were due to recrystallization 

process. ZnO nano-powders gained by the sol-gel process is a low costing technique 

that allow the surface changes of zinc oxide with designated organic compounds. The 

positive optical properties of nanoparticles gained by the sol-gel technique have 

gained much importance, as replicated in many scientific publications (Mahato et al., 

2009).  

Benhebal et al. (2013), synthesized ZnO powder by sol-gel technique from 

zinc acetate dehydrate and oxalic acid using ethanol as solvent. The sol-gel technique 

was also used to get nanocrystalline zinc oxide by (Ristić et al., 2005). Hou et al. 

(2013), synthesized ZnO NPs by the sol-gel process in which well-ordered ZnO 

nanotubes were effectively set by this method of studies into ultrathin AAO 

membrane.  

The hydrothermal technique is a modest and naturally friendly method in 

which organic solvents or grinding and calcination process are not used. The mixture 

of substrates is heated in an autoclave up to 100 to 300 °C. This method has many 
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advantages like low temperature and the varied shapes and sizes of the resulting 

crystals (Innes et al., 2012) 

Dem‘yanets et al.(2006), by hydrothermal scheme synthesized nanocrystalline 

zinc oxide by the chemical reaction of zinc acetate or nitrate with appropriate 

hydroxide like LiOH, KOH or NH4OH and the precursor was Zn(OH)2·nH2O. The 

process was carried out in an autoclave at adjustable temperature.  

Musić et al. (2005), observed the effect of chemical synthesis on the 

magnitude and characteristics of ZnO NPs by the chemical reaction of 

Zn(CH3COO)2·2H2O and NH4OH in an autoclave at a temperature of 160 °C. 

2.3. Toxicity of ZnO-NPs 

Population in Pakistan is increasing tremendously that results contamination, 

which is a serious and hot issue for the environment in Pakistan. Water pollution, a 

serious problem of the day exacerbating due to increase in demand of the industries 

and vehicles that results in pollution due to electroplating, batteries pollution, dyes 

and pigments, plastic and rubber debris and other chemicals (Ilyas & Javed, 2013). 

The contamination of heavy metals that are being in-discriminately released and 

accumulated in water bodies has been known thoughtful problem of pollution for 

animals living in the aquatic habitats. Metals accumulates in other organisms through 

food chain as it moves from lower feeding level to  higher feeding level (Begum et al., 

2009). These heavy metals are important causative agent in changing genetic makeup 

and biochemistry of all exposed animals and eventually appear in coming generations. 

Molecular, cellular or other biochemical biomarkers are good tools which can be 

employed in assessing these changes (Adedeji et al., 2012). In water bodies these 

aquatic organisms have been used as pollution indicators since long times (Yilmaz & 

Christofori, 2009). The heavy metals are initiators of damage in DNA, induce 
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inflammatory responses, produces  oxidative stress and anti-oxidative defence system 

in fish that indicates the level of pollution in the aquatic environment (Livingstone & 

Black, 2003). 

A study conducted on indus Oreochromis mossambicus at Mianwali 

(Pakistan) shown a pathological changes related to gills and liver (Jabeen & 

Chaudhry, 2013). Newly, the development and progress in the field of 

nanotechnology creates a burning issue of toxicity related to the environment 

especially present in freshwater bodies. But the toxicity of nanoparticles to the fish 

has not yet been studied in Pakistan. The toxicity of Nanoparticles and their remedy 

will be first time analysed in Pakistan on the challenged fish.  

Being large used of ZnO nanoparticles; consequently, they may be ultimately 

released into the environment during production, use and disposal (Brun et al., 2014). 

Nanoparticles might have different physico-chemical properties or behaviours than 

bulk materials and change their fate (Li et al., 2013, 2014). Zinc is also an essential 

trace element for organisms but induces toxicity at elevated concentrations (Asghar et 

al., 2015). Partially but relatively quickly, nZnO dissolve in water, and the release of 

free zinc ions has been previously shown to be the primary source of toxicity 

(Franklin et al., 2007; Blinova et al., 2010; Buerki-Thurnherr et al., 2013). However, 

in other studies ZnO NPs showed higher toxicity (Bai et al., 2010; Fernández et al., 

2013) or induced additional effects than dissolved Zn(II) alone. Thus, there are 

conflicting observations and therefore further research is needed to resolve these 

discrepancies. In organisms, cellular zinc ion fluctuations are mainly regulated by 

zinc bindingmetallothioneins (MT). Both, Zn(II) and nZnO induce reactive oxygen 

species formation (Heng et al., 2010; Kao et al., 2012). In zebra fish, adverse effects 

of nZnO include reduced hatching of embryos and ROS production (Zhu et al., 2009; 
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Bai et al., 2010; George et al., 2011; Xia et al., 2011; Zhao et al., 2013). Nevertheless, 

initiation of inflammatory reactions has not yet been explored in fish. 

Consequently, ZnO NPs is noxious in organisms like most of nanoparticles. 

This toxicity can be used for antibacterial, antiviral, antifungal, and antialgal. To 

overcome the hazardous effects of these particles on environment and animal, some 

other kind of nanoparticls were grow. Nanoscale zero-valent iron is that kind of 

nanomaterial that was introduce for environmental remediation of contaminated 

water, topsoil and deposits.  

In recent studies, it was shown that, ZnO NPs are responsible for animal 

natural environmental fluctuations and degradation of their habitat and effect the 

reproducing capability of fish and reducing the fish diversity at a large (Asghar et al., 

2015). Therefore, the researchers are introducing the way and measures for artificial 

breeding  and protection of the natural habitat to avoid diminish of certain valued and 

vanishing fish species (Yousefian & Mosavi, 2008). 

ZnO NPs also have possible ecological hazards and ecosystem altering ability. 

For organisms living in the aquatic environment, there is vast ambiguity on 

acquaintance due to absence of related data about the outcome of nanoparticles in 

behaviour, functioning and bioactivity of organism living in the water having 

nanomaterials. There are some examples of the outcome of nanoparticles and its 

effect on fish altering the fitness and physiology. Dietary nanoparticles have formerly 

been comprehended to cause lipid peroxidation in the heart muscles and liver tissues 

of African catfish (Leviton et al., 1999). A rise in intracellular ROS was witnessed in 

zebra fish embryos treated with nano-ZnO and some other toxic effects related to the 

oxidative stress (Zhu et al., 2009). A number of reports have been published about its 

toxicity on initial life stages of fish. These reports suggested that the nanoparticles can 
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also passes through chorion. Therefore, the nano-structure of some metals such as 

ZnO NPs might cause more toxicity in the embryos or juveniles, than the equal  

amount of metal salt (Shaw & Handy, 2011). In trial with Oryzias latipe (medaka 

fish) adult and embryos the effects of Zn were inspected. Individually the embryos 

and adults were treated with altered doses of Zn (0.5, 5, and 50 μg/mL) in water to 

conclude that effects of nanoparticles were dose dependent. SOD and GSH activity 

was seen significantly decline in brain and liver models taken the samples from 

adults, nonetheless as the time of contact amplified, the adults seemed to recuperate 

from the exposure by regulating the antioxidant enzymes levels of body (Li et al., 

2009). The treated adults were also inspected for conceivable histo-pathological and 

changes in the morphology. The gill and intestine models exhibited significant 

alteration however the brain and liver sections did not show weighty alteration. The 

concentration exposures of 5 and 50 μg mL
-1 

of Zn, gill sections were found with 

inflammation of epithelium cells, black particles dumped on the surface and omitted 

scales Trial remediation trials have formerly used concentrations of roughly 4.5 to 

10g/L of Zn slurry (Gavaskar et al., 2005). 

In trial by Baker et al. (1997), it was concluded that the effect of amplified 

iron consumption on lipid peroxidation and growth standards in fish. The African 

catfish (Clarias gariepinus) juveniles with weight 32.25 g were nourished with 2% 

body weight/day, for five weeks. The diet was consisted of fishmeal based foods also 

have iron in dry diet. Digestion of the dietary iron in high ratio ensued reduced the 

growth in catfish by gathering in the tissues. In trial by Dalzell and Macfarlane 

(1999), the LC50 for 96 h on brown trout Salmo trutta of iron (III) sulphate liquor, 

which is used plummeting the algal growth of reservoirs was 28 mg total Fe l−1. The 

value of LC50 96-h of annular grade iron sulphate was 47 mg total Fe. Toxic and sub-
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lethal contact of iron gives rise to accumulation on the gill, the main target for toxicity 

produced by iron. Greater iron gathering was found to occur after the exposure of iron 

sulphate liquor. Respiratory disturbance was occur by physical blockage of the gills 

which was most possibly due to iron noxiousness (Dalzell & Macfarlane, 1999). In 

integrative biological and physicochemical studies on the acceptance of original 

commercial nanoscale metal oxides, cerium dioxide (CeO2), zinc oxide (ZnO) and 

titanium dioxide (TiO2) that enter from the water and food produces the 

ecotoxicological influences on fish as a function of concentration. This was stated by 

Johnston et al. (2010). Significant uptake of nano-materials was found in the case of 

cerium in the liver of zebra fish when exposed through water medium. The ionic 

titanium was also found in the gut of trout exposed through the medium of food. For 

the water exposures, formation of large NP combinations (up to 3 μm) happened and 

it is probable that this ensued in partial bioavailability of the unchanged metal NPs in 

fish. 

2.3.1. ZEBRAFISH (Danio rerio) 

The experimental results showed that the NPs inhibited both the body length 

and hatching rate of zebra fish larvae; the small nanoparticles exhibited more toxicity. 

Studies on enzyme activity showed that the NPs reduced the glutathione content and 

inhibited catalase and superoxide dismutase activities, resulting in shortening the 

body length, lower hatching success, and lowering reproduction of zebra fish larvae 

(Liu et al., 2014). Exposure of zebra fish embryos and eleuthero-embryos lead to an 

accumulation of zinc. Dose-dependent adverse effects on hatching and expressional 

changes of genes associated with oxidative stress and inflammation reaction occurred. 

Our data confirm previous reports on inhibitory effect of nZnO on hatching of 

embryos (Bai et al., 2010; Zhao et al., 2013) and they contribute to the understanding 
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of the causes behind their effects. The effects were mainly related to the release of Zn 

(II) from nanoparticles, and they were more pronounced in embryos than eleuthero-

embryos. There is still a debate on this question, as there are supporting reports (Song 

et al., 2010; Buerki-Thurnherr et al., 2013), as well as reports showing that zinc ions 

only partly contributed to the effects of nZnO (Zhu et al., 2009; Bai et al., 2010; Zhao 

et al., 2013). 

2.3.2. Common Carp (Cyprinus carpio) 

Subashkumar and Selvanayagam showed acute toxicity of ZnO nanoparticles 

intended for common carp (C. carpio). Their calculated value were  4.897 mgL
-1 

and 

this is sound in covenant with the acute toxicity of ZnO nanoparticle in zebra fish (96 

4.92 mgL
-1

) and primary toxic mechanisms were possibly related with the physical 

and chemical features of ZnO nanoparticle and also described as nanoparticles will 

cause toxic effect (Xiong et al., 2011). Fish gill is a critical structure for breathing 

(Korai et al., 2010), osmoregulation and there is handy connection between gill 

morphology and stress (Saber et al., 2013). Histological study of the gills indicates a 

classic structural organization of the lamella in the control group. In the current study, 

the treated group showed progressive architectural alterations like alteration in 

secondary structure, congestion of blood, bordering channel enlargement of lamellae, 

hyperplasia in epithelial cells, lamellar blending, epithelial elating, desquamation and 

necrosis, aneurism, acute cellular bulge, lamellar disorder, twisting, and loss of 

secondary lamellae at 28 d of exposures were observed due to ZnO nanoparticle 

toxicosis. Pathological modifications like hyperplasia of epithelial cells, epithelial 

elating and lamellar blending might raise the space of contact of toxicants with the 

vascular system of the gill, consequentially in deficiency of respiration as well as fish 

condition. Aneurism was detected due to collapse of pillar cells in the secondary 
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lamellae and break of blood vessels, discharging large measures of blood causing in 

the lamellar disorganization. Desquamation and necrosis are the direct harmful effects 

persuaded by ZnO NPs. 

2.3.3. Nil Tilapia (Oreochromis niloticus) 

The gills of fish received ZnO NPs had a severe vacuolation and necrosis 

pavement and epithelial cells with widened mucous cells (Alkaladi et al., 2014). 

These cells were detached from secondary lamella by edema comprising fibrin and 

inflammatory cells (Hao & Chen, 2012).The distended and disturbed gill cells bare to 

nano-ZnO might decrease the exchange surface and disturb the exchanges of air and 

ion (Alkaladi et al., 2014) and, some black blocks accrued on the mucus of chloride 

cell, which was supposed as nano-ZnO aggregates, presenting that nano-ZnO might 

directly move into the fish body through the wounded epithelial cell membrane and 

persuade the unwanted noxious effects (Hao & Chen, 2012). Most of the toxic 

compunds and chemical targeted the gill and produce the toxic effects. The 

investigatrs have reported two major forms of injuries. The first type of injury might 

be due to the defence response and included the hyperplasia of the gill filaments 

epithelium, lamellae, oedema of gill; the second type is the direct damage in the form 

of necrosis and flaking of gill epithelium (Chen et al., 2011). 

2.4. Oxidative stress causes and consequences 

The organisms are constantly uncovered to number of factors related to 

environment counting feed variations, climate variations polyphyletic activity and 

numerous types of the stressors. These aspects of animal are the major source of the 

unremitting production of reactive oxygen species during the oxidative metabolism 

(Gupta-Elera et al., 2012). ROS are essentially extremely responsive free radicles of 
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oxygen atoms with unpaired valance electrons (Martin & Leibovich, 2005; Kataria et 

al., 2010). The surplus of ROS is liable for oxidative stress (Datta et al., 2015).  

The term oxidative stress means serious imbalance between antioxidant and 

production of ROS (Sies, 1997) which leads to the various pathological disorder 

including cardiovascular diseases, cancer diabetes mellitus, inflammation and 

neurodegenerative diseases (Datta et al., 2015). 

2.4.1. General concept about the free radicals and Oxidative stress 

Researcher showed much interest about free radicals in the past few decades. 

Oxygen is the most common source of free radicals in the biological systems. Over 

production of ROS inhibit the body normal function and cause damage to both cells 

and tissues (Wickens, 2001). 

It is basically produced from cellular matter of endogenous substances include 

mitochondria, peroxisomes, cytochrome P450 and provocative cells (Inoue et al., 

2009). The exogenous sources are environmental sources includes the ionization 

radiations, ultraviolet rays and environmental contaminants (Mateos & Bravo, 2007). 

ROS mainly attacks on the cell membrane since it reacts with fatty acid of 

membrane and produces lipid peroxide. The accrual of lipid peroxide leads to the 

creation of maloiadehyde a probable carcinogen agent (Lippman, 1983). This lipid 

peroxidation origin permanent damage to membrane elasticity and fluidity and finally 

to cell rupture (Ran et al., 2006). 

The 2
nd

 board target of free radicals is body protein. The ROS oxidize the 

cross link between amino acid and permanent loss of enzymes and connective tissue 

function (Ran et al., 2006). The DNA is the 3
rd

 chief mark of ROS in the cell. The 

ROS causes disruptions the DNA after indecision (Ames et al., 1993) 
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2.4.2. Sources of ROS in cell 

Mitochondria of the cell is the main spot for ROS construction and both 

complex I and Complex II found to established ROS generation at mitochondrial level 

(Dröse & Brandt, 2012). Most of the enzymes are also liable for the generation of 

ROS including NADPH oxidase (Bylund et al., 2010), α-ketoglutarate dehydrogenase 

complex (Ambrus et al., 2011), xanthine oxidase (Agarwal, 1996), dihydrolipoamide 

dehydrogenase (Zhang et al., 2011; Kareyeva et al., 2012) and d-amino acid oxidases 

(Fang et al., 2012). 

NADPHs oxidase peroxisomes present in the membrane are also the source of 

free radicals, which consume O2 and generate H2O2 under normal condition. The 

H2O2 in the peroxisome is converted to water with the help of catalase enzyme. 

Oxidative stress occurs when the damaged peroxisomes unable to convert it into water 

and release the H2O2 into cytoplasm directly. Under few conditions, H2O2 also reacts 

with O
2•- 

and form highly oxidizing and toxic compound (OH
•
) in the Fenton and 

Haber-Weiss reaction (Fransen et al., 2012). 

Gastrointestinal tract is also site for free radical synthesis. O
2•-

 is generated 

from xanthine oxidase and then it is converted to H2O2 in a reaction catalyse by 

gluthione peroxidase or catalase. H2O2 produced by neurtiphils s utilized by 

meloperoxidase produce hypochlorite (OC
1-)

 ions which is very reactive with short 

reaction time and makes the membrane impermeable (te Velde et al., 2008). The 

generated ROS in the gastrointestinal tract oxidze the protein, damage the DNA and 

protein creating diseased condition in colon (Sander et al., 2004). 

2.4.3. History of oxidative stress 

The foundation of the free radicals in biological process dated back to 1956 when 

Harman found out a close relationship between the free radicals and ageing (Harman, 
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1992). Then Ivin Fridorican did a foremost innovation in the field of free radical 

biology by discovering the SOD (superoxide dismutase). This enzyme was found 

catalyzing the conduction of O2
•-
 to H2O2 (McCord & Fridovich, 1969). After few 

years later, Boveris et al. (1972) found that O2
•-
was mainly generated in the 

mitochondria. So at present time, two findings were the most crucial (a) free radical 

and (b) biological mechanism that regulate the free radical through enzymatic system. 

In mid 1970s, it was evident that both free radicals and non-free radicals participate in 

free radical reaction (reviewed (Halliwell, 1992). The non-free radicals included H2O2 

and HOCl were included in the further broad word of reactive oxygen species (ROS) 

in the place of free radicals. Later, nitric oxide (NO
-
) and peroxynitrite (ONOO

-)
 were 

also found integral with ROS and hence a new term RONS was introduced. The 

RONS causes damage to lipids (Galano et al., 2011), protein (Lyras et al., 1998) and 

DNA (Cadet et al., 2010). 

In 1970 to 1980, the term ―Oxidative stress‖ was frequently used to describe a 

phenomenon of imbalance between the oxidative stress and body antioxidant system 

leading to damage (Sies et al., 1985). Since then different type of ROS have been 

discovered some of them discuss as under. 

2.4.4. Superoxide radical 

This reactive species is produced in the mitochondrial complex I, III and 

consider part of intracellular signalling (Murphy, 2009). The evidence supported that 

the superoxide involved in the intracellular signalling cascade by four ways. 

(1) Phermalogical or genetic modification of mitochondrial complex I, III 

effect the signalling. 

(2) Correlation of O2
•-
 and signalling cascades. 
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(3) Mitochondrial antioxidant or radical scavengers also effect the 

signalling. 

(4) Genetic alteration of mitochondrial and cytoplasmic SOD declines the 

competence of signalling. 

Superoxide radical usually generated due to reduction of O2. It is reactive than 

O2 (Goetz & Luch, 2008) and associated with inflammatory pathway by the activation 

and regulation of inflamasome and inflammatory cytokines (Zhou et al., 2011). With 

long half-life involves in the inactivation of catalase, GPX and oxidation of 

gluthathione in the absence of scavengers (Benov, 2001). Different studies revealed 

the role of superoxide in the development of disease state including cancer, 

cardiovascular, inflammation (Afonso et al., 2007) and neurodegenerative diseases 

(Waris & Ahsan, 2006). 

The intracellular enzyme SOD is an antioxidant metaloenzyme and actively 

involved in reducing the toxicity of super oxide radicals. It has different isoforms with 

different metal ions (Copper, manganese and zinc) at active site (Zelko et al., 2002). 

In animal models, the SOD protects the brain, heart and liver from ischemic and 

alcohol induced injury (Keller, 1998; Wang et al., 1998; Wheeler et al., 2001). The 

mutation in SOD causes degradation of motor neuron and induced paralysis or death, 

suspectibility to type 2 diabetes, Alzheimer s disease and cancer (Tamai et al., 2006). 

Over expression of SOD also causes the oxidative stress (Kowald et al., 2006). 

2.4.5. Singlet oxygen 

The singlet oxygen is not a free radical species with sufficient energy and no 

unpaired electrons but very responsive than O2 with 10-5 s half-life (Davies, 2003). It 

is generated in the electronic excitation of molecular oxygen, termination of peroxyl 

radical in peroxidase- mediated reaction. It was first observed in 1924 and found out 
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the more reactive form of oxygen (Gutteridge & Halliwell, 2000). The singlet oxygen 

targets the protein, nucleic acid, sterols and lipids consequence in the skin cancer 

(Young & Woodside, 2001). B-carotene and ascorbic acid actively involved in the 

scavenging of the singlet oxygen (Young & Woodside, 2001). 

But some studies also supported the beneficial role of singlet oxygen in the 

photodynamic therapy of carcinogenic cells. In the process of treatment carcinogenic 

cells accumulates the light sensitive agent during irradiation that produce the singlet 

oxygen and ROS in most of the cases. The singlet oxygen and ROS causes the cell 

death by cytotoxicity and inducing the apoptosis. Chemically, several compounds are 

used for scavenging the singlet oxygen including histidine, azide and 2-

phenylisobenzofuran in laboratory (Lee et al., 1999). 

2.4.6. Ozone (O3) 

Ozone is acidic smelling, irritating, colourless gas and a form of elemental 

oxygen. It is also a powerful oxidizing agent than molecular oxygen. Its low 

concentration (0.5 ppm) causes the lung damage. Its few hours explore initiate 

inflammation, damage to macrophages of pulmonary tracts and this way decreasing 

the resistance to infection. It also causes the irritation of eyes and oxidation of lipid 

and protein (Berlett et al., 1996). The inhaled O3 reacts with ascorbates urate and GSH 

of the body. These compounds are scavengers of O3 (Gutteridge & Halliwell, 2000). 

2.4.7. Hydrogen peroxide H2O2 

Just like singlet oxygen, H2O2 is also not a species of free radical and showed 

comparatively steady state in most of the studies (Park et al., 2006). However it 

gained much interest due to its ability of generating the ROS. Hydroxyl radical is its 

most important ROS. In biological systems, the H2O2 is produced in one of the 

following processes; (a) decrease of the superoxide by activity of SOD generated the 
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H2O2 (b) action of amino acid oxidase, urate oxidase and glycolate oxidase on their 

respective substrates also generates the H2O2 (Benov, 2001).  

The H2O2 also showed the direct effect on intracellular signalling cascades by 

transduction of signals, genetic mutation of catalase enzyme and up regulation of 

SOD (mn) and SOD (Cu). Chen et al. (2014) suggested the profanation of endothelial 

cells after the treatment with H2O2. 

Catalase and Gpx (cellular enzymes) actively involved in scavenging of H2O2 

and conversion into the H2O (Young & Woodside, 2001). 

2.4.8. Hydroxyl radical 

Hydroxyl radical is considered the most toxic species produced by reduction 

of H2O2 (Park et al., 2003). Due to very short half-life (10-9 sec), the hydroxyl radical 

immediately reacts with biomolecules after the formation. Fenton- type reaction with 

Iron (II) and zinc (I) where, Haber-Weiss reactions are the key sources of cellular 

hydroxyl radicals.  

(Fenton reaction) Fe2+ +H2O2 Fe3+ + 
-
OH + HO

-
  

(Haber- Weiss reaction)  O2
.-
 + H2O2

 .
OH + O2 + HO

- 
(Haber & Weiss, 1932)  

It causes the oxidation of protein, lipid and nucleic acid. Base modification, 

DNA cross linking and DNA strand breaks was also observed after the treatment with 

hydroxyl radicals (Lloyd et al., 1997). 

2.4.9. Peroxynitrite 

The generated superoxide and nitric oxide in the cell reacts to form 

proxynitrite (ONOO
-
) under the inflammatory condition. The peroxynitrate causes the 

lipid peroxidation and DNA damage. It is also involved in the ageing process because 

of damage to guanine in telomeres and decreases the production of collagen (Valko et 

al., 2006; Afonso et al., 2007). The other complications include the vasorestrication 
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due to low availability of nitric oxide (White, 1994).selenium in the form of 

selenomethionine and selenocystine found to have the protective role against single 

strand breaks in DNA due to ONOO
-
 radical (Roussyn et al., 1996). 

2.4.10. Metal based generated ROS 

Metals ions such as Cu, Co, Mg, Ni, Zn are biological very important due to 

their contribution in normal physiological functioning including, electron transport 

chain, oxygen transport, catalyst and part of various protein (Lippard & Berg, 1994). 

However, metal ions are toxic too, if mis-regulated during homeostasis. This 

condition leads to the oxidative stress due to generation of ROS and onset of many 

diseases like, anemia, hemochromatosis, Wilson s disease Monks diseases, cancer, 

diabetes, inflammation and neurodegenerative diseases (Brewer & Fazekas, 2007; 

Swaminathan & Gerner-Smidt, 2007). Among the metal ions, copper and iron are 

more focused and their role in the generation of ROS is more extensively study. It is 

due to the fact both the metals ions are involved in the generation of OH
•
. This 

hydroxyl radical induce the DNA damage and cell death in the fibroblast of 

mammalian model (Mello-Filho & Meneghini, 1991).  

Copper is the 3
rd

 most found metal in the human body after zinc and iron 

(Brandolini et al., 2002). The copper also generated the hydroxyl radical during the 

Fenton-type reaction but 50 times faster than iron (Bar-Or et al., 2001). Therefore, 

copper concentration is closely maintained to avoid the toxic level (Que et al., 2008). 

However elevated level is related to oxidative stress and diseases produced by 

oxidative stress (Mishra et al., 2008; Que et al., 2008; Reddy, 2008); including 

Alzheimer‘ s disease (Zappasodi et al., 2008), cancer (Gupte & Mumper, 2007) 

Wilson‘ s disease (Ala et al., 2007) renal diseases (Misra et al., 2008) and 

cardiovascular disorders (Leone et al., 2006). 
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Cell has inherent ability to cope with metal based oxidative damage. The cell 

has various metal attachment sites in metaloprotein with transferrin, ceruloplasmin, 

ferritin and metallothionein (Mániková et al., 2009). Some chelating drugs such as, 

deferiprone,, ferrior amino B are used for iron and N. scetyl cysteine amide, 

tetrathiomolybdale and penicillamine for copper to minize the toxic effects (Fu et al., 

2008). 

2.4.11. Reactive nitrogen species (NOS) 

The by-product of nitrogen oxide synthase form the 2nd group of free radicals 

mainly expressed in intestinal submucosa ad some selected cells (Ghafourifar & 

Cadenas, 2005). It has usually long half-life due to rapid diffusion into blood where it 

inactivated by haemoglobin. The nitric oxide has some vital role in the body including 

neurotransmission, immune-dilation and blood pressure regulation (Sriram et al., 

2006). It also prevents the adhesion of leukocytes and toxicity of H2O2 to endothelial 

cells (Binion et al., 2000). However, the over production of RNS is responsible to 

impairment of antioxidative system and contributes the damage to large intestine 

mucous of membrane (Ya Sklyarov et al., 2011). The reaction between O
2•- 

and NO
• 

also leads to the formation of aggressive oxidizing agent the peroxynitrte (ONOO-) 

that causes the fragmentation of DNA and lipid peroxidation. 

2.4.12. Effects of ROS and RNS 

2.4.12.1. Lipid peroxidation 

The both RNS and ROS are liable for lipid peroxidation predominantly in the 

membrane. As the membrane contained of polyunsaturated lipids and lipoprotein, the 

membrane is primary target of lipid peroxidation; a hydroperoxy group is attached or 

introduced into unsaturated fatty acid with hydrophobic end and roots the 

modifications. These structural changes interrupt the hydrophobic lipid-lipid 
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collaboration and create the hydroperoxy radicals and aldehydes by-products. The 

final end product of lipid peroxidation (Malondialdehyde) roots damage to protein by 

retorting with histidine imidazole group, lysine amino group and sulphydryl group of 

cysteine (Catalá, 2009). Severe lipid peroxidation was perceived in the patients with 

inflammatory bowel illness conditional upon the category (Kruidenier et al., 2003). 

2.4.12.2. Aging 

The corrosion of metabolic processes and usual physiological functions root 

aging. According to the free radical theory, the ROS is produced as by product of 

biological oxidation which persuades destruction to macromolecules finally dis-

functioning and cell death (Harman, 1992). 

Being the most important spot of intracellular superoxide construction and 

chief target area of free radicals, mitochondria are closely supplementary with aging 

process. Mitochondrial ROS origins harm to mitochondrial ingredients including 

mitochondrial DNA, protein and lipids (Miquel et al., 1980; Park et al., 2007). The 

oxidant persuades mutation in the mitochondrial DNA concede limited mitochondrial 

normal bioenergetics function leading to the aging. The harm to mitochondrial DNA 

rises with age and leads to DNA break and somatic mutation (Richter et al., 1995). 

These mutation are the sources of  the diminishing of respiratory chain complex and 

growing the mutation and oxidative damage, energy source and normal cellular 

function alters leading to the apoptosis (Sohal & Weindruch, 1996; Judge & 

Leeuwenburgh, 2007). 

2.4.12.3. Effect on DNA 

Numerous chemical reactions that involved the oxygen produced the reactive 

transitional intermediate that harms the DNA. This damage causes mutations leading 
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to the cancer. The investigators are annoying to discover the role of reactive 

intermediate in the carcinogenesis (Gupta et al., 2012).  

2.4.12.4. Effect on protein 

Oxidative stress encourages revocable and irreparable oxidative alterations in 

the protein. Irretrievable alteration including tyrosine nitration and carbonylation 

(Prokai & Simpkins, 2007; Rao & Møller, 2011) are related to oxidative stress and 

used as indicator in diseases and aging (Prokai & Simpkins, 2007). Rescindable 

alteration includes cysteine variation (Cai & Yan, 2013). It mirrors the change in 

cellular redox state and elaborate in the singling chutes (Finkel, 2011; Chung et al., 

2013). 

2.5. Role of the antioxidant in the amelioration of oxidative stress 

2.5.1. Cinnamon  

Herbs may truly be considered as a part of Nature's pharmacy. Herbal 

remedies are generally gentler and safer in their action and the herbs are a major 

source of many of the drugs used in Eastern as well as Western folk medicine 

(Vangalapati et al., 2012). Due to the nutritional and pharmaceutical values, the plant 

materials are being indigenously used as household remedies of various health related 

issues in the developing and developed countries (Khalid et al., 2014). Traditional 

plants, such as Cinnamomum, a popular kitchen spice are being extensively and 

widely used as a raw material in the drug and medicine industry. These plants have 

been analysed for their mineral, phenolic and nutritional profile (Rao & Møller, 

2011). Uses of Cinnamomum mainly comprise odour and essence productions due to 

its scent, that might be used into various diversities of scents, food products (Huang et 

al., 2007), cosmetics, toiletries and disinfectants used in hospitals (Urbaniak et al., 

2013). The spice is obtained from the brown bark, which forms longitudinal striated 
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quills. Cinnamaldehyde and trans-cinnamaldehyde are the most important 

components of Cinnamomum present in the essential oil (Yeh et al., 2013) while 

catechins and procyanidins have been found in Cinnamomum bark (Nonaka et al., 

1983). Trans-cinnamaldehyde obtained from the essential oil of C. zeylanicum has 

been found as an antityrosinase (Marongiu et al., 2007; Chou et al., 2013). These 

procyanidins extracted from cinnamon have antioxidant activities (Peng et al., 2008; 

Rao & Gan, 2014). The Cinnamomum plant is native to Indonesia, Sri Lanka, South 

America, West Indies and South Eastern India. Alone Sri Lanka crops nearly 90% 

world‘s cinnamon production (Adisakwattana et al., 2011).  

2.5.1.1. Historical Background and Traditional Uses  

Cinnamon was used as spice for thousands of years. C. zeylanicum commonly 

known as cinnamon belongs to botanical Division Mangnoliophyta, Class 

Magnoliopsid and Family Lauraceae pertaining to 250 species, many of them are 

spicy, aromatic, flavouring having positive health effects (Lee & Balick, 2005; 

Timotius et al., 2015). 

Cinnamon belongs to the flavouring substances with one of the longest 

delicacies traditions. It has been mentioned in the Bible, as well as by Greek and 

Roman literature amongst others Theophrast, Herodot, Dioskurides, Galenus and 

Plinius. There‘s no real record that determines Ceylon (Sri lanka) as its original 

source. Dioskorides delineated five cassia and seven cinnamon species where the 

cinnamon species were rumored as possessing diuretic and digestive properties. From 

the eighth century, cinnamon was introduced in Europe as a delicacy spice that could 

be utilized by Kings and Popes. There is a report on the utilization of cinnamon in 

associate Arabian source from around 1275. In 1310, Johannes of Montevino 

confirmed the existence of cinnamon trees in Ceylon (Qin et al., 2010; Najafi & 
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Taherpour, 2014). The cinnamon was a spice employed in preserving fluids in Egypt. 

In Ayurvedic drugs, its natural bark was employed anti-diarrheal, as antiemetic, 

antiflatulent and common stimulant. The other Portuguese seeing trees of cinnamon 

growing in Sri Lanka (Ceylon) in the early sixteenth century and thence import 

cinnamon ensued to Europe during the sixteenth and seventeenth centuries. The Dutch 

took the charge of Sri Lanka in the mid-17th or start of century formerly Britsh took 

the island in 1796.  

Introduced by the Portuguese, cinnamon of Ceylon remained the 

discriminatory substance in Europe costing forty times more over the cinnamon from 

Java or the Philippines. The herbal substance was initially collected from wild 

growing trees. The cultivation of cinnamon started around 1765, when The 

Netherlands took the lead. The British took over in 1796 and the cinnamon cultivation 

and mercantilism became a monopoly of the British Eastern-Indian Company. Around 

1833, when The Netherlands developed the cultivation of cinnamon in Java and 

Sumatra, the herb and the volatile oil were introduced into drugs as a stimulant and 

cardiotonicum. The oil was prepared for the first time by St Amando of Doornyk at 

the end of the fifteenth century. It was also used traditionally used as tooth powder 

and to treat toothache and other dental problems, oral micro biota, and breath 

problams (Gupta et al., 2012a). 

Sri Lanka is the main regular exporter of cinnamon leaf oils and its bark. The 

foodstuff industry favours Ceylon (cinnamon), however pharmacological 

industrialists use each (Barceloux, 2009).  

Cinnamon plant contributes a vibrant role as a flavour, however its oils and 

other ingredients also have vital activities, counting antimicrobial (Gende et al., 

2008), antifungal (Wang et al., 2005), antioxidant (Mathew & Abraham, 2006) and 
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anti-diabetic (Jia et al., 2009; Lu et al., 2011). Cinnamon has been used as anti-

inflammatory, larvicidal of mosquito (Cheng et al., 2004), insecticidal (Cheng et al., 

2004), antitermitic (Tung et al., 2010), nematicidal (Kong et al., 2007), anti-mycotic 

(Dhulasavant et al., 2010; Bandara et al., 2012), anticancer agent (Koppikar et al., 

2010; Lu et al., 2010) and used for decrease of perineal pain and refining healing of 

episiotomy incision (Mohammadi & Oshaghi, 2014). 

Cinnamon is also added to flavour chewing gums in addition to its uses as a 

spice and flavour agent due to its mouth inspirational effects and capability to get rid 

of bad breath (Jakhetia et al., 2010). Cinnamon can also rally the health of the colon 

plummeting the danger of colon cancer (Wondrak et al., 2010) and easing intestinal 

damage (Wang et al., 2015). Cinnamon is a coagulant and stops bleeding (Hossein et 

al., 2013). Cinnamon also upsurges the blood circulation towards the uterus and other 

advances tissue regeneration (Minich & Msom, 2008). 

Cinnamon oil has been rumoured as herbal drugs just in case of nerve 

sensitivity. Higher doses were used to stimulate the vascular system, nerves and 

muscles, more notably the womb. Higher doses showed an unsuccessful abortive 

property and could result in methaemoglobinaemia and nephritis. The oil also showed 

medicinal activity against typhus fever. 

2.5.1.2. Important compounds in Cinnamon 

Different parts of Cinnamon zellinicum Blume leaves, bark, roots flowers, 

fruits stalk and buds showed variations in composition. The active phyto-constituents 

are cinnamaldehyde and eugnols. Cinnamon contains a vast variety of viscous 

compounds, including cinnamic acid, cinnamate, cinnamaldehyde and plentiful vital 

oils. Singh and Mitra (2007) reported that the spiced taste and scent are due to the 

occurrence of cinnamaldehyde and happen due to the absorption of oxygen. As 
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cinnamon old, it causes blackening in colour; increase the viscous compounds (Singh 

et al., 2007).  

 

Table 2: Important chemical components of different parts of Cinnamon  

By Vangalapati et al. (2012). 

Part of the plant Compounds 

Leaves Cinnamaldehyde: 1-5% 

Eugenol: 70-95% 

Bark Cinnamaldehyde: 65-80% 

Eugenol: 5-10% 

Bark of Root Camphor: 60% 

Fruit caryophyllene (90-14%) and Cinnamyl 

acetate (42-54%)  

Buds Oxygenated terpenoids: 9% 

alpha-Bergamotene: 27.38% 

Terpene hydrocarbons: 78% 

alpha-copaene: 23.05% 

Flowers trans-alpha-Bergamotene: 7.97% 

(E)-Cinnamyl acetate: 41.98% 

Caryophyllene oxide: 7.20% 

2.5.1.3. Role as Antioxidant  

Antioxidants are essential for human body that neutralizes the free reactive 

oxidant species (ROS). Thus, antioxidants that are present in food materials have an 

important role in human life as health-saving agents. Antioxidants are also used as 

key additives in fats and oils and in the food processing industry for the prevention of 

food from spoilage which is mostly done with synthetic substances (Khan et al., 2015; 

Khan et al., 2015b). But in the current time, spices and medicinal plants are now 

being considered as sources of beneficial antioxidants against a number of different 

diseases (Suhaj et al., 2006) especially in many age-related diseases (Gunawardena et 

al., 2002). Antioxidants are able to react with free radicals and can respond to the 

damage in metabolism disorders and syndromes related to age of humans beings and 

animals (Halliwell, 1992; Manosi et al., 2013; Gunawardena et al., 2015). 
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Cinnamon oil has been reported for potentially exhibiting superoxide 

dismutase- (SOD) activity as specified by the hang-up of pyrogallol autoxidation. The 

alcoholic and aqueous extract of cinnamon possibly constrains fatty acid oxidation 

and lipid peroxidation (Rao & Gan, 2014). Cinnamon also has different flavonoids 

and phenolic compounds that have antioxidant character and free-radical-scavenging 

capabilities. Generally, cinnamon has shown greater antioxidant actions as compared 

to that of other dessert spices. It might also assist as probable dietary sources of 

natural antioxidant for refining human nutrition and health (Shobana & Naidu, 2000). 

2.5.1.4.  Anti-Inflammatory properties  

Chronic inflammation is an important element in a number of age-related 

problems (Gunawardena et al., 2015). Cinnamon and its essential oils has been shown 

to have anti-inflammatory activities by a number of studies (Tung et al., 2010; 

Kandhare et al., 2013; Manosi et al., 2013). Some examples of important flavonoid 

compounds that have been isolated till now with anti-inflammatory activities are 

hesperidin, gossypin, hibifolin, hypolaetin, gnaphalin, oroxindin, and quercetin (Chou 

et al., 2013). 

Cinnamaldehyde has been reported to inhibit nitric oxide production which 

has been implicated in causing inflammation. It also inhibits cyclooxygenase-2 

catalyzed prostaglandin E2 biosynthesis (Manosi et al., 2013). Various components of 

C. ramulus displayed anti-inflammatory activity. This ability is due to its ability to 

reduce the expression of nitric oxide production (iNOS), nitric oxide (NO) and 

cyclooxygenase-2 (COX-2) creation in the nervous system. In this manner, C. 

ramulus might be used for the remedial or preclusion of inflammation-mediated 

neurodegenerative diseases (Kwon et al., 2009). In addition, the aqueous extract of 

cinnamon is helpful in controlling the lipopolysaccharide tempted tumor necrosis 
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factor-α level in the serum (Hong et al., 2012). In another study Du et al. (2014) found 

that, the essential oil of C. longepaniculatum has anti-inflammatory activity in terms 

of dose dependent reduction of the connective tissue injury, paw thickness and the 

infiltration of inflammatory cell. The production of PGE2, histamine and 5-HT in the 

exudates of edema paw induced by carrageenan was also significantly reduced by the 

essential oil. The ethanolic extract of cinnamon (70%) has been effective on acute 

inflammation in mice (Manosi et al., 2013).  

2.5.1.5. Antimicrobial and antifungal properties 

A number of studies indicate that cinnamon is a natural antimicrobial agent. 

Cinnamon and its oils have been reported for their antimicrobial activities in a number 

of studies to date (Becerril et al., 2007; Gende et al., 2008; Manosi et al., 2013). A 

combination of cinnamon and clove oils has been shown to have antibacterial activity 

against Gram-positive organisms e.g., Bacillus cereus, Staphylococcus aureus, 

Listeria monocytogenes and Enterococcus faecalis as well as Gram-negative 

organisms e.g., Pseudomonas aeruginosa, Escherichia coli, Salmonella choleraesuis 

Yersinia enterocolitica (Goni et al., 2009). A recent study indicated that the cinnamon 

extract aqueous in show activity against oral inhibiting microflora and its oil has a 

greater potential than further tried plant extracts, e.g., Syzygium aromaticum and 

Azadirachta indica (Parthasarathy & Thombare, 2013). According to Buru et al. 

(2014) the volatile oils bark of stem of C. porrectum C. altissimum, and C. 

impressicostatum showed a significant antibacterial activity against a varied number 

of Gram-negative bacteria and Gram-positive. This supports the traditional use of 

Cinnamomum species for the treatment of wound infections. Fratini et al. (2014) has 

also shown the antimicrobial activities of C. zeylanicum L., against six bacterial 

strains. 
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Urbaniak et al. (2013) determined that the cinnamon bark oil has an 

antibacterial potential and can be used in toiletries and disinfectants, cosmetics, 

applied in hospital environment as an alternative antimicrobial agent due to the strong 

antibacterial activity against Gram-negative and Gram-positive isolates belonging to 

Acinetobacter genera Staphylococcus and Enterococcus, Enterobacter from different 

clinical specimens. Abd El-Aziz et al. (2015) also found the strong antimicrobial and 

antifungual potential of cinnamon essential oil against fungal growth and aflatoxin 

production in A. flavus and A. parasiticus. 

2.5.1.6. Synergic role in Neurological Disorders 

Cinnamophilin extracted from cinnamon has been reported to be protective 

against ischemic injury in brain rat treated at 80mg/kg at the time breaks of 2, 4, and 6 

hours after insult. It has a significant effect (34 to 43%) on shortened brain infarction 

(Lee et al., 2005) and further improves neurobehavioral effects. Cinnamophilin 

intensely reduces the oxygen glucose deficiency induced damage of neurons in 

hippocampus in rats (organotypic). Procyanidin type-A trimmer isolated from water-

soluble extract of cinnamon showed reduction in cell bulge by amendable the drive of 

intracellular calcium (Panickar et al., 2012). It also significantly relieves the oxygen 

glucose deprivation-induced damage on uptake of glutamate possibly mediated 

through effects on the mitochondria (Panickar et al., 2012). 

Parkinson‘s disease being the neurodegenerative disorder after Alzheimer‘s 

disease, incidence of 2% patients of 65 years and other older people (Bonifati et al., 

2004). PARK7 defends cells from harm and additional injury by oxidative stress and 

therefore this protein might be used for an active therapeutic mediation of Parkinson‘s 

disease (Khasnavis & Pahan, 2012). Sodium benzoate, a cinnamon metabolite, has 

ability of upregulating DJ
-1 

by controlling the metabolites of mevalonate 
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(Brahmachari et al., 2009; Khasnavis & Pahan, 2012) Khasnavis and Pahan, 2012). 

Jana et al. (2013) found cinnamon and sodium benzoate (its metabolite) to up regulate 

the neurotropic neurotropic factors derived from brain and neurotrophin-3 (NT-3) in 

the mouse CNS.  

Aqueous extract of C. zeylanicum has been reported to be reducing 

aggregation and filament formation, which were the most important characteristics of 

Alzheimer‘s disease. (Peterson et al., 2009). This indicates the potential of cinnamon 

for the Alzheimer‘s disease treatment. 

2.5.1.7. Synergetic role in cancer  

Different kind of cancer is usually controlled through the use of the chemical 

substances including the nanoparticles e.g. the nano-ceria (Khan et al., 2015) silver 

nanoparticles (Khan et al., 2015b) however, the interest towards the natural 

substances are increasing in the current time due to less deleterious effects. The 

extract (aqueous) and the procyanidins fraction of cinnamon can constrain vascular 

endothelial growth activities of factor kinase. Therefore, there is a potential of 

inhibiting the angiogenesis involved in cancer and hence cinnamon can potentially be 

used for cancer prevention (Lu et al., 2010). According to a study by Kwon et al. 

(1997), cinnamaldehydes obtained from cinnamon has a potential as inhibitor against 

angiogenesis disorder. Jeong et al. (2003) stated that a chemical substance which can 

be produced from 2-hydroxycinnamaldehyde derived from cinnamaldehyde, which is 

called CB403, can prevent tumour growth. Overall, many in-vivo and in-vitro studies 

show that cinnamon can be used as an anticancer agent due to the antitumor and 

growth inhibitory potential of CB403. Fang et al. (2004) stated the anticancer effect of 

trans-cinnamaldehyde obtained from the source of C. osmophloeum, verdict that 

trans-cinnamaldehyde presented potential effects in restraining growth of and 
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produces the apoptosis. C. zeylanicum aqueous extract can persuade apoptosis in the 

human myelocytic leukemia cell line (Assadollahi et al., 2014); whereas the oils from 

C. cassia extracted prevent alpha melanocyte stimulating hormone‘s persuaded 

melanin production, thereby overwhelming murine B16 melanoma oxidative stress 

(Chou et al., 2013). 

2.5.1.8. Glycaemeric control 

Diabetes is a disorder of metabolism. Millions of people are affecting day by 

day worldwide. So new drugs or functional foods that contain selective α-glucosidase 

inhibitors are required (Kongstad et al., 2015). A substance ―insulin-potentiating 

factor‖ has been isolated from cinnamon. The studies showed the anti-diabetic 

activities of cinnamon bark in streptozotocin-induced diabetic rats. Numerous studies 

have also discovered that cinnamon extracts lower blood glucose as well as 

cholesterol levels (Blevins et al., 2007; Crawford et al., 2009). 

The studies showed that water soluble polyphenol enhanced extracts of C. 

zeylanicum gallic acid equivalents of polyphenol content had better antioxidant 

potential and significant decrease in glucose and lipids and other biochemical 

parameters. Furthermore, 'procynz-45' containing 45% GAE polyphenols at a dose 

level of 125 mg twice per day for 30 days administered to fifteen volunteer humans 

with elevated fasting blood glucose levels and were not taking any medications, 

lowered blood glucose levels and ameliorated oxidative stress. Cinnamaldehyde 

extracted from cinnamon has been found to have insulinotropic effect in insulin 

deficiency (El‐Bassossy et al., 2013). Cinnamon extract has also enhancing effect on 

insulin action in the brain and also brain activity and locomotion, which shows that 

cinnamon, can mediate metabolic changes in the periphery to decrease liver fat and 

improve glucose homeostasis (Sartorius et al., 2014). 



43 

2.5.1.9. Cardiovascular and related Diseases 

Large number of studies has stated the defensive effects of cinnamaldehyde on 

the cardiac system (Hwa et al., 2012). A fresh study stated the possible effects of two 

compounds, cinnamic aldehyde and cinnamic acid, isolated from C. cassia against 

ischemia (Song et al., 2013). Cinnamophilin might have the potential of thromboxane 

synthase inhibitor and helpful in disorders such as platelet aggregation) and cancers 

(MA et al., 2006; El‐Bassossy et al., 2013).  

2.5.1.10. Toxicity of Cinnamon  

Cinnamon no doubt has positive health effects against many chronic diseases 

but its uses with other medications and overdose can cause serious negative effects. It 

should be taken carefully and one should know the species and the components 

present in that particular species. According to U S department of health the 

recommended dose of cinnamon is six grams per day for about six weeks. High dose 

of cinnamon can damage liver due to presence of Coumarin (five percent) that is 

dangerous to human body. In pregnant woman, cinnamon can induce premature labor 

pain and uterine contraction. Cinnamon can cause allergy especially in children, the 

symptoms of allergy may be running of nose, soreness of eyes, watery eyes and 

shortness of breath. Cinnamon oil causes skin irritation especially in young ones and 

cinnamon powder produces allergy to the touching hands. Cinnamon acts as an 

antibiotic so while taking other antibiotic, the use of cinnamon should be stopped as 

high level of antibiotics disturb metabolism. Frequent and over use of cinnamon also 

produces body heat like alcohol, black pepper, lobster and coffee. Like cinnamon oil 

that burns the skin directly where it is applied, the candy and gum that contain 

cinnamon can also irritate the tissues inside the mouth.  
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It is revealed that cinnamon acts as anticoagulant so its high dose can thin the 

blood. Cinnamon having anticoagulant properties should not be taken with other 

anticoagulant medications as it can cause negative effects to heart related diseases. 

Large amount of cinnamon may also interact with other drugs including aspirin and 

other anticoagulants such as warfarin to produce many potential complications; two 

spoons of cinnamon (over dose) in a day cause pains in kidneys and continues use can 

damage the kidneys. 

2.5.2. Selenium as antioxidant  

As a vital and trace element, Selenium values are well recognized in separate 

as well as in combined form. The deficiency causes austere health effects in humans. 

Foods of plants origin are key natural source of Selenium, and its levels usually 

depend on soil Selenium levels. It is an significant constituent of antioxidant enzymes 

including iodothyronine deiodinases thioredoxin reductase (TrxR) and glutathione 

peroxidase (GPx), and consequently has produced other Se-containing proteins 

including selenoproteins and enzymes selenoenzymes (Tapiero & Tew, 2003). 30 

different types of selenoproteins have been discovered in mammals which are 

associated with the humans 25 selenoproteins (Kryukov et al., 2003). Inspite of 

having the preservation in the evolution the actual functional role of selenoproteins 

are still not clear and understood. It has unique physiocheimical properties therefore 

can be employed in the various level (Mix et al., 2007). Due to presence of 

antioxidant activity, the selenium attracts marvellous attention about the behaviour of 

this element and its compounds. 

These selenoenzymes have robust antioxidant activity comprise six clusters of 

the GPx - GPx1, GPx3, GPx4, GPx5 and GPx6. These GPx perform a weighty and 

defencive role role in cells against oxidative injury due to ROS and RNS (Valko et al., 
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2006). Cumulative evidence showed that selenoprotein might play have important 

antioxidant role in defencing against damaging attack from damaging ROS and RNS 

(Steinbrenner et al., 2006). 

Antioxidants reduced the oxidative impairment produced by ROS and 

investigation are more intensive on the antioxidantive  role of selenium for the 

management and anticipation of disease and other disorder (Seifried et al., 2007). 

Antioxidants, including selenium and its containing compounds like polyphenols, 

enzymatic antioxidants such as glutathione peroxidase (GPx), superoxide dismutase 

(SOD) and micronutrients vita C and E, have been widely examined and several 

investigations have verified their role as antioxidant (Ramoutar & Brumaghim, 2007; 

Perron et al., 2008; Battin & Brumaghim, 2009). 

Collins et al. (2005) stated that selenium and copper multiplexes use both 

metal binding and ROS scavenging ability in oxidative stress inhibition. It has been 

established the coordination of metal is essential for inhibition of copper and iron 

mediated DNA injury by selenium compounds (Kumar et al., 2009).  

Table 3 Types and sources of selenium compounds 

Selenium Compound source Reference 

Selenocysteine Diet (Mugesh et al., 2001) 

Selenomethionine Diet (Whanger, 2002) 
Methyl-selenocysteine Diet (Kumar et al., 2009) 

Selenocystamine Endogenously 

synthesized 

(Cao et al., 2001) 
Selenocystine Diet/endogenously 

synthesized 

(Cao et al., 2001) 
Selenium dioxide Synthetic (Fan & Kizer, 1990)) 
Sodium selenite Environmental/diet (Toufektsian et al., 2000) 
Sodium selenite Environmental/diet (Fan & Kizer, 1990) 

In a new study, the use of selenium in the form of sodium selenite in the 

reperfusion solutions at different definite concentrations supported its role in the 

cardiac retrieval following ischemia reperfusion (Lymbury et al., 2006). The possible 

usage of Selenium compounds for the treatment and prevention of heart diseases 
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directed to the synthesis of these useful compounds. The particles are also for their 

biological activities and role on the antioxidant system by these seleno- proteins.  

The other compound of selenium Ebselen also found to be neuroprotective in 

nature against the stroke in the stroke model of embolic rabbit. Significant 

improvement was found in the treated rabbit due to thrombolytic tissue plasminogen 

activation. (Lapchak & Zivin, 2003). The ebselen also showed the neuroprotective 

behaviour in humans. It noteworthy enhanced patients‘ conditions who were provided 

by ebselen within 24 h onset of stroke. The ebselen efficiency as an antioxidant is not 

merely for its aptitude to mimic the GPx, but it is also an outstanding substrate for 

catalysis of hydrogen peroxide in mammalian TrxR for the lessening. It was 

previously hypothesised that the mechanical action of Selenium as chemoprevention 

defined its role in the antioxidant diminish oxidative stress and limit DNA damage 

(Lu et al., 2010). Trials were proceed in the framework of a canine model by the use 

of male beagle dogs inhibit the prostate cancer of humans being presented that the 

injury to DNA was pointedly compact when the animals were bare to amplified 

Selenium dietary supplements (Waters et al., 2005). Selenium and cinnamon as 

antioxidants have not been used in fish model yet so these are first time used in 

Pakistan in C. catla and have demonstrated significant results.  

The ZnO NPs can be synthesized economically and their adverse effects on 

aquatic organisms like fishes are significant. The roles of cinnamon and selenium as 

antioxidant on ZnO NPs treated fish are also important and valuable. The co-

precipitation method for the synthesis of ZnO NPs is very economic and easy to 

follow therefore; this method was used in the present study. 
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C h a p t e r  3   

MATERIALS AND METHODS 

3.1. ZnO NPs Synthesis by precipitation method 

In order to evaluate the oxidative stress and histological alterations in C. catla 

(Thala) exposed to ZnO nanoparticles and estimation of antioxidative responses due 

to C. zeylanicum (Cinnamon) and Selenium (Se), all the reagents and chemical of 

high purity were used in the experiments. The salt of zinc acetate (Zn (CH3COO)2. 

2H2O) was 99.5% pure whereas the NaOH and TEA were 99.5% and 99%, pure and 

obtained from Merck (Germany).  

The aqueous Zn (CH3COO)2  (0.02 M) was dissolved double distilled water to 

make the solution up to 50 ml stirring it vigorously. Then 2 M NaOH was added to 

this solution. The aqueous NaOH was added drop wise at room temperature till the 

solution attained the 12 pH. Then tri-ethylamine was added as promoting and 

protecting agent. The solution was placed on magnetic stirrer for 2 h.  

The white precipitates formed indicated the formation of ZnO NPs. These 

precipitates were washed with distilled water and then with absolute alcohol for 

removing all kinds of impurities. Then it was filtered and dried over night at 60 ºC in 

warm air incubator. The complete formation of Zn-NPs takes places in the process of 

drying. 

3.1.1. UV-Vis spectroscopy Of ZnO NPs 

UV-visible spectrophotometer was used for spectrophotometer analysis with 

range of wave length 200-700 nm. The spectrophotometer was to monitor the 

reduction of metallic zinc to nano particles. The reduction was carried in the aqueous 
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medium. A distinctive sharp and large peaks was shown by ZnO NPs at nearly 345 

nm wavelength. This unique peak indicated the formation of ZnO NPs. 

3.1.2. Characterization  

Elemental composition was determined through EDX  used by (Vaidyanathan 

et al., 2009). It was confirmed that the sample only contain ZnO NPs. The nature of 

grown crystal was dogged via X-ray diffraction (Model XRD, D8 from Advance 

Bruker Co.) with Cu Kα radiation with an average value of λ= 1.5406 Ǻ. Morphology 

and analysis of size ZnO NPs were investigated by scanning electron microscope 

(SEM model EVOR60). 

3.2. Toxicity of ZnO NPs 

The experimental animal C. catla (55.7 ± 5.43 g) was obtained from Punjab 

fish Hatchery Satiana road Faisalabad, Pakistan. The fish was first acclimatized in 40 

lit aquaria for 12 days and then portioned into six treatment/groups and three 

replicates, 5 fishes in each replicate. All the groups were treated with 0, 10, 20, 40, 60 

and 80 mgL
-1 

ZnO NPs in powder form for one month. Challenged fish was nourished 

with artificial diet two times a day. The water of the aquaria was replaced with fresh 

water after 48 h. The photoperiod was normally 12 light and 12 h dark. 

3.2.1. Collection of blood sample 

During the experimental period 7, 14, 28 days intervals, blood samples were 

collected randomly, Blood was drawn from all treatments and control fishes by 

cardiac puncture using 2ml syringes and gauge hypodermic needles. The point of 

insertion for heart puncture is ventral, midway between the anterior bases of the 

pectoral fins. The syringe is flushed with EDTA (Anticoagulant) and the collected 

blood was transferred to the EDTA tube for further haematological analysis.  
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3.2.2. Hematological and Serological analysis  

Three random samples from control and each treatment group was subjected 

to haematological analysis immediately within the same day of collection of samples. 

The haematological analysis was consisted of haemoglobin, R.B.Cs count, W.B.Cs 

count and Platelets count. The blood was first diluted with a dilution fluid and then 

subjected to analysis. The Neubaurer haemocytometer (Blaxhall, 1972) was used to 

counts WBCs and RBCs and Sali‘s haemoglobinometer was used for the calculation 

of haemoglobin. The value of PCV (Packed Cell Volume) was estimated via 

KOESTNER et al. (1990). The MCV, MCH and MCHC was measured with standard 

formulas of Borensztein et al. (1998). 

3.2.3. Activity of acid phosphatase (ACP) and alkaline phosphatase (ALP)  

Activity of both enzymes were measured according to the Michell et al. (1970) 

and Estiarte et al. (2007). In general methodology, the reaction mixture was consisted 

of 0.7 ml sodium acetate buffer with pH 5. Then it was mixed with 0.25 ml 5 mM p. 

nitro-phenyl phosphate. This mixture acted as substrate which was again mixed with 

0.5 ml enzyme. All the mixture contents formed total volume of 1 ml. this reaction 

mixture was incubated at 37 ºC for 30 minutes. To this reaction mixture, 4 ml of 0.1 N 

NaOH was added and once again incubated it in the incubator for 30 minutes at 37 ºC. 

In the case of ALP, the substrate solution was the mixture of 0.5 ml buffer of 

glycine having pH 7.8, 10 mM 0.2 ml MgCl2 and 5 mM p. nitro-phenyl phosphate 

having volume of 0.25. Finally, about 0.05 ml of enzyme was added and all the 

reaction mixture was equal to 1 ml. this mixture was then incubated at 37 ºC for 30 

minutes. The activities of both enzymes were measured by colour (yellow colour 

measurement) of p. nitro-phenol using a synergy (HT) Multi-Mode Microplate 

Reader, (Winooski, VT, USA). 
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3.2.4. Micronucleus test  

For micronuclei test, a thin and evenly formed smear was formed from the 

blood of control and each treatment group on pre-cleaned slides, which were tagged 

before the smear formation. The slides were fixed in the methanol for 20 minutes and 

then allowed to dry. The slides were stained with 6 % Giesma stain for a period of 25 

minutes. The slides were then washed to remove the excess stain and allowed to dry. 

The stained and dried slides were then inspected using a microscope furnished with 

camera and at resolution set at the 100X power of instrument. Non-refractive, small 

and ovoid bodies having the same stain wee score as micronuclei. 

The frequency of the micronuclei was calculated after sum up the results as 

dividing number micronuclei with total number of cells count per slides and 

multiplying it with 100. The frequency was expressed in the percentage (%). 

3.2.5. Comet assay  

3.2.5.1. Composition of important solutions used in comet assay 

3.2.5.1.1. Lysine solution  

Following ingredients were mixed for preparing the 500 ml of lysine solution. 

NaCl about 73.05 g 

Tris-HCl 0.605 g 

EDTA 18.62 g 

Distil water 500 ml 

NaOH pallets for adjusting the pH at 10 

3.2.5.1.2. Electrophoresis solution (volume 500 ml) 

NaOH 6g 

EDTA 18 g 

Distal water 500 ml 



51 

3.2.5.1.3. Neutralization solution (500 ml) 

Tris-B 24.22 g 

HCl for adjusting pH at 7.5 

Distal water 500 ml 

3.2.5.2. Methodology  

Each blood sample was processed for comet assay or single cell gel 

electrophoresis. Protocol of Singh et al. (1988) with miner modification was followed 

for comet assay. In procedure, about 15 µl blood containing 20,000 cells 

approximately from each treatment was mixed with 0.5% 80 µl low melting point 

agrose. The mixture was layered on one end frosted slides. These slides were 

previously dipped in methanol, burned on blue flame, coated with 100 µl 1% low 

melting point agrose gel and left over night. Third layer was made on slide with 100µl 

low melting point agrose. The slides were immersed in lysine solution for the lysis of 

the cells after the solidification. The lysine solution was mixture of 2.5 m NaCl, 100 

mM Na2-EDTA, Tris (10mM), pH 10, DMSO (10%) and trition X-100 (1%) fresh. 

The lysis was done and slides were placed in gel electrophoresis tank horizontally. 

The electrophoresis tank contained fresh alkaline buffer composed of 30 mM NaOH, 

1mM Na2- EDTA with pH 13.5. The solution was left for 20 minutes at 4 °C for 

unwinding and conversion of alkali labile sites to single stand breaks. The 

electrophoresis of blood cells was done for 15 minutes at 4C by using 25V and 300 

mA. After completion of electrophoresis, 0.4M tris buffer (pH 7.5) was used to 

neutralize the slides gently. The slides were stained with 20 µg ml
-1 

ethidium bromide. 

The comets were calculated to assess the extent to which DNA damage due to DNA 

breakage (single strand) forming comet with tail. The image analysis system ―kinetic 

imaging‖ attached with fluorescence microscope was used to score the DNA damage 
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in each case. Two important comet parameters including percentage DNA-tail and tail 

length was used to quantify DNA damage in each case. Two slides per treatment were 

prepared. 100 cells per slides were counts for % tail DNA and tail length. One way 

ANOVA (Analysis of variance) was used to compare the % tail DNA and tail length 

between treatments. 

3.3. Enzyme Analysis of Oxidative Stress 

The activities of CAT, SOD, GST, level of MDA and level of GSH was 

calculated form the gill and liver tissue extract. The activity of each enzyme was 

estimated according to following methodology. 

3.3.1. Superoxide dismutase (SOD) 

The protocol of Payá et al. (1992) was followed with modifications made by 

Peixoto and Pereira-Moura (2008). The results were expressed as U/mg protein. 

3.3.2. Glutathione S-transferase (GST) 

The activity of GST was measured by the methodology of Habig et al. (1974) 

and expressed in mol/ mg protein.  

3.3.3. Reduced glutathione (GSH) 

Jollow et al. (1974) was followed for estimation of GSH level in the gill and 

liver homogenate. The concentration is reported in terms of µmole/mg protein. 

3.3.4. Catalaze enzyme activity 

Aebi (1984) was followed for estimating the activity of CAT. About 50 mM 

solution of H2O2 was used as substrate. The CAT decomposed the H2O2, which was 

measured through spectrrophotomater at 240 nm wave length maintaining the pH at 

7.0.  
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3.3.5. Lipid peroxidation (LPO) 

According to the Buege and Aust (1978) lipid peroxidation is the measure of 

MDA content (malondialdehyde). The MDA content was expressed as µmol/ mg 

protein.  

3.4. Histological analysis 

On the 28
th

 day of ZnO NPs expoures, the fishes from control and treatment 

group were dissected for the gill and liver sample. Both gill and liver tissues were 

preserved in 10% formalin and then with washed with 0.76% physiological saline, 

rinsing two times and then with 0.1 mol/L phosphate buffers having pH 7. The 

samples were then was transferred to 75%, 85%, 90%, 95% and 100% ethanol till 

processed. This process dehydrated the tissues which were embated in the paraffin 

wax and 3 μm in thick slice of tissue was cut with microtome. The cut piece of tissue 

was then placed on slide and stained with hematoxylin-eosin staining. The slides were 

finally observed under microscope and photos were taken using digital camera. 

3.5. Cinnamon and Selenium as antioxidants 

3.5.1. Sample collection 

The bark of medical quality was purchased from local scientific store 

originally imported from Sri lanka. The species C. zeylanicum was identified and 

confirmed from Botany department Government College University Faisalabad, 

Pakistan. Then 250 g of raw C. zeylanicum was crushed with electrical juicer till the 

powder form. The powder was then disinfected with ethanol (70%) and allowed to air 

dried in the laminar flow for 2 days. The dried powdered material was then mashed 

through mesher with mesh size of 90-150 µm. The obtained powder cinnamon extract 

was expected to 100% purity. It was then diluted with mili-q water for making the 

dilution of own choice. 
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3.5.2.  Physiochemical analysis  

The AACC (2000) standard method was followed for estimation of ash 

content, moisture content and other nutrient contents according to the following 

methodology. 

Moisture content was estimated according the Method no 44-19 in AACC 

(2000). In brief methodology, 2grams of cinnamon extract was taken in the metallic 

plate which was previously weighted. The metallic dish was then placed in the air of 

hot oven for a period of 2 h maintaining the temperature of oven at 130
○
C. The 

following standard formula was used for ash content. 

                        
     

                      
     

 

Where V1 is weight of cinnamon along weight of dish (before heating)  

And V2 in the weight of cinnamon extract + dish (after heating) 

The standard method 08-01 in AACC (2000) was followed for ash content. In 

brief, 2 g of cinnamon extracts was placed in crucible of known weight. The sample 

was then placed in the muffle furnace for 1 h at 500 
○
C. the complete burning of 

sample was carried out in 1 to 2 h. the obtained ash was cooled at room temperature 

and weighted with electric balance. The ash content was estimated according 

following the formula. 

                           
          

                   
     

The percentage of protein was equal to the percentage of nitrogen in the 

sample. Therefore, the protocol number 984-13AACC (2000) and Kjeltech apparatus 

( Kjeltec™ 8000) was used for estimation of nitrogen (%) in the test sample. In start a 

digestion mixture of K2SO4. FeSO4, CuSO4 was used for the digestion of the sample 

in the ration of 100:5:10 respectively. The colour of the solution changed to green. 

The volume of the this solution was made up to 250 ml using the distil water. 4% 
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boric solution was taken in the beaker for liberation of the ammonia. About 10 ml of 

NaOH (40%) and 10 ml of digested sample was used for extraction. The 0.1N H2SO4 

solution was used for titiration of ammonium borate mixed sample solution using the 

methyl red as titration indicator and the reaction was continued till light golden colour 

appeared. The protein was estimated by knowing the percentage of nitrogen in the 

samples  

           
                            

                                
     

The standard method o 30-20 in AACC (2000)) was followed for crude fat.  In 

brief, about5 g of cinnamon extract was put in the cellulose thimbles (fitted extractor). 

The crude fat was extracted in the fat cups with the hexane. The cups were weighed 

with electric balance and used the following standard formula. 

               
              

                
     

The standard method number 926-09 mentioned in the  AOAC (2006) 

followed for crude fibre. 1 g of sample was taken in the beaker containing the 1.25% 

100 ml of H2SO4. It was reflux for 30 m and filtered using sintered glass crucible 

(vacuum). To neutralize the sample, it was washed with distil water and again 

refluxed for 30 minutes in the beaker of 1.25% 100 ml NaOH. The sample was 

washed with distil water to neutralize it and dried in oven for 1 h at 130 
○
C in a in 

muffle furnace. The residue was cooled and crude fibres were estimated according to 

the slandered formula. 

             
    

                  
     

Y is the weight of residue weight and crucible 

Z was the weight of crucible and ash  
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In order to estimate the percentage of carbohydrates, the sum up of moisture, 

lipid, protein, fibre and ash content percentage was subtracted from 100 (Otitoju, 

2009). 

The slandered method of AOAC (2006) used for the estimation of mineral 

content in the cinnamon. 1 g of cinnamon sample was ignited in the muffle furnace at 

550 ºC for 2 h. The sample was turned to ash which was dissolved in 10 ml (10%) 

HNO3. The solution sample was heated for 20 minutes filtered and filtrate was used 

for mineral content analysis of few minerals. The minerals including Ca, Mg, Fe, P 

and Zn were estimated with atomic absorption. The Na, K was estimated through 

flame photometer. The results were expressed as mg/g and multiply with 100 to 

represent as mg/100g. 

The calibrated pH meter directly was used for pH estimation in the sample. 

The total acidity of test cinnamon was estimated by titrating it against 0.1 N NaOH 

solutions till pink colour persists. 

3.5.3. Total phenolic and Flavonoids content 

The powder of cinnamon was dried at 45 
○
C in the oven for removal of all the 

moisture. 200 g sample was inserted into the Soxlet apparatus. The 70% ethanol was 

used as extraction solvent. The apparatus was left running for 12 h at 60 
○
C. The 

extraction solvent was removed in the rotary evaporator. The extract obtained was 

freeze to remove all the water content. Then extract was refrigerated at 4 
○
C . 

The Folin-ciocalteau micro method was used for estimation of the total 

phenolic compounds. The 60 µl cinnamon extract diluted with deionized water and 

mixed with. 300 µl of Folin-ciocalteau reagent. This solution was allowed for 10 

minutes. It was then mixed with 900 µl of 20% Na2CO3 solution allowed to stand for 

80 minutes at 40 
○
C. the slandered was used in the form of Gallic acid (50 µg). The 
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absorbance of the cinnamon sample was measured at 765 nm. The data was expressed 

in mg gallic acid/g  

The total phenolic compound was calculated according to the slandered formula. 

         
   

 
  

[
     
     

]  
  
  

         
 

SA= absorbance for TPC in sample 

CA= no extracts control absorbance  

Slope= standard curve 

(10/U)= volume of extract in total/ volume of extract used 

1000= µg to mg converting factor. 

The result was multiply with 100 for calculation of mg per 100g sample. 

Shen et al. (2009) was followed for flavonoids content. Dionized water was 

used for mixing of 0.5M NaNO2 and mixed with 0.5 ml. This solution was remained 

for 5 minutes at room temperature in order to react. About 0.15 ml AlCl3.6H2O 

(0.4M) solution was added in reaction mixture and incubated for next 5 minutes. Then 

to this solution, 1 ml of NaOH (1 M) was mixed and incubates it for 15minutes.  The 

rutin having large number of flavonoid content was used as stanfered and absorbance 

was recorded at 415 nm. The results were expressed as RE (rutin equivalent). 

3.5.4. Antioxidant Activity of Cinnamon  

 FRAP assay (ferric reducing antioxidant power) assay conduct with the 

methodology of Benzie and Strain (1999) FRAP reagent (6 ml) was mixed with the 

cinnamon sample (20-100 µl), incubated at for 30 minutes at 37 
○
C for 30 minutes 

and absorbance was measured at 593 nm. FRAP inhibition was compared with 

standard curve of 0-15 µg ascorbic acid.  

ABTS radical cation decolorization assay was conduct with the methodology 

of Re et al. (1999) with partial modification. The result were compared and expressed 

as  mg vitamin C equivalent. 
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DPPH free radical scavenging activity was conduct according to the protocol 

of  Brand-Williams et al. (1995) with partial modification. 0.8 mM DPPH radical was 

mixed with 100 µl of cinnamon sample and diluted with 95% ethanol and deionized 

water. The decrease in absorbance was mesured after 1 minute. The results were 

expressed as as mg trolox equivalent.  

The values of FRAP, ABTS, DPPH inhibition were calculated by formula. 

                              
          

 
  

[
     
     

]  
  
  

         
 

The results obtained then multiply with 100 for calculation of mg per 100g. 

3.6. Antioxidant assay of Cinnamon and selenium  

To find out the antioxidant behaviour of selenium and cinnamon, both were 

provide to ZnO NPs challenged fish in the artificial diet prepared in the fish nutrition 

lab government college university Faisalabad. 

Fish were divided into five groups each group containing the 6 fishes. The first 

group served as control group and provided only with diet. The 2
nd

 group was fed 

with diet with no antioxidant and exposed to 40 mg/L ZnO NPs. The group 3
rd

 was 

exposed to 40 mg/l nanoparticles along with diet containing the Selenium in the form 

of sodium selenite at rate of 50 µg/kg of diet. 4
th

 group was exposed with 40 mg/L 

ZnO NPs along with 50 µg/kg diet of cinnamon. The 5
th

 group was exposed to 40 

mg/L ZnO NPs along with both the selenium and cinnamon with the same quantity as 

mention above in the diet. 

3.7. Statistical analysis 

All the experimental parameters were in three replicates. Three fishes were 

selected from each treatment. The results were in form of mean ± SD. The 

comparison was done among the treatment group through one way ANOVA and post-
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hoc Tukey‘s test. The Minitab 17 standard curve of MS excel 2010 for results 

representation. 
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C h a p t e r  4   

RESULTS  

Present study was premeditated to discover toxicity related to ZnO NPs and 

antioxidant activity of cinnamon and selenium. The results are presented in eight 

sections as under: 

Synthesis and characterization of Zno NPs 

Phytochemical analysis of Cinnamon 

Haematological studies 

Frequencies of micronuclei  

Induction of DNA damage 

Histopathological alterations 

Indicators of oxidative stress 

Antioxidant role of selenium and cinnamon 

4.1. Synthesis particles along characterization  

Zinc oxide particles were grown by an economical and relatively simple 

method based on precipitation technique using Zn (CHCOO)2. 2H2O as a zinc salt and 

NaOH as an alkaline source. XRD diffraction pattern shows sharp diffraction peaks of 

the synthesized particles indicating their good crystallinity (Fig. 5). All peaks of 

diffraction pattern in XRD of ZnO NPs showed the hexagonal structures of particles. 

Average crystalline size of grown and synthesized particles was assessed via XRD 

using Scherrer formula (Cullity, 1978). The figure confirms the morphology of the 

synthesized ZnO NPs which are uniform and spherical in shape. EDX pattern o show 

the purity of sample. 

The UV spectrophotometer controls synthesis process. The optical absorbance 

was recorded with spectrophotometer using the wave length of 200 to 700 nm. Figure-
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2 shows an absorbance peaks between 300 to 350 nm after 30 minutes of mixing the 

zinc acetate with sodium hydroxide.  

The SEM image of the ZnO nanoparticles that was prepared by precipitation 

method was shown in Figure 2 shows that the particles were spherical grain like and 

agglomerates. Mean diameter was 36.77 nm (Figure 3). The histogram graph of grow 

particles specifies the ranges of 5-80 nm with concentrated between 5 to 40 nm 

(Figure 3). Coagulation process increasingly happened through the heating practice, 

meanwhile the absence of separating medium between particles document the 

produced particles to coalescize easily. 

All the peaks for the three graphs agree with the standard plot. XRD spectrum 

of ZnO nanocrystals using a Cu-Kα radiation source is shown in Figure 5. Average 

size of the ZnO was estimated via Scherrer (Cullity, 1978) formula. With this 

equation, the average size was found to be in the range of 5 – 40 nm depending on the 

crystal growth condition.  

The robust signals in the Zinc section established the creation of Zn-NPs. 

Usually; these particles display a shrill absorbance roughly in 0.5 and 1 keV. The first 

sharp peak recorded was Zn peak along with oxygen. There were also small peaks of 

calcium which presents that sample has some impurity in the form of calcium. 

However, the peak of calcium was not sharp therefore; the calcium was present in 

trace in ZnO NPs sample. The cause is superficial palsmon resonance. Thus, EDX 

inveterate the extraordinary pureness of sample with ZnO NPs and does not contained 

contamination peaks (fig-4). 
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Table 4 Sample purity of ZnO NPs  

Element Weight (%) Atomic (%) 

O  3.35 61.39 

 

Ca  0.06 0.83 

 

Zn  5.91 37.78 

 

Totals 9.32 

  

 

 

 

 

Figure 2 SEM image of chemically synthesized ZnO NPs showing small and grain 

like particles. 
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Figure 3 Particles size histogram of chemically synthesized ZnO NPs represents mean 

and range of particles 

 

Figure 4 UV spectra of ZnO NPs showing characteristics peak of absorance under 

different time intervals 
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Figure 5 XRD spectra confirming the crystalline nature of ZnO NPs 

 

Figure 6 EDX pattern represents peaks of different elements in spectra showing 

smaple purity of ZnO NPs 
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4.2. Phytochemical analysis of cinnamon  

4.2.1. Proximate Analysis 

The cinnamon quill shows 10.82±2.21% moisture and the dry matter was 

87.66±5.11%. The pH was 5.95±1.12 and total acidity was 0.27±0.074. Table 5 shows 

cinnamon powder has low moisture contents (3.41±1.7%) than the raw species. Table 

2 shows proximate analysis if cinnamon powder showing carbohydrates were high 

(49.88±4.35%), crude protein (3.01±1.11%), crude fat (3.01±1.11%), ash content 

(2.71±0.81%) and crude fibres (28.11±2.20%). 

 

Table 5 Proximate analysis of cinnamon powder showing estimated compounds 

Plant species Moisture 

content 

Crude 

protein 

Crude fat Ash 

content 

Crude 

fiber 

Carbohydrate  

C.zeylanicum  3.41±1.71 8.02±1.26 3.01±1.11 2.71±0.81 28.11±2.20 49.88±4.33 

4.2.2. Mineral content 

The concentration of Calcium (673.54 ± 22.35) was markedly high in the cinnamon 

followed by Potassium (381.15 ± 12.15), Magnesium (63.50 ± 8.68), Phosphorus 

(60.44 ± 4.56) and Sodium (25.23 ± 3.23) (Table 6).  

4.2.3. Total phenolic and flavonoids compounds and antioxidant activity 

The total phenolic compounds were 11.66±1.76 GAE/100 g and flavonoids 

11.55±2.37 mg RE/100 g in the cinnamon powder. 

In this investigation, the antioxidant capability of cinnamon was estimated by 

inhibition of FRAP, DPPH and ABTS assays, it showed that cinnamon has high 

antioxidant capacity (Table-7). 
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Table 6 Some minerals profile and their estimated concentration in  cinnamon powder  

Elements mg/100g C. zeylanicum 

Na 25.23 ± 3.23 

Ca 673.54 ± 22.35 

Fe 9.60 ± 1.61 

P 60.44 ± 4.56 

K 381.15 ± 12.15 

Zn 0.33 ± 0.0 

Cu 0.68 ± 0.1 

 

Table 7 Radical scavenging ability of cinnamon extracts against FRAP, DPPH and 

ABTS 

Plant species FRAP 

 (mg/100g) 

DPPH  

(mg/100g) 

ABTS 

 (mg/100g) 

C. zeylanicum trolox 

Equivalent 

357.13±50.90 414.91±97.63 917.22±125.23 

 

The cinnamon showed 357.13 ± 50.90, 414.91 ± 97.63 and 917.22 ± 125.23 

mg Trolox equivalent/100g sample for FRAP, DPPH and ABTS respectively. The 

scavenging of DPPH is accompanied by the electron transport. The active compound 

donates the electron reducing the Fe
3+

 to Fe
2+

. The intended results typically showed 

inferior antioxidant activity than actual one due to impact of pH and extraction 

solvents (Table-7). 
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4.3. Haematological alterations  

The blood parameters of the fish, C. catla challenged ZnO NPs showed a 

variation in blood factors because of deleterious impact of ZnO NPs. The 

haematological parameters of C. catla exposed with different concentration of ZnO 

NPs were shown in tables (8 to14). The blood samples were collected at 7, 14 and 28 

days of intervals during the experimental period. The RBC counts were significantly 

higher at 10 mg/l at 7
th

 day of exposure (2.91 ± 0.09) when compared to control (2.81 

± 0.12) and other treated groups. Same was found in the case of WBCs counts (9154 

± 371) when compared with control (7730 ± 481). The maximum Hb% was recorded 

in control group (4.61 ± 0.17) and the Hb% decreased with increase in the 

concentration of ZnO NPs. On 14
th

 and 28
th

 day, maximum RBC counts was found at 

10 mg/l (2.91 ± 0.13) at 28 days of exposure. The present investigation suggested that 

the RBC counts decrease with increasing concentrations and time. However, after the 

14 days, fish body also start increase number of RBCs to overcome the complications 

posed by ZnO NPs. These could be accredited to circumstance; ZnO NPs negatively 

affected the blood parameter values as a result of hemopiotic stimulation.  

Different parameters like MCV along with the other MCH and lastly MCHC 

values were determined, maximum MCV values were observed at 80 mg/l 

concentration amongst all treatments and between all exposure times (Table- 15-18). 

This was probably due to anemic conditions or due to low blood count and higher 

concentration of ZnO NPs. Maximum MCH values were recorded in control groups 

between all exposure times and values were lowest for the highest concentration (80 

mg/l) of ZnO NP. Similar results were seen in the case of MCHC where the 

concentrations were high in control groups and were low in the highest concentration. 
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The enzymes secreted in response to tissue damage like acid phosphatase also 

known as ACP and other enzymes namely alkaline phosphatase which is abbreviated 

or commonly known as ALP were higher in ZnO NPs exposed fish tissue particularly 

liver (Table 19).  

 

Table 8 Alternation in RBC counts (x106/mm3) in Zn-NPs treated C. catla 

Concentration 

Mg L
-1

 

7 days 14 days 28 days 

Control 2.81 ± 0.12
A
 3.02 ± 0.57

A
 3.11 ± 0.79

A
 

10 2.91 ± 0.09
B
 3.93 ± 0.49

B
 3.91 ± 0.13

AB
 

20 2.87 ± 0.17
AB

 2.17 ± 0.31
AB

 2.56 ± 0.82
B
 

40 2.11 ± 0.04
BC

 1.11 ± 0.29
BC

 2.54 ± 0.44
BC

 

60 1.99 ± 0.075
C
 1.29 ± 0.55

C
 2.10 ± 0.11

C
 

80 1.98 ± 0.42
C
 1.18 ± 0.71

C
 1.68 ± 0.42

D
 

Different letter value is significantly different  
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Table 9 Alternation in WBCs counts (1000/MM3) in Zn-NPs treated C. catla 

Concentration 

Mg L
-1

 

7 days 14 days  28 days 

Control 7730 ± 481
A
 8123 ± 691

A
 8129 ± 991

A
 

10 9329 ± 923
B
 8361 ± 610

A
 8333 ±719

AB
 

20 9154  ± 371
AB

 8714 ± 811
B
 9154 ± 788

B
 

40 6077 ± 637
BC

 7077 ± 292
AB

 7021 ± 620
CD

 

60 5991 ± 451
C
 6819 ± 881

BC
 6175 ± 720

C
 

80 5909 ± 488
C
 6019 ± 710

C
 4953 ± 493

E
 

Different letter value is significantly different 

 

Table 10 Alternation in Platelet counts (X106/L) in Zn-NPs treated C. catla 

Concentration 

Mg L
-1

 

7 days 14 days  28 days 

Control 281,000  ±  1001
A
 276,043 ± 1731

A
 282,872 ± 1420

A
 

10 210,012 ± 929
AB

 224,123 ± 1023
B
 276,872 ± 1226

AB
 

20 190,327 ± 582
B
 192,563 ± 812

AB
 274,5871 ± 1032

BC
 

40 191,633 ± 730
B
 173,756 ± 409

BC
 203,721 ± 2019

B
 

60 134,081 ± 419
BC

 143,013 ± 894
C
 101,379 ± 812

CD
 

80 101,654 ± 383
C
 98,495 ± 876

D
 99,878 ± 1112

E
 

Different letter value is significantly different   
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Table 11 Change in Hb (g/dl) level in Zn-NPs treated C. catla 

Concentration 

Mg L
-1

 

7 days 14 days  28 days 

Control 4.6 1± 0.17
A
 4.81 ± 0.03

A
 4.81 ± 0.30

A
 

10 4.19 ± 0.09
B
 3.33 ± 0.057

AB
 4.03 ± 0.23

B
 

20 4.22 ± 0.12
BC

 3.02 ± 0.41
B
 3.42 ± 0.73

BC
 

40 3.82 ± 0.11
AB

 3.00 ± 0.029
C
 3.19 ± 0.59

C
 

60 2.11 ± 0.04
C
 3.11 ± 0.18

BC
 2.91 ± 0.03

CD
 

80 3.10 ± 0.11
D
 2.71 ± 0.75

C
 2.90 ± 0.17

E
 

Different letter value is significantly different 

 

Table 12 Leukocytes in relations of ZnO NPs concentration (7 days) in C. catla 

Concentration 

(Mg L
-1

) 

Lymphocytes 

% 

Monocytes 

% 

Neutrophil 

% 

Eosinophil 

% 

Basophil 

% 

Control  47 ± 3.50
A
 34 ± 3.56

A
 9 ± 1.33

A
 7 ± 1.24

A
 3 ± 1.33

A
 

10 42 ± 2.25
AB

 41 ± 4.33
B
 11 ± 2.66

A
 5 ± 0.33

AB
 1 ± 0.25

B
 

20 38 ± 3.45
B
 43 ± 3.55

B
 9 ± 1.75

A
 7 ± 0.78

A
 3 ± 0.50

A
 

40 44 ± 2.89
BC

 41 ± 3.33
B
 7 ± 1.33

AB
 5 ± 0.55

B
 3 ± 0.50

A
 

60 36 ± 2.15
C
 44 ± 4.33

BC
 7 ± 1.33

AB
 8 ± 1.66

BC
 5 ± 0.50

BC
 

80 41 ± 1.23
D
 38 ± 2.65

C
 11 ± 2.75

A
 7 ± 1.33

A
 3 ± 0.25

A
 

Different letter value is significantly different 

 

  



71 

Table 13 Leukocytes in relations of ZnO NPs concentration (14 days) in C.catla 

Concentration 

(Mg L
-1

) 

Lymphocytes 

% 

Monocytes 

% 

Neutrophil 

% 

Eosinophil 

% 

Basophil 

% 

Control  46 ± 4.23
A
 35 ± 2.54

A
 10 ± 1.22

A
 6 ± 1.25

A
 4 ± 0.50

A
 

10 42 ± 3.22
AB

 41 ± 4.18
B
 11 ± 1.23

A
 5 ± 0.25

B
 1 ± 0.75

B
 

20 41 ± 4.33
B
 42 ± 3.12

B
 10 ± 1.56

A
 4 ± 0.25

AB
 3 ± 0.50

BC
 

40 39 ± 2.66
BC

 41 ± 2.88
BC

 9 ± 1.04
B
 6 ± 0.27

C
 5 ± 0.75

C
 

60 33 ± 2.76
C
 47 ± 4.12

C
 8 ± 1.22

B
 7 ± 1.25

C
 5 ± 0.25

C
 

80 32 ± 3.57
C
 48 ± 2.19

C
 12 ± 1.78C 6 ± 0.50BC 2 ± 0.50

AB
 

Different letter value is significantly different 

 

Table 14 Leukocytes in relations of ZnO NPs concentration (28 days) in C. catla 

Concentration 

(Mg L
-1

) 

Lymphocytes 

% 

Monocytes 

% 

Neutrophil 

% 

Eosinophil 

% 

Basophil 

% 

Control  43 ± 4.50
A
 34 ± 2.45

A
 11 ± 1.50

A
 8 ± 0.75

A
 4 ± 0.75

A
 

10 42 ± 3.75
A
 41 ± 4.34

B
 11 ± 1.25

A
 5 ± 0.50

B
 1 ± 0.25

B
 

20 41 ± 3.75
A
 44 ± 2.50

BC
 7 ± 1.25

B
 5 ± 0.50

B
 3 ± 1.00

AB
 

40 40 ± 2.50
B
 45 ± 4.50

BC
 7 ± 0.75

B
 5 ± 0.25

B
 3 ± 0.50

AB
 

60 37 ± 2.50
AB

 47 ± 3.75
C
 8 ± 1.50

BC
 5 ± 0.50

B
 3 ± 1.00

AB
 

80 31 ± 3.45
C
 47 ± 3.50

C
 12 ± 0.50

C
 5 ± 0.50

B
 3 ± 1.00

AB
 

 

Different letter value is significantly different 
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Table 15 Effect of ZnO NPs on % PCV (Haematocrite) in treated C. catla 

Concentration 

(Mg L
-1

) 

7 days 14 days 

 

28 days 

 

Control  33.06 ±3.25
A
 34.76± 1.98

A
 33.44±5.34

A
  

10 32.54 ±2.91
A
 33.21 ±1.92

A
 32.23± 6.55

A
 

20 32.65 ±2.95
A
 32.35 ±1.86

AB
 30.42 ±3.5

AB
 

40 31.45 ±2.80
B
 31.85 ±1.75

A
 31.65± 5.65

B
 

60 29.12±2.55
BC

 25.87±1.55
BC

 29.23±6.34
AB

 

80 24.33±1.65
C
 25.11±1.45

BC
 27.56±3.45

C
 

Different letter value is significantly different 

 

Table 16  Effect of ZnO NPs on MCV (fl) level in treated C. catla   

Concentration 

(Mg L
-1

) 

7 days 14 days 

 

28 days 

 

Control  82.9±4.25
A
 80.29±4.55

A
 83.30±12.44

A
 

10 84.21±4.64
A
 82.33±4.75

A
 83.56±12.65

A
 

20 95.44±4.88
AB

 94.14±4.88AB 87.51±12.44
AB

 

40 95.62±4.90
AB

 95.33±4.90
AB

 87.81±14.55
AB

 

60 95.21±4.44
AB

 97.37±4.95
B
 97.55±5.34

B
 

80 98.27±4.95
C
 99.32±5.00

C
 98.80±6.43

C
 

Different letter value is significantly different 
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Table 17 Effect of ZnO NPs on MCH (pg) level in treated C. catla 

Concentration 

(Mg L
-1

) 

7 days 14 days 

 

28 days 

 

Control  22.9±1.22
A
 20.52±1.54

A
 23.07±4.32

A
 

10 20.13±1.21
B
 17.621.23±

AB
 21.34±2.35

B
 

20 17.97±1.55
AB

 15.13±1.21
B
 19.15±3.56

AB
 

40 11.82±0.94
C
 15.71±1.22

B
 17.54±2.65

BC
 

60 9.73±0.75
BC

 12.43±0.92
BC

 18.77±5.48
B
 

80 8.42±0.55
D
 7.50±0.75

C
 19.76±2.56

AB
 

Different letter value is significantly different 

 

Table 18 Effect of ZnO NPs on MCHC (g/dl) level in treated C. catla 

Concentration 

(Mg L
-1

) 

7 days 14 days 

 

28 days 

 

Control  29.28±2.25
A
 31.81±2.44

A
 28.13±3.39

A
 

10 23.52±2.10
B
 24.72±1.78

B
 25.01±4.19

AB
 

20 23.47±2.10
B
 21.34±1.65

BC
 20.13±2.94

BC
 

40 20.21±1.85
AB

 20.65±1.45
C
 20.72±3.25

BC
 

60 18.67±1.65
BC

 20.09±1.45
C
 19.33±1.44

BC
 

80 18.26±1.55
C
 17.99±1.34

D
 19.34±2.55

C
 

Different letter value is significantly different 
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Table 19 Dose dependent effect on level of ALP and ACP in treated C. catla 

Conc. (Mg L
-1

) Parameters 

(u/l) 

7 days 

Exposure 

14 days 

Exposure 

28 days Exposure 

Control  ALP  53.76±5.54 52.56±6.45 52.89±6.77 

ACP  65.81±6.23 63.32±7.87 65.90±8.65 

10 ALP  66.37±12.44 68.64±6.66 61.01±8.09 

ACP 73.60±13.14 85.63±9.34 84.73±17.56 

20 ALP  65.79±5.45 69.69±11.45 68.23±12.55 

ACP 73.25±14.34 85.97±8.55 87.35±15.54 

40 ALP  67.56±8.32 80.56±9.47 81.61±12.44 

ACP  74.67±6.77 88.50±10.89 88.73±16.32 

60 ALP  70.34±12.45 82.57±17.13 84.30±12.67 

ACP  78.12±8.33 88.13±11.56 88.90±16.66 

80 ALP  75.67±7.44 84.56±17.44 86.17±12.65 

ACP 82.23±9.57 88.67±13.89 88.99±15.77 

Different letter value is significantly different 

 

4.4. Frequencies of micronuclei 

The consequences of micronuclei (MN) studies showed the generation of 

micronuclei in erythrocytes of C. catla due to exposure different test concentrations 

and sampling times of ZnO NPs. These results were presented in Table 18.  
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Figure 7 Blood erythrocyte showing normal cells in control group 
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Figure 8 Blood erythrocyte showing micronuclei at 10 mgL
-1 

ZnO NPs 
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Figure 9 Blood erythrocyte showing micronuclei at 20 mgL
-1 

ZnO NPs 
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Figure 10 Blood erythrocyte showing micronuclei at 40 mgL
-1 

ZnO NPs 
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Figure 11 Blood erythrocyte showing micronuclei at 60 mgL
-1 

ZnO NPs 
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Figure 12 Blood erythrocyte showing micronuclei at 80 mgL
-1 

ZnO NPs 

 

  



81 

Table 20 Frequencies (%) of Micronuclei in C. catla treated with ZnO NPs  

Concentration 

(mgL
-1

) 

Exposure (Days) 

7 14 28 

Control 0.021±0.02
A
 0.023±0.017

A
 0.024±0.009

A
 

10 0.053±0.023
AB

 0.093±0.061
AB

 0.134±0.05
B
 

20 0.149±0.05
B
 0.157±0.039

B
 0.191±0.03

AB
 

40 0.213±0.21
BC

 0.235±0.73
BC

 0.283±0.049
BC

 

60 0.272±0.047
C
 0.285±0.19

C
 0.299±0.068

C
 

80 0.298±0.022
C
 0.368±0.043

D
 0.557±0.081

AC
 

Different letter value is significantly different 

 

4.5. DNA damage 

Single strand breaks in DNA are represented in percentage tail or comet 

formation of DNA; it increased significantly with increasing concentrations in 

erythrocyte cells when ZnO NPs challenged fish blood was compared with control 

group (Table 19). 
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Table 21 Tail DNA in percentage (%) in C. catla exposed to ZnO NPs 

Concentration 

(mgL
-1

) 

Exposure (Days) 

7 14 28 

Control 3.72±0.25
A
 3.92±0.81

A
 4.01±0.65

AB
 

10 7.15±0.37
AB

 7.24±0.61
AB

 7.46±0.76
B
 

20 7.80±0.24 
AB

 8.14±0.67 
AB

 9.31±0.56
BC

 

40 8.28±0.07
B
 10.36±0.70 

BC
 11.43±0.34

C
 

60 11.14±0.35
AC

 12.27±0.25
B
 15.15±0.74

A
 

80 16.24±0.71
A
 16.39±0.38

C
 22.51±0.62

D
 

Different letter value is significantly different 

4.6. Histopathology  

Histopathological fluctuations detected in both studied tissue including gill 

and liver of C. catla (Figs.13 to 24). 

In control group, no identifiable variations were detected in the 28 days trial 

period. It exhibited primary and secondary lamellae with pillar cells and likewise it 

contains central venous sinus, chloride cells. The ZnO NPs-treated fish showed 

propagation of bronchial chloride cells the indications to lamellae fusion and 

development of aneurism. The aneurism was restricted, blood filled balloon-like lump 

of a blood vessel. It increases an important risk of rift, resulting in Spartan 

haemorrhage, other complications or death. The other changes were the vacuolization, 

enlivening of the lamellar epithelium and blending of secondary lamellae. The 

histological replies in the gills of fish were frequently related with circulatory 

conflicts and regressive and abrupt changes. 

In the sections of liver, the liver tissue of control group showed usual 

hepatocytes structure. The ZnO NPs-treated fish had congestive amplification of 
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liposomes which lead to vacuolar deteriorations in liver tissue. The necrosis was 

recorded at higher level in liver tissues of ZnO NPs treated fish.  

 

 

 
Figure 13 Normal hepatic tissue in the control group of C. catla after 28 days 
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Figure 14 Hepatic tissue thickening and shrinking of in the 10 mgL

-1 
treatment in C. 

catla after 28 days 
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Figure 15 Histological alterations in the liver tissue in 20 mgL
-1 

treatment group after 

28 days of exposures 
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Figure 16 Histological alterations in the liver tissue in 40 mgL
-1 

treatment group after 

28 days of exposures 

(C= congestion of hepatic tissue; pN = pynetic nuclei; DB= deformed blood vessels) 
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Figure 17  Histological alterations in the liver tissue in 60 mgL
-1 

treatment group after 

28 days of exposures  

(Vaculization of the cell =VC and CB necrosis and cogestion of hepatic cells; Cells 

with rduced nuclei) 
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Figure 18 Histological alterations in the liver tissue in 80 mgL
-1 

treatment group after 

28 days of exposures  

(pynctic nuclei= pN; CB= clotted blood; reduced cell= RC; Hperplsia necrosis=H.N) 
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Figure 19 Normal group gill showingwith no visible alterations in C.catla after 28 

days 
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Figure 20 Gills alterations in the C. catla in 10 mgL
-1 

treatment group after 28 days of 

exposures 

(N= necrosis; CT= clubbed tips) 
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Figure 21 Gills alterations in the C.catla in 20 mgL
-1 

treatment group after 28 days of 

exposures 

Where, N= Necrosis; CD= Circulated disturbances; CB= Clotted blood 
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Figure 22  Gills alterations in the C.catla in 40 mgL
-1 

treatment group after 28 days of 

exposure. 

 

Where, N= Necrosis; HP= Hyperplasia; CT= Clubbed tips; FL= Fused lamellae 
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Figure 23 Gills alterations in the C. catla in 60 mgL-1 treatment group after 28 days 

of exposures 

Where, An= aneurism; HP= hyperplasia; CT= clubbed tips; N= necrosis 
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Figure 24 Gills alterations in the C. catla in 80 mgL
-1 

treatment group after 28 days of 

exposures 

Where, DS=Deformed S lamellae; FL= fused lamellae; CD= Circulated disturbance; 

HLE= hyperplasia of L. epithelium 
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4.7. Indicators of Oxidative stress 

Oxidative stress is normally and most commonly inequality in pro-

oxidant/antioxidant level in body homeostasis. The treated liver tissues presented the 

maximum changes in antioxidant enzyme activity amongst the tissues (Fig. 24-27).  

SOD is basic protein or enzyme to contract with or deals oxy radicals and 

accountable in proceeding reaction catalysis that is involved in conversion of 

superoxide to its nontoxic molecular O2 and less toxic form H2O2. Currently, the level 

of this enzyme in liver and gills in C. catla exposure to different concentration with 

different exposure intervals were examined (Fig. 28).  

The activity of CAT reduced marginally with increasing the concentration of 

ZnO NPs and treatment time i.e., 7, 14 and 28 days (fig.30). The GST activity 

decreased with increased concentration of ZnO NPs (fig.31-33). 

In the current, MDA substances of liver and gill tissues had altered compared 

to control. There was upsurge in MDA found after 7 days (Fig. 34).  

4.7.1. Reduced Glutathione 

The levels of GSH increased after the 7 days of treatment with ZnO 

nanoparticles both in liver and gills (figure 37). The level of GSH was found higher in 

the liver as compared to the gills. The activity of this enzyme increased in response to 

the MDA level. Additionally, nanoparticles produced more stress in the liver (fig-37). 

Similar trends were found after the exposure of 14 days and 28 days (fig 38, 39) 
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Figure 25 Alter activity of CAT in the liver and gills tissues of C. catla after 7 days 

treatment 

 

Figure 26 Alter activity of CAT due to ZnO NPs in liver and gills after 14 days 

sampling 
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Figure 27 Alter activity of CAT in liver and gills after 28 days sampling 

 

 
Figure 28 Alter activity of SOD expoosed to ZnO NPs in C. catla after 7 days 

sampling 
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Figure 29 Alter activity of SOD expoosed to ZnO NPs in C. catla after 14 days 

sampling 

 

 

 
Figure 30 Alter activity of SOD expoosed to ZnO NPs in C. catla after 28 days 

sampling 
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Figure 31 The change in GST activity in  liver, gills of C. catla after 7 days sampling 

 

 
Figure 32 The change in GST activity in  liver, gills of C. catla after 14 days sampling   
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Figure 33 The change in GST activity in  liver, gills of C. catla after 28 days sampling 

 
Figure 34 The Change in the level of lipid peroxidation in C. catla after 7 days 
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Figure 35 The Change in the level of lipid peroxidation C. catla after 14 days  

 

 
Figure 36 The Change in the level of lipid peroxidation in C. catla after 28 days   
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Figure 37 The change in activity of GSH C. catla after 7 days 

 

Figure 38 The change in Level of GSH in C. catla after 14 days 
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Figure 39 The change in Level of GSH C. catla after 28 days 

4.8. Antioxidant role of selenium and cinnamon 

The fish was treated with Selenium and Cinnamon separately and combined 

(50:50 weight concentration), which were added in the feed that was given to the 

groups of fish having post exposure of ZnO NPs at 28 days. The level of CAT was 

found decreasing in both gills and liver as compared to the control group (Fig-40). 

However the use of Se, cinnamon and both increased the activity of CAT significantly 

(p< 0.05). 

ZnO NPs significantly increased the activity of SOD after 28 days of 
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activity of GST decreases by using Zno NPs but by the use of selenium and cinnamon 

combined and separately after 28 days increases the activity of GST (Fig.) 

The use of ZnO NPs significantly increased the level of lipid peroxidation in 

the ZnO NPs treated group as compared to the control group (Fig.42). The Selenium, 

cinnamon and both (50:50) significantly reduced the level of lipid peroxidation 

(Fig.43). Similarly the low level of GSH in case of ZnO NPs challenged groups 

indicated the lipid peroxidation in gills and liver. However the use of selenium, 

cinnamon and both (50:50) as antioxidant significantly reduced the level of lipid 

peroxidation also increase the level of GSH (Fig.44).  

 
 

Figure 40 Showing the effect of ZnO NPs, Selenium and Cinnamon on the activity of 

CAT in the C. Catla after 28 days of treatment. 

(Asterisks represents significantly different values (p<0.05) form each other in 

treatments  

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07 Liver

Gills

m
o

l/
g

 P
ro

te
in

 

* 

* 

* 

* 



105 

 
Figure 41 Showing the effect of ZnO NPs, Selenium and Cinnamon on the activity of 

SOD in the C. Catla after 28 days of treatment. 

(Asterisks represented significantly different values (p<0.05) form each other in 

treatments  
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Figure 42 showing the effect of ZnO NPs, Selenium and Cinnamon on the activity of 

GST in the C. Catla after 28 days of treatment. 

Asterisks represented significantly different values (p<0.05) form each other in 

treatments  
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Figure 43 Showing the effect of ZnO NPs, Selenium and Cinnamon on the lipid 

peroxidation in the C. Catla after 28 days of treatment. 

 

Asterisks represented significantly different values (p<0.05) form each other in 

treatments  
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Figure 44 Showing the effect of ZnO NPs, Selenium and Cinnamon on the GSH in the 

C. Catla after 28 days of treatment. 

Asterisks represented significantly different values (p<0.05) form each other in 

treatments 
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Table 22 Effect of selenium and cinnamon on the blood hematology of ZnO NPs 

treated C.catla. 

Concentration 

Mg L
-1

 

RBC 

(x10
6
/mm

3
) 

WBC 

(1000/MM
3
) 

Platelet 

counts(X10
6
/L) 

Hb (g/dl) 

Control 2.81±0.12
A
 7730±481

A
 281,000±1001

A
 4.61±0.17

A
 

ZnO NPs 3.87±0.17
AB

 9354±371
B
 190,327±582

B
 7.22±0.12

AB
 

ZnO NPs+ Se. 2.99±0.04
B
 7077±637

AB
 191,633±730

B
 6.82±0.11

B
 

ZnO NPs +Cinn. 2.98±0.075
B
 8991±451

C
 194,081±419

BC
 6.11±0.04

BC
 

ZnO NPs+ 
Se+Cinn 

2.90±0.42
C
 7909±488

BC
 201,654±383

C
 5.10±0.11

C
 

Different letter value is significantly different 

 

 

Table 23 Effect of selenium and cinnamon on the value of ALP and ACP of ZnO NPs 

treated C.catla. 

Conc. (Mg L
-1

) Parameters 

(u/l) 

28 days Exposure 

Control ALP  52.89±6.77 

ACP  65.90±8.65 

ZnO NPs ALP  81.61±12.44 

ACP  88.73±16.32 

ZnO NPs+ Se. ALP  62.30±12.67 

ACP  78.90±16.66 

ZnO NPs +Cinnamon. ALP  76.17±12.65 

ACP 78.99±15.77 

ZnO NPs+ Se+ Cinnamon ALP  58.23±12.55 

ACP 77.35±15.54 

Different letter value is significantly different 
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Table 24 Effect of selenium and cinnamon on the values of blood parameters of ZnO 

NPs treated C.catla. 

Concentration 

(Mg L
-1

) 

PCV  

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g/dl) 

Control 33.44±5.34
A
  83.30±12.44

A
 27.07±4.32

A
 31.13±3.38

A
 

ZnO NPs 38.65± 5.65
B
 97.81±14.55

AB
 17.54±2.65

BC
 18.72±3.29

BC
 

ZnO NPs+ Se 37.23±6.34
AB

 94.55±5.34
B
 19.77±5.48

B
 19.38±1.49

BC
 

ZnO NPs +Cinn 37.56±3.45
AB

 91.80±6.43
C
 19.76±2.56

B
 19.39±2.50

BC
 

.ZnO NPs+ 

Se+Cinn 

33.42 ±3.5
A
 89.51±12.44

BC
 19.15±3.56

B
 20.83±2.97

BC
 

Different letter value is significantly different 

 



111 

C h a p t e r  5   

DISCUSSION 

Nano industry has progressed rapidly and the total funding in 2010 from all 

sources was around us dollars of 17.8 billion (Sargent, 2012). So, worldwide worth of 

this industry is snowballing day by day in all the fields of life. 

Nanoparticles (NPs) ranging from around about 1 nm to 100 nm in size and 

employed in different areas such as biotechnology and pharmacology due to their 

greater surface area and large amount of particles per unit mass compared to metals 

(Saman et al., 2013). Now a days the production of nanoparticles is about 2300 tons 

and may enhance to 58000 tons by 2020 , and it is estimated that 800 consumer 

products are already available in the market and many are still yet to come (Kuzma & 

VerHage, 2009). 

Currently, it was planned to observe and estimated oxidative stress (OS) and 

histological alterations in C. catla (Thala) exposed to ZnO NPs and estimation of 

antioxidative responses of C. zeylanicum (Cinnamon) and Selenium (Se) on the ZnO 

NPs treated fish. 

Zinc oxide nanoparticles are being synthesized through various methods. In 

study, spherical and crystalline particles were effectively synthesized by using 

alkaline precipitation method from zinc acetate dihydrate and sodium hydroxide. 

Mean size was lies around 36.77 nm and maximum particles were in 5 to 40 nm. The 

characteristics of synthesized ZnO NPs were determined by SEM EDX and XRD.  

There is uncertainty on exposure of NPs regarding the effects in behaviour, 

physiological responses and activity of organism in water due to lack of indicated 

data. There are many examples of the effects of nanoparticles on fishes. In African 

catfish dietary iron has caused lipid peroxidation in target tissues such as live and 
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heart (Yousefia et al., 2011). Treatment of ZnO NPs in embryos of one of most 

common fish the zebra fish increases intracellular reactive oxygen species and 

showed some toxic properties (Zhu et al., 2009b). Effects of ZnO NPs as compared to 

equal metal salt is further toxic to embryonic or juveniles conditions (Shaw & Handy, 

2011). 

Nano scale ZnO due to its unusual assets, are employed in various fields such 

sunscreen raw materials (Maier & Korting, 2005), for the wastewater filtration and 

remediation of contaminated and polluted environment (Aitken et al., 2006). 

Discharge of particles directly or indirectly via bathing and most of sewage effluent 

(Daughton & Ternes, 1999; Ternes et al., 2004; Handy & Shaw, 2007) or engineering 

industry (Nagaveni et al., 2004) elevated the risk of exposure for humans and its 

physical or natural environment (Nowack & Bucheli, 2007). It might be the ultimate 

cause of metallic ion in water (Franklin et al., 2007; Aruoja et al., 2009).  

 Contradictory to this possibility about size of the NPs than the presence of 

dissolved ions might also affects the properties (Elias et al., 2009). Several research 

exhibit negative consequences of ZnO NPs to living organisms but the mechanism of 

toxicity and interaction with aquatic ecosystems is poorly understood. As a result of 

potential effects of these particles, they gained special attention {Handy, 2008 #622}. 

In second part of study, consequence of ZnO NPs on the blood haematology, 

genotoxicity and DNA damage, oxidative stress and tissue alterations were studied by 

exposing Catla catla (55.7 ± 5.43 g  weight and 25 ± 5 cm length) in chronic toxicity 

experiment (28 days). There were six treatments 0, 10, 20, 40, 60 and 80 mg L
-1,

 

where first treatment was the control and all treatments had three replications and 

each replicate had five fish. Blood and tissues samples were taken after the exposure 

of 7, 14 and 28 days of each treatment. The study revealed a significant difference of 
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all the haematological parameters between control and experimental groups. The 

RBCs count was found increasing with the ZnO NPs concentrations and higher counts 

(2.91 ± 0.09 x10
6
/mm

3
) were observed at 10 mg L

-1
; however, with the increase in 

dose intensity, a decrease in RBCs counts was seen due to anaemic conditions. The 

number of total WBCs counts was found to increase at 20 mg L
-1 

concentration (9329 

± 923/ mm
3
), which decreased after 40 mgL

-1 
to 80 mg L

-1
. Levels of haemoglobin, 

haematocrit, MCV along with the other parameters values were also significantly 

varied among control and ZnO NPs treatments. The assessment of toxicity in term of 

genetic materials was detected by employing micronuclei along with comet assay. 

Result disclosed increase in number of comet and micronuclei with changing 

concentration of ZnO NPs. Elevated level of frequency in comets and micronuclei 

was documented after 28 days and 80 mgL
-1 

treatments. Oxidative anxiety was 

assessed by detecting levels of certain enzymes in fish body including the SOD, CAT, 

GST, MDA and GSH  in 7, 14 and 28 days treatment of  ZnO NPs. Gills and liver 

demonstrated a reduction in activity of CAT and GST in a dose reliant style. 

However, SOD increased in activity in retort to ZnO NPs as in MDA. Gills and liver 

tissues also reflected histological alterations. It was revealed that cinnamon had higher 

amount of total phenolic (11.66 ± 1.76 mg GAE/100 g) and flavonoid content (11.55 

± 2.37mg RE/100 g), so; it is a good herb to decrease oxidative stress. FRAP, DPPH 

and ABTS free radicals having the values of 357.13 ± 50.90, 414.91 ± 97.63 and 

917.22 ± 125.23 mg vitamin C equivalent per 100g respectively were used for 

confirmation. Both antioxidants (Cinnamon and Selenium) showed significant 

activities against oxidative stress. It was concluded; ZnO NPs persuaded toxicity and 

oxidative stress in treated C. catla where, cinnamon and Selenium have ameliorated 

effects reducing the oxidative stress and toxicity.  
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In the first phase of the study, ZnO NPs were synthesized by precipitation 

technique, in which 0.02 M aqueous Zn (CH3COO)2 2H2O was dissolved in distilled 

water to which is about 50 ml 2.0 and dissolved in M NaOH (Sodium Hydroxide) was 

added to increase pH 12. The triethylamine was used as promoting and protecting 

agent that resulted in white precipitate in 2 h which showed the after completion 

conversion into nanoparticles. The precipitate prewashed and was then desiccated in 

duration of 12 hours and temperature control of 60 °C for complete conversion and 

formation of ZnO NPsfrom Zn (OH)2.  

With similar methods ZnO NPs have been synthesized and precipitated out  in 

solutions which was mixture of zinc chloride and zinc acetate aqueous nature  

(Kołodziejczak-Radzimska & Jesionowski, 2014). Hong et al. (2006) employed 

precipitation method of precipitating zinc oxide with zinc acetate (Zn 

(CH3COO)2·H2O) and ammonium carbonate (NH4)2CO3.  

The UV spectrophotometer showed the formation of ZnO-NPs from Zn 

(CH3COO)2·H2O measurement of absorption spectrum within the wave length of 200 

to 700 nm. A unique peak absorbance between 300 to 350 nm after the 30 minutes of 

mixing the zinc acetate with sodium hydroxide when vigorously stirred for 2 hours at 

room temperature and for 2 hours at 150 
○
C showed the formation of ZnO-NPs. 

(Kanipandian & Thirumurugan, 2014).  

The sharp diffraction peaks of the synthesized particles indicate their good 

crystalline features. The diffraction peaks in the XRD patterns of ZnO NPs confirmed 

the spherical structure. No characteristic peaks were observed other than ZnO NPs, 

which indicated the purity of the ZnO NPs sample. The elemental compositions of the 

synthesized ZnO NPs determined by energy dispersive X-ray diffraction showed no 

impurity peaks in the EDX. The average size of the synthesised ZnO NPs ranged 
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between 5 to 100 nm with mean diameter of 36.77 nm estimated from XRD peaks and 

use of Scherrer formula or equation. The SEM images of the synthesized ZnO NPs 

showed morphology of the synthesized ZnO NPs were uniform and spherical in shape 

and are similar to the results discussed by Abdullah and Okuyama (2004). 

The chronic toxicity studies evaluated the effect of ZnO NPs on the blood 

parameters of the challenged experimental fish C. catla. The results indicated changes 

in all the blood parameters due to ZnO NPs stress. The RBCs count was significantly 

higher (P > 0.05) at 10 mg/l at 7
th

 day of exposure (2.91±0.09) compared to control 

(2.81±0.12) and other treated groups. Similarly, WBCs count (9154 ± 371) when 

compared with control (7730 ± 481) were significantly higher. The maximum Hb% 

was recorded in control group (4.61±0.17), which decreased with increasing the 

concentration. On 14
th

 and 28
th

 day sample collection maximum RBCs count was 

found at 10 mg/l (3.91 ± 0.13). The results suggested that the RBCs count decrease 

with of ZnO NPs increment and the time of exposure. Cyprinus carpio exposed to 

atrazine showed decrease in erythrocytes, Hb and an increase in WBC (Ramesh et al., 

2014).  

The red cell indices like MCV, MCH and MCHC showed maximum MCV 

values were observed at 80 mg/l concentration amongst all treatments and between all 

exposure times. This was most probably due to the anemic conditions and 

concentration of the ZnO NPs. Maximum MCH values were recorded in control 

groups between all exposure times and values were lowest for the highest 

concentration (80 mg/l) of ZnO NP. Similar results were seen in the case of MCHC 

where the concentrations were high in control groups and were low in the highest 

concentration. These results were supported by the studies of (Srivastava et al., 2005; 

Sharma et al., 2009; Kumar et al., 2015).  
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Similar results were also reported on the fishes exposed to different types of 

pesticides. Garg et al. (1989) studied decreases in erythrocytes. Hb, MCH and MCHC 

and increases in WBC, PCV, MCV in Ophiocephalus punctatus exposed to 

endosulfan. Consistent results have been discussed for Cirrhinus mrigala, to Neem 

extract; (Saravanan et al., 2012); C. catla and Labeo rohita fingerlings to 

cypermethrin (Vani et al., 2012); Saccohranchus fossilis exposed to chlordane; 

Clarias gariepinus to diazinon (Adedeji et al., 2009); Clarias gariepinus and 

Cyprinus carpio to chlorpyrifos, (Yonar, 2012); Oreochromis mossambicus to 

endosulfan (Kumar et al., 2011); Cyprinus carpio to lindane (Saravanan et al., 2011). 

Variation in haematological parameters result attributable to stress, which affects the 

normal functioning and balanced metabolism fish (Blaxhall, 1972).  

The results showed ZnO NPs also induced genotoxic and mutagenic effects in 

C. catla exposed with different concentrations and exposure time. The combined use 

of assays (both) suggested the testing of the genotoxic compounds to comprehend 

basic mechanisms which induce changes in the form of mutagenesis (Van Goethem et 

al., 1997; Ali et al., 2008). Hence, frequencies of micronuclei and comet assay were 

studied  for toxicity and genotoxicity studies of ZnO NPs on the challenged fish.  

Micronuclei assay actually detects injuries of the damage cells that survive at 

least up to one mitotic division. It also measures chromosome breakage or 

chromosome loss due to toxic metabolites (Kirsch-Volders et al., 2003). The results of 

micronuclei (MN) induction in erythrocytes of C. catla in this study revealed that at 

the lowest concentration of ZnO NPs (10 mgL
-1

) treatment induced MN frequency of 

0.053±0.023 in erythrocyte at 7 days, significantly increased to .093±0.061 at 14 days 

and 0.134±0.05 at 28 days exposure. Similar trends were also observed at 20 mgL
-1 

in 

the MN frequency was 0.149±0.05 at 7 days and increased to 0.191±0.03 after 28 
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days. At the high concentration (80 mgL
-1

), the MN frequency was increased 

significantly from 0.298±0.022 at 7 days treatment to 0.557±0.081 after 28 days 

duration.  The micronuclei induction in erythrocytes was highest at the high test 

concentration of 80 mg L
-1

. Therefore, the present study concluded that ZnO NPs 

were the main cause of induction of micronuclei in challenged fish.  

The Zno NPs increased the frequency of micronuclei formation in dose 

dependent manner. Micronuclei is the result of formation of laggards excluded from 

the nucleus in the process of mitosis (Kumari et al., 2011). The increase in 

micronuclei correspondingly ropes that the test chemicals (ZnO NPs) were lactogenic 

and are proficient of producing different sorts of chromosomal anomalies. Numerous 

hypotheses can be advocated to account for the lactogenic or genotoxic effects, 

comprising the foundation of adduct or impairment at the level of DNA and 

chromosomes. DNA destructive agents have the ability to root genomic instability, 

which is a prompting factor in carcinogenesis. Therefore, vigilant nursing and further 

description of their systemic toxicity, genotoxicity and carcinogenicity is also vital 

(Zhou, 2015).  

Fishes are frequently used as sentry organisms for eco-toxicological studies 

since they play numeral roles in the trophic web, accrue toxic ingredients and retort to 

little concentration of mutagens and carcinogens (Çavaş & Ergene-Gözükara, 2005). 

The use of fish biomarkers as catalogues of the properties of pollution, are of 

cumulative importance and can permit initial recognition of environmental glitches in 

marine or fresh water ecosystem (Van der Oost et al., 2003). Genotoxicity can occur 

due to numerous physico-chemical mediators that result in an extensive diversity of 

potential injuries to the genetic material, vacillating from numerous DNA adducts to 
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single and double-strand breakages, DNA-DNA and protein DNA cross-links or even 

chromosomal damage (Sancar et al., 2004; Zhu et al., 2009b; Cavalcanti et al., 2010).  

The comet assay, also known as the single cell gel electrophoresis (SCGE) 

assay is a method for the straight imagining of DNA damage in discrete cells. Singh et 

al. (1988) presented the electrophoresis in alkaline (pH >13) circumstances for 

discovering DNA damage in single cells. At alkaline conditions, DNA migration is 

related to incidence of strand disruptions (single or double strand), SSB allied with 

incomplete deletion of repair sites, and alkali-labile sites (ALS). The alkaline form of 

comet assay had additional success since it permits the recognition of a extensive 

range of damages, and in fact nearly all genotoxic mediators persuade more SSB and 

ALS than DSB (Tice et al., 2000). 

The comet assay has been deliberated as a subtle, quick and consistent method 

of quantitatively assessing DNA damage in both prokaryotic and eukaryotic cell (Tice 

et al., 2000; Andem et al., 2013). It is progressively being employed in testing of 

materials such as industrial chemicals, biocides, agrochemicals, food additives and 

pharmaceuticals for genotoxicity challenging (Brendler-Schwaab et al., 2005; 

Kumaravel & Jha, 2006; Olive & Banáth, 2006). The assay is preferred on other 

cytogenetic approaches castoff for the finding the DNA damage (Buschini et al., 

2004; Olive & Banáth, 2006) as it is adapted for sensing extensive diversity of DNA 

damage such as DNA single strand breaks (Maluf, 2004).  

In the present study the alkaline comet assay was used for assessing the entire 

DNA strand breaks in the erythrocyte cells of challenged C. catla ZnO-NPs. The data 

obtained showed that the frequencies of % tail DNA damage for all concentrations of 

ZnO NPs were significantly higher than control groups. The highest damage of 

erythrocyte cells was found at 80 mgL
-1 

treatment group and 28 days exposure time. 
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The DNA damage measured in the form of percent tail DNA increased significantly 

from 7.15±0.37 to 22.51±0.62 (10 to 80 mgL
-1

) in erythrocytes of ZnO NPs exposed 

experimental fish (Table 13). 

The main mechanism of NPs toxicity is oxidative stress. ZnO-NPs triggered 

oxidative stress in C catla, the experimental fish. Due to oxidative stress there are 

typical changes in the activity of SOD, CAT and GST as well as in the levels of GSH 

and MDA. Similar changes in the activity of CAT and SOD were also recorded in the 

cells of O. mossambicus and mouse liver when exposed ZnO-NPs. 

The present study also showed a rise in MDA higher concentration of ZnO 

NPs. GST activity decreased gradually and significantly as a result of increasing 

concentrations. (Fig: 26-41). 

For respiration and osmoregulation fish gill is crucial organ and there is a 

close relation between oxidative stress and gill morphology. In this study the control 

group showed gills with a characteristic structural organization of the lamella and the 

treated group showed advanced architectural alterations like modifications in 

secondary structure, lamella with marginal channel expansion, blood congestion, 

hyperplasia of epithelial cells, necrosis, aneurism, acute cellular swelling, lamellar 

inefficiency, twisting and loss of secondary lamellae at 28 d exposure of ZnO-NPs. 

Treated groups with exposure of ZnO-NPs at 28 d also showed pathological 

alterations like hyperplasia of epithelial cells. The secondary lamella due to the 

collapse of pillar cells aneurism was also observed with the rupture of blood vessels, 

releasing large quantity of blood resulting in the lamellar disorganization. ZnO NPs 

induction also shows direct deleterious effects like desquamation and necrosis. 

The histo-pathology of liver of challenged fish showed decrease in size and 

diameter of the hepatocytes, massive destination in the hepatic sinusoid sizes and 
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local congestion in the hepatic parenchyma when exposed to ZnO-NPs as compared 

to control group (Fig: 13-24). This is due to excessive activity of the fish to get rid of 

toxicants from the body during the process of detoxification (Xiong et al., 2011). 

The significant increased levels of AST and ALT were detected in the serum 

of fish bare to ZnO-NPs after 28 d as compared to control these findings are 

comparable with the result of Nemcsok and Benedeczky (1990). The AST and ALT 

are plasma non-functional enzymes localized in the liver and many other organs and 

are also considered important indicators for the assessment of kidney and liver status 

(18, 19). The increase in ALT and AST after the exposure of ZnO-NPs in the 

experimental fish is in accordance with the histopathological finding and therefore, 

the increased levels of ALT and AST can be utilized as an indicator of the liver 

damage or alterations in the hepatic functions. 

In certain conditions the generation of ROS is more than their removal; hence 

oxidative stress occurs. In this regard other supplements like Cinnamon and Selenium 

are used as antioxidants to sustain the condition. Cinnamomum zeylanicum (C. 

zeylanicum) has been using as herbal medicine since 4000 years. It has been used as 

antioxidant to decrease oxidative stress, as food additive, antibacterial, anticandidial, 

antiulcer anticancer and to regulates the lipogenesis (Qin et al., 2010). 

 C. zeylanicum bark oil has trans-cinnamaldehyde, showing antimicrobial and 

antifungal effects against animal and plant pathogens. (Mastura et al., 1999).About 

300 volatiles were found in the essential oils of cinnamon, leaves were rich in 

eugenol, camphor in roots and buds showed a high amount of sesquiterpenes (α-

bergamotene and α-copaene) (Jayaprakasha et al., 2002). Due to the presence of 

phenolic and polyphenolic substances in the oil and leave extract it had unique 

antioxidant activity (Tomaino et al., 2005; Jayaprakasha et al., 2006). 
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Methanolic extract of Cinnamon contains a number of antioxidant compounds 

like superoxide anions, hydroxyl radicals and other free radicals under in vitro 

condition to scavenge reactive oxygen species (Mathew & Abraham, 2006). Decrease 

in mitochondrial function lower ATP level that influence cell growth, viability and 

aging process (Jakhetia et al., 2010). It also has been used as spices and as a 

pharmacological agent in oxidative damage to cellular compounds and also muscle 

soreness. In human there is limited study of cinnamon as antioxidant agent and its 

effectiveness in exercise performance and reducing muscle soreness (Al-Mashhadi et 

al., 2013). 

Chemical structure analysis plays a vigorous role to evaluate the nutritious 

quality and quantity of plant materials founding the human nutrition. Carbohydrates 

act as energy pools, while protein and fat have constructive and renovation role, and 

the micro minerals progress the immune systems. The dietary fibres develop the 

functionality of digestive tract, upsurge the growth of intestinal occupying valuable 

micro flora and lesser the cholesterol level. In the present study raw cinnamon showed 

moisture (10.82±2.27%) and dry matter (87.66±5.11%) nearly similar to Dhillon and 

Amarjeet (2013). Little differences were probably due to the environmental 

conditions and different storage methods. Cinnamon powder showed low moisture 

content (3.41±1.7%) than raw species comparable with the findings of Sultan et al. 

(2014). The pH values were similar as discussed by Ahmed and Shivhare (2001). 

Proximate analysis of cinnamon powder showed carbohydrates 

(49.88±4.35%), crude protein (3.01±1.11%), crude fat (3.01±1.11%), ash content 

(2.71±0.81%) and crude fibres (28.11±2.20%) and were similar to the results 

discussed by Sultan et al. (2014). These results also agreed with studies of Kumar et 
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al. (2010) and Dhillon and Amarjeet (2013) limits defined by WHO (World health 

organization). 

Cinnamon contains complex chemical profile that includes phenolic 

compounds. The phenolic compound is general word and denotes to the compounds 

having at least one aromatic ring and one or extra attached hydroxyl group (Mnayer et 

al., 2014). The phenolic compound holds this capability due to the situation of redox 

potential acting as reducing agent and reduces the singlet oxygen (Atoui et al., 2005). 

This study showed cinnamon contains higher amount of total phenolic compounds 

(11.66±1.76) similar to results of Shan et al. (2005) who estimated (11.90±0.004). , 

Touloupakis and Ghanotakis (2010) also recorded similar results in the aqueous 

cinnamon. 

Flavonoid is considered one of most important phenolic compound with 

identified assets and a significant role of free radical hunting. The results showed 

cinnamon contained higher amount of flavonoids (11.55±2.37 mg RE/100 g) 

comparable with the work of Siripongvutikorn (2012). 

In current study, the antioxidant capability of cinnamon was estimated by 

FRAP, DPPH and ABTS assay. FRAP assay trials the sample aptitude to reduce the 

FE3+-TPT  to Fe2+-TPT (Leong & Shui, 2002). DPPH and ABTS assay is actually 

the reduction of DPPH free radical and ABTS radicals (Re et al., 1999; Wong et al., 

2006). The present investigation showed that cinnamon has high antioxidant capacity. 

The cinnamon showed 357.13±50.90, 414.91±97.63 and 917.22±125.23 mg Trolox 

equivalent/100g sample for FRAP, DPPH and ABTS, respectively. Siripongvutikorn 

(2012) estimated slightly higher values the difference may due to the different 

extraction solvent and analytical methods. Together phenolic and sulfhydryl 

compounds possibly involved in antioxidant activity against ABTS free radicals. Even 
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cuisine doesn‘t modify antioxidant profile (Liu et al., 2014). The foraging of DPPH is 

escorted due to electron transport. The projected results generally presented inferior 

antioxidant activity than actual one due to effect of pH and extraction solvents. The 

FRAP assay might regulate the electron transfer aptitude of test compound in the 

acidic atmosphere (Wojdyło et al., 2007). The active compound contributes the 

electron and plummeting the Fe
3+

 to Fe
2+

. Cinnamons confined more FRAP reducing 

capability due to different phenolic compounds (Boonpeng et al., 2014). Difference in 

the antioxidant assay approaches might also give different consequences(Ou et al., 

2002).  

In the present investigation, Selenium and Cinnamon separately and combined 

(50:50 weight concentration) were used as antioxidants added to the feed to study the 

ameliorative impact that reduces the toxic effects of ZnO NPs. The results revealed 

that the activities of CAT, SOD and GST were altered by using selenium and 

cinnamon as antioxidants added in the feed that was given to the groups of fish post 

exposure of ZnO NPs at 28 days .Similarly the use of selenium, cinnamon and both 

(50:50) as antioxidants significantly reduced the level of lipid peroxidation and 

increase the level of GSH. It is reported previously that excessive oxygen radical 

production involves in lipid peroxidation results in cellular membrane degeneration, 

DNA, liver and gill tissues alterations, while cinnamon showed significant effects on 

lowering the oxidative stress (Skrzydlewska et al., 2005). The active constituents of 

Cinnamon are accountable for amplified antioxidant enzyme activity presenting 

antioxidant property. Selenium is a cofactor of GSH and the key constituents of 

Cinnamon (Hoffmann & Manning, 2014). So both the cinnamon and selenium aided 

the GSH in the recapture of normal antioxidant level. The efficiency of GSH depends 

upon the cofactor accessibility and degree of lipid peroxidation. Im et al. (2014) 
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showed C. zeylanicum containing 45-75% gallic acid equivalents (GAE) of 

polyphenol content had better antioxidant potential and significant decrease in glucose 

and lipid peroxidation and other biochemical parameters.  

In conclusion, the chronic toxicity studies clearly showed C catla when 

challenged with ZnO NPs induced haematological alterations in blood parameters; 

micronuclei and comet assay indicated genotoxicity and DNA damage. The oxidative 

stress and tissue alterations in the gills and liver of C. catla were also observed. The 

ameliorative effect of cinnamon, selenium and both (50:50) as the antioxidant system 

in response to elevated level of oxidants were also observed. 
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C h a p t e r  6   

SUMMARY 

Global socioeconomic is steadily increasing and has impacts on practically 

entire industries and different aspects of our society. ZnO NPs have got great devotion 

because of wide applications in the fields of medicine, biotechnology, electronics, 

rubber industry, chemical fibbers, cosmetics, toothpastes, food additives and beauty 

products. Zinc oxide nanoparticles are being synthesized through various methods. In 

study, spherical and crystalline particles were effectively synthesized by using 

alkaline precipitation method from zinc acetate dihydrate and sodium hydroxide. 

Various methods are being applied in synthesis or growing of ZnO NPs in lab as well 

as commercial scale. The applications of these particles induce toxicity in living 

organisms especially in the water bodies. Consequently, the purpose of this study was 

to propagate ZnO NPs, treasure out their toxicity and use appropriate antioxidants for 

amendment of the oxidative stress produced by these nanoparticles.  

In the current study ZnO NPs were grow by precipitation method spending 

formaldehyde in reaction as its role in as reduction. SEM image advocated 

agglomerates, orbicular in shape of grown particles with mean of 36.77 nm size. 

Histogram of manufactured particles showed that particles were between the 

assortments of 5-80 and maximum incidence in 5 to 40 nm. This study portrayed that 

cinnamon has high profile of nutrients and minerals. It also owns robust activity 

because of sophisticated amount of total phenolic and active ingredients. The 

antioxidant aptitude of cinnamon and selenium has inordinate defence against many 

human health complaints like cancer, blood pressure, hyperlipidemia, heart diseases 

and glycaemia. The oxidative stress due to ZnO NPs brought significant changes in 

the haematological factors, gills and liver histology, and antioxidant enzymes. Both 
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livers and gills react to the raised oxidative stress by altering level of enzymes in 

defensive system. 

In second part of study, consequence of ZnO NPs on the blood haematology, 

genotoxicity and DNA damage, oxidative stress and tissue alterations were studied by 

exposing Catla catla (55.7 ± 5.43 g weight and 25 ± 5 cm length) in chronic toxicity 

experiment (28 days). There were six treatments 0, 10, 20, 40, 60 and 80 mg L
-1,

 

where first treatment was the control and all treatments had three replications and 

each replicate had five fish. Blood and tissues samples were taken after the exposure 

of 7, 14 and 28 days of each treatment. The study revealed a significant difference of 

all the haematological parameters between control and experimental groups. The 

RBCs count was found increasing with the ZnO NPs concentrations and higher counts 

(2.91 ± 0.09 x10
6
/mm

3
) were observed at 10 mg L

-1
; however, with the increase in 

dose intensity, a decrease in RBCs counts was seen due to anaemic conditions. The 

number of total WBCs counts was found to increase at 20 mg L
-1 

concentration (9329 

± 923/ mm
3
), which decreased after 40 mgL

-1 
to 80 mg L

-1
. Levels of haemoglobin, 

haematocrit, MCV along with the other parameters including MCH and MCHC 

values were also significantly different between control and ZnO NPs treatments. The 

assessment of toxicity in term of genetic materials was detected by employing 

micronuclei along with comet assay. Result disclosed increase in number of comet 

and micronuclei with changing concentration of ZnO NPs. Elevated level of 

frequency in comets and micronuclei was documented after 28 days and 80 mgL
-1 

treatment. Oxidative anxiety was assessed by detecting levels of certain enzymes in 

fish body including the SOD, CAT, GST, MDA and GSH  in 7, 14 and 28 days 

treatment of  ZnO NPs. Gills and liver demonstrated a reduction in activity of CAT 

and GST in a dose reliant style. However, SOD increased in activity in retort to ZnO 
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NPs as in MDA. Gills and liver tissues also reflected histological alterations. It was 

revealed that cinnamon had higher amount of total phenolic (11.66 ± 1.76 mg 

GAE/100 g) and flavonoid content (11.55 ± 2.37mg RE/100 g), so; it is a good herb to 

decrease oxidative stress. FRAP, DPPH and ABTS free radicals having the values of 

357.13 ± 50.90, 414.91 ± 97.63 and 917.22 ± 125.23 mg vitamin C equivalent per 

100g respectively were used for confirmation. Both antioxidants (Cinnamon and 

Selenium) showed significant activities against oxidative stress. It was concluded; 

ZnO NPs persuaded toxicity and oxidative stress in treated C. catla where, cinnamon 

and Selenium have ameliorated effects reducing toxicity.  

Oxidative stress prompted by using ZnO NPs was deteriorated by using 

cinnamon and selenium as antioxidants. Six groups were kept, each having five fish. 

These groups were fed with four types of the diets containing feed, with cinnamon, 

feed with selenium and feed with both cinnamon and selenium. ZnO NPs showed 

modifications in the haematological and enzymatic level after 28 days of treatment. 

However, both cinnamon and selenium showed ameliorative part for absorbent the 

natural balance between oxidant and antioxidant level. Both cinnamon and selenium 

supplementary decreased the incidences of micronuclei, and comets in the ZnO NPs 

treated fish. 

 So it concluded, ZnO NPs persuade oxidative stress along with histological 

alterations in experimental fish while, cinnamon and selenium separately and 

combined show ameliorative role as antioxidants 
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CONCLUSION AND RECOMMENDATIONS 

The present study was about the synthesis of ZnO NPs through precipitation 

with zinc acetate and sodium hydroxide. This study also presented damaging effects 

on the physiology of challenged fish. In conclusion, the studied particles showed 

toxicity to C. catla and produce stress, tissue alterations which can be minimized with 

the use of cinnamon and selenium. 

It was suggested from the present study that ZnO NPs should be carefully use 

and potential effects should be assessed in large industry uses. It is also recommended 

that people should make the cinnamon as natural antioxidants the part of their food to 

cope with the oxidative stress. 

This study encourages that future studies should be based on synthesis of 

ZnO-NPs through economical methods. Various approaches should be used for the 

growth of diverse ZnO NPs with sole properties. The toxic effects should be also 

studied in the other animals and organs. The investigations should be extended to 

molecular level. The molecular level will include change in protein structure, amino 

acid sequence, mutation to genes and change in sequence of nucleotide in DNA. 
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APPENDIX  

 

Feed formulation for the feeding of the C. catla 

Ingredients  Quantity  

Proximate analysis of diet 

Fish meal (gkg
-1

) 45 

Rice polish (gkg
-1

) 20 Moisture (%)  

 5.15 

Sunflower meal (gkg
-1

) 14 Crude protein (%)  

 29.05 

Maize gluten (gkg
-1

) 16 Total fat (%)  

 5.52 

Canola oil (gkg
-1

) 4.5 Total ash (%) 

20.13 

Vitamin and mineral (gkg
-1

) 

including nano-ceria 

2 Crude fibre (%)  

 

1.21 

Cinnamon (mgkg
-1

) 50 NFE (%) 

38.94 

Sodium selenite (µgkg
-1

) 50 Minerals   

 


