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ABSTRACT 

Titanium dioxide nanoparticles (TiO2-NPs) are extensively used metal oxide 

nanoparticles in nanomedicines, semiconductor, paints, industrial photo-catalytic 

processes, cosmetics, food industry, rubber industry, sunscreen lotions and 

pharmaceutical industry. Due to the extensive use of TiO2 nanoparticles (NPs) in the 

industry field and on going commercialization of nanotechnology products, the exposure 

of the human body intentionally or unintentionally to nanoparticles is possible and may 

continue to increase. Therefore, the assessment of its potential toxicity and distribution in 

the body, as well as the remedial activity of natural and easily available antioxidants is 

essential. Many medicinal plants with antioxidant properties are reported to mitigate the 

toxic effect of nanoparticles induced toxicity. The current study investigated the toxic 

effect of TiO2-NPs and remedial effect of Cinnamomum cassia and Azadirachta indica in 

brain and testis of male Sprague Dawley rats. Experiment consist of 2 phases. In the 1st 

phase, twenty five adult male spargue Dawley rats grouped into five groups (n=5) named 

as nontreated, placebo group (treated with normal saline) and three treated groups named 

as G1, G2 and G3 intraperitonealy treated with TiO2-NPs @ 80, 120 and 160mg/kg body 

weight for 28 days. In 2nd phase, 60 post weaning male Sprague Dawley rats weighing 

200+10g were grouped 12 groups having 5 (n=5). Toxicity was induced in the rats using 

sub-lethal doses of TiO2-NPs (120mg/kg BW) and mitigated by using three different 

doses (100, 150 and 300mg/kg BW) of C.cassia or A. indica or in combined form for 90 

days. TiO2-NPs were characterized by (XRD) and (VP-SEM). C. cassia and A. indica 

extracts were subjected to phytochemicals analysis, proximate analysis and mineral 

analysis to determine the quantitative and qualitative analysis of secondry metabolities, 

macro nutrients and mineral composition. At the end of experiment, rats were 

anaesthetized, sacrified and selected organ (Brain and Testes) were isolated. 

Accumulation of titanium in selected organ (Brain & Testes) was analyzed by ICP-MS. 

Percentage of cell viability in selected organs was analyzed by micro plate reader. 

Genotoxic effect of TiO2-NPs induced toxicity was determined through comet assay. 

Histological studies were observed on the tissue of selected organ (Brain and Testes) 

exposed to toxicity. Serum testosterone level was determined using ELIZA test kit. 

Histometric method of sperm count was done by sperm count. Results showed TiO2-NPs 
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have 25-55nm range in size with spherical morphology. Body weight and sometic index 

of brain and testis was significantly (P<0.05) decreased in higher treated groups 

(160mg/kg BW) as compared to non-treated group. Hematological parameter such as 

WBC, MCH, RDWc, PLT, MPV, PDWc were significantly (p<0.05) increased while 

RBC, LMY, MID, GRA, HGB, HCT, MCV, MCHC and PCT were significantly 

(p<0.05) decreased in high dose treated group (G3) as compared to other treated and non-

treated group.Testosterone level, Sperm count percentage of cell viabiltyand activity of 

acetylcholine esterase significantly (p< 0.05) decreased in a dose dependent manner. 

Similarly, length of head and head DNA (%) was significantly (p<0.05) decreased while 

length of tail, length of commet and tail DNA (%) were significantly (p<0.05) increased 

in brain and testis in a dose dependent manner. Moreover, investigated alterations were 

helpful in determining the toxic effect of TiO2-NPs in targated organ. Administration of 

C.cassia and A. indica significantly ameliorated TiO2-NPs induced changes. However, 

more ameliorative effect were observed with A. indica extract at high dose due to high 

amount of its secondary metaboloties. 
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Chapter 1 

INTRODUCTION 

1.1 Nanotechnology, Nanoparticles and Nanotoxicity 

Nanotechnology aims to deal with the matter at the atomic or molecular level 

having potential to improve health problems by diagnosis and treatment of different 

diseases (Morgan et al., 2015; Gandamalla et al., 2017). Recently, the nanotechnology 

has vast applications in the emerging fields like therapy, agriculture and industrial sector 

(Bartlomiejczyk et al., 2013; Hong et al., 2018). Other fields including communication, 

electronics and medicine cannot deny the importance of nanotechnology. Extensive 

applications of nanotechnology are due to nano structures with a size of about 100 nm or 

less. Moreover, toxic effects of nanotechnology are still matter of concern (Cumberland 

et al., 2014; Amenta et al., 2015; Wong et al., 2017).  

Nanoparticles have attained extensive attention because they could be used not 

only in industry but also in biomedicine and disease treatment (Zhao et al., 2015). 

Nowadays, many other nanoparticles i.e., copper, nickle, maganese and titanium have 

various industrial applications (Cao et al., 2015). Among the metal oxide nanoparticles, 

titanium is a transitional metal that lies in the top five position having white to silver 

color with a stable oxidation state of +4 (Bakare et al., 2016; Sahoo et al., 2017). 

Titanium is lustrous and corrosion-resistant. TiO2-NPs are used in cosmetics, 

sterilization, paints, toothpaste, food products, air cleaning, sunscreens and waste water 

treatment plants (Yang et al., 2017; Shakeel et al., 2018; Ansari et al., 2019). However, 

unique properties of TiO2-NPs raise concerns to the upcoming challenges of human 

health. From the scientific community, there is a diminutive information concerning the 

toxicological effects of these nano particles as well as their safety and ecological harms 

(Christensen et al., 2011, Bagheri et al., 2012; Li et al., 2016). 

In spite, diverse area of application such as in toothpaste, plastics, rubber, printing 

inks, floor covering, absorbents, ceramics, whitening and brightening of food, it gained 

extensive research interest due to adverse health effect (Handford et al., 2014). TiO2-NPs 

moves across physiological barrier such as vascular epithelium and respiratory and 
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reaches to various organ such as liver, kidney, heart, lung, brain, reproductive organs and 

tissues resulting in increased rate of chemical reaction and induced hepato, nephro, 

cardio, inhalation, neuro and reproductive toxicity, respectively (Relier et al., 2017) and   

cell toxicity occurred due to assembly of free redicles (Chakraborty et al., 2016).   

Physiologically TiO2-NPs are inert to humans, but numerous studies on brain 

reveal its toxicological effects in mice and rats. In comparison with other vital organs of 

body, brain is highly vulnerable and damage occurs due to insufficiency of antioxidant 

enzymes (Engler-Chiurazzi et al., 2016). Nanoparticles may enter the brain and damage 

its internal structure (Jia et al., 2017). Hippocampus of mouse respond to TiO2-NPs 

results in oxidative damage, decreased numbers of nissl bodies, increase glial fibrillary 

acidic protein expression, acetyl cholinesterase activity, glutamate and cause cellular 

degradation (Song et al., 2015; Alaee et al., 2017). TiO2-NPs disrupts neurotransmitters, 

enzymes and caused calcium deposition in neurocytes of mice brain that resulted in 

memory loss (Zou et al., 2016; Hong et al., 2017; Dong et al., 2018). Nanoparticles enters 

into body and distributed to reproductive system where they not only effect the Sertoli cells but 

also effect the sperm production. It also caused many sexually transmitted diseases such as HIV 

and Herpes all over the world (Meena et al., 2015). 

1.2 Importance of Medicinal Plants 

Despite the remarkable advancement of the modern medicine interest in herbal 

treatment increased day by day. Plants not only maintain and enhance health but also 

have potential to improved safety by disease prevention (Jamshidi-Kia et al., 2018). 

Different medicinal plant such as Aleo, Aconite, Bilberry, Black walnut, Cayenne pepper, 

Cinnamon, Cloves, Ephedra, Garlic, Ginkgo, Neem, Red clover and Wormwood are used 

as biomedicine and all have secondary metabolities such as alkaloids, glycosides, 

polyphenols, terpenes, tannins and flavoonoids used to treat health disorders, add flavor, 

conserve food and prevents diseases in animals therefor, these not only indispensable in 

health care, but also form the best hope of source of safe future medicine (Azwanida, 

2015; Agyare et al, 2016). 
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1.2.1 Azadirachta indica 

Azadirachta indica commonly identified as Neem, belong to Order: Rutales, 

Family: Meliaceae, Genus: Azadirachta, Species: indica (Benelli et al., 2015). More than 

140 compounds have been isolated from fruits, seeds, oil, leaves, roots, and bark of 

Azadirachta indica act as homopethic medicine having vast application in household 

remedy against various diseases ranging from teeth decay, ulcers (Bagchi et al., 2015), 

diarrhea (Hoque et al., 2019) swollen liver, bacterial infections, hypoglycemic (Swathy et 

al., 2018; Mushir et al., 2019), antiulcerogenic (Gite Dipika et al., 2019), anti‑

inflammatory and anti‑stress properties (Alzohairy et al., 2016; Gupta et al., 2017). 

Recently, it has been confirmed that due to antioxidant properties, A. indica 

pre‑treatment can reverse cognitive deficits induced by chronic hypoperfusion of brain in 

rats (Somsak et al., 2015). In the same way, recent studies on reproductive system in 

male rats also showed that A. indica remediate adverse effect of toxicant by improving 

the testicular function, sperm viability and sperm count (Kumbar et al., 2012; Aladakatti 

et al., 2016). 

1.2.2 Cinnamomum cassia 

Cinnamon known as Cinnamomum cassia, a medicinal plant belongs to family 

Luaraceae contains many active phytochemical content such as tannin, cinnamic acid, 

cinnamic aldehyde, epicatechn and methyhydroxychalcone polymer (Rao et al., 2014). 

One of its most important factor is to improve the reproductive ability (Mahmood et al., 

2015; Wang et al., 2018). In addition, C. cassia consumption provides marked 

improvements in antioxidant defence (Torki et al., 2015), enhance cognitive function 

(Wahlqvist et al., 2016), exhibit anti-inflammatory properties (Gunawardena et al., 2015), 

improve brain health (Hamidpour et al., 2015), support weight loss (Turner-McGrievy et 

al., 2015), helping soothe sore throat or coughs, keeping cancer at bay and prevent heart 

diseases (Griffiths et al., 2016; Dorri et al., 2018; Shakeel et al., 2018).   

In the light of above cited literature, the current study assessed toxicity in the 

testes and brain mediated by titanium dioxide nanoparticles in male Sprague dawley rats 

and its remediation by Azadirachta indica  and Cinnamomum cassia extracts.  
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1.3 Aims and Objectives 

Following were the aims and objectives of the current study:  

 To investigate the toxic effects of TiO2-NPs in the brain and testes of male 

Sprague Dawely rats  

 To analyse the biodistribution of Ti in the brain and testis of male Sprague 

Dawley rats 

 To assess the dose dependent toxic effects of TiO2-NPs in the brain and testes of 

male Sprague Dawely rats through various bioassays viz., blood Biochemistry, 

Genotoxicity, testosterone level, cell viability, choline esterase activity, sperm 

count and histology of brain and testes 

 To examine the remedial effect of Azadirachta indica and Cinnamomum cassia 

extracts against TiO2-NPs induced toxicity in the brain and testes of male Sprague 

Dawely rats through various bioassays 

 To analyze the proximate, mineral and secondary metabolites of Azadirachta 

indica and Cinnamomum cassia extracts 
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Chapter 2 

REVIEW OF LITERATURE 

A related review of literature was carried out by using different search engines 

like Google scholar, Science hub, Science direct, different scientific journals and books 

etc. The brief review of literature is given below.  

2.1 Nanotechnology and Nanoparticles 

Farokhzad et al. (2019) described that nanotechnology deals with the structures 

having size range of 1-100 nm. In the face of this size limit, nanotechnology is involved 

in the manufacturing of particles with nanosize range by developing bottom-up or top-

down techniques. Herein, they focused on the current and emerging application of 

nanotechnology to drug supply and need defined intracellular delivery for improved 

bioactivity. 

Contreras et al. (2017) reviewed on the basic concepts of nanotechnology 

regarding its applications in various fields including transformers, dielectric fluids, 

insulating material and monitoring systems. Nanotechnology is playing distinct role in 

growing industries through its nano-concepts that is used in the manufacturing of 

different commercial products. They also ensured that nanotechnology improved final 

characterization and reliability of conventional material for insulator. Nanotechnology 

has a strong technological link with industry and academia to integrate the concepts and 

implementation of new technologies. 

Brohi et al. (2017) pronounced the reproductive toxicity by nanoparticles on 

different animal replicas. They found that not only nanoparticle composition and route of 

administration effect on fetal development and germ cells but animal replica also effect 

that lead to reproductive toxicity. Many studies at cellular and molecular levels examined 

hazardous effect of nanoparticles on the male and female reproductive systems. They also 

described the important information regarding latent threats of nanoparticle by abating 

the adverse effects of nanoparticles in vulnerable populations. 
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2.2 Toxicity of Titanium Dioxide Nanoparticles 

Valentini et al. (2019) assessed the hepatic and renal toxicity of TiO2-NPs in 2 

months old male Wistar rats. Four different doses i.e., 0.5, 1, 4 and 16 g/kg BW of TiO2-

NPs were administrated intraperitonealy and sampling was done on 4th, 30th day and 60 

day, respectively. Results showed significant bioaccumulation of Ti in liver in high dose 

treated groups. In addition, significant morphological and physiological alteration 

(vacuolization, necrosis and spherical inclusions) in liver and kidney were observed. 

They concluded that renal and hepatic toxicity induced by TiO2-NPs in Wistar rats that 

leads to death of organism. 

Natarajan et al. (2018) determined that TiO2-NPs induced biochemical and 

histological alterations in Wistar rats. They performed biochemical analysis (ALP, GGT, 

Ca ATPase, Mg ATPase and Na/K ATPase and observed histological alterations in brain. 

Results revealed that in brain the concentration of Ti, Ca, Fe, Na and Cu were 

significantly high while K, Mg and Zn were significantly low in high dose treated group. 

Biochemical results showed that activities of Ca ATPase, Mg ATPase and Na/K ATPase, 

ALP and GGT were significantly decreased at100 mg/kg BW in brain. Histological 

abnormalities of brain such as Calcification deposition in neurocyte and ependymal 

proliferation in cerebrum, congestion, edema in meninges, degeneration in parkini cells in 

cerebellum and axonal dystrophy, hemorrhage in medulla were observed in high dose 

treated group. So, they concluded that oral exposure of TiO2-NPs caused increase in 

metal content in brain that leads to histological alteration in high dose treated groups as 

compared to non-treated groups. 

Jia et al. (2017) determined the potential toxicity of TiO2-NPs in liver, embryo 

and brain of mice. Seven groups with 10 rats in each group (n=10) were made and 

different doses intraperitoneally exposed @ 5, 10, 50, 100, 150, and 200 mg/kg BW for 

14 days. Titanium accumulation, Blood biochemistry and level of neurotransmitters were 

assessed. Result showed dose dependent accumulation of titanium in brain, heart, kidney 

and spleen in mice. The somatic index of kidney, spleen, and heart were significantly 

increased as compared to brain and lung. It also induced modulation in protective gene 

expression of liver and produced asymmetrical neuron and infiltration in inflammatory 
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cells of the brain. Moreover, the level of glutamic acid and nitric oxide (NO) synthesis 

were also altered. So, they concluded that intraperitoneal injection of TiO2-NPs induced 

harmfulness in liver, embryo and brain of mice that can lead to death of organism.   

Grissa et al. (2017) investigated the toxic effect of TiO2-NPs in male Wistar rats. 

Rats were randomly divided into 4 groups with 6 rats in each group (n = 6), as non-

treated group and three treated groups. TiO2-NPs were intragastrically administrated @ 

50, 100 and 200mg/kg BW for sixty days. The Acethycholinesterase activities, 

coefficient of brain and level of interleukin 6 (IL-6) were assessed. Results showed that 

somatic indexof brain and Acethycholinesterase activities significantly decrease while 

level of interleukin 6 (IL-6) significantly increase in high dose treated groups. So, they 

concluded that TiO2-NPs used as a additives in food and inducing neurotenderness and 

caused brain damage.  

Elnager et al. (2017) studied the different histopathological alteration induced by 

TiO2-NPs and the curtail effect N-Acetylcysteine on the gonads of male albino rats. Rats 

weighing 150-200g were divided into 5 groups. i.e., G1, G2, G3, G4 and G5 orally 

administrated by distilled water, 1ml of 5% gum acacia solution, 100mg/kg BW NAC, 

1200mg/kg BW TiO2-NPs and 100mg/kg BW combination of NAC and TiO2-NPs, 

respectively once a day for 12 weeks. After 12 weeks, testis were collected and was 

preserved in Bouin’s solution and testosterone level, malondialdehyde (MDA), Reduced 

GSH level, commet assay and histopathological alteration were assessed. Results 

revealed that testosterone and GSH were significantly decreased in group 4 while the 

level of MDA was expressively diminished in group 5 in comparison with the other 

treated groups. Similarly, MDA level, tail length, tail DNA, percentage of tail nuclei and 

unit tail moment were significantly increased in group 4. Moreover, cytoplasmic 

vaculation and distended mitochondria were also observed in group 4. Results also 

concluded that TiO2-NPs induced DNA damage and attribute oxidative stress. Dose of 

TiO2-NPs with NAC induced protective effect against TiO2-NPs damaging effect in rats. 

El-Missiry et al. (2017) determined the reproductive cytotoxicity of TiO2-NPs in 

male Wistar rats.  TiO2-NPs with four doses @ 0, 2.5, 5 and 10mg/kg BW were fed orally 

for three month and the intermediate dose was continued for 5 months. They found that 
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TiO2-NPs accumulated in the testis and caused reduction in sperm number, testis weight 

and viability. It also induced testicular dysfunction and significantly decrease testosterone 

level in high dose treated group as compared to control. So, they concluding that 

provoked apoptotic death of sperm by means of ROS activated death receptor leads to 

reproductive cytotoxicity in male Wister rats. 

Mohamed et al. (2016) explored the genotoxicity of mixture of TiO2-NPs (rutile + 

anatase) in the brain of mice. four groups were made with 3 rats in each group (n=3) as 

Group 1 (control) group 2, 3 and 4 were orally exposed to 500mg/kg BW TiO2-NPs for 

24 hours, 7 days and 14 days, respectively. Treated groups were scarified and target 

organ (brain) was collected to assess the histological and genotoxicological 

abnormalities. Histological results showed spongiosis, intracellular odema, extracellular 

odema and vacuolation of nerve cells in treated groups exposed for 7 and 14 days. 

Moreover, results revealed that DNA damage might lead to Alzheimer disease 

concluding the fact that TiO2-NPs induced histological and genotoxicological 

abnormalities in brain of mice.  

Song et al. (2016) Studied that TiO2 NPs retain distinctive characteristics and are 

extensively used in many fields. They recommended that TiO2 NPs can hoard in the brain 

and induces brain dysfunction. Nevertheless, yet the exact neurotoxicity causing 

mechanism is indistinct. However, they decided that apotosis, genotoxicity, inflammatory 

response, oxidative stress and direct impairment of cell components are the aspect of 

mechanism. In the meantime, other factors such as synaptic plasticity, abnormal 

distribution, disturbed signaling pathway, dysregulated neurotransmitter have also 

contribute to neurotoxicity. 

Bakare et al. (2016) examined the TiO2-NPs induced genotoxicity and sperm 

abnormalities in male Swiss albino mice. Five different concentration of TiO2-NPs @ 

9.38, 18.75, 37.50, 75.00 and 150mg/kg BW were intraperitoneally administrated to 

mouse for five and ten consecutive days. At the 5th and 10th day rats were cervical 

dislocation was used to scarifing the animal and cell of bone marrow were collected to 

assess the micronucleus, sperm morphology assay and histological alterations. Result 

showed that the frequency of micronucleus were significantly increased while abnormal 
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sperm cell such as wrong tail attachment, amorphous head and double hook head were 

observed in high dose treated groups. Moreover, histological observations showed the 

disruption of the normal cellular architecture of testicular tissue such as congestion of the 

interstitium edema and congestion of the interstitial blood vessel alongwith marked 

necrosis as compared to control group confirming reproductive toxicity in mouse.  

Saraswat et al. (2016) studied the effect of titanium dioxide nanoparticles on 

neurobehavioral pattern by using shuttle box to assess the brain capacity (memorization 

and learning) of Wister rats. Rats were divided into two groups as control and treated 

group (1mg/kg BW of TiO2-NPs). Rats of both treated and non-treated groups were 

exposed to shock through grid floor in one chamber of the shuttle box for four days. For 

next 7days, rats of control and treated groups were kept in shock proof chamber to assess 

the learning behavior.  In the last, it was concluded that the in treated groups percentage 

of memory and learning in rats significantly diminished as compared to control group.   

Sajad et al. (2016) studied the effect of titanium dioxide nanoparticles on testis of 

male mice. Four groups were made with ten mice in each group as non-treated groups 

(control and placebo) and treated group exposed to both 10 and 100 ppm of TiO2-NPs via 

gavage, respectively. Results showed that TiO2-NPs treated groups showed significant 

reduction in primary spermatocytes and stem cells of testis concluding that titanium oxide 

nanoparticles induced toxic effects on reproduction potential of male mice. 

Smith et al. (2015) investigated the toxic effect of anatase TiO2-NPs (ATNP) in 

male Wistar rats. Two different doses of TiO2-NPs i.e., 2.5 and 5 mg/kg BW were 

administered interperitoneally to adult male rats for three consecutive days followed by 

scarification at 1st, 2nd, 3rd or 5th week (long-term exposure) and 24th, 48th or 120th hour 

(short-term exposure). The results showed that at 4-8days post injection, ATNP induced 

physiological sperm defects that leads to sterility and oxidative stress clues to DNA 

damage. So, they concluded that anatase titanium dioxide induced infertility in male 

Wistar rats that leads in reduction of reproductive potential of rats. 

Disdier et al. (2015) studied the time related response of TiO2-NPs from single 

intravenous administration (1mg/kg BW) in the brain of male Wistar rats. Ti particles in 

brain tissue was scrutinized by Integrity and functionality of the Blood brain barrier 
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(BBB) and inductively coupled plasma mass spectrometry methods included RT-PCR 

and immunohistochemistry. They found that the Ti exposed group, level of Ti 

significantly increased in brain as compared to control groups. The analysis of Ti 

quantification in brain showed minimal translocation of Ti in the brain parenchyma. 

Significant increase of tight junction protein leads to Ti bio persistence in liver, 

interleukin and also increased the level of interleukin-1β (IL-1β) in brain parenchyma. 

So, it was concluded that Titanium dioxide exert indirect effects on the central nervous 

system (CNS) dependent circulating factors of brain. 

Krawczynska et al. (2015) studied the effect of silver and titanium dioxide 

nanoparticle on brain by assessing the oxidative and anti-oxidative stress parameter in 

male Wistar rats. Twenty three adult rats were grouped as control, TiO2-NPs and Ag-NPs 

treated groups with eight rats in each group (n=8) for 28 days. Rats were scarified and 

brain was collected, rinsed in ice cold 0.9% saline and preserved at -80°C for further 

analysis. The results showed that level of hormonal profile were significantly decreased 

in both TiO2-NPs and Ag-NPs treated groups as compared to non-treated group. So, they 

concluded that both TiO2-NPs and Ag-NPs induced oxidative stress in Wistar rats. 

Morgan et al. (2015) investigated reproductive toxicity persuaded by TiO2-NPs in 

male albino rats. Two groups were made with twenty rats as control (no treatment) and 

TiO2-NPs exposed group (100mg/kg BW). Rats of treated group were orally exposed to 

100mg/kg BW TiO2-NPs for two month.  For sperm viability and testosterone level blood 

was collected and sperm count and histological observation was done from testicular 

tissues. Result showed significant reduction in body weight and somatic index of testis in 

TiO2-NPs exposed group. Similarly, significant decrease in sperm concentration, 

viability, and testosterone level was perceived as compared to no treatment group. 

Moreover, interstitial edema, sloughing of its germinal epithelium such as pyknosis and 

karyolysis were observed in TiO2-NPs exposed group. So, they concluded that TiO2-NPs 

induced severe reproductive toxic effects in male rats.  

Younes et al. (2015) considered the toxicological possessions of TiO2-NPs in 

male Wister rats. 2 groups having 6 rats in each group (n=6) were made as non-treated 

groups and TiO2-NPs exposed groups (20mg/kg BW).  TiO2-NPs treated groups 
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intraperitonealy with moderate dose of TiO2-NPs (20mg/kg BW) for 20 days.  Emotional 

behavioral, Blood biochemical and hematological analysis and bioaccumulation of Ti in 

different organs were studied. Result revealed that bioaccumulation of titanium was 

significantly high in TiO2-NPs treated group as compared to no treatment group. Results 

of biochemical and hematological analysis also showed that Hb, Ht, RBC and WBc 

remained unchanged while platelets, AST, ALT, LDH and Glucose level were 

significantly increased and induced significant histological alterations i.e., chizophrenia, 

hyperactivity disorder and depression anxiety in liver in TiO2-NPs exposed group. So, 

they concluded that TiO2-NPs caused neurobehavioral changes in adult Wister rats and 

endorses the inflection in hepatic tissue of rats.   

Intissar et al. (2015) assessed the TiO2-NPs induced genotoxicity in male Wister 

rats. four group  were erected with 6 rats in each (n=6) as G1 (control) and G2-G4 treated 

with 50, 100 and 150 mg/kg BW of TiO2-NPs for sexty days. Growth state, clinical sign 

and mortality data was noted. Results showed that TiO2-NPs exposed groups RBC, HGB, 

MCH and HLT were significantly decreased while MCV, MPV, PLT, MCHC and WBC 

were significantly increased as compared to no treatment group. Furthermore, percentage 

of polychromatic erythrocyte (PCE) and comet was significantly increased in G3 and G4 

groups as compared to no treatment group. Results concluded that TiO2-NPs induced 

genotoxic effects in high dose treated groups as compared to no treated group confirming 

the Genotoxic probable of TiO2-NPs. 

Meena et al. (2015) studied TiO2-NPs induced genotoxic and cytotoxic in brain of 

male Wistar rats. Four groups with 6 in each group (n=6) as G1 (no treatment), G2, G3 

and G4 were intravenously administrated with TiO2-NPs for 28 days.  After said days rats 

were forwent and the target organ (brain) was collected for bioaccumulation of Ti in 

brain, ROS level, antioxidant assay such as SOD, CAT, GSH, Lipid peroxidase and 

Melathonin, neurochemical assay such as glutathione and AChE and DNA damage by 

single cell electrophoresis. Results revealed that High dose exposed groups showed 

significant accumulation of Ti in a dose dependent manner in TiO2-NPs treated group. 

Similarly, oxidative stress analysis showed significant increase in the production of free 

redicals in brain as compared to control group. Moreover, the level of glutathione and 
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AchE was significantly decreased in high dose treated group. Tail length, tail moment 

and comet were significantly increased in higher doses as compared to control. So, they 

concluded that TiO2-NPs induced oxidative anxiety. 

Asare et al. (2015) studied the genotoxicity and gene expression modulation of 

Silver and Titanium dioxide nanoparticles in mice. 96 male mice were divided in four 

groups and administrated intravenously with 5mg/kg BW of Silver and Titanium 

nanoparticles. DNA damage was assessed by single cell gel electrophoresis. 

Transcriptional response of lung, testis or liver sample was analyzed by qPCR. Sperm 

DNA fragmentation was also analyzed by sperm chromatin structure assay. Results 

revealed that in seven day of post exposure both nanoparticles caused significant increase 

in the level of DNA strand break. Fpg-sensitive lension were significantly increased in 

both testis and lungs. In addition, the transcript level of some key genes, and Mmp3 

increased particularly in lung sample as compared to control group. So, they concluded 

that both nanoparticles (Silver and Titanium) induced DNA strand breakage and gene 

expression modulation in mice.  

Fu et al. (2014) evaluated the TiO2-NPs systemic immune on Sprague Dawley 

rats. Three different doses of TiO2-NPs @ 0.5, 4 and 32mg/kg BW were exposed by 

intratracheal instillation. Results showed that TiO2-NPs induced mitogen stimulus by 

explosion of T cells and B and enhanced killing activity in spleen, but no significant 

changes of Th-1 type cytokines and Th-2 type cytokines were observed. Study concluded 

that titanium dioxide nanoparticles induced toxic effect on immune system that caused 

proliferation of cell which leads to death of organism. 

Miura et al. (2014) examined testicular dysfunction in mice by expose mice 

intravenously with TiO2-NPs @ 0, 2 or 10mg/kg BW followed by scarifying at 9th day 

after the last injection. They observed Sperm number, two sperm motion parameter and 

progressive percent in cauda epididymis. Results showed that sperm head number 

expressively reduced in TiO2-NPs exposed group. It was concluded that testicular 

function in mice also contract in titanium dioxide nanoparticles exposed group that also 

convinced reproductive toxicity 
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Zhao et al. (2014) evaluated the reproductive toxicity of TiO2-NPs in male mice 

by studying testicular oxidative stress and apoptosis. Different doses of TiO2-NPs @ 

0.00, 2.5, 5 and 10mg/kg BW were administrated for three month. They evaluated the 

sperm morphology, oxidative damage of testis including O2, hydrogen peroxide (H2O2), 

MDA, phycocyanin (PC) as well as 8-hydroxydeoxyguanosine (8-OHdG) level and 

antioxidant. Head aberrations such as double- headed sperm, bent at cephalocaudal 

junction were observed in sperm morphology assay. Results revealed that the oxidative 

parameter were significantly elevated while oxidative profile were significantly 

decreased in TiO2-NPs treated groups. Histological results showed vacuolation and 

necrosis in sertoli cells in the testis of treated group. The study concluded that TiO2-NPs 

transpoted or attached to blood testis barrier, break it and caused oxidative damage and 

apoptosis in male mice. 

Ze et al. (2014) assessed the neuro-inflammatory effect of TiO2-NPs in 

hippocampaus of mice. Different doses of TiO2-NPs @ 2, 2.5 or 10 mg/kg BW for 90 

consecutive days. Behavioral pattern, Ti accumulation and cytokine expression were 

observed. Results revealed that the TiO2-NPs treated groups showed statically 

noteworthy increase in Ti content in brain hippocampus. Glial cells over proliferation, 

neurosis and perikaryin impairment were also observed in high dose treated group while 

TNF-α, NiK, IKK1, IKK2, NF kB were significantly increased as compared to control 

group. Their finding suggested that neuroinflammation may be involved due to TiO2-NPs 

induced alteration of cytokine expression in mouse hippocampal.   

 Vasantharaja et al. (2014) studied the TiO2-NPs induced hepatic and renal 

toxicity in rats. Three group with 6 rats in each (n=6) as control (no-treatment) were 

made and two treated groups orally exposed @ 50mg/kg BW and 100mg/kg BW TiO2-

NPs for 14 following days. Results revealed that level of ALB, GLB, TBILI, HDL, ALT 

and CREA remains same in both treated groups. The level of GLU, CHOL, AST, BUN 

and UA was significantly increased while significant decrease in level of TG, ALP was 

observed in both treated groups. So, they concluded that the renal and hepatic tocicity 

occurred by oral TiO2-NPs (<100nm) administration. 
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Dehgheni et al. (2014) studied the effect of TiO2-NPs on growth and sexual 

maturation in male Wistar rats. Four groups as control and three treated that were 

intraperitoneally exposed with TiO2-NPs @ 50, 100, 150 mg/kg BW for 90 day. The 

results showed no change in FSH level while level of Leutinizing Hormone and 

testosterone were significantly decreased in TiO2-NPs exposed group as compared to no 

treated group. Similarly, spermatocytes, spermatid and leyding cells lessened in high dose 

treated group. In addition to this, significant increase in intercellular distance and polarity 

was observed in high dose treated groups confirming the toxic effect of TiO2-NPs on 

sexual maturation of rats.   

Dobrznska et al. (2014) inspected the genotoxicity of TiO2-NPs and Ag-NPs in 

male Wister rats. Rats were administrated intravenously @ 5mg/kg BW of Ag-NPs and 

5mg/kg BW TiO2-NPs for four weeks. The sampling was done at 24hours, 1week and 

4weeks. Percentage of comet was significantly increased during the exposure period of 

Ag-NPs while high % commet was observed at 24hours exposure period in TiO2-NPs. 

Similarly, the percentage of micronuclei in bone marrow was significantly increased at 

24 hours exposure in both Ag-NPs and TiO2-NPs treated groups. Study indicated that 

both Ag-NPs and TiO2-NPs illustrated different susceptibility toward genotoxicity 

mediated by in rats.  

Orazizadeh et al. (2014) studied the TiO2-NPs (TNP) induced testicular toxicity 

by beta- carotene (BC) in mice. Four groups with 8 rats in each group (n=8) treated @ 

0.00, 10mg/kg BC, 300mg/kg TNP and 10mg/kg (TNP+BC) for 35 days via oral gauge. 

Assessment of testosterone level was done from blood serum. Testicles from each 

animals were collected for epididymal sperm parameter and histological observation. 

Results discovered that body weight, somatic index of testis and testosterone level 

significant decreased while in BC administrated group ameliorative effect was observed 

against TNP. Histological results showed no transformation in tissue architecture in BC 

and control group while vacuolation and degeneration of germ cell were observed in TNP 

group. They concluded that TNP induced spermatogenesis defect that were ameliorated 

by BC application in mice.  
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Chen et al. (2014) investigated the TiO2-NPs genotoxic effect in Sprague Dawley 

rats. Four groups as Group 1 (control) and other three groups were treated @10, 50, 

200mg/kg BW of TiO2-NPs for 30 days. Genotoxicity by DNA damage, Micronuclei and 

cytotoxicity in V79 cell were assessed and results showed that in high dose treated group 

(50 and 200mg/kg BW), γ-H2 AX foci were significantly higher than the control. So, it 

was concluded that % cell viability and DNA double strand break in dose and time mode.    

Fartkhooni et al. (2013) investigated the effect of TiO2-NPs on spermatogenesis in 

male Wister rats. Four groups as control/saline (no-treatment) two as non-treated groups 

(control/saline), while group 3rd and 4th intraperitoneally administrated with TiO2-NPs @ 

30 and 50mg/kg BW for 28 days. One day after the last injection blood was collected 

from neck veins and serum was separated. LH, FSH and testosterone hormones were 

noted. Histological alteration in testicular tissue were also examined. The result showed 

that the TiO2-NPs induced adverse effect on leydig cells resulting in significant decrease 

in testosterone level while LH level was augmented in higher dose treated group. So, they 

concluded that titanium dioxide positively affected spermatogenesis that leads to reduce 

reproductive potential. 

Elbastawisy and Saied (2013) studied the brain of albino rats effected by TiO2-

NPs.  Two groups with 15 rats in each group (n=15) as control (1ml of 0.9% NaCl) were 

made and treated group (1ml of TiO2-NPs) for 7 days. Results of transmission electron 

microscopy showed major degenerative changes and dilated rough endoplasmic 

reticulum in high dose treated groups in visual cortex of albino rats. Similarly, 

diminishing and fragmentation in the myelin cover of dendrites and axons were also 

perceived in high dose treated groups. So, they concluded that deteriorating changes in 

visual cortex of male albino rats were instigated by TiO2-NPs 

Sang et al. (2013) probed the appliances of TiO2-NPs induced testicular oxidative 

trauma and apotosis in mice. Four groups with 6 rats in each group (n=6) as control (no-

treatment) and treated group were considered. Treated groups were bared to TiO2-NP @ 

2.5, 5 or 10mg/kg BW for ninety consecutive days.  Results showed that TiO2-NP entered 

in blood testis barricade and dumped in semiferous flex and triggered apoptosis in male 
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mice in high dose treated group. So, they concluded that male mice showed testicular 

apoptosis that induced by TiO2-NPs. 

Ze et al. (2013) studied TiO2-NPs induced bioaccumulation and histological 

vicissitudes in the brain of 80 CD-1 rats. Four groups as control (no-treatment) and three 

treated groups were made and administrated intranasal TiO2-NPs @ 2.5, 5 and 10 mg/kg 

BW for 90 days. Bioaccumulation and histological alteration in brain were assessed and 

showed that Ti content in the brain was augmented in TiO2-NPs treated groups. 

Moreover, over proliferation of spongiocyte in the brain was observed in medium dose 

treated groups while manifestation of hemorrhage concluding the dose dependent 

histological abnormalities in treated groups that leads to severe brain injury in rats.   

Gao et al. (2013) assessed the nanoparticles induced spermatogenesis destruction 

and alteration in gene countenance of male mice. Treated group were exposed to titanium 

dioxide nanoparticles intragastrically @ 2.5, 5, 10mg/kg BW for 90 days. Result showed 

that body weight, testis mass, sperm concentration sperm viability, FSH and LH were 

significantly decreased in titanium dioxide nanoparticles treated groups while Ti 

accumulation and abnormal sperm level was significantly elevated in TiO2-NPs treated 

group. In addition, histological abnormalities such as sertoli cell apoptosis, vacuolation 

were observed in truncated dose treated groups confirming the testicular injuriousness of 

TiO2-NPs in rats.  

Sadiq et al. (2012) studied genotoxicity in B6C3F1 male pig. Bioaccumulation of 

titanium in bone marrow was measured by ICP-MS. Micronucleus assay from blood was 

assessed by using a FACScanto II flow cytometer. Result revealed that contents of 

titanium in testis was significantly augmented in TiO2-NPs treated groups. Moreover, 

cytotoxicity by 10nm TiO2-NPs. Significant high frequency of %MN, maximum RBC 

and RFT frequency were also observed and a significant decrease was observed in 4th 

week of exposure. Study concluded that exposure of TiO2-NPs induced genotoxicity in 

B6C3F1 male pig.  

Hu et al. (2010) examined the neurotoxicological consequence in mice. Four 

groups with 20 rats in each group (n=20), as control group (0.5% Hydroxypropyl 

Methylcellulose) and treated groups were made and intragastric administrated by 5, 10 
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and 50mg/kg BW TiO2-NPs for 60 days. General observation (clinical sign and 

mortality) were noted.  Mice were weighed and scarified at 61th day for further analysis 

bioaccumulation, enzymatic activities, neurochemical and histological alteration. Results 

revealed that no significant observation were observed in Ti bioaccumulation and 

neurochemicals (Glutathione and Acehylcholine sterase) results while percentage of 

duration to visit the novel arm and weight of coefficient brain was lessened in high dose 

treated groups. Moreover, histology results showed calcification in neurocyte, 

proliferation of ependymal and sporgiocyte in high dose treated group. So, it was 

concluded that neurotoxicity transpired by TiO2-NPs in mice. 

Ma et al. (2010) studied the TiO2-NPs as brain oxidative stress of CD-1 mice. 

Seven groups as no treatment and Group 2-6 were exposed to TiO2 NPs @ 5, 10, 50,100 

and 150mg/kg BW while Group 7 was injected TiO2 bulk salt through abdominal cavity 

@ 150mg/kg BW for 14 days. Results showed that the level of MDA was significantly 

increased while SOD, CAT, GSH-px, Glu, AChE were decreased in higher doses treated 

groups. Moreover, neuron cells were locally divided into filamentous and inflammatory 

cell in local area in higher doses. So, they concluded that TiO2-NPs induced oxidative 

stress and instigated inflammation in brain that leads to death of mice. 

Sharkawy et al. (2010) evaluated the toxic impact of TiO2-NPs on testis of rat. 

Weighing of 180-200g were randomly divided in three groups, no-treatment, second and 

third group were treated with 1% and 2% TiO2 for 65 days. Clinical sign, sperm 

mortality, sperm cell concentration, sperm abnormalities and live% of spermatozoa and 

testosterone level by testosterone kit were also assessed. Results showed sperm cell 

concentration reduction while sperm mortality, percentage of sperm abnormalities 

increased in both TiO2 NPs exposed groups. In biochemical analysis, results of NO 

production, SOD and GR were declined in both treated groups. Histological results 

showed epithelial lining of the seminal vesicle and mild spermatogenesis with congested 

interstitial blood vessel with endotheliosis in treated group confirming the reproductive 

toxic potential of TiO2-NPs in rats.  
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2.3 Effects of Cinnamomum cassia and Azadirachta indica 

Abdeen et al. (2019) studied the ameliorative consequence of cinnamon against 

Acetaminophen induced apoptosis and renal cells damage of male Wistar albino rats. 

Four groups with nine rats (n=9) as no treatment group (distilled water), positive control 

(APAP, 1 g/kg BW), APAP + Cin (1g/kg BW + 200 mg/kg BW) and APAP + Cin (1 

g/kg BW + 400 mg/kg BW). APAP and for 15 days Cinnamon was administrated orally. 

To recognize the plant compounds GC/MS analysis was performed. Significant increase 

in creatinine and Blood urea nitrogen (BUN) were observed in APAP exposed group 

while levels of total protein were significantly decreased. In addition, it also induced 

severe histological modification along with up regulation of caspase-3. So, they 

concluded that APAP-induced cellular modification and apoptosis can be curtailed by 

treatment of cinnamon in male Wistar albino rats. 

Rosmin et al. (2019) probed the ameliorative impact of cinnamon on the 

biochemical and enzyme profile in Cirrhinus mrigala. Fishes are divided into four group 

as positive group and other three trial groups (Cinnamon @ 1g, 3g and 5g). Serum blood 

glucose level, chlestrol, serum lipoprotein were assessed. Results revealed significant 

decrease in blood glucose level, total serum cholesterol, serum triglyceride and low 

density lipoprotein were observed in cinnamon extract treated group. So they concluded 

Cinnamon improved insulin efficiency and decrease the level which are needed for 

equivalent metabolic effect. 

Hussain et al. (2019) investigated the defensive effect of cinnamon in 

acetaminophen-induced hepatoxicity in balb mice. For this study two groups with 20 

mice in each trial (n=20) as positive control group (acetaminophen, 200mg/kg body 

weight) and cinnamon extract treated group (200mg/kg body weight). Biochemical 

parameter such as ALT, AST, creatinine, urea and histopathological alteration of liver 

and kidney tissues were observed. Results showed that cinnamon exhibit a highly 

significant preventive potential against acetaminophen (APAP) induced hepatotoxicity. 

So, they concluded that cinnamon has the potential to ameliorate the severity of liver and 

kidney damage induced by acetaminophen. 
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Shakeel et al. (2018) assessed the Cinnamon cassia as curative agent by analyzing 

the hematological, micronucleus and liver function test. Thirty five male Sprague Dawley 

rats were randomly divided into 7 groups as non-treated (control/placebo group), groups 

2, 3 and 4 were treated by TiO2-NPs @ 50, 100 and 150 mg/kg BW and 5, 6 and 7 were 

injected subcutanesely by TiO2 Bulk salt along with oral administration of C. Cassia @ 

50, 100 and 150mg/kg BW. Results revealed TiO2-NPs showed significant increase in 

(ALT) while C. cassia treated group showed ameliorate effect and improve the level of 

ALT. Histological findings showed the destruction of blood receptacles and apoptosis in 

TiO2- NPs treated group that was also mitigated by the administration of C. Cassia. So, it 

was concluded that C. cassia have ameliorative effect against TiO2 NPs toxicity in rats.  

Parveen et al. (2018) studied the anti-diabetic consequence of Cinnamon extract 

against hematological in diabetic albino rats. Four groups as control (normal rats), 

negative control (diabetic rats without treatment), treated group (diabetic + 500mg/kg 

BW cinnamon extract) and positive control (diabetic + 5mg/kg glimepiride). Alloxan 

(150mg/kg BW) was administrated intraperitoneal for 14 days to all rats except control 

group to induced blood sugar. Cholesterol and lipoprotein were assessed. Results showed 

that blood sugar level significantly reduced in treated group. Similarly, total cholesterol, 

triglycerides and lipoprotein were also abridged in cinnamon treated group. So, they 

concluded that cinnamon have anti-diabetic effect in diabetic rats. 

Oyagbemi et al. (2018) investigated Arsenic acid induced hepatoxicity with 

Azadirachta indica and Vitamin E effectiveness against in Wistar rats. Six groups as (no 

treatment group), Positive control (NaAsO4), A. indica treated groups (100mg/kg and 

200mg/kg body weight) and Vitamin E treated groups (50mg/kg and 100mg/kg 

alongwith 10mg/kg NaAsO4 for 9 days. Marker of oxidative stress were assessed. Results 

showed that significant increase in activities of glutathione transferase, Catalase and 

reduced glutathione was perceived as compared to Arsenic acid exposed group. So, they 

decided methnolic extract of A. indica showed hepatoprotective effect in arsenic induced 

hepatotoxicity in Wistar rats. 

Naik et al. (2017) studied neem seed oil (NSO) anti-inflammatory effect. 

weighing 150-200g were alienated into six group as Group 1 (control), group 2 (positive 
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control group) orally administrated by aspirin and remaining four groups intraperitonally 

administrated with NSO @ 0.25, 0.5, 1 and 2 mg/kg BW of neem seed oil (NSO). Hind 

paw edema as inflammation was assessed. Results showed that paw edema significant 

lessened at high dose of NSO. So, they concluded that inhibition of paw edema increased 

with increase of dose of NSO 

Gupta et al. (2017) investigated the Azadirachta indica curative effect in diabetic 

rat liver. Eighteen healthy male Sprague Dawley rats were grouped into 3 groups as no 

treatment group, streptozotocin (STZ) induced diabetic in rats while third group was 

administrated with (ALE) for seven repeated days. After exposure to A.indica at 60mg/kg 

BW blood biochemical parameter and histology was observed in order to measure hepato 

damage. Result showed that STZ group showed significant increase in glucose and lipid 

peroxidation (LPO) level while significant reduction in Glutathione (GSH) level were 

observed in exposed groups as compared to control group. Changes in blood glucose 

level and lipid peroxidation in exposed group (STZ) that was also mitigated by the 

administration of A. indica leaf extracts. So, it was concluded that streptozotocin 

produced toxicity cured by A. indica leaf extracts in rats. 

Ghonim et al. (2017) investigated cadmium-induced hepatorenal damage and 

curative effect of Cinnamon in rats. 4 groups with 10 rats (n=10) as control (no 

treatment), Cinnamon treated group (200mg/kg body weight), Positive control group 

(cadmium) and cinnamon along cadmium treated group. Different hepato and renal test 

were assessed. Results showed that groups treated with cadmium showed intensified 

increase in creatinine, ALT, Urea and AST and while Urea, ALT, AST and Creatinine 

were observed lessened in Cinnamon treated group as compared to cadmium exposed 

group. So, they concluded that Cinnamon extract unveiled cadmium induced oxidative 

damage. 

Odo et al. (2016) investigated the curative effect of Neem extract  in ulcerated 

rats.  Six group with (n=5), as no treatment (distilled water), positive control (5ml/kg BW 

ethanol), while other four groups were administrated with extract at different doses @ 

100 mg/kg BW cimetidine, 100 mg/kg BW extract, 200mg/kg BW extract and 400 mg/kg 

BW extract along with selected dose ethanol (5ml/kg BW). Superoxide dismutase, 
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reduced glutathione and Malondialdehyde were assessed. Result cleared that activity of 

Glutathione was improved in group administrated with A.indica extract while significant 

decrease in Malondialdehyde was observed in plant administrated group. So, they 

determined that gastric ulcer in rats have been restorative with methanol extract of the 

leaves of A. indica. 

Salama et al. (2016) investigated the protective effect of Azadirachta indica, Aloe 

vera and Moringa olifera aqueous extract on hepatoxicity induced by carbon 

tetrachloride in albino rats. For this eighty albino rats grouped into ten groups with (n=8) 

as no treatment group (tap water), paraffin treated group (10ml/kg body weight), positive 

control group (carbon tetra chloride), Aloe vera extract treated group(100mg/kg body 

weight), Moringa oleifera extract treated group (200mg/kg body weight), Azadirachta 

indica (200mg/kg body weight), combine dose of Aloe vera and Azadirachta indica 

treated group (in equal volume 1:1), combine dose of  Azadiracta indica and Moringa 

indica treated group (in equal volume 1:1) and combine dose of  Aloe vera, Moringa 

indica and Azadirachta indica (in equal volume 1:1:1) for 4 days. MDA and reduced 

glutathione (GSH) were assessed. Results showed that (MDA) and (GSH) level were 

significantly increased in positive control group while significant decrease in MDA and 

GSH level were observed in plant extract groups as compared to positive control group. 

So, they determined that aqueous extract of Aloe vera, Azadiracta indica and Moringa 

olifera have ameliorative effect against carbon tetrachloride hepatotoxicity. 

Sariozkan et al. (2016) estimated the effect of Cinnamon against sperm quality 

damage and sperm DNA integrity by taxanes in adult male Wistar rats. Two month old 

eighty eight healthy albino rats were grouped into eight groups with (n=11) as no 

treatment group, cinnamon bark oil (CBO) exposed group, docetaxel (DTX) treated 

group, paclitaxed treated group and their mixture. Results showed significant decrease in 

relative and somatic index, sperm viability, testosterone level and catalase level were also 

observed in exposed groups. They also exhibited upsurge in malondialdehyde level, 

abnormal sperm rate and significant alteration in tissues were also observed while CBO 

treated group showed significant curative effect by decrease adverse effect caused. In 
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conclusion, taxanes caused adverse effect in testicular histopathological structure, sperm 

quality and sperm DNA integrity can be ameliorated by cinnamon bark oil in wistar rats.  

Rabeh et al. (2016) examined the effect of Cinnamon along with Halawa Tahinia 

on hormones in adult male Wistar rats. Thirty male wistar rats were divided into five 

groups as no treatment group, positive control group ( 15% H. tahinia), third and fourth 

group were administrated by 15% H. tahinia along with 500mg/kg BW orally 

administrated by ginger and cinnamon extract. Fifth group was similar administrated by 

selected dose of H. tahinia along with 500mg/kg ginger + cinnamon for 8 week. Result 

revealed that H. tahini treated groups showed significant decrease in luteinizing hormone 

(LH) and testosterone groups administrated with either cinnamon or ginger along 

cinnamon + ginger caused a significant increase in sex hormone level.  It was concluded 

that ginger or cinnamon along H. tahinia caused caring effect on gonads due to increase 

of luteinizing hormone (LH), and testosterone level with decreasing multiple discriminant 

analysis (MDA) and liver function test. 

Muhammad et al. (2016) described the defensive effect of cinnamon bark oil 

(CBO) on cadmium induced testicular toxicity in rats. Three groups with 8 rats in each 

group as no treatment group, positive control (1.5mg/100g/day CdCl2) and plant treated 

group (orally administrated by 100mg/kg Cinnamon along with selected dose of CdCl2) 

for 14 days. After 14 days testis were collected. Histological results showed significant 

difference in mean thickness of the germinal epithelium. Moreover, lesion in testes and 

increase in the germinal epithelium thickness was identified in treated group that can be 

ameliorated by Cinnamon bark oil. So, it was concluded that Cinnamon have protective 

effect against reproductive toxicity induced by CdCl2. 

Chundran et al. (2015) investigated the protective effect of neem leaves extrat on 

wound healing in rats. For this three groups were made as positive group (saline 

solution), neem extract treated group and poridene-iodine treated group. Wounds were 

produced by removing the hair by shaver. Saline solution, Neem extract and poridene 

iodine were applied to wound area according to selected groups. Wound area was 

measured at 0, 5, 10 and 15th day. Results showed that there was no significant reduction 

in wound diameter was observed at 0 and 5th day, while on 10th and 15th day significant 
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change in the wound diameter was observed. Finding revealed neem extrat healed the 

wound diameter in rats as compared to no treatment groups.   

Khaki et al. (2015) considered the effect of Cinnamomum cassia on sperm quality 

parameter in Wistar rats. Two groups with (n=10) as no treatment and treated group 

administrated with 75mg/kg BW C. cassia by gavage for 28days. On 29th day 5ml blood 

was collected for the analysis of testosterone, peroxidas, malondialdehyde (MDA). 

Results revealed that SOD levels, total serum testosterone, CAT and GPx were 

significantly increase while plasma MDA decreased in Cinnamon treated group. The 

study determined that sperm population, mortality and viability was ameliorated by 

administration of C. cassia in rats. 

Somsak et al. (2015) investigated the renal damage produced by plasmodium 

berghei and neem leaves protective effect on renal damage in mice. For this five groups 

with (n=5) as no treatment group (distilled water), positive control group (plasmodium 

berghei) and neem extract treated groups (orally administrated by 500, 1000 and 

2000mg/kg along with dose of plasmodium berghei for 4 days). On 5th day blood was 

collected and creatinine level and BUN were measured. Results exposed that urea 

nitrogen and creatinine level were substantial increased in positive control group, while 

neem leaf extract administration brought back BUN and creatinine levels by curtail the 

effect of plasmodium. The study concluded that creatinine levels were ameliorated by the 

Neem administration in mice. 

Momoh et al. (2015) estimated the protective effect of Azadirachta indica in 

albino rats infected with plasmodium. Six groups as  no treatment group,  positive control 

group (P.berghei +5mg/kg BW of Chloroquine ), others groups were orally administrated 

with 200mg/kg BW, 400mg/kg BW, 600mg/kg BW and 800mg/kg BW extract of A. 

indica along with selected dose of Chloroquine. Blood was collected for Hematological 

assay and lipid assay. The results demonstrated that WBC were decreased in A.indica 

treated group while hemoglobin (HGB) and hematocrit (HCT) significantly increased in 

A.indica treated group as compared to no treatment group. Furthermore, Glutathione 

(GSH) and superoxide dismutase (SOD) were improved while significant decrease in 
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multiple discriminant analysis (MDA) was detected in A. indica extract exposed group. 

So, they concluded that A.indica had protecting effect against plasmodium in albino rats. 

Longe and Momoh (2015) studied the effect of cinnamon on biomarker enzymes 

in alloxan prompted diabetic rats.  Five groups with (n=6) as non diabeticrats group, 

negative control group (diabetic without treatment), positive control group (diabetic + 

glibenclamide) and two cinnamon aqueous extract treated group. Hematological 

parameter (RBC, HGB and WBC) and liver function test (ALP, AST and ALT) were 

assessed. Results showed that WBC and HGB significantly increased in positive control 

group, while significant reduction in WBC and HGB was observed in cinnamon treated 

groups. Similarly, AST, ALP and ALT significantly increased in positive control group 

while significant reduction in AST, ALP and ALT were observed in cinnamon treated 

groups. So, they concluded that aqueous extraxt of cinnamon extract is not hematotoxic 

and may reduce liver damage induced by alloxan. 

Morgan et al. (2014) studied the cinnamon caring effect against biphenol A- 

(BPA) and Ocetylphenol (PO) in rats. Randomly six group as no treatment group (olive 

oil) second, third and forth group were administrated by 25mg BPA/kg, 25mg PO/kg and 

200mg CAE/kg BW, respectively while fifth and sixth group were also administrated by 

CAE two hour before BPA and PO respectively for fifty days. Blood was collected in 

anticoagulant tubes for biochemical parameters. Brain, Kidney and testis of each rat were 

collected and half part of each orga stored at -20C for biochemical investigation while 

other part was kept in 10% formalin for histopathological observation. Significant 

increase in body weight, urea, creatinine, multiple discriminant analysis (MDA) and 

significant decrease in catalase (CAT) were observed in BPA treated groups while CAE 

pretreatment showed ameliorative effect. Similarly, BPA or OP oral administration 

induced histological alteration in Brain, kidney and Testis while pretreatment of CAE 

exposure, ameliorate by curing the damage. So, they concluded that pre-exposure with 

CAE contribute antioxidant role against such antagonistic effect in rats. 

Elgawish et al. (2014) assessed reproductive toxicity caused by lead acetate and 

Cinnamon curative effect in male albino rats. 4 groups with (n=8) as no treatment group, 

lead acetate treated group (30 mg/kg BW), cinnamon (250 mg/kgBW) and lead acetate 
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along cinnamon (30 mg/kg and 250 mg/kg BW) and these doses were administrated by  

gavage tube. Index of testes, superoxide dismutase (SOD) and catalase were noted. 

Results indicated that use of lead induced dose dependent modulation in testicular 

function. The level of superoxide dismutase (SOD) and catalase (CAT) significantly 

decreased in lead acetate treated groups as compared to no treatment group. Histological 

results showed marked degeneration of seminiferous tubules in gonads. However, they 

concluded that administration of Cinnamon improved antagonistic effect in reproductive 

system of albino rats.   

Monein et al. (2014) considered the effect of Azadirachta indica on cisplatin 

induced nephrotoxicity. Three groups with (n=5) as no treatment group, Cisplatin treated 

group (Positive group) and neem treated group (500mg/kg body weight along with 

intraperetoneal administration of cisplatin) for 5days. Oxidative stress markers such as 

nitric acid (NO), Malondialdehyde (MDA) and glutathione (GSH) were assessed. Results 

showed that level of NO and MDA were decreased as compared to positive group. So, 

they concluded that administration of Azadirachta indica improved marker (oxidative ) 

induced by cisplatin in female albino rats.  

Khaki et al. (2014) evaluated the spermatogenesis dysfunction of diabetes rats 

with curative effect of Ginger along Cinnamon. Five group as no treatment, 

streptozotocin exposed group (Positive-55mg/kg). In others three groups diabetic rats 

were administrated orally with Ginger (100mg/kg BW), Cinnamon (75mg/kg BW) singly 

and in combine form for 55days. On 56th day, rats were sacrificed and from blood serum 

was separated by centrifugation for blood or serum biochemical parameter. Spermatozoa 

was collected from epididymis. Sperm viability, MDA level, FSH and LH were assessed. 

Results revealed that diabetic rats had significant harmful effect on serum levels and 

sperm parameters. Nevertheless, combination of Ginger along Cinnamon ameliorate 

sperm parameter by inducing protective effect in rats.   

Fathiazad et al. (2013) estimated the effect of Cinnamomum zeylanicun on 

testosterone and anti-oxidant level in rats. Eight weeks old, thirty adult Wistar rats were 

grouped into two groups, no treatment group and treated group (75mg/kg BW C. 

Zeylanicum) administrated by gavage for 4 weeks. Epididymis were removed from both 
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no treatment and trial groups. Results showed that significant increase in total 

testosterone and transient aplastic crisis (TAC) was observed in C. zeylanicun 

administrated groups as compared to control. So, they concluded that C. zeylanicun 

induced remedial effect by restoring fertility in Wistar rats 

Dkhil et al. (2013) evaluated the hepatotoxicity and oxidative stress induced by 

cisplatin with prospective role of A. indica in female Wistar rats. Twenty four, 150-180g 

rats were grouped into four groups with (n=8) as no treatment group, cisplatin 5mg/kg 

BW exposed group (Positive), methanolic neem leaves extract group (500mg/kg BW, 

MNLE) and cisplatin Nano complexes group (500mg/kg BW, CDDP-N). For 

biochemical analysis rats were sacrified and Liver was fixed in 10% formalin for 

histological studies. All biochemical parameter were significantly increased in positive 

control group as compared to no treatment group group. Histological consequences 

revealed histological abnormalities such as inflammation and hepatocytic vacuolation of 

liver in positive control group while these abnormalities were ameliorated in MNLE 

group. So, they concluded that MNLE may have a potential role in reduce hepatotocity in 

wistar rats. 

Raghavendra et al. (2013) investigated the Azadirachta indica potential role in 

Alzheimer disease in Charles-Foster albino rats. One hundred and twenty rats were 

grouped into 12 clusters with (n=10) as no -treatment, A. indica treated group (300mg/kg 

BW A. indica), IB control (10ug of Ibotenic acid), Col control (15ug of colchicine), IB. 

A. indica (10ug Ibotenic acid + 300mg/kg BW of A. indica), IB. DOZ (10ug Ibotenic 

acid + 2mg/kg donepezil), IB DZP (10ug Ibtotenic acid + 1mg/kg diazepam), IB IMI 

(10ug Ibtotenic acid +  10mgkg imipramine), Col A. indica (15ug colchicine + 300mg/kg 

of A. indica), Col DOZ (15ug colchicine + 2mg/kg donepezil), Col DZP (15ug colchicine 

+ 1mg/kg diazepam) and Col IMI (15ug colchicine + 10mgkg imipramine). 

Neurobehavioral parameter such as locomatory activity, explorotary behavior, antiety 

parameter, period of immbiolity, learning and memory were analyzed. Similarly 

biochemical parameter such as lipid peroxidation, superoxide dismutase and 

acetylcholine esterase (AchE) activity were also measured. Results showed that A. indica 

pre‑treatment significantly improved reference memory, working memory and spatial 
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learning in A. indica treated group as compared to others treated groups. Moreover, lipid 

peroxidation and AchE significantly increased while SOD level significantly decreased in 

IB and Col control groups.  They concluded that the A. indica is effective in reversing the 

neurobehavioral changes and decrease the oxidative stress induced by drugs exposure. 

Yuce et al. (2013) evaluated reproductive damage by carbon tetrachloride and 

effectiveness of cinnamon bark in male Wister rats. Twenty eight rats were grouped into 

four groups with (n=7) as olive oil (no treatment), Cinnamon bark oil (100mg/kg BW 

CBO daily), carbon tetrachloride (0.25ml/kg BW CCl4 weekly) and last fourth group was 

administrated orally with CCl4 (weekly) + CBO (daily) for 10 weeks. Rats were scarified 

and testis were removed for further analysis. Results revealed that body weight, somatic 

index, catalase activity, glutathione-peroxidase decreased and significant increase in 

MDA was observed in CCL4 treated groups as compared to no treatment group. 

Moreover, histological abnormalities i.e. necrosis, disorganization, desquamation and 

reduction in germinal cell were observed only in CCl4 treated groups. CBO 

administration significantly decrease the adverse effect caused by CCl4 and induced 

curative effect. So, they concluded that CBO administration has remedial effect against 

CCl4 induced damage in the reproductive system in male Wistar rats.      

Ghatule et al. (2012) studied the curative effect of A.Indica of dried leaves on 

acetic acid induced colitis in albino rats. Twenty four rats of 150-250g were randomly 

divided into three groups as control (no treatment), positive control (acetic acid) and 

neem extract treated group. Intracolonic administration of acetic acid was used to 

produce colitis. First dose of A. indica extract 100mg/kg BW was given orally 4hour after 

induction of colitis on day 1 and then administrated orally once daily till 14th day. On 15th 

day for biochemical and histological experiment blood and organ was isolated.  General 

observation such as frequency of stool, diarrhea, change in body weight and food or 

water intake were assessed during 0, 2, 4, 6, 10 and 14 day of experiment. Result 

revealed A. Indica extract significantly decreased colonic muscosal damage, diarrhea, 

fecal frequency, inflammation while significantly increased body weight. Moreover, A. 

Indica also significantly decrease free redicals and mycloperoxide and enhanced 

antioxidant activity. So, they concluded that A.indica seemed to be safe and effective 
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against ethanol induced coliotis responsible for tissue damage and delay healing in albino 

rats.  

Dkhil et al. (2012) studied the ameliorative effect of Azadiracta indica on Eimeria 

papillate induced infection in mice. Twenty four swiss albino mice were divided into four 

groups with (n=6) as Sterile saline group (no treatment), neem extract treated group 

(500mg/kg body weight), positive controlgroup (E. papillate) and E. papillate along with 

oral administration of neem extract for 4days. Biochemical analysis such as serum 

alanine amino transferase (ALT), asparate aminotransferase (AST) and Glutathione were 

assessed. Results showed that ALT and AST were significantly increased in positive 

control groups, while significant reduction in ALT and AST level were observed in neem 

extract treated grou. So, they concluded that neem extract exhibits a significant 

antioxidant status and protect the host tissue from injuries induced by parasite.  

Salman et al. (2012) explored the curative effect of cinnamon extract against 

atrazine induced genotoxicity and biochemical effect on mice. Eight group with (n=5). 

Biochemical analysis (Glutathione, lipid peroxide) and genotoxicity by DNA damage 

were observed. Results revealed that atrazine treated group showed significant increase in 

DNA damage while administration of cinnamon significantly reduced the percentage of 

DNA damage. So, they concluded that Cinnamon produced protective effect against 

atrazine induced toxicity.  

Akinola et al. (2012) inspected the ameliorative effect of Azadirachta indica on 

kidney in streptozotocine iduced diabetic rats. Three groups with (n=10) as distilled water 

fed group (no treatment) , positive control group (Streptozotocin) and neem extract 

treated group (Streptozotocin along with oral administration of A. indica, @ 200mg/kg 

body weight).  Body weight, somatic index of kidney and biochemical analysis (urea and 

creatinine) were determined. Results showed that body weight, somatic index of kidney 

and blood glucose level, urea and creatine were significantly increased in positive control 

group while significant reduction in blood glucose level, urea and creatine level were 

observed in neem extract treated group. So, they concluded that neem extract exhibits 

ameliorative effect on STZ induced hyperglycemia rats.  
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It is evident from the above cited literature that TiO2-NPs have toxic effects in 

different body organs of living organisms in a dose and time dependent manner by 

several routes of exposure, while medicinal plants have remedial effects. To lessen toxic 

effects of these nanoparticles some traditional medicinal plants could be used. These 

medicinal plants promote body immune system against different toxicants because of 

their phytochemical, mineral and proximate contents. According to our information no or 

scarce data is available regarding the remedial potential of Azadirachta indica (neem) and 

Cinnamomum cassia (cinnamon) against the TiO2-NPs induced neuro and reproductive 

toxicity. Therefore, contemporary study was scheduled to assess the antagonistic effects 

of Azadirachta indica and Cinnamomum cassia against TiO2-NPs induced neuro and 

reproductive toxicity in male Sprague Dawley rats. 
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Chapter 3 

MATERIALS AND METHODS 

The present study entitled “Toxicity evalution of titanium dioxide nanoparticles and 

remedial effect of Cinnamomum cassia and Azadirachta indica in the brain and testis of 

Sprague Dawley rats” was conducted at the R. Lab of the Department of Zoology, 

Government College University Faisalabad, Pakistan.  

Following section describes in detail the different chemicals used in the current 

study, procurement and characterization of TiO2-NPs, collection of plants, preparation of 

plant extracts, proximate and phytochemical composition of selected plants, LC50 of TiO2 

NPs and plant extracts and different bioassays like histology, hematology, cell viability 

test, choline esterase activity, sperm count, testosterone levels and comet assay. 

3.1 List of chemicals 

The chemicals used in the current study are given in table 3.1 

Table 3.1 List of chemicals  

Name of Chemical  CAS No.  Company Use 

Nitric Acid K28240743 Merck Bioaccumulation 

Per-chloric Acid 7601-90-3 UNI-Chem Bioaccumulation 

Normal Melting Point 

Agrose 

9012-36-6 Bio Basic Canada INC Comet Assay 

Low Melting Point 

Agrose 

9012-36-6 Scharlau Comet Assay 

EDTA  62720 Riedel-deHaen Comet Assay 

Sodium Chloride 7647-4-5 Riedel-deHaen Comet Assay 

Tris-HCl 1185-53-1 Bio-Basic INC Comet Assay 

DMSO 67-68-5 Riedel-deHaen Comet Assay 

Triton X 9002-93-1 Bio-Basic INC Comet Assay 

Tris Base 77-86-1 Bioworld Comet Assay 

HCl 7647-01-0 Riedel-deHaen Comet Assay 
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Ethdium Bromide 193993 ICN-Biomedicals Comet Assay 

Formaldehyde B102262802 Merck Histology 

Ethanol 67-56-1 Labscan Histology 

Glacial Acetic Acid K26132456903 Merck Histology 

Benzol 71-43-2 Riedel-deHaen Histology 

Paraplast 773068 BDH Histology 

Eosin Stain  17372-87-1 JEBCHEM Histology 

Haematoxylin stain  6754-3 Sigma Histology 

Testosterone kit  BC-1115 Biocheck, INC USA Testosterone level 

Cell counting kit BCBV3208 Sigma Cell Viability 

EGTA 11032-6 Sigma Cell Viability 

PMSF LC7110 Calbiochem Cell Viability 

Canada Balsam 2346321-9-13 BDH Sperm Count 

Acetylcholine esterase  S4659270-632 Merck Acetylcholine esterase 

 

3.2 Procurement of TiO2-NPs 

Titanium dioxide nanoparticles (35-50nm, anatase, 99% pure, CAS #13463-67-7) 

were procured from USA research nanomaterials, Incorporation.  

3.3 Characterization of TiO2-NPs 

X-rays diffraction (XRD) of TiO2-NPs was done by using the laboratory facility 

of Hitech laboratory, Government College University Faisalabad and through Scanning 

Electron Microscopy (SEM) by using the laboratory facility of COMSATS (Commission 

on Science and Technology for Sustainable Development in the South) Lahore. 

3.3.1 X rays diffraction (XRD) 

X-ray diffractometer (Bruker D8 Advance, Germany) determines three 

dimensional crystalline structure and atomic spacing of of nanoparticles. XRD provide 

information regarding the composition, structure and physical characterization of the 

sample. The Basic working principal of XRD is to create a constructive association 



32 
 

among monochromatic X-ray beam and crystalline material. As a result, sample and 

incident ray interact and produce a constructive interference which follow the Bragg’s 

Law (nλ=2dsinƟ). (Ismail et al., 2018) 

D =
Kλ

βcosθ
 

3.3.2 Variable Pressure Scanning Electron Microscopy (VP-SEM) 

VP-SEM microscope (TESCAN-Vega3 LMU) was used to produce high energy 

beam of electrons for the formation of various ranges of signals includes secondary 

electrons and transmitted electrons at the surface of nanoparticles sample. It was used to 

form images of high resolution with a high depth of field. The signals from secondary 

electrons tend to be highly localized at the point of impact of the primary electron beam 

that makes it possible to collect images of the sample. Signals were collected by detectors 

and displayed on monitor of computer in raster scanning pattern of image. It gives 

information about topography and surface composition of sample. As a result, chemical 

composition, orientation, crystallography, external morphology were revealed under 

magnification 1.0 Kx-20.0 Kx (Joubert, 2017). 

3.4 Preparation of Stock suspension of TiO2-NPs 

The TiO2-NPs were deferred in normal saline (0.9% NaCl) and ultrasonicated 

(Ulrasonic liquid processor; Sonicator 4000) for 1hour. It was then vortexed (DLab, MX-

S) for five minutes for the complete dispersions of particles before use.  

3.5 Collection of Azadirachta indica leaves and Cinnamomum cassia) bark 

The indiginous Azadirachta indica (also known as Neem) leaves were collected 

from University of Agriculture, Faisalabad, Pakistan and Cinnamomum cassia (also 

known as Cinnamon or Dar Chini) bark was purchased from the Al-Fateh store 

Faisalabad, Pakistan (Fig. 3.1). Leaves and bark were cleaned for the remval of dust 

particles and any kind of foreign material. Moreover, leaves of A. indica and bark of C. 

cassia was sun dried and mashed in grinder (Sigma-P0485-1EA) to make fine powder. 
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Fig. 3.1 C. cassia bark and A.indica leaves 

3.5.1 Preparation of A. indica and C. cassia Extract 

Five hundard grams of each dry powder of neem leaves and cinnamon bark were 

taken in two separate glass beakers that contains 1.5liter methanol as solvent and kept at 

room temperature, for 7days to allow the extraction of the compounds from plants. 

Mixtures were stirred every 24 hours using sterile glass rod and extract was filtered by 

membrance disk. This procedure was repeated three times and rotary evaporator was used 

to remove solvent from extract. Finally the methanolic extracts of A.indica and C. cassia 

were used for further preparation of stock solution. 
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3.5.2 Preparation of Stock Solution of A. indica and C. cassia 

Stock solution of A. indica and C. cassia was prepared in normal saline (0.9% 

NaCl) and ultrasonicated (Ultrasonic liquid processor: Sonicator 4000) for 20 minutes at 

400C for fine dispersion. It was then vortexed (Benchmark BV-1000) for 1 minute before 

oral gavage. 

3.6 Determination of LC50 of TiO2-NPs 

Five groups with (n=6) were made and five different doses of TiO2-NPs @ 150, 

175, 200, 225 and 250mg/kg BW were intrapertonelly administrated for 96 hour. The 

movement and the behavior alongwith the mortality of rats were continuously monitored 

throughout the study. Rats without any movement for long period were considered as 

dead and were removed immediately to prevent contamination  

Mortality rate was observed after every 24, 48, 72 and 96 hours. During the LC50 

assessment, rats were not fed and test was conducted in accordance with the standard 

methods (APHA, 1998). 

3.7 Determination of LC50 of Plant extract 

The 96 hrs LC50 of Azadirachta indica and Cinnamomum cassia for male Sprague 

Dawley rats was calculated separately. For the evaluation of 96 hrs LC50, rats were 

exposed to C. cassia or A. indica @ 1000, 2000, 3000, 4000 and 5000 mg/kg BW for six 

replicates for each dose. The number of dead rats were counted after every 12 hours and 

removed from the cage. Mortality rate was observed after every 24, 48, 72 and 96 hours. 

During the LC50 assessment, rats were not fed and test was conducted in accordance with 

the standard methods (APHA, 1998).  

3.8 Proximate Analysis  

Proximate analysis of A. indica and C. cassia was done by assessing ash, moisture, crude 

protein, fat, and total carbohydrate by following the standard methods of (AOAC, 2010). 
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3.8.1 Moisture 

1 gram of sample (Plant) was taken in a preweighed petri dish (Pyrex) (W1). It 

was then oven dried (JSSI-100T) at 105ºC for 12 hours and then kept in desiccator 

(Secador-320) for five minutes and reweighed (W2). Loss in Weight was noted as 

moisture.  

Moisture (%) = 
W1 − W2

W3
                                               

W1 = Sample before drying along with weight of petri dish 

W2 = Sample after drying and weight of petri dish 

W3 = Weight of sample 

Dry matter percentage was recorded by following 

Dry matter (%) = 100 – moisture 

3.8.2 Crude protein 

Kjeldahl apparatus (Model-Behr-808-132) was used for the evaluation of N2 % 

that was converted to crude protein. 1 g of each plant extract was mixed with 5ml 

digestion solution (CuSO4 : K2SO4 = 7: 93) and 30 ml H2SO4 was also mixed together in 

Kjeldahl flask (Simax) and boiled for 15 minutes at 60Co till the appearance of  green 

color. For distillation, 10ml sodium hydroxide (40%), 10 ml digested sample and 1 drop 

phenolphthalein was poured in distillation equipment (Behr-808-132). It was then mixed 

with 10 ml boric acid (2%) in beaker (Pyrex) and placed below condenser (Behr, Labor-

Technik) of distillation equipment to collect ammonia. Methyl red was used as an 

indicator. Distillation was preceded for 5-10 minutes until color was changed from pink 

to golden yellow. The ammonia in boric acid was titrated against (0.1N) H2SO4 and N2 

(%) was calculated as follows: 

 

Nitrogen (%) = 
Normality of sulphuric acid × volume of H2SO4 exploited × 250 × 0.0014

Weight of sample ×10
 × 100 
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Digested sample = 10 ml  

Digestion mixture dilution = 250  

H2SO4 (0.1N) volume exploited to neutralize NH3 = 0.0014   

Crude protein (%) = % N2 × 6.25 (Assumed factor) 

3.8.3 Crude Fats 

5 g of each plant sample (A. indica and C. cassia) was wrapped in whatman filter 

paper and placed in thimble and both were fitted together along with condenser of soxhlet 

apparatus (P.Select). Extraction cup of Soxhlet system (P. Selecta) was filled with 200 ml 

of petroleum ether. Cold water tap and main switch were turned on and boiled for 4 hours 

until color of sample lightened. Afterwards, cold water tap and main switch were turned 

off. Then extraction cup having solvent and fat was kept in oven (JSSI-100T) at 60 ºC for 

30 minutes for drying. Its weight was recorded after transferring it to the desiccator for 

five minutes.  

Following formula was used to calculate total fats that were present in plant sample 

Total fats (%) = 
W1−W2

sample weight
 × 100 

Where; 

W2 = Extraction cup weight with fat (after evaporation) 

W1 = Extraction cup weight (empty) 

3.8.4 Ash contents 

Ash contents of plants were determined by using a furnace (Nabertherm–L3). 2g 

of plant sample was taken into pre weighed crucible. These crucibles were placed in 

electric furnace at 450 ºC for 12 hours until white ash was formed. The ash contents were 

calculated by the subsequent formula: 

𝐴𝑠ℎ% =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑠ℎ

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
× 100 
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3.8.5 Carbohydrates  

Total carbohydrates of plant samples were determined by detracting the sum of % 

ash contents (A) , % fat (F), % crude protein (CP) from 100 (Jabeen & Chaudhry, 2011) 

by using the subsequent equation: 

Total carbohydrates % = 100 – (F + CP + A) 

3.8.6 Estimation of Gross energy 

By adding the values of percentage fat (F) crude protein (CP)and total 

Carbohydrate (C) contents caloric values of these samples were determined 

𝐶𝑎𝑙𝑜𝑟𝑖𝑐 𝑣𝑎𝑙𝑢𝑒
(𝐾𝑐𝑎𝑙)

100𝑔
=

(4𝐶𝑃 + 9𝐹 + 4𝐶)

100
 

3.9 Mineral determination  

Minerals were determined by using flame photometer (Sherwood- 360). 0.25 g of 

each plant sample, 10 ml Nitric acid (65%) and 5ml HClO4 (70% ) were mixed in a flask 

and heated at 200ºC until solution was lightened and brownish fumes were produced. 

Deionized water was added up to 50 ml, filtered and stored at 4ºC and concentration was 

measured by using flame photometer (Palma et al., 2015). 

3.10 Qualitative Phytochemical Analysis 

Plant secondary metabolites were analyzed qualitatively by succeeding the 

method of Subramanian et al. (2014). 

3.10.1 Alkaloids 

0.2g of each plant extract (A. indica and C. cassia) was taken in glass test tube (Pyrex) 

and heated with 2% H2SO4 for 2 minutes in water bath (Memmert, IP-20). It was then 

filtered and little amount of dragendroff mixture were added and presence of alkaloids 

assessed through advent of orange red precipitate. 
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3.10.2 Flavonoids 

0.2g of each plant extract (A. indica and C. cassia) was dissolved in 10% sodium 

hydroxide solution. Intense yellow color was appeared. After that, few drops of 2M HCl 

was added and intense yellow color turns into colorless indicated the presence of 

flavonoids. 

3.10.3 Saponins  

1g extract of each plant (A. indica and C. cassia) was added in 10ml Distilled 

water in test tube and heated it in water bath (Memmert, IP-20) for 1hrs and after this 

time heated mixture was filtered and after filteration separately 5ml of the scum was 

mixed with 3ml of distilled water in a test tube (Pyrex) and shaked vigorously for 1-2 

mint to obtain a firm insistent froth and then olive oil ( 2-3 drops ) were added in frothing 

solution. Presence of saponins was assessed by establishment of emulsion. 

3.10.4 Tannins 

In test tube 1g extract of each plant (A. indica and C. cassia) was boiled with 

10ml of distilled water in water bath (Memmert, IP-20), filtered and in filterate 0.1% 

FeCl3 was added. Presence of tannins was judged by brownish green. 

3.10.5 Total phenols 

In a test tune 5ml distilled water with 0.5g extract of each plant (A. indica and C. 

cassia) was taken and in the same solution 5% ferric chloride solution (2-3 drops) were 

added.  Presence of phenolic compounds was assessed by dark green coloration that was 

appeared after addition of ferric chloride. 

3.11 Quantitative Analysis of plant extracts 

Plants secondary metabolites contents were quantified by following the method of 

Khalid et al., 2018. 
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3.11.1 Alkaloids 

1g of each plant sample along with 200 ml CH3COOH and C2H5OH (20%) were 

mixed in a breaker and filtered after 4 hours. It was then heated in water bath (Memmert) 

at 90 oC until solution remained 1/4th of original solution. Precipitates were filtered with 

NH4OH, oven dried and weighted by using weight balance (Shimedzu). 

Following formula was used to calculate alkaloids:  

Alkaloids % = weight of precipitate ÷ weight of original sample × 100 

3.11.2 Flavonoids 

10 g of each plant sample was extracted with 80 % methanol (100 ml) and then 

filtered with whatman filter paper. Filtrate was heated into water bath (Memmert), 

evaporated and weighed in mg/100 g. 

3.11.3 Saponins  

20g of each plant sample and 200ml ethanol (20%) were taken in a beaker 

(Pyrex), mixed and placed on shaker (KS-130B, Basic) for half hour. It was then heated 

into water bath (Memmert) at 55oC for 4 hours. Extraction was completed with 200ml 

ethanol (20%) after filtration. The mixture was again evaporated into water bath (90 oC) 

untill 40 ml volume was attained. 20 ml diethly ether and 40 ml filtrate were shaken 

together vigorously and only bottom ether layer was used for n-butanol extraction. 60 ml 

n-butanol was added in funnel along with bottom layer of ether and again shaked very 

well on shaker. Further, upper layer of n-butanol extract in funnel was washed two times 

with 5 % NaClaq (10 ml). The ramaining mixture was evaporated to dry into water bath 

and oven dried it at 40 oC. Percentage of saponins was evaluaed using the formula; 

Saponins % = Weight of residues ÷ Weight of plant material used × 100 

3.11.4 Tannins 

0.5 g of each plant sample along with 50 ml double distilled water were kept in 

500 ml flask and placed on shaker (KS-130B, Basic) at 1000 rpm for one hour. 
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Afterwards, filtration was completed in 50 ml flask to make 50 ml volume. 5 ml of 

filtrate, 2 ml of diluted (10 fold) iron chloride (0.1M) in hydrochloric acid (0.1M) and 

K4Fe(CN)6·3H2O (0.008M) were mixed and then placed at 37 ºC. Absorbance were noted 

at 395 nm within 10 minutes in mg/100 ml. 

3.11.5 Total phenols 

5g of each plant sample and 50ml ether was taken in flask and boiled for 15 

minutes. 5 ml of boiling solution and 10 ml double distill water was added in a flask and 

stirred gently. 5 ml NH4OH and 2 ml CH3(CH2)CH2OH was also added with constant 

stirring, It was kept at room temperature for 30 minutes for color observation and 

absorbance was noted at 505 nm and expressed as mg/100g of sample. 

3.12 Experimental Design 

The Present study was alienated into two Phases viz., toxicity phase (Phase I) and 

the ameliorative phase (Phase II). 

3.12.1 Phase I 

In the phase I, twenty five adult male Sprague Dawley rats weighing 200±5g were 

randomly grouped into five groups with (n=5) and placed in ventilated steel cages under 

the standard light and temperature conditions. Rats were provided with commercial Kent 

rodent feed (16% protein) and distilled water ad libitum throughout the study. After two 

weeks of acclimatization, rats were treated with TiO2 NPs @0.00 (C) or 80(G1) or 120 

(G2) or 160 (G3) mg/kg BW and placebo group with 0.9% NaCl on alternate days for 28 

days (Table 3.2; Fig. 3.2). All treatments were conceded out in accord with the 

established guidelines by the ethical committee of animal care and maintenance. The 

sublethal doses were selected on the basis of LC50 value of TiO2-NPs evaluated in the 

current study. The LC50 value of TiO2-NPs investigated in the current study was 198.6 

mg/kg BW of rat. Some general observations were made regularly such as body weight, 

food consumption and clinical symptoms. 
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Table 3.2. Division of rats into control and treated groups in Phase I.  

 

 

Fig. 3.2. Schematic Diagram of Experimental Setup in Phase I. 

3.12.2 Experimental phase ll 

In phase II, 60 adult male Sprague Dawley rats (200±10g) were grouped into 12 

groups with (n=5) and kept in ventilated steel cages under standard lighting conditions. 

Rats were provided with commercial Kent rodent feed (16% protein) and distilled water 

ad libitum throughout the study. After acclimatization of two weeks, rats were arbitrarily 

Groups      Treatments 

C Control (no treatment) 

S Placebo (normal saline @0.9% NaCl intraperitionaly injected)  

G1 TiO2 NPs   @80mg/kg BW( intraperitionaly injected)  

G2 TiO2 NPs   @120mg/kg BW( intraperitionaly injected)  

G3 TiO2 NPs   @160mg/kg BW( intraperitionaly injected)  
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divided onto 12 groups (n=5 in each group) as negative control (C=without any 

treatment), placebo/saline (S= treated with 0.9% saline), positive control (T=treated with 

TiO2 NPs @120mg/kg), three groups treated with C. cassia extract @100, 150 and 300 

along with TiO2 NPs @120mg/kg and designated as G1, G2 and G3, respectively; three 

groups treated with A. indica extract @100, 150 and 300 along with TiO2 NPs 

@120mg/kg and designated as G4, G5 and G6, respectively; three groups co-

administered with C. cassia +A. indica  extract @100, 150 and 300 along with TiO2 NPs 

@120 mg/kg and designated as G7, G8 and G9, respectively (Fig. 3.3; Table 3.3). The 

Phase II was carried out for 90 days and animals were treated with oral dose (via oral 

gauge) of plant extracts after intraperitoneal injection of TiO2-NPs on alternate days. 

Non-lethal doses of plant extracts were choiced keep in mind LC50 values evaluated in 

the current study. LC50 of A. indica and C. cassia for Sprague Dawley rats were evaluated 

as 2155.2 and 3419.8 mg/kg BW, respectively. The rationale of selecting the TiO2-NPs 

@120mg/kg was based on the result of phase-I and its LC50 for Sprague Dawley rats. 

Some general observations were made regularly such as body weight, food consumption 

and clinical symptoms.  
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Table 3. 3 Division of rats into control and treated groups in phase II 

Groups  Treatment  

Control (C)  No treatment 

Placebo/Saline (S) 0.9% Saline Solution 

Positive Control (G*) TiO2-NPs @120 mg/kg BW 

TiO2-NPs + C. cassia bark extract treated groups  

G1 TiO2-NPs @ 120 mg/kg BW I.P + 

C. cassia @100 mg/kg BW orally 

G2 TiO2-NPs @120 mg/kg BW I.P + 

C. cassia @ 150 mg/kg BW orally 

G3 TiO2-NPs @120 mg/kg BW I.P + 

C. cassia @300 mg/kg BW orally 

TiO2-NPs + A. indica leaf extract treated groups 

G4 TiO2-NPs @120 mg/kg BW I.P + 

A. indica  @100 mg/kg BW orally 

G5 TiO2-NPs @120 mg/kg BW I.P + 

A. indica  @150 mg/kg BW orally 

G6 TiO2-NPs @120 mg/kg BW I.P + 

A. indica  @300 mg/kg BW orally 

TiO2-NPs + C. cassia +A. indica  (extracts) treated groups 

G7 TiO2-NPs @120 mg/kg BW I.P + 

C. cassia +A. indica @100 mg/kg BW 

each orally 

G8 TiO2-NPs @120 mg/kg BW I.P + 

C. cassia +A. indica @150 mg/kg BW 

each orally 

G9 TiO2-NPs @120 mg/kg BW I.P + 

C. cassia +A. indica  300 mg/kg BW each 

orally 

I.P= Intraperitoneally 
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3.3 Schematic Diagram of Experimental Setup in Phase II. 
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3.13 Sample Collection 

Samples were collected after 28th and 90th day of treatment in Phase I and Phase 

II, respectively. From the caudal vein blood was colleted in tubes (EDTA coated tubes 

and in simple serum tubes). After that rats were anaesthetized and sacrificed at 29th day 

and 91st day in Phase I and Phase II, respectively. The brain and testis tissues were taken 

and weighed with sartorius weighing balance (Shemazu 230) and processed for further 

analysis as described below. 

3.13.1 Body and Organ weight 

Body weight was recorded weekly by using weighing balance (Shemazu 230) to 

record weekly changes in body weights. Organ weight (Brain & testis) were recorded 

after scarification of rats. 

3.14 Bioassays 

3.14.1 Haematological analysis 

For complete blood count haematology autoanalyser (Shanghaic Drawell 

Scientific Instrument Co., Ltd.) was used and all the parameters were assessed according 

to standard protocol.  

3.14.2 Ti Accumulation 

100mg of each organ (brain and testis) were digested in digesting solution (3ml 

nitric acid and 1.5ml per chloric acid) in heating digester (Velp Scientifica- D-6). In start 

the color of fumes was yellow. Digestion process was continued till the fumes become 

colorless and 1ml solution remained. Distilled water was added in remaining digested 

solution, made it up to 10ml and filtered. The sample was analyzed by ICP-MS 

(Perkinelmer) (Vasantharaja & Ramalinggam, 2018). 

3.14.3 Comet Assay 

Brain and testes tissue samples were used to estimate DNA damage by Comet 

Assay. Freshly excised small piece of each brain and testes of Sprague Dawley Rats was 
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separately homogenized in 5ml PBS solution and supernatants were used for comet 

assay. (Singh et al. 1988) 

Preparation of Gel 

a) Normal melting point agrose 

1g normal melting point agrose was added in 100ml Phosphate Buffer Saline 

(PBS), stirred till solution becomes transparent.  

b) Low melting point agrose  

0.5g low melting point agrose was added in 100ml PBS, stirred till solution 

become transparent.  

Preparation of slide 

 One end frosted slides were used for comet assay. Slides were immersed in 

methanol. Before using slides were burnt at blue flame to remove oil and dust particles. 

Slides were cleaned with soft cloth. Slides were placed in a covered box for one night. 

Slides were coated with 1% NMP (Normal melting point) a day before to start this 

technique. When the first layer was completely dried, a 2nd layer of LMP with sample 

was applied on slide. Temperature of LMP agarose was adjusted at 40ºC. 100µl of 

sample and 300µl of LMP agrose was mixed gently in an eppendroff. 100µl was taken 

from this eppendrof and poured it on slide. Cover slip was placed on this slide to spread 

the sample evenly. Slide was placed on ice plate for 2-3mint then cover slip was skipped 

gently from the slide.  

Lysis of Sample 

These slides were placed in a slide jar containing chilled lysing buffer (89ml lysis 

solution (18.62 g EDTA, 0.68g Tris-Hcl and 500ml distilled water, 10ml DMSO and 1ml 

Triton X). Slide jar containing slides and lysing buffer was placed in dark box at 4ºC. 

These slides were kept in lysing buffer for atleast 1h and 30mint. It can be placed over 

night in refrigerator. 
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Electrophoresis 

Electrophoresis was done in cold electrophoresis buffer (0.18g EDTA, 6g NaOH 

and 250ml D.W) for 20mint, at 300mA and 25V in horizontal electrophoresis container 

(Wealtec). Electrophoresis is responsible for the movement of damaged DNA which 

result in the formation of comet. 

Neutralization 

  Slides were shifted from electrophoresis container to stand and neutralization was 

carried out with cold neutralizing buffer (24.22g Tris-Base, 2.5ml D.W, PH-7.5).  

Neutralizing solution was kept on slide for 5 mint/wash. Neutralization was done in dim 

light.  

Staining with ethidium bromide 

When slides were completely dried, ethidium bromide (75µl per slide) was 

poured on the slide for 20mint for staining.  

Microscopy 

When slides were completely dried, fluorescent microscope (Nikon DS-Fi2) was 

used for scoring.. 

Measurement 

.  In last Computer image analysis (Casp software) was used to measure the 

commet (Grissa et al., 2017). 

3.14.4 Histological Examination  

Fixation  

 Small pieces (2-3mm) of the brain and testes were fixed in sera (formaldehyde 

30ml, alcohol 60ml, glacial acetic acid 10ml) for 4-6hour. 
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Dehydration  

After 6-8 hrs of fixation dehydration was done with ascending grades of ethanol 

as follows: 

70% ethanol   12h 25ºC 

80% ethanol   2h 25ºC 

90% ethanol  2h 25ºC 

100% ethanol  2h 25ºC 

For transparent the brain and testis cedar wooder oil was used at room 

temperature. 

Embedding  

After dehydration embedding was done by following steps: 

Benzol 1    15minutes at 25ºC 

Benzol 2    15minutes at 25ºC 

Benzol + paraplast     25 minutes at 50ºC 

Paraplast 1   14 hrs at 60ºC 

Paraplast 2  12 hrs at 60ºC 

Paraplast 3   14 hrs at 60ºC 

After embedding, tissues were removed from melted wax, embedded tissue was placed in 

plastic moulds and melted wax allowed to harden. 

 Microtomy 

After that block was mounted on microtome (Histo-line MR 2258), 5 µm thin 

section of tissues were cut. After cutting ribbons along with tissue were stretched and 

then fixed to already clean albumenized glass slide. After that the slides were placed in 

incubator for about 12h for removal of bubbles. 
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Staining procedure 

For staining by Hematoxylin and Eosin following steps were involved 

Hydration 

The slides were deparaffinized in xylene overnight. Different graded solutions of alcohol 

was used to Deparaffinized tissues to hydrated at room temperature in descending order. 

100 % ethanol 3-7 minutes 

90 % ethanol 3-7 minutes 

70 % ethanol 3-7 minutes  

60 % ethanol 3-7 minutes  

50 % ethanol 3-7 minutes 

30 % ethanol 3-7 minutes 

Washed in tap water 3-7 minutes 

Hematoxylin 3-5 drops 

Washed in running water 8-9 minutes 

Dehydration 

 Dehydration was done at room temperature in ascending grades of alcohol 

30 % ethanol 2-4 mint 

50 % ethanol 2-4 mint 

70 % ethanol 2-4 mint 

90 % ethanol 2-4 mint 

Eosin 1 drop 

90 % ethanol 1 drop 
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30 % ethanol 3-6 mint 

Xylene 4-8 mint 

 

 

Microscopy 

To observe the tissue alterations in brain and testis microscopy was done under 

the optical microscope (Nikon DS-Fi2) and photographed with a digital camera attached 

with the microscope. 

3.14.5 Cell Viability  

A sample of 0.2mg of each organ were taken and homogenized thoroughly in a 

homogenized solution for 10 mint in bullet blender (Advance-BBY5E-CE). Supernatants 

were collected in eppendorf tube (1.5ml). Taged the well with sample name and control 

in 96 well plates. 100µl sample was poured with micropipette in sample tags wells of 

96well plate except control tag well. 20µl assay solution was poured with micropipette in 

each well. Mix the reagent by shaking the plate gently for 30 minutes.  The plate 

containing reagent was incubated for 2hr at 37 ºC in 5% CO2 incubator (MCO-18AIC). 

After 2 hrs the sample containing plate was removed from CO2 incubator and rinsed from 

wells. Absorbance was taken at ratio of 570nm and 605nm on the micro plate reader 

(BioBase-EL10A) (Yu et al., 2013).  

Percentage of cell viability for samples and controls was calculated by following 

formula: 

% Cell viability = 100 × (Rsample-Ro)/(Rctrl-Ro) 

3.14.6 Acetylcholine esterase Activity 

Spectrophotometric method was used to calculate the acetylcholine esterase 

activity of brain. A portion of the brain with homogenize solution was added in falcon 

tube of bullet blender (Next advance, BBY- 5E- CE) and homogenized (Wisetis HG-
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15D) it for 15minutes. After that, 0.1mM acetylcholine iodide solution was added in each 

test tubes. The reaction mixture was incubated for 15mint with constant shaking at 37ºC. 

After 15 minutes, the test tube were removed from the incubator (JSR, JSSI-100T). In the 

next step, both DTNB and SDS were mixed in a flask (0.04 and 44%, respectively) 0.5ml 

solution of DTNB and SDS was put into each test tube. The absorbance of each test tube 

was noted at 412nm using spectrophotometer (Hitachi, U-2800) (Grissa et al., 2015). 

3.14.7 Testosterone level 

Testosterone Kit (Bio check, Inc, USA) was used to measure the Testosterone 

level.  0.1g of gonad was taken and homogenized (Wisetis HG-15D) in homogenizing 

solution in bullet blender (Next advance, BBY- 5E- CE). Labeling was done to desired 

number of coated wells of 96 well plate. Add 25µl of standard, specimens and control 

into appropriate wells. After that add 100ul of testosterone conjugate reagent into each 

well. To mix the reagent shaking was done thoroughly for 30 mint and incubated (JSR, 

JSSI-100T) at room temperature (22-25) for 1hrs. After 1hr plate was removed from 

incubator and was rinsed with distilled water. To remove the drops of distilled water from 

wells, plate was strike sharply on absorbent paper. After that, 100µl of 

tetramethylbenzidine reagent was added and shake it for 1mint. In last 100µl stop 

solution was added to each well and absorbance was taken at 450nm. Concentration of 

testosterone level in µg/dl was assessed by using mean absorbance values for each 

sample.  

3.14.8 Estimation of Sperm Production 

A 0.25g of left testis was taken weighed tunica albugina was removed and 

reweight. Homogenize it in homogening solution (0.05% (vol/vol) Triton X-100 and 0.25 

mg sodium azide in physiological saline) for 20 mintutes. To count the spermatids, each 

0.2ml sample of homogenate was diluted with 0.8ml of saline solution. The saline also 

contains 1% trypan blue. Trypan blue was used to stain the spermatids. 10µl of diluted 

homogenate samples were loaded on the Harwell chamber. The average number of 

spermatids per sample was determined (Cao et al., 2015). 

These values were used to get total number of spermatids per testis. The latter 

value divided by weight of decapsulated testis, were determined  
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𝑌 =
𝑋

10 × 100 × 50 × 5 × 1000
 

3.15 Statistical analysis 

Minitab17 software was used for statistically analysed and to compare treatment 

means Tukey’s test was used at < 0.05.  
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Chapter 4 

RESULTS 

The study entitled ‘Toxicity Evalution of Titanium Dioxide Nanoparticles and 

Remedial Effect of Cinnamomum cassia and Azadirachta indica in the Brain and Testis 

of Sprague Dawley Rats” was conducted in the Research Laboratory of the Department 

of Zoology, Government College University, Faisalabad. The results of different 

parameters assessed during the current study are described below. 

4.1 Characterization of Nanoparticles 

4. 1. 1. X-Rays Diffraction (XRD) 

Figure 4.1 shows the XRD of TiO2-NPs. The highest peak was observed at 25nm, 

which showed the average size of the nanoparticles, while other peaks observed at 30.5, 

38, 48.5 and 55nm showed the range of nanoparticles sizes from 25-55nm. 

 

Figure 4.1. X-Ray Diffraction (XRD) Powder images of (TiO2-NPs) 
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4.1.2 Scanning Electron Microscopy (SEM) 

Figure 4.2 shows the scanning electron micrograph (SEM) of TiO2-NPs. When 

TiO2-NPs were analyzed at a magnification of 10kx (Figure 4.2A), the morphology of 

TiO2-NPs was unclear. At higher magnification at 25kx (Figure 4.2 B), SEM showed 

near-spherical shape morphology, while at 50kx (4.2C) SEM showed clear spherical 

morphology with average size of 25nm. 

 

Figure 4.2. Scanning Electron Micrograph of TiO2-NPs at magnification 10kx=A, 

25kx=B, 50kx=C. 
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4.2 LC50 of TiO2-NPs 

Figure 4.3 shows the 96hrs LC50 of TiO2-NPs for Sprague Dawley rats. LC50 of 

TiO2-NPs for Sprague Dawley rats was assessed as 198.6 mg/kg BW. 

 

Figure 4.3 The percentage mortality of Sprague Dawley rats at different concentrations of 

TiO2-NPs during 96hrs acute toxicity test. 
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4.3 LC50 of A. indica 

Figure 4.4 shows the 96hrs LC50 of A. indica for Sprague Dawley rats. LC50 of A. 

indica for Sprague Dawley rats was evaluated as 2155.21 mg/kg BW. 

 

Figure 4.4 The percentage mortality Sprague Dawley rats at different concentrations A. 

indica during 96hrs acute toxicity test. 
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4.4 LC50 of C. cassia 

Figure 4.5 shows the 96hrs LC50 of C. cassia for Sprague Dawley rats. LC50 of C. 

cassia for Sprague Dawley rats was assessed as 3419.80 mg/kg BW. 

 

Figure 4.5 The percentage mortality Sprague Dawley rats at different concentrations C. 

cassia during 96hrs acute toxicity test. 
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4.5 Identification of selected medicinal plants 

Table 4.1 shows the classification of selected medicinal plants (A. indica and C. 

cassia). 

Table 4.1 Classification of A. indica and C. cassia.  

                                           A. indica C. cassia 

Divison Magnoliophyta Magnoliophyta 

Class Magnoliopsida Magnoliopsida 

Order Sapindales Laurales 

Family Meliaceae Lauraceae 

Species  Azadirachta Cinnamomum 

Genus Indica Cassia 

  

4.6 Proximate Analysis 

Table 4.2 Shows the proximate composition of  A. indica and C. cassia, where 

significant differences were found (p<0.05) among the assessed parameters.  C. cassia 

contained 4.8% moisture, 3.7% crude protein, 4.1% lipids, 2.2% ash and 85.2% 

carbohydrates, while A. indica contained 10.2% moisture, 1.92% crude protein, 2.62% 

lipids, 2.85% ash and 82.41% carbohydrates. It was also observed that A. indica and C. 

cassia have high amount of carbohydrates as compared to other parameters. In general 

crude protein, lipids and carbohydrates were higher in C. cassia as compared to A. indica. 

Table 4.2. Proximate composition of C. cassia bark and A. indica leaves 

Parameters C. cassia A. indica 

Moisture (%) 4.8±0.23B 10.2±0.43A 

Crude Protein (%) 3.7±0.21 A 1.92±0.12 B 

Lipids (%) 4.1±0.32 A 2.62±0.22 B 

Ash (%) 2.2±0.12 B 2.85±0.21 A 

Carbohydrates (%) 85.2±2.3 A 82.41±2.5 B 

Means carrying different alphabets in rows are significantly different at p<0.05 
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4.7 Electrolyte Analysis 

Table 4.3 shows the mean concentration of electrolytes (Na, K & Ca) in A. indica 

leaves and C. cassia bark. It was observed that C. cassia bark contained significantly less 

concentration of sodium, potassium and calcium as compared to A. indica leaves 

(p<0.05).  

Table 4.3. Mean concentration (±SE) of electrolytes (mg/g) in C. cassia and A. indica. 

Minerals C. cassia A. indica 

Sodium 12±0.34B 165±4.5A 

Potassium 230±3.5 B 285±4.5 A 

Calcium 63±2.3 B 162±4.6 A 

       Means carrying different alphabets in rows are significantly differentat p<0.05 

4.8 Phytochemical Analysis 

4.8.1 Qualitative  Phytochemical Analysis 

Table 4.4 shows the presence of secondary metabolites (alkaloids, flavonoids, 

saponins, tannins and total phenols) in both C. cassia and A. indica plants.  

Table 4.4. Qualitative phytochemical analysis of  of C. cassia bark and A. indica leaves 

Secondary Metabolites C. cassia A. indica 

Alkaloids +++ +++ 

Flavonoids + ++ 

Saponins + ++ 

Tannins +++ ++ 

Total phenols ++ +++ 

(+= low, ++ moderate, +++= high contents) 
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4.8.2 Quantitative  Phytochemical Analysis 

Table 4.5 shows the significant difference in the quantitative analysis of selected  

secondary metabolites (alkaloids, flavonoids, saponins, tannins and total phenols) in C. 

cassia and A. indica (p<0.05). C. cassia contained significantly less (p<0.05) amount of 

alkaloids, flavonoids, saponins and total phenols as compared to A. indica. Whereas, 

concentration of tannins were higher in C. cassia as compared to A. indica (p<0.05). 

Table 4.5. Quantitative phytochemical analysis of  of C. cassia bark and A. indica leaves 

Secondary Metabolites C. cassia A. indica 

Alkaloids (%) 6.04±0.06 B 8.32±0.05A 

Flavonoids (mg/100g) 0.97±0.04B 2.23±0.07A 

Saponins ((%) 0.05±0.01B 1.33±0.09A 

Tannins (mg/100ml) 3.76±0.08A 2.67±0.12B 

Total phenols (mg/100g) 1.39±0.04B 2.16±0.04A 



61 
 

4.9 Toxicity Evaluation of TiO2-NPs (Phase I)  

The toxicity of TiO2-NPs was determined by analysing the body and organ 

weights, hematology, serum testosterone level, sperm count, cell viability, acetylcholine 

esterase activity, genotoxicity and histology of brain and testis of Sprague Dawley rats. 

4.9.1 Body Weight and Somatic Index 

Table 4.6 shows the time and dose dependent effects of TiO2-NPs. It was 

observed that in control (C), placebo group (S) and low dose treated group (G1), body 

weight of rats increased throughout the experimental period, while in treated groups body 

weight of rats firstly increased and then decreased. At medium and high body weight of 

rats was increased during 1st and 2nd week of TiO2-NPs exposure, whereas in 3rd and 4th 

week, a significant (p<0.05) reduction in the body weight of rats was observed. In this 

study, with high dose of TiO2-NPs exposure (G3), more pronounced reduction in the 

body weight of rats was observed at the end of experiment as compared to low and 

medium doses of TiO2-NPS exposure. 

Table 4.7 shows the significant reduction (p<0.05) in the somatic index of brain 

and testes in medium and high dose treated groups of TiO2-NPs (G2 & G3) as compared 

to low dose (G1), control and placebo groups.  

Table 4.6 Mean (± SD) body weight (g) of male Sprague Dawley rats among different 

groups in Phase I. 

Groups Week O Week-I Week-II Week-III Week-IV 

C 206±5.66 aD 273±3.39aC 318.4±2.39aB 324.6±4.03aA 329.4±4.33aA 

S 206±4.18 aD 272±1.64aC 317.8±2.28aB 330.8±2.58aA 333±2.12a A 

G1 203.6±3.51aD 271.8±1.64aC 288.8±5.71bB 294.2±3.70bA 295.8±2.28 bA 

G2 204.8±4.76aD 269.8±1.14abC 288.6±2.88bA 276.6±5.77cB 271±2.91cC  

G3 206±3.08 aD 266.6±1.22bB 274.4±5.17cA 264.2±5.16dB 255.4±5.32d C 

Means that do not share a small letter in column and a capital letter in row are 

significantly different (p<0.05), C= Control, S= placebo/saline, G1= TiO2-NPs @80, G2= 

TiO2-NPs @120, G3= TiO2-NPs @160 mg/kg BW. 
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Table 4.7 Mean (± SD) somatic index of brain and testes (g) in male Sprague Dawley rats 

among different groups in Phase I. 

Parameter 

Groups  

C S G1 G2 G3 

Brain  0.92±0.023A 0.91±0.018A 0.91±0.021A 0.86±0.015B 0.81±0.017C 

Lift Testis  1.30±0.023A 1.28±0.013A 1.28±0.027A 1.14±0.040B 1.07±0.050C 

RightTestis 1.27±0.019A 1.24±0.011A 1.23±0.022A 1.10±0.042B 1.04±0.062C 

Means that do not share a letter in rows are significantly different (p<0.05). C= Control, 

S= placebo/saline, G1= TiO2-NPs @80, G2= TiO2-NPs @120, G3= TiO2-NPs @160 

mg/kg BW. 

 

4.9.2 Hematological Analysis 

 Table 4.8 shows that white blood cells (WBC), platelets (PLT), were significantly 

(P<0.05) increased in high dose treated group (G3) as compared to non-treated groups. It 

also shows that red blood cells (RBC), lymphocytes (LMY), Mid-sized cells (MID), 

granulocytes (GRA) and plateletcrit (PCT) were significantly (P<0.05) decreased in high 

dose treated group (G3) as compared to non-treated group.  

4.9.3 Serum Testosterone level  

Table 4.9 shows the effect of TiO2-NPs on serum testosterone levels in male 

Sprague Dawley rats. It appeared testosterone level was reduced in medium dose (G2) 

and high dose treated group (G3) as compared to low dose, non-treatment groups.  
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Table 4.8 Mean (± SD) hematological parameters in male Sprague Dawley rats among different groups in Phase I. 

Parameters 
Groups 

C S G1 G2 G3 

WBC (109/l) 10.42±0.719B 10.64±1.246B 10.78±1.406B 13.34±0.767A 14.02±0.559A 

RBC (1012/l) 8.65±0.723A 8.642±0.321A 7.64±0.389AB 6.626±1.128B 5.09±0.504C 

LMY (109/l) 8.44±0.729A 8.354±0.611A 7.76±0.470AB 7.17±0.393B 6.97±0.699B 

MID (109/l) 0.88±0.208A 0.79±0.038A 0.67±0.137AB 0.47±0.066BC 0.322±0.156C 

GRA (%) 2.04±1.074A 1.54±0.435AB 1.21±0.181ABC 0.72±0.068BC 0.486±0.110C 

HGB (g/dl) 13.28±0.517A 13.10±0.552A 12.52±0.460A 10.82±1.043B 9.86±0.428B 

HCT (%) 46.18±0.650A 46.76±1.763A 46.04±0.841A 42.10±3.170B 37.98±1.813C 

MCV (fl) 49.60±1.140A 50.00±1.581A 50.00±1.581A 45.60±1.517B 42.40±2.301C 

MCH (pg) 15.10±0.660BC 14.70±0.908C 15.56±0.508BC 16.44±0.651B 19.50±1.22A 

MCHC (g/dl) 41.64±1.948A 41.47±1.507AB 38.44±1.930B 31.02±0.698C 29.50±1.946C 

RDWc (%) 14.30±0.787D 14.80±1.000D 17.30±1.151C 21.16±1.370B 25.76±1.547A 

PLT ((109/l) 560.80±41.4C 570.20±32.7C 662.80±14.81B 784.8±40.9A 793.8±54.4A 

PCT (%) 0.524±0.056A 0.482±0.046AB 0.478±0.050AB 0.436±0.030BC 0.386±0.027C 

MPV (fl) 5.36±0.428B 5.06±0.230B 4.90±0.158B 5.26±0.207B 6.06±0.336A 

PDWc (%) 32.84±1.324B 32.72±1.201B 32.30±1.393B 32.70±0.834B 35.64±0.979A 

Means that do not share a letter in row are significantly different (p<0.05). C= control, S= Placebo/saline, G1=TiO2-NPs @80, 

G2= TiO2-NPs @ 120 and G3=TiO2-NPs @160mg/kg BW.  



64 
 

Table 4.9 Mean (±SD) serum testosterone levels (µg/dl) in male Sprague Dawley rats 

among different groups in Phase I. 

Groups Testosterone level (µg/dl) 

C 1.77±0.14A 

S 1.75±0.19A 

G1 1.69±0.09A 

G2 1.14±0.13B 

G3 0.88±0.11C 

Means that do not share a letter in column are significantly different at p<0.05. ), C= 

Control, S= placebo/saline, G1= TiO2-NPs @80, G2= TiO2-NPs @120, G3= TiO2-NPs 

@160 mg/kg BW. 

4.9.4 Sperm count 

Table 4.10 shows the effect of TiO2-NPs on sperm count in testis of male Sprague 

Dawley rats. It was observed that the sperm count was significantly (p<0.05) reduced in 

medium and high dose treated groups (G2 & G3) as compared to low dose (G1) and non-

treated groups (C & S). 

Table 4.10 Mean (±SD) sperm count in male Sprague Dawley rats among different 

groups in Phase I. 

Groups  Sperm Count (10 8/ml) 

C 31.90±0.97A 

S 31.88±0.49A 

G1 28.06±1.30A 

G2 15.00±1.51B 

G3 6.40±1.94C 

Means that do not share a letter in column are significantly different (p<0.05). ), C= 

Control, S= placebo/saline, G1= TiO2-NPs @80, G2= TiO2-NPs @120, G3= TiO2-NPs 

@160 mg/kg BW. 
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4.9.5. Accumulation of Ti in brain and testis  

Table 4.11 shows the dose dependent accumulation of Ti in brain and testis of 

Sprague Dawley rats. It appeared that the Ti concentration was significantly (p<0.05) 

high in medium and high dose treated groups (G2 & G3) as compared to low dose (G1), 

control and placebo groups (C & S). 

Table 4.11 Mean (± SD) concentration of Ti (µg/kg) in brain and testis of male Sprague 

Dawley rats among different groups in Phase I. 

Groups Brain  Testis 

C 0.01±0.09C 0.01±0.02C 

S 0.01±0.01C 0.01±0.14C 

G1 3.39±0.10C 3.13±0.57C 

G2 7.32±0.34B 11.89±0.38B 

G3 13.84±0.33A 19.12±0.17A 

Means that do not share a letter in columns are significantly different (p<0.05) 

4.9.6 Cell viability 

Table 4.12 shows the cell viability in brain and testis tissues of male Sprague 

Dawley rats. It was observed that the percentage of cell viability was significantly 

(p<0.05) reduced in medium and high dose (G2 & G3) treated groups as compared to low 

dose (G1) and non-treated groups (C & S).  

Table 4.12 Mean (±SD) cell viability (%) in brain and testis tissues of male Sprague 

Dawley rats among different groups. 

Groups 

Cell viability (%) 

Brain Testis 

C 80.0±0.70A 81.40±2.97A 

S 78.4±0.54A 80.80±2.49A 

G1 69.2±0.83B 74.80±1.30B 

G2 48.2±0.83C 51.40±3.51C 

G3 33.6±0.89D 42.40±1.94D 

Means that do not share a letter in columns are significantly different (p<0.05). 
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4.9.7 Acetylcholine esterase activity 

Table 4.13 shows the acetylcholine esterase activity in brain of male Sprague 

Dawley rats. It appeared that the activity of acetylcholine esterase was significantly 

(p<0.05) reduced in medium and high dose (G2 & G3) treated group as compared to low 

dose (G1) and non-treated groups. 

Table 4.13 Mean (±SD) acetylcholine esterase activity in male Sprague Dawley rats 

among different groups in Phase I. 

Groups 

Acetylcholine esterase (nmole/mg 

tissue) 

C 0.99±0.01A 

S 0.97±0.01A 

G1 0.65±0.01B 

G2 0.42±0.03C 

G3 0.14±0.05D 

Means that do not share a letter in column are significantly different (p<0.05). ), C= 

Control, S= placebo/saline, G1= TiO2-NPs @80, G2= TiO2-NPs @120, G3= TiO2-NPs 

@160 mg/kg BW. 

4.9.8 Genotoxicity  

Tables 4.14 and 4.15 show the effect of TiO2-NPs on different parameter of DNA 

damage in brain and testis tissues of Sprague Dawley rats. It was observed that length of 

head and head DNA (%) was significantly (p<0.05) decreased in medium dose (G2) and 

high dose (G3) treated groups, while length of tail, length of commet and tail DNA (%) 

were significantly (p<0.05) increased in medium dose (G2) and high dose (G3) treated 

groups as compared to low dose (G1) and non-treated groups (C & S).  
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Table 4.14 Mean (±SD) of head, tail and comet length (µm), head and tail DNA (%) of 

comets in brain tissues of Sprague Dawley rats among different groups in Phase I. 

Parameters Groups 

 C S G1 G2 G3 

head length   44.8±2.86A 44.2±1.30A 42.40±1.82A 21.80±1.30B 7.40±2.07C 

Tail length  5.4±1.14C 5.4±0.55C 6.40±1.34C 35.00±3.54B 55.00±1.58A 

Commet 

length  

50.2±3.03C 50.2±1.79 C 51.20±0.84 C 56.80±3.11B 62.40±1.14A 

Head DNA 90.9±1.91A 90.8±1.47 A 89.63±5.26 A 61.02±1.04B 36.83±1.42C 

Tail DNA 8.8±1.21C 8.9±1.277 C 8.99±0.51 C 38.98±1.04B 63.16±1.42A 

Means that donot share a letter in rows are significantly different at p<0.05. ), C= 

Control, S= placebo/saline, G1= TiO2-NPs @80, G2= TiO2-NPs @120, G3= TiO2-NPs 

@160 mg/kg BW. 

 

Table 4.15 Mean (±SD) of head, tail and comet length (µm), head and tail DNA (%) of 

comets in testis tissues of Sprague Dawley rats among different groups in Phase I. 

Parameters Groups 

 C S G1 G2 G3 

Head length  45.2±1.64A 45.0±1.58A 44.20±2.77A 21.20±2.39B 9.00±1.58C 

Tail Length  5.0±1.58C 5.2±0.84C 5.80±0.84 C 41.40±1.95B 61.20±2.86A 

Commet 

length  

50.2 ±1.09C 49.6±2.19C 50.80±7.12C 62.60±2.88C 71.20±2.17C 

Head DNA  90.4±0.62A 90.3±0.73 A 89.50±1.52 A 45.56±3.63B 27.13±1.61C 

Tail DNA 9.61±0.62C 9.72±0.73C 9.824±0.71C 54.44±3.63B 72.86±1.61A 

Means that donot share a letter in rows are significantly different at p<0.05 ), C= Control, 

S= placebo/saline, G1= TiO2-NPs @80, G2= TiO2-NPs @120, G3= TiO2-NPs @160 

mg/kg BW. 
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4.9.9 Histology of Brain 

Figure 4.6 shows the normal architecture of brain with glial cell (GC), pyramidel 

neuron (PN) and oligodendroglia (OD) in the control and placebo group of male Sprague 

Dawley rats. Treatment with three different doses of TiO2-NPs @ 80, 120 and 160 mg/kg 

BW induced different dose dependent histological abnormalities. In G1 group treated 

with low dose (80mg/kg Body weight) of TiO2-NPs (Figure 4.7) mild histological 

alterations were recorded as cleavage into filamentous shapes (FS), axonal dystrophy 

(AD), and vaculation (V) in the brain tissues of male Sprague Dawley rats. In group G2 

treated with medium dose (120mg/kg Body weight) of TiO2-NPs (Figure 4.8) moderate 

histological alterations such as an eternal oedema (EO), motor neuron disease (MND), 

flask shaped depression (FSD) were observed in the brain of male Sprague Dawley rats. 

Figure 4.9 shows severe histoligical alterations such as asymmetrical pyramidal nucleus 

(APN), spongiocyte proliferation (S), and hemorrhage  (H) in the brain of male Sprague 

Dawley rats of group G3 treated with high dose of TiO2-NPs (160mg/kg BW). 
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Figure 4.6 Photomicrograph (H & E, X 400) of brain tissues in control group/placebo 

group (C) showing normal architecture of brain i.e., Glial cell (GC), Pyramidel neuron 

(PN) and oligodendroglia (OD) in male Sprague Dawley rats in Phase I. 
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Figure 4.7 Photomicrograph (H & E, X 400) of brain tissues of male Sprague Dawley rats 

treated with low dose (80mg/kg Body weight) of TiO2-NPs (G1) in Phase I showing mild 

histoligical alterations such as cleavage into filamentous shapes (FS), axonal dystrophy 

(AD) and vaculation (V). 
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Figure 4.8 Photomicrograph (H & E, X 400) of brain tissues of male Sprague Dawley rats 

treated with medium dose (120mg/kg BW) of TiO2-NPs (G2) in Phase I showing 

moderate histoligical abnormalities such as an eternal oedema (EO), motor neuron 

disease (MND) and Flask shaped depression (FSD). 
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Figure 4.9 Photomicrograph (H & E, X 400) of the brain tissues of male Sprague Dawley 

rats treated with high dose (160mg/kg BW) of TiO2-NPs (G3) in Phase I showing severe 

histoligical abnormalities such as asymmetrical pyramidal nucleus (APN), spongiocyte 

proliferation (S) and hemorrhage (H). 
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4.9.10 Histology of Testis 

 Figure 4.10 (A-C) shows the normal architecture of testes i.e., seminiferous 

tubules (ST), leydig cells (LC) and sertoli cell (SC). In treated groups (D-L) different 

histological alterations such as dilation in membrane (DM), decrease in the formation of 

spermatozoa (DFS), membrane breakage (MB), cellular debris in lumen (CDL), testicular 

degeneration (TD), hyperemia (H), inflammatory cell infiltration (ICI), hyperplasia (HP) 

and irregular arrangement of sertoli cell (ISC) were found in the testes of male Sprague 

Dawley rats in a dose ddependent manner. 
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Figure 4.10 Photomicrograph (H & E, X 400) of the testicular tissues of male Sprague 

Dawley rats in control (C) and treated groups (G1-G3) in Phase I. Control and placebo 

groups (A-C) showing normal architecture of testes i.e., seminiferous tubules (ST), leydig 

cells (LC) and sertoli cell (SC). Treated groups (D-L) represent different histological 

alterations such as dilation in membrane (DM), decrease in the formation of spermatozoa 

(DFS), membrane breakage (MB), cellular debris in lumen (CDL), testicular 

degeneration (TD), hyperemia (H), inflammatory cell infiltration (ICI), hyperplasia (HP) 

and irregular arrangement of sertoli cell (ISC). 
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4.10 Ameliorative Phase (Phase II) 

In phase II, ameliorative effects of Azadiracta indica and  Cinnamomum cassia 

extracts were assessed against TiO2-NPs induce toxicity in Sprague Dawley rats. 

4.10.1 Body Weight and Somatic Index 

Table 4.16 shows the significant reduction in the body weight of rats in positive 

control group (G*) as compared to non-treated and plant extract treated groups. It was 

observed that in negative control (C) and placebo group (S), the weight of rats was 

continueously increased dring 90 days experimental period, while in positive control 

group up to 36 days of treatment the weight was increased and then decreased in second 

and third month of experimental period. In this study dose and time dependent effect of 

plant extracts and TiO2-NPs was observed. It was observed that C. cassia or A. indica or 

their combined treatment at high dose was able to curtail TiO2-NPs induced toxic effects 

in G3, G6 and G9 groups, respectively as compared to their low and medium doses. In 

treated groups with low dose of C. cassia or A. indica or their combined treatment the 

weight of rats was increased during first month period and then reduced in the subsequent 

two to three months. With medium dose the weight of rats was firstly reduced in initial 

month and then increased in second and third month of experimental period. 

Table 4.17 shows the significant (p<0.05) reduction in somatic index of brain and 

testes in positive control group (G*) as compared to negative control, placebo group and 

medium to high doses of plant extract treated groups. It was observed that C. cassia or A. 

indica or their combination at high dose significantly (p<0.05) increased the somatic 

index of Brain and Testes as compared to positive control and low dose of plant extracts 

treated groups, while C. cassia or A. indica or their combination at medium dose induced 

less significant effects on somatic index of brain and testes of male Sprague Dawley rat. 

Best results were observed with high dose of A. indica (G6) extracts. 
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Table 4.16 Mean (±SD) body weight (g) of Sprague Dawley rats among different groups of Spague Dawley rats in Phase II.  

Groups Experimental period (Days of exposure) 

 0day 18day 36day 54day 72day 90day 

C 208±8.37Ae 335±3.29Ad 363±3.24Ac 392±1.92Ab 417±1.92Aa 422±2.00Aa 

S 207±7.98Ae 332±3.21Ad 362±3.19Ac 390±1.89Ab 415±1.64Aa 420±1.89Aa 

G* 208±1.67Ad 306±2.39Da 300±1.58Da 271±2.59Eb 254±1.14Ec 253±0.70Ec 

G1 207±1.30Ad 310±1.58Da 300±0.54Da 271±1.81Eb 254±0.83Ec 253±0.70Ec 

G2 208±8.37Ad 313±2.07Ca 301±0.70Da 272±1.78Eb 255±1.48Ec 254±1.48Ec 

G3 208±8.37Ae 332±4.39Ad 346±1.48Bc 363±2.12Cb 383±2.86Ca 385±2.55Ca 

G4 207±1.30Ad 310±3.83Da 300±1.22Da 271±1.30Eb 253±1.67Ec 251±0.83Ec 

G5 208±8.37Ae 315±2.24Cd 333±3.70Cc 355±1.81Db 370±2.35Da 371±2.30Da 

G6 208±8.37Ae 316±1.64Cd 337±1.94Cc 364±4.00Cb 390±1.30Ba 392±1.92Ba 

G7 208±4.74Ad 310±1.58Da 300±0.54Da 271±1.81Eb 254±0.83Ec 252±0.89Ec 

G8 209±6.52Ae 316±1.51Cd 336±2.07Cc 356±1.34Db 374±3.11Da 377±1.92Da 

G9 208±7.58Ae 325±2.59Bd 348±1.48Bc 373±2.77Bb 394±3.51Ba 397±2.49Ba 

Means that do not share a small letter in row are significantly different (p<0.05), Means that do not share a capital letter in column are 

significantly different (p<0.05), C= control, S= Placebo/Saline, G*= positive control, G1= low dose of C. cassia extract+TiO2-NPs, 

G2= medium dose of C. cassia extract+TiO2-NPs, G3= High dose of C. cassia extract+TiO2-NPs,  G4= low dose of A. indica 

extract+TiO2-NPs, G5= medium dose of A. indica extract+TiO2-NPs, G6= High dose of A. indica extract+TiO2-NPs,  G7= low dose 

of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. cassia + A. indica extracts+TiO2-NPs, G9= High dose of C. 

cassia + A. indica extracts+TiO2-NPs. Low dose= 100, medium=150 and high=300 mg/kgBW, TiO2-NPs@120mg/kg BW. 
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Table 4.17 Mean (±SD) somatic index of brain and testes among different groups of 

Spague Dawley rats in Phase II.  

Groups Somatic index  

Brain left testis right testis 

C 1.12±0.011A 1.77±0.02A 1.72±0.012A 

S 1.12±0.013A 1.75±0.01A 1.70±0.013A 

G* 0.66±0.012F 0.97±0.01D 0.92±0.016E 

G1 0.66±0.008F 0.99±0.01D 0.93±0.014E 

G2 0.72±0.016E 1.00±0.02D 0.96±0.013E 

G3 0.84±0.013C 1.22±0.01C 1.04±0.017D 

G4 0.68±0.015F 1.01±0.04D 0.93±0.013E 

G5 0.78±0.015D 1.18±0.01C 1.04±0.012D 

G6 0.91±0.011B 1.32±0.02B 1.34±0.017B 

G7 0.66±0.011E 1.02±0.01D 0.94±0.011E 

G8 0.78±0.011D 1.20±0.02C 1.03±0.015D 

G9 0.87±0.011C 1.36±0.02B 1.30±0.019B 

Means that do not share a letter in column are significantly different (p<0.05), C= 

control, S= Placebo/Saline, G*= positive control (TiO2-NPs treated), G1= low dose of C. 

cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High 

dose of C. cassia extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= 

medium dose of A. indica extract+TiO2-NPs, G6= High dose of A. indica extract+TiO2-

NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. 

cassia + A. indica extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica 

extracts+TiO2-NPs. Low dose= 100, medium=150 and high=300 mg/kgBW, TiO2-

NPs@120mg/kgBW. 
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4.10.2 Hematological Analysis 

Tables 4.18A and 4.18B show the significant reduction (p<0.05) in RBC, LYM, 

MID, GRA, HGB, HCT, MCV, MCH and MCHC in positive control group (G*) as 

compared to negative control, placebo and other treated groups. It was observed that C. 

cassia or A. indica or their combined administration at high dose (G3, G6 and G9) 

significantly (P<0.05) enhanced the RBC, LYM, MID, GRA, HGB, HCT, MCV, MCH 

and MCHC, respectively as compared to positive control group (G*), while C. cassia or 

A. indica or their combined administration at low and medium doses (G1, G2, G4, G5, 

G7, G8) induced less significant effect on RBC, LYM, MID, GRA, HGB, HCT, MCV, 

and MCHC of male Sprague Dawley rats. 

It was observed that WBCs, MCH, and PLT were increased in positive control 

group (G*) as compared to other groups. It was noted that C. cassia or A. indica or their 

combined administration at high doses (G3, G6 and G9) significantly (p<0.05) 

normalized the WBC and PLT levels as compared to positive control group (G*), while 

C. cassia or A. indica or their combined administration at low and medium doses (G1, 

G2, G4, G5, G7, G8) induced less significant effects on WBCs, MCH and PLT profile of 

male Sprague Dawley rats. 
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Table 4.18A Mean (±SD) hematological parameters among different groups of Spague Dawley rats in Phase II. 

Groups WBC(109/l) RBC(1012/l) LYM(109/l) MID(109/l) GRA(%) HGB(g/dl) 

C 11.40±0.96C 9.75±0.19A 10.87±0.37A 1.72±0.45A 3.67±0.20A 14.56±0.305A 

S 11.36±1.35 C 9.70±0.21 A 10.90±0.65 A 1.70±0.26 A 3.69±0.30 A 14.53±0.344 A 

G* 14.10±1.29AB 7.67±0.55D 7.42±0.74D 0.54±0.11D 0.91±0.53E 9.49±0.210D 

G1 14.02±0.32 AB 7.67±0.20 D 7.43±0.71 D 0.55±0.10 D 0.95±0.25 E 9.47±0.211 D 

G2 14.10±0.66 AB 7.64±0.49 D 7.84±0.38CD 0.71±0.02CD 0.97±0.14DE 9.48±0.141 D 

G3 12.04±0.43C 8.50±0.17BCD 8.64±0.38BC 1.00±0.03BC 1.31±0.23CDE 12.04±0.583B 

G4 14.08±0.41AB 7.68±1.00 D 7.52±0.50D 0.56±0.02D 0.95±0.34 E 9.50±0.057 D 

G5 12.48±0.37BC 8.35±0.35BCD 8.93±0.05B 0.71±0.15CD 1.50±0.03BCD 10.42±0.063C 

G6 11.72±0.40C 9.01±0.52ABC 9.12±0.21B 1.02±0.06BC 1.90±0.18B 12.09±0.307B 

G7 14.62±0.23A 7.66±0.70 D 7.55±0.24D 0.58±0.03B 0.90±0.05E 9.55±0.330D 

G8 12.20±1.62BC 7.94±0.34 D 7.94±0.29CD 0.84±0.02BCD 1.78±0.13BC 10.91±0.249C 

G9 11.76±1.03C 7.98±0.18CD 8.95±0.07B 1.12±0.04B 2.03±0.06B 12.51±0.169B 

Means that do not share a letter in column are significantly different (p<0.05). C= control, S= Placebo/Saline, G*= positive control 

(TiO2-NPs treated), G1= low dose of C. cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High dose 

of C. cassia extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= medium dose of A. indica extract+TiO2-NPs, G6= 

High dose of A. indica extract+TiO2-NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. cassia 

+ A. indica extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica extracts+TiO2-NPs. Low dose= 100, medium=150 and 

high=300mg/kgBW,TiO2-NPs@120mg/kgBW.
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Table 4.18B Mean (±SD) hematological parameters among different groups of Spague Dawley rats in Phase II. 

Groups HCT (%) MCV(fl) MCH(pg) MCHC(g/dl) PLT(109/l) 

C 52.70±0.472A 54.39±1.350A     16.24±0.151E 46.60±0.947A 586.40±1.478F 

S 52.67±0.411A 54.80±0.768 A 16.26±0.177 E 46.63±0.771A 591.20±1.483F 

G* 28.86±0.742D 32.76±1.052F 20.07±0.879 A 34.12±0.672E 793.80±4.660A 

G1 29.09±0.644 D 34.16±0.674F 19.90±0.448 A 34.59±0.625E 794.60±1.140A 

G2 31.07±2.217C 34.55±0.611F 19.93±0.336 A 34.86±0.371E 795.60±4.831A 

G3 39.39±0.572B 44.50±2.120D 17.31±0.355 D 42.67±0.726B 664.60±3.213C 

G4 9.49±0.300G 33.41±0.510F 20.77±1.297 A 34.10±0.515E 792.80±1.304A 

G5 11.96±0.577EF 38.69±0.624E 18.38±0.112 C 37.66±0.679D 703.00±2.921B 

G6 12.78±0.230E 47.71±1.188C 17.02±0.722 D 42.71±0.549B 636.20±3.110D 

G7 9.51±0.323G 34.17±1.379F 20.03±0.266A 34.15±1.010E 792.20±1.304A 

G8 10.57±0.393FG 39.74±0.793E 19.34±0.436 B 39.76±0.486C 660.20±5.220C 

G9 12.802±0.230E 50.55±1.247B 17.12±0.591 D 42.95±0.816B 606.40±3.44E 

Means that do not share a letter in column are significantly different (p<0.05). C= control, S= Placebo/Saline, G*= positive control, 

G1= low dose of C. cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High dose of C. cassia 

extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= medium dose of A. indica extract+TiO2-NPs, G6= High dose 

of A. indica extract+TiO2-NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. cassia + A. indica 

extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica extracts+TiO2-NPs. Low dose=100, medium=150, high=300mg/kg BW, 

TiO2-NPs@120mg/kgBW. 
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4.10.3 Serum Testosterone Analysis 

Table 4.19 shows the significant decrease (p<0.05) in serum testosterone levels in 

male Sprague Dawley rats in positive control group (G*) as compared to non-treated and 

other treated groups. It was observed that C. cassia or A. indica or their combined 

administration at high dose (G3, G6 and G9) significantly increased (p<0.05) the serum 

testosterone levels in Sprague Dawley rats as compared to positive control group (G*), 

while C. cassia or A. indica or their combined administration at low and medium doses 

induced less significant effects on serum testosterone levels of male Sprague Dawley rats. 

Better amelioration was seen in G6 treated with high dose of A. indica. 

Table 4.19 Mean (±SD) serum testosterone levels among different groups of Sprague 

Dawley rats in Phase II. 

Groups Testosterone (µg/dl) 

C  1.987±0.054A 

S 1.965±0.049 A  

G* 0.653±0.067 F 

G1 0.638±0.045F 

G2 0.67±0.067E 

G3 1.328±0.016C 

G4 0.67±0.066E 

G5 0.964±0.057D 

G6 1.421±0.060B 

G7 0.69±0.027E 

G8 0.984±0.089D 

G9 1.354±0.119C 

Means that do not share a letter in column are significantly different (p<0.05), C= 

control, S= Placebo/Saline, G*= positive control (TiO2-NPs treated), G1= low dose of C. 

cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High 

dose of C. cassia extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= 

medium dose of A. indica extract+TiO2-NPs, G6= High dose of A. indica extract+TiO2-

NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. 

cassia + A. indica extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica 

extracts+TiO2-NPs. Low dose= 100, medium=150 and high=300 mg/kgBW, TiO2-

NPs@120mg/kgBW.  
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4.10.4 Sperm Count  

Table 4.20 shows the significant decrease (p<0.05) in sperm count of Sprague 

Dawley rats in positive control group (G*) as compared to negative control, placebo and 

other treated groups. It was observed that C. cassia or A. indica or their combined 

administration at high dose (G3, G6 and G9) significantly increased (p<0.05) the sperm 

count in testis as compared to positive control group (G*), whereas C. cassia or A. indica 

or their combined administration at low and medium doses (G1, G2, G4, G5, G7 & G8) 

induced less significant effect on sperm count in the testis of male Sprague Dawley rats. 
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Table 4.20. Mean (±SD) sperm count in testis of Sprague Dawley rats among different 

groups in Phase II. 

Groups Sperm Count (108/ml) 

C 26.00±0.01A 

S 25.60±0.54A 

G* 8.00±0.02F 

G1 8.60±0.54F 

G2 12.00±0.01E 

G3 18.00±0.02C 

G4 9.00±0.70F 

G5 15.00±0.01D 

G6 20.00±0.01B 

G7 8.40±0.54F 

G8 14.00±2.24D 

G9 18.00±0.02C 

Means that do not share a letter in column are significantly different (p<0.05), C= 

control, S= Placebo/Saline, G*= positive control (TiO2-NPs treated), G1= low dose of C. 

cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High 

dose of C. cassia extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= 

medium dose of A. indica extract+TiO2-NPs, G6= High dose of A. indica extract+TiO2-

NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. 

cassia + A. indica extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica 

extracts+TiO2-NPs. Low dose= 100, medium=150 and high=300 mg/kgBW, TiO2-

NPs@120mg/kgBW. 
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4.10.5 Ti accumulation 

Table 4.21 shows the significantly high concentration of Ti (p<0.05) in brain and 

testis tissues of male Sprague Dawley rats in positive control group (G*) as compared to 

negative contro, placebo and other treated groups. It was observed that C. cassia or A. 

indica or their combined administration at high dose (G3, G6 and G9) significantly 

curtailed (p<0.05) the Ti concentration in brain and testis tissues as compared to positive 

control group (G*), while C. cassia or A. indica or their combined administration at low 

and medium doses induced less significant effect on Ti concentration in brain and testis 

tissues of male Sprague Dawley rats.  
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Table 4.21 Mean (± SD) Ti concentration (µg/kg) in brain and testis tissues of Sprague 

Dawley rats among different groups in Phase II. 

  Groups      Ti (µg/kg)  

 Brain testis   

C 0.03±0.019F 0.02±0.015G  

S 0.04±0.025F 0.04±0.013G  

G* 5.55±0.056A 6.02±0.033A  

G1 5.54±0.045A 6.01±0.038A  

G2 5.49±0.067A 5.80±0.046A  

G3 4.21±0.016D 3.98±0.054D  

G4 5.41±0.066AB 5.96±0.039A  

G5 4.14±0.057D 4.93±0.137B  

G6 3.02±0.060E 3.11±0.442E  

G7 5.42±0.027AB 5.98±0.053A  

G8 4.74±0.089C 4.35±0.166C  

G9 2.94±0.119E 2.68±0.127F  

Means that do not share a letter in column are significantly different (p<0.05), C= 

control, S= Placebo/Saline, G*= positive control (TiO2-NPs treated), G1= low dose of C. 

cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High 

dose of C. cassia extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= 

medium dose of A. indica extract+TiO2-NPs, G6= High dose of A. indica extract+TiO2-

NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. 

cassia + A. indica extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica 

extracts+TiO2-NPs. Low dose= 100, medium=150 and high=300 mg/kgBW, TiO2-

NPs@120mg/kgBW. 
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4.10.6 Cell viability  

Table 4.22 shows that cell viability was significantly reduced in brain and testis of 

male Sprague Dawley rats in positive control group (G*) as compared to negative 

control, placebo and other treated groups. It was observed that C. cassia or A. indica or 

their combined administration at high dose (G3, G6 and G9) significantly enhanced 

(p<0.05) the cell viability in brain and testis tissues as compared to positive control group 

(G*), while C. cassia or A. indica or their combined administration at low and medium 

doses induced less significant effects on cell viability in brain and testis tissues of male 

Sprague Dawley rats. Better amelioration was pbserved in G6 group supplemented with 

high dose of A. indica. 
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Table 4.22. Mean (± SD) cell viability in brain and testis tissues of Sprague Dawley rats 

among different groups in Phase II.  

Groups Cell viability (%)  

Brain Testis  

C 89.40±2.07A 91.80±1.64A  

S 89.20±2.39A 92.80±1.92A  

G* 42.60±1.14E 47.80±1.92DE  

G1 43.60±2.07E 49.40±1.14D  

G2 49.60±1.67D 56.40±2.41C  

G3 64.80±2.86B 67.20±1.64B  

G4 43.80±1.18E 48.80±2.68DE  

G5 55.00±2.74C 59.00±1.58C  

G6 68.40±1.94B 70.20±2.16B  

G7 44.40±1.81E 45.00±1.58E  

G8 51.60±1.14CD 55.80±2.28C  

G9 66.40±2.97B 68.60±1.51B  

Means that do not share a letter in column are significantly different (p<0.05), C= 

control, S= Placebo/Saline, G*= positive control (TiO2-NPs treated), G1= low dose of C. 

cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High 

dose of C. cassia extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= 

medium dose of A. indica extract+TiO2-NPs, G6= High dose of A. indica extract+TiO2-

NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. 

cassia + A. indica extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica 

extracts+TiO2-NPs. Low dose= 100, medium=150 and high=300 mg/kgBW, TiO2-

NPs@120mg/kgBW. 
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4.10.7 Acetylcholine esterase activity 

Table 4.23 shows the significant reduction (p<0.05) in acetylcholine esterase 

activity in the brain tissues of male Sprague Dawley rats in positive control group (G*) as 

compared to control, placebo and other treated groups. It was observed that C. cassia or 

A. indica or their combined administration at medium and high doses significantly 

increased (p<0.05) the acetylcholine esterase activity in brain tissues as compared to 

positive control group (G*), whereas C. cassia or A. indica or their combined 

administration at low dose induced less significant effects on acetylcholine esterase 

activity in the brain tissues of male Sprague Dawley rats. 
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Table 4.23 Mean (± SD) acetylcholine esterase in brain of Sprague Dawley rats among 

different groups in Phase II 

Groups Acetylcholine esterase (mmol/mg) 

C 0.997±0.001A 

S 0.996±0.002A 

G* 0.132±0.012H 

G1 0.134±0.001H 

G2 0.146±0.004G 

G3 0.613±0.001C 

G4 0.132±0.001H 

G5 0.316±0.003E 

G6 0.714±0.002B 

G7 0.134±0.001H 

G8 0.217±0.007F 

G9 0.517±0.005D 

Means that do not share a letter in column are significantly different (p<0.05), C= 

control, S= Placebo/Saline, G*= positive control (TiO2-NPs treated), G1= low dose of C. 

cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High 

dose of C. cassia extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= 

medium dose of A. indica extract+TiO2-NPs, G6= High dose of A. indica extract+TiO2-

NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. 

cassia + A. indica extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica 

extracts+TiO2-NPs. Low dose= 100, medium=150 and high=300 mg/kgBW, TiO2-

NPs@120mg/kgBW. 
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4.10.8 Genotoxicity   

Genotoxicity induced by TiO2-NPs was assessed by Comet assay. In comet assay 

certain parameters of comet like head length, head DNA, tail length, comet length and 

tail DNA are used to assess DNA damage in cells. Generally long tail and comet length 

and more tail DNA depict DNA damage, whereas more head length and head DNA 

depict intact cell with out DNA damage. Tables 4.24 and 4.25 demonstrate the significant 

reduction (p<0.05) in the head length and head DNA in brain and testis tissues of positive 

control group (G*) as compared to negative control and other treated groups. It was 

observed that C. cassia or A. indica or their combined administration at high dose (G3, 

G6 and G9) significantly enhanced (p<0.05) the head Length and head DNA in brain and 

testis tissues as compared to positive control group (G*), while C. cassia or A. indica or 

their combined administration at low and medium doses induced less significant effects 

on head length and head DNA of male sprague Dawley rats. 

Similarly, significant increase (p<0.05) in tail length, tail DNA, commet length 

and tail moment were observed in positive control group (G*) as compared to negative 

control and other treated groups. C. cassia or A. indica or their combined administration 

at high dose (G3, G6 and G9) significantly reduced (P<0.05) tail length, tail DNA, 

commet length and tail moment as compared to positive control group (G*), whereas C. 

cassia or A. indica or their combined administration at low and medium doses induced 

less significant effects on tail length, tail DNA, commet length and tail moment in brain 

and testis tissues of male Sprague Dawley rats. 



91 
 

Table 4.24. Mean (±SD) head, tail and comet length (µm), head and tail DNA (%) and tail moment (TM) of comets in brain tissues of 

Sprague Dawley rats among different groups in Phase II. 

Groups Head Length  Tail Length  Commet Length  Head DNA Tail DNA TM 

C 57.82±1.06A 4.00±1.58D 61.82±1.86D 79.06±0.89A 20.94±0.89F 0.71±0.01F 

S 58.00±0.79A 4.20±1.30D 62.20±1.31D 78.88±0.92A 21.12±0.92F 0.70±0.01F 

G* 12.40±1.81D 62.60±1.14A 75.00±2.00A 19.16±1.17F 80.83±1.17A 23.38±0.38A 

G1 13.00±1.58D 60.00±1.58A 73.00±2.35AB 19.55±0.62F 80.44±0.62A 20.70±1.37A 

G2 25.40±4.28C 43.00±5.05B 68.40±2.70BC 38.50±0.62E 67.29±1.58B 12.31±1.09B 

G3 36.60±1.14B 18.20±1.78C 54.80±1.92F 53.59±0.52C 40.89±0.97E 6.86±0.51E 

G4 13.40±1.14D 61.76±1.05A 74.98±1.43A 19.37±0.47F 80.62±0.47A 19.15±0.09A 

G5 26.60±2.41C 41.62±0.60B 68.22±2.59BC 40.42±0.83DE 59.57±0.83C 11.44±0.41C 

G6 39.00±1.58B 17.80±0.97C 56.80±1.75EF 56.41±0.91B 43.58±0.91DE 5.71±0.27DE 

G7 13.80±1.92D 60.48±1.45A 74.28±2.89A 19.39±0.74F 80.60±0.74A 19.22±0.36A 

G8 27.00±1.58C 40.65±2.38B 67.65±3.86C 41.65±1.01D 58.35±1.01C 11.48±0.40C 

G9 39.00±2.24B 19.44±0.53C 58.44±2.16DEF 55.38±3.07BC 44.62±3.07D 5.86±0.46D 

Means that do not share a letter in column are significantly different (p<0.05). C= control, S= Placebo/Saline, G*= positive control, 

G1= low dose of C. cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High dose of C. cassia 

extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= medium dose of A. indica extract+TiO2-NPs, G6= High dose 

of A. indica extract+TiO2-NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. cassia + A. indica 

extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica extracts+TiO2-NPs. Low dose=100, medium=150, high=300mg/kg BW, 

TiO2-NPs@120mg/kgBW. 
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Table. 4.25 Mean (±SD) head, tail and comet length (µm), head and tail DNA (%) and tail moment (TM) of comets in testis tissues of 

Sprague Dawley rats among different groups in Phase II. 

Groups Head length  Tail length  Commet length  Head DNA Tail DNA TM 

C 65.80±2.28A 4.00±1.58E 69.80±2.59E 88.60±2.97A 11.40±2.97E 0.86±0.01F 

S 65.20±1.30A 3.00±1.22E 68.20±0.83E 85.60±1.81A 14.40±1.81E 0.83±0.01F 

G* 10.00±2.24G 74.00±2.65A 84.00±2.92A 18.00±1.58E 82.00±1.58A 21.22±0.90A 

G1 9.40±2.07G 72.65±1.67A 82.00±1.58A 15.40±1.51E 84.60±1.51A 20.97±0.21A 

G2 24.40±1.51E 48.20±3.24B 72.60±1.94B 28.00±2.83D 72.00±2.83B 15.53±1.45C 

G3 45.20±1.30C 18.60±1.14C 63.80±1.78C 58.00±1.87B 42.00±1.87D 6.94±0.12E 

G4 9.60±0.12G 70.54±1.05A 80.14±0.98A 16.36±0.24E 83.74±0.15A 20.43±1.47A 

G5 20.26±0.62F 49.29±1.31B 69.48±1.26B 24.86±0.70D 75.13±0.70B 15.79±0.24C 

G6 54.68±1.86B 19.08±1.13C 73.76±1.90C 57.48±1.61B 42.52±1.61D 7.42±0.60E 

G7 10.22±0.29G 71.42±0.69A 81.64±0.83A 17.36±0.45E 82.64±0.45A 17.99±0.47B 

G8 23.60±1.02EF 51.08±1.61B 74.69±1.94B 27.49±1.85D 72.33±2.06B 11.63±0.77D 

G9 40.83±2.27D 9.88±1.93C 50.74±3.74C 41.45±3.54C 58.55±3.54C 7.08±0.31E 

Means that do not share a letter in column are significantly different (p<0.05). C= control, S= Placebo/Saline, G*= positive control, 

G1= low dose of C. cassia extract+TiO2-NPs, G2= medium dose of C. cassia extract+TiO2-NPs, G3= High dose of C. cassia 

extract+TiO2-NPs,  G4= low dose of A. indica extract+TiO2-NPs, G5= medium dose of A. indica extract+TiO2-NPs, G6= High dose 

of A. indica extract+TiO2-NPs,  G7= low dose of C. cassia + A. indica extracts+TiO2-NPs, G8= medium dose of C. cassia + A. indica 

extracts+TiO2-NPs, G9= High dose of C. cassia + A. indica extracts+TiO2-NPs. Low dose=100, medium=150, high=300mg/kg BW, 

TiO2-NPs@120mg/kgBW.  
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4.10.9 Histology of Brain 

Figure 4.11shows the histology of brain tissues (A&B) in negative control group 

having normal glial cell (GC) and neuronal cell (NC). Positive control group (C-F) 

exposed to TiO2-NPs @120mg/kg BW shows spongiocyte proliferation (SP), axonal 

dystrophy (AD), poliomyelitis (PM) and hemorrhage (H) in male Sprague Dawley rats. 

Figure 4.12 shows the histology of the brain tissues orally treated with different 

concentrations of C. cassia and intraperitoneal injection of TiO2-NPs @ 120mg/kg BW in 

male Sprague Dawley rats (G1-G3). G1 group C. cassia @ 100 mg/kg BW (E&F) shows 

histological alteration such as oligodendroglia (OD) and subdural hematoma (SH). G2 

group C. cassia @ 150 mg/kg BW (G&H) represents malignant schwannoma (MS) and 

pyramedial neurons (PN) alterations. G3 group C. cassia @ 300 mg/kg BW (I&J) shows 

acute purulent meningitis (APM) and infarction in glial cell (I). Figure 4.13 shows the 

histology of brain tissues of male Sprague Dawley rats orally treated with different doses 

of A. indica alongwith intraperitoneal injection of TiO2-NPs @120mg/kg BW. G4 group 

(E&F) treated with A. indica @100mg/kg BW shows severe histological alterations such 

as spongiocyte proliferation (SP) and neuroblastoma (NB). G5 group treated with A. 

indica @ 150mg/kg BW (G&H) presents moderate histological alterations like secondry 

carcinoms (SC) and astrocytoma (AS). G3 group treated with A. indica @300 mg/kg BW 

(I&J) shows calcification (C) and external oedema (EO). Figure 4.14 shows the histology 

of the brain tissues of male Sprague Dawley rats orally treated with different doses of C. 

cassia plus A. indica  along with TiO2-NPs @120 mg/kg BW. G7 group treated with C. 

cassia plus A. indica @100mg/kg BW (E&F) shows severe histological alteration such as 

astrocytoma (AS) and meningioma (M). G8 group treated with C. cassia plus A. indica 

@150mg/kg BW (G&H) presents intracytoplasmic inclusion (IP) and sluggish area (S). 

G9 group treated with C. cassia plus A. indica @300mg/kg BW (I&J) shows mild 

histological alterations like internal oedema (IO) and fat embolism (FE). 
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Figure 4.11 Photomicrograph (H&E; X400) of the Brain tissues in negative control group 

(A&B) showing normal glial cell (GC) and neuronal cell (NC). Positive control group (C-

F) exposed to TiO2-NPs @120mg/kg BW shows spongiocyte proliferation (SP), axonal 

dystrophy (AD), poliomyelitis (PM) and hemorrhage (H) in male Sprague Dawley rats. 
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Figure 4.12 Photomicrograph (H&E; X400) of the brain tissues orally treated with different doses of C. cassia and intraperitoneal 

injection of TiO2-NPs @ 120mg/kg BW in male Sprague Dawley rats (G1-G3). G1 group C. cassia @ 100 mg/kg BW (E&F) shows 

histological alteration like oligodendroglia (OD) and subdural hematoma (SH). G2 group C. cassia @ 150 mg/kg BW (G&H) 

represents malignant schwannoma (MS) and pyramedial neurons (PN) alterations. G3 group C. cassia @ 300 mg/kg BW (I&J) shows 

acute purulent meningitis (APM) and infarction in glial cell (I). 
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Figure 4.13 Photomicrograph (H&E; X400) of the brain tissues of male Sprague Dawley rats orally treated with different doses of A. 

indica alongwith intraperitoneal injection of TiO2-NPs @120mg/kg BW. G4 group (E&F) treated with A. indica @100mg/kg BW 

shows severe histological alteration like Spongiocyte proliferation (SP) and Neuroblastoma (NB). G5 group treated with A. indica @ 

150mg/kg BW (G&H) presents moderate histological alterations like secondry carcinoms (SC) and astrocytoma (AS). G3 group 

treated with A. indica @300mg/kg BW (I&J) shows calcification (C) and external oedema (EO). 
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Figure 4.14 Photomicrograph (H&E; X400) of the brain tissues of male Sprague Dawley rats orally treated with different doses of C. 

cassia plus A. indica  along with TiO2-NPs @120 mg/kg BW. G7 group treated with C. cassia plus A. indica @100mg/kg BW (E&F) 

shows severe histological alteration such as astrocytoma (AS) and meningioma (M). G8 group treated with C. cassia plus A. indica 

@150mg/kg BW (G&H) presents intracytoplasmic inclusion (IP) and sluggish area (S). G9 group treated with C. cassia plus A. indica 

@300mg/kg BW (I&J) shows mild histological alterations like internal oedema (IO) and fat embolism (FE). 
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4.10.10 Histology of testis of male Sprague Dawley Rats 

Figure 4.15 shows the normal histology of the testicular tissues in negative 

control group (A&B) with sertoli cell (SC) and seminiferous tubules (ST), whereas 

testicular tissues of Sprague Dawley rat in positive control group treated with TiO2-NPs 

@120mg/kg BW (C-H) showed severe histological alterations like benign hyperplasia 

(BH), squamous metaplasia (SM), and Teratoma (T), Disrupstion of  basement membrane 

(DM) and Spongicyte (S).  

Figure 4.16 shows the histology of the testicular tissue of Sprague Dawley rat 

orally treated with different doses of C. cassia alongwith intraperitoneal injection of 

TiO2-NPs @ 120mg/kg BW in Phase II. G1 group treated with C. cassia @100mg/kg 

BW (E&F) shows severe histological alteration such as astrocytoma (AS) and torsion (T). 

G2 group treated with C. cassia @ 150mg/kg BW (G&H) shows intracytoplasmic 

inclusion (I) and proliferated epithelial cell (PEC). G3 group treated with C. cassia 

@300mg/kg BW (I&J) shows congestion (C) and cryptorchidism (CR). Figure 4.17 

shows the histology of the testicular tissues of Sprague Dawley rat orally treated with 

different doses of A. indica along with intraperitoneal injection of TiO2-NPs @120mg/kg 

BW. G4 group treated with A.  indica @100mg/kg BW (E&F) shows severe histological 

alteration such as intraduct carcinoma (IC) and sac tumors (ST). G5 group (G&H) treated 

with A.  indica @ 150mg/kg BW shows lymphoplasmacytoid (LYM) and  granulomatous 

orchitis (GO). G6 group treated with A. indica @ 300mg/kg BW (I&J) shows primary 

symphilitic chancre (PSC) and lymphoma (LYM). 

Figure 4.18 shows the histology of the testicular tissues of Sprague Dawley rat 

orally treated with different doses of C. cassia plus A. indica extract along with 

intraperitoneal injection of TiO2-NPs. G7 group treated with C. cassia plus A. indica 

@100mg/kg BW (E&F) shows histological alteration such as intraduct carcinoma (IC) 

and sac tumor (ST). G8 group treated with C. cassia plus A. indica @150mg/kg BW 

(G&H) shows tubule destruction (TD) and irregular sertoli cell (ISC). G9 group treated 

with C. cassia plus A. indica @ 300mg/kg (I&J) shows tubules damage (TD) and 

lymphoma (L). 
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Figure 4.15 Photomicrograph (H&E; X400) of the testicular tissues in negative control group (A&B) showing normal histology with 

sertoli cell (SC) and seminiferous tubules (ST), whereas the testicular tissues of Sprague Dawley rat in positive control group treated 

with TiO2-NPs @120mg/kg BW (C-H) showed severe histological alterations like benign hyperplasia (BH), squamous metaplasia 

(SM), and teratoma (T), disrupstion of  basement membrane (DM) and spongicyte (S).   

 



100 
 

 

Figure 4.16 Photomicrograph (H&E; X400) of the testicular tissue of Sprague Dawley rat orally treated with different doses of C. 

cassia alongwith intraperitoneal injection of TiO2-NPs @ 120mg/kg BW in Phase II. G1 group treated with C. cassia @100mg/kg 

BW (E&F) shows severe histological alteration such as astrocytoma (AS) and Torsion (T). G2 group treated with C. cassia @ 

150mg/kg BW (G&H) shows intracytoplasmic inclusion (I) & proliferated epithelial cell (PEC). G3 group treated with C. cassia 

@300mg/kg BW (I&J) shows congestion (C) and cryptorchidism (CR). 
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Figure 4.17 Photomicrograph (H&E; X400) of the testicular tissues of Sprague Dawley rat orally treated with different doses of A. 

indica along with intraperitoneal injection of TiO2-NPs @120mg/kg BW in Phase II. G4 group treated with A. indica @100mg/kg BW 

(E&F) shows severe histological alteration such as intraduct carcinoma (IC) and sac tumors (ST). G5 group (G&H) treated with A.  

indica @ 150mg/kg BW shows lymphoplasmacytoid (LYM) and  granulomatous orchitis (GO). G6 group treated with A. indica @ 

300mg/kg BW (I&J) shows primary symphilitic chancre (PSC) and lymphoma (LYM). 
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Figure 4.18 Photomicrograph (H&E; X400) of the testicular tissues of Sprague Dawley rat orally treated with different doses of C. 

cassia plus A. indica extract along with intraperitoneal injection of TiO2-NPs in Phase II. G7 group treated with C. cassia plus A. 

indica @100mg/kg BW (E&F) shows histological alteration such as intraduct carcinoma (IC) and sac tumor (ST). G8 group treated 

with C. cassia plus A. indica @150mg/kg BW (G&H) shows tubule destruction (TD) and irregular sertoli cell (ISC). G9 group treated 

with C. cassia plus A. indica @ 300mg/kg (I&J) shows tubules damage (TD) and lymphoma (L). 
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Chapter 5 

DISCUSSION 

 The present study evaluated TiO2-NPs induced toxicity and the remedial 

potential of Azadirachta indica and Cinnamomum cassia extract in Male Sprague 

Dawley rats.  

Phase l   

 In the current study, the TiO2-NPs were characterized by (XRD) and (SEM) 

techniques. In this study, XRD measured the size of nanoparticles as 25-55nm, which 

is supported by the previous studies (Sarathi & thilagavathi, 2009; El-Shafai et al., 

2018; Shakeel et al., 2018), who measured the similar range (25-55nm) of TiO2- NPs. 

In this study, SEM results demonstrated the spherical morphology of TiO2- NPs, 

which is concordance with the studies of Spada et al. (2017), El-Shafai et al. (2018) 

and Shakeel et al. (2018), who found the spherical morphology of TiO2- NPs. 

Body weight and Somatic Index 

In the current study, intraperitoneal administration of TiO2-NPs @ 80 (G1) or 

120 (G2) or 160 mg/kg BW (G3) for 28 days resulted in the reduction of the body 

weight of male Sprague Dawley rats in a time and dose dependent pattern. Current 

findings are in line with the study of Morgan et al., 2015, who described body weight 

and testis weight decreased @ 100 mg/kg BW TiO2-NPs for 4 weeks. Present results 

are also reinforced by the study of Silva et al., 2017, who found significant reduction 

in the body weight and increase in the somatic index of spleen after intravenous 

injection TiO2-NPs. However, present results are in contrast with the study of 

Fartkhooni et al., 2016, who found non-significant effect in the body weight and 

significant increase in somatic index of kidney @ 30, 50 and 70 mg/kg BW (TiO2-

NPs) for 21 days. 

Hematological parameters 

Blood parameter such as WBC, MCH, RDWc, PLT, MPV, RBC, LMY, MID, GRA, 

HGB, HCT, MCV, MCHC, PCT and PDWc were observed. Current findings revealed 

significant increase in the WBC, MCH, RDWc, PLT, MPV, PDWc, while significant 

decrease in RBC, LMY, MID, GRA, HGB, HCT, MCV, MCHC and PCT. Present 
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findings are in line with the study of Duan et al., 2010, who reported significant 

decrease in RBC, HGB, MCHC, and PCT blood levels @ 125, 250 mg/kg BW for 30 

uninterrupted days. Current findings are also in covenant with the study of Shakeel et 

al., 2016, who observed WBC, LYM, PLT and MCH increased after subcutaneous 

injections of TiO2-NPs. Current conclusions are in contrast with the study of El-

sheikh et al., 2016, who observed WBC reduced in albino rats treated orally with 

TiO2-NPs for 12 weeks.  

Testosterone level 

 In the current study, the effect of TiO2-NPs on the testosterone level of male 

Sprague Dawley rats was observed. Current results revealed that intraperitoneal 

administration of TiO2-NPs induced significant reduction of testosterone level in a 

dose dependent manner. Present findings are in line with previous studies (Fartkhooni 

et al., 2013; Dehghani et al., 2014; Morgan et al., 2015), who found significant 

reduction in testosterone level in TiO2-NPs treated groups. Present results are also 

supported by the study of Elnagar et al., 2018, who found significant reduction in 

testosterone level after the administration of TiO2-NPs. The present findings are 

contrary to the findings of Tassanari et al., 2013, who found non- significant effect of 

TiO2-NPs on testosterone level in Sprague Dawley rats. 

Acetylcholine esterase activity 

 In the current study, (AChE) activity in brain was evaluated. Current findings 

revealed a significant reduction in Acetylcholine esterase activity in brain tissues. 

Present findings are in line with earlier studies (Ma et al. 2010; Ahmad et al., 2015), 

who found that AChE decreased with accumulative dose of TiO2-NPs. Contemporary 

findings are also supported by the study of Grissa et al., 2016, who found reduction in 

acetylcholine esterase activity in the brain after intragastric exposure of TiO2-NPs for 

60 days in male Wistar rats.  

Sperm Count 

 In the current study, sperm counts in testis were also evaluated. Current 

finding showed reduction in sperm in high dose treated group of TiO2-NPs. 

Contemporary findings are supported by study of Orazizadeh et al., 2014, who found 

significant reduction in sperm count after intraperitoneal administration of TiO2-NPs 
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@ 300mg/kg BW for 35 days in mice. Present findings are also in line with previous 

study of Miura et al., 2014 who found significant reduction in daily sperm count. 

Current findings are also supported by Cao et al., 2015, who found significant 

reduction in daily sperm count after intratracheal administration of TiO2-NPs @ 24 

mg/kg BW in Sprague Dawley rats. Current results are also reinforced by another 

study of Meena et al., 2015 who found significant reduction in daily sperm count after 

intraperitoneal administration of TiO2-NPs @ 50mg/kg BW for 4 weeks in male 

Wistar rats. 

 Current study is contrary to the study of Jia et al., 2015, who found non- 

significant effect on daily sperm count after oral administration of TiO2-NPs @ 42 

mg/kg BW for 11 days. Present results are also in contrast with the study of Lauvas et 

al., 2017, who found non-significant effect in daily sperm count after intratracheally 

administration of TiO2-NPs @ 63µg once per week for 7 consecutive days. Contrary 

findings could be due to the difference in dose, duration and mode of treatment.  

Biodistribution of Titanium 

 In the current study, concentration of titanium in the brain and testis was 

assessed. Current findings showed significant increase in concentration of titanium in 

brain and testis in high dose treated group of TiO2-NPs.  Present findings are in line 

with the study of Meena et al., 2015, who reported significant increase in titanium 

content in testes after exposure of TiO2-NPs @ 50mg/kg BW for 4 weeks. Current 

findings are also supported by another work of Vasantharaja and Ramalingam, 2018, 

who found significant accumulation of titanium in brain after oral guavage of TiO2-

NPS @ 100mg/kg BW for 14days in male albino rats. 

Cell Viability 

 Cell viability of brain and testis was evaluated. Current findings showed cell 

viability in brain and testis reduced at high dose treated group of TiO2-NPs. Present 

conclusions are in covenant with the study of Murk and Chang. 2015, who found 

significant reduction in cell viability of brain in rats treated with TiO2-NPs. Present 

results are also concordance with the study of Morgan et al., 2015, who found 

significant reduction in cell viability in testes after oral administration of TiO2-NPs @ 

100 mg/kg BW for 4 weeks.  
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DNA Damage 

 Current findings showed significant decrease in Head DNA (%) and 

significant increase in tail length, commet length, tail DNA (%) and tail moment in 

brain and testis at high dose treated group of TiO2-NPs. Present findings are in good 

covenant with the study of Dobrzynska et al., 2014, who found significant increase in 

tail moment and tail DNA (%) in bone marrow in albino rats. Current findings are in 

line with the study of Intissar et al., 2015, who found significant increase in DNA 

damage in term of tail moment in bone marrow after exposure of TiO2-NPs @ 100 

and 200 mg/kg BW in male Wistar rats. Present results are also concordance with the 

study of Elnagar et al., 2018, who found significant increase in percentage (%) of tail 

nuclei, tail length, tail DNA (%) and tail moment in testes. Current findings are also 

supported by the study of Mohamed and Hussien (2013).  

Histology 

 In the current study, histological alterations in the tissues of brain and testis of 

male Sprague Dawley rats were observed. Current findings showed significant 

histological alterations such as spongiocyte proliferation, damaged pyramidal cells, 

external edema, axonal dystrophy and hemorrhage in brain and vacuolation, external 

and internal odema, inflammatory cell infiltration, hyperplasia and irregular 

arrangement of sertoli cell were observed in testis of male Sprague Dawley rats after 

the administration of  TiO2-NPs. Current findings are in line with the previous studies 

(Zhao et al., 2013; Meena et al., 2015), who found that exposure of TiO2-NPs to male 

Wistar rats induced histological alteration such as vacuolation, disorganized and 

disrupted seminiferous tubules with inflammation, reduction in the number of 

spermatogonia and sertoli cells, apoptosis and necrosis. Present results are 

concordance with the finding of Morgan et al., 2015, who observed that testes of male 

rats treated with TiO2-NPs @100mg/kg BW exhibited severe pathological changes 

including edema, sloughing of germinal epithelium, congestion, hyperplasia and 

necrosis of the seminiferous tubules. Present findings are supported by the study of 

Bakere et al., 2016 who observed histological alteration in testis such as congestion in 

seminiferous tubules, elongate spermatids, moderate amount of spermatocytes, 

irregular outline, congestion of testicular blood vessels and interstitial odema in testis 

after intraperitoneal administration of TiO2-NPs @ 9.38, 37.50mg/kg and 150mg/kg 
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BW for 10 weeks. Current findings are supported by the study of Muhamod and 

Hussien 2016 who observed histological alteration such as vacuolation, extra and intra 

cellular odema in brain after exposure of TiO2-NPs @ 500mg/kg BW for 5days. 

Present findings are supported by study of Badaway et al., 2016 who observed 

vascular congestion, vaculation and severe cellular infiltration in brain of albino rats 

after exposure of TiO2-NPs @ 100mg/kg BW for 24 hours. Present findings are in 

good agreement with the study of Jia et al., 2017 who observed histological alteration 

after oral administration of TiO2-NPs @ 50, 150 and 100mg/kg BW for 14 days in 

mice. Moreover, Current findings are also supported by the study of Vasantharaja and 

Ramalingam., 2018 who observed histological alteration such as calcification 

deposition in neurocyte, ependyma proliferation, congestion and oedema in meninges 

covering the cerebellum, axonal dystrophy and hemorrhage in the medulla oblongata 

in brain after oral administration of TiO2-NPs @ 50 and 100mg/kg BW for 14 days in 

male albino rats.  

Phase II 

Phytochemical Analysis  

In the current study, phytochemical analysis of C. cassia and A. indica was 

carried out. Current findings showed a significant difference in the quantitative 

analysis of selected  secondary metabolites (alkaloids, flavonoids, saponins, tannins 

and total phenols) in C. cassia and A. indica (p<0.05). C. cassia contained 

significantly less (p<0.05) amount of alkaloids, flavonoids, saponins and total phenols 

as compared to A. indica. Whereas, concentration of tannins were higher in C. cassia 

as compared to A. indica (p<0.05). Present results are in line with the previous studies 

(Raphael, 2012; Harry-Asobara et al., 2014; Shu and Kabiru 2015; Sinaga et al., 2016; 

Madaki et al., 2016; Dash et al., 2017; Ramadas & Subramanian, 2018), who found 

more alkaloids and tannins in A. indica. Present results are also supported by the study 

of Singh et al. (2015) and Airaodion et al. (2019), who found appreciable amount of 

saponins and flavonoids in A. indica.  In the current study, C. cassia contained 

significant amount of Tannins. Present findings are also supported by the studies of 

Kumar et al. (2019) and Radhika et al. (2019), who found more Tannin in C. cassia. 

Current results are also in good agreement with the study of Ervina et al. (2015) and 
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Husain et al. (2018), who found lesser amount of flavonoids and saponins in C. 

cassia. 

Proximate Analysis  

In the current study, the proximate analysis of A. indica and C. cassia was 

carried out. Presents findings showed that A. indica contained significant amount of 

moisture (10.2 %) and carbohydrates (82.41 %) with lesser amount of ash (2.85%), 

lipids (2.62%) and crude protein (1.92%). Present results are in line with the previous 

studies (Khan et al., 2013; Madaki et al., 2016; Aborisade et al., 2017; Otache et al., 

2017), who found more moisture and carbohydrates in A. indica. In the current study, 

C. cassia also contained significant amount of moisture (4.8 %) and carbohydrates 

(85.2 %) with lesser amount of lipids (4.1%) and crude protein (3.7%) and ash 

(2.2%). Present findings are concordance with the studies of Achi et al. (2017), 

Mahmood et al. (2018) and Sontakke et al. (2018), who found more moisture and 

carbohydrates in C. cassia. 

Mineral Analysis 

In the current study, the mineral/electrolytes analysis (Sodium, Potassium and 

Calcium) of Azadirachta indica and Cinnamomum cassia was carried out. Present 

finding showed that Azadirachta indica and Cinnamomum cassia contained 

significant amount of potassium, sodium and calcium. Present results are in line with 

the study of Mahaney et al. (2016) and Sontakke et al. (2018), who found significant 

amount of potassium, spdium and calcium in A. indica and C. cassia. 

Body weight and Somatic Index 

 In the current study, the effect of C. cassia or A. indica or its combine 

administration at high dose induced protective effect against TiO2-NPs in male 

Sprague Dawley rats. Current results showed significant reduction in body weight and 

sometic index of brain and testis in positive control group (TiO2-NPs) that was 

ameliorated at high dose of A. indica by improving the body weight and sometic 

index of brain and testis. Present findings are supported by previous study of Akinola 

et al., 2011, who found significant increase in body weight and somatic index of 

kidney after oral administration of A. indica @ 350 or 500 mg/kg BW in Wistar rats. 

Current findings are in line with the study of Bamidele et al., 2013, who found 
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significant increase in the body weight and somatic index of brain after oral 

administration A. indica @ 200mg/kg BW for 14 days caused in Wistar rats. Current 

findings are in agreement with the study of Bedri et al., 2013, who found that after 

oral administration of A. indica @ 300, 500, or 1000 mg/kg BW for 5 days in P. 

berghei infected mice induced ameliorative effect by improving the body weight and 

somatic index of brain in mice. Current results are in good agreement with the study 

of Ndodo et al., 2013 who found significant increase in the body weight after 

administration of A. indica in Wistar rats. Present finding are also supported by study 

of Achi et al., 2018, who found ameliorative effect of A. indica after oral 

administration @ 300 and 500 mg/kg BW for 5 days on body weight against 

lumartem that induced significant reduction in body weight in male Wistar rats. 

However, present findings are in contrast with the study of Morovati et al., 2017, who 

found non-significant effect on body weight and somatic index of testes after 

exposure of A. indica @ 5, 15 and 25 mg/kg BW in male Wistar rats. Current findings 

are in contrast with the study of Aigbiremolen et al., 2018, who found non-significant 

effect on body weight after oral administration of A. indica @ 200mg/kg for 28 days 

in Wistar rats.  

 In the current study, body weight and sometic index of brain and testis were 

significantly reduced in positive control group (TiO2-NPs) that was ameliorated at 

high dose of C. cassia by improving the body weight and sometic index of brain and 

testis. Current findings are in line with the study of Yuce et al., 2013 who found 

ameliorative effect of C. cassia after oral exposure @ 100 & 200 mg/kg BW in male 

Wistar rats against Cu-NPs that induced reduction in body weight of rats. Current 

findings are supported by the study of Ahmad et al., 2014, who found ameliorative 

effect of C. cassia after oral exposure @ 0.1, 0.5 and 2.0g/kg on body weight in 

albino rats against TiO2-NPs that induced significant reduction in body weight. 

Current findings are also in good agreement with the study Morgan et al., 2014, who 

found ameliorative effect of C. cassia after oral exposure of 200mg/kg BW on body 

weight and somatic index of kidney, brain and testes in male albino rats against 

bisphenol and octylphenol that induced significant reduction in body weight and 

somatic index of kidney, brain and testes. Present findings are also supported by the 

study of Sariözkan et al., 2016, who found ameliorative effect of C. cassia after oral 

exposure @ 100mg/kg BW for 10 weeks on body weight and somatic index of testes 
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in male Wistar rats against taxanes that induced significant reduction in the body 

weight and somatic index of testes. Present findings are in line with the study of 

Ghonim et al., 2017, who found ameliorative effect of C. cassia after oral exposure @ 

200mg/kg BW for 8 weeks on body weight and somatic index of kidney and liver in 

male Wistar rats against Cadmium induced reduction in the body weight and somatic 

index of kidney and liver. Present findings are also supported by the study of Shakeel 

et al., 2018, who found ameliorative effect of C. cassia after oral exposure @ 200 

mg/kg BW for 28 days on body weight and liver pathology in albino rats against 

TiO2-NPs that induced significant reduction in the body weight and ameliorate liver 

pathology. Present finding are also in good agreement with study of Kouame et al., 

2018 who found ameliorative effect of C. cassia after oral exposure @ 50, 100 & 150 

mg/kg BW for 8 weeks on body weight in Sprague Dawley ratss against AgNPs that 

induced significant reduction in body weight. Present findings are in line with the 

study of Sathya and Sakthi, 2019, who found ameliorative effect of C. cassia after 

oral exposure @ 200 mg/kg BW for 90days on body weight and somatic index of tests 

in male albino rats against Cadmium chloride and silver nanoparticles that induced 

significant reduction in body weight and somatic index of testes in male albino rats. 

 Co-administration of C. cassia plus A. indica at high dose induced protective 

effect against TiO2-NPs in Male Sparague Dawley rats. Current findings showed 

significant reduction in body weight and somatic index of brain and testes in positive 

control group (TiO2-NPs) while Co- administration of C. cassia plus A. indica 

induced protective effect by improving the body weight and somatic index of brain 

and testes in Male Sparague Dawley rats. Current results are in good agreement with 

the previous study of Albasha et al., 2014 who studied the ameliorative effect of co-

administration of fenugreek seeds and cinnamon after oral administration @ 150, 200 

& 220 mg/kg BW on body weight and histological alteration in guinea pigs against 

cadmium that induced significant reduction in body weight. Present findings are also 

supported by the study of Raoof et al., 2017 who found ameliorative effect of 

combined administration of Green Coffee, Cinnamon and Ginger after oral exposure 

@ 200 mg/kg BW for 4weeks on body weight and blood glucose in Male Sprague 

Dawley rats against hyperlipidemic diet that induced significant reduction in body 

weight. Present findings are in line with the study of Osonwa et al., 2017, who found 

ameliorative effect of combined administration of A. indica and O. gratissimum after 
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oral exposure @ 24 mg/kg BW for 7 days on body weight against quinine that 

induced significant reduction in body weight in male Swiss albino mice.  Present 

findings are also supported by the study of Mohamed et al., 2019, who found 

ameliorative effect of combined administration of Cinnamon and Ginger after oral 

exposure @ 18 mg/kg BW for 90 days on body weight against diazinon that induced 

significant reduction in body weight in male Sprague Dawley rats. Present findings 

are in good agreement with previous study of El-Ghawet et al., 2019 who found 

ameliorative effect of combined administration of Cinnamon and Ginger after oral 

exposure @ 200 mg/kg BW for 14 days on body weight and biochemical parameters 

against streptozotocin induced reduction in body weight in female albino rats. 

Blood Parameters 

 In the current study, the effect of C. cassia or A. indica or its combine 

administration at high dose induced protective effect in the regularization of blood 

profile such as WBC, MCH, RDWc, PLT, MPV, RBC, LMY, MID, GRA, HGB, 

HCT, MCV, MCHC, PCT, PDWc. In the current study, blood parameters such as 

WBC, MCH, PLT, MPV and PDWc were significantly increased, while RBC, LMY, 

MID, GRA, HGB, HCT, MCV, MCHC and PCT were significantly reduced in the 

positive control group (TiO2-NPs treated) that were significantly ameliorated by the 

high dose of A. indica. Present findings are supported by the study of Lyare et al., 

2014, who found ameliorative effect of A. indica after oral administration @ 200, 400 

& 600 mg/kg BW for 21days on RBC and PCV against streptmecine induced 

reduction in RBC and PCV in female rats. Current findings are in line with the work 

of Achi et al., 2018 who found ameliorative effect of A. indica after oral 

administration @ 300 & 500 mg/kg BW for 5 days on WBC and PLT against 

lumartem that induced significant increase in WBC and PLT in Male Wistar rats.  

 In the current study, blood parameters such as WBC, MCH, PLT, MPV, 

PDWc were significantly increased, while RBC, LMY, MID, GRA, HGB, HCT, 

MCV, MCHC and PCT were significantly reduced in the positive control group 

(TiO2-NPs) that were significantly ameliorated by the high dose of C. cassia. Present 

findings are supported by the study of Ghonim et al., 2017, who found ameliorative 

effect of C. cassia after oral administration @ 200 mg/kg BW for 5 days on RBC, 

PCT and LMY against Cadmium that induced significant reduction in RBC, PCT and 
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LMY in Male Wistar rats. Current findings are concordance with the study of Longe 

and Momoh, 2017, who found ameliorative effect of C. cassia after oral 

administration @ 100 and 250 mg/kg BW for 14 days on WBC, RDW, MPV and 

PDWc against alloxan that induced significant increase in WBC, RDW, MPV and 

PDWc in male albino rat. Present results are also in agreement with the study of 

Qureshi et al., 2019, who found ameliorative effect of C. cassia after oral 

administration @ 0.01 and 0.02 g/kg BW for 49 days on WBC and MCH against 

Getformin that induced significant increase in WBC and MCH in female albino rat. 

Present findings are in line with the study of Abdeen et al., 2019, who found 

ameliorative effect of C. cassia after oral administration @ 200 and 400 mg/kg BW 

for 15 days on RBC, MCV, HGB and MCHC against acetaminophen that induced 

significant reduction in RBC, MCV, HGB and MCHC in male Wistar rats. 

 Co-administration of C. cassia plus A. indica at high dose induced protective 

effect against TiO2-NPs induced hematological alterations in Male Sparague Dawley 

rats. Current results are in agreement with the study of Atangwho et al., 2010, who 

found ameliorative effect of combined leaf extracts of A. indica and V. amygdalina 

after oral administration @ 200mg/kg BW for 21 days on blood glucose and 

biochemical parameters against chlorpropamide that induced significant increase in 

WBC and PLT and PCT in Wistar rat.  Present findings are also supported by the 

study of Albasha et al., 2010, who found ameliorative effect of combined extracts of 

fenugreek seeds, rosemary, and cinnamon after oral administration @ 200mg/kg BW 

for 28 days on blood parameter and histology of liver against CdCl2 induced reduction 

in RBC, GRA, MCV and PDWs in male guinea pigs. Current findings are also in line 

with the study of Osonwa et al., 2010, who found ameliorative effect of combined 

extracts of A. indica and Ocimum gratissimum after oral administration @ 12 and 

24mg/kg BW for 4 days on blood parameter such as PLT and Hb against quinine that 

induced significant increase in PLT in male Swiss albino mice. 

Serum Testosterone 

 In the current study, the effect of C. cassia or A. indica or its combine 

administration at high dose induced protective effect on testosterone level. In the 

current study, testosterone level was significantly reduced in positive control group 

(TiO2-NPs treated) that were ameliorated by high dose of A. indica. Current results 
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are in line with previous study of Azekhumen et al., 2017, who found ameliorative 

effect of A. indica after oral administration @ 100, 200 & 400 mg/kg BW for 15 days 

on testosterone level against gallic acid that induced significant decrease in 

testosterone level in male Wistar rats. Present findings are contrary to the findings of 

Ekaluo et al., 2010, who found ameliorative effect of A. indica after oral 

administration @ 50 or 100 or 150 mg/kg BW for 15 days on testosterone level 

against chlorpyphos that induced significant increase in the testosterone level in male 

albino rats. 

 In the current study, testosterone level was reduced in positive control group 

(TiO2-NPs treated), while ameliorated by C. cassia at high dose. Present findings are 

supported by the study of Al-Khamas et al., 2017, who found ameliorative effect of C. 

cassia after oral administration @ 500mg/kg BW for 6 weeks on testosterone level 

against alloxan that induced significant decrease in testosterone level in male albino 

rats.  Current findings are also in good agreement with study of Sariozkan et al., 2016 

who found ameliorative effect of C. cassia after oral administration @ 100 mg/kg BW 

for 10 weeks on testosterone level against taxanes that induced significant decrease in 

testosterone level in male albino rats. Present results are also supported by Sathya and 

Sakthi, 2019, who found ameliorative effect of C. cassia after oral administration @ 

200 mg/kg BW for 45 days on testosterone level. Current results are also in agreement 

with study of Rosmin et al. (2019), who found ameliorative effect of C. cassia after 

oral administration @ 1, 3, 5g/100g BW for 90 days on testosterone level against 

alloxan induced decrease in testosterone level in fish. Present finding are also 

supported by the study of Al-Shawabkeh and Al Jamal, 2019 who found ameliorative 

effect of C. cassia after oral administration @ 80mg/kg BW for 28 days on 

testosterone level, sperm count and sperm morphology against alloxan induced 

decrease in testosterone level in male Wistar rats. 

 Co-administration of C. cassia plus A. indica at high dose induced protective 

effect against TiO2-NPs induced toxicity in male Sparague Dawley rats. In the current 

study, testosterone level reduced by TiO2-NPs was ameliorated by the co-

administration of C. cassia plus A. indica at high dose. Present findings are supported 

by the study of Khaki et al., 2014, who found ameliorative effect of combined extracts 

of Ginger and Cinnamon after oral administration @100 mg/kg BW for 56 days on 

testosterone level against streptozotocin that induced significant decrease in 
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testosterone level in male Wistar rats. Current findings are in good agreement with the 

study of Akinwande et al., 2018, who found ameliorative effect of combined extracts 

of Camellia sinensis and C. cassia after oral administration @ 360 mg/kg BW for 

three weeks on biochemical parameters and testosterone level against Chlorpyrifos 

that induced significant decrease in testosterone level in male Wistar rat. 

Sperm Count 

 In the current study, the effect of C. cassia plus A. indica and its combine 

administration at high dose induced protective effect on sperm count against TiO2-

NPs induced toxicity. Current findings are in line with the study of Goswami et al., 

2013, who found ameliorative effect of C. cassia after oral administration @ 2g/kg 

BW for 14 days on sperm count and sperm mortality against Tween-20 that induced 

significant decrease in sperm count in male Wistar rats. Present findings are supported 

by the study of AL-Khamas et al., 2017, who found ameliorative effect of C. cassia 

after oral administration @ 500mg/kg BW for 6 weeks on sperm count and histology 

of testes against alloxan induced significant decrease in sperm count in male albino 

rats. Current results are supported by Al-Shawabkeh and Al-Jamal (2019), who found 

ameliorative effect of C. cassia after oral administration @ 80mg/kg BW for 28 days 

on testosterone level, sperm count and sperm morphology against alloxan induced 

decrease in sperm count in male Wistar rats. Current findings are in agreement with 

the study of Shah et al., 2010, who found ameliorative effect of combined extract of 

C. zeylanicum and Piper longum after oral administration @ 0.5, 1.0 and 3 g/kg BW 

for 90 days on hematological and spermatogenic changes against alloxan induced 

decrease in sperm count in Swiss albino mice. Present results are also supported by 

Khaki et al., 2014, who found ameliorative effect of combined extracts of Ginger and 

Cinnamon after oral administration @ 100mg/kg BW for 56 days on testosterone, 

total anti-oxidant capacity and sperm count against streptozotocin that induced 

significant decrease in sperm count in male Wistar rats. Current findings are 

concordance with the study of Akinwande et al., 2018, who found ameliorative effect 

of combined extract of Camellia sinensis and C. cassia after oral administration @ 

360 mg/kg BW for 3 weeks on testosterone level and sperm count against 

chlorpyrifos that induced significant decrease in daily sperm count in male Wistar 

rats. 
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Biodistribution of Titanium 

 In the current study, the effect of C. cassia or A. indica or its combine 

administration at high dose induced protective effect on titanium biodistribution. In 

the current study, concentration of Ti was significantly increased in the brain and 

testes tissues in positive control group (TiO2-NPs), while in treated groups C. cassia 

or A. indica or its combine administration at high dose was able to quench Ti from the 

selected tissues of rats. Present finding are in agreement with the study of Koul et al., 

2014, who found ameliorative effect of A. indica after oral administration @ 50 or 

100 or 150 mg/kg BW for 15 days on biodistibution of Ti against titanium dioxide 

induced increase of titanium in testes of male balb mice. Present findings are in line 

with the study of Shakeel et al., 2018, who found ameliorative effect of C. cassia after 

oral administration @ 50 or 100 or 150 mg/kg BW for 28 days on biodistibution 

against titanium dioxide that induced significant increase of titanium in liver and 

kidney in male albino rats. 

Genotoxicity 

 In the current study, the effect of C. cassia or A. indica or its combine 

administration at high dose induced protective effect on genotoxicity caused by TiO2-

NPs. In the current study, head length and head DNA (%) was decreased, while tail 

length, tail DNA (%) and commet length and tail moment was increased in the brain 

and testes tissues in positive control group (TiO2-NPs treated). Present findings are 

supported by the study of Akaneme et al., 2012, who found ameliorative effect of A. 

indica after oral administration @ 200 mg/kg BW for 28 days on DNA damage 

against sodium fluoride induced significant increase in length of commet in testes 

tissues of male Wistar rats. Present findings are supported by the study of Oyagbemi 

et al., 2017, who found ameliorative effect of A. indica after oral administration @ 

100 or 200 mg/kg BW for 7 days on DNA damage against arsenic acid induced 

significant increase of tail length, tail DNA(%) and commet length in testes in male 

albino rats. Present finding are in agreement with study of Salman et al., 2012, who 

found ameliorative effect of C. cassia after oral administration @ 2g/kg BW for 6 

weeks on DNA damage against Atrazine induced significant increase in length of 

commet in bone marrow of mice. Present finding are also concordance with the study 

of Ghonim et al., 2017 who found ameliorative effect of C. cassia after oral 
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administration @ 200 mg/kg BW for 7 days on DNA damage against cadmium 

induced significant decrease in head length and head DNA (%) in liver of male Wistar 

rats. 

Histology 

 In the current study, TiO2-NPs induced histological abnormalities like 

spongiocyte proliferation, axonal dystrophy, oligodendrecytoma, vaculation and 

hemorrhage in brain and benign hyperplasia, squamous metaplasia, teratoma and 

disruption of basement membrane in testes of male Sprague Dawley rats, while 

administration of C. cassia or A. indica or co-administration of C. cassia plus A. 

indica at high dose induced ameliorative effect against TiO2-NPs induced histological 

abnormalities. Present findings are in line with study of Obaroh and Nzeh, 2014, who 

found ameliorative effect of A. indica against cadmium induced histological changes 

such as severe atrophy and cystic seminiferous tubules in male albino rats. Present 

histological findings are in covenant with the study of Omar et al., 2015, who found 

ameliorative effect of A. indica against acrylamide induced histological abnormalities 

such as degeneration in spermatogenic cells with formation of spermatid giant cells, 

congestion of the interstitial blood vessels, severe degeneration and necrosis (star) in 

the spermatogenic cells with presence of spermatid giant cells in testes of male 

Sprague Dawley rats. Present histological findings are supported by the study of Auta 

et al., 2016, who found ameliorative effect of A. indica against alloxan induced 

histological changes such as closely packed spermatogenic cells. Present histological 

findings are in line with the study of Lisanti et al., 2018, who found ameliorative 

effect of A. indica against sodium fluoride induced histological damage such as 

spermatogenic cells contain necrotic debris, irregular cells in seminiferous tubules and 

increased depletion of seminiferous tubules in testes of male DDY mice. Present 

histological findings are supported by the study of Hasanin et al., 2018, who found 

ameliorative effect of A. indica against Acrylamide induced histological alterations 

such as irregular contour of the seminiferous tubule, degeneration of spermatogenic 

epithelial series and apoptotic cells in testes of male albino rats. Present histological 

findings are in agreement with the study of Gois et al., 2019, who found ameliorative 

effect of A. indica against aluminum phosphide induced histological damage in testes 

of male quail. Present histological findings are supported by the study of Yuce et al., 

2012, who found ameliorative effect of C. cassia against Cadmium chloride induced 
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histological abnormalities such as increases in diameters of spermatogenic cells in 

testes of male Wistar rats. Present histological findings are in agreement with the 

study of Turk et al., 2015, who found ameliorative effect of C. cassia against heat 

stress induced histological alterations in lumen of tubules of testes in quails. Present 

histological findings are in line with study of Sariozkan et al., 2015, who found 

ameliorative effect of C. cassia against taxanes induced histological changes of male 

Wistar rats. Present histological findings are supported by the study of Mohamed et 

al., 2018, who found ameliorative effect of C. cassia against Cadmium induced 

histological damage such as necrosis of some sporadic hippocampal neurons, in brain 

of male albino rats. Present histological findings are in agreement with study of Alawi 

et al., 2018, who found ameliorative effect of C. cassia against lead induced 

histological abnormalities such as absence of spermatogonia, sertoli cells, primary and 

secondary spermatocyte and spermatids, lipid vacuolation, detachment of the 

basement membrane, absence of tail of spermatozoa in the lumen of seminiferous 

tubule and dilated blood vessel in testes of male Wistar rats. Present histological 

findings are also in line with the study of Sathya and Sakthi, 2019 who found 

ameliorative effect of C. cassia against Cadmium induced histological changes such 

as shrinkage of seminiferous tubules and diminished germinal epithelial layer in testes 

of male albino rats. Present histological findings are in agreement with the study of 

Ibrahim et al., 2015, who found ameliorative effect of Co-administration of A. indica 

and C. cassia against Cadmium induced histological alteration such as deformed 

seminiferous tubules, loss and degeneration of all types of the spermatogenic cells 

within the seminiferous tubules without sperms at its lumen, decrease in the number 

of all types of the spermatogenic cells and pyknotic Leydig cells in testes of male rats 

Rattus rattus. Present histological findings are concordance with the study of 

Akinwande et al., 2019, who found an ameliorative effect of Co-administration of A. 

indica and C. cassia against chlorpyrifos induced histological changes in the testis of 

male albino rats. 

 In this study, ameliorating effects of C. cassia or A. indica or co-administered 

groups were observed at high dose in Sprague Dawley rats against TiO2 NPs induced, 

neuro and reprotoxicity. Moreover A. indica and co-administered groups showed 

more ameliorating effects due to the presence of high amount of antioxidants 

(Alkaloids, Flavonoids, and Saponins) in A. indica as compared to C. cassia. 
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Chapter 6 

SUMMARY 

The study entitled “Toxicity Evaluation of Titanium Dioxide Nanoparticles 

and Remedial Effect of Cinnamomum cassia and Azadirachta indica in the Brain and 

Testis of Sprague Dawley Rats” was carried out in the research laboratory of the 

Department of Zoology, Government College University Faisalabad.  

The experiment consisted of two phase i.e., Phase I (toxicity phase) and Phase 

II (ameliorative phase). The engineered TiO2 NPs were characterized by XRD and 

SEM techniques. Prior to experimental setup LC50 for TiO2 NPs, Cinnamomum cassia 

and Azadirachta indica for male SD rat was assessed as 198.6, 3419.8 and 2155.2 

mg/kg BW, respectively. Before the start of experiment proximate and quantitative 

analysis of selected phytochemicals were also carried out. The proximate composition 

of  A. indica and C. cassia, differed significantly (p<0.05) among the assessed 

parameters.  C. cassia contained 4.8% moisture, 3.7% crude protein, 4.1% lipids, 

2.2% ash and 85.2% carbohydrates, while A. indica contained 10.2% moisture, 1.92% 

crude protein, 2.62% lipids, 2.85% ash and 82.41% carbohydrates. It was also 

observed that A. indica and C. cassia have high amount of carbohydrates as compared 

to other parameters. There were also significant differences in the quantitative 

analysis of selected  antioxidants/ secondary metabolites (alkaloids, flavonoids, 

saponins, tannins and total phenols) in C. cassia and A. indica (p<0.05). C. cassia 

contained significantly less (p<0.05) amount of alkaloids, flavonoids, saponins and 

total phenols as compared to A. indica. Whereas, concentration of tannins were higher 

in C. cassia as compared to A. indica (p<0.05). 

 For phase I, adult male Sprague Dawley rats (n=25) were procured from the 

animal house of Government College, University Faisalabad, Pakistan after approval 

from the ethical committee on animal experimentation of the said University. Rats 

were randomly divided into five groups with five rats in each group and designated as 

Control (C), Placebo group treated with 0.9% normal saline (S) and three 

nanoparticles treated groups as G1, G2 and G3. Before the commencement of the 

experiment, the rats were housed in steel cages and acclimatized for two weeks under 

standard laboratory conditions at room temperature (20-23°C). Rats were provided 

with commercial rodent feed (16% crude protein) and distilled water ad libitium 



119 
 

throughout the study.  After two weeks, one group was taken as control without 

treatment and another group was taken as placebo group treated with 0.9 % normal 

saline solution, while other three groups were treated with TiO2-NPs either @) 80 

(G1) or 120 (G2) or 160 (G3) mg/kg body weight or rat. Nanoparticles were 

administrated intraperitoneally on alternate days for 28 days. On 29th day rats were 

sacrificed, blood was collected in EDTA tubes and brain and testis were isolated from 

all groups.  

In current study time and dose dependent alteration in the body weight and 

somatic index of brain and testis of rats was observed. Body weight and somatic index 

of brain and testes were significantly reduced in high dose trerated group at the end of 

experiment. Concentration of titanium in the brain and testis was also observed in a 

dose dependent manner, with high accumulation in G3 group treated with high dose 

of TiO2-NPs. Cell viability and acetylcholine esterase activity in the brain were 

significantly (P < 0.05) decreased in 120 (G2) and 160 mg/kg BW (G3) treated groups 

as compared to low dose and non-treated groups. Similarly cell viability, sperm count 

and titanium accumulation in testis were also significantly decreased in 120 (G2) and 

160 mg/kg BW (G3) treated groups as copared to low dose treated group, control and 

and placebo groups.  Histological alterations were also reported in brain and testis 

exposed to TiO2-NPs treated groups. More severity of TiO2-NPs induced brain and 

testes toxicity was found in G3 group treated with high dose of TiO2-NPs @160mg/kg 

BW. 

Similarly in phase II, sixty adult rats were procured and divided into twelve 

groups with five rats in each group. After acclimatization of two weeks, rats were 

randomly divided onto 12 groups (n=5 in each group) as negative control (C=without 

any treatment), placebo/saline (S= treated with 0.9% saline), positive control 

(T=treated with TiO2 NPs @120mg/kg), three groups treated with C. cassia extract 

@100, 150 and 300 along with TiO2 NPs @120mg/kg and designated as G1, G2 and 

G3, respectively; three groups treated with A. indica extract @100, 150 and 300 along 

with TiO2 NPs @120mg/kg and designated as G4, G5 and G6, respectively; three 

groups co-administered with C. cassia +A. indica  extract @100, 150 and 300 along 

with TiO2 NPs @120 mg/kg and designated as G7, G8 and G9, respectively. The 

Phase II was carried out for 90 days and animals were treated with oral dose (via oral 

gauge) of plant extracts after intraperitoneal injection of TiO2-NPs on alternate days. 

Non-lethal doses of plant extracts were selected on the basis of LC50 values evaluated 
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in the current study. LC50 of A. indica and C. cassia for Sprague Dawley rats were 

evaluated as 2155.2 and 3419.8 mg/kg BW, respectively. The rationale of selecting 

the TiO2-NPs @120mg/kg was based on the result of phase-I and its LC50 for Sprague 

Dawley rats. Some general observations were made regularly such as body weight, 

food consumption and clinical symptoms. On 91th day rats were sacrificed, blood was 

collected in EDTA tubes; brain and testis were isolated from all groups. 

Accumulation of titanium in the brain and testis were assessed by ICP-MS. Percent 

cell viability, Acetylcholine esterase in brain, sperm count, genotoxicity and histology 

of brain and testis were also observed in control and all treated groups. Results were 

compared with positive control group and non-treated groups to assess remedial effect 

of C. cassia and A. indica against sub lethal dose of TiO2-NPs.  The findings of 

current study showed significant (p<0.05) reduction in RBC, LYM, MID, GRA, 

HGB, HCT, MCV, MCH and MCHC, while significant increase (p<0.05) in WBC, 

RDW and PLT in positive control group (G*) as compared to non-treated and other 

treated groups. Body weights and somatic index of brain and testes were significantly 

reduced (p<0.05) in positive control group (G*) as compared to non-treated and plant 

extract treated groups. It was observed that C. cassia, A. indica and combine 

administration of C. cassia and A. indica at high dose (G3, G6 and G9) was able to 

enhance the serum testosterone levels in plant extract treated groups as compared to 

positive control group (G*). Current findings revealed that C. cassia, A. indica and 

their combined supplementation at high dose (G3, G6 and G9) was able to curtail Ti 

accumulation in brain and testes as compared to positive control group (G*). 

In the current study TiO2-NPs induced decrease in cell viability in the brain 

and testis as well as acetylcholine esterase activity in the brain of Sprague Dawley 

rats, which was enhanced due to the supplementation of C. cassia or A. indica or in 

combination at high dose (G3, G6 and G9) as compared to positive control group 

(G*). In the present study, TiO2-NPs induced genotoxicity and histological alterations 

in the brain and testis tissues of positive control and treated groups of male Sprague 

Dawley rats. It was observed that C. cassia or A. indica or combination of C. cassia 

and A. indica at high dose (G3, G6 and G9) significantly reduced the genotoxicity and 

histological alterations in treated groups as compared to positive control group (G*).  

In the current study, remedial effects of C. cassia or A. indica or combination of 

C. cassia plus A. indica extracts supplementation were observed at high dose in 

Sprague Dawley rats against TiO2-NPs induced, neuro and reprotoxicity. Moreover A. 
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indica and co-administered groups showed more ameliorating effects due to the 

presence of high amount of antioxidants (Alkaloids, Flavonoids, and Saponins) in A. 

indica as compared to C. cassia. 
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CONCLUSIONS 

From the current study following conclusions were drawn: 

 TiO2-NPs size was measure as 25-55nm with spherical morphology 

 Lc50 of TiO2-NPs, C. cassia and A. indica for Sprague Dawley rats were 

evaluated as 198.6, 3419.8 and 2155.2 mg/kg BW 

 The proximate composition of  A. indica and C. cassia, differed significantly 

(p<0.05) among the assessed parameters.  C. cassia contained 4.8% moisture, 

3.7% crude protein, 4.1% lipids, 2.2% ash and 85.2% carbohydrates, while A. 

indica contained 10.2% moisture, 1.92% crude protein, 2.62% lipids, 2.85% 

ash and 82.41% carbohydrates. It was also observed that A. indica and C. 

cassia have high amount of carbohydrates as compared to other parameters.  

 There were also significant differences in the quantitative analysis of selected  

antioxidants/ secondary metabolites (alkaloids, flavonoids, saponins, tannins 

and total phenols) in C. cassia and A. indica (p<0.05). C. cassia contained 

significantly less (p<0.05) amount of alkaloids, flavonoids, saponins and total 

phenols as compared to A. indica. Whereas, concentration of tannins were 

higher in C. cassia as compared to A. indica (p<0.05). 

 Dose and time dependent exposure of TiO2-NPs caused reduction in the body 

weight and somatic index of brain and testes 

 Significant increase in body weight was observed during 1st and 2nd week of 

TiO2-NPs exposure while body weight was reduced in 3rd and 4th week at high 

dose treated group (G3) of TiO2-NPs as compared to non-treated groups 

 TiO2-NPs caused dose dependent alternations in hematology, cell viability, 

acetyl choline estrace activity, sperm count, genotoxicity, and histology in the 

brain and testes of Sprague Dawley rats 

 In High dose treated groups severe alterations were observed. 

 Dose dependent pattern was observed in TiO2-NPs accumulation in the brain 

and testis.  

 Hematological parameters such as WBC, MCH, RDWc, PLT, MPV, PDWc 

were increased in treated group (G3) as compared to other groups 

  LMY, MID, GRA, HGB, HCT, MCV, MCHC, and PCT were decreased in 

high dose treated group (G3)  
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 Testosterone level was significantly reduced in a dose dependent manner  

 Cell viability was significantly reduced in the brain and testis in a dose 

dependent manner 

 Activity of acetylcholine esterase was significantly reduced in a dose 

dependent manner 

 More genotoxicity was observed in high dose group of TiO2-NPs (G3) 

 Sperm count in the testis of male Sprague Dawley rats was significantly 

reduced in a dose dependent manner 

 Histological alterations such as cleavage into filamentous shapes, axonal 

dystrophy, vaculation, calcification, external odema, motor neuron disease, 

flask shaped depression, symmetrical pyramidal nucleus, spongiocyte 

proliferation and hemorrhage were observed in brain in a dose dependent 

manner  

 Histological alterations, i.e., dilation in membrane, marked decrease in the 

formation of spermatozoa, membrane breakage, cellular debris in lumen, 

testicular degeneration, hyperemia, inflammatory cell infiltration, hyperplasia 

and irregular arrangement of sertoli cells in the testis were observed in a dose 

dependent manner 

 Methanolic extracts of Cinnamon cassia and Azadirachta indica separately or 

in combination at high dose (G3, G6 & G9) showed remedial effects by 

significantly regularizing the body weight, somatic index, Ti contents, altered 

hematology, cell viability, acetyl choline estrace activity, sperm count, 

genotoxicity, and histology in the brain and testes of Sprague Dawley rats in 

treated groups 

 A. indica and co-administered groups showed more ameliorating effects owing 

to the presence of high amount of antioxidants (Alkaloids, Flavonoids, and 

Saponins) in A. indica as compared to C. cassia. 

    

 

 

 



124 
 

FUTURE RECOMMENDATIONS 

 More research should be done in this area to aware the people about the lethal 

effects of titanium dioxide nanoparticles 

 Further research is recommended to determine the mechanism of toxic action 

of titanium dioxide nanoparticles  

 Appropriate effective concentration of this constituent needs to be determined 

 Further studies involving the extracts and/or its phytochemicals are needed 

with the aim of Corroborating these findings 

 We should give more attention to develop phyto medicines for good health as 

well as safe environment 

 We suggest the use of A. indica and C. cassia supplementation for workers 

exposed to Ti and other nanomaterials for long time 
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