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PREFACE 

Carbon nanotubes are promising materials with various applications in biomedicine. These 

nanotubes have unique physicochemical properties that make them attractive for drug delivery, 

tissue repair, semiconductors, aerospace, sewage disposal, diagnostics etc. However, concerns 

have been raised about their potential toxicity, particularly in the liver and lungs. It is crucial to 

investigate the genotoxicity and hepatotoxicity of multi-walled carbon nanotubes in order to 

understand their potential adverse effects and develop appropriate safety measures. The toxicity 

of Multi-walled carbon nanotubes in organisms, specifically in Swiss albino mice, is an 

important field of study to assess the potential risks associated with their use. Detoxification via 

natural methods has not been precisely studied, with respect to the toxicity caused by 

MWCNTs.  

The following dissertation report discusses the potential effects of MWCNTs on liver and DNA 

damage, and possible mechanisms for natural detoxification in Swiss albino strain of Mus 

musculus. The report is divided into 5 chapters. The first chapter is an introduction that discusses 

the properties, sources and applications of carbon nanotubes, specifically about MWCNTs. It 

also mentions the background of toxicity problems caused by MWCNTs, along with the lacunae, 

objectives and significance of the study. 

The second chapter is a review of literature presented on the general toxicity of MWCNTs, along 

with mentions about specific studies carried out on the hepatotoxicity and genotoxicity of 

MWCNTs and other methods of detoxification studied. 

The third chapter focuses on the materials and methods that mentions the experimental setup and 

analysis of morphological and behavioral changes induced by sub-acute exposure to two doses of 



MWCNTs. It also provides the methods used to estimate various biochemical molecules, 

enzymes and antioxidants, along with genotoxicity test procedures. 

The fourth chapter is results, where the effect of exposure of different doses of MWCNTs is seen 

on different parameters, and analyzed using statistical significance. 

The fifth chapter is a discussion that provides an insight on the possible reasons for 

hepatotoxicity and genotoxicity with reference to other literature. 
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ABSTRACT 

This study aimed to evaluate the genotoxic and hepatotoxic effects of MWCNTs in Swiss Albino 

mice. 12 Male Swiss Albino mice were orally gavaged with low (50 mg/kg of body weight) and 

high (100 mg/kg of body weight) doses of MWCNTs, for an exposure period of 14 days 

.Morphological and behavioral analysis was done using general standard observations, wherein 

dose-dependent decrease in body weight, increase of liver organ index and behaviors such as 

drowsiness, lethargy, isolation and abnormal feeding frequencies were observed. Hepatotoxicity 

was evaluated by measuring dose-dependent decrease in concentrations of total proteins, 

increasing levels of carbohydrates, decrease in levels of free sugars and decrease in albumin 

levels. Different liver function markers were also estimated, and there were noted dose-

dependent decrease in levels of catalase and increase in levels of thiobarbituric acid reactive 

substances (TBARS), superoxide dismutase (SOD). Genotoxicity did not occur. Natural 

detoxification was studied, by studying the same parameters, after an additional period of 7 days 

without exposure to the toxicant. Significant detoxification of liver biomolecules was observed. 
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1. INTRODUCTION 

1.1  CARBON NANOTUBES 



CNTs, short for carbon nanotubes, have garnered significant attention in the scientific 

community due to their remarkable physio-chemical, electrical, mechanical and thermal 

properties. Carbon nanotubes represent one of the fastest developing nanoparticle materials with 

production set to increase rapidly as a consequence of the useful properties of this material 

(Donaldson et al. 2006). These unique characteristics have sparked extensive research aimed at 

exploring their potential applications in various fields, such as semiconductors, solar cells, and 

optical instruments, that has an immense potential to improve consumer and industrial products 

(Karousis et al. 2010). 

Carbon nanotubes are highly promising materials, especially in the field of electronics, energy 

storage, aerospace, sewage disposal, water purification, disinfection and biomedical industries. 

Their large surface area to volume ratio and the ability to functionalize their surfaces make 

carbon nanotubes versatile for various functions such as drug delivery, sensing applications, and 

reinforcement in composites materials. The controllable synthesis and mass production of carbon 

nanotubes with desired properties is crucial for their widespread application in these fields 

(Hanim et al. 2022). 

By employing combinatorial methodologies, the discovery and optimization of carbon 

nanomaterials and catalyst formulations can be accelerated, leading to advancements in 

nanoscale science and technology. In recent years, there has been increasing interest in the use of 

carbon nanotubes in various biomedical applications such as drug delivery systems, imaging 

techniques, and tissue engineering (Huang et al. 2011). 



Single-walled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs) are 

two types of carbon allotrope nanomaterials that consist of one or multiple layers of graphene 

sheets, in the form of tubes. 

1.2   MULTIWALLED CARBON NANOTUBES (MWCNTs) 

Multi-walled nanotubes (MWNTs) consist of multiple rolled layers (concentric tubes) of 

graphene. The diameters of MWNT are typically in the range of 5-50 nm. The interlayer distance 

in MWNT is close to the distance between graphene layers in graphite. MWNT is easier to 

produce in high volume quantities than SWNT. However, the structure of WNT is less well 

understood because of its greater complexity and variety. Regions of structural imperfection may 

diminish its desirable material properties (Ganji et al. 2015). 

Even relatively small amounts of MWCNTs are mixed into normally insulating materials, the 

materials can gain significant conductivity. Applications include things like conductive latex 

gloves for touchscreen use or antistatic conveyor rollers, which can dissipate the static charge. 

While traditional conductive additives such as carbon black can also impart conductivity, the 

length-to-diameter ratio of multi wall carbon nanotubes makes it possible to achieve that at much 

smaller amounts, because the long tubes can contact each other over longer distances and form a 

conductive network through the material (Flahaut et al. 2003). 

 MWCNTs also have high thermal conductivity and can be used in normally insulative materials 

to increase their ability to transmit heat. This can be useful in applications where heat needs to be 

dissipated, such as in electronics. In cases where the use of metals is prohibited due to unwanted 

stresses or chemical instability, thermally conductive ceramics can be advantageous. Again, 



SWCNTs can achieve a similar effect to traditional conductive additives but at lower dosages, 

minimizing the possible negative effect on other properties of materials. 

Added into materials, carbon nanotubes can improve various mechanical properties. In tension, 

MWCNTs are stronger than steel, with a tensile strength of 10 to 50 GPa compared to 0.5 GPa 

for mild steel. When MWCNTs are used as an additive, even a small fraction inside a material 

can significantly strengthen it. SWCNTs are even more impressive, with a tensile strength of 50 

to 100 GPa. 

1.3   SOURCES AND APPLICATIONS OF MWCNTs 

There exists several practical applications of CNTs, that includes its usage in enhancing 

properties of other materials. MWCNTs increase electrical conductivity of materials such as 

plastic. This property allows it to be used as additives in conducting coatings, conductive ink for 

printing and creating transparent, conductive films for touchscreens (Piao et al. 2011). 

MWCNTs are also used in vehicle manufacturing, to produce lower weight materials with higher 

strength, for eg. Carbon-fiber bicycle parts, sporting goods such as tennis racquets and golf 

clubs. Combination of properties of MWCNTs and SWCNTs results in production of silicon 

anodes for Li-ion batteries, which makes them resilient. For these purposes, SWCNTs are better 

suited. 

1.4   BACKGROUND OF THE PROBLEM 

Due to its numerous applications in material science, there are various forms in which these 

nanoparticles can enter the environment. From industrial waste disposal, hospital disposal and 

other waste sources, these nanotubes enter into the aquatic bodies and soil, thus migrating into 



surface and groundwater. These environmental toxicants further reach into the human body, thus 

inducing toxicity (Petersen et al. 2011). The mobility and absorptive capacity of these 

nanoparticles, allow them to act as vectors of other pollutants into the environment. The 

biological interactions of nanotubes are not well understood, and the field is open to continued 

toxicological studies. 

Although it is widely believed that various properties influence the toxicity of CNTs, the precise 

mechanisms responsible for their potential toxicity have yet to be fully elucidated. It is important 

to evaluate their toxic effects as they may directly or indirectly affect many organs. 

Carbon nanotubes have adverse effects on human health and the environment that needs to be 

focused on before their widespread use, and thus should also undergo testing, to ensure safety 

and reduce risks from exposure. 

1.5 TOXICITY OF MWCNTs 

Toxicological profile of MWCNTs is important to assess its potential health and environmental 

impacts. MWCNTs persist in biological tissues (Kasai et al. 2015). MWCNTs agglomerate due 

to weak Van der Waals force that affects its dispersion and stability, crucial for understanding 

the potential risks associated with MWCNT exposure (Zulkifli et al. 2022). Carboxylated 

MWCNTs accumulate in macrophages that help in assessing its interaction with biological 

systems (Huynh et al. 2021). Modified MWCNTs have potential biocompatibility, due to its 

functionalization (Dhekale et al. 2021). 

SWCNTs easily penetrate the blood-brain barrier via endocytosis, which results in signs of 

inflammation, apoptosis and oxidative stress (Bardi et al. 2013). On exposure to MWCNTs, a 



similar effect is seen, that includes increase in neuroinflammatory cytokines and activation of 

glial cells (Kafa et al. 2015). Van et al., (2013) stated that kidneys are at higher risk of toxicity. A 

study on human embryo kidney cells, exposed to SWCNTs, showed increased levels of cellular 

apoptosis and hindrance of the cell cycle (Cui et al. 2005). On exposure to MWCNTs, there was 

an increase in levels of interleukin 6 and 8, DNA damage and mitochondrial damage (Tang et al. 

2012). 

Garibaldi et al., (2006) in their study informed that exposure to SWCNTs resulted in cardiac cell 

proliferation, muscle damage, low blood flow, vascular atherosclerosis, decrease in blood 

pressure and heart rate, due to oxidative stress and inflammation. Similar studies were seen in 

MWCNTs exposure (Ibrahim et al. 2006). 

1.6  LACUNAE OF THE STUDY 

There exists a lack of long-term toxicity studies (sub-acute and sub-chronic) of multi-walled 

carbon nanotubes (MWCNTs). Precise in-vivo studies and bioaccumulation of MWCNTs in 

mice, is yet to be fully elucidated. Natural detoxification of MWCNTs over 14 days has not been 

extensively studied. 

1.7  HYPOTHESES             

Multi-walled carbon nanotubes induce genotoxic and hepatotoxic effects in mice. 

Multi-walled carbon nanotubes undergo natural detoxification in the bodies of mice. 

1.8   OBJECTIVES OF THE STUDY 



1.  To analyze the morphological and behavioral changes induced by multi-walled carbon 

nanotubes (MWCNTs) in Mus musculus. 

2.  To evaluate genotoxicity and hepatotoxicity of MWCNTs in Mus musculus. 

3.   To understand the natural detoxification of MWCNTs.  

1.9   SCOPE OF THE STUDY 

A better understanding of the toxicity profile of CNTs in model organisms is of significant 

importance to improve their biological safety in humans and in the environment. It also 

facilitates their wide biological application and for the successful commercial application. Due to 

the lack of long-term toxicity studies of MWCNTs in mice , the ability to comprehend later 

effects are hindered. The study of genotoxic and hepatotoxic effects of MWCNTs can be used to 

understand the lethality of these nanoparticles, especially by corresponding it with the expected 

effects in humans. The detoxification of MW-CNTs has not been touched upon precisely and 

thus requires further research. 

Since most of the nanotoxicology studies were focused on in vitro models and only few research 

groups have dealt with in vivo systems. Toxicology studies with in vivo systems carry greater 

significance pertaining to their diversity in physiology and anatomy (Balakrishna et al. 2011). 
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2. LITERATURE REVIEW 

Rapid development of nanotechnology has led multi-walled carbon nano-tubes (MWCNTs) to 

emerge as a highly promising material due to their distinct physical, chemical, and mechanical 

properties. However, despite their impressive characteristics, the potential toxicity of MWCNTs 

has become a major focus of interest. The toxicity of MWCNTs is a topic of extensive research 

due to their growing utilization in various consumer goods and industrial processes. While 

MWCNTs have diverse applications like drug delivery, tissue engineering, and electronics, the 

possible negative impacts on human health and the environment need to be understood and 

addressed. Research on the toxicity of MWCNTs covers a wide range of studies, including in 

vitro cellular experiments, animal models, epidemiological studies, and environmental 

assessments. These studies seek to elucidate the effects of MWCNTs exposure on cellular 

responses, organ functions, the immune system, genotoxicity, and the potential to cause cancer. 

A thorough review of the existing literature on MWCNT toxicity is essential for identifying 

knowledge gaps, significant concerns, and future research goals in this area. The purpose of the 

review is to improve understanding of the dangers associated with MWCNT exposure through a 

thorough literature review, as well as to offer techniques for reducing these risks of this 

nanoparticle. 

2.1 GENERAL TOXICITY STUDIES 

The pulmonary toxicity of single-walled and multi-walled carbon nanotubes delivered at high 

doses and dose rates to the lower respiratory tract of rats and mice induced a high acute 

inflammatory response with granuloma formation and fibrosis as late effects (Warheit et al. 

2004). 



  

Monteiro-Riviere et al. (2005) found multi-walled carbon nanotubes (MWCNT) in the 

cytoplasmic vacuoles of human epidermal keratocytes in vitro (up to 3.6 μm long), a decrease in 

cell viability and a significant increase in an inflammation marker (interleukin8). 

Deng et al. (2008) investigated the toxicity of water-soluble multi-walled carbon nanotubes (S-

MWCNTs) on mouse spleens. The researchers investigated carbon clearance, oxidative stress, 

histology, and electron microscopy of the spleen. Over the course of two months, phagocytic 

activity and levels of glutathione, superoxide dismutase, and malondialdehyde were stable. 

However, S-MWCNTs collected in the spleen and moved from the red to the white pulp, 

potentially triggering an adaptive immune response. 

Numerous studies have shown that long time inhalation of CNTs result in persistent 

inflammation, fibrosis, development of lung cancer, respiratory tumors and persistent 

inflammation in their lungs (Han et al. 2010). 

Exposure to NPs induce DNA breaks, micronuclei formation and lung mutations, in acute and 

chronic exposures. Some studies also suggest a link between ROS production and DNA damage. 

Increased levels of lung carcinomas, especially bronchoalveolar carcinoma and combined 

carcinoma and adenoma, is seen in long term exposures. Some studies also suggested that 

MWCNTs act as promoters of lung cancer (Wang et al. 2011). 

There are no clinical signs of dermal toxicity or formation of lesions in Wistar rats and New 

Zealand rabbits, upon application of MWCNT1 and 2. Yet, they exhibited conjunctival redness, 

chemosis and discharge, which recovered after 5 days (Balakrishna et al. 2011). 



SWCNTs exhibit oxidative stress and cell inflammation of dermal tissue (Seaton et al., 2010). 3 

weeks exposure to MWCNT resulted in granuloma formation in the subcutaneous tissues of mice 

(Koyama et al., 2006). Adhesion and migration of cells is also affected due to MWCNTs 

exposure (Murray et al., 2009). Wound healing properties of dermal fibroblasts is reduced 

(Stadelmann et al., 1998). 

The length of CNT fibers affect the inflammation, that is, longer fibers result in more permanent 

inflammation. Bronchiolar and alveolar epithelial cells proliferate following exposure to CNTs 

(Porter et al. 2013). 

Knudsen et al. (2019) conducted a study on the pulmonary toxicity of Multi‐walled carbon 

nanotubes (MWCNT) by evaluating histological changes in lung tissue of female C57BL/6N 

BomTac mice exposed to 11 types of MWCNT. The study used a dose equivalent to three times 

the NIOSH exposure limit and found that thin and entangled MWCNT caused pulmonary 

inflammation, while thicker ones did not. Analysis showed that larger diameter and higher iron 

content predicted less histopathological changes, while higher cobalt content predicted more. No 

fibrosis or tumors were found, but genotoxicity in the liver was observed in one type of 

MWCNT. The study suggests that the physicochemical properties of MWCNT play a crucial role 

in inducing long-term pulmonary changes, with diameter size and cobalt content identified as 

key factors in toxicity. 

Fraser et al. (2021) highlighted the limited number of comparative studies on MWCNTs and 

nanofibers, particularly those with larger diameters, leading to uncertainty regarding the toxicity 

of various CNT/F types and their associated histopathological effects. Exposure of 40 µg of nine 

CNT/F variants to Male C57BL/6 mice with diameters ranging from 6 to 150 nm resulted in the 



induction of histopathological changes, with varying degrees of severity observed, linked to 

physical dimensions and agglomeration patterns of the materials. 

In a comprehensive analysis conducted by Chetyrikina et al. (2022) on the potential toxicity of 

carbon nanotubes in in-vitro studies, focusing on their interactions with biological systems, 

stated that there is a need for standardizing testing materials and methodologies in routine 

laboratory procedures to assess the safety and potential toxic effects of materials. Parameters like 

the diameter, length, purification process, and synthesis of carbon nanotubes can significantly 

impact their toxicity levels. 

MWCNTs disrupted endothelial cell activity in a concentration-dependent manner, affecting 

functions like tube formation and cell migration. Angiogenesis was significantly reduced in 

MWCNT-treated mice, and VEGF expression was found to be decreased in the MWCNT group. 

Protein chip analysis indicated a decrease in AKT and eNOS expression, which was alleviated 

by VEGF treatment. The study concluded that MWCNTs influence angiogenesis through the 

VEGF-Akt-eNOS axis, and VEGF treatment can rescue endothelial cell function (Dai et al. 

2022). 

Solorio Rodriguez et al. (2023) conducted a study comparing the effects of SWCNTs and 

MWCNTs on pulmonary toxicity in mice. They found that MWCNTs were more genotoxic than 

SWCNTs and identified a potentially fibrogenic SWCNT that requires further testing. 

2.2 HEPATOTOXICITY STUDIES 

Ji et al. (2009) conducted a study on the hepatotoxicity of two types of multi-walled carbon 

nanotubes (MWCNTs) in Kunming mice. The findings showed that mice exposed to MWCNTs 



exhibited reduced body-weight gain, elevated levels of certain markers of liver damage, and 

significant liver damage, with the Tween-80-dispersed MWCNTs causing more severe damage 

compared to the acid-oxidized MWCNTs. The study also revealed alterations in gene 

expressions related to liver function, metabolism, and immune response in the MWCNT-exposed 

groups, indicating that high doses of Tween-80-dispersed MWCNTs can be hepatotoxic in mice, 

while acid-oxidized MWCNTs seem to be less harmful. 

In another study by Zhang et al. (2018), exposure of adult mice to MWCNTs significantly 

reduced the weight of offspring mice and caused liver tissue damage. The expression of genes 

related to liver fat synthesis was significantly increased, and inflammatory reactions were 

observed. This exposure led to disruption of liver function and accumulation of lipid droplets in 

hepatocytes in the offspring mice, possibly due to an imbalance in liver macrophage phenotypes. 

Shah et al. (2021) conducted a study on the toxicity of carbon nanotubes (CNTs), graphene-

family nanomaterials, and fullerenes, revealing their harmful effects on liver and spleen tissues 

by breaching blood barriers. Factors such as concentration, functionalization, and dimensions 

influence their toxicity, impacting various human body systems. The inhalation of multi-walled 

carbon nanotubes (MWCNT) in mice, particularly after exposure to DNA-damaging agents, 

increased the risk of lung tumors, highlighting their carcinogenic potential. 

2.3 GENOTOXICITY STUDIES 

In a study conducted by Szendi et al. (2008), it was observed that there exists an insufficiency of 

data on the genotoxicity of CNTs. It was observed that there was no mutagenicity of statistical 

significance in the Ames test, micronucleus test (MN) and cell kinetics between control and 

exposed groups indicating the nonexistence of genotoxic effects. 



According to study conducted by Georgia et al. (2011), both CNTs and CB are confirmed to be 

cytotoxic and genotoxic to RAW 264.7 mouse macrophages, causing ROS release, necrosis, 

chromosomal aberrations, ultra structural damage, and apoptosis. The harmful effects of CNTs 

are influenced by factors such as purity, fiber length, and degree of aggregation-dispersion, 

making it challenging to design a comprehensive model to explain CNT toxicity. 

In this study, the effects of carboxylated functionalized multi-walled carbon nanotubes on 

hepatotoxicity and oxidative stress biomarkers in mice were examined via intraperitoneal 

injection of different doses for five days. Results demonstrated reduced body-weight gain, 

increased ROS, elevated serum ALT/AST and ALP levels, higher lipid hydroperoxide levels, 

and significant liver tissue morphological changes in exposed mice, indicating potential 

hepatotoxicity induction through oxidative stress mechanisms, necessitating further animal 

exposure studies (Patlolla et al. 2011). 

Awasthi et al. (2015) conducted a research study exploring the harmful effects of smaller-sized 

Ag NPs and MWCNTs on liver cells of mice through oral administration for 28 days, resulting in 

increased DNA damage, indicating cytotoxicity and genotoxicity, thus harming cellular 

components. 

Fang et al. (2018) investigated the toxic effects of nanoparticles (NP), pristine MWCNTs, and a 

combination of MWCNTs and NP in male mice. The study assessed oxidative stress levels, 

genotoxicity, and mitochondrial damage in the liver and sperm of the mice after exposure. The 

results indicated that high doses of MWCNTs, particularly when combined with NP, induced 

oxidative damage in the liver and DNA damage in sperm, highlighting the importance of 

assessing the toxicological effects of MWCNTs. 



Liu et al. (2020) examined the hepatotoxic effects of simultaneous exposure to MWCNTs and 

lead ions in individuals with NAFLD. The combined exposure resulted in liver dysfunction, 

exacerbation of NAFLD-related conditions, apoptosis in liver cells, lipid peroxidation, 

compromised antioxidant defense, and increased inflammation in NAFLD mice, potentially 

through AMPK/PPARγ pathway inhibition. 

According to Horibata et al. (2022), MWCNT-7 has been categorized as Group 2B by The 

International Agency for Research on Cancer due to its inflammation-producing properties. 

Genotoxicity was investigated through erythrocyte micronucleus assay following inhalation and 

intratracheal exposure. The findings revealed a significant rise in micronucleated reticulocytes, 

showing a potential genotoxicity of MWCNT-7. Lung cells were isolated, treated with MWNT-

7, and an increase in micronucleated cells was observed, indicating DNA damage. 

2.4 DETOXIFICATION STUDIES 

Due to the body's natural defense mechanism to eliminate toxic substances, there is a potential 

for natural detoxification of these NPs. These include metabolism, excretion and detoxifying 

enzymes (Lam et al. 2003).  Understanding this natural detoxification allows us to assess safety 

guidelines. Evaluating the detoxification techniques allows understanding ways to reduce 

harmful effects of MWCNTs (Mamidi, 2019). Further research needs to be analyzed and 

effective strategies need to be developed for safe handling and use of these NPs (Martin et al. 

2011). 

Liu et al. (2008) discussed the methods to eliminate bioavailable iron and nickel from 

commercial carbon nanotubes, aiming to reduce their toxicity. The study emphasizes the 

importance of comprehending and regulating the presence of bioavailable metals in nanotube 



samples to ensure their safe utilization. Various purification techniques, including acid treatment 

and oxidation, are examined to decrease the bioavailability of metals in carbon nanotubes. 

In murine studies, the MWCNTs are observed to penetrate the subpleural tissue upon inhalation, 

and persist in the tissues (Ryman-Rasmussen et al. 2009). This distribution highlights the need to 

understand clearance mechanisms through natural detoxification in the body, which could be 

further correlated with that of the human body systems. Serum-borne bioactivity caused due to 

pulmonary exposure, induces neuroinflammation via blood-brain barrier (Aragon et al. 2017). 

Jafar et al. (2016) proposed various methods to reduce carbon nanotube (CNT) toxicity, such as 

understanding CNT properties, enzymatic degradation using horseradish peroxidase, and a novel 

detoxification approach involving coating CNTs with recombinant globular heads. These 

strategies aim to enhance the safety of CNTs for drug delivery applications, but further research 

is needed to evaluate their effectiveness and explore additional techniques like chemical 

functionalization and employing a "shielding strategy" with PEGylated CNTs for controlled 

degradation and reduced inflammatory responses. 

Simvastatin (TD) offers therapeutic benefits for oMWCNT-induced damages. Factors like 

nanoparticle size, structure, and functional groups play a role in determining the toxicity risks 

associated with carbon nanotubes. By investigating the effects of 1,2-dioleoyl-sn-glycero-3-

phosphocholine (DOPC) and TD on oMWCNT toxicity, the research aims to provide insights 

into mitigating the harmful impacts of these nanomaterials. The study indicates that while DOPC 

and TD at low doses do not affect oMWCNT distribution, they can 

influence each other's metabolism and impact on erythrocytes, with TD showing promise in 

treating tissue damage caused by oMWCNTs (Qi et al. 2017). 



Requardt et al. (2019) investigated the impact of surface defects on Multi-walled Carbon 

Nanotubes (MWCNTs) on their toxicity, suggesting that extracting iron from the MWCNT 

structure could mitigate harmful effects. The study evaluated the cytotoxicity of MWCNTs with 

and without iron catalyst in lung epithelial and hepatocyte cells, revealing decreased cell 

viability, compromised membrane integrity, and increased oxidative stress over time, particularly 

with heat-treated MWCNTs showing heightened adverse effects despite reduced surface defects. 

Single-walled carbon nanotubes (SWCNTs) induced oxidative stress in pancreatic islets, but the 

effects of multi-walled carbon nanotubes (MWCNTs) remained unexplored. This study aimed to 

evaluate how MWCNTs affect islet oxidative stress and how caffeic acid (CA) as an antioxidant 

may offer protection, as demonstrated through various assays measuring ROS, MDA, antioxidant 

enzyme activities, and insulin secretion. The findings suggest that MWCNTs can induce 

oxidative stress in pancreatic islets, potentially contributing to diabetes, while CA treatment can 

counteract these effects by enhancing the antioxidant defense system in islets, underscoring the 

need for further research in this area (Ahangarpour et al. 2021). 

These findings have highlighted the importance of investigating the natural detoxification 

pathways of MWCNTs in the body, to eliminate the adverse effects, and to get a brief idea about 

the complex processes involved in distribution, persistence and systemic effects. Further research 

is needed to elucidate the mechanisms underlying the clearance of MWCNTs (Kobayashi et al. 

2017). 

  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3: MATERIALS AND METHODS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. Materials and Methods 

3.1  GLASSWARES 

Various types of laboratory glassware such as test tubes, measuring cylinders, beakers, reagent 

bottles, centrifuge tubes etc. were issued and utilized. The glasswares were immersed in chromic 

acid overnight, followed by rinsing with distilled water and sterilization in a hot air oven prior to 

usage. All the prepared reagents were stored according to ambient conditions, and covered in 

aluminum foil during use. 

3.2  INSTRUMENTATION 

Different instruments such as Weighing balance (Wensar PGB 200), Water bath, pH meter 

(TOSHCON TMP3), Vortex (CM 101), Refrigerator, Deep freezer (-20°C), Cold Centrifuge 

(REMI R-24), Hot air oven (MIC-165), Light microscope (Olympus BX53), Colorimetric 

spectrophotometer, UV-visible spectrophotometer, Fluorescence microscope (ProgRes CF), 

Homogenizer, Hot plate, Magnetic stirrer,  Sonicator, Incinerator, were available in the Zoology 

discipline, Goa University. 

3.3  CHEMICALS 

All chemicals that were acquired and utilized were of Analytical grade from Thermo-Fisher, 

Sigma-Aldrich, Hi-media, Merck etc. that were available in the Zoology discipline, Goa 

University. 

3.4  PROCUREMENT OF NANOPARTICLES 

5 grams of Multi-walled carbon nanotubes (MWCNTs) were acquired from AdNano 

Technologies (CAS No: 308068-56-6) (Fig 8.18) with the following specifications: 



 

AD-MWCNT DESCRIPTION 

PURITY ≈ 99% 

LENGTH ≈ 100 µm 

AVERAGE DIAMETER ≈10-20 nm 

BULK DENSITY 0.03g/cm³ 

PHYSICAL FORM Fluffy powder 

COLOUR Black 

SURFACE AREA ≈ 230 m2/g 

CAS NO: 308068-56-6 

 

3.5  EVALUATION OF MWCNT TOXICITY 

3.5.1 Animal Model: Swiss Albino mouse (Mus musculus) 

Phylum: Animalia 

Class: Mammalia 

Order: Rodentia 

Family: Muridae 



Subfamily: Murinae 

Genus: Mus 

Species: Mus musculus (Linnaeus, 1758) 

  

Mice demonstrate considerable homology with humans and can be easily maintained under 

controlled laboratory conditions, thus making them a widely accepted experimental animal 

model. Laboratory mice, which are typically members of standardized inbred strains, are chosen 

for their stability of specific deleterious mutations. They serve as valuable model organisms in 

both genetic and medicinal investigations, due to their lifespan, low cost and easy availability. 

(Miller and Miller, 1975) 

3.5.2 Procurement and maintenance of animals 

18 healthy male Swiss albino mice (Mus musculus), aged 5 weeks with an average body weight 

ranging from 37-45 g, were procured from The National Institute of Biosciences in Pune, India. 

Prior to the commencement of experimentation, the essential ethical clearance was obtained from 

the Animal Ethics Committee of Goa University (Reference No: GUZ/IAEC/23-24/N4, dated 

12/09/2023) for the utilization of these animals. 

All 18 Swiss albino mice were housed at the animal house facility of the Department of Zoology, 

Goa University (Reg. No: 2104/G0/Re/S/20/CPCSEA dt. 10/08/2020). Following the CCSEA 

guidelines, the mice were acclimatized for 1 week, and separated in different polypropylene 

cages with stainless steel lid, according to weight and behavior, with adequate provision of 



standard mice pellet food and tap water. Standard bedding of paddy husk was used and replaced 

twice to thrice a week. Ambient temperature of 21°C and 12h dark-light cycle was maintained. 

(CPCSEA guidelines). 

3.5.3 Experimental set-up 

The mice were assigned in 3 different groups, comprising 6 individuals in each group. The 

groups included 1 control and 2 experimental groups of different dosages (Fig 8.21). The doses 

were selected as per Awasthi et al. (2013). Experimental-1 dose of MWCNTs was prepared by 

sonicating 232.2mg of MWCNTs in 60ml of 0.9% NaCl saline. Experimental-2 dose of 

MWCNTs was prepared by sonicating 435.6 mg of MWCNTs in 60ml of 0.9% NaCl saline (Fig 

8.20). Prior to dosage, the mice were fasted for 3-4 hours and weighed. Suspension of 2 

concentrations of MWCNTs (50 mg/kg of body weight for experimental group 1 and 100 mg/kg 

of body weight for experimental group 2) was orally gavaged to the two experimental groups, 

using a suitable feeding tube, once a day, around the same time, for a period of 14 days. The 

control group was provided with distilled water. 

3.5.4 General examination 

Over a duration of 14 days, the mice underwent regular observations to assess their survival rate, 

behavior, motor functions, and any morphological alterations in terms of fur quality and color, 

skin texture and color, tail spots etc. The body weight was measured once in 7 days to analyze 

the effect of the nanoparticle. 

3.5.6 Behavior 



Any possible behavioral modifications such as lethargy, drowsiness, isolation, and abnormal 

feeding patterns were observed and noted over a 14-day monitoring period (Subakanmani 2015). 

3.6 COLLECTION OF TISSUES 

After a 14-day exposure period, the mice were euthanized using cervical dislocation, wherein 

pressure was exerted on the neck to dislocate the spinal column from the skull. Subsequently, 

blood samples were obtained via cardiac puncture via 1 ml EDTA washed syringe and 

transferred to microfuge tubes washed with EDTA, for serum collection (Diehl et al. 2001) 

Following this, the general viscera were exposed, and the liver tissue was excised and rinsed 

with 0.9% NaCl saline solution to eliminate any remaining blood residues (Baratta et al. 2009). 

The liver tissue was preserved at -20°C for subsequent biochemical analysis. Additionally, bone 

marrow from both the femurs was flushed out with cold PBS and stored in microfuge tubes for 

the genotoxicity test (D’Costa et al. 2019). 

3.7 ESTIMATION OF BIOMOLECULES 

Liver tissues of the different groups that were stored at -20 degrees were weighed and used to 

prepare various tissue homogenates for different biochemical tests. Blood collected through 

cardiac puncture was centrifuged at 2400 rpm at 27°C for 30 minutes, to separate the serum, 

stored at -4°C, which was further utilized for analysis. (Diehl et al.  2001) 

3.7.1 Total Carbohydrates (Ludwig and Goldberg, 1956) 

Anthrone test is used to detect carbohydrates. Addition of anthrone dehydrates the 

carbohydrates along with concentrated sulphuric acid, to form furfural. Furfural reacts with 



anthrone to form a dark bluish-green complex that is quantified spectrophotometrically at 620 

nm. 

Extraction: 

10% liver tissue homogenate was prepared in ice-cold water that was further deproteinized using 

equal amounts of 0.3N Barium hydroxide and 5% Zinc sulphate. This was centrifuged at 800 xg 

for 15 minutes. The supernatant collected was used for estimation. 

Reagents: 

1.   Anthrone reagent – 0.2 gm Anthrone was dissolved in 100 ml of concentrated sulphuric acid. 

Estimation: 

0.1ml of deproteinized supernatant was taken in different test tubes, of different experimental 

and control groups. The homogenate was diluted using 0.9 ml distilled water. 4 ml of Anthrone 

reagent was added and the solution was incubated for 15 minutes in a boiling water bath. The 

intensity of color was measured at 620 nm using UV-Visible spectrophotometer against a 

suitable blank. Quantification of carbohydrate content was carried out using a standard curve of 

100 µg/ml D-glucose. 

 3.7.2 Free sugars (CMFRI,1981) 

Free sugars on reacting with alkaline copper reagent forms cuprous oxide. Cuprous oxide 

provides a blue coloured complex with arsenomolybdate reagent, that is measured at 540 nm. 

Extraction: 



 The deproteinized homogenate prepared for carbohydrates was also used for estimation of free 

sugars. 

Reagents: 

1. Alkaline copper reagent – a) 12g anhydrous sodium carbonate and 6 g sodium potassium 

tartarate were dissolved in 125 ml distilled water. 

b) 2 g copper sulphate was dissolved in 25 ml distilled water. 

Solutions a) and b) were mixed, along with addition of 8 g sodium bicarbonate to form Solution 

A 

90 g anhydrous sodium sulphate was dissolved in 250 ml distilled water, boiled and cooled to 

room temperature to form Solution B. 

Solution A and Solution B were mixed and volume was made up to 500 ml with distilled water. 

2) Arsenomolybdate color reagent – 25 g ammonium molybdate was dissolved in 450 ml 

distilled water along with slow addition of 21 ml concentrated sulphuric acid. To this, 3 g 

disodium hydrogen arsenate that was dissolved in 25 ml distilled water was added. This was 

stored in an amber bottle at room temperature. 

Estimation: 

0.1 ml of deproteinized samples of different groups were taken in different test tubes. To this 1 

ml of alkaline copper reagent was added and incubated in a boiling water bath for 20 minutes. 

After cooling to room temperature, 1 ml of arsenomolybdate color reagent was added to the test 

tubes, that was diluted with 7 ml distilled water. The intensity of color was measured at 540 nm 



against a suitable blank. Quantification of free sugars was calculated using a standard curve of 

200 µg/ml D-glucose. 

3.7.3 Total proteins (Lowry et al., 1951) 

Protein concentration is estimated by reactivity of nitrogen with copper 2 ions in alkaline 

condition. Amino acids reacts with tungstic acid present in Folin Cio-Calteau reagent, to 

provide a blue color that is proportional to the amount of phenolic group of tyrosine and 

tryptophan, measured at 690 nm. 

Extraction: 

The liver tissue was weighed and homogenized with PBS to produce 10% tissue homogenate. 

The homogenate was cold centrifuged at 4 degrees at 3000 rpm for 15 minutes. The supernatant 

was stored at -4°C for further analysis. 

Reagents: 

1. Lowry’s reagent- 98 ml of 4% sodium carbonate was mixed with 1ml of 2% copper sulphate 

and 1 ml of 4% sodium potassium tartarate, to form 100 ml solution. 

2. Follin’s reagent- equal amounts of follin’s reagent and distilled water was used, according to 

required volume. 

Estimation: 

0.1 ml tissue homogenate was diluted with 0.5 ml distilled water. 5 ml of Lowry’s reagent was 

added and incubated at room temperature for 10 minutes. 0.5 ml of Folin Cio-Calteau reagent 

was added and incubated again at room temperature for 10 minutes. Blue coloured complex was 



measured at 690 nm against a suitable blank. Quantification of protein content was carried out 

using a standard curve of 100 µg/ml bovine serum albumin in 1N NaOH. 

3.7.4 Albumins (Doumas et al., 1971) 

Albumin reacts with bromocresol green at low pH, to form a green coloured complex, measured 

at 640 nm. 

Extraction: 

Tissue homogenate prepared for protein estimation, was also used for estimation of albumins. 

Reagents: 

Albumin reagent- 8.85 g succinic acid, 0.1 g sodium azide, 0.108 g bromocresol green and 4 ml 

of Triton X-100 were dissolved in 900 ml of distilled water. Using 1 N NaOH, the pH was 

maintained at 4.1. Final volume was made up to 1000 ml using appropriate amount of distilled 

water. 

Estimation: 

5 ml of albumin reagent was added to 0.05 ml of homogenate, and incubated at 37 degrees for 

10-15 minutes. The color intensity was measured at 640 nm against a suitable blank. 

Quantification of albumin was measured using a standard curve of 4g/dl of albumin in 0.1g/dL of 

sodium azide.   

3.8 ENZYME AND ANTIOXIDANT ASSAY 

3.8.3 Catalase activity (Aebi,1984) 



The catalase reaction involves the breakdown of hydrogen peroxide into water and molecular 

oxygen. Any residual hydrogen peroxide that remains after catalase activity will interact with 

dichromate, resulting in the formation of a blue precipitate of perchromic acid. This compound 

is known to be unstable and upon heating, it decomposes into a green-colored stable compound, 

which can be quantified by measuring its absorbance at 620 nm. 

Extraction: 

 Blood serum was used. 

Reagents: 

1.   Dichromate acetic acid reagent- 5% potassium dichromate and glacial acetic acid was used in 

1:3 ratio. 

Estimation: 

1 ml of 0.01 M PB (pH 7) was added to 0.1 ml of serum. To this, 0.5 ml of 0.2 M H₂O₂ was 

added and reaction was stopped using 2 ml of Dichromate acetic acid reagent. The solution was 

incubated in a boiling water bath for 10 minutes, and color intensity was measured at 620 nm 

using a suitable blank. Enzyme activity was quantified using a standard curve of 0.05g/ml 

catalase, and expressed in µg/mg of total protein. 

3.8.4 Thiobarbituric acid reactive substances (TBARS) (Beuge and Aust, 1978) 

Water soluble malondialdehyde reacts with thiobarbituric acid in 1:2 ratio to form coloured 

complex measured at 535 nm. 

Extraction: 



2% liver tissue homogenate was prepared in Tris HCl buffer (pH 7) and centrifuged at 4000 rpm 

for 15 minutes. The supernatant was used for analysis of TBARS. 

Reagents: 

1. 0.67% TBA – 0.134 g of TBA was added in 20 ml of glacial acetic acid 

2. 5% TCA- 5 ml TCA was added in 95 ml of distilled water 

Estimation: 

To 0.1 ml of homogenate, 1 ml of 5% TCA and 1 ml of 0.67% TBA was added, and boiled for 

10 minutes to produce the coloured complex, measured at 535 nm against a suitable blank. 

Quantification of TBARS was done using a standard curve of 0.1g/ml of malondialdehyde. 

3.9 GENOTOXICITY TEST 

3.9.1 Comet assay test (Ferraro et al., 2004) 

In this method, a suspension of eukaryotic blood cells in low-melting-point agarose undergoes 

cell lysis through detergents and high salt treatment to remove cell content except DNA. The 

liberated DNA is then electrophoresed under alkaline conditions to unwind from breakage sites. 

Cells with higher levels of DNA damage exhibit increased DNA migration from the nucleus 

towards the anode under an electric current, creating a "comet tail" appearance when viewed 

under fluorescent dye (ethidium bromide). 

Extraction: 

Bone marrow was flushed from the femur using cold PBS, that was used for analysis. 



Reagents: 

1.     0.5% Low melting Agarose: 0.25 g Low melting Agarose was dissolved in 50 ml 

of 1x PBS 

2.     1% Normal melting Agarose: 0.5 g Normal melting Agarose was dissolved in 50 

ml of 1x PBS 

3.     1x PBS (pH 7.4) : 8g NaCl, 0.2 g KCl, 1.4 g Na2HPO4 and 0.27g KH₂PO₄ were 

dissolved in 100 ml distilled water, to prepare 10x stock solution that was diluted to 

1x. 

4.     Lysis buffer (pH 10): 14.6g NaCl (2.5M), 3.74g disodium salt of EDTA (100 

mM) 0.12g of Tris HCl was mixed in 100 ml distilled water. 89 ml of this stock was 

mixed in 0.1ml of 1% Triton-X and 10 ml of 10% DMSO was added after adjusting 

the pH. 

5.     1% Triton-X : 1 ml Triton-X (10 mM) was diluted to 100 ml using distilled 

water 

6.     10% DMSO: 10 ml DMSO was diluted to 100 ml using distilled water. 

7.     Neutralisation buffer (pH 7.5): 4.84g Tris Base (400mM) was added in 100 ml 

distilled water after adjusting pH to 7.5. It was stored at room temperature and chilled 

before use. 

8.     Electrophoresis buffer: 20 g of NaOH was mixed in 50 ml of distilled water, 

1.49g disodium salt of EDTA was mixed in 20 ml distilled water after adjusting the 



pH to 10. Working solution of 27 ml NaOH, 4.5ml of disodium EDTA salt and 1.8 ml 

of DMSO was prepared that was diluted to 1L of distilled water. 

9.     Ethidium bromide dye: 0.01g Ethidium bromide was added in 50 ml distilled 

water and stored in an amber bottle. From this stock, 0.1 ml was diluted to 1 ml 

distilled water to prepare 1x working solution, following utmost care. 

Procedure: 

A layer of 500 μL of 1% Normal Melting Agarose was spread on clean frosted slides and 

covered with a coverslip. Following solidification of the gel, a layer of 200 μL of bone marrow 

sample was blended with 600 μL of 0.5% Low Melting Agarose and spread over the existing 

layer. After the gel suspension solidified, a third layer of 500 μL of 0.5% Low Melting Agarose 

was added and allowed to solidify. The coverslip was removed, and the frosted slides were 

immersed in Lysis buffer (pH 10) at 4°C overnight. Subsequent to lysis, the slides were placed in 

an unwinding buffer (electrophoresis buffer, pH 10) for 30 minutes to unwind the DNA and 

Electrophoresis was conducted for 20 minutes at 280mA and 25V. The slides were then 

transferred to a pre-cooled Neutralisation buffer (pH 7.5) for 5 minutes, excess buffer cleaned 

off. The slides were stained with 100 ml 1X Ethidium Bromide solution, covered with a 

coverslip, and examined under a fluorescence microscope (Olympus BX53) at 20x magnification 

using a red filter. The slide was meticulously examined for the presence of comets and was 

analyzed using CASP software to calculate the % tail DNA. 

3.10 STATISTICAL ANALYSIS 



All the samples were analyzed as triplicates and data were presented as the mean ± S.D. 

Statistical analysis was performed with Graphpad Prism 9 software for biochemical and 

morphological tests. CASP software was used to analyze comets and measure the tail DNA %. 

Normal distribution of data was checked using the Shapiro-Wilk test. Significant differences 

between each group were analyzed using two-way ANOVA, followed by post-hoc Tukey’s 

Honest Significant Difference test, when F values of ANOVA were significant. Pearson’s 

correlation was carried out to check positive (+ value) and negative (- value) correlations 

between different parameters. A p value ≤ 0.05 was considered statistically significant. 
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4: RESULTS 

4.1 EFFECT OF MWCNTs ON MORPHOLOGY OF Mus musculus 

Following exposure to two different doses of multi-walled carbon nanotubes (MWCNTs) in two 

separate experimental groups of mice, a continuous monitoring of both morphological and 

behavioral alterations was conducted over a 14-day exposure period. Observations were 

extended for an additional 7-day period to allow for a natural detoxification phase in all three 

groups: the control group, Experimental Group 1, and Experimental Group 2. 

4.1.1 BODY WEIGHT 

The average weight of six mice in each group was assessed, with measurements taken once every 

seven days. The initial average weight of the control group showed an increase over the span of 

21 days. The average body weight of three mice in both Experimental Groups 1 and 2 decreased 

over a 14-day period. Similarly, the remaining three mice designated for natural detoxification 

experienced a comparable decline in weight over the subsequent seven days. (Fig 8.1) 

4.1.2 WEIGHT OF LIVER 

Upon dissection, the liver weight was measured for all three groups. An average of 3 liver tissue 

weights was calculated for each group: control, experimental 1, and experimental 2.The liver 

weight was found to be slightly higher in experimental groups 1 and 2 compared to the control 

group, although this difference was not statistically significant (p=0.5405 for experimental 1, 

p=0.9691 for experimental 2). However, a non-significant decrease in liver weight was observed 



in experimental group 2 compared to experimental group 1 (p=0.8576). After a 7-day 

detoxification period, the liver weight in both experimental groups was observed to have 

increased slightly, although this increase was not statistically significant when compared to both 

the control group and the average liver weight of the three experimental groups post-exposure 

period (p= 0.9953 for experimental 1, p=0.9423 for experimental 2). (Fig 8.2) 

4.1.3 FUR AND TAIL MORPHOLOGY 

Fur morphology in terms of texture, color, density was intact and normal for all the groups, over 

a course of 14 days exposure period and 7 days of natural detoxification period. There were no 

abnormal tail spots observed as well in any of the groups during the same period. (Fig 8.15) 

4.2 EFFECT OF MWCNTS ON BEHAVIOUR OF Mus musculus 

Behavioral analysis was conducted to identify signs of drowsiness, lethargy, isolation, and 

feeding frequency. In the control group, no abnormal behavioral changes were noted. 

Experimental Group 1 mice exhibited heightened drowsiness and lethargy after 14 days, while 

no isolating behavior was observed. A decrease in feeding frequency was also noted. 

Experimental Group 2 mice displayed similar signs of increased drowsiness, lethargy, and 

isolation, accompanied by reduced feeding frequency. After a 7-day detoxification period, 

Experimental Group 1 mice showed no significant behavioral differences except for an increase 

in feeding frequency. Similarly, Experimental Group 2 showed no significant changes for the 

subsequent 2 days, except for increased feeding frequency. (Fig 8.16) 

4.3 EFFECT OF MWCNTS ON LIVER AND BLOOD SERUM BIOMOLECULES 



The changes in the concentration of different biomolecules  and enzymes of mice exposed to 2 

different concentrations of MWCNTs, for an exposure period of 14 days, and after a 7 days 

detoxification period, are revealed. 

Mice administered MWCNTs nanoparticles via gavage exhibited a notable dose-dependent 

reduction in protein concentration in both Experimental Groups 1 and 2 compared to the control 

group (p ≤ 0.05 and p ≤ 0.01, respectively). Furthermore, the detoxification batch of 

Experimental Groups 1 and 2 also displayed a significant decrease in protein concentration 

compared to the control group (p ≤ 0.01). The protein concentration in Experimental Group 1 

was markedly higher than that in Experimental Group 2 (p ≤ 0.01). Upon transitioning the 

experimental groups to the detoxification phase, a significant decrease in protein concentration 

was observed compared to the period of toxicant exposure (p ≤ 0.01). (Fig 8.3) 

The total carbohydrates concentration in experimental 1 and 2 groups showed a significant 

increase compared to the control group, even after natural detoxification (p ≤ 0.05). The 

carbohydrate concentration however decreased in experimental 2, compared to experimental 1 in 

a non-significant dose-dependent manner (p=0.3041). The levels of carbohydrates were seen to 

have remained elevated post detoxification, compared to control as well as during the toxicant 

exposure period (p ≤ 0.01). (Fig 8.5) 

Significant dose-dependent reductions were observed in the concentrations of free sugars in both 

experimental groups following nanoparticle exposure, in comparison to the control group (p ≤ 

0.01), as well as during the post-detoxification period (p ≤ 0.01). These lower levels persisted 

even after the detoxification phase, when compared to the initial concentration of free sugars 

post-exposure (p ≤ 0.01). However, there was a notable elevation in the concentration of free 



sugars in Experimental Group 2 compared to Experimental Group 1, showing significant 

difference (p ≤ 0.01). (Fig 8.6) 

Significant decreases in albumin concentrations were observed in both experimental groups 

following exposure and after the detoxification period, in comparison to the control group (p ≤ 

0.05). However, there was a noteworthy difference in albumin concentration between 

Experimental Group 2 and Group 1, with Experimental Group 2 exhibiting significantly higher 

levels (p ≤ 0.05). Additionally, the albumin levels post-detoxification were significantly lower 

compared to the levels observed post-exposure in Experimental Group 1. A non-significant 

increase in albumin levels was seen in Experimental Group 2 following the detoxification phase 

(p = 0.999). (Fig 8.4) 

The catalase levels exhibited a significant decrease in both Experimental Groups 1 and 2 

compared to the control (p ≤ 0.01). However, Experimental Group 2 showed a notably higher 

catalase level than Experimental Group 1 (p ≤ 0.01). Moreover, there was a significant increase 

in catalase levels observed post-detoxification compared to both the control group and the post-

exposure groups (p ≤ 0.01). (Fig 8.7) 

TBARS levels exhibited a non-significant increase in both experimental groups when compared 

to the control (p = 0.2817 for experimental group 1, p = 0.1315 for experimental group 2). 

However, post-detoxification, these levels decreased non-significantly compared to the control (p 

= 0.9794 for experimental group 1, p = 0.6640 for experimental group 2) and the post-exposure 

period group (p = 0.1073 for experimental group 1, p = 0.7816 for experimental group 2). 

Additionally, the TBARS level was non-significantly higher in experimental group 2 compared 

to experimental group 1 (p = 0.9908). (Fig 8.9) 



4.4 EFFECT OF MWCNTs ON GENETIC MATERIAL 

DNA damage was assessed using the comet assay on bone marrow cells from mice exposed to 

two different doses of MWCNTs nanoparticles. According to the test results, the percentage of 

tail DNA observed in the cells of both experimental groups showed a non-significant increase 

compared to the control group during the post-exposure period (p = 0.9970 for experimental 

group 1, p = 0.8346 for experimental group 2) and during the post-detoxification period in 

experimental group 1 (p = 0.9762), while a significant increase was observed in experimental 

group 2 (p ≤ 0.01). A non-significant increase was noted in experimental group 2 compared to 

experimental group 1 (p = 0.9508). In experimental group 1, the tail DNA percentage exhibited a 

non-significant increase following a 7-day natural detoxification period (p = 0.999). However, a 

significant increase in tail DNA percentage was observed in experimental group 2 following the 

same detoxification duration (p ≤ 0.05). (Fig 8.13) 

4.5 CORRELATION AMONG TESTS 

The biochemical tests were correlated to each other, to understand any significance or whether 

there is a consistent pattern of association between the concentrations of different biomolecules 

across multiple samples or experimental conditions. The r coefficient value, generated for all the 

tests, is provided in Fig. 8.17 and the graphs are shown in Fig 8.14. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 6: DISCUSSIONS 

 

 

 

 

 

 

 

 

 

 



CHAPTER 5 : DISCUSSION 

5.1 EFFECT OF MWCNTs ON MORPHOLOGY OF Mus musculus 

Morphological changes in experimental 1 group (50 mg/kg per body weight dose) and 

experimental 2 group (100 mg/kg per body weight dose) of Swiss albino strain of Mus musculus 

were observed for a period of 14 days, that was compared to the that of the control group, fed 

upon standard feed and water.  There were no visible signs of damage observed on the fur and 

tail morphology of the mice, that is in terms of presence of change in color, texture and density 

of fur, and possible appearance of tail spots. No loss of hair and change in color and texture are 

indicative that these nanoparticles are incapable of damaging the hair follicles that result in 

excessive hair shedding and impaired hair growth. The appearance and progression of tail 

spotting can also be influenced by factors such as genetics, housing conditions, and overall 

health. DNA damage can disrupt cellular processes involved in hair growth and maintenance, 

leading to hair abnormalities (Ungvari et al. 2024). 

Mice typically stabilize their body weight after an initial adjustment period in the animal facility. 

Significant fluctuations or consistent weight loss may indicate stress or health issues (Jeong et al. 

2013). In the control group, an increase in body weight was observed over a span of two weeks 

and in the following 1 week period kept for natural detoxification. However, upon exposure to 

MWCNTs, mice from experimental groups 1 and 2 exhibited a decrease in body weight after a 

14-day exposure period. This decrease persisted slightly even after the mice underwent a natural 

detoxification period of another 7 days. The reduction in body weight could be connected to the 

repeated oral gavaging of MWCNTs, which led to a decrease in their feeding frequency on the 

standard pellet provided. A significant amount of feed remained untouched during the exposure 



period. Although feeding frequency slightly increased during the natural detoxification period, it 

was not significant enough to increase body weight. Increased doses frequently result in more 

significant effects on body weight and other physiological parameters. These mechanisms can 

influence body weight directly or indirectly by impacting metabolic processes, organ functions, 

or appetite regulation. Nanoparticles can engage with various biological systems, causing 

systemic effects extending in areas away from the site of exposure (Noga et al. 2023). These 

interactions might interfere with hormonal regulation, immune responses, or nutrient absorption, 

all of which may affect body weight. 

Upon dissection, the weight of the liver was measured of the control and experimental groups, 

after the 14 days exposure period and after 7 days natural detoxification period, and an average 

was considered of 3 liver tissues of each group. A non-significant increase in the liver weight 

was observed in the experimental groups, compared to that of the control. The liver weight 

persisted to increase even after the period of no exposure to the toxicant, indicating a probability 

of retention or accumulation of these nanoparticles in the hepatocytes (Witkowska et al. 2022). 

Excessive exposure to CNTs can cause liver damage and inflammation, altering liver size and 

weight. Prolonged exposure worsens toxicity, potentially changing the liver organ index. Chronic 

exposure may lead to liver fibrosis, hepatocellular hypertrophy, or other histopathological 

changes, impacting liver size and weight (Dong et al. 2019). However, the average weight of 

liver tissue of experimental group 1 was non-significantly lower compared to the experimental 1 

group. This could either occur due to procedural error, or due to probability of selecting random 

liver tissue samples. 

  



5.2 EFFECT OF MWCNTS ON BEHAVIOUR OF Mus musculus 

Behavioral studies have not been frequently carried out to analyze the possible effects of these 

nanotubes on the Swiss albino strain of mice. The behavior analyzed was based on standard 

procedures to report the absence, presence or normal behaviors of drowsiness, lethargy, isolation 

and feeding frequency of the mice in both the experimental groups (Subakanmani 2015). 

Upon exposure to different doses of MWCNTs, a notable presence of drowsiness and lethargy 

was observed in the mice, in both the experimental groups, when observed at the end of the 

exposure period. These behaviors persisted even in the remaining 3 mice from each experimental 

group during the natural detoxification period. CNT exposure can induce systemic inflammation 

and immune responses (Boyles et al. 2014). Inflammatory cytokines released in can trigger 

sickness behavior, such as lethargy and drowsiness, as part of the body's defense mechanisms. 

Additionally, CNTs have been found to generate reactive oxygen species (ROS), leading to 

oxidative stress in various tissues (Manke et al.2013). This oxidative stress can impair cellular 

function and contribute to fatigue and lethargy. However, individual responses to CNT exposure 

may vary due to differences in genetics, age, sex, and health status. 

Mice from experimental 1 group did not exhibit any initial signs of isolating behavior in the first 

two weeks of exposure, and maintained this behavior even during the detoxification period. 

Experimental 2 group however, showed isolating behavior from week 1 of the toxicant exposure 

period, itself, that persisted up to the end of the exposure and detoxification period. Sick or 

injured mice may isolate themselves from their cage mates as a survival strategy or to minimize 

the spread of disease within the group. Isolation can also be a sign of pain or discomfort in mice. 



The nanotubes, suspended in saline, were administered orally via gavage repeatedly for a 14-day 

period, consistently at the same time each day. This repetitive administration may have 

contributed to the observed decrease in feeding frequency among the mice in the experimental 

groups. The standard feed provided per cage remained largely untouched for most of the days. 

Although an increase in water intake was noted, the reduced feeding frequency persisted. 

However, upon completion of the exposure period, the feeding frequency of the experimental 

mice returned to normal. Depending on the duration and nature of nanoparticle exposure, mice 

may experience residual effects even after dosing is stopped. It's possible that these residual 

effects could influence feeding behavior, either positively or negatively, until the effects reduce 

completely. The control groups showed normal behavioral signs for the entire duration of study. 

5.3 EFFECT OF MWCNTS ON LIVER AND BLOOD SERUM BIOMOLECULES 

The liver plays a crucial role in metabolizing foreign substances, including nanoparticles, 

entering the body (Zhang et al. 2016). Through enzymatic reactions, it processes and detoxifies 

these substances, affecting their toxicity. Nanoparticles, especially those administered 

systemically, tend to accumulate in the liver due to its high blood flow and filtration capabilities, 

making it a key target organ for toxicity assessment (Ngo et al. 2022). Liver enzymes (e.g., ALT, 

AST), pro-inflammatory cytokines, and oxidative stress markers are important biomarkers of 

liver toxicity. Monitoring changes in these biomarkers can help in assessing nanoparticle-

induced liver injury and toxicity. Nanoparticles, administered via different routes (e.g., 

intravenous, oral, inhalation), spread throughout the body via bloodstream. Blood serum acts as a 

reservoir for these nanoparticles and their byproducts, facilitating the assessment of systemic 

exposure and distribution. It contains biomarkers that show physiological and pathological 

changes from nanoparticle exposure, including liver enzymes (e.g., ALT, AST), kidney function 



markers (e.g., creatinine), inflammatory cytokines, oxidative stress markers, and lipid profiles 

(Uges et al. 1988). These changes provide insights into nanoparticle-induced toxicity and its 

mechanisms, highlighting dysfunction in specific organs like the liver, kidneys, heart, and lungs, 

helping in target organ identification and assessment of toxicity. 

The total protein concentration showed a significant dose-dependent decrease in the 

experimental groups 1 and 2 when compared to the control groups as well as liver homogenate 

samples taken after 14 days exposure period, of the respective experimental groups. The 

concentration in experimental 1 group was higher compared to that of experimental 2 mice, due 

to a lower dose administration. Certain nanoparticles have the potential to disrupt cellular 

machinery responsible for protein synthesis, such as ribosomes or transcription factors (Kulasza 

et al. 2021). This disruption can interfere with normal protein production in liver cells, resulting 

in alterations in protein concentration. Additionally, nanoparticles may trigger specific 

intracellular signaling pathways in liver cells, influencing gene expression and protein synthesis. 

These alterations can ultimately modify the protein composition of liver tissue. 

However, a similar result was seen in terms of albumin levels, with the exception that the 

concentration of albumin was higher in the second experimental group compared to the first one, 

while the experimental 2 mice post natural detoxification showed a non-significant increase in 

the albumin concentration when compared to those levels in the liver homogenate after exposure 

period. Nanoparticles can damage the liver, reducing albumin production by hepatocytes. Factors 

like oxidative stress, inflammation, and ER stress hinder albumin synthesis (Almanza et al. 

2019). This leads to decreased albumin levels in liver tissue. 



When the concentrations of carbohydrates were measured in the groups, a significant increase 

was noted in the liver tissue in experimental 1, and non-significant increase in experimental 2. 

The levels remained at the higher end, up to the end of the study duration of exposure and 

detoxification period. Carbohydrates were found to be higher in the first experimental group than 

that of the second group. Nanoparticle exposure can stimulate glycogen breakdown 

(glycogenolysis) in the liver, increasing glucose levels and raising total carbohydrate content in 

liver tissue along with activation of gluconeogenesis, synthesizing glucose from non-

carbohydrate sources like amino acids and glycerol (Martin et al. 2023). 

However, the levels of free sugars in the liver tissue showed a significant decrease upon 

exposure in experimental group 1 and 2, after a period of 14 days of repeated dosage and 7 days 

of natural detoxification (ref). While, the levels of free sugars was seen to be significantly higher 

in experimental 2 group, when compared to that of experimental 1. This could be due to 

dysfunction in liver cells, potentially disrupting metabolic processes involved in sugar 

metabolism. If key enzymes or transporters involved in sugar metabolism are affected by 

nanoparticle toxicity, this could lead to decreased levels of free sugar in the liver tissue.  

Catalase levels significantly started increasing in the experimental groups, after the end of the 

detoxification period, with higher concentrations in the experimental 2 mice. Elevated catalase 

levels in the blood serum reflects response to increased reactive oxygen species (ROS) 

production, as catalase is an important antioxidant enzyme that helps neutralize hydrogen 

peroxide (H2O2) and protect cells from oxidative damage (Florek et al. 2023). 

Meanwhile, an increase in the levels of TBARS was seen in the experimental groups 1 and 2, 

after 14 days, that non-significantly decreased during the detoxification period of experimental 1 



mice while remained elevated in the second group when compared to that of their respective 

experimental groups upon exposure.The higher dosed mice showed higher levels of TBARS. 

Thiobarbituric acid reactive substances (TBARS) are a measure of lipid peroxidation, which is a 

common consequence of oxidative stress (Fraga et al. 1988). Increased TBARS levels indicate 

that liver cells are experiencing oxidative stress. It also suggests that lipid molecules in liver cell 

membranes have undergone peroxidation, a process initiated by ROS (Weinberger et al. 2002). 

5.4 GENOTOXICITY OF MWCNTs 

The tail DNA % represents the proportion of total DNA content that has migrated into the tail of 

the comet, indicating the extent of DNA damage. DNA damage was observed in both the 

experimental groups, upon sub-acute exposure to MWCNTs, that further increased even after a 

natural detoxification period. CNTs have a high surface area and unique physicochemical 

properties that enable them to interact directly with DNA molecules and can adsorb onto DNA 

strands, leading to structural distortions, strand breaks, and other types of DNA damage (Ema et 

al. 2013). Inflammatory mediators, ROS, as well as DNA-damaging enzymes can contribute to 

DNA damage. Prolonged exposure to CNTs may overwhelm cellular DNA repair mechanisms, 

leading to accumulation of DNA damage (Pacurari et al. 2008). Impaired DNA repair processes, 

such as base excision repair, nucleotide excision repair, and double-strand break repair, can lead 

to CNT-induced genotoxicity (Darne et al. 2014). 

Some toxicants can be metabolized by cellular enzymes into reactive metabolites that can induce 

DNA damage (Martin et al. 2008). While detoxification processes aim to eliminate these 

toxicants, they may also produce reactive intermediates or metabolites that can cause DNA 



damage themselves (Wan et al.2012).Therefore, even after the end of exposure and natural 

detoxification, residual reactive metabolites may continue to induce DNA damage. 

5.5 NATURAL DETOXIFICATION OF MWCNTS 

The liver plays a crucial role in the natural detoxification of nanoparticles by liver enzymes, 

particularly those belonging to the cytochrome P450 (CYP) family (Grant et al. 1991). These 

enzymes catalyze various reactions, including oxidation, reduction, and conjugation, which can 

modify the chemical structure of nanoparticles to facilitate their elimination from the body 

(Ismail et al. 2010). Hepatocytes contain a variety of detoxification enzymes, including 

glutathione S-transferases (GSTs) and UDP-glucuronosyltransferases (UGTs), which catalyze 

the conjugation of nanoparticles with molecules such as glutathione or glucuronic acid (Li et al. 

2015). Conjugation reactions increase the water solubility of nanoparticles and facilitate their 

excretion via urine or bile. Hepatocytes contain high levels of antioxidant enzymes such as 

superoxide dismutase (SOD), catalase, and glutathione peroxidase, which help neutralize 

reactive oxygen species (ROS) generated by nanoparticle exposure and prevent oxidative 

damage to cellular components (Ighodaro et al. 2018). The liver is a major immunological organ 

involved in immune surveillance and clearance of foreign particles, including nanoparticles. 

Kupffer cells and other immune cells within the liver can recognize and phagocytose 

nanoparticles, leading to their removal from circulation and subsequent processing or excretion 

(Sadauskas et al. 2007). 
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6. CONCLUSION 

In conclusion, exposure to multiwalled carbon nanotubes via ingestion in two different 

concentrations resulted in genotoxic and hepatotoxic effects in Swiss albino mice during a sub-

acute exposure period of 14 days. Following a week of natural detoxification, a decrease in 

toxicity biomarkers was observed, indicating a level of detoxification carried out naturally by the 

liver. However, DNA damage appeared to persist and even increase. This suggests that while 

some detoxification mechanisms may be activated, they may not fully counteract the genotoxic 

effects of the nanoparticles. There is a need for further research to understand the underlying 

mechanisms of hepatotoxic effects, the accumulation or retention of nanoparticles in the body, 

the reasons for persistent DNA damage, and explore alternative methods for detoxifying these 

nanoparticles. This research will provide valuable insights into mitigating the adverse effects of 

nanoparticle exposure and enhancing the safety of nanomaterials in various applications. 
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APPENDIX I 

8.1 GRAPHS 
 

 

 

Fig.8.1 Body weight of mice after MWCNTs exposure 



 

  

Fig.8.2 Liver organ index (same letter indicates non-significant differences as per Tukey’s 

test) 

 

Fig. 8.3 Effect of MWCNTs on Total proteins content in the liver of mice. (Different letters 

indicate significant difference between groups as per Tukey’s test at p ≤ 0.05.Same letters 

indicate non-significant difference as per Tukey’s test.) 



 

Fig. 8.4 Effect of MWCNTs on Albumin content in the liver of mice. (Different letters indicate 

significant difference between groups as per Tukey’s test at p ≤ 0.05.Same letters indicate non-

significant difference as per Tukey’s test.) 

 



Fig. 8.5 Effect of MWCNTs on Total Carbohydrates content in the liver of mice. (Different 

letters indicate significant difference between groups as per Tukey’s test at p ≤ 0.05.Same 

letters indicate non-significant difference as per Tukey’s test.) 

 

Fig. 8.6 Effect of MWCNTs on Free sugars content in the liver of mice. (Different letters 

indicate significant difference between groups as per Tukey’s test at p ≤ 0.05.Same letters 

indicate non-significant difference as per Tukey’s test.) 



 

Fig. 8.7 Effect of MWCNTs on Catalase content in the blood serum of mice. (Different letters 

indicate significant difference between groups as per Tukey’s test at p ≤ 0.05.) 

 



Fig. 8.9 Effect of MWCNTs on TBARS content in the liver tissue of mice. (Different letters 

indicate significant difference between groups as per Tukey’s test at p ≤ 0.05. Same letters 

indicate non-significant difference as per Tukey’s test.) 

 

Fig. 8.13 Tail intensity in Comet assay (Different letters indicate significant difference 

between groups as per Tukey’s test at p ≤ 0.05. Same letters indicate non-significant difference 

as per Tukey’s test.) 

 

 

 

 

 

 

 

 

 

 



APPENDIX II 

8.2 TABLES 

 

Morphology exp1 exp2 exp1d exp2d control 

 

week1 week2 week1 week2 
 

Fur density normal normal normal normal normal 

Fur color white white white white white 

Fur texture smooth smooth smooth smooth smooth 

Tail spots nil nil nil nil nil 

 

Fig. 8.15 Morphological changes observed in mice after exposure and natural detoxification 

of MWCNTs  

 

Behavior Experiment 1 Experiment 2 Exp 1 d Exp 2 d Control 

 
Week 

1 

Week 2 Week 

1 

Week 2 Week 3 Week 4 
 

Drowsiness normal increased normal increased increased increased normal 

Lethargy normal increased normal increased increased increased normal 

Isolation normal normal normal increased normal increased normal 

Feeding 

frequency 

normal decreased normal decreased increased increased normal 

Fig. 8.16 Behavioral changes observed in mice after exposure and natural detoxification of 

MWCNTs  

 

 

 

 

 



APPENDIX III 

8.3 FIGURES 

 

Fig. 8.18 MWCNTs acquired from AdNano technologies 

 



 

Fig. 8.19 MWCNTs observed under stereomicroscope 

 



 

 

Fig. 8.20 MWCNTs doses prepared (a:50 mg/kg of body weight b:100 mg/kg of body weight) 



 

 

Fig. 8.21 Experimental set-up (a: Experimental groups 1 and 2 b:Control group) 

 

 

 

APPENDIX IV 

8.4 PLATES 



 

 

Plate 1: Bone marrow cells of control group under 20x magnification 

 



 

Plate 2: Bone marrow cells of experimental groups after sub-acute exposure to MWCNTs 

under 20x magnification (a: Experimental 1 b:Experimental 2) 

 



 

Plate 3: Bone marrow cells of experimental groups after natural detoxification under 20x 

magnification (a: Experimental 1 b:Experimental 2) 
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