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Abstract 
         This study included three parts; the first part included 

functionalization of single well carbon Nanotubes  (SWCNTs) using (Hcl) 

and mixture of acids (H2SO4, HNO3) to convert them to (SWCNTs-

COOH), and then followed by an esterification process of (SWCNTs-

COOH) with (PEG, PEG-PEI), an ester reaction was performed between 

the group of carboxylic acids  PEG and PEG-PEI which contains amino 

groups. Then the physical properties were studied using XRD, FTIR, UV- 

Vis, RS, TEM and AFM the techniques to characterize the composite (PEG 

– SWCNTs). SWCNTs had a sharp peak at (291 nm) in UV-vis, whereas 

(PEG – SWCNTs) and (PEG-PEI-SWCNTs) had a peak at 289 nm and 

300.98 nm. In Fourier transforms infrared spectroscopy (FTIR) spectra, a 

strong OH bond can be seen for both materials, as well as the C–H bond of 

(PEG-SWCNTs) and C –H, N-H, C-N bond of (PEG- PEI-CNTs) also 

showed. In XRD pattern SWCNTs have a sharp peak at 2θ = 25.6299
⸰
, 

which is related to 002 with d – spacing (3.4729 Å) while functionalization 

of PEG-SWCNTs is conformed to a broad peak at 2θ= 23.4473
⸰
 with d – 

spacing (3.8447Å) and  functionalization of PEG-PEI-SWCNTs conform 

by broad peak at (2θ= 23.51
⸰
) with d – spacing (3.7816Å).  The values of 

crystallite size for SWCNTs, PEG-SWCNTs and PEG-PEI-SWCNTs 

equals ((3nm), (7.7nm) and (8.48nm)), respectively. Atomic force 

microscopy (AFM) and SWCNTs images show a single wall carbon 

nanotube with a grain size of (60 nm). In PEG-SWCNTs and PEG-PEI-

SWCNTs, the grain size increases with functionalization to (83.60 nm, 

80.68 nm), respectively. In Raman Spectroscopy, we notice a shift in the D 

and G bands in PEG-SWCNTs and PEG-PEI-SWCNTs. In TEM the raw 



SWCNTs are long curved aggregates, which appear to be a bundle of 

inhomogeneous aggregates consisting of many tubes, The tubular structure 

of CNTs-PEG-PEI is rough, and some particles appear to be attached and 

distributed along the SWCNTs sidewalls, maybe indicating that PEG and 

PEI groups are conjugated onto nanotubes.  

    The second part included loading nanocurcumin (N.Cur) on to SWCNTs 

containing polyethylene glycol (PEG) and polyethyleneimine (PEI), which 

contains amino groups, were synthesized (PEG-PEI-SWCNTs). The 

spectral and structural characteristics of (PEG–PEI-SWCNTs-N.Cur) were 

comprehensively analyzed by XRD, FTIR, UV- Vis, RS, TEM and AFM. 

XRD patterns revealed that PEG-PEI-SWCNTs had different crystalline 

structures and defects, as well as a higher interlayer spacing. AFM results 

showed SWCNTs with the grain size of (60 nm), while PEG-PEI-SWCNTs 

revealed SWCNTs aggregation with the grain size of (79.6 nm) after 

loading N. Curcumin extract, which was verified by TEM examination. A 

strong OH bond appeared in FTIR spectra. Furthermore, UV- Vis 

absorbance peaks at (289, 300.98, (282,425) and (273,431)) nm seemed to 

be correlated with SWCNTs, PEG-PEI-SWCNTs, N. Curcumin extract, 

and PEG- PEI-SWCNTs- N. Curcumin extract. The Raman spectra for 

PEG-PEI-SWCNTs-N. Cur, the radial breathing mode (RBM) band, the 

disorder band (D band), the tangential mode (G band) and  the overtone of 

the D band (2D band) shifting to ((171,264),1283, 1593 and 2131 cm-1)) 

respectively. The peaks for the nanocurcumin around (958, 1183 and 1428) 

cm-1 experienced shift to (939, 1168 and 1470) cm-1 in the drug loaded 

sample due to nano-encapsulation and indicates successful drug loading. 

The lines at (716 and 853) cm-1 can be assigned to the C-N stretching 

vibrations.  



   Part third included the samples in the all parts of this study using in three 

type of bio application, first type of bio application include effect SWCNTs 

and PEG-SWCNTs on two type of anti-bacterial  Gram-negative bacterial 

strain Pseudomonas aeruginosa and Gram-positive bacterial strain bacillus 

spp. were exposed to a series of concentrations from prepared )PEG-

SWCNTs) ((25-100) µg/ml). The results exhibited significant inhibitory 

activity and that the rate of bacterial growth inhibition increased with 

increasing concentration.  Second type of bio application include effect 

SWCNTs, PEG-SWCNTs, PEG-PEI-SWCNTs and PEG-PEI-SWCNTs-

N.Cur  on two type of anticancer the breast cancer AMJ13 cell line and 

liver cancer HepG2 cell line were exposed to a series of prepared (SWNTs, 

PEG-SWCNTs, PEG-PEI-SWCNTs, PEG-PEI-SWCNTs-N.Cur) 

concentrations ((6.25- 100) µg/ml), and the inhibition rate of growth in 

cells was measured for 72 h. The cytotoxicity screening showed that there 

was a highly toxic effect on the cancer cells. Third type of bio application 

include effect (SWCNTs, PEG-PEI-SWCNTs and PEG-PEI-SWCNTs-

N.Cur)  on the normal cell line (RD). Inhibition rates in the normal cell line 

RD by the effect of different concentrations ((6.25- 100) µg/ml) of 

(SWCNTs, PEG-PEI-SWCNTs and PEG-PEI-SWCNTs-N.Cur) for an 

exposure period of (72 hours) and a temperature of (37 ° C). 
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1-1 Introduction 

     The word “biomaterial” is generally used to categorize materials used 

for biomedical applications and is different from a biological material such 

as bone which is produced by a biological system [1]. A biomaterial may 

be defined as a natural or synthetic substance that can be used for any 

period of time to treat, strengthen or substitute any tissue, organ or function 

of the body [2]. Another definition of biomaterial is “a synthetic material 

used to replace part of a living system or to function in intimate contact 

with living tissue” [3]. From material’s standpoint, biological tissue can be 

considered as a composite consisting of nano-biomaterials, for example, 

nano-muscle fibers, nano-apatite grains, nano-membrane, etc. [2]. Nano-

biomaterials have long been a focus of active research owing to their 

unique properties that can be utilized for biomedical applications such as 

tissue engineering, biosensing, bioimaging, drug and gene delivery, wound 

healing, medical implant and diagnostic systems like protein and DNA 

microarrays. The rapid growth of nanotechnology has enabled the 

researchers to produce nanoparticles, nanofibers, nanocoating and 

nanocomposites for biomedical applications [4,5]. Have suggested that a 

nano-functionalized surface has promising biological properties. Hence, 

clinical applications of biomaterials can be improved by producing a 

nanostructured surface. In general, the biomaterials with medical 

applications can be divided into four groups: polymers, metals, ceramics 

and composites [4].  

        Biopolymers can be described as naturally occurring macromolecules 

which are usually produced by living systems including plants, animals, 

and microorganisms [6]. In recent years, there is a growing tendency to use 

more of natural polymers for developing various food and biomedical 

products [7,8]. It is noteworthy to mention over here that the mankind has 



Chapter One                                     Introduction and Previous Studies                                                                                

2 
 

been using biopolymers not only for food and biomedical applications, 

where it has found numerous applications, but also in textile, cosmetics, 

pharmaceuticals, and paper industries [9]. Biopolymers contain repeating 

units of monomers and are usually derived from plants, animals, and 

microorganisms. In general, the repeating units of a biopolymer may either 

be sugars, amino acids, or fermentative products like aliphatic polyesters 

[10]. These biopolymers may have different functional groups like 

hydroxyl, amino, amide, carboxyl, phosphate, phenolic, etc. [11], which 

impart to their different biological activities [12]. The biopolymers are 

usually broadly classified into three groups, namely, polysaccharides, 

proteins, and polynucleotides. Recently, there has been a great thrust on 

the usage of biopolymers for a number of applications, especially in the 

biomedical and pharmaceutical [13]. The functional efficiency of the 

biopolymer molecules depends on the composition, physicochemical 

properties and structural features [14]. It is possible to rationally design the 

composition and structure of the biopolymer to obtain the appropriate 

functional attributes [15]. The internal structure of the polymer molecule 

determines many functional characteristics such as permeability, 

chargeability and integrity [16]. The stability of the biopolymer particles 

and their ability to aggregate is influenced by the electrical characteristics. 

Biopolymer particles with a high electric charge will repel and prevent 

aggregation. Molecules of biopolymers and their electrical properties 

influence the interaction with other molecules present in the surrounding 

environment [16]. Among natural biopolymers, alginate is one of the most 

popular and intensely studied [17]. 

      Current cancer treatments mostly involve surgery, chemotherapy 

and/or radiotherapy. The purpose of chemotherapy and of radiation is to 

kill the tumor cells, as they are more susceptible to the actions of these 
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methods. However, the well-known side effects strongly minimize their 

actual benefits, and they reduce the potential candidates. Nanotechnology 

provides innovative and promising alternatives to conventional strategies 

to defeat tumors [18]. Among nanotechnology, carbon nanotubes (CNTs) 

have gained intensive attention and interest during the past 20 years 

because of their unique mechanical properties, in addition to very 

interesting values in electrical and thermal conductivity. Moreover, the 

possibility of functionalizing their surface with a wide group or 

bio/chemical species paves the way for numerous therapeutic and drug 

delivery applications. For these reasons, they stand out within the newest 

approaches for cancer “theragnostic” treatment, i.e. treatments that 

combine both the diagnosis and therapy in the same nanostructure [19].  

1-2   Composite Materials 

    A composite material is a materials system composed of two or more 

physically distinct phases whose combination produces aggregate 

properties that are different from those of its constituents [20]. The 

composite biomaterials have been used successfully in the field of dentistry 

as restorative materials or dental cements for decades. The combination of 

low density/weight and high strength properties in composite materials 

make them ideal for prosthetic limbs. The carbon-carbon and carbon-

reinforced polymer composites have attracted attention of researchers, 

particularly for bone repair and joint replacement applications, because of 

their low elastic modulus levels, but these materials have not displayed the 

mechanical and biological properties required for these applications [21]. 

Composites materials can be classified according to two aspects. 

Composites are firstly classified based on the matrix constituent. They are 

called by the part which is mostly present in the composites. The 

composites classes depending on matrix component are listed below [22]: 
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 . 1. Metal- Matrix Composites (MMCs) 

 2. Ceramic- Matrix Composites (CMCs). 

 .3. Organic- Matrix Composites (OMCs)    

     The organic matrix composites are divided in to two types: carbon-

matrix composites (CMCs) and polymer matrix composites (PMCs) [23] : 

(A) Carbon – Matrix Composites (CMCs) 

      Carbon matrix composites are usually produced from PMCs by 

including the extra types of carbonizing and the original polymer matrix.     

Hence, C/C composites are used in high temperature applications.          

Mechanical properties of carbon matrix composites do not degrade until 

(2200C
⸰
). Conversely; the main drawback is the high cost of material and 

fabrication. The (CMCs) find wide application areas in aerospace and 

military system [23]. 

 

(B) Polymer –Matrix Composites (PMCs) 

       PMCs are widely used composites materials in the world. In this type 

of composites, polymer base resin is used as a matrix material in mixture 

with reinforcing agents. They are widely used in industrial, military, 

aerospace and automobile applications. The main advantage of these 

composites is the easy fabrication of large complex shapes [24]. In PMCs 

applications, both thermoplastic and thermoset polymers can be used as a 

matrix constituent.  PMCs with thermoplastic polymers soften up on 

heating, therefore, service temperature for the thermoplastic PMCs is 

limited, i.e., usually they are not suitable for high temperature applications.  

Conversely, thermoset PMCs cannot be reshaped after curing process.  
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Because, thermoset PMCs have crosslinked molecular structure which is 

an insoluble and infeasible three-dimensional network [25]. 

1-3 The Materials Used in This Study  

1-3-1    Polyethylene Glycol (PEG) 

       Polyethylene glycol (PEG) is one of the most widely used synthetic 

materials for biomedical applications. PEG is soluble in water, methanol, 

ethanol, acetonitrile, benzene, and dichloromethane, and is insoluble in 

diethyl ether and hexane. It is coupled to hydrophobic molecules to 

produce non-ionic surfactants. PEG is used as an excipient in many 

pharmaceutical products. Lower-molecular-weight variants are used as 

solvents in oral liquids and soft capsules, whereas solid variants are used 

as ointment bases, tablet binders, film coating, and lubricants. PEG is also 

used in lubricating eye drops [26]. Figure (1-1) shows an image of PEG 

material. PEG is a polyether compound with many applications from 

industrial manufacturing to medicine. The structure of PEG is [HO-

(CH2CH2O) n - CH2CH2-OH].  PEG is also known as polyethylene oxide 

(PEO) or poly-ox ethylene (POE), depending on its molecular weight. PEG 

is produced by the interaction of ethylene oxide with water, ethylene 

glycol, or ethylene glycol oligomers. The reaction is catalyzed by acidic or 

basic catalysts. Ethylene glycol and its oligomers are preferable as a 

starting material instead of water, because they allow the creation of 

polymers with a low poly disparity (narrow molecular weight distribution). 

Polymer chain length depends on the ratio of reactants [27].  
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1-3-2 Polyethyleneimine (PEI) 

       PEI is a low molecular weight branched polymer with molecular 

weights varying between 0.8 and 750 kDa. PEI, as shown in figure (1-2), 

consists essentially of amino groups: (1) primary amine end groups (NH2), 

(2) secondary amine linear units (NH), (3) tertiary amine branched (i.e., 

dendritic) units and is characterized by a degree of branching (DB) defied 

as: DB=2D/(2D+L), where D is the dendritic unit and L is the linear unit 

[28]. Some of the primary and secondary groups are protonated to 

ammonium ions, according to the pH of the solution [29], which give the 

PEI a cationic character. Most importantly, the PEI is considered as an eco-

friendly material that was approved for food contact in the USA [30]. PEI 

was employed in a wide range of applications: mainly in medicinal 

chemistry as a DNA transfection agent and a drug delivery agent alongside 

with other uses [31] and in other applications such as water treatment, 

carbon dioxide capture and cosmetics [32] thanks to its structure, its high 

ionic charge and its high nucleophilicity. The latter was the main reason to 

 

Figure (1-1): Illustrative image of polyethylene glycol material 

[27]. 
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employ PEI in crosslinked polymer gels. In fact, and during the last 

2 decades, PEI was shown to effectively crosslink with various acrylamide-

based polymers through different mechanisms (nucleophilic attack, 

transamination reaction, acid–base interaction) [33].  PEI’s application 

fields may be divided according to its use in:  

1- Use of PEI as a drug. 

2- Use of PEI for delivery of small drugs, and for the photo dynamic 

therapy (PDT). 

3- Use of PEI for antimicrobial coating. 

4- Use of PEI for the preparation of nanosized delivery vectors. 

5- Use of PEI for non-invasive optical imaging devices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-3-3 Carbon Nanotubes (CNTs) 

   Carbon nanotubes fundamentally fall into two classes: single-walled 

carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes 

(MWCNTs). Despite the obvious commonality, SWCNTs and MWCNTs 

 

Figure (1-2): Chemical structure of polyethylenimine [33]. 



Chapter One                                     Introduction and Previous Studies                                                                                

8 
 

have significantly different physical properties from each other because of 

their structural differences [34]. The most important feature that 

distinguishes SWCNTs is that the wall of the nanotube consists of the only 

one graphene layer. In other words, single-walled carbon nanotubes can be 

described as graphene sheets seamlessly rolled up to form hollow cylinders. 

That is why they often referred to as graphene nanotubes (GNTs). Unlike 

a single-walled nanotube, a multi-walled carbon nanotube can be viewed 

as a concentric arrangement of SWCNTs, i.e. consisting of multiple layers 

of graphene rolled up seamlessly into a tube shape. Figure (1-3) shows 

difference type of CNTs, these differences between single-walled and 

multi-walled carbon nanotubes result in substantially different properties 

and corresponding impacts on materials after their introduction [35]. 

SWCNTs are proving their great potential for utilization as a 

multifunctional additive and for creating new products with previously 

unattainable properties. They allow improvement of various features in 

practically all known materials: to impart conductive and anti-static 

properties, and to increase strength, crack resistance, flexibility and 

adhesion, and many other parameters depending on the required 

application. Moreover, this is often achieved at SWCNTs concentrations 

of tenths or hundredths of a percent, which generally makes it possible to 

retain the existing technologies for manufacturing the end products [36]. 

There are several approaches to classification of SWCNT applications. The 

most common are by the industry, material or type of industrial product. 

Classification by the type of industrial product can also be further classified 

depending on the potential volume of SWCNT consumption. Composite 

materials and reinforced plastics, industrial coatings, car tires and rubber 

technical goods, structural materials, and materials for electrochemical 

power sources account for the most significant volume of SWCNT 

consumption. The next group of applications in terms of the volume of 

https://tuball.com/about-tuball
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SWCNTs used includes adhesives and lubricants, anti-static plastics, 

transparent conductive films, and cables. Then there are a few niche 

applications that use limited quantities of single-walled carbon nanotubes 

[37]. Owing to their chemical compatibility with biomolecules (DNA and 

protein), single-walled carbon nanotubes can be used as components of 

biosensors and medical equipment. Tests of SWCNTs in implants show 

that they can be further used as coatings for catheters and neural implants. 

Solutions are also being developed for application in vivo, in particular for 

targeted delivery of substances encapsulated in SWCNTs [ 38].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-3-4 Nanocurcumin 

    Curcumin in the form of a nanoparticle (hereafter, curcumin 

nanoparticle) is a widely reported form for enhancing the bioavailability 

and solubility of lipophilic curcumin [39,40]. Kurita and Makino as well as 

 

Figure (1-3): Differrent types of CNTs [38]. 



Chapter One                                     Introduction and Previous Studies                                                                                

10 
 

Hani and Shivakumar reported that the solubility and absorption rate of 

nanocurcumin is higher than the normal curcumin form, respectively 

[41,42]. Furthermore, curcumin nanoparticles can be more bioavailable 

and deposited more highly than the normal curcumin in comparison of the 

tissues of the Sprague-Dawley rat model [43,44]. However, no form of 

curcumin or its closely related analogues poses the properties required for 

a good drug or additive candidate in terms of chemical stability, high water 

solubility, potent and selective target activity, high bioavailability, broad 

tissue distribution, stable metabolism and low toxicity [45]. Due to the 

problems of water insolubility and low bioavailability of curcumin or 

curcumin nanoparticles, it has been reported that biodistribution and 

bioavailability of curcumin or curcumin nanoparticles would be increased 

by encapsulation processes such as nanoemulsions, liposomes, micelles, 

polymeric micro or nanoparticles, phospholipid complexes and hydrogels 

which showed the potential for efficient drug delivery systems that 

minimize the delay and reduce the vulnerability of diseases in organisms 

[46]. Prasad et al. postulated that an increased amount and length of 

curcumin in blood circulation could enhance the tissue deposition and 

biological activity in animals [47]. Furthermore, Mohamed et al. opined 

that hydrogen-bromide-treated curcumin can be exclusively used as a 

source of antioxidant in bioactive food materials [48]. As an organic 

curcumin nanocarrier, liposomal curcumin is considered as the best way of 

improving bioavailability of curcumin in cellular level and the 

commodities based on liposomal formulations are being marketed for 

different dietary applications of curcumin [49,50]. In addition, in case of 

inorganic nano formulations, mesoporous silica nanoparticles (MSN) are 

the most used nano systems for improving the bioavailability of poorly 

water-soluble drugs [51-53]. Among herbal and natural compounds, 

curcumin is a very attractive herbal supplement considering its 
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multipurpose properties. The potential effects of curcumin on glia cells and 

its therapeutic and protective properties in central nervous system (CNS)-

related disorders is relevant. However, curcumin is unstable and easily 

degraded or metabolized into other forms posing limits to its clinical 

development. This is particularly important in brain pathologies 

determined blood brain barrier (BBB) obstacle. To enhance the stability 

and bioavailability of curcumin, many studies focused on the design and 

development of curcumin nano delivery systems (nanoparticles, micelles, 

dendrimers, and diverse nanocarriers). These nano constructs can increase 

curcumin stability, solubility, in vivo uptake, bioactivity and safety. 

Recently, several studies have reported on a curcumin exosome-based 

delivery system, showing great therapeutical potential. Figure (1-4) shows 

curcumin contains many valuable biological properties [54]. The chemical 

structure of nanocurcumin is shown in figure (1-5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1-4): Different functional and biological features of 

curcumin or nanocurcumin [54]. 
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1-4 Literature Survey 

      Bhirde et al. (2010) studied the distribution and clearance of 

polyethylene glycol (PEG)-ylated single-walled carbon nanotube 

(SWCNTs) as drug delivery vehicles for the anticancer drug cisplatin in 

mice. In this study PEG-SWCNTs were efficiently dispersed in aqueous 

media compared with controls, and did not induce apoptosis in vitro. 

Hematoxylin and eosin staining, and Raman bands for SWCNTs in tissues 

from several vital organs from mice injected intravenously with nanotube 

bioconjugates revealed that control SWCNTs were lodged in lung tissue as 

large aggregates compared with the PEG-SWCNTs, which showed little or 

no accumulation. Characteristic SWCNT Raman bands in feces revealed 

the presence of bilary or renal excretion routes. Attachment of cisplatin on 

bioconjugates was visualized with Z-contrast scanning transmission 

electron microscopy. PEG-SWCNT–cisplatin with the attached targeting 

ligand EGF successfully inhibited growth of head and neck tumor 

xenografts in mice [55]. 

Figure (1-5): Chemical structure of nano curcumin [54]. 
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     Hadidi et al. (2011) studied optimization of single-walled carbon 

nanotube solubility by noncovalent PEGylation using experimental design 

methods. In this study, noncovalent functionalization of single walled 

carbon nanotubes (SWCNTs) with phospholipid-polyethylene glycols (Pl-

PEGs) was performed to improve the solubility of SWCNTs in aqueous 

solution. Two kinds of PEG derivatives, ie, Pl-PEG 2000 and Pl-PEG 

5000, were used for the PEGylation process. An experimental design 

technique (D-optimal design and second-order polynomial equations) was 

applied to investigate the effect of variables on PEGylation and the 

solubility of SWCNTs. The type of PEG derivative was selected as a 

qualitative parameter, and the PEG/SWCNT weight ratio and sonication 

time were applied as quantitative variables for the experimental design. 

Optimization was performed for two responses, aqueous solubility and 

loading efficiency. The grafting of PEG to the carbon nanostructure was 

determined by thermogravimetric analysis, Raman spectroscopy, and 

scanning electron microscopy. Aqueous solubility and loading efficiency 

were determined by ultraviolet-visible spectrophotometry and 

measurement of free amine groups, respectively. Results showed that Pl-

PEGs were grafted onto SWCNTs. Aqueous solubility of (0.84 mg/mL) 

and loading efficiency of nearly (98%) were achieved for the prepared Pl-

PEG 5000-SWCNT conjugates. Evaluation of functionalized SWCNTs 

showed that our noncovalent functionalization protocol could considerably 

increase aqueous solubility, which is an essential criterion in the design of 

a carbon nanotube-based drug delivery system and its biodistribution [56].  

 

         Bhattacharya et al. (2012) studied antibacterial activities of 

polyethylene glycol, tween 80 and sodium sodecyl sulphate coated silver 

nanoparticles in normal and multi-drug resistant bacteria.  In this study 

antibacterial activity of silver nanoparticles coated with different 
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functionalizing agents i.e., polyethylene glycol, tween 80 and sodium 

dodecyl sulphate were evaluated on both normal and multi-drug resistant 

strains of bacteria. Under the same reaction conditions, these 

functionalizing agents were added separately to coat silver nanoparticles. 

Among these, poly- ethylene glycol coated nanoparticles were most 

effective in killing all the bacterial strains which includes Escherichia coli 

DH5_, Bacillus subtilis, Micrococcus luteus, Staphylococcus aureus and 

multi-drug resistant clinical isolates of Shigella spp. (flexneri, boydii, 

sohnea) and Vibrio cholerae. The minimum inhibitory concentration of 

polyethylene glycol coated silver nanoparticles was also less compared to 

the other two sets of nanoparticles. Consistence with that polyethylene 

glycol coated nanoparticles produced more intracellular reactive oxygen 

species in bacteria. Moreover, when human cell lines MCF7 and chang liver 

were incubated in presence of these nanoparticles for (18 h) with same 

concentrations as used for bacteria, no toxicity was observed. But 

significant increase in cell killing was observed with longer incubation 

time. Thus, our present investigation implicates the potential therapeutic 

use of silver nanoparticles as antibacterial agent particularly the 

polyethylene glycol coated one [57]. 

         Hadidi et al. (2012) studied   evaluation of the effect of PEGylated 

single-walled carbon nanotubes on viability and proliferation of jurkat 

Cells. In this study, They were linked  the PEGylation of single-walled 

CNTs (SWCNTs) with phospholipid-PEG (Pl-PEG) conjugates to prepare 

water-dispersible nanostructures, the present study was designed to 

evaluate whether the functionalization with Pl-PEG derivatives could alter 

the cytotoxic response of cells in culture, affect their viability and 

proliferation. In-vitro cytotoxicity screens were performed on cultured 

Jurkat cells. The SWCNTs samples used in this exposure were pristine 
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SWCNTs, Pl-PEG 2000/5000-SWCNTs at various concentrations. Jurkat 

cells were first incubated for (3 h) at (37° C) with test materials and seeded 

in 6-well culture plates at a given concentration. The plates were then 

incubated for (24, 48 and 72 h) at (37° C) in a 5% CO2 humidified incubator. 

Cell viability and proliferation assay were performed using trypan blue 

exclusion test and the cell cycle kinetic status of jurkat cells was analyzed 

by flow cytometry. Cell morphology was finally studied using double 

staining technique and a fluorescence microscope. There found that, 

regardless of the duration of exposure, functionalized SWCNTs were 

substantially less toxic, compared to pure SWCNTs and that the molecular 

weight of Pl-PEGs played an important role at higher concentrations. In 

conclusion, our noncovalent protocol seemed to be effective for increasing 

SWCNTs biocompatibility [58]. 

         Khandare et al. (2012) studied PEG-conjugated highly dispersive 

multifunctional magnetic multi-walled carbon nanotubes for cellular 

imaging. Theirs report synthesis of a highly versatile multicomponent 

nanosystem by covalently decorating the surface of multiwalled carbon 

nanotubes (CNTs) by magnetite nanoparticles (Fe3O4), poly (ethylene 

glycol) (PEG), and fluorophore fluorescein isothiocyanate (FITC). The 

resulting Fe3O4–PEG–FITC–CNT nanosystem demonstrates high 

dispersion ability in an aqueous medium, magnetic responsiveness, and 

fluorescent capacity. Transmission electron microscopy images revealed 

that Fe3O4 nanoparticles were well anchored onto the surfaces of the CNT. 

In vitro time kinetic experiments using confocal microscopy demonstrated 

a higher uptake of the Fe3O4–PEG–FITC–CNT nanosystem localized at the 

perinuclear region of MCF7 cells compared to the free FITC. In addition, 

the CNT nanosystem demonstrated no evidence of toxicity on cell growth. 

Surface conjugation of multicomponents, combined with in vitro non-
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toxicity, enhanced cellular uptake for FITC and site-specific targeting 

ability makes this fluorescent Fe3O4–PEG–FITC–CNT nanosystem an ideal 

candidate for bioimaging, both in vitro and in vivo [59]. 

       Hadidi et al. (2013) studied PEGylated single-walled carbon nanotubes 

as nanocarriers for cyclosporin a delivery. In this study great attempts have 

been made in the development of SWCNTs as advanced nanomaterials for 

biomedical applications. Studies performed in our laboratories and other 

investigations have indicated that SWCNTs could be considered as 

promising nano vectors for the delivery of a variety of therapeutic agents, 

following their surface modification to increase their water dispersibility, 

render them biologically compatible, decrease their toxicity, and increase 

their ability to cross the cell membranes. First planned to PEGylate 

SWCNTs with Pl–PEG5000 through hydrophobic interaction between 

CNT sidewalls and the hydrocarbon chain of the phospholipid component 

of a Pl–PEG moiety in order to obtain non-covalent functionalized Pl–

PEG5000–SWCNTs. Then, following the cytotoxicity studies, our 

observations confirmed that the noncovalent PEGylation protocol proposed 

in this project could improve the SWCNTs' biocompatibility significantly. 

The present study was planned to use PEGylated SWCNTs for the delivery 

of CsA. Although lacking in certain aspects, the results obtained by our 

research until now clearly showed the potential of PEGylated SWCNT-

based systems for drug delivery [60]. 

       Son et al. (2013) studied   effect of nanocurcumin particles prepared by 

top-down method on CCl4- induced hepatic fibrosis mice. In this study 

nanocurcumin particles were prepared by top-down method as it can 

improve hydrophilic and increase bioavailability. As a result, curcumin 

concentration was yielded up to (10%) (w/w), and the particle size was 

defined less than (1,000 nm) in diameter. The particles were characterized 



Chapter One                                     Introduction and Previous Studies                                                                                

17 
 

by scanning electron microscope (SEM), transmission electron microscope 

(TEM), dynamic laser light scattering (DLS), and X-ray diffraction (XRD). 

The acute oral toxicity was done with a dose up to (500 mg) per kg of body 

weight and no dead mice were found indicating the nanocurcumin particles 

are safe for long-term use. The model of hepatic fibrosis mice was induced 

by intraperitoneal (i.p) injection of 0.8 mL of carbon tetrachloride (CCl4) 

in olive oil (1:3 v/v) per kg of body weight. Nanocurcumin particles (15 

mg/kg of body weight) were orally administered to hepatic fibrosismouse 

model in 4 weeks to evaluate the therapeutic potential in comparison to 

other groups. The results indicate that nanocurcumin have significant 

effects on reducing levels of serum alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) in CCl4-induced hepatic fibrosis mice. 

Histological examination shows that hepaticfibrotic livers of mice treated 

with nanocurcumin particles were recovered after 4 weeks [61]. 

     Ravelli et al. (2013) studied PEGylated carbon nanotubes: preparation, 

properties and applications.  This review focuses on the different 

approaches available to PEGylate CNTs, either covalently or non-

covalently, as well as on the most common techniques adopted to 

characterize the resulting materials. Finally, the applications of PEGylated 

CNTs to different fields (mainly drug delivery) are briefly reported [62]. 

 

     Tan et al. (2014) studied a review on characterizations and 

biocompatibility of functionalized carbon nanotubes in drug delivery 

design. This review focuses on recent advances in drug delivery design 

based on f-CNTs with an emphasis on the determination of various 

parameters involved and characterization methods used in order to achieve 

higher therapeutic efficacy of targeted drug delivery. In particular, theirs 

will highlight a variety of different analytical techniques which can be used 
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to characterize the elemental composition, chemical structure, and 

functional groups introduced onto the CNTs after surface modification. 

Theirs also review the current progress of available in vitro 

biocompatibility assays based on f-CNTs and then discuss their 

toxicological profile and biodistribution for advanced drug delivery [63]. 

 

  Annaraj et al. (2014) studies on the enhanced biological applications of 

PVA loaded nanocurcumin. Curcumin has been shown to be a powerful 

suppressor of chronic inflammation mediated disease processes. PVA 

loaded curcumin is highly potent, nontoxic. The antimicrobial properties as 

demonstrated in both Gram positive and Gram-negative bacteria and anti-

cancer properties were studied on gastric cancer cell lines (AGS). 

Transmission electron microscopy confirms an even size distribution of 

PVA loaded curcumin nanoparticles in the range of 50 nm. PVA loaded 

curcumin freely soluble in water unlike bulk curcumin. Its activity against 

gastric cancer cells also has been investigated [ 64]. 

 

        Markovic et al. (2015) studied facile synthesis of water-soluble 

curcumin nanocrystals. Solvent exchange method was applied to synthesize 

curcumin nanocrystals. Different techniques were used to characterize the 

structural and photophysical properties of the curcumin nanocrystals. It was 

found that the nanocurcumin prepared by this method had good chemical 

and physical stability, could be stored in the powder form at room 

temperature, and was freely dispersible in water. It was established that the 

size of curcumin nanocrystals varied in the range of (20–500 nm). Fourier 

transform infrared spectroscopy and UV–Vis analyses showed the presence 

of tetrahydrofuran inside the curcumin nanocrystals. Furthermore, it was 

found that the nanocurcumin emitted photoluminescence with a yellow–

green color [65]. 
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       Dizaj et al. (2015) studied antimicrobial activity of carbon-based 

nanoparticles.  In this study carbon-based nanomaterials such as fullerenes, 

carbon nanotubes (CNTs) (especially single-walled carbon nanotubes 

(SWCNTs)) and graphene oxide (GO) nanoparticles show potent 

antimicrobial properties. In present review, there have briefly summarized 

the antimicrobial activity of carbon-based nanoparticles together with their 

mechanism of action. Reviewed literature show that the size of carbon 

nanoparticles plays an important role in the inactivation of the 

microorganisms. As major mechanism, direct contact of microorganisms 

with carbon nanostructures seriously affects their cellular membrane 

integrity, metabolic processes and morphology. The antimicrobial activity 

of carbon-based nanostructures may interestingly be investigated in the 

near future owing to their high surface/volume ratio, large inner volume 

and other unique chemical and physical properties. In addition, application 

of functionalized carbon nanomaterials as carriers for the ordinary 

antibiotics possibly will decrease the associated resistance, enhance their 

bioavailability and provide their targeted delivery [66]. 

 

      Anbarasu et al. (2015) studied synthesis and characterization of 

polyethylene glycol (PEG) coated Fe3O4 nanoparticles by chemical co-

precipitation method for biomedical applications, with polyethylene glycol 

(PEG) as a stabilizer and dispersant. The X-ray diffraction and selected 

area electron diffraction (SAED) results show that the cubic inverse spinel 

structure of pure phase polycrystalline Fe3O4 was obtained. The scanning 

electron microscopy (SEM) and field emission transmission electron 

microscopy (FE-TEM) results exhibited that the resulted Fe3O4 

nanoparticles were roughly spherical in shape with narrow size distribution 

and homogenous shape. Fourier transform infrared spectroscopy (FT-IR) 

results suggested that PEG indicated with Fe3O4 via its carbonyl groups. 
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Results of vibrating sample magnetometer (VSM) indicated that the 

prepared Fe3O4 nanoparticles exhibit superparamagnetic behavior and high 

saturation magnetization at room temperature. Such Fe3O4 nanoparticles 

with favorable size and tunable magnetic properties are promising 

biomedical applications [67].  

 

       Malhotra et al. (2016) studied nanomaterials-based biosensors for 

cancer biomarker detection. In this study discussed the prospects of CP 

based biosensors for cancer biomarker detection. Compared to the 

conventional electrode used for detection of CEA, CP based 

electrochemical biosensors are flexible, cost effective, light weight and can 

be easily disposed. The studies suggest doped with MWCNT and graphene 

results in enhanced sensitivity, lower detection limit and wider linear 

detection range and have a great potential for early cancer detection. This 

nanomaterial modified paper-based platform should be used in the 

development of medical diagnostics kits, flexible electronics and energy 

storages devices [68]. 

 

       Farvadi et al. (2017) studied polyionic complex of single-walled 

carbon nanotubes and PEG-grafted-hyperbranched polyethyleneimine 

(PEG-PEI-SWNT) for an improved doxorubicin loading and delivery: 

development and in vitro characterization. In this study a new approach was 

developed to modify and stabilize SWNTs efficiently without necessity of 

any catalyst such as EDC, which results in SWNT aggregation or harsh 

conditions such as long-time exposure to high temperature or 

ultrasonication, which may destroy homing biomolecule ligands attached 

to nanotubes. Additionally, there obtained an ultra-high loading capacity 

(900%) significantly superior to other drug carriers, including dendrimers, 

liposomes, and micelles and even to those previously reported for SWNTs 
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(120% (Zhang et al. 2009) and (400%) (Ali-Boucetta et al. 2008, Liu et al 

2010). Moreover, the release profile was improved and more sustained in 

comparison with PEG-modified SWNTs that showed more burst release. 

Taking into consideration, the above-mentioned properties of the modified 

SWNT, and the pH dependency of drug loading and release profile due to 

protonation and deprotonation of doxorubicin, suggest SWNTs as a 

successful delivery system that should be studied in vivo [69]. 

 

    Sun and Li (2017) studied aqueous dispersion of single walled carbon 

nanotubes stabilized by PEG modified diperylene bisimide and their 

application as an antibacterial agent. In this study polyethylene glycol 

modified diperylene bisimide (PEG-diPBI) was synthesized and applied to 

disperse single-walled carbon nanotubes (SWCNTs) in water. The aqueous 

dispersion efficiency of PEG-diPBI on SWCNTs is investigated by UV-

vis, Raman spectroscopy, and transmission electron microscopy. It is found 

that the enhanced dispersing capability of PEG-diPBI can be attributed to 

the diperylene aromatic core, which can strongly interact with SWCNT via 

synergistic p–p and hydrophobic interactions. The dispersing solution 

properties are closely related to the hydrophilic part of PEG-diPBI. 

Moreover, the well-dispersed SWCNTs show excellent antibacterial 

activities [70]. 

 

        Assali et al. (2017) studied single-walled carbon nanotubes 

ciprofloxacin nanoantibiotic: strategy to improve ciprofloxacin 

antibacterial activity. This study describe the covalent functionalization of 

the single-walled carbon nanotubes (SWCNTs) with multiple molecules of 

ciprofloxacin. The prepared nano antibiotics were characterized using 

different techniques, including transmission electron microscopy, Raman 

spectroscopy, and thermogravimetric analysis. The characterization of the 
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nano antibiotics confirmed the successful covalent functionalization of the 

SWCNTs with (55%) of functionalization as has been observed by 

thermogravimetric analysis. The release profile revealed that (90%) of the 

loaded ciprofloxacin was released within (2.5 h) at pH 7.4 showing a first-

order release profile with R2.0.99. Interestingly, the results of the 

antibacterial activity indicated that the functionalized SWCNTs have 

significant increase in the antibacterial activity against the three strains of 

bacteria – by 16-fold for staphylococcus aureus and pseudomonas 

aeruginosa and by 8-fold for escherichia coli – in comparison to the 

ciprofloxacin free drug. Moreover, the synthesized nano antibiotic showed 

high hemocompatibility and cytocompatibility over a wide concentration 

range [71]. 

 

       Oskoueian et al. (2018) studied fabrication, characterization, and 

functionalization of single-walled carbon nanotube conjugated with 

tamoxifen and its anticancer potential against human breast cancer cells, 

aimed to fabricate SWCNT conjugated with tamoxifen and evaluated its 

anticancer potential against human breast cancer cells (MCF-7). The 

results showed that SWCNT was synthetized successfully using chemical 

vapor deposition (CVD) method. The results of Raman spectroscopy, 

SEM, and TEM analyses confrmed the synthesis of highly pure SWCNT. 

The functionalization of SWCNT was performed by oxidizing of SWCNT, 

attachment of polyethylene glycol (PEG) to oxidized SWCNT, and 

attachment of azelaic acid to the polyethylene glycol group. As a result, the 

SWCNT with free functional carboxylic acid and hydroxyl groups 

(SWCNT-PEG) was developed. The SWCNT-PEG was then conjugated 

with tamoxifen (SWCNT-PEG-TAM). The FT-IR together with NMR 

results confrmed the conjugation of tamoxifen to functionalized SWCNT 

(SWCNT-PEG-TAM). The cytotoxic concentrations (CC50) of SWCNT-
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PEG, tamoxifen, and SWCNT-PEG-TAM were >100, 12.67 ± 2.69, and 

5.49 ± 1.34 mg/ml, respectively. Linking tamoxifen to functionalized 

SWCNT enhanced the cytotoxic action of tamoxifen against breast cancer 

cells up to 2.3 times. The results of the morphological examination and 

caspase-3 activity confrmed the higher cytotoxic action of SWCNT-PEG-

TAM as compared to free tamoxifen. The results obtained in this study 

indicated that this delivery system enhanced the therapeutic effects and 

anticancer potential of tamoxifen against human breast cancer cells [72].   

 

     Sireesha et al. (2018). A review on carbon nanotubes in biosensor 

devices and their applications in medicine, their found CNTs consist of 

versatile features that combine the potential to serve for diagnostic and 

therapeutic applications. While they may serve as biosensors of cancer 

biomarkers, they can be loaded with anticancer drugs and used as 

therapeutic platforms in oncology. Although, CNTs-based biosensors are 

promising it still has many practical concerns in applications. For example, 

for the fabrication of biosensors usually needs specific size and helicity, but 

it is very hard to control size of CNTs while manufacturing. It is also very 

difficult to make cost-effective and high purity in mass production of CNTs, 

that is the reason why the current market prices of CNTs is too high for any 

realistic commercial applications. In CNT-based biosensors, enzyme 

always needs to immobilize onto surface of CNTs. However, 

immobilization may damage their biological activity, biocompatibility and 

structure stability and need to perform their cytotoxicity. As it stated that, 

the structural stabilization and surface characteristics of CNTs are need to 

be standardized for the cytotoxicity determination. The continuous CNT 

fibers avoid the leaching of CNT, implantable electrodes for in vivo testing. 

All the above-mentioned issues must be evaluated by a scientific and 

systematic methods. It is clear that much further advancement needed to be 
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addressed before CNTs technology can be applied in carcinogenic 

treatments [73]. 

 

       Sharmeen et al. (2018) studied polyethylene glycol functionalized 

carbon nanotubes/gelatin-chitosan nanocomposite: an approach for 

significant drug release. This research work blooms the new idea of 

developing a safe and controlled drug releasing matrix using multi-walled 

carbon nanotubes (MWCNTs). In aqueous solution, uniform and highly 

stable dispersion of MWCNTs was obtained after secondary 

functionalization with polyethylene glycol (PEG) which was studied by 

Fourier transmission infrared spectroscopy (FTIR) and thermogravimetric 

analysis (TGA). Solution casting method was used to prepare 

MWCNTs/gelatin chitosan nanocomposite films and the effect of 

MWCNTs on physico-mechanical, thermal and water uptake properties of 

the nanocomposites were evaluated. Incorporation of MWCNTs into the 

porous gelatin-chitosan matrix showed interesting stiffness and dampness 

along with developed microfibrillar structures within the pore walls 

intended at being used in tissue engineering of bone or cartilage. A common 

antibiotic drug, ciprofloxacin was incorporated into nanocomposite matrix. 

The evaluation of the effect of MWCNTs on drug release rate by dissolution 

test and antimicrobial susceptibility test was performed. Sharp release of 

the drug was found at early stages (~1 h), but the rate was reduced 

afterwards, showing a sustained release. It was observed that for all 

microorganisms, the antibacterial activities of drug loaded 

MWCNTs/gelatin-chitosan nanocomposites were higher than that of drug 

loaded gelatin-chitosan composite films containing no MWCNTs. 

Comparative statistical studies by ANOVA techniques also showed 

remarkable difference between the antibacterial activities, exhibited by 

MWCNTs-incorporated and non-incorporated composite films [74]. 
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    Shiping et al. (2018) studied antitumor effects of carbon nanotube-drug 

complex against human breast cancer cells. In this study has been improved  

the bio-solubility and sustained-release properties of a carbon nanotube 

(CNT)-drug complex, the present study used a hydrophilic polymer, 

polyethylene glycol (PEG), and β-estradiol (E2), which targets the estrogen 

receptor in human breast cancer cells (HBCCs), to modify CNTs carrying 

lobaplatin (LBP) to form E2-PEG-CNT-LBP. The in vitro inhibitory effects 

against HBCCs and the in vivo pharmacological effect of the complex on 

heart, liver and kidney tissues were also evaluated. The results indicated 

that the inhibitory effects of this complex against HBCCs reached (80.44%) 

within (72 h). A blood biochemical test of normal mice indicated that this 

complex reduced platelet counts, while aspartate aminotransferase levels 

were increased compared with those in the control group. Histopathological 

analysis revealed no obvious adverse effects on the heart, liver and kidneys. 

The in vivo results indicated that the novel E2-PEG-CNT-LBP complex 

had no obvious toxic effects while exhibiting sustained-release properties. 

The clearance of E2-PEG-CNT-LBP by non-specific uptake systems was 

delayed and its clearance was increased compared with LBP alone [75] . 

 

       Joly and Latha (2019) studied   synthesis of nanocurcumin alginate 

conjugate and Its characterization by XRD, IR, UV VIS and Raman 

spectroscopy.  In this study the effect of stabilization of both free curcumin 

and nano curcumin–alginate conjugate in honey was studied by UV–Vis 

absorption, IR, vibrational spectroscopy (Raman) and XRD. Curcumin is 

degraded in acid and alkaline medium is highly stable with the nano 

formulation. From this work it was deduced that in presence of surfactant 

honey curcumin-alginate inhibits the formation of small sub-products. This 

work reveals the complexation of curcumin with alginate in presence of 

surfactant honey was demonstrated to protect this molecule from the 
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degradation. UV–Vis, FTIR, XRD and Raman spectroscopy were 

important to determine the nature of the structural modifications [76]. 

  

     Charmi et al. (2019) studied Polyethylene glycol (PEG) decorated 

graphene oxide nanosheets for controlled release curcumin delivery. In this 

study, firstly GO synthesized by the improved Hummers chemical method 

and then polyethylene glycol polymer was conjugated to it by using 

EDC/NHS catalyst. Finally, curcumin (Cur) as anti-cancer drug has been 

loaded onto the PEGylated graphene oxide (GO-PEG). Next, curcumin 

loaded onto PEGylated graphene oxide (GO-PEG-Cur) were evaluated by 

using ultraviolet, Fourier transform infrared spectroscopy, differential 

scanning calorimeter, atomic microscopic force and dynamic light 

scattering. The amount of loaded drug was calculated about (4.5%) with 

the help of the standard curcumin curve and UV/Vis spectrometer [77]. 

 

     Roy et al. (2019) studied synergistic effect of polydopamine 

polyethyleneimine copolymer coating on graphene oxide for EVA 

nanocomposites and high-performance triboelectric nanogenerators. This 

article reports a novel modification of graphene oxide (GO) encapsulated by 

the copolymer of polydopamine (PD) and polyethylenimine (PEI) via a 

michael addition reaction, aiming to create robust ethylene vinyl acetate 

copolymer (EVA) nanocomposites even at very low amounts of filler 

loading by overcoming the above hindrances. It has been found that the 

addition of only (1.2 wt%) modified GO (i.e., PD–PEI–rGO) increased the 

tensile strength, Young's modulus and storage modulus of EVA composites 

by (80%), (50%) and (24%), respectively. These increments surpass many 

recent claims on relevant composites. Excellent molecular level dispersion 

was also observed from the fracture surface SEM images. Being amine-rich 

with high electron-donating capability and mechanically robust, the 
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nanocomposite served as an outstanding tribopositive material, thereby 

generating (7.49 V) and (4.06 μA) output voltage and current, respectively, 

when employed in a triboelectric nanogenerator (TENG). The high electrical 

outputs led the device to light up 43 blue LEDs instantaneously upon hand 

pressing, demonstrating that the nanocomposite is indeed a promising 

candidate for harvesting green energy. Moreover, the nanogenerator 

displayed outstanding cyclic performance stability (even after 8000 cycles) 

and environmental durability [78]. 

    Wang et al. (2020) studied functionalized folate-modified graphene 

Oxide/PEI siRNA nanocomplexes for targeted ovarian cancer gene therapy. 

In this study, we synthesized a novel gene vector PEG-GO-PEI-FA by 

functionalized graphene oxide (GO), in which folic acid (FA) can 

specifically bind to the folate receptor (FR), which is overexpressed in 

ovarian cancer. Characterizations of the nanocomplexes were evaluated by 

dynamic light scattering (DLS), atomic force microscopy (AFM), and 

fourier transform infrared spectroscopy (FTIR). The siRNA condensation 

ability and stability were assessed by agarose gel electrophoresis. Cellular 

uptake efficiency and lysosomal escape ability in ovarian cancer cells were 

investigated by confocal laser scanning microscopy. Furthermore, cellular 

biosafety of the system and inhibitory of the siRNA tolerability were 

evaluated by CCK-8 assay. The size of the PEG-GO-PEI-FA 

nanocomplexes was 216.1 ± 2.457 nm, exhibiting mild cytotoxicity in 

ovarian cancer cells. With high uptake efficiency, PEG-GO-PEI-FA can 

escape from the lysosome rapidly and release the gene. Moreover, PEG-GO-

PEI-FA/siRNA can effectively inhibit the growth of ovarian cancer cells. 

By and large, the PEG-GO-PEI-FA/siRNA may offer a promising strategy 

for siRNA delivery in the treatment of FR-positive ovarian carcinoma or 

similar tumors [79]. 
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     Yang et al. (2020) studied PEG/PEI-functionalized single-walled 

carbon nanotubes as delivery carriers for doxorubicin: synthesis 

characterization, and in vitro evaluation. In this study, raw SWCNTs were 

purified with different oxidizing acids, and the resulting shortened CNTs 

were conjugated with poly (ethylene glycol) (PEG) and polyethylenimine 

(PEI). The different nanocarriers, that is, CNTs-COOH (CNTs), CNTs-

PEG and CNTs-PEG PEI, were systematically characterized and evaluated 

in terms of drug loading, in vitro release, cytotoxicity towards MCF-7 cells 

and cellular uptake. The results showed that all CNT carriers had a high 

drug loading capacity. In comparison with CNTs-COOH and CNTs PEG, 

CNTs-PEG-PEI showed a more rapid drug release under acidic conditions 

and a higher antitumor activity. Furthermore, fluorescence detection and 

flow cytometry (FCM) analysis results indicated that the internalization 

into cells of CNTs-PEG-PEI was significantly enhanced, thus inducing 

tumor cell death through apoptosis more efficiently. The above series of 

benefits of CNTs PEG-PEI may be attributed to their good dispersibility 

and comparably higher affinity to tumor cells due to the 

difunctionalization. In summary, the PEG- and PEI-conjugated CNTs may 

be used as novel nanocarriers and the findings will contribute to the rational 

design of multifunctional delivery vehicles for anticancer drugs [80]. 

 

      Hanna and Saad (2020) studied nanocurcumin: preparation, 

characterization and cytotoxic effects towards human laryngeal cancer 

cells. The aim of the present study was to prepare curcumin nanoparticles 

(nanocurcumin) by a sol-oil method to improve curcumin absorption and 

bioavailability, and to investigate the therapeutic effects of the prepared 

nanoparticles on the inhibition mechanisms towards human Hep-2 cancer 

cells. The nanoparticles were characterized by fourier transform infrared 

spectroscopy, transmission electron microscopy, X-ray diffraction, and 
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zeta potential analysis. The prepared curcumin nanoparticles possessed a 

narrow particle size distribution with an average diameter of (28 nm). The 

inhibition effects on the growth of human Hep-2 cells were investigated 

using neutral red uptake and lactate dehydrogenase assays. The results 

indicated that the nanocurcumin has a selective effect in inhibiting Hep-2 

cell growth in a dose- and time-dependent mode with the most effective 

IC50 value (17-+0.31 mg ml-1) obtained after (48 h) of incubation without 

any cytotoxic effects on normal cells. This IC50 value of nanocurcumin 

revealed a significant increase of early and late apoptotic cells with an 

intense comet nucleus of Hep-2 cells as a marker of DNA damage. Flow 

cytometry analysis of the progression of apoptosis in nanocurcumin Hep-

2 treated cells showed that arresting in the cell cycle in the G2/M phase 

with increasing apoptotic cells in the sub-G1 phase. At the same time, real-

time PCR analysis indicated that the treatment of Hep-2 cells with 

nanocurcumin resulted in upregulation of P53, Bax, and Caspase-3, 

whereas there was downregulation of Bcl-XL. These findings gave insights 

into understanding that the inhibition mechanisms of nanocurcumin on the 

proliferation of Hep-2 cancer cells was through the G2/M cell cycle arrest 

and the induction of apoptosis was dependent on Caspase-3 and p53 

activation. However, in vivo studies with an animal model are essential to 

validate these results [ 81].  

    Jihad et al. (2021) studied polyethylene glycol functionalized graphene 

oxide nanoparticles loaded with nigella sativa extract: a smart antibacterial 

therapeutic drug delivery system. In this study flaky graphene oxide (GO) 

nanoparticles (NPs) were synthesized using hummer’s method and then 

capped with polyethylene glycol (PEG) by an esterification reaction, then 

loaded with nigella sativa (N. sativa) seed extract. Aiming to investigate 

their potential use as a smart drug delivery system against staphylococcus 

aureus and escherichia coli, the spectral and structural characteristics of 
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GO-PEG NPs were comprehensively analyzed by XRD, AFM, TEM, 

FTIR, and UV-Vis. XRD patterns revealed that GO-PEG had different 

crystalline structures and defects, as well as a higher interlayer spacing. 

AFM results showed GONPs with the main grain size of (24.41 nm), while 

GONPs–PEG revealed graphene oxide aggregation with the main grain 

size of (287.04 nm) after loading N. sativa seed extract, which was verified 

by TEM examination. A strong OH bond appeared in FTIR spectra. 

Furthermore, UV- Vis absorbance peaks at (275, 284, 324, and 327 nm) 

seemed to be correlated with GONPs, GO–PEG, N. sativa seed extract, and 

GO –PEG- N. sativa extract. The drug delivery system was observed to 

destroy the bacteria by permeating the bacterial nucleic acid and 

cytoplasmic membrane, resulting in the loss of cell wall integrity, nucleic 

acid damage, and increased cell-wall permeability [82]. 

 

   Lakshmanan et al. (2021) studied nanocurcumin-loaded UCNPs for 

cancer theranostics: physicochemical properties, in vitro toxicity, and in 

vivo imaging studies. In this study Formulation of promising anticancer 

herbal drug curcumin as a nanoscale-sized curcumin (nanocurcumin) 

improved its delivery to cells and organisms both in vitro and in vivo. We 

report on coupling nanocurcumin with upconversion nanoparticles 

(UCNPs) using poly (lactic-co-glycolic Acid) (PLGA) to endow 

visualisation in the near-infrared transparency window. Nanocurcumin was 

prepared by solvent-antisolvent method. NaYF4: Yb, Er (UCNP1) and 

NaYF4: Yb, Tm (UCNP2) nanoparticles were synthesised by reverse 

microemulsion method and then functionalized it with PLGA to form 

UCNP-PLGA nanocarrier followed up by loading with the solvent-

antisolvent process synthesized herbal nanocurcumin. The UCNP samples 

were extensively characterised with XRD, Raman, FTIR, DSC, TGA,UV-

VIS-NIR spectrophotometer, upconversion spectrofluorometer, HRSEM, 
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EDAX and zeta potential analyses. UCNP1-PLGA-nanocurcumin 

exhibited emission at (520, 540, 660 nm) and UCNP2-PLGA-nanocurmin 

showed emission at (480 and 800 nm) spectral bands. UCNP-PLGA-

nanocurcumin incubated with rat glioblastoma cells demonstrated 

moderate cytotoxicity, (60–80%) cell viability at (0.12–0.02 mg/mL) 

marginally suitable for therapeutic applications. The cytotoxicity of 

UCNPs evaluated in tumour spheroids models confirmed UCNP-PLGA-

nanocurcumin therapeutic potential. As-synthesised curcumin-loaded 

nanocomplexes were administered in tumour bearing laboratory animals 

(Lewis lung cancer model) and showed adequate contrast to enable in vivo 

and ex vivo study of UCNP-PLGA-nanocurcumin bio distribution in 

organs, with dominant distribution in the liver and lungs. Our studies 

demonstrate promise of nanocurcumin-loaded upconversion nanoparticles 

for theranostics applications [83].  

 

1-5 Aims of the Study 

    The aim of the study included four parts as below: 

 Part 1: Functionalization of SWCNTs by PEG and study its bio 

applications on bacteria inhibition and anticancer activity. 

Part 2: Functionalization of SWCNTs with PEG and PEI mixture and 

comparing its bio applications on anticancer activity with the results of part 

1. 

Part 3: Study of the effect of loading the nano curcumin on PEG-PEI-

SWCNTs and study its anticancer activity compared with part1 and part 2. 

Part 4: The samples in the all parts of this study were characterized by 

following analysis: UV-vis spectroscopy (UV-VIS), Fourier transform 

Infra-Red analysis (FTIR), Raman spectroscopy (RS), X-ray diffraction 

(XRD), Atomic force microscopy (AFM), and Transmission electron 

microscopy (TEM).   
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2-1 Introduction      

      This chapter includes a general description of the theoretical part of this 

study, physical concepts, scientific clarifications, relationships, and laws 

used to interpret the study results.   

2-2 Optical Properties  

2-2-1 UV-VIS Spectroscopy  

     Many molecules absorb ultraviolet or visible light. The absorbance of a 

solution increases as attenuation of the beam increases. Absorbance is 

directly proportional to the path length (b), and the concentration (c) of the 

absorbing species. Beer's law states that [84]: 

 

A = ebc………… (2-1) 

 

where e is a constant of proportionality, called the absorptivity. 

       Different molecules absorb radiation of different wavelengths. An 

absorption spectrum will show a number of absorption bands 

corresponding to structural groups within the molecule. For example, the 

absorption that is observed in the UV region for the carbonyl group in 

acetone is of the same wavelength as the absorption from the carbonyl 

group in diethyl ketone [84]. 

2-2-2 Electronic Transitions 
 

      The absorption of UV or visible radiation corresponds to the excitation 

of outer electrons. There are three types of electronic transitions which can 

be considered: 
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1. Transitions involving π, σ and n electrons 

2. Transitions involving charge-transfer electrons 

3. Transitions involving d and f electrons (not covered in this Unit) 

     When an atom or molecule absorbs energy, electrons are promoted from 

their ground state to an excited state. In a molecule, the atoms can rotate 

and vibrate with respect to each other. These vibrations and rotations also 

have discrete energy levels, which can be considered as being packed on 

top of each electronic level, it shown in figure (2-1) [84]. 

 

 

 

 

 

 

 

 

 

2-2-3 Absorbing Species Containing π, σ, and n Electrons 

        Absorption of ultraviolet and visible radiation in organic molecules is 

restricted to certain functional groups (chromophores) that contain valence 

electrons of low excitation energy. The spectrum of a molecule containing 

these chromophores is complex. This is because the superposition of 

rotational and vibrational transitions on the electronic transitions gives a 

 

Figure (2-1): Rotational and vibrational electronic levels [84]. 
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combination of overlapping lines. This appears as a continuous absorption 

band [84]. Possible electronic transitions of π, σ, and n electrons are 

shown in figure (2-2). 

 

 

 

 

 

 

 

 

 

 

A- → * Transitions 
 

       An electron in a bonding s orbital is excited to the corresponding 

antibonding orbital. The energy required is large. For example, methane 

(which has only C-H bonds, and can only undergo ( → *) transitions) 

shows an absorbance maximum at (125 nm). Absorption maxima due to 

( → *) transitions are not seen in typical UV-Vis. Spectra (200 - 700 

nm) [84]. 

 

B- n → * Transitions 

     Saturated compounds containing atoms with lone pairs (non-bonding 

electrons) are capable of (n → *) transitions. These transitions usually 

 

Figure (2-2): Electronic transitions [84]. 
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need less energy than ( → *) transitions. They can be initiated by light 

whose wavelength is in the range (150 - 250 nm). The number of organic 

functional groups with (n → *) peaks in the UV region is small [84]. 

C- n → * and  → * Transitions 

    Most absorption spectroscopy of organic compounds is based on 

transitions of n or  electrons to the * excited state. This is because the 

absorption peaks for these transitions fall in an experimentally convenient 

region of the spectrum (200 - 700 nm). These transitions need an 

unsaturated group in the molecule to provide the  electrons [84]. 

    Molar absorbtivities from (n→ *) transitions are relatively low, and 

range from 10 to100 L mol-1 cm-1. ( → *) transitions normally give 

molar absorbtivities between (1000 and 10,000 L mol-1 cm-1) [84]. 

    The solvent in which the absorbing species is dissolved also has an effect 

on the spectrum of the species. Peaks resulting from (n→ *) transitions 

are shifted to shorter wavelengths (blue shift) with increasing solvent 

polarity. This arises from increased solvation of the lone pair, which lowers 

the energy of the n orbital. Often (but not always), the reverse (i.e. red 

shift) is seen for ( → *) transitions. This is caused by attractive 

polarisation forces between the solvent and the absorber, which lower the 

energy levels of both the excited and unexcited states. This effect is greater 

for the excited state, and so the energy difference between the excited and 

unexcited states is slightly reduced - resulting in a small red shift. This 

effect also influences (n→ *) transitions but is overshadowed by the blue 

shift resulting from solvation of lone pairs [84]. 
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2-3 Raman Spectroscopy 

       Figure (2-3) shows the photograph of the instrument. The innovatory 

progress in instrumentation had led the Raman spectroscope to be more 

influential investigative tool used for the evaluation and characterization    

of great variety of materials for many applications.  Mostly this technique 

can comprise of the structural component investigation, crystallographic 

orientation, electronic devices inorganic or organic thin film and 

mechanical stresses without any limitations [85].  

     In this procedure, the line of Raman spectral are attained through a 

sample illumination with a potent infrared laser source or a source of 

visible monochromatic light.  Moreover, a hybrid technique amongst the 

microscopy and Raman spectroscopy is termed as a Raman microscopy. 

Hence, this technique is utilized to keep the Raman maps record while 

utilizing a process of point mapping just to signify the spatial dispersion of 

various chemical components [85]. 

 

 

 

 

 

 

 

 

 

Figure (2-3): The Raman spectrophotometer [85]. 
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2-3-A Basic Principles and Instrumentation 

     The encroachment of monochromatic light on a molecule occurs which 

lead to the inelastic and elastic scatterings that are being presented as 

significant scattering procedures. The occurrence of inelastic scattering is 

due to the alteration in photon energy while elastic scattering happens 

because no variation in photon energy. Therefore, three categories of the 

scattering phenomenon can be exhibited in figure (2-4).  

    First: having an identical frequency and wavelength of the scattered 

light as that of the incident photon turns the procedure to be elastic in nature 

as the loss of energy is insignificant termed this phenomenon as a Rayleigh 

scattering method. A minor section of the elastically scattered photons 

happens because shift the frequency. Therefore, the incident photon 

frequency through the quantity of vibrational energy gained or lost by a 

molecule is acknowledged as a Raman scattering. 

   Second:  the attainment of the vibrational energy from incident photons 

for molecules terms the scattering as a Stokes Raman Scattering. This 

represents the scattered photon’s energy would be less than the incident 

photons energy.  

   Third: losing a molecules’ vibrational energy to the incident photon 

terms the scattering as anti-Stokes Raman scattering, in which the scattered 

photon’s energy would be greater than that of the incident photons. The 

higher incidence probability, Stokes Raman Scattering is utmost frequently 

utilized in molecular vibrational studies than that of the anti-Stokes Raman 

scattering [86]. 

    Raman spectroscopy produces the related to the defects, tube alignment 

and purity. This further contributes distinctive occurrence of MWCNTs 
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compared to the other allotropes of carbon. This procedure has been 

amazingly effective to describe the SWCNTs’ structural properties [87]. 

     The Raman spectrum of CNTs can be categorized into three 

distinguishable features: the high energy mode (HEM), D mode and radial 

breathing mode (RBM). Each of these features demonstrates different 

properties of SWCNTs, with two dominant features appear in every Raman 

spectra of CNT samples [88].  Presently, the indication in figures (2-4) and 

(2-5) assists in evaluating the approximate key annotations for each 

concerned region to the CNT Raman spectra. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2-4): The diagram showing the type of transition of the 

electrons and the Rayleigh and Raman scattering [89]. 
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2-3-B Radial Breathing Mode (RBM) 
 

     The mode of radial breathing is normally observed in a range of (100-

300 cm-1), these bands signify shows difference between SWCNTs and 

other forms of carbon since these components are not observed in any other 

sp2 bonded carbon material. The in-phase symmetric dispositions of entire 

carbon atoms nearby the tube, which provides some indication of the 

diameters in the sample, and also identifies whether the tubes are multi or 

single-walled. In MWNTs, the RBM band can be seen if the inner tube 

diameters are very small (less than 5nm usually). Moreover, the RBM 

band’s frequency (ωRBM) relies upon the tube’s diameter which can be 

articulated by [91]:  

𝛚𝐑𝐁𝐌 =  
𝐀

𝐝
+ 𝐁 … … … (𝟐 − 𝟐)  

 

Figure (2-5): Raman Spectrum of SWCNT, DWCNT and 

MWCNT samples [90]. 
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      where, d represents the tube’s diameter, A is a proportionality constant, 

and B is a damping variable caused by the environment around the tube. 

Which mostly zero for tube, B is expected to be zero [92,93]. Whereas, the 

outer curvature sheet of MWCNT is adjacent to the graphene while, inner 

sheets being identical to SW-carbon Nanotubes. Conversely, the innermost 

shell’s diameter considerably relies on the procedure’s sensitivity which 

has been utilized for the development [94].  

 

2-3-C The G-band 

    The double peak structure, referred to earlier, is associated with the G-

band, tangential vibrational modes of the CNTs, which is associated with 

the Raman graphite spectra. The G band in CNT’s is due to the curvature 

of the graphene sheet and is split into two peaks: G- peak and G+ peak. The 

G- peak has a lower frequency which is more visible in semiconducting 

tubes, as in metallic tube samples it also has a lower intensity and is much 

broader, making it less visible. The G+ peak is higher frequency and has     

no significant difference in frequency or width between metallic and 

semiconducting tubes [91-93].  In samples of MWNTs where a large 

portion are metallic, the G-band is visible as a single peak.  The D-band is 

found at frequencies between (1250 and 1450 cm-1), while its overtone 

appears at approximately double the frequency ranging between (2500 and  

2900 cm-1). 

 

2-3-D The D-band 

    D-band is generally termed as defect band due to the D band’s intensity 

which is relative to the tube’s number of defects. The D bands’ estimated 

intensity and width can be utilized for determining the graphitic material’s 

fraction existing in the sample material [91-93].  A common quality idea 
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of grown nanotubes can be attained measuring the D & G bands’ ratios. 

The D band’s intensity can be used to oversee damage being inflicted on 

the sample from various processes used in its purification, such as tip 

sonication or centrifugation. Gohil and Ghosh observed the MWCNT 

Raman spectra placed over an active substrate of SERS (surface enhanced 

Raman scattering) and verified the tangential mode’s (G-band) multiple 

splitting occurrence. Likewise, the splitting of D band induced by a 

disorder into distinctive features which are absent at room temperature 

otherwise [94]. Moreover, the D-band splitting (∼1350 cm−1) observations 

designated the double resonance conditions fulfilled for the MWCNTs 

which had been deposited on the active substrates of SERS at lower 

temperatures. 

To utilize the Raman spectroscopy for purity assessment by 

distinctive methodologies depend on the G-band peak and D-band peak’s 

intensity ratio. Moreover, the D band represents a double resonance peak 

induced by a defect happens because of the elastic scattering through defect 

and inelastic scattering via a phonon. Henceforth, the unorganized samples 

should demonstrate a higher intensity for D band integrated intensity ratio 

to the G band (ID/IG) which is an upright indicator for the quality of sample 

[95-99]. 

2-4 X-Ray Diffraction 

    XRD is an important experimental technique that has long been used to 

address all issues related to the crystal structure of solids, including lattice 

constants and geometry, identification of unknown materials, the 

orientation. In XRD, a collimated beam of X-rays with a wavelength 

typically ranging from 0.7 to 2 Aº is incident on a specimen and diffracted 

by the crystalline phases in the specimen. According to Bragg's law: 
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    𝐧𝛌 = 𝟐𝐝𝐬𝐢𝐧𝛉 … … … … … (𝟐 − 𝟑) 

where n is a positive integer (0, 1, 2, . . .) called the order of reflection, d is 

the spacing between atomic planes in the crystalline phase and λ is the X-

ray wavelength. The intensity of the diffracted X-rays is measured as a 

function of the diffraction angle 2θ and the specimen's orientation. 

 

 

 

 

 

 

 

 

 

 

   This diffraction pattern is used to identify the specimen's crystalline 

phases and to measure the characteristic of the structure. Diffraction peak 

positions are accurately measured with XRD, which makes it the best 

method for characterizing homogeneous and inhomogeneous strains. X-

ray diffraction is a powerful technique for determining the crystal structure 

of crystalline materials. XRD gives information about the composition, 

crystalline phase, orientation, and lattice parameters of samples. The 

crystallite size can be estimated using Debye Scherrer's formula [100]: 

 

Figure (2-6): Bragg's diffraction. Two beams with identical 

wavelength and phase approach a crystalline solid and are scattered 

of two different atoms within it. 
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𝐂𝐫𝐲𝐬𝐭𝐚𝐥𝐥𝐢𝐭𝐞 𝐬𝐢𝐳𝐞(𝐃) =
𝟎. 𝟗𝛌

𝛃 𝐂𝐨𝐬𝛉
… … … . (𝟐 − 𝟒) 

   Where 𝐷 is the crystal size, 𝜆= 1.5406 Aᵒ is the wavelength of X-ray, 𝛽 

is the full width half maximum (FWHM) of the peak in radians, and 𝜃 is 

the Bragg angle. 

2-5 Bacterial Strains 

    They constitute a large domain of prokaryotic microorganisms. 

Typically, a few micrometers in length, bacteria strains have a number of 

shapes, ranging from spheres to rods and spirals. Bacteria strains were 

among the first life forms to appear on Earth, and are present in most of its 

habitats. Bacteria strains inhabit soil, water, acidic hot springs, radioactive 

waste [101], and the deep portions of Earth's crust. Bacteria strains also 

live in symbiotic and parasitic relationships with plants and animals. Most 

bacteria strains have not been characterized, and only about half of the 

bacterial strain's phyla have species that can be grown in the laboratory. 

The study of bacteria strains is known as bacteriology, a branch of 

microbiology. There are typically 40 million bacterial cells in a gram of 

soil and a million bacterial cells in a milliliter of fresh water [101].  

 

2-6 Antibacterial Activity of Nanoparticles 

 
     Nanobiotechnology is an expression assembles biotechnology and 

nanotechnology. Nanobiotechnology means building tiny instruments have 

changed natural structure atom by atom and utilizing it for different 

biomedical applications [102]. Antibacterial materials can be classified to 

two kinds: organic and inorganic agents. Organic antibacterial one has 

been utilized as bactericides for quite a while. However, their antibacterial 

characteristics will decrease because of high temperatures manufacturing 
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methodology, in addition to its toxicity the human body. Hence, the interest 

in inorganic antibacterial one is rising due to their thermal stability, safety 

and good activity against the microorganisms [103]. Growing of resistance 

microbes against antibiotics can lead to dangerous health issues. These 

issues induce researchers to develop new antimicrobial agents, which can 

successfully inhibit the growth of these microbes. Over the previous years, 

different nanosized antibacterial agents for example metal oxide 

nanoparticles had been successfully used. Several kinds of metal oxide 

nanoparticles, for example, titanium dioxide (TiO2), zinc oxide (ZnO), 

calcium oxide (CaO), magnesium oxide (MgO), and copper oxide (CuO) 

had been recorded to have antimicrobial action. Carbon-based 

nanoparticles also show powerful antimicrobial action. Size and high 

surface area of carbon-based nanomaterials are effective factors 

influencing the antibacterial action. Expanding surface area of 

nanoparticles by lowering their size results in enhancing NPs interaction 

within bacteria. Antibacterial action of NPs relies upon modification of 

their surface, composition, their intrinsic properties, and the kind of 

microorganisms. Before biomedical use of the carbon-based 

nanostructures, some vital issues associated with their toxicity should be 

illustrated [104].  

  

2-7 Structure of the Bacterial Cell Walls 

       Most of bacteria have a wall surrounding its cell that keeps up cell 

shape and saves it from the lysis. There are two general kinds of bacterial 

walls, which first distinguished by Hans Christian Gram relying upon their 

different retention ability of crystal-violet dye; they are Gram’s negative or 

Gram’s positive [105]. Figure (2-7) demonstrates the difference between 

the two bacterial strains wall types. 
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    The basic distinction depends on the peptidoglycan arrangement, which 

is the key part in the structure of membrane. Wall of Gram’s negative 

bacteria displays a very thin layer of peptidoglycan (around 2–3 nm) 

between the cytoplasmic layer and the outer cell wall. The peptidoglycan 

and outer membrane are linked with each other by lipoproteins [107]. 

While Gram’s positive bacteria wall shows a thick layer (around 20–50 

nm) of peptidoglycan which is linked to teichoic acids that are unique in 

Gram’s positive bacteria wall [108]. Gram’s negative wall have additional 

outer layer composes of lipopolysaccharides (LPS). This layer is toxic and 

can be the reason for making gram’s negative more dangerous than Gram’s 

positive.  

 

 

 

 

 

Figure (2-7): Structural distinguishes between Gram’s positive 

and the Gram’s negative bacterial cell wall [106]. 
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2-8 Bacterial Types  

 

2-8-1 Pseudomonas aeruginosa (P. aeruginosa) 

    Pseudomonas aeruginosa is a Gram-negative, rod-shaped, sporogenous, 

and monoflagellated bacterium. It has a pearlescent appearance and grape like 

or tortilla-like odor as shown in figure (2-7) [109]. P. aeruginosa grows well 

at (25°C) to (37°C), and its ability to grow at (42°C) helps distinguish it from 

many other pseudomonas species. P. aeruginosa is a ubiquitous 

microorganism that can survive under a variety of environmental conditions. 

It not only causes disease in plants and animals but also in humans, causing 

serious infections in immunocompromised patients with cancer and patients 

suffering from severe burns and cystic fibrosis [110]. 

 

 

 

 

 

 

 

 

 

 

 

 

 2-8-2 Bacillus SPP. 

     Bacillus species are rod-shaped, endospore-forming aerobic or 

facultatively anaerobic, Gram-positive bacteria; in some species cultures 

may turn Gram-negative with age. The many species of the genus exhibit 

a wide range of physiologic abilities that allow them to live in every natural 

environment. Only one endospore is formed per cell. The spores are 

 

Figure (2-8): The Image for P.aerruinosa bacteria [110]. 
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resistant to heat, cold, radiation, desiccation, and disinfectants. Bacillus 

anthracis needs oxygen to sporulate; this constraint has important 

consequences for epidemiology and control [111]. In vivo, B anthracis 

produces a polypeptide (polyglutamic acid) capsule that protects it from 

phagocytosis. The genera Bacillus and Clostridium constitute the family 

Bacillaceae. Species are identified by using morphologic and biochemical 

criteria [112]. Figure (2-9) shows the image of Baclillus Spp. bacteria. 

    

 

  

   

    

 

 

 

 

 

 

  

 

2-9 Interactions between Bacteria and Nanoparticles  

      The antibacterial agents can be either bactericidal, that kills the bacteria, 

or bacteriostatic, that slows down the growth of bacteria. Consequently, 

because of the reality, these bacteria promoted resistance against numerous 

normal antibacterial agents, the infection diseases keep on being one of the 

greatest challenges of the health around the world. Disadvantages for 

traditional antibacterial agents are not just the improvement of various 

 

Figure (2-9): The image for Baclillus Spp. bacteria [112]. 



Chapter Two                                                                  Theoretical Part  

 

48 
 

resistances to drug, but additionally have some side effect. This has 

developed other different systems to treat bacterial infections. Among these 

systems, nano-scale system that are have promoted as novel antimicrobial 

agents [108]. The size of bacterial cell normally in the range of micron and 

have membranes that contain pores in the range of nanometer. Therefore, 

the synthesized nanomaterials should be in size range less than the size of 

membranes pores of bacteria and thus they can cross the bacteria membrane 

with no impediment [113]. The mechanisms of the antibacterial activity of 

nanoparticles against bacteria are not clearly understood. NPs may bend to 

bacteria membranes by electrostatic interaction and deactivate the integrity 

of bacterial membranes. The overall charge of bacteria surface is negative 

because of the excessive, which under the dissociation creates the negative 

charge of the cell surface. The opposite charge of nanoparticles and bacteria 

is the reason behind their adhesion and bioactivity according to the 

electrostatic forces [107]. Therefore, parameters that affect antibacterial 

characteristics of nanoparticles list as follows: (1) Composition of 

nanoparticles, (2) Size and concentration of nanoparticles, (3) The 

morphology of nanoparticles, (4) surface modification of nanoparticles, and 

(5) The types of bacterial species. [108]. It was recommended that when 

bacteria is treated by nanoparticles, a few changes can happen in the 

morphology of its membrane and result in an increase in the membrane 

permeability, so the bacterial cells cannot be able to control the transport 

through its membrane, resulting into death of the cell. In addition, it was 

discovered that the creation of reactive oxygen species (ROS) and formation 

of the oxidative stress in the biological tissues are behind the toxicity 

mechanism of nanoparticles, which include the damage of DNA, changes in 

the motility of cell, the cytotoxicity [114]. Figure (2-10) displays the 

nanoparticles toxicity mechanisms against bacteria. In the cells 

mitochondria, ROS are by products of cellular oxidative metabolism. 
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Besides cellular oxidative stress, there are other biological reactions, which 

can create ROS in tissue. Transition metals such as copper and iron can also 

participate in the formation of ROS. ROS overproduction may generate 

oxidative stress, resulting in cells failing functions and leading to cell death 

and geno-toxic effects. ROS generation and toxicity from the nanomaterials 

is subject to the nanomaterials physical and chemical characteristics as well 

as to the cell types. These chemicals and physical determinants of nano-

sized materials include size, shape, oxidation states, surface coating, 

solubility, and aggregation and agglomeration degree [114]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2-10 Mechanism of Antimicrobial Activity of Carbon 

Nanotubes 

    CNTs are nano-sized hollow cylindrical form of carbon which has been 

synthesized by Lijima in 1991[116]. Since then, CNTs have been applied 

in many fields of science and technology. Kang et al. (2007) provided the 

 

Figure (2-10): Mechanism of antibacterial activity of 

nanoparticles [115] 
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first document that showed SWCNTs had strong antimicrobial activity on 

Escherichia coli (E. coli). They demonstrated that SWCNTs could cause 

severe membrane damage and subsequent cell death [117]. 

     In other study (2008) they presented the first evidence that the size of 

carbon nanotubes was an important factor affecting their antibacterial 

activity. They prepared SWCNTs and multi-walled carbon nanotubes 

(MWCNTs) and investigated their antibacterial effect against E. coli. Their 

results indicated that SWCNTs were much more toxic to bacteria than 

MWCNTs.  

     The authors also reported that, direct cell contact with CNTs influenced 

the cellular membrane integrity, metabolism processes and morphology of 

E. coli. According to the authors, SWCNTs could penetrate into the cell 

wall better than MWCNTs due to their smaller nanotube diameter. 

Furthermore, the superior surface area of SWCNTs initiated better 

interaction with the cell surface [118].  

    Arias and Yang (2009) investigated the antimicrobial activities of 

SWCNTs and MWCNTs with different surface groups towards rod-shaped 

or round-shaped Gram-negative and Gram-positive bacteria. According to 

their results, SWCNTs with surface groups of -OH and -COOH indicated 

improved antimicrobial activity to both Gram-positive and Gram-negative 

bacteria while MWCNTs with the same surface groups did not exhibit any 

significant antimicrobial effect. Their results showed that, formation of 

cell-CNTs aggregates caused to damage the cell wall of bacteria and then 

release of their DNA content [119]. 

    In a study by Yang et al. (2010), the effect of SWCNTs length on their 

antimicrobial activity was investigated. Upon their findings the longer 

SWCNTs indicated stronger antimicrobial activity due to their improved 

aggregation with bacterial cells [120].  
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      Dong et al. (2012) investigated the antibacterial properties of SWCNTs 

dispersed in different surfactant solutions (sodium holate, sodium dodecyl 

benzenesulfonate, and sodium dodecyl sulfate) against Salmonella enteric 

(S. enteric), E. coli, and Enterococcus faecium. According to their results, 

SWCNTs exhibited antibacterial activity against both S. enterica and E. 

coli which was improved with the increase of nanotube concentrations. The 

combination of SWCNTs with surfactant solutions was also found to be 

low toxic to 1321N1 human astrocytoma cells, so they can be employed in 

biomedical applications especially for drug-resistant and multidrug-

resistant microorganisms [121]. Figure (2-11) shows the schematic 

mechanism of antimicrobial activity of carbon nanotubes [122]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  The size of these nanoparticles plays an important role in the inactivation of microorganisms. Among        

 

Figure (2-11): Mechanism of antimicrobial activity of carbon nanotubes 

[122]. 
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    Carbon nanostructures, fullerenes, SWCNTs and GO nanoparticles and 

their derivatives were found to be more efficient as antibacterial agents. 

The probable mechanisms of their antibacterial activity were proposed as 

follow: inhibition of bacterial growth by impairing the respiratory chain; 

inhibition of energy metabolism; physical interaction with cell membrane; 

formation of cell-CNTs/ cell-GO aggregates; induction the cell membrane 

disruption. In order to biological and medicinal applications, carbon 

nanostructures should be purified and functionalized. Their solubility 

should also be enhanced in physiological media. Finally, application of 

carbon nanocomposites composed of carbon nanostructures and metal 

nanoparticles could be considered as a hopeful approach for disinfection 

purposes [122]. 

 

2-11 Core -Shell Particles 

 
    Core-shell particles form a novel class of nanocomposite materials in 

which a thin layer of nanometer size is coated on another material by some 

specialized procedure. The core can be just a nanoparticle (few nanometers 

to tens of nanometers) with a nanometer thick coating or it can be a large 

core (few tens to hundreds of nanometer diameter) with nanometer thick 

coating as schematically shown in figure (2-12). The properties of core-

shell particles are different from core or shell material [123]. 

    Their properties depend usually upon core to shell ratio. These particles 

are synthesized for a variety of purposes like providing chemical stability 

to colloids, enhancing luminescent properties, engineering band structures, 

sensors, drug delivery etc. These materials can be of economic interest also 

as precious materials can be [123]. 
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       Core particles of different morphologies such as rods, wires, tubes, 

rings, cubes etc. also can be coated with thin shell to get desired 

morphology in core shell structures. Core-shell materials can be 

synthesized practically with all the materials, like semiconductors, metals 

and insulators. Dielectric materials such as silica and polystyrene are 

popular materials to use as core because they are soluble in water and hence 

can be useful in biological applications. Core-shell particles can be 

synthesized using variety of combinations such as dielectric-metal, 

dielectric-semiconductor, dielectric-dielectric, semiconductor-metal, 

metal-metal, semiconductor-semiconductor, semiconductor-dielectric, 

metal-dielectric, dyedielectric, dielectric-biomolecules etc. Although core 

shell particles have novel properties, these can be further assembled and 

utilized for creation of another class of novel materials like colloidal crystal 

Figure (2-12): Variety of core-shell particles: (a) Surface modified core particles 

anchored with shell particles. (b) Smooth coating of dielectric core with shell. (c) 

Encapsulation of very small particles with dielectric material and (d) Quantum 

bubble deposited on inexpensive cores [123]. 
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or quantum bubbles (i.e. hollow spheres with thin shells). It is indeed 

possible to create novel core shell structures having multishells and tuning 

optical properties from visible to infrared region of the electromagnetic 

spectrum. Synthesis of core-shell particles requires highly controlled and 

sensitive synthesis protocols to ensure complete coverage of core particles 

with shell. There are various methods to fabricate core-shell structures 

which involve precipitation, polymerization, micro emulsion, reverse 

micelle sol-gel condensation etc. Although these methods themselves may 

appear to be simple, it is rather difficult to control the thickness and 

homogeneity of the coating. If reaction is not controlled properly, 

eventually it leads to aggregation of core particles, formation of separate 

particles of shell material or incomplete coverage.  

 

2-12 Cancer 

       Cancer is defined as abnormal and uncontrolled cell growth due to an 

accumulation of specific genetic and epigenetic defects, which are either 

environmental or hereditary in origin [124]. The unregulated cell growth 

leads to the formation of a tumor mass that over time becomes independent 

of normal homeostatic checks and balances [125]. As the cancer 

progresses, the tumor begins to spread beyond the site of origin and 

metastasizes to other body organs and systems, making it incurable [124]. 

More than 200 distinct forms of cancer exist which include lung, prostate, 

breast, ovarian, hematologic, skin, and colon cancer, and leukemia etc 

[126]. Some cancers like stomach and cervical cancer are strongly 

associated with bacterial and viral infections, respectively [127]. 

 

     Chemotherapy plays a vital role in treating undetectable cancer micro-

focuses and free cancer cells. Chemotherapy uses chemicals to kill or block 

the growth of cancer cells [128]. As cancer cells grow faster than healthy 
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ones, fast-growing cells are the main targets of chemotherapeutics; 

however, because there are healthy cells which are also fast-growing, the 

drugs used in chemotherapy also attack those fast-growing healthy cells. 

This unwanted attack results in the failure of conventional chemotherapy 

[129].  

     In addition, multi drug resistance (MDR) is another major obstacle to 

successful chemotherapy [130-133]. MDR enables the cancer cells to 

escape the effects of chemotherapeutics by developing resistance against 

the cytotoxic drugs during or shortly after the therapy. The limitations of 

conventional chemotherapy have led to the development of smart 

nanocarrier-based drug delivery systems, which are also known as Smart 

Drug Delivery Systems (SDDSs). SDDSs promise to apply drugs to 

specific and targeted sites [134]. Although, the magic bullet concept of 

Paul Ehrlich is the cornerstone of the relationship between drug delivery 

and nanoparticles, the well-controlled release of drugs using a bead 

polymerization technique was reported first by Speiser et al. [134,135]. 

      Nanocarriers are the base of SDDSs. Unfortunately, not all types of 

nanocarriers are reliable as drugs carriers in SDDSs. To qualify as an ideal 

nanocarrier in SDDSs, a nanocarrier should meet some basic criteria, 

discussed in detail in the subsequent sections, review emphasizes the eight 

(8) most reported nanocarriers: (i) liposomes, (ii) micelles, (iii) dendrimers, 

(iv) meso-porous silica nanoparticles (MSNs), (v) gold nanoparticles 

(GNPs), (vi) super paramagnetic iron oxide nanoparticles (SPIONs), (vii) 

carbon nanotubes (CNTs), and (viii) quantum dots (QDs) in the context of 

their structures, classification, synthesis and degree of smartness. The 

schematic representation of these 8 nanocarriers is shown in figure (2-13). 

Choosing the right strategies to identify cancer cells follows the selection 

of a suitable nanocarrier type. SDDS utilizes the physiochemical 

differences between cancer cells and healthy cells to identify cancer sites. 
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To exactly identify the cancer cell site, there are two major approaches: 

passive targeting and active targeting. Passive targeting utilizes the 

Enhanced Permeability and Retention (EPR) effect to specify the cancer 

site indirectly. Active targeting uses overexpressed cell surface receptors 

of cancer cells to target cancer cells directly like a guided missile 

[136,137]. Releasing drugs at the specific location at a precise 

concentration is the subsequent step. Drugs could be released from the 

nanocarriers by external or internal stimuli, depending on the type of 

nanocarriers and their smartness [138]. 

 

 

 

 

 

 

 

 

 

 

 

       

      In clinical diagnosis of cancer, detecting tumor biomarkers at the early 

stage enables early diagnosis of cancer and receives great deal of attentions. 

Among various cancer biomarker detections, quantified detection of serum 

biomarkers plays a critical role not only in detecting disease at the early 

stage, but also in tracking disease development after medical treatment. 

Figure (2-13): Schematic representation of the nanocarriers used 

in smart drug delivery systems [138]. 
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Recently, varieties of immunoassays and immunosensors are devoted to 

the detection of a single cancer biomarker [139]. Although they achieved 

low detection limits, a majority of cancers have more than one biomarker 

that correlated with their incidence, and some cancer biomarkers are 

nonspecific to a special cancer, such as α-fetoprotein (AFP) and 

carcinoembryonic antigen (CEA), CEA and AFP are related to many kinds 

of cancer, including liver cancer, colorectal cancer, lung cancer, ovarian 

carcinoma, breast cancer and pancreatic cancer. Moreover, due to 

biological diversity of man, only one biomarker detection may generate 

false positive, which is unreliable [140,141]. Therefore, the detection of a 

single cancer biomarker is inadequate in diagnosing a special cancer. 

Comparing with the single biomarker test, multiplex immunoassays of 

cancer biomarkers can promote the screening and diagnosis of some 

cancer-related illness [142-144]. 

 

2-13 Mechanism of NPs action against tumor 

     A carcinoma is a series of diseases, make different pathology and 

metabolism changes in the environment of cells. It is progressing by 

different coding mechanisms which include cell unlimited generation, 

metastasis, and angiogenesis [145]. Cancer-cells possess abnormal 

metabolic effectiveness in mitochondrial-DNA. The chemical and physical 

therapies of carcinoma are limited at various stages, and they represented 

as a drug and radiation [146]. There are different mechanisms of NPs 

actions against cancer. Some mechanisms deal with specific receptors in 

neoplastic cells so they designing the surface of nanoparticles like folic acid 

[147]. Other mechanism designing NPs as antibody-mediated against some 

types of cancer antigen [148]. Also, some time, by targeting the 

angiogenesis of the cancer cells, where NPs is warp up via targeting the 

receptors of VEGF, which VEGF responsible of supplied a tumor by 
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oxygen, where nanoparticles target VGEF, consequently, a defect occurs 

in the oxygen supply to cancer cells. [149]. Furthermore, NPs genotoxicity 

is propped via the obstetrics of DNA double-stranded breakdown along 

with the instability of chromosomes, which controls the apoptotic 

execution initiations [150]. This expressible mechanism suggests that NPs 

could be mutually related to major many antitumor drugs which DNA-

targeting figure (2-14). In an active and a passive way could NPs target 

cancer-cells. The passive deals with the drug accumulation around the 

tumor area with leaky vasculature, it has also known as the effect of EPR 

(the enhanced permeation and retention). While, the active way refers to 

certain interactive in the drug-drug carriers and target-cells, commonly via 

interactions of specific ligand-receptor, for the drug localization in 

intracellular figure (2-15) [151]. Both mechanisms of NPs acting shown an 

increase in drug concentration in the tumor tissues. In addition, they have 

been shown in different researches to be further efficient in the 

accumulation of drugs in cancer cells and therefore play a significant 

function in cancer chemotherapy and herbal medicines [152]. 

 

 

 

 

 

 

 

 

 

 

Figure (2-14): The Mechanism of action of nanoparticles against 

Tumor-cells [152]. 
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 2-14 Cell Lines 

   Cell culture refers to the removal of cells from an animal or plant and 

their subsequent growth in a favorable artificial environment [153]. 

Primary culture refers to the stage of the culture after the cells are isolated 

from the tissue and proliferated under the appropriate conditions until they 

occupy all of the available substrate (i.e., reach confluence) [154]. Cell 

lines comprise cells that are able to multiply for extended periods in vitro 

and can therefore be maintained by serial subculture. They can be 

subdivided into finite cell lines, continuous cell lines and stem cell lines 

[155]. Cell lines are an appropriate experimental model for mechanistic 

studies, because they are simpler than a complete organism [156]. 

Subculturing, is the removal of the medium and transfer of cells from a 

previous culture into fresh growth medium, a procedure that enables the 

further propagation of the cell line or cell strain. The growth of cells in 

culture proceeds from the lag phase following seeding to the log phase, 

Cells in culture can be divided in to three basic categories based on their 

shape and appearance (i.e., morphology) [157]. 

     

❖ Fibroblastic (or fibroblast-like). 

 

Figure (2-15): The active and passive targets of nanoparticles [148]. 
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❖  Epithelial-like cells are polygonal in shape with more regular 

dimensions. 

❖ Lymphoblast-like cells are spherical in shape. 

 

2-14-1 AMJ13 Cell Line 
 

       Breast cancer is a very heterogeneous disease that includes several 

genetically and epigenetically different diseases with a wide range of 

clinical characteristics [158]. Given that breast cancer cell lines could 

supply a limitless source of homogenous self-replicating materials utilizing 

simple yet standard media and techniques, a substantial percentage of 

existing knowledge on breast carcinomas is generated from in vivo and in 

vitro investigations using breast cancer cell lines [159]. Therefore, AMJ13 

is a newly developed breast cancer cell line derived from an Iraqi breast 

cancer patient. It's the first time happened to an Iraqi populace. The AMJ13 

cell line was created from the primary tumor of a 70-year-old Iraqi woman 

who had to infiltrate ductal carcinoma on histology, discovered by [160]. 

 

2-14-2 Hep-G2 Cell line 

   Cell line history Hep-G2 is a human liver cancer cell line that was derived 

from the liver tissue of a 15-year-old Caucasian male with a hepatocellular 

carcinoma. In 2013 liver cancer was diagnosed in more than 350,000 

people and there were over 160,000 deaths after diagnosis; hepatocellular 

carcinoma is the fifth most common cancer worldwide. The cells secrete a 

variety of major plasma proteins, for example transferrin and plasminogen.               

These cells have been successfully grown in large scale cultivation systems 

[ 161]. 
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2-14-3 RD Cell Line 

    RD was derived directly from biopsy specimens of a 7-year-old female 

with a pelvic RMS previously treated with cyclophosphamide and 

radiation and found to have refractory disease. It has an embryonal 

histology based on histologic appearance of the tumor biopsies and the 

cultured cells, and 51-hyperdiploid chromosomes. RD has been shown to 

have amplification of the MYC oncogene, Q61H mutation of NRAS, and 

homozygous mutation of TP53. Houghton et al. studied tumor size 

following injections of various chemotherapy agents and found that RD 

demonstrated growth inhibition to vincristine and cyclophosphamide, but 

no other agents tested. RD was also used to test tolfenamic acid, and 

showed decreased tumor size, decreased cell migration, and decreased 

expression of Sp specificity transcription factors after treatment. The cell 

line TE671, which was originally thought to be a medulloblastoma line, 

was later shown through cytogenetic analysis and DNA fingerprinting to 

likely be a subclone of RD cells. RD cells are one of the most commonly 

used cell lines in RMS research, can be obtained from ATCC, and are 

grown in Eagle’s medium with 10% FBS [162]. 

 

2-15 Nanoparticles for Drug Delivery 

 

    The delivery of drugs and other therapeutic agents via the use of 

nanoparticles seeks to accomplish several primary goals which overlap 

with targeted drug delivery in general and include [163]: 

1-  More specific drug targeting and delivery. 

2-  Reduction in toxicity while maintaining efficacy. 

3-  Increased biocompatibility. 

4- Faster development of new therapeutic strategies. 
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    In order to properly and effectively design a novel nanoparticle-based 

targeted drug delivery platform there are basic prerequisites that must be 

taken into consideration including knowledge on [163] : 

1- Drug incorporation and release. 

2- Nanoparticle/drug complex formulation stability and shelf-life. 

3-  Biocompatibility. 

4- Biodistribution and targeting efficiency. 

5- Functionality. 

    Table (2-1) shows the different types of nanoparticle-based system for 

drug delivery [163]. 

 

Table (2-1):  The different types of nanoparticle-based system for 

drug delivery [163]. 

Synthetic Polymer-

Based Nanoparticles 

Synthetic Metal-

Based Nanoparticles 

Natural Material-

Based Nanoparticles 

Polyethylene Glycol 

(PEG) 

Iron Oxide Liposomes 

Poly(D,L-lactic-co-

glycolic) Acid 

(PLGA) 

Fullerenes Liposomal 

Nanoparticles and 

Targeting 

Inflammation 

Polylactic Acid (PLA) Buckyballs (C60) Chitosan 

Polycaprolactone 

(PCL) 

Buckysomes Gelatin 

Polyacrylate (PACA) Carbon Nanotubes 

(CNTs) 

Albumin 

Dendrimers - - 
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2-16 CNTs in Drug Delivery 

    Chemotherapeutic agents have some limitations due to their toxic side 

effects. There is a niche in the pharmaceutical market for drug delivery that 

does not elicit such toxicity, whilst still having high therapeutic efficacy. 

Thus, there is an unmet need to develop cell-targeting drug formulations 

with a wide therapeutic index. CNTs have shown great promise as nano 

scaled vehicles for targeted drug delivery [164,165]. One of the main 

advantages of the CNT is its ability to deliver drugs directly to cancer cells 

[166,167]. In the past, there have been numerous experimental studies 

performed in vitro and in vivo using antibody-functionalized CNTs loaded 

with chemotherapeutic agents. Another application of CNTs for drug 

delivery is intravenous injection. One of the issues with injecting drugs into 

the body is the risk of blood vessels becoming blocked because of the large 

size of the drugs, which would lead to tissue toxicity. It has been suggested 

that CNTs could be used as nanocarriers for delivering drugs into the body 

via injectable routes [167]. Drugs can either attach to the outer surface of 

the CNT via functional groups or be loaded inside the CNT. Attachment of 

the anticancer drug to the outer surface of the CNT can be through either 

covalent or noncovalent bonding, including hydrophobic, π–π stacking, 

and electrostatic interactions [168-170]. Filling of the CNT with the 

anticancer drug is another method of incorporating drugs to CNTs. 

  

2-17 CNT Functionalization Techniques  

     Despite the advantages of CNTs, there are limitations to their 

biomedical use. Purification of CNTs is still tedious. CNTs that are 

commercially available are severely contaminated with metal catalysts and 

amorphous carbons, and are known to be generally insoluble and not 

biocompatible. In order to make these materials less toxic and more 
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biocompatible, a number of procedures have been designed to attach 

appropriate molecules to the CNT surface. It has been shown that once the 

CNTs are appropriately functionalized and intravenously injected into 

mice, they are excreted via the biliary pathway without causing any 

significant side effects [171]. Generally, CNTs can be either covalently or 

noncovalently functionalized with different chemical groups [172]. In 

terms of CNT reactivity with functional groups, researchers have divided 

CNTs into two zones, ie, the tips and the side walls. It has been shown that 

CNT tips have a higher affinity for binding functional groups than do the 

side walls [173]. 

 

2-17-1 Noncovalent Functionalization 

      Noncovalent functionalization involves Van der Waals interactions, π–

π interactions, and hydrophobic interactions of biocompatible functional 

groups with the surface of the CNT. One of the main advantages of this 

type of bonding is the minimal damage caused to the CNT surface. It has 

been suggested that noncovalent attachment preserves the aromatic 

structure and thus the electronic characteristics of CNTs. On the other 

hand, because noncovalent bonding provides a weak force between the 

functional group and the CNT, it is not suitable for targeted drug delivery 

applications [174]. 

 

2-17-2 Covalent Functionalization 

    Covalent binding of biocompatible groups to the surface of the CNT is 

another method of functionalization. Using this method, the surface of the 

CNT can be modified by different techniques, creating a suitable platform 

on the surface of these materials, enabling covalent attachment of 

biocompatible groups to the surface of CNTs. Oxidation of CNTs using 
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strong acids is a method commonly used for generating covalent 

functionalization [175]. Briefly, concentrated nitric acid, concentrated 

sulphuric acid, and CNTs are sonicated and heated. This process allows for 

side-wall covalent functionalization, and carboxylic acid groups would be 

attached, rendering CNTs water-soluble. Figure (2-16) shows a 

transmission electron microscopic CNT image before and after oxidization 

using a combination of nitric and sulfuric acid. These modifications would 

provide a suitable platform for the covalent attachment of biocompatible 

functional groups to the surface of the CNT, and the presence of a 

carboxylic group can improve CNT biocompatibility. It has been shown 

that a highly negative charge, developed as a result of the carboxylic group 

on the surface of the CNT, increases the hydrophilicity of these materials 

[176]. Oxidized CNTs can then be further coated with PEG, a hydrophilic 

substance with the ability to make CNTs more biostable.  Covalent binding 

of a functional group to the CNT can produce a stable functionalized CNT, 

making it more suitable for use as a vehicle for drug delivery. However, 

the side wall of the CNT is damaged during this process, resulting in 

alteration of other properties of the CNT [176]. Hence, CNTs 

functionalized by covalent bonding should not be used in some 

applications, including imaging [171]. 
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100nm 

CNT before oxidization with acid 

100nm 

CNT after oxidization acid 

Figure (2-16): Carbon nanotubes (CNT) before and after oxidization 

using a combination of nitric and sulfuric acid. This method resulted in 

chemical nanotubes and formation of carboxylate groups on the surface 

modifications carbon [ 171]. 
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3-1 Introduction  

     This chapter includes the stages of   samples   preparation, and   testing 

measurement stages and tools used in the preparation, measurement and 

bio application. 

3-2 Chemical and Biomedical Material Reagents 

    The table below (3-1) shows the chemical and biomedical of the 

materials used in the study. 

 Table (3-1): The Chemical and Biomedical Material Reagents. 

No. Chemical and Biomedical Material Company Country 

1- SWCNTs Cheap Tubes USA 

2- HCl CDH India 

3- EDC Hydrochloride C6H17N3–HCl Sigma-Aldrich Germany 

4- N–Hydroxy succinimide (NHS) Sigma-Aldrich Germany 

5- PEG 4000 HI Media India 

6- Ethanol C5H6OH Scharlab  

7- NaOH Dae-Jung  

8- H2SO4 LOBA Chemie, 

Maharashtra 

India 

9- HNO3 LOBA Chemie, 

Maharashtra 

India 

10- PEI Sigma-Aldrich Germany 

11- Trypsin/EDTA Capricorn Germany 

12- DMSO Santacruz Biotechnology USA 

13- RPMI 1640 Capricorn Germany 

14- MTT Stain Bio-World USA 

15- Fetal Bovine Serum Capricorn Germany 

16- CO2 Incubator Cypress Diagnostics Belgium 

17- Microtiter Reader Gennex Lab USA 

18- Laminar Flow Hood K & K Scientific Supplier Korea 

19- Micropipette Cypress Diagnostics Belgium 

20- Cell Culture Plates Santa Cruz Biotechnology USA 

21-  CUR Nanochemazone Canada 

 

  Figure (3-1) Shows a schematic diagram of laboratory experiments 

carried of the completed tests in this study. 
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Figure (3-1): Schematic diagram laboratory experiments carried 

out to achieve the aim of the present study. 
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3-3 Preparation of Material 

3-3-1 Functionalization of SWCNTs by PEG   

     In the first beaker, (0.004g) of single-walled carbon nanotube 

(SWCNTS) inserted into (40ml) of deionized water and (0.24g) of sodium 

hydroxide (NaOH) were inserted into (40ml) deionized water in another 

beaker, and after it dissolves fully, we add it to the first beaker. Following 

that, the first beaker was placed in which each of (SWCNTS + NaOH) was 

placed on the ultrasonic cleaner device for an hour before transferring it to 

the magnetic stirrer for three hours without heat only. After three hours, 

the beaker was placed in the ultrasonic cleaner and adds six milliliters of 

hydraulic acid (HCl) for ten minutes, then remove the solution. The 

material was then placed in an electronic centrifuge and spun for half an 

hour at a speed of (4000) revolutions per minute (rpm). The surplus water 

was removed after separating the material and place it on the filter paper, 

which we then wash with deionized water (20-30ml). After that, we add 

(0.8gm) of (EDC) and (0.48g) of (NHS) and leave it on the magnetic stirrer 

for three hours, then (3g) of (PEG) was added and leave it on the mixer for 

(21 hours). After that, we put the material in an electronic centrifuge for 

half an hour at a speed of (4000) revolutions per minute (rpm) to separate 

it from the water before drying it in a drying oven to obtain powder.       

3-3-2 Functionalization of SWCNTs with PEG and PEI 

mixture 

      On the electromagnetic mixer, we put (0.4 g) of (SWCNTs) in a (1:1) 

mixture of sulfuric and nitric acid for two hours without heat. The product 

was filtered using filter paper and washed with deionized water and 

methanol after two hours of mixing, and then it was precipitated to yield 

the powder. Then we poured (120ml) of deionized water in another beaker, 
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added (6.2gm) of EDC-HCl and (3.5g) of NHS material, and set it on the 

electromagnetic mixer for half an hour to dissolve the substance in the 

deionized water; after half an hour, (SWCNTs) added in the stage 

(SWCNTs -COOH). The solution is then put into a Petri shower and set in 

an electric oven at a temperature of (80 °C) to dry after adding (96g) of 

PEG-4000 and (8g) of PEI progressively and churning on the 

electromagnetic mixer for (24 hours). We receive a paste-like substance 

with a sticky texture, meaning it has a high viscosity, and keep it in a glass 

box until we need it. 

 

3-3-3 Loading Nanocurcumin on PEG-PEI-SWCNTs  

     For loading Cur on PEG-PEI-SWCNTs (2.250 mL   ( of the Cur solution 

(3.33 mg/ml) was added to aqueous (7ml) PEG-PEI-SWCNTs suspension 

(4.28 mg/mL) and stirred for overnight. Cur rate in compare to PEG-PEI-

SWCNTs was about (1:4). The suspension was centrifuged (12000 rpm, 25 

⸰C) for (150 minutes) and dried for (48 hours) at (40 ⸰C) in the oven to 

obtain the final sample which is called curcumin bonded PEG-PEI-

SWCNTs (PEG-PEI-SWCNTs-N. Cur).  

 

3-4   Measurement of Optical Properties  

      The spectra of absorbance for materials have been recorded for the 

wavelengths (190-1100) nm by using the UV-Visible 1800 double beam 

spectrophotometer provided by Shimadzu, Japanese company.  
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3-5 Structural Properties and Surface Morphology 

Measurements  

3-5-1 X–Ray Diffraction 

    X-ray diffraction (XRD) analysis is used to investigate the crystal 

structure of SWCNTs, PEG-SWCNTs, PEG-PEI-SWCNTs, PEG-PEI-

SWCNTs-N.Cur and N.Cur. When incident (X-ray) beam of mono 

wavelength diffracts on materials surface this will exhibit peaks on specific 

angles for each material because of Bragg's reflection on parallel 

crystalline surface. The X-ray diffraction instrument used in this study 

(Shimadzu 6000) having the following properties: 

1. Source: Cu kα radiation of λ=1.5406 Å. 

2. Current: 30 mA. 

3. High voltage: 40 kV. 

4. Speed: 5 deg / min . 

5. Incident angle from 20 to80 degrees. 

3-5-2 Atomic Force Microscopy (AFM) Measurements 

    Surface morphological measurements for SWCNTs, PEG-SWCNTs, 

PEG-PEI-SWCNTs, PEG-PEI-SWCNTs-N.Cur and N.Cur are made by 

SPM-AA3000 contact mode spectrometer, Angstrom Advanced Inc. 2008, 

USA. 

3-5-3 Transmission Electron Microscopy (TEM) 

      Transmission Electron Microscope (TEM) was employed. This test 

relies on producing an electron beam with high energy to be passed through 
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the targets to investigate the material microstructure. The electron beam is 

then focused, quickened at a few hundred kilovolts and at wavelengths 

shorter than wavelengths of the visible range of light; the definitive 

pictures are accomplished by a digital camera. The analysis was done in 

School of Electrical and Computer Engineering / University of Tehran, 

Iran.  

3-6 Chemical Properties 

3-6-1 Fourier Transform Infrared (FTIR) Spectroscopy 

   The IR transmission spectra were recorded by double beam Fourier 

transform infrared spectroscopy using IR Affinty-1 CE (FTIR) 

spectrophotometer provided by Shimadzu, Japanese company, The 

technique operates in the wave number range of (4000-400 cm-1) with 

resolution of (0.5 cm-1).  

3-6-2 Raman Measurement 

     Raman spectroscopy is a type of spectroscopy that is used to observe 

rotational, vibrational, and other low-frequency modes. Raman 

spectroscopy is used to examine the structural fingerprint of molecules in 

order to identify them. (Bruker Senterra Raman microscope) was used to 

measure the samples using (532 nm) line, argon laser, incident laser power 

(5mW), and automatic software switching of excitation wavelength with 

intensity calculation. 
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3-7 Bioactivity 

A- Antibacterial Activity 

1- Isolation and Identification of Bacteria from UTI.  

      Twenty out samples of urine were collected from patients with 

suspicious clinical symptoms like dysuria, loin pain, fever, frequent 

urination, and need to urinate with an empty bladder; patients were visited 

Ibn Al-Nafees Hospital/ Baghdad and asked about taken antibiotic prior 

visiting the hospital during last seven days. The ethical committee 

approved the study of the University. All urine samples were cultured over 

blood agar, Mac  Conkey agar, and mannitol salt agar. Bacterial characters  

were identified using Gram stain, urease test, oxidase, catala  se, hemolysis 

of RBCs, and Indole Methyl red Vokes Proskauer (IMVC). 

 

2- Antibacterial Activity of Aqueous Herbal Extracts  

     Agar well diffusion approach on Mueller-Hinton agar was once used in 

imitation of the search for antibacterial activity. Bacterial cultures were 

crashed out from the nutrient agar plate and were suspended in sterilized 

peptone water. Turbidity was evaluated and compared with McFarland 

standard tube number 1, which equivalents approximately to (1×108) 

CFU/mL. The cotton swab was immersed in bacterial suspension and 

spread over Muller Hinton agar, which let for (10 minutes) to ensure 

bacterial adherence. Meanwhile, the borer applicator was sterilized by 

flame, cooled, and pressed on the top of see ded Muller Hinton agar to 

make well with a (6 mm) radius, let distance about (15 mm) between wells 

the aspect of the plate. Each well was filled with (25, 50, 75, and 100 

µg/ml), plates were  stand for (10 minutes) and were incubated for (24 h) at 
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(37 °C).  Four replicas of each plate were prepared, and the diameter of the 

inhibition zone was recorded from the edge of the well. 

 

B- Anticancer Activity  

1- Maintenance of Cell Cultures 

     AMJ13 and HepG2 cells were maintained in RPMI-1640 supplemented 

with (10%) fetal bovine serum, (100 units/mL) penicillin, and (100 µg/mL) 

streptomycin. Cells were passaged using Trypsin-EDTA reseeded at (80% 

) confluence twice a week, and incubated at (37 °C). 

2- Cytotoxicity Assays 

     To determine the cytotoxic effect of (CNTs, PEG-CNTs, PEG-CNTs-

CUR, PEG-PEI-CNTs, PEG-PEI-CUR), the MTT assay was done using 

(96-well) plates. Cell line were seeded at (1 × 104cells/well). After (24 

h) or a confluent monolayer was achieved, cells were treated with tested 

compounds at different concentration. Cell viability was measured after 

(72 h) of treatment by removing the medium, adding (28 µL) of (2 µg/Ml) 

solution of MTT and incubating the cells for (2.5 h) at (37 °C). After 

removing the MTT solution, the crystals remaining in the wells were 

solubilized by the addition of (130 µL) of DMSO (Dimethyl Sulphoxide) 

followed by (37 °C) incubation for (15 min) with shaking. The 

absorbency was determined on a microplate reader at (492 nm); the assay 

was performed in triplicate. The inhibition rate of cell growth (the 

percentage of cytotoxicity) was calculated as the following equation:  

Inhibition rate = 𝐴 −
𝐵

𝐴
× 100 ……………..……………. (3-1) 

where A is the optical density of control, and B is the optical density of 

the samples. 
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   To visualize the shape of the cells under an inverted microscope, the cell 

was seeded into 24-well micro-titration plates at a density of (1×105) cells 

mL−1 and incubated for (24 h) at (37 °C). Then, cells were exposed to 

(CNTs, PEG-CNTs, PEG-CNTs-CUR, PEG-PEI-CNTs, PEG-PEI-CUR) 

at IC (50) for (24hr). After the exposure time, the plates were stained with 

crystal violet stain and incubated at (37 °C) for (10–15 min). The stain was 

washed off gently with tap water until the dye was completely removed. 

The cells were observed under an inverted microscope at 40× 

magnification and the images were captured with a digital camera attached 

to the microscope.  

3- Statistical Analysis:  

    The obtained data were statically analyzed using an unpaired t-test with 

GraphPad Prism (6). The values were presented as the mean ± SD of 

triplicate measurements.   
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4-1 Introduction 

   This chapter includes the results and discussions optical, chemical, 

structural and morphological properties of the functionalization SWCNTs 

by PEG, SWCNTs with PEG and PEI mixture. It will also discuss the effect 

of loading the nano curcumin on PEG-PEI-SWCNTs and study its bio 

applications on bacteria inhibition and anticancer activity. 

 

4-2 Optical Properties  

   Figure (4-1) shows the spectra of SWCNTs and (SWCNTs – PEG), the 

black line indicates the SWCNTs spectra at (291nm) which represent the 

absorptions bands that related to electronic transition n – π* for C=O in the 

SCWNTs. The red line represents the (SWCNTs – PEG) that shifted to 

(289 nm), confirming the synthesis of (SWCNTs – PEG). Also, it was 

shown that decreasing the intensity of the absorbance peak for (SWCNTs) 

is due to the color of SWCNTs changing from black to gray because of link 

(SWCNTs-PEG).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4-1): The absorbance of SWCNTs and PEG-SWCNTs as a 

function of wavelength 
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     In the UV-vis spectra of SWCNTs and PEG-PEI-SWCNTs (figures 4-

1-a,b), the black line at (289 nm) represents the absorption bands that relate 

to the π–π* electronic transition for C-C (aromatic rings) and n–π* 

transition for C=O in the SWCNTs. The green line at (300.98 nm) indicates 

a shift of these transitions, which confirms the synthesis of PEG-PEI-

SWCNTs. The blue line illustrates the spectra of N.Cur and the orange line 

represented PEG-PEI-SWCNT-N. Cur. The Cur spectrum includes two 

peaks at (275 nm) and (425 nm). In UV-Vis spectra, the highest absorption 

peak for Cur is (420–430 nm); in our data, an absorption peak at (431 nm) 

occurs in the UV-Vis spectra, which is typical of Cur, implying binding of 

Cur to PEG-PEI-SWCNTs. When compared to Cur suspension, the most 

plausible explanation is π–π* interaction between Cur and PEG-PEI-

SWCNTs; in addition, the change in curcumin maximum absorption might 

be potentially related to its interaction with the more soluble co-polymer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

 

(b) 

Figure (4-1):  The absorbance of (a) SWCNTs and PEG-PEI-SWCNTs, (b) 

Nano Cur and PEG-PEI-SWCNTs-N. Cur as a function of wavelength.  
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4-3 Chemical Properties 

4-3-A-Fourier Transform Infrared (FTIR) 

          In FTIR spectrums of SWCNT, SWCNTs-PEG, SWCNTs-PEG-PEI 

and (PEG-PEI-SWCNTs-Cur), in figure (4-2-a) black line represents the 

SWCNTS sample, the peaks at (3431 cm-1) is stretching related to OH, 

while (2897and 1636 cm-1) are C-H groups and C=O group carboxyl. 

While in the case of (PEG – SWCNTs) as shown in figure (4-2-b), the peak 

at (3431 cm-1) shifted to (3438 cm-1), with the appearance of C-H at (2875 

cm-1) proving that SWCNTs are associated with PEG, as well as the 

appearance of C=C at (1952, 1472) cm-1 , C-O and C=O at (1100, 1648) 

cm-1   was also identified,  while in case of (PEG-PEI-SWCNTs) as shown 

in figure (4-2-c) the peak at (3431 cm-1 ) shifted to (3432 cm-1 ) also 

appearance of C-H  at (2883 cm-1) which proved that SWCNTs conjunction 

to PEG-PEI, also the appearance of C=C at (1468 cm-1 ) and C=O at (1716 

cm-1 ) was also identified, the peak at (1616 cm-1) is related to N-H and 

peaks at (1344 cm-1) is related to C-N. The FTIR pattern of  N. Cur extract 

was shown in figure (4-2-d), which shows a broad and strong band at 

approximately (3368 cm−1) which represented the stretching vibration of 

O-H in the hydroxyl groups of hydrogen bonds and peak at (1378 cm-1 ) is 

related O-H bending vibration alcohol. The region between (1281 cm−1) 

and (1117 cm−1) may be assigned to C-O stretching vibrations. The small 

bands at (619, 573,470 and 446 cm−1) were attributed to stretching 

vibrations of C-O in the ester. The peak at ( 2924 cm−1) is related to C-H 

stretch (Alkane), peak at (1456 cm-1) is related to C-H bending methyl 

group, peak at (767cm-1) is related to C-H bending and peak at (710 cm-1) 

is related to C-H bending vibrations of the aromatic ring. Another 

absorption peak noticed at (1631cm-1) might be due to the (C=C) stretching 

and peak at (840 cm-1) is related to C=C bending vibrations. Then peak at 
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(1324 cm-1) represents the C-N stretching in aromatic amine. The other 

peak at (1028 cm-1) attributed for C-O-C groups and peak at (1531 cm-1) is 

assigned to the C=O. The orange line in figure (4-2-e) illustrates the 

loading drug PEG-PEI-SWCNTs-N.Cur, The OH stretching of PEG-PEI-

SWCNTs-N.Cur is shifted to (3735,3850 cm−1 and  peak at 1359 cm-1 ) is 

related O-H bending vibration alcohol while the peaks (2889 cm−1 ) C-H 

stretch (Alkane) and peak at (1474 cm-1) is related to C-H bending methyl 

group. The peak at (1646 cm-1) is related to N-H bending amine and peak 

at (849 cm-1) is related to C=C bending vibrations, peak at (1359 cm-1) is 

related to C-N stretching aromatic amine. The peak at (1115 cm-1) is related 

to C-O stretching vibrations while the peak at (598 cm-1) is assigned to C-

O stretching vibrations (ester). These results demonstrated that the 

conjugation PEG-PEI-SWCNTs-N. Cur had been successfully 

synthesized. Table (4-1) shown the FTIR Peaks Assignments of all sample.  

Table (4-1): The FTIR Peaks Assignments of SWCNTs, PEG-SWCNTs, 

PEG-PEI-SWCNTs, N. Cur and PEG-PEI-SWCNTs-N.Cur. 
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(a) SWCNTs 

 

(b) PEG-SWCNTs 

(c) PEG-PEI-SWCNTs 

(d) Nano Curcumin (e) PEG-PEI-SWCNTs-N. Cur 

Figure (4-2): FTIR spectrum of (a) SWCNTs, (b) PEG-SWCNTs, (c) PEG-

PEI-SWCNTs, (d) Nano Curcumin and (e) PEG-PEI-SWCNTs-N. Cur. 
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4-3-B Raman Spectroscopy (RS) 

     Figure (4-3 a, b and c) shows the Raman spectra of SWCNTs and 

(SWCNTs – PEG). The black line in figure (4-3-a) indicates the SWCNTs 

spectra which show four significant features namely: (1) the radial 

breathing mode (RBM) band ((150.89,255.91) cm-1), which is caused by 

Raman modes in which all of the tube's atoms vibrate in phase; (2) the D 

band (1291.60 cm-1), also called the ‘‘disorder’’ band, that is related to the 

breathing motions of the sp2 carbon atoms in the rings and can be activated 

by the presence of defects on the nanotube surface; (3) the G band (1572.65 

cm-1), known as the "tangential" mode, is made up of two sub-bands G+ 

and G2 which correspond to axial and circumferential in-plane vibrations 

in semiconducting nanotubes, respectively. (4) the overtone of the D band 

(2D band), which is a fingerprint of the graphitic structure and observed 

between (2566 cm-1). The intensity changes of D and G bands, as well as 

their broadening, gives a measure of the functionalization extent, mostly 

because the presence of organic fragments along the SWCNTs side walls 

increase the structural disorder due to the introduction of a very high 

number of defects. Figure (4-3-b) shows Raman spectroscopy of (PEG-

SWCNTs) where ((844,1138,1469) cm-1) indicate to PEG, D band and G 

band in PEG-SWCNTs shifting to (1287.53 cm-1,1581.12 cm-1) 

respectively. ID/IG. For the mixture of PEG- SWCNTs/SWCNTs, the 

ID/IG ratio of SWCNT is (0.82) before adding PEG- -SWCNTs but 

decreases to (0.81) upon absorbing PEG-SWCNTs. 
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Figure (4-3): Raman Spectroscopy (a) SWCNTs, (b) PEG- SWCNTs and 

(c) SWCNTs and PEG-SWCNTs together. 

(a) (b) 

(c) 
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   Figure (4-4-b) shows Raman spectroscopy of (PEG-PEI-SWCNTs) 

where (2935,1292,1586 and (156,257) cm-1) indicate to overtone of the D 

band (2D band), D band, G band and RBM respectively. A quantitative 

determination of the functionalization extent is provided by the ratio 

between the intensity of such bands, ID/IG. For the mixture of PEG-PEI-

SWCNTs/SWCNTs, the ID/IG ratio of SWCNT is (0.82) before adding 

PEG-PEI-SWCNTs but decreases to (0.81) upon absorbing PEG-PEI-

SWCNTs, a decrease in the Raman yield over the whole frequency range 

is observed when passing from pristine SWCNTs to PEG-PEI–SWCNTs. 

This trend is an indication of a Raman activity weakening in case of 

functionalized materials. From the fitting procedure, we calculated an 

ID/IG ratio which decreases in passing from pristine SWCNTs to 

functionalized materials. This behavior is also accompanied by a 

broadening of the G band. This increase is indicative of the breakage of the 

graphene sheet symmetry that in the present case can be associated with 

the introduction of functionalities onto the nanotube surface. Such trends 

are in very good agreement with other PEGylated-PEI systems. As the 

frequency of RBM is inversely proportional to the reciprocal of the 

diameter, it can be used to determine nanotube diameter. The RBM also 

provides information on chirality and thus, the electronic properties of the 

nanotube. Because single excitation energy was used in our experiment, 

only nanotubes resonant with this particular energy will demonstrate a peak 

at the RBM frequency. The nanotube diameter can be determined by VRBM 

= 248/ω, where VRBM is Raman frequency shift of the RBM in cm−1. From 

measured RBM, calculated SWCNTs diameter is (1.3). 
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Figure (4-4): Raman Spectroscopy (a) SWCNTs, (b) PEG-PEI-SWCNTs 

and (c) SWCNTs and PEG-PEI-SWCNTs together.  

(a) (b) 

(c) 



Chapter Four                                                             Results and Discussion    

 

85 
 

  The Raman vibrational modes of the nanocurcumin are located from (593 

cm-1) to (1700cm-1) as shown in figure (4-5-a), the peak at (593 cm-1) was 

characteristic peak of methoxy group (R-OCH3). The peaks at (754 and 

794 cm-1) seen in figure (4-5-b) stem from out-of-plane C-C-H bending 

vibration. The peak at 958 cm-1 originates from in-plane C-C-H bending 

vibration. While two form of nanocurcumin structures are defined by the 

peak at (1249-1250 cm-1), the keto-enol form of nanocurcumin was 

obtained at (1249 cm-1). The peak at (1319 cm-1) originates from in-plane 

C-O-H bending vibrations. The peak at (1428 cm-1) was the characteristic 

peak of phenol C-O. The strong peak between (1600 and 1630 cm−1) was 

attributed to the mixed ν(C=C) and ν(C=O) vibration mode. They were 

observed at (1601 cm−1) (aromatic C=C) and (1629 cm−1) (carbonyl C=O). 

The Raman spectra for PEG-PEI-SWCNTs-N. Cur as shown in figure (4-

5-b), the radial breathing mode (RBM) band, the disorder band (D band), 

the tangential mode (G band) and  the overtone of the D band (2D band) 

shifting to ((171,264),1283, 1593 and 2131 cm-1)) respectively. The peaks 

for the nanocurcumin around (958, 1183 and 1428) cm-1 experienced shift 

to (939, 1168 and 1470) cm-1 in the drug loaded sample due to nano-

encapsulation and indicates successful drug loading. The lines at (716 and 

853) cm-1 can be assigned to the C-N stretching vibrations. The Raman 

spectral result indicates the nanocurcumin and SWCNTs is conjugated by 

the PEG-PEI polymer in the PEG-PEI-SWCNTs-N. Cur composites which 

could be useful for biomedical applications.    
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Figure (4-5): Raman Spectroscopy (a) N. Cur, (b) PEG-PEI-SWCNTs-N. 

Cur and (c) N. Cur and PEG-PEI-SWCNTs-N. Cur together. 

 

(a) (b) 

(c) 
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4-4 Morphological Properties 

4-4-1 Atomic Force Microscopy (AFM) Analysis 

    The AFM analysis of SWCNTs and SWCNTs – PEG4000 is shown in 

figure (4-6). The SWCNTs image shows a carbon nano tube with a grain 

size of (60 nm). SWCNTs – PEG4000 demonstrates aggregation of 

SWCNTs with PEG4000, with grain sizes increasing to (83.60 nm) with 

functionalization.  

    Images in figure (4-7) Shows the AFM analysis of PEG-PEI-SWCNTs, 

N.Cur and PEG-PEI-SWCNTs-N.Cur. Images of PEG-PEI-SWCNTs 

illustrated aggregation of carbon nanotube with PEG-PEI. The grain size 

increases with functionalizing to (80.68 nm). As a result of the extraction 

nanocurcumin the grain size is (129.96 nm), when adding the 

nanocurcumin to PEG-PEI-SWCNTs grain size equal (79.6 nm). The 

morphology of the different nanocarriers was observed using AFM.          

The raw SWCNTs exhibit large bundles of aggregates, and many long 

tubes stay close together, which is consistent with TEM images. Compared 

with the raw SWCNTs (figure 4-6-a), SWCNTs and PEG-PEI-SWCNTs 

samples are evenly dispersed exhibiting tubular structures (figures 4-6-a 

and 4-7-a), confirming their good dispersion. Moreover, their length is 

much shorter than that of the raw SWCNTs, also being consistent with the 

TEM observations. The above results prove that the raw SWCNTs were 

shortened by the acid treatment, together with an improvement of the 

dispersion state. Thus, highly stable dispersions of individual SWCNTs 

can be obtained by acidification and functionalization. All the above results 

demonstrate that the raw SWCNTs are shortened and functionalized while 

retaining their spectroscopically properties. The carbonylated and the 

functionalized SWCNTs are individually dispersed in aqueous solution, 

suitable for further biological studies. The result of surface roughness, root 
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mean square (RMS) and grain size of SWCNTs, PEG-SWCNTs, PEG-

PEI-SWCNTs, N. Cur and PEG-PEI-SWCNTs-N. Cur are shown in table 

(4-2). 

 

Table (4-2): Surface roughness, root mean square (RMS) and grain 

size of (SWCNTs, PEG-SWCNTs, PEG-PEI-SWCNTs, N. Cur and 

PEG-PEI-SWCNTs-N. Cur) 

Grain Size 

(nm) 

RMS (nm) Surface roughness 

(nm) 

Sample 

60.00 14.2 12.1 SWCNTs 

 

 

83.60 

 

7.9 

 

6.84 

 

PEG-SWCNTs 

 

 

80.68 

 

99.8 

 

86.3 

 

PEG-PEI-

SWCNTs 

 

 

129.96 

 

1.77 

 

1.54 

 

N. Cur 

 

 

79.60 

 

59.3 

 

51 

PEG-PEI-

SWCNTs-N. 

Cur 
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Figure (4-7): Surface images by AFM for (a) PEG-PEI-SWCNTs (b) 

Nanocurcumin (N. Cur) and (c) PEG-PEI-SWCNTs-N. Cur. 

 

 

(a) PEG-PEI-SWCNTs (b) Nano Curcumin 

(c) PEG-PEI-SWCNTs-N. Cur 

  

(b) PEG-SWCNTs (a) SWCNTs 

Figure (4-6): Surface images by AFM for (a) SWCNTs and (b) 

SWCNTs – PEG4000.  
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4-4-2 Transmission Electron Microscopy (TEM) Analysis 

    TEM was used to examine the morphology of SWCNTs and PEG-PEI-

SWCNTs, TEM images of shortened and of functionalized SWCNTs are 

shown in figure (4-8). TEM images show that the raw SWCNTs are long 

curved aggregates, which appear to be a bundle of inhomogeneous 

aggregates consisting of many tubes (figure 4-8-a). The length and 

dispersion state of raw and of acid treated SWCNTs are quite different. 

After acid treatment, short SWCNTs exhibit a smaller tube length and a 

tubular structure with a hollow lumen, which is beneficial for the 

endocytosis of nanotubes. CNTs-COOH produced using different acid 

solutions, are all dispersed into single tubes with smooth surface without 

aggregation, and no obvious difference in the morphological 

characteristics is observed. The tubular structure of PEG-PEI-SWCNTs 

was rough, and some particles appear to be attached and distributed along 

the SWCNTs sidewalls, maybe indicating that PEG and PEI groups are 

conjugated onto nanotubes (figure 4-8-b). The N. Cur as shown in (4-8-c) 

confirms an average size of (30 nm) for the nanoparticles along with 

spherical morphology and low polydispersity while the designed drug of 

PEG-PEI-SWCNTs-N. Cur in figure (4-8-d) showed conjugated polymer 

with N. Cur.   
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Figure (4-8): TEM images of (a)SWCNTs, (b) PEG-PEI-SWCNTs, (c) N. 

Cur and (d) PEG-PEI-SWCNTs-N. Cur. 

(a) SWCNTs 60nm (b) PEG-PEI-SWCNTs 60 

nm 

  

(c) Nano Curcumin 30 nm 
(d) PEG-PEI-SWCNTs-N.Cur 

250nm 
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4-5 Structural Properties  

4-5-1 X-Ray Diffraction Analysis 

   The black line in figure (4-9-a) depicted the XRD pattern of SWCNTS, 

with a sharp peak at 2θ = 25.6299
⸰
 that corresponds to (002) with d – 

spacing (3.4729 A
⸰
) and conforms to the hexagonal structure of single wall 

carbon nanotube, while the red line in figure (4-9-b) depicted the 

functionalization of SWCNTs – PEG 4000, with a broad peak at 2θ= 

23.4473
⸰
 with d – spacing (3.8447A

⸰
) that is the result of d. The peak of 

SWCNTs disappear because SWCNTs has an effect on the structure of the 

PEG molecular chain in the crystal lattice, disturbing the order of its 

crystallization. This reduces the crystallinity of PEG and allows for 

effective ester bonding of PEG to SWCNTs. The orientation (002) is 

determined by a combination of a high score and a program. SWCNTs and 

SWCNTs-PEG have crystalline sizes of (3 and 7.7) nanometers, 

respectively. The green line in figure (4-9-c) indicates the functionalization 

of PEG-PEI-SWCNTs, which have a broad peak at 2θ = 23.51
⸰
 with d – 

spacing (3.7816 A
⸰
) and is the result of functionalization, presents a 

disrupted crystallization order. This reduces the crystallinity of PEG, 

allowing for efficient ester bonding of PEG-PEI to SWCNTs nanotubes. 

The orientation (002) is determined by the High Score Plus program. The 

values of crystalline size for SWCNT and PEG-PEI-SWCNTs equals (3 

and 8.48) nm, respectively. while the orange line in figure (4-9-e) indicted 

to functionalization of  PEG-PEI-SWCNTs-N.Cur with broad peak at 2θ= 

23.33
⸰
 with d – spacing (4.63888 A

⸰
) which results from functionalized 

while the peak of SWCNTs disappears because SWCNTs have an effect 

on the structure of the PEG and PEI molecular chain in the crystal lattice , 
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disturbing the order of its crystallization. This decreases the crystallinity of 

PEG-PEI and result in an effective conjugation of PEG-PEI to SWCNTs 

by ester bonding. Figure (4-9-d) as shown exhibited a mainly amorphous 

character. The values of crystallite size for SWCNTs and PEG-PEI-

SWCNTs- N. Cur equals (3 nm) and (7.58 nm), respectively. 

 

 

.    

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 
 

Figure (4-9): The XRD pattern for (a) SWCNTs, (b) PEG-SWCNTs, (c) PEG-

PEI-SWCNTs, (d) N. Cur and (e) PEG-PEI-SWCNTs- N. Cur. 

 

(a) SWCNTs 

(d) Nanocurcumin (c) PEG-PEI-SWCNTs 

(e) PEG-PEI-SWCNTs-N. Cur 

 

(b) PEG-SWCNTs 
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4-6 Biomedical Application Results 

4-6-1 Antibacterial Activity 

   Bacillus Spp. and Pseudomonas aeruginosa were studied for the 

antibacterial activity of SWCNTs and PEG-SWCNTs by different 

volumetric ratios (25,50,75,100) µg/ml expressed in figures (4-10 and 4-

11).  The inhibition zones were measured and reported. In general, the 

inhibition zone and the effect of PEG-SWCNTs on two types of anti-

bacterial were greater than SWCNTs. This means the membrane of 

bacteria becomes weaker when SWCNTs was chemical modification and 

functionalization by PEG, where functionalization of SWCNTs could also 

increase SWCNTs dispersibility. This higher dispersibility may contribute 

enhanced antibacterial activity. The addition of PEG could effectively 

reduce the toxicity of SWCNTs to human cell and reduce bacterial 

adhesion [177]. SWCNTs -OH and -COOH functional groups develop 

more antibacterial action toward both Gram-positive and Gram-negative 

species. Functionalized carbon nanotubes form cell-SWCNTs collections 

which caused damge to cell walls due to which bacterial DNA releases 

from the cell [178]. Some studies show that single walled carbon nanotube 

(SWCNTs) cause severe cell damage and consequent cell death [179]. It 

happens because SWCNTs given their large surface areas and damaging 

capabilities of cell membrane through oxidation, hold disinfection 

efficiency [180]. Single wall carbon nanotube has higher thermal stability, 

the last was recorded besides that the large surface area of SWCNTs proved 

to enhance bacterial inactivation efficiency [181], the microbes removal 

activity by SWCNTs in that interaction by direct contact with bacterial cell 

membrane led to inactivation [182]. The mechachanism of single wall 

carbon nanotube against bacterial strains is related to the fact that the cell 

membrane of the bacteria is composed of lipopolysaccharides which act as  



Chapter Four                                                             Results and Discussion    

 

95 
 

a barrier, where  its structural integrity can be degraded when exposed to 

carbon based nanomaterials, this has been established to be due to the 

oxidative toxicity of SWCNTs which causes oxidative stress in microbial 

cell that will lead to inactivation [183], surface area plays a major role in 

bacterial inactivation by inhibiting the vital metabolic functions of bacteria 

[184], bacterial deactivation occurred by adsorption  on to nisin [185], 

SWCNTs prevent the bacterial cell division and their capability to multiply 

by penetrating the cell and disturbing its intracellular network [186], the 

impact of SWCNTs length on their antimicrobial action was explored they 

discovered that longer SWCNTs established stronger antimicrobial action 

because of their improved aggregation with bacterial cell [187], the longer 

SWCNTs may cause antimicrobial action by covering the bacterial [188], 

carbon nanostructures are reported to cause bacterial cell lysis by physical 

excoriation and disrupting cell walls and membranes of bacteria ultimately 

to cell death [189], direct contact between cells and carbon nano partial 

which thus lead to cell demise, carbon nanotubes damage the bacteria via 

phospholipid peroxidation or oxidative stress and SWCNTs oxidize the 

bacterial cell which leads towards oxidation resulting in cell death 

[190,191]. Single well carbon nanotube efficiency in microbial removal is 

affected by several operational condition such as temperature, pH, 

retention time, solute and solvent composition [192].     
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 Bacillus Spp. (PEG- SWCNTs) (b ) 

 

 

 

Figure (4-10): Anti-bacterial activity of (a) SWCNTs, (b) PEG- SWCNTs Bacillus 

SPP., the inhibited zones of bacterial growth for both strains are illustrated when 

exposed to variety concentrations as follows; (1): 25µg/ mL, (2): 50 µg/ mL, (3): 75 µg/ 

mL, (4): 100 µg/ mL. 

) Bacillus Spp. (SWCNTs) a ) 
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Pseudomonas aeruginosa (SWCNTs) (a) 

 

 

(b) Pseudomonas aeruginosa (PEG- 

SWCNTs) 

 

 

 

Figure (4-11): Anti-bacterial activity of (a)SWCNTs, (b) PEG-SWCNTs, 

Pseudomonas aeruginosa, the inhibited zones of bacterial growth for both 

strains are illustrated when exposed to variety concentrations as follows: (1) 

25 µg/ mL, (2): 50 µg/ mL, (3): 75 µg/ mL, (4): 100 µg/ mL. 
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4-6-2 Anti-Proliferative Activity Against Cancer Cell Line 

4-6-2-A Anti-Proliferative Activity of (SWCNTs) Against 

Cancer Cell Line 

          The cytotoxic effect of SWCNTs against Hep G2 and AMJ13 cells 

was studied to show the effectiveness of these substances in killing infected 

cells at a range of concentrations ranging between (6.26–100 µg/ml), as 

shown in figures (4-12-a and 4-12-b). These substances show killing 

activity for the cells under study, with effectiveness increasing with 

increased concentration of the SWCNTs based on figures (4-12-a), we note 

that (60%) of the AMJ13 cells were killed with a concentration of (100 

µg/ml) of SWCNTs. Figure (4-12-b) shows that (55%) of the Hep G2 cells 

was killed at a concentration of (100 µg/ml) of SWCNTs. The apoptosis 

features were also examined through morphological changes in Hep G2 

and AMJ13 cell lines. The treated cells retained their original 

morphological forms, as shown by the control cells. However, both cell 

lines showed morphological alterations when treated with SWCNTs. 

Figure (4-13) shows that those treated with the SWCNTs had lower 

toxicity, owing to a decrease in the number of HepG2 and AMJ13 cell 

colonies, indicating significant cell-killing activity [193,194]. The 

differences in morphology, loss of contact with surrounding cells, and a 

decrease in the number of cells as concentrations increase during treatment 

may be due to the synergistic effect of nanoparticles at high concentrations, 

so their effect is greater than that at lower concentrations [195], 

biocompatible of single wall carbon tubes, the peculiar features of 

SWCNTs, such as broad surface area, high aspect ratio, and strong stability 

enables them to utilize in drug-delivery systems. The characteristics of 

SWCNTs make them efficient to load drugs in them or to attach drugs with 

their surfaces, respectively. Due to their distinctive properties, they can be 

a potent nano-carrier for the deliverance of drug, biomolecule, gene, DNA/ 

RNA, enzymes/proteins to a targeted organ, cell or tissue [196]. 
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4-6-2-B Anti-Proliferative Activity of (PEG-SWCNTs) 

Against Cancer Cell Line 

  The cytotoxic effect of PEG- SWCNTs against Hep G2 and AMJ13 cells 

was studied to show the effectiveness of these substances in killing infected 

cells at a range of concentrations ranging between (6.26–100 mg/ml), as 

shown in figures (4-14-a and 4-14-b). These substances show killing 

activity for the cells under study, with effectiveness increasing with 

increased concentration of the PEG-SWCNTs based on figures (4-14-a), 

we note that (74%) of the AMJ13 cells were killed with a concentration of 

(100 µg/ml) of PEG-SWCNTs. Figure (4-14-b) shows that (70%) of the 

Hep G2 cells was killed at a concentration of (100 µg/ml) of PEG-

SWCNTs. The apoptosis features were also examined through 

morphological changes in Hep G2 and AMJ13 cell lines. The treated cells 

retained their original morphological forms, as shown by the control cells. 

However, both cell lines showed morphological alterations when treated 

with PEG- SWCNTs. figure (4-15) show that those treated with the PEG- 

SWCNTs had lower toxicity, owing to a decrease in the number of HepG2 

and AMJ13 cell colonies, indicating significant cell-killing activity 

[193,194]. We notice from figures (4-14-a and 4-14-b) that the rate of cell 

killing using (PEG-SWCNTs) for both types of cancer cells (AMJ13, 

HepG2) is greater if compared to (SWCNTs) only. This could be due to 

the grafting of PEG onto the SWCNTs, resulting in the formation of an 

effective electrostatic layer in solution, or it could be due to the 

improvement of dispersal (SWCNTs) by PEG. The anti-static force 

between the SWCNTs overcomes gravity and van der Waals interactions, 

resulting in increased water solubility. This finding demonstrates that using 

PEG to modify the surface of SWCNTs increases their biocompatibility. 

This could be due to the fact that PEG is non-toxic, non-antigenic, and non-

immunogenic, as well as having unique physicochemical features and 
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strong biocompatibility. As a result, when it's employed to modify 

SWCNTs as a functional group [197].  
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(b) PEG-SWCNTs in HepG2 

SWCNTs in AMJ13 cell, -PEG)):  Cytotoxic effect of (a41-Figure (4

.HepG2 cells in SWCNTs -PEG) b( 

 

(c)PEG- SWCNTs in AMJ13 (100 

µg/ml) 

 

(d)PEG- SWCNTs in HepG2 

(100 µg/ml) 

Figure (4-15):  Morphological changes in (AMJ13, HepG2) Cells 

after treated with PEG- SWCNTs. 
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4-6-2-C Anti-Proliferative Activity of (PEG-PEI-SWCNTs) 

Against Cancer Cell Line 

    The cytotoxic effect of PEG-PEI- SWCNTs against Hep G2 and AMJ13 

cells was studied to show the effectiveness of these substances in killing 

infected cells at a range of concentrations ranging between (6.26–100 

µg/ml), as shown in figures (4-16-a and 4-16-b). These substances show 

killing activity for the cells under study, with effectiveness increasing with 

increased concentration of the PEG-SWCNTs based on figure (4-16-a), we 

note that (75%) of the AMJ13 cells were killed with a concentration of 

(100 µg/ml) of PEG-SWCNTs. Figure (4-16-b) shows that (74%) of the 

Hep G2 cells was killed at a concentration of (100 µg/ml) of PEG-PEI-

SWCNTs. The apoptosis features were also examined through 

morphological changes in Hep G2 and AMJ13 cell lines. The treated cells 

retained their original morphological forms, as shown by the control cells. 

However, both cell lines showed morphological alterations when treated 

with PEG-PEI- SWCNTs. Figure (4-17) shows that those treated with the 

PEG-PEI- SWCNTs had lower toxicity, owing to a decrease in the number 

of HepG2 and AMJ13 cell colonies, indicating significant cell-killing 

activity [193,194]. We notice from figures (4-16-a and 4-16-b) that the rate 

of cell killing using (PEG-PEI-SWCNTs) for both types of cancer cells 

(AMJ13, HepG2) is greater if compared to (SWCNTs) only, this may be 

because PEI can be chemically modified to alter SWCNTs’ surface charges 

and cytotoxicity, thereby significantly improving the biocompatibility of 

the materials for a variety of biomedical applications [198]; this change is 

due to PEI polymers’ high positive charge density due to the presence of 

ammonium (NH4
+) ions. PEI polymers have been widely used as a coating 

material for inorganic nanoparticles as well as polymeric carriers for gene 

delivery due to their strong electrostatic affinity for polynucleic acids. 

They also display an endosomal escape capability via the “proton sponge” 
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effect after intracellular uptake [199], SWCNTs conjugated with PEG and 

polyethylenimine (PEI), which contains amino groups, were synthesized 

(CNTs-PEG-PEI). The length of the SWCNTs was first shortened by 

ultrasonic scission in different strong acid solutions for improving the 

dispersion in water. Afterwards, PEG and PEI were grafted onto the CNTs. 

This functionalization was supposed to attenuate the premature removal 

and loss of nanocarriers, and also to improve the targeting to the tumor site 

[200], the high number of positively charged amino groups on their 

surface, which leads to higher toxicity, the carboxylated and functionalized 

CNTs are more biocompatible [201]. This is attributed to the fact that 

PEGylation and amino functionalization could be significant in facilitating 

the dispersion of nanotubes and decreasing their aggregation, which 

protects the CNT carriers from interaction with plasma protein components                        

.This result indicates that acidification treatment and the resulting 

enhancement of water dispersion yields more biocompatible SWCNTs 

nanocarriers with low cytotoxicity [202]. 
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4-6-2-D Anti-Proliferative Activity of (PEG-PEI-SWCNTs-N. 

Cur) Against Cancer Cell Line 

   The cytotoxic effect of PEG-PEI- SWCNTs-N.Cur against Hep G2 and 

AMJ13 cells was studied to show the effectiveness of these substances in 

killing infected cells at a range of concentrations ranging between (6.26–

100 µg/ml), as shown in Figure (4-18-a and 4-18-b). These substances 

show killing activity for the cells under study, with effectiveness increasing 

with increased concentration of the PEG-PEI-SWCNTs-N.Cur based on 

figure (4-18-a), we note that (90%) of the AMJ13 cells were killed with a 

concentration of (100 µg/ml) of PEG-PEI-SWCNTs-N.Cur. Figure (4-18-

b) shows that (85%) of the Hep G2 cells was killed at a concentration of 

(100 µg/ml) of PEG-PEI-SWCNTs-N,Cur. The apoptosis features were 

also examined through morphological changes in Hep G2 and AMJ13 cell 

lines. The treated cells retained their original morphological forms, as 

shown by the control cells. However, both cell lines showed morphological 

alterations when treated with PEG-PEI- SWCNTs-N.Cur. Figure (4-19) 

 

(c) PEG-PEI- SWCNTs in AMJ13 

(100 µg/ml) 

 

(d)PEG-PEI- SWCNTs in 

HepG2 (100 µg/ml) 

Figure (4-17):  Morphological changes in (AMJ13, HepG2) Cells 

after treated with PEG-PEI- SWCNTs. 
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shows that those treated with the PEG-PEI- SWCNTs-N.Cur had lower 

toxicity, owing to a decrease in the number of HepG2 and AMJ13 cell 

colonies, indicating significant cell-killing activity, this may be because 

loading nano curcumin on SWCNTs where the functionalized CNTs using 

poly ethylene glycol (PEG) and polyethylenimine (PEI)  helped in the 

modification of CNTs surface with different functional groups such as 

terminal amine and carboxyl groups. These functional groups enhanced the 

dispersibility of the SWCNT in the aqueous phase, facilitated binding of 

an anticancer drug, N. Cur, increased the circulation time, and enhanced 

permeability and retention effects in the tumor cells [193,194], and 

curcumin has a toxic effect on cancerous cells but is cytoprotective to 

healthy cells. Along with substantial antioxidative capacity [195], 

curcumin is an ideal chemo preventive agent, with properties such as 

inhibition of cell proliferation and reactive oxidative species, promotion of 

apoptosis by inhibiting different intracellular transcription factors [203]. 

These findings suggest that anticancer herbal drugs, when delivered 

through nanocarrier based approaches, results in high drug loading and 

therefore it can be a useful therapy for cancer, with minimal side effects. 

However, selective targeting is still a challenge regarding specificity, 

bioavailability, toxicity, which could be overcome by carbon nanotubes 

(SWCNTs). The unique physicochemical properties of SWCNTs are such 

that they can cross many biological membranes, which has proved useful 

in both in vivo and in vitro studies [204], without any immunogenic or 

toxic effect. Suitable functionalization of SWCNTs by the peptide, 

targeting ligand or attachment of a functional group helps in achievement 

of site-specific delivery of a drug by site-specific recognition of the carrier 

[205].    
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 (a) PEG-PEI-SWCNTs-N. Cur in 

AMJ13  

 

(b) PEG-PEI-SWCNTs-N. Cur in HepG2 

Cur in  N.-SWCNTs-PEI-PEG-)Cytotoxic effect of (a ):81-Figure (4

.HepG2 cells N. Cur in-SWCNTs -PEI-PEG -)b(AMJ13 cell,  

 

(c) PEG-PEI- SWCNTs-N. Cur in 

AMJ13 (100 µg/ml) 

 

(d) PEG-PEI- SWCNTs-N. Cur 

in HepG2 (100 µg/ml) 

Figure (4-19):  Morphological changes in (AMJ13, HepG2) Cells 

after treated with PEG-PEI- SWCNTs-N.Cur. 

 

Dead Cell 

Survive Cell 

Dead Cell 

 

Survive Cell 

 



Chapter Four                                                             Results and Discussion    

 

107 
 

4-6-3 Anti-Proliferative Activity of Normal Cancer Cell Line 

4-6-3-A Effect of SWCNTs on Normal Cell Line (RD) 

   The cytotoxic effect of SWCNTs on normal cell line (RD) was studied 

to show the effectiveness of these substances in killing infected cells at a 

range of concentrations ranging between (6.26–100 µg/ml), as shown in 

figure (4-20). These substances show killing activity for the cells under 

study, with effectiveness increasing with increased concentration of the 

SWCNTs based on figures (4-20), we note that (42.61%) of the (RD) cells 

were killed with a concentration of (100 µg/ml) of SWCNTs, this result 

shown is in table (4-3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4--20): Cytotoxic effect of of SWCNTs on normal cell 

line (RD). 
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Table (4-3): Inhibition rates in the normal cell line RD by the effect 

of different concentrations of CNT for an exposure period of (72 

hours) and a temperature of (37 ° C). 

 Ratio Inhibition ± Standard Deviation 
Concentration 

(µg/ml) 

0 c 6.25 

0 c 12.5 

3.19 c ± 1.0   25 

10.12 b ± 1.1   50 

42.61 a ± 1.3  100 

 

     The different letters in the same column indicate that there are statistical 

differences at the level of 0.05≥P. 

    The inverted microscope images showed the effect of SWCNTs on the 

normal cell line (RD) at (6.25 µg/ml) concentration and (100 µg/ml) 

concentration shown in figures (4-21-a,b). 

 

 

 

 

 

 

 

 

 

 

 

  

Figure (4-21):  Inverted microscope image showing effect of 

different concentrations of SWCNTs. 

 

( a) Control of RD Cells   (b) SWCNTs in 100 µg/ml 

Dead Cell 
Survive Cell 
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4-6-3-B Effect of PEG-PEI-SWCNTs on Normal Cell Line 

(RD) 

  The cytotoxic effect of SWCNTs on normal cell line (RD) was studied to 

show the effectiveness of these substances in killing infected cells at a 

range of concentrations ranging between (6.26–100 µg/ml), as shown in 

figure (4-22). These substances show killing activity for the cells under 

study, with effectiveness increasing with increased concentration of the 

SWCNTs based on figure (4-22), we note that (29.21%) of the (RD) cells 

were killed with a concentration of (100 µg/ml) of SWCNTs, this result is 

shown in table (4-4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4-22): Cytotoxic effect of of PEG-PEI- SWCNTs on 

normal cell line (RD). 
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Table (4-4): Inhibition rates in the normal cell line RD by the effect 

of different concentrations of PEG-PEI-SWCNT for an exposure 

period of (72 hours) and a temperature of (37 ° C). 

 Ratio Inhibition ± Standard Deviation 
Concentration 

(µg/ml) 

0 c 6.25 

0 c 12.5 

0   25 

5.10 b ± 1.3   50 

29.21 a ± 1.0  100 

 

    The different letters in the same column indicate that there are statistical 

differences at the level of 0.05≥P. 

       The inverted microscope images showed the effect of PEG-PEI-

SWCNTs on the normal cell line (RD) at (6.25 µg/ml) concentration and 

(100 µg/ml) concentration shown in figures (4-23-a,b). 

 

 

 

 

 

 

 

 

 

 

 

  

Figure (4-23):  Inverted microscope image showing effect of 

different concentrations of PEG-PEI- SWCNTs. 

 

( a) Control of RD Cells   (b) PEG-PEI-SWCNTs in 100 µg/ml 

Dead Cell 

Survive Cell 
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4-6-3-C Effect of PEG-PEI-SWCNTs-N.Cur on Normal Cell 

Line (RD) 

   The cytotoxic effect of SWCNTs on normal cell line (RD) was studied 

to show the effectiveness of these substances in killing infected cells at a 

range of concentrations ranging between (6.26–100 µg/ml), as shown in 

figure (4-24). These substances show killing activity for the cells under 

study, with effectiveness increasing with increased concentration of the 

SWCNTs based on figures (4-24), we note that (44.61%) of the (RD) cells 

were killed with a concentration of (100 µg/ml) of SWCNTs, this result is 

shown in table (4-5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4-24): Cytotoxic effect of of PEG-PEI- SWCNTs-N. Cur 

on normal cell line (RD). 
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Table (4-5): Inhibition rates in the normal cell line RD by the effect 

of different concentrations of PEG-PEI-SWCNTs-N. Cur for an 

exposure period of (72 hours) and a temperature of (37 ° C). 

 Ratio Inhibition ± Standard Deviation 
Concentration 

(µg/ml) 

0 c 6.25 

0 c 12.5 

3.10b ±1.3 25 

11.12 b ± 1.5   50 

44.61 a ± 1.0  100 

 

    The different letters in the same column indicate that there are statistical 

differences at the level of 0.05≥P. 

   The inverted microscope images showed the effect of PEG-PEI-

SWCNTs-N. Cur on the normal cell line (RD) at (6.25 µg/ml) 

concentration and (100 µg/ml) concentration shown in figures (4-25-a,b). 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure (4-25):  Inverted microscope image showing effect of 

different concentrations of PEG-PEI- SWCNTs -N.Cur. 

 

( a) Control of RD Cells   (b) PEG-PEI-SWCNTs-N.Cur in 

100 µg/ml 

Dead Cell 

Survive Cell 
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4-7 Conclusions 

 
    In this study, we successfully  

1- Functionalization SWCNTs by using PEG where the esterification 

reaction between the SWCNTs carboxylic acid group and the 

Polyethylene glycol (PEG) hydroxyl group was studied utilizing 

SWCNTs organic chemical materials as active (CNTs – COOH). 

PEG4000 was used to conjugate single well carbon nanotubes 

(SWCNTs) (medical polymer). XRD, FTIR, UV- Vis, RS, and AFM 

were used to characterize the composite (PEG – SWCNTs). Gram-

negative bacteria p. aeruginosa and Gram-positive bacteria B.spp. 

were both inhibited by the (PEG-SWCNTs). Furthermore, 

promising results were observed against the human AMJ13 breast 

cancer cell line and the human HepG2 liver cancer cell line (PEG-

SWCNTs). 

2- Functionalization SWCNTs by using PEG-PEI where SWCNTs 

conjugated with PEG and polyethylenimine (PEI), which contains 

amino groups, were synthesized (CNTs-PEG-PEI). The length of the 

SWCNTs was first shortened by ultrasonic scission in different 

strong acid solutions for improving the dispersion in water. 

Afterwards, PEG and PEI were grafted onto the SWCNTs. This 

functionalization was supposed to attenuate the premature removal 

and loss of nanocarriers, and also to improve the targeting to the 

tumor site and the results are PEG-PEI–SWCNTs smart drug 

delivery. The drug-loaded by Nanocurcumin to get PEG-PEI-

SWCNTs-N. Curcumin. This study investigated the anticancer 

activity of functionalized single wall carbon nanotube with PEG-PEI 

loading Nanocurcumin. From the results the loading drug PEG- PEI- 

SWCNTs-N. Curcumin showed inhibitory more than SWCNTs and 
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PEG-PEI-SWCNTs. The nanoparticles exhibited more activity in 

AMJ13 breast cancer compared to the HepG2 liver cancer. Our 

study demonstrated that the preparation and characterization of the 

SWCNTs, functionalized nanoparticles PEG-PEI-SWCNTs, and 

drug PEG-PEI-SWCNTs-N. Cur was successful and demonstrated a 

potential anticancer activity against both AMJ13 breast cancer and 

HepG2 liver cancer.    

3- After study effect of (SWCNTs, PEG-PEI-SWCNTs and PEG-PEI-

SWCNTs-N.Cur) on normal cell line (RD), we found few effect for 

these material on normal cell line  and  it was within the normal range 

of effect at (50µg/ml).   

 

 

4-8 Future Recommendations 

 

1- Use SWCNTs after chemical modification on the other normal cell 

lines to detect its toxicity, and also on the cancer cell lines as a 

comparative study. 

2- Study of effect all material prepared in this study on animals with 

cancer in vivo. 

3- Using other plant extracts such as apricot fruit kernels and loading 

them on carbon nanotubes after chemical modification and studying 

their effect on cancer and normal cell lines and comparing the results 

with commercial chemotherapy. 

4- Use specific chemical coating materials at the SWCNTs to reduce 

its cytotoxic effect. 

5- Mode of action, mice metabolism, gene therapy, gene expression, 

apoptosis, caspase, TNF and P53.  
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 الخلاصة

باستخدام   (SWCNTs)أجزاء، تضمن الجزء الأول تفعيل  ثلاثةتضمنت هذه الدراسة         

(cl(H  حامضي ومزيج من)4SO2H 3HNO( لتحويلها الى)COOH-(SWCNTs لوحقت ،  

  تم إجراء تفاعل الأستر   (،PEG, PEG-PEI)  ( ب SWCNTs-COOHل )  استرهبعدها عملية  

ومجموعة    (SWCNTs)  لأنابيب الكاربون أحادية الجدران  الكربوكسيليةبين مجموعة الأحماض  

باستخدام مواد كيميائية.  (  PEIاثليين امنيين )  ( والبوليPEGهيدروكسيل البولي إيثيلين جلايكول )

 ،XRD، FTIR، UV-Vis ,TEMبعد ذلك تم دراسة الخصائص الفيزيائية باستخدام التقنيات 

RS  وAFM ( لتوصيف المركبPEG-SWCNTs, PEG-PEI-SWCNTs كان لـ .)

SWCNTs في حين   البنفسجية،فوق  -المرئية الأشعة مطياف نانومتر( في 291حادة عند ) قمة

 -PEG-PEIبينما تظهر قمة ) (،نانومتر (289عند لها قمة ( كان PEG -SWCNTsأن )

SWCNTs في تحويلات فورير لمطياف الاشعة تحت الحمراء  . ) نانومتر  (300.98( عند 

(FTIR يمكن رؤية رابطة ،)OH)) وكذلك رابطة  ،لكلا المادتين قوية(C-H) ( لـPEG-

SWCNTs  كما أظهرت رابطة ،C –H    ،NH    ،C-N  ( لـPEG- PEI-SWCNTs     .) تمتلك

  002))  المستويوالتي ترتبط بـ،  (2θ  25.6299 =⸰(حادة عند   نابيب الكاربون أحادية الجدران قمةا

 2θواسعة عند  قمة مع SWCNTs) - (PEG تفعيلبينما يتوافق  ( (d =3.4729 Åمع تباعد 

مع    PEI-(PEG-(SWCNTs, بينما يتوافق تفعيل    )3.8447Å) =dمع تباعد    (23.4473 =⸰(

  CNTs(SW(قيم الحجم البلوري لـ  (.  d=7816Åمع  تباعد ) 2θ = 23.51)⸰قمة واسعة عند)

,  (PEG-PEI-SWCNTs, PEG- SWCNTs  (8.48.  )نانومتر  7.7)  ,  )نانومتر  (3  )تساوي  

النانوية  صورانابيب الكاربون  (AFMعلى التوالي. تظُهر صور مجهر القوة الذرية ) نانومتر((,

-PEG( و )SWCNTs-  PEG)  نانومتر(. في  60واحداً من الكربون بحجم حبيبات )  نانويًا  أنبوبًا

PEI-SWCNTs) ( نانومتر 83.60يزداد حجم الحبوب الرئيسي مع التفعيل إلى, 

  ( لكلا المادتين.D,Gنلاحظ حصول إزاحة في نطاق )  . في التحليل الطيفي لرامان،(نانومتر80.68

الخام عبارة عن مجاميع منحنية طويلة، والتي يبدو أنها حزمة من    SWCNTs، تكون  TEMفي   

-SWCNTs-PEGوالبنية الأنبوبية لـ  الأنابيب،من العديد من  المتجانسة تتكونالتجمعات غير 

PEI  ،الكاربون النانوية  جدران انابيب بعض الجسيمات متصلة وموزعة على طول    تكونو   خشنة  ،

 نانوية.ال  الكاربون أنابيب ب رتبطةم PEIو  PEGربما يشير إلى أن مجموعات 

التي تحتوي على   SWCNTs( على N. Curتحميل النانو كركمين ) نييتضمن الجزء الثا     

والتي تحتوي على مجموعات   (،PEIين أمين )( والبولي إيثيل PEGالبولي إيثيلين جلايكول )



-PEG(. تم تحليل الخصائص الطيفية والهيكلية لـ )PEG-PEI-SWCNTsتم تصنيعها )  أمينية،

PEI-SWCNTs-N. Cur بشكل شامل بواسطة )XRD,FTIR ,UV-Vis, RS, TEM  

لها هياكل وعيوب بلورية مختلفة،  PEG-PEI-SWCNTsأن  XRDكشفت أنماط  .AFMو

بحجم حبة رئيسي    (SWCNTs)أن    AFMبالإضافة إلى تباعد أعلى بين الطبقات. أظهرت نتائج  

بحجم الحبوب  (SWCNTs) تجمععن  (PEG-PEI-SWCNTs)بينما كشفت  (،نانومتر 60)

منه بفحص  ، والذي تم التحقق N. Curنانومتر( بعد تحميل مستخلص الكركمين  79.6الرئيسي ) 

TEM ظهرت رابطة .OH  قوية في أطيافFTIR علاوة على ذلك، يبدو أن قمم امتصاص .

(( نانومتر  431، 273( و )282،425، )300.98، 289الأشعة فوق البنفسجية المرئية عند )

 -PEG، و  N.Curمستخلص الكركمين  ،SWCNTs، PEG-PEI-SWCNTsمرتبطة بـ 

PEI-SWCNTs- N. Cur)  أطياف رامان لـPEG-PEI-SWCNTs-N. Cur  نطاق ،

(RBM  ونطاق ، )( D النطاق( ، )G ، )النطاق ثنائي الأبعاد  و( 2Dالتي تتحول إلى ) (

  cm  ,  1183 (958-1على التوالي. قمم النانو كركمين حول )   (1593,2131 ,1283 ,(171,264)

( في العينة المحملة بالدواء بسبب تغليف  ( 1470و  cm , 1168 (939-1( تحولًا إلى )1428)و 

إلى   ( يمكن ان تشير(853و  716) cm-1(الخطوط عند النانو ويشير إلى تحميل دواء ناجح. 

 .C-Nاهتزازات التمدد 

أنواع   في ثلاثةستخدام جميع العينات في الأجزاء الثلاثة في الدراسة ا ثالثتضمن الجزء ال      

-PEGو  SWCNTsالنوع الأول من التطبيقات الحيوية يشمل تأثير  الحيوية،من التطبيقات 

SWCNTs   على نوعين من السلالة البكتيرية المضادة للبكتيريا سالبة الجرامPseudomonas 

aeruginosa  موجبة الجرام  وBacillus spp.    لسلسلة من التراكيز  تم تعريض السلالة البكتيرية

((. أظهرت النتائج نشاطاً 25-100) µg/ml المحضرة )PEG-SWCNTs) و SWCNTs)من  

مثبطاً معنوياً وأن معدل تثبيط نمو البكتيريا يزداد مع زيادة التركيز. النوع الثاني من التطبيقات  

-PEGو  PEG-PEI-SWCNTsو  PEG-SWCNTsو  SWCNTsتأثير )الحيوية يشمل 

PEI-SWCNTs-NCurالخلايا السرطانية خط خلايا سرطان   نوعين من ( على

( ،  µg/ml ((100-6.25)كيز )را( بتHepG2وخط خلايا سرطان الكبد )  )  (AMJ13الثدي

تأثيرًا . أظهر فحص السمية الخلوية أن هناك (72hr)وتم قياس معدل تثبيط النمو في الخلايا لمدة 

  SWCNTsشديد السمية على الخلايا السرطانية. النوع الثالث من التطبيقات الحيوية يشمل التأثير ) 

( على  PEG-PEI-SWCNTs-NCurو  PEG-PEI-SWCNTs وPEG-SWCNTs  و

  بتأثير تركيزات مختلفة RD(. معدلات التثبيط في خط الخلية الطبيعي RDالطبيعي ) ياخط الخلا



 ((6.25-100) µg/ml( من )SWCNTs  وPEG-PEI-SWCNTs  وPEG-PEI-

SWCNTs-N.Cur ( لفترة تعرض )درجة مئوية(.  37ساعة( ودرجة حرارة ) 72 
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 الخلوية السرطانية

طروحة مقدمة إلىا  

جــــامعة ديـــالـــــــــــــــــــــــى  - مجلس كلية العلوم    

وهي جزء من متطلبات نيل درجة الدكتوراه فلسفة   
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