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ABSTRACT 

In this study, a single well carbon Nanotunbe was used. The esterification reaction between the SWCNTs 

carboxylic acid group and the Polyethylene glycol (PEG) hydroxyl group was carried out using organic 

chemical materials (CNTs – COOH). PEG4000 was used to conjugate single well carbon nanotubes (SWCNTs) 

(medical polymer) and XRD, FTIR, UV- Vis, RS, and AFM were used to characterize the composite (PEG – 

CNTs). SWCNTS had a sharp peak at 291 nm in UV-vis, whereas (PEG – CNTs) had a peak at 289 nm. In 

Fourier transforms infrared spectroscopy (FTIR) spectra, a strong OH bond can be seen, as well as the C–H 

bond of (PEG-CNTs). CNTs have a sharp peak at 2 = 25.6299, which is related to 002 wi     –                 

                                   –                                                         –         

                                                          -CNTs equals 3nm and 7.7nm, respectively. Atomic 

force microscopy (AFM) and CNTs images show a single well carbon nanotube with a grain size of 60 nm. In 

CNTs – PEG4000, the main grain size increases with functionalization to 83.60 nm, indicating aggregation of 

single well carbon nanotubes. In Raman Spectroscopy, the D and G bands in PEG-SWCNTs shift to  (1288cm
-

1
,1581cm

-1
) respectively. The inhibition rate of growth in cancer cells, including the breast cancer AMJ13 cell 

line and the liver cancer HepG2 cell line, was measured for 72 hours after they were exposed to a series of 

prepared (CNTs, PEG-CNTs) concentrations ((6.25- 100)mg/ml).The cytotoxicity screening showed that there 

was a highly toxic effect on the cancer cells. Gram-negative bacterial strain Pseudomonas aeruginosa and Gram-

positive bacterial strain bacillus spp were exposed to a series of concentrations from prepared Platinum 

nanoparticles ((25-100) µl). The results exhibited significant inhibitory activity and that the rate of bacterial 

growth inhibition increased with increasing concentration.   
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INTRODUCTION  

   CNTs have attracted great interest for biomedical applications, including the delivery of bioactive molecules 

such as drugs, the targeted cancer therapy, and biological imaging, because of their unique properties, including 

large surface area, relatively low density, high stability and other inherent mechanical, optical and electrical 

properties [1]. CNTs can be produced as single-walled CNTs (SWCNTs) or multi-walled CNTs (MWCNTs) 

[2]. SWCNTs can be easily synthesized and efficaciously traverse biological barriers [3-5]. Despite their 

numerous benefits, CNTs have been limited in their practical application due to a number of drawbacks, 

including high hydrophobicity and rapid aggregation in aqueous media, both of which have been linked to 

cytotoxicity and other harmful cellular effects [6-10]. Polyethylene glycol (PEG) is a polymer that addresses 

both increased dispersibility and lowers cytotoxicity [11]. PEG coating of nanomaterials can help in reducing 

toxicity [12] and, can avoid opsonization (a process by which a pathogen is marked for ingestion and destruction 

by a phagocyte), making nanoscale DDS less visible to phagocytic cells [13-15]. In addition, blood circulation 

times were longer in nanoparticles and nanotubes with covalently attached PEG than in nanomaterials with only 

surface-adsorbed PEG [16]. There are several methods for achieving covalent PEGylation of CNTs, though 
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some are far more common than others.  Some procedures are well established and they are routinely employed 

even for the synthesis of PEGylated nanotubes intended for research commercialization. Roughly, two main 

approaches can be traced out, the first one requiring a pre-derivatization of the CNTs, while the second one 

applies to pristine CNTs. In the following, the PEGylation procedures will be classified based on the step that 

actually introduces the PEG chain functionality, rather than the steps that come before it. The PEGylation of 

CNTs can be accomplished by: (i) an esterification or an amidation reaction of a carboxylic acid functionality 

present on the nanotube surface, with a PEG derivative having an –OH or an amino group, respectively; (ii) a 

cycloaddition reaction where rings of different sizes are directly linked to the CNT; (iii) addition of PEG 

containing radicals; (iv) addition of a PEG chain by a polymerization reaction [17]. SWCNTs and PEG were 

conjugated in this study to produce a strong ester interaction between PEG and SWCNTs, dubbed PEGylated 

SWCNTs (SWCNTs-PEG), which was characterized using various techniques. 

EXPERIMENTAL SECTION  

Chemical material  

SWCNTS 99%, 32%,HCl 37.5%, EDC hydrochloride C6H17N3–HCl, N– Hydroxysuccinimide (98%) from 

(Sigma-Aldrich), (H2SO4, 98%) from (LOBA Chemie), NaOH (99%) from Dae-Jung, PEG 4000 from HI 

Media. 

Preparations of PEG 4000 - functionalized SWCNTs  

The activation of (CNTs – COOH) was began with an esterification reaction between the SWCNTS carboxylic 

acid group and the PEG hydroxyl group which is necessary for PEGylation of SWCNTS. In the first beaker, 

(0.004gm) of single-walled carbon nanotube (SWCNTS) was added to (40ml) of deionized water. Then we put 

0.24 grams of sodium hydroxide (NaOH) in 40 milliliters of deionized water in another beaker to dissolve 

completely before adding it to the first beaker. Following that, each of the (SWCNTS + NaOH) was placed on 

the Ultrasonic cleaner for an hour before being transferred to the magnetic stirrer for three hours without heat. 

After three hours, we place put the beaker in the ultrasonic cleaner and add (6ml) of hydraulic acid (Hcl) for a 

period of (10 minutes), and then we withdraw the solution. The material was then placed in an electronic 

centerifuge for 30 min at a speed of (4000) revolution per minute (rpm) to produce (CNTS – COOH) (CNTS 

carboxylic acid). We removed the excess water twice after separating the material, then placed the material 

(CNTS-COOH) on the filter paper and wash it with deionized water (20-30ml). After that we add (0.8gm) of 

(EDC) and also add (0.48gm) of (NHS) and leave it on the magnetic stirrer for three hours, then we add (3gm) 

of (PEG) and put it for 21 hours on the mixer. Finally, we put the material in the electronic centrifuge for half an 

hour at a speed of (4000) revolution per minute (rpm) to separate it from the water before drying it in a drying 

oven to obtain powder (PEG-CNTs). The resultant was characterized using UV-Vis and FTIR to determine what 

the carboxylation and PEGylation were conjugated.  

Bio Activity of (PEG-SWCNTs) 

Antibacterial activity 

Isolation and identification of bacteria from UTI.  

Patients with suspicious clinical symptoms such as dysuria, loin pain, fever, frequent urination, and the need to 

urinate with an empty bladder were visited at Ibn Al-Nafees Hospital in Baghdad and asked about antibiotics 

taken in the seven days prior to visiting the hospital. The University's study was approved by the ethical 

committee. Blood agar, Mac Conkey agar, and mannitol salt agar were used to culture all urine samples. 

Bacterial characters were identified using Gram stain, urease test, oxidase, catala se, hemolysis of RBCs, and 

Indole Methyl red Vokes Proskauer (IMVC). 

Antibacterial activity of aqueous herbal extracts  

Agar well diffusion approach on Mueller -Hinton agar was once used to simulate the search for antibacterial 

activity. Bacterial cultures were crashed out from the nutrient agar plate and were suspended in sterilized 

peptone water. The turbidity of the sample was measured and compared to the McFarland standard tube number 

1, which corresponds to approximately to 1X108 CFU/mL. The cotton swab was immersed in bacterial 
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suspension and spread over Muller Hinton agar 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) µl, and the plates were left to stand for 10 minutes before being incubated at 37 °C for 

24 hours. Each plate was replicated four times and the diameter of the inhibition zone was recorded from the 

edge of the well. 

Anticancer activity  

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 twice a week with Trypsin-EDTA, 

reseeded at 80% confluence, and incubated at 37 °C. 

Cytotoxicity Assays 

To determine the cytotoxic effect of (CNTS, PEG-CNTs), the MTT assay was done using 96-well plates. 

The cell lines were seeded at a density of 1 104 cells per well. Cells were treated with different 

concentrations of the tested compounds after 24 hours or when a confluent monolayer was achieved. Cell 

viability was measured after 72 hrs of treatment by removing the medium, adding 28 µL of 2 mg/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  

where A is the optical density of control, and B is the optical density of the samples. 

To visualize the shape of the cells under an inverted microscope, the cells were seeded into 24-well micro-

titration plates at a density of 1×10
5
        L−1                              °       ,            x         

(CNTs, PEG-CNTs) at IC50 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.  

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.  

RESULT AND DISSECTION 

Physical Characterization of (PEG-SWCNTs) 

PEGylation (SWCNTs – PEG) was characterized by UV – Vis spectroscopy, Fourier transforms infrared 

spectroscopy (FTIR), X-Ray diffraction (XRD), Raman Spectroscopy (RS) and atomic force microscopy 

(AFM). Figure 1 illustrates a simple schematic of synthesis SWCNTs- PEG bonding and structure. 
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Figure 1. Illustrate structure of SWCNTs- PEG 

UV – Vis analysis  

Figure 2 showed 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*       O        

SCWNTs. The red line represents the (SWCNTs – PEG) that shifted to 289 nm, confirmingthe synthesis of 

(SWCNTs – PEG) [18]. Also, it is 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) [19].   

 

Figure 2. UV – Vis spectrum for SWCNTs and SWCNTs-PEG. 

FTIR analysis  

In figure 3, the black line represents the SWCNTs sample in FTIR spectrums of SWCNT and (SWCNTs – 

PEG). Stretching related to OH peaks at 3431 cm
-1

, while C-H groups and C=O group carboxyl peaks at 2897 

and 1636 cm-1 [20]. While in the case of (PEG – SWCNTs), 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 cm
-1 

, 1648 cm
-1 

  was also identified [21].   
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Figure 3. The FTIR spectrum of SWCNTs and SWCNTs- PEG. 

XRD Diffraction 

The black line in Figure 4 depicted the XRD pattern of SWCNTS, with a sharp peak at 2 = 25.6299 that 

corresponds to 002 with d – spacing (3.4729) and conforms to the hexagonal structure of single wall carbon 

nanotube, while the red line depicted the functionalization of SWCNTS – PEG 4000, with a broad peak at 2= 

23.4473 with d – spacing (3.8447) 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 

Nano-tubes [21]. The orientation (002) is determined by a combination of a high score and a program. SWCNT 

and SWCNT-PEG have crystalline sizes of 3 and 7.7 nanometers, respectively [1].  

 

 

Figure 4. The XRD pattern for SWCNTs and SWCNTs – PEG4000. 



 

Carbon Nanotube Conjugate with PEG as A drug Delivery In to AMJ13 and HepG2 Cell 

 

49 
 

Raman Spectroscopy 

Figure 5 shows the Raman spectra of SWCNTs and (SWCNTs – PEG).The black line in figure (5-a) indicate the 

SWCNTs spectra show four significant features in the Raman spectrum and 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            „„        ‟‟     ,                                  

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 (1572.65cm
-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 CNTs side 

walls increase the structural disorder due to the introduction of a very high number of defects [22].  Figure (5-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 (1288cm
-1

,1581cm
-1

) respectively [23,24].  

 

 

Figure 5. Raman Spectroscopy (a)SWCNTs (b) SWCNTs – PEG4000. 

AFM analysis  

The AFM analysis of SWCNTs and SWCNTs – PEG4000 is shown in Figure 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 [1]. 
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Figure 6. Surface images by AFM for (a) SWCNTs and (b) SWCNTs – PEG4000. 

Antibacterial and Anti-proliferative activity of (CNTs, PEG-CNTs) against cancer cell line  

Antibacterial activity  

A number of studies have reported effective antimicrobial activity of the carbon nanostructures. The size of 

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

nanostructures, fullerenes, SWCNTs and GO nanoparticles and their derivatives were found to be more efficient 

as antibacterial agents. The following are some of the proposed mechanisms for their antibacterial activity:  

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. Carbon nanostructures must be purified and functionalized before they can be used in biological and 

medicinal applications. Their solubility in physiological media should also be improved. Finally, the use of 

carbon nanocomposites containing carbon nanostructures and metal nanoparticles could be a promising 

approach for disinfection [25]. According to Arias and Yang, antimicrobial activities of SWCNTs and 

MWCNTs with various surface groups against rod-shaped or round-shaped gram-negative and gram-positive 

bacteria were investigated. According to their findings, SWCNTs with surface groups of -OH and -COOH 

improved antimicrobial activity against both gram-positive and gram-negative bacteria while MWCNTs with 

the same surface groups did not exhibit any significant antimicrobial effect. Their findings revealed that the 

formation of cell-CNT aggregates caused bacteria's cell walls to be damaged, resulting in the release of their 

DNA content [26]. On the other hand, Dong et al 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. SWCNTs and surfactant solutions were found to be low toxic to 1321N1 human 

astrocytoma cells, indicating that they could be used in biomedical applications, particularly for drug-resistant 

and multidrug-resistant microorganisms [27]. Figure (7) shows the schematic mechanism of antimicrobial 

activity of carbon nanotubes. 

 

Figure 7. Mechanism of antimicrobial activity of carbon nanotubes [25]. 

(a) (b) PEG-SWCNTs SWCNTs 
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Although CNTs have aroused great interest for their good antibacterial properties, their antibacterial application 

in medical devices is limited by their cytotoxicity and aggregation in polymer matrix. In 2016, Shi et al studied 

the effect of polyethylene glycol (PEG) on the antibacterial properties of polyurethane/CNTs electrospun 

nanofibers, and proposed a simple, economic, time-saving, and environmentally friendly thermoplastic 

polyurethane (TPU) nanofibers containing CNTs. Firstly, non-toxic ultrasonication was used to fix CNTs on 

TPU electrospun nanofibers in situ for 10 minutes, which effectively inhibited CNT aggregation and achieved 

the bactericidal effect. Secondly, UV light induced grafting polymerization was used to make TPU-g-PEG/CNT 

nanofibers. The adding of PEG could effectively reduce the toxicity of CNTs to human cells, while also 

reducing bacterial adhesion. The TPU-g PEG/CNTs nanofibers have good blood compatibility, including 

inhibition of red blood cell adhesion and low hemolysis rate. More importantly, the designed nanofibers have 

better antibacterial properties due to the bacterial resistance of grafted PEG and the bactericidal effect of CNTs 

[28].   In this study the effect of (CNTs) and (PEG-CNTs) at different concentrations (25,50, 75,100 µl) on two 

types of bacteria (Bacillus SPP, Pseudomonas aeruginosa ) were studied. The results showed that (PEG-CNTs) 

is more effective and inhibiting for both types of bacteria than (CNTs) and that the diameter of inhibition of 

bacteria (Bacillus SPP, Pseudomonas aeruginosa) was up to (39mm,41mm) at (100µl) concentration of (PEG-

CNTs) and up to (30mm,6mm) at (100µl) concentration of (CNTs); this result is consistent with the study [29]. 

The inhibition zone after organisms exposure to different concentrations of (CNTs, PEG-CNTs) were measured 

and illustrated in Figure (8,9). 

  

Bacillus Spp (CNTs)                                                 Bacillus Spp (PEG- SWCNTs) 

 

Figure 8. Anti-bacterial activity of CNTs, PEG-CNTs  Bacillus SPP ,The inhibited zones of bacterial growth for 

both strains are illustrated when exposed to variety concentrations as follows; (1) 25 mL, (2): 50 mL, (3): 75 

mL, (4): 100 mL. 
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Pseudomonas aeruginosa (SWCNTs)                        Pseudomonas aeruginosa (PEG- SWCNTs) 

 

Figure 9. Anti-bacterial activity of CNTs, PEG-CNTs Pseudomonus aeruginosa, The inhibited zones of 

bacterial growth for both strains are illustrated when exposed to variety concentrations as follows; (1) 25 mL, 

(2): 50 mL, (3): 75 mL, (4): 100 mL. 

Anti-proliferative activity of (SWCNTs, PEG-SWCNTs) against cancer cell line 

The cytotoxic effect of (PEG-SWCNTs, SWCNTs) against (AMJ13, HeP G2) cells was studied to show the 

effectiveness of these substances in killing infected cells for a range of concentrations ranging between ((6.26-

100) mg/ml). Figures (9) - (a,b), 10-(a,b) show that these substances have a killing activity for these cells, and 

this effectiveness increases with the increase in the concentration of substances (SWCNTs, PEG-SWCNTs), and 

we note from the figure that 50% of the cells were killed at a concentration (60 mg/ml) of (SWCNTs), while 

(50%) of the cells were killed at a concentration of (50 mg/ml) of (PEG-SWCNTs). The apoptosis feature was 

also examined through morphological changes in (AMJ13, HepG2) cell lines. The control cells showed that the 

treated cells maintained their original morphology form. By contrast, AMJ13 and HepG2 cell lines treated with 

(SWCNTs, PEG-SWCNTs) showed changes in morphology. Fig. (9-(c,d) ,10- (c,d)) reveal decreased toxicity 

due to the reduction in the number of AMJ13 and HepG2 cell colonies in those treated with the (SWCNTs, 

PEG-SWCNTs), indicating strong cell-killing [30,31]. The difference in morphology, loss of contact with 

surrounding cells and a decrease in the number of cells when the concentration increases during treatment 

(SWCNTs, PEG-SWCNTs), may be due to the synergistic effect of nanoparticles with high concentration, so 

their effect is greater than low concentrations [ 31]. We notice from Figure (9-(b),10-(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-
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immunogenic, as well as having unique physicochemical features and strong biocompatibility. As a result, when 

it's employed to modify SWCNTs as a functional group [18].  

 

 

 

Figure 9. Cytotoxic effect of (a-CNT, b-PEG-CNTs) in AMJ13 cells,( C, D-Morphological changes in AMJ-13 

Cells treated with CNTs, PEG-CNTs. 
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Figure 10. Cytotoxic effect of (a-CNTs, b- PEG-CNTs) in HepG2 cells,( C, D-Morphological changes in 

HepG2 Cells treated with CNTs, PEG-CNTs. 

CONCLUSION  

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). 
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