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In this experiment, we 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 confirmed 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 confirmed the conjugation of tamoxifen to functionalized SWCNT (SWCNT-PEG-TAM).
The cytotoxic concentrations (CC50 ) of SWCNT-PEG, tamoxifen, and SWCNT-PEG-TAM were >100, 12.67 ± 2.69, and 5.49 ± 1.34
𝜇g/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 confirmed 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.

1. Introduction
The breast cancer is the top leading cause of cancer-related
death among female worldwide. The surveys revealed that
higher incidences of breast cancer are found in the developed
countries as compared to the developing countries. The
available reports indicated that populations of 1.7 million
cases were diagnosed and 521,900 deaths occurred globally

in 2012 [1]. Although the number of people diagnosed with
breast cancer is increasing annually, the recent developments
in the treatment and diagnosis could hopefully decrease the
number of deaths. The drug delivery through attachment of
the anticancer molecule to a carrier vehicle opened a new
era in cancer treatment strategies. This approach not only
resulted in enhanced efficacy of the drug but also minimized
drug toxicity to the healthy tissues and organs [2].
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In the last decade, various nanoscale vectors for the delivery of drugs have been developed such as dendrimers, liposomes, micelles, silica nanoparticles, emulsions, polymers,
and quantum dots. However, among these vectors, singlewall carbon nanotubes (SWCNTs) appeared to be promising
for the delivery of drugs as soon as the SWCNTs are capable
of penetrating into cells. Moreover, they are able to accept
multiple functionalizations to increase the drug loading on
their structure and their stability and long circulation time
in the body [2]. The SWCNTs are made of graphene sheets
rolled into a seamless cylinder with open ends where this
structure provides a high aspect ratio with the diameter size of
nanometer and length of several micrometers [3]. Various
studies revealed that the SWCNTs could effectively transport
the bioactive molecules such as drugs, peptides, and proteins
into cells [4]. In fact, their exclusive physical, chemical, and
mechanical properties have attracted the great interest for
drug delivery purposes [5]. The metal contamination during
synthesis, biocompatibility, and hydrophobicity are major
obstacles which limited the biomedical applications of
SWCNTs. However, recent progress in synthesis, purification of SWCNTs, surface engineering, and functionalization
facilitated the development of SWCNT-based drug delivery
systems with high biocompatibility, less hydrophobicity, and
higher loading capacity and therapeutic efficacy [4].
The therapeutic efficacy of anticancer drug has been
shown to be dependent on the physicochemical properties
of CNTs and their functionalization process. For instance, a
study conducted by Yang et al. [6] indicated that functionalized CNTs loaded with gemcitabine improved the cytotoxicity of gemcitabine against human pancreatic cancer cells
(SW1990 and BxPC-3 cells). Similarly, the paclitaxel is
also an anticancer drug with poor water solubility, low blood
circulation time. The conjugation of paclitaxel to functionalized SWCNT through branched polyethylene glycol chains
prolonged the circulation time and improved the therapeutic efficacy of drug against human breast cancer [7] and
cervical cancer cells [8]. In another study, a gold nanoparticle
conjugated with tamoxifen (TAM) showed the enhanced
tamoxifen efficacy about 2.7 times more than free tamoxifen
in breast cancer cell lines (MCF-7 and MDA-MB 231) [9]. The
tamoxifen as an anticancer drug has been extensively applied
to treat the breast cancer and it acts through binding to the
estrogen receptor family.
In the present study, highly pure SWCNT was synthetized
and functionalized using polyethylene glycol (PEG). This
drug vehicle (SWCNT-PEG) was then conjugated to an anticancer drug, tamoxifen (SWCNT-PEG-TAM). Further, the
functionalized SWCNT conjugated with tamoxifen was characterized by using spectroscopic techniques including FTIR and NMR spectroscopy. Then, the anticancer potential of
SWCNT-PEG-TAM was determined against human breast
cancer cell line (MCF-7).

2. Material and Methods
2.1. Materials and Reagents. The silicon dioxide, cobalt acetate, iron acetate, absolute ethanol, nitric acid, hydrofluoric acid, n,n -diisopropylcarbodiimide (DIC), 4-dimethylaminopyridine (DMAP), dimethylformamide (DMF), DCM,
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and all the reagents for cell culture were purchased from
Sigma Aldrich (Sigma Aldrich, St. Louis, MO, USA). The
gases including argon and carbon dioxide were provided by
the MOX Company (MOX, Sdn Bhd, Malaysia). The reagents
that have not been listed here were purchased from Merck
(Merck, Darmstadt, Germany).
2.2. Fabrication of SWCNT. The metal catalyst supported
with SiO2 was prepared according to Zhao et al. [10] and
Maruyama et al. [11] with slight modifications. Briefly, 1 gram
of cobalt acetate ((CH3 CO2 )2 Co⋅4H2 O) and 1 gram of iron
acetate (CH3 CO2 )2 Fe were dissolved in 40 ml of ethanol and
stirred for 30 minutes. Then, 1 gram of SiO2 was added to
the solution, mixed, and then sonicated (LabSonic, B. Braun,
Germany) with the pulses of 0.3 s at 50 watts for 20 minutes.
Finally, it was dried in an oven at 80∘ C for 24 hours. The
resultant fine powder gently scratched and placed into the
alumina boat and transferred into the tube of CVD. Above
200 sccm Argon flow was maintained while quartz tube was
heated up to the favored reaction temperature. As the boat
had been heated to the desired temperature (850∘ C) within
roughly 90 minutes, argon gas was evacuated and the vacuum
pomp is kept on and alcohol delivered from a reservoir in
room temperature for normally 20 minutes. Through controlling the temperature of reservoir and vacuum pomp, the
alcohol vapor pressure was maintained at 10 Tor. After 20
minutes, rotary pomp was switched off and 200 sccm argon
was supplied to the tube till the furnaces temperature reaches
the room temperature. The blackened sample on the boat
after cooling down was collected for purification.
2.3. Purification and Characterization of SWCNT. The
SWCNT fabricated in this study may contain carbonaceous
contaminations and metal particles. The carbonaceous
impurities usually contain amorphous carbon, fullerenes, and
carbon nanoparticles [12]. To remove these impurities, twostep purification is employed as described by Liu et al.
[13] with slight modifications. The synthesized SWCNT was
mixed with concentrated nitric acid and sonicated (LabSonic,
B. Braun, Germany) with the pulses of 0.3 s at 50 watts for
10 minutes. The mixture was refluxed at 120∘ C for 10 h.
The SWCNT was filtered and washed with distilled water
repeatedly to reach neutral pH. After nitric acid treatment,
the residual sample is still contaminated with SiO2 . The
hydrofluoric acid treatment is established to remove the SiO2
from SWCNT. The mixture of concentrated hydrofluoric acid
and synthesized SWCNT was stirred for 3-4 hours at room
temperature. Then, the SWCNT was filtered and washed
with distilled water repeatedly to reach neutral pH. Finally
the SWCNT was lyophilized and transferred into an amber
container kept in cool and dry place.
The Raman spectrometry analysis was conducted in the
back-scattering geometry using a single monochromator
with a microscope (LabRam HORIBA Jobin Yvon, Edison,
NJ). The continuous wave second harmonic of an Nd:YAG
laser at 2.31 eV (532 nm) was applied for excitement in the
SWCNT. The Raman spectra were obtained from different
locations of the SWCNT. The scanning electron microscopy

Journal of Nanomaterials

3

O

（．／3 (65%)/（2 ３／4 (＝ＩＨ.)

O
H

Figure 1: Oxidation of single-wall carbon nanotube surface.

(SEM) was performed using a JEOL-6-400 (Japan) Scanning
Microscope. The synthesized carbon nanotube was placed
on a conductive carbon tape and then coated with a thin
gold layer for clear visualization. The transmission electron
microscopy (TEM) was conducted using a JEOL JEM-2010
(Japan) electron microscope. The synthesized carbon nanotube was dispersed in ethanol using an ultrasonic (Hielscher,
Germany) and dropped on a carbon-coated copper grid and
viewed at an acceleration voltage of 200 kV.
2.4. Functionalization of SWCNT
2.4.1. Oxidation of SWCNT. Tsang et al. [14] reported the
liquid-phase oxidation of carbon nanotubes in HNO3 . Various oxidants have been shown to react with carbon nanotubes. The oxygen containing acids including HNO3 , HNO3
+ H2 SO4 , HClO4 , H2 SO4 + K2 Cr2 O7 , and H2 SO4 + KMnO4 ,
remain as the main class of oxidants that have been reported
in the literature [15].
In this work, SWCNT was oxidized by using strong
oxidant which was a mixture of HNO3 /H2 SO4 (3 : 1). The
mixture was stirred at room temperature for an overnight.
The oxidized SWCNT was filtered using sinter glass and then
washed with deionized water to reach pH = 5-6. The oxidized
SWCNT was dried using high vacuum oven at 40∘ C for an
overnight (Figure 1).
The oxidized SWCNT was characterized using FT-IR to
prove oxidation process by observing carboxylic acid group
on SWCNT. FT-IR spectroscopy well proved that SWCNT
was oxidized very well with the good yield.
2.4.2. Attachment of Polyethylene Glycol to Oxidized SWCNT.
The solubility of carbon nanotube is the main concern
for its biological application. In fact, fully dissolving of
SWCNT is difficult; however, attaching of some hydrophilic
groups could help to increase the solubility. To achieve this
purpose, polyethylene glycol (FW = 1000) was utilized. From
chemistry point of view, first, carboxylic acid group on
the surface of SWCNT was activated by using N,N  diisopropylcarbodiimide (DIC) and 4-dimethylamino-pyridine (DMAP) [16]. Single-wall carbon nanotube was dissolved in DMF (N,N-dimethylformamide); then DIC and
DMAP were added to the reaction mixture. After 5 min,
polyethylene glycol was added to the reaction mixture. The
mixture was serried overnight at room temperature. Then, the
mixture was filtered and the product was washed with two
portions of DMF (2 × 50 mL) to remove excess of reagents.

The product was washed with two portions (2 × 50 mL) of
dichloromethane for removing impurities and quick drying
of product (Figure 2).
2.4.3. Attachment of Azelaic Acid to the Polyethylene Glycol
Group. In order to attach the polyethylene glycol group to the
oxidized SWCNT, a novel technique of synthesis was applied
in this work. The terminal hydroxyl group of polyethylene
glycol was reacted with a carboxylic acid (azelaic acid)
to prepare ester in one side and having free carboxylic
acid in another side. Thus, attaching of the hydroxyl group
to carboxylic group of azelaic acid was performed using
DIC/DMAP methodology (Figure 3). As a result, free functional groups (carboxylic acid and hydroxyl) are produced
which were used to attach the bioactive molecules [17].
Modified SWCNT with polyethylene glycol (1 gr) was
dispersed to the DMF/DCM (1 : 1, 10 mL), and a mixture
of azelaic acid (2 gr) and DMAP (1.30 gr) and DIC (1.4 gr)
in 5 mL DMF was added to the modified SWCNT suspension. The reaction mixture was stirred overnight at ambient
temperature. Then, the reaction was filtered off and washed
properly with DMF/DCM (1 : 1, 4 ∗ 10 mL). The solid form of
modified SWCNT was dried in an oven (40∘ C).
2.4.4. Preparation of N-Desmethyltamoxifen. Tamoxifen has
an amine functional group that was blocked by two methyl
groups which are tert-amines. Before reacting free carboxylic
acid with tamoxifen, one methyl group should be removed
from tert-amine. For removing methyl group, 1-chloroethyl
chloroformate was employed in dichloromethane at room
temperature (Figure 4).
A solution of tamoxifen (1.2 g, 3.23 mmol) in anhydrous
dichloroethane (40 mL) was treated with 𝛼-chloroethyl chloroformate (1.4 mL, 12.96 mmol) at 0∘ C. After 15 min at 0∘ C,
the reaction was refluxed for 6 h. The progress of the reaction
was monitored by TLC (EtOAc: n-Hex 1 : 1). The solvent was
evaporated under vacuum to obtain yellow viscous oil. The
recrystallization by EtOH and Et2O gave the purified Ndesmethyltamoxifen (0.99 g, 94%).
2.4.5. Chemically Attachment of Tamoxifen on SWCNT. The
produced N-desmethyltamoxifen was reacted with attached
free carboxylic acid on SWCNT. For this purpose, the
reaction mixture, DIC/DMAP in DMF/DCM as solvents in
the presence of a base which is diisopropylethylamine (DIEA)
at room temperature, was stirred overnight (Figure 5). Then,
the reaction mixture was filtered and washed with N,Ndimethylformamide and dichloromethane to remove impurities.
2.5. Tamoxifen Content Analysis. The tamoxifen content of
functionalized SWCNT (loading efficiency) was determined
as described by Sahana et al. [18]. Briefly, to extract the
tamoxifen from SWCNT-PE the SWCNT-PE-TAM (5 mg)
was dispersed in 2 ml of 0.01 M phosphate buffered saline
(pH 7.4) containing 2.5% w/v sodium dodecyl sulphate (SDS)
and the mixture was shaken for 3 h in shaking incubator
at 37∘ C. The mixture was then centrifuged at 3000 ×g for
2 min. The supernatant (1 ml) was transferred to a cuvette and
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Figure 3: Reaction of azelaic acid with the polyethylene glycol on the surface of the SWCNT.

the absorbance was recorded using spectrophotometer at
275 nm. The drug loading efficiency was determined from

the calibration curve prepared earlier using the following
formula:

Percentage of tamoxifen loading efficiency
=[

(weight of tamoxifen in 1 mg of product × total weight of formulation)
] × 100.
(total tamoxifen taken for formulation of a particular batch)

2.6. Cytotoxicity Assay. The human breast cancer cells (MCF7 ATCC: HTB22) were purchased from American Type
Culture Collection (ATCC). The cells were grown using
Dulbecco’s Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum in a T-75 cm2 culture flask
and kept at 37∘ C in 5% CO2 humidified incubator (Thermo
Electron Corporation, Waltham, MA, USA) [19]. The antibiotic penicillin (100 U/ml) and streptomycin (100 𝜇g/ml)
(Euroclone, Italy) were provided to avoid bacterial contamination. The stock suspensions of SWCNT-PE, tamoxifen,
and SWCNT-PE-tamoxifen were prepared in DMEM. By
considering the loading efficiency of tamoxifen in SWCNTPE-tamoxifen, equal tamoxifen concentrations in stock suspension were prepared from tamoxifen and SWCNT-PEtamoxifen. Briefly, the confluent cells were seeded in 96well microtiter plates (Nunc, Denmark) at a density of 1
× 105 cells/ml in 100 𝜇l DMEM containing 10% FBS for
24 h. Then, the media were removed and fresh media containing different concentrations of SWCNT-PE, tamoxifen,
and SWCNT-PE-tamoxifen (0–100 𝜇g/ml) were added. Plates
were incubated for 24 h. Cells in the same media without any
of SWCNT-PE, tamoxifen, and SWCNT-PE-tamoxifen were
included as negative control. At the end of incubation period
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) solution (10 𝜇l, at the concentration of 5 mg/ml)
prepared in phosphate buffered saline (PBS) was added to
each of wells and the plates were incubated in an incubator

(1)

(37∘ C, 5% CO2 ) for extra 4 h. The medium was removed and
200 𝜇l dimethyl sulfoxide (DMSO) was added to each well.
The plates were shaken for 5 min and the absorbance was
recorded at 570 nm using a microplate reader (VersaMax,
Molecular Devices, Sunnyvale, CA) [20]. The percentage of
cell viability was calculated by using the following formula:
Cell viability (%) = [

(ODsample)
] × 100.
(ODcontrol)

(2)

The concentration required to reduce cell growth or viability
by 50% was reported as 50% cytotoxic concentration (CC50).
2.7. Morphological Examination of Cells. The human breast
cancer cells (MCF-7 cell line) were seeded at a density
of 3 × 105 cells per well in 6-well plates and allowed to
adhere overnight. After 24 h incubation, the media were
removed and fresh media containing 25 𝜇g/ml of SWCNTPE, tamoxifen, and SWCNT-PE-tamoxifen were added. The
treated cells were then incubated at 37∘ C in 5% CO2 for 24 h.
Morphological changes were examined after 24 h incubation,
and the cells were photographed using an inverted microscope (Nikon, Tokyo, Japan) [21].
2.8. Caspase-3 Activity Assay. The caspase-3 activity was
determined in MDBK cells using caspase-3 colorimetric
assay kit (Abcam, ab39401, Cambridge, UK) according to the
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Figure 5: Chemically attachment of N-desmethyltamoxifen to the functionalized SWCNT.

instruction provided by the kit. Briefly, MDBK cells were
cultured and treated with isolated phorbol esters at the CC50
concentration for 24 h. Then, the cells were trypsinized,
washed with PBS, and lysed with lysis buffer and sonicated
as mentioned in the protein expression analyses section. The
cell homogenate centrifuged for 10 min at 15000 rpm and the
supernatant was used for colorimetric reaction and the
absorbance value was recorded at 405 nm. The absorbance
values were normalized to the protein level of the samples.
2.9. Statistical Analyses. Cytotoxicity results were subjected
to statistical analysis using the GLM procedure [22] employing a complete randomized design following the model: Yi =
𝜇 + Ti + ei, where 𝜇 is the mean value, Ti is the treatment
effect, and ei is the experimental error, respectively. Means

were compared using Duncan’s New Multiple Range test.
Differences were considered significant at 𝑝 ≤ 0.05. All
measurements were carried out in triplicate.

3. Results and Discussion
3.1. Characteristics of Fabricated SWCNT. The Raman spectrum of the unpurified and purified SWCNT is presented in
Figures 6(a) and 6(b), respectively. The low frequency regions
at the initial part of the spectrum (Figures 6(a) and 6(b))
belong to the radial breathing mode (RBM) bands. The peak
which appeared at 1375 cm−1 corresponded to disorder band
(D-band). The peaks at 1582 cm−1 and 2720 cm−1 were attributed to graphene and graphite bands (G- and G -band),
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Figure 6: Raman spectroscopy of unpurified SWCNT (a) and purified SWCNT (b).

respectively. The D-band indicated the presence of defective
materials, while G- and G -bands showed the well-ordered
graphite, respectively. The results illustrated that purification
of SWCNT led to decrease in D-band indicating the fabrication of high quality and pure SWCNT.
Figures 7(a) and 7(b) illustrated the images from unpurified SWCNT taken by SEM and TEM, respectively. The SEM
image showed the abundance of fiber-like carbon nanotube
networks with several micrometers in length. These carbon
filaments were uniform and possessed consistent appearance.
The SEM and TEM images confirmed the presence of amorphous carbon and catalyst residue at the surface of unpurified
SWCNT.
Figures 8(a) and 8(b) showed the SEM and TEM images
of purified SWCNT, respectively. As observed, almost all the
carbonaceous impurities and metal catalyst particles have
been removed from carbon filaments. Application of two
steps of purification leads to the synthesis of highly pure
SWCNT. The diameter of SWCNT was found to be in the
range of 0.6 to 5 nm with a mean of 1.9 nm.
3.2. Characterization of Functionalized SWCNT. In this work,
SWCNT was oxidized by using strong oxidant containing a
mixture of HNO3 and H2 SO4 (3 : 1). The oxidized SWCNT
was characterized using FT-IR to prove oxidation procedure
by observing carboxylic acid group on SWCNT. The FT-IR
spectroscopy confirmed the oxidation of SWCNT with the
appreciable yield.
The FT-IR analysis was performed in the range 4000–
400 cm−1 for the identification of functional group attached
to the surface of the SWCNT. The FT-IR spectroscopy has
been used extensively in the structural determination of the
molecules. FT-IR spectrum in Figure 9 clearly shows that
the surface of SWCNT was oxidized to carboxylic acid. In
the red color spectrum, the wide peak at 3280 cm−1 could be
assigned to the presence of -OH group of carboxylic acid and
the peak which appeared at 2939 cm−1 showed the presence

of C-H bond [23]. The peak which appeared at 1625 cm−1
represented carbonyl group (C=O) bond, whereas the blue
color spectrum belongs to the unfunctionalized SWCNT, and
there is no peak in the functional group regions except for CC stretch in the fingerprinting region. It was observed that, in
the functionalization process, several functional groups such
as carboxylic (-COOH), carbonyl (-CO), and hydroxylic (OH) groups were formed on the surface of nanotubes [24].
Solid phase CNMR and HNMR studies were performed
to determine the carbon of carbonyl and proton of carboxylic
acid made on the surface of SWCNT. Solid phase HNMR
analysis of SWCNT (Figure 10) showed the presence of
protons in 3.798 ppm which was assigned to the C-H bond
in the SWCNT. And in the SWCNT upon oxidization by
strong oxidant (HNO3 /H2 SO4 ) (Figure 1), protons of C-H
were shifted to upper field area (4.98 ppm). This result was
due to the presence of withdrawing electron group which was
-COOH. The two peaks which appeared at 10.267 and 11.462
ppm were representative of proton of the attached carboxylic
acid group on the surface of carbon nanotube.
CNMR of SWCNT has been shown in Figure 12. The
peaks which appeared in range 20–120 ppm could be assigned
to aliphatic carbons. Once the SWCNT was oxidized, it could
be observed that a peak appeared in 194.72 ppm (Figure 13)
which belongs to the carbonyl group (C=O) of carboxylic
acid. CNMR spectra also strongly proved that -COOH groups
attached to the surface of carbon nanotube (Figure 13).
3.3. Attachment of Polyethylene Glycol to Oxidized SWCNT.
The FT-IR spectroscopy analysis was performed to confirm
the attachment of polyethylene glycol to oxidized SWCNT.
According to the spectrum results demonstrated in Figure 14,
poly ethylene has been attached to the SWCNT successfully.
The broad peak which appeared at 3066 cm−1 could be
assigned to the hydroxyl group of polyethylene. Aliphatic CH stretch appeared at 2872 cm−1 . The peak at 1664 cm−1 was
assigned to carbonyl (C=O) group. The peak at 1486 cm−1
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Figure 7: (a) The SEM image of unpurified SWCNT and (b) the TEM image of unpurified SWCNT.

(a)

(b)

Figure 8: (a) The SEM image of purified SWCNT and (b) the TEM image of purified SWCNT.

indicated CH2 bonding of ethylene monomer. The peak
which appeared at 1302 cm−1 could be assigned to the C-O-C
stretch, while the peak visible at 1068 cm−1 was identified as
C-O stretch.
3.4. Attachment of Azelaic Acid to the Polyethylene Glycol
Group. Successful functionalization of SWCNT could be
verified using FT-IR spectra shown in Figure 15. The strong
bond which appeared at 1517 cm−1 was assigned to the
characteristic C=O vibrations and confirmed the existence of
carbonyl groups of free acids and ester component. A broad
band which appeared at around 3139 cm−1 was attributed
to the -COOH group. The bond visible at 2872 cm−1 corresponded to the stretching and bending vibrations of aliphatic
C-H. The bond presented at 1374 cm−1 was the characteristic
of C-O stretching. FT-IR spectrum indicated that all reacted
functional groups have been attached to the SWCNT.
3.5. Preparation of N-Desmethyltamoxifen. The results of
proton NMR analyses for oxidized SWCNT, tamoxifen, and

N-desmethyltamoxifen are shown in Figures 11, 16, and 17,
respectively. In Figure 16, the peak which appeared around
2.7 ppm indicated six protons of two methyl groups attached
to the tert-amine. As observed in Figure 16, after demethylation, the number of the protons for methyl attached to
the amine group was decreased to three. So, this spectrum
clearly demonstrated that tamoxifen has been converted to
N-desmethyltamoxifen.
3.6. Chemical Attachment of Tamoxifen on SWCNT. NDesmethyltamoxifen was reacted with attached free carboxylic acid (in azelaic acid side) on SWCNT. The FT-IR
spectrum data demonstrated that chemically attachment of
tamoxifen successfully occurred (Figure 18). The bonds which
appeared at 2892 and 2878 cm−1 were attributed to C-H
stretching of aliphatic and aromatic components. The sharp
peaks which appeared at 1665 and 1520 cm−1 were the characteristic of C=O functional groups. The sharp peak visible
at 1285 cm−1 corresponded to C-O groups. In addition, sum
peaks observed in the finger print region are corresponding
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Table 1: Tamoxifen content analysis of SWCNT-PEG-TAM.
Tamoxifen content (%)
(mean ± S, 𝑛 = 3)
SWCNT-PEG-TAM

67.18 ± 1.27

Table 2: The concentration at which 50% cells survive.
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Figure 16: HNMR of standard tamoxifen.

to the stretching and bending vibrations of aromatic C-H and
aliphatic CH2 .
3.7. Tamoxifen Content Analysis in SWCNT-PE-TAM. The
tamoxifen content of the SWCNT-PEG-TAM is shown in
Table 1. The tamoxifen content analysis showed that SWCNTPEG-TAM complex contained 67% tamoxifen.
3.8. Cytotoxicity Assay. Figure 19 shows the viability of
human breast cancer cells exposed to various concentrations
of SWCNT-PEG, tamoxifen, and SWCNT-PEG-TAM ranging from 0 to 100 𝜇g/ml upon 24 h incubation. The significant
(𝑝 < 0.05) decrease in cell viability with dose-dependent
manner was observed in all treatments. The CC50 concentrations are presented in Table 2. The CC50 values appeared in
the ascending order SWCNT-PEG > tamoxifen > SWCNTPEG-TAM. The lower CC50 represented the higher cytotoxic
action; thus, from this result, it is postulated that linking
tamoxifen to functionalized SWCNT enhanced the cytotoxic
action of tamoxifen against breast cancer cells. The improved
cytotoxic effects of SWCNT-PEG-TAM probably were due to
the higher cell penetration of tamoxifen conjugated SWCNTPE. This was probably attributed to the amphiphilicity and

Treatments
SWCNT-PEG
Tamoxifen
SWCNT-PEG-TAM

CC50 (𝜇g/ml)
>100a
12.67 ± 2.69b
5.49 ± 1.34c

CC50 : cytotoxic concentration; data with different superscript letters are
significantly different (𝑝 < 0.05).

conformation of the functionalized SWCNT which may
enhance cell wall penetration as compared to free hydrophobic tamoxifen. Based on the results of cell viability assay
(Figure 19), the distinct concentrations of 25 𝜇g/ml were
selected for further investigations.
3.9. Microscopic Screening for Morphological Alterations. The
microscopic screening for morphological alterations in the
cells upon 24 h exposure to the 25 𝜇g/ml of SWCNT-PEG,
tamoxifen, and SWCNT-PEG-TAM is presented in Figure 20.
The cells treated with SWCNT-PEG grew, spread well, and
adhered firmly, while cells treated with a concentration of
25 𝜇g/ml of tamoxifen and SWCNT-PEG-TAM underwent
distinct morphological changes and alteration in the cell
shape and morphology. It seemed that more round cells,
detached cells, and floating cells together with apoptotic
bodies were observed in the cells treated with SWCNT-PEGTAM as compared to tamoxifen treated cells.
3.10. Caspase-3 Activity Assay. Figure 21 represents the
caspase-3 activity in breast cancer cells upon 24 h exposure
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The CNTs are applied in biomedical science for regeneration
of nerve conduits, regeneration of bone, thermal treatment
of cancer, and for the drug delivery purposes [25]. In the
drug delivery, the synthesis and functionalization of CNTs are
two important steps affecting the biocompatibility of carrier,
efficacy, and delivery of anticancer drugs. Generally, the
common methods for the synthesis of CNTs are including
arc discharge [26], laser vaporization [27], and chemical
vapor deposition (CVD) [28]. In this study, the SWCNT was
successfully produced by CVD method. This result was in
agreement with He et al. [29], who reported the CVD method
as a promising strategy for production of high quality and
high yield SWCNT.
The biocompatibility of SWCNTs for the drug delivery
system is determined by the types of carbon source or the catalyst used in the synthesis process. The recent studies revealed
that impurities like amorphous carbon or catalyst residue
reduce the SWCNTs cellular biocompatibility [28, 30–32].
Treating CNTs with strong acid has also been shown to
enhance the solubility and removal of metallic impurities
and could cause the formation of -COOH groups on their
surface which provided a platform for attachment of bioactive
molecules [25]. In the current study, the results of Raman
spectroscopy, SEM, and TEM revealed that purification technique removed the impurities and resulted in the production
of high purity SWCNT. The early study conducted by Kam et
al. [33] showed that the SWCNTs with high purity are able
to enter the live cells by endocytosis without observable
toxicity and they are synthetically steady in the biological
environments. Generally, the SWCNTs are hydrophobic and
disperse poorly in aqueous solution. However, the solubility of SWCNTs is enhanced through functionalization
[5]. Overall, the functionalization and surface modification
may improve the solubility, dispersion, biocompatibility, and
stability of SWCNTs.
In this experiment for the functionalization of SWCNT,
series processes such as oxidizing of SWCNT, attachment of
polyethylene glycol to oxidized SWCNT, and attachment of
azelaic acid to the polyethylene glycol group were performed
and the results of FT-IR, HNMR, and CNMR confirmed the
development of SWCNT with free functional carboxylic acid
and hydroxyl groups. The functionalized SWCNT was further conjugated to an anticancer drug, tamoxifen. Similarly,
an early study conducted by Madani et al. [25] showed that
the functionalized CNTs using poly ethylene glycol (PEG)
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, such as tamoxifen, increased the circulation
time, and enhanced permeability and retention effects in the
tumor cells [3, 4].
Generally, the anticancer drugs could attach to the inner
side and outside of the CNT structure. In this experiment,
the tamoxifen molecules attached to the free hydroxyl and
carboxyl groups present in the structure of functionalized
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Figure 18: FT-IR data of chemical attachment of tamoxifen on
modified SWCNT.
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Figure 19: The effect of increasing concentrations of SWCNTPEG, tamoxifen, and SWCNT-PEG-TAM in human breast cancer
cells (MCF-7 cell line) viability. The cells were treated for 24 h
with different concentrations ranging from 0 to 100 𝜇g/ml. All
values represent mean ± standard error from three independent
experiments. Bar chart with ∗ indicated significant difference (𝑝 <
0.05) as compared to the control (0 𝜇g/ml).

to 25 𝜇g/ml of SWCNT-PEG, tamoxifen, and SWCNT-PEGTAM. The results revealed that tamoxifen and SWCNT-PEGTAM increased the caspase-3 activity significantly (𝑝 < 0.05).
In this study, the caspase-3 activity was determined based
on the hydrolysis of acetyl-Asp-Glu-Val-Asp p-nitroanilide
(DEVD-p-NA) by caspase-3 resulting in the cleavage of
chromophore p-nitroaniline moiety from labelled substrate
DEVD-p-NA. The caspase-3 belongs to the executioner
caspases which carries out the mass proteolysis that leads
to apoptosis. The activation of caspase-3 as a hallmark of
apoptosis resulted in a range of substrates cleavage including
downstream caspases, nuclear proteins, plasma membrane
proteins, and mitochondrial proteins, finally leading to apoptotic cells death. Hence, the activation of caspase-3 confirmed
the presence of apoptotic cells death upon 24 h treatment with
tamoxifen or SWCNT-PE-tamoxifen in the human breast
cancer cells.
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(a)

(b)

(c)

Figure 20: The morphological changes observed in human breast cancer cells (MCF-7) treated for 24 h with 25 𝜇g/ml of (a) SWCNT-PEG,
(b) tamoxifen, and (c) SWCNT-PEG-TAM examined by light microscopy at 200x magnification.

Caspase-3 activity (fold changes)

2.5
a
2

b

1.5
c
1
0.5
0
SWCNT-PE

Tamoxifen

SWCNT-PEtamoxifen

Figure 21: The caspase-3 activity in the breast cancer cells upon 24 h
exposure to 25 𝜇g/ml of SWCNT-PEG, tamoxifen, and SWCNTPEG-TAM. Bars with different letters are significantly different at
𝑝 < 0.05.

SWCNT. The analysis indicated that complex of SWCNT-PETAM contained 67% tamoxifen. This loading efficiency was
higher than loading efficiency (32%) reported by Tripisciano
et al. [34] for multiwall carbon nanotube conjugated with
irinotecan. However, the loading efficiency observed in this
study was comparable with the result of Yang et al. [6] who
reported the loading efficiency 62% for multiwall carbon
nanotube containing gemcitabine as an anticancer drug.
The cell line studies are essential for characterization of
anticancer drug delivery systems and could provide valuable
information for predicting drug behavior in the in vivo
cancer studies. Based on the results of cytotoxicity assay and
morphological examination, the functionalized SWCNT is
slightly toxic at the concentration of 50 𝜇g/ml and above.
In CNTs, the factors such as metal impurities, surface functionalization, and size and type of carbon nanotube could
contribute to cytotoxicity of CNTs [35, 36]. In this study,
the cytotoxicity of SWCNT at the concentration of 50 𝜇g/ml
and above might not be due to the impurities (residual metal
catalyst) as the SWCNT used in this study possessed the high
purity. Thereby, the observed cytotoxicity could be attributed
to the bioactivity of SWCNT. In line with these results,
early researchers concluded that the physical properties of

SWCNT such as rigidity, surface area, and fiber length could
determine the bioactivity of SWCNT [30, 32]. Although
SWCNT showed slight toxicity in this study, this vehicle still
could be promising for the delivery of the anticancer drug,
tamoxifen. The tamoxifen which is known as a drug of choice
for the breast cancer treatment actively inhibited the growth
of cancer cells. Furthermore, the functionalized SWCNT
conjugated with tamoxifen appeared to be more cytotoxic to
the cancer cells as compared to the free tamoxifen. The higher
cytotoxic effects of functionalized SWCNT-tamoxifen indicated that, to reach a similar effect of the drug, a much lower
concentration of tamoxifen could be used. In fact, reducing
the anticancer drug concentration is mandatory to reduce the
toxic side effects of the drug to the healthy organs and tissues.
The results obtained from cytotoxicity assay were in
agreement with the results of Sahoo et al. [37] who observed
the cytotoxicity activity of camptothecin-poly vinyl alcohol(PVA-) CNT conjugate approximately 15 times higher than
free camptothecin against human breast (MDA-MB-231)
and skin (A-5RT3) cancer cell lines [37]. The other study
conducted by Datir et al. [38] indicated that MWCNTshyaluronic acid conjugated to doxorubicin was efficiently
internalized into human lung adenocarcinoma cells (A549
cells) through cellular endocytosis resulting in inducing 3.2
times higher cytotoxicity of the MWCNTs-hyaluronic aciddoxorubicin than free doxorubicin at the same concentration.
The results obtained in this study suggested that functionalization of SWCNT could probably improve the uptake of
tamoxifen in the breast cancer cells which might be due to
the high aspect ratio and high surface area of the SWCNT.
The morphological examination together with the results
of caspase-3 activity confirmed the occurrence of apoptotic
cells death in free tamoxifen and SWCNT-PE-tamoxifen
treated cells. The higher caspase-3 activity in the cells treated
with SWCNT-PE-tamoxifen revealed the higher anticancer
potential of conjugated tamoxifen as compared to the free
tamoxifen. In line with this result, the poly ethylene glycolSWCNT loaded with paclitaxel appeared to be more effective
in induction of apoptosis in the MCF-7 cell line as compared
to the free paclitaxel [8]. Another study by Sahoo et al. [37]
indicated that conjugation of camptothecin, an anticancer
drug with low water solubility to CNT, enhanced the water
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solubility and subsequently efficacy of the drug in inducing
apoptosis cells death in the breast and skin cancer cells.
Thereby, in the current study, the conjugation of tamoxifen to
SWCNT through branched polyethylene glycol chains probably improved the cellular uptake of tamoxifen through
promoting cellular membrane perforation which resulted
in increased apoptosis induction in the breast cancer cells.
Although the mechanism of SWCNT penetration into cells
was unclear, the needle-like shape of SWCNT may help passing cellular membrane or even cellular components without
cell damage [3]. Most probably, in this study, the SWCNT
facilitated the transportation of the tamoxifen across the cell
membrane into the cells through enhancing drug solubility,
cell membrane permeability, or activation of endocytosis.
The earlier reports confirmed the reduced drug toxicity
together with enhanced drug uptake by the tumor when
SWCNTs were applied as drug carrier [7, 39, 40]. With
regard to the great advantage of functionalized SWCNT for
anticancer drug delivery and the results obtained in this
study, the SWCNT-PEG-TAM could be a promising approach
for human breast cancer therapy.

5. Conclusions
In this study, an anticancer drug delivery system based
on functionalized SWCNT (SWCNT-PE) conjugated with
tamoxifen (SWCNT-PEG-TAM) has been developed. The
results obtained in this study revealed that this delivery system enhanced the therapeutic effects and anticancer potential
of tamoxifen against human breast cancer cells. Therefore, the
SWCNT-PE-TAM appeared to be a prospective drug delivery
system for human breast cancer treatment. Further in vivo
studies are now under investigation.
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