
Int. J. Nano Dimens., 12 (1): 11-19, Winter 2021

ORIGINAL ARTICLE

Anticancer activity of Doxorubicin conjugated to polymer/carbon 
based-nanohybrid against MCF-7 breast and HT-29 colon cancer 

cells 

Neda Hazhir 1, Fereshteh Chekin 1,*, Jahan Bakhsh Raoof 2, Shahla Fathi 1 

1Department of Chemistry, Ayatollah Amoli Branch, Islamic Azad University, Amol, Iran
2Electroanalytical Chemistry Research Laboratory, Department of Analytical Chemistry,   Faculty of 

Chemistry, University of Mazandaran, Babolsar, Iran

Received 06 August 2020;           revised 07 October 2020;           accepted 08 October 2020;           available online 10 October 2020

* Corresponding Author Email: fchekin@yahoo.com

How to cite this article
Hazhir N., Chekin F., Bakhsh Raoof J., Fathi Sh. Anticancer activity of Doxorubicin conjugated to polymer/carbon based-
nanohybrid against MCF-7 breast and HT-29 colon cancer cells . Int. J. Nano Dimens., 2020; 12(1): 11-19. 

Abstract
The Cancer is one of the world’s most devastating diseases. Doxorubicin (DOX) is an effective chemotherapeutic 
drug; however, its toxicity is a significant limitation in therapy. Due to the severe side effects of chemotherapy 
drugs, scientists have tried to load these drugs in nanocomposites. This paper describes a facile and low cost 
approach for preparation polymeric biodegradable nanohybrid based on doxorubicin loaded onto chitosan/
porous reduced graphene oxide (DOX/CS-prGO). Raman spectroscopy, thermogravimetric analysis 
(TGA) and field emission scanning electron microscope images (FE-SEM) revealed DOX onto CS-prGO 
nanocomposite. In addition, the study reported here evaluated the cytotoxicity effects of DOX/CS-prGO 
on MCF-7 breast cancer and HT-29 colon cancer cell lines. Cytotoxicity tests showed significantly higher 
viability loss and toxicity of DOX/CS-prGO in comparison with CS-prGO against cancer cells especially for 
HT-29 colon cells (with cell viability of ~36%, ~29% and ~9% for 24, 48 and 72 h exposure, respectively). 
The viability loss of DOX/CS-prGO is comparable to that reported by free DOX. Thus, the development 
of nanohybrid based on polymer/carbon conjugated to DOX will remarkably enhance anticancer activity 
because of their unique physicochemical properties, high surface area and stronger inhibitory effect. These 
nanocomposites are an ideal candidate to deliver anticancer agents into cells.
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INTRODUCTION
The cancer is the second cause of mortality after 

cardiovascular diseases [1, 2]. Cancer is defined as 
the abnormal and uncontrolled growth of the cells 
affected by complex genetic and epigenetic DNA 
changes [3, 4]. Chemotherapy is one of the most 
important ways to treatment of cancer. However, 
today, so many chemotherapy drugs are used 
to treat various cancers that their use is limited 
because of some drawbacks such as serious side 
effects, low water solubility, and short circulation 
time [5, 6]. One of the most serious issues is the 

nonselective nature of the chemotherapeutic 
drugs, which causes innumerable side effects [7]. 
These often kill healthy cells besides the cancerous 
ones and cause toxicity in the patient. It is 
therefore desirable to develop chemotherapeutics 
that can either passively or actively target only 
cancerous cells [8, 9]. In order to overcome the 
specific constraints of traditional chemotherapy 
methods and to achieve more efficient therapies, 
anticancer drugs should be loaded into hydrophilic, 
biocompatible and nontoxic nanocarriers, with 
more durability in blood circulation [10-12]. 

Doxorubicin (DOX), chemically recognized as 
an anthracycline molecule [13], is one of the most 

http://creativecommons.org/licenses/by/4.0/.
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commonly used drugs in the treatment of various 
cancers, such as breast, ovarian and stomach [14]. 
Numerous clinical studies demonstrated that 
DOX can strikingly hinder the growth of tumor 
cells in various cellular growth cycles by inhibiting 
the synthesis of RNA and DNA [15]. However, 
effective inhibition can be achieved in a relatively 
smaller dose of DOX when compared with other 
anticancer drugs [16] but DOX usually induced side 
effects resulted from the lack of specific targeting 
for tumor cells and nonselective inhibition of 
DNA and RNA, which seriously limited the clinical 
applications [17, 18]. Therefore, an efficient 
delivery system for DOX should be developed to 
make DOX more specific and effective targeting, 
more easily to be encapsulated, an excellent 
intake capacity and biocompatibility [9]. In order 
to increase the anticancer efficacy by prolonging 
the circulation time in blood stream and reduce 
its toxicity, different carrier systems for DOX 
have been developed such as liposomes and 
polymeric nanomaterials [19, 20]. Furthermore, 
the nanocomposite forms allow DOX to remain 
in the circulation system for longer periods of 
time, which will allow delivering greater amount 
of the drug to cancerous cells or tumors [21-23]. 
Interactions between carbon nanomaterials and 
living organisms and their subsequent biological 
responses are one of the most active research 
fields in nanotoxicology [24, 25]. In the last few 
years, there has been a noticeable increase in 
medical applications of nanostructured carbon 
materials [26, 27].

The porous reduced carbon graphene oxide 
(prGO) possesses excellent mechanical strength, 
large surface area and high adsorption capability. 
It has driven to cancer nanotechnology to defeat 
cancer therapy obstacles, via integration into 
three-dimensional (3D) hydrogel network with 
biocompatible polymers as nanocomposites 
carrier, and controllable release of anticancer 
drugs [28]. Additionally, modification of prGO 
with various polymers such as natural polymers 
enhances its biodegradability, drug loading, and 
target delivery [29]. The functional group (COOH 
and OH) of prGO allows it to conjugate with various 
polymers and biomolecules (ligand, DNA, protein) 
[30]. This unique surface chemistry allows for π–π 
stacking interactions and electrostatic interaction 
to occur with drugs in drug delivery applications 
[31, 32]. 

The thermodynamic interaction force of 

the nanocomposite materials determines the 
composite materials suitability for physically 
modifying the polymer [33, 34]. The forces 
of interaction between the  composite 
material molecules and polymer macromolecules 
should be greater than the forces of interaction 
between the composite material  molecules 
themselves, otherwise the composite material 
molecules would become associated, leading 
to their migration from the  polymer matrix [35, 
36]. The Flory–Huggins theory plays an important 
role in assessing the mutual  miscibility  of the 
polymer and the composite material. The so-
called Flory–Huggins  parameter of mutual 
interaction is the criterion defining the miscibility 
of polymer with composite material. It allows for 
a quantification of the affinity of the composite 
material with the polymer [37-39]. Chitosan, 
a cationic, linear nitrogenous polysaccharide 
composed of glucosamine and N -acetyl-
glucosamine linked by (1 → 4) b-glycoside bonds, 
is the second most abundant polymer in nature 
after cellulose. The main properties of chitosan 
such as biocompatibility, biodegradability and 
bioadhesiveness which facilitates the ionic 
interaction of positively charged amino groups of 
chitosan with negatively charged mucous layer are 
accountable for its usage as a promising matrix 
in pharmaceutical industry [40-42]. Drugs can be 
covalently conjugated to polymer nanocomposite 
carriers, which provide specific accumulation at 
the tumor site based on the enhanced permeability 
and retention effect [43]. Furthermore, cell 
recovery after the metabolization of polymer-
based nanomaterials occurs easily in vivo, thanks 
to the very low contact time between healthy 
tissues and the biodegradation nanomaterials that 
are carried away from the degradation site by the 
blood flow [44]. The present work, therefore, is 
devoted to produce a new nanocomposite based 
on DOX/CS-prGO. The therapeutic effect of DOX/
CS-prGO was also evaluated in vitro by measuring 
the viability of MCF-7 breast and HT-29 colon 
cancer cells (Fig. 1).

EXPERIMENTAL
Materials 

Graphene oxide was purchased from Iranian 
Nano Materials Pioneers. Hydrogen peroxide 
(H2O2), sulfuric acid (H2SO4), hydrazine hydrate 
(H4N2 · H2O), sodium hydroxide (NaOH), potassium 
hexacyanoferrate (II) ([K4Fe(CN)6]), doxorubicin 

https://www.sciencedirect.com/topics/engineering/polymer-matrix
https://www.sciencedirect.com/topics/engineering/miscibility
https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjDhOjqwb3LAhXIbRQKHXgpCaAQFgglMAE&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FMolybdenum_disulfide&usg=AFQjCNE1u-THSGxM8aQ4NBc4gmZ_gB2z5w
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hydrochloride (C27H29NO11.HCl), phosphoric acid 
(H3PO4), sodium dihydrogen phosphate (NaH2PO4), 
disodium hydrogen phosphate (Na2HPO4), sodium 
phosphate (Na3PO4) and chitosan (medium molecular 
weight) were purchased from Sigma-Aldrich and 
used as received. The human breast (MCF-7) and 
colon (HT-29) cell lines were obtained from Pasteure 
Institute of Iran North Research Center.

Apparatus 
Surface morphology and chemical composition 

of nanocomposite were examined by a scanning 
electron microscope of MIRATESCAN-XMU 
(Czech Republic) combined with EDX (energy-
dispersive X-ray Spectroscopy) machine. UV-
Vis spectra of samples were recorded by UV-
Vis spectrophotometer (UV-1900, Shimadzu 
Co., Japan). Raman analysis was performed 
with a Takram P50C0R10 Raman spectrometer 
(Teksan, Iran) using a 532 nm laser and CCD 
array detector. Thermogravimetric analysis (TGA) 
analysis was carried out by STA 503 analyzer (Bahr, 
Germany) with 5 mg dried samples in a platinum 
pan under argon atmosphere from 25 to 800 °C. 
The heating rate was 10 °C min-1. Electrochemical 
measurements were performed with a 
potentiostat/galvanostat (Metrohm Autolab, The 
Netherlands). A conventional three-electrode 
configuration consisting of Ag|AgCl|KCl3M as the 
reference electrode, a platinum wire as auxiliary 
electrode and DOX/CS-prGO modified GCE as 
working electrode was employed.

Preparation of DOX/CS-prGO nanohybrid 
The prGO was prepared based on previous 

report [45, 46]. Briefly, 3 mg of graphene oxide 
(GO) in 5 mL of water was added and sonicated for 

6 h at 25 °C and then hydrazine hydrate (0.5 mL, 
25 M) was added to dispersed solution and heated 
in an oil bath  for 20 h at 80 °C. The product (rGO) 
was filtrated, washed with water and ethanol and 
dried in the oven at 100 °C overnight. 3 mg of rGO 
was sonicated in 30 mL of H2O2 30 % for 30 min and 
refluxed for 12 h at 60 °C. The obtained solution 
was filtered and the recovered prGO powder was 
dialyzed to remove H2O2 and to separate from 
small sized graphene quantum dots. The product 
was kept for drying in an oven at 60 °C overnight.

1 mg of prGO was sonicated in 1 mL water for 1 h. 
Then, 0.5 mL of CS (0.5 mg/mL in 1% acetic acid) was 
added in prGO suspension solution and sonicated for 
30 min at 25 °C. The product was filtered, washed 
with water and stored in fridge for using. 

1 mg of CS-prGO nanocomposite in 2 mL 
phosphate buffer solution (PBS) 0.1 M with pH 
7.00 was dispersed for 30 min at 25 0C. 0.5 mg 
of DOX to CS-prGO dispersed solution was added 
and the mixture was continuously stirred for 3 
h at room temperature. The sample was then 
centrifuged (relative centrifugal force of 8000 g for 
15 min) to separate solid phase (DOX/CS-prGO). 
The collected DOX/CS-prGO hybrid was washed 
with water, dried overnight at room temperature 
and stored in fridge for using.

Cytotoxicity assay 
The human breast (MCF-7) and colon (HT-29) 

cell lines were cultured in RPMI 1640 medium 
containing 10% fetal bovine serum (FBS), penicillin 
(100 µg/ml), streptomycin (100 µg/ml) and 
glutamine (0.002 M) for 72 h at room temperature. 
The 3 mL of culture medium containing 8000 cells 
was placed to well plates and incubated at 37 °C in 
the atmosphere containing 5% CO2 for 24 h. The 
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Fig. 1. Schematic illustration for the preparation of DOX/CS-prGO hybrid and its cytotoxicity effect on cancer cells.

https://www.sigmaaldrich.com/catalog/product/aldrich/448877?lang=en&region=IR
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different concentrations (0.08, 0.16, 0.31, 0.63, 
1.25, 2.5 and 5 μg/ml) of free DOX, CS-prGO and 
DOX/CS-prGO samples were freshly prepared, 
then 200 µl of samples immediately treated to the 
cell lines for 24, 48 and 72 h. Cells not treated with 
samples served as controller. 

A cytotoxicity evaluation of DOX, CS-prGO 
and DOX/CS-prGO samples was carried out on 
MCF-7 and HT-29, to study viability. The toxicity 
and cells viability were measured by exposure 
for different times with different concentrations 
of DOX, CS-prGO and DOX/CS-prGO. After 24, 
48 and 72 h to exposure, the cells were washed, 
200 μl of culture medium containing 0.5 mg MTT 
was added to well plates and incubated for 4 h 
at 37 °C. The colored crystals of formazan were 
formed due to the metabolism of tetrazolium. The 
well plates were replaced with 150 µl of DMSO. 
After 30 min extraction at room temperature, the 
absorbance of the formazan solution is read at 570 
nm. The light absorbance of each well plate is a 
criterion for survival of cells, recorded by an ELISA 
reader. Viability was calculated using the following 
equation:

%Viability = [(As – Ab) / (Ac-Ab)]×100                     (1)                

Where Ab, Ac and As are the absorbance of 
blank, control and sample solutions, respectively. 

Statistical analysis 
Statistical analysis was performed by using 

the Student’s t-test (SPSS version 7.5). Data with 
P≤0.05 and P≤0.001 were considered significant 
and very significant, respectively. 

RESULTS AND DISCUSSIONS
Loading of DOX onto CS-prGO nanocomposite

The amount of DOX loaded onto CS-prGO 

nanocomposite in 0.1 M PBS (pH 7.00) at room 
temperature and shaking time of 3 h is determined 
on the basis of standard curve of DOX absorbance 
to its concentration at 480 nm. The loaded percent 
onto nanocomposite was calculated using the 
following equation:

Loading% = [(Cint – Cs) / Cint] × 100               �       (2)

Where, Cint and Cs are the initial concentration 
and the supernatant concentration of DOX after 
loading, respectively. An efficient loading of DOX, 
86% at pH 7.00 and time 3 h was observed onto 
CS-prGO. It is found that CS-prGO makes strong 
hydrogen binding with DOX due to the presence 
of –COOH, –OH and –NH2 in CS-prGO.  

FE-SEM and EDX study
The morphology of prGO, CS-prGO and DOX/

CS-prGO is characterized with FE-SEM. As seen in 
Fig. 2, the prGO is a thin layer and smooth surface 
(Fig. 2a). In contrast, the surface of CS-rGO appears 
multilayered sheets and rougher surface structures 
(Fig. 2b). While stacking and protuberances 
are observed on the surface of DOX/CS-prGO 
nanohybrid (Fig. 2c) that this observation confirms 
the formation of DOX/CS-prGO nanohybrid. There 
are the π-π stacking interactions as well as the 
hydrophobic effect between DOX and CS-prGO in 
nanohybrid. Moreover, the –OH, –NH2 and –COOH 
groups on CS-prGO nanocomposite form hydrogen 
binding interaction with –OH and –NH2 of DOX. 

TGA analysis
The samples were analyzed by TGA (Fig. 3a) 

to evaluate the thermal stability and successful 
forming of DOX/CS-prGO nanohybrid. The prGO 
showed much high stability with less weight loss 
up to 500 °C. The TGA curve of the prGO showed 
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Fig. 2. FE-SEM images of prGO (a), CS-prGO (b) and DOX/CS-prGO (c).

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/formazan
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~40% weight loss from 500 °C to 800 °C attributed 
to burning of carbon skeleton. The CS-prGO loses 
its weight in two steps. The first weight loss (~3 %) 
between 90 and 190 °C is loss of adsorbed water 
and functional groups (CO, CO2, COOH and NH2). 
The second step of weight loss (~13 %) from 190 
to 500 °C is attributed to the loss of remaining 
functional groups of prGO and chains of CS. In the 
TGA curve of DOX/CS-prGO, one step mass loss 
~7.5 % was observed at temperature between 
90 and 190  °C attributed to adsorbed water and 
functional groups of DOX, CS and prGO. The ~13% 
weight loss in the temperature range 190–500 
°C attributed to the loss of remaining functional 
groups.

 
Raman spectroscopy analysis 

Raman spectroscopy was further employed to 
characterize of prGO, CS-prGO and DOX/CS-prGO 
(Fig. 3b). The Raman spectrum of prGO shows the 
D and G bands at 1361 and 1619 cm-1 with the 
intensity ratio of D and G bands (ID/IG) of 1.1. The 
D and G bands of CS-prGO are shifted to 1321 and 
1602 cm-1, and the ID/IG of prGO increased to 1.9 
after the introduction of CS on prGO due to the 
amide linkage and removal of oxygen containing 

functional groups. Also, D and G bands of Dox/
CS-prGO (with ID/IG of 1.5) shift to 1302 cm-1 
and 1565 cm-1 due to decrease the number of 
free functional groups of CS-prGO after mixing 
with DOX indicating the deformation of ordered 
structure and the appearance of different groups.

Electrochemical test
The DOX/CS-prGO modified glassy carbon 

electrode (GCE) was prepared based on previous 
report [40]. Fig. 3c shows the cyclic voltammogram 
obtained at the DOX/CS-prGO modified GCE in 
0.1 M PBS (pH 7.00). A pair of well-defined redox 
peaks was obtained in the cyclic voltammogram 
of the DOX/CS-prGO modified GCE. The anodic 
peak potential was observed at about 450 mV, 
and the cathodic peak potential at about 270 mV 
are ascribed to DOX onto CS-prGO nanocomposite 
oxidized according to Fig. 4 [47]:

The surface concentration of the electro-active 
DOX onto CS-prGO can be estimated using the 
equation [48]:

Γ=Q/nFA                           �     (3)

Where Q is the charge consumed in coulombs, 
obtained from integrating the anodic (or cathodic) 
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Fig. 3. TGA curves (a) and Raman spectra (b) of prGO, CS-prGO and DOX/CS-prGO; (c) cyclic voltammogram of DOX/CS-prGO modified 
GCE in 0.1 M PBS (pH 7.00) at scan rate of 50 mV s-1.
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peak area in cyclic voltammogram under the 
background correction. The average value of (7.04 
± 0.72) × 10-11 mol/cm2 was calculated.

In vitro cytotoxicity evaluation
The cell toxicity of free DOX, CS-prGO and 

DOX/CS-prGO with different concentrations on 
MCF-7 breast and HT-29 colon cell lines in three 
time intervals of 24, 48 and 72 h was evaluated by 
MTT assay to assess cell viability (Fig. 5a, 5b, 5c). 
According to the results of MTT assay, we didn’t 
observe any significant toxicity for CS-prGO on the 
mentioned two cell lines, while free DOX and DOX/
CS-prGO cause a significant decrease in the survival 
of the MCF-7 and HT-29 cell lines depending on 
dosage and time. The results revealed a good 
cytocompatibility of CS-prGO nanocomposite 
which showed low apparent toxicity against MCF-

7 and HT-29 cells, even at higher concentrations 
(2.5 and 5 µg/mL), and the viability was above 
80%. The treatment of free DOX for 24 h and 48 h 
to exposure showed most viability loss in both cell 
lines. The higher toxicity of free DOX was caused 
by more rapid passive diffusion in vitro, while 
the macromolecular conjugates (DOX/CS-prGO) 
internalized into cell mainly through less efficient 
endocytosis. After 72 h, an obvious decrease in cell 
viability with DOX/CS-prGO (5 µg/mL) was seen 
especially for HT-29 cells as much as about ~10%, 
whereas the toxicity effect of free DOX (~10%) on 
MCF-7 was smaller than DOX/CS-prGO (~20%). It is 
suggested that DOX/CS-prGO at long times has the 
high ability to penetrate from the cell member and 
deliver DOX which can lead to cell death. 

The half-maximal inhibitory concentration 
(IC50) of free DOX and DOX/CS-prGO after 24, 48 
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Fig. 4. The oxidation mechanism of DOX.
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Fig. 5. The cell viability of MCF-7 and HT-29 cancer cells after treatment with free DOX, CS-prGO and DOX/CS-prGO for (a) 24, (b) 48 
and (c) 72 h.
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and 72 h exposure against cell lines was illustrated 
in Table 1. It was found that IC50 value of CS-
prGO was very high against both of cell lines and 
suggested that CS-prGO because of rich functional 
groups on the surface did not diminish the viability 
of cell lines. For DOX/CS-prGO after 24, 48 and 72 
h exposure, the IC50 values for HT-29 cell lines 
were found to be lower than that observed for 
MCF-7 cells. This result reveals that DOX/CS-prGO 
showed enhanced anticancer capability against 
HT-29 cell.

In addition, the cell morphologies of MCF-7 
and HT-29 cell lines after treatment with free DOX, 
CS-prGO and DOX/CS-prGO for 72 h were observed 
by a light microscope (Fig. 6a-6h) and the results 
revealed that the number of treated cells with free 
DOX and DOX/CS-prGO were obviously reduced as 
compared to the control sample. Thus, the viability 
loss and toxicity of DOX/CS-prGO is significantly 
high against cells and acts as anticancer agent.

 

CONCLUSION
In the present work, after the loading the 

DOX on CS-prGO nanocomposite, we studied the 
effects of this nanocomposite on MCF-7 breast 
and HT-29 colon cancer cell lines. MTT assay was 
used to evaluate the anticancer effects of free 
DOX, CS-prGO and DOX/CS-prGO against cancer 
cell lines. The results showed that the prGO/CS 
nanocomposite had low toxic effect on the cell 
lines. DOX/CS-prGO due to the DOX onto CS-prGO 
composite sheets lead to the significant viability 
loss and toxicity on cancer cells specially against 
HT-29 cell. The viability loss of DOX/CS-prGO is 
comparable to that reported by free DOX. The 
results suggest that the present polymer/carbon 
nanohybrid will pave the way for a new approach 
to prevent and treat cancer.
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 Table 1. The IC50 (µg/mL) of free DOX and DOX/CS-prGO after 24, 48 and 72 h exposure 

against cell lines. 

Time (h)                     MCF-7 cells                                        HT-29 cells 

             DOX           DOX/CS-prGO        DOX         DOX/CS-prGO      
   

   24                   0.64                 6.63                            0.70               4.91 

   48                   0.44                 3.75                            0.58               3.17 

   72                   0.33                 1.33                            0.50               0.89 

 

 

 

Table 1. The IC50 (µg/mL) of free DOX and DOX/CS-prGO after 24, 48 and 72 h exposure against cell lines.

Fig. 6. The cell morphologies of MCF-7 and HT-29 cancer cells before (a and e) and after treatment with CS-prGO (b and f), free DOX 
(c and g) and DOX/CS-prGO (d and h) for 72 h.
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