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Abstract- Carbon nanotubes (CNTs) have been applied for drug, antigen and nucleic acid delivery into cancer cells both in 
vitro and in vivo. Due to their nano-needle structure, they are supposed to enter directly into the cytoplasm likely upon an 
endocytosis-independent mechanism while they can also enter the cell by receptor-mediated strategy. In this study, an 
efficient nanocarrier for nucleic acid delivery was synthesized by covalently conjugating siRNA to arginine functionalized 
CNTs. The prepared nanocarrier efficiently transports siRNA into the cytoplasm and showed 10–30% silencing activity. 
However, the nanocarrier showed significant reduction in toxicity and increased silencing activity. Probably, the type of 
functionalization of carbon nanotubes might be a key parameter to obtainan efficient and non-cytotoxic CNT-based delivery 
system. Nevertheless, in view of the present results, preference should currently be given to designing biocompatible 
targeted CNTs as an efficient nonviral vector for nucleic acid delivery. 
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I. INTRODUCTION 
 
Recently, carbon nanotubes have been shown to 
transport molecules, including DNA, siRNA, and 
proteins, into immortalized cancer cells by 
endocytosis and needle-like mechanism [1-5] . Little 
cytotoxicity is observed for nanotubes with 
appropriate functionalization and high aqueous 
solubility. 
Therefore, we had functionalized CNTs with arginine 
amino acid which is bulky and polar prohibiting 
CNTs to easily interact with biomolecules and 
increasing dispersion in water. Well functionalized 
carbon nanotubes could be conjugated to different 
cargos like nucleic acids in order to enhance gene 
delivery to cancer cells and increase treatment 
efficiency of gene therapy. 
Interfering RNAs (siRNA) hold great promise for 
medical Applications[6]. However, nucleic acids do 
not freely pass the cell plasma membrane and rely on 
carrier systems to activate cell uptake and payload 
deliver. Therefore, lack of efficient targeted delivery, 
low transfection efficiency, instability to nucleases, 
poor tissue penetration, and nonspecific immune 
stimulation have hindered the translation of small 
interfering RNA (siRNA) into clinical applications 
[6-7]. The development of a systemically 
administered, tumor-specific nanocarrier with high 
transfection efficiency could overcome these 
limitations and thus realize thepotential of siRNAs to 
become effective anticancer clinical modalities [8-9]. 
Herein, we explore a new kind of functionalized 
single-walled carbon nanotubes (SWCNTs) as 
nonviral molecular transporters for the delivery of 
siRNA to cancer cells. 

II. RESULTS & DISSCUSION 
 
A. Carbon nanotube functionalization using 
arginine 
Raman scattering spectroscopy has been utilized to 
study the vibrational mode of carbon nanotubes [10-
12] and functionalization state of SWCNTs[11]. The 
Raman spectra of both oxidized and arginine-
SWCNTs (Arg-SWCNTs) display the D and G bands 
at 1351 and 1588 cm – 1, respectively. The intensity 
ratio of these bands (I D / I G) is the ratio of 
amorphous or disordered carbon (sp3) relative to 
graphitic carbon (sp2). Generally in surface 
engineering studies, a higher I D / IG shows greater 
extent of C=C brake, demonstrating higher covalent 
functionalization on the surfaces of the CNTs [13]. 
The obtained result indicated that ID / IG of the Arg-
SWCNTs are higher than oxidized one, which could 
imply the successful functionalization of the graphitic 
walls of the SWCNTs (Fig. 1). Higher ID/IG of Arg-
SWCNTs can be attributed to the higher extent of 
arginine conjugation to SWCNTs.  

 
Fig. 1. Raman spectra of Arginine attached SWCNTs 
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B. Cytotoxicity investigation ofArg-SWCNTs 
In order to determine that Arg-SWCNTs are not 
lethal to cells, in vitro cytotoxicity assays were 
performed. SWCNT and Arg-SWCNTs were 
incubated with breast cancer cell lines (SKBR3) for 
24 h at 37C. Afterward MTT assay was carried out to 
determine the cell viability. Cell viability was 
normalized for cells incubated with 0 mg/mL control. 
MTT results demonstrate that SKBR3 cell lines all 
had greater than 83 % cell viability when incubated 
with 50 mg/mL of Arg-SWCNTs (Fig. 2).  

 
Fig. 2. MTT assay of pristine SWCNTs and oxidized and 

arginine attached SWCNTs 
 

C. siRNA conjugation to the nanocarrier 
Thiol-modified siRNA cargo molecules were linked 
to the amine groups on the sidewalls of Arg-
SWCNTs through cleavable disulfide bonds. We 
chose to conjugate these molecules onto the 
nanocarrier through disulfide linkages to facilitate 
cargo release upon cellular uptake. The synthesis of 
siRNA-Arg-SWCNTs was confirmed by gel 
electrophoresis (Fig. 3). Unlike the one band of free 
siRNA, the siRNA attached nanocarrier showed no 
band in the gel and had some signals in the well, 
which indicated that siRNA molecules attached to the 
nanocarrier get high molecular weights (MW) and 
were not capable of migrating through the gel. This 
result indicated that siRNA-Arg-SWCNTs were 
synthesized. To verify the reducibility of siRNA 
attached nanocarrier in reducing conditions like the 
cytosol environment, the siRNA-Arg-SWCNTs was 
incubated with DTT as reducing agent. The gel 
retardation profile of siRNA attached nanocarrier 
which was treated with DTT showed one band near 
the position of free siRNA on the agarose gel 
indicated that siRNA could release from the 
nanocarrier in the conditions similar to the cytoplasm. 

 
Fig. 3. Electrophoresis mobility shift assay (EMSA) of siRNA -

Arg-SWCNTs. 

D. Cellular uptake studies of siRNA attached 
nanocarrier 
We investigated the cellular uptake efficiencies of 
free siRNA and siRNA attached nanocarrier. In order 
tovisualize the uptake, siRNA was fluorescently 
labeled with flourecein. The cellular localization of 
siRNA-Arg-SWCNTs was tracked with a fluorescent 
microscope (Fig. 4). The obtained result 
demonstrated that siRNA attached nanocarrier 
showed high intracellular siRNA delivery efficiency. 
 

 
Fig. 4. Fluorescent image of siRNA-Arg-SWCNTs entered the 

cells. 
E. In vitro gene silencing of siRNA attached 
nanocarrier 
To investigate the efficacy of gene silencing, the 
siRNA attached nanocarrier was treated to the 
SKBR3 cells. Three days after treatment, the level of 
gene expression was examined via RT-PCR. No 
silencing effect was observed with the cells incubated 
with targeted nanocarrier, however, siRNA attached 
nanocarrier had efficiently silence the gene (Fig. 5). 
This result were confirmed and quantified by Real-
time PCR and western blotting, since these data are 
unpublished we decided not to indicate them here. 
 

 
Fig. 5.RT-PCR analysis of target gene expression after 

treatment with siRNA-Arg-SWCNTs. 
 

CONCLUSION 
 
In this study a newly synthesized carbon nanotube for 
efficient siRNA delivery and target gene knock down 
were introduced. It is demonstrated that carbon 
nanotube functionalization by arginine amino acid 
could reduce its cytotoxicity and increase its ability to 
carry nucleic acids. Transferring siRNAs by Arg-
SWCNTs into the cancer cells resulted in efficient 
down regulation of target gene. The obtained results 
demonstrated that as prepared siRNA-Arg-SWCNTs 
is appropriate gene delivery system in order to be 
applied for biomedical purposes. 
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