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1 Introduction

CS/Au/MWCNT nanohybrid as an efficient carrier
for the sustained release of 5-FU and a study of its
cytotoxicity on MCF-7+

E. A. K. Nivethaa,® S. Dhanavel,®® V. Narayanan, & ¢ S. Narayana Kalkura, ©¢
J. Sivasankari,? N. Sivanandham? and A. Stephen & *¢

The chemical reduction method has been used to adeptly synthesize a CS/Au/MWCNT nanocomposite, to
be used as a carrier for the effectual delivery of the anticancer drug 5-Fluorouracil. The work aims at utilizing
the less investigated ternary nanocomposite system containing chitosan (CS), gold (Au) and MWCNT's to
attain higher encapsulation efficiency and to enable a more sustained and prolonged release of 5-FU.
This system has improved cytotoxicity when compared to the CS/Au binary system. The prepared
sample has been characterized using various techniques that confirm the formation of the
nanocomposite, encapsulation of 5-FU into the nanocomposite, the structure of 5-FU and Au in the
nanocomposite and the formation of the polymer matrix nanocomposite. An increase in the
encapsulation efficiency to 98% and loading efficiency to 43% is observed when compared to the binary
composite, elucidating the importance of incorporation of carbon nanotubes into the nanocomposite. A
reduction in the release percentage of 5-FU by 40% indicates a more prolonged release, which will
enable a reduction of the number of dosages that need to be administered. This in turn leads to
a reduction in the side effects posed by the drug 5-FU. Moreover, the effectiveness of the drug loaded
nanocomposite system towards the inhibition of breast cancer cells, apparent from the attainment of
50% cell viability while taking sample concentrations as low as 25 pg ml™, makes this ternary
nanocomposite superior and significant.

with the properties of nanosized filler particles like the facili-
tation of communication with biomolecules on the cell surfaces

Nanocomposites are multicomponent materials where mostly
nanosized particles are incorporated into a matrix of standard
material. Even though nanoparticles have been renowned for
years due to their increased surface area and reactivity, which
leads to increased bioavailability, nanocomposite systems are
more advantageous as they retain the unique properties of all
the individual components." Among the nanocomposite
systems, polymer matrix nanocomposites have been widely
used in biomedical applications. This is mainly due to the
ability to engineer and amalgamate the properties of biopoly-
mers like biodegradability, biocompatibility and non-toxicity
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and within the cells and also with receptors that are excessively
expressed in case of diseases.”?

Noble metal nanoparticles and nanotubes have been the
most preferred nanofillers as they can be used as non-toxic
carriers for drug and gene-delivery applications® and due to
their ability to enable the simultaneous loading of drug and
targeting molecules,”” respectively. Moreover, the use of
nanotubes leads to an increased drug loading efficiency and
also enables the loading of desired molecules inside while,
simultaneously imparting chemical features to the outer
surface, allowing site-specific drug delivery.>” Carbon nano-
tubes have been reported to have the potential to deliver drugs
directly to the targeted cells and tissues. Carbon nanotubes
have been used for the delivery of anticancer drugs like pacli-
taxel and cisplatin.®® In addition, the ability of carbon nano-
tubes to act as carriers for a wide range of therapeutic
molecules, their large surface area and possibility to manipulate
their surfaces and physical dimensions for use in photothermal
destruction of cancer cells have also been reported,'*** due to
which carbon nanotubes are chosen in the present study.

Amongst the noble metals, Au nanoparticles have gained
importance as they provide a multifunctional platform to

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 XRD pattern of CS/Au/MWCNT nanocomposite containing
various percentages of Au, MWCNT and 5-FU encapsulated
nanocomposite.

deliver drugs, to image and diagnose diseases and to prefer-
entially administer electromagnetic radiation to disease sites
(radiation is absorbed and converted to heat to destroy
cancerous cells) which is called photo thermal therapy.'***
The use of a combination of moieties mentioned above for
the delivery of drugs has also been widely studied and re-
ported. Reports on nanocomposites containing polymers,***

* - MWCNT]|
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noble metals and metal oxides along with polymers,*>*
nanotubes and polymers,*~** boron nitride and polymer® and
noble metal nanoparticles and metal oxides®**** for the delivery
of drugs are already available. Similarly carbon nanotube and
noble metal containing nanocomposites®*** as well as ternary
composites containing biopolymer, noble metal nanoparticles
and MWCNT?** have been used as drug delivery carriers.
Among these, ternary nanocomposites exhibited better
performance. Moreover, as there are only a very few reports on
the use of ternary nanocomposites containing a noble metal
along with MWCNT and biopolymer, we decided to investigate
and throw spotlight on the use of CS/Au/MWCNT as a drug
delivery carrier.

The present work thus, deals with the synthesis of CS/Au/
MWCNT nanocomposites with and without drug encapsula-
tion and their characterization. The prepared nanocomposites
have been characterized using various techniques like XRD,
FTIR, HRTEM, and UV-Vis. In vitro drug release studies have
been performed using an UV-Vis spectrophotometer after the
encapsulation of 5-FU into the composite systems. The cyto-
toxicity of 5-FU encapsulated nanocomposite towards MCF-7
cells has also been studied.

2 Materials and methods
2.1 Materials

Chitosan (CS) from Sigma Aldrich (low molecular weight and
~85% deacetylated), Au chloride (HAuCl,) with ~50% Au basis
and 5-Fluorouracil with =99% purity from Sigma Aldrich,
sodium tripolyphosphate (TPP) 98% pure from Alfa Aesar,
Tween 80, ultra-pure from Alfa Aesar and sodium borohydride
(NaBH,) extrapure 99% purity from Finar reagents were used for
synthesis. Dimethyl sulfoxide (DMSO) with =99% purity was
purchased from Sigma Aldrich. All chemicals used were of

* 5FU
# MWCNT

50 /o

Fig. 2 SAED pattern of (a) CS/Au/MWCNT nanocomposite and (b) 5-FU@CS/Au/MWCNTnanocomposite.
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(a) Particle size measurements and (b) zeta potential of the prepared samples.

Fig. 3
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analytical grade. All experiments were carried out using double
distilled water.

2.2 Preparation of CS/Au/MWCNT and 5-Fluorouracil
encapsulates CS/Au/MWCNT (5-FU@CS/Au/MWCNT)
nanocomposite

CS/Au/MWCNT nanocomposite containing different concen-
trations of Au as well as MWCNT i.e., 5 wt% to 15 wt% and 5-
FU@CS/Au/MWCNT were prepared following the same proce-
dure reported earlier for the preparation of CS/Au and 5-
FU@CS/Au nanocomposites®® except an additional step
wherein, MWCNT was added to the solution of CS and allowed
to swell for about 3 h before the addition of Au chloride. After
this, the rest of the procedure was carried out as mentioned.
The powder obtained was then characterized further.

3 Results and discussion

3.1 Structural investigation

3.1.1 X-ray diffraction. The XRD pattern of CS/Au/MWCNT
and 5-FU@CS/Au/MWCNT are shown in Fig. 1. The XRD
patterns of CS/Au/MWCNT, containing different concentrations
of Au as well as MWCNT consists of 6 peaks, namely 2 peaks
pertaining to CS at 26 ~11.8° and 21.0°, a single peak corre-
sponding to the (002) reflection of graphite from MWCNT and 3
peaks of face centered cubic Au at 26 = 38.1°, 44.4° and 64.5°.
The peaks of Au are in good agreement with the JCPDS card no.
04-0784 and also with the already existing literature.***” The
peak of MWCNT matches well with the literature reports.*® The
average crystallite size of Au nanoparticles as calculated using
Scherrer's formula is ~5 nm. Appearance of peaks corre-
sponding to all the three compounds evidences the formation
of composite. In the case of 5-FU@CS/Au/MWCNT, peaks cor-
responding to 5-FU are observed in addition to the peaks of
other moieties, affirming the encapsulation of 5-FU to the
nanocomposite. The peaks of 5-FU concur well with the JCPDS
card no. 39-1860.

3.1.2 SAED analysis. The SAED pattern of CS/Au/MWCNT
and 5-FU encapsulated nanocomposite are shown in
Fig. 2(a) and (b) respectively. The pattern of CS/Au/MWCNT
shows the presence of (111), (220), (400) and (422) reflections
of face centered cubic Au along with (004) reflection of graphite
from MWCNT. The other reflections of Au are feeble so have not
been indexed. The pattern obtained for the drug loaded nano-
composite shows the reflections from Au [(200), (311), (222)],
MWCNT [(002)] as well as 5-FU [(—153)] confirming the encap-
sulation of 5-FU into the nanocomposite system. The results
obtained here substantiate the XRD results, confirming the face
centered cubic nature of Au and the formation of nano-
composite. The formation of nanocomposite is also evident
from the XPS studies (presented in the ESI, refer Fig. S1t). The
obtained results also affirm the encapsulation of 5-FU into the
nanocomposite.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 UV-Vis spectra of CS/AU/MWCNT nanocomposite containing
various percentages of Au and MWCNT.

3.2 Particle size and zeta potential

The particle size of the prepared samples along with the peak
intensity has been presented in Fig. 3(a). Two particle size
distributions are observed for the case of CS/Au/MWCNT
composites. One at ~400 nm and the other at ~55 nm, which
correspond to CS and/or MWCNT and Au nanoparticles respec-
tively. The obtained particle sizes clearly indicate the successful
synthesis of a nanocomposite system for the delivery of 5-FU. It is
also observed that there is an increase in the size of the Au
nanoparticles on encapsulation of 5-FU. This might be due to the
binding of one 5-FU to more than one Au nanoparticle.

The zeta potential values obtained for all the samples is
plotted in Fig. 3(b). It is observed that the zeta potential value of
CS/Au as well as CS/MWCNT are highly positive, whereas there

~
5-FU loaded CS/AW/MWCNT

CS/Au/MWCNT (15%)

CS/Au/MWCNT (10 %)

Transmittance %
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Fig. 5 FTIR spectrum of CS/Au nanocomposite containing various
percentages of Au, MWCNT and 5-FU encapsulated nanocomposite.
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is a decrease in zeta potential on increasing the concentration
of Au as well as MWCNT. This is attributed to the negative zeta
potential observed for both Au** and MWCNT**** as reported
previously. Similarly, the zeta potential is seen to further
decrease on the addition of 5-FU, having a negative zeta
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potential.* The zeta potential of all the prepared systems still
remains high indicating the high stability of the prepared
nanocomposites.

Fig. 6 HRTEM image of (a) & (b) CS/Au/MWCNT nanocomposite showing the polymer matrix structure, (c) & (d) 5-FU@CS/Au/MWCNT
nanocomposite showing the agglomeration of nanoparticles and increase in particle size and (e) elemental mapping of 5-FU@CS/Au/MWCNT

showing Au and 5-FU.

4588 | RSC Adv, 2021, 11, 4584-4592
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3.3 Spectroscopic characterization

3.3.1 UV-Vis studies. The UV-Vis spectra of CS/Au/MWCNT
nanocomposite containing different weight percentage of Au
(5-15 wt%) as well as MWCNT (5-15 wt%) are shown in Fig. 4.
The results clearly show the presence of two absorption peaks
one in the wavelength range 540-545 nm and the other at
~265 nm. The peak in the range of 540-545 nm is attributed to
the surface plasmon excitation of small spherical Au nano-
particles. An increase in the absorbance is observed on
increasing the concentration of gold chloride during synthesis,
thus implying an increase in the amount of Au binding to CS. A
similar behavior has been reported previously.** Although an
increase in absorbance is observed, the peaks are damped in
nature, indicating the small particle size. In small particles, the
mean free path of the electrons is reduced which eventually
leads to the peak dampening. The second peak at ~265 nm
corresponds to the absorbance from MWCNT.* In a manner
similar to the peaks of Au, the intensity of MWCNT peaks are
also seen to increase on increasing the initial amount of
MWCNT taken.

3.3.2 FTIR studies. The FTIR spectrum of CS/Au/MWCNT
nanocomposite containing different weight percentage of Au
(5-15 wt%) as well as MWCNT (5-15 wt%) and that of 5-FU@CS/
AU/MWCNT are shown in Fig. 5. All the spectra exhibit a NH,
twisting peak at ~898 cm ™', C-O stretching at ~1070 em™ ",
C-O-C stretching at ~1260 cm ', C-N stretching at
~1318 ecm™!, C-H bending at 1382 cm™ ', CH, bending at
~1416 cm™ ', a peak of NH;" at ~1568 cm ™!, C=0 stretching
and N-H bending at ~1655 cm™', C-H stretching at
~2390 cm 'and N-H, O-H stretching at ~3400 cm . These
peaks correspond well to the peaks of pure CS except for minor
differences that establish the formation of the nanocomposite
systems,*>*¢ as has been previously reported by us for the case of
CS/Au nanocomposite.*® The splitting of the NH;* and NH, peak
increases on increasing the amount of MWCNT and/or Au in the
nanocomposite. This is because of the neutralization of the
protonated amine group. The values reported for the samples
match closely to the previous reports.”** Change in intensity
and shifting of the OH peak observed here, show the binding of
MWCNT and/or Au to OH group of CS. The splitting of NH, and
NH;" peaks is also noted, indicating the binding of MWCNT as
well as Au to the NH, groups of CS. The FTIR spectrum of 5-FU
encapsulated nanocomposite shows the presence of a peak at
~740 cm ™! corresponding to the C-H out of plane vibration of
CF=CH in addition to the peaks observed for the nano-
composite as noticed in the case of CS/Au nanocomposite. This
ascertains the encapsulation of 5-FU to the nanocomposite
systems. Similar reports are also available in the literature.*

3.4 Morphology studies and elemental mapping

The HRTEM images of CS/Au/MWCNT are shown in Fig. 6(a)
and (b) and that of 5-FU@CS/Au/MWCNT are shown in Fig. 6(c)
and (d). The formation of a polymer matrix type nanocomposite
is evident from the images for the nanocomposite. The images
clearly show MWCNT to be embedded in CS and the Au nano-
particles to be decorated on MWCNT as well on CS. A similar

© 2021 The Author(s). Published by the Royal Society of Chemistry
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morphology wherein CS forms the matrix phase and the Au
nanoparticles form the filler phase has been reported for the
case of CS/Au nanocomposite. The particle size of Au nano-
particles as measured from the obtained images is ~5 nm
which is in good agreement with the XRD results and also
supports the UV-Vis results obtained for the nanocomposite
system. An increase in the particle size of Au nanoparticles to
about 11 nm after the encapsulation of 5-FU is observed from
the HRTEM images. Agglomeration of nanoparticles is also
observed which is an indication of the binding of one 5-FU to
more than one CS capped Au nanoparticle thus, bringing them
closer to one another. This is evident from the elemental
mapping the nanocomposite shown in Fig. 6(e). The increase in
the particle size of Au observed here is in good agreement to the
previous report on CS/Au nanocomposite. Apart from the
increase in the size of Au nanoparticles, entanglement of
MWCNT is also observed.

3.5 Evaluation of 5-Fluorouracil encapsulation and loading

Encapsulation efficiency of 5-FU is calculated using the formula
mentioned elsewhere.* The amount of free 5-FU has been ob-
tained following the procedure reported previously by us for the
case of 5-FU@CS/Au nanocomposite. The encapsulation effi-
ciency of 5-FU into the nanocomposite is found to be 98% and
the loading efficiency is found to be 43%. Both the values are
seen to higher when compared to those obtained for 5-FU@CS/
Au nanocomposite thus, showing the significance of incorpo-
ration of MWCNT into the nanocomposite.

3.6 5-Fluorouracil release studies

The conditions maintained when studying the release of 5-FU
from CS/Au nanocomposite reported before have been main-
tained to study the release of 5-FU from CS/Au/MWCNT system
as well.*® The release profile of 5-FU from CS/Au/MWCNT
nanocomposite is shown in Fig. 7. Release of 5-FU from CS/
Au/MWCNT shows a slow, sustained and prolonged release
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Fig. 7 Drug release profile of 5-FU@CS/Au/MWCNT nanocomposite.
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Fig. 8 Cytotoxicity analysis of 5-FU@CS/Au/MWCNT nanocomposite
towards MCF-7 cells.

when compared to the release of 5-FU from CS/Au nano-
composite. The release profile is fitted to the various kinetics.
According to the correlation values obtained after fitting the
data into the various models, the data in the first region (region
1:1 to 6 h) of the release profile fitted well to the Higuchi
kinetics, second region (region 2 : 12 to 30 h) adhered to Hix-
son-Crowell kinetics, third region (region 3 : 34 to 50 h) to zero
order kinetics and the fourth region (region 4 : 56 to 72 h) to
first order kinetics. A comparative study of the release profiles of
5-FU from CS/Au/MWCNT and CS/Au shows the release of about
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99% of the drug from CS/Au nanocomposite in 72 h whereas
only a 59% release is observed from CS/Au/MWCNT thus, con-
firming the effect of incorporation of MWCNT into the nano-
composite leading to the prolonged release time.

3.7 Invitro cytotoxicity analysis

The details of the cell lines and cell culture, the cytotoxicity
assay procedure and the procedure followed for the calculation
of % cell viability are similar to those reported previously.**
Viable cells were determined by measuring the absorbance at
540 nm using UV-Vis spectrophotometer. Measurements were
performed and the concentration required for a 50% inhibition
of viability (IC5,) was determined graphically. Fig. 8 shows the
result of cytotoxicity measurement obtained for the MCF-7 cell
lines, performed 24 h after the addition of 5-FU@CS/Au/
MWCNT nanocomposite. Fig. 9 shows the images obtained
after the addition of different concentrations of 5-FU encapsu-
lated nanocomposite. CS/Au/MWCNT nanocomposite exhibits
a concentration dependent loss of viability. The estimated half
maximal inhibitory concentration (ICs) value for the nano-
composite system is found to be 25 pug ml~'. This nano-
composite system is seen to be more cytotoxic at lower
concentrations when compared to the CS/Au nanocomposite
system. CS/Au/MWCNT is seen to have a better antiproliferative
effect on MCF-7 due to the fact that MWCNT can perforate
cellular membrane and pass into the cellular components
without causing apparent cell damage.

Fig. 9

4590 | RSC Adv, 2021, N, 4584-4592

Images showing the cell viability of MCF-7 on addition of different concentrations of 5-FU@CS/Au/MWCNT nanocomposite.

© 2021 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08537e

Open Access Article. Published on 22 January 2021. Downloaded on 7/30/2025 10:48:26 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

4 Conclusion

CS/Au/MWCNT nanocomposite with and without 5-FU encap-
sulation were successfully prepared by the chemical route. The
semi-crystalline nature of CS, face centered cubic structure of
Au are affirmed from the XRD patterns. The presence of
MWCNT in the nanocomposite and the triclinic structure of 5-
FU in the drug loaded nanocomposite is confirmed using the
XRD pattern. Binding of the moieties to the OH and NH, groups
of CS is evident from the FTIR spectra and XPS spectrum. The
formation of polymer matrix nanocomposite and an increase in
the particle size of Au and the entanglement of carbon nano-
tubes on the encapsulation of 5-FU are evident from the HRTEM
images. The encapsulation and loading efficiency were found to
be 98% and 43% for 5-FU loaded CS/Au/MWCNT nano-
composite. These are found to be higher than the values re-
ported for CS/Au as well as CS/Ag/MWCNT. A comparatively
prolonged and sustained release and a better cytotoxicity was
exhibited by 5-FU encapsulated CS/Au/MWCNT nanocomposite
when compared to the previously reported system containing
CS and Au. The CS/Ag/MWCNT system, proved the effectiveness
of this ternary system for delivering 5-FU and inhibiting MCF-7.

Author contribution statement

E. A. K. N. Conceptualization, planning of the investigation,
data collection and analysis. Preparation of the manuscript with
the suggestion from the other authors. S. D. and ]J. S. helped in
the synthesis and characterization. C. A. M. helped in synthesis
and the biological characterization. V. N. and S. N. K. critically
revised the article. N.S helped in performing the UV-VIS char-
acterization. AS Planning, administration of the work and crit-
ical review of the manuscript. All the authors have read and
approved the final version of this manuscript.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

Author (E. A. K. N.) acknowledges UGC for its financial support
in the form of fellowship during her Ph.D. The National Center
for Nanoscience and Nanotechnology, University of Madras is
acknowledged for the HRTEM and XPS facilities Mr Viswana-
than is acknowledged for the elemental mapping analysis.

References

1 S. Mohanty and P. K. Boga, Int. J. Res. Pharm. Biomed. Sci.,
2010, 1, 41-66.

2 V. V. Mody, R. Siwale, A. Singh and H. R. Mody, J. Pharm.
BioAllied Sci., 2010, 2, 282-289.

3 R. M. Saeed, I. Dmour and M. O. Taha, Front. Bioeng.
Biotechnol., 2020, 8, 4.

4 J. Conde, G. Doria and P. Baptista, J. Drug Deliv., 2012, 2012,
12.

© 2021 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

5 W. Shao-Feng, S. Lu, Z. Wei-De and T. Yue-]Jin,
Biomacromolecules, 2005, 6, 3067-3072.

6 W. Zhang, Z. Zhang and Y. Zhang, Nanoscale Res. Lett., 2011,
6, 555.

7 Z. Liu, J. T. Robinson, S. M. Tabakman, K. Yang and H. Dai,
Mater. Today, 2011, 14, 316-323.

8 A. Mejri, D. Vardanega, B. Tangour, T. Gharbi and F. Picaud,
J. Phys. Chem. B, 2015, 119, 604-611.

9 S. Mousavi, S. Amjad-Iranagh, Y. Nademi and H. Modarress,
J. Membr. Biol., 2013, 246, 697-704.

10 E. Abdelbary, A. Waqar, U. H. Israr, D. Vinod and
D. E. Antony, J. Drug Deliv., 2012, 2012, 1-10.

11 X. Wang, B. Li, H. Jing, X. Dong and X. Leng, J. Mater. Chem.
B, 2020, 8, 4245-4258.

12 Z. Sobhani, M. A. Behnam, F. Emami, A. Dehghanian and
I. Jamhiri, Int. J. Nanomed., 2017, 12, 4509-4517.

13 E. C. Dreaden, L. A. Austin, M. A. Mackey and M. A. El-Sayed,
Ther. Deliv., 2012, 3, 457-478.

14 M. R. K. Ali, Y. Wu and M. A. El-Sayed, J. Phys. Chem. C, 2019,
123, 15375-15393.

15 J. Stabile, D. Najafali, Y. Cheema, C. T. Inglut, B. ]J. Liang,
S. Vaja, A. J. Sorrin and H.-C. Huang, in Nanoparticles for
Biomedical Applications, ed. E. J. Chung, L. Leon and C.
Rinaldi, Elsevier, 2020, pp. 175-193, DOI: 10.1016/B978-0-
12-816662-8.00012-6.

16 U. K. Parida, A. K. Nayak, B. K. Binhani and P. L. Nayak, J.
Biomater. Nanobiotechnol., 2011, 2(4), 12.

17 M. Rajan, V. Raj, A. A. Al-Arfaj and A. M. Murugan, Int. J.
Pharm., 2013, 453, 514-522.

18 N. EAK, B. S, C. A. Martin, R. R. J, S. A, N. V, L. B S,
O. V. Frank-Kamenetskaya, S. Radhakrishnan and N. K. S,
Sci. Rep., 2020, 10, 3991.

19 S. Dhanavel, E. A. K. Nivethaa, V. Narayanan and A. Stephen,
Mater. Sci. Eng. C, 2017, 75, 1399-1410.

20 Q. Yuan, S. Hein and R. D. K. Misra, Acta Biomater., 2010, 6,
2732-2739.

21 M. Rai, A. P. Ingle, I. Gupta and A. Brandelli, Int. J. Pharm.,
2015, 496, 159-172.

22 M. Yadollahi, S. Farhoudian and H. Namazi, Int. J. Biol
Macromol., 2015, 79, 37-43.

23 E. A. K. Nivethaa, S. Dhanavel, V. Narayanan and A. Stephen,
Int. J. Biol. Macromol., 2017, 95, 862-872.

24 M. Kawaguchi, T. Fukushima, T. Hayakawa, N. Nakashima,
Y. Inoue, S. Takeda, K. Okamura and K. Taniguchi, Dent.
Mater. J., 2006, 25, 719-725.

25 M. A. Shokrgozar, F. Mottaghitalab, V. Mottaghitalab and
M. Farokhi, J. Biomed. Nanotechnol., 2011, 7, 276-284.

26 G. M. Spinks, V. Mottaghitalab, M. Bahrami-Samani,
P. G. Whitten and G. G. Wallace, Adv. Mater., 2006, 18,
637-640.

27 G. Z. Chen, M. S. P. Shaffer, D. Coleby, G. Dixon, W. Zhou,
D. ]J. Fray and A. H. Windle, Adv. Mater., 2000, 12, 522-526.

28 H. Bao, Y. Pan, Y. Ping, N. G. Sahoo, T. Wu, L. Li, J. Li and
L. H. Gan, Small, 2011, 7, 1569-1578.

29 S. Dhanavel, T. Sivaranjani, K. Sivakumar, P. Palani,
V. K. Gupta, V. Narayanan and A. Stephen, J. Iran. Chem.
Soc., 2020, DOI: 10.1007/s13738-020-02031-9.

RSC Adv, 2021, 11, 4584-4592 | 4591


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08537e

Open Access Article. Published on 22 January 2021. Downloaded on 7/30/2025 10:48:26 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Advances

30 E. V. Shevchenko, M. 1. Bodnarchuk, M. V. Kovalenko,
D. V. Talapin, R. K. Smith, S. Aloni, W. Heiss and
A. P. Alivisatos, Adv. Mater., 2008, 20, 4323-4329.

31 S. Dhanavel, P. Praveena, V. Narayanan and A. Stephen,
Polym. Bull., 2020, 77, 5681-5696.

32 X. Wang, C. Wang, L. Cheng, S.-T. Lee and Z. Liu, J. Am.
Chem. Soc., 2012, 134, 7414-7422.

33 S. Dhar, Z. Liu, J. Thomale, H. Dai and S. J. Lippard, J. Am.
Chem. Soc., 2008, 130, 11467-11476.

34 E. A. K. Nivethaa, S. Dhanavel, A. Rebekah, V. Narayanan and
A. Stephen, Mater. Sci. Eng. C, 2016, 66, 244-250.

35 E. A. K. Nivethaa, S. Dhanavel, V. Narayanan, C. A. Vasu and
A. Stephen, RSC Adv., 2015, 5, 1024-1032.

36 A. N. Mishra, S. Bhadauria, M. S. Gaur, R. Pasricha and
B. S. Kushwah, Int. J. Green Nanotechnol. Phys. Chem., 2010,
1, 118-124.

37 C. Singh, R. K. Baboota, P. K. Naik and H. Singh, Adv. Mater.
Lett., 2012, 3, 279-285.

38 D. Keqiang, Y. Hongwei, C. Yanli, Z. Chunbao, L. Lu,
L. Likun, W. Yiran, Y. Xingru and Z. Guo, Int J.
Electrochem. Sci., 2013, 8, 5343-5358.

39 W. Wang, X. Ding, Q. Xu, J. Wang, L. Wang and X. Lou,
Colloids Surf. B Biointerfaces, 2016, 148, 541-548.

40 C. lamsamai, S. Hannongbua, U. Ruktanonchai,
A. Soottitantawat and S. T. Dubas, Carbon, 2010, 48, 25-30.

4592 | RSC Adv, 2021, 1, 4584-4592

View Article Online

Paper

41 X. Dong, L. Liu, D. Zhu, H. Zhang and X. Leng, Int. J.
Nanomed., 2015, 10, 3829-3840.

42 T. Smith, K. Affram, E. Bulumko and E. Agyare, J. Nat. Sct.,
2018, 4, e535.

43 K. A. Mohamed Anwar, M. M. Mohsen and M. G. Magdy, J.
Nanomed. Nanotechnol., 2012, 3, 133-138.

44 X. Kang, Z. Mai, X. Zou, P. Cai and J. Mo, J. Nanosci.
Nanotechnol., 2007, 7, 1618-1624.

45 L. Gwen, K. Imelda, D. Barry, C.-T. Adrienne, R. Llewellyn,
F. Peter and G. Lisbeth, Biomacromolecules, 2007, 8, 2533—
2541.

46 M. R. Kasaai, in Chitin, Chitosan, Oligosaccharides and Their
Derivatives: Biological Activities and Applications, ed. S.-K.
Kim, CRC Press, Taylor & Francis Group, U.S.A., 1st edn,
2011, ch. 12, pp. 149-170.

47 S. Korkiatithaweechai, A. Pangdam, A. Ekgasit and
N. M. Praphairaksit, Photothermal Mucoadhesive
Biomaterial Composites of Rambutan-like Gold Micro/
Nanostructure and Chitosan, Proceedings of the
international conference nanomaterials: Applications and
properties, Sumy State University, Ukraine, 2012.

48 D. Lin, H. Chen, X. Yadong and J. Huangxian,
Biomacromolecules, 2007, 8, 1341-1346.

49 A. Anitha, K. P. Chennazhi, S. V. Nair and R. Jayakumar, J.
Biomed. Nanotechnol., 2012, 8, 29-42.

© 2021 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0ra08537e

	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e

	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e

	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e
	CS/Au/MWCNT nanohybrid as an efficient carrier for the sustained release of 5-FU and a study of its cytotoxicity on MCF-7Electronic supplementary information (ESI) available: See DOI: 10.1039/d0ra08537e


