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Abstract

MWCNTs (multiwalled carbon nanotubes) were synthegied by chemical vapour deposition
(CVD) and functionalised using Hcl and HNQ at 80 °C. Their FTIR spectra revealed the
characteristic peaks for carboxylic acid and alcohlic groups. Both unfunctionalized
(MWCNTSs) and functionalised multiwalled carbon nandubes (f-MWCNTSs) were reacted

with cholesterol oxidase

using 1-ethyl-3-(3-dimethaminopropyl) carbodimide and N-

hydroxyl sulfo-succinimide.But bonding with choleserol oxidase was established only with
MWCNTSs. Cholesterol oxidase bonded t6-MWCNTs was tested for cholesterol sensing using
cyclic voltametry. It established interaction of clolesterol with cholesterol oxidase bonded tb
MWCNTSs. Hence cholesterol oxidase bonded tsMWCNTSs could be a novel in-vitro choles-

terol sensor in hyper lipidemia

Keywords: Carbon nanotubes, Functionalized CNT, Cholesté&iotlesterol oxidase, Cyclic voltammogram.

Introduction

Carbon nanotubes (CNTSs) discovered by Sumio lifmea
believed to be a tool for passage from macromoésctd
nanotechnology and for the transformation of thiteta
from a scientific concept into reality. A high léva re-
search activity has been concentrated on carbon-
tubes ever since the first report on the discowdryhe

multiwalled carbon nanotubes (MWNTSs) [1]. Several
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and they become sites for the covalent attachimfemtos
teins/enzymes [10] or other such kinds of reagéidsice
CNTs display a great deal of potential for usefstnas
delivery agents and sensor, with very low toxieeff11]
probably due to their small size, stable atomiacttires
and non-polar nature, which make them biologicialéyt.

NaNsensitive and selective detection of a particular- b

marker in a multi-component blood system is a emaj
ing task in clinical analysis/diagnosis. Cholestésoone

methods have been employed to produce CNTSs, such &8ch pio-marker found in blood, linked to a numbér

arc-discharge [2], laser ablation [3] and chemiegour
deposition (CVD) [4]. CVD has been used for relaliyv
easy control of length, diameter, high quality gwdb-
ability of mass production [5, 6].

clinical and heart disorders. Its high accumulation
blood is strongly correlated with coronary heagedise,
arteriosclerosis, myocardial infarction, brain tnimosis,
lipid metabolism dysfunction, hypertension, [12hdles-
terol is normally found in blood as lipoproteingjths

The performance of CNTs has been found to be superimore commonly found in lymphatic fluid, which iseth

to other carbon electrodes and there has beenvangyo
interest to use CNTSs in biosensor platforms [7]wideer,
manipulation and processing of CNTs have beenduhnit
by their solubility in most common solvents, altgbu
some dissolution has recently been reported [8kirTh
chemical modification might pave the way to mangfuk
applications, including immobilization of biologica
molecules such as enzymes (i.e., for biosensorskeud
trochemical sensors). The nitric acid treatmerdnsoxi-
dative method that can produce the functionalisetyan

primary extra cellular fluid found in the body.

Cholesterol oxidase (CHOx) was chosen as the model
enzyme in this methodology study, because of itelex
lent performance and bright commercial prospeciive
biosensor applications. Cholesterol oxidase isstréally
and commercially important for application in biower-
sions for clinical determination of total or freersm cho-
lesterol [13-16]. CHOx-MWCNTs composite electrodes
were explored in biosensors in detecting thdedterol

nanotubes f{CNT) [9]. This process introduces carbox- concentration. To evaluate the electrode performanc

ylic acid group on the surface and at the endb®faNTs
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various conditions, the thermal stabilities of thricated
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CHOx-MWCNTSs biosensor electrodes were monitored aing mixture was then stirred for 1 h at room terapane
room temperature and 80 °C. and finally the solution was transferred to stainlsteel
autoclave and is kept at 145°C for 48 h in an ovédre
These highly stable and active enzyme-coated MWCNTerystallized Fe-MCM-41 was recovered by filtration,
composites significantly improved the performande owashed several times with distilled water and drétd
biosensors. The main advantage of CNTs is thegelar 80C for 3 h. The occluded surfactant was removed by
accessible surface areas due to a high surfaceltore  calcination at 550°C in muffle furnace for 6 h totain
ratio. This offers possibility of constructing b@sors Fe-MCM-41.
with high sensitivity.
Growing of CNTs
In this present work MWCNTs were grown over Fe-
MCM-41 t (Si/Fe=25, 50, 75 and 100) by Chemical Va-About 300 mg of the catalyst, prepared by the almee
pour Deposition method. The MWCNTs were treatectedure, was uniformly spread over the quartz boat a
with HF for purification and further it was functionalized was placed in the central position of the CVD fusnalt
with HNO; - H,SOq interaction betweeffMWCNTSs and  was then pre-activated by passing nitrogen ga9996)
cholesterol was studied. The results indicated tthetin-  through the chamber for 20 min at 120 ml/min floater
teraction with cholesterol can be explored for bi@®r The reaction temperature was maintained at 800°C.
applications.

It was followed by the flow of acetylene (99.6%)thé
Experimental Techniques optimized rate 140 ml/min for 30 min through thaae
tion chamber, under nitrogen flow. After the scHedu
time, the furnace was cooled to room temperatulee T
grown sample was then collected as a black powder f

Chemicals used in this work, such as sodium séicatth® duartz boat.

(N&SiOs.9H,0) ferric nitrate Fe(Ng)3.9H,0), cetyl-

trimethylammonium bromide (CTAB), hydrofluoric acid Purification and Functionalization of CNTs

(HF)and concentrated sulfuric acid,&0y), all analytical

reagent grade, were purchased from  Sigma Aldrichn order to remove the silica phase, the synthdsteTs
MWCNTSs with >90% purity were synthesized by chemi-were treated with 40 wt% HF at ambient temperafline.

cal Vapourdepositionmethod.1-Ethyl-3-(3-dimethylami obtained samples were immersed in nitric acid soiub
nopropyl)carbodiimidehydrochloride, (EDAC) and N-remove the metal catalysts and amorphous carbaon. |
hydroxyl-succinimide (NHS) were obtained from Hime-general, nitric acid breaks the carbon shell arah thixi-
dia. Cholesterol was isolated from hypercholestarmidizes the metal catalysts to the correspondinglrozide
blood samples collected from Health Centre, Anna Un or hydroxide. When the metal gets oxidized, theunw
versity, Chennai. Cholesterol oxidase (CHOx) (5g)  increases and the metal oxides crack open the marbo
was purchased from Sigma-Aldrich. The phosphatéebuf coatings. Furthermore, oxidants tend to initialtyaek
solution (0.1 M PBS) was used as supporting elstdéo  MWCNTs from the ends, which have more highly
All aqueous solutions were prepared using deionizad strained five-membered rings.

ter.

Materials and Methods

They were functionalized by an acid treatment, lahg
Synthesis of Fe-MCM-41 MWCNTs was added to an aqua regia solution (3ib rat
of hydrochloric acid and nitric acid respectivelgihd
Fe-MCM-41 molecular sieves were synthesised hydrofunctionalization process was carried out in anauoni-
thermally according to the previous work [17], gsingel cator. The beaker was kept in an ice bath &5fr 18 h
composition of Si@ 0.01 FgOs: 0.2 CTAB: 0.89 HSQO,. After functionalization, the dispersed MWCNTs were
In a typical synthesis, 21.2 g of sodium metadiioaas filtered and dried. It is well known that this atenent
added to ferric nitrate and dissolved in distilledter. caused segmentation and generation of—COOH grdups a
The pH of the solution was adjusted to 10.5 usingl 1 the terminus and sidewalls of MWCNTSs [18] scheme 1.
sulphuric acid and the content was stirred welfdom a
el. An aqueous solution of CTAB was prepared by dis
solving 7.2 g of it in distilled water and it waslded
slowly to the gel for a period of about 30 min. Tresult-
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Figure 1. Functionalization of carbon nanotubes

Isolation & Estimation of Cholesterol: with f -MWCNTs were washed thoroughly with distilled
The blood samples were collected and serum was sepaater, filtered and dried at room temperature.

rated by centrifugation. To 2 ml of the serum super
natants, 1.0 ml of perchloric acid (2 mol/L) waded
and the mixture was allowed to stand at room teomper
for longer than 1 h. After centrifugation (3000 rpf®
min) the supernatant was discarded and the ptateip
was used for cholesterol analyses. Scheme 2.

Covalent attachment of cholesterol oxides

The covalent attachment of cholesterol oxidase (§JHO
to the MWCNTSs surface was achieved by mixing the 2.
ml suspension of functionalized MWCNTs (1.5mg/ml)
with 1 ml of CHOx (10 mg/ml), which was then allodve
. ) to react for one hour under shaking condition (08) at

& BURLE i room temperature. The covalent attachment-CHOx sam-
ple was prepared by adding 2 ml of sodium phosphate
buffer (pH 7.0, 100 mM), followed by incubation4&tC
overnight.

Preparation of the modified electrodes

Electrodes were made from the mixing of 90% ofvacti
material and 10% Polyvinyldene difluride (PVdF) dbém
using agitate mortar. The mixer was pressurizechyy
draulic press with the maximum pressure of 5 MP&oon
e e T Aluminium foil of thickness 1 mm. Finally the eleatle
was dried at 120° C under vacuum for 24 h. CycladtV

. . ) ammetry studies were carried out by Potentiostat
Figure 2. Separation of cholesterol in blood sample. CHI7001C equipped with PC ( CHI Instruments Inc.
USA) using the above prepared electrode as a wgrkin

A . electrode and platinum wire, Ag/AgCl, as the coumated
The redox mediator thionin (TH) was attached tolif®@ | .tarence electrode respectively. 0.1 M phosphatéeib

ke_n tips containing carboxyh_c acid groups of thhTC solution of PH 7 was used as the potential elegeol
using water-soluble coupling agents 1-ethyl-3-(3-
dimethylaminoproyl) carbodiimide (EDAC) and N-
hydroxyl sulfo-succinimide (sulfo-NHS) by formingie
boxylic linkages between the amine residue of Tid anThe powder XRD patterns of the CNTs were obtained
carboxylic acid groups on the CNTs [19]. About 18§  with a stereo scan diffracto meter using nickeéeféd Cu

of f -MWCNTs was added to a freshly prepared 10 mKa radiation with wavelengti\(= 1.5418 A) and a liquid
aqueous solution of EDAC (10 mg/ml) 300 mg of sulfo nitrogen cooled germanium solid-state detector.ama-
NHS was added to it under continuous stirring. pHeof ~ lyse the microstructures of CNTs the resulting oarb
the solution was adjusted to 7 and then 100 mdhofes- nanotubes samples were characterised by scanreog el
terol was added to that solution. The reaction mai-  tron microscopy (SEM) using JEOL JSM 840 A. Trans-
tained at room temperature for 2 h. The mixture v&s  mission electron microcopy (TEM) was carriedit @o
trifuged to remove any insoluble materials andghper-

natant liquid was washed with sufficient amountvatter

to remove buffer components and unbound cholesterol

molecules. Finally, the chemically adsorbed cheledt

Chemical adsorption of cholesterol onto -MWCNTSs

Analytical procedures
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Figure 3. Covalent immobilization method
Fourier Transform Infrared Spectra of a.Pure MWCNTSs; b. f-MWCNTSs rared Spectra of and c.Pure MWCNTs

characterize CNTs. For this purpose, a Philips M 2 Thermal Analysis

microscope operating at 200 kV was used. The growth . N

morphology and crystallinity of the tubular struets Thermal stability of the purified MWCNTs and-
were analysed by transmission electron microscop)WCNTs was investigated using a Thermo gravimetric
(TEM); Fourier transformed infrared spectroscopy{(F analysis under nitrogen flow in the temperaturegeabe-

IR) obtained in the range from 500 to 3500 cmhich tween 40 to 1000 °C. The observed thermograms of
was recorded in Shimadzu FT-IR 8300 spectropho®mmet MWCNTs andf-MWCNTs are shown in (Fig.2a,b) .The
at a resolution of 4 cthCyclic voltammetry (CV) meas- TGA profile of MWCNTs showed a gradual weight loss
urements were performed in a CHI 7001C electrochemifrom 200 to 500° thus evidentially the thermalbdity

cal workstation (CH Instruments, USA) with a conven of the pure MWCNTSs. Beyond 500 °C the major mass

tional three-electrode cell. A platinum wire wagdi®s a decrease appeared which mainly due to the bondibgea
counter electrode (CE) and Ag/AgCl with 3 M/KClseol of MWCNTSs.

tion as a reference electrode (RE).

In the case of-MWCNTSs the TGA showed major weight
Results and Discussion loss just about 200°C established functionalizatibn
addition, the thermal stability of MWCNTs was alss
Characterization of catalyst and multiwall carborano- ~ duced considerably by means of the functionaliratio
tubes was confirmed by the absence of characteristic mpoe
sition of MWCNTSs close to 500°C.
Structure of Catalyst. The XRD pattern of the calcined
mesoporous Fe-MCM-41(100) catalyst is shown in
(Fig.1) . The pattern showed an intense diffracpeak

between 1.8° and 2.2°qR on [100], confirming the hex-
agonal mesophase of the material.
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Figure 4. FTIR spectra of (a)Pure f-MWCNTs and (b)  Figure 5. Raman spectra of CNTs () MWCNTSs and (b)
Cholesterol bounded f-MWCNT MWCNTs-COOH

Figure 6. SEM Images of purified MWCNT:
bounded f-MWCNT

C

Figure 7. TEM images of the MWCNTSs: (a) Before Functionalization (b) After Functionalization c¢) Cholesterol
bounded f-MWCNT
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Figure 9 (a). Cyclic voltammograms for f-MWCNTs-
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Figure 9(b). cyclic voltammograms for f-MWCNTs-
CHOx Concentration with different scan rates.
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Microstructure Analysis

FTIR studies

The microstructure of the MWCNTs aMWCNTSs was
also verified using FTIR and Raman spectroscopy
(Fig3.a, b) shows the FTIR spectra of MWCNTSs before
and after oxidation with concentrated acids. Thidation

of the multiwalled carbon nanotubes with the HNO

Raman Studies

The Raman spectroscopy is a powerful tool usedde p
vide structural information about MWCNTs before and
after functionalization. As shown in Fig. 3, theadd G
bands of the MWCNTSs at 1348 and 1578 cwere due
to defects, disorder-induced peaks and tangentalem
peaks [22]. Additionally, the intensity ratio (%) of the
D and G bands fof-MWCNTs-COOH was lower than
that of MWCNTSs. The decrease of peak intensity toay
attributed to the breakage of some bonds and ioeenf
chemical groups in the MWCNTSs during oxidation.

Scanning electron microscopy and Transmission elec-
tron microscopy

Fig 6 (a, b) displays the SEM images of purified
MWCNTs andf-MWCNTs. The SEM pictures clearly
reflected the agglomerated CNTs with nanotubular-mo
phology. In (Fig.6 a) shows the group of MWCNTshwit
large agglomeration. After the functionalization nya
walls were broken and shown as a single tube wtéch
be seen in (Fig.6 b). It is observed from the SEfifer
the functionalization the diameter of the CNTs rhg
only from 50 to 100 nm. In addition, some tubesever
also observed in the SEM. In order to further coméi-
tions the TEM observation were taken for both the
MWCNTs andf-MWCNTs. The obtained TEM meta-
phors are shown in (Fig.7 a, b). Isolated or simatidles

of CNTs with clean tube walls were observed inithe
age. It can be seen that the purified CNTs appeartd
multiwall nanostructure. The obtained TEM images of
our CNTs were consistent with earlier reported ltssu
[23] and the presence of CNTs was confirmed. Frigig. (

7 b) we can seen that the tips of many MWCNTs were
open, which indicates broken C-C bonds along tiae g
phene layer of the co-axial tubes which is in agance
with the previous report [24]. In addition, withetlbond
breakage the side walls of the tubes were alsatafieoy
the functionalization process. In general, the sigdls
get oxidized and damaged tireonjugation present along
the sidewalls of CNTs there by introducing —COOH
group on the side wall and at the ends.

Analysis of cholesterol binding with -MWNTs

With addition to the morphological analysis, theN&&nd
TEM micrographs further confirmed the adsorption of
cholesterol on the surface BMWCNT which is shown

in (Fig. 6¢) and (Fig. 7c). The adsorbed cholesteme-

Biomed Res- India 2012 Volume 23 Issue 4
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cules on the surface of the functionalized CNT aralelivery system. These promising results need durtm
marked with the arrow on the obtained SEM imageVitro” studies and clinical trials.

which represents the cholesterol molecules weréoagg

erated on the -MWCNT surfaces. The strong covalenh\cknowledgement

attachment of CHO ot MWCNTSs surface is shown in
fig 6(c) it confirmed the used linkers (N-ethyl-KB-

One of the authors, A. Malarvizhi is thankful to itzer-

dimethylaminopropyl) carbodimide hydrochloride (EDC sity Grand Commission, India, New Delhi, for theaads

and N-hydroxysulfosuccinimide (NHS)) were fully rack
with  CHO and made strong covalent bond with
MWCNT surface. These results are having the goo
agreement with FTIR analysis.

Cyclic voltammogram 1.
Fig 8 (a, b) represents the cyclic voltammogramshaf-
lesterol bonded-MWCNTSs derived at different scan rate
of 20 to 200 mV/s. The obtained CV profiles cleasiy-
dences that the sensing nature of CHO and CHOx-inco.
porated oft-MWCNTs.The rate dependence of the elec-
trode material was observed by the variation ofoxed
current on the CV curve which confirms the potdrdiex
pendent sensing of the material. Comparison of the
maximum sensitivity of the both CHO and CHOx incor-5_
poratedf-MWCNTSs is shown in Fig 9 (a, b). Both the
electrodes showing the maximum sensitivity at 0/2 V
which indicates that the addition of CHO and CH®x e
hance the sensing ability of the MWCNTSs considsrabl 6.
The observed CV profile clearly reflects the twéfedient
kinds of reversible redox waves correspond to thE®OC
and CHOx thus ascribed the clear sensing effechef
electrode material. Neverthless, the addition of08Ho  7-
bring about a significant increase in the reducii@ak
current and almost complete disappearance of tida-ox
tion peak current. Comparison of the voltammograms
with the addition of CHO and CHOx evidently showed®:
that CHOx incorporated-MWCNT significantly en-
hanced the charge transfer between electrodes girou
CHOX, but in the case of CHO addeMWCNT system
only a small enhancement observed. Which demoasditrat
that the direct electron transfer rate of CHOx ipooated
f-MWCNT based sensor was very high compared to the

2.

CHO incorporated system. Alternatively, the CHOx-me 1

diated f-MWCNTs showed three times better sensitivity
than the CHO added one which may be attributedtdue

the bioelectrocatalytic reduction of CHOx enzymes. 11.

Conclusion

The f-MWCNTs—Cholesterol oxidase nanobiocomposite]o.

film could emerge as a novel sensor for selecteted
tion of cholesterol in a variety of biological ftis. As the
cholesterol oxidase is bonded to CNTSs, it can foncfor

a long period without leaching .Hence this study ba- 13.

come a model for the immobilization of other enzgne
CNTs for sensor applications. Therefore, thereargd
scope for enzyme immobilization on carbon nanotubes

This study encourages forecasting the applicatibri-o 14.

MWCNTSs in biomedical application especially in drug
Biomed Res- India 2012 Volume 23 Issue 4
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