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ABSTRACT 
 

Owing to the potential use of nanomaterials in the development ofnanomedicinethe present work is 
conducted on Ibuprofen(IB) as a model drug loaded in carbon nanomaterials. The drug was loaded in Multiwall 
Carbon nanotube(CNTs) and Grapheneto obtain in-vitro drug release profile. In this article a method of drug 
loading is described confirming through various characterization techniques.Statistical Analysiswas performed 
to evaluate the better drug carrier. The data showed that graphene is a superior drug carrier over CNTs for 
sustained drug delivery purpose. The motive of this study is to develop sustained drug delivery of Ibuprofen 
drug using nanomaterials in order to minimise the degradation loss and cost by maintaining minimum effective 
concentration over the period of time. 
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Introduction 

 
This work has been inspired by the continuous 

concentric interest towards the use of nanomaterial 
for biomedical application especially in drug 
delivery. Thenanoscaled drug carriers have been 
emerged as an intermediate of nanotechnology and 
drug delivery, employing carbon nanotubes, 
graphene, iron nanoparticles,dendrimers, liposomes 
etc.[1,2]. Among nanomaterials, CNTs and Graphene 
have attracted considerable attention for biomedical 
application in past decades. As CNTs and Graphene 
can be functionalized because of their inert graphitic 
walls which enable for possible biomedical 
applications[3].Specifically CNTs, a1D 
nanostructure of carbon has unique mechanical 
properties, chemical stability and bio-
functionalizability [4-5] paving an intense interest in 
such application.Also the functionalized CNTs cause 
minimal toxicity and proven as non-immunogenic 
biocompatible foreign entities [6-9]. It has been 
reported that they can be excreted through the renal 
route [10]. Similarly, the Graphene which is another 
carbon nanostructure is being hypothesized to have 
similar behaviour upon functionalization and selected 
for the study. The Graphene is  a 2D carbon 
nanomaterial with a honeycomb-like structure having 
unique properties including ballistic electron 
transport [11,12] at room temperature, tuneable 

band-gap (for few-layer graphene), high chemical 
and mechanical stability, low electrical noise, high 
thermal conductivity, and biocompatibility. These 
noble properties have led it to be used in many 
advanced devices ranging from ultracapacitors to 
spintronic devices [13–18]. 

Ibuprofen is a non-steroidal anti-inflammatory 
drug and was selected as model drug in this study 
because of its short half-life (1-3 hours) [19]. It has 
the availability of carboxylic group in its molecular 
structure which allows the easy covalent binding at 
the nanomaterial surface. Somewhere else[20], IB 
has been taken into consideration for the same 
purpose where a study involvingthe preparation and 
evaluation of ethyl cellulose microspheres of 
Ibuprofen for sustained drug delivery was conducted. 
The in-vitro release in the said studies showed that 
ibuprofen microspheres of 1:2 ratios showed better 
sustained effect over a period of 8 hours. We 
extended our work considering that further study in 
this direction is essentially pre-requisite. 

Contextually, in line with the study we focussed 
on the in-vitro release kinetics of IB carried by CNTs 
and Graphene. Thecomparative study was conducted 
to evaluate the better drug carrier for sustained drug 
delivery over the period of time. Although the 
ultimate interest of this study aims to develop a 
nanomedicine which will minimise the degradation 
loss of the drug in body fluidic medium leading cost 
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reduction and prevent unwanted side effect due to 
overdose. 
 
Materials: 

 
The purified nanomaterials CNTs [20nm 

average diameter,50µm length (purity >95%)] and 
Graphene produced from chemical route method 
[thickness 3-6nm,large surface area of aspect ratio 
6:5,7-10 layered graphitic wall, Carbon>95%, 
purity>95%] were obtained from Redex 
Technologies P. Ltd, India as gift pack.Drug 
Ibuprofen (B.No - DJ0213) from CIPLA LTD,SBF 
[Buffer saline solution (pH 7.0)]from Thermo 
Fischer scientific India PVT ltd, Ethanol (99.9%) 
from Jiangsu Huaxi International Trade Co. Ltd, 
Sulfuric acid (98wt %) from Merck specialties 
Private Ltd, and Nitric acid (70wt%) again from 
Merck specialties Private Ltd) were purchased. 

 
Method of nanomedicinepreparation: 

 
1. Functionalization of CNTs and Graphene:  
 

Oxidation processes are often used as a 
preparation step to create chemically active sites for 
covalentbonding on nanomaterial surface 
[21].Following wet chemical method, as received 
purified Multiwall Carbon Nanotube(CNTs) were 
immersed in mixture[(3:1/v:v)] of Sulphuric Acid 
[H2SO4 ](9M) and nitric acid[ HNO3] (8M)]. The 
suspension was stirred for 12 hrs at 60ºC. On getting 
cool to room temperature, the CNTs in suspension 
were washed with demineralized water and ethanol 
repeatedly until neutral pH was achieved. Treated 
CNTs were separated by centrifuge and dried in oven 
at 100ºC for 24 hours to obtain CNTs with Carboxyl 
group at surface. Similarly, same processes were 
repeated with graphene to obtain carboxyl group 
containing graphene at the carbon backbone present 
in the edges and surface. 
 
2. Ibuprofen adsorption onto MWCNT and 
Graphene: 

 
We prepared two nanocomposites as 

nanomedicine for this experimental work. Both 
nanocomposites were prepared by ultrasonication 
and stirring method. Firstly, Ibuprofen (200mg) was 
incorporated slowly in 100ml ethanol (99.9%) 
solution taken in borosilicate glass beaker and stirred 
for 10min. Further, Carboxylic group functionalized 
CNTs (200mg) were dispersed into above prepared 
solution by keeping continuous stirring for another 
10 minutes. The suspension was kept on sonication 
for 45min and left for continuous stirring up to 24hrs 
at 37ºC.The suspension was filtered through repeated 

washing with ethanol and left to dry in oven at 
100ºC. The dried product as composite was obtained 
and named herein as IBU-CNT indicating Ibuprofen 
containing Carbon Nanotube. Similarly another 
sample was prepared with graphene by keeping same 
parameters and named herein as IBU-GRAPHENE 
indicating Ibuprofen containing Graphene. 
 
3. PhysicalIbuprofen drug loading efficiency: 

 
Physical loading efficiency (PLE %) was 

calculated based on the weight ratio of the amount of 
incorporated Ibuprofen to that of total Ibuprofen used 
for nanocomposites formations. Briefly, both of the 
nanocomposites were precipitated by absolute 
ethanol (ice cold) to extract the Ibuprofen in 
supernatant (dilution factor was taken into account 
for each set). The supernatant was centrifuged at 
14,000 rpm for 30 min and finally filtered through 
0.35 μm TEFE membrane filter. Ibuprofen in 
supernatant suspension was the non-loaded drug into 
IB; their quantitiveconcentrations were assayed by 
spectrophotometry (Shimatzu, Japan) at 423 nm[22]. 
The PLE % was calculated from the equation [1]: 

PLE % = [(Wtotal – Wfree) / Wtotal] × 100 % 
[1] 

Where; Wfree is the free Ibuprofen amount in 
supernatant and Wtotal is the total Ibuprofen amount 
used for nanocomposites formations. 

 
Physico-chemical characterization: 

 
The characterization of as received 

nanomaterials was carried out using XRD(X-Ray 
Diffraction,TEM(Tunnelling Electron Microscopy) 
analysis at their specific characterization parameters 
and presented in images 1a. [TEM of CNTs], 1b. 
[TEM of Graphene],1c.[XRD of 
MWCNT]&1d.XRD of Graphene]. 
 
Ibuprofen release analysis:  

 
The quantitative analysis of Ibuprofen release 

from nanocomposite was done in vitro on UV-visible 
spectrophotometer using buffer saline solution (pH 
7.0). For this, about 120mg nanocomposite of CNTs 
and Graphene were taken in separate beakers and 
stirred at 37ºC in a 250ml of buffer saline solution. 
Two types of test samples and one type of control 
sample were kept in provision.Six samples each of 
10 ml buffer solution including the test(IBU-CNTs 
&IBU-Graphene) and control (free Ibuprofen)were 
collected at regular interval of 1hr time. The 
concentration of Ibuprofen released was determined 
by UV-visible spectrophotometer and release rate of 
ibuprofen from CNTs and graphene were compared.
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Fig. 1a: TEM image of CNTs Fig 1b: TEM image of Graphene 

  
Fig. 1: c.XRD Pattern of CNTs Fig. 1d: XRD Pattern of Graphene 

 
Results and Discussion 

 
The characterized nanomaterials were found 

suitable for this study. The liquid phase oxidation of 
the CNTs have changed and modified the surface 
structure of CNTs and Graphene. Several functional 
groups were generated, such as carboxylic group (-
COOH), carbonyl group (C=O), and hydroxyl group 
(O-H) as per their reference spectra [23]. IR spectra 
for CNTs and Graphene before and attached with 
Ibuprofen on the surfaces are presented in images 2a 
to 2d.The percentage drug loading efficiency in both 
of the nanomaterials were found around 44%. 

The absorption bands for carbonyl group at 
1711.13 cm-1 and also the broad absorption band in 
the range of 3440 - 3400 cm-1 in Fig. 2C&2D, 
showed the presence of carboxylic groups on 
MWCNTs Graphene surfaces which confirms the 
drug, Ibuprofen[Carboxylic group]. 

FE-SEM Figures [3a to 3d] show the images 
ofnanocomposites[CNTs&Graphene with drug] 
before & after oxidation due to presence of Ibuprofen 
molecules nanocomposites. 

Again the IR spectra of nanocomposites 
[Fig.2b&2c] reveal the presence of O-H (3475 cm-1) 
and C=O (1640 cm-1) group of carboxylic acid and 

O-H (3437 cm-1) groups which is consequence of 
nanocomposite formation. 

The presence of Ibuprofen on the surface is 
evident from the deformities of the purified CNTs 
and Graphene surfaces.  

Fig. 4 below shows the rate of Ibuprofen 
released from nanocomposites in the prepared SBF at 
37°C. The rate of Ibuprofen released by prepared 
CNT-Ibuprofen and Graphene-Ibuprofen 
nanocomposites were compared with that of the 
commercialized Ibuprofen in the market. 

From the figure 4, it is clear that the rate of 
Ibuprofen released from the prepared IBU-CNT and 
IBU-Graphene composites are slower in comparison 
to the commercialized Ibuprofen. This slow release 
of Ibuprofen may be caused by the strong hydrogen 
bonding of Ibuprofen molecules with the carboxylic 
groups on the surface of the f-MWCNTs & f-
Graphene. Further it is also noticeable that release 
rate from IBU-Graphenenanocomposite is slowest. 
Hence, the prepared f-MWCNTs –Ibuprofen &f-
Grapehen-Ibuprofen nanocomposite are useful for 
slow release of drugs used in cancer therapy and 
antiplatelet agent.Although,Graphene proven to be a 
preferable choice over CNTs for the sustained drug 
delivery purpose. 

 



1011 
Adv. Environ. Biol., 7(6): 1008-1013, 2013 
 

 

  
Fig. 2a: IR spectra of the CNTs before oxidation 

and  loaded with Ibuprofen 
Fig. 2b: IR spectra of the CNTs after  oxidation and  

loaded with Ibuprofen 

 
 

Fig. 2c: IR spectra of the Graphene before  
oxidation and  loaded with Ibuprofen 

Fig. 2: dIR spectra of the Graphene after  
oxidation and  loaded with Ibuprofen 

 
  

  
 
Fig. 3a: FE-SEM Images of CNTs before oxidation 

and drug loading 

 
Fig. 3b: FE-SEM Images of CNTs after oxidation and 

drug loading 
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Fig. 3c: FE-SEM Images of Graphene before 

oxidation and drug loading 

 
Fig. 3d: FE-SEM Images of Graphene after oxidation 

and drug loading 
 

 
 
Fig. 4: Comparison the rate of Ibuprofen released in SBF among commercialized IBU, IBU-CNTs& IBU- 
            Graphenenanocomposites 

 
Conclusion: 

 
The drug release profile shows almost constant 

release in each subject throughout the study. 
Unbounded Ibuprofen belongs to fast release .The 
gradual slow release of Ibuprofen was probably 
caused by slow diffusion of Ibuprofen from the 
highly ordered layer structure of Ibuprofen-
Graphene. Further, it is assumed that highly ordered 
layers in graphene are desirable for sustained 
delivery. The result are imperative in the eye of 
tentative target of the study, thus further optimization 
study should be conducted in order to develop 
nanomedicine of Ibuprofen. 
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