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Regarding the specific physiochemical and biomedical properties of 
graphene oxide (GO), it has been a long time that experts have preferred 
anticancer drug cocktails to single drugs. Given that the former may 
develop a more balanced molecular basis for recent chemotherapeutic 
strategies. In this study, graphene oxide was investigated as a bioavailable 
nanocarrier for indoles. The synthesized components were characterized 
using Fourier transform infrared (FTIR), X-ray diffraction (XRD), UV–Vis 
spectroscopies, and scanning electron microscopy (FE-SEM) techniques. 
Interestingly, maximum drug loading efficiency was achieved in the 
neutral media (pH=7). The release analysis in different media revealed 
higher rate in both acidic and basic media than in neutral media. However, 
the total loaded drug was released in less than 80 minutes in all the systems 
prepared. The MTT assay results toward mesenchymal stem cells exhibited 
a desirable biocompatibility of GO-indole and GO. Taken together, the 
prepared GO-indole has suitable drug loading efficiency.

INTRODUCTION
Studies on the nanomaterial-based drug delivery 

constitute a broad area of research in many fields; 
this is particularly true about biomedical sciences 
because of its valuable properties, such as high 
loadings, target specificity, and controlled or 
sustained release kinetics in suitable cases [1, 2]. 
Nanoparticles have shown the ability to increase 
drug absorption through some mechanisms, 
including endocytosis and exocytosis [3, 4]. A 
large number of nanocarriers are currently used to 
deliver numerous therapeutic molecules; among 
these nanocarriers, graphene has the potential for 

drug delivery [5].
Graphene is of a single-atom thickness, 

comprising two-dimensional planar sheets. 
Having discovered by Novoselov et al. in 2004 [6], 
the distinguished planar aromatic structure of 
graphene is one of the main reasons underlying 
its profuse ability to efficiently capture and 
accommodate a large number of materials, 
including metals, biomolecules, and fluorescent 
probes [7-10]. Considering the graphene’s great 
ability to easily traverse cell membranes and deliver 
proteins, nucleic acids, and peptides into cells, 
GO can improve the cellular uptake of small drug 
molecules including anticancer [11], antibacterial 
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[12], antiviral [13], and macromolecules [14]. 
The accessibility of both surfaces of GO allows 
significant high drug loading capacity of GO [15]. 
Physicochemical properties of GO have recently 
attracted the attention of researchers performing 
studies in biological sciences. Despite the fact that 
the oral administration of medicines is the most 
preferred way of medication intake, many aromatic 
compounds are not much soluble in water and 
biological gastrointestinal fluids. These properties 
have unfortunately reduced the rate of absorption 
when medicines are administered orally, and 
this has led to the limited use of these drugs in 
the treatment of diseases [16]. Furthermore, GO 
contains hydrophilic groups along its edges and a 
hydrophobic basal plane. With its polar groups, 
however, GO may change hydrophilic molecules 
into hydrophobic molecules, as in anticancer 
drugs, which have been widely reported to 
be loaded onto graphene [17]. GO has been 
recently examined in nano-synthesis, as a carrier 
of quercetin, a flavonoid active compound with 
its own nutritional and therapeutic properties, 
aromatic structure, and low aqueous solubility 
[18]. The superlative properties of the oxidized 
form of graphene, such as the small size, large 
specific surface area (availability of both sides 
of the sheet), high reactivity, easy preparation, 
and superior biocompatibility have proven 
the potential of GO for medical and biological 
applications. Due to the above-mentioned unique 
properties, functionalized types of GO have been 
regarded as potential carriers in biomedical 
sciences. Broad research has been conducted 
to develop drug delivery systems, especially 
for anticancer therapy [19]. Indole (C8H7N) is 
the major nucleus of a large group of heteroxyl 
compounds with numerous pharmaceutical 
uses. It is a colorless crystalline solid melting at 
52-54°C and decomposing at 254°C [20]. It is 

used in substantial pharmaceutical compounds, 
including sumatriptan and ondansetron, which 
are used to treat migraine and chemotherapy-
induced vomiting, respectively [21]. Moreover, 
indole derivatives are capable of inhibiting the 
proliferation of different cancer cells, such as 
prostate, colon, and endothelial cancer cells. 
above all, some researchers have pointed out 
various biological activities of indole compounds, 
including antiviral, anti-inflammatory, and anti-
cancer activities [22].

The main objective of the present study was 
loading indole onto GO nanoparticle synthesized 
from graphite. Consequently, its application in 
drug delivery and release was also investigated 
under different conditions. The physicochemical 
structure of the nanoparticles is investigated using 
various techniques, including X-ray diffraction 
(XRD), Fourier transform infrared (FT-IR) 
spectroscopy, and scanning electron microscopy 
(SEM) (Fig. 1). 

MATERIALS AND METHODS
Synthesis of Graphene Oxide

Graphene oxide was synthesized based on the 
modified Hammer’s method [23]. Accordingly, 
5 g sodium nitrate was added to the mixture 
of 5 g graphite powder with 50 mL H2SO4 (98%) 
and then the mixture was completely stirred at 
room temperature (pH= 1). The increased heat of 
reaction was cooled down at room temperature 
using ice for 2 h. Thereafter, 15 g KMnO4 were 
slowly added to the cooled solution. It was 
then heated to 35°C and stirred for 2 h. 100 mL 
deionized water was poured into the mixture and 
heated again to 90°C for 30 min. By adding 30 
mL H2O2 (30%) as the oxidant agent, the orange 
resultant suspension was obtained. It was then 
centrifuged and washed subsequently with 200 
mL HCl (30%) and 200 mL deionized water. The 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Loading indole onto the graphene oxide as a nanocarrier via a chemical reaction and π-π stacking interactions.
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brown yield was dried in an oven at 40°C for 24 
h, which was turned into the black affirming the 
synthesis of graphene oxide.

Loading and release amount of indole from 
nanocomposite

The percentage of indole loaded onto 
the grapheme oxide nanocomposite was 
determined using a DR5000 ultraviolet-visible 
spectrophotometer (Hach, USA). Briefly, 0.01 
g of GO was added to 10 mL of distilled water 
and stirred alternately for 40 minutes, using an 
ultrasonic stirrer. Also, 0.1 g of indole was added to 
10 mL of distilled water and stirred until they were 
completely dissolved. The two solutions were then 
mixed and stirred at room temperature for 24 h. 
The media was centrifuged at 5000 rpm for 10 
minutes. The amount of indole in the solution was 
estimated at a maximum wavelength (λmax) of 286 
nm using a standard carve of a series of standard 
solutions of known indole concentration. The 
effect of pH of the release medium was regarded 
as an effective factor for the release rate of Indole 
drug from nanocomposite. Accordingly, the pH 
of 500 mL of 0.1 M phosphoric acid solution was 
adjusted through adding 0.1 M sodium hydroxide. 
To measure the release rate of the drug, 0.05 g of 

nanoparticles was placed into 20 mL of phosphate 
buffer solution. The media was stirred gently, and 
an ultraviolet spectrophotometer was used to 
measure the amount of drug released into the 
buffer solution at the wavelength of 286 nm. 

Physicochemical characterization
The FT-IR spectra were recorded at 400-4000 

cm‒1 on a FT-IR spectrometer (Perkin Elmer, 
Germany) using a KBr disc method. A field emission 
scanning electron microscope; FE-SEM (MIRA III, 
Czech Republic) was used to study the morphology 
of the synthesized nanoparticle. Spectroscopy 
of a single-layered GO and the synthesized 
nanoparticles was performed for the XRD analysis 
and study of the crystalline properties of the 
sample. The XRD technique was used to examine 
properties of the sample. The X-ray diffractometer 
(D8-ADVANCE, Germany) was used to determine 
the general crystal structure quantity.

In vitro cytotoxic study (MTT assay)
The toxicity and compatibility of the system 

were evaluated by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) reduction 
assay [24, 25]. In summary, human mesenchymal 

 

  
 

 

 

Fig. 2. The FTIR spectra of a) Graphene oxide, b) indole, and c) GO-indole nanoparticles.
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stem cells (hMSCs) were cultured in a 96-well 
plate of a density of 20,000 cells/cm2. After 24 h, 
the extracellular culture medium and 200 μL of the 
test medium were added to the wells. The samples 
were then incubated at 37°C and 5% carbon 
dioxide for 72 h. After the incubation period, the 
media (80 μL) was replaced by with 80 μL of MTT 
solution diluted in RPMI without phenol. After 4 h 
of incubation and formation of formazan crystals, 
the media was removed and 200 μL DMSO was 
added to the each well. Having used ELISA reader, 
the absorbance was read at the wavelength of 
570 nm and compared with the absorbance of the 
control solution. The following equation was used 
to calculate the percentage of cell viability:

RESULTS AND DISCUSSION
Fourier transform infrared (FTIR) spectroscopy 

The FT-IR spectra of the GO, indole, and the 
prepared nanoparticles were respectively analyzed 
in order to evaluate the chemical structures (Fig. 
2). As shown in Fig. 2a previously reported [26], 
the band at 1047 cm-1 is associated with stretching 
vibrations of C-O bonds is in the form of carboxyl 
functional groups (-COOH) as well as the alcohol 
groups (C-OH) or the epoxy group attached to 
the six-membered rings with double bonds in the 
GO structure. The bands at the ranges of 1618-
1729 cm-1 and 2863-2923 cm-1 are related to the 
vibrations of C=O and C-H in the form of methylene 
(-CH2), respectively [27]. The band at 3419 cm-1 is 
associated with the stretching vibrations of OH 
groups simply attached to the rings inside GO 
structure [23, 28, 29]. On the other hand, the 
bands at 744, 1456, and 1609 cm-1 represent 
the vibrations of C-H (out-of-plane), C-C bond in 
the aromatic ring, and the N-H and C-C bonds in 
the indole structure, respectively (Fig. 2b). The 
broadening changes at 1123, 1406, and 1626 
cm-1 are associated with the complete synthesis 
of GO-indole. The drug loading is thus confirmed 
considering the presence of the absorption bands 
of both indole and GO in the GO-indole sample 
(Fig. 2c).

Powder X-ray diffraction (XRD) analysis
The XRD patterns of GO, indole, and GO-

indole are shown in Fig. S2 [supplementary]. 
Fig. S2a clearly shows the characteristic peak at 
2θ=12° in the GO sample. The appearance of the 
characteristic peak and elimination or reduction 

of the graphite characteristic peak at 26° has been 
regarded as the sign of graphite oxidation into 
GO [28, 30]. Having inserted the above values 
in Bragg’s equation, the interlayer spacing was 
obtained as 0.85 nm. Moreover, by comparing 
the individual 2θ values for GO and indole, all the 
spectral values were present in the synthesized 
GO-indole (Fig. S2c), indicating the successful 
loading indole onto GO. The reduced intensity of 
peaks might arise from the semi-crystallization 
of the synthetic GO-indole. By the way, the XRD 
results proved that the crystalline structure of the 
GO-indole was not distorted by the composition of 
GO in the GO-indole bio-nanocomposite.

Morphological analysis
Fig. 3 shows the SEM images along with the 

FE-SEM image of the synthesized GO-indole. Figs 
.3a and 3b revealed that the addition of indole 
on GO surface increase its roughness. It might 
be attributed to the relatively uniform loading 
and distribution of the indole onto GO, which led 
to condensation of structure and filling of pores. 
Small points show the aggregation of indole, and 
big planes represent the GO. There are pores 
smaller than 5 nm on the GO surface. Regarding 
the phase difference, the nano-size round masses 
aggregated on the GO surface were probably 
the GO-indole. The mean size of the aggregated 
particles was 61 nm.

Efficiency and quantity of indole loading
As shown in Fig. S4, the optimal conditions for 

reaching maximum drug loading occurred at pH 7. 
Almost the entire drug in the media was absorbed 
at the above pH and drug concentration up to 
0.08 M. Therefore, the amount of the drug loaded 
onto GO was 4 g at the maximum drug loading of 
87.08% that was reached at pH 7 (Table 1). While, 
a similar study has reported the maximum amount 
of 2.35 g of doxorubicin loaded onto GO [31]. 

Release kinetic of indole from graphene oxide 
nanocomposite

Regarding the results about release, it appears 
that the GO nanocarrier system alone cannot be 
used as an extended-release system for the drug 
release. The nanocarrier surface hybridization, 
coverage of nanocarrier surface with various 
polymers, and nanocarrier encapsulation can be 
evaluated to delay the drug release. The profile 
of the drug release from the drug nanocarrier 



538

Y. Sadeghipour et al. / Graphene Oxide as a Nanocarrier for Delivery of Indole

J Nanostruct 11(3): 534-542, Summer 2021

was assessed using pseudo-first order (Eq. 1) [28], 
pseudo-second order (Eq. 2) [32], and Korsmeyer-
Peppas models (Eq. 3) [33].

ln (𝑞𝑞𝑒𝑒−𝑞𝑞𝑡𝑡𝑞𝑞𝑒𝑒
) = −𝑘𝑘𝑘𝑘     (1) 
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𝑀𝑀𝑡𝑡
𝑀𝑀∞

= 𝑘𝑘𝑘𝑘𝑛𝑛      (3) 

 

                                                                                    
(3)

Where, qt and qe are the amount of released 
drug at t and equilibrium time (mg/g), respectively; 
k is the constant drug release; Mt and M∞ are the 
amount of released drug at t and unlimited time 
(mg/g).

As shown in Fig. 4, the drug release rate was 
well adapted with the pseudo-second order 
model. The constant “n” was obtained as 0.277 
from Korsmeyer-Peppas equation. It represents 
Fick’s diffusion in the process of drug release from 
the system. Farazi et al, showed that the release of 
doxorubicin from GO-magnetite nanocomposites 
with the correlation coefficient of 0.99 and 
constant “n” of 0.45 complied with Korsmeyer-
Peppas model, and the release was of a Fick’s 
diffusion type [31]. 

Fig. 5 shows the effect of the pH of the release 
media on the release profile of the indole drug 
loaded in GO nanocarriers. The amount of drug 
released in the medium was measured regarding 
the amount of adsorption at the wavelength of 
286 nm. As shown in Table 2, the time for release 
of the total loaded drug in the system in the media 
with pH of 3, 5, 7, 9, and 11 was respectively 20, 

 

 
 

 

 

 

 

 

 

 

Fig. 3. The SEM images of a) GO, b) GO-indole, and c) FE-SEM image of GO-indole.
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40, 80, 50, and 50 minutes. In this respect, the 
minimum drug release rate occurred at pH 7. 
The drug release rate in an acidic medium with 
pH 3 was very high to the extent that the entire 
loaded drug was released within 20 minutes. It 
could be therefore argued that the entire loaded 
drug was explosively released in a very short 
time. Moreover, the drug release rate was well 
adapted with the pseudo-second order model 
[32]. Barhouei et al. (2017) studied kinetics of the 
release of chlorogenic acid from GO nanocarriers 
using various models and reported that kinetics 
of the release of that drug from the system were 

highly adapted with the pseudo-second order 
model [28].

Analysis of indole toxicity
To evaluate the level of toxicity and 

biocompatibility of the prepared carriers, 
mesenchymal cells extracted from cultured bone 
marrow were exposed to GO suspension and 
GO-indole suspension. Fig. 6 shows the results of 
MTT assay of the samples 48 h after incubation 
of cells in the vicinity of the above materials. 
The percentage of cell viability in the sample 
containing GO with the concentration of 40 mg/mL 

Percentage of unabsorbed drug (%) Percentage of adsorbed drug (Drug loading efficiency) (%) pH 
52.08 47.92 3 
41.67 58.33 5 
12.92 87.08 7 
31.35 68.65 9 
85.42 21.85 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. The efficiency of loading the indole onto graphene oxide at different pHs and drug concentration of 0.1 M.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4. Fitting the data of the indole released from GO nanocarriers in the media with pH 7.4: a) pseudo-third order, b) pseudo-first 
order, and c) Korsmeyer-Peppas.

Percentage of drug 
released at pH 11 

Percentage of drug 
released at pH 9 

Percentage of drug 
released at pH 7 

Percentage of drug 
released at pH 5 

Percentage of drug 
released at pH 3 

Time (m) 

0 0 0 0 0 0 
50 60 55 60 60 10 
60 70 60.5 73 100 20 

63.5 80 69 90.5 100 30 
67.5 90 71.5 100 100 40 
100 100 75.5 100 100 50 
100 100 83 100 100 60 
100 100 93 100 100 70 
100 100 100 100 100 80 
100 100 100 100 100 90 
100 100 100 100 100 100 
100 100 100 100 100 110 
100 100 100 100 100 120 

 

 

 

 

 

 

 

 

 

 

Table 2. Release of indole from graphene oxide in different media in terms of time.
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decreased to 94% (P ≤ 0.05), and the percentage 
of cell viability in the GO-indole sample with the 
same concentration increased slightly against that 
in the control sample (negative control). Based on 
the results, the prepared drug nanocarriers did 
not have a toxic effect on the cultured cells and 
were well biocompatible.

CONCLUSIONS
To the best of our knowledge, the preparation 

of GO from graphite has been successfully 

performed using the improved Hummers’ 
method confirmed by the FT-IR results and X-ray 
diffraction analyses. Indole was successfully 
loaded onto GO according to the FT-IR results, 
X-ray diffraction, and UV spectrophotometric 
tests. The drug loading efficiency analysis revealed 
that the neutral media (pH 7) was most suitable 
for loading indole on GO. The presence of these 
ions reduced the drug’s affinity for the reaction 
with GO due to protonation and deprotonation. 
The evaluation of drug release in different media 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. The profile of the drug release from graphene oxide-indole nanocarriers at different 
pHs.

Fig. 6. Viability rate of cultured mesenchymal cells in the vicinity of suspended graphene oxide 
and synthesized nanoparticles at the concentration of 40 mg/ml after 72 h of incubation.
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revealed that the drug release rate in acidic and 
basic media was higher than that in the neutral 
medium. In all the systems designed in this study, 
the entire drug was released rapidly in less than 
80 minutes. Acidic media contains a concentration 
of hydronium (H3O

+ or H+) that acts like a splitter 
or cleavage agent of the GO-indole bond and 
accelerates the drug release in the aqueous 
solution. Consequently, the loaded indole releases 
faster as the medium becomes acidic more and 
more. The GO-indole bond cleavage occurs also 
in less acidic or neutral media. However, more 
time is needed for reaching the maximum release 
due to the low concentration of hydronium in 
such media. In basic media on the other hand, 
hydroxide as an alternative for GO can split the 
GO-indole bond and takes its place. Therefore, 
the drug release in basic media happens faster 
than that in neutral media. In terms of indole 
release, a comparison between acidic and basic 
media revealed that the cleavage of the GO-indole 
bond occurred faster, and less time was spent for 
the release of the maximum loaded indole. The 
reason was that the hydronium played a catalytic 
role besides acting as a cleavage agent of the 
GO-indole bond. The release results showed that 
the total loaded drug had been released in 120 
minutes. The results of stability analysis showed 
that the release profile of the designed system 
did not change after 2 months of storage under 
ambient conditions. The in vitro preparation of the 
drug nanocarriers, and GO, which were exposed to 
bone marrow-derived mesenchymal cells, showed 
appropriate biocompatibility, with over 94% of 
cells remained viable after 72 h of incubation of 
40 mg/ml nanocarrier and GO suspension. It shall 
be finally noted that although the designed system 
showed good loading efficiency, loading rate, and 
biocompatibility in development of an extended-
release system, the nanocarrier should undergo 
some structural modifications.
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