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Background. Nowadays, due to various inherent properties, graphene-based nanoparticles are widely used in drug delivery
research. On the other hand, folate receptors are highly expressed on the surface of human tumor cells. In this work, to
enhance the 5-fluorouracil (5FU) and curcumin (Cur) effects on colon cancer, we constructed a folic acid- (FA-) modified
codelivery carrier based on graphene nanoparticles (GO-Alb-Cur-FA-5FU). Materials and Methods. The HUVEC and HT-29
were selected for evaluating the antitumor effect of the prepared nanocarriers. The structure of nanocarriers was characterized
by FTIR spectroscopy, X-ray diffraction analysis, TEM microscopy, and a DLS analyzer. The efficiency of the prepared carrier
was evaluated by fluorescence microscopy using Annexin V and the PI kit. The cytotoxicity of the carrier’s component
individually and the efficacy of the drug carrier GO-Alb-Cur-FA-5FU were assessed by MTT. Results. The results of the
pharmacological tests indicated that the new nanoparticles cause increased apparent toxicity in HT-29 cells. The apoptosis rate
of the HT-29 and HUVEC cells treated with IC50 values of GO-Alb-Cur-FA-5FU for 48 h was higher than the cells treated
with IC50 values of 5FU and Cur individually, which indicated the greater inhibitory efficacy of GO-Alb-Cur-FA-5FU than
free drugs. Conclusion. The designed GO-Alb-CUR-FA-5FU delivery system can be applied for targeting colon cancer cells and
can be severe as a potential candidate for future drug development.

1. Introduction

Colon cancer, known as one of the most devastating dis-
eases, causes cell disorders, genetic changes, and a significant
mortality rate subsequently [1, 2]. Based on the statics, colo-
rectal cancer is the third leading cause of cancer-related
death in the United States [3, 4]. Colorectal cancer starts in
the innermost layer (the mucosa) and can grow outward
through some or all of the other layers [5, 6]. When cancer
cells proliferate in the wall, they can attack blood and lym-

phatic vessel lymph nodes, or distant parts of the body
[7–9]. Various agents could be used to treat this disease
including 5-fluorouracil (5FU) and curcumin (Cur)
[10–12]. As a cytotoxic antimetabolic drug and also a che-
motherapy agent, 5FU competes with the thymidine synthe-
sis enzyme. The use of this conventional and chemical
anticancer agent has been limited due to these drugs effects
on cells nonspecifically. To overcome this barrier, a targeted
drug delivery system which includes the drug, carrier, and
target linker has been used. The biological behavior of the
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carrier and its linker determines its absorption, distribution,
and metabolization. Therefore, a carefully designed and con-
structed target vector and linker deliver a specific dosage of a
drug to the target cells [13].

Graphene oxide (GO), the oxidized form of graphite, a
two-dimensional carbon material, contains several hydro-
philic functional groups on the basal plane and its edges
[14, 15]. The abundant surface area and presence of π elec-
trons on the GO surface enable π-π interactions, leading to
a high loading capacity of the drug which along with its
acceptable biocompatibility have sparked a lot of interest
in different biomedical fields such as drug delivery, bioima-
ging, cancer therapy, tissue engineering, and wound healing
[16, 17]. GO and GO-based nanocomposites showed the
potential to be effective nanocarriers for the delivery of dif-
ferent anticancer drugs such as sumatriptan succinate,
methotrexate, quercetin, 5FU, cisplatin, and Cur [18, 19].
Recent developments have considered the use of a polysac-
charide bionanocomplex along with GO in pharmaceutical
applications, such as GO, chitosan, cellulose, albumin, and
gelatin to enhance its stability, biocompatibility, solubility
in water and physiological medium, and also its dose-
dependent cytotoxicity [16, 20–23].

5FU, an antimetabolite drug, has been attributed to incor-
porating fluoronucleotides in place of nucleotides that inhibit
the nucleic acid synthetic enzyme thymidylate synthase (TS),
hence exhibiting cytotoxicity [20]. It has been used in the
treatment of a range of cancers such as colorectal, breast,
and gastrointestinal. Although dihydropyrimidine dehydroge-
nase (DPD), an enzyme abundantly expressed in the liver,
catabolizes more than 80% of administered 5FU to dihydro-
fuorouracil (DHFU), 5FU upregulates several survival signals
including NF-κB and Akt. The NF-κB pathway is a major
effect or pathway that leads to chemoresistance [24]. Despite
all these, the toxicity and limited solubility of 5FU are barriers
to its applications. GO-based materials have been explored for
5FU with the goal of improving the therapeutic efficiency as
well as reducing its toxicity. Besides that, GO can enhance
the solubility, stability, and control the release behavior of
the 5FU resulting in its side effects.

Cur, a natural polyphenol from the root of Curcuma
longa Linn, shows anticancer potential despite its hydropho-
bicity and basic pH [12, 25]. Different mechanisms have
been reported for Cur toward cancer cells including
mitogen-activated protein kinases (MAPK), NF-κB, activa-
tor protein-1, IkBa kinase, 5-lipoxygenases, cyclooxygen-
ase-2, urinary plasminogen activator, tumor necrosis
factor, inducible nitric oxide synthase, chemokines, and cell
cycle machinery [8]. Since it can downregulate NF-κB, both
directly and through the TS pathway, it can be used to cir-
cumvent drug resistance. Despite its advantages, its poor sol-
ubility and rapid metabolism limit its therapeutic efficacy,
and some nanoparticles were used in previous studies for
improving its solubility [26, 27]. Recently, the use of GO-
based materials as a drug delivery system for Cur has been
explored as a means of overcoming these limitations. This
system was not only found to enhance the solubility and sta-
bility of Cur but also improve its bioavailability and target
specificity. In addition, GO can form stable nanocomposites

with Cur which protect it from rapid degradation, allowing
it to reach the target site more efficiently.

Folic acid (FA) is vital for the maintenance and prolifer-
ation of all cells, and its receptors are overexpressed on the
surface of many human tumor cells, such as ovarian, lung,
breast, endometrial, kidney, and colon cancers [28]. The sig-
nificant upregulation of folate receptors in tumor tissues has
led to the hypothesis that folic acid-related therapeutic
agents may exhibit reduced onsite toxicity and enhanced
potency against tumor cells compared to nontargeted drugs.
FA and FA conjugates can bind to the folate receptors (FRs)
with high affinity by receptor-mediated endocytosis, and the
FA-modified drug delivery vectors can transfer the thera-
peutic agents to tumor cells that exhibit amplified folate
receptor expression subsequently [29, 30].

With the aim of having a new formulation drug delivery
system with higher biostability, lower toxicity, higher tumor-
targeting ability, and controlled drug release for efficient
cancer treatments, here for the first time, the synergic deliv-
ery of 5FU and Cur by a folic-acid-decorated human serum
albumin-coated GO nanocarrier (GO-ALB-FA) nanocarrier
against folate-receptor overexpressing HT-29 cancer cells
[31] has been evaluated. While the proposed system
enhances the solubility and bioavailability of the loaded
agents, the presence of Cur can reduce the chemoresistance
of cells toward 5FU.

2. Materials and Methods

2.1. Materials. Graphite powder, sulphuric acid (H2SO4),
hydrochloric acid (HCl), sodium nitrate (NaNO3),
potassium permanganate (KMnO4), 1-ethyl-3-[3-(dimethyla-
mino) propyl] carbodiimide hydrochloride (EDC), 5-
Fluorouracil (5FU), 1-(4,5-dimethylthiazol-2-yl)-3,5-diphe-
nylformazan (MTT), Annexin V, and propidium iodide (PI)
were purchased from Sigma-Aldrich.

Human colorectal cancer (HT29) cell lines were
provided by the Pasture Institute (Tehran, Iran) and were
cultured in RMPI1640 medium supplemented with 10%
FBS (Sigma-Aldrich), 2mM glutamine (Gibco-Life Technol-
ogies), and 1% penicillin/streptomycin (Invitrogen, Life
Technologies). The Cur drug was provided by the Exir Nano
Sina Co. (Tehran, Iran). Folic acid was purchased from Bio-
basic, Canada, Inc.

2.2. Preparation of Graphene Oxide (GO). GO was prepared
through a modified Hummer’s method as follows [32, 33]:
0.5mg of graphite powder was dispersed into a mixture of
25mL of concentrated sulfuric acid and 0.5mg of sodium
nitrate placed in an ice bath followed by the addition of 3 g
of potassium permanganate. The reaction mixture was then
stirred at 35°C. After 30min, the reaction was terminated by
adding 100mL of hot distilled water, followed by adding
10ml of hydrogen peroxide (30%) and stirring at room tem-
perature. Finally, the suspension was centrifuged at
1000 rpm for 10min and washed 3 times with 0.1M hydro-
chloric acid and distilled water to the neutral pH. The sedi-
ment was collected and dried at 50°C in an oven for 3 days.
Finally, 10mg of an aqueous suspension of GO was

2 BioMed Research International



sonicated using an ultrasonic probe at 60% amplitude (on
4 s/off 2 s) for 1 hr in an ice bath. The aqueous suspension
was then centrifuged at 12000 rpm for 10min to remove
the GO bulk sedimented. The GO solutions were then
lyophilized and stored in vials for further use.

2.3. Preparation of Cur Loaded GO. For loading Cur into GO,
0.5mg of Cur was dissolved in 2mL of ethanol and added to
2mL (2mg.mL-1) of the GO suspension. The mixture was stir-
red for 6hrs at 4°C. To separate the unbound Cur fromGO, the
mixture was transferred to a dialysis bag and immersed in 1L of
PBS containing 5% ethanol for 24hrs. The final solution was
collected and stored at -4°C for further use.

2.4. Preparation of GO-Alb-5FU Nanocomposite. 4mg of
albumin, 1mg of 5FU, and 5mg of EDC were dissolved
into 10mL of distilled water and stirred for 30min,
followed by the addition of 2mL (2mg.mL-1) of GO sus-
pension. The mixture was stirred on a stirrer for 4 hrs at
4°C. To separate unbound 5FU, the final mixture was then
transferred to a dialysis tube and purified against distilled
water for 24 hrs. The final product was collected and stored
at -4°C for further use.

2.5. Preparation of GO–Alb-5FU-Cur Nanocomposite. 0.5mg
of Cur was dissolved in 2mL of ethanol and was added to 2mL
(2mg.mL-1) of GO suspension and stirred for 4hrs at 4°C.
Then, 4mg of albumin, 1mg of 5FU, and 5mg of EDC were
added to the above mixture and stirred for 4hrs at 4°C. The
solution was then transferred into a dialysis tube to separate
unbound drugs and purified against distilled water for 24hrs.

2.6. FA Modification of GO–Alb-5FU-Cur Nanocomposite.
0.5mg of Cur dissolved in 2mL of ethanol was added to
2mL (2mg.mL-1) of GO suspension and stirred for 4 hrs at
4°C. Then, 4mg of albumin, 1mg of 5FU, and 5mg of
EDC were added to the above mixture and stirred for
30min at 4°C. Then, 2mg of folic acid and 5mg of EDC
were added and stirred for 4 hrs at 4°C. The solution was
then poured into dialysis bags, and the dialysis bag was
placed in an Erlenmeyer flask containing one liter of distilled
water for 24 hrs, and then the solution was transferred to the
falcon. To evaluate the conjugation of FA to GO nanocom-
posite, the final mixture was centrifuged, and their superna-
tant was used to examine the amount of free FA. The
amount of FA loaded was calculated by using

The amount of FA loaded %ð Þ = WD0 –WD1
Wtotal × 100

, ð1Þ

where WD0 and WD1 are initial weight of FA and the weight
of unbound FA, respectively, and Wtotal represents the total
weight of nanoparticles.

The concentration of FA in supernatants was evaluated
by a Kanavar HPLC system equipped with a UV-VIS 2550
detector and a Zorbax SB-C18 column (250mm/3.9mm,
particle size 5μm). The injection volume was 20μL, and
the mobile phase was a mixture of 60% methanol, 40% water
with 1% phosphoric acid at a flow rate of 1mL.min-1. The
detector wavelength was set at 280nm.

2.7. Evaluation the Amount of 5FU and Cur Loaded in
Nanoparticles. After the drugs were loaded onto graphene
nanoparticles, the samples were centrifuged (10min with
10000 rpm), and their supernatant was analyzed to assess
the amount of free drug. The amount of drugs loaded was
calculated by using

The amount of drugs loaded %ð Þ = WD0 –WD1
Wtotal × 100

, ð2Þ

where WD0 and WD1 are initial weight of drug and the
weight of unloaded (free) drug, respectively. Moreover,
Wtotal represents the total weight of nanoparticles.

The concentration of Cur and 5FU drugs in supernatants
was assessed by a Kanavar HPLC system, equipped with a
UV-VIS 2550 detector and a Zorbax SB-C18 column
(250mm/3.9mm, particle size 5μm). The injection volume
was 20μL, and the mobile phase was a mixture of 60%
methanol: 40% water with 1% phosphoric acid and 30% aceto-
nitrile: 70%water with 1% acetic acid for 5FU and Cur, respec-
tively, at a flow rate of 1mL.min-1. The detector wavelength
was set at 420nm and 260nm for Cur and 5Fu, respectively.

2.8. Drug Release. 10mL of the prepared nanocarrier suspen-
sion was transferred to a dialysis bag and was immersed in a
beaker containing 20mL of PBS placed on a shaker at
150 rpm and 37°C. At the interval times of 1, 2, 3, 6, 12,
24, 48, and 72 hrs, the releasing media was replaced with
fresh PBS and was analyzed with HPLC to detect the Cur
and 5FU concentration.

2.9. Characterization. X-ray diffraction (XRD) analysis was
used to characterize the crystalline nature and phase purity
of the assynthesized GO. This analysis was done using an X’
Pert Pro system having Cu K radiation with λ = 1:54060Å,
at 30mA and 45kV at the 2θ = 2 – 70 ° and scanning rate of
2°/min to show the significant changes in GO crystallization
at each oxidation stage [32]. The morphology of the GO-
Alb-Cur-5FU-FA nanocomposite was evaluated by a trans-
mission electronmicroscope (TEM) (JEM-1010; JEOL, Tokyo,
Japan). The analysis of the functional group was done using a
Shimadzu Corporation FTIR instrument (2808, Japan).

2.10. In Vitro Antitumor Study. The HUVEC and HT-29
were selected for evaluation of the antitumor effect of the
prepared nanocarrier using an MTT assay. After cell subcul-
ture into a 96-well plate at a density of 1 × 104 cells per well,
the plates were cultivated in an incubator with 5% CO2 at
37°C for 24h. Then, the wells were treated in the following
groups at different concentrations: GO, GO-Cur, GO-5FU,
GO-Alb-Cur-5FU, GO-Alb-Cur-5FU-FA, free Cur, and free
5FU. After 48 h, the supernatants of the wells were removed,
and 20μL of MTT solution was added to each, followed by
incubation at 37°C for 4 h. Then, the supernatants were
replaced with 150μL of dimethyl sulfoxide and were mixed
on a shaker at 130 rpm for 15min to dissolve the formed
formazan crystals. The absorption of the 96-well plate was
measured at 570 nm using a microplate reader and used to
calculate the inhibition rate.
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2.11. Apoptosis Study. Apoptotic cells were quantified by an
Annexin V and PI (propidium iodide) costaining assay.
Briefly, after the treatment and at the end of the 24h incuba-
tion period, the HUVEC and HT-29 cells were centrifuged at
1800 rpm for 5min, and 5μL of Annexin V and 5μL of PI
were added to each tube. The concentration of Cur and 5FU
in free form or encapsulated into nanoparticles were 32 and
200μg/mL, respectively. The concentration of nanoparticles
without drugs was equivalent to nanoparticles containing
drugs. The tubes were incubated for 15 minutes in the dark
followed by analysis by flow cytometer (Becton Dickinson
FACS Calibur flow cytometer; Annexin V-FITC binding was
detected using the FITC signal detector, whereas PI binding
was assessed by the Phycoerythrin emission signal detector).

2.12. Statistical Analysis. Statistical analyses were performed
using Prism software (GraphPad Prism 8.2.1). A One-way
ANOVA for data analysis was applied. P < 0:05 was consid-
ered statistically significant. All the experiments were done
in triplicate, and the results are shown in means ± SD.

3. Results

3.1. Characterization. TEM analysis was used to study the
structure and particle size. The morphology of the GO-

Alb-Cur-5FU-FA nanocomposite is presented in Figure 1
which shows the presence of transparent sheets.

The crystalline phase feature of graphite and GO was
examined by X-ray diffraction (XRD) from 10 to 90 of 2θ,
and the result is presented in Figure 2. Graphite shows an
intense peak at 2θ of 26.62° corresponding to its 002-plane,
and in the GO pattern, because of the intense oxidation, this
peak disappeared, and a broad peak appeared at 2θ of 12.03°

corresponding to 001-plane.
To study the functional groups of the GO and GO-Alb-

Cur-5FU, infrared analysis was used, and the results are given
in Figure 3. In the GO case, the peaks at 1636 and 3400cm-1

represent the C=C [34] and hydroxyl groups [35], respectively.
The peak of 3400cm-1 is outside the bell state, indicating the
presence of both the hydroxyl groups belonging to the GO
and albumin parts and the amine group belonging to the albu-
min structure [36]. The peak at 1707cm-1 indicates the presence
of the C=O functional group [37], and the peak at 2900 cm-1 is
due to the C-H functional group [38] belonging to the albumin
and folic acid parts of the nanocomposite. In addition, the peak
observed at 1585cm-1 is related to C═O stretching vibration in
curcumin [39] (Figure 3).

Figure 1: TEM results of GO-Alb-Cur-5FU-FA nanocomposite with different scale bars.
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Figure 3: FTIR spectra of (A) GO and (B) GO-Alb-Cur-5FU.
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3.2. Assessment of Loaded Drug. The amount of loaded drug
was assessed using HPLC analysis. The results represented in
Table 1 show the results of the amount of drugs loaded in
nanoparticles for both Cur and 5FU drugs. The results show
that the weight percentage for Cur and 5FU were 4:51 ±
0:42% and 6:89 ± 0:45% of the total weight of GO-Alb-
Cur-5FU-FA nanoparticles, respectively.

3.3. Evaluation of FA Conjugation. HPLC analysis was used
to determine the amount of conjugated FA by using the cal-
culation of the FA weight (%) of total weight of nanoparti-
cles. It showed that FA have 16:25 ± 1:04% of the total
weight of GO-Alb-Cur-5FU-FA nanoparticles (Table 2).

3.4. Drug Release Study. The results of the release evaluations
are presented in Figure 4 and show that the release of the
Cur was initiated at the first hour and reached 40% and
50% of the loaded Cur after 24 h and 72 h, respectively.
These data confirm that about 70% of the loaded 5FU was
released in the first 24 hours and 90% after 72h.

3.5. Cytotoxicity Assessment. Cytotoxicity of GO, free 5FU,
free Cur, GO-Cur, GO-Alb-5FU, GO-Alb-Cur-5FU, and
GO-Alb-Cur-5FU-FA toward HT-29 and HUVEC cell lines
was evaluated by MTT assay. The toxicity effect of free Cur
and GO-Cur on HT-29 cells was studied, and the results
are shown in Figure 5(a) which represent that loading Cur
on graphene nanoparticles significantly increases its toxicity.
The toxicity effect of free 5FU and GO-Alb-5FU on HT-29

cells was also investigated, and the results are given in
Figure 5(b) which shows that loading 5FU on graphene
nanoparticles in some concentrations of the drug signifi-
cantly increases its toxicity effect.

The toxicity effects of GO-Alb-5FU-Cur-FA, GO-Alb-
5FU-Cur, and GO on HT-29 cells were studied. The results
showed that folic acid-modified nanoparticles containing
both drugs significantly increased the toxicity effect com-
pared to unmodified nanoparticles and graphene nanoparti-
cles (Figure 5(c)).

The toxicity of free Cur and GO-Cur on HUVEC cells
was examined, and the results are given in Figure 6(a)
which shows that Cur loaded on graphene nanoparticles
significantly reduces its toxicity effect. The toxicity of free
5FU and GO-Alb-5FU on HUVEC cells was investigated,
and the results are shown in Figure 6(b) which represents
that GO-Alb-5FU has a significantly greater toxicity effect
than free 5FU. The toxicity effect of GO, GO-Alb-5FU-
Cur, and GO-Alb-5FU-Cur-FA on HUVEC cells was inves-
tigated. The results represented in Figure 6(c) showed that
the nanoparticles modified with folic acid containing both
drugs had no significant toxic effect compared to unmodi-
fied nanoparticles.

3.6. Apoptosis Evaluation. The apoptotic effect of the nano-
carrier on HT-29 and HUVEC cells was investigated using
Annexin V and PI apoptosis kit with flow cytometry analysis.
There are many symptoms in the apoptotic pathway that can
be biologically measured. In this study, changes in the cyto-
plasmic membrane were used as an apoptosis sign. The trans-
fer of the polar heads of phosphatidylserine from the inner
monolayer of the cytoplasmic membrane to its outer surface
is indicative of the early stages of apoptosis. Anxin V (an anti-
coagulant) protein has a high synthetic tendency to bind to
serine phospholipids. On the other hand, by increasing the
permeability of cell membranes in the late stage of the process
of apoptosis and necrosis, PI dye penetrates the cell and stains
the cell DNA. The flow cytometry table includes 4 segments:
Q1 (necrosis cell), Q2 (late apoptosis), Q3 (early apoptosis),
and Q4 (viable cells). Figure 7(a) shows the flow cytometry
analysis of untreated HT-29 cells as a control which shows
most cells remain alive.

Table 1: Assessment of drugs loaded in nanoparticles in the
studied graphene nanoparticles.

Sample
The amount of
Cur loaded in

nanoparticles (%)

The amount of
5FU loaded in

nanoparticles (%)

1 GO-Cur 11:1 ± 0:5 0

2 GO-Cur-FA 7:81 ± 0:45 0

3 GO-Alb–FA 0 0

4 GO-Alb-5FU 0 7:08 ± 0:42

5 GO-Alb-Cur-5FU 5:31 ± 0:46 9:57 ± 0:68

6 GO-Alb-5FU-FA 0 5:41 ± 0:25

7 GO-Alb-Cur-5FU-FA 4:51 ± 0:42 6:89 ± 0:45
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Figure 4: Cur and 5FU Release from GO-Alb-Cur-5FU-FA.
Table 2: Evaluation of FA conjugated in the studied graphene
nanoparticles.

Sample
FA weight (%) of total
weight of nanoparticles

1 GO-Alb-FA 18:16 ± 1:05
2 GO-Alb-5FU 0

3 GO-Alb-5FU-FA 17:05 ± 1:16
4 GO-Cur 0

5 GO-Cur-FA 28:47 ± 2:25
6 GO-Alb-Cur-5FU 0

7 GO-Alb-Cur-5FU-FA 16:25 ± 1:04

5BioMed Research International



Figures 7(b) and 7(c) show that the HT-29 cells treated
with GO-5FU had more apoptotic effect (early apoptosis and
late apoptosis: 5.54% and 50.20%, respectively) than the cells
treated with free 5FU (1.65% and 45.30%, respectively).

Figures 7(d) and 7(e) show that HT-29 cells treated with
GO-Cur had a more apoptotic effect (late apoptotic effect
16.1 %) than free Cur (late apoptotic effect 7.88 %). However,
the cells treated with GO-Cur had a lower initial apoptotic
effect (27.7%) than free Cur (39.7%).

Figures 7(f) and 7(g) shows a lower late apoptotic effect
(late apoptosis: 3.32%) in the cells treated with GO-Alb-Cur-
5FU than GO-Alb-Cur-5FU-FA (late apoptosis:16.20%),
while cells treated with folate-modified nanodrugs (GO-
Alb-Cur-5FU-FA) showed a lower early apoptotic effect
(early apoptosis 30.2%) than the cells treated with GO-Alb-
Cur-5FU (early apoptosis 40.8%).

Figure 8(a) shows the flow cytometry analysis results
of the untreated HUVEC cells as a control, showing most
cells remain alive. Figures 8(b) and 8(c) show that the
HUVEC cells treated with GO-5FU had no significant
effect in comparison with cells treated with free 5FU.
However, cells treated with GO-5FU showed a higher early
apoptotic effect (23.1%) than cells treated with free 5FU

(19.4%). Figures 8(d) and 8(e) show a higher late apopto-
tic effect (6.99%) in HUVEC cells treated with GO-Cur
than free Cur (1.06%). However, these treatments had
not any significant differences in early apoptosis (15.80%
and 16.20%).

Figures 8(f) and 8(g) show a higher late apoptotic effect
(4.80%) in cells treated with the GO-Alb-Cur-5FU than in
cells treated with GO-Alb-Cur-5FU-FA (2.96%), while the
cells treated with GO-Alb-Cur-5FU-FA had a higher effect
on early apoptosis (30.5%) than the cells treated with GO-
Alb-Cur-5FU (18.4%).

4. Discussion

Cancer is one of the major health problems in the world, and
although there are many treatments for cancer, the survival
of cancer patients is still limited. Therefore, discovering
new technologies that reduce damage to the body’s natural
cells and organs is a priority. 5FU is an anticancer drug that
acts as an antimetabolic drug, exerts a cytotoxic effect, and
inhibits DNA production. Today, in addition to chemical
medicines, herbal medicines such as Cur are used to treat
cancer. Cur has effects such as anti-inflammatory,
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Figure 5: HT-29 cells viability treated by different groups of nanocomposites.
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antioxidant, and anticoagulant activities. Cur is a hydropho-
bic drug that is usually used in nanocarriers such as nanoli-
posomes to increase its solubility, absorption, and efficacy [9,
17, 25, 40]. In recent years, several efforts have been made to
develop GO-based nanocarriers, which have been widely
used in gene and drug delivery. Since folate receptors are
highly expressed in the membranes of many cancer cells,
such as colorectal cells, folic acid has also been used to target
these cells [29]. In this study, the prepared graphene oxide
was modified with folic acid to target human colorectal can-
cer (HT29) cell lines.

The toxicity studies conducted here showed that load-
ing Cur or 5FU into graphene nanoparticles significantly
increases their anticancer efficiency. These results are con-
sistent with the study done by Al-Ani et al. which evalu-
ated the effect of graphene oxide and the hybrid Cur
nanocomposite on colon cancer cells. This nanocomposite
inhibited colon cancer cells depending on the dose and
time of use [41].

Yang et al. studied the synergistic effect of 5FU and
Cur on the MCF7 cancer line and showed that the combi-
nation of these two drugs increases cytotoxicity and
decreases IC50 concentration [42]. In another study in

2021 by Yang et al., the synergistic effect of 5FU and
Cur with folic acid on the MCF7 cancer line was evalu-
ated, and the results showed that the combination of the
two drugs increased the toxicity and lowered the IC50
concentration [34]. The results of cytotoxicity assessment
in the current study show that the IC50 combination of
5FU and Cur on HT-29 cells is approximately
200μgmL-1. Also, the modification of the nanoparticles
with folic acid increased the toxicity effect compared to
unmodified nanoparticles. These differences in cytotoxicity
can be due to the folic acid, different surface loads, and
the presence of FR in HT-29 cells. In 2010, in a study
done by Lu et al., molecular graphene oxide and folic acid
(FA) were used to load doxorubicin as an anticancer drug.
Their results showed that the combined drugs with gra-
phene oxide and folic acid were more effective than a sin-
gle drug. The reported higher efficiency can be due to folic
acid receptors on MCF-7 cells [43].

Based on the results reported above on HUVEC cells, the
loading of 5FU into graphene nanoparticles significantly
increased its toxicity effect compared to free. Mirzaghavami
et al. in 2021 investigated the effects of 5FU on HUVEC cells
and showed that increasing the concentration of 5FU
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Figure 6: HUVEC cell viability treated by different groups of nanocomposites.
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Figure 7: Flow cytometry results of (a) untreated HT-29 cell, (b) cell treated with 5FU, (c) GO-5FU, (d) Cur, (e) GO-Cur, (f) GO-Alb-Cur-
5FU, and (g) GO-Alb-Cur–5FU-FA.
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inhibits thymine synthesis in DNA and causes the destruc-
tion of HUVEC cells, which is consistent with the results
of this study [44].

Flow cytometry results show that Cur and 5FU have a
more lethal effect in both cell lines when loaded into GO
and also bounded to folic acid than in free forms. In the
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Figure 8: Flow cytometry results of (a) untreated HUVEC cell, (b) 5FU, (c) GO-5FU, (d) Cur, (e) GO-Cur, (f) GO-Alb-Cur-5FU, and (g)
GO-Alb-Cur-5FU-FA.
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study of Zhou et al., the hybrid effect of Cur and 5FU on a
gastric cancer cell line was examined, and the results showed
that the combined effect of these two drugs causes a higher
rate of apoptosis in the BGC-823 cells compared to Cur
alone [45].

5. Conclusion

In this study, we prepared a folic acid-functionalized
albumin-coated GO nanocomposite containing 5FU and
Cur to evaluate its effect on human colon cancerous cells
(HT-29). The nanocomposite was characterized by different
analyses, and their cytotoxicity was evaluated by MTT and
flow-cytometric apoptosis assays. The results demonstrated
that folic acid-modified graphene oxide nanoparticles con-
taining Cur and 5FU have delivered drugs to HT-29 cells
in comparison with normal cells and may have a high capa-
bility to deliver drugs to HT-29 cells. Therefore, the surface
modification of graphene oxide nanoparticles with folic acid
could increase its capability and selectivity for active targeted
delivery. Moreover, the findings showed that the designed
delivery system can be utilized as a promising solution for
active, targeted drug delivery.
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