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Abstract
Research has commonly utilized graphene-based drug delivery systems for a long 
time to achieve effective cancer treatment. In the present study, doxorubicin (DOX) 
and selective estrogen receptor modulator tamoxifen (TAM) anticancer drugs used 
in breast cancer treatment were bound to a graphene oxide (GO)-based and folic 
acid (FA)-targeted nanocarrier system that was made biocompatible with chitosan 
(CS). To this end, graphene oxide synthesis was primarily carried out by employ-
ing the modified Hummer’s method, and then FA and CS were loaded on GO to 
obtain a targeted and biocompatible carrier The characterization of the obtained 
conjugate was performed by X-ray diffraction analysis, Fourier transform infrared 
spectroscopy, UV-visible spectrophotometry, scanning electron microscopy, and 
zeta potential analysis. The zeta potential values of all samples were checked and 
all of them have a zeta potential above the stability value of ± 25 mV. GO-CS-FA 
has the highest zeta potential of 68.8 mV. The graphene oxide-chitosan-folic acid-
tamoxifen-doxorubicin (GO-CS-FA-TAM-DOX) nanocarrier-based drug displayed 
a pH-dependent drug release. The drug release profile from these systems was 
researched in two pH buffer solutions prepared as acidic (pH 5.8) and physiological 
(pH 7.4). The characterization analyses showed that the drugs bound successfully to 
the targeted delivery system. The drug release analyses demonstrated that GO-CS-
FA-TAM-DOX was released better in the acidic (pH 5.8) medium compared to the 
physiological (pH 7.4) medium after 24 h.
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Introduction

Cancer represents a serious disease that threatens life and causes abnormal cell 
growth with the possibility of invading the body’s other parts. Lung, liver, blad-
der, colon and rectal, breast, sarcoma, kidney, endometrial, leukemia, mela-
noma, head and neck, pancreatic, cervix, prostate, etc. are among the frequently 
diagnosed types of cancer around the world [1]. Breast cancer is in the second 
place among the most frequently diagnosed female cancers, and only lung cancer 
exceeds it [2]. Nowadays, surgery, chemotherapy, radiotherapy, hormone therapy, 
immunotherapy, laser therapy, therapeutic drugs or stem cell transplants are used 
in cancer treatment. The objective of all treatments is the complete removal or 
destruction of cancerous tissues without damaging healthy tissues. However, 
cancer remains the primary cause of death among people, and novel therapeutic 
strategies must be designed for cancer therapy.

Doxorubicin (DOX) and tamoxifen (TAM) are chemotherapeutic drugs fre-
quently used in breast cancer treatment. DOX is among the agents with the high-
est efficiency available for treating metastatic breast cancer. DOX is an antican-
cer anthracycline antibiotic and frequently utilized to treat many cancers such 
as bladder, breast, ovarian, lung, and gastric cancer [3–7]. DOX is involved in 
various molecular mechanisms at the cellular level, such as the intercalation of 
the two nitric bases of the DNA double helix, the formation of free radicals caus-
ing DNA damage, the inhibition of respiratory chain enzymes in mitochondria, 
and the oxidation of membrane lipids. Although DOX has a high chemothera-
peutic potential, it also has serious dose-related side effects such as cardiomyopa-
thy, heart failure, and the development of drug resistance. Additionally, DOX is 
degraded quickly and eliminated following intravenous administration [8]. Hence, 
numerous attempts have been exerted to produce new DOX analogs and refor-
mulate the DOX molecule. It remains the focus of clinical trials to identify new 
strategies for more effective use of DOX in cancer therapy [9–11].

Selective estrogen receptor modulators (SERMs), e.g., lasofoxifene, bazedox-
ifene, tamoxifen, and raloxifene, are challenged at the moment for treating breast 
cancer, osteoporosis, and postmenopausal symptoms since they can perform func-
tions of estrogen receptors agonist or antagonist, according to the target tissue 
[12, 13]. TAM is a non-steroidal anti-estrogen. The U.S. Food and Drug Adminis-
tration (FDA) approved it for the first time for metastatic breast cancer treatment 
in 1977. The mentioned chemotherapeutic agent is also commonly utilized for 
the purpose of reducing the recurrence of primary breast cancer and contributes 
to survival rates as adjuvant therapy [14, 15]. TAM represents an antitumor drug 
that has been used around the world for over 30 years in treating estrogen recep-
tor (ER)-positive metastatic and adjuvant breast cancer [13]. Because of the low 
solubility of TAM and its metabolites in aqueous solutions, the administration of 
such anticancer drugs creates a considerable difficulty in breast cancer therapeu-
tics. Low solubility and selectivity are the most frequent disadvantages of TAM. 
Hence, the long-term use of the drug increases the risk of uterine cancer [16–18].
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In recent times, nanotechnology has been regarded as a crucial technology in the 
pharmaceutical area and has drawn significant attention in the area of nanomedicine 
[19–21]. Nanomedicine is among the nanotechnology applications with the highest 
potential in the medical field and is considered a crucial strategy to diagnose and 
treat cancer [22]. More rapid drug diffusion in the body and directing them to the 
specific target are ensured by nanoparticle application [20–23].

Chemotherapeutic drugs that are available at the moment are agents with low 
molecular weight and high cytotoxicity and pharmacokinetic volume of distribu-
tion. Ultimately higher concentration is required in order to facilitate the excretion 
of these low molecular weight drugs, causing higher toxicity and undesirable side 
impacts such as consequent hair loss and bone marrow suppression. The drugs in 
question have no tissue specificity and lead to serious damage to normal non-cancer-
ous cells [24]. With the objective of overcoming the mentioned disadvantages, many 
nanocarrier systems, such as silica nanoparticles, polymer nanoparticles, micro-
spheres, liposomes, and inorganic materials, have been developed as anticancer drug 
carriers. Owing to these nanocarrier systems, drugs can be transported directly to 
target cancer cells by binding with target molecules and released under appropriate 
controlled conditions [25, 26].

Using nanocarrier systems is a promising strategy for making DOX and TAM 
more controlled and targeted drugs [11, 27, 28]. These nanocarrier systems allow 
drugs to evade the body’s biological attacks and reach the tumor site in a higher con-
centration with increased permeability and retention impact in passive targeting and 
reverse MDR [29, 30]. Furthermore, these nanocarrier systems can target the tumor 
in a selective way via bindings between targeting moieties loaded on the surface of 
nanoparticles and receptors specific to each cancer type [31].

At present, carbon-based nanomaterials are extensively utilized in applications in 
biomedicine, e.g., radiotherapy, drug delivery, photodynamic therapy, photothermal 
therapy, and diagnostic imaging [32–34]. Graphene, one of the carbon-based nanoma-
terials, and its derivative have caused the increased usage of carbon-based compounds 
in biomedicine due to its original structure and features. Concerning the chemical fea-
tures of graphene and its derivatives, the presence of functional groups, e.g., hydrox-
yls (OH), carboxylic acid (COOH), and epoxides (COC), on its surface, particularly in 
graphene oxide (GO) and reduced graphene oxide (rGO), ensures graphene coupling 
to various biomolecules, making its applications in biomedicine more diverse [35–38]. 
It has been confirmed that graphene-based nanomaterials represent a possible platform 
for the treatment of cancer. GO has a two-dimensional (2D) crystalline structure com-
prised of carbon and has a hexagonal pattern with a few functional oxygen groups on 
its surface. GO is regarded as a more powerful tempering element with high biode-
tection potential due to π–π and/or n–π orbital interactions,  sp2 hybridization, and its 
variable bioconjugation chemicals [39]. It is easy to combine the functional groups 
of GO with other biomaterials and biomolecules. Moreover, easy dissolution in water 
and other solvents because of the functional oxygen groups constitutes GO’s advan-
tage [40, 41]. Graphene oxide is conjugated with different polymers to increase drugs’ 
solubility, prevent blood cell aggregation, and enhance the drug’s bioavailability and 
biocompatibility [42, 43]. In the current study, CS was used as a natural biopolymer 
to acquire a non-toxic, biodegradable and biocompatible nanocomposite obtained by 
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chitin deacetylation [44–47]. Additionally, due to the overexpression of folate receptors 
on cancer cells, FA was used within the scope of the study to conjugate the drug carrier 
with folic acid in order to make it a targeted carrier [48]. Carrier surfaces are conju-
gated with hydrophilic polymers or targeting ligands with the objective of improving 
systemic biocompatibility and increasing tumor targetability. Considering the known 
overexpression of FA receptors in a number of cancerous cells, FA is regarded as a 
targeting agent [49].

Recent research has indicated that the existence of specific biomarkers on nanocarri-
ers’ surface will increase the activity of targeting [50, 51]. The said findings are consist-
ent with those obtained by Deb, who concentrated on obtaining the targeted delivery of 
drugs by means of CPT. Furthermore, PEG-functionalized GO nanoparticles were dec-
orated with FA and utilized to achieve the increased specificity and efficiency of drug 
uptake by cancer cells [52]. Graphene oxide-loaded Ce6 that was conjugated with folic 
acid (FA) was revealed to be a powerful candidate for active drug delivery in photody-
namic therapy (PDT) [53]. The non-immunogenic, nontoxic, and stable characteristics 
of folic acid make it appropriate for conjugation with nanocomposites [54]. It has been 
stated that folic acid conjugated with nanographene oxide and polyvinylpyrrolidone 
(PVP) is a nanocomposite with high success in chemo-photothermal therapy [53].

In this research, we concentrate on reaching targeted drug delivery by utilizing dox-
orubicin and selective estrogen receptor modulators (SERMs), tamoxifen as a model 
drug. The different mechanism of action of the said drugs makes them candidates with 
high potential to generate a synergistic impact against breast cancer. With the aim of 
obtaining the increased specificity and efficiency of drug uptake by cancer cells, gra-
phene oxide nanoparticles functionalized with chitosan were decorated with folic acid 
and utilized as a drug delivery system. The synthesis and characterization of the TAM 
and DOX-loaded drug delivery system were conducted by XRD, UV, SEM, FTIR, and 
zeta potential analysis. The drug loading and release profile from these systems was 
investigated.

Experimental

Materials and methods

Graphite flakes (< 20 μm, 12.01 g/mol),  H2SO4 (98%),  H2O2 (30%), DOX, TAM, etha-
nol, N (3-dimethylaminopropyl N ethylcarbodiimide) hydrochloride (EDC), folic acid, 
N Hydroxysuccinimide (NHS), acetic acid, and chitosan (CS) were procured from 
Sigma-Aldrich Co. HCl (37%) and KMnO4 were acquired from Merck and Tekkim 
Co, respectively.

Synthesis of chitosan‑folic acid‑functionalized graphene oxide nanobiocomposite

The fusion of graphene oxide-mediated nanobiocomposite functionalized with chi-
tosan and folic acid was initiated with synthesizing graphene oxide (GO) nanopar-
ticles by employing the modified Hummers’ method. In the present work, GO was 
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synthesized by the improved Hummers’ method suggested by Marcona et al. [55]. 
In the method in question, first, a homogeneous solution was obtained by blending 
 H2SO4 (360 mL) and  H3PO4 (40 mL). Then, 3 g of graphite powder was added to 
the solution, and its stirring at 80 °C was carried out in a magnetic stirrer for 6 h. 
Afterward, the mixture was cooled to room temperature and washed with purified 
water for the purpose of removing the acid residues. The resulting semi-oxidized 
graphite was added to 250 mL of  H2SO4 at 0 °C for complete oxidation. Then, the 
gradual adding of 18 g of  KMnO4 was carried out, keeping the temperature below 
20 °C, and the mixture stirring was performed at a temperature of 35 °C for a period 
of 4 h. Afterward, 2 L of distilled water was added to the solution. Then 40 mL of 
30%  H2O2 aqueous solution was added, and the color of the mixture turned bright 
yellow with air bubbles. With the aim of removing metal impurities in the mixture, 
0.1 M HCl solution was utilized for the mixture purification 4 times, and the cen-
trifugation of the final mixture with deionized water was performed a few times, and 
the resulting product was dried at 60 °C. Therefore, GO was turned into nanogra-
phene oxide as a result of ultrasonication.

Adding chitosan (1 wt%) to the acetic acid solution (10%) was carried out, and 
it was stirred for a night with the objective of acquiring a viscous chitosan solu-
tion. Afterward, 0.5% of GO solution (20 ml) was added to the chitosan solution, 
sonicated for a period of 45 min and stirred for a night [56]. The addition of NHS 
and EDC to the GO-CS solution (1 mg/ml) was performed, and they were sonicated 
for a period of 2 h. In order to achieve a receptor-specific target for cancerous cells, 
which conjugates by reacting with COOH groups, folic acid (0.5%) was added to 
the chitosan-conjugated GO to obtain graphene oxide-chitosan-folic acid nanobio-
composite (GO-CS-FA). Afterward, removing unbound materials was performed by 
dialysis against sodium bicarbonate solution for a period of 24 h [57].

Characterization

Morphological measurements and size characterization were performed with a scan-
ning electron microscope (SEM) (TESCAN MIRA3 XMU FEG (Brno, Czechia)), 
10  kV accelerating voltage and a 10  mm working distance. The powders were 
poured on a double-sided carbon tape on an aluminum stub, and the residue was 
cleaned by an air gun. To produce a conductive surface, 5 nm of gold was coated 
by a Quorum Q150R ES magnetron sputter (Birmingham, UK). The recording of 
the samples’ Fourier transform infrared (FTIR) spectra was conducted in the range 
varying between 400 and 4000  cm−1. X-ray diffraction (XRD) represents a signifi-
cant characterization method, providing important data about materials’ chemical 
composition and crystallographic structure. The powders were weighed and dif-
ferent compositions of the samples were prepared by mixing and homogenizing in 
an agate mortar. The crystal structure of the mixed powders were analyzed with 
Rigaku-Miniflex 600 with 1.54–1.56 Angstrom, Cu-Kα radiation, a per step count-
ing time of 0.5 s and a step-width of 0.002 degree/min. To ensure that the samples 
are dispersed homogeneously, a UV–Vis spectrophotometer (UV-1280, Shimadzu, 
Japan) recorded the spectra of the samples prepared in the range of 200–800 nm. 
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The samples’ zeta potentials were measured with a Malvern Zetasizer Nano Z zeta 
potential analyzer.

Drug loading and in‑vitro controlled release

The anticancer drugs tamoxifen (2 mg) and doxorubicin (4 mg) were added to dime-
thyl sulfoxide (DMSO) as 1 ml each, and after stirring for a while in a magnetic stir-
rer, DOX-DMSO (4 mg/ml) and TAM-DMSO (2 mg/ml) were added dropwise into 
20 ml GO-CS-FA solution and mixed for 30 min. After stirring, pH was adjusted 
to 8, and the mixture was stirred in a magnetic stirrer for 24 h. Repeated washing 
ensured the removal of the unbound drug, which was kept at 4 °C. They were diluted 
and calibrated at pH 7.4 in phosphate buffer saline (PBS). The loading efficiency 
was computed in the following way:

To prepare 500 ml PBS solution, NaCl (4 g), KCl (100 mg),  Na2HPO4 (720 mg), 
and  KH2PO4 (120  mg) were added into 400  ml distilled water, respectively, and 
another 100 ml distilled water was added to make up to 500 ml. The release rate 
of DOX and TAM-loaded GO-CS-FA was determined as a result of the dialysis of 
the sample against 50 ml of PBS at a temperature of 37 °C and pH of 5.8 (endoso-
mal pH of cancer cells) and 7.4 (physiological pH). At a 6 h interval, 2 ml of PBS 
replaced 2 ml of the dialysate, and the quantification of the concentration of the drug 
released for DOX and TAM was carried out by a UV–visible spectrophotometer 
using EG.1. at 490 nm and 277 nm, respectively.

Results and discussion

Synthesis, functionalization, and characterization

The modified Hummer’s method was employed for synthesizing graphene oxide 
(GO) nanoparticles in a successful way. The synthesized graphene oxide was soni-
cated and thus turned into nanographene oxide (GO). Various conjugates were 
obtained in a successful way with GO viz, graphene oxide chitosan (GO-CS), gra-
phene oxide chitosan folic acid (GO-CS-FA), graphene oxide chitosan folic acid 
tamoxifen (GO-CS-FA-TAM), and graphene oxide chitosan folic acid tamoxifen 
doxorubicin (GO-CS-FA-TAM-DOX).

As seen in the samples’ UV–vis spectrum (Fig. 1), UV visible spectroscopy pro-
vided the distinctive peak of GO at 230 nm, and peaks at 224 nm and 300 nm con-
firmed that GO was conjugated to chitosan. Peaks at 285 and 366  nm confirmed 
folic acid conjugation to the chitosan-conjugated GO (GO-CS-FA). The peak seen at 

Loading efficiency (LE) = (total amount of drug − unbound drug)∕total amount of drug × 100%

(1)

Drug release (%) =
Released drug at a desired time

Total amount of drug entrapped within GO − CS − FA
× 100
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366 nm confirms FA binding because this peak is the characteristic peak of FA [58, 
59]. This peak is not seen in GO and GO-CS. The signature absorption peak of the 
NGO is at 230 nm, which shifted to 285 nm through the formation of an amide bond 
in FA-NGO (Fig. 1). Furthermore, peaks at 256 nm, 285 nm, and 366 nm (corre-
sponding to TAM) confirmed the loading of TAM to the conjugated GO. The char-
acteristic absorption peak of DOX (∼490 nm) [60] appeared in the NGO-CS-FA-
TAM-DOX sample, indicating the successful formation of NGO-CS-FA-TAM-DOX 
conjugates.

It was confirmed by Fourier transform infrared spectroscopy (FTIR) that all sam-
ples were conjugated successfully. The recording of the FT-IR spectrum was carried 
out, and the spectrum of the acquired GO confirmed that graphite was oxidated suc-
cessfully (Fig. 2). A number of functional groups, e.g., O–H, C–OH, COOH, and 
C–O, were detected. A broad peak at 3356.31  cm−1 in GO’s IR spectrum originates 
from the carboxyl O–H stretching mode. The absorption peaks that correspond to 
O–H stretching (a peak ∼3400  cm−1), superimposed on the OH stretch of carboxylic 
acid, originate from the existence of absorbed water molecules and alcohol groups 
[25]. The IR peaks that correspond to 2920.99   cm−1 and 2846.83   cm−1 originate 
from the asymmetric and symmetric  CH2 stretching of GO, respectively, whereas 
the peak around 1620.24  cm−1 originates from C=C stretches from the unoxidized 
graphitic domain. The peak around 1730.06  cm−1 originates from the C=O stretch 
of the carboxyl group [18], the peak at 1219.45  cm−1 is due to the C–OH stretch of 
the alcohol group [27], and peaks at 1357.80  cm−1 and 1041.17  cm−1 indicate the 
existence of C–O stretching vibrations of C–O–C.

Chitosan conjugation was confirmed by peaks at 3247.16 (O–H deformation), 
1621.54 showing the existence of C=O bonds, 1527.71 corresponding to the bend-
ing of N–H in enduring amide groups, 1376.78 and 1054.51 corresponding to C–O 
bonds [61] (Fig. 2).

Fig. 1  UV–vis absorbance spectra of GO, GO-CS, GO-CS-FA, GO-CS-FA-TAM and GO-CS-FA-TAM-
DOX
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The decoration of folic acid to GO-CS was marked by peaks at 3305.99 (O–H 
distortion), 1635.81 indicating band superpositions assigned to the amine groups of 
chitosan and carboxylated groups of GO, and 1356.28 indicating C–O bonds.

With TAM loading, three main characteristic peaks emerged at 
3418.47  cm−1 (O–H), 1615.42  cm−1 (C–O–C), and 1095.30  cm−1 (N–H).The peak 
at 1615.42   cm−1 noticed in TAM-loaded samples was determined to be shifted in 
TAM and DOX-loaded samples with a peak at 1568.50  cm−1.

The FTIR spectrum of GO-CS-FA-TAM-DOX had small shoulders at 
3155.37  cm−1, 1338.02  cm−1, 1236.04  cm−1, and 1042.27  cm−1, probably because 
of the varied quinone and ketone carbonyls of DOX.

The characterization of the synthesized drug-loaded nanobiocomposite was per-
formed by XRD to ensure pure phase identification in Fig. 3. A single peak at 11.8° 
(JCPDS card number: 75–1621) confirmed GO. Adding folic acid to the chitosan-
conjugated GO provided numerous blunt and sharp peaks at 2 theta 18.6°, 29.44°, 
34.28°, 40.41° and 45.06°. The combination of TAM and DOX gave prominent 
peaks at 18.32°, 29.24°, 34.12°, 34.94°, 35.94°, 40.18°, 44.81°, 53.42°, and 58.02°. 
The XRD data were revealed to be in line with UV visible data, which indicated 
successful conjugation.

Figure 4 shows SEM images for analyzing the samples’ morphological properties 
in detail. GO sheets were determined to have many wrinkles, while the surface was 
smoothed and layered following conjugation and drug loading, which indicated cor-
rect drug loading (Fig. 4).

Zeta potential is one of the most significant characteristics that can take an essen-
tial part in the efficiency of nanomedicine. The stability of targeted therapy or dos-
age forms can be impacted by the zeta potential of nanomaterials [62]. The nanopar-
ticle surface represents an essential issue in targeting in the drug delivery system. 
The surface modification of nanocarrier-based systems with hydrophilic polymers 
is used most frequently for controlling opsonization and improving the system’s 
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Fig. 3  Showing XRD pattern of GO, GO-CS-FA and GO-CS-FA-TAM-DOX
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surface features, particularly the surface charge. In the present study, surface modi-
fication was performed using chitosan in the drug delivery system, and an impor-
tant feature in targeting was researched by examining the samples’ zeta potential. 
The tumor takes up positively charged nanoparticles preferentially and retains them 
for a longer duration than negatively charged or neutral particles since phosphatidyl 
serine, which is a negatively charged residue, is translocated to cancer cells’ sur-
face and tumor cells can translocate positively charged nanoparticles via either fluid-
phase endocytosis, or charge interactions and ligand-receptor docking [63–66]. As 
a result of the zeta potential analysis, while GO had a negative zeta potential value, 
it became positively charged by decorating the surface with CS (Fig. 5). Negative 
surface charge is anticipated to induce electrostatic repulsion, which in turn, confers 
physical stability of GO via preventing the formation of aggregates. The zeta poten-
tial value of GO-CS-FA was relatively higher than that of GO-CS. For all samples, 
zeta potential values greater than ± 25  mV show a high stability of drug delivery 
systems because of the efficient electrostatic particle repulsion.

Fig. 4  SEM images showing a GO b GO-CS c GO-CS-FA d GO-CS-FA-TAM and e GO-CS-FA-TAM-
DOX
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Drug loading and release

In line with the literature, it is possible to attribute the loading of TAM and DOX 
onto GO-CS-FA to non-covalent interactions, π–π stacking and strong electrostatic 
interactions occurred between the cationic CS and the negatively charged GO. Non-
covalent method is based on the electrostatic interaction and van der Waals forces 
[67]. This process does not change the chemical structure, and it is easy to perform. 
The main intermolecular interactions observed in the noncovalent modification of 
graphene are π–π interactions and hydrogen bonding. A peak acquired at 277 nm 
and the increased intensity of a peak at 490 nm that corresponds to the DOX peak of 
GO-CS-FA-TAM-DOX in the UV visible spectra analysis can confirm the loading 
of TAM onto GO-CS-FA (Fig.  1). Furthermore, the loading efficiency was com-
puted as 45%.

The TAM and DOX release behavior was researched in phosphate buffer saline 
(PBS) at two pH values (5.8 and 7.4). The total amount of TAM and DOX released 
from the drug delivery system (GO-CS-FA-TAM-DOX) over 24 h was nearly 22% 
and 20% for TAM and 30% and 25% for DOX at pH 5.8 and pH 7.4, respectively. 
The drug release rate from the drug delivery system at pH 5.8, regarded as the endo-
somal pH of cancer cells, was more rapid than that at pH 7.4 (Figs. 6 and 7) [68]. 
The said quicker release at a lower pH value (PBS, pH 5.8) was attributed to higher 
solubility at acidic pH and thus ensuring that drugs leached out at a considerably 
higher rate. Additionally, it is seen that DOX has a higher release rate than TAM 
at both pH values. Hence, it could be expected that the drugs would ensure a pH-
responsive release profile for entrapped drugs in vivo. The mentioned pH-dependent 
drug release behavior is essential in clinical applications due to the acidic character 
of microenvironments in intracellular lysosomes and endosomes and extracellular 
tumor tissues.

Fig. 5  Zeta potential of a GO b GO-CS c GO-CS-FA d GO-CS-FA-TAM and e GO-CS-FA-TAM-DOX 
at room temperature
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Conclusions

To sum up, we described the synthesis of an effective drug delivery system, GO-
CS-FA, loaded with anticancer drugs, and tested drug loading and in vitro con-
trolled release. First, the synthesis of GO nanoparticles and their conjugation 
with CS were performed with the objective of enhancing the drug’s biocompat-
ibility and providing it with solubility. For specific targeting of the cancer cells, 
the conjugation of GO-CS with folic acid was carried out. There is an excessive 
affinity of folic acid for the internal folate receptor, and, thus, it is researched 
for targeting numerous cancer types, which are folate receptors. Then TAM and 
DOX were loaded onto the GO-CS-FA drug delivery system. A high drug load-
ing capacity and pH-dependent drug release were confirmed. The total amount of 
TAM and DOX released from the drug delivery system (GO-CS-FA-TAM-DOX) 
over 24 h was nearly 22% and 20% for TAM and 30% and 25% for DOX at pH 5.8 
and pH 7.4, respectively. Hence, this study demonstrates that it is feasible to use 
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functionalized GO as a possible drug delivery agent in cancer therapy. In general, 
the combinatorial impact generated by the TAM-DOX-loaded nanobiocomposite 
may act as a chemotherapeutic agent with high potential against breast cancer 
with enhanced bioavailability and fewer side impacts since it is targeted. There is 
a need for more studies to show the effectiveness of drug delivery by the nanocar-
rier under in vitro and in vivo conditions.
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