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Abstract
Chemotherapy as a cornerstone of cancer treatment is slowly being edged aside owing to its severe side effects 
and systemic toxicity. In this case, nanomedicine has emerged as an effective tool to address these drawbacks. 
Herein, a biocompatible carrier based on bovine serum albumin (BSA) coated gadolinium oxide nanoparticles 
(Gd2O3@BSA) was fabricated for curcumin (CUR) delivery and its physicochemical features along with its potential 
anticancer activity against nasal squamous cell carcinoma were also investigated. It was found that the fabricated 
Gd2O3@BSA containing CUR (Gd2O3@BSA-CUR) had spherical morphology with hydrodynamic size of nearly 26 nm, 
zeta-potential of -36 mV and high drug (CUR) loading capacity. Drug release profile disclosed that the release of 
CUR from the prepared Gd2O3@BSA-CUR nanoparticles occurred in a sustained- and pH-dependent manner. Also, 
in vitro cytotoxicity analysis revealed that the fabricated Gd2O3@BSA nanoparticles possessed excellent biosafety 
toward HFF2 normal cells, while Gd2O3@BSA-CUR appeared to display the greatest anticancer potential against 
RPMI 2650 and CNE-1 cancer cell lines. The results also show that the Gd2O3@BSA nanoparticles were compatible 
with the blood cells with minor hemolytic effect (< 3%). The manufactured NPs were found to be completely safe 
for biological applications in an in vivo subacute toxicity study. Taken together, these finding substantiate the 
potential anticancer activity of Gd2O3@BSA-CUR nanoparticles against nasal squamous cell carcinoma, but the 
results obtained demand further studies to assess their full potential.
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Introduction
Cancer as an intricate disease, is the second life threat-
ening disease after cardiovascular disease and account-
ing for almost 10 million death along with an estimated 
19.3  million new cancer cases in 2020 [1]. Nasopha-
ryngeal carcinoma (NPC), as a malignant tumor initi-
ated from head and neck epithelial cell transformation, 
accounted for 0.7% of global cancer incidents in 2018. 
Noting 129,000 newly-diagnosed cases of NPC world-
wide, mortality rate of female patients were one-third 
of male patients [2]. The approach to NPC treatment is 
non-surgical and Chemotherapy is the standard first line 
systemic approach for treatment of metastatic or recur-
rent NPC [3]. Chemoradiotherapy has provided NPC 
patients receiving this conventional therapeutic strategy 
with a poor quality of life along with causing severe che-
motherapy adverse effects such as bone marrow suppres-
sion, ototoxicity, neurotoxicity and dysphagia [4–6]. It 
is urgent to maintain vital functions of five senses while 
treating the tumor as early as possible which is rarely 
possible by using conventional modalities such as chemo-
therapy. In this matter, nanomedicine plays a key role by 
involving in drug delivery field, reducing necessary dose 
and ultimately alleviating possible side effects [7, 8]. In 
virtue of nanomedicine efficacy in NPC treatment, these 
novel strategies can be used as an alternative to conven-
tional modalities, maximizing therapeutic agent efficacy 
and penetrating biological barriers [9, 10]. Nanoparticles 
also have the capability of entrapping poorly-soluble anti-
neoplastic drug, making it possible to be administered 
intravenously, increasing blood circulation time, altering 
drug distribution in favor of drug accumulation in tumor 
site and in some cases overcoming multi-drug resis-
tance [11, 12]. As a category of nanosystems, inorganic 
nanoparticle can promote optimal drug delivery in terms 
of bioavailability, biocompatibility, stability and inertness 
[13, 14]. Another strategy in nanomedicine is utilizing 
protein nanocarriers for drug delivery due to their special 
properties such as safety, non-immunogenicity, biode-
gradability and significant high potential for drug binding 
[15]. Interestingly, protein nanocarriers can potentially 
provide targeting features via interacting with specific 
receptors. Aside from prolonging systemic circulation 
and enhanced permeation and retention (EPR) effect, 
albumin protein can induce non-antigenicity in nanopar-
ticles and interact with specific overexpressed receptors 
in tumors. [16]. To acquire merits of both inorganic and 
protein nanocarriers and alleviate inorganic nanoparticle 
pitfalls, inorganic nanoparticles should be coated with 
proteins, polysaccharides and lipids in which proteins 
suggest various advantages. It is noteworthy that inor-
ganic nanoparticles can accumulate in body and induce 
toxicity as a result of high stability [17]. Hybrid-protein 
inorganic nanoparticles can improve therapeutic efficacy 

and overcome drug resistance while reducing drug side 
effect. In this context BSA, has been hybridized with 
Fe, Au or Gd loaded with different gene or chemothera-
peutic agents, previously. Although current standard for 
advanced NPC involves cisplatin/carboplatin + Gem-
citabine/Paclitaxel/5-FU to induce cell apoptosis, overall 
survival of patients is not satisfactory while presenting 
intolerable side effects [18, 19]. On the contrary, cur-
cumin (CUR) is well tolerated and exhibit anti-inflamma-
tory and anti-cancer characteristics through pleiotropic 
properties [20–22]. Because of CUR poor bioavailability 
and pharmacokinetics, several nanosystems have been 
designed to facilitate CUR in vivo administration, pro-
viding efficient approaches for improving CUR solubility 
and bioavailability [23, 24]. In the present study we aimed 
to investigate CUR antineoplastic potential in NPC treat-
ment loaded in Gd2O3 inorganic nanoparticles coated 
with BSA (Gd2O3@BSA-CUR). Also, its blood compati-
bility and cytotoxicity potential against normal cells were 
investigated in depth.

Materials and methods
Materials
BSA, Gd(NO3)3, and CUR, were purchased from Sigma- 
Aldrich (St. Louis, USA). All the other required chemi-
cal agents, and solvents that used in this study were 
of analytical grade and were purchased from Merck 
(Kenilworth, USA). Materials needed for the in vitro 
studies were purchased from Gibco.

Methods
Synthesis of BSA coated gadolinium oxide nanoparticles 
(Gd2O3@BSA)
The synthesis of Gd2O3@BSA was carried out according 
to a published procedure with minor modification [25]. 
In brief, the amount of 0.25  g of BSA was dissolved in 
distilled water (9 mL), and then 100 mM of gadolinium 
oxide solution (Gd(NO3)3, 1.0 mL) was gradually added 
to the reaction mixture under vigorous stirring. In order 
to adjust and maintain the pH of the reaction mixture 
to 12, sodium hydroxide (NaOH) with a concentration 
of 2.0  M was used. The mixture was then vigorously 
stirred at room temperature for 12 h to allow the nano-
crystal to growth. Finally, the mixture was then dialyzed 
against distilled water for 48 h to obtain the impurity-free 
Gd2O3@BSA nanoparticles.

Preparation of gadolinium oxide nanoparticles containing 
CUR
Following the fabrication of Gd2O3@BSA nanoparticles, 
CUR as a natural chemotherapeutic agent was encap-
sulated to form CUR loaded Gd2O3@BSA nanopar-
ticles (Gd2O3@BSA-CUR). Briefly, 4  mg of CUR was 
first dissolved in ethanol and then, slowly added to the 
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pre-synthesized colloidal dispersion of Gd2O3@BSA 
(10.0 mL, 12  mg) and allowed to be stirred for 24  h, at 
37 ºC. Finally, the Gd2O3@BSA-CUR nanoparticles were 
collected by centrifuging at 18 000  rpm for 0.5  h, and 
washing several times with deionized water: ethanol (75: 
25) mixture and final wash of water, and suspending them 
into phosphate-buffer solution. Afterward, to ascertain 
the amount of drug (CUR) loading, 2  mg of Gd2O3@
BSA-CUR nanoparticles were dispersed in ethanol (2 
mL) and stirred at room temperature for 24 h with gentle 
shaking, then the absorbance of the supernatant contain-
ing CUR was determined by a UV-vis spectrophotometer 
at 428 nm.

Release behavior of Gd2O3@BSA-CUR
The release behavior of CUR from developed Gd2O3@
BSA-CUR nanoparticles was investigated spectropho-
tometrically by measuring the absorbance of CUR at 
428  nm. In this case, dialysis method as a common 
method of drug release study was carried out under both 
acidic (pH 4) and neutral (pH 7.2) condition. Accord-
ingly, in a dialysis bag (MWCO 14KDa), 1  mg/mL of 
Gd2O3@BSA-CUR nanoparticles was first dispersed 
in release/donor medium (PBS: ethanol; 65: 35 v/v) to 
be dialyzed against 35 mL of acceptor medium outside 
the dialysis membrane. Subsequently, it was incubated 
at 37 ºC with gentle shaking. CUR release behavior was 
assessed by taken known amount of aliquots from the 
acceptor medium outside the dialysis membrane at the 
predetermined time intervals. Finally, the release of CUR 
over the time was determined at 428 nm using a UV-Vis 
spectrophotometer.

Characterization
In order to ensure that whether the Gd2O3@BSA 
nanoparticles were meritoriously synthesized or not, 
several characterization techniques were used. In this 
regard, UV-vis spectroscopy analysis were employed to 
fully characterize the developed Gd2O3@BSA nanopar-
ticles structure. UV-vis spectroscopy revealed the possi-
ble interaction between the constituents of Gd2O3@BSA 
nanoparticles and confirm the presence of BSA macro-
molecule along with CUR in the final nanoformulation. 
To determine the morphology and particle size of fabri-
cated Gd2O3@BSA nanoparticles, scanning transmission 
electron microscopy (STEM, ZEISS), was also applied.

Biuret test
In order to determine the presence of a peptide bond 
(BSA) in a dispersion containing Gd2O3@BSA nanopar-
ticles, biuret test was performed. Typically this assay is 
based on the color changing through the chemical test 
called biuret reaction, a violet color is formed once a 
peptide molecule treated with alkaline copper sulfate 

(blue color). Therefore to confirm the presence of BSA 
molecules in the structure of developed Gd2O3@BSA 
nanoparticles, 1–2 mL of PBS and Gd2O3@BSA suspen-
sion were separately added to a clean and dry test tubes 
then amount of 1–2 mL of Biuret reagent was introduced 
to each tube. After 5 min. of incubation at room tempera-
ture with gentle shaking the test tubes were monitored 
for any color change.

Size and zeta potential
It has been reported that, nanosuspension with mean 
particle size between 1 and 100  nm exhibited higher 
intracellular uptake, lower hepatic filtration and longer 
blood circulation half-life in vivo. Accordingly, mean 
hydrodynamic particle size and zeta potential of Gd2O3@
BSA and Gd2O3@BSA-CUR nanoparticles were deter-
mined using dynamic light scattering (DLS) on a nano/
zetasizer (Malvern Instruments, Worcestershire, UK, 
ZEN 3600 model Nano ZS).

Hemolysis test
Herein, the hemolytic activity of Gd2O3@BSA nanoparti-
cles was carried out according to a previously established 
protocol [26].

Analysis of cytotoxicity against normal cells
To further insure the biosafety of developed Gd2O3@BSA 
nanoparticles as a biocompatible drug carrier its in vitro 
potential cytotoxicity toward normal cells (HFF-2 cells) 
was performed using MTT assay in accordance with 
a previously stablished protocols [27]. It is anticipated 
that the prepared Gd2O3@BSA nanoparticles would 
have no cytotoxicity toward HFF-2 cells. Accordingly, 
HFF-2 cells were seeded in a 96-well plate (1 × 104 cells 
per well) and incubated for 24 h at 37 ºC. After that cells 
were treated with Gd2O3@BSA nanoparticles at differ-
ent concentration ranging from 32.5 to 520 µg / mL and 
were incubated for another 24 h to elucidate whether the 
developed drug vehicles are safe to the normal cells or 
not. After this step, the previous medium was replaced 
with as prepared MTT solution (20 µL with concentra-
tion of 2.5  mg / mL). Within incubation time of 4  h at 
37 ºC, the purple insoluble formazan crystals is formed 
and 100 mL of DMSO was introduced to each well to dis-
solve the formed formazan dyes. Finally, the optical den-
sity (OD) of formazan was read using microplate reader 
(Bio-Tek, USA) at 570 nm. This analysis was performed 
in quintuplicate (n = 5).

In vitro anti-cancer activity
MTT assay was also performed to find out the potential 
anticancer activity of Gd2O3@BSA, Gd2O3@BSA-CUR 
nanoparticles and free CUR against nasal squamous cell 
carcinoma (RPMI 2650) and human nasopharyngeal 
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carcinoma epithelioid cell line (CNE-1) according to a 
previously stablished protocols [27]. Similar procedure 
as described in the previous section was performed, 
except that RPMI 2650 and CNE-1 cancer cell lines were 
used instead of HFF-2 cells. Briefly, cells were seeded in 
a 96-well plate (1 × 104 cells per well), and after reach-
ing to the desired confluency, cells were then treated 
and incubated (24  h) with free CUR (serial concentra-
tions 7.5–120 µg / mL) Gd2O3@BSA-CUR nanoparticles 
(7.5–120  µg / mL of CUR) and Gd2O3@BSA (equiva-
lent content), to unveil the potential anticancer effects 
of developed nanoparticles. Medium that received no 
experimental treatment was considered as control group. 
After 24 h of incubation of cells with foregoing nanopar-
ticles, the medium was removed and replaced with as 
prepared MTT solution (20 µL with concentration of 
2.5  mg / mL). Within 4  h incubation at 37 ºC, the pur-
ple insoluble formazan dyes is formed and so 100 mL of 
DMSO was introduced to each well to dissolve formazan 
dyes. Finally, the optical density (OD) of formazan which 
its intensity indicate the cell viability was read using 
microplate reader (Bio-Tek, USA) at 570 nm. This analy-
sis was performed in quintuplicate (n = 5). Each concen-
trations were tested five times in a single run at the same 
condition.

In vivo Biocompatibility study
BALB/c mice were purchased from Beijing Vital River 
Laboratory Animal Technology Co., Ltd. Gd2O3@BSA 
was injected into female BALB/c mice (N = 4) at different 
dosages (25, 50, and 100 mg kg-1), and the mice’s weight 
and mortality were monitored to determine the in vivo 
biosafety of the substance. Hematoxylin and eosin (H&E) 
staining was used to assess effect of NPs on key organs of 
mice that were given the highest dose. At the end of the 
study, the animals were euthanized. Mice were placed in 
the euthanasia chamber, and then introduce 100% CO2 
at a flow rate between 30 and 40% of the chamber volume 
per min.

Statistical analysis
All of the quantitative data were expressed as mean with 
standard deviation (mean ± SD) unless otherwise stated. 
Also statistical analysis was performed using GraphPad 
Prism software (GraphPad Prism 8).

Results and discussion
Characterization
Several techniques have been applied to characterize 
the as-prepared nanocarrier and Gd2O3@BSA-CUR 
nanoparticles. In terms of size and morphology of the 
fabricated nanocarrier and Gd2O3@BSA-CUR nanopar-
ticles, STEM was performed. As shown in Fig.  1a all of 
the developed nanoparticles were monodispersed and 

had spherical morphology with mean diameter smaller 
than 10  nm. Furthermore, no aggregation was found in 
the STEM image of developed Gd2O3@BSA-CUR.

Biuret test
To confirm the presence of BSA in nanosuspension of 
Gd2O3@BSA nanoparticles, biuret test was carried out. 
Generally, this assay is based on the color changing in 
which the blue color of alkaline copper sulfate changed 
to the violet color. As shown in Fig. 1b, the test tube that 
contains no experimental test agents have a blue color 
while the suspension contain Gd2O3@BSA nanoparticles 
react with biuret agents and the color turned to the violet 
color and underline that the Gd2O3 is successfully deco-
rated with BSA macromolecules [28]. These results have 
strength our confidence in presence of protein (BSA) in 
the structure of developed nanocarriers.

Size and zeta potential
Nanoparticles for drug delivery vary in size but their size 
generally lies between 100 and 500  nm [29]. However, 
nanoparticles with size smaller than 100 nm considered 
as an optimal size for effective delivery of drugs in bio-
medical application. Beside this, stability of nanopar-
ticles in biological microenvironment is another major 
factor which can highly restrict the utilization of nano-
drug delivery systems. Zeta potential or surface charge of 
nanoparticles is an important features in which the value 
of this parameters considered as an indicator for physi-
cal stability. In other words, zeta potential can directly 
affect the colloidal stability in which the higher the mag-
nitude of zeta potential demonstrate the excellent stabil-
ity of nanoparticles [30]. Moreover, the initial adsorption 
of nanoparticles and its interaction with biological com-
ponents such as cell membrane is strongly dependent 
on zeta potential [31]. Once the adsorption of nanopar-
ticles occurred, particle size is influential factor in their 
endocytotic uptake rate. Accordingly, both size and 
zeta potential of Gd2O3@BSA and Gd2O3@BSA-CUR 
nanoparticles were determined. As shown in Fig. 1c, the 
mean hydrodynamic size of Gd2O3@BSA was 17 nm and 
its corresponding poly dispersity index (PDI) 0.419, while 
by addition of CUR to the Gd2O3@BSA, the particle size 
increased and found to be 26  nm with corresponding 
PDI of 0.462. These finding indicated that the fabricated 
nanoparticles had a mean particle size of below 100 nm. 
DLS measurement also show that the zeta potential of 
Gd2O3@BSA and Gd2O3@BSA-CUR was − 32 mV and 
− 36 mV, respectively (Fig.  1d). These significant nega-
tive surface charge indicated that these particles tend to 
strongly repel each other than to aggregate in suspension. 
More importantly, plasma and blood cells have a negative 
surface charges, therefore, negatively charged nanopar-
ticles are preferable for blood contacting nanoparticles, 
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as these materials have very low electrostatic interaction 
with blood components and their blood circulation time 
is more extended and are more stable than the positively 
charged nanoparticles. These findings revealed that fab-
ricated nanoparticles were in nano-sized range and pos-
sessed excellent physical stability.

UV-Vis analysis
UV-vis spectrophotometer as a facile characterization 
technique was also applied to study any possible interac-
tion among different components of Gd2O3@BSA-CUR 
nanoparticles. It is also applied to confirm that whether 
the Gd2O3@BSA-CUR nanoparticles were success-
ful synthesized or not. Accordingly, UV − vis spectra of 
CUR, Gd2O3@BSA and Gd2O3@BSA-CUR is depicted 
in Fig. 2a. The obtained UV − vis spectra obviously show 

Fig. 1  Morphology, size and zeta potential of developed nanoparticles. (a) STEM image of Gd2O3@BSA-CUR nanoparticles; (b) Biuret test of Gd2O3@BSA 
nanoparticles; (c) & (d) are size and zeta potential, respectively

 



Page 6 of 10Sun and Kou BMC Biotechnology           (2024) 24:53 

the presence of Gd2O3 nanoparticles in the structure of 
Gd2O3@BSA and Gd2O3@BSA-CUR, as its major peak is 
presented in the spectrum of Gd2O3@BSA and Gd2O3@
BSA-CUR nanoparticles at 265 and 270 nm, respectively 
[32]. It is worth mention that the characteristic peak of 
BSA is also assigned at 263 nm which is overlapped with 
peak of Gd2O3 nanoparticles, but as stated previously the 
Biuret test confirmed the presence of BSA macromol-
ecules. CUR as a natural chemotherapeutic agent was 
loaded into Gd2O3@BSA nanoparticles and its major UV-
Vis peak is observed at 430 nm. As shown in Fig. 2a, the 
vis-UV spectrum of Gd2O3@BSA-CUR nanoparticles, in 
addition to the characteristic peaks of BSA and Gd2O3, a 
broad peak near 400–450 nm can be seen which attrib-
uted to the load of CUR and the successful synthesis of 
final nanotherapeutic is thus approved [33].

Release behavior of Gd2O3@BSA-CUR
The release behavior of CUR from the as-prepared 
Gd2O3@BSA-CUR nanoparticles was exploited to deter-
mine the release profile of CUR under different condi-
tion. UV-Vis analysis showed that drug loading of CUR 
were found to be 21.3%. Also, it has been well known 
that pH-sensitive nanoparticles are preferable for deliv-
ering chemotherapeutics to acidic microenvironment 
of tumors since intracellular trafficking of chemothera-
peutics in this case increased efficiently and meanwhile 
systemic toxicity of drugs substantially decreased com-
pared to conventional delivery of drugs via common drug 
delivery systems [34, 35]. Accordingly, to investigate the 
tumor microenvironment sensitivity of Gd2O3@BSA-
CUR nanoparticles, CUR release behavior was assessed 
under acidic (pH = 4) and normal physiological condi-
tion (pH = 7.4). Drug release profile of CUR from the as-
prepared Gd2O3@BSA-CUR nanoparticles is displayed 

in Fig. 2b. pH-dependent release behavior in a sustained/
controlled way was observed for CUR. As a matter of 
fact, acidic pH facilitate the release of CUR compared to 
normal physiological environment which is favorable in 
cancer treatment. This release behavior can also allevi-
ate chemotherapy associated side effects, challenges and 
enhance drug accumulation within tumor tissues rather 
than normal tissues and theraputics efficacy is thus 
improved. Figure 2b showed the biphasic release behav-
ior for CUR from Gd2O3@BSA-CUR nanoparticles in 
which the immediate release 43% and 65% within 10  h 
was observed at pH 7.4 and 4, respectively followed by a 
plateau behavior up to 40  h. Altogether, pH-dependent 
release behavior of CUR along with its multiple bio-
logical activities makes the designed Gd2O3@BSA-CUR 
nanoparticles as a highly compelling tool for alternative 
cancer treatment option to chemotherapy.

In vitro biosafety assessment
Hemocompatibility of as-prepared nanovehicle
Chemotherapeutic agents come into critical contact 
with red blood cells upon drug administration, fol-
lowed by direct or indirect agent entrance into blood 
flow. In order to achieve desirable effect, it is manda-
tory for chemotherapeutic agents and nanoparticles to 
enter blood flow to be transported to sites of action, tis-
sues and organs. Since direct contact of nanotherapeutic 
agents with blood components is inevitable, assessment 
of blood compatibility as a major concern is essential 
prior to in vivo drug administration. For this purpose 
hemolytic activity of Gd2O3@BSA was evaluated against 
human red blood cells (HRBCs), one of the restrictions 
of nanomaterials’ application in their clinical transla-
tion. Different concentrations of Gd2O3@BSA (32.5, 65, 
130, 260 and 520  µg/mL), H2O (positive control, as it 

Fig. 2  Characterization and release behavior of Gd2O3@BSA-CUR nanoparticles. (a) UV-Vis spectra of CUR, Gd2O3@BSA and Gd2O3@BSA-CUR nanopar-
ticles; and (b) drug release profile of Gd2O3@BSA-CUR nanoparticles under acidic and normal condition
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leads to complete hemolysis of HRBCs) and phosphate 
buffered saline (PBS) (negative control, as it is highly 
compatible with HRBC) were tested for their hemo-
lytic activity on human RBC. Blood compatibility data 
of each substance is depicted in Fig. 3a which reveals an 
increase in hemolytic activity of nanovehicle by increas-
ing vehicle concentration. Nevertheless, hemolytic activ-
ity of Gd2O3@BSA remained less than 3% even at highest 
concentration tested (520  µg/mL). These findings are 
in line with previous studies, investigating G2O3-based 
up-conversion nanoprobes as contrast agents for multi 
modal imaging [36]. Similarly, Mortezazadeh et al. and 
his colleague have reported hemolytic activity of Gd2O3@
PCD-Glu (Gadolinium oxide nanoparticles coated with 
polycyclodextrin and modified with glucose) less than 
5.5% even in concentrations as high as 1 g/mL [37]. Gen-
erally, these results offered invaluable evidence for Gd-
based nanoparticles’ hemocompatibility noting that no 
severe hemolysis activity was detected. Thus no concern 
remained regarding safe clinical application of blood-
contacting Gd-based nanomaterials.

Cell cytotoxicity
Biosafety of Gd2O3@BSA was explored via MTT assay on 
HFF-2 cell line. Cells were treated with 5 different con-
centrations of nanovehicle (32.5, 65, 130, 260 and 520 µg/
mL). Even in concentrations as high as 520 µg/mL, cells 
showed good biocompatibility after 24  h of incubation 
with Gd2O3@BSA (Fig.  3b). No significant difference 
was found between the different concentrations used. 

Surprisingly, by increasing nanoparticle concentration 
from 65 to 130  µg/mL and higher, cell growth slightly 
increased in contrast to control and no growth inhibition 
was observed. Although cell viability was shown to be 
slightly lower in 32.5 and 65 µg/mL nanoparticle concen-
trations than in control conditions, cell viability was close 
to 100% (Fig. 3b). The surprising results observed under 
higher nanoparticle concentrations might reflect the fact 
that nanoparticles act as a cell growth supplement factor 
due to the presence of albumin, which is consistent with 
a previous report [38]. Then, Gd2O3@BSA can be used 
safely in the presence of normal cells up to 520  µg/mL 
and no toxicity is observed.

MTT assay for assessing potential in vitro anticancer 
properties
The potential anticancer activity of designed NPs was 
assessed against CNE-1 and RPMI 2650 cells. While it 
has been shown that several NPC cell lines (e.g. CNE-1, 
CNE-2, AdAH, NPC-KT, and HONE-1) are contami-
nated with HeLa cells [39, 40] and thus inadequate to 
study NPC, we also used RPMI 2650 cells to evaluate 
the potential anticancer activity of Gd2O3@BSA@CUR 
nanoparticles against nasal squamous cell carcinoma. 
The results show that NPs show similar anticancer activ-
ity against CNE-1 and RPMI 2650 cells (Fig.  3c and d). 
The data suggest that both CUR and Gd2O3@BSA@CUR 
treatments show significant toxicity on RPMI 2650 cells. 
Moreover, the nanosystem loaded with CUR, Gd2O3@
BSA@CUR, exhibited greater cytotoxicity against nasal 

Fig. 3  Biocompatibility, hemocompatibility and cytotoxicity potential of developed nanoparticles. (a) hemocompatibility analysis of Gd2O3@BSA 
nanoparticles; (b) cytotoxicity potential of Gd2O3@BSA nanoparticles against HFF-2, (c) Potential anticancer effects of Gd2O3@BSA-CUR nanoparticles 
against CNE-1 cells and (d) Potential anticancer effects of Gd2O3@BSA-CUR nanoparticles against RPMI 2650 cells
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squamous cell carcinoma in comparison with CUR 
condition.

Dose-dependent induction of cell death was evident in 
both cell lines after treatment with Gd2O3@BSA, CUR 
and Gd2O3@BSA@CUR in different concentrations (7.5, 
15, 30, 60, 120 µg/mL). As can be seen in Fig. 3c and d, 
following CUR and Gd2O3@BSA@CUR exposure with 
cells, the cells experienced dose-dependent toxicity. The 
test revealed that both CUR and Gd2O3@BSA@CUR 
treatments induced significant cell death in CNE-1 and 
RPMI 2650 cells, where the nanosystem Gd2O3@BSA@
CUR exhibited a greater toxic effect relative to CUR 
condition. Unexpectedly for 120  µg/mL value of vehicle 
concentration, cancerous cell growth inhibition was 
observed, in comparison with control, while stimulat-
ing cell growth in normal cells at 130 µg/mL concentra-
tion. We are of the opinion that the vehicle itself has a 
suppressive effect on cancerous cell growth which shows 
potential anticancer effect of inert inorganic element, 
Gd. This finding reinforces usefulness of hybrid-protein 

nanosystems as drug delivery system for chemothera-
peutic agents such as CUR. CUR inhibitory effect on 
cancerous cell viability is previously determined in case 
of CNE-2Z, CNE-1 and HONE-1 cell lines by cell apop-
tosis induction through caspase-3 activation and MAPK 
signaling inactivation. [41].

CUR’s diverse effects on cancer cells are probably 
attributed to a variety of mechanisms of action. It has 
been reported that CUR shows both a mitotic and G1/S 
arrest, then induces apoptosis [42, 43]. Experimental evi-
dence indicates a wide array of molecular targets affected 
by curcumin, encompassing transcription factors, cell 
cycle proteins, enzymes, cell surface adhesion proteins, 
and cytokines [44]. Curcumin has been associated with 
the inhibition of cell signaling pathways, including those 
involving Akt, NF-κB, AP-1, or JNK. Additionally, there 
is evidence of up-regulation of growth arrest and DNA 
damage-inducible (GADD) genes, along with down-
regulation of the expression of survival genes like egr-1, 
c-myc, bcl-X(L), and IAP. Moreover, abnormalities in 

Fig. 4  In vivo biocompatibility studies. (a) Cox regression curve of mice injected with Gd2O3@BSA NPs. (b) Weight of mice injected with Gd2O3@BSA NPs. 
(c) Histopathological findings of key organs of mice treated with Gd2O3@BSA NPs (scale bar: 50 μm)
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tumor suppressor genes, such as p53, have been impli-
cated [45, 46].

Moreover, gadolinium oxide-modified with polyesters 
based on ß-cyclodextrine proved to be an efficient system 
for drug delivery of doxorubicin against 4T1 cell line [47]. 
Notably, BSA is also used frequently for coating nanopar-
ticles and enhancing biocompatibility of drug delivery 
systems decorated with biological macromolecules [48, 
49]. Altogether, these findings suggest that Gd2O3@BSA 
could be a proper carrier for the delivery of chemothera-
peutics and may improve their therapeutic efficacy when 
as well.

In vivo biocompatibility study
In vivo biosafety was used to make sure that nanopar-
ticles were safe in living organisms and, as a result, to 
increase their chances of being good candidates for 
preclinical studies. Mice were given different doses of 
nanoparticles, and their behavior and survival rate were 
recorded. As can be seen in Fig.  4a and b at any of the 
tested injection doses, there were no fatalities and no 
observable abnormal weight increase or loss compared 
to the control group, which confirm the biocompatibil-
ity of Gd2O3@BSA in studied dose. Also histopathologi-
cal findings show that there were no major alterations or 
signs of toxicity found in the histopathology of the liver, 
kidney, spleen, or heart. There was no sign of necrosis or 
any other abnormalities at studied organs (Fig. 4c). How-
ever, it is critical to consider long-term safety and poten-
tial cumulative effects, before translating to clinic.

Conclusions
In this study, we developed hybrid nanoparticles based 
on gadolinium oxide nanoparticles decorated with BSA 
macromolecules (Gd2O3@BSA) for CUR delivery and 
have demonstrated the feasibility in vitro. It was char-
acterized in terms of chemical structure, morphol-
ogy, size, zeta potential, toxicity, biocompatibility along 
with its in vitro cytotoxicity against RPMI 2650 cells. 
Gd2O3@BSA-CUR showed pH-dependent CUR release 
while maintaining their anticancer property. Notably, 
Gd2O3@BSA-CUR significantly inhibited cell growth 
and enhanced therapeutic efficacy compared with free 
CUR. Our study shows the potential of using gadolinium 
oxide (Gd2O3) nanoparticles against nasal squamous cell 
carcinoma.
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