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ABSTRACT 
Objective: This study aims to investigate and compare the 
anticancer effects of carboplatin and cisplatin, frequently 
used in cancer treatment, by loading them on albumin 
nanocarrier.    
Materials and Methods: Carboplatin (CP) and Cisplatin 
(Cis) loaded albumin nanoparticles were synthesized us-
ing ultrasonication as CP-NPs  and Cis-NPs, respectively. 
Nanoparticle size and distribution were evaluated by Dy-
namic light scattering (DLS). Cytotoxicities of NPs were 
evaluated in MDA-MB-231 and MCF-7 breast cancer 
cells and HUVEC using MTT test and their morphological 
images were compared.       
Results: While the average size of CP-NPs was around 2-
3 nm, Cis-NPs was 7-8 nm. It was observed that both NPs 
groups were homogeneously dispersed. According to the 
cytotoxicity results, both CP-NPs and Cis-NPs were more 
cytotoxic on MCF-7 breast cancer cells. In addition, CP-
NPs and Cis-NPs showed significant cytotoxicity on MCF
-7, MDA-MB-231 breast cancer cells, while low cytotoxi-
city was detected in normal HUVEC cells. The NPs treat-
ed MCF-7 was compared with the untreated MCF-7 and 
statistical significance was calculated as P<0.01 for CP-
NPs and Cis-NPs.  
Conclusions: Abumin-based CP-NPs and Cis-NPs 
showed high cytotoxicity in breast cancer cells, they have 
low cytotoxicity in healthy cells, making them promising 
for breast cancer treatment.  
Keywords: Cytotoxicity, breast cancer, MCF-7, MDA-
MB-231, nano drug 

ÖZ 
Amaç: Bu çalışmanın amacı kanser tedavisinde sıklıkla 
kullanılan karboplatin ve sisplatin ilaçlarının albümin 
nanotaşıyıcıya yüklenerek antikanser etkilerinin araştırıl-
ması ve karşılaştırılmasıdır.  
Materyal ve Metot: Karboplatin (CP) ve Sisplatin (Cis) 
yüklenmiş albümin nanopartiküller, sırasıyla CP-NPs ve 
Cis-NPs olarak ultrasonikasyon kullanarak sentezlendi. 
Nanopartikül boyutu ve dağılımın homojenitesi Dinamik 
ışık saçılımı (DLS) ile değerlendirildi. Nanopartiküllerin 
sitotoksik aktiviteleri MDA-MB-231 ve MCF-7 meme 
kanseri hücrelerinde ve HUVEC hücrelerinde,  MTT testi 
kullanılarak değerlendirildi ve morfolojik görüntüleri kar-
şılaştırıldı.  
Bulgular: CP-NPs’lerin boyutu ortalama 2-3 nm civarında 
iken, Cis-NPs’lerin 7-8 nm idi. Her iki nanopartikül gru-
bunun da homojen bir şekilde dağıldığı görüldü. Sitotoksi-
site sonuçlarına göre CP-NPs ve Cis-NPs, MCF-7 meme 
kanseri hücrelerinde daha sitotoksikti. Ayrıca CP-NPs ve 
Cis-NPs’ler MDA-MB-231 meme kanseri hücrelerinde 
önemli sitotoksisite gösterirken, normal HUVEC hücrele-
rinde düşük sitotoksisite tespit edildi. CP-NPs ve Cis-NPs 
ile tedavi edilen MCF-7, tedavi edilmeyen MCF-7 ile kar-
şılaştırıldı ve NPs'ler için istatistiksel anlamlılık P<0,01 
olarak hesaplandı.  
Sonuç: Meme kanseri hücrelerinde yüksek sitotoksisite 
gözlenirken, sağlıklı hücrelerde belirgin sitotoksisite göz-
lenmemiş olup albümine bağlı CP-NPs ve Cis-NPs kanser 
tedavisinde umut vadedici bir tedavi seçeneği olabilir.  
Anahtar Kelimeler: MCF-7, MDA-MB-231, meme kan-
seri, nano ilaç, sitotoksisite 
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INTRODUCTION 

Breast cancer is the most frequent malignant tumor 

in women and one of the top causes of cancer death 

in many nations.1 In particular, chemotherapy is 

widely used in treating breast cancer, but the fre-

quency of side effects and drug reactions limits the 

efficiency of treatment.2  Consequently, new and 

selective anticancer drugs with fewer side effects 

and ways to reduce side effects are needed.3 

There has been a surge of interest in using nanotech-

nology in cancer treatment in recent years.4,5 Nano-

drug delivery systems offer considerable advantages 

in terms of enhanced permeability and retention 

(EPR), particularly when targeting tumors, and can 

lessen the negative effects of anticancer medica-

tions.6 Nanoparticles smaller than 100 nm, in partic-

ular, are more effective in passively targeting tumors 

and are ideal carriers for inducing the drug’s thera-

peutic potential while minimizing its side effects. 

Furthermore, nanocarriers may increase medication 

half-life in therapy, enhance pharmacokinetic char-

acteristics, and improve patient compliance.7 

In particular, protein-based nanocarriers are pre-

ferred over other nanomaterials as they have many 

favourable properties and are safe to use in biologi-

cal environments.8Albumin is a multifunctional pro-

tein used as a medicine carrier because it is non-

toxic, non-immunogenic, biocompatible, and biode-

gradable. As a result, it is an excellent material for 

use as a drug delivery platform.9 

The principal effect of albumin-based drug delivery 

systems is dependent on tumor targeting and nano-

particle accumulation within the tumor. Higher drug 

accumulation within the tumor is caused by in-

creased absorption, which is passively mediated by 

the increased permeability and retention effect.9 Al-

bumin can bind to certain receptors overexpressed in 

cancer cells, increasing nanoparticle binding and 

absorption. The 60 kDa glycoprotein (gp60) recep-

tor10  is overexpressed in a variety of malignancies, 

as is the acidic and cysteine-rich SPARC protein.11 

Albumin can bind selectively to gp60 and SPARC, 

hence actively increasing nanoparticle absorption. 

This mechanism prevents albumin-based nanoparti-

cles from ejecting the medication from tumor 

cells.12,13 

Although many studies on nanocarriers have been 

conducted in recent years, there is still a need for 

further inquiry regarding their effects in the field of 

cancer. In this study, cisplatin (Cis) and carboplatin 

(CP) nanoparticles were loaded independently into 

albumin and their anticancer effects on breast cancer 

cells were investigated. The cytotoxic effects of 

these medications, which we manufactured on the 

nanotechnological platform, were evaluated and 

compared on MCF-7, MDA-MB-231 breast cancer 

cells, and normal HUVEC cells.  

 

MATERIALS AND METHODS 

Ethics Committee Approval: An ethical approval for 

the study is not required. In this study, secondary 

cell culture was used. 

Materials: MCF-7, MDA-MB-231, and HUVEC 

cell lines were purchased from The American Type 

Culture Collection (ATCC). Analytical purity bo-

vine serum albumin (BSA) was purchased from Sig-

ma (USA) while pharmaceuticals CP and Cis from 

Koçak Farma (Turkey). Chemicals used in cell cul-

ture are from Dulbecco's Modified Eagle's Medium 

(DMEM), 3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) kit, Dimethyl-

sulfoxide (DMSO), Sigma (USA) and Fetal Bovine 

Serum (FBS), Penicillin, streptomycin, and trypsin 

were obtained from Gibco (UK). 

Preparation of Nanoparticles: First, stock solutions 

were prepared at a concentration of 10 mg/mL of 

albumin and 4.5 mg/mL of CP and Cis separately in 

distilled water (CP and Cis were previously dis-

solved at 10 mg/mL separately in DMSO).14 The 

albumin and stock solutions were separated into 

Eppendorf tubes and sonicated for 30 seconds in the 

ultrasonication apparatus. Following that, the pro-

duced solutions were stored separately in a sterile 

condition for 1 hour under a 30 W (Philips brand) 

UV-C lamp (200-280 nm). Compounds loaded on 

albumin were encoded as Cis-Nps and CP-NPs. 

Distribution of Nanoparticles / Size Measurements: 

Using a 4 mW He-Ne laser operating at ambient 

temperature, a wavelength of 633 nm, and a detec-

tion angle of 173°, dynamic light scattering (DLS) 

measurements using Zetasizer Nano ZS were used to 

assess the size distribution of the compounds. As the 

reference liquid, distilled water was utilized. 

Cell Culture and Cell Lines: MDA-MB-231, MCF-

7 breast cancer, and normal HUVEC cells were em-

ployed in cell culture research. They were grown in 

DMEM with fetal calf serum at 37°C in a humidi-

fied oven environment with 95% O2, and 5% CO2. 

Cells were checked daily and subcultured every day 

or every 2-3 days, depending on their condition. 

Evaluation of Cell Viability by Trypan Blue Meth-

od: The trypan blue staining technique was used to 

measure cell viability. For this, the cells were 

stained with trypan blue dye, and cell viability was 

measured using a Neubauer slide under a light mi-

croscope. Dead cells stained with trypan blue 

showed blue, whereas healthy cells did not. It was 

observed that cells that had not been colored were 

alive. 

Determination of Cytotoxic Activity on Cells by 

MTT Measurement Based on Mitochondrial Activ-

ity: The MTT test is a quantitative colorimetric 
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method used to assess cytotoxicity in vitro based on 

metabolic viability.15 Albumin-bound Cisplatin-

loaded nanoparticles (Cis-NPs) and Carboplatin-

loaded nanoparticles (CP-NPs) were produced at 

various doses (50, 25, 12.5, 6.25, 3.12 g/mL) and 

incubated for 72 hours with MDA-MB-231, MCF-7, 

and HUVEC cells. After 72 hours, the cells were 

exposed to the MTT test, and the optical densities of 

the cells in the plate were measured with an ELISA 

equipment at 540 nm. All experiments were done 

three times, and the average was calculated.  

Statistical analysis: Using the IBM SPSS 15.0 

(SPSS Inc., Chicago, IL, USA) package application, 

the data was examined. In order to compare the vari-

ations between the control groups and CP-NPs and 

Cis-NPs, the Student's t-test was performed. P val-

ues less than 0.05 were considered significant. The 

72-hour MTT test was used to determine cytotoxici-

ty. Each test was conducted three times, and the av-

erage was calculated. The data are presented as 

mean SD.  

 

RESULTS 

CP and Cis anticancer medicines attach to albumin 

nanocarriers at the nanoscale, as shown in Figure 1. 

The nanosizes of the cisplatin-loaded albumin nano-

particles (Cis-NPs) are in the range of 5-11 nm, the 

nanoparticles are homogeneously disseminated, and 

the average Cis-NPs size is around 6-7 nm, as shown 

in Figure 1a. Furthermore, Figure 1b shows that the 

CP-loaded albumin-bound nanoparticles (CP-NPs) 

are homogeneously distributed in the 2-5 nm range, 

with the average CP-NPs size being around 2-3 nm. 

Furthermore, although Cis NPs had a PDI value of 

0.218, CP-NPs had a PDI value of 0.481.  

 

Figure 1. DLS Analysis of Albumin-based Carboplatin NPs (a) and Cisplatin NPs (b). 
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Figure 2 shows the cytotoxic effects of CP-NPs and 

Cis-NPs on MDA-MB-231, MCF-7 breast cancer 

cells, and normal HUVEC cells. According to our 

findings, both CP-NPs and Cis-NPs appear to be 

more cytotoxic in MCF-7 breast cancer cells. MDA-

MB-231 triple-negative breast cancer cells seem to 

be more resistant to treatment than MCF-7. It is also 

noteworthy that CP-NPs and Cis-NPs samples are 

less cytotoxic in HUVEC cells, which are the nor-

mal cell group. Table 2 shows the IC50 values of Cis-

NPs and CP-NPs on MCF-7, MDA-MB-231, and 

HUVEC cells. The IC50 values of Cis-NPs are 29 

µg/mL in MCF-7 cells, 46 µg/mL in MDA-MB-231 

cells, while the IC50 values of CP-NPs are 22 µg/mL 

in MCF-7 cells, MDA-MB-231 for 41 µg/mL 

(Figure 2, Table 1).  

Figure 2. Cytotoxic effects of CP-NPs (a) and Cis-NPs (b) at different concentrations on MDA-MB-231, MCF
-7 cancer cells and HUVEC normal cells (Concentrations are calculated based on the amount of Cis or CP load-
ed into the nanoparticles). Significant comparisons have a "p" value of less than 0.05. In each group, each con-
centration was compared with the control and the mean *: p<0.01 was calculated.  
CP: Carboplatin, Cis: Cisplatin.  

Table 1. IC50 concentrations of Cis-NPs and CP-NPs on MCF-7, MDA-MB-231 and HUVEC cells. Cytotoxi-
city was evaluated by MTT test after 72 hours. 

  *IC50 Concentration (µg/mL) 

Cell Line Cis-NPs CP-NPs 
MCF-7 29 22 
MDA-MB-231 46 41 
HUVEC >50 >50 

IC50: The concentration at which cell growth is inhibited by 50%. 
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Figure 3 compares the morphological changes in 

MDA-MB -231, MCF -7, and HUVEC cells that 

were not treated and in MDA-MB -231, MCF -7, 

and HUVEC cells treated with CP -NPs and Cis-

NPs. The untreated control cells were compact, spin-

dle-shaped, cross-linked and adherent to the surface 

in all cell groups. In contrast, the number of MDA-

MB-231 and MCF-7 cells treated with CP-NPs, and 

Cis-NPs appeared to be drastically reduced. Some 

cells treated with the nano-drug were shrunken and 

round, and there was a significant decrease in cell 

quantity and intercellular connections. Figure 3 

shows images of cells treated with CP -NPs, and Cis

-NPs at IC50 values. According to the findings of this 

study, the morphological changes are consistent with 

cytotoxicity. 

Figure 3. The morphological changes in MDA-MB-231, MCF-7, and HUVEC cells under light microscopy. 
Magnification 20X. 

DISCUSSION AND CONCLUSION 

In this study, the platinum group anticancer medici-

nes CP and Cis were loaded on albumin nanocarrier 

to create two distinct nano-drugs, Cis-NPs and CP-

NPs, and their cytotoxic effects on MCF-7, MDA-

MB-231 and HUVEC cells were examined. 

A growing body of evidence suggests that nanoparti-

cle-based drug delivery show promise for treating 

cancer. Nanocarriers can effectively deliver drugs to 

diseased areas in a controlled and targeted manner 

compared to conventional drug therapy.16 Nanocarri-

ers may also improve pharmacokinetic characteris-

tics, lengthen medication half-life in therapy, and 

improve patient compliance. Many nanoparticles 

have been studied for this purpose, including differ-

ent polymeric nanoparticles, albumin-bound nano-

particles, lipid-based nanoparticles, inorganic nano-

particles, carbon-based nanotubes, polymer-based 

conjugates, and nanocrystals.7,13 Among them, we 

chose albumin nanocarriers for the medications Cis 

and CP because it is possible to overcome the chal-

lenges posed by disease-treating drugs, such as lim-

ited solubility, surface adsorption, and high systemic 

toxicity, in part because of albumin nanocarriers.8 

The literature includes synthesized nano-drug deliv-

ery technologies of various sizes.17–19 However, pas-

sively targeting tumors with nanocarrier systems that 

use particles smaller than 40 nm is more effective at 

inducing therapeutic potential and minimizing ad-

verse pharmacological effects.7,13 In this study, NPs 

below 40 nm were obtained and their cytotoxic ef-

fects on both cancer cells and normal cells were 

evaluated. Albumin-bound CP-NPs and Cis-NPs 

with sizes of 7-8 nm and 2-3 nm, respectively 

(Fig.1), were created and proved to be very effective 

against breast cancer cells. Different sizes of gold 

nanoparticles (3,5,6,8,10,17 nm) were created in a 

study by Viyajakumar et al., and the effects of their 

cytotoxicity were examined. It was shown that the 3 

nm nanoparticles were more cytotoxic than the oth-

ers.20 

In our study, Cis-NPs and CP-NPs were found to be 

highly cytotoxic in both MCF-7 and MDA-MB-231 

breast cancer cell groups, but they were more effec-

tive on MCF-7 cells and had the least cytotoxicity 

on HUVEC normal cells (Fig. 2, Fig. 3, Table 1). 
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According to our results, it is expected that MDA-

MB-231 cells are more resistant to treatment than 

MCF-7. Because MCF-7 and MDA-MB-231 breast 

cancer cells have different phenotypic and genotypic 

characteristics even though they are both invasive 

ductal breast cancer cells. MCF-7 cells are estrogen 

receptor (ER) positive and progesterone receptor 

(PR) positive and have low metastatic potential, 

while MDA-MB-231 cells known as triple-negative 

breast cancer (TNBC) lack ER, PR and human epi-

dermal growth factor receptors. It is known for its 

lack of expression of the 2 (HER2) gene and is con-

sidered to be the most aggressive breast cancer cells 

that can lead to early metastasis.21,22 For this reason, 

TNBC breast cancer with MDA-MB-231 cancer 

cells is a type of breast cancer that is difficult to 

treat, and it is very important that the nano-drugs we 

synthesize are also effective in this cell group. 

Many of the drawbacks of conventional drug deliv-

ery systems can be solved by nanocarrier-dependent 

drug delivery applications. For instance, chemother-

apeutic agents used in the treatment of cancer are 

traditionally non-specifically distributed systemical-

ly, causing damage to both healthy cells and cancer 

cells, often with low efficacy and high toxicity.23 

Nano-drug delivery systems can increase drug con-

centration in cancer cells by directing chemothera-

peutics to the tumor site and prevent toxicity in nor-

mal cells.24–26  

In conclusion, CP and Cis loaded on albumin 

nanocarriers exhibited high cytotoxicity in breast 

cancer cells but low cytotoxicity in healthy cells, 

which suggested that they are promising for the 

treatment of breast cancer.  
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