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ABSTRACT 

Breast cancer (BC) is one of the most commonly diagnosed malignancies in the world. It is responsible for the 
majority of female mortality. Letrozole (LTZ) is an effective treatment for postmenopausal women whose BC 
responds positively to hormone receptors, but it has also been reported to have some unpleasant side effects. The 
inherent limitations of current anticancer drugs require the development of innovative technologies for more 
effective and safer cancer therapy. To address this problem, in this study, we fabricated unique PLGA nanoparticles 
loaded with LTZ. Optimized LTZ-PLGA nanoparticles (LTZ-PLGA NP) exhibited a particle size of 53.19 nm, with a 
polydispersity index (PDI) of 0.387 and a negative zeta potential of -10.9 mV. LTZ-PLGA NP also showed dose-
dependent cell toxicity against MDA-MB-231 human breast cancer cell lines, with an inhibitory concentration (IC50) 
of 5.64± 0.346 µg/ml. The hemolytic properties indicate that LTZ-PLGA NPs are compatible with blood components. 
In general, the newly synthesized LTZ-PLGA NPs were in the nanosize range, had good entrapment efficiency and a 
slow drug release profile with good inhibitory concentrations against MDA-MB-231. 
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INTRODUCTION 

Breast cancer (BC) is the most frequently diagnosed 

cancer in women and the leading cause of 

death1,2.The World Health Organization (WHO) 

reports that approximately six million women 

developed breast cancer in 2018. It is the third most 

commonly diagnosed cancer worldwide3. It is 

estimated to surpass the death rate from heart 

disease in the coming years4. 

BC is a very diverse disease in genetic, 

histopathological, and therapeutic terms5. Due to the 

heterogeneity, complexity, and aggressiveness of BC, 

treatment of BC represents a significant therapeutic 

obstacle6. The main approaches to treat BC are 

surgery, chemotherapy, radiation and hormonal 

therapy, and then targeted therapy7,8. For women 

with early BC, surgical resection is the gold standard. 

Chemotherapy and radiation therapy have shown 

some promising benefits in the treatment of BC but 

also have some major side effects. These include 

collateral damage, which is due to the drug damaging 

cancer cells, while vital cells may be destroyed due to 

side effects of treatment that trigger tissue death9. 

Other obstacles to chemotherapy include 

microenvironmentalsignals that reduce the 

effectiveness of the therapeutic agent10. To address 

these issues, a novel drug delivery system is required 

that efficiently targets tumors11.In general, novel 

nanoparticle-based drug delivery systems (NDDS) 

have shown promising efficacy in cancer therapy due 

to their enhanced permeability and retention (EPR) 
12,13. 

To reduce adverse effects and increase efficacy, we 

need to find a highly efficient and cost-effective 

treatment approach for BC. In an effort to improve 

the potential for site-specific delivery of anticancer 
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drugs to tumors, polymeric core-shell nanoparticles 

are currently being developed, which are 

characterized by their ease of use14,15.Among the 

various delivery systems, polymeric nanoparticles 

seem to be particularly attractive and promising. This 

is due to their well-defined morphological structures, 

size, low polydispersity index, and high transfection 

efficiency16,17.Despite all these advantages, their drug 

loading capacity is limited18-19. 

There are a number of therapeutic modalities for the 

treatment of BC, including letrozole (LTZ), which has 

limited BC efficacy. It is one of the most effective 

third-generation triazole aromatase inhibitors (AIs). It 

is approved by the Food and Drug Administration 

(FDA) for the treatment of advanced stage BC in 

postmenopausal women and inhibits the biosynthesis 

of excess estrogen in the body20. LTZ can be 

encapsulated in biodegradable NPs for sustained 

delivery to suppress estrogen production at the 

receptor site. Biodegradable matrices would slowly 

dissolve and release the drug. 

To date, there are few reports suggesting that 

polymeric nanoparticles may be a good option for LTZ 

delivery. Sustained-release LTZ nanoparticles were 

developed by Gomathi et al. and prepared from 

chitosan using sodium tripolyphosphate as a cross-

linking agent to overcome the drawbacks of low 

loading efficiency, higher particle size, etc.The way the 

formulations were made was analyzed and they were 

tested for effective drug release in vitro, blood 

compatibility, stability, and biocompatibility. It further 

meets cancer treatment needs21. 

In general, the development of new materials always 

leads to technological progress and creates innovative 

solutions to old problems. Thus, nanotechnology has 

gained a broad acceptance in contemporary life. 

Hence, the present work was aimed at synthesisof the 

novel formulation and its effectiveness has been 

evaluated. We prepared letrozole-loaded poly(lactide-

co-glycolide) nanoparticles (LTZ-PLGA-NPs) by the 

emulsion-solvent evaporation technique using 

dichloromethane (DCM) as organic solvent and 

polyvinyl alcohol (PVA) as colloid stabilizer to obtain a 

smaller particle size with high entrapment efficiency 

and sustained release profile. The particle size, 

morphology, entrapment efficiency, drug-polymer 

interaction, and in vitro release of LTZ-PLGA-NPs were 

studied. The influence of the percentage of drug 

(relative to the mass of the polymer) on the 

performance of the formulation, including particle 

size, zeta potential, entrapment efficiency, and in vitro 

release, was investigated. The purpose of this study is 

to investigate the development of anovel and 

sustained LTZ delivery system using biodegradable 

PLGAagainstMDA-MB-231. 

2. MATERIALS AND METHODS  

The letrozolepowderwasprovidedby Hetero drugs Pvt. 

Ltd, Hyderabad. Poly (D, L-lactide-coglycolide), PLGA 

75:25 having molecular weight 15000, chloroform, 

polyvinyl alcohol (PVA): Mw =89,000–98,000; 99% 

hydrolyzed, Dichloromethane(DCM), polysorbate 80 

(Tween 80) and dialysis bag (MW cutoff = 14 000)were 

obtained from Sigma-Aldrich Co. LLC. All other 

chemicals and reagents are analytically graded and 

used without further modification. 

The rabbit blood withdrawal was carried out 

according to the guidelines of the institutional Animal 

Ethics Committee, VIPER, Narsapur, Hyderabad, under 

the approval number (01/IAEC/VIPER/Ph.D/2021-

2022). 

 

2.1. Preparation of poly(lactic acid-coglycolic acid) 

(PLGA) nanoparticles loaded with LTZ 

 PLGANP loaded with LTZ was prepared by thesolvent 

evaporation process22. The aqueous phase contains a 

solution of polyvinyl alcohol (PVA) at a concentration 

of 2%, while the organic phase consists of PLGA 

(75:25). LTZ (20 mg) was dissolved in dichloromethane 

(DCM) containing 25 mg of PLGA. The organic phase 

solution was slowly poured into 10 ml of a 0.75% 

aqueous PVA solution under magnetic stirring. The 

resulting O/W emulsion was sonicated for 90 seconds. 

The organic mixture was immediately removed by 

slow stirring at room temperature for 6 hours using a 

magnetic stirrer. This was to ensure that all of the 

organic solvent had evaporated. LTZ-PLGA -The 

nanoparticles were centrifuged at 25,000 rpm (44,800 

g) at 5 ° C for further studies. 

2.2. Characteristics of the final selected formulation 

(F5) 
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2.2.1. Morphology study  

Field-emission scanning electron microscopy (FE-

SEM)microscopes (Supra 55, Carl Zeiss, Germany) 

were used to monitor the formation of LTZ-PLGA -NPs. 

It was equipped with a tungsten filament and 

provided high-quality images with a small electrical 

pulse. 

The sample was examined for morphology using a 

transmission electron microscope (TEM) (Tecnai 2, 

120 KV, FEI Company, Eindhoven, The Netherlands) 

after a drop of the sample solution was applied to a 

300 mesh carbon coated gold matrix. The solution was 

dried overnight and after complete drying, the second 

drop was applied. Again, drying was done overnight. 

The samples were then analyzed and photographed 

using TEM at 100 KV23-24. 

2.2.2. Particle size analysis and surface charge 

measurement 

The nanoparticle size and Zeta potential of the 

formulations were determined using the Malvern ZS 

zetasizer (Malvern Instrument, Worcestershire, 

United Kingdom). The diameter and polydispersion 

index (PDI) of the formulation in homogeneous 

mixtures were determined using the dynamic light 

dispersion (DLS) technique. The extended levels 

remained prepared by laser wavelength 633.0 nm at 

25 ° C at a 90o revealing angle. The size of the particles 

was determined with the help of Master Sizer 3000 

software25-26.  

2.2.3. Estimation of encapsulation efficiency (% EE) 

50 mg of air-dried LTZ-PLGA -NPs was kept in 5 mL of phosphate buffered saline (PBS) for 1 hour. It was filtered 

through a 0.22 μm membrane filter27. Then the stock solution of the formulation was further diluted with PBS. The 

drug content in the filter was then analyzed using a UV spectrometer at 240 nm. The percentage (%) EE can be 

calculated using the established equation (i)11,28. 

 

%EE =
 𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐿𝑇𝑍 − 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐿𝑇𝑍 𝑖𝑛 𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑒𝑛𝑡 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐿𝑇𝑍
      × 100………𝐸𝑞. (𝑖) 

 

2.2.4. In vitro drug release studies  

The in vitro release of LTZ from LTZ-PLGA-NP was studied according to the previously published technique17. The 

dialysis bag method was used with PBS with a pH of 7.4 and simulated cancer conditions (pH 5.0) for 48 hours each 

at 37 ° C. The dialysis membrane used has a molecular weight cut-off (MWCO) between 12,000 and 14,000 Da. The 

sample of 10 mg LTZ-PLGA-NPs was dissolved in 10 ml of distilled water and sealed in a dialysis bag. 50 mL of PBS at 

pH 7.4 and sodium acetate buffer at pH 5.0 were used to carry out the drug-release study. 3 mL of the samples were 

removed from the release medium at a fixed time interval and replaced with the same amount of fresh PBS to obtain 

a standardized volume and sink condition. The amount of LTZ present in the samples was calculated by UV 

spectrophotometry at 240 nm wavelength. The studies were carried out in triplicate. 

2.2.5. In vitro hemolysis assay 

Hemolytic tests were used to determine the biocompatibility of nanocarriers. The hemolytic activity of PLGA-NP and 

LTZ was tested at a dose of 1 mg / ml.Rabbit blood (5 ml) was obtained in a sealed ethylenediaminetetraacetic acid 

(EDTA) tubeand used within one hour. The blood was submerged at 3000 rpm for 10 minutes to separate the red 

blood cells (RBCs) from the blood sample. Separated RBCs were eroded three times with PBS (7.4) and diluted with 

900 μg saline and 1% Triton X-100 as a positive control.  96-well plates containing 100 μlof erythrocyte suspension 

were treated with different concentrations of nanocarriers. Finally, the plate was gently shaken and incubated at 37 

° C for three hours. The resulting supernatants were examined with a UV-vis spectrophotometer using plate readers 

at 541 nm. The percentage of hemolysis was measured according to equation (ii). Here, At is the absorbance of the 

treated supernatant, Ac is the absorbance of the negative control, and Ax is the absorbance of the positive control. 
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%Hemolysis =
 𝐴𝑡 − 𝐴𝑐 

(𝐴𝑥 − 𝐴𝑐)
 × 100 ………𝐸𝑞. (𝑖𝑖) 

 

2.2.6. Cytotoxicity assay 

To determine the cytotoxicity of the nanoformulation, a colorimetric assay was performed with 3-[4,5-

dimethylthiazol-2-yl] -2,5-diphenyl-2H-tetrazolium (MTT) using the Mosmann technique29,30. MDA-MB -231 breast 

cancer cell lines were selected for the cytotoxicity study. Basically, 96-well plates containing 5000 cells/wells of 

MDA-MB -231 were collected. They were allowed to grow for 24 hours. 100 μl of cells were inoculated in 96-well 

microtiter plates at different densities according to the developmental characteristics of each cell. Incubation was 

carried out in CO2 (5%) at 37 ° C for 24 hours. The microtiter plates were removed from the incubator and washed 

with 200 μl of PBS after the supernatant was removed. Then 200 μl of medium (DMEM for cancer cells) and 30 μl of 

5 mg/ml MTT were added. The microtiter plates were incubated at 37 ° C for four hours. After incubation of the cells, 

the supernatant was separated and 50 μl DMSO was added. A microplate reader was used to calculate the MTT 

reduction at a wavelength of 540 nm and a reference wavelength of 630 nm. The analysis was performed in 

triplicate. Data were analyzed using Graph Pad Prism 5.0. and expressed as mean ± standard deviation. IC50 values 

were analyzed from in vitro dose-response curves using linear regression analysis31. 

% Cell viability =
(A540 nm treated cells)

(𝐴540 𝑛𝑚 𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠)
 × 100………𝐸𝑞. (𝑖𝑖𝑖) 

2.2.7. Stability studies of the final formulation 

The stability of the final optimized formulation was evaluated by placing the formulation at room temperature in 

accordance with the guidelines of the International Conference on Harmonization (ICH, 2003) for one month. The 

added drug content in the formulation was calculated in regular time gaps (1, 15 and 30 days). Using a UV 

spectrophotometer, mutations in the uniformity of the final formulation were examined32,33. 

3. RESULTS AND DISCUSSION 

3.1. 1.Morphological analysis  

This study was characterized by the incorporation of LTZ-PLGA-NPs with different techniques. Transmission electron 

microscopes (TEMs) have been used to evaluate the morphology of the surface. The uniform spherical size with a 

particle size of 50 nm was evident from the TEM assessment.  TEM micrographs demonstrating the size of the 

nanoformulation in the size range below 50 nm, as shown in Figure 1 (a).SEM was used to characterize the shape of 

LTZ-PLGA-NPs.The SEM image shows the particle structure as in Figure 1 (b), a smooth surface and a thickness of 100 

nm.All LTZ-PLGA-NPs were nearly spherical in shape, without significant aggregation or adhesion. Our SEM and TEM 

results aligned with the previously published paper, where the authors prepared PLGA nanoparticles by using 

different drugs34. 
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Figure 1. Morphological analysis (a) TEM images of LTZ-PLGA-NPs; (b) SEM images of LTZ-PLGA-NPs(F5) 

 

3.1.2. Particle size, polydispersity index (PDI) and zeta potential 

The PDI of LTZ-PLGA-NP is shown in Figure 2 (a).DLSanalyzes show that some of the samples were polydispersed 

(polydispersivity index =0.387) and the reproducibility is fine.  Furthermore, the nanoparticles were randomly 

dispersed across the surface.Thestability of the particles is significantly improved and most of the particles are found 

in the range between 53.19 and nm, which also matches with the particle size detected by the Malvern Zeta sizer. 

The zeta potential was observed to be -10.9 mV, as shown in Figure 2 (b). 

 
Figure 2. (a) DLS illustrating the size distribution of the particles formed; (b)zeta potential of LTZ-PLGA-NPs(F5) 

 

3.1.3. Drug entrapment efficiency 

The encapsulation of drug molecules was carried out by UV-visiblespectroscopy, and the results showed the effectiveness 

of encapsulation. The entrapment efficiency achieved with the final formulation was 76.8%.The drug entrapment efficiency 

was very good and our result is in line with the previously published report bySun et al., where they reported a high 

encapsulation efficiency of 88.4%35. 

  Formulation  

        code           

Drug   

Concentration  

       ( mg ) 

        PLGA  

 Concentration  

          ( mg )             

PVA concentration 

w/v (%)  

 

Encapsulation 

(%) 

       F1  20 10             0.90  26.5±0.59 

       F2  20 15 0.85  32.6±0.63 

       F3  20 20             0.80  22.7± 2.19 
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       F4  20 25 0.75   43.67±2.04 

       F5  20 30 0.70  76.4±3.71 

Table 1.Composition of formulation parameters.Values are expressed as Mean ± SEM for 3 samples. 

3.1.4. In vitro drug release 

Based ondrug-encapsulation, we selected formulation 

code F5 for in vitro drug release study.In vitro release 

of the drug was carried out for forty-eight hours. In 

this case, the dialysis bag technique was used to 

measure the amount of LTZ released by LTZ-PLGA-

NPs. A biphasic release profile was determined for the 

preparedformulations(see Figure 3 and Table 

2).During the first 8 hours of the experiment, LTZ-

PLGA nanoparticles were released, which accounted 

for between 20% and 30% of the total drug. Time-

dependent release curves show a long release profile 

that leads to an initial release at pH 5 and 7.4. The 

long-term release rate shows drug overdose and 

provides sufficient time for LTZ-PLGA-NP.The total 

LTZrelease was 85% after 48 hours. As shown in 

Figure 3, the percentage of LTZ released for more 

than 42 hours was almost 85.50% at pH 7.4. The 

sensitivity of LTZ-PLGA-NPs to endosomal pH in the 

cancer cell environment was 89.5% at pH 5. 

Consequently, LTZ is released more rapidly at pH 5.0, 

37 °C than under physiological conditions (pH 7.4, 37 

°C). LTZ was gradually released by two different 

processes, dissolution and dissemination. The release 

of the drug from LTZ-PLGA nanoparticles was 

expected to be slow due to the strong core at body 

temperature. Previous studies have also shown that a 

higher percentage of drug is released from gum acacia 

stabilized gold nanoparticles (GA-AuNP)under acidic 

conditions than under neutral conditions36. These 

results suggest that the LTZ present in PLGA 

nanoparticles is probably associated with the 

nanoparticle.The results of the linear regression 

analysis data are given in Table 2. The value of r2 was 

found to be high at both pH levels inthe Higuchi 

model with high linearity. Therefore, it is 

noteworthythat the values r2 of pH 5.0 (0.9852); and 

pH 7.0 (0.9909) for the Higuchi model. The Higuchi 

model implies that the amount of drug releasein the 

dosage form is a function of the square root of time. 

The highest r2 value gives an indication that the drug 

releases. The plots showed that release of a drug 

involves both pore diffusion and matrix erosion.The 

drugs in the outer layer exposed to the bath solution 

are first dissolved and then diffused from the matrix. 

This process continues with the interface between the 

bath solution and the solid drug, which moves inward 

toward the interior.  Thus, to control the distribution 

of this system, the rate of dissolution of drug particles 

within the matrix must be much faster than the rate 

of diffusion of dissolved drugs from the matrix37. 
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Figure 3. Comparative in vitro cumulative percentage drug release study of LTZ released from LTZ-PLGA-NP(F5)@pH 

7.4 and pH 5.0 for 48 hrs.Values are expressed as Mean ± SEM for 3 samples. 

 

Model name pH 5.0 pH 7.0 

Zero-order model 0.9112 0.8763 

Higuchi model 0.9852 0.9909 

First order 0.9633 0.9388 

Korsmeyer-Peppas model 0.9178 0.8712 

HixsonñCrowell model 0.9481 0.9199 

Table 2: Drug release kinetic model at pH 5.0 & pH 7.0(F5). 

3.1.5. In vitro hemolysis assay  

The hemolytic toxicity of LTZ-PLGA-NP was studied in relation to erythrocytesuspension (2% hemocrit). Triton X 100 

was used as standard hemolytic agent (1% v/v), and the absorption value of Triton X 100 should represent complete 

hemolysis (100%)38. Triton is a nonionic surfactant that ruptures the RBC membrane and releases hemoglobin.Figure 

4 shows the results of studies investigating the effects of prepared nanoparticles on hemolysis at different 

concentrations (2-20 µg/ml). PLGA-NPs showed very low hemolysis (2%). The hemolytic effect of LTZ-PLGA -NP in 

concentrates, i.e., 2, 5, 10, 15, and 20 µg/mL, was inconsistent at intervals below 20%. In addition, LTZ-PLGA-NP has 
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biocompatible interactions and nontoxic properties. They are considered to be the main means of drug delivery. The 

above studies on erythrocytes show that the LTZ-PLGA NPs, which make up the LTZ-PLGA NPs in the current 

research, have potential for biological interactions and can be used safely in the body. 

 
Figure 4. In vitro hemolysis percentage of LTZ-PLGA-NPs(F5). Values are expressed as Mean ± SEM for 3 samples. 

 

3.1.6. Cytotoxicity assay 

The results of the MTT assay, which measures cell function, provide a clear description of the mechanisms by which 

cells respond to the structure of the MDA-MB -231 cell, as shown in Figure 5. To determine the effect of LTZ on cell 

proliferation, the MDA-MB -231 cell line was treated with different LTZ formulations. The results show that LTZ 

therapy suppresses cell proliferation in cells. In MDA-MB 231 cells, cell growth decreases after LTZ treatment, 

accompanied by an increase in the percentage ofinhibition and a decrease in proliferation percentage after LTZ 

treatment. The formulation exhibited the highest cytotoxicities for cancerous cells. The probable reason for this is a 

surface interaction between the LTZ molecule and PLGA, which has stronger binding to the negatively occupied cell 

membrane. The results of LTZ MTT assay showed that the cytotoxicity increased significantly increased for MDA-MB 

-231 cells, which could also be supported by the lower IC50 value of the formula compared to free LTZ. The IC50 

value of LTZ-PLGA -NPs 5.64± 0.346 µg/ml. 
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Figure.5 In vitro cytotoxicity and percent cell viability assay against MDA-MB-231 breast cancer cell lines for 

formulation (F5).Values are expressed as Mean ± SEM for 3 samples. 

3.1.7. Stability During Storage 

The physical stability of LTZ-PLGA-NP was evaluated by storing samples at room temperature for 30 days. The size, 

encapsulation efficiency, PDI, and zeta potential of the particles were found to be insignificant, as shown in Table 3. 

On the basis of the stability studies, it can be concluded that the newly constructed structure is stable and suitable 

for breast cancer treatment. 

 Room temperature 

Days Size PDI ZP (mV) EE% 

0 53±2.65 0.387±0.01 -10.9±0.54 76.8±3.84 

15 56.04±2.80 0.32±0.016 -12.07±0.60 72.3±3.61 

30 58.09±2.90 0.367±0.018 -13.2±0.66 67.0±3.39 

 

Table 3: Effect of storage capacity on LTZ-PLGA-NPs (F5)at room temperature. Values are expressed as Mean ± SEM 

for 3 samples. 

4. CONCLUSION 

The clinical success of LTZ, a popular anticancer drug, 

is severely hampered by its nonspecificity and severe 

dose-limiting toxicities. The aim of this study was to 

improve LTZ-PLGA NPs and enhance the activity of LTZ 

by increasing its sustainability in the treatment of 

breast cancer. In summary, LTZ-loaded PLGA NPs were 

prepared using a modified version of an oil-in-water 

(O/W) single-emulsion solvent evaporation process. 

The final formation of LTZ-loaded nanoparticles was 

confirmed by size, shape, encapsulation efficiency, in 

vitro release studies, and the MTT assay against 

breast cancer cell lines. The LTZ-loaded PLGA-NP 

provides a unique formulation approach for sustained 

drug release with better efficacy against MDA-MB -

231 breast cancer cell lines. In summary, these results 
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emphasize that LTZ-PLGA NPs exhibit anticancer 

efficacy against MDA-MB -231 cancer cells. 
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