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Abstract
The use of drug delivery systems in targeting and achieving the targeting of drugs in treating diseases, especially 
cancer, has attracted the attention of researchers. Letrozole is one of the drugs for the treatment of breast cancer. 
In this study, the organic-metallic pharmaceutical porous nanostructure based on zirconium UiO-66 loaded 
letrozole was synthesized. Its cytotoxicity and effect on apoptosis and migration against breast cancer cell line were 
investigated. In this experimental study, the UiO-66 nanoparticle-loaded letrozole was synthesized using zirconium 
chloride (ZrCl4), dimethylformamide (DMF), and HCl. Its characteristics were determined by scanning electron 
microscopy, and its average size was determined by the DLS method. Also, the rate of letrozole drug release from 
the nanoparticle was investigated in 24, 48, and 72 h. In addition, its cytotoxicity effects were investigated using 
the MTT colorimetric method at concentrations of 3.125-100 µg/ml against the breast cancer cell line (MCF-7) in 
the periods of 48 and 72 h. Also, the expression level of apoptotic genes Bax and Bcl2 was investigated by the 
Real-Time PCR method. Also, the amount of cell migration was done by the migration assay method. The results 
showed that UiO-66 bound to letrozole had a spherical morphology and an average size of 9.2 ± 160.1. Also, the 
letrozole drug was loaded by 62.21 ± 1.80% in UiO-66 nanoparticles and had a slower release pattern than free 
letrozole in the drug release test, so within 72 h, 99.99% of free letrozole was released in If in UiO-66 containing 
letrozole, 57.55% of the drug has been released. Also, the cytotoxicity results showed that UiO-66 bound to 
letrozole has more significant cytotoxic effects than free letrozole (p < 0.05). Also, the results of Bax and Bcl2 gene 
expression showed that the treatment of MCF-7 cells with UiO-66 nanoparticles attached to letrozole increased 
the expression of Bax and Bcl2 genes compared to the reference gene Beta-actin in MCF-7 cell line, respectively. 
(p < 0.05) increased by 3.71 ± 0.42 and (p < 0.01) decreased by 0.636 ± 0.034 (p < 0.05). Cell migration results showed 
that the concentration of 50 µg/ml of UiO-66 bound to letrozole decreased the migration of MCF-7 cells. Generally, 
the results of this study showed that UiO-66 loaded letrozole can be used as a suitable drug carrier for cellular 
purposes, as it has increased the effects of cytotoxicity and the rate of apoptosis in breast cancer cell line (MCF-7), 
so it can be used with more studies used nanocarriers as a drug delivery system.
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Introduction
Breast cancer is one of the major causes of death in the 
world due to the lack of an effective drug that would 
cause fewer side effects (Waks and Winer 2019). How-
ever, there have been significant improvements in the 
field of cancer by the exertion of new techniques in 
designing drug delivery systems (Tiwari et al. 2012). 
Novel pharmacological systems have proved to be effec-
tive in the targeted and specialized treatment of cancer 
and have provided a new field that involves the usage 
of porous materials for delivery systems (Dinda and 
Pattnaik 2013; Amale et al. 2021; Hojabri et al. 2023). 
Letrozole is a type of chemotherapy drug that is cur-
rently approved for the treatment of colorectal cancers. 
However, the in vivo anti-tumor activity of letrozole has 
been reported to be low when used alone (Lisztwan et 
al. 2008). This low activity can be attributed to the high 
partitioning of red blood cells and low drug accumulation 
in tumor tissues after intravenous injection. On the other 
hand, the clinical efficacy of this drug is limited by its side 
effects, such as neurotoxicity, which are also dose limiters 
(Miller et al. 2002; Pourmoghadasiyan et al. 2022). Side 
effects of letrozole and other chemotherapeutic drugs are 
the result of systemic administration and, as a result, the 
effect of these drugs on normal cells in addition to can-
cer cells (Simpson et al. 2004). Considering the above, it 
seems necessary to use a new drug delivery system that 
can reduce the side effects of the drug by entering the 
tumor site and increasing its anti-tumor activity by pre-
venting it from entering normal tissues (Rabiei et al. 2020; 
Gholami et al. 2022). Therefore, one of the ways to over-
come these challenges is the targeted delivery of chemo-
therapy drugs using nanoparticles. (Lázaro and Forgan 
2019). In this work, the fabrication of UiO-66-NH2 nano-
materials containing letrozole is considered for inactive 
targeting. With the remarkable nanoscience development 
that has been created over the past few decades, porous 
nanomaterials have been developed that can conjointly 
alleviate various of the aforementioned side-effects when 
combined via letrozole into novel drug delivery systems 
(DDSs) (Horcajada et al. 2010). Between the porous sub-
stances, metal-organic frameworks (MOFs) are the most 
flexible in terms of their design flexibility and applica-
bility as novel nanomaterials-based DDSs (Nilash et al. 
2019). The various toxicological shapes that recently 
introduced nano MOFs displayed negligible toxicity pro-
files for carboxylate-based nano MOFs.

Novel nanoparticle-based hybrid materials, such as 
metal-organic frameworks (MOFs), have been inves-
tigated for drug delivery applications. MOFs are low-
density crystalline porous materials with a large internal 
surface area composed of metal ions or clusters (nodes) 
and organic bridging ligands in 2D or 3D configura-
tions (Butova et al. 2016; Molani et al. 2019). MOFs offer 

promising features like a large surface area, unique mor-
phology, high pore volume, customizable components, 
functionalized pore surfaces, superior porosity, and 
diverse topologies for various applications. In compari-
son to traditional drug carriers, MOFs offer advantages 
like numerous pores and specific surface areas for load-
ing therapeutic or diagnostic agents, as well as the abil-
ity to modulate physical and chemical properties through 
metallic clusters and organic ligands. However, chal-
lenges such as low biocompatibility, inadequate chemi-
cal and thermal stability, and premature drug release 
have limited the drug adsorption and delivery capabili-
ties of MOFs. Despite these challenges, MOFs have been 
extensively studied as potential drug carriers due to 
their distinct properties. Different MOFs exhibit vary-
ing drug loading capacities and release profiles based on 
their specific ligands (Sun et al. 2013). Zirconium-based 
MOFs, particularly the well-known Zr terephthalate 
UIO-66 structure, have garnered significant attention 
for drug delivery applications. UIO-66 is a MOF struc-
ture comprising [Zr6O4(OH)4] octahedron clusters and 
Ben-zene-1,4-dicarboxylic acid (BDC) ligands. Various 
derivatives of UIO-66 with different functional groups 
have been utilized for encapsulating anticancer agents 
owing to their exceptional chemical and physical prop-
erties like excellent water resistance, superior chemical, 
thermal, and mechanical stability, ideal biodegradabil-
ity, and high specific surface area (Cai et al. 2020; Salek-
shahrezaee et al. 2021; Nasrabadi et al. 2019).

In this study, letrozole was integrated into the structure 
of UiO-66-NH2 and applied in vitro to deliver letrozole 
to the breast cancer cells (Meng et al. 2021). The per-
formance of this structure was investigated using MTT 
assay and Real-Time PCR.

Materials and methods
Materials
Trypsin-EDTA, Trypan blue, Medium RPMI-1640, 
DMEM, PBS, FBS, MTT, and Penicillin/Streptomycin 
100 X were purchased from Gibco, USA. Dialysis mem-
brane (MWCO 12,000 Da). Congo red, crystal violet 
solution, and all the other chemicals were purchased 
from Sigma-Aldrich Chemicals (St. Louis, MO). All the 
media were purchased from HiMedia Laboratories, 
India; the control bacterial strain was purchased from 
the American Type Culture Collection (ATCC). HFF cell 
lines were obtained from Pasteur Cell Bank, Iran. RNA 
extraction kit was purchased from Qiagen, United States. 
Revert First Strand cDNA Synthesis Kit (Fermentas, 
Lithuania) was applied to synthesize the cDNA. All other 
chemicals and analytical grade solvents were also sup-
plied from Merck (Germany).
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Preparation of UiO-loaded letrozole
In this research, 0.52 g of 2-amino terephthalic acid was 
removed and dissolved in 40  ml of N, N Dimethylfor-
mamide (DMF). Then 0.5  g of zirconium chloride salt 
(ZrC14) was dissolved in 20  ml of dimethylformamide 
(DMF) and 4  ml of HCl in a sonicator bath separately. 
The two resulting solutions were mixed and placed in the 
sonicator bath for 20 min to complete the sonication pro-
cess. The obtained solution was heated at 80 °C for 36 h. 
Then, it was placed in a centrifuge at 3000 rpm to carry 
out the sedimentation process. The sediment obtained 
was kept at room temperature and then placed at 36  °C 
for 6  h to dry. To load letrozole into UiO-66, 5  mg of 
UiO-66 was mixed with 10 mL of letrozole drug (1 mg/
mL) and placed in a shaker for 24 h. Finally, the UiO-66 
solution attached to letrozole was washed twice with dis-
tilled water and then placed in a centrifuge at 12,000 rpm 
for 20 min (Scheme 1)(Zhang et al. 2022).

Encapsulation efficiency
Encapsulation efficiency (EE%) refers to the drug encap-
sulated in the UiO structure compared to the primary 
drug used. For this purpose, the UiO formulation was 
centrifuged at 4 °C and 14,000 g speed for 45 min. UiO-
loaded letrozole is precipitated, and free UiO remains 
in the supernatant. The absorbance of the supernatant 
sample was read by a spectrophotometer at a wavelength 
of 265  nm, and the amount of free letrozole was calcu-
lated and subtracted from the initial amount of the initial 
letrozole, and from that, the EE% was calculated:

 

Encapsulation efficiency = amount of free drug
− the amount of primary drug
/amount of primary drug × 100

 (1)

Drug release test
Drug release is evaluated dynamically. In this way, 2 ml of 
UiO-loaded letrozole and free letrozole are placed in the 

dialysis bag (molecular weight cutoff 12 KDa) separately. 
Each of the bags is suspended in a flask containing 50 ml 
of phosphate-buffered saline (PBS) at 37  °C. The flasks 
with the bag containing the UiO-loaded letrozole and the 
free letrozole are placed on the stirrer. Sampling is done 
at different hours in such a way that 1 ml of PBS contain-
ing the dialysis bag is removed, and 1 ml of PBS with a 
temperature of 37 °C is replaced. Sampling is done up to 
72 h in specific time intervals (1, 2, 4, 8, 24, 48, and 72 h). 
The optical absorption of the samples was read by the UV 
spectrophotometer at a wavelength of 265  nm and the 
graph of the cumulative release percentage of letrozole 
from UiO was drawn for 72 h (Sadek et al. 2022).

Cell toxicity and biocompatibility test
Cytotoxicity of UiO-loaded letrozole and free letrozole 
was studied using a colorimetric assay (MTT) against 
three breast cancer cell lines (MCF-7). For this pur-
pose, cell lines were obtained from the Pasteur Institute 
Iran cell bank of Iran (Tehran-Iran). Then, the cells were 
seeded separately at the density of 104 cells per well in a 
96-well plate for 24 h. Then, the cells were treated with 
different concentrations of UiO-loaded letrozole and free 
letrozole (3.125 to 100 µg/ml), and after 48 h of incuba-
tion, MTT dye solution (5 mg/ml in PBS) was added to 
the wells and kept in the incubator for 3 h. The superna-
tant solution was removed, and 100 µl of dimethyl sulfox-
ide (DMSO) solution was added to it, and the absorbance 
of all the wells was read at 570  nm wavelength, and 
according to the following formula, the survival percent-
age of the cells was calculated (Jarai et al. 2020):

 

Cell survival = optical absorbance of treated cells
/optical absorbance of control × 100

 (2)

Expression analysis of apoptotic genes
In this study, to investigate the expression of apoptotic 
genes including Bax and Bcl2, it was measured by the 

Scheme 1 Preparation of UiO-66, and UiO-66-Let

 



Page 4 of 12Ronaghi et al. AMB Express           (2024) 14:38 

Real-Time PCR method. At first, the total RNA of treated 
and untreated cells with UiO-loaded letrozole and free 
letrozole was extracted using the RNA extraction kit 
(Qiagen, USA) according to its instructions. The synthe-
sis of complementary DNA was done with a cDNA syn-
thesis kit (Fermentas, Lithuania). To perform Real-Time 
PCR, the specific primers of target genes Bax, Bcl2, and 
beta-actin gene (Housekeeping gene) were used as an.

internal control. The reverse primer sequence of the 
Bax target gene was 5’- T T G C T T C A G G G T T T C A T C C A 
G − 3’, and reverse 5’-  A G C T T C T T G G T G G A C G C A T C 
− 3’. The reverse primer sequence of the Bcl2 target gene 
was 5’- T G T G G A T G A C T G A G T A C C T G A A C C-3’, and 
reverse 5’- C A G C C A G G A G A A A T C A A A C A G A G, and 
for beta-actin reference gene as 5’- C G T C T G C C C T A T C 
A A C T T T C G-3’, and reverse 5’- C G T T T C T C A G G C T C C 
C C T C T-3’ (Chen et al. 2021).

Migration assay
For the migration assay, MCF-7 cells (5 × 104 per well) 
were seeded in the upper chamber with serum-free 
medium, while the lower chamber was filled with 500 
µL of medium with 20% FBS. Following incubation with 
the samples of interest for 72  h (letrozole and UiO-66 
loaded letrozole), cells on the lower surface of the mem-
brane were stained with crystal violet. Cells were counted 
under a microscope to investigate cell migration (Wu et 
al. 2022).

Statistical analysis
All the tests of this study were repeated 3 times and 
the results were analyzed by GraphPad Prism (version 
8) software using a one-way analysis of variance, and 
p < 0.05 was considered significant.

Results
Characterization of UiO-loaded letrozole
The SEM and DLS were used to investigate the morpho-
logical characteristics of the synthesized UiO-loaded 
letrozole. The results of the SEM show that the synthe-
sized UiO-loaded letrozole has a spherical structure 
(Fig. 1A). Also, the DLS results showed that the optimal 
size of the synthesized UiO-loaded letrozole is 160  nm 
(Fig. 1B). Also, the nanoparticle size chart shows that the 
size of the synthesized nanoparticles was between 50 and 
350  nm, and the average size of the nanoparticles was 
160 nm (Table 1).

All bands related to UIO-66 and UIO-66-Letrozole 
linkages are given in Table S1. When the letrozole drug 
was incorporated into the UIO-66 structure, a medium 
and sharp absorption band related to the C ≡ N bond 
appeared in the 2232 region, which can confirm the suc-
cessful loading of letrozole into the UIO66 structure 
(Fig. 2A). The peaks related to UIO-66 appeared at angles 

of 7.56, 8.68, 12.15, 14.90, 17.30, 19.17, 22.63, 25.95, 
27.58, 30.17, 31.08, 33.46, 35.87, 37.71, 39.72, 40.91, 
43.77, 44.77, 50.57, 51.94, 57.01. The peaks at 7.56, 8.68, 
and 25.95 angles can be called characteristic peaks. When 
letrozole was added, all the peaks related to the UIO-
66 structure were accompanied by a slight shift towards 
smaller angles, which may indicate an increase in the 
interlayer space of the structure and the entry of letrozole 
into the structure. In addition, the peak related to letro-
zole appeared at an angle of 20.11 degrees (marked with 
an asterisk), which can confirm the presence of letrozole 
in the structure (Fig. 2B).

Drug release pattern
Figure 3 shows the cumulative release process of the free 
form of the letrozole and the UiO-loaded letrozole in the 
release medium of PBS for 72  h. To simulate and bring 
the ex-vivo release environment closer to the real and in 
vivo conditions, the PBS release medium was used for the 
receptor phase, the release of the letrozole from the UiO 
form (57.55%) is less than the free letrozole (100%) dur-
ing the release period (72 h). In the release of free letro-
zole, 93% of the letrozole was released in the medium 
during the first 8 h, but for the UiO-loaded letrozole, 30% 
of the letrozole was released from the UiO form within 
8 h of release. According to the results, drug release from 
UiO occurs in 2 steps. The initial stage of 0–8  h, when 
the release of letrozole is very fast and explosive, diffuses 
letrozole to the release medium. The second stage is the 
slow-release stage, in which letrozole slowly diffuses to 
the release medium for 72 h. In general, studies show that 
drug release from UiO is explosive in the first hours (first 
8 h) and gradually decreases in the following hours.

In vitro cytotoxicity
The cytotoxicity results of free letrozole and UiO-loaded 
letrozole on breast cancer cell lines in 24 h showed that 
UiO-loaded letrozole had the greatest cytotoxic effect in 
comparison to free letrozole (Fig. 4). The results showed 
that at the highest concentration )200  µg/ml (, the cell 
survival rate in MCF-7 cells treated with UiO-loaded 
letrozole was 54.22 ± 1.21, respectively, which was much 
lower than free letrozole, which shows the significant 
cytotoxic effects of UiO-loaded letrozole. Also, the UiO-
loaded letrozole had dose-dependent cytotoxicity, and 
the cell survival rate decreased with the increase in the 
dose (Fig.  4). MCF-7 cells were treated with different 
concentrations (200, 100, 50, 25, and 12.5 µg/ml) of UiO-
66 without letrozole by MTT method during 48 and 72 h 
of incubation. According to Fig. 5, the cell viability per-
centage of the cells in all the concentrations of free UiO 
used did not have significant cytotoxic effects on MCF-7 
cells and indicated the ineffectiveness and safety of the 
UiO-66 nanoparticle (Fig.  5). Also, using this test, IC50 
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concentrations were calculated for UiO-loaded letro-
zole and letrozole, which were 100 µg/ml and 170 µg/ml, 
respectively.

Apoptosis gene expression analysis
The expression of apoptotic genes, including Bax and 
Bcl2, in MCF-7 cells treated with the IC50 concentration 
of UiO-loaded letrozole and free letrozole, was evaluated 
using the Real-Time PCR method. The Real-Time PCR 

data analysis was performed based on the cycle thresh-
old (Ct) comparison. In this study, the difference in the 
Ct obtained from the tested samples (cells treated) and 
the control samples (not treated cells) was calculated, and 
the gene expression was calculated using the ΔΔCt for-
mula (the ratio of the target gene to the reference gene 
(beta-actin) was calculated through 2 −ΔΔCt). The results 
showed that the expression of the Bax gene compared 
to the reference gene in the breast cancer cell line was 
up-regulated significantly within 24  h compared to free 
letrozole. Also, the level of Bcl2 gene expression in breast 
cell lines treated with UiO-loaded letrozole was down-
regulated significantly compared to free letrozole (Fig. 6).

Table 1 Physical characteristics of synthesized nanoparticles
Parameter UIO-66 UIO-66-Let
Average size (nm) 116.1 ± 6.5 160.1 ± 9.2
PDI 0.132 ± 0.013 0.188 ± 0.017
Entrapment Efficiency (EE) (%) -- 62.21 ± 1.88

Fig. 1 The synthesized UiO-loaded letrozole characteristics. (A) SEM of UiO-loaded letrozole, (B) Average size chart
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Migration assay
In this test, the cells of the control group (no treatment) 
showed faster migration and invasion by filling the 
scratch area compared to the cancer cells treated with 
letrozole and UiO-66 bound to letrozole in 72 h. MCF-7 
cancer cells treated with a concentration of 50 µg/ml of 

letrozole by filling the scratch area for 48  h showed lit-
tle effect on cancer cell migration, While the obtained 
images showed that the concentration of 50  µg/ml of 
UiO-66 attached to letrozole decreased the mobility of 
MCF-7 cells (Fig. 7).

Fig. 3 The release profile of letrozole from UiO-loaded letrozole at 72 h. letrozole release from UiO form has been compared with free letrozole

 

Fig. 2 (A) FTIR results of a) Let, (b) UIO-66, and (c) UIO-66-Let; (B) XRD results of (a) Let, (b) UIO-66, and (c) UIO-66-Let.
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Discussion
Recently, nanomedicine has made significant progress in 
cancer treatment; it has minimized the main problems of 
common treatments (Noorbazargan et al. 2021; Mirzaie 
et al. 2022; Trushina et al. 2022). The anti-cancer proper-
ties of drug-carrying nanoparticles have been proven sev-
eral years ago, and the use of combining various types of 
nanoparticles with different anti-cancer drugs has been 
able to increase the therapeutic effects through synergy 
and has been proposed as an advanced therapeutic strat-
egy (Mansouri et al. 2021; Haddadian et al. 2022; Asadi-
pour et al. 2023; Hidayat et al. 2023).

Given the rising occurrence of breast cancer within 
communities globally, chemotherapy stands out as a pri-
mary form of intervention; however, it carries significant 

disadvantages. These include harming healthy cells when 
administered at elevated and prolonged doses. Addition-
ally, poor water solubility results in limited availabil-
ity in bloodstreams (bioavailability), liver removal, and 
lower cellular uptake (Bazzazan et al. 2023). A further 
constraint is that metastasized cancer cells often exhibit 
resistance to chemotherapeutics, which contributes sig-
nificantly to cancer-associated mortality rates. This resis-
tance stems from various cancer cell mechanisms, such 
as increased drug expulsion, diminished drug intake, 
enhanced detoxification processes, and augmented DNA 
repair capabilities. Nanotechnology-driven drug delivery 
systems offer potential solutions by reducing adverse side 
effects related to drugs while simultaneously enhancing 
their therapeutic impact through more efficient drug 

Fig. 5 The effectiveness of different concentrations of UiO-66 without drugs in the period of 48 and 72 h. In this graph, the data is expressed as the aver-
age percentage of cell viability and standard deviation

 

Fig. 4 In vitro cytotoxicity of free letrozole and UiO-loaded letrozole on MCF-7 cell line. n = 3, *** p < 0.0001, ** p < 0.01
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Fig. 7 Cell migration test results. (A) control, (B) MCF-7 cell treated with free UiO-66, (C) MCF-7 cell treated with letrozole. (D) MCF-7 cells treated with 
UiO-66 bound to letrozole. The results showed that MCF-7 cells treated with UiO-66 bound to letrozole significantly inhibited cell migration

 

Fig. 6 The expression of Bax and Bcl2 genes in cells treated with letrozole and UiO-66 loaded letrozole (* P < 0.05, *** P < 0.001: n = 3)
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distribution and heightened treatment effectiveness 
(Moammeri et al. 2023). To bridge the divide between 
preclinical toxicity assessments and ensuring patient 
well-being, nanomedicines present safety concerns 
across three distinct levels, beyond the inherent toxic-
ity of the drug they contain. Utilizing nanoparticles for 
delivery often leads to significant changes in how drug 
molecules are distributed in the body, potentially causing 
localized overexposure in specific organs upon absorp-
tion. A crucial challenge lies in effectively managing the 
chemistry, manufacturing, and quality control (CMC) 
aspects of nanomedicines. Unlike traditional medica-
tions, the effectiveness of nanomedicines in vivo is para-
mount, with safety and dependability hinging directly on 
the physicochemical characteristics of the nanoparticle-
encapsulated drugs (Ahmadi et al. 2022; Akbarzadeh et 
al. 2022). In this study, a UiO-66 nanocarrier attached to 
letrozole was used to investigate the effects of cytotox-
icity against breast cancer cell lines. The idea is that the 
drug is absorbed into a MOF and then released inside 
the body at the target site. UiO-66 is a form of zr-MOFs 
that is resistant to water and heat. UiO-66 is composed of 
12 clusters and a linear dicarboxylate linker (Wang and 
Youle 2009).

When comparing SEM and DLS data of the synthesized 
NMOFs, the average particle sizes were smaller by SEM. 
This discrepancy may result from the drying process 
required for SEM imaging. Specifically, SEM provides an 
exact measure of each dried nanoparticle’s diameter for 
determining mean size. In contrast, DLS measures the 
hydrodynamic diameter, accounting for the nanoparticle 
core along with any surface-bonded molecules like ions 
and water. Other studies have made similar observations 
(Rakhshani et al. 2021).

In this study, the maximum encapsulation efficiency 
(EE) of letrozole in the synthesized MOF was found to 
be 62.21%. Due to their high surface area and large pore 
diameters, MOFs can encapsulate substantial amounts 
of a targeted drug (Giliopoulos et al. 2020). Providing 
suitable nanocomposite carriers for slow release over 
extended periods (Khatibi et al. 2022). Another study 
encapsulated Cur into UIO-66-NH2, achieving a 7.33% 
loading capacity and 56.18% EE (Moammeri et al. 2021).

The results of the release align with those of Mocniak 
et al. Due to this, cisplatin is released much slower from 
UiO66-NH2 than UiO66, with only 12.5% release after 
24 h (Mocniak et al. 2015). Compared to free drugs, the 
sustained release afforded by MOFs boosts anticancer 
efficacy and reduces systemic toxicity.

In this study, the cytotoxicity effects of UiO-66 bound 
to letrozole and letrozole alone at concentrations of 12.5 
to 200  µg/ml were investigated using the MTT colori-
metric method for 48 and 72 h. One of the reasons that 
were investigated during the 48 and 72 h of cytotoxicity 

tests was that the release rate of the drug was higher in 
these two time periods, and that is why these times were 
chosen. As shown in the drug release section, in the 
release of letrozole, 93.89% of the drug was released in 
the first 8 h, but for the nanocarrier containing letrozole, 
30.11% of letrozole was released from UiO-66 within 8 h 
of release. Finally, within 72  h, 99.99% of letrozole was 
released, while in UiO-66 containing letrozole, 57.55% of 
the drug was released. The results of the cytotoxicity test 
showed that UiO-66 bound to letrozole has lethal effects 
dependent on concentration and time in breast cancer 
cells. As the results showed, UiO-66 attached to letro-
zole had time- and dose-dependent cytotoxicity, so with 
the increase in time and concentration, the cytotoxicity 
of UiO-66 attached to letrozole increased, which is men-
tioned in many studies.

The enhanced cytotoxicity of drug-loaded carriers can 
be attributed to two key factors: first, the intact MOF 
structure enables sustained, controlled release to target 
sites over prolonged periods, and second, intracellular 
drug concentrations differ since encapsulated drugs enter 
cells differently than free drugs (Abazari et al. 2018). 
Danafar et al. reported no cytotoxicity of UIO-66-Cur 
toward HFF-2 cells, even at high MOF concentrations 
(Molavi et al. 2018). The results of our study are reason-
ably consistent with the findings from Farboudi et al., in 
which they generated UIO-66 NMOFs loaded into car-
boxymethyl chitosan/polyethylene oxide/polyurethane 
core-shell nanofibers for sustained co-delivery of DOX 
and folic acid to cancer cells (Farboudi et al. 2020).

Akbarzadeh et al. prepared the anticancer effect of 
pegylated niosome formulation containing letrozole-cur-
cumin which was targeted using folic acid and optimized 
based on the characteristics of size, dispersion index of 
particles, encapsulation, and release efficiency. The anti-
cancer effect of the optimized and targeted niosome for-
mulation was investigated on MCF-7 and MDA-MB-231 
lines, and the results showed that the optimized and tar-
geted form significantly induced apoptosis in the exam-
ined cancer cells compared to their free form. In 2019, 
Wanda Kupta et al. investigated the delivery of docetaxel 
using UIO-66 nanoparticles targeted with PEG to inves-
tigate its toxicity on the MCF-7 cell line. After investigat-
ing the amount of drug absorption in the nanoparticle 
structure and examining its release rate, the cytotoxicity 
of the prepared formulations was investigated using the 
MTT method, and they observed that the survival per-
centage of the cells treated with nanoparticles contain-
ing the drug was higher than that of the free drug at the 
same concentration. Also, targeting the drug-containing 
nanoparticle did not have a significant effect on the sur-
vival of cancer cells compared to the drug.

In general, the induction of programmed cell death is 
one of the attractive approaches in the nano field. The 
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cell death pathway can involve the activation of mito-
chondrial organelle proapoptotic events in the cell, 
which starts with the release of cytochrome c (Kasravi et 
al. 2023). In addition, the effects of letrozole in increas-
ing the expression of apoptosis genes in cancer cells and 
inducing programmed cell death have been shown in dif-
ferent studies. Therefore, due to the high level of mito-
chondrial activity in the respiration process of cancer 
cells compared to normal cells, a suitable platform is 
provided for the drug letrozole to destroy cancer cells. 
Another reason is the morphological differences between 
the membrane of cancer and normal cells in terms of 
the difference in the size of their pores (Frandsen et al. 
2016). Another aim of this study was to investigate the 
expression level of apoptotic genes Bax and Bcl2 in cells 
treated with UiO-66 attached to letrozole and compare it 
with letrozole alone. The results of this study showed that 
after the treatment of MCF-7 cells with UiO-66 bound 
to letrozole, the expression of apoptotic genes signifi-
cantly increased compared to the reference gene, which 
indicates the induction of apoptosis in MCF-7 cells. It is 
important to identify the importance of the expression 
pattern of this gene in response to the metastasis activity 
of anticancer drugs. Therefore, more investigations are 
necessary to prove whether the mRNA expression profile 
of this gene can be evidence for its role in more accurate 
and specific prediction of cancer response to treatment.

Bcl-2 can prevent cytochrome c release from mito-
chondria, significantly inhibiting cell growth (Liang 
et al. 2009). In this study, letrozole treatment mark-
edly reduced Bcl-2 expression, increasing cell death and 
exhibiting letrozole-mediated tumor growth inhibition 
via enhanced apoptosis. Breast cancer cells may more 
readily undergo apoptosis with upregulation of these 
genes. The Bcl-2 gene prevents apoptosis by sequester-
ing cytochrome C in mitochondria. Lower Bcl-2 expres-
sion can also impact cytochrome C release, allowing it 
to flow from mitochondria into the cytoplasm. This trig-
gers caspase activation and apoptosis (Jürgensmeier et 
al. 1998; Gotow et al. 2000). Bax can form oligomers that 
permeabilize the mitochondrial outer membrane, induc-
ing apoptosis (Westphal et al. 2011). In short, cancer cell 
growth relies on relative levels of pro- and anti-apoptotic 
proteins (Yoon and Roh 2012; Wood et al. 2013). When 
cancer cells are treated with nanoformulations, Bax acti-
vation and Bcl-2 downregulation occur. Past research 
shows high Bcl-2 levels can impart chemotherapy resis-
tance in cancer cells. Therefore, inhibiting Bcl-2 pro-
duction while increasing Bax production may impede 
programmed cell death (Garmarudi, Ghasemi et al. 2015, 
Sartorius and Krammer 2002, Singh et al. 2019). The 
study found that UIO-66-letrozole was more effective in 
inhibiting cell migration than free letrozole. Bazzazan et 
al. also demonstrated that both free curcumin (Cur) and 

UIO-66-encapsulated curcumin (UIO-66-Cur) effectively 
inhibited cancer cell migration in MDA-MB-231 and 
SKBR3 cells, with UIO-66-Cur exhibiting greater effi-
cacy than Cur alone (Bazzazan et al. 2023). The results 
obtained from this study showed the therapeutic use of 
UiO-66 nanocarrier containing letrozole in breast can-
cer cells. According to these studies, clinical studies on 
animal and human models are necessary to confirm the 
effect of nanoparticles. The conducted study showed an 
acceptable therapeutic effect of UiO-66 nanocarrier con-
taining letrozole in laboratory conditions of breast cancer 
models. Therefore, the use of UiO-66 nanocarrier con-
taining letrozole can be effective in increasing the expres-
sion of some pro-apoptotic genes. Based on this research 
and previous research, it can be concluded that the 
UiO-66 nanocarrier containing letrozole has strong anti-
cancer effects on cancer cells, and the derivatives of this 
compound can play an essential role in treating this type 
of cancer in the future. Therefore, if the clinical process 
of this nanoparticle is confirmed, these nanoparticles can 
be used in clinical cases for breast cancer patients in the 
future.

In a study by Azandaryani et al., letrozole-incorporated 
folate-conjugated polymer-lipid hybrid nanoparticles 
showed the efficiency of the coupled folic acid carrier for 
the intracellular uptake of letrozole on the breast can-
cer line. Results showed that the entrapment and thera-
peutic efficiency of letrozole in the amphiphilic carrier 
were increased using the lipid nanoparticles and the sur-
face modification, respectively (Hemati Azandaryani et 
al. 2017). In a study carried out by Hasanain. et al., the 
results demonstrated improved antitumor activity of Epi-
rubicin (Epr) when encapsulated in pH-sensitive and folic 
acid-functionalized apoferritin drug carriers (HsAFr-Epr-
FA complex). Results represent the use of FA to function-
alize HsAFr could enhance the cellular uptake efficiency 
via FA-receptor-mediated endocytosis (Gomhor et al. 
2018). In another study carried out by Abbas. et al., Apo-
ferritin (AFr) functionalized with folic acid (FA) was used 
to encapsulate DOX to create the targeted protein nano 
complexes (TPNs). The second drug, MTO, was loaded 
into the cationic solid lipid nanoparticles (cSLN) to 
form the liposomal drug nanocomplex particles (MTO-
cSLNs). Two complexes were then assembled by tight 
coupling through ionic interactions to obtain the final 
drug delivery system, the dual-targeted protein-lipid 
nano complexes (DTPLNs). Results confirmed that the 
DTPLNs display desired time-dependent and pH-depen-
dent drug release behaviors. Results also demonstrated 
the improved anti-cancer efficacy of DOX and MTO in 
their encapsulated DTPLNs as compared to their free 
forms (Amer Ridha et al. 2021).

By simulating the complexity of the natural extracellu-
lar matrix, our research can provide a new opportunity to 
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print vascular tissues and organs. However, the immuno-
genic aspect of using Nio-Tyro@CS-AL should be further 
considered to better understand treatment approaches 
for biological properties, angiogenesis, and wound heal-
ing. Also, more studies are needed to investigate the effi-
ciency of a combination of these two procedures for skin 
tissue engineering. Additionally, due to the poor mechan-
ical properties of the inks, the stability of these biologi-
cal constructs after printing is not sufficient. Moreover, 
optimizing polymer concentrations for achieving suitable 
rheological properties of bioink is challenging. Future 
studies can be conducted by using niosomes loaded with 
different drugs with a positive effect on wound healing 
could be promising. Also, considering the great positive 
potentials of platelet concentrates and bioactive glasses 
in wound healing using combinational organic-inorganic 
nanocomposites consisting of drug-loaded niosomes, 
plasma rich in growth factor and bioactive glass could be 
a promising strategy in wound healing.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13568-024-01689-1.

Supplementary Material 1

Acknowledgements
Thanks to all those who provided support, guidance, or assistance during the 
research process.

Authors’ contributions
Maryam Ronaghi: conceptualization, Experiments, Bioinformatics analysis, 
Data curation, Writing − original draft, Writing − reviewing and editing, Project 
administration, Experiments, Resources. Ramtin Hajibeygi: Experiments, 
Data curation, Writing − original draft, Writing − reviewing and editing, Reza 
Ghodsi: Subject design and data analysis, Writing - reviewing and editing. 
Akram Eidi: Subject design and data analysis. Ronak Bakhtiari: Subject 
design and data analysis.

Funding
None.

Data availability
Raw data supporting the findings of this study are available upon reasonable 
request from the corresponding author.

Declarations

Ethics approval and consent to participate
This article does not involve the use of any animal or human.

Consent for publication
Not applicable.

Competing interests
No competing interests were declared.

Received: 6 November 2023 / Accepted: 12 March 2024

References
Abazari R, Mahjoub AR, Ataei F, Morsali A, Carpenter-Warren CL, Mehdizadeh K, J. I. 

AM, Slawin C (2018) Chitosan immobilization on bio-MOF nanostructures: a 
biocompatible pH-responsive nanocarrier for doxorubicin release on MCF-7 
cell lines of human breast cancer. 57(21): 13364–13379

Ahmadi S, Seraj M, Chiani M, Hosseini S, Bazzazan S, Akbarzadeh I, S. Saffar and 
E. J. I. J. o. N., Mostafavi (2022) In vitro development of controlled-release 
nanoniosomes for improved delivery and anticancer activity of letrozole for 
breast cancer treatment. 6233–6255

Akbarzadeh I, Poor AS, Khodarahmi M, Abdihaji M, Moammeri A, Jafari S, Moghad-
dam ZS, Seif M, Moghtaderi M, Lalami ZAJM, Materials M (2022) Gingerol/
letrozole-loaded mesoporous silica nanoparticles for breast cancer therapy: 
In-silico and in-vitro studies. 337:111919

Amale FR, Ferdowsian S, Hajrasouliha S, Kazempoor R, Mirzaie A, Dakkali MS, 
Akbarzadeh I, Meybodi SM, A. MJ, Mirghafouri (2021) Gold nanoparticles 
loaded into niosomes: a novel approach for enhanced antitumor activity 
against human ovarian cancer. 32(12):4711–4722

Amer Ridha A, Kashanian S, Rafipour R, Hemati Azandaryani A, Zhaleh H (2021) E. 
J. P. d. Mahdavian and technology A promising dual-drug targeted delivery 
system in cancer therapy: nanocomplexes of folate–apoferritin-conjugated 
cationic solid lipid nanoparticles. 26(6): 673–681

Asadipour E, Asgari M, Mousavi P, Piri-Gharaghie T, Ghajari G, Mirzaie AJC and Biodi-
versity (2023) Nano‐Biotechnology and challenges of Drug Delivery System 
in Cancer Treatment Pathway. e202201072

Bazzazan S, Moeinabadi-Bidgoli K, Lalami ZA, Bazzazan S, Mehrarya M, Yeganeh FE, 
Hejabi F, Akbarzadeh I, Noorbazargan H (2023) M. J. J. o. D. D. S. Jahanbakhshi 
and Technology Engineered UIO-66 metal-organic framework for delivery of 
curcumin against breast cancer cells: An in vitro evaluation. 79: 104009

Butova VV, e. MA, Soldatov AA, Guda KA, Lomachenko, Lamberti C (2016) Metal-
organic frameworks: structure, properties, methods of synthesis and charac-
terization. Rus Chem Rev 85(3):280

Cai M, Chen G, Qin L, Qu C, Dong X, Ni J, Yin X (2020) Metal Organic frameworks as 
Drug Targeting Delivery vehicles in the treatment of Cancer. Pharmaceutics 
12(3):232

Chen H, Fu Y, Feng K, Zhou Y, Wang X, Huang H, Chen Y, Wang W, Xu Y, Tian H 
(2021) Polydopamine-coated UiO-66 nanoparticles loaded with perfluo-
rotributylamine/tirapazamine for hypoxia-activated osteosarcoma therapy. J 
Nanobiotechnol 19:1–18

Dinda C, S. and, Pattnaik G (2013) Nanobiotechnology-based drug delivery in brain 
targeting. Curr Pharm Biotechnol 14(15):1264–1274

Farboudi A, Mahboobnia K, Chogan F, Karimi M, Askari A, Banihashem S, Davaran 
S, Irani M (2020) UiO-66 metal organic framework nanoparticles loaded 
carboxymethyl chitosan/poly ethylene oxide/polyurethane core-shell nano-
fibers for controlled release of doxorubicin and folic acid. Int J Biol Macromol 
150:178–188

Frandsen SK, McNeil AK, Novak I, McNeil PL, Gehl J (2016) Difference in membrane 
repair capacity between cancer cell lines and a normal cell line. J Membr Biol 
249:569–576

Garmarudi AB, Ghasemi K, Mozaffari F, Khorani M, Khanmohammadi M (2015). 
Most common techniques of outlier detection. Current applications of 
chemometrics.

Gholami M, Hekmat A, Khazaei M, Darroudi M (2022) OXA-CuS@ UiO-66-NH2 as a 
drug delivery system for oxaliplatin to colorectal cancer cells. J Mater Science: 
Mater Med 33(3):26

Giliopoulos D, Zamboulis A, Giannakoudakis D, Bikiaris D, Triantafyllidis K (2020) 
Polymer/metal organic framework (MOF) nanocomposites for biomedical 
applications. Molecules 25(1):185

Gomhor J, Alqaraghuli H, Kashanian S, Rafipour R, Mahdavian E (2018) K. J. a. c. 
Mansouri, Nanomedicine, and biotechnology Development and charac-
terization of folic acid-functionalized apoferritin as a delivery vehicle for 
epirubicin against MCF-7 breast cancer cells. 46(sup3): 847–854

Gotow T, Shibata M, Kanamori S, Tokuno O, Ohsawa Y, Sato N, Isahara K, Yayoi Y, 
Watanabe T, Leterrier JJCD and Differentiation (2000) Selective localization 
of Bcl-2 to the inner mitochondrial and smooth endoplasmic reticulum 
membranes in mammalian cells. 7(7):666–674

Haddadian A, Robattorki FF, Dibah H, Soheili A, Ghanbarzadeh E, Sartipnia N, Hajra-
souliha S, Pasban K, Andalibi R (2022) and M. H. J. S. r. Ch Niosomes-loaded 
selenium nanoparticles as a new approach for enhanced antibacterial, anti-
biofilm, and anticancer activities. 12(1): 21938

Hemati Azandaryani A, Kashanian S, J. P. r. Derakhshandeh K (2017) Folate con-
jugated hybrid nanocarrier for targeted letrozole delivery in breast cancer 
treatment. 34:2798–2808

https://doi.org/10.1186/s13568-024-01689-1
https://doi.org/10.1186/s13568-024-01689-1


Page 12 of 12Ronaghi et al. AMB Express           (2024) 14:38 

Hidayat ARP, Zulfa LL, Widyanto AR, Abdullah R, Kusumawati Y, Ediati R (2023) 
Selective adsorption of anionic and cationic dyes on mesoporous UiO-66 
synthesized using a template-free sonochemistry method: kinetic, isotherm 
and thermodynamic studies. RSC Adv 13(18):12320–12343

Hojabri M, Tayebi T, Kasravi M, Aghdaee A, Ahmadi A, Mazloomnejad R, Tarasi R, 
Shaabani A, Bahrami S (2023) and H. J. I. J. o. B. M. Niknejad Wet-spinnability 
and crosslinked Fiber properties of alginate/hydroxyethyl cellulose with 
varied proportion for potential use in tendon tissue engineering. 240: 124492

Horcajada P, Chalati T, Serre C, Gillet B, Sebrie C, Baati T, Eubank JF, Heurtaux D, Clay-
ette P, Kreuz C (2010) Porous metal–organic-framework nanoscale carriers as 
a potential platform for drug delivery and imaging. Nat Mater 9(2):172–178

Jarai BM, Stillman Z, Attia L, Decker GE, Bloch ED, Fromen CA (2020) Evaluating 
UiO-66 metal–organic framework nanoparticles as acid-sensitive carri-
ers for pulmonary drug delivery applications. ACS Appl Mater Interfaces 
12(35):38989–39004

Jürgensmeier JM, Xie Z, Deveraux Q, Ellerby L, Bredesen D (1998) J. P. o. t. N. A. o. 
S. Reed. Bax Directly Induces Release Cytochrome c Isolated Mitochondria 
95(9):4997–5002

Kasravi M, Yaghoobi A, Tayebi T, Hojabri M, Taheri AT, Shirzad F, Nooshin BJ, 
Mazloomnezhad R, Ahamadi A and F. A., Tehrani (2023) MMP inhibition as a 
novel strategy for extracellular matrix preservation during whole liver decel-
lularization. 213710

Khatibi Z, Kazemi NM, Khaleghi S (2022) Targeted and biocompatible NMOF as 
efficient nanocomposite for delivery of methotrexate to colon cancer cells. 
Journal of Drug Delivery Science (Technology). 103441 

Lázaro IA, Forgan RS (2019) Application of zirconium MOFs in drug delivery and 
biomedicine. Coord Chem Rev 380:230–259

Liang Y-J, Hao Q, Wu Y-Z, Wang Q-L, Wang J-D, Hu Y-L (2009) Aromatase inhibitor 
letrozole in synergy with curcumin in the inhibition of xenografted endome-
trial carcinoma growth. International Journal of Gynecologic Cancer 19(7): 
1248-1252-1248-1252

Lisztwan J, Pornon A, Chen B, Chen S, Evans DB (2008) The aromatase inhibitor 
letrozole and inhibitors of insulin-like growth factor I receptor synergistically 
induce apoptosis in in vitro models of estrogen-dependent breast cancer. 
Breast Cancer Res 10:1–13

Mansouri M, Khayam N, Jamshidifar E, Pourseif T (2021) Streptomycin sulfate–
loaded Niosomes enables increased antimicrobial and anti-biofilm activities. 
Front Bioeng Biotechnol. 2021; 9

Meng Z, Huang H, Huang D, Zhang F, Mi P (2021) Functional metal–organic 
framework-based nanocarriers for accurate magnetic resonance imaging and 
effective eradication of breast tumor and lung metastasis. J Colloid Interface 
Sci 581:31–43

Miller W, Anderson T, Dixon J (2002) Anti-tumor effects of letrozole. Cancer Invest 
20(sup2):15–21

Mirzaie A, Badmasti F, Dibah H, Hajrasouliha S, Yousefi F, Andalibi R, Kashtali AB, 
A. H. Rezaei and R. J. I. J. o. P. H., Bakhtiatri (2022) Phyto-Fabrication of silver 
nanoparticles using Typha azerbaijanensis aerial part and root extracts. 51(5): 
1097

Moammeri A, Jamshidifar E, Abbaspour K, Sadeghi S, Lamakani L, Akbarzadeh 
I (2021) Synergistic effect of curcumin-Cu and curcumin-Ag nanoparticle 
loaded niosome: enhanced antibacterial and anti-biofilm activities. Bioorg 
Chem. 105116.

Moammeri A, Chegeni MM, Sahrayi H, Ghafelehbashi R, Memarzadeh F, Mansouri 
A, Akbarzadeh I, Hejabi F, Abtahi MS and Q., Ren (2023) Current advances in 
niosomes applications for drug delivery and cancer treatment. 100837

Mocniak KA, Kubajewska I, Spillane DE, Williams GR (2015) and R. E. J. R. a. Morris 
Incorporation of cisplatin into the metal–organic frameworks UiO66-NH 2 
and UiO66–encapsulation vs. conjugation. 5(102): 83648–83656

Molani S, Madadi M, Wilkes W (2019) A partially observable Markov chain frame-
work to estimate overdiagnosis risk in breast cancer screening: incorporating 
uncertainty in patients adherence behaviors. Omega 89:40–53

Molavi H, Zamani M, Aghajanzadeh M, Kheiri Manjili H, Danafar H, Shojaei A (2018) 
Evaluation of UiO-66 metal organic framework as an effective sorbent for 
Curcumin’s overdose. Appl Organomet Chem 32(4):e4221

Nasrabadi M, Ghasemzadeh MA, Monfared MRZ (2019) The preparation and char-
acterization of UiO-66 metal–organic frameworks for the delivery of the drug 
ciprofloxacin and an evaluation of their antibacterial activities. New J Chem 
43(40):16033–16040

Nilash MM, Hashemzadeh A, Fakhari AR, Amini MM (2019) Novel Schiff base-
functionalized metal–organic framework nanoparticles for dispersive solid 
phase extraction of copper ions from vegetable and water samples. Anal 
Methods 11(20):2683–2691

Noorbazargan H, Amintehrani S, Dolatabadi A, Mashayekhi A, Khayam N, Moulavi 
P, Naghizadeh M, Mirzaie A, Mirzaei Rad F, Kavousi MJAE (2021) Anti-cancer 
& anti-metastasis properties of bioorganic-capped silver nanoparticles fabri-
cated from Juniperus chinensis extract against lung cancer cells. 11(1):61

Pourmoghadasiyan B, Tavakkoli F, Beram FM, Badmasti F, Mirzaie A, Kazempour 
R, Rahimi S, Larijani SF, Hejabi F, M. KJ, Sedaghatnia BR (2022) Nanosized 
paclitaxel-loaded niosomes: Formulation, in vitro cytotoxicity, and apoptosis 
gene expression in breast cancer cell lines. 49(5):3597–3608

Rabiei M, Kashanian S, Samavati SS, Jamasb S (2020) J. J. o. d. t. McInnes. Nanoma-
terial Adv Technol Transdermal drug Delivery 28(4):356–367

Rakhshani N, Hassanzadeh Nemati N, Ramezani Saadatabadi A, J. I. S, Sadrnezhaad 
(2021) Fabrication and evaluation of controlled release of Doxorubicin loaded 
UiO-66-NH2 metal organic frameworks. 34(8):1874–1881

Sadek AA, Abd-Elkareem M, Abdelhamid HN, Moustafa S, Hussein K (2022) 
Enhancement of critical-sized bone defect regeneration using UiO-66 nano-
material in rabbit femurs. BMC Vet Res 18(1):260

Salekshahrezaee Z, Leevy JL, Khoshgoftaar TM (2021) A reconstruction error-based 
framework for label noise detection. J Big Data 8(1):1–16

Sartorius UA, Krammer PH (2002) Upregulation of bcl-2 is involved in the media-
tion of chemotherapy resistance in human small cell lung cancer cell lines. 
97(5): 584–592

Simpson D, Curran MP, Perry CM (2004) Letrozole: a review of its use in postmeno-
pausal women with breast cancer. Drugs 64:1213–1230

Singh R, Letai A, Sarosiek (2019) Regulation of apoptosis in health and disease: the 
balancing act of BCL-2 family proteins. 20(3): 175–193

Sun C-Y, Qin C, Wang X-L, Su Z-M (2013) Metal-organic frameworks as potential 
drug delivery systems. Expert Opin Drug Deliv 10(1):89–101

Tiwari G, Tiwari R, Sriwastawa B, Bhati L, Pandey S, Pandey P, Bannerjee SK (2012) 
Drug delivery systems: an updated review. Int J Pharm Invest 2(1):2

Trushina DB, Sapach AY, Burachevskaia OA, Medvedev PV, Khmelenin DN, Borodina 
TN, Soldatov MA, Butova VV (2022) Doxorubicin-loaded core–shell UiO-66@ 
SiO2 metal–organic frameworks for targeted cellular uptake and cancer treat-
ment. Pharmaceutics 14(7):1325

Waks AG, Winer EP (2019) Breast cancer treatment: a review. JAMA 321(3):288–300
Wang C, Youle RJ (2009) The role of mitochondria in apoptosis. Annu Rev Genet 

43:95–118
Westphal D, Dewson G, Czabotar PE (2011) J. B. e. B. A.-M. C. R. Kluck. Mol Biology 

Bax Bak Activation Action 1813(4):521–531
Wood WG, Igbavboa U, Muller WE, Eckert GP (2013) Statins, Bcl-2, and apoptosis: 

cell death or cell protection? Mol Neurobiol 48(2):308–314
Wu W, Pu Y, Shi J (2022) Nanomedicine-enabled chemotherapy-based synergetic 

cancer treatments. J Nanobiotechnol 20(1):1–21
Yoon O, Roh J (2012) Downregulation of KLF4 and the Bcl-2/Bax ratio in advanced 

epithelial ovarian cancer. Oncol Lett 4(5):1033–1036
Zhang Z-J, Li P-W, Liu L-P, Ru L-H, Tang H-X, Feng W-S (2022) Amine-functionalized 

UiO-66 as a fluorescent sensor for highly selective detecting volatile organic 
compound biomarker of lung cancer. J Solid State Chem 305:122623

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Preparation of UiO-66 loaded Letrozole nano-drug delivery system: enhanced anticancer and apoptosis activity
	Abstract
	Introduction
	Materials and methods
	Materials
	Preparation of UiO-loaded letrozole
	Encapsulation efficiency


	Drug release test
	Cell toxicity and biocompatibility test
	Expression analysis of apoptotic genes

	Migration assay
	Statistical analysis
	Results
	Characterization of UiO-loaded letrozole
	Drug release pattern
	In vitro cytotoxicity
	Apoptosis gene expression analysis

	Discussion
	References


