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Abstract 
This study involved the synthesis of the UiO-67 metal-organic framework; UiO-67 is a well-known type 
of MOF obtained by coordinating the Zr6O4(OH)4 metal unit with the 4,42-biphenyldicarboxylate organic 
linker, using the hydrothermal technique. The novelty of the current work is to synthesize UiO-67 MOFs, 
and their application as biological agents for antibacterial and cancer cells. Subsequently, the composite 
material UiO-67 was subjected to a comprehensive characterization process involving Fourier-transform 
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), thermal gravimetric analyses (TGA) 
and surface area analysis, and the results showed the successful synthesis of the UiO-67 MOFs, with a 
high specific surface area of 1415 m2/g.  The    synthesized UiO-67 for its antibacterial properties tested 
against five pathogenic bacterial strains, which include three gram-positive and mcillin-resistant pairs 
including MRSA, S. aureus and Enterococcus faecalis, and Two gram-negative bacteria E. colli and 
S. typhimurium using the agar well diffusion method. These findings have shown enhanced, strong 
antibacterial activity against all the five used gram-positive and gram-negative bacterial strains. 
Furthermore, the anticancer efficacy of UiO-67 was evaluated on two distinct types of cancer cells: We 
are using MCF-7 (human breast cancer cell line) and HepG2 (human liver cancer cells). The experiments 
prove that UiO-67 has the potential of cytotoxicity against both Glioblastoma and H460 cancer lines 
with the ability to inhibit apoptosis at the same time.
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INTRODUCTION

 MOFs, are considered as the future 
generation of anti-bacterial agents, which are 
known as metal-organic frameworks. They have 
the advantages of a large specific surface area, 
adjustability of pore structure, and a controlled 
rate of ion release compared to other standard 
bactericidal materials.1,2 Thus, Metal-organic 
frameworks (MOFs) have vast prospects in the 
future as they can be used in applications like 
food, storage, health detection, antifungal and 
bacterial layering, and water purification. MOFs, 
fused for (Metal-Organic Frameworks,), are 
a group of porous materials that are created 
through the process of self-assembly of ligands 
that incorporate organic species and metal ions.3 
These are materials formed from metal ions and 
molecules used to build links between them 
the linkers are organic.4-6 The metal ion centers 
are coordinated with the organic ligands either 
through coordination or covalent interactions, 
which provide a complex network morphology. 
The metal ions and ligands can have any geometric 
configuration, from spheres to polygons and 
pyramids, and are connected in various forms. 
Hence, the physicochemical characteristics of 
MOFs may be intentionally engineered and 
modified to suit diverse applications.7 MOFs may 
be synthesized with not just great porosity, but also 
a diverse range of pore geometries. The flexibility 
and surface area of the framework in MOFs can 
be determined by manipulating the composition, 
size, structure, and shape of the organic ligands. 
This can lead to the formation of a final permeable 
substance that is highly suitable for a range of 
special requirements.8-11 During the first phases 
of MOFs development, its primary uses were 
focused on catalysis, separation, and gas mixture 
storage.12,13

 Nevertheless, the utilization of MOF 
is now broadening to encompass energy 
storage devices, sensor detection, adsorption of 
hazardous materials, novel catalysis, and biological 
applications.14-18 The preparation techniques for 
MOFs have undergone continual evolution because 
of their wide-ranging potential for application. 
Currently, a wide range of techniques have 
been documented for the production of MOFs, 
including solvothermal hydrothermal methods, 

son chemical synthesis, electrochemical synthesis, 
microwave-assisted synthesis, mechanochemical 
synthesis, ionothermal synthesis processes, 
microfluidic synthesis, and dry gel conversion.19-23

 The MOFs of UiO-67 are a member of 
the UiO Zr-MOF family, which is characterized 
by its microporous nature.24-27 This type of MOF 
has wide applications due to its thermal and 
chemical composition and mechanical stability.28-30 
The stability of this group of Metal-Organic 
Frameworks (MOFs) is evidenced by the elevated 
oxidation state of Zirconium (IV) in comparison 
to other categories of MOFs.31 The UiO-type 
MOFs exhibit remarkable chemical, thermal (able 
to endure temperatures equal to 500°C), and 
dynamic robustness.32 The UiO-67 MOFs possess 
a face-centered cylindrical (fcc) configuration, 
formed by linking an inorganic octagonal Zr6 unit 
to 12, an inorganic subunit.33 In addition, the 
presence of small, porous triangular openings 
allows for entry into super tetrahedral cages with 
a size of 12 Å and super octahedral cages with a 
size of 16 Å.34 UiO-67 demonstrates exceptional 
properties, including an increased BET area on the 
surface and microspore volume, as well as a lower 
density.35

 The novelty of the current study involved 
the synthesis, and characterization of the UiO-
67 metal-organic frameworks and explored 
their antibacterial and anticancer activities. The 
morphological and structural characteristics of the 
synthesized UiO-67 were investigated. In addition, 
the antibacterial efficacy of UiO-67 against five 
pathogenic bacteria, consisting of three types 
of gram-positive MRSA, Enterococcus faecalis, S. 
aureus and two types of gram-negative bacteria, E. 
coli and S. typhimurium, was assessed using agar 
plates diffusion well test. The anticancer potential 
of synthesized UiO-67 was investigated on MCF-
7 (human breast cancer) and HepG2 (human 
liver cancer) cells, as these types of cancer pose 
significant health issues globally.
 
MATERIALS AND METHODS

Materials
 The chemical substances employed 
in the production of UiO-67 include Zirconium 
tetrachloride (ZrCl4), 4,42-biphenyldicarboxylic 
acid (BPDC), acetic acid, hydrochloric acid (HCl) 
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at a concentration of 37%, dimethylformamide 
(DMF), and acetone, all of which were obtained 
from Sigma-Aldrich Co. The microorganisms 
selected to evaluate antibacterial activity were 
Gram-positive bacteria MRSA, S. aureus, and 
Enterococci, as well as Gram-negative bacteria 
E. coli and S. typhimurium. These bacteria were 
obtained from the Medicines Research Center, 
King Fahad, in Jeddah, Saudi Arabia. Bacterial 
cultures were preserved using Nutrient agar slants 
obtained from Himedia, India. The MCF-7 cell 
line (derived from human breast cancer) and the 
HepG2 cell line (derived from human liver cancer) 
samples were acquired from the Regenerative 
Medicine unit of King Fahad Medical Research 
Center. MCF-7 and HepG2 cells were grown in 
DMEM media (biosera_france) supplemented 
with a 10% volume of fetal bovine serum (FBS, 
which is: biosera-france) and 5% antibiotics (the 
antibiotic penicillin) (biosera-france). The cells 
were maintained in a 5% CO2 incubator at 37°C. 
Cell viability was assessed using the Cell Counting 
MTT test kit from Dojindo, Japan. 

Preparation of UiO-67
 The UiO-67 metal-organic framework 
(MOF) was synthesized according to Katz et al.35 
using a mixture of Zirconium tetrachloride (233 mg, 
1 mmol), 4,42-biphenyldicarboxylic acid (BPDC, 
242 mg, 1 mmol), acetic acid (0.6 g, 10 mmol), and 
hydrochloric acid (37%, 12 M; 0.16 mL, 2 mmol) 
were mixed in 30 mL of N, N-dimethylformamide 
(DMF) using the method of sonication. The solution 
was subjected to a temperature of 120°C for 48 
hours. Subsequently, the UiO-67 white product 
was obtained by the process of centrifugation 
and subjected to three rounds of washing with 
DMF. The UiO-67 material, in its original form, was 
immersed in dimethylformamide (DMF) at ambient 
temperature for 6 hours in order to eliminate any 
residual BPDC that was not bound. Subsequently, 
the particles that were acquired underwent 
several washes with acetone in order to facilitate 
the displacement of the entrapped DMF, followed 
by a drying process at a temperature of 100°C for 
24 hours.

Characterization of UiO-67
 The thermal gravimetric analyses (TGA) 
were conducted using a TG/SDTQ600 instrument 

under atmospheric conditions, with temperatures 
ranging from 0 to 900 K. The materials’ morphology 
was analyzed using scanning electron microscopy 
(SEM). The FT-IR spectra were acquired using an 
FTIR spectrophotometer (Spectrum 100, Perkin 
Elmer, Shelton, CT, USA). The zeta potential was 
assessed by quantifying the electrophoretic 
mobility of the particles with a Zeta sizer (Malvern, 
Massachusetts Instruments GmbH, Malvern WR14 
1XZ UK).

Antibacterial activity
 The bacterial strains S. Typhimurium, E. 
coli, Enterococcus faecalis, Staphylococcus aureus, 
and MRSA have been isolated and identified 
by the biological Science department at King 
Abdulaziz University under accession no. 14028, 
11775, 29212, 12600, and 33591, respectively. 
The antibacterial effect was evaluated using the 
agar well dissemination method. In the agar well 
diffusion assay, the bacteria were propagated 
by uniformly distributing a tiny quantity of 
each bacterial strain on a nutrient agar plate 
and allowing it to grow for a whole night at a 
temperature of 37°C. The bacterial cultures were 
then separately mixed with clean sodium chloride 
solution (B. Braun, Germany) until they reached 
a turbidity level that matched the 0.5 McFarland 
standard. Subsequently, bacterial cultures were 
evenly distributed over Mueller-Hinton agar and 
circular holes with a diameter of approximately 
7 millimeters were made on every plate of agar 
using a cork-borer. Each well was filled with 0.1 
mL of UiO-67 at five different concentrations. The 
wells were then incubated for 24 h at 37°C. The 
measurement of bacterial growth inhibition was 
quantified in mm. The antimicrobial activity assays 
were performed three times, and the diameters 
millimeters of the inhibition zones were evaluated 
to assess the vulnerability of the bacteria to the 
UiO-67 MOFs.

Cytotoxicity Studies of UiO-67
 MCF-7 and HepG2 cells were cultured 
in DMEM media with 10% fetal bovine serum 
(FBS) and 5% antibiotics penicillin. The cells were 
incubated at 37°C in an atmosphere of 5% CO2.
 MCF-7 and HepG2 cells were placed in 
96-well plates with a density of 4,000 and 5,000 
cells for each well, respectively. The cells were 
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Figure 1. (A) Thermogravimetric Analysis (TGA) of UiO-67, (B) the zeta potential measurement of UiO-67, (C) N2 
adsorption/desorption isotherms of UiO-67 at 77K, (D) FT-IR spectrum of UiO-67, (E) and (F) SEM images of UiO-67.
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cultivated in 200 µl of DMEM enriched in 10% 
FBS and 5% antibiotic penicillin. After a 24-hour 
interval, the cells were subjected to various 
concentrations of UiO-67 (2, 8, 10, 30, 50, 70, 
100, and 150 µg/mL) that were diluted with the 
growth medium. Duplicates were created for 
each concentration. The cells were subsequently 
incubated at a temperature of 37°C for durations 
of 24, 48, and 72 hours.
 Following this, 10 µl of the MTT assay 
was introduced and incubated for 3 h at the same 
temperature. Subsequently, the optical density 
of the sample was measured using a microplate 
reader (BioTek-ELx808) at a wavelength of 450 nm. 
The average values of three measurements were 
computed, and growth curves were subsequently 
shown.

RESULTS AND DISCUSSION

UiO-67 MOFs characterization
 A thermal gravimetric analysis (TGA) 
was has been carried out on a sample of UiO-67. 
As depicted in Figure 1A, the thermal gravimetric 
analysis (TGA) of the specimen exhibits three 
distinct phases: initial evaporation of the solvent 
at around 100°C, subsequent removal of the 
compensatory agent at around 450°C, and 
eventual disintegration of the framework within 
the temperature range of 450 to 600°C. In light of 
the structural characteristics of hypothesis UiO-67, 
this study examines the percentage of mass loss 
(% ZrO2) during the temperature range of 450 to  
600°C, which was around 65%. The UiO-67 material 
had an average Zeta Potential value of +20.8 mV, 
indicating a satisfactory level of stability (Figure 1 

Table. The diameter of the area of inhibition produced by UiO-67 versus the tested bacterial pathogens

   Zone of inhibition (mm)

Microorganisms     UiO-67 concentration

 5 μg/mL 10 μg/mL 15 μg/mL 20 μg/mL 25 μg/mL 30 μg/mL

S. typhmurium 38  ±  0.1 39  ±  0.2 40  ±  0.4 41  ±  0.2 44  ±  0.1 45  ±  0.1
E. coli 33  ±  0.4 36  ±  0.1 39  ±  0.1 40  ±  0.3 41  ±  0.2 43  ±  0.3
Enterococcus faecalis 32  ±  0.1 32  ±  0.4 35  ±  0.2 38  ±  0.2 39  ±  0.5 40  ±  0.1
Staphcoccus aureus 39  ±  0.3 41  ±  0.3 42  ±  0.3 43  ±  0.1 45  ±  0.2 47  ±  0.2
MRSA 33  ±  0.2 33  ±  0.2 37  ±  0.1 39  ±  0.2 42  ±  0.2 45  ±  0.2

Figure 2. The inhibition zones at different concentrations of UiO-67 against the S. typhimurum
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Figure 3. The inhibition zones at different concentrations of UiO-67 against the E. coli

Figure 4. The inhibition zones at different concentrations of UiO-67 against the Enterococcus faecalis

B). A higher magnitude of Zeta Potential signifies 
enhanced physical colloidal stability as a result 
of electrostatic repulsion among the constituent 
particles. The N2 adsorption-desorption isotherms 
are shown in Figure 1C, UiO-67 demonstrates a 
type-I isotherm, indicating that it is a characteristic 
microporous material, with BET-specific surface 
area of 1415 m2/g. The FTIR spectra are presented 
in Figure 1D, the absorption bands at 3382 cm-1 
were ascribed to hydrogen bonding. The peaks 
detected at 1600 and 1581 cm-1 were assigned to 
the coordinated carboxylate groups (COO-). The 
strong peak detected at 1418 cm-1 was assigned 
to the skeletal vibrations of the benzene ring 

(C=C). SEM depicts the morphology of UiO-67 in  
Figure 1E and F, where the octahedral structure of 
Zr-MOF crystals is visible with an average crystal 
dimension of 450 nm.
 
Antibacterial activity of UiO-67
 The antibacterial activities of synthesized 
UiO-67 were evaluated and compared against 
five particular pathogenic bacterial strains using 
the Agar well diffusion assay method. The three 
types of gram-positive bacteria that were detected 
are Mcillin-resistant Staphylococcus aureus 
(MRSA), Staphylococcus aureus (S. aureus), and 
Enterococcus faecalis. The two gram-negative 



  www.microbiologyjournal.org1830Journal of Pure and Applied Microbiology

Almotiry et al | J Pure Appl Microbiol. 2024;18(3):1824-1837. https://doi.org/10.22207/JPAM.18.3.30

bacteria identified were Escherichia coli (E. coli) 
and Salmonella enterica Serovar typhimurium 
(S. typhimurium). While the precise mechanism 

by which UiO-67 acts against bacteria remains 
uncertain, the prevailing theories suggest that the 
nanoparticles interact with bacterial membrane 

Figure 5. The inhibition zones at different concentrations of UiO-67 against the S. aureus

Figure 6. The inhibition zones at different concentrations of UiO-67 against the MRSA

Figure 7. The inhibition zones at different concentrations of UiO-67 against different bacteria strains



  www.microbiologyjournal.org1831Journal of Pure and Applied Microbiology

Almotiry et al | J Pure Appl Microbiol. 2024;18(3):1824-1837. https://doi.org/10.22207/JPAM.18.3.30

proteins, leading to cell death. This occurs by 
penetrating the cell membrane and targeting the 
enzymes responsible for cell division. The UiO-

67 samples that were created exhibit a greater 
ratio of surface area to volume, as verified by 
scanning electron microscopy (SEM) and surface 
area analysis. Hence, the contact between UiO-67 
and bacterial surfaces is unavoidable, potentially 
leading to an increase in the antibacterial 
effectiveness of UiO-67.
 In order to validate the theory stated 
above, the susceptibility of the bacteria was 
assessed using various concentrations of UiO-67 
(5, 10, 15, 20, 25, 30 µg/mL, respectively). The agar 
well diffusion susceptibility findings, as observed, 
are presented in Figure 2 to Figure 6, displaying 
zones of inhibition. The measurements were taken 
to determine the measurements of the diameter 
of the areas of inhibition surrounding the wells, 
which varied depending on the sensitivity of 
UiO-67. The antibacterial efficacy of UiO-67 was 
evaluated by quantifying the area of bacterial 
growth inhibition at concentrations of 5, 10, 15, 
20, 25, and 30 µg/mL, respectively, reached 38  ±  
1 mm, 39  ±  2 mm, 40  ±  4 mm, 41  ±  2 mm, 44  ±  
1 mm and 45  ±  1 mm for S. typhimurium, 33  ±  4 
mm, 36  ±  1 mm, 39  ±  1 mm, 40  ±  3 mm, 41  ±  
2 mm and 43  ±  3 mm for E. coli, 32  ±  1 mm, 32  
±  4 mm, 35  ±  2 mm, 38  ±  2 mm, 39 ± 5 mm and 
40 ± 1 mm for Enterococci. Also, The antibacterial 
activity, based on the zone of inhibition, has 
reached 39 ± 3 mm, 41 ± 3 mm, 42 ± 3 mm, 43 ± 
1 mm, 45 ± 2 mm, and 47 ± 2 for S. aureus and 33 
± 2 mm, 33 ± 2 mm, 37 ± 1 mm, 39 ± 2 mm, 42 ± 
2 mm and 45 ± 2 mm for MRSA. The sensitivity of 
the selected bacteria to UiO-67 can be ranked in 
the following order: S. aureus > S. typhimurium = 
MRSA > E. coli > Enterococcus faecalis, as shown 
in Table and Figure 7.
 The aforementioned results demonstrated 
the exceptional and effective suppression of the 
bacterial growth activity of the UiO-67 MOFs for all 
studied strains (gram-positive and gram-negative 
bacteria), indicating the wide-spectrum effect 
of the UiO-67 MOFs and its ability to penetrate 
the cell wall of the gram-negative bacterium. 
The gram-positive bacterium is characterized by 
a thick cell wall composed of multiple layers of 
peptidoglycan; this cell wall is penetrated by MOFs, 
which are able to interact with the bacterium and 
facilitate its destruction. The inhibitory mechanism 
for the UiO-67 MOFs could have been linked to 
many reasons. Firstly, this could be attributed to 

Figure 8. The percentage of cancer cell viability on the 
MCF-7 cell line at different concentrations and time 
intervals of UiO-67 MOFs
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Figure 9. The changes in the structure and form of the MCF-7 cell line caused by the impact of UiO-67 MOFs at 
150 µg/mL

the generation of ROS (reactive oxygen species) 
such as O2

-2 (peroxide), H2O2 (hydrogen peroxide), 
and OH- (hydroxyl radicals). The ROS has the 
potential to harm and destroy the bacterial cell 
due to the specific interaction between the UiO-67 
MOFs and the cell organelles. Also, the bacterial 
membrane contains phospholipids that can be 
attacked and radically oxidation by ROS, destroying 
the membrane. Additionally, ROS can also affect 
any polymer part by being able to damage DNA/
RNA and proteins.36 Possibly, the interaction of 
the Zr ions with the phosphate group in the lipid 
layers. led to the destruction of the bacterium 
cell membrane. This interaction destroys the 
cell membrane and causes a leakage. Moreover, 
MOFs, in general, exhibit fast reactivity even at 
low concentrations, comparable to bleach. This 
can be attributed to their strong affinity for larger 
surface areas. For instance, MOFs with high surface 
area, such as UiO-67 (which has a surface area 
of 1415 m2/g), are particularly effective in this 
regard, supported by the fact that MOFs have the 
advantage of two locations for interaction with 
the bacteria: the outer surface, which contains 
the organic ligands, and inner surface, which 
contains the metal.37 In addition, an alternative 
antibacterial mechanism has been proposed, 
which relies on the physical interaction between 

the MOFs and bacteria through electrostatic 
or hydrophobic interactions. This interaction 
leads to the disruption of the cell membrane 
and deactivation of the intracellular substances, 
resulting in effective antibacterial properties.38

 One of the findings of this research 
work is the outstanding inhibition of the bacteria 
based on the diameter of the inhibition zone, as 
most of the bacteria had inhibition zones more 
than 40 mm, with the highest value of 47 mm for 
the P., which is higher than any of the reported 
MOFs.36,39-41 The presence of Zr ions in the middle 
of the MOFs may disrupt the negatively charged 
bacterial cell wall. This disruption is caused by the 
positively charged zirconium ions, leading to cell 
death. The electromagnetic attractions between 
MOFs and bacteria result in oxidation, which 
ultimately causes the bacteria to die.42 Therefore, 
UiO-67 MOFs have the potential to be used as a 
more effective substitute for traditional antibiotics 
in combating bacterial resistance.

Cytotoxicity and anticancer studies of UiO-67
 The cytotoxicity of UiO-67 MOFs was 
assessed on two types of human cancer cells, 
specifically, MCF-7 cells derived from breast cancer 
and HepG2 cells derived from liver cancer.
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Figure 10. The percentage of cancer cell viability on the Hep G2 cell line at different concentrations and time 
intervals of UiO-67 MOFs
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Cell viability of human breast cancer cells (MCF-7)
 The viability of human breast cancer 
cells was examined in the presence of UiO-67 
MOFs using an MCF-7 cell line. The findings 
demonstrated that the synthesized UiO-67 had 
a remarkable cytotoxic impact on the MCF-7 cell 
line, as evidenced by observed morphological 
alterations in the MCF-7 cells, as seen in Figure 
8. Furthermore, the findings demonstrated a 
correlation between the dosage and the observed 
behavior when various concentrations of UiO-67 
MOFs were employed, namely 2.0, 8.0, 10, 30, 
50, 70, 100, and 150 µg/mL at 24, 48, and 72 
hours. Figure 9 displayed the visual depiction and 
structural alterations caused by the influence 
of UiO-67 MOFs on the MCF-7 cancer cells at 
24, 48, and 72 hours. The results described a 
dose-dependent manner as there was a notable 
decrease in the survival of cells after being treated 
with the UiO-67 MOFs, and the maximum effect 
by a MOFs concentration was reached at 150 
µg/mL with a % cell viability of 60%. The same 
manner was observed as a function of time, as 
the apoptosis of the cancer cell became more 
pronounced with the treatment time, and the cell 
viability reached 60.0%, 51.0%, and 40.1% by the 

concentration of MOFs measured at 150 µg/mL 
after 24, 48, and 72 hours.

Cell viability of Human liver cancer cells (HepG2)
 The study investigated the cytotoxic effect 
of UiO-67 nanoparticles on HepG2 cells, a type 
of human liver cancer. Human liver cancer is of 
particular interest because of the global prevalence 
of liver cancer as a major health concern. Figure 
10 shows the dose-response relationship of UiO-
67 at different concentrations ranging from 2, 8, 
10, 30, 50, 70, 100, and 150 µg/mL at 24, 48, and 
72 hours. The findings demonstrated a notable 
decline in the viability of cells following the 
intervention, and UiO-67 MOFs showed marked 
cytotoxicity against the HepG2 cell line, resulting 
in marked changes in the cellular structure of 
HepG2 cells. Figure 11 depicts a visual depiction 
of the structural changes resulting from the effect 
of UiO-67 nanoparticles on cancer cells. Also, the 
results demonstrated a clear relationship between 
the dose of UiO-67 MOFs and the subsequent 
loss in cell viability. They reached their maximum 
effect by a MOFs concentration of 150 µg/mL with 
% a cell viability of 61%. The same manner was 
observed as a function of time, as the apoptosis 

Figure 11. The changes in the structure and form of the Hep G2 cell line caused by the impact of UiO-67 MOFs at 
150 µg/mL
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of the cancer cell became more pronounced with 
the treatment time, and the cell viability reached 
61.0%, 50.0%, and 40.5% by the concentration of 
MOFs measured at 150 µg/mL after 24, 48, and 72 
hours.
 Although UiO-67 MOFs have been used 
for cancer treatment, they were mostly used as 
drug carriers,43-45 and the cytotoxicity mechanism 
has not been completely investigated. The MOF 
nanoparticles were found to induce cancer cell 
death through apoptosis, specifically by activating 
the mitochondria-dependent pathway. This was 
achieved by the accumulation of the nanoparticles 
within the mitochondria of the cancer cells, 
causing the release of cytochrome C and triggering 
a series of apoptosis reactions involving proteins 
such as caspase-3 and -9,46 which was the case with 
Cu-MOFs,47 and hydroxyapatite nanoparticles.48-49 
Another explanation could be the generation 
of ROS due to the interaction of the MOFs with 
the cancer cells, which suppress the cellular 
immune response, leading to cell death by 
apoptosis.50 It is important to highlight that when 
the creation of ROS exceeds the cell’s ability to 
defend against it with antioxidants, it can trigger 
oxidative stress in biomolecules, ultimately 
resulting in cell death.51 Additionally, studies 
show that NPs elicit toxic effects in macrophages 
by disrupting the cytoskeleton and phagocytosis, 
while also enhancing DNA damage linked with 
methylglyoxal.52 Accordingly, the aforementioned 
results validate that synthesized UiO-67 metal-
organic frameworks (MOFs) exhibited a preference 
for inducing apoptosis in cancer cells MCF-7 and 
Hep G2. These MOFs hold potential as a viable 
treatment for cancer, particularly in human breast 
cancer cells and liver cancer.

CONCLUSION

 UiO-67 MOFs were synthesized with 
the hydrothermal method, and after that, the 
samples were characterized using FTIR, SEM, TGA, 
and surface area analyzer. The findings showed 
the synthesis of the UiO-67 MOFs thus having a 
high surface area of 1415 m2/g. UiO-67 MOFs’ 
antibacterial function has been investigated against 
Gram-positive bacteria like MRSA, S. aureus, and 
enterococci and the negative ones like E. Coli and 
S. typhimurium, among others, to determine their 

biological function. The outcomes reflected that 
the proliferation of the gram-positive and gram-
negative bacterial cells was highly reduced when 
UiO-67 MOFs were present. Also, on the cellular 
metabolism suppression and ultimate bacterial 
death, the increase in bacterial membrane 
permeability was pointed out to allow abrasive 
UiO-67 particles, to enter the bacterial cells in 
a dose-dependent fashion where increasing the 
amounts of UiO-67 had the effect of increasing the 
results in this regard. Moreover, the cytotoxicity 
of UiO-67 on two types of human cancer cells was 
investigated Wherein, MCF-7 is a human breast 
cancer cell line, and is the human liver cancer cells. 
The results revealed that UiO-67 particles interact 
greatly with both cancer cells, suppressing cellular 
defense mechanisms, so triggering the apoptotic 
process, ultimately resulting in cell death, in 
a dose-dependent manner as increasing the 
concentration of UiO-67 further amplified these 
effects, as well as time-dependent manner. The 
findings indicate that UiO-67 MOFs exhibit great 
potential as a material for medicinal applications, 
particularly in the treatment of bacterial infections 
and cancer.
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