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kidney (HEK293) and colon cancer (SW480) cell lines exposed
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Abstract
Zinc (zeolitic) imidazolate framework 8 (ZIF-8) has been widely considered in the literature as an ideal candidate for drug
delivery especially anti-cancer drugs. However, the available information on the biocompatibility and cytotoxicity of ZIF-8
nanoparticles is contradictory. Therefore, in the present study, the ZIF-8 particles were synthetized, characterized, and their
potential toxicity on two eukaryotic cell lines including human embryonic kidney (HEK293) and human colon cancer (SW480)
cells was investigated in vitro. The characterization of ZIF-8 particles by TEM, EDX, SEM, and DLS indicated the synthesis of
the hexagonal crystals with mean diameter of 124.71±32.74 nm and the presence of the zinc element at 86.25% by weight (wt%)
of the ZIF-8 structure. The results of the cytotoxicity assessment of ZIF-8 NPs showed that the viability of two different cell lines
reduced significantly coincident with increasing exposure concentration from 0 to 500 μg mL−1 (P<0.05). The 24-h half-
inhibitory concentration (IC50-24 h) values of ZIF-8 NPs for HEK293 and SW480 cell lines were 116.22 and 36.23 μg
mL−1, respectively. We found that the viability of SW480 cells was significantly lower than the HEK293 cells in all exposure
concentrations of ZIF-8 NPs except control. Exposure of both cells resulted in increasing of the intracellular reactive oxygen
species (ROS) production and activation of apoptosis pathway. The apoptosis rate of cancer SW480 cells was higher than the
normal HEK293 cells. These findings indicate that synthetized ZIF-8 NPs could be a candidate for cancer therapy, although their
toxic effects on the normal cells also should be considered.
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Introduction

Cancer has been known as one of leading causes of death in the
recent decades (Nel et al. 2009; Liu et al. 2018). Chemotherapy
is a common therapeutic approach for combating cancer, but
the efficiency of various anti-cancer therapeutic agents is
curbed by several limitations including low solubility, reduced

bioavailability, high toxicity toward the normal cells, rapid
clearance and drug resistance (Jaracz et al. 2005; Heath and
Davis 2008; Wicki et al. 2015; Zarogoulidis et al. 2012).
Hence, there is a necessary need to design and develop new
anti-cancer agents to reduce many of undesirable problems and
outcomes of conventional chemotherapy.

Nanoparticle-based drugs because of enhanced permeability
and retention (EPR) effect have recently developed to improve
drug accumulations at the tumor location (Kumar et al. 2018; Li
et al. 2018; Wang et al. 2017). It is well known that the entry of
nanoparticles to live cells often occurs either through endocy-
tosis mechanisms or passive penetration of plasma membrane
as alternative pathway (Wang et al. 2012; Salatin and Yari
Khosroushahi 2017). Nanoscale metal-organic frameworks
(MOFs) have recently received much attention as a novel ther-
apeutic agent in biomedical fields (Chen et al. 2018; Liu et al.
2018). MOFs are defined as porous hybrid materials with spe-
cific properties such as large surface area, extreme pore volume,
variety of sizes and shapes and tunable functional groups within
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the organic linker of frameworks (Liu et al. 2018; Peng et al.
2018). In addition to the application of MOFs in drug delivery,
they are also used in various environmental sectors such as
absorbing and adsorbing pollutants, environmental contami-
nant sensing, catalysis, gas storage, gas separation, and so on
(Fang et al. 2018; Khan et al. 2020).

Zeolitic imidazolate framework-8 (ZIF-8) is known as a sub-
class of MOFs and is built from zinc ions and four 2-methyl
imidazolate groups, which are components of physiological sys-
tems (Nabipour et al. 2017; Liu et al. 2018). ZIF-8 is a pH-
responsive material that can be decomposed at an acidic pH
environment like cancer cells which are more acidic (pH 5.7–
7.8) than normal cells (Sun et al. 2012; Zhuang et al. 2014; Chen
et al. 2018); thus, it can be considered an ideal candidate for
cancer therapy. It has been shown that toxicity of DOX@ZIF-8
on breast cancer cells was higher than that of free DOX (Zheng
et al. 2016). Due to the importance role of zinc in cancer preven-
tion (Song and Ho 2009; Costello and Franklin 2013; Pavithra
et al. 2015), slow and controlled release of zinc from ZIF-8
nanocrystals can effectively improve its anti-cancer properties
(Ran et al. 2018). Hoop et al. (2018) found that cytotoxicity of
ZIF-8 nanoparticles on six different cell lines at concentrations of
above 30 μg mL−1 was due to the effect of released zinc ions on
the mitochondrial reactive oxygen species (ROS) generation,
DNA damage and eventually activation of apoptosis pathways.
Apart from being used in anti-cancer drug delivery, many studies
have shown that ZIF-8 has a very high ability to remove organic
and mineral pollutants as well as antibiotics from municipal wa-
ter and wastewater (Li et al. 2019; Liu et al. 2019; Zhou et al.
2019; Huang et al. 2020; Jampa et al. 2020). In addition, Taheri
et al. (2021) showed that ZIF-8 has a very high antibacterial
potential against gram-negative bacteria, E. coli.

Despite the many advantages of ZIF-8 and other MOF
materials for drug delivery applications, the existing literature
regarding their biocompatibility and cytotoxicity assessments
are contradictory (Vasconcelos et al. 2012; Tamames-Tabar
et al. 2014; Grall et al. 2015; Sajid 2016). It is necessary to
determine the biocompatibility and toxicity potential of
synthetized MOFs toward different normal and cancer cell
lines in vitro conditions before their use in vivo. Therefore,
in this study, we aimed to synthetize ZIF-8 nanoparticles and
evaluate their potential toxicity on two eukaryotic cell lines
including human embryonic kidney (HEK293) and human
colon cancer (SW480) cells in vitro through determining cell
viability, ROS production, and necrosis/apoptosis cells.

Materials and methods

Materials

Chemical materials including zinc nitrate hexahydrate
(Zn(NO3)2·6H2O), 2-methylimidazole (C4H6N2), and

methanol were purchased from Merck. Acridine Orange/
Propidium Iodide (AO/PI) solution was purchased from
Sigma-Aldrich (St. Louis, MO, USA).

Synthesis of ZIF-8

The nanoscale ZIF-8 particles were synthesized based on the
modified method described by Zheng et al. (2015). To prepare
ZIF-8 particles, a solution of 2.4 g of zinc nitrate hexahydrate
(Zn(NO3)2·6H2O) in 80 mL of deionized water was added
drop-wise to a solution of 5.28 g of 2-methylimidazole
(C4H6N2) in 160 mL of methanol under stirring condition.
The appearance of white color in the reaction solution repre-
sented the formation of ZIF-8 particles. The ZIF-8 particles
were obtained by sonicating the solution for 20 min using
probe sonicator (FAPAN 150UT, FAPAN CO. Ltd.) and then
centrifuging for 15 min at 8000 rpm and 15 °C (Eppendorf
5804R, Germany). Afterwards, the white precipitate obtained
was washed with methanol (90 mL for each time), sonicated
and centrifuged three times. The synthetized particles were
then dried in a freeze dryer (Dena Vacuum, FD-5005-BT,
Iran) for further usage.

Characterization of synthetized ZIF-8

Transmission electron microscopy (TEM) was performed
using transmission electron microscope (FE-TEM,
JEM2100F, JEOL, Tokyo, Japan) equipped with an EDX
(EDX, TM200, Oxford Instruments plc, Oxfordshire, UK) at
an acceleration voltage of 200 k V. The ZIF-8 samples for
TEM were prepared by dissolving 10 mg of particles in 5
mL of ethanol alcohol (EtOH), sonicating for 5 minutes and
drying on a drop per TEM grid (Quantifoil 656-200-Cu,
Tedpella, Inc., Redding, CA). Scanning electron microscope
(SEM) images were obtained using a MIRA3 SEM (Tescan,
Czech Republic). Dynamic light scattering (DLS) analysis
was performed using VASCOTM nanoparticle size analyzer
(Cordouan Technologies, France). Zeta potential of
synthetized particles was measured using SZ-100 (HORIBA,
Japan) with holder temperature of 24.9 °C.

Cell culture

Human embryonic kidney (HEK293) and human colon cancer
(SW480) cell lines were purchased from the American Type
Culture Collection (ATCC, Manassas, VA, USA) and were
grown in DMEM cell culture medium supplemented with
10% fetal bovine serum (FBS) and 1% penicillin-streptomycin.

MTT–cell viability assay

MTT assay was performed based on the method explained by
Bigdeli et al. (2019). The HEK293 and SW480 cells were
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separately seeded on 96-well plates (SPL Life Sciences, South
Korea) at a density of 1×104 cells per well that filled with the
cell medium DMEM supplemented with 10% FCS and 1%
antibiotics. The cells were grown for 24 h and then, exposed to
the different concentrations (0, 15.625, 31.25, 62.5, 125, 250,
and 500 μg mL−1) of ZIF-8 for 24 h. Afterwards, 0.05 mL of
MTT solution was added to each well and incubated at 37 °C
for 4 h and during this time a purple colored formazan crystal
was formed. The crystals were dissolved by adding 100 μL of
DMSO and the absorbance of solution was measured at a
wavelength of 570 nm using a plate reader (Bio-Rad,
Hercules, CA).

Live/dead cell staining

Each of HEK293 and SW480 cells were separately seeded at a
density of 106 cells mL−1 in 25 cm2 culture flask and incubat-
ed for 24 h. In following, the cells were exposed with 1.5-fold
of IC50 concentration of ZIF-8 NPs determined by MTT as-
say (174.33 and 54.34 μg mL−1 for HEK293 and SW480,
respectively) for 24 h. After exposure period, the supernatant
was collected and transferred into a falcon tube. The remain-
ing cells in the flask were also trypsinized and collected using
a scraper. The collected cells were resuspended using 2 mL of
PBS and then, added to falcon tube containing the superna-
tant. In next step, the cells were centrifuged at 300 g for 5 min
and the obtained supernatant was discharged and the cells
were rinsed with 5 mL of PBS. This step repeated again and
the falcon tube kept in ice. AO/PI (Sigma-Aldrich) (1 mL) as a
dye mixture was diluted with PBS (1 mL) under dark condi-
tions. The prepared AO/PI solution was added to 10 μL ali-
quot of cells and the mixture was transferred on to a slide.
Fluorescence images were taken by a UV-fluorescent micro-
scope equipped with 20 objective lenses (Axio Scope A1,
Zeiss, Oberkochen, Germany).

Reactive oxygen species (ROS) assay

The amount of intracellular ROS production was determined
based on flow cytometry technique using ROS detection assay
kit (Abcam Inc., USA). The HEK293 and SW480 cells were
separately seeded into a 6-well plate at a density of 1 × 106

cells/mL and treated with 1.5-fold of IC50 of ZIF-8 NPs de-
termined by MTT assay (174.33 and 54.34 μg/mL for
HEK293 and SW480, respectively) for 24 h. Untreated cells
were considered control . After t reatment , 2 ′ ,7 ′ -
dichlorofluorescein diacetate (DCF-DA) dye (20 μM) was
added to each well and then, the cells were incubated at 37
°C for 30 min under dark conditions. The ROS production
was quantified with excitation and emission wavelengths at
485 and 535 nm respectively.

Annexin V-FITC/PI assay

The population of necrosis and apoptotic cells was quanti-
fied using Annexin V-FITC/PI staining kit. Firstly, the
cells were seeded in 6-well plates at a density of 1 × 106

cells/mL and then, exposed to ZIF-8 NPs at concentration
of 1.5 fold of IC50 (174.33 and 54.34 μg/mL for HEK293
and SW480, respectively) for 24 h. Afterwards, the treated
cells were dispersed using the binding buffer and incubated
with 20 μL of Annexin V-FITC and PI for 15 min in dark
conditions. After staining, the amounts of viable, early ap-
optotic, late apoptotic, and necrotic cells were measured
using flow cytometry.

Statistical analysis

The data were presented as mean ± SD. The statistical analysis
of data was carried out using SPSS software (Version, 19).
Normality assumption of data was investigated using
Kolmogorov-Smirnov test. Significant differences between
the means were evaluated using one-way analysis of variance
(ANOVA) followed by the Duncan multiple range test. The
independent-sample T test was used to determine the signifi-
cant difference between the two independent samples. The P-
value of <0.05 was employed to assay the significant
differences.

Results and discussion

Characterization of ZIF-8

The morphology, size, and elemental composition of
synthetized ZIF-8 nanoparticles (NPs) were determined by
TEM and EDX (Fig. 1a, b). TEM and SEM images indicate
the formation of hexagonal crystals (Figs. 1a and 2a). The
EDX analysis confirmed the presence of the zinc and oxygen
elements at 86.25% and 13.75% byweight (wt%) of the ZIF-8
structure, respectively. Hoop et al. (2018) also confirmed that
Zn element uniformly distributed throughout of ZIF-8 crystals
with average diameter of 1.1 μm.

Measurement of the diameter of 312 particles in SEM mi-
crograph of ZIF-8 NPS revealed the uniform sizes of particles
with mean diameter of 124.71±32.74 nm and size distribution
ranged from 38.36 to 236.21 nm (Fig. 2b). The average size of
synthetized crystals was approximately consistent with those
previously reported (Zheng et al. 2015; Tiwari et al. 2017; Ran
et al. 2018; Jin et al. 2020). Nano-size drugs are efficiently
taken up and accumulated in cancer cells through endocytosis
and subsequently kill the cells, while macromolecular drugs
are entered the cancer cells just via molecular diffusion (Liu
et al. 2018). The size of nanoparticles efficiently affects cel-
lular endocytosis mechanism (Li et al. 2015), as smaller
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particles are more easily taken up by cells (Chuah et al. 2014).
In addition, nanoparticles have a larger surface area than larger
particle, which allows them to have more contact with cell
membranes (De Jong and Borm 2008).

The hydrodynamic particle sizes of synthetized ZIF-8 NPs
were further studied by dynamic light scattering (DLS) anal-
ysis (Fig. 3a, b). According to Padé-Laplace algorithm, num-
ber intensity of particles with 74.39 and 236.32 nm in the ZIF-
8 suspension was 98% and 2 %, respectively (Fig. 3a). Sparse
Bayesian Learning (SBL) algorithms on DLS data revealed
that the mean intensity of particles was 221.14 nm and the
intensity of particles with 253.35 and 100.59 nm in the ZIF-
8 suspension was 75.31% and 24.69 %, respectively (Fig. 3b).
Zeta potential of prepared nanoparticles was measured to de-
termine the surface charge of particles. The ZIF-8NPs showed
a negatively charged surface with a zeta potential of −25.2
mV. Nanomaterials with more negative potential under differ-
ent physiological conditions display good colloidal stability
(Liu et al. 2016; Shu et al. 2018).

Cytotoxicity assessment of ZIF-8 NPs

In order to determine the cytotoxicity of synthetized ZIF-8
NPs to eukaryotic cell lines, we assessed the effects of differ-
ent concentrations of ZIF-8 NPs (0–500 μg mL−1) on viability
of the human embryonic kidney (HEK293) and human colon
cancer (SW480) cell lines using MTT assay (Fig. 4).
Cytotoxicity of ZIF-8 NPs was dependent on the cell type
and on the concentration. The toxicity of ZIF-8 NPs on each
cell line increased coincident with increasing exposure con-
centration from 0μgmL−1 to 500μgmL−1. Hoop et al. (2018)
examined the various concentrations of ZIF-8 NPs on six dif-
ferent human cell lines. They found that the viability of cells
exposed to ZIF-8 concentrations of up to 30 μg mL−1 were
approximately 80%, but the cell viability decreased to 10% for
both 75 and 100 μg mL−1. Zheng et al. (2015) also reported

Fig. 1 TEM micrograph (a) and EDX spectrum (b) of ZIF-8
nanoparticles

Fig. 2 SEMmicrograph (a) and size distribution of ZIF-8 nanoparticles (b)
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that the survival rate of HeLa cells incubated with nanoscale
ZIF-8 concentrations from 10 to 50 μg mL−1 for 48 h was
above 70% compared to the control group. It was also shown
that ZIF-8 (140 nm) had no obvious cytotoxicity effect on
HeLa cells at concentrations below 50 μg mL−1 (Tiwari

et al. 2017). In the present study, the exposure of HEK293
cells to ZIF-8-NPs had no significant effect on cell viability up
to concentration of 62.5 μg mL−1, but increasing exposure
concentration to 125 μg mL−1 led to a significant cell viability
reduction to 36.69% compared to the control (100%). For

Fig. 3 Size distribution of ZIF-8
nanoparticles based on cumulant
analysis (a) and sparse Bayesian
Learning (SBL) algorithms (b) of
dynamic light scattering (DLS)
technique

Fig. 4 Comparison of MTT cell
viability of human embryonic
kidney (HEK293) and human
colon cancer (SW480) cells after
exposure to different
concentrations of ZIF-8 NPs for
24 h. Bars with different capital
letters in each concentration are
significantly different (mean ±
SD, independent-sample T test,
P<0.05). Bars with different
lowercase letters in each cell line
are significantly different (mean ±
SD, one-way ANOVA, P<0.05)
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SW480 cells, the elevation of exposure concentration from 0
to 125 μg mL−1 of ZIF-8 NPs decreased the cell viability from
100 to 7.06%. The highest inhibitory effect of ZIF-8 NPs on
both cell lines was observed at 250 and 500 μg mL−1. Based
on the cytotoxic activity of ZIF-8 nanocrystals using cancer
MCF-7 cell line, total inhibition of cell viability was achieved
at concentration of 250 μg mL−1 (Ran et al. 2018). The influ-
ence of ZIF-8 concentrations on cell viability may be attribut-
ed to release of Zn2+ into the cell media, which induce ROS
generation and ultimately a cell cycle arrest in G2/M and
activation of apoptosis pathways (Cadet and Wagner 2013;
Clausen et al. 2013; Hoop et al. 2018). However, since the
current study did not evaluate the release of Zn ions into the
cell media, the findings should be judged with caution and
further study need to be done to examine the toxicity mecha-
nisms of ZIF-8 NPs.

The susceptibility of each cell line to ZIF-8 NPs was deter-
mined by calculating the 24-h half-inhibitory concentration
(IC50-24 h). Based on the results of the cell viability and
proliferation response, the IC50-24 h values of ZIF-8 NPs
for HEK293 and SW480 cell lines were 116.22 and
36.23 μg mL−1, respectively. The half-maximal effective con-
centration (EC50) of nanoscale ZIF-8 (110 nm) for HeLa cells
was determined to be 63.8 μg mL−1 (Zheng et al. 2015).
Vasconcelos et al. (2012) also reported that IC50 values of

ZIF-8 (200 nm) for NCI, HT-29 and HL-60 cell lines were
above 25 μg mL−1. The results of present study demonstrated
more sensitivity of SW480 cancer cells to ZIF-NPs than
HEK293 normal cells. The comparison of viability of two cell
lines in each exposure concentration showed that the viability
of SW480 cell was significantly lower than the HEK293 cell
except for 0 μg mL−1 of ZIF-8 NPs (Fig. 4). Most nano-sized
agents preferentially accumulate and retain in cancer tissues
compared with normal tissues due to the enhanced permeabil-
ity and retention (EPR) effect, which induce greater therapeu-
tic effects (Maeda 2001; Kobayashi et al. 2014). Some initial
evidences have indicated that zinc has important role in cancer
prevention (Hoang et al. 2016; Ran et al. 2018); however,
there is little information on efficiency of zinc-derived com-
pounds for cancer therapy. Ran et al. (2018) investigated the
cytotoxicity of ZIF-8 nanocrystals with normal model cell line
HEK293 and colon cancer cell line HCT8. They found a very
low toxicity of ZIF-8 for the normal cells, but the inhibitory
effect of ZIF-8 on cancer HCT8 cells. This phenomenon was
attributed to the zinc released from ZIF-8 (25.41 μmol L−1)
and more absorption of zinc due to the increased permeability
of the cancer cells.

To confirm the viable and dead cells of human colon cancer
(SW480) and human embryonic kidney (HEK293) incubated
with ZIF-8 NPs for 24 h, a live/dead staining assay was

Fig. 5 Live/dead assay of human
colon cancer (SW480) and human
embryonic kidney (HEK293)
after incubation with ZIF-8 NPs
for 24 h. SW480 cells were
exposed to 1.5-fold of IC50
concentration of ZIF-8 NPs
(54.34 μg mL−1) (a) compared to
0 mg/L of ZIF-8 NPs (control) (b)
and HEK293 cells treated with
1.5-fold of IC50 concentration of
ZIF-8 NPs (174.33 μg mL−1) (c)
compared to a control group (d).
Viable cells (green fluorescence)
and dead cells (red fluorescence)
were determined by AO/PI
staining
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conducted. Acridine Orange (AO) and Propidium Iodide (PI)
dyes were used to discriminate between live and dead cells. In
cells stained with both dyes, live nucleated cells fluoresce
green and dead nucleated cells fluoresce red. Untreated
SW480 and HEK293 cells showed round-shape with green
fluorescence, indicating the presence of viable cells (Fig. 5 b
and d). After 24-h treatment with ZIF-8 NPs, the red fluores-
cence was clearly observed and greater red fluorescence was
detected in the colon cancer SW480 cells than in the normal
HEK293 cells (Fig. 5 a and c). Increased number of dead cells
is probably in response to the ZIF-8 NP-induced formation of
intracellular ROS and subsequently activation of apoptosis
pathway.

Figure 6 represents the intracellular production of ROS in
human colon cancer (SW480) and human embryonic kidney
(HEK293) cell lines exposed to 1.5-fold of IC50 concentra-
tions of ZIF-8 NPs and incubated with DCFH dye. The
DCFH-DA fluorescence intensity in untreated SW480 cells
was 2.25% and this value increased to 69.2% in treated cells,

indicating the effect of ZIF-8 NPs on ROS production.
Exposure of the HEK293 cells to 174.33 μg mL−1 (1.5-fold
IC50) of ZIF-8 NPs resulted in increasing of the DCFH-DA
fluorescence intensity to 79.5%, while this value was 4.08% in
un-exposed cells. These results show that the ZIF-8 NPs ob-
viously increase the intracellular ROS level in both cell lines.
Hoop et al. (2018) found that increased ZIF-8 crystal in the
cell culture of six different cell lines was associate with in-
creasing Zn2+, leading to an increment of intracellular ROS.
Other researchers have also reported the dependency of ROS
generation and intracellular Zn2+ concentrations (Link and
von Jagow 1995; Dineley et al. 2003; Clausen et al. 2013).
The ROS generation plays an important role in proliferation
and survival of cell (Ding et al. 2016; Wasim and Chopra
2018). Shyamsivappan et al. (2020) reported that increased
the production of ROS suppressed the growth of Breast cancer
MCF7 cells through inducing G1/S and G2/M phase cell cycle
a r res t and promot ing apop tos i s . Ut i l i za t ion of
GOx@Pd@ZIF-8 as a ROS generator to treat lung cancer

Fig. 6 Production of intracellular
reactive oxygen species (ROS) in
human colon cancer (SW480)
after treatment with 1.5-fold of
IC50 concentration of ZIF-8 NPs
(54.34 μg mL−1) for 24 h (a)
relative to 0 mg L−1 of ZIF-8 NPs
(control) (b) and in human
embryonic kidney (HEK293) cell
treated with 1.5-fold of IC50
concentration of ZIF-8 NPs
(174.33 μg mL−1) (c) compared
with a control group (d)
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A549 cells showed that this composite inhibited the growth of
cancer cells via ROS-mediated cell cycle arrest and apoptosis
(Jin et al. 2020).

The Annexin V-FITC/PI staining analysis and flow cytom-
etry were used to evaluate ZIF-8 NP-induced necrosis/
apoptosis in human colon cancer (SW480) and human embry-
onic kidney (HEK293) cells after 24-h treatment (Fig. 7). The
results showed that 96.3% of the SW480 cells treated with
ZIF-8 NPs (54.34 μg mL−1) were in the early process of ap-
optosis and 2.13%, 0.73% and 0.8% of cells were in late of
apoptosis, necrosis and viable stages, respectively. For
HEK293 cells exposed to 174.33 μg mL−1 of ZIF-8 NPs,
the percentages of cells in early apoptosis and late apoptosis
were 45.9% and 35.2%, respectively, while the viable and
necrotic cells percentages were observed to be 16.4% and
2.53%, respectively. The untreated SW480 and HEK293 cells
as control groups exhibited the 98.6% and 95.9% of viable
cells, respectively (Fig. 7). These results indicated that the
experimental conditions were appropriate for exposure of cells

to ZIF-8 NPs. Following exposure to ZIF-8 NPs for 24 h, the
SW480 cells showed greater percentage of apoptotic cells
compared with the HEK293 cells, indicating the higher toxic-
ity of ZIF-8 NPs toward human colon cancer cells than the
human normal cells. In contrast to our results, Jin et al. (2020)
found that the apoptosis rate of human lung cancer A549 cells
exposed to ZIF-8 (130 nm) for 24 h was 8.09%. The findings
of current study reveal that ZIF-8 NPs can exert their cancer
chemo-preventive effect through increasing apoptosis.

Conclusion

In this study, we synthetized nanoscale zinc imidazolate
framework 8 particles and evaluated their cytotoxicity on
two eukaryotic cell lines including human embryonic kidney
(HEK293) and human colon cancer (SW480) cells. We deter-
mined that toxicity of ZIF-8 NPs on both cell lines increased
significantly coincident with elevation of exposure

Fig. 7 Apoptosis/necrosis cells
assay of human colon cancer
(SW480) and human embryonic
kidney (HEK293) cell lines using
Annexin V-FITC/PI staining, and
flow cytometry. SW480 cell
exposed to 1.5-fold of IC50
concentration of ZIF-8 (54.34 μg
mL−1) for 24 h (a) compared with
0 mg L−1 of ZIF-8 NPs (control)
(b). HEK293 cell exposed to 1.5-
fold of IC50 concentration of ZIF-
8 (174.33 μg mL−1) (c) compared
with a control group (d). Upper
left quadrant represents the
necrotic cells (Q1), upper right
quadrant shows the late apoptosis
cells (Q2), lower right quadrant
indicates the early apoptosis cells
(Q3) and lower left quadrant
shows the viable cells (Q4)
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concentration from 0 to 500μgmL−1.We also found that ZIF-
8 NPs induced more reduction in viability of human colon
cancer cells in comparison with human embryonic kidney
cells. Our results indicated that an increase in the number of
dead cells exposed to ZIF-8 NPs correlates with an increase in
generation of ROS and activation of apoptosis pathway.
Exposure of both cells to ZIF-8 NPs showed that the percent-
age of colon cancer SW480 cells in early apoptosis stages was
clearly higher than that observed in the normal HEK293 cells.
These results suggest that ZIF-8 NPs can be used as an anti-
neoplastic agent, although they may show toxic effect on the
normal cells at high concentrations.
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