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Abstract
To date, various derivatives of thiazolidinone in a variety of cell lines have been investigated. The present
study aimed to evaluate the toxicity and inhibitory effects of a thiazolidinone derivative called 5-(2,4-bis4-ethoxy-phenyl azo)-3-hydroxy-benzylidine)-2,4-thiazolidinone (TZD-OCH2CH3) on the expression of
NF-кB in LPS-induced RAW264.7 macrophage cell lines. Different concentrations of the MTT assay
(0-120 μg/mL) were performed to estimate the biological rate of the cells. The half-maximal inhibitory
concentration (IC50) of TZD-OCH2CH3-treated RAW264.7 cells was found to be 115 μg/mL. To determine
the inhibitory effect of the synthesized compound on the expression changes of NF-кB, the RAW264.7
cells were initially induced with LPS and then treated by 15, 30 and 60 µg/mL of TZD-OCH2CH3. Realtime PCR results confirmed a strong inhibitory effect of TZD-OCH2CH3 on the expression of NF-кB in
LPS-induced RAW264.7 cells (IC50 = 48 μg/mL). Overall, these findings suggested that the derivative TZDOCH2CH3 had a significant anti-inflammatory effect.
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Background
Cancer is a condition in which abnormal cells in a particular
part of the body can proliferate in an unchecked way
and affect its surrounding healthy tissues. Inflammatory
pathways are some of the most important factors involved
in cancer and tumor formation (1). These pathways are
activated by various agents, which are responsible for
95% of cancers, including smoking, stress, food, obesity,
alcohol, infectious agents, environmental triggers, and
exposure to radiation (2). Inflammation is an immune
response to cellular or tissue injury or infection caused
by pathogens. Clinically, inflammation is determined by
features such as redness, warmth, swelling, and pain (3).
The mechanism of inflammatory pathways can be divided
into the arachidonic acid (AA)-dependent pathway and
the AA-independent pathway (4). Cyclooxygenase (COX),
lipoxygenase (LOX), and phospholipase A2 (PLA2) are
considered as AA-dependent pathways. On the other
hand, nitric oxide synthase (NOS) and NF-кB (i.e.,
nuclear factor kappa-light-chain-enhancer of activated B
cells) are AA-independent pathways (5). The products of
both pathways play an important role in the inflammation
process (6). In the past two decades, several molecules
involved in the inflammation have been identified,

including tumor necrosis factor (TNF), interleukin 1 (IL1), interleukin 6 (IL-6), COX -2, matrix metalloproteinase
(MMP) and vascular endothelial growth factor (VEGF).
The common feature of all these molecules is the fact that
they are regulated by the transcription factor NF-кB (7).
The NF-кB which is known as a transcription activator
is a heterodimer protein composed of two subunits
called p50 and RelA (p65). In the absence of stimulus,
the NF-кB is inhibited in the cytoplasm by an inhibitor
agent called IкBα; but in the presence of the stimulus, the
signaling pathway is activated. The protein IкB creates a
heterodimer nuclear translocation signal that prevents the
transferring of NF-кB into the nucleus. In these conditions,
the NF-кB is activated and enters into the nucleus which
will affect the expression of target genes (8). The NFкB connects cells that are involved in inflammation and
cancer (9). The expression of NF-кB is increased in the
majority of cancer tissues and is known as an inducer
of prostate cancer progression and tumor metastasis in
lymph nodes (10). Moreover, lung cancer progression
(11), breast cancer (12) and its response to chemotherapy
(13) are other NF-кB activities. Due to the large number
of cellular processes affected by NF-кB, modulators of
this pathway have received a considerable attention. For
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instance, the set of NF-кB plays a key role in inflammatory
reactions, apoptosis inhibition, and cell proliferation
so that the un-adjustment and continuous activity of
NF-кB cause diseases such as chronic inflammatory
and many other types of human cancer (14). Therefore,
identification of a specific and potent inhibitor of NFкB has been the focus of attention for many researchers
and pharmaceutical companies. To date, more than 750
inhibitors of NF-кB have been identified (15), including
antioxidant-contained peptides, engineered polypeptides,
and viral and microbial proteins. Moreover, several
non-steroidal anti-inflammatory drugs such as aspirin,
ibuprofen, indomethacin, and sulindac are involved in
the inhibition of NF-кB (16). Furthermore, one of the
most important synthetic compounds that shows anticancer and anti-inflammatory properties is thiazolidinone
that is a thiazolidine derivative drug with added sulfur
atoms in positions 2, 3 and/or 5 (17). Thiazolidinone
is one of the main biological compounds that shows a
diverse range of activities such as anti-oxidant, antibacterial, anti-viral, anti-tumor, and anti-diabetic impacts.
Various derivatives of this compound in a variety of cell
lines have been investigated. One of the thiazolidinone
derivatives is 5-(2,4-bis-4-ethoxy phenyl azo)-3-hydroxybenzylidine)-2,4-thiazolidinone (TZD-OCH2CH3) which
was synthesized in 2014 at Guilan University, where
its biological characteristics were confirmed (18,19).
This study, therefore, aimed to investigate the antiinflammatory impact of the new thiazolidinone derivative
called TZD-OCH2CH3 on the RAW264.7 cell line through
the inhibition of inflammatory factor NF-кB. In this study,
two concentrations of TZD-OCH2CH3 30 and 60 µg/mL
were applied to evaluate its inhibitory effect on NF-кB
factor in LPS-induced RAW264.7 cell lines. Afterward,
the mRNA levels of LPS-induced COX-2 was evaluated in
TZD-OCH2CH3-treated RAW264.7 cells using real-time
polymerase chain reaction (PCR).
Materials and Methods
Materials
Murine monocytic RAW264.7 macrophage cell lines
were obtained from the Iranian Biological Resource
Center (IBRC; Lipopolysaccharide, Escherichia coli 0127:
E8) was purchased from Sigma-Aldrich, USA; Dulbecco
modified essential medium (DMEM) and fetal bovine
serum (FBS) were purchased from Gibco BRL, USA;
Total RNA extraction (RNeasy mini kit) and cDNA
synthesis kits were purchased from QIAGEN, Germany;
SYBR® Green Real-Time PCR Master was purchased from
Fermentas, Germany; MTT and all other chemical agents
were purchased from Merck, Germany; The NF-кB65
kit was purchased from Invitrogen, USA; Primers were
synthesized by Macrogen Inc, Korea. TZD-OCH2CH3 was
synthesized in 2014 at Guilan University, Iran.
Cell Culture
The RAW264.7 cell lines were cultured in a T-25 flask of

culture medium containing 90% DMEM, 10% FBS, and
100 U/mL of streptomycin/penicillin and, then, were
incubated at 37°C, 5% CO2 and 95% humidity for 48 hours.
MTT Assay
The proliferation of murine monocytic RAW264.7
macrophage cell lines was evaluated using the MTT assay
as described by Jamalzadeh et al (20). The medium was
replaced with 1% FBS containing DMEM, and it was
followed by stimulating cells using 1 μg/mL of LPS and
treating with various concentrations of TZD-OCH2CH3
for 24 and 48 hours. Those cells which grew in 1% DMSO
were regarded as the negative control. At the end of the
treatment period, 50 μL of MTT solution, 0.5 mg/mL,
was added to each cell and then the plate was incubated
for 3 hours. Thereafter, the supernatant was removed
and the formazan crystals were solubilized in 50 μL of
DMSO for 30 minutes. The absorbance was measured
at 570 nm and the results were expressed in relative
activities, taking the negative control into account to be
100%. Furthermore, the effect of different concentrations
of DMSO (0.0%, 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1%, and
1.4% v/v) on the RAW264.7 cells survival was measured in
a complementary test.
The LPS Stimulation of RAW264.7 Cells
To stimulate and activate inflammatory pathways, the
LPS-induced RAW264.7 cells (1 µg/mL in cell culture
medium) were incubated for 18 hours. According to the
MTT assay results, the desired cells were treated for 24
hours at concentrations of 15, 30, and 60 μg/mL TZDOCH2CH3 to examine its impact on the inhibition of NFкB in LPS-induced cells.
The Effect of TZD-OCH2CH3 on NF-kB
The NF-кB65 ELISA kit was used to examine the effect of
TZD-OCH2CH3 on the inhibition of NF-kB. Briefly, after
carrying out the necessary treatments, the RAW264.7 cells
were lysed with RIPA lysis buffer, and then its supernatant
was isolated, which contained the total cellular protein.
After adding the standards and samples to the wells
during the first incubation, the NF-кB antigen attached to
a specific monoclonal antibody against NF-кB which had
covered the wells. Monitoring the antigen-binding was
conducted by a specific primary antibody against NF-кB
and followed by joining an anti-rabbit HRP-conjugated
secondary antibody. Finally, the TMB substrate was added
and the process was followed by stopping the reaction with
HCL and measuring the absorbance at 450 nm. Protein
concentration was detected using Bradford assay.
RNA Extraction and Real-time PCR
The mRNA levels of NF-kB were determined in LPSinduced RAW 264.7 macrophage cells. The RAW 264.7
macrophage cells were treated with TZD-OCH2CH3 at
concentrations ranging from 20 to 100 μM for 18 hours
at the presence or absence of 1 μg/mL LPS. The total RNA
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extraction was conducted using RAW264.7 cells according
to the manufacturer’s instruction and followed by
cDNA synthesis. Afterward, the real-time PCR (Applied
Biosystems™) was accomplished by the Fast Start DNA
Master SYBR Green I kit. Primers were designed using
Gene Runner 6.1.20 as follows:
Forward: 5´-CTCTTGTTCTCTCGGTTCGGTGA-3´
Reverse: 5´-TCAGACTCTGAGTCACTGTTCGCT-3´
The real-time PCR assay was performed in a total
volume of 25 μL containing 20 ng of cDNA, 0.7 μL of each
primer at concentrations of 10 pmol/μL, 6 μL SYBR Green
Real Time-PCR Master Mix (1X) and 12 μL of RNase free
ddH2O. The standard amplification was performed using
conditions of one cycle of initial denaturation (94°C for
10 minutes) and followed by 35 cycles of denaturation
(94°C for 15 seconds), annealing (61°C for 20 seconds),
extension (72°C for 230 seconds), and a final extension
of 1 min at 72°C. The relative fold change was calculated
using the 2−ΔΔCt method. GAPDH was used as a reference
gene for comparing the samples.
Statistical Analysis
SPSS and GraphPad Prism 8 software packages were used
for data analysis. The results were presented as mean
± SEM (standard error of mean) and the difference in
significance between the groups was analyzed by univariate
test design analysis (ANOVA) test. Differences at the level
(P value < 0.0001) were considered significant.
Results
The Toxicity Effect of DMSO on the RAW264.7 Cell Line
The MTT assay was conducted to examine the toxicity
effect of DMSO on the RAW264.7 cell line at various
concentrations of DMSO including 0.0%, 0.1%, 0.2%,
0.4%, 0.6T, 0.8%, 1%, and 1.4% v/v. As shown in Figure 1,
there were no significant differences in the toxicity impact
of DMSO at concentrations of 0.1% to 0.6%, but the
differences became considerable at concentrations more
than 1% (P < 0.01). According to our results, the proper
concentration of DMSO which was applied as a TZDOCH2CH3 solvent was 0.6%.

evaluation kit. The inhibition rate of NF-кB production
with the desired compound was calculated by the standard
curve of NF-кB so that the concentration of NF-кB, as
compared to the control group, was extensively reduced
to about 2.5 and 5.4-fold, respectively, in the presence of
30 and 60 μg/mL of TZD-OCH2CH3 (Figure 3). Overall, it
was revealed that the inhibition rate of NF-кB was raised

Figure 1. The in vitro cytotoxicity of the DMSO was evaluated
against RAW264.7 cells. (P < 0.01). each column represents the
mean ± SEM.

Figure 2. The in vitro cytotoxicity of the TZD-OCH2CH3 was
evaluated against RAW264.7 cells. (P < 0.05). The IC50 value of TZDOCH2CH3 for RAW264.7 cells was approximately 115 μg/mL. Each
column represents the mean ± SEM.

Effect of TZD-OCH2CH3 on RAW264.7 Cells Proliferation
The treated-RAW264.7 cells with various concentrations
of TZD-OCH2CH3 demonstrated significant differences
in their growth inhibition, which was interpreted by MTT
assay results. In other words, cell growth was inhibited by
TZD-OCH2CH3 in a dose-dependent manner. According
to Figure 2, 115 μg/mL of TZD-OCH2CH3 was required to
inhibit and reduce the activity of RAW264.7 cells by 50%,
which was defined as IC50.
The Inhibition Rate of NF-кB Production
According to the MTT assay results, the LPS-stimulated
RAW264.7 cells were treated at 30 and 60 μg/mL of
TZD-OCH2CH3 for 24 hours. Then, the inhibition of
inflammatory factor NF-кB was evaluated using NF-кB
50
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Figure 3. The NF-кB Production Rate by RAW264.7 Cells in the
Presence and Absence of LPS. The Effect of 30 and 60 μg/mL of LPS
on the inhibition of NF-кB after treating for 24 h (P < 0.05). Each
column represents the mean ± SEM.
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by increasing the concentration of TZD-OCH2CH3. The
relative fold change was calculated using the 2−ΔΔCt method.
GAPDH was used as a reference gene for comparing the
samples.
Expression Changes of NF-кB by TZD-OCH2CH3
Total RNA was extracted from TZD-OCH2CH3-treated
RAW264.7 cells using the RNeasy mini kit according
to the manufacturer’s recommended instruction. The
RNA concentration was calculated from 510-580 ng/µL
by NanoDrop. The quality and purity of the RNA were
determined using electrophoresis on a 1 % agarose gel and
visualized by GelRed staining. Different concentrations of
15, 30, and 60 μg/mL of TZD-OCH2CH3 were applied to
assess the expression changes of NF-кB in RAW264.7 cells
using Real-time PCR, whose expression was decreased
by 11%, 24% and 39%, respectively (P value < 0.0001)
(Figure 4). In other words, the expression of NF-кB
was reduced by increasing the concentration of TZDOCH2CH3.
Discussion
Cancers have been the focus of attention all over the world
due to their huge adverse impacts on the people’s health
and lifestyle. Therefore, developing effective methods
for cancer treatment has become extremely important.
Presently, chemotherapy is one of the main methods for
treating cancers. Due to its considerable negative sideeffects and reducing the number of blood cells, however,
many biochemical investigations are being conducted
around the globe to design more effective drugs with fewer
side-effects.
Thiazolidinone is a synthetic compound with several
special medicinal advantages including anti-inflammatory
and anti-cancer properties whose various derivatives
have been investigated for years. For instance, a study
examining a thiazolidinone derivative called 2-aryl-4oxo-thiazolidinone-3-yl amid in prostate cancer cell lines

Figure 4. The Expression Changes of NF-кB at Concentrations of 15,
30, and 60 μg/mL of TZD- OCH2CH3. Each column represents the
mean.

has shown that it has a great anti-proliferate potential
and high toxicity properties against cancer cells (18,21).
Another study investigating another thiazolidinone
derivative called 2-(3-substituted 1H-pyrazol-4-yl)-3(3substituted-5-sulfanyl-1,2,4-triazol-4-yl)-1,3-thiazolidin4-one (4a-o), has demonstrated its toxicity against MCF7 cells (22). In 2014, a new thiazolidinone derivative
called TZD-OCH2CH3 was synthesized and its biological
properties were confirmed at Guilan university (23). Due
to its biological capabilities, this compound was adopted
in our study to evaluate the inhibition of inflammatory
factor NF-кB in the RAW264.7 cell line. The transcription
factor NF-кB plays a key role in connecting inflammation
and cancer (19,24). There is a close relationship between
NF-кB and cancer and, in effect, several studies have
discovered a significant relationship between the activity
of NF-кB and tumor progression in mouse models (25,26).
Regarding the importance of NF-кB in inflammation, the
suppressive effect of NF-кB by TZD-OCH2CH3 on RAW
264.7 cells was examined in the present study. Since the
TZD-OCH2CH3 is a non-polar compound, DMSO 0.6 %
was used as its solvent. Also in some similar studies, DMSO
has been applied at concentrations less than 1% (27,28).
Furthermore, the MTT assay was conducted to determine
the toxicity of TZD-OCH2CH3 at concentrations of 0 to
120 μg/mL. The results revealed the potential inhibitory
effect of TZD-OCH2CH3 on the RAW264.7 cells, so that its
IC50 was found to be 115 μg/mL which is a noticeable value
compared with the value of 30 μg/mL 2-(3-substituted
1H-pyrazol-4-yl)-3(3-substituted-5-sulfanyl-1,2,4triazol-4-yl)-1,3-thiazolidin-4-one (4a-o) for MCF-7
cells (22). Since it was proven that LPS was capable of
activating NF-кB in RAW 264.7 cells, it was used at the
concentration of 1 μg/mL to activate the macrophage
inflammatory responses. As shown in Figure 3, the NFкB65 kit was applied to measure the inhibition rate of
the inflammatory factor NF-кB by this new compound.
The concentration of NF-кB was considerably reduced
to around 2.5 and 5.4-fold in the presence of 30 and 60
μg/mL of TZD-OCH2CH3, respectively, as compared with
the control group. These findings were in line with those
from the study by Brantley et al (29) which suggested that
2-(4-amino-3-methylphenyl)-5-fluoro-benzothiazole had
an inhibitory effect on the NF-кB; the given study also
found that the activity of transcription factor NF-кB was
significantly decreased after treating MCF-7 cells by the
drug. In another similar study by Tun-Kyi et al in 2008,
the inhibitory impacts of arsenic trioxide on the NF-кB
were evaluated (30) and it was discovered that the activity
of transcription factor NF-кB was reduced after treating
tumor cells by 1μM of the drug.
In the present study, the expression changes of NF-кB
were evaluated in TZD-OCH2CH3-treated RAW264.7
cells at the level of mRNA by Real-time PCR. As shown
in Figure 4, the expression of NF-кB in RAW264.7 cells
was reduced by 11%, 24%, and 39%, respectively, by
increasing the concentration of the studied compound
Avicenna J Med Biochem, Volume 9, Issue 2, 2021
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from 15 to 60 μg/mL. In another similar study, the impact
of a synthesized compound called 3,5-bis (4-phenyl4,5-dihydro1,2,4-oxadiazole) on the expression changes
of NF-кB was examined and it was determined that the
expression of NF-кB was decreased by 50% compared with
that observed for its control group in K562 cells treated by
this compound (31). According to the results indicating
the key role of inflammatory factor NF-кB as a promoter
of cancer, controlling this factor seemed extremely crucial
for protecting the body against cancers. Regarding the
significant reduction of inflammatory factor NF-кB
production by the synthesized compound TZD-OCH2CH3,
it was concluded that the transcription factor NF-кB was
controlled in two gene expression levels including protein
and mRNA. The expression of NF-кB was inhibited in both
mRNA and protein levels by a concentration of the TZDOCH2CH3, which was much lower than the IC50 value.
Thereby, this compound inhibited the expression of NFкB without any toxic effects on RAW264.7 cells. Therefore,
it was recommended that this compound be considered
as a potential study candidate when performing further
studies on inflammatory factors.
Conclusion
The expression of NF-кB is increased in the majority of
cancer tissues and due to the large number of cellular
processes affected by NF-кB, modulators of this pathway
have received a considerable attention. To date, more
than 750 inhibitors of NF-кB have been identified.
Thiazolidinone is one of the main biological compounds
that show a diverse range of activities such as anti-viral
and anti-tumor. This study, therefore, aimed to investigate
the anti-inflammatory impact of the new thiazolidinone
derivative called TZD-OCH2CH3 on the RAW264.7 cell
line through the inhibition of inflammatory factor NF-кB.
Overall, these findings suggested that the derivative TZDOCH2CH3 had a significant anti-inflammatory effect.
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