
Abstract. Background/Aim: Isoniazid is an antibiotic used
for the treatment of tuberculosis. Previously, we found that
the isoniazid derivative (E)-N’-(2,3,4-trihydroxybenzylidene)
isonicotinohydrazide (ITHB4) could be developed as novel
antimycobacterial agent by lead optimization. We further
explored the ability of this compound compared to
zerumbone in inhibiting the growth of MCF-7 breast cancer
cells. Materials and Methods: Cytotoxicity was measured by
the MTT assay and further confirmed via apoptosis, ROS,
cell cycle, DNA fragmentation and cytokine assays. Results:
ITHB4 demonstrated a lower IC50 compared to zerumbone
in inhibiting the proliferation of MCF-7 cells. ITHB4 showed
no toxicity against normal breast and human immune cells.
Apoptosis assay revealed that ITHB4, at a concentration
equal to the IC50, induces apoptosis of MCF-7 cells and cell
cycle arrest at the sub-G1 and G2/M phases. ITHB4
triggered accumulation of intracellular ROS and nuclear
DNA fragmentation. Secretion of pro-inflammatory cytokines
induced inflammation and potentially immunogenic cell
death. Conclusion: ITHB4 has almost similar
chemotherapeutic properties as zerumbone in inhibiting
MCF-7 growth, and hence provide the basis for further
experiments in animal models. 

Breast cancer is the most frequent cancer among women,
impacting 2.1 million women each year (1). In 2020, the
GLOBOCAN report indicated that 24.5% of cancer cases
among females belong to breast cancer, and estimated that
684,996 women died from breast cancer (1). While breast
cancer rates are higher among women in more developed
regions, rates are predicted to increase in nearly every region
globally. Early diagnosis and aggressive treatment/prevention
strategies such as surgery in combination with chemotherapy
and radiotherapy are the current clinical approaches to
combat this disease (2). However, tumor recurrence remains
a major problem in the treatment of breast cancer. Moreover,
the broad-spectrum actions of chemotherapy and
radiotherapy agents that are not selective in killing cancer
cells cause many unwanted side effects in patients (3).
Hence, these called for urgent measures and innovations in
anti-cancer therapy to effectively treat this disease. 

In recent years, there is an emerging research on
developing novel synthetic lead compounds from various
plant and animal species as well as non-marine and marine
microbes, as promising treatment modalities against cancer
(4). These synthetic anti-cancer compounds are molecularly
replicated to mimic the naturally-occurring compounds, with
better properties, including more sustainable, cost effective,
and with higher selectivity against cancer than normal cells
(5). Some of the synthetic anticancer agents including
sorafenib and methotrexate, act as tyrosine kinase inhibitors
and antimetabolites, respectively, which are used in clinical
practice (6). There is also new evidence indicating that
antibiotics are effective not only in treating bacterial
infections, but also in eradicating cancer stem cells without
harming normal cells (7, 8). For instance, doxycycline is an
antibiotic used to treat bacterial infections like urinary tract
infections and acne, and current findings have suggested that
it also inhibits the growth of cancer stem cells (7). With these
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in vitro proof-of-concept data, and further research, many
new anti-cancer treatments will be developed in the near
future. This has led us to investigate the potential anticancer
properties of one of our synthesized isoniazid derivatives. We
have evaluated the antimycobacterial activities of several
isoniazid analogues in our previous research (9). We have
identified that one of the isoniazid derivatives, (E)-N’-(2,3,4-
trihydroxybenzylidene)isonicotinohydrazide (ITHB4), could
be developed as a novel antimycobacterial agent through lead
optimization. The same compound was also tested on the
human colon cancer cell line HCT 116, showing promising
cytotoxic effects (10). In this study, we aimed to examine the
potential anticancer properties of ITHB4 against breast cancer
cells and elucidate the possible molecular mechanisms by
which this may occur in MCF-7 breast carcinoma cells. We
compared the activity of ITHB4 with the natural
phytochemical zerumbone isolated from the subtropical
Zingiberaceae family of flowering plants. Zerumbone has
different biomedical properties such as antioxidant, anti-
inflammatory, and anti-proliferative (11). Similar to ITHB4,
zerumbone has also been found to inhibit colony growth of
Mycobacterium tuberculosis on Lowenstein Jensen medium
(12). Additionally, zerumbone is known to exert selective
toxicity toward various cancer cell lines including breast
cancer (13). Hence, we investigated whether ITHB4 may also
serve as an anticancer agent similar to zerumbone. 

Materials and Methods

Synthesis and purification of the test compounds. ITHB4 was
prepared according to the procedure reported in our previous work
(14). The structures of the isoniazid analogues and the reaction
pathway are given in Figures 1 and 2. The lead compound was
prepared by the reaction of 2,3,4-trihydroxybenzaldehyde (1.0 eq)
with isoniazid (1.0 eq) in ethanol/water. After stirring for 1-3 h at
room temperature, the resulting mixture was concentrated under
reduced pressure. The residue, purified by washing with cold ethanol
and ethyl ether, afforded the pure derivative. Brown-coloured single
crystals suitable for X-ray analysis were obtained by recrystallization
with ethanol. The chemical structure of the lead compound was
characterized by using various spectroscopic methods and the final
structure was confirmed by x-ray crystallography (12). 

The lead compound comprises of ITHB4 molecule and two water
molecules of crystallization (Figure 1). The Schiff base molecule
exists in an E configuration with respect to the acyclic C7=N3 bond
[C7=N3=1.2921 (10) Å; torsion angle N2—N3—C7—C8=178.85
(7)˚]. An intramolecular O2—H1O2···N3 hydrogen bond generates
a six-membered ring, producing an S(6) ring motif. The pyridine
ring with atom sequence C1/C2/N1/C3/C4/C5 is essentially planar,
with a maximum deviation of 0.0119 (8) Å at atom C5. There is a
slight inclination between the pyridine and benzene rings, as
indicated by the dihedral angle formed of 7.30 (4). All bond lengths
and angles are consistent with those observed in closely related
isoniazid structures.

In the crystal packing, water molecules play an important role in
forming the hydrogen-bonded structure. Neighboring molecules are
linked into two-dimensional arrays parallel to the (101) plane by
intermolecular O3—H1O3···N1, O4—H1O4···O1W, N2—
H1N2···O2W, O1W—H1W1···O1, O2W—H2W2···O4 and C7—
H7A···O2W hydrogen bonds. These arrays are further
interconnected by intermolecular O1W—H2W1···O2W, O2W—
H1W2···O2 and C4—H4A···O1 hydrogen bonds into a three-
dimensional extended structure. Weak intermolecular π–π aromatic
stacking interactions involving the pyridine and benzene rings
[Cg1···Cg2=3.5627 (5) Å, symmetry code: –x+2, –y+1, –z+2] are
present stabilizing the crystal structure.

ITHB4 spectral data: Pale brown solid; UV (λmax): 331 nm.IR
(cm-1; KBr) 3383 (OH), 3256 (NH), 1659 (C=O), 1618 (C=N). 1H
NMR (DMSO-d6, 400 MHz) d: 12.18 (s, 1H, –CONH), 11.29 (s,
1H, –OH), 9.58 (s, 1H, –OH), 8.80-8.78 [dd, 2H, J=5.92 Hz, 2.2
Hz, (Pr–a–CH)], 8.56 (s, 1H, OH), 8.49 (s, 1H, N=CH), 7.84–7.82
[dd, 2H, J=5.88 Hz, 2.2 Hz, (Pr–α–CH)], 6.85–6.82 [d, 1H, J=11.4
Hz (Ar–H)], 6.42–6.39 [d, 1H, J=11.28 Hz, (Ar–H)]. 13C NMR
(DMSO-d6, 400 MHz) δ; 162.50, 152.36, 151.14, 149.97, 148.58,

in vivo 35: 2675-2685 (2021)

2676

Figure 1. The structures of (E)-N’-(2, 3, 4-trihydroxybenzylidene)
isonicotinohydrazide (ITHB4).

Figure 2. Synthetic route used for the preparation of (E)-N’-(2, 3, 4-
trihydroxybenzylidene)isonicotinohydrazide (ITHB4).



141.05, 133.70, 122.23, 111.81, 108.76. MS–ESI m/z (%)-[M+Na]+
296.10 (100). Anal. Calcd for C13H11 N3 O4 (273.07) C, 57.14; H,
4.06; N, 15.38; found C,57.11; H, 4.09; N, 15.36.

Chemicals and reagents. For synthesis of ITHB4, 2,3,4-trihydroxy
benzaldehyde and isoniazid were obtained from Millipore Sigma-
Aldrich (St. Louis, MO, USA). HPLC grade solvents were used for the
reaction. Reagents and all solvents were analytically pure and used
without further purification. Pre-coated aluminium sheets silica gel 60
F254 (Merck, Darmstadt, Germany), TLC plates were used for
monitoring the progress of the reaction, using dichloromethane/methanol
as a mobile phase. All chemicals and solvents used were of the highest
analytic grade available. Cell culture supplies and media, fetal bovine
serum (FBS), sodium pyruvate, nonessential amino acids,
penicillin/streptomycin and DMSO were obtained from Sigma Aldrich
(Malaysia). Zerumbone (positive control) and 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) used in this study were
purchased from Sigma Aldrich (Malaysia).

Cell culture. Human estrogen-dependent breast carcinoma (MCF-7)
cell line and non-tumorigenic epithelial cell line (MCF10A) were
purchased from the American Type Culture Collection (Rockville,
MD, USA). MCF10A cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM)/F12 Ham’s mixture supplemented with
10% of FBS (Sigma), 10 ng/ml of epidermal growth factor (Sigma),
10 μg/ml of insulin (Sigma), 0.5 mg/ml of hydrocortisone (Sigma),
100 ng/ml of cholera toxin (Sigma), 100 units/ml of penicillin and
100 μg/ml of streptomycin. Meanwhile, MCF-7 cells were
propagated in high glucose DMEM supplemented with 10% fetal
bovine serum, 2 mM L-glutamine, 100 units/ml of penicillin and
100 μg/ml of streptomycin. All these cells were propagated in a
37˚C humidified incubator with 5% CO2. 

Peripheral blood mononuclear cell (PBMC) isolation and
maintenance. Isolation of PBMCs from buffy coats was carried out
as previously described (15). Briefly, 10 ml of whole blood was
obtained per healthy individual in BD Vacutainer heparin lithium
tubes (BD Biosciences, Franklin Lakes, NJ, USA), and PBMCs
were isolated by density-gradient centrifugation over Ficoll-
PaqueTM (Amersham Pharmacia, Piscataway, NJ, USA). The cells
were resuspended in a freezing medium (10% DMSO in 90% fetal
bovine serum (FBS) (Gibco, Carlsbad, CA, USA) and
cryopreserved in liquid nitrogen until use. This part of the study
was carried out following approval by the Medical Ethics
Committee (MEC) of the University of Malaya Medical Center
(ref.no. 938.42). Written consent was obtained from all the
participants before study enrollment.

Primary cell culture. PBMCs were propagated in RPMI1640
medium supplemented with HEPES buffer (25 mM), L-glutamine
(2 mM), penicillin (100 U/ml), streptomycin (100 lg/ml), sodium
pyruvate (1 mM), gentamicin (1mg/ml) (all procured from Life
Technologies, Victoria, Australia), and 10% of FBS (Gibco). IL-2
was added to the PBMC culture to increase proliferation of the
cells. These cells were propagated in a 37˚C humidified incubator
with 5% CO2 for 24 h.

In vitro cytotoxicity assay of ITHB4 in MCF-7 and MCF10A cells.
The half maximal inhibitory concentration IC50 (i.e. the
concentrations at which cell growth was reduced by half) of ITHB4

on MCF-7 cells was determined by using the MTT assay. The cells
were plated in triplicates in a 96-well plate at a density of 2×105
cells/ml in 100 μl of culture medium. ITHB4 was dissolved in
DMSO at 1 mg/ml, from which working solutions were prepared in
a complete culture medium prior to treatments. These working
solutions were prepared by serial dilution as such 200, 175, 150,
125, 100, 75, 50 and 25 μg/ml. Untreated MCF-7 cells were used
as a negative control in this experiment. The cells were incubated
for 24 and 48 h, respectively, after which their viability was
assessed by adding 20 μl of MTT, 5 mg/ml, to the cells in a dark
condition. The plates were then covered with aluminum foil and
incubated for another 4 h. Then, all the media were removed and
100 μl of DMSO was added to the cells to solubilize the formazan
crystals. Subsequently, the absorbance was read at a wavelength of
570 nm using a microplate reader. The cell growth inhibition
abilities of ITHB4 were determined in terms of IC50. Zerumbone
was used throughout this study as a positive control to compare the
activity of ITHB4 in inhibiting the growth of MCF-7 cells. Besides,
the IC50 of zerumbone was also determined. Similar protocol was
repeated with MCF10A. 

In vitro cytotoxicity assay of ITHB4 on PBMC culture. To test the
toxicity level of 97.55 μg/ml of ITHB4 on human immune cells,
PBMCs were seeded at 1×105 cells/well in a 96-well plate and
incubated overnight. The next day, cells were cultured with ITHB4
at the IC50 concentration for 48 h. MTT was added to the cells in
the dark for 4 h before the termination of the experiment by adding
DMSO. The absorbance was read at a wavelength of 570 nm using
a microplate reader. The cytotoxicity of zerumbone at the IC50
concentration was examined using similar protocols. 

Detection of apoptosis. The apoptotic effect of ITHB4 and
zerumbone on MCF-7 cells at the IC50 concentrations was
determined by using The Tali® Apoptosis Kit containing Annexin V
Alexa Fluor® 488 and propidium iodide (PI) from ThermoFisher
Scientific (Waltham, MA, USA). In brief, cells were treated with
the IC50 of ITHB4 and zerumbone for 48 h before analysis. The
cells were collected from 6-well plates using trypsin, centrifuged at
300×g for 10 min, resuspended in ABB (Annexin V binding buffer)
and incubated with Annexin V Alexa Fluor 488 at room temperature
in the dark for 20 min. Following the centrifugation at 300×g for 5
min, the cells were again resuspended in ABB and incubated with
PI at room temperature in the dark for 5 min. The cells were
immediately examined using a Tali® Image-Based Cytometer
(ThermoFisher). The data were analyzed by FCS Express Research
Edition software (version 4.03; De Novo Software, New Jersey, NJ,
USA) and expressed as the percentage of cells in each population
such as live, dead, and apoptotic cells. A visual result was also
obtained whereby apoptotic cells were stained green due to Annexin
V Alexa Fluor® 488, dead cells were stained with both red PI and
green Annexin V Alexa Fluor® 488, and live cells were not stained
by either PI or Annexin V Alexa Fluor® 488. 

Cell cycle analysis. The effects of the ITHB4 and zerumbone on the
distribution of MCF-7 cells in the cell cycle were studied using BD
BrdU FITC Assay. They were treated with 97.60 μg/ml and 126.7
μg/ml of ITHB4 and zerumbone, respectively, for 48 h followed by
incubation with 10 μM bromodeoxyuridine (BrdU) for 30 min. The
cells were then detached with trypsin and incubated with 20 μl anti-
BrdU-FITC for 20 min as well as with 2.5 μl 7-amino-actinomycin
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D (7-AAD) for 15 min according to the manufacturer’s instructions
(BrdU Flow Kit, BD Pharmingen, San Diego, CA, USA). Analysis
was performed using a BD FACSCanto II flow cytometer (BD
Biosciences) and FlowJo v7.6.5 64-bit software (Treestar, Ashland,
OR, USA). 

Reactive oxygen species (ROS) analysis. Determination of ROS
levels following incubation of MCF-7 cells with the IC50 of ITHB4
or zerumbone was performed according to the manufacturer’s
instructions (Mitosciences, DCFDA Cellular ROS Detection Assay
Kit; Mitoscience/Abcam, Cambridge, UK). The kit uses a cell
permeant reagent 2’,7’-dichlorofluorescein diacetate (DCFDA), a
fluorogenic dye that measures hydroxyl, peroxyl and any other
intracellular ROS. Following diffusion into the cell, DCFDA is
deacetylated by cellular esterases to a non-fluorescent compound,
which is subsequently oxidized by intracellular ROS into DCF. DCF
is highly fluorescent and could be detected using fluorescence
spectroscopy at 495 nm (excitation) and 529 nm (emission). In
brief, the MCF-7 cells were seeded overnight in a 96-well plate in
100 μl culture medium in the dark. On the day of experiment, the
cells were incubated with IC50 of ITHB4 and zerumbone for 48 h.
On the next day, the cells were incubated with 25 μM DCFH-DA
in the dark for 45 min. Later, DCFH-DA was removed, and the cells
were washed with a 1×buffer solution. The fluorescence emanating
from the cells of each well was measured and recorded at 485 nm
(excitation) and 535 nm (emission) using Varioskan Flash micro-
plate reader (Thermo-Scientific). 

DNA fragmentation assay. To determine the effect of ITHB4 and
zerumbone on cancer cell DNA integrity, DNA fragmentation assay
was conducted whereby MCF-7 cells were treated with 97.60 μg/ml
and 126.7 μg/ml of ITHB4 or zerumbone, respectively for 48 h.
Then, cells were harvested and centrifuged at 650×g for 5 min at
4˚C. The resulting pellets were collected and the DNA was extracted
using a commercial QIAamp DNA mini kit (Qiagen, Valencia, CA,
USA) according to the manufacturer’s instructions. The DNA
quantity in each sample was measured and 10 μg of the DNA were
electrophoresed on 1.2% (w/v) agarose gel. The gel was visualized
using a UV light source and imaged using a Gel Doc XR gel
documentation system (Bio-Rad, Hemel Hempstead, UK). 

Th1/Th2/Th17 cytokines analysis. To investigate the secretion of
various cytokines in the supernatant of MCF-7 cells treated with the
IC50 concentration of ITHB4 or zerumbone, a commercially
available BD Cytometric Bead Array (CBA) Human Th1/Th2/Th17
Cytokine kit (BD Biosciences) was used according to the
manufacturer’s instructions. In brief, the supernatant of the culture
was collected and filtered through a 0.22-μm Steriflip® Filter
(Millipore, Billerica, MA, USA). Supernatants of untreated cells
were used as a negative control. The assay detects the levels of IL-
2, IFN-γ, TNF-α, IL-6, IL-10, IL-4 and IL-17A. The samples were
acquired on a FACSCanto II (BD Biosciences) and analyzed using
the FCAP array software (BD Biosciences). 

Statistical analysis. Data are presented as the mean±standard
deviation (SD) and n refers to the number of independent
experiments. Levels of significance for comparisons between two
or more independent samples were determined using a two-tailed
unpaired Student’s t-test. Differences were considered significant at
*p<0.05, **p<0.01 and ***p<0.001. Groups were compared by one-

way or two-way analysis of variance and Bonferroni’s post hoc test
was applied to explore significance using GraphPad Prism Version
8.0 (GraphPad Software Inc., La Jolla, CA, USA).

Results

Cytotoxicity level of ITHB4. MTT assay was performed to
determine the cytotoxicity of the synthesized compound
against the MCF-7 breast cancer cell line at two different
time-points, 24 h and 48 h (Figure 3). ITHB4 significantly
inhibited the growth of MCF-7 cells at all concentrations.
However, the IC50 of ITHB4 was found to be lower at 48 h
(97.55 μg/ml) compared to 24 h (142 μg/ml) and it was
statistically significant at a p-value of 0.0072, indicating that
ITHB4 inhibited MCF-7 cells more effectively at the longer
time point (Figure 3A). Meanwhile, zerumbone inhibited the
growth of MCF-7 cells at a lower IC50 at 48 h (126.7 μg/ml)
compared to 24 h (IC50: 127 μg/ml), however, the difference
was not statistically significant with a p-value of 0.0649
(Figure 3B). Based on these findings, a treatment period of
48 h was selected for both ITHB4 and zerumbone for further
analysis. A lower concentration of ITHB4 compared with
zerumbone was required to reduce MCF-7 cell growth by
half (97.55 vs. 126.7 μg/ml), and statistical significance of
the difference between MCF-7 cells survival after the 48 h
treatment with ITHB4 and zerumbone was marginal with a
p-value of 0.048 (Figure 3C). Both ITHB4 and zerumbone
did not exhibit cytotoxicity against normal breast cells and
PBMCs at their respective IC50 concentration (Figure 3D, E,
F, and G). 

ITHB4 induces apoptosis in MCF-7 cells. To investigate the
role of apoptosis in the antitumor effect of ITHB4, the Tali®
Apoptosis Kit containing Annexin V Alexa Fluor® 488 and
PI was used. The results revealed that at its IC50
concentration, ITHB4 induced apoptosis of MCF-7 cells
after 48 h of treatment; however, this effect was not greater
than that of zerumbone, whereby treatment with the IC50
concentration of zerumbone resulted in an apoptosis rate of
35% compared to ITHB 4 (26%) (Figure 4A and B).

ITHB4 induced G2/M cell cycle arrest. BrdU FITC staining
and flow cytometric analysis were performed to investigate
the cell cycle phase distribution of MCF-7 cells treated with
the IC50 concentration of ITHB4 for 48 h (Figure 5A). There
was a significant increase of 39.6% in the proportion of
ITHB4 treated cells in the G2/M phase (p<0.001) whereas
the proportion of untreated cells was only 15.2%. The
proportion of cells treated with zerumbone was slightly
increased by 20.5% (Figure 5B). Meanwhile, the cell
population in the S phase was decreased (3.5%) with ITHB4
and (1.5%) zerumbone compared with untreated cells (25%).
In contrast, high proportion of zerumbone-treated cells was
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found mostly at the G0/G1 phase (60.2%) compared with
untreated MCF-7 cells (51%) and ITHB4-treated cells (50%)
(p<0.001). In addition, the proportion of cells in the sub-
G0/G1 phase, which indirectly represents apoptotic cells,
was also dramatically increased from 2% in the untreated
cells to 6.0% and 11.3% in cells treated with 97.60 μg/ml
and 126.7 μg/ml of ITHB4 and zerumbone, respectively

(p<0.01). These results suggest that ITHB4 exhibited a
significant antitumor effect and led to MCF-7 cell cycle
arrest at the G2/M phase, whereas zerumbone appeared to
arrest MCF-7 cell proliferation at the G0/G1 phase.

ITHB4 induced DNA fragmentation in MCF-7 cells. DNA
degradation in a ladder-like pattern is a characteristic of cell
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Figure 3. Comparative cytotoxicity activity of ITHB4 and zerumbone on MCF-7, MCF10A, and peripheral blood mononuclear cell (PBMC) culture
at 24 h and 48 h time-points. (A) Dose-dependent inhibition of survival of MCF-7 cells treated with ITHB4 as determined by the MTT assay. Different
treatment periods differentially affect the effectiveness of ITHB4 in vitro. (B) Dose-dependent inhibition of survival of MCF-7 cells treated with
zerumbone as determined by the MTT assay. Different treatment periods differentially affect the effectiveness of zerumbone treatment in vitro. (C)
Dose-dependent inhibition of survival of mCF-7 cells upon treatment of ITHB4 or zerumbone for 48 h. (D) Dose-dependent effect of ITHB4 treatment
for 48 h on the survival of MCF10A cells as determined by the MTT assay. ITHB4 did not show any obvious inhibition of MCF10A cell growth. (E)
Dose-dependent effect of ITHB4 treatment for 48 h on the survival of PBMCs as determined by the MTT assay. ITHB4 did not show any obvious
inhibition in the proliferation of PBMCs. (F) Dose-dependent effect of zerumbone treatment for 48 h on the survival of MCF10A cells as determined
by the MTT assay. Zerumbone did not show any obvious inhibition of MCF10A cells growth. (G) Dose-dependent effect of zerumbone treatment for
48 h on the survival of PBMCs as determined by MTT assay. Zerumbone did not show any obvious inhibition of proliferation of PBMC culture.
Dose-response curves were obtained using a logistic nonlinear regression analysis model. Data are presented as mean±standard deviation from
duplicate samples of at least two independent experiments.



death caused by ROS. We observed that ITHB4 inhibited
MCF-7 proliferation at the G2/M phase of the cell cycle and
subsequently increased the number of cells in the sub-G1
phase, suggesting apoptosis induction. We next determined
whether ITHB4 induces DNA fragmentation in MCF-7 cells.
As shown in Figure 6, ITHB4 triggered the formation and
appearance of apoptotic DNA fragments on agarose gel,
confirming that the ITHB4 cytotoxic effect on MCF-7 cells
was mediated through the apoptotic pathway. Similarly,
zerumbone also induced DNA fragmentation in MCF-7 cells. 

Production of cellular reactive oxygen species (ROS) in
ITHB4-treated cells. Excessive cellular levels of ROS can
cause damage to proteins, nucleic acids, lipids, membranes
and organelles, which can lead to apoptosis. We observed a
significant increase in ROS production in cells treated with
ITHB4 compared to zerumbone (Figure 7), suggesting that
the effects of ITHB4 might occur via the activation of
mitochondria-initiated events.

Differential Th1/Th2/Th17 cytokine secretion in ITHB4 treated
MCF-7 cells. To characterize the cytokine profiles released

from MCF-7 cells following treatment with ITHB4 or
zerumbone, we measured the expression of pro-inflammatory
Th1 (IL-2, IL-6, TNF-α and IFN-γ), Th2 (IL-4),
immunoregulatory (IL-10), and Th17 (IL-17A) cytokines in
the culture supernatants. Figure 8 shows that both ITHB4 and
zerumbone increased the levels of IL-2, IL-6, TNF-α, IFN-γ,
IL-4, IL-10, and IL-17A compared with untreated MCF-7
cells. Specifically, IL-2, IL-6, IL-17A, and TNF- α showed a
significant increase (p<0.001). Besides, IFN-γ and IL-10 were
found to be significantly increased (p<0.01 and p<0.05) in the
culture supernatant of zerumbone-treated MCF-7 cells. In
addition, higher levels of IL-4 were detected, yet the
difference compared to the untreated MCF-7 cells was not
significant. ITHB4 strongly enhanced the expression of TNF-
α in the treated culture supernatants (p<0.001). In addition,
the levels of IL-6, IL-2, and IFN-γ were significantly
increased (p<0.01, p<0.01 and p<0.05, respectively) in
ITHB4-treated MCF-7 cells. However, the increase in the
levels of IL-10 and IL17A cytokines in the culture supernatant
of ITHB4-treated cells was not significant. These findings
suggest that ITHB4 and zerumbone differentially regulate
cytokine production in MCF-7 cells, and possible activate
distinct pathways. Nevertheless, the elevation in the levels of
TNF-α and IL-6 in MCF-7 cells suggest that ITHB4 and
zerumbone induced inflammation and activation of the tumor
cell-extrinsic pathway.

Discussion 

The search for effective anti-cancer treatments remains a
major challenge to researchers and oncologists. Current
treatment strategies such as chemotherapy, radiation or
personalized and targeted biological agents, are often only
partially effective and are invariably accompanied by
unwanted side effects, which can lead to tumor recurrence
with more aggressive phenotypes (16). To tackle this
problem, the dosage of chemotherapeutic drugs may need to
be increased in clinical practice to promote better tumor-
killing effects, however, this leads to an increase in the
toxicity of the drugs, which is accompanied by many
unwanted adverse effects, impairing body’s immunity as
well as increasing susceptibility to infection (17). Much
research has been conducted at preclinical and clinical
settings on the ability of naturally occurring compounds to
treat cancer, several of which have successfully
demonstrated significant reduction in disease activity with
fewer side effects (18). However, the sustainability and
selectivity of naturally occurring compounds are the biggest
issues that need to be addressed. Hence, significant research
had been performed to develop synthetic compounds
derived from natural compounds that have been identified
to have anti-cancer properties. These synthetic compounds
have similar molecular structures to the natural compounds,
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Figure 4. Percentage of apoptotic cells in untreated and treated MCF-
7 cells. A) ITHB4 induces apoptosis of MCF-7 cells after 48 h of
treatment. The data represent the means ± standard deviations (SDs) of
3 independent experiments. Statistical analysis is defined as significant
if *p<0.05, **p<0.01 and ***p<0.001. B) A representative visual result
from Tali® Image-Based Cytometer showing apoptotic cells stained as
green due to Annexin V Alexa Fluor® 488 (a & d), dead cells stained
with both red PI and green Annexin V Alexa Fluor® 488 (b), and live
cells not stained by either PI or Annexin V Alexa Fluor® 488 (c).
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Figure 5. Cell cycle distribution of untreated and treated MCF-7 cells. A) Scatter plot of flow cytometric analysis of untreated MCF-7 cells, cells
treated with the IC50 concentration of ITHB4, and cells treated with the IC50 concentration of zerumbone. B) Quantitative analysis indicated MCF-
7 cell cycle arrest at the G2/M phase following treatment with ITHB4. The data represent the means ± SD of 3 independent experiments. Statistical
analysis is defined as significant if *p<0.05, **p<0.01 and ***p<0.001.



contain the exact active ingredients and have much safer
profiles (19, 20).

In this study, we compared the anticancer activity of our
synthetic compound ITHB4 with the natural occurring
compound zerumbone on the breast carcinoma MCF-7 cells.
Regarding its chemical structure, ITHB4 has benzene and
pyridine rings whereby pyridine derivatives are known to
possess a variety of biological activities namely anti-
asthmatic, anti-bacterial, anti-convulsant, anti-malarial, anti-
muscarinic, anti-protozoal, anti-cancer, anti-diabetic, and
anti-inflammatory (21). Similarly, we found that ITHB4
demonstrated a dose-dependent induction of cell death in
breast cancer cells. At the same time, zerumbone - had a
similar dose-dependent cell killing effect on MCF-7 cells.
However, ITHB4 displayed a lower IC50 after treatment for
48 h compared with zerumbone. Besides, both compounds
did not have any cytotoxic effects on MCF10A and PBMCs.
In light of this, the findings of the present study may have
significant implications regarding the incorporation of
synthetic compounds into standard anticancer care.

Several important findings in this study indicate that
ITHB4 can be potentially used as a chemotherapeutic agent
for breast cancer treatment. Firstly, ITHB4 exhibited a lower
IC50 compared to zerumbone, indicating the potency of the
synthetic compound. A previous study has demonstrated that
synthetic compounds with a hydroxyl group on the benzene
ring such as ITHB4 could have anticancer activity (22).
Although ITHB4 significantly induced apoptosis of MCF-7
cells compared to untreated cells, an important mechanism
responsible for the cytotoxicity of a compound (23),
zerumbone was found to be more effective in killing the
cancer cells, suggesting the selectivity of the natural
compound against cancer cells (11). We further validated
that this synthetic compound induced cell death via
induction of DNA fragmentation. Our results showed that
ITHB4 induced DNA fragmentation, which potentially leads
to DNA damage and cell death. A similar observation was
made in MCF-7 cells treated with zerumbone. DNA
fragmentation is reportedly suggestive of nuclear damage
during the late stages of chromatin condensation (24). This
is due to cancer cells undergoing oxidative stress during
treatment with ITHB4 or zerumbone, which resulted in
excessive ROS production. Nevertheless, higher production
of ROS was found in ITHB4- and zerumbone-treated MCF-
7 cells. These high cellular levels of ROS may cause
damage to the proteins, nucleic acids, and organelles, which
can lead to activation of cell death processes such as
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Figure 6. A 1.2% agarose gel picture showing that ITHB4 induces DNA
fragmentation. Lane 1: 1,000 bp DNA ladder, Lane 2: Untreated MCF-
7 cells, Lane 3: cells treated with the IC50 concentration of ITHB4,
Lane 4: Untreated MCF-7 cells, and Lane 5: MCF-7 cells treated with
the IC50 concentration of zerumbone.

Figure 7. Reactive oxygen species (ROS) generation in treated MCF-7
cells. Fluorescence intensity after the treatment with the IC50
concentration of ITHB4 or zerumbone for 48 h. The graph shows that
ITHB4 induces of the production of higher levels of cellular ROS. The
data represent the means ± standard deviations (SDs) of 3 independent
experiments. Statistical analysis is defined as significant if *p<0.05.



apoptosis, and specifically mitochondrial-related apoptosis
(25). This further suggests that ITHB4 uses the intrinsic
mitochondrial cell death pathway to cause apoptosis in
MCF-7 cells. 

To further support this, an increase in the proportion of
cells in the sub G0/G1 phase of the cell cycle was found in

both treated MCF-7 cells and was more prominent in those
treated with zerumbone. In addition, the antitumor effect of
ITHB4 also led to MCF-7 cell cycle arrest at the G2/M
phase, which could indicate the damage of intracellular DNA
in cancer cells, leading to apoptosis (26). On the contrary,
zerumbone arrested cancer cell proliferation at the G0/G1
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Figure 8. ITHB treatment triggers secretion of proinflammatory and anti-inflammatory cytokines in MCF-7 cells after 48 h of incubation. The data
represent the means±standard deviations (SDs) of 3 independent experiments. Statistical analysis is defined as significant if *p<0.05, **p<0.01
and ***p<0.001. ns: Non-significant.



phase of the cell cycle, indicating that zerumbone may have
a role in inhibiting cancer cell division (10). Our findings
also indicated that treatment of MCF-7 cells with ITHB4 or
zerumbone affected similarly the secretion of cytokines.
Nevertheless, secretion of these cytokines was upregulated
in zerumbone-treated cancer cells. ITHB4 upregulated
various proinflammatory cytokines, especially TNF-α and
IL-6. This suggests that excessive inflammation was induced
in the treated cells that could potentially lead to
immunogenic cell death by sending signals to immune cells,
such as dendritic cells, to act on treated cells (27, 28).
Activation of IL-6 indicates activation of receptor mediated
cell death and at the same time, secretion of ROS may also
potentially induce activation of the mitochondrial cell death
pathway. The increase in the levels of secreted IL-10 from
cells treated with ITHB4, although not statistically
significant, enhances the expression of proinflammatory
cytokines or activation of immune response. In support, it
has been shown that too much IL-10 could lead to the
inhibition of T cell proliferation and tumor growth (29). 

We acknowledge that this study has several limitations. First,
the investigation of the apoptosis pathway associated with
ITHB4-induced cell cycle arrest in MCF-7 cells can be further
explored via several other techniques including cycle–related,
apoptosis-related, and DNA damage–related gene expression
analysis. This would further validate our findings in this study
pertaining the apoptotic effects induced by ITHB4 compared
to zerumbone (30). Second, several other types of breast cancer
cell lines such as MDA-MB-231, MDA-MB-453 and others,
along with cell lines derived from different tumor types, should
also be used in future studies to validate that the antitumor
effect of ITHB4 is not cancer cell-specific (31).

Conclusion

In this work, we report the cytotoxic activity of ITHB4,
which has been assessed against the MCF-7 cell line. In
comparison to zerumbone, ITHB4 displayed a lower IC50 in
the cell proliferation assay, suggesting the potency of the
compound, and the ability to induce apoptosis through the
release of ROS, DNA fragmentation and cell cycle arrest at
the G2/M phase. Taken together, this study provides evidence
that compounds based on the isoniazid drug, which have
been used to treat tuberculosis, could be further explored for
the discovery of new leading compounds against breast
cancer.
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