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Induction of Oxidative Stress
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Background: New anticancer drugs that eradicate specifically to cancer cells are needed to develop. In this study, terrein a
compound isolated from Aspergillus terreus, was selected to test for the anticancer activity and oxidative-induced cancer cell
death as target mechanism.

Objective: To determine the cytotoxicity of terrein comparing between breast cancer and non-cancerous cells and measuring
the level of reactive oxygen species (ROS) and glutathione (GSH).

Material and Method: MTT assay was used to test the cytotoxic level of terrein in MDA-MB-231 (a triple negative breast
cancer cell line) comparing to ero, a non-cancerous cells. For the amount of ROS, cell permeable fluorescent probe DCFDA
was used and detected with flow cytometer, while the level of GSH was determined by using spectrophotometer.

Results: The result showed that terrein was cytotoxic to MDA-MB-231 at higher level than in Vero cells, the IC, was at 0.09
and 0.57 mM, respectively. The amount of ROS was increased in a dose-dependent manner, while GSH content was reduced
with dose- and time-dependent manner.

Conclusion: The possible mechanism to induce breast cancer cell death by terrein is via the induction of oxidative stress and
reduction of antioxidant GSH level. Hence, these data support the notion that terrein is an interesting compound to develop

as anticancer agent.
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Breast cancer is presently considered as one
major public health problem for all nations. For
Thailand, the age-standardized incidence rate (ASR)
of all cancer in female during 2010 to 2012 reported that
breast cancer was found as the most common at 28 per
100,000 females, while cervical and liver cancer found
in 14.4 and 12.9 per 100,000 females, respectively. When
compared to other Southeast Asian countries, the
estimated breast cancer incidence and mortality cases
of Thailand ranks third after Indonesia and Philippines
in 2012, The high incidence and mortality rates most
likely indicates that the patients were detected in the
late stage for which treatment was not successful. In
addition, the problem of chemotherapeutic drugs
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resistance and recurrent disease are major obstacles.
Therefore, new therapeutic ways or new anticancer
agents may be a possible strategy to make treatment
more efficient.

Several sources from plants, marine organisms
and microorganisms are used to produce anticancer
agents. In microorganisms, it has been known that both
the bacterial and fungal metabolites are major sources
of bioactive compounds. However, there is still not
many of the anticancer drugs produced from fungal
metabolite. Therefore, this study was aimed to find a
new fungal bioactive compound that potentially acts
as anticancer agent. With this objective, terrein, a
secondary metabolite isolated from Aspergillus terreus,
has been selected from its variety of biological activities
(Fig. 1). The data reported that terrein could act as
melanogenesis inhibitors, anti-inflammatory, and
anticancer®?, The cytotoxic effect to cancer cells
has been shown in prostate, lung, liver, ovarian, head
and neck, breast and cervical cancer cells®®. The
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Fig. 1  The structure of terrein.

mechanisms to induce cancer cell death have been
proposed but still unclear. As it is already known that
the activation of oxidative stress in cancer cells is one
promising effect of several anticancer candidates®9.
Then, it is possible that oxidative stress may act
upstream and cause cancer cell death induced by terrein.
Therefore, in this work, we examined the property of
terrein as oxidative stress induction by determining
the level of reactive oxygen species (ROS) as well as
the level of antioxidant glutathione. The model of triple
negative breast cancer cells (MDA-MB-231) was
selected to use in this study. This subtype is lacking of
estrogen receptors, progesterone receptors and human
epidermal growth factor receptor 2 (HER2). Then,
MDA-MB-231 is particular an aggressive type and
more likely to recur than other subtypes of breast
cancer®, The effect of terrein to this subtype of breast
cancer is possibly a new option for breast cancer
treatment which would be useful for the development
of the anticancer drug in the future.

Material and Method
Materials

DMEM (Dulbecco’s Modified Eagle Medium),
Fetal Bovine Serum (FBS), 0.25% Trypsin-EDTA and
Penicillin-streptomycin was obtained from GIBCO
(Invitrogen, USA). 3-(4, 5-dimethylthiazol-2-yl)-2,
5 diphenyltetrazolium bromide (MTT) was obtained
from USB corporation, USA. DCFDA-Cellular Reactive
Oxygen Species Detection Assay Kit (ab113851) was
purchased from Abcam, UK. Glutathione Assay Kit
(CS0260) was purchased from Sigma-Aldrich, Germany.
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Dimethyl sulfoxide (DMSO) was obtained from Sigma-
Aldrich, Germany. General chemicals were purchased
from Sigma-Aldrich, Germany.

Preparation of terrein

Terrein was isolated from the culture broth of
fungi A. terreus CRI301. To prepare the purified
compound, the method was followed as previously
described®?, Briefly, ethyl acetate was used as an
extraction solvent in the culture broth. After that, the
ethyl acetate (EtOAC) extract was concentrated and
then fractionated in the Sephadex LH-20 (2 cm inner
diameter and 125 cm long) and using methanol (MeOH)
as an eluent. Spectroscopic analysis was finally used
to confirm the purity and characteristic of the
compound.

Cells culture

Breast cancer cells MDA-MB-231 and Vero
cells were obtained from ATCC (ATCC, USA). Both
cells were grown in Dulbecco’s Modified Eagle Medium
(DMEM) (Gibco, USA) supplemented with 10% fetal
bovine serum (FBS) and 100 U/ml of penicillin-
streptomycin and maintained at 37°C in an atmosphere
of humidified air with 5% CO.,,.

Cell proliferation assay

The cytotoxicity was tested by seeding MDA-
MB-231 (1.5x10* cells/well) or Vero cells (1.0x10* cells/
well) with medium containing 10% FBS. Then, cells
were treated with terrein in DMSO at concentration of
0,0.075,0.15, 0.3, 0.625, 1.25 and 2.5 mM, and 0.5%
DMSO was used as a vehicle control. After that, cells
were incubated for 24 h at 37°C in 5% CO,. Then, 5 mg/
ml of MTT solution was added into each well and
incubated further for 3 h. The formazan crystal products
were dissolved by addition of 100 ul of DMSO. After 15
min, the amount of colored formazan was determined
by measuring optical density (OD) at 595 nm with
microplate reader (BioTek Synergy HT, USA). The
experiment was performed in triplicates and the
percentage of viability was calculated as: % Viability =
[OD of treated cells/OD of control cells] x100. The IC,
was calculated using program GraphPad Prism 5.

Determination of intracellular reactive oxygen
species

The level of reactive oxygen species (ROS)
was determined by using DCFDA Cellular Reactive
Oxygen Species Detection Assay Kit (Abcam, UK). In
thisassay, 2°, 7’-dichlorofluorescin diacetate (DCFDA)

S153



a cell permeant reagent was used to evaluate the
hydroxyl, peroxyl and other ROS activity within
the cell. After DCFDA diffusion into the cell, DCFDA
is deacetylated by cellular esterases to a non-
fluorescent compound which could be later oxidized
by ROS and changes into a fluorescence dye 2°, 7’-
dichlorofluorescein (DCF). The fluorescence generated
is proportional to the amount of ROS; hence the
increasing level of DCF implies the increasing amount
of ROS. To perform the experiment, MDA-MB-231 was
seeded at density 2.5x10* cells/well in a 12 well-plate
for 24 h. The cells were washed once with phosphate
buffer saline (PBS) buffer and stained with 25 uM
DCFDA in PBS buffer for 45 min at 37°C. After that,
treated samples were added with 100 pl/well of terrein
solution at final concentration of 0, 0.05, 0.1, 0.2 and 0.4
mM (which are approximately 0.5X, 1X, 2X and 4X of
IC,,). For positive control, cells were treated with Tert-
butyl Hydrogen Peroxide (TBHP) (Abcam, UK)
concentration of 50 mM and incubated for 6 h. All
treated samples together with untreated control cells
or diluent treated stained cells as well as blank media or
buffer only were measured with flow cytometer (Guava
easyCyte HT, MERCK, Germany). The increasing
amount of DCF fluorescence represented the increasing
of ROS.

Determination of glutathione content

The glutathione content assay used
Glutathione Assay Kit (Sigma-Aldrich, Germany)
that involves oxidation of glutathione (GSH) by the
sulfhydryl reagent 5, 5’-dithio-bis (2-nitrobenzoic
acid) (DTNB) to form the yellow derivative 5’-thio-2-
nitrobenzoic acid (TNB) which is measured
spectrophotometrically at 412 nm. To perform the
experiment, MDA-MB-231 cells were seeded into a 6
well-plate at density of 1x10°cells/well and incubated
overnight. After that, sample cells were treated with
various concentrations of terrein at 0, 0.05, 0.1, 0.2 and
0.4 mM for 6, 12 and 24 h. Then, washed with PBS and
suspended the cells in 1 ml of PBS before transferring
the cells to a microcentrifuge tube. The samples were
centrifuged at 600xg and the supernatants were
removed. The volume of the pellet was measured by
added 3 volumes of 5% Sulfosalicylic acid solution
(5% SSA) (Sigma-Aldrich, Germany) (about 10 ul) to
the packed cell pellet and vortex. Then, 150 pl of working
mixture solution was added to each well, mixed and
incubated for 5 min at room temperature. After that, 50
ul of the diluted NADPH solution were added each
well and measured at OD, , in the microplate reader
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(BioTek Synergy HT, USA). The standard curve of
reduced glutathione was used to calculate the amount
of GSH in each sample.

Statistical analysis

The data were expressed as mean+standard
deviation (SD). Statistical significance between tested
sample and control group was determined by using
one way ANOVA analysis of variance. The p-values;
*p<0.05, **p<0.01, ***p<0.001 were considered
significantly different from the control group.

Results
Effect of terrein on the viability of breast cancer (MDA-
MB-231) and Vero cells

MTT assay was used in this study for
measuring the effect of terrein on cell viability. The
concentrations of terrein were used in the range of 0-
2.5 mM both in MDA-MB-231 and Vero cells. The
results are shown in Fig. 2, which the IC_; value of
MDA-MB-231 and \ero cells were at 0.09 and 0.57 mM,
respectively. A difference of terrein sensitivity in both
cell lines was clearly seen at 0.3 mM. Less than 40%
was found in MDA-MB-231, while almost 80% of \ero
cells are still remained. However, high concentration of
terrein (1.25 to 2.5 mM) affected both cells in similar
ways which less than 10% were viable.

The effect of terrein on the generation of reactive
oxygen species (ROS)

To determine whether terrein could induce a
generation of ROS in cancer cells, MDA-MB-231 cells
were treated with various concentrations of terrein that
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The effect of terrein on the viability of MDA-
MB-231 and Vero cells. Both cell lines were treated
with terrein at 0, 0.075, 0.15, 0.3, 0.625, 1.25 and
2.5 mM for 24 h. After that, samples were measured
the viability by using MTT assay. ***p<0.001,
versus control.
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The effect of terrein on intracellular reactive oxygen species in MDA-MB-231 cells. Cells were treated with terrein

at 0, 0.05, 0.1, 0.2 and 0.4 mM for 6 h. The level of ROS was monitored using fluorescent probe (DCFDA) and
measured by flow cytometer. (A) a representative of flow cytometry histogram (B) the level of fluorescence
intensity of untreated and treated samples. Data presented as means + SD from three independent experiments,

***p<0.001 versus control.

covered the IC_ value (0, 0.05, 0.1, 0.2 and 0.4 mM).
The amount of intracellular ROS was monitored by
using the fluorescence probe DCFDA and analyzed by
flow cytometer. As shown in Fig. 3, data demonstrated
that the amount of fluorescence intensity of DCF in the
x-axis (represented the level of ROS) were significantly
increased in treated samples comparing to untreated
control cells.

The effect of terrein on the level of glutathione (GSH)

In order to evaluate the effect of terrein on the
level of antioxidant GSH, MDA-MB-231 cells were
treated with terrein at 0, 0.05, 0.1, 0.2 and 0.4 mM for 6,
12 and 24 h. As shown in Fig. 4, terrein was affected to
the intracellular content of GSH. The level of GSH in
the control untreated cells has high level at 6 h and
reduced at 12 and 24 h. For the treated samples, the
level of GSH (at 6 h) decreased less than 50% after
treated with terrein at 0.05 mM, but the level gradually
increased when the concentration of terrein was raised
from 0.1 to 0.2 mM. At 12 and 24 h, the GSH content
seems to decline in a dose-dependent manner.
However, at 24 h the GSH content was significantly
increased at 0.05 mM comparing to the untreated
control cells.

Discussion

Natural compounds have been known as a
major source of powerful anticancer agents that serve
us to combat with cancer. The main sources are mostly
from plants, microbes and marine organisms. Anumber
of compounds that are successfully used as
chemotherapeutic agents are largely from bacterium
such as daunorubicin, doxorubicin, actinomycin D,
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The effect of terrein on glutathione (GSH) content
in MDA-MB-231 cells. Cells were treated with
terreinat0, 0.05, 0.1, 0.2 and 0.4 mM for 6, 12 and
24 h. The amount of GSH content was evaluated
by adding diluted NADPH solution and measured
at OD,., in the microplate reader, *p<0.05,

412
**p<0.01, ***p<0.001, versus control.

bleomycin, mitomycin C etc™. For fungal metabolites,
many of them are ongoing of development in clinical
trials. For example, fumagillin produced from A.
fumigates, function as anti-angiogenesis agent®®.
Phenylahostin, extracted from A. ustus, was found to
be cytotoxic against several cancer cell lines including
lung, cervical, ovary, leukemia, breast and colon®®.
Anguidine, a known mycotoxin belonging to the group
of trichothecenes produced from several Fusarium
species has been shown to inhibit proliferation of
leukemia cells®®. So, from this data, it is showing that
microbes are excellent resources of bioactive agents
especially to produce the anticancer drug. As shown
in this current work, the fungal metabolite, terrein, are
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clearly demonstrated the anticancer property. Terrein
(C,H,,0,) is a compound isolated from A. terreust*”.
The structure contains free hydroxyl groups at
positions 4 and 5 of the cyclopentenone ring
(Fig. 1). The previous work reported that terrein
has several biological activities including anti-
inflammatory, melanogenesis inhibitor, antioxidant, and
anticancer®®, The cytotoxicity to cancer cells have
been demonstrated in lung, breast, leukemia, cervical,
head and neck and ovary cancer“®. As clearly seen in
this work, terrein exhibited the cytotoxicity to breast
cancer cells with IC, at0.09 mM (Fig. 2). Interestingly,
the effect was shown in the breast cancer cells model,
MDA-MB-231 which is an aggressive triple negative
breast cancer type. This model does not express
estrogen receptors (ER), progesterone receptors
(PR) and HER2, that cause MDA-MB-231 not well
response to hormonal therapy and several
chemotherapeutic drugs. Then, the effect of terrein to
inhibit this type of breast cancer cells would be a new
option of treatment. From MTT assay, the cytotoxic of
terrein in non-cancerous Vero cells also evaluated with
IC,, valued at 0.57 mM (Fig. 2). This cytotoxic effect
is estimated about six times less than in breast cancer
cells, so terrein could be a good candidate to develop
as anticancer agent.

To determine the mechanism used by terrein,
oxidative stress induction was selected as a target. It is
already known that production of intracellular ROS is
an important factor to induce cell death. Also, it has
been shown that oxidative stress induction is one
promising effect of many anticancer agents such as
doxorubicin, paclitaxel, curcumin etc®®29, So, it is
postulated that oxidative stress may be the mechanism
used by terrein to induce cancer cell death. The amount
of ROS was measured in treated samples compared to
the untreated control cells. As shown in Fig. 3,
increasing amount of ROS was found in treated samples
which higher than both of untreated control and
negative cells (DCFDA staining of untreated cells).
Then, this data demonstrated that terrein induces breast
cancer cell toxicity via an oxidative stress induction.
However, as shown in the previous work that terrein
could attenuate the level of ROS in aged human diploid
fibroblast (HDF) cells and induce the anti-oxidant
molecules such as superoxide dismutase and heme
oxygenase-1, Therefore, terrein may acts as both
oxidative stress inducer and anti-oxidant activity. This
is probably due to a difference of cell type and also the
concentration and timing of drug treatment. To further
confirm the effect of oxidative stress induced by terrein
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in breast cancer cells, the content of glutathione was
evaluated. GSH is a tripeptide of glutamate, cysteine
and glycine that found at high concentration in all
mammalian tissues. As shown in Fig. 4, the amount of
GSH was found at high concentration in the untreated
breast cancer cells at 6 h and declined at 12 and 24 h.
The high level of GSH in the untreated control cells at
6 h indicated the essential of GSH for cancer cell survival
as shown in several types of cancer cells®. The amount
of GSH in control cells reduced later at 12 and 24 h, this
is probably due to the cancer cells model naturally went
through the late apoptotic phase. Since increasing level
of GSH is observed to correlate in response to
chemotherapeutic agents®?, as shown in the level of
GSH in the treated cells at 6 h, the increasing level ina
dose-dependent manner was demonstrated. However,
the level of GSH exhibited in the opposite way at 12
and 24 h. This is probably due to the effect of terrein
that induced ROS production and causing cancer cell
death. Several works reported that terrein has ability to
trigger cancer cell death via apoptotic mechanism®9,
In addition, it is well known that the intrinsic
apoptotic pathway is triggered by the ROS, that cause
the mitochondrial permeability transition pore and
activates the release of cytochrome c into the cytosol®.
Cellular depletion of GSH is also one importance
factor for regulating cell into apoptosis®). Therefore,
the cells in the later stage are probably enter into
apoptotic process and cause changes in the level of
GSH.

Conclusion

This work firstly demonstrated that terrein, a
fungal metabolite isolated from A. terreus, could induce
the triple negative breast cancer cells death via oxidative
stress induction. The mechanism is clearly seen as
terrein could increase the level of ROS and cause a
reduction of antioxidant GSH, which potentiate breast
cancer cells to enter the death state, especially
apoptosis mechanism. The data made us understand
more on the function of terrein acting as anticancer
agent and would be useful for the development of
the anticancer drug for breast cancer treatment in the
future.

What is already known about this topic?

Itis already known from this topic that terrein,
a fungal metabolite extracted from A. terreus, has a
property of anticancer in several cancer cell types
including breast cancer cells. However, the model used
in this study and in the previous work is different.

J Med Assoc Thai Vol. 100 Suppl. 8 2017



What this study adds?

This work adds more information on the effect
of terrein in breast cancer aggressive cell type, MDA-
MB-231. Moreover, it is firstly demonstrated that
terrein acts as an oxidative stress inducer by increasing
the level of ROS and cause a reduction of the
antioxidant GSH.
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