
Terrein from Aspergillus terreus
Induced Cytotoxic and Nuclear
Changes on Human Colon Cancer
COLO205 Cells
Jarintanan F1*, Jongrungruangchok S2 and Uthaisang-
Tanechpongtamb W3

1Faculty of Medical Technology, Rangsit University, Pathum Thani-12000,
Thailand
2Faculty of Pharmacy, Rangsit University, Pathum Thani-12000, Thailand
3Department of Biochemistry, Faculty of Medicine, Srinakarinwirot University,
Bangkok-10110, Thailand
*Corresponding author: Jarintanan F, Faculty of Medical Technology, Rangsit
University, Pathum Thani-12000, Thailand, Tel: 066-997-2222-1437; E-mail:
faongchat.j@rsu.ac.th

Received date: June 5, 2019, Accepted date: July 5, 2019, published date: July
13, 2019

Copyright: © 2019 Jarintanan F, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

Abstract

Colon cancer is the most common cancer worldwide. Recently,
natural products have been used for the treatment of cancer
and becoming an important research area for drug discovery.
Terrein, a fungal metabolite derived from Aspergillus terreus,
has been shown to have a variety of biological activities to
exhibit selective anticancer activity in human including colon
cancer. However, cytotoxic effects of terrrein against human
colon cancer cell lines have never been studied. Therefore, the
present study was observed the cytotoxic effects of terrein by
using the MTT assay. The sensitivity was evaluated by
comparing the effect to COLO 205 cells with vero cells for 24 h.
The results of MTT assay showed that terrein was cytotoxic to
COLO 205 with IC50 at 0.05 mM, but not to normal Vero
epithelial cell line. The induction of cell death was further
investigated by observing the cellular morphology of nuclei
using Hoechst 33342 staining, a DNA specific dye. The result
showed that the treated cancer cells had increased of nuclear
condensation and fragmentation with 0.05, 0.15, 0.2, 0.25, 0.3
mM at 6 h by observing under the phase contrast inverted
microscopy. These data supported that the mode of cell death
induction of terrein possibly activated via apotosis mechanism.
Thus, terrein is an interesting compound that might be a
development for colon cancer treatment. However,
investigation through the mechanism of action is needed.
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Introduction
Terrein is a fungal metabolite (Figure 1) that was firstly described by

Raistrick and Smith as a powerful reducing compound [1]. However, it

was received much attention until the last decade that a variety of
biological activities was discovered. Terrein was found to have the
activity of melanogenesis inhibition, anti-proliferation, anti-
inflammation, angiogenesis inhibition, and proteasome inhibition
[2-5]. However, the activity of anticancer has not been elucidated yet.
In this study, we then aimed to investigate terrein on the property of
anticancer agent and to carry out preliminary study through the
activation of apoptosis signaling as apoptosis or programmed cell
death is accepted as a key mechanism for most anticancer agents.
COLO 205 was selected as a model of study, as it was reported that the
incidence of colon cancer occurring in one of the highest causes of
mortality in patients worldwide, with 1.65 million new cases and
almost 835,000 deaths in 2015[6]. In Thailand, it is the third most
common cancers in male and the fifth in female [7]. Colon cancer
treatment may include surgery, chemotherapy, and radiation. All
treatments can have side effects which depending on type of treatment,
age, and patient’s health. From theses diverse effects of terrein, it is
interesting to study further on its activity of anti-cancer properties,
especially to the process of cell cytotoxicity which is the crucial
characteristic of malignant type.

Thus, our preliminary data supports that terrein is an interesting
compound to be developed as anti-cancer agent and to be studied
further on the process of cell viability and proliferation by MTT and
Trypan blue assay; moreover, morphological changes were studied by
Hoechst 33342.

Figure 1: Chemical Structure of terrain.

Materials and Methods

Reagents
RPMI 1640 (Roswell Pak Memorial Institute medium number

1640), Fetal Bovine Serum (FBS), 0.25% Trypsin-EDTA, Penicillin-
streptomycin and Hoechst 33342 were obtained from GIBCO
(Invitrogen, USA). Trypan blue dye, Sodium bicarbonate and
Dimethyl sulfoxide (DMSO) was obtained from Sigma-Aldrich,
Germany. 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium
bromide (MTT) was obtained from USB corporation, USA. Terrein
was purified from Aspergillus terreus at Rangsit University. Briefly, the
filtrated of culture broth of fungi was extracted with ethyl-acetate to
yield a crude broth extract. After that, the crude extract from broth
was fractionated and purified by Sephadex LH-20 (2 cm inner

Jarintanan, at al., J Pharm Drug Deliv Res 2019, 8:1 Journal of Pharmaceutics
& Drug Delivery Research

Research Article A SCITECHNOL JOURNAL

All articles published in Journal of Pharmaceutics & Drug Delivery Research are the property of SciTechnol and is
protected by copyright laws. Copyright © 2019, SciTechnol, All Rights Reserved.



diameter and 125 cm long), using MeOH as eluent. Compound
characteristic was done by spectroscopic analysis.

Cell cultures
The COLO 205 human colon cancer cell line and African green

monkey (Vero) cell lines were obtained from American Type Culture
Collection (ATCC). The medium used for COLO205 was in
RPMI-1640 medium containing 10% heat-inactivated FBS, 1% HEPES,
1% sodium pyruvate, 1% glutamine and 2% penicillin-streptomycin
(10,000 U/ml penicillin; 10 mg/ml streptomycin). Dulbecco-modified
Eagle medium (DMEM: Gibco, USA) with 10% fetal bovine serum
(FBS) was applied in the production and preparation of Vero cells.
Cells were maintained at 370°C in an atmosphere of humidified air
with 5% CO2.

Determination of IC50 by MTT assay
The effect of terrein on proliferation or inhibition of COLO 205 was

tested by MTT assay. Briefly, COLO 205 cells were suspended in
complete RPMI 1640 at a concentration of 2 × 104 cells and seed into
96 well plates at 100 µl per well. Then, these cells were treated with
terrein (dissolved in DMSO) at 0.05, 0.15, 0.2, 0.25, 0.3 mM in
triplicates. An untreated group was added with 0.5% DMSO and used
as a negative control. The cells were incubated for 24 h at 370°C in 5%
CO2. After treatment, cells were incubated with MTT dye (Thiazolyl
Blue Tetrazolium Bromide: (3-(4,5-Dimethylthiazol-2-yl)-2,5
diphenyl-tetrazolium bromide) at 0.5 mg/ml and incubated for 2 h.
The formazan crystals product formed were dissolved by addition of
100 µl of DMSO. After 15 min incubation at the room temperature, the
amount of purple formazan product was determined using the ELISA
micro plate reader which the optical density (OD) was measured at 595
nm. The percentage of cell viability was calculated as

% Viability=(OD of treated cells/OD of control cells) × 100.

Trypan blue exclusion method
Cell viability of the terrein on COLO 205 and Vero cells were tested

by Trypan blue exclusion method. COLO 205 cells were suspended in
complete RPMI 1640 at a concentration of 2 × 106 cells and seed into 6
well plates at 1 ml per well. Then, these cells were treated with terrein
(dissolved in DMSO) at 0.05, 0.15, 0.2, 0.25, 0.3 mM for 3, 6, 9, 12 and
24 h. Cells incubated with 0.4% trypan blue solution followed by
fixation step. For this staining, confluent cells were washed with PBS
for three times and then incubated with trypan blue either at final
concentrations 0.4% (v/v) (in dH2O) for 10 minutes at room
temperature (RT). Cells were washed with 1X PBS again were observed
by 20x objective of Nikon inverted microscope. Live (unstained with
trypan blue) and dead (stained with trypan blue) cells were counted for
each treatment. Experiments were performed as three independent
replicates.

Nuclear and cytoplasmic staining assay
The effect of terrein on the nuclear morphology was determined by

Hoechst 33342 staining assay. Cells were grown in 6-well tissue culture
plate at density of 1 × 106 cells per 200 µl per well and treated with
terrein at 0.05, 0.15, 0.2, 0.25, 0.3 mM for 6. After treatment, cells were
harvested and centrifuged at 400 g for 5 min at 25 Oc. The pellets were
washed twice with phosphate-buffered saline (PBS). Control cells were
exposed to the vehicle control 0.5% DMSO. Then, the cells were

subsequently exposed to 10 µl of Hoechst 33342 solution (10 mg/ml in
water) and stained for 15 min at 37O°C in the dark. The chromatin
condensation and fragment nuclei was monitored and imaged under a
Confocal Laser Scanning Microscope at 40x magnification (Olympus
Fluo View FV 10i, Japan).

Data analysis
The results were expressed with mean ± standard deviation (SD,

for each group n=3). All data were processed with GraphPad Prism 5
software. Data analysis was performed by using Nonlinear Regression
to evaluate the Inhibition Concentration at 50% (IC50) for MTT assay.
SPSS software was performed of live and dead cells were compared by
ANOVA test. Linear graphs show error linear for ± standard of the
mean.

Results and Discussion
The chemical structure of terrein is shown in Figure 1 [2]. The MTT

assay was done to evaluate the antiproliferative effect of terrein on
COLO 205 cell line in a time and dose-dependent manner in a 24 h
treatment. The results showed that terrein exhibited significant
antiproliferative effect against COLO 205 cells with an IC50 appeared
to be 0.05 mM (Figure 2). The Trypan blue exclusion method was used
to determine whether terrein has cell viability effect on COLO 205 and
normal cells (Vero). The cytotoxic was more restricted to cancer cells
because higher concentration of terrein did not affect the Vero cells
(Figure 3A and Figure 3B). This demonstrated the potential use of this
compound as anticancer agent. To further characterize the mode of
cell death induction used by terrein, nuclear morphology was observed
by staining with Hoechst 33342, a specific DNA binding dye. As
depicted in Figure 4, the fragmented and condensed nuclei were
observed and their numbers increased with time. This supports the
possibility of apoptotic signaling induction as characteristic of cell
shrinkage, nuclear condensation, blubbing formation and DNA
fragmentation is well known distinctive morphology of apoptotic cells.

Figure 2: Cell viability was determined by MTT assay. Colo 205 was
treated with indicated terrein concentration (mM) for 24 h. Control
cultures were exposed to the vehicle control 0.5% DMSO. The
percentage of cell viability was calculated as % Viability=(OD of
treated cells/OD of control cells) × 100. Data are expressed as mean
± SD, n=3.

Citation: Jarintanan F, Jongrungruangchok S, Uthaisang-Tanechpongtamb W (2019) Terrein from Aspergillus terreus Induced Cytotoxic and Nuclear Changes
on Human Colon Cancer COLO205 Cells. J Pharm Drug Deliv Res 8:1.

Volume 8 • Issue 1 • 1000186 • Page 2 of 4 •



Figure 3: Cell viability was determined by trypan blue exclusion.
Colo 205 (A) and Vero(B) cells were with indicated terrein
concentration (mM) for 24 h. The effect of terrein on cell viability
determined (%)s was treated with various concentrations of terrein
0.05, 0.15, 0.2, 0.25, 0.3 mM and control 0.5% DMSO for 24 h. Error
bars show +/- standard error of the mean.

Figure 4: The effect of terrein on nuclear fragmentation and
chromatin condensation determined by Hoechst 33342 staining
assay. Colo 205 cells were treated with vehicle 0.5% DMSO(A) and
indicated terrein concentration((B) 0.05 mM (C) 0.15 mM (D) 0.2
mM (E) 0.25 mM (F) 0.3 mM) for 6 h before being stained with 10
µl of Hoechst 33342 solution. The left of picture untreated control
cells were examined for cell morphology and Hoescht 33342 stained
cells were examined for nuclei morphology on the right of picture.
The represented nuclear fragmentation at 0.05 mM (B) 0.15 mM
(C) 0.2 mM (D) 0.25 mM (E) 0.3 mM (F).

Therefore, terrein is an interesting compound to be used as
anticancer agent. Further study is needed in order to better understand
the mechanism of terrein.

Conclusion
Our study demonstrated that terrein was a potent candidate as an

anticancer agent for COLO 205 due to the cytotoxicity. The
cytotoxicity effect of terrein to COLO 205 was show at 0.05 mM for 6
h. Comparing to the literature reviewed, there was no reported about
the cytotoxicity in cancer cells. However, it was shown that terrein had
a property of anti-proliferation in normal skin equivalents [8]. The
cytotoxicity effect was shown to exhibit at concentration of 0.05 mM.
The difference of cytotoxicity value might due to the sensitivity of each
cell type. Then, at least in our work it was shown that terrein was more
toxic to cancer cells comparing to normal cells. Terrein depicted
various cellular and morphological changes during early and late
apoptotic phases including, cell shrinkage, blebbing, dense cytoplasm,
compact cell organelles and condensed nuclei. From the nuclear and
cytoplasmic assays, it was evident that terrein induces apoptosis.
Apoptosis is the main types of programmed cell death. However, the
mechanism of terrein to inhibit cell proliferation might be due to the
inhibition of mitogenic signaling. As previously reported that terrein
inhibited human skin keratinocyte cells by induction cell cycle arrest at
G2/M phase and inactivation of ERK signaling pathway [9]. Notably,
the inhibition of ERK or AKT signaling is often observed in terrein-
treated cells even absence of apoptosis [10]. That is differential
outcome of terrein treatment on various cell lines may be use of terrein
in combination with other chemotherapeutic drugs. This study is the
first of apart some antiproliferative effect, induced apoptosis, we also
observed the effect of terrein on the COLO 205 that has not been
reported before. Therefore, terrein might be a good candidate to
develop as anticancer agent. The mechanism of cancer cell inhibition
should be studied further in order to deeply understand on the
mechanism of action of terrein.
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