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ABSTRACT

Natural products have been considered good tools for prospecting of
new active drugs or models for new therapeutic drugs. Coumarins are a
group of natural phenolic compounds that shows several
pharmacological activities and the 3-hydroxycoumarin represents as
target valuable molecules against several diseases. The aim of present
work was to investigate the cytotoxic activity of 3-hydroxycoumarin
on Vero and Hela cells and its action on the morphology of these cells
line. Cytotoxicity was measured using MTT assay and the
morphological features were evaluated by phase-contrast microscopy.
Significant toxicity was determined for both cell lines and
morphological changes were observed from 100 pg/mL. Further
studies are needed to investigate other activities of this coumarin and

determine potential applications.
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INTRODUCTION

The use of plants based in folk medicine have been a major target of the pharmaceutical
industry which has been trying to find new prototypes useful for the drugs directed to the
treatment of various diseases. This has led to a resurgence of interest in secondary
metabolites produced as phenolic compounds, among which highlight the coumarin.!”! These
purified substances exhibit potent and relevant biological activities, in addition to its low
mammalian toxicity. This set of benefits keeps the coumarins as target on current research

and promotes pharmaceutical interest worldwide.!!

Coumarins (2H-1-benzopyran-2-one) owe their class name to “Coumarou”, the vernacular
name of the tonka bean, Dipteryx odorata (Aubl.) Willd. (Fabaceae), from which coumarin
itself was isolated in 1820.) Coumarins are distributed in nature and are a class of natural
phenolic substances found in plants,” bacterial® and fungi,”™ widely used as additives in
food, perfumes, cosmetics, pharmaceuticals.!® Nearby, 1.300 coumarins were identified from
natural resources and reported in about 150 species distributed in 30 different families in
higher plants, richest sources being Rutaceae, Umbelliferone and Clusiaceae.”! This
secondary metabolite is distributed over all parts of the plant, but occurs in large quantities in

fruits, followed by the roots, stalksand leaves.®

Coumarin and its derivatives have a large number of properties and applications that justify
the interest in these compounds. Synthetic and natural coumarins are valuable structures in
drug design and development, due to broad spectrum of biological properties including anti-

[13,14]

HIV,®'  antimicrobial ' anticancer,!*? anti- inflammatory, anti-Alzheimer, !

antifungal,'***"! anticonvulsant,*® and antidepressant,**! activities.

Hydroxycoumarins represent a class of coumarin derivatives that have diverse
pharmacological and biochemical properties and play important roles in the prospect of
pharmacologically active compounds, some of which may be of potential pharmaceutical
interest.””  4-hydroxycoumarin is used as intermediate in the synthesis of important
pharmaceuticals, such as warfarin and acenocoumarol, which are used in medical practice as
an anticoagulant.®? Some derivatives of 7-hydroxycoumarin (umbelliferone) show

significant antioxidant activity and anti-inflammatory.[?*2*!
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Although some studies have showed several biological activities of natural and synthetic
coumarin derivatives, additionally the activity of certain hydroxycoumarins such as 3-
hydroxycoumarin has not been investigated. In this context, the present study aimed to
evaluate the cytotoxic activity of 3-hydroxycoumarin on Vero and HelLa cells and its action

on the morphology of these cells line.

MATERIALS AND METHODS

Chemicals

3-hydroxycoumarin was purchased from Sigma-Aldrich Corporation (St. Louis, MO, USA)
and dissolved in dimethylsulfoxide (DMSQO) and stored at 5°C. MTT powder [3- 4.5-
dimethylthiazol-2-yl)-2.5-diphenyl tetrazolium bromide], cell culture medium (DMEM), fetal
calf serum (FCS), phosphate-buffered saline (PBS), trypsin-EDTA, penicillin-streptomycin

mixture and L-glutamine were from Gibco BRL (Life Technologies, Paisly, UK).

Cell culture

HeLa (Human cervical carcinoma) and Vero cells (Cercopithecus aethiops Green monkey
kidney epithelial cell line) were cultured in Dulbecco’s modified Eagle’s medium (D-MEM)
supplemented with 10% heat inactivated fetal bovine serum, penicillin (100 IU/mL) and
streptomycin (100 pg/mL) (Gibco BRL, Life Technologies, Paisly, UK). The culture was

maintained at 37 °C in an atmosphere of 5% CO2 and 95% of relative humidity.

Cell viability assay

The cytotoxic activity in vitro was evaluated using the MTT assay.!*® Briefly, Vero cell (1 x
10° cells/mL) and HeLa cell (2 x 10° cells/mL) were seeded in 96-wells plates and incubated
for 24 h. 3-hydroxycoumarin was dissolved in dimethyl sulfoxide and added in different
concentrations (0.78 - 400 pg/mL). Negative control was DMSO. The absorbance was
measured by using a multi-well scanning spectrophotometer (Skanlt Software 2.4.5 RE for
Varioskan Flash, Thermo Scientific, Massachusetts, USA) at 595 nm wavelength. The results
were expressed as percentage of relative viability of cell compared to control group. Three

independent experiments were performed in triplicate.

Morphologic analysis

Vero and HelLa cell lines were cultured in 96-well plates for 72 h, in the presence of different
concentrations of 3-hydroxycoumarin. The morphological aspects of these cells were
evaluated by an inverted phase-contrast microscope (Leica DMIL, microsystems, Wetzlar,

WWW.Wjpps.com Vol 9, Issue 1, 2020. 268




Erwelly et al. World Journal of Pharmacy and Pharmaceutical Sciences

Germany), equipped with digital camera (MOTICAM BA 2.000, Campinas, Brazil) and the

digital photographs were taken using the Motic Images Plus 2.0 software.

Statistical Analysis

All results obtained in this study were presented as mean values + standard deviation (SD) of
three independent experiments, performed in triplicate. The data were analyzed using Prism
5.0 (GraphPad Software Inc., San Diego, CA, USA). ANOVA (Analysis of Variance) was
performed and followed by Tukey’s post-test (p < 0.05). The 50 9% cytotoxicity
concentrations (CC50) values were determined by GraphPad Prism (version 5.0) and were

calculated by non-linear regression.

RESULTS AND DISCUSSION

Cytotoxic activity of 3-hydroxycoumarin on Vero cell

In vitro cytotoxic activity of 3-hydroxycoumarin on Vero cells was first evaluated at different
concentrations (0.78, 1.56, 3.12, 6.25, 12.5, 25, 50, 100, 150, 200, 250, 300, 350 and 400
pg/mL) and CC50 value was determined in 143 + 34.0 pg/mL. Low concentrations of 3-
hydroxycoumarin (0.78 to 50 pug/mL) exhibited greater viability when compared to negative
control (DMSO). 3-hydroxycoumarin exhibit concentration- dependent cytotoxicity from 100
pg/mL (Figure 1).

According to some authors, the coumarins should bear at least one hydroxyl group to show
antioxidant activity, since it is proven that hydroxyl groups of hydroxycoumarins are potent
electron/hydrogen donors to free radical.?®. Coumarins have shown antioxidant or pro-
oxidant properties depending on their intracellular concentration and some derivatives may
present an antioxidant activity at low concentrations and pro- oxidant activity at higher
concentrations, which induces an intracellular overproduction of Reactive Oxygen Species
(ROS) leading to cell death.*”!
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Figure 1: Cytotoxic activity of 3-hydroxycoumarin on Vero cell line. 50 % cytotoxicity

concentrations (CC50) values were determined at concentrations ranging from 0.78 to

400 pg/mL. Statistical analysis of growth differences between treated and control
(DMSO) cultures were performed using the ANOVA followed by Tukey’s test (p < 0.05).
The results were expressed as mean values * standard deviation (SD) of three

independent experiments tested by the MTT assay.

Despite having a potential antioxidant activity due to oxygen atoms in the ortho- position, 3-

hydroxycoumarin is an understudied compound.

In recent study, has been shown that hydroxyl or methoxy groups were able to increase the
affinity of coumarin with its molecular target, enhancing its cytotoxic effect.!®!

Morphological evaluation of Vero cells

Vero cells were cultured under effect of different concentrations of 3-hydroxycoumarin for
72 h, as illustrated in Figure 2. The cell morphology was clearly altered with the increase of
concentration of 3-hydroxycoumarin. At low concentrations (0.78 to 50 pg/mL) cells grew as
an adherent monolayer similar to the control and significant changes in cell morphology were
observed at the highest concentrations (100 to 400 pg/mL).

Marked cytoplasmic retractions were found from 100 pg/mL and at highest concentrations
(250 to 400 pg/mL), dramatic changes in cell morphology were observed such as decrease in
cell density, as well cell rounding and shrinking. These results corroborate with the cytotoxic
activity determined for of 3-hydroxycoumarin. In order, the cells demonstrated failure to

reestablish intercellular associations and the growth pattern as adherent monolayer.
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hydroxycoumarin. Different concentrations of this derived coumarin (0.78, 1.56, 3.12,
6.25, 12.5, 25, 50, 100, 150, 200, 250, 300, 350 and 400 pg/mL) and negative control
(DMSO) were used. Note cells cultivated as adherent monolayer at 0.78 to 50 pg/mL.
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Morphological alterations revealed a decrease in cell density, as well cell rounding
(arrow) and shrinking (arrowhead) at the highest concentrations (100 to 400 pg/mL).
Magnitude of all photos: 100 x.

Very few systematic studies have been reported on structure-antioxidant activity correlations
in coumarins, but their activity is probably due to their structural analogy with flavonoids and
benzophenones.”! Therefore, the coumarins possess a great structural diversity, since the
replacements can occur at any of the six available sites of their basic molecular moiety (1,2-
benzopyrone).”

Phenolic compounds are bioactive substances that have one or more aromatic rings in their
structure, bearing one or more hydroxyl groups. This family of compounds acts as
antioxidants and thereby protect from degenerative diseases in which reactive oxygen species
(ROS) are involved.®! In fact, overproduction of free radicals can cause oxidative damage to
biomolecules (lipids, proteins, DNA), eventually leading to many chronic diseases.®" It has
been reported that deleterious effects of ROS on human cells may end in oxidative injury

leading to programmed cell death.**

The properties of phenolic compounds are related to their chemical structure, which confers
stability to the secondary free radical formed from the antioxidant reaction product with a
free radical.”® In the context, the hydroxycoumarins are phenolic compounds which act as

potent metal chelators and free radical scavengers.[***®!

Moreover, 7-HC enhances the inhibition of cell proliferation by interfering with mitotic
spindle microtubule function,™® by inhibiting the MAP kinase pathways,’” and by blocking
the cell cycle in the S, G1 or G2/M phases.!?*??

Cytotoxic activity of 3-hydroxycoumarin on HeLa cell
The results showed the first report to cytotoxic activity of 3-hydroxycoumarin on HelLa cell
line (Figure 3). Significant effect was evident of from concentration of 100 pg/mL. CC50

value was determined in 173.8 + 28.2 pg/mL.
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Figure 3: Effect of 3-hydroxycoumarin on in vitro viability of human cervical carcinoma

cells (HeLa cells). The data are presented as percentage of increase (% viability) for

each concentration of 3- hydroxycoumarin used in the control (DMSO). *, represent (p

< 0.05) significant versus control, an analysis of variance (ANOVA) test followed by

Tukey’s.

Coumarins and their derivatives have been reported due to their cytostatic and cytotoxic
effects against human carcinomas, in vitro and in vivo. The biological effects were correlated
with chemical structure, since the change from methoxy group to hydroxyl increased the
antiproliferative activity exerted by these substances in HT-29, A549, MCF-7 and OVCAR.
This process of cell death occurred by necrosis due to an induction of intracellular ROS

overproduction.’*”]

The hydroxyl radical can damage all types of macromolecules and there are the ability of the
cells to eliminate these reactive species through the use of endogenous antioxidants to protect
their cytoplasmic organelles.®®! The results indicate that 3- hydroxycoumarin acted as an
antioxidant by significant attenuated oxidative damage, increasing cell viability at lower
concentrations. However, the protective effect decreased from 100 pg / mL, indicating that
the cytotoxicity of this substance depends on the dose tested. This biphasic behavior with
Reactive oxygen species (ROS) modulators has been already observed with resveratrol and
can be attributed the basal level of ROS in each cell type, cell-specific properties and to the

compound that can have antioxidant properties at low concentration.

The coumarins and their derivatives may exert anticancer activity through several
mechanisms: inhibition of telomerase enzyme, down regulation of oncogene expression.[*!

and among the hydroxycoumarins, the 7,8-hydroxycoumarin may demonstrate this action by
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generating oxidative stress due to production of free radical species in cancer cells, which
[41]

leads to a pro-apoptotic effect in U-937 and HL-60 cells.
The 7-hydroxycoumarin inhibits the growth of all lung cancer cell lines, and exhibited a
cytostatic effect at concentration of 100 pg/mL and induces blocking the cell cycle in the G1
phase or apoptosis.*? It has been reported in literature that esculetin (6,7-di-
hydroxycoumarin) inhibits cell growth and cell cycle progression by inducing arrest in G1
phase in leukaemia HL-60, and CCRF-HSB-2 cell lines.[*3*4

Morphological evaluation of HeLa cells

The morphological aspects of HelLa cells under effect of 3-hydroxycoumarin at different
concentrations (0.78, 1.56, 3.12, 6.25, 12.5, 25, 50, 100, 150, 200, 250, 300, 350 and 400
pg/mL) were evaluated with a phase-contrast microscope. HelLa cells were cultured as
adherent monolayers at low-dose effects of 3-hydroxycoumarin (0.78 to 50 pg/mL) and
morphological alterations were observed at the highest concentrations (100 to 400 pg/mL)
revealing a decreased overall cell density as well as cell clusters with condensed chromatin,

nuclear segmentation, shrinking and cellular debris (Figure 4).

Morphology changes of HeLa and MCF-10A cells were also induced by betaine treatment
(0.0 -100 pg/mL, for 24-96h) and at 100 pg/mL the cells presented changes associated with
apoptosis such as nuclear condensation and fragmentation and apoptotic bodies./*”! Betaine
and coumarin are components derived from Lycium chinense an Angelicae decursiva
(respectively) and these plants have been used for treatment of respiratory diseases in oriental

medicine due to have various bioactivities effects.¢]

It was interesting, to see our work in agreement with others researches, which refers to 7-
Hydroxycoumarin and 6,7-dihydroxycoumarin (esculetin) like coumarin derivatives that have
been reported to exhibit antitumor activity, but the action mechanism underlying this activity

remains unknown."]

Molecular docking studies have revealed that specific action in cancer cells might possibly be

due to a dual inhibition of both binding sites (colchicine and GTP) on the a and B-tubulin.*®]
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Figure 4: Phase-contrast photomicrographs of 3-hydroxycoumarin-treated HelLa cell
lines. Different concentrations of this derived coumarin (0.78, 1.56, 3.12, 6.25, 12.5, 25,
50, 100, 150, 200, 250, 300, 350 and 400 pg/mL) and negative control (DMSO) were
used. HeLa cells showed as adherent monolayers at 0.78 to 50 pg/mL. Morphological
alterations were observed at the highest concentrations (100 to 400 pg/mL) revealing a
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decreased overall cell density as well as cell clusters with condensed chromatin (arrows
full), nuclear segmentation (short arrows) shrinking (arrowheads) and cellular debris

(curved arrows) Magnitude of all photos: 100 x.

CONCLUSION

We report the cytotoxic effect of 3-hydroxycoumarin on Vero and HelLa cell lines for the first
time in the present study. The 3-hydroxycoumarin-induced toxicity and remarkable
morphological changes for both cell lines were evident from 100 pg/mL. Further studies to

elucidate the detailed mechanism of these effects are underway.
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