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ABSTRACT

Introduction: Anti-tumor drug screening is the most popular technique in drug discovery. In
this technique, various agents were tested for their cytotoxicity on cell lines, particularly cancer cell
lines. Since most of these agents are weakly soluble in water, they can be normally dissolved in
lipophilic solvents. To obtain accurate results, the requirement of these solvents are that they be
biocompatible and non-toxic to cells. The aim of this study was to investigate the biological effects
of the three agents most commonly used as drug vehicles, i.e. dimethyl sulfoxide (DMSO), ethanol
and methanol, using cell proliferation measurement techniques. Methods: To minimize the er-
rors from the measurement techniques, this study used the xCelligence RTCA system which entails
real-time monitoring of cell proliferation without dye labeling. Under the wide range concentra-
tion of solvents (from 0% to 100% of solvents by serial dilutions), the cell index (Cl) and slope of
cell proliferation curves of HepG2, MDA-MB-231, MCF-7 and VNBRCA1 cell lines were analyzed (by
the software provided by the xCelligence system). Results: The results showed that DMSO had a
significant toxicity and inhibition of proliferation on 4 cell lines, at the concentrations of 10%, 5%,
2.5% and 1.25% (p<0.0001). Methanol and ethanol inhibited cellular proliferation at the concentra-
tions of 10% and 5% (p<0.0001). The concentrations of ethanol and methanol ranging from 2.5%
to 0.15% concentration were well-tolerated by cells with respect to proliferation. Depending on
the extracts or agents, each should be diluted in the suitable vehicle at the proper concentrations.
Conclusion: Ethanol and methanol are good choices for solvents since they have low toxicity on
HepG2, MDA-MB-231, MCF-7 and VNBRCAT1 cell lines. However, in the case of agents only dissolv-

able in DMSO, low concentrations of DMSO from 0.6%-0.015% should be considered.
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INTRODUCTION

In biological research, solvents for dilution of thera-
peutic drugs are necessary, especially for drugs that
are weakly soluble in water. The most common sol-
vents for use as vehicles for drug delivery purpose
in biological studies are dimethyl sulfoxide (DMSO),
ethanol and methanol. DMSO is an organic am-
phiphilic molecule that is widely used in cell biology;
it exhibits a number of capabilities such as vasodila-
tory, diuretic, anti-inflammatory and bacteriostatic
functions 2.

In vitro, DMSO is routinely used for cryopreserva-
tion due to its high freeze temperature. However, its
strong interaction with phospholipids makes it effi-
cient in facilitating drug molecule delivery through
the cell membrane, which is an area of study with great
interest by many researchers. DMSO ranks high in
terms of choice of solvent for drug delivery, despite
its potential cytotoxicity on cells.

Alternative solvent that have been used in cell biology
include ethanol and methanol. In drug screening, be-
sides DMSO, crude plant extract could be dissolved

in methanol or ethanol. However, ethanol could in-
terfere with the structure of low cholesterol in the cell
membrane and cause disorder of cellular physical ac-
tivities>. This damage in cell membrane could am-
plify the effect of therapeutic drugs, leading to non-
reproducible results.

Furthermore, different cell types respond with differ-
ent behavior to solvents*. Although solvent control
could be used to compare to the drug efficacy in ex-
periment , nonetheless if the solvents are toxic to the
cells over treatment, the effect of the drug could be
wrongly evaluated. It is important to evaluate and de-
fine the maximum concentration of the solvents that
could be used for dissolving drugs in biological assays.
Hence, it is necessary to understand the optimal con-
centration of the solvents on specific cell lines to en-
sure accurate and reproducible experimental results.

MATERIAL - METHODS

Cell lines

HepG2, MDA-MB-231 and MCF-7 cell lines was pur-
chased from ATCC (Manassas, VA, USA). Cells was
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cultured in DMEM-F12 (Thermo Fisher Scientific,
Waltham, MA, USA) complemented with 10% FBS
(Thermo Fisher Scientific) and 1% antibiotic (Thermo
Fisher Scientific), and cultured in 5% CO, and 37°C
incubator.

Solvents

Methanol, ethanol and DMSO was purchased from
Merck (Darmstadt, Germany).

Evaluation of label-free real-time cellular
proliferation

In brief, 2,000 cells were added into wells of E-plates
(ACEA Biosciences, San Diego, CA, USA). After
24 hours of culture, cells were treated with DMSO,
methanol and ethanol at the concentrations of 10%,
5%, 2.5%, 1.25%, 0.6%, 0.3%, 0.15%, and 0%. The
E-plates were then connected into the xCelligence
RTCA machine (ACEA Biosciences) in the incubator
for the next 48 hours. Cell proliferation was measured
by recording the change in the impedance of electron
flow caused by adherent cells. The experiments were
done in triplicate (n=3). The data were analyzed by
the software attached to the xCelligence RTCA system
(ACEA Biosciences).

RESULTS

After cells were cultured for 24 hours for cell at-
tachment, the solvents were added; the proliferation
curves were slightly perturbed (Figure 1). From that
time point onward, the cell proliferation curves dis-
persed. From observation of the proliferation curves,
when treated with methanol as the solvent, the red
curve (concentration of 10%) dipped down or became
flattened in all the cell lines (Figure 1). Specially, the
red curve (10% methanol) for the VNBRCAL1 cell line
increased upwards; this demonstrated that the pro-
liferation of VNBRCAL1 was less affected even at the
high concentration of methanol.

In contrast to methanol, DMSO induced more than
one flattened curve in the 4 cell lines. For example,
the red curve (10% concentration), light green curve
(5%), blue curve (2.5%), and pink curve (1.25%) all
dipped downward.

Ethanol also appeared to induce divergent curves in
the 4 cell lines. In HepG2, ethanol created 3 flat-
tened curves compared to 2 curves in MDA-MB-231,
MCF-7 and VNBRCAL1. At the concentrations of 5%
and 2.5%, ethanol inhibited the cell index (CI) val-
ues of the 3 cell lines MDA-MB-231, MCF-7 and VN-
BRCAIL. However, the CI still showed upward in-
crease at the concentration of 5% compared to that
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of 10% concentration for the MDA-MB-231, MCF-
7 and VNBRCAI cell lines. The concentrations of
1.25%, 0.6%, 0.3%, and 0.15% of ethanol induced up-
ward curves in all 4 cell lines (Figure 1).

The results showed that DMSO significantly inhibited
the proliferation of all the cell lines (HepG2, MDA-
MD-231, MCF-7 and VNBRCA1) at the concentra-
tions of 10%, 5%, 2.5% and 1.25%. The slope of the
CI at these concentration were significantly differ-
ent from that of the lower concentrations of 0.6%,
0.3% and 0.15% (P<0.0001) (Figure 2). Interestingly,
DMSO at the concentration of 0.6% significantly af-
fected cell growth of HepG2 and MCF-7, compared to
the growth at the concentrations of 0.3% and 0.15%.
However, 0.6% DMSO did not affect the CI slope of
MDA-MB-231 or VNBRCAL.

Ethanol strongly affected the cell growth of HepG2
cell line at the concentrations of 10%, 5% and 2.5%.
At the concentration of 2.5%, ethanol had less effect
on MCF-7, MDA-MB-231 and VNBRCA1, compared
to HepG2. The CI slope of MCF-7, MDA-MB-231 and
VNBRCAL were positive values, compared to the neg-
ative slope value of HepG2 (Figure 2).

Methanol seemed to have the least impact on the cell
lines in this study. Indeed, 10% methanol showed a
strong effect on all the cell lines while 5% methanol
significantly affected HepG2 cells and MCE-7 cells but
not MDA-MB-231 or VNBRCAL cells. Lower con-
centrations of methanol, such as 2.5%-0.15%, showed
no impact on any of the cell lines.

DISCUSSION

Although almost all solvents are toxic to cells in vitro,
they are still necessary for dissolving drug agents for
biological assays. It is essential to keep the concen-
tration of the solvents at the most suitable concentra-
tion for biological experimentation. To do this, in this
study, we compared the effects of three commonly
used solvents (methanol, ethanol and DMSO) on 4
cancer cell lines (HepG2, MDA-MD-231, MCF-7 and
VNBRCAL).

Some studies from the literature have stated that the
critical concentration of DMSO should be 1%, while
others have used higher concentrations than that*.
The question is what the proper concentration of
DMSO for use should be while still being non-toxic
on experimental cells.

In our study, the results showed that at high concen-
tration of DMSO, such as 10% and 5%, cell prolifer-
ation was strongly inhibited in all 4 cell lines. Inter-
estingly, at the concentration 1.25% of DMSO, MDA-
MB-231 and MCEF-7 cancer cells were still alive while
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Figure 1: Cell index (Cl) of cell lines when treated with solvents. Two thousand cells were added into the
wells of E-plates. After 24 hours of culture, respective solvents were added at the concentrations of 10%, 5%,
2.5%, 1.25%, 0.6%, 0.3%, or 0.15%. The column (y-axis) represents the Cl for the HepG2, MDA-MB-231, MCF-7
and VNBRCAT1 cell lines. The row (x-axis) represents the data for the solvents Ethanol, DMSO and Methanol over
time. Cells were then cultured in the incubator for the next 3 days. The Cl was analyzed by the software of the
xCELLigence RTCA system. The concentration range was coded by color, including 10%, 5%, 2.5%, 1.25%, 0.6%,

0.3%, 0.15% and 0.06%.

HepG2 cells showed a strong inhibition in prolifera-
tion. The sensibility to DMSO of different cell types
may differ significantly. This also seems to be the case
in other studies°. Therefore, it is essential to test the
solvents at various concentrations if using different
cell line models.

Previously, a study reported that lower concentrations
of DMSO may lead to stimulation of proliferation of
some cell types; for example, 0.05-0.2% DMSO sig-
nificantly increased the proliferation of RPMI-8226
myeloma cells®. In the study herein, we did not rec-
ognize any significant difference in the doubling time
of HepG2 and MDA-MB-231 at the concentrations of
0.3-0.15%.

In this study, ethanol and methanol were demon-
strated to be good solvent for use on HepG2, MDA-
MB-231, MCF-7 and VNBCRAL1 cells. Ethanol is of-
ten used as a solvent for plant extracts and plant-
derived components’. There are toxicities to con-

sider, but it is good for dissolution as long as it can dis-
solve the agents. Ethanol and methanol showed harm-
less effects on MDA-MB-231, MCF-7 and VNBRCA1
even at the high concentration of up to 2%. Similarly,
though not using the same cell lines as in our study,
a previous study also found that 2.8% ethanol did not
affect the cell viability of RAW 264.78. In another re-
port studying the effects of ethanol on HeLa cells, it
was found that 5% ethanol (or higher concentrations)
compromised cell viability®.

Interestingly, 5% methanol showed less toxicity on the
4 cell lines, while 5% ethanol significantly compro-
mised all cell lines. A previous study showed that
butanol is even more toxic than ethanol !; they ob-
served some differences in toxicity between methanol,
ethanol and butanol. The toxicity increase may be due
to its longer carbon chain that can further intercalate
into membranes and cause breaks in hydrogen bonds
between lipid tails.
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Figure 2: The slope of the cell index (Cl) when treated with solvents. Cell lines used in this experiment were
HepG2, MDA-MB-231, MCF-7 and VNBRCA1. Two thousand cells of each cell line were added into the wells of E-
plates. After 24 hours of culture, Ethanol, DMSO and Methanol solvents were added, respectively, at the concen-
trations of 10%, 5%, 2.5%, 1.25%, 0.6%, 0.3%, and 0.15% (0% as control). Cells were then cultured in the incubator
for the next 3 days. The experiments was done in triplicate (n=3). The slopes of the cell proliferation curves were
calculated using the software of the xCelligence system; **** P<0.0001.

Ethanol is known to fluidize the cell membrane, lead-
ing to a disorder in trans-membrane protein flux such
as that of Mg2+>!!. Ethanol can also inactivate AT-
Pase and glycolytic enzymes, causing the inhibition of
proliferation ! 12, At the concentration of 2%, 1.25%,
0.6% and 0.3%, the effects of ethanol on cells was
not significantly different; methanol also exhibited
the same behavior as ethanol at those concentrations.
If only some of the material dissolve in ethanol or
methanol, that could be an advantage.

CONCLUSION

In biological studies, solvents are essential for dissolv-
ing agents that cannot be dissolved in water. Par-
ticularly, in cancer research, there are a lot of agents
which require evaluation and testing on cell models.
However, the toxicity of solvents on cancer cells is
a problem. Hence, it is necessary to determine the
most suitable concentrations to use in biological as-
says. Here, in this study, we found that DMSO should
be used as a solvent in the range of concentration of
0.6%-0.15% on HepG2, MDA-MB-231, MCF-7 and
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VNBRCALI cells. Ethanol and methanol showed non-
toxic effects on those cell lines at the concentrations
of 1.25%-0.15%. Some toxicity was tolerable when a
control sample with solvent alone was used in exper-

iments.
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