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the final DMSO or ethanol concentration for application to 
the cells must be 0.5% (v/v) in the vehicle controls and in 
all the test concentrations.8 It is thus crucial that the effects 
of the vehicles themselves at these concentrations on BAX 
and BCL2 gene and protein expression in these cells are 
evaluated. Hollebeck et al.,9 emphasized the importance 
of evaluating the effects that vehicles might have on key 
properties that are being investigated, as they found that 
even at low concentrations (0.1-0.5%), DMSO exhibited 
anti-inflammatory properties in the in-vitro intestinal 
Caco-2 cell model.

MCF-7 Cells have been used widely in cancer research, with 
many of these testing the effects of exogenous compounds 
on pro and antiapoptotic genes.10-14 Neoplastic cells share 
a common set of attributes or “acquired capabilities” 
that operate and are controlled at different spatial and 
temporal scales; including their abilities to generate their 
own mitogenic signals, resist exogenous growth-inhibition 
signals, evade apoptosis and senescence, proliferate without 
limit, acquire vasculature, and invade and metastasize distant 
sites.15 Apoptosis is a critical process that is dysregulated 
during tumourigenesis.16 The defective apoptosis pathways 
seen in human cancers often result from over-expression 
of antiapoptotic proteins, sometimes leading to cancer 

INTRODUCTION

Methanol and Dimethyl sulfoxide (DMSO) are part of the 
most commonly used solvents in in-vitro experiments 
because many experimental drugs are not readily water 
soluble.1-5 Methanol is a light, volatile, colorless, flammable 
liquid. At room temperature, it is a polar liquid, and is used 
as an antifreeze and solvent.6 DMSO is an organosulfur 
compound. It is colorless and is a polaraprotic solvent 
that dissolves both polar and nonpolar compounds and is 
miscible in a wide range of organic solvents as well as water.7 
In many studies, methanol and DMSO are employed to 
deliver drugs to cells, and according to the NHK Neutral Red 
Uptake Cytotoxicity Assay Phase III (The National Toxicology 
Program (NTP) Interagency Center for the Evaluation of 
Alternative Toxicological Methods NTP-NICEATM 2003), 
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initiation when there is an upregulation of procancer variants 
of apoptotic genes.16 The induction of apoptosis occurs via 
two major pathways: The extrinsic (death receptor) pathway 
and the intrinsic (mitochondria) pathway.17 The intrinsic 
apoptotic pathway is under the control of mitochondrial 
pro-enzymes. Most cell death in vertebrates occurs via 
the mitochondrial pathway of apoptosis.18 This pathway is 
controlled by the B-cell CLL/lymphoma 2 (BCL-2) family of 
proteins and they regulate the integrity of the mitochondrial 
outer membrane. When apoptosis arises as a result of 
cooperation among these proteins, the two pro-death BCL-2 
effector proteins: BCL-2-associated X protein (BAX) and 
BCL-2 antagonistic killer (BAK), disrupt the mitochondrial 
outer membrane in a process known as ‘mitochondrial outer 
membrane permeabilisation’ (MOMP).18 If MOMP takes 
place, proteins located in the mitochondrial inter-membrane 
compartment enter the cytosol and activate caspases and 
cysteine proteases that coordinate the disassembling of the 
cell.18 MOMP is opposed by the pro-survival BCL-2 proteins, 
such as BCL-2, BCL-W, BCL-xL, A1/Bfl1 and MCL-1, which 
impede the capacity of BAX and BAK to permeabilise the 
outer mitochondrial membrane. 

Little data is available in literature describing the effects of 
these solvents on apoptotic BAX/BCL-2 mRNA and protein 
expression. The objectives of the present study were to 
evaluate the effects of 0.5% DMSO and 0.5% Methanol first 
in a NHK Neutral Red Uptake Cytotoxicity/Viability Assay 
and then to determine their effects on BAX and BCL2 mRNA 
and protein expression in the breast MCF-7 Cells.

MATERIALS AND METHODS

Kits, reagents and antibodies
Methanol and DMSO (>99% pure) were purchased from 
Sigma Chemical Co. (St. Louis, MO, USA). The Neutral Red 
TOX-4 kit, Methanol, and ethylenediamine-tetraacetic acid 
(EDTA) were purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). Rabbit polyclonal anti-BAX antibody and mouse 
monoclonal anti-BCL2 were purchased from DAKO (DK-
2600 Glostrup, Denmark). Secondary antibodies, Goat anti 
Rabbit Rhodamine conjugated and Goat anti Mouse FITC 
conjugated were purchased from Abcam (Cambridge, UK). 
The GeneJET RNA Purification kit, DNase I, RNase-free kit 
and O’GeneRuler Low Range DNA Ladder were purchased 
from Thermo Scientific (Pittsburgh PA. USA). High Capacity 
cDNA Reverse Transcription Kit and Power SYBR® Green 
PCR Master Mix were purchased from Life technologies 
(California, USA). Oligos for qPCR were purchased from 
Integrated DNA Technologies, Inc. (Coralville, Iowa, USA). 
Agarose D-1 Low EEO-GQT was purchased from Conda 
Laboratories (Madrid, Spain).

Cell culture and treatment
Human breast carcinoma MCF-7 cells (American Type 
Culture Collection Rockville, MD, USA) were cultured 

in DMEM medium (Gibco BRL, Gaithersburg, MD, USA) 
containing 10% Fetal Bovine serum (Gibco, USA). The 
cells were maintained in 25cm2 flasks (Corning®) at 37°C 
in a humidified atmosphere containing 5% CO2. The cells 
were incubated with methanol and DMSO at a 0.5% (v/v) 
final concentration for 24 hours. Control cells were exposed 
to the growth medium alone. This work was approved by 
the ethics committee of the University of Witwatersrand 
Medical School.

Neutral red uptake assay
The Neutral Red TOX-4 kit was obtained from Sigma (St. 
Louis, MO, USA). 96-well Falcon tissue culture plates were 
seeded with approximately 1000 cells/well, suspended 
in 100 μl DMEM. The plates were incubated for 24 hours 
to achieve ~60-70% attachment and confluence. The 
medium was removed and cells were rinsed with 200 μl of 
phosphate buffered saline (PBS) and subsequently treated 
with medium containing 0.5% (v/v) methanol and DMSO 
for 24 hours. The negative control consisted of untreated 
cells, left in culture medium. Another group of cells were 
also exposed to 100 ug/ml efavirenz and used as a positive 
control. 100 ug/ml EFV was selected as a positive control 
because it exhibited a significant cytotoxic effect on MCF-
7 cells in a separate range finder experiment that we 
conducted. The plate consisted of four replicates for each 
treatment including negative and positive controls. After 
24 hours, the medium was removed and manufacturer’s 
protocol was followed for the assay.19 Cells were rinsed 
3 times in 200 μl of PBS. Neutral red medium was added 
to each well and plates were incubated for 2 hours for the 
neutral red dye to be taken up by viable cells. Thereafter 
the NR solution was removed and cells were rinsed with 
PBS. The solubilising solution (1% acetic acid in 50% 
ethanol) was added to each well for 10 minutes in order 
to extract the dye. The absorbance of the extracted dye 
was measured in a microplate reader (Anthos 2010 Model 
17-550 Austria) at a wavelength of 540 nm. Background 
absorbance was read at 690 nm and subtracted from the 
540 nm measurement. All experiments were repeated in 
three technical repeats on three different days. 

Immunocytochemistry of BAX and BCL2
For immunofluorescence analysis, the ABCAMTM double 
labelling procedure was followed. 1 × 103 cells were plated 
on cover slips 1 day before the experiment. Cells were 
treated with 0.5% (v/v) methanol and DMSO for 24 h. 
Following treatment, cells were washed three times with 
0.5% BSA in PBS, followed by fixation in 10% phosphate 
buffered formalin for 10 min. The fixed cells were rinsed 
in PBS and permeablized with 0.05% Triton-X 100, washed 
and blocked with 10% Normal goat serum in PBS for 
60 mins to eliminate non-specific binding of secondary 
antibody. Cells were then incubated with polyclonal 
rabbit antihuman BAX (1:1000 DAKO) and monoclonal 
mouse antihuman BCL-2 (1:100 DAKO) overnight at 
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4°C in a moist chamber. Following overnight incubation, 
coverslips were washed and incubated with secondary 
Antibody. The cells were washed and incubated for 2 hours 
with a FITC-conjugated goat anti-mouse antibody (1:500 
Rockland) and Rhodamine-conjugated goat anti-rabbit 
antibody (1:1000 Rockland) in the dark. Slides were rinsed, 
nuclei counterstained in 4′,6-diamidino-2-phenylindole, 
dihydrochloride (DAPI) 300 nM for 5 mins, rinsed and 
mounted with fluoromount (Sigma). Negative control 
groups were set up to ensure that the secondary antibodies 
were specific for their primary antibodies. The primary 
antibodies were substituted with 0.1% BSA/PBS and the 
normal protocol was carried out. In a second negative 
control, the cells were treated in the same way as the 
experimental slides, but the secondary antibodies were 
substituted with PBS. The positive controls used in this 
study were HeLa cells, which had been previously shown 
to express BAX and HepG2 cells, shown to express BCL-2.

Cells were visualized using a Zeiss Laser Scanning Confocal 
Microscope 780 under a Zeiss 100X oil immersion 
objective. Slides were kept dark once fluorescent antibodies 
had been added to prevent bleaching. To avoid the fading of 
fluorochromes, images were analysed within the same time 
period. The image acquisition settings were set to remain 
constant for all exposures. Using the ZEN 2010 (Carl Zeiss, 
Germany) image analysis software, the intensity of the 
fluorescence of each micrograph was analysed. This was 
done by using the software to initially define the regions 
of interest (ROIs); namely, the nucleus and cytoplasm. The 
mean intensity of each ROI from the treatment groups was 
then analysed with the statistics software JMP® (Version 
10.0 SAS Institute Inc., Cary, NC, USA). Data are reported as 
mean ± SEM. After verifying the normal distribution and 
the homogeneity of the variance using an F test (P < 0.05), 
a one way analysis of variance (where a significance level 
of P < 0.05 was set) was used to compare the results.

RNA extraction, cDNA synthesis, and real-time 
qPCR analysis
Cells were exposed to DMSO and methanol for 24 hours and 
total RNA extraction was performed using the GeneJET RNA 
Purification kit according to the manufacturer’s instructions. 
RNA concentration and purity were determined by using 
the Nanodrop-1000 spectrophotometer. RNA integrity 
was checked by gel electrophoresis. According to the 
manufacturer’s instructions, genomic DNA was removed 
from total RNA using the DNase I, RNase-free kit. The DNAase 
I treated RNA was again cleaned with the GeneJET RNA 
Purification kit, re quantified and stored at −80°C until used. 
According to the manufacturer’s instructions, cDNA was 
synthesized using the MultiScribe™ Reverse Transcriptase 
from 700 ng RNA. The reverse transcriptase reaction was 
carried out in a GeneAmp® PCR System 9600 Thermal Cycler 
for 10 min at 25°C, 120 min at 37°C and then the enzyme 
was deactivated for 5 min at 85°C. cDNA aliquots were then 

utilized in qPCR reactions for BAX and BCL-2, with TBP, 
RPLP0 and TFRC used as the endogenous reference genes as 
described previously.20 Briefly, PCR reactions were amplified 
for 40 cycles prior, then the AmpliTaq Gold® DNA polymerase 
was activated for 10 min at 95°C. Each cycle consisted of a 
denaturing step for 15 sec at 95°C, and annealing/extension 
step for 1 min at 60°C. PCR amplification was performed 
in a final volume of 20 μL using the Power SYBR® Green 
PCR Master Mix with the ABI 7500 real-time PCR machine. 
Primer sequences and PCR product sizes are indicated in 
Table 1. To confirm the absence of nonspecific amplification, 
PCR products were separated on 3% agarose gels, stained 
with ethidium bromide and images acquired with the BioRad 
Gel Doc® XR (Model 170-8170 Segrate, Milan. Italy). Melt 
curves were generated for each PCR product. The relative 
mRNA expression levels of target genes in each sample were 
calculated using the qbasePLUS software (Biogazelle, Zulte, 
Belgium). The expression stability of the reference genes 
was evaluated using qbasePLUS version 2.3.21 PCR base line 
Cq values were imported into the qbasePLUS software. The 
relative quantity of each target/sample combination was 
scaled to the average Cq of corresponding target (scale 
set to untreated control in the qbasePLUS software). The 
relative expression of specific genes in the experiment were 
normalised as a ratio to the amount of the two most stably 
expressed reference genes according to the –ΔΔCT method of 
Livak and Schmittgen.22

Statistical analysis
Statistical analysis was performed using JMP® (Version 
10.0 SAS Institute Inc., Cary, NC). Data are reported as 
mean ± SEM. After verifying the normal distribution and 
the homogeneity of the variance using an F test (P < 0.05), 
a one way analysis of variance (where a significance level 
of P < 0.05 was set) was used to compare the results. All 
means were then compared using the Tukey-Kramer HSD.

RESULTS

Neutral red assay
Methanol and DMSO, individually at 0.5% (v/v) concentration 
did not have any significant (P < 0.0001) cytotoxic effect on 
MCF-7 cells following a 24 hour incubation as demonstrated 

Table 1: Oligonucleotide sequences used for qPCR 
Gene Sequences (5’-3’ direction) Product size (bp)

BAX F: CCT TTT CTA CTT TGC CAG CAA AC 148
 R: GAG GCC GTC CCA ACC AC
BCl-2 F: ATG TGT GTG GAG AGC GTC AAC C 122
 R: GCA TCC CAG CCT CCG TTA TC
TBP F: TGA TGC CTT ATG GCA CTG GAC TGA 86
 R: CTG CTG CCT TTG TTG CTC TTC CAA
RPLP0 F: TGC AGC TGA TCA AGA CTG GAG ACA 178
 R: TCC AGG AAG CGA GAA TGC AGA GTT
TFRC F: GGC ACC ATC AAG CTG CTG AAT GAA 133
 R: GTT GAT CAC GCC AGA CTT TGC TGA
F – Forward primer; R – Reverse primer
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by the Neutral Red assay [Figure 1]. Methanol and DMSO at 
0.5% (v/v) concentration did not exhibit any significantly 
different cytotoxic or viability effect from each other 
(P < 0.0001). 100 ug/ml efavirenz, which was used as a 
positive control, however exhibited a significant cytotoxic 
effect on MCF-7 cells [Figure 1].

Immunofluorescence of BAX and BCL2 proteins 
in 0.5% DMSO and 0.5% methanol exposed 
MCF-7 cells
Immunofluorescence of the cells was assessed. The 
untreated group [Figure 2a] shows the expression and co 
localisation of BAX and BCL2 proteins. Figure 2b illustrates 
the effect of Methanol on expression of BAX and BCL-2 in 
MCF-7 cell cultures. While BCL-2 expression is not altered, 
BAX protein expression evidently is decreased in the 
0.5% methanol exposed MCF-7 cell cultures [Figure 2b] 
compared to the untreated cells seen in Figure 2a. Figure 
2c shows the effect of DMSO on expression of BAX and 
BCL-2 in MCF-7 cells. BAX and BCL-2 were not altered 
in the 0.5% DMSO exposed MCF-7 cells compared to 
the untreated [Figure 2a]. These observations were 
confirmed by statistically analysing the mean fluorescence 
intensities of BAX and BCL-2 in the nuclei and cytoplasm 
between the untreated and the treated groups, (Graphical 
representation shown in Figure 3). There are no differences 
in fluorescence intensities of BAX and BCL-2 between 
MCF-7 cells exposed to growth medium alone and 0.5% 
DMSO. 0.5% methanol however significantly reduced the 
expression of BAX but not BCL-2 in MCF-7 cells [Figure 3].

BAX and BCL-2 mRNA expression in 0.5%DMSO 
and 0.5%methanol exposed MCF-7 cells
In the MCF-7 cells exposed to 0.5% DMSO, the differences 
in fold changes were not significantly (P < 0.05) different 

from the untreated controls for BAX and BCL-2 [Figure 4]. 
The cells exposed to 0.5% methanol demonstrated 
significant differences (P < 0.05) in fold changes when 
compared to the untreated controls for BAX but not for 
BCL-2 [Figure 4]. In the 0.5% methanol exposed cells, BAX 
was significantly down-regulated. This result agrees with 
the immunofluorescence results. 

DISCUSSION

Methanol and DMSO are widely used in in-vitro studies 
as carrier solvents for lipophilic chemicals.3,23 The 
concentration dependent cytotoxicity of these solvents 
in some cell lines has been previously reported, and the 
results suggest that not all cells respond in the same 
way to DMSO.4 Da Violante et al.,24 reported that DMSO 
concentration of 10% had no cytotoxic effects on Caco2/
TC7 cells whereas Qi et al.,4 showed that following a 24 h 
treatment, DMSO concentrations of 0.25% or less caused 
little or no damage to postnatal hair cells in cochlear 
organotypic cultures, but DMSO concentrations of 0.5% or 
higher are toxic to both hair cells in postnatal rat cochlear 
cultures. The reasons for these cellular differences in DMSO 
cytotoxicity remain unclear. Formate, the toxic metabolite 
of methanol inhibits the mitochondrial electron transport 
chain, but only in certain tissues, including the retina, 
optic nerve, and basal ganglia.25,26 Similar concentrations 
of formate in the heart and kidney produced no toxicity.

Figure 1: Effects of 0.5% Methanol and 0.5%DMSO on the percentage 
viability of breast cancer (MCF-7) cells. Cells were incubated with 
0.5% Methanol and 0.5% DMSO for 24. Graphs were plotted with 
mean + SEM percentage viability from a mean of three independent 
experiments. Groups not connected by the same letter are significantly 
different (P < 0.05)

Figure 2: Fluorescent micrographs of MCF-7 cells unexposed to either 
solvent (a) exposed to 0.5% Methanol (b) and 0.5% DMSO (c). D is 
negative control. BCL-2 was stained with monoclonal anti-BCL-2 and 
Goat Anti-Mouse IgG FITC conjugated (Upper Right Quadrant- showing 
the nuclear and cytoplasmic expression of the oncogene BCL-2). BAX 
was stained with polyclonal rabbit anti-BAX and Goat anti-Rabbit IgG 
Rhodamine conjugated (Lower Left quadrant- showing the nuclear 
and cytoplasmic expression of BAX). Nucleus was counterstained 
with DAPI (Upper left quadrant). The lower right quadrant shows the 
combined image. 2D shows fluorescent micrographs of MCF-7 cells 
unexposed to either solvent. Cells were incubated with the secondary 
antibodies but not the primary antibodies to reveal non-specific staining. 
The nucleus was counterstained with DAPI (Upper left quadrant). The 
lower right quadrant represents the combined image

a

c

b

d
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Much work has been published on the effects of DMSO 
on various parameters within cell biology, but not as 
much work has been done on the effects of methanol 
on cell biology. The effects of these solvents on anti 
and pro-apoptotic protein expression at recommended 
concentrations commonly used for toxicity tests are 
not well characterized. The present study shows that 
methanol and DMSO concentrations of 0.5% exhibited 
no cytotoxic effects on MCF-7 cells following a 24 hour 
exposure using the neutral red assay compared to 
negative controls. This result concurs with reports by 
Hollebeck et al.,9 that DMSO concentration up to 1% 
had no lethal effect on Caco-2 cells for up to 24 hours. 
However, immunofluorescence and mRNA expression 
results from this study showed that methanol but not 
DMSO reduced the expression of the pro-apoptotic 
BAX, while both solvents did not alter the expression 
of the BCL-2 oncoprotein. Hypothetically, BCL-2 over-
expression renders a survival advantage for cancer 
cells.27 This investigation reveals a reduction in the 
expression of the BAX mRNA and protein in methanol 
exposed cells which will cause an imbalance in the BCL-2 
versus BAX ratio in vitro. These results suggest that while 
methanol concentrations at 0.5% may be appropriate 
for toxicity studies in human breast cancer MCF-7 
cells, it may also confound the results of protein and 
mRNA expression experiments. This should therefore 
be taken into consideration when assessing the protein 
and mRNA expression effects of bioactive compounds 
requiring methanol as vehicle, in order to avoid miss-
interpretation of the results.
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