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Background: Dimethyl Sulfoxide (DMSO) is a solvent most broadly used as
a cryopreservative agent. Antitumor effects of DMSO is a recently recognized
phenomenon. In this study, cytotoxic effects of DMSO on human monocytes
and T leukemic cell lines has been investigated in vitro.

Methods: Human leukemic T cells (Molt-4 and Jurkat) and monocytes (U937
and THPI) were cultured in complete RPMI mediums. The cells at different
logarithmic growth phases were incubated with different concentrations of
DMSO (0.1, 0.2, 0.5, 1, 2 and 5%). Then viability and proliferative response of
leukemic cell lines was assessed by trypan blue dye exclusion (TB test) and MTT
assays, respectively.

Results: DMSO has a cytotoxic effect on the leukemic cells used in this study;
dose and time-dependently. This cytotoxicity for all of these leukemic cells
was shown at > 2% concentrations of the DMSO after 24, 48 and 72 hours’
incubation time. Moreover, there was not any significant difference between
DMSO cytotoxicity in these different leukemic cell lines.

Conclusion: All of the used leukemic cells showed sensitivity to DMSO at 22%
concentrations time dependently. This sensitivity significantly increased with
time. DMSO might be a cytotoxic agent for leukemic cells. It might be a useful
candidate in design of chemotherapeutic protocols for leukemia as well as other
cancers.
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Introduction

reported to potentiate toxic effect of cisplatin on

Dimethyl sulfoxide (DMSO) is a solvent broadly used as
a cryopreservative agent."> DMSO with various chemical
characteristics is an appropriate pharmacological carrier
for several drugs and materials.>* Moreover, antioxidant
and anti-inflammatory effects of DMSO have been
determined.>® The inhibitory effects of DMSO on
inflammatory cytokine production in autoimmune
arthritis have been proposed.” Meanwhile, antitumor
effects of DMSO have been shown in different studies.®
There are also some roles for DMSO in management of
pain in cancers.!! There are numerous reports of induction
of antitumor immunotherapy by DMSO-treatment."

On the other hand, pretreatment by DMSO has been

sensory hair cells.”® Furthermore, antitumor effects of
two ruthenium (II)-DMSO-chalcone complexes has
been described.!” Anticancer activities of two DMSO-
complexes have also been demonstrated." Tumor
suppressor gene activation, induction of apoptosis and
inhibition of the several cancer cells’ proliferation by
DMSO have also been shown.®!>!¢ Treatment of mouse
hepatocellular carcinoma cell line with 2% solution of
DMSO depressed proliferation and induced cell cycle
arrest with no notable apoptosis or reduced viability.”” It is
clear that enhancement of anti-inflammatory, antioxidant
and antineoplastic effects of several drugs and medicinal
plants is dependent on their delivery vehicles. DMSO as
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a polar solvent can dissolve numerous nonpolar and polar
tiny ingredients, enhances cell membrane permeability,
avoids free radical development and increases the
penetration of pharmaceutical mediators in antitumor
drugs through the cells.”

Moreover, epigenetic modifications by DMSO have also
been reported,'®" and the role of epigenetic variations in
cancer progress have been discovered.?*?! In the above
mentioned studies, different mechanisms of anti-cancer
properties of DMSO such as induction of leukemic
cell differentiation, tumor suppressor genes activation,
apoptosis induction, inhibition of the various neoplasms
proliferation and increase in penetration of pharmaceutical
agents have been explored.”>” Considering the modulatory
epigenetic anti-tumor properties of DMSO and its
complexes, in the current study the cytotoxic effects
of DMSO on human monocytic and T leukemic cells
has been investigated in vitro to find out if anti-cancer
effects of DMSO might be somewhat due to its direct
cell cytotoxicity.

Materials and Methods
Reagents

RPMI-1640 medium, penicillin, streptomycin, dimethyl
sulfoxide (DMSO) and trypan blue (TB) were purchased
from Sigma (USA). Fetal calf serum (FCS) was obtained
from Gibco (USA) and MTT (3-[4, 5-dimethyl thiazol-2,
5-diphenyltetrazoliumbromide]) kit was purchased from
Invitrogen (USA). Microtiter plates, flasks and tubes were
purchased from Nunc (Falcon, USA).

Preparation of DMSO

DMSO was dissolved in RPMI-1640 medium and stored
at -20°C until use. DMSO was diluted in culture medium
to prepare appropriate concentrations before use.

Cell Lines

Human leukemic T cells [Molt-4 (NCBI C149) and Jurkat
(NCBI C121)] and monocytes [U937 (NCBI C130)] and
THP1 (NCBI C563) were obtained from NCBI (National
Cell Bank of Iran, Pasteur Inst. of Iran, Tehran). The cells
were maintained in RPMI-1640 medium supplemented
with 10% FCS in 5% CO2 at 37°C.

Cell Culture and Treatment

Human leukemic and mouse fibrosarcoma cells were
cultured in RPMI-1640 medium supplemented with 10%
FCS, penicillin (100 IU/ml) and streptomycin (100 pg/ml)
at 37°C in 5% CO2. The cells were seeded at a density
of 2x10 “ cell/well and then incubated with different
concentrations of DMSO (0.1, 0.2, 0.5, 1, 2 and 5%) for 24,
48 and 72 hours. All experiments were done in triplicate.

Cell Proliferation Assay

To evaluate the effect of different concentrations of
DMSO on viability of leukemic cell lines, we used trypan
blue dye exclusion (TB test)??> and MTT assay.”

Trypan Blue Dye Exclusion Test
Principle of trypan blue dye exclusion test is exclusion

of dye by viable cells and taking it up by dead cells.
Viability is evaluated by direct counting of viable and
dead cells. Percentage of the number of viable cells to the
total number of cells is considered as viability percentage.

MTT Assay

In MTT test, the conversion of yellow water soluble
MTT to a blue-insoluble formazon was assessed according
to the method developed by Mosmann.? At the end of
incubation time, the medium was replaced with 100 pl of
fresh medium. The amount of 10 pl of MTT solution (5
mg/ ml in PBS) was then added to each well and incubated
at 37°C for 4 hours. Then, 100 pl of the SDS-HCI solution
(100 mg SDS was dissolved in 1 ml HCI) was added to
each well and incubated at 37°C for 4 hours. The insoluble
formazon derivative was dissolved and absorbance at 570
nm was measured using a microplate reader (Awarness
Technology INC). The results were expressed as cell
numbers per control.

Statistical Analysis

Effect of the DMSO on each cell line was performed in
three independent experiments (n=3) and the results were
expressed as mean+SD. Statistical comparisons between
groups were made by analysis of variance (ANOVA).
P<0.05 was considered significant. Test of multiple
comparison of Tukey was applied (5%) for statistically
significant differences. For statistical analysis and graph
making the software SPSS-16.0 and Excel 2003 were
used respectively.

Results

Cytotoxic effect of DMSO on human leukemic THP]I,
U937, Jurkat and Molt-4 cells and mouse fibrosarcoma
Wehi 164 cells in different concentrations and time
intervals are illustrated in figures 1 to 4. In every figure,
“A and B” indicate the results of trypan blue dye exclusion
and MTT tests, respectively.

Cytotoxic Effect of DMSO on Human Leukemic THPI
Cells

DMSO significantly decreased proliferative response of
human leukemic THPI cells in both staining techniques
in all time intervals dose-dependently (P<0.05, figures
1A and B). As shown, DMSO significantly diminished
the proliferation of THP-1 cells at >2% after 24 hours
incubation compared with untreated control cells
(P<0.05). DMSO cytotoxicity at >2 % concentration,
significantly increased with time in this order: 72h
>48>24 h in THP-1 cells (P<0.05, figure 1).

Cytotoxic Effect of DMSO on Human Leukemic U937
Cells

According to the results depicted in figure 2A and 2B,
DMSO significantly reduced proliferation of human
leukemic U937 cells in both staining methods in all
time intervals in a dose dependent manner (P<0.05).
The results displayed in figure 2(A and B) showed that
DMSO significantly decreased the proliferation of U937
cells at >2 % after 24 hours’ incubation in comparison
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Figure 1: Effect of DMSO on proliferation of human leukemic THPI cells (A) and (B). The THPI cells (2x10* cell/well) were
treated with different concentrations of DMSO (0.1, 0.2, 0.5, 1, 2 and 5%) for 24, 48 and 72 hours. The results are presented as % of
viability demonstrated by trypan blue dye exclusion (TB) test (A) and cell number/control demonstrated by MTT assay (B). Data are
mean+SEM of three independent experiments. ¥*P<0.05 was considered significant
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Figure 2: Effect of DMSO on proliferation of human leukemic U937 cells (A) and (B). The U937 cells (2x10* cell/well) were treated
with different concentrations of DMSO (0.1, 0.2, 0.5, 1, 2 and 5%) for 24, 48 and 72 hours. The results are presented as % of viability
demonstrated by trypan blue dye exclusion (TB) test (A) and cell number/control demonstrated by MTT assay (B). Data are mean+=SEM
of three independent experiments. *P<0.05 was considered significant

with untreated control cells (P<0.05).

DMSO cytotoxic effect at >2 % concentration,
significantly augmented with time in this order:
72h>48h>24 h in U937 cells (P<0.05, figure 2).

Cytotoxic Effect of DMSO on Human Leukemic Jurkat
Cells

DMSO significantly decreased proliferation of human
leukemic Jurkat cells in every staining method in all time
intervals dose-dependently (P<0.05, figure 3A and 3B). As
shown, DMSO considerably diminished the proliferation
of Jurkat cells at >2% after 24 hours incubation compared
with untreated control cells (P<0.05). DMSO cell
cytotoxicity at >2% concentration, significantly increased
with time in this arrangement: 72h>48h>24 h in Jurkat
cells (P<0.05, figure 3).

Cytotoxic Effect of DMSO on Human Leukemic Molt-4
Cells

DMSO significantly diminished proliferative response
of human leukemic Molt-4 cells by both staining methods
in all time intervals in a concentration-dependent manner
(P<0.05, figure 4A and 4B). The results exhibited that
DMSO significantly decreased the proliferation of Molt-
4 cells at >2% after 24 hours’ incubation compared with
untreated control cells (P<0.05). DMSO cytotoxic effect
at >2% concentration, significantly increased with time in
this order: 72h>48h>24 h in Molt-4 cells (P<0.05, figure 4).

Discussion

In the present study, the effects of DMSO on proliferation
of four human leukemic cell lines were evaluated. The
results of this study showed that DMSO has a cytotoxic
effect on the leukemic cells used in this study; dose
and time-dependently. This cytotoxicity for all of these
leukemic cells was shown at >2% concentrations of
the DMSO after 24, 48 and 72 hours’ incubation time.
Moreover, there was not any significant difference
between DMSO cytotoxicity in these different leukemic
cell lines.

Justo and colleagues reported that DMSO had not any
significant effect on proliferation of mouse peritoneal
macrophages at>0.1%.!” Similarly; in our study, DMSO
did not show any cytotoxicity at 0.1% concentration on
proliferation of leukemic cells. We also demonstrated
that DMSO has no significant cytotoxicity on human
leukemic cell lines at <2% concentration; however,
Justo and co-workers had not studied the DMSO effect
at >0.1% concentrations.”” Furthermore, the decrease
of clonogenic ability in some normal and leukemic
cells by DMSO at >2% concentration has been shown
in vitro.** Elisia and co-workers showed that DMSO
significantly reduced monocyte viability at 2%
concentration.” However, Elisia and colleagues used
normal cells, but we assessed DMSO cytotoxicity effect
on leukemic cell lines. DMSO cytotoxicity at less than
10% concentration has also been reported in vivo.?
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Figure 3: Effect of DMSO on proliferation of human leukemic Jurkat cells (A) and (B). The Jurkat cells (2x10* cell/well) were treated
with different concentrations of DMSO (0.1, 0.2, 0.5, 1, 2 and 5%) for 24, 48 and 72 hours. The results are presented as % of viability
demonstrated by trypan blue dye exclusion (TB) test (A) and cell number/control demonstrated by MTT assay (B). Data are presented
as mean+SEM of three independent experiments. P<0.05 was considered significant
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Figure 4: Effect of DMSO on proliferation of human leukemic Molt-4 cells (A) and (B). The Molt-4 cells (2x10* cell/well) were
treated with different concentrations of DMSO (0.1, 0.2, 0.5, 1, 2 and 5%) for 24, 48 and 72 hours. The results are presented as % of
viability demonstrated by trypan blue dye exclusion (TB) test (A) and cell number/control demonstrated by MTT assay (B). Data are
presented as mean+SEM of three independent experiments. P<0.05 was considered significant

Antioxidant and anti-inflammatory properties of DMSO
and inhibitory effects of DMSO on inflammatory
cytokine secretion in autoimmune arthritis have also
been shown.>’ As the monocytes and T-cells play a key
role in inflammation,?® the anti-inflammatory effects
of DMSO may be partly due to its cytotoxic effects on
these cells as was shown in our study. Additionally,
there are numerous reports of antitumor effects of
DMSO and induction of antitumor immunotherapy by
DMSO.31%12 The antitumor effects of DMSO might be
in part owing to its direct cytotoxic effects on neoplastic
cells as we showed in present study.

On the other hand, pretreatment by DMSO potentiated
the toxic effect of cisplatin on sensory hair cells.?
Furthermore, antitumor effects of two ruthenium (II)-
DMSO-chalcone complexes has been described.!* The
augmentation of antitumor effects of some anticancer
drugs by DMSO may probably result form its cytotoxic
effects which acts synergistically in cancer therapy.

Consistent to our results, treatment of mouse
hepatocellular carcinoma cell line with 2% DMSO,
depressed cell proliferation.!? However, in contrast to our
study, there was no reduced cell viability.'? The difference
between our results and the mentioned study may be due
to the type and number of the cells and the methods used
for the assessment of cell viability. Jiang and colleagues

used 1x10°, 1x10* and 1x10° mouse hepatocellular
carcinoma cell/well and used CCK-8 reagent to screen
cell viability, while we used 2x10* cell/well of human
leukemic cells and used trypan blue dye exclusion test
for assessment of cell viability.

In our study, all of the used leukemic cell lines
showed time-dependent sensitivity to DMSO at >2%
concentrations. Taken together our findings suggest that
DMSO might be a cytotoxic agent for leukemic cells.
According to the results of the present study, DMSO
might be a useful candidate in design of chemotherapeutic
protocols for leukemia as well as other cancers.

However, additional studies such as evaluation of DMSO
toxicity on normal and other tumor cells are required
for further conclusions. As DMSO is commonly used
as a solvent, it is noteworthy to investigate its toxicity
on different cells at lower concentrations especially
between 1% and 2% in various time intervals in-vitro to
prevent inaccuracy in evaluating the characteristics (such
as cytotoxicity) of other drugs/ agents which have been
dissolved in DMSO.

Conclusion

DMSO shows cytotoxic effects on leukemic cells and
might be a useful candidate in design of chemotherapeutic
approaches for leukemia as well as other cancers.
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