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CONSIDERING DIMETHYL SULFOXIDE
SOLVENT TOXICITY TO MAMMALIAN
CELLS AND ITS BIOLOGICAL EFFECTS

Dimethyl sulfoxide (DMSO) is a common solvent in biological and medical research for dissolving water-insoluble
compounds and drugs. However, the impact of DMSO goes beyond its primary function. High-throughput and in vitro
assays have uncovered various effects of DMSO in mammalian cells. The present article highlights the biological effects
of DMSO on normal and cancerous mammalian cells.
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Dimethyl sulfoxide (DMSO) is an amphipathic
organic compound that has been widely used for
the dissolution of polar and nonpolar agents.
DMSO is a proficient solvent or vehicle with water-
mixability, hydrophobic barrier crossing, and en-
hanced lipid membrane permeability [1, 2]. On top
of that, DMSO is commonly used as an intracellu-
lar cryoprotectant for mammalian cells.

DMSO is regarded as relatively low-toxic in cell
culture applications. It is thought to be non-cyto-
toxic to both normal and cancerous mammalian
cells at concentrations of less than or equal to 0.1%.
Exposure levels up to 1.0% are considered accept-
able if there is no discernible impact on cell mor-
phology and proliferation patterns relative to the
control group. Notably, evidence from the literature

reveals that multiple cell types are susceptible
to DMSO-induced cytotoxicity to varying degrees
[3—16].

In most cases, cytotoxicity involves mitotic arrest
and cell death execution via necrosis (accidental
cell death) or apoptosis (programmed cell death).
A decrease in the number of viable cells is concen-
tration- and time-dependent. For example, in hu-
man embryonic stem cell-derived embryoid bodies
(hEBs) and human foreskin-derived mesenchymal
stem cells (HF-MSCs), the decrease in cell viability
is accompanied by an increase in cell death fol-
lowing exposure to DMSO (0.01%, 0.1%, and
1.0%/24—48 h) [7]. The viability of goat skin fibro-
blasts was unaffected at 0.01% and 0.1% DMSO for
96 h, but none survived at 5.0%, 7.0%, and 9.0% [8].
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Conversely, surviving human peripheral blood
mononuclear cells (PBMCs) and adult human der-
mal fibroblasts (HDFa) were observed with 5.0%
DMSO over 120 and 168 h, respectively [4, 6].
Besides, DMSO exhibited no toxicity to human
PBMC:s at concentrations up to 10.0% but only for
a short exposure (1 h) [14]. Table 1 shows the cyto-
toxic effects of DMSO on various mammalian
cell types.

Moreover, DMSO impacts mammalian cell phy-
siology in numerous ways. Explicitly, exposure
to DMSO (0.05%/2—5 h) induced changes in the

intrinsic excitability of mice-derived neurons,
resulting in a decrease in the action potential out-
put [9]. T-cells are functionally affected by DMSO
in a concentration- and time-dependent manner
[14]. Besides, DMSO (1.0% and 5.0%/24 h) dimi-
nished the levels of protein expression for gluta-
mate transporter 1 and glutamate-aspartate trans-
porter in mouse cortical astrocytes [12]. In hEBs,
the mRNA expression of markers associated with
differentiation toward ectoderm, such as nestin,
neuron-specific class III beta-tubulin, neurofila-
ment heavy polypeptide, and keratin 15, was down-

DMSO-induced cytotoxicity in mammalian cells

Type Duration (h) DMSO (%) Significance Reference
Normal cells
Human lymphocytes 120 0.5,1.0,and 2.0 | Cell proliferation [4]
3T3-L1 mouse adipocytes 1 0.1, 1.0, 10.0, Cell proliferation, [5]
and 100.0 oxidative stress,
apoptosis, necrosis
HDFa 24,48, and 168 | 2.0, 3.0, and 5.0 Cell proliferation [6]
hEBs and HF-MSCs 24—48 0.01,0.1,and 1.0 | Cell proliferation, [7]
differentiation,
and deatht
Goat skin fibroblasts 96 0.5,1.0,and 3.0 Cell proliferation [8]
EA hy926 human umbilical vein endo- 120 0.2,0.4,and 0.6 | Cell proliferation, [11]
thelial cells¥ apoptosis
Mouse cortical astrocytes 24 1.0 and 5.0 Cell proliferation, [12]
oxidative stress,
apoptosis
Human PBMCs 168 0.2,0.5,2.0,2.5, | Cell proliferation [14]
3.0, and 5.0 and deatht
Cancer cells
Caco-2/TC7 human colon adenocarci- 2 20.0, 50.0, Cell proliferation [3]
noma cells and 100.0 and death’
CL1-5 human lung adenocarcinoma cells | 48,72,and 96 | 0.1, 1.0, and 2.0* | Cell proliferation [10]
Human glioblastoma cells 48 and 96 0.001, 0.01, 0.1, Cell proliferation [13]
1.0, and 10.0
Jurkat, Molt-4, U937, and THP1 human 24,48, and 72 | 2.0and 5.0 Cell proliferation [15]
leukemic cells
Normal/Cancer cells
RAW-264.7 mouse macrophage cells, hu- | 24 0.1,0.5, 1.0, 1.5, | Cell proliferation [16]
man umbilical vein endothelial cells, and 2.0, 3.0, and 5.0
MCF-7 human breast cancer cells
Human normal fibroblasts and MDA- 24 2.0 Cell proliferation [17]
MB-231 human breast cancer cells#

Note: "The mode of cell death is not specified; $G0/G1 cell cycle arrest upon 24 h exposure; *DMSO (2.0%) also inhib-

its CL1-5 cell proliferation upon 24 h exposure.
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regulated and unchanged in response to DMSO
(1.0%/24—48 h) and (0.01% and 0.1%/24—48 h),
respectively. On the other hand, DMSO (0.1% and
1.0%/24—48 h) diminished the mRNA levels of the
stem cell marker NANOG [7]. Likewise, NANOG
mRNA expression in induced human pluripotent
stem cells markedly decreased after 24 h of expo-
sure to 1.0% or 2.0% DMSO [17]. Notably, DMSO
(0.1%/2—336 h) induced transcriptomic and pro-
teomic changes in human cardiac and hepatic 3D
microtissues (MTs) models [18]. In the study,
approximately 60.7% and 62.9% of differentially
expressed genes (DEGs) were downregulated in
cardiac and hepatic MTs, respectively. DMSO
(0.05%) also induced DEGs in HDFa, with more
than 87.0% of genes upregulated upon 1 hand 24 h
of exposure, while 58.0% and 42.0% of genes were
up- and downregulated for 48 h, respectively [6].

In the Caco-2/TC7 monolayers, DMSO (2.0%,
4.0%, and 10.0%/2 h) did not induce cytotoxicity
[3]. The primary glioblastoma stem-like cells,
on the other hand, showed limited sensitivity
to DMSO ranging from 0.001% to 1.0%, with
no concentration- or time-dependent effects.
However, a pronounced sensitivity was observed
at 10.0%, with a comparable decrease in cell viabili-
ty over 48 and 96 h [13]. Noticeably, DMSO inhib-
ited the migration and invasion of CL1-5 lung can-
cer cells in a concentration- and time-dependent
fashion, which was accompanied by an increase
in the mRNA and protein expression levels of the
tumor-suppressor human liver DnaJ-like protein
(HLJ1) [10]. Furthermore, lower concentrations
of DMSO (<0.1%) enhanced the HLJ1 protein le-
vels in the human lung cancer cell lines A549 and
H1299, while pretreatment of CL1-5 cells with
1.0% and 2.0% DMSO for 24 h enhanced ultravio-
let-induced apoptosis.

Notably, DMSO may counteract the effects
of dissolved agents. For example, cisplatin in
DMSO (10.0 mM) lost cytotoxicity against DLD-1
human colon cancer cells [19]. DMSO aqueous
solutions (25.0% and 50.0%, v/v) also abrogated
cisplatin cytotoxicity in the MDA-MB-231 breast
cancer cells [17]. Rahul et al. [20] delineated that
DMSO (0.1% and 0.3%) suppressed cisplatin cyto-
toxicity in the K562 human chronic myeloid leuke-
mia cells. Furthermore, cisplatin dissolved in
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DMSO decreased in vitro cytotoxicity and in vivo
nephrotoxicity due to the formation of cisplatin-
DMSO adduct [21]. On the other hand, DMSO
(0.5%) potentiated the cytotoxicity of cisplatin
in zebrafish sensory hair cells [22].

In a nutshell, the diverse effects of DMSO on
mammalian cells challenge the perception of the
solvent as biologically and pharmacologically inert.
In considering whether it is normal or cancerous,
both types of cells are susceptible to transcrip-
tional-level responses. At its core, one possible way
by which DMSO affects the cells is through its abili-
ty to modulate the membrane structure and func-
tion. These effects may contribute to the alterations
in the intracellular signaling and pathways, trans-
port processes, and, in turn, impact cellular be-
haviors, including differentiation, proliferation,
and survival. In the context of cell toxicity, its mo-
lecular modes of action may be mediated by com-
mon mechanisms. For instance, treatment with
DMSO induces mitochondrial damage, leading
to the accumulation of reactive oxygen species
and initiation of pathways to cell death through
apoptosis, necrosis, and/or other modes (e.g., auto-
phagy). This ultimately results in a diminution
in cell viability. To some extent, the diminished cell
viability does not necessarily indicate cell death but
rather may result from inhibited cell proliferation
and metabolism. All in all, different cell types may
exhibit varying degrees of adaptation in the pre-
sence of DMSO, depending on the concentration
and duration. Henceforth, for greater confidence
and precision, one must incorporate the final con-
centration of DMSO in all assays.
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! Bingin Heitpo6ionorii, MegudaHmit GpaKybrer,
mep>xaBHUIT yHiBepcuteT Manaiisii, Ky6aur Kepian Kenantan, Maraitsis
2 1leHTp BOCTIiKEHD TEHOMY JIIOANHY, MEANYHWIL (PaKy/IbTET,
mep>xaBHUII yHiBepcuteT Manaiisii, Ky6aur Kepian Kenantan, Maraitsisa
3 YHiBepCUTETCHKMIL TOCTIITAIb, IEP>KaBHNIIT yHiBepcuTeT Maaiisii,
Ky6anr Kepian Kenanran, Maaiisia

JO IIMTAHHA ITPO TOKCUYHICTD IVIMETWJICYIbOOKCUY
TJIA KIITUH CCABIIIB TA PEAKIIIT KIITVH HA HBOTO

Iumetuncynsdokcnp (IMCO) € 3ara/bHOIPUIHATHUM POSUNHHUKOM [/Is1 HEPO3UMHHUX Y BOMI PEYOBMH Ta JIKiB
Ipy [IpOBefeHHI MeAMYHMX Ta biomorivnmx mocmimkens. OpHak IMCO cnpuunHOE pi3HOMAHITHMIT BIIMB HA KIIi-
TYHH, IO BUSIB/IEHO B 6araTboX JOCIIKeHHsX in vitro. bionorivyni edpextrt IMCO B HOpManbHMX Ta TpaHCOpMOBa-
HUX KJIITMHAX CTVUCIO PO3I/IAHYTO B CTATTi.

KmrouoBi cnoBa: pumerwicynb@oKcuy, KITUHNA CCaBLiB, HUTOTOKCUYHI edekrty, Oionoriyni 3MiHU, MONEKyIApHi
3MiHU, peaKil KIiTuH.
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