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ABSTRACT

Dimethyl sulfoxide (DMSO) is widely used as an industrial solvent and for a variety of medical purposes. Reports
of the toxicity of DMSO to living organisms vary. The plants Lepidium sativum L. and Raphanus raphanistrum subsp.
sativus (L.) Domin. are widely used in the biotesting of toxicants. Currently, there is no information on the phytotoxicity
of aqueous solutions of DMSO for these test plants, which determined the aim of this study.

Methodology. Phytotoxicity of aqueous DMSO solutions was assessed using a growth test. The following plants
were used as test plants: 1) seed radish (R. raphanistrum subsp. sativus) of the French breakfast variety, 10 seeds of which
were placed in a Petri dish on filter paper moistened with distilled water (control) or 0.5 %, 1.0 %, 5.0 %, 10.0 %, 25.0 %
or 45.0 % aqueous solution of DMSO (experiment); 2) watercress (L. sativum) of the Aphrodite variety, 10 seeds of which
were placed in a Petri dish on filter paper moistened with distilled water (control) or a 0.025 %, 0.05 % or 0.1 % aqueous
solution DMSO (experiment). The research was carried out in triplicate for 6 days (radish) and 5 days (watercress),
during which the energy of seed germination of test plants (%) was determined on the 3rd day, on the 6th day (radish)
and on the 5th day (watercress) - seed germination (%) and biometric and morphometric indicators of test plant
seedlings (root and aerial part length, mm).

Scientific novelty. In a growth test with R. raphanistrum subsp. sativus showed extreme phytotoxicity for 5.0-45.0 %
aqueous DMSO solutions and no phytotoxicity for 0.025-1.0 % aqueous DMSO solutions in a growth test with L. sativum
and R. raphanistrum subsp. sativus.

Conclusions. Aqueous solutions of DMSO in concentrations of 0.025-1.0 % did not show phytotoxic properties
according to the growth test with L. sativum and R. raphanistrum subsp. sativus, in contrast to 5.0-45.0 % solutions, which
showed extreme phytotoxicity according to the growth test with R. raphanistrum subsp. sativus. The obtained results
indicate that this substance will not inhibit plant growth at concentrations found in wastewater (0.05-0.08 %).

Key words: biotesting, dimethyl sulfoxide, growth test, toxicity, Lepidium sativum, Raphanus raphanistrum subsp.
sativus

AHOTAIIA

Jumetuncynbdokcuy (AMCO) mmpoko BUKOPHUCTOBYETHCS SIK MPOMHUCIOBUH PO3YMHHUK i [T PI3HOMaHITHUX
MenuyHUx Lined. [loBifomyeHHs1 mofo0 TokcuuHocTi JIMCO jaJis KUBUX OpraHiamiB pisHATbcS. Y 6ioTecTyBaHHI
TOKCUKAHTIB IIMPOKO BUKOPHUCTOBYIOThCS pOCauHU Lepidium sativum L. Ta Raphanus raphanistrum subsp. sativus (L.)
Domin. Hapasi BifomocTi mozgo ¢iToTokcuuHocTi BogHux po3unHiB JAMCO 3a [UMHU TeCT-pOCAMHAMU BificyTHI, 1m0 U
3YMOBUJIO METY JJaHOI pOGOTH.

MeTomoJiorist. OniHKy GiTOTOKCHYHOCTI BOAHUX po3uunHiB JIMCO 3xilicHIOBa/JM 32 POCTOBUM TECTOM. {IK TecT-
poCaIMHYU BUKOpUCTaHO: 1) peabKy nociBHY (R. raphanistrum subsp. sativus) copTy ®paHIy3bKUH CHiZJaHOK, HACiHHSA K01
y KinbkocTi 10 mtyk po3mingyBanu y yamui [letpi Ha inbTpyBasbHOMY nanepi, 3MOUeHOMY JHUCTUIBOBAHOI BOJOI0
(konTpOJB) 260 0,5 %, 1,0 %, 5,0 %, 10,0 %, 25,0 % ab6o 45,0 %-HuM BogHUM po3uuHoM JAMCO (mocuifg); 2) Kkpec-canaT
(L. sativum) copty AdpoauTa, HaciHHSA sIKOTO y KisibKocTi 10 mTyk po3mimyBanu y yamui [leTpi Ha ¢inbTpyBasibHOMY
narnepi, 3Mo4YeHOMY JHUCTHUJILOBAHOI BOZOI0 (KOHTPOJIb) a6o 0,025 %, 0,05 % a6o 0,1 %-HuM BogHUM po3ynHoM [JMCO
(mocnin). locaimxeHHs 3/ilicCHIOBaIN y NOTPiHIN noBTopHOCTI 6 Ai6 (peAbka) Ta 5 Ai6 (Kpec-canaT), IPOTArOM SKUX
Ha 3-10 06y BU3HAYa/IM €eHeprilo MpopocTaHHs HACiHHA TecT-pocauH (%), Ha 6-y no6y (penpka) Ta 5-y 106y (kpec-
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cajlaT) — CXOXicTb HaciHHA (%) Ta 6ioMeTpuKO-MOpPOMETPHUYHI MOKA3HUKH MPOPOCTKIB TECT-POCAUH (JOBXUHY
KOpiHHS Ta HAa/I3eMHOI YaCTHHH, MM).

HaykoBa HOBH3HaA. Y pocToBOoMy TecTi 3 R. raphanistrum subsp. sativus nokasaHo eKcTpeMaJsbHy ¢iTo-
TOKCHUYHICTb Aas 5,0-45,0 %-Hux BoaHUxX po34yuHiB JIMCO Ta BiacyTHicTh ¢iToTokcuunocTi gus 0,025-1,0 %-Hux
BoAHUX po3uuHiB IMCO y pocToBOoMy TecTi 3 L. sativum Ta R. raphanistrum subsp. sativus.

BucHoBKM. BosiHi po3unnu IMCO y koHueHTpanisx 0,025-1,0 % He npossBUIM QiTOTOKCUYHUX BJIaCTUBOCTEH 3a
pocToBuM TecTtoM 3 L. sativum Ta R. raphanistrum subsp. sativus Ha BiaMiHy Biz 5,0-45,0 %-HUX PO34MHIB, IKi IPOSIBUIU
eKcTpeMasibHy (IiTOTOKCHYHICTH 3a pPOCTOBUM TecTOM 3 R. raphanistrum subsp. sativus. OTpuMaHi pe3yJbTaTu
BKa3yIOTh, [0 JJaHA peYOBHHA He rajJibMyBaTUMe PiCT POCIMH 3a KOHLEHTpalil, BUsABJeHUX y cTiuHUX Bozax (0,05-
0,08 %).

Kinwo4oBi cioBa: 6GioTecTyBaHHS, AUMETHJICYJAbGOKCH, POCTOBUN TECT, TOKCHUYHICTb, Lepidium sativum,
Raphanus raphanistrum subsp. sativus

(Pidkopaylo and Korzh, 2009; Atamaleki et al.,
_ _ _ _ 2021; Araniti etal,, 2022; Daniel et al., 2022) are

Dimethyl sulfoxide (DMSO) is widely used  widely used in the biotesting of toxicants.
as an industrial solvent and for a variety of Currently, there is no information on the
medical purposes (Hatton et al, 1994;  phytotoxicity of aqueous solutions of DMSO for

Makashova et al, 2017; Volkova et al., 2019). these test plants, which determined the aim of
DMSO is a commercially produced dipolar this work.

aprotic solvent. It is also a naturally occurring
substance and is apparently part of the complex
sulfur cycle on Earth (Gaylord Chemical Growth test
Company, L.L.C,, n.d.). Phytotoxicity of aqueous DMSO solutions
DMSO occurs naturally in marine and was assessed using a growth test (Tkachuketal,,
freshwater environments, soil, rainwater, and 2022). The following plants were used as test
the atmosphere, as well as in a variety of  plants: 1) seed radish (R. raphanistrum subsp.
beverages and foods (Gaylord Chemical sativus) of the French breakfast variety, 10 seeds
Company, L.L.C,, n.d.; Hatton et al,, 1994). DMSO of which were placed in a Petri dish on filter
has often been detected in industrial waste- paper moistened with distilled water (control)
water from processes in the manufacture of or 0.5%, 1%, 5 %, 10 %, 25 % or 45 % aqueous
semiconductors or liquid crystal displays in solution of DMSO (experiment); 2) watercress
concentrations 500-800 mg/L (Zhang et al, (L. sativum) of the Aphrodite variety, 10 seeds of
2016). which were placed in a Petri dish on filter paper
Reports of the toxicity of DMSO to living moistened with distilled water (control) or
organisms vary. There are publications that 0.025%, 0.05% or 0.1 % aqueous solution
note the low acute and chronic toxicity of DMSO DMSO (experiment). The research was carried
for animals, plants and aquatic organisms, as out in triplicate for 6 days (radish) and 5 days
well as the absence of carcinogenic properties, (watercress), during which the energy of seed
which led to its use as a neutral solvent in Ames germination of test plants (%) was determined
mutagenicity tests (Gaylord Chemical Company, on the 3rd day, on the 6th day (radish) and on
L.L.C, n.d.). However, there are publications that the 5th day (watercress) - seed germination
note the toxic properties of DMSO (Gallardo- (%) and biometric and morphometric indica-
Villagran et al,, 2022), in particular, phytotoxic tors of test plant seedlings (root and aerial part
ones (Erdman and Hsieh, 1969; Zhang et al,, length, mm).
2016). Thus, it was noted that a DMSO

Introduction

Materials and methods

. . : Phytotoxic indices
concentration of more than 0.1 % is toxic to
plant (Erdman and Hsieh, 1969). Lepidium Phytotoxic indexes were calculated - seed
sativum L. (Liwarska-Bizukojc and Urbaniak,  germination index (SGI) and root length index

2007; Pavel etal.,, 2013; Galli etal., 2019; Bozym, (RLI) according to previously given formulas
2020; Martinez Barroso and Vaverkova, 2020; (Bagur-Gonzalez et al., 2011; Tkachuk and Zelena,
Radlinska et al., 2020; Tkachuk and Okulovych, 2022).

2021; Tkachuk et al, 2022) and Raphanus

raphanistrum subsp. sativus (L.) Domin. plants
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A toxicity scale was used (Bagur-Gonzalez
etal,, 2011):

-0.25 < SGI or RLI < 0 - slight toxicity;

-0.5 < SGI or RLI < -0.25 - moderate toxicity;
-0.75 < SGI or RLI < -0.5 - high toxicity;

-1 < SGI or RLI < -0.75 - extreme toxicity.

Statistical processing of results

When processing the research results,
statistical data processing methods were used.
The arithmetic mean, the error of the arithmetic

Control (radish)

10.0 %

mean, the reliability of the differences of the
arithmetic means were determined as
described (Tkachuk and Zelena, 2023).

Results and Discussion

Phytotest with R. raphanistrum subsp. sativus

The results of the study of phytotoxicity of
0.5-45.0 % aqueous solutions of DMSO accor-
ding to the growth test with R. raphanistrum
subsp. sativus is presented in Fig. 1-5.

25.0 %

45.0 %
Fig. 1. Radish seedlings (6th day) growing on the tested DMSO solutions
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Fig. 2. Germination energy of radish seeds under the influence
of different concentrations of DMSO
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Fig. 3. Germination of radish seeds under the influence of different concentrations of DMSO
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Fig. 4. Root length of radish seedlings under the influence of different concentrations of DMSO
Note: * — the difference is statistically significant compared to the control (p < 0.05)
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Fig. 5. The length of the above-ground part of radish seedlings under the influence
of different concentrations of DMSO
Note: * — the difference is statistically significant compared to the control (p < 0.05)
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[t was established that under the influence
of DMSO at 0.5 %, 1.0 %, and 5.0 % concent-
ration, germination energy and seed germina-
tion were at the same level as the control, no
statistically significant difference in these
indicators was noted (Fig. 2-3). The length of
the roots and the aerial part of the radish
seedlings under the influence of 0.5 % and 1.0 %
DMSO solutions were at the same level as the
control, no statistically significant difference
was noted (Fig. 4-5). However, the 5.0 % DMSO
solution significantly reduced the length of the
roots and the above-ground part of radish
seedlings compared to the control - by 14 times
and 8 times, respectively (Fig.4-5). The
calculated phytotoxic indices were: SGI-0.1;
RLI-0.9. According to the phytotoxic root length
index (RLI), a 5.0% solution of DMSO is
extremely toxic.

Also, extremely toxic according to the
growth test with R. raphanistrum subsp. sativus
were DMSO solutions with concentrations of
10.0 %, 25.0 % and 45.0 % (Fig. 1). Thus, under
the influence of a 45.0 % aqueous solution of
DMSO, the seeds of the test plant did not
germinate. At a 25.0 % concentration of DMSO,
the energy of seed germination was 3.3 %, seed
germination was 10.0 %, and the root length of
seedlings was 1 mm (110 times less than in the

Control
0.1 %

(watercress)

control). At a concentration of 10.0 %, DMSO
also affected all tested radish functions:
germination energy and seed germination were
10.0 %, root length was 1.3 mm (85 times less
than in the control). It was noted that under the
action of 10.0-45.0 % concentrations of DMSO
solutions, the aerial part of radish seedlings did
not develop. Our results confirm the previously
obtained results of complete inhibition of seed
germination of kidney beans, peas, barley and
rye under the influence of DMSO concentrations
10.0 % or more, and an insignificant effect of
5 % concentrations or less (Erdman and Hsieh,
1969).

Phytotest with L. sativum

Since high concentrations of DMSO were
found to be extremely toxic and considering that
the concentration of DMSO in wastewater is
from 0.05 % to 0.08 % (Zhang et al., 2016), the
phytotoxicity of 0.025-0.1 % aqueous solutions
of DMSO was investigated by growth test with
L. sativum. L. sativum was chosen as the test
plant because it is used for the bioassay of a
large number of toxicants. The results of the
study of phytotoxicity of 0.025-0.1 % aqueous
solutions of DMSO according to the growth test
with L. sativum are presented in Fig. 6-10.

0.05 % 0.025 %

Fig. 6. Watercress seedlings (5th day) growing
on the tested DMSO solutions
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Fig. 7. Root length of watercress seedlings under the influence of different concentrations of DMSO

Note: * — the difference is statistically significant compared to the control (p < 0.05)
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Fig. 8. The length of the above-ground part of watercress seedlings under the influence
of different concentrations of DMSO
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Fig. 9. Germination energy of watercress seeds under the influence
of different concentrations of DMSO

56



Biota. Human. Technology. 2024. No 3

Electronic edition

100

90
80
70
60
50
40
30
20
10

Germination. %

@ Control

B DMSO 0.025%
CODMSO 0.05%
ODMSO 0.1%

Fig. 10. Germination of watercress seeds under the influence of different concentrations of DMSO

It was established that the changes in
indicators of the studied test functions of
watercress under the influence of 0.025-0.1 %
aqueous solutions of DMSO are statistically
insignificant and are within the control limits
(Fig. 6-10), except for the root length under the

influence of a 0.05 % DMSO solution (Fig. 7). In
the latter case, a significant increase in the
indicator (by 1.6 times) was recorded compared
to the control (Fig. 7).

The calculated phytotoxic indices are
shown in Table 1.

Table 1
Phytotoxic indices of the effect of aqueous solutions of DMSO on watercress
Research option SGI RLI Interpretation of the Comments
results of phytotest
Control (distilled 0.00 0.00 No toxicity No inhibition of growth
water)

DMSO 0.025 % 0.00 0.30 No toxicity No inhibition of growth
DMSO 0.05 % 0.04 0.62 No toxicity No inhibition of growth
DMSO 0.1 % 0.00 0.24 No toxicity No inhibition of growth

Note: SGI — seed germination index; RLI — root length index

The obtained results indicate the absence
of phytotoxic properties of DMSO aqueous
solutions at concentrations of 0.025-0.1 % for
watercress.

In general, reports on the toxicity of DMSO
to living organisms vary. Thus, it is noted that
DMSO has low acute and chronic toxicity for
animals, plants and aquatic organisms, without
carcinogenic properties (it is used as a neutral
solvent in the Ames tests for mutagenicity)
(Gaylord Chemical Company, L.L.C., n.d.). It does
not show teratogenic properties in mice, rats or
rabbits (Gaylord Chemical Company, L.L.C,
n.d.). Because of this, DMSO is used as a solvent
or co-solvent in pesticides that are applied to

the emergence of crops or to the formation of
edible parts of food plants (Gaylord Chemical
Company, L.L.C, n.d.). There are also reports
that the use of clay minerals and silica with
additives of DMSO and plant extracts in the
complex treatment of patients with hemophilia
reduces the level of endointoxication and
increases the procoagulant activity of blood, and
in general - accelerates the recovery of the
patient’s body after a hemorrhagic complication
(Kovzun et al., 2008).

However, there are bioassay results with
various test organisms that indicate the toxicity
of DMSO. Thus, in a study of the effect of DMSO
on human fibroblast-like synoviocytes in
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rheumatoid arthritis, which included five
different samples collected from the joints
(fingers, hands and pelvis) of five women with
rheumatoid arthritis, induction of caspase-3
and PARP-1 cleavage was shown (two pheno-
mena related to the mechanism of cell death) at
high concentrations (>5 %) of DMSO (Gallardo-
Villagran et al,, 2022). Even at a 0.5 % concent-
ration of DMSO, analyzes of the antiproliferative
test demonstrated strong toxicity after 24 hours
of exposure (*25 % cell death). Therefore, to
ensure a minimal effect of DMSO on human
fibroblast-like synoviocytes in rheumatoid
arthritis, the concentration of DMSO to be
considered safe must be less than 0.05%
(Gallardo-Villagran et al., 2022).

Exposure to DMSO (0.56-13.54 mM) caused
phytotoxicity for biomass growth and root
viability of rice seedlings (Zhang et al,, 2016).
DMSO induced oxidative stress in rice seedlings,
leading to H202 accumulation in roots.

®inancysauns / Funding

It is obvious that the reaction of living
organisms to the influence of DMSO solutions
depends on the studied species and the chosen
concentration. Therefore, biotesting research
should be comprehensive and include particular
model organisms as well as organisms at
different levels of organization.

Conclusions

Aqueous solutions of DMSO in concentra-
tions of 0.025-1.0 % did not show phytotoxic
properties according to the growth test with
L. sativum and R. raphanistrum subsp. sativus, in
contrast to 5.0-45.0 % solutions, which showed
extreme phytotoxicity according to the growth
test with R. raphanistrum subsp. sativus. The
obtained results indicate that this substance will
not inhibit plant growth at concentrations found
in wastewater (0.05-0.08 %).
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