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Objective: Dimethyl sulfoxide (DMSO) is known to enhance the absorption of chemicals. This study investigated the effects of
DMSO in combination with the alkylating agent, N-methyl-N-nitrosourea (MNU), on the activity and mortality of mice, providing
foundational data for solvent mixture use and health impact assessment.

Methods: Twelve male SPF C57BL/6] mice were divided into three groups (n=4): DMSO group (D), DMSO combined with low-
dose (L), and high-dose MNU group (H). Mice in D received intraperitoneal injections of pure DMSO solution at 12 mL/kg. The L or
D group was injected with a DMSO solution containing 40 mg/kg or 60 mg/kg MNU at 12 mL/kg, respectively. Mice were monitored
for changes in body weight, activity levels (walking, body stretching, fur condition), and mortality at various time points.

Results: Pre-injection, all groups showed no statistical differences in weight or DMSO dose, while the MNU injection dose was
significantly different (H>L>D). Within 2 hours post-injection, all mice except one in the D group exhibited reduced mobility, hunched
posture, and lethargy. Mortality progressed rapidly, with one D and two L mice dying by 12 hours, followed by additional deaths (one
D, two L, and two H mice) at 24 hours. By 36 hours, all mice in L and H groups had died, while one D mouse recovered normal
activity. At the 48-hour endpoint, only one D mouse survived with normal behavior. No significant differences in weight, activity
levels and mortality changes were observed in surviving mice throughout the study period.

Conclusion: DMSO has certain toxicity, and when combined with alkylating agents such as MNU, it can lead to reduced activity and
an increased mortality rate in mice. It is recommended to closely monitor the mice during the use of such reagents and to establish
appropriate research observation protocols.
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Introduction
Dimethyl sulfoxide (DMSO) is a highly polar, organic compound that is widely utilized in scientific and medical
researches.”” Known for its unique ability to penetrate biological membranes, DMSO is often used as a solvent to
facilitate the absorption of a wide variety of chemical compounds, including drugs, toxins, and other substances. This
characteristic makes DMSO an invaluable tool in laboratory experiments, particularly in drug delivery systems and
pharmacological studies.®> In particular, DMSO’s ability to increase the permeability of biological membranes can
influence the pharmacokinetics and biodistribution of co-administered substances, potentially altering their efficacy
and safety profiles. This is especially relevant in toxicological studies, where DMSO is frequently used as a vehicle
solvent to solubilize poorly water-soluble compounds. However, its capacity to enhance the absorption of compounds
into biological tissues also raises concerns about its potential to exacerbate the toxic effects of those compounds, as high
concentrations or prolonged exposure may lead to adverse effects such as hemolysis, allergic reactions, and genotoxicity.
One of the critical areas where DMSO’s solvent properties are frequently leveraged is in the use of chemical agents
such as alkylating agents, which have been extensively studied for their ability to modify the structure and function of

Drug Design, Development and Therapy 2025:19 5727-5737 5727
Received: 8 February 2025 © 2025 Yan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at httpx / Iwww.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creati li nc/4.0/). By accessing the work

Accepted: 28 May 2025
Published: 5 July 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Yan et al

Graphical Abstract

CSTBL/6J IP Injection Detection
DMSO 3 Weight
Timepoints
DMSO+40mg/kg MNU Activity
scoring
DMSO+60mg/kg MNU )
Survival

i
i
]

Toxic Effects of Dimethyl Sulfoxide Combined with Alkylating Agent MNU on Mice

biological molecules, particularly DNA. Alkylating agents, including N-methyl-N-nitrosourea (MNU), one of the most
commonly used alkylating agents, has been widely utilized in cancer research and retinitis pigmentosa modeling.*
These agents could covalently bind to DNA, leading to significant alterations in its structure and function. Specifically,
they exert their effects by transferring alkyl groups to DNA, which can cause mutations, chromosomal damage, and
eventually carcinogenesis or apoptosis of retinal photoreceptors. MNU, in particular, is a powerful mutagen and
carcinogen that has been shown to induce a variety of cancers in laboratory animals, including lymphomas, leukemias,
and solid tumors in various organs. Its high reactivity and ability to penetrate biological membranes make it an effective
agent for inducing genetic damage in a wide range of cell types. Besides, the effectiveness of MNU as a research tool for
studying retinitis pigmentosa has made it a cornerstone in many ocular experimental protocols.®’ In details, by
selectively targeting retinal photoreceptors, MNU allows researchers to mimic the progressive degeneration seen in
human retinitis pigmentosa, providing a valuable model for testing potential therapeutic interventions.

While DMSO is often regarded as relatively safe when used at low concentrations, its interaction with other
chemicals and the subsequent effects on the health of experimental animals require careful consideration. Low levels
of DMSO may interact with cellular processes or metabolic pathways in ways that are not yet fully understood. Studies
involving DMSO as a vehicle solvent for chemical agents need to take into account the potential for DMSO to alter the
pharmacokinetics and toxicity profiles of the compounds being studied. It may influence absorption rates, distribution
within tissues, and elimination half-lives, potentially leading to unexpected outcomes. For example, DMSO was shown to
increase the permeability of the blood-brain barrier and enhance the systemic distribution,® which could result in higher
concentrations reaching sensitive areas such as the central nervous system, thereby amplifying their therapeutic or toxic
effects. However, despite the well-documented uses of DMSO and MNU in research,’ the combined effects of these
substances on biological systems have not been fully elucidated, particularly in terms of long-term consequences or
subtle interactions that may only become apparent after prolonged exposure. The potential of DMSO to enhance the
absorption of MNU into biological tissues might lead to a more pronounced toxicological effect than when either agent is
administered alone. This could result in increased DNA damage or oxidative stress, which are critical factors in
carcinogenesis and tissue injury. Given that alkylating agents like MNU can induce significant DNA damage, it is
important to assess the overall toxicity and safety of these compounds of DSMO and MNU, particularly in animal
studies, to ensure that experimental protocols adequately account for potential risks and to establish safe dosage ranges
for future research applications.
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The main goal of this study was to investigate the combined toxicity of DMSO and MNU in a controlled animal
model. Specifically, this research aimed to assess the impact of DMSO on the toxicity and mortality associated with
MNU exposure in C57BL/6J mice, which are commonly used in ocular researches. By varying the doses of MNU and
administering it in combination with DMSO, this study provided preliminary data on the synergistic effects of these two
compounds. Additionally, the study assessed whether DMSO, by facilitating the absorption of MNU, exacerbated the
toxicological outcomes, including changes in activity levels, health status, and overall survival rates in the mice.

Methods

Animal Models

A total of 12 male SPF C57BL/6J mice, aged 8—10 weeks, with an averaged body weight range of 20-25 grams, were
selected for this experiment. These mice were obtained from the Laboratory Animal Center of Fuzong Clinical Medical
College of Fujian Medical University (License number.: SYXK2018006) and were allowed to acclimate to the laboratory
environment for a period of 3 days before the commencement of the study. The mice were housed in standard laboratory
conditions, with a controlled room temperature of 22°C + 2°C and a relative humidity of 50-60%. The animals were
maintained on a 12-hour light/dark cycle, with lights on at 7:00 AM and off at 7:00 PM. The mice were provided with
standard rodent chow and clean, filtered water ad libitum throughout the experiment. The cages were kept in an
environmentally controlled room to minimize external stressors, and the mice were allowed unrestricted access to their
environment in order to reduce potential confounding factors.

After a period of 3 days of accommodation, the mice were randomly assigned to one of three experimental groups,
with four mice per group. The groups were: the DMSO control group (D), the low-dose MNU group (L), and the high-
dose MNU group (H). We confirmed that ethical and legal approval was obtained from the Experimental Animal Care
and Use Committee of Fuzong Clinical Medical College of Fujian Medical University (Ethics committee number:
201923), prior to the commencement of the study. Besides, all animal experiments and procedures were performed in
accordance with the ethical guidelines and regulations established by Fuzong Clinical Medical College of Fujian Medical
University and our nation. The overall design of our study was showed in the Graphic Abstract of the Study.

Group Design and Treatment Protocol

1. DMSO Control Group (D): The D group, serving as the vehicle control, received intraperitoneal (IP) injections of
pure DMSO (100% concentration). Each mouse was administered 12 mL of DMSO per kilogram of body weight.
This control treatment was designed to assess the baseline effects of DMSO, ensuring that any observed effects in
the other groups could be attributed specifically to the MNU treatment, rather than the vehicle itself.

2. Low-dose MNU Group (L): The L group received a DMSO solution containing 40 mg/kg of MNU, ' the potent
genotoxic agent. MNU was dissolved in DMSO to obtain the desired concentration, and the injection volume for all
mice was maintained at 12 mL/kg body weight. In greater details, we firstly calculated the required amount of MNU.
For example, for a dose of 40 mg/kg in 3 mice weighing 30 g each, the amount of MNU needed would be MNU =
40x10 x 0.03 = 12 mg. Then, we calculated the corresponding concentration of the MNU solution for injection at
a volume of 12 mL/kg. If the MNU was administered at 40 mg/kg and injected at a volume of 12 mL/kg, the
corresponding concentration of the MNU solution should be 10/3 mg/mL. Thus, 12 mg of MNU would require
a volume of DMSO of 3.6 mL. The solution was then stored at 4°C for later use, and prepared immediately before use.
The purpose of this group was to examine the effects of a low-dose MNU exposure on the mice, focusing on
toxicological effects and any changes in behavior or general health that could result from this exposure level.

3. High-dose MNU Group (H): The H group received a higher dose of MNU, specifically 60 mg/kg,'® in the
DMSO solution. Similar to the L group, the MNU solution was prepared by dissolving MNU in DMSO, and the
injection volume was 12 mL/kg of body weight. This higher dose aimed to assess the potential acute toxicity
and mortality associated with a more severe exposure to MNU. This group was expected to show more
pronounced toxicological effects, including possible lethality, and served as an extreme comparison for the
lower dose.
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Injection Procedure

All injections were administered via intraperitoneal injection, a standard route for delivering substances that need to be
absorbed into the body quickly. The injections were carefully carried out by an experienced personnel to ensure precise
and consistent dosages across all animals. The animals were weighed immediately prior to injection to ensure accurate

dosing, and each mouse was handled gently to reduce stress and minimize discomfort.

Monitoring and Observations
Following treatment, the mice were closely monitored for any immediate or delayed signs of distress, toxicity, or adverse

effects. The following parameters were tracked throughout the study:

1. Body Weight: Mice were weighed several timepoints (Timepoint 1 (T1): at the time of purchase (ie, before the
3-day pre-adaptation feeding); T2: before injection (ie, after the 3-day pre-adaptation feeding); T3: at 24 hours
post-injection; T4: at 48 hours post-injection) to monitor any significant changes in body weight, which could
indicate adverse effects such as dehydration, malnutrition, or systemic toxicity. A marked decrease in body weight

. . . e 1112
was considered a key indicator of toxicity,

and the rate of weight loss was recorded for comparison across
groups.

2. Activity Levels and scoring: Activity levels were observed both during the light and dark cycles at several
timepoints (T1: before injection; T2: at 2 hours post-injection; T3: at 24 hours post-injection; T4: at 36 hours post-
injection; TS: at 48 hours post-injection). General locomotor activity was evaluated through simple observational
methods, such as monitoring the frequency of walking, movement across the cage, and exploratory behavior. Mice
were also monitored for signs of lethargy or reduced activity, which are common indicators of stress or illness."?
Additionally, behaviors like body stretching and body posture were noted, as these could reflect changes in the
mice’s physical condition or discomfort.'*'> Besides, fur condition was examined daily to assess any signs of
stress or health decline. Deterioration in fur quality, such as loss of fur, roughness (or called the ruffied fur), or
lack of grooming behavior, was considered an important indicator of poor health or systemic effects of the
treatment.'>'® In our study, the activity score was primarily based on three key domains: the mice’s activity
alertness (or the locomotor activity), body extension or posture, and the condition of the fur. A total of 9 points
were assigned, with 3 points allocated to each domain. The corresponding scores were assessed and recorded by
one certain person, and then were stored for later statistical analysis.

3. Mortality and Survival curve: Mortality was monitored at several timepoints (T1: before injection; T2: at 2 hours
post-injection; T3: at 24 hours post-injection; T4: at 36 hours post-injection; T5: at 48 hours post-injection). Any
deaths within this period were carefully observed and the number of mice in each group were recorded.
Furthermore, the surviving time of mice in each group was recorded and the survival curves were created based
on the number of surviving mice and their survival time.'” Further Kaplan-Meier survival curve analysis was then
performed.'®

Statistical Analysis

Due to the small sample size of 4 animals (less than 5 animals) per group, the non-parametric statistical method, the
Bootstrap test, was employed to compare the groups.'® This special test was chosen as it does not rely on distributional
assumptions, making it more appropriate for small sample sizes.?® The data were presented as mean + standard deviation.
In the Bootstrap method, the calculation of the P-value is based on the distribution of resampled data and does not
directly provide a standard P-value. Although there is no direct P-value, the significance can be indirectly assessed
through the following approach by examining the confidence interval. If the confidence interval of the Bootstrap results
does not include zero, this typically indicates that the difference is significant. The survival analysis was conducted using
the Kaplan-Meier survival curves. The statistical analysis was performed using SPSS 27.0 software, and survival curves
were generated and analyzed using Log-rank tests. Figures were generated using GraphPad 5.01 software.
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Results

Pre-Injection Status and Parameters

Before the injection, the mice in all experimental groups were closely monitored. The 95% confidence interval of
difference in the body weight of mice revealed by the Bootstrap analysis between the D and L, D and H, L and H groups,
were (—3.16, 2.66), (—3.36, 2.36) and (—2.25, 1.75) respectively. No significant statistical differences were found in terms
of body weight, as the confidence interval of the Bootstrap results included zero (Figure 1). The 95% confidence interval
of difference in the volume of DMSO injected between the D and L, D and H, L and H groups, were (—0.019,0.012),
(—0.025, 0.012) and (—0.016, 0.007) respectively. No significant statistical differences were found as the confidence
interval of the Bootstrap results included zero (Figure 2). It suggested that the experimental groups were well-matched at
baseline and there was no noticeable variation in these parameters before treatment.

Regarding the MNU injection, the dose administered to the mice in the H group was significantly higher than that
given to L group (the 95% confidence interval of difference was 0.076-0.096), which was in turn higher than the dose
given to the D group (the 95% confidence interval of difference was 0.160-0.166). The statistical analysis confirmed that
the differences in MNU doses among the groups were highly significant, as the confidence interval of the Bootstrap
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Figure | Body Weight of Each Group of Mice Before Injection. Bar graph showed the body weight of mice in the DMSO, low-dose MNU, and high-dose MNU groups before
the injection. There were no significant differences in body weight between the groups (The confidence interval of the Bootstrap results included zero). D: the DMSO
control group; L: the low-dose MNU group; H: the high-dose MNU group. N.S.: no statistical difference.
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Figure 2 Volume of DMSO Injected in Each Group of Mice. Bar graph illustrated the volume of DMSO administered to each group (DMSO, low-dose MNU, high-dose
MNU). The injection volume was consistent across all groups, at 12 mL/kg body weight, with no significant differences (The confidence interval of the Bootstrap results
included zero). D: the DMSO control group; L: the low-dose MNU group; H: the high-dose MNU group. N.S.: no statistical difference.
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Figure 3 MNU Dose Injected in Each Group of Mice. Bar graph showed the dose of MNU injected in the DMSO (D), low-dose (L) and high-dose (H) MNU groups.
The high-dose group (60 mg/kg) received a significantly higher MNU dose compared to the low-dose group (40 mg/kg) and the DMSO group (0 mg/kg) (The
confidence interval of the Bootstrap results did not include zero). D: the DMSO control group; L: the low-dose MNU group; H: the high-dose MNU group. None: not
any quality of MNU; **: a significant difference existed.

results did not include zero (Figure 3). Prior to the injection, all mice in the study exhibited strong mobility, alertness, and
a relaxed posture, with their fur appearing glossy and well-groomed, indicating overall good health.

Survival Counts and Survival Curves Analysis

Following the injection, the survival rates varied across the different groups. Two hours after the injection, all mice in all
the experimental groups, except for one mouse in the D group, displayed reduced mobility, decreased alertness, and
a hunched posture. After 12 hours, mortality of the mice in all groups began to increase, with one mouse in the D group
and two mice in the L group being dead. By 24 hours, the mortality rate continued to rise, as another one mouse in the
D group, and two mice in both the L and H groups died. After 36 hours, another one mouse in the D group had died,
while one mouse in the D group had regained increased activity. The other mice exhibited the poor mobility and the
hunched posture. At this point, all mice in the L and H groups had died, leaving only two surviving individuals in
D group. After 48 hours, the recovering mouse in the D group showed significant differences in the survival, which
remained alive, exhibiting normal walking ability and alertness. Meanwhile the other mice in the D group had died out
(Figure 4).
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Figure 4 Number of Each Group of Mice at Different Time Points and the Survival Curves. (A) Number of each group of mice at different time points. (B) The survival curves of
each group of mice at different time points. The number of mice in each group with the survival curve displayed the number of surviving mice at various time points after injection in
the DMSO, low-dose MNU, and high-dose MNU groups. Mortality increased over time, with the low-dose and high-dose groups experiencing complete mortality by 36 hours. The
DMSO group displayed a smaller mortality, with one mouse surviving at 48 hours. T |: before injection; T2: at |12 hours post-injection; T3: at 24 hours post-injection; T4: at 36 hours
post-injection; T5: at 48 hours post-injection. D: the DMSO control group; L: the low-dose MNU group; H: the high-dose MNU group.

5732 https: Drug Design, Development and Therapy 2025:19



Yan et al

Body Weight Changes

Throughout the course of the study, no significant differences in the changes of body weight were found in the surviving
mice across all groups in all the timepoints of observation. Despite the varying mortality rates and changes in activity
levels among all groups, the body weight of the surviving mice remained stable in the D, L and H groups. This might
suggest that the physiological effects of the treatment did not result in substantial weight loss among the survivors during
the observation period (Figure 5).

Activity Levels Changes

In terms of activity, two hours after the injection, all mice in the experimental groups showed a marked decline in activity
levels. They appeared less alert, displayed a hunched posture, and had reduced physical activity compared to their pre-
injection status. As the hours passed, the decline in activity became more pronounced. By 24 hours, some mice in all the
groups exhibited trembling, and their activity levels were further reduced. At 36 hours, one mouse in the D group
managed to regain increased activity, while others showed signs of poor mobility and distress. No significant differences
in activity levels scores were found in the surviving mice across all groups. By the 48-hour mark, the only surviving
mouse in the D group displayed the normal walking ability and alertness, while all the other mice in the D, L, and
H groups had died out (Figures 6 and 7).
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Figure 5 Changes in Body Weight of Each Group of Mice After Injection. Line graph showed the changes in body weight over time in the DMSO, low-dose MNU, and high-
dose MNU groups after injection. No significant differences in body weight changes were observed among the groups during the observation period. Timepoint | (T1): at
the time of purchase (ie, before the 3-day pre-adaptation feeding).; T2: before injection (i.e., after the 3-day pre-adaptation feeding); T3: at 24 hours post-injection; T4: at 48
hours post-injection. D: the DMSO control group; L: the low-dose MNU group; H: the high-dose MNU group.
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Figure 6 Changes in Activity Scores of Each Group of Mice After Injection. Line graph illustrated the changes in activity scores (measuring mobility, posture, and alertness)
over time in each group after injection. Significant reductions in activity were observed in the low-dose and high-dose MNU groups, with severe declines noted by 24 hours.
The DMSO group showed some recovery by 36 hours, though further decline was observed at 48 hours. T|: before injection; T2: at 2 hours post-injection; T3: at 24 hours
post-injection; T4: at 36 hours post-injection; T5: at 48 hours post-injection. D: the DMSO control group; L: the low-dose MNU group; H: the high-dose MNU group.

Drug Design, Development and Therapy 2025:19 heeps: 5733



Yan et al

Figure 7 Representative Images of the Activity Levels and Mental Status of Mice at Different Time Points in Each Group. Red arrows indicated mice with reduced activity
and a hunched posture, while blue arrows highlighted mice with a good mental status, increased activity, high alertness, and the ability to move freely. Black arrows indicated
the dead mice. T|: at 2 hours post-injection; T2: at 24 hours post-injection; T3: at 36 hours post-injection; T4: at 48 hours post-injection. D: the DMSO control group; L: the
low-dose MNU group; H: the high-dose MNU group.

Discussion

In our study, male C57BL/6J mice were divided into three groups, the D, L and H groups. Mice were monitored for
changes in body weight, activity levels, and mortality. Our results showed no significant differences in body weight
among the groups prior to injection. Mortality rate was relative increased with injection of DMSO and MNU combina-
tion, while the DMSO alone could also led to a high mortality. All mice in the L and H groups had died out by 36 hours,
while only one mouse in the D group survived, regaining a normal activity by 48 hours. All mice exhibited a reduced
mobility and a hunched posture, with the activity declining progressively, after injection of either the DMSO or the
DMSO-MNU combination.

In greater details, the mice with only the DMSO injection showed a noticeable decline in activity, reduced alertness,
and signs of physical distress such as, a hunched posture, the limb curling and dull fur within two hours after injection.
These symptoms indicated the presence of toxic effects. Subsequently, the animal deaths were observed, with only one
mouse managed to recover and regain normal vitality at the end. The above results suggested that DMSO had a clear
toxic effect on animals, with the potential for lethality or mortality. The toxicity of DMSO observed in this study were
consistent with findings reported in other researches.”’ DMSO was shown to provoke toxic reactions in the body, which
might include a variety of adverse effects.>? Several studies also highlighted the toxicological risks associated with
DMSO, indicating that it could significantly alter physiological processes and lead to behavioral changes.** In particular,
the impact of 0.1-10% DMSO concentrations on behavior of aquatic model species has also been noted.”* The DMSO
concentrations under 1% did not cause statistically significant mortality, but did induce clear signs of stress, reduced
locomotion, and impaired responses to stimuli. Given all these observed effects, it is essential for researchers to be
cautious when using DMSO in experimental settings, ensuring that proper controls and safety protocols are in place to
safeguard the well-being of animal subjects. It is critical that appropriate dilution of DMSO concentrations is conducted
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in related studies to minimize potential harm. Interestingly, the observation that one mouse with only the DMSO injection
showed activity recovery at 36 hours post-injection was noteworthy. While the DMSO solution itself at high concentra-
tion is generally considered toxic, the occurrence of such a recovery in an individual animal may point to inherent
variability in the response of mice to the DMSO. It was plausible that the special mouse had a stronger immune or repair
response, which allowed it to gradually recover from the toxic effects of the DMSO injection. However, this singular
recovery did not diminish the overall trend of severe toxicity observed in the DMSO group, which highlighted the potent
and rapid toxicity of DMSO exposure.*

In mice with injection of the DMSO and MNU combination, the DMSO and MNU combination did not exhibit
significantly aggravated toxic reactions or increased mortality in mice during the early stages. From the survival curves, it
was apparent that there were no noticeable differences in the early stages compared to the DMSO injection. However, as
time progressed, the mortality rate in the DMSO and MNU combination groups began to increase significantly. Upon
further analysis, it was found that in the DMSO and MNU combination groups with different doses of MNU, there was
no clear MNU-dose dependent increase in toxicity at the early stages. Surprisingly, the early mortality rate in the L group
was slightly higher compared to H group. As the observation period extended, however, the mortality rates between the
two groups became similar. The results might suggest that the relationship between the MNU dosage and the related
toxicity may not always follow a straightforward, dose-dependent pattern. It implied that other factors, such as the rate of
absorption, metabolism, or individual genetic responses, might influence the observed outcomes of possible toxicity. The
early increased mortality in the L group might be attributed to a higher sensitivity of certain physiological systems or an
accelerated onset of toxicity in those mice. As time went on, however, the toxic effects of MNU probably reached
a threshold, and the overall mortality rate stabilized in both L and H groups.

MNU was initially recognized as a potent carcinogenic agent and has been widely used to induce various types of
cancer in animal models.”® Subsequent studies demonstrated that MNU at the dose 60 mg/kg could selectively induce
apoptosis in retinal photoreceptor cells, which led to its use in research on retinal pigment degeneration and retinal
degeneration-related diseases.”?” However, there has been limited researches on the effects of MNU in increasing animal
mortality and lethality. Some studies reported that higher doses of MNU (80, 160 or 240 mg/kg) could lead to tumor
formation, leukemia, and even an increase in early mortality in mice’®*®. MNU exposure was showed to impair
hippocampal neurogenesis in rats,”® which might lead to toxic behaviors. Our study utilized a relatively low dose of
MNU, ranging from 40 to 60 mg/kg, and the results suggested that MNU could, to some extent, enhance the toxic effects
of DMSO in mice. This enhancement may be due to an increased inherent toxicity of MNU itself, or a result of MNU-
mediated potentiation of the DMSO toxicity.

Several limitations existed in our study. One limitation of this study was the relatively small sample size, which may
reduce the statistical power and generalizability of the findings. As our research involved potentially severe toxicological
effects and mortality endpoints of mice, we adhered to the principle of minimizing animal use while maintaining
scientific validity. This approach aligned with the 3Rs (Replacement, Reduction, and Refinement) principle in animal
research. Although we applied the Bootstrap method due to the small sample size, the results should be interpreted with
caution and considered as preliminary observations that provided the foundation for more robust studies. Additionally,
the short observation period of 48 hours post-injection in our study did not account for potential long-term toxic effects
or delayed pathological changes, limiting our understanding of DMSO and MNUinduced chronic toxicity. Besides, the
current study did not consider the impact of gender and age variations, which could influence the results. Furthermore,
while the study focused on acute toxicity, it did not explore the underlying molecular mechanisms, such as DNA damage
repair or oxidative stress. In addition, we did harvest the blood or organs for future enzymatic assays, which might extract
the maximum amount of information on the toxicity mechanism. Finally, the use of mice as model organisms, though
standard, might not fully represent the human responses. This limitation underscored the necessity for future studies to
incorporate other animal models, cell models or human data for broader applicability.

In conclusion, our study demonstrated that DMSO exhibited a notable toxicity, particularly when used in combination
with MNU, the alkylating agents. This combination was shown to significantly reduce the activity levels and increase the
mortality rate in mice. These findings highlighted the importance of closely monitoring animal’ reactions during
experiments involving DMSO and similar reagents. To mitigate potential adverse effects, it is crucial to establish
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comprehensive research observation protocols that ensure the health and well-being of the animals. Further studies are
needed to explore the underlying mechanisms of DMSO and MNU toxicity and to determine the safest concentrations
and guidelines for its application in scientific research. Besides, we would include enzymatic assays of relevant serum
and organs, including the heart, liver, spleen, lungs, and kidneys of mice, to further explore the possible toxicity
mechanism. By advancing the understanding of DMSO and MNU toxicity, it could better inform safety practices and
contribute to the broader field of chemical toxicity assessment.
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