
4242

Open Veterinary Journal, (2025), Vol. 15(9): 4242-4247� Eldaghayes Publisher
Research Article� www.eldaghayes.com
DOI: 10.5455/OVJ.2025.v15.i9.30�

*Corresponding Author: Irwanto Irwanto. Department of Child Health, Faculty of Medicine, Universitas Airlangga, Surabaya, 
Indonesia. Email: irwanto@fk.unair.ac.id

Articles published in Open Veterinary Journal are licensed under a Creative Commons Attribution-NonCommercial 4.0 International License 

	 Submitted: 30/06/2025	 Revised: 20/08/2025 	 Accepted: 26/08/2025	 Published: 30/09/2025

Effect of valproic acid administration on motor coordination and 
sensory function in Mus musculus as an autism animal model
Izzatul Fithriyah1 , Irwanto Irwanto2* , Yunias Setiawati3  and Widjiati Widjiati4

1Doctoral Program of Medical Science, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia
2Department of Child Health, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia

3Department of Psychiatry, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia
4Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, Indonesia 

Introduction
Autism spectrum disorder (ASD) is a 
neurodevelopmental disorder characterized by 
impaired social communication and restricted and 
repetitive behaviors (Hirota and King, 2023). Autism 
is a spectrum disorder with various severities (Alpert, 
2021). In its most severe forms, it can be completely 
disabling, requiring lifelong supportive care, often 
in a chronic health care institution. In milder forms, 
individuals with autism can lead normal, rich, and 
productive lives after learning coping strategies 
(Alpert, 2021). The incidence and prevalence of ASD 
are trending upwards worldwide. An estimated 1 in 100 
children are diagnosed with ASD worldwide (Zeidan 
et al., 2022). The prevalence of ASD worldwide is 
0.6% [95% confidence interval (CI): 0.4%–1%]. The 
prevalence of ASD in Asia, America, Europe, Africa, 
and Australia was 0.4% (95% CI: 0.1–1), 1% (95% CI: 
0.8–1.1), 0.5% (95% CI: 0.2–1), 1% (95% CI: 0.3–3.1), 

and 1.7% (95% CI: 0.5–6.1), respectively (Salari et al., 
2022). 
The cause of ASD remains unknown (Otaru and 
Lawrence, 2022). The etiology and pathophysiology of 
this disorder remain unclear (Li et al., 2021; Uddin et 
al., 2023; Jiao et al., 2024). Numerous environmental 
and genetic factors have been linked to the cause of 
ASD (Wong, 2022). Research in animal models is 
currently ongoing with the aim of modifying genetic 
risk factors and thereby helping to prevent autism in 
the future (Barik et al., 2023). Early identification of 
clear developmental differences may facilitate earlier 
interventions that may improve long-term quality of 
life (Cleary et al., 2023). 
The mechanisms influencing ASD development remain 
unclear (Uddin et al., 2023). Early interventions 
initiated before age 3 have a stronger positive impact 
than those initiated after age 5. Therefore, early 
diagnosis of ASD is very important. In addition to 
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early diagnosis, a reliable set of ASD biomarkers is 
also useful in clinical practice, pathogenic processes, 
treatment and intervention outcomes assessment, and 
identifying physiologically homogeneous groups 
of patients with ASD (Liu et al., 2022). No single 
biomarker, neuroimaging finding, or genetic mutation 
is sufficient for an accurate diagnosis of ASD. In recent 
years, inflammation and oxidative stress have been 
implicated in ASD pathogenesis. The prevention aspect 
needs to be developed since in the womb (Usui et al., 
2023).
Oxidative stress is involved in the pathogenesis of 
ASD, either directly or through its interaction with 
inflammation and mitochondrial dysfunction. Oxidative 
stress biomarkers appear to have good potential to 
be used as diagnostic tools in the early diagnosis of 
ASD (Kuźniar-Pałka, 2025). Oxidative stress may be 
implicated in the pathophysiology of ASD (Chen et al., 
2021). 
This study aimed to investigate the effect of valproic 
acid administration on motor coordination and sensory 
function. The results of this study are expected to 
provide opportunities for in vivo research on aspects of 
etiology and pathogenesis in animal models of autism, 
so that earlier diagnosis can be made in ASD and can 
be continued with evidence-based therapy in ASD.

Materials and Methods
Materials
This study used valproic acid salt (Sigma-Aldrich, 
Burlington, Massachusetts, United States), an injection 
syringe, a mouse cage, a gastric tube for mice, hot plate 
test equipment, standardized feed, and a board for the 
negative geotropism test. The mice used were healthy 
Mus musculus from a certified institution, aged adults 
(8–10 weeks), and weighed between 25 and 40 g.
Methods
This study was a true experimental post-test only 
control group design (randomized control group) 
study on animal models. This study divided mice into 
the control (n = 6) and experimental (n = 6) groups. 
Mice were given 2 weeks of adaptation time in a cage 
with a wood-shaving floor. The light-dark cycle was 
set, the room temperature was 22 ± 2°C, and the room 
humidity was 65% ± 5%. Access to food and drink was 
free. The next procedure was to mate female mice with 
male mice by placing 1 male mouse and 2 female mice 
in one cage. Vaginal plug checks were performed every 
morning. Mice that had obtained vaginal plugs were 
calculated by fertilization on day 1 (Embryo 1) and at 
E12.5 were given intraperitoneal injection of normal 
saline in the control group, and the experimental group 
was injected with 600 mg/kg body weight (mg/kg) 
valproic acid intraperitoneally. Mice were left to give 
birth with free feeding. Mice were allowed to give birth 
and care for their offspring until they were ready to be 
examined for autism symptoms, namely, the negative 
geotropism test on days 14–18 and the hot plate test 

on days 37–38. The geotropism test was conducted 
by placing mice face down along a 45° incline in a 
temperature-controlled environment. The latency to 
turn 180° such that the head faces up along the incline 
was recorded with a maximum of 30 seconds for each 
trial. A significant increase in the time required for 
reorientation was observed in the experimental group 
on day 14 compared to controls (p < 0.05). Tested on 
days 37–39, rats were individually placed on a hot 
plate (55.0 ± 0.3°C), and the latency of the first hind 
paw response was recorded. A hind paw response was 
defined as a paw shake or paw lick. A cut-off time of 
30 seconds was maintained. The nociceptive index was 
tested on the hot plate to determine the pain threshold 
to thermal stimuli on days 37–39.
Statistical analysis
The Statistical Package for the Social Sciences version 
25 (IBM Corp., Armonk, New York) was used for 
data analysis. The results were tested using the Mann–
Whitney test.
Ethical approval 
This research has been reviewed and received ethical 
approval from the Animal Care and Use Committee 
of the Animal Ethics Commission, Faculty of 
Veterinary Medicine, Universitas Airlangga, with No. 
2.KEH.021.02.2024.

Results
The results of the examination, as explained in Table 1, 
show a significant difference in the negative geotropism 
test on the examination on days 14, 15, 16, 17, and 
18. In the control group that did not receive valproic 
acid injection, it took less time to turn up and correctly 
reposition on the inclined board. The experimental 
group of mice that received valproic acid injection 
showed a longer time to reposition on the inclined 
plane. This means that mice that received valproic acid 
injection have a poor coordination system, which is a 
symptom of autism.
The hot plate test on days 37–38 also showed a 
significant difference in sensory function between the 
control and experimental groups. The hot plate test in 
the experimental group with valproic acid injection 
showed that mice took longer to respond to heat 
stimuli at a temperature of 50°C. This indicates that 
the experimental mice have higher pain stimuli. This is 
also a symptom of autism.

Discussion
In this study, significant differences were found in 
autism symptoms between the control and valproic 
acid-injected groups. In the embryonic period, a single 
intraperitoneal injection of valproic acid into 12.5-day-
old female mice caused relevant autism symptoms in 
their offspring, brain structure, and biomarkers (Dana 
et al., 2020).
The negative geotropism test indicates that the 
motor skill development process requires a good 
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balance between sensory and motor coordination. 
Motor coordination develops in the first 3 weeks 
after birth, that is, the 13th to 30th day after birth, 
which is a critical period for assessing this skill. 
Visual, tactile, and proprioceptive reflexes need 
to work together for better motor performance 
(Zhang et al., 2019). In the experimental group that 
received valproic acid injection, the time required 
for reorientation back on the inclined plane was 
significantly prolonged, indicating that the ability of 
mice in motor coordination is less well developed. 
Motor disorders, some of which are related to core 
behavioral characteristics, are often found in children 
with autism (Wieting et al., 2024). Symptoms of 
autism include disturbances in fine and gross motor 
skills, poor balance, poor rhythm, greater variation 
in gait control, and weakness (da Silva et al., 2025).
In this study, the hot plate test also showed a significant 
difference in the response time of the hind legs of 
mice when placed on the hot plate. Pain perception 
occurs due to the activation of the peripheral afferent 
pathway and through the sensory network that 
transmits impulses between the spinal cord and brain 
when exposed to mechanical, chemical, and electrical 
stimuli. In animals exposed to valproic acid, the 
nociceptive threshold increases. During pregnancy, 
valproic acid exposure can cause injury to the pain 
modulation pathway in the fetus, which can be seen in 
the first month of postnatal life (Zhang et al., 2019). 
Individuals with ASD have altered sensory processing 
but are unable to communicate their experiences 

effectively. Mice demonstrate mixed nociceptive 
responses with hyporesponsiveness to mechanical/
thermal stimuli and intraplantar injections of formalin 
and capsaicin, while demonstrating hypersensitivity to 
acetic acid testing. Pain responses can vary depending 
on the sensation, mirroring findings in individuals with 
ASD (Martin et al., 2022). 
Pregnancy environmental and genetic risk factors 
can influence the neonatal inflammatory response, 
thereby altering postnatal brain development. Genetic 
and environmental factors can directly induce 
chronic neuroinflammation, which can modulate 
neural function and immune responses through glial 
activation or directly affect neural function. Valproic 
acid, an environmental risk factor, induces activation in 
multiple brain regions, with persistent glial activation 
in the hippocampus and cerebellum. The hippocampus 
and cerebellum are two brain regions associated 
with autism-like behaviors, that is, restricted social 
interaction and repetitive behaviors. Several studies 
have suggested that cerebellar inflammation causes 
altered social behavior in adult mice, as the cerebellum 
is thought to be involved in executive and cognitive 
functions (Mokra et al., 2023). 
Valproic acid can produce embryonic variation because 
the fetal brain is more susceptible to reactive oxygen 
species (ROS) than other fetal organs, which may be 
related to the immature antioxidant system. ROS play 
an important role in cell apoptosis (Taleb et al., 2021). 
The cycle of hypoxia and oxidative stress plays a key 
role in proper fetal development during pregnancy. An 

Table 1. Results of the negative geotropism and hot plate tests on an animal model of autism.

Control group (n = 6) Experimental group (n = 6)

pMean in 
seconds (SD)

Median in seconds 
(min–max)

Mean in seconds 
(SD)

Median in seconds

(min-max)

Negative geotropism test day 14 1.7 (0.25)
1.75

(1.40–2.00)
11.82 (1.31)

11.86

(10.12–13.76)
0.004

Negative geotropism test day 15 3.48 (0.97)
3.6

(2.00–4.70)
12.52 (1.27)

12.75

(10.20–13.72)
0.004

Negative geotropism test day 16 2.9 (0.46)
3.00

(2.10–3.40)
12.54 (0.91)

12.67

(11.36–13.83)
0.004

‎Negative geotropism test day 17 2.63 (0.94)
2.65

(1.60–3.90)

12.31

(1.16)

12.44

(10.28–13.70)
0.004

Negative geotropism test day 18 2.47 (0.74)
2.45

(1.60–3.80)
11.78 (1.19)

11.87

(10.46–13.29)
0.004

Hot plate test day 37 10.76 (1.46)
10.25

(9.40–13.0)
28.42 (2.05)

29.40

(25.6–30.0)
0.004

Hot plate test day 38 11.93 (2.18)
11.40

(9.80–15.4)
29.1 (1.48)

30.00

(26.5–30.0)
0.003
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imbalance in the amount of oxidative molecules due 
to endogenous or exogenous factors can overwhelm 
the immune system and lead to excessive ROS 
production (Sebastiani et al., 2022). Oxidative stress 
and impaired antioxidant defenses play an important 
role in the severity of ASD (Shareef et al., 2025). 
Elevated malondialdehyde (MDA) levels indicate high 
oxidative stress. Lipid peroxidation is an important part 
of oxidative stress and can be described as a process 
in which free radicals attack lipids containing carbon–
carbon double bonds, especially polyunsaturated fatty 
acids. Lipids are oxidized by enzymes or by ROS attack. 
The process produces various classic biomarkers of 
lipid peroxidation, such as MDA, 4-hydroxynonenal 
(4-HNE), and F2-isoprostane. MDA is known for its 
cytotoxicity, which occurs when it forms adducts with 
membrane proteins. MDA is also involved in DNA 
damage and mutation, leading to cell cycle arrest. In 
several studies of children with ASD, elevated MDA 
levels in the blood have been observed as a hallmark 
of lipid peroxidation. Increased MDA levels have a 
sensitivity of 90.4% and a specificity of 93.7% (Altun 
et al., 2018). MDA is not only a general indicator of 
oxidative stress but also has toxic effects on various 
cell types, including red blood cells, endothelial cells, 
fibroblasts, and hippocampal neurons (Nasrallah and 
Alzeer, 2022). Therefore, MDA may interfere with the 
pathophysiology of ASDs, as it is a highly neurotoxic 
compound that has a longer lifespan in the body than 
ROS. This compound damages brain function and 
causes cell death through two mechanisms: apoptosis 
and necrosis (Yui et al., 2020).
Higher levels of IL-6 have been reported in the 
hippocampus and whole brain homogenates in an animal 
model of autism using Valproic acid (VPA) (Deckmann et 
al., 2019). Following the success of VPA using the above 
repertoire of behavioral tests, other causative agents 
can be studied to investigate new therapeutic drugs for 
autism (Chaliha et al., 2020). IL-6 signaling components 
are dysregulated in individuals with ASD (Nadeem et 
al., 2020). Studies have shown the critical involvement 
of IL-6 in triggering core symptoms associated with 
proinflammatory responses in the maternal immune 
activation model of autism (Sarieva et al., 2023).
This study found significant differences in sensory 
and motor domains between mice injected with 
valproic acid as an autism model in the animal 
and control groups. However, our study has a few 
limitations. Our study did not include other aspects, 
such as social interaction and stereotypic behaviors, 
which are usually associated with ASD. Adding these 
characteristics in future studies might help shed light 
on the biological underpinnings of autism and improve 
the treatment for ASD.

Conclusion
The offspring of mice injected with valproic acid 
intraperitoneally during pregnancy showed autism 

symptom behavior, namely a prolonged negative 
geotropism test indicating impaired motor skills 
that require a balance between sensory and motor 
organization, and a hot plate test, which is a manifestation 
of sensory processing disorders, which are symptoms 
of autism. Further research is needed to examine the 
behavior of more specific autistic mice, such as those 
with autism symptoms in humans. Research on the 
biomolecular aspects of autism in test animals is very 
useful for further scientific development, namely, 
earlier diagnosis, prevention, and curative.
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