
Received: 2 October 2026
Revised: 19 October 2026
Accepted: 21 October 2026
Published: 23 October 2026

Copyright: © 2026 by the authors. 
Licensee MDPI, Basel, Switzerland. 
This article is an open access article 
distributed under the terms and 
conditions of the Creative Commons 
Attribution (CC BY) license.

Article

The Establishment of a Three-Chamber Social Preference Assay 
in Larval Zebrafish for Neurotoxicity Assessment and 
Neurodevelopmental Gene Phenotyping
Qiaosen Shen 1 , Huaqing Lan 1 , Shasha Wei 1 , Jiahui Li 1 , Xiaoyan Lin 1 , Shujuan Li 1  and Feng Zhao 2 , *

1  Fujian Metrology Institute, Fuzhou 350003, China; sqs9208@163.com (Q.S.); 13685025258@163.com (H.L.); 
wss9770604@163.com (S.W.); 13489951036@163.com (J.L.); linxy4522@gmail.com (X.L.); 
13606931196@163.com (S.L.)

2  Experimental Center, Shandong University of Traditional Chinese Medicine, Jinan 250355, China
* Correspondence: 60019116@sdutcm.edu.cn

Simple Summary

Zebrafish larvae serve as valuable model organisms for neurotoxicity and neurodevelop-
mental research, yet standardised tools to measure larval social preference are still lacking, 
limiting toxicant screening and genetic phenotypic evaluation. Here, we developed and vali-
dated a 3D-printed three-chamber social preference assay for larval zebrafish, which is fully 
compatible with the mainstream behavioural tracking system. We found that zebrafish lar-
vae display social preference at 14 days post-fertilisation (dpf) but show no significant social 
bias at 7 dpf, identifying the critical developmental window for larval social preference. We 
validated this assay using chemical exposure and morpholino-mediated gene-knockdown 
models. Acute ethanol and developmental bisphenol A (BPA) exposure impaired social 
preference and altered locomotor activity. At the same concentration, bisphenol AF (BPAF) 
only disturbed swimming performance without affecting larval social preference, revealing 
different neurotoxic effects between these two bisphenol analogues. Furthermore, this assay 
was capable of detecting social preference deficits in certain gene-knockdown larval models. 
Compared with adult-fish based protocols, this larval-focused assay reduces time and 
experimental costs. It provides a practical tool for environmental neurotoxicity assessment 
and neurobehavioural phenotypes in zebrafish.

Abstract

Zebrafish serve as a vertebrate model for assessing environmental neurotoxicity and explor-
ing neurobehavioural phenotypes. However, rapid detection systems for larval zebrafish 
social preference are still lacking, which restricts efficient behavioural phenotyping and tox-
icological screening. Here, we developed and validated a 3D-printed three-chamber social 
preference assay for larval zebrafish that is fully compatible with the Noldus behavioural 
analysis platform. We confirmed that 14 days post fertilisation (dpf) zebrafish larvae display 
social preference toward conspecifics, whereas 7 dpf larvae have no significant social bias, 
defining the key developmental time window for larval social preference. The utility of 
this method was validated using multiple chemical and genetic models. Acute ethanol and 
developmental bisphenol A (BPA) exposure significantly disrupted larval social preference 
with altered locomotor activity, while equal-dose bisphenol AF (BPAF) exposure only 
impaired locomotion without affecting sociality, indicating distinct neurotoxic effects of BPA 
analogues. Additionally, two models with neurodevelopmental gene knockdown showed 
distinct alterations in larval social preference when assessed using this assay. Collectively, 
this study establishes an efficient larval social preference assay in zebrafish. It provides a 
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feasible methodological tool for environmental neurotoxicity evaluation and phenotypic 
analysis of neurobehavioural phenotypes.

Keywords: larval zebrafish; three-chamber social preference; neurotoxicity; phenotyping

1. Introduction
Owing to their high fecundity, rapid external embryonic development, and neural 

circuit regulatory mechanisms highly conserved with mammals, zebrafish serve as a com-
plementary vertebrate model for preliminary neurotoxicity screening and mechanistic 
exploration rather than a replacement for mammalian models. Social behaviour is in-
dispensable for the survival and reproduction of zebrafish [1–3]. AB changes in social 
behaviour serve as one of the readouts of neurobehavioural dysfunction [4–8]. Therefore, 
establishing a rapid and quantifiable social behavioural assay in zebrafish is of great sig-
nificance for evaluating the neurotoxicity of environmental pollutants and investigating 
neurobehavioural phenotype.

The three-chamber social test is a well-established and widely used paradigm for 
assessing social preference in zebrafish. Most studies have focused on adult zebrafish, using 
a camera to record the duration and entry frequency of experimental fish in the social area 
adjacent to conspecifics. These indicators are applied to assess social preference, and the 
paradigm has been widely utilised for neurotoxicity screening of environmental pollutants 
and exploring neurobehavioural phenotypes [9–15]. However, the long rearing cycle and 
high maintenance costs associated with adult zebrafish impede rapid screening of pollutant 
neurotoxicity and genetic phenotypic profiling. In addition, the critical developmental 
time window of larval social preference in zebrafish and the applicability of corresponding 
detection methods remain poorly defined. Meanwhile, although larval behavioural analy-
sis platforms such as Noldus have been widely adopted, dedicated three-chamber social 
preference test apparatus and standardised detection protocols for larval zebrafish that are 
compatible with such platforms are still lacking [16,17].

In this study, we developed a three-chamber social preference detection device and a 
corresponding protocol for larval zebrafish. The apparatus and method are compatible with 
the mainstream behavioural analysis system (Such as such as Noldus systems) for larval 
zebrafish. Furthermore, neurotoxicant (Bisphenol A and ethanol) exposure and models for 
neurodevelopmental gene (micall2b and lphn3.1) knockdown were used to validate the effi-
ciency of the established method, providing a methodological tool for neurotoxicity screening 
of environmental pollutants and phenotypic analysis of neurobehavioural phenotypes.

2. Materials and Methods
2.1. Fish Husbandry

Wild-type (WT) AB line zebrafish (Catalog ID: CZ1) were originally obtained from 
the China Zebrafish Resource Center (CZRC), Wuhan, China and subsequently maintained 
in the fish facility of Shandong University of Traditional Chinese Medicine. All zebrafish 
experiments were performed in accordance with the ARRIVE guidelines and approved by 
the Institutional Animal Care and Use Committee of Shandong University of Traditional 
Chinese Medicine (SDUTCM20260303606). Adult AB line zebrafish were cultured in 3 L 
tanks with recirculating water maintained at 28 °C under a 14 h light/10 h dark photoperiod. 
Zebrafish embryos were obtained from naturally spawning adult mating pairs and incubated 
in a thermostatic incubator.
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2.2. Chemical Exposure Paradigm
Ethanol (CAS 64-17-5), bisphenol A (BPA, CAS 80-05-7), and bisphenol AF (BPAF, 

CAS 1478-61-1) were obtained from Sigma-Aldrich, St. Louis, MO, USA. Separate 43 mM 
stock solutions of BPA and BPAF were prepared in pure dimethyl sulfoxide (DMSO, CAS 
67-68-5) and stored at −20 °C. Zebrafish embryos were exposed to 0.43 μM BPA, 0.43 μM 
BPAF, or vehicle control (0.1% DMSO) from 2 hpf to 120 hpf in petri dishes, with 50 embryos 
allocated per dish. At 5 dpf, all exposed embryos were rinsed three times with embryo 
medium (EM). At 5 dpf, all exposed embryos were rinsed three times with embryo medium 
(EM), transferred to rearing tanks (approximately 50 larvae per tank), and maintained 
until 14 dpf.

For acute ethanol exposure, individual 14 dpf wild-type zebrafish were placed in mesh 
strainer inserts (one larva per insert). Each insert was submerged in a single well of a 
standard 6-well plate preloaded with 15 mL fish water containing 1% ethanol. Fish were 
subjected to ethanol treatment for 20 min; larvae incubated in clean fish water served as the 
vehicle control group. Upon completion of exposure, all mesh inserts were transferred to a 
separate 6-well plate filled with fresh fish water for a 15 s rinse. Zebrafish were immediately 
transferred to the three-chamber social preference apparatus after washing for subsequent 
behavioural assessment. All chemical exposure experiments were performed with four 
independent tanks (biological replicates). Each replicate was maintained in a separate tank, 
with approximately 50 larvae per tank.

2.3. The Three-Chamber Social Preference Apparatus and Test Procedure
In this study, a three-chamber social apparatus was developed and fabricated via 3D 

printing using fully cured transparent UV resin, with overall dimensions of 126 mm (length) 
× 51 mm (width) × 20 mm (height) (Figure 1A). This custom 3D-printed apparatus was 
developed solely for non-commercial academic research. Prior to the test, 50 mL of zebrafish 
fish water was added into the central test chamber before the subject fish were placed inside. 
The left and right side chambers were each filled with 18 mL of fish water: one chamber 
contained 24 age-matched conspecific zebrafish serving as the social stimulus chamber, 
while the other chamber remained empty of fish as the blank control chamber.

Figure 1. The schematic diagram of the three-chamber social preference apparatus for zebrafish. 
(A) Overall dimensions of the transparent testing apparatus: total length, 126 mm, width, 51 mm, 
height, 20 mm, divided into three independent compartments by two transparent partitions. (B) An 
illustration of the experimental setup for 3-chamber social interaction test. Subject zebrafish were 
placed within the central testing chamber, and one side compartment was designated as the stimulus 
chamber containing age-matched conspecific fish. All behaviours test was captured via the Noldus 
zebrafish behaviour analysis platform.
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Previous studies have demonstrated that the social zone for zebrafish is generally 
defined within a region of 1.5–2 body lengths from the edge of the conspecific stimulus 
chamber [8,18]. Accordingly, a 51 mm × 12 mm social zone was delineated adjacent to the 
edge of the conspecific stimulus chamber, and a blank control zone of identical dimensions 
was set beside the blank control chamber (Figure 2A). All behavioural recordings were 
conducted using the Noldus behavioural tracking system (DanioVision, Noldus Information 
Technology BV, Wageningen, The Netherlands). Zebrafish embryos were fully mixed and 
randomly allocated to experimental groups. The experimenter who transferred zebrafish 
into the test apparatus was blind to treatment groups. The apparatus containing the test 
fish was placed in the tracking box for a 10 min dark acclimation period, after which social 
preference was recorded for 15 min under 100 lx illumination. The system automatically 
tracked and collected data of zebrafish in the central test zone, social zone and blank control 
zone, and all behavioural data were analyzed using EthoVision XT 17 software. The video 
analyst remained blind to treatment groups until data sorting was finished.

2.4. Morpholino (MO) Microinjection in Zebrafish
The micall2b-MO (sequence:5′-AAGTGAATGGTATCTTACCCGTTGA-3′) and lphn3.1-MO 

(sequence: 5′-ATGTGAGTGTATCTCTGTACCTGAA-3′) used in this study have been previously 
validated for their knockdown specificity and efficiency in published studies [19–21]. At the 
one-cell stage, zebrafish embryos were microinjected with 1 nL of micall2b-MO or lphn3.1-
MO working solution (0.25 μM). Embryos in the control group received an equal volume of 
standard control-MO (sequence: 5′-ATCTGACTGTATGTCTCTACCTCAA-3′). All injected 
zebrafish larvae were raised continuously until 14 dpf, after which larval social preference 
assays were performed. All gene knockdown experiments were performed with four 
independent tanks (biological replicates). Each replicate was maintained in a separate tank, 
with approximately 50 larvae per tank.

2.5. Statistics
All data were first tested for normality and homogeneity of variance using the Shapiro–

Wilk test and Levene’s test, respectively, in RStudio (2024.12.1), to determine whether 
parametric or non-parametric tests were appropriate. Paired t-test or Wilcoxon signed-
rank test was applied for comparisons between the social zone and blank-control zone, as 
measurements were collected from the same individual zebrafish. Differences between 
two independent groups were compared using Student’s t-test or the Mann–Whitney U 
test. One-way analysis of variance (ANOVA) followed by Tukey’s post hoc test was used 
for pairwise comparisons among multiple groups. When the normality or homogeneity 
assumptions were violated, the non-parametric Kruskal–Wallis test followed by Dunn’s 
post hoc test with Bonferroni correction was used. For intergroup comparisons between 
independent treatment groups, tank-averaged values were calculated and used for statistical 
comparisons. Statistical analyses and plotting were performed in RStudio. Statistical 
significance thresholds were defined as follows: * p < 0.05, ** p < 0.01, *** p < 0.001.

3. Results
3.1. 14 dpf Zebrafish Exhibit Significant Larval Social Preference

To determine the developmental onset of social preference in larval zebrafish, be-
havioural assays were performed on zebrafish larvae at 7 and 14 dpf. At 7 dpf, no significant 
differences were observed between the time spent and frequency of entry in the social zone 
versus the blank control zone (Figure 2B,C). In contrast, 14 dpf larvae exhibited signifi-
cantly higher %time in social zone and entry frequency in social zone compared with blank 
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control zone (Figure 2B,C), indicating that social preference is well established by 14 dpf 
in zebrafish.

Figure 2. Zebrafish three-chamber social preference assay and behavioural analysis of 7dpf and 14dpf 
zebrafish. (A) The top view of the three-chamber social preference test tank. The right red rectangular 
outline defines the social zone with adjacent to age-matched conspecific stimulus fish, while the 
left red rectangular outline marks the blank control zone with no conspecific fish. (B) The average 
time staying in social zone (%) and blank control zone of the 7dpf and 14dpf zebrafish, respectively 
(7 dpf: n = 3 independent tanks per group; 5–6 larvae subsampled from each tank; paired t-test, 
p-value = 0.5321. 14 dpf: n = 3 independent tanks per group; 4–5 larvae subsampled from each 
tank; paired t-test, p-value = 0.001153). (C) The average entry frequency of the social zone a blank 
control zone of the 7dpf and 14dpf zebrafish (7 dpf: n = 3 independent tanks per group; 5–6 larvae 
subsampled from each tank; paired t-test, p-value = 0.382. 14 dpf: n = 3 independent tanks per group; 
4–5 larvae subsampled from each tank; paired t-test, p-value = 0.026). All values are presented as 
the mean of tank-averaged values ± SEM. Overlaid dots denote data from individual larvae. * and ** 
stand for p-value < 0.05 and p-value < 0.01, respectively.

3.2. Validation of Larval Zebrafish Social Preference Assay with Ethonal and BPA Exposure
BPA and ethanol were selected as positive controls for assay validation. Both are 

behavioural neurotoxicants, and prior publications have quantified their effects on zebrafish 
social phenotypes, including the time spent in the social zone and entry frequency. For 
BPA, multiple studies using Noldus Ethovision have characterised its impacts on social 
behaviour [10,13,18,22–24]. For ethanol, numerous Noldus-based zebrafish behavioural 
studies have demonstrated that acute ethanol exposure alters social phenotypes [25–29].

Previous studies have shown that exposure to 100 μg/L bisphenol A (BPA) and 
1% ethanol can induce alterations in social behaviour and exert neurotoxic effects in ze-
brafish [18,29–31]. Based on these findings, zebrafish were subjected to acute and develop-
mental exposure to ethanol and BPA, respectively. At 14 dpf, zebrafish were subjected to 
acute exposure to 1% ethanol for 20 min, followed by social preference detection (Figure 3A). 
Compared with the control group, acute exposure to 1% ethanol significantly reduced the 
%time spent in the social zone and the entry frequency, accompanied by a notable decrease 
in swimming distance (Figure S1A). For the BPA treatment group, zebrafish were sub-
jected to developmental exposure from 2 hpf to 120 hpf, and social preference tests were 
performed when the larvae were raised to 14 dpf (Figure 3D). The results showed that 
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zebrafish with early developmental exposure to BPA exhibited a significant reduction in 
the %time in the social area and the frequency of entering the social zone (Figure 3E,F), 
while their swimming distance was significantly increased (Figure S1B). Collectively, these 
findings confirm that the established social preference apparatus is suitable for conducting 
behavioural assessment in larval zebrafish.

Figure 3. Behavioural validations of zebrafish three-chamber social preference test following ethanol 
and BPA treatment. (A) The schematic timeline of acute ethanol exposure paradigm. WT zebrafish 
embryos developed normally until 14dpf, followed by short-term 1% ethanol acute administration 
prior to three-chamber social preference recording. (B) The bar plot showing the proportion of 
total test duration zebrafish occupied the social zone in control and acute 1% ethanol groups (n = 4 
independent tanks per group; t-test, p-value = 0.0286). (C) A statistical comparison of social zone 
entry frequency between control and ethanol-treated zebrafish (n = 4 independent tanks per group; 
4–5 larvae subsampled from each tank; t-test, p-value = 0.0277). (D) The schematic timeline of 
developmental BPA exposure paradigm. Zebrafish embryos were continuously immersed in 0.43 μM 
BPA solution starting at 2 hpf until 120 hpf (5dpf), then rear in fish water to 14 dpf for social inter-
action testing. (E) The quantification of average %time in social zone in zebrafish with embryonic
0.43 μM BPA developmental exposure versus vehicle control (n = 4 independent tanks per group; 
3–4 larvae subsampled from each tank; t-test, p-value = 0.0263). (F) The bar plot illustrating social 
zone entry frequency in control and developmental BPA-exposed groups (n = 4 independent tanks 
per group; 3–4 larvae subsampled from each tank; t-test, p-value = 0.0308). All values are presented 
as the mean of tank-averaged values ± SEM. Overlaid dots denote data from individual larvae. * stand 
for p-value < 0.05.
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3.3. BPAF Has Different Effects on Laval Social Preference
BPAF, an industrial alternative to BPA, was selected for comparison since prior work 

demonstrated it possesses greater toxicity than BPA [22,32–35]. We hypothesised that BPAF 
might also induce changes in larval social preference at the same exposure concentration as 
BPA. In the present study, zebrafish were subjected to developmental exposure to 0.43 μM/L 
BPAF, a concentration identical to that of BPA in this studies, which did not induce morpho-
logical malformations in zebrafish. Larval social preference tests were performed at 14 dpf 
(Figure 4A). The results showed that compared with the control group, BPAF exposure 
did not significantly alter the %time spent in the social zone or the frequency of entering 
the social zone (Figure 4B,C) but significantly reduced the swimming distance of zebrafish 
(Figure S2), indicating that BPA and BPAF have different neurotoxic effects.

Figure 4. Effects of developmental BPAF exposure on social preference in larval zebrafish. (A) The 
schematic timeline of the developmental BPAF exposure paradigm. Zebrafish embryos were continu-
ously exposed to 0.43 μM BPAF from 2 hpf to 120 hpf (5 dpf), then maintained in fish water until 
14 dpf for the three-chamber social preference test. (B) The bar plot quantifying the percentage of 
average %time larvae spent in the social zone in the control and BPAF developmental exposure groups 
(n = 4 independent tanks per group; 3–4 larvae subsampled from each tank, t-test, p-value = 0.3837). 
(C) The statistical analysis of social zone entry frequency between the control and BPAF-exposed group 
(n = 4 independent tanks per group; 3–4 larvae subsampled from each tank; t-test, p-value = 0.1625). 
All values are presented as the mean of tank-averaged values ± SEM. Overlaid dots denote data from 
individual larvae.

3.4. Knockdown micall2b Induced Deficit on Larval Social Preference
Genes micall2b and lphn3.1 are critical genes for neural development in zebrafish. 

Gene micall2b participates in neuronal microtubule development, while lphn3.1 mediates 
synaptogenesis and dopaminergic neuron formation. Previous Noldus-based studies have 
shown their knockdown alters larval locomotor activity [19–21,36]. We tested whether 
these gene perturbations affect larval social preference.

In this study, one-cell-stage zebrafish embryos were injected with MOs targeting mi-
call2b and lphn3.1, respectively, and raised to 14 dpf for larval social preference assessment 
(Figure 5A). The results showed that micall2b knockdown significantly reduced the en-
try frequency into the social zone (Figure 5C), whereas the %time in the social zone and 
swimming distance remained unchanged (Figure 5B) (Figure S3). In contrast, lphn3.1 
knockdown zebrafish displayed no significant differences from the control group in the 
%time in the social zone, entry frequency and swimming distance (Figure 5B,C) (Figure S3). 
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These results indicate that the two genes exhibit distinctly different regulatory effects on 
zebrafish social preference.

Figure 5. Effects of lphn3.1 and micall2b knockdown on social preference in zebrafish. (A) The 
schematic timeline of morpholino (MO) knockdown assay. MO were microinjected into zebrafish 
embryos at the one-cell stage, and injected larvae were raised to 14dpf for subsequent three-chamber 
social preference testing. (B) The bar plot showing the %time spent within the social zone across con-
trol, lphn3.1-MO and micall2b-MO groups (n = 4 independent tanks per group; 3–5 larvae subsampled 
from each tank; one-way ANOVA with Tukey’s post-hoc test, p-value = 0.863). (C) The quantification 
of social zone entry frequency in the control, lphn3.1-MO and micall2b-MO group (n = 4 independent 
tanks per group; 3–5 larvae subsampled from each tank; one-way ANOVA with Tukey’s post hoc test, 
p-value = 0.0254). All values are presented as the mean of tank-averaged values ± SEM. Overlaid 
dots denote data from individual larvae. * stand for p-value < 0.05.

4. Discussion
Social preference is one of the important behavioural readouts in zebrafish [37,38]. 

The establishment of behavioural assays is essential for investigating the neurotoxicity 
of environmental pollutants and characterising neurobehavioural phenotypes. In this 
study, we developed a three-chamber social preference detection apparatus and matching 
testing methods applicable to larval zebrafish, which are compatible with the Noldus larval 
behaviour analysis system (Figure 1A). Through systematic experiments, we clarified the 
critical developmental time window of social preference in larval zebrafish, verified the 
reliability of the established methods, and further explored the differential neurotoxic 
effects of bisphenol analogues as well as the regulatory effects of neurodevelopment-related 
genes on social preference. This study provides important methodological support for 
neuroscience and toxicology field.

4.1. Zebrafish at 14 dpf Begin to Exhibit Social Preference in the Three-Chamber Apparatus
Previous studies have confirmed that larval zebrafish begin to exhibit conspecific 

tendency at approximately one week post-fertilisation. These social preference traits are 
characteristic behavioural features of the zebrafish larval stage [39,40]. In the present study, 
a three-chamber social preference assay was applied for verification. The results revealed 
that 7 dpf larvae showed no obvious social bias, with no significant behavioural difference 
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between the social zone and blank control zone, indicating the absence of early social 
preference at this stage (Figure 2B,C).

In contrast, larval social preference were observed in 14 dpf larvae within the three-
chamber system. These larvae spent a significantly higher %time in the social zone 
(Figure 2B,C) and entry frequency into the social zone was markedly increased, demon-
strating that larvae at this stage acquired the capacity to respond to conspecific stimuli and 
established larval social preference behaviour (Figure 2B,C).

Shoaling, another widely adopted paradigm for evaluating zebrafish social behaviour, 
generally emerges in larvae at around 28 dpf, representing a relatively later developmental 
time window [41,42]. Compared with such methods, the three-chamber social preference 
enables earlier detection of early social alterations, making it more suitable for exploring 
the underlying mechanisms of early social behaviours modulated by neural development 
in zebrafish.

4.2. Validation of Larval Zebrafish 3-Chamber Social Preference Test by Chemical Exposure
Developmental exposure to BPA disrupts neural circuit construction and induces 

altered social preference (Figure 3E,F). Acute ethanol exposure directly modulates the 
function of neural circuit, thereby triggering social behavioural dysfunction (Figure 3B,C). 
Behavioural alterations resulting from both exposure paradigm can be reliably identified via 
the three-chamber social preference assay, confirming the applicability of this established 
detection method.

The results revealed that acute ethanol exposure reduced locomotor activity of ze-
brafish in the test area (Figure S1A). Evidence has demonstrated that acute ethanol treatment 
alters the secretion levels of dopamine and serotonin, and the disruption of these two neu-
rotransmitters system directly triggers abnormal motor behaviours [29,43]. In contrast, 
developmental BPA exposure markedly increased zebrafish locomotion, which was highly 
consistent with the hyperactive phenotype induced by early BPA exposure [18,44,45]. We 
found that both BPA and ethanol induced alterations in larval social preference, implying 
potential shared underlying mechanisms. Accumulating evidence indicates that disrupted 
GABAergic signalling contributes to impaired zebrafish social behaviour [7,46,47]. Also, 
our previous work and other reports demonstrated that BPA-triggered behavioural deficits 
are mainly attributed to the reduction of GABAergic neurons in the zebrafish brain [18,23]. 
Significant reductions in brain GABA content have been documented in zebrafish displaying 
ethanol-evoked social behaviour [29]. We speculate that dysfunction of inhibitory GABAer-
gic neurons may be associated with the common mechanism underlying these deficits in 
larval social preference following BPA and ethanol exposure.

Notably, early developmental exposure to BPAF did not alter the %time spent in the 
social zone or the frequency of entries into the social zone in zebrafish (Figure 4B,C) yet 
significantly reduced their total travel distance (Figure S2), which is in contrast to the 
abnormal social behaviour induced by the same concentrations of BPA exposure. Although 
previous studies have confirmed that the overall toxicity of BPAF is significantly stronger 
than that of BPA [32,48,49], the present behavioural results hint at potential behavioural 
divergence after exposure to the two compounds. Whether these differences arise from 
disruption of distinct neurotoxic mechanisms requires further experimental validation. 
These distinct behavioural phenotypes suggest that the three-chamber social preference 
assay can potentially discriminate the neurotoxicity of different compounds.

4.3. Detection of Zebrafish Model of Neurodevelopmental Gene Knockdown
This behavioural detection system can be applied not only to the neurotoxicity screening 

of environmental pollutants but also to phenotypic analysis of zebrafish models with 
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neurodevelopmental gene knockdown. Both micall2b and lphn3.1 are key genes associated 
with neurodevelopment in zebrafish. Early knockdown of these genes can alter varying 
degrees of behavioural and neurodevelopment in zebrafish [19–21,36].

In the present study, gene-knockdown zebrafish were reared to 14 dpf and subjected to 
the three-chamber larval social preference test. Larvae with micall2b knockdown exhibited 
a significant reduction in the frequency of entries into the social zone (Figure 5C), while the 
%time within this zone remained unchanged (Figure 5B). Whether such changes in larval 
social preference induced by micall2b knockdown are linked to GABAergic neuronal function 
requires further investigation. In contrast, knockdown of lphn3.1 produced no significant 
alterations in larval social preference, suggesting that this gene may not participate in the 
neural circuits governing larval social preference, and its function is likely primarily related 
to spontaneous locomotion during early larval development [20,21,50]. Most MO-mediated 
knockdown models exhibit locomotor abnormalities only at early developmental stages 
(e.g., 5 dpf). In contrast, the three-chamber social preference assay allows for the detection 
of long-lasting behavioural deficits induced by gene knockdown.

5. Conclusions
This study adopted 3D printing technology to establish and validate a three-chamber 

social preference assay for larval zebrafish. The present study confirmed that 14 dpf ze-
brafish larvae display detectable larval social preference in the customised three-chamber 
apparatus, which is structurally compatible with the mainstream behavioural analysis sys-
tem. Validation using chemical exposures demonstrated that this method enables us to 
identify alterations in social preference induced by ethanol and BPA and to discriminate the 
neurotoxic effects of different compounds. Additional genetic functional tests showed that 
this approach can detect deficits in social preference caused by MO-mediated gene knock-
down. Compared with assays using adult zebrafish, the present method offers improved 
efficiency and cost-effectiveness. Collectively, these findings support the utility of the es-
tablished social preference apparatus for behavioural assessment in larval zebrafish. It is 
suitable for neurotoxicity screening of environmental pollutants and phenotypic evaluation 
of neurodevelopmental gene knockdown models, providing a practical methodological tool 
for neurotoxicology and neurobehavioural research.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/biology15211926/s1, Figure S1: Locomotion of 14dpf zebrafish after 
acute alcohol or developmental BPA exposure; Figure S2: Locomotion of 14dpf zebrafish following 
developmental BPAF exposure; Figure S3: Locomotion of 14dpf zebrafish after lphn3.1 and micall2b 
gene knockdown.

Author Contributions: Conceptualisation, Q.S. and F.Z.; methodology, Q.S., H.L., and F.Z.; software, 
Q.S. and H.L.; validation, Q.S., H.L., and S.W.; formal analysis, Q.S., J.L., and S.L.; investigation, Q.S., 
H.L., S.W. and X.L.; resources, Q.S. and F.Z.; data curation, Q.S., H.L., and S.W.; writing—original 
draft preparation, Q.S. and H.L.; writing—review and editing, F.Z.; visualisation, Q.S. and H.L.; 
supervision, F.Z.; project administration, Q.S. and F.Z.; funding acquisition, Q.S. and F.Z. All authors 
have read and agreed to the published version of the manuscript.

Funding: This study was funded by the Scientific and Technological Project of Fujian Metrology 
Institute (No. FJJLK2026008) and the Scientific Research Fund Project of Shandong University of 
Traditional Chinese Medicine (No. LCKY202531).

Institutional Review Board Statement: The animal study protocol was approved by the Institutional 
Animal Care and Use Committee of Shandong University of Traditional Chinese Medicine (protocol 
code SDUTCM20260303606, approved on 3 March 2026).

Informed Consent Statement: Not applicable.

https://doi.org/10.3390/biology15211926

https://www.mdpi.com/article/10.3390/biology15211926/s1
https://www.mdpi.com/article/10.3390/biology15211926/s1
https://doi.org/10.3390/biology15211926


Biology 2026, 15, 1926 11 of 13

Data Availability Statement: The data that support the findings of this study are available upon 
reasonable request from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. de Polavieja, G.G.; Orger, M.B. Social Behavior: A Neural Circuit for Social Behavior in Zebrafish. Curr. Biol. 2018, 28, R828–R830. 

[CrossRef] [PubMed]
2. Stednitz, S.J.; McDermott, E.M.; Ncube, D.; Tallafuss, A.; Eisen, J.S.; Washbourne, P. Forebrain Control of Behaviorally Driven 

Social Orienting in Zebrafish. Curr. Biol. 2018, 28, 2445–2451.e3. [CrossRef] [PubMed]
3. Oliveira, R.F. Mind the fish: Zebrafish as a model in cognitive social neuroscience. Front Neural Circuits 2013, 7, 131. [CrossRef] 

[PubMed]
4. Zoodsma, J.D.; Keegan, E.J.; Moody, G.R.; Bhandiwad, A.A.; Napoli, A.J.; Burgess, H.A.; Wollmuth, L.P.; Sirotkin, H.I. Disruption 

of grin2B, an ASD-associated gene, produces social deficits in zebrafish. Mol. Autism 2022, 13, 38. [CrossRef] [PubMed]
5. Sato, M.; Nakai, N.; Fujima, S.; Choe, K.Y.; Takumi, T. Social circuits and their dysfunction in autism spectrum disorder. Mol. 

Psychiatry 2023, 28, 3194–3206. [CrossRef] [PubMed]
6. Pintos Lobo, R.; Peraza, J.A.; Salo, T.; Meca, A.; Smith, D.D.; Feeney, K.E.; Schmarder, K.M.; Sutherland, M.T.; Gonzalez, R.; Musser, 

E.D.; et al. Social profiles among youth with attention-deficit/hyperactivity disorder (ADHD): Evidence from the ABCD study. 
Dev. Cogn. Neurosci. 2025, 75, 101591. [CrossRef] [PubMed]

7. Zhang, Q.; Li, F.; Li, T.; Lin, J.; Jian, J.; Zhang, Y.; Chen, X.; Liu, T.; Gou, S.; Zhang, Y.; et al. Nomo1 deficiency causes autism-like 
behavior in zebrafish. EMBO Rep. 2024, 25, 570–592. [CrossRef] [PubMed]

8. Liu, C.X.; Li, C.-Y.; Hu, C.-C.; Wang, Y.; Lin, J.; Jiang, Y.-H.; Li, Q.; Xu, X. CRISPR/Cas9-induced shank3b mutant zebrafish display 
autism-like behaviors. Mol. Autism 2018, 9, 23. [CrossRef] [PubMed]

9. Ding, Z.; Huang, G.; Wang, T.; Duan, W.; Li, H.; Wang, Y.; Jia, H.; Yang, Z.; Wang, K.; Chu, X.; et al. Genetic Ablation of GIGYF1, 
Associated with Autism, Causes Behavioral and Neurodevelopmental Defects in Zebrafish and Mice. Biol. Psychiatry 2023, 94, 
769–779. [CrossRef] [PubMed]

10. Bai, C.; Dong, H.; Tao, J.; Chen, Y.; Xu, H.; Lin, J.; Huang, C.; Dong, Q. Lifetime exposure to benzophenone-3 at an environmentally 
relevant concentration leads to female-biased social behavior and cognition deficits in zebrafish. Sci. Total Environ. 2023, 857, 
159733. [CrossRef] [PubMed]

11. Ogi, A.; Licitra, R.; Naef, V.; Marchese, M.; Fronte, B.; Gazzano, A.; Santorelli, F.M. Social Preference Tests in Zebrafish: A 
Systematic Review. Front Vet. Sci. 2020, 7, 590057. [CrossRef] [PubMed]

12. Li, X.; Feng, T.; Lu, W. The effects of valproic acid neurotoxicity on aggressive behavior in zebrafish autism model. Comp. Biochem. 
Physiol. C Toxicol. Pharmacol. 2024, 275, 109783. [CrossRef] [PubMed]

13. Weber, D.N.; Hoffmann, R.G.; Hoke, E.S.; Tanguay, R.L. Bisphenol A exposure during early development induces sex-specific 
changes in adult zebrafish social interactions. J. Toxicol. Environ. Health A 2015, 78, 50–66. [CrossRef] [PubMed]

14. Landin, J.; Hovey, D.; Xu, B.; Lagman, D.; Zettergren, A.; Larhammar, D.; Kettunen, P.; Westberg, L. Oxytocin Receptors Regulate 
Social Preference in Zebrafish. Sci. Rep. 2020, 10, 5435. [CrossRef] [PubMed]

15. Velkey, A.; Kinslow, K.; Martin, J.; Hoffman, E.; Bowers, M.; Scott, M.; Wiens, K. Low-Cost Alternative for Examining Social 
Preference in Zebrafish (Danio rerio) Using the 3-Chamber Open-Tank Free-Swim Task. J. Vis. Exp. 2026, 234, e70610. [CrossRef] 
[PubMed]

16. Liu, S.; Qiu, W.; Li, R.; Chen, B.; Wu, X.; Magnuson, J.T.; Xu, B.; Luo, S.; Xu, E.G.; Zheng, C. Perfluorononanoic Acid Induces 
Neurotoxicity via Synaptogenesis Signaling in Zebrafish. Environ. Sci. Technol. 2023, 57, 3783–3793. [CrossRef] [PubMed]

17. Yu, H.; Chen, Q.; Qiu, W.; Ma, C.; Gao, Z.; Chu, W.; Shi, H. Concurrent water- and foodborne exposure to microplastics leads to 
differential microplastic ingestion and neurotoxic effects in zebrafish. Water Res. 2022, 219, 118582. [CrossRef] [PubMed]

18. Shen, Q.; Zhao, F.; Zhang, N.; Zheng, L.; Su, D.; Qian, Y.; Xin, L.; Mingxia, S.; Hongxu, Z.; Chen, F.; et al. Embryonic exposure 
of estrogen and BPA in zebrafish leads to ADHD-like and ASD-like phenotypes, respectively. Prog. Neuropsychopharmacol. Biol. 
Psychiatry 2025, 137, 111293. [CrossRef] [PubMed]

19. Yang, L.; Chang, S.; Lu, Q.; Zhang, Y.; Wu, Z.; Sun, X.; Cao, Q.; Qian, Y.; Jia, T.; Xu, B.; et al. A new locus regulating MICALL2 
expression was identified for association with executive inhibition in children with attention deficit hyperactivity disorder. Mol. 
Psychiatry 2018, 23, 1014–1020. [CrossRef] [PubMed]

20. Lange, M.; Norton, W.; Coolen, M.; Chaminade, M.; Merker, S.; Proft, F.; Schmitt, A.; Vernier, P.; Lesch, K.-P.; Bally-Cuif, L. 
The ADHD-susceptibility gene lphn3.1 modulates dopaminergic neuron formation and locomotor activity during zebrafish 
development. Mol. Psychiatry 2012, 17, 946–954. [CrossRef] [PubMed]

https://doi.org/10.3390/biology15211926

https://doi.org/10.1016/j.cub.2018.06.065
https://www.ncbi.nlm.nih.gov/pubmed/30086314
https://doi.org/10.1016/j.cub.2018.06.016
https://www.ncbi.nlm.nih.gov/pubmed/30057306
https://doi.org/10.3389/fncir.2013.00131
https://www.ncbi.nlm.nih.gov/pubmed/23964204
https://doi.org/10.1186/s13229-022-00516-3
https://www.ncbi.nlm.nih.gov/pubmed/36138431
https://doi.org/10.1038/s41380-023-02201-0
https://www.ncbi.nlm.nih.gov/pubmed/37612363
https://doi.org/10.1016/j.dcn.2025.101591
https://www.ncbi.nlm.nih.gov/pubmed/40645110
https://doi.org/10.1038/s44319-023-00036-y
https://www.ncbi.nlm.nih.gov/pubmed/38253686
https://doi.org/10.1186/s13229-018-0204-x
https://www.ncbi.nlm.nih.gov/pubmed/29619162
https://doi.org/10.1016/j.biopsych.2023.02.993
https://www.ncbi.nlm.nih.gov/pubmed/36924980
https://doi.org/10.1016/j.scitotenv.2022.159733
https://www.ncbi.nlm.nih.gov/pubmed/36306848
https://doi.org/10.3389/fvets.2020.590057
https://www.ncbi.nlm.nih.gov/pubmed/33553276
https://doi.org/10.1016/j.cbpc.2023.109783
https://www.ncbi.nlm.nih.gov/pubmed/37926328
https://doi.org/10.1080/15287394.2015.958419
https://www.ncbi.nlm.nih.gov/pubmed/25424546
https://doi.org/10.1038/s41598-020-61073-4
https://www.ncbi.nlm.nih.gov/pubmed/32214126
https://doi.org/10.3791/70610
https://www.ncbi.nlm.nih.gov/pubmed/42611947
https://doi.org/10.1021/acs.est.2c06739
https://www.ncbi.nlm.nih.gov/pubmed/36797597
https://doi.org/10.1016/j.watres.2022.118582
https://www.ncbi.nlm.nih.gov/pubmed/35580390
https://doi.org/10.1016/j.pnpbp.2025.111293
https://www.ncbi.nlm.nih.gov/pubmed/40020986
https://doi.org/10.1038/mp.2017.74
https://www.ncbi.nlm.nih.gov/pubmed/28416812
https://doi.org/10.1038/mp.2012.29
https://www.ncbi.nlm.nih.gov/pubmed/22508465
https://doi.org/10.3390/biology15211926


Biology 2026, 15, 1926 12 of 13

21. Lange, M.; Froc, C.; Grunwald, H.; Norton, W.H.; Bally-Cuif, L. Pharmacological analysis of zebrafish lphn3.1 morphant larvae sug-
gests that saturated dopaminergic signaling could underlie the ADHD-like locomotor hyperactivity. Prog. Neuropsychopharmacol. 
Biol. Psychiatry 2018, 84, 181–189. [CrossRef] [PubMed]

22. Mu, X.; Liu, Z.; Zhao, X.; Chen, L.; Jia, Q.; Wang, C.; Li, T.; Guo, Y.; Qiu, J.; Qian, Y. Bisphenol analogues induced social defects 
and neural impairment in zebrafish. Sci. Total Environ. 2023, 899, 166307. [CrossRef] [PubMed]

23. Naderi, M.; Puar, P.; JavadiEsfahani, R.; Kwong, R.W. Early developmental exposure to bisphenol A and bisphenol S disrupts 
socio-cognitive function, isotocin equilibrium, and excitation-inhibition balance in developing zebrafish. Neurotoxicology 2022, 88, 
144–154. [CrossRef] [PubMed]

24. Wang, J.; Wang, X.; Xiong, C.; Liu, J.; Hu, B.; Zheng, L. Chronic bisphenol A exposure alters behaviors of zebrafish (Danio rerio). 
Environ. Pollut. 2015, 206, 275–281. [CrossRef] [PubMed]

25. Fernandes, Y.; Rampersad, M.; Gerlai, R. Embryonic alcohol exposure impairs the dopaminergic system and social behavioral 
responses in adult zebrafish. Int. J. Neuropsychopharmacol. 2015, 18, pyu089. [CrossRef] [PubMed]

26. Fernandes, Y.; Rampersad, M.; Gerlai, A.R. Impairment of social behaviour persists two years after embryonic alcohol exposure in 
zebrafish: A model of fetal alcohol spectrum disorders. Behav. Brain Res. 2015, 292, 102–108. [CrossRef] [PubMed]

27. Buske, C.; Gerlai, R. Early embryonic ethanol exposure impairs shoaling and the dopaminergic and serotoninergic systems in 
adult zebrafish. Neurotoxicol Teratol. 2011, 33, 698–707. [CrossRef] [PubMed]

28. Muller, T.E.; Nunes, S.Z.; Silveira, A.; Loro, V.L.; Rosemberg, D.B. Repeated ethanol exposure alters social behavior and oxidative 
stress parameters of zebrafish. Prog. Neuropsychopharmacol. Biol. Psychiatry 2017, 79, 105–111. [CrossRef] [PubMed]

29. Chatterjee, D.; Shams, S.; Gerlai, R. Chronic and acute alcohol administration induced neurochemical changes in the brain: 
Comparison of distinct zebrafish populations. Amino Acids 2014, 46, 921–930. [CrossRef] [PubMed]

30. Chen, L.; Wang, Z.; Gu, W.; Zhang, X.-X.; Ren, H.; Wu, B. Single-Cell Sequencing Reveals Heterogeneity Effects of Bisphenol A on 
Zebrafish Embryonic Development. Environ. Sci. Technol. 2020, 54, 9537–9546. [CrossRef] [PubMed]

31. Qiu, W.; Liu, S.; Chen, H.; Luo, S.; Xiong, Y.; Wang, X.; Xu, B.; Zheng, C.; Wang, K.-J. The comparative toxicities of BPA, BPB, BPS, 
BPF, and BPAF on the reproductive neuroendocrine system of zebrafish embryos and its mechanisms. J. Hazard. Mater. 2021, 406, 
124303. [CrossRef] [PubMed]

32. Moreman, J.; Lee, O.; Trznadel, M.; David, A.; Kudoh, T.; Tyler, C.R. Acute Toxicity, Teratogenic, and Estrogenic Effects of Bisphenol 
A and Its Alternative Replacements Bisphenol S, Bisphenol F, and Bisphenol AF in Zebrafish Embryo-Larvae. Environ. Sci. Technol. 
2017, 51, 12796–12805. [CrossRef] [PubMed]

33. Gao, Y.; Li, A.; Zhang, W.; Pang, S.; Liang, Y.; Song, M. Assessing the toxicity of bisphenol A and its six alternatives on zebrafish 
embryo/larvae. Aquat. Toxicol. 2022, 246, 106154. [CrossRef] [PubMed]

34. Gu, J.; Guo, M.; Yin, X.; Huang, C.; Qian, L.; Zhou, L.; Wang, Z.; Wang, L.; Shi, L.; Ji, G. A systematic comparison of neurotoxicity 
of bisphenol A and its derivatives in zebrafish. Sci. Total Environ. 2022, 805, 150210. [CrossRef] [PubMed]

35. Catron, T.R.; Keely, S.P.; E Brinkman, N.; Zurlinden, T.J.; E Wood, C.; Wright, J.R.; Phelps, D.; Wheaton, E.; Kvasnicka, A.; Gaballah, 
S.; et al. Host Developmental Toxicity of BPA and BPA Alternatives Is Inversely Related to Microbiota Disruption in Zebrafish. 
Toxicol. Sci. 2019, 167, 468–483. [CrossRef] [PubMed]

36. Xue, Y.; Kuok, C.; Xiao, A.; Zhu, Z.; Lin, S.; Zhang, B. Identification and expression analysis of mical family genes in zebrafish. 
J. Genet. Genom. 2010, 37, 685–693. [CrossRef] [PubMed]

37. Geng, Y.; Peterson, R.T. The zebrafish subcortical social brain as a model for studying social behavior disorders. Dis. Model. Mech. 
2019, 12, dmm039446. [CrossRef] [PubMed]

38. Gerlai, R. Social behavior of zebrafish: From synthetic images to biological mechanisms of shoaling. J. Neurosci. Methods 2014, 234, 
59–65. [CrossRef] [PubMed]

39. Hinz, R.C.; de Polavieja, G.G. Ontogeny of collective behavior reveals a simple attraction rule. Proc. Natl. Acad. Sci. USA 2017, 
114, 2295–2300. [CrossRef] [PubMed]

40. Dreosti, E.; Lopes, G.; Kampff, A.R.; Wilson, S.W. Development of social behavior in young zebrafish. Front Neural Circuits 2015, 9, 
39. [CrossRef] [PubMed]

41. Shen, Q.; Truong, L.; Simonich, M.T.; Huang, C.; Tanguay, R.L.; Dong, Q. Rapid well-plate assays for motor and social behaviors 
in larval zebrafish. Behav. Brain Res. 2020, 391, 112625. [CrossRef] [PubMed]

42. Rericha, Y.; Truong, L.; Leong, C.; Cao, D.; Field, J.A.; Tanguay, R.L. Dietary Perfluorohexanoic Acid (PFHxA) Exposures in 
Juvenile Zebrafish Produce Subtle Behavioral Effects across Generations. Toxics 2022, 10, 372. [CrossRef] [PubMed]

43. Puttonen, H.A.; Sundvik, M.; Rozov, S.; Chen, Y.-C.; Panula, P. Acute ethanol treatment upregulates Th1, Th2, and Hdc in larval 
zebrafish in stable networks. Front Neural Circuits 2013, 7, 102. [CrossRef] [PubMed]

44. Saili, K.S.; Corvi, M.M.; Weber, D.N.; Patel, A.U.; Das, S.R.; Przybyla, J.; Anderson, K.A.; Tanguay, R.L. Neurodevelopmental 
low-dose bisphenol A exposure leads to early life-stage hyperactivity and learning deficits in adult zebrafish. Toxicology 2012, 291, 
83–92. [CrossRef] [PubMed]

https://doi.org/10.3390/biology15211926

https://doi.org/10.1016/j.pnpbp.2018.02.010
https://www.ncbi.nlm.nih.gov/pubmed/29496512
https://doi.org/10.1016/j.scitotenv.2023.166307
https://www.ncbi.nlm.nih.gov/pubmed/37586522
https://doi.org/10.1016/j.neuro.2021.11.009
https://www.ncbi.nlm.nih.gov/pubmed/34808222
https://doi.org/10.1016/j.envpol.2015.07.015
https://www.ncbi.nlm.nih.gov/pubmed/26204572
https://doi.org/10.1093/ijnp/pyu089
https://www.ncbi.nlm.nih.gov/pubmed/25568285
https://doi.org/10.1016/j.bbr.2015.05.060
https://www.ncbi.nlm.nih.gov/pubmed/26097005
https://doi.org/10.1016/j.ntt.2011.05.009
https://www.ncbi.nlm.nih.gov/pubmed/21658445
https://doi.org/10.1016/j.pnpbp.2017.05.026
https://www.ncbi.nlm.nih.gov/pubmed/28602852
https://doi.org/10.1007/s00726-013-1658-y
https://www.ncbi.nlm.nih.gov/pubmed/24381007
https://doi.org/10.1021/acs.est.0c02428
https://www.ncbi.nlm.nih.gov/pubmed/32644799
https://doi.org/10.1016/j.jhazmat.2020.124303
https://www.ncbi.nlm.nih.gov/pubmed/33121856
https://doi.org/10.1021/acs.est.7b03283
https://www.ncbi.nlm.nih.gov/pubmed/29016128
https://doi.org/10.1016/j.aquatox.2022.106154
https://www.ncbi.nlm.nih.gov/pubmed/35390582
https://doi.org/10.1016/j.scitotenv.2021.150210
https://www.ncbi.nlm.nih.gov/pubmed/34534871
https://doi.org/10.1093/toxsci/kfy261
https://www.ncbi.nlm.nih.gov/pubmed/30321396
https://doi.org/10.1016/s1673-8527(09)60086-2
https://www.ncbi.nlm.nih.gov/pubmed/21035094
https://doi.org/10.1242/dmm.039446
https://www.ncbi.nlm.nih.gov/pubmed/31413047
https://doi.org/10.1016/j.jneumeth.2014.04.028
https://www.ncbi.nlm.nih.gov/pubmed/24793400
https://doi.org/10.1073/pnas.1616926114
https://www.ncbi.nlm.nih.gov/pubmed/28193864
https://doi.org/10.3389/fncir.2015.00039
https://www.ncbi.nlm.nih.gov/pubmed/26347614
https://doi.org/10.1016/j.bbr.2020.112625
https://www.ncbi.nlm.nih.gov/pubmed/32428631
https://doi.org/10.3390/toxics10070372
https://www.ncbi.nlm.nih.gov/pubmed/35878277
https://doi.org/10.3389/fncir.2013.00102
https://www.ncbi.nlm.nih.gov/pubmed/23754986
https://doi.org/10.1016/j.tox.2011.11.001
https://www.ncbi.nlm.nih.gov/pubmed/22108044
https://doi.org/10.3390/biology15211926


Biology 2026, 15, 1926 13 of 13

45. Kinch, C.D.; Ibhazehiebo, K.; Jeong, J.-H.; Habibi, H.R.; Kurrasch, D.M. Low-dose exposure to bisphenol A and replacement 
bisphenol S induces precocious hypothalamic neurogenesis in embryonic zebrafish. Proc. Natl. Acad. Sci. USA 2015, 112, 
1475–1480. [CrossRef] [PubMed]

46. Mohammed, K.A.; Pretzel, C.W.; Müller, M.L.; Resmim, C.M.; Borba, J.V.; Nwawuba, S.U.; Menezes, R.; Fontoura, K.; Uchoa, A.E.; 
Canzian, J.; et al. Insights from zebrafish models of glutamatergic and GABAergic dysregulation in neurological and psychiatric 
disorders. Prog. Neuropsychopharmacol. Biol. Psychiatry 2026, 149, 111852. [CrossRef] [PubMed]

47. Wang, Y.; Liu, C.; Deng, J.; Xu, Q.; Lin, J.; Li, H.; Hu, M.; Hu, C.; Li, Q.; Xu, X. Behavioral and Sensory Deficits Associated with 
Dysfunction of GABAergic System in a Novel shank2-Deficient Zebrafish Model. Int. J. Mol. Sci. 2023, 24, 2208. [CrossRef] 
[PubMed]

48. Harnett, K.G.; Moore, L.G.; Chin, A.; Cohen, I.C.; Lautrup, R.R.; Schuh, S.M. Teratogenicity and toxicity of the new BPA alternative 
TMBPF, and BPA, BPS, and BPAF in chick embryonic development. Curr. Res. Toxicol. 2021, 2, 399–410. [CrossRef] [PubMed]

49. Wang, J.; Hong, X.; Liu, W.; Zhang, L.; Yan, S.; Li, Z.; Zha, J. Comprehensive assessment of the safety of bisphenol A and its 
analogs based on multi-toxicity tests in vitro. J. Hazard. Mater. 2025, 486, 136983. [CrossRef] [PubMed]

50. Bruxel, E.M.; Salatino-Oliveira, A.; Akutagava-Martins, G.C.; Tovo-Rodrigues, L.; Genro, J.P.; Zeni, C.P.; Polanczyk, G.V.; Chazan, 
R.; Schmitz, M.; Arcos-Burgos, M.; et al. LPHN3 and attention-deficit/hyperactivity disorder: A susceptibility and pharmacoge-
netic study. Genes Brain Behav. 2015, 14, 419–427. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/biology15211926

https://doi.org/10.1073/pnas.1417731112
https://www.ncbi.nlm.nih.gov/pubmed/25583509
https://doi.org/10.1016/j.pnpbp.2026.111852
https://www.ncbi.nlm.nih.gov/pubmed/42492721
https://doi.org/10.3390/ijms24032208
https://www.ncbi.nlm.nih.gov/pubmed/36768529
https://doi.org/10.1016/j.crtox.2021.11.001
https://www.ncbi.nlm.nih.gov/pubmed/34901887
https://doi.org/10.1016/j.jhazmat.2024.136983
https://www.ncbi.nlm.nih.gov/pubmed/39742861
https://doi.org/10.1111/gbb.12224
https://www.ncbi.nlm.nih.gov/pubmed/25989180
https://doi.org/10.3390/biology15211926

	Introduction 
	Materials and Methods 
	Fish Husbandry 
	Chemical Exposure Paradigm 
	The Three-Chamber Social Preference Apparatus and Test Procedure 
	Morpholino (MO) Microinjection in Zebrafish 
	Statistics 

	Results 
	14 dpf Zebrafish Exhibit Significant Larval Social Preference 
	Validation of Larval Zebrafish Social Preference Assay with Ethonal and BPA Exposure 
	BPAF Has Different Effects on Laval Social Preference 
	Knockdown micall2b Induced Deficit on Larval Social Preference 

	Discussion 
	Zebrafish at 14 dpf Begin to Exhibit Social Preference in the Three-Chamber Apparatus 
	Validation of Larval Zebrafish 3-Chamber Social Preference Test by Chemical Exposure 
	Detection of Zebrafish Model of Neurodevelopmental Gene Knockdown 

	Conclusions 
	References



