1 Behavioral paradigms
Note: Before commencing the experiments, the rats to be assessed were acclimatized to the test room 1 h before the experiments. All the apparatus' were cleaned with 70% ethanol before and between trials or after each animal experiment. 
1.1 Assessment of Nervous reflex
1.1.1 Pivoting
On PND 2, the animals would be placed supine, and the time to pivot to 90˚ was recorded (Hou et al., 2018).
1.1.2 Surface righting reflex
On PND 3, the animals were placed supine, and the time to pivot to 180˚ was recorded (Hou et al., 2018).
1.1.3 Negative geotaxis
From PND 7, the animal was placed on a sloped surface (30º inclined facing upwards), and the time taken by the animal to turn 180º angle is recorded (Lynch III et al., 2020).
1.1.4 Air righting reflex
From PND 7, the animal would be dropped in the supine position from 20 cm above the beddings, and the first day to land on four paws was noted (Hou et al., 2018).
1.1.5 Cliff aversion
From PND 5 onwards, the animal was sited on the brink of the box (30 cm high). The latency of the animal to avoid the cliff was recorded (Lynch III et al., 2020).
1.2 Motor coordination tests
1.2.1 Front limb suspension
On PND 5, the animal was allowed to hang on the needle (21 G) with a cut-off time of 60s, and the latency to fall (20 cm high) from the needle was recorded (Hou et al., 2018).
1.2.2 Crawling
From PND 6 onwards, the animal was placed on a 180º flat board. The latency to crawl a certain distance (3 cm) without circling or spinning on a flat surface was recorded (Hou et al., 2018).
1.2.3 Feet unfolded distance
On PND 15 & 30, each animal's posterior limb was coated with a blue ink pad. Animals were dropped from a height of 20 cm on white paper. The distance between the two hind limb footprints was noted (Hou et al., 2018).
1.2.4 Wire hanging test
On PND 15, 17 & 19, the animals were hung from a wire string (60 cm height x 100 cm length), and the fall-off time was noted. The cut-off time was 300 seconds.
1.2.5 Rotarod test
This test was performed using the Rotarod apparatus. The apparatus comprises of rotating rod with an adjustable acceleration of 4 – 40 rpm. The training was provided to all the animal groups with three trials daily for three days at increasing accelerations from 4 – 40 rpm. The rod was adjusted to 25 rpm on the test day, and animals were placed individually on the rotating rod. The latency to fall off the rod was recorded separately. The cut-off period during training and test was 300 seconds. This test was performed on PND 78-82 (Lynch III et al., 2020).
1.3 Assessment of Sensory functions
1.3.1 Auditory startle
From PND 7, the first day taken by the animal to react (jerking movement) to a loud click (finger snaps) sound from a 30 cm distance was noted (Hou et al., 2018).
1.3.2 Home cage emergence
On PND 8, the latency to reach the home/fresh cage bedding was recorded (Hou et al., 2018).
1.3.3 Tail pinch reflex
From PND 30 onwards, gentle pressure (pinching the tail for 20s) would be applied with forceps on the tail. The first day the animal bites the forceps was noted (Hou et al., 2018).
1.3.4 Visual placing reflex
From PND 15 onwards, the animals were suspended from the tail towards a flatter surface for a brief period. On the first day, the animals lifted their head by extending their forelimbs in a foot placement fashion was noted (Hou et al., 2018).
1.4 Developmental parameters
1.4.1 Head & body length
The head & body length of each pup was measured from PND 7-10.
1.4.2 Bodyweight
Bodyweight of each pup was measured on PND 8, 12, and 15.
1.4.3 Olfactory discrimination test
The test was conducted in a white polypropylene cage from PND 9-11. The cage comprises two small containers (one at each end), one containing home shavings and the second containing fresh shavings. At each end, a line was drawn to consider as a touchpoint. The animal was placed in the cage's centre, and the time to reach the home/fresh shavings was noted.
1.4.4 Eye-opening
The eye-opening of each animal was observed from PND 12-16. The scoring was as follows: no eyes opened – score 0, one eye opened – score 1, two eyes opened – score 2 (Singla et al., 2022).
1.4.5 Anatomical malformations
Post-VPA treatment, anatomical malformations are most frequently observed in offspring. The congenital anomalies observed were tail kink, paw malformations, and teeth malformations.
1.4.6 Grid walking
The grid walking apparatus was made of a metal grid (2x2 cm) elevated from the ground around 30 cm and measuring 50 x 50 cm in length and breadth. The rats were sited in the centre of the grid and left to explore freely for 1 minute. The grid walking was observed from PND 8-11. The behaviors were recorded in a camera fixed below. The following were the experimental parameters: (i) latency (time taken by the rat to move from the start position), (ii) total distance traveled on the grid, total forelimb foot-fault errors, (iv) total hindlimb foot-fault errors, (v) total no. of footsteps on the metal grid, (vi) total foot-fault (forelimb + hindlimb) errors, (vii) total foot-faults (percentage). Foot-faults are considered when the animal fails to place its paw on the grid and slips between the grid-gap (Schaar et al., 2010).
1.5 Assessment of Anxiety behavior
1.5.1 Open field test
A square-shaped polypropylene cage (50 cm x 50 cm x 40 cm) was divided into 25 equal-sized squares with nine squares in the central arena. The animal testing time was 300 seconds, and the activity was monitored under an infrared (IR) camera fixed above the apparatus. The following parameters were noted: (i) Latency to reach the central grid, (ii) Total time in the central grid, and No. of frequencies to the central grid were recorded. The animal activity was calculated with Ethovision XT 9 on PND 21.
1.5.2 Elevated-zero-maze
The apparatus comprises a zero-shaped board (65 cm in circumference) divided into two open and closed arms. The length and breadth of the arms are equal in size, with an 8 cm width between the arms. Two closed arms have 30 cm high walls on both ends. The apparatus is 70 cm high from the ground level. Each animal was placed individually on any random side in elevated zero-maze, and the time spent in open/closed arm, no. of entries in open/closed were recorded for 300 secs on PND 38. The animal behavior was recorded in an IR camera fixed above the apparatus, while the activity was analyzed in Ethovision XT 9 (Dobrovolsky et al., 2019).
1.6 Assessment of Exploratory behavior
1.6.1 Hole-board test
The animals' exploratory and anxiety-like behaviour were assessed using a hole board (68 cm length x 68 cm breadth x 50 cm height, 3 cm hole size) on PND 30-32. Each animal was sited in the center of the field, and its behaviour was recorded for 300 seconds. The following variables were recorded: (i) the number of line crossings from one quadrant to another, (ii) the head dipping/nose pokes, no. Of rearing, (iv) no. Of supported rears, (v) no. Of unsupported rears, (vi) time spent grooming was recorded (Servadio et al., 2016).
1.6.2 Actophotometer
The spontaneous locomotor activity in animals was assessed using a digital infrared (IR) actophotometer on PND 43. Each animal was sited in the corner of the apparatus' field, and its movements were recorded for 300 seconds. The current-voltage of 2 mV for 2 sec was used as a conditional stimulus to activate the animal if it remained ideal for more than 10 seconds. Two variables were assessed: (i) horizontal and (ii) vertical moves (Mirza & Sharma, 2019).
1.7 Assessment of Repetitive behavior
1.7.1 Self-grooming behavior
The animals were sited in a clean polypropylene cage (45 cm x 21 cm x 30 cm). The repetitive grooming behavior (i.e., licking the body, tail or anogenital area, wiping the nose, ear, head, or face with forepaws) was noted. The time animal groomed itself was noted for 10 minutes on PND 35. The grooming activity was monitored in a camera fixed above the cage (Singla et al., 2022).
1.7.2 Marble-burying behavior
The experiment was performed in a polypropylene cage (45 cm x 21 cm x 30 cm). The cage was filled with bedding (1/4th), and 20 marbles were placed in a 5 x 4 (rows x column) fashion. For each experiment, an animal was sited in the corner of the cage, and a lid was used to cover the cage. The experiment was recorded in a camera fixed above for 30 minutes on PND 54 in a soundproof room without disturbing the test animals. After 30 minutes, the animal was taken out of the cage, and scoring was done if 2/3 of each marble was buried in bedding. The average number of buried marbles was noted for each animal (Angoa-Pérez et al., 2013).
1.8 Assessment of Depressive behavior
1.8.1 Novelty-suppressed feeding behavior (NSFB)
All animals fasted for 24 hours before the experiment but had free access to water. During the experiment, the food pellet was initially weighed and placed in the corner of the polypropylene cage (45 cm x 21 cm x 30 cm), and the animal was placed in the other corner of the cage on PND 56-57. A lid was used to cover the cage. The following parameters were observed: (i) latency to chew the food, (ii) food pellet weight before and after the experiment, and the total pellet amount chewed by the animal. The experiment was recorded in a camera fixed above, and the cut-off time was 15 minutes (Samuels et al., 2011).
1.8.2 Forced swimming behavior
The experiment was conducted in two parts. The first was the training phase, and the second was the testing phase. The experiment was performed in a tubular plexiglass tank (70 cm high and 30 cm diameter). The tank was filled with tap water (25 ± 1ºC) to 3/4th capacity. The water level was maintained so that the animal could not escape from the tank, and the base of the tail did not touch the base region of the tank. During the training phase, the animal was allowed to swim in water for 12-15 minutes, and later they were dried. After a gap of 24 hours, in the testing phase, the animals were allowed to swim in water for 5 minutes. During the test, animal behavior was manually scored as (i) latency to immobility and (ii) time spent struggling. The experiment was monitored in a camera on PND 87-90 (Dobrovolsky et al., 2019).
1.9 Assessment of Social behavior
1.9.1 Three-chamber social interaction test (TST)
The experiment was conducted in three phases—habituation, familiarisation, and testing. The apparatus was divided into three chambers – left (familiar chamber), center, and right (novel chamber) with two interleaved gates. The total experiment time was 30 minutes, in which all three phases had 10 minutes each, with a gap of two minutes between the phases. During habituation, the test animal was allowed to explore the entire chamber. During familiarisation, one rat was placed in an inescapable cage in the left chamber. The same test animal was allowed to explore and familiarise itself with the animal in the left chamber. Another rat/ C57 Balb/c mouse (novel) was placed in the right chamber in addition to one in the left chamber during the testing phase. The familiarised, habituated animal was allowed to interact with any rat for 10 minutes. The experiment was recorded in an IR camera (fixed above) connected to a computer for the behavior evaluation in Ethovision XT 9 on PND 30-35. The parameters assessed were as follows: (i) time spent in the novel/familiar chamber, (ii) time spent in the center chamber, social preference index (SPI), (iv) sniffing time for novel/familiar rat, (v) frequency to the novel/familiar chamber, (vi) latency to a novel/familiar chamber, (vii) latency to sniff novel/familiar rat, (viii) sniffing frequency to a novel/familiar rat. SPI was calculated using the formula (Singla et al., 2022):

1.9.2 Adult three-chamber-social interaction test (ATST) 
The apparatus and experiment protocol were like that of TST. No previously exposed animals were used in the familiar and novel chamber during this experiment. A non-cage mate was used to familiarise the test animal, and a novel adult same-sex animal was used. The observation was time spent in the novel chamber. The experiment was recorded in an IR camera (fixed above) connected to a computer for the behavior evaluation in Ethovision XT 9 on PND 72-76.
1.10 Assessment of learning and Memory
1.10.1 Barnes maze (BM)
The BM comprised a platform, 100 cm in radius and 5 cm in hole diameter, with 20 evenly placed holes. The escape box (goal box) is 20 x 15 x 12 cm (length x width x height), and the start box dimensions were 21 x 18 cm (length x breadth). The maze was elevated 90 cm above ground level, and the goal box was positioned under one of the holes. The goal location was not altered throughout the experiment. BM was performed under dim light with a white noise of 80 decibels. Two visual cues (opposite each other) were placed on both sides of the maze. The BM was performed on PND 44-50.
The protocol was divided into two phases – the training and testing phases. The training was conducted for five days with four trials daily, with a gap of 15 minutes between trials. On the first day of training, the animal was sited in the BM's platform (start box) and allowed to explore the maze freely for a minute. The experimenter gently guided the animal to the escape box. The procedure was repeated for all the animals. After completing the training trials, a gap of 24 hours was kept for the testing phase. The procedure was repeated on the 7th day (probe day), but no guidance was provided. Apart from this, the light was turned to its maximum brightness. The time to reach the goal box was noted. The animal behavior was recorded in an IR camera fixed above the apparatus, and activity was analyzed in Ethovision XT 9.
1.10.2 Morris-water maze (MWM)
MWM consisted of a tank filled with water. The maze was 180 cm in circumference and 30 cm in height from the base. The maze was divided into four quadrants (zone 1-4), and the platform (escape platform) was in one of the quadrants (escape zone/quadrant, zone 4). The animals' testing was divided into two phases – (i) acquisition phase and (ii) probe test. The acquisition phase was conducted for five days, and after a gap of 24 hours, the 7th day probe test was performed. The animals were trained in 4 trials per day with 15 minutes gap between trials. The animals were allowed to swim freely for 60 seconds and trained to locate the escape platform. The experimenter guided the unsuccessful animals with the help of a stick. The platform location was consistent throughout the training phase. Two visual cues (opposite each other) were located on both sides of the maze. On the 7th day, the platform was removed. The following parameters were noted: (i) total time spent in the target/escape quadrant, (ii) latency to the target quadrant, and learning trend during the training period. The experiment was recorded in an IR camera fixed above the apparatus, and activity was analyzed in Ethovision XT 9. The MWM was performed on PND 64-70 (Singla et al., 2022).
1.10.3 Novel-object recognition test (NORT)
The protocol was divided into three phases: Phase I (habituation-5 minutes), phase II (familiarisation-5 minutes) and phase III (object-recognition test phase-5 minutes). The NORT is performed in an open arena (80 cm x 80 cm x 30 cm) with no objects in the habituation phase but two similarly shaped objects in the familiarisation phase. In phase III, two objects, one novel and the second being the same from the familiarisation phase, are sited in the arena. In phase I, the animal was allowed to explore the open arena freely for 5 minutes. After a gap of 60 minutes, two identically shaped objects were placed at a certain distance, and the animal was allowed to explore for 5 minutes. Finally, after a gap of 60 minutes, one object was replaced with a novel-shaped object, and the animal was left to explore for 5 minutes. The experiment was recorded in an IR camera (fixed above) connected to a computer for the behavior evaluation in Ethovision XT 9 on PND 59-60. The following parameters were noted: (i) Time spent exploring a novel object, (ii) Time spent exploring a familiar object, and the Discrimination index (DI). DI is calculated using the following formula (Zheng et al., 2016):
 
1.11 Post-sacrifice assessments
1.11.1 Oral Gastrointestinal motility 
Animals from each group were made to fast overnight, following which Evans blue 50 mg/ml dissolved in 0.5% sodium carboxymethylcellulose was administered orally (p.o.) at 1 ml volume. After 30 minutes, animals were sacrificed under anaesthesia, the abdomen was dissected and removed from the pylorus region, and the small intestine was removed until the ileocecal junction. The total length dye traveled, and the total intestinal length was measured. The following formula was used to assess the GIT motility (Gileadi et al.):

1.11.2 Brain edema
Animals from each group were sacrificed under anaesthesia. After decapitation, the fresh brains were isolated and weighed. The wet brains were kept in a desiccator overnight at 80-100ºC. Now, the dry brains were weighed, and values were recorded according to the following formula:

1.11.3 Blood-brain-barrier (BBB) permeability
Evans blue dye was used to assess the BBB permeability as previously described. Animals were injected with 2% Evans's blue dye (dissolved in 0.9% saline) at 4 ml/kg i.p. Post 2 h, the animals under anaesthesia were transcardially perfused with saline to wash off adhering dye. The brain was carefully isolated, and a quantitative examination was conducted. The brain samples were homogenized by adding trichloroacetic acid (TCA, 50% v/v) in 1:3. The homogenized samples were left overnight at 4ºC. After 24 hours, the samples were centrifuged for 20 minutes at 10,000 rpm. The separated supernatant was measured at 610 nm spectrophotometrically. The Evans blue brain content was measured using a standard curve and expressed as μg of Evans blue /g of brain tissue (Kumar & Sharma, 2016).
1.11.4 Histopathology 
All rats' post-behavioral analysis were sacrificed on PND 82-83, and their brain samples were stored in 10% buffered formalin at room temperature. The hippocampal region of rat brains from all the groups was separated. All the formalin-fixed samples were dehydrated using alcohol with a series of xylene dilutions and, later, embedded in paraffin wax. Sections of 5 µm were cut and stained with haematoxylin & eosin from these processed samples. All stained slides were examined under the microscope for hippocampal histology. The stained images were visualized under a light microscope (EVOS™ FL Auto 2 Imaging System). The neuronal injury scoring of histological sections was done according to previous literature. The score criteria were like normal/no injury – 0, rare neuronal injury (< 5 clusters) – 1, occasional neuronal injury (5-15 clusters) – 2, frequent neuronal injury (> 15 clusters) – 3, diffuse neuronal injury – 4 (Myung et al., 2004).
1.11.5 RT-qPCR
Real-time PCR was used to assess the mRNA (messenger ribonucleic acid) levels of IL1β, IL6, IL17, IFNγ, TNFα, ESR2, Wnt, GSK3β, β-catenin, CHD8, NLGN3, SHANK3, GAD65 and 67. The whole rat brain was used to extract total RNA (ribonucleic acid) using TRI (trizol) Reagent (Sigma Aldrich, USA) following the manufacturer's instructions. The concentration of the isolated RNA was spectrophotometrically determined at 260 nm. We used approximately 1-2 µg of RNA for cDNA (complementary deoxyribonucleic acid) synthesis, and reverse transcription PCR was performed using the PrimeScriptTM RT Reagent Kit (iScript™ cDNA Synthesis Kit, Bio-Rad). Following the reverse transcription reaction, cDNA products were used to perform RT-qPCR using the SYBR green I method in the ABI Plus PCR system (ABI Biosystems, USA). The primers were designed using Primer-BLAST software (NCBI, USA) (Table 1). As an internal control, the reference gene β-actin was used to reduce the differences in RNA extraction and cDNA synthesis among the samples. The cycle threshold (CT) value was assessed using system software (Step One™, v2.3 software), and data were calculated using the 2−ΔΔCT method. The experiments were performed in triplicates for each sample in each group.
[bookmark: _Toc154360431]Table 1: Primer sequences for RT-qPCR
	S. No.
	Target
	PCR primer sequences
	Tm

	1
	ESR2 (NM_012754.3)
	Forward Primer: TTCCCGGCAGCACCAGTAACC
Reverse Primer: TCCCTCTTTGCGTTTGGACTA
	57ºC

	2
	β-actin (NM_031144.3)
	Forward Primer: TCACCAACTGGGACGATA
Reverse Primer: GGGGTGTTGAAGGTCTC
	57ºC




2 Results
2.1 VPA rats showed delayed sensory function irrespective of sex.
To evaluate the impact of prenatal VPA exposure on basic sensorimotor function, reflexes, and anxiety-related responses, we conducted a battery of behavioral assessments including the home cage emergence test, tail pinch reflex, auditory startle response, and visual placing reflex.
In the home cage emergence test, which measures exploratory drive and anxiety-like behavior, VPA-exposed males exhibited a significantly longer latency to emerge from the cage compared to control males (t = 10.4, df = 10, p < 0.0001, figure S1a). A similar delay was observed in VPA females compared to control females (t = 3.966, df = 10, p = 0.0027). However, VPA females emerged significantly faster than VPA males (t = 7.808, df = 10, p < 0.0001), indicating that female VPA rats may be relatively less anxious or more behaviorally responsive than males. These findings suggest that prenatal VPA exposure induces anxiety-like traits, particularly in male rats.
The tail pinch reflex test, used to assess nociceptive response, revealed that both VPA males and females had a significantly delayed reaction to the noxious stimulus compared to their respective control groups (VPA-male – U = 3, p = 0.0152; VPA-female – U = 3, p = 0.0152, figure S1b). This delay points to altered sensory processing or reduced pain sensitivity in VPA-exposed animals. No significant sex difference was observed within the VPA group (U = 13.5, p = 0.513).
In contrast, auditory startle response (figure S2a) and visual placing reflex (figure S2b) did not differ significantly among any groups. These results indicate that basic auditory and visual sensory pathways remain intact following prenatal VPA exposure, and that deficits are more pronounced in higher-order sensory and motor integration processes rather than in primary sensory detection.
2.2 VPA males and females had developmental delays.
To evaluate the effects of prenatal VPA exposure on early development, we examined HBL, BW, eye-opening, olfactory preference, and gross malformations across PND 7 to 21.
On PND 7, no significant difference in HBL was seen across groups (figure S1c). However, on PND 8, VPA females had significantly shorter HBL than VPA males (F(9,80) = 1.524, two-way ANOVA, p = 0.0004, figure S1c), while no difference was noted between VPA and control groups. On PND 9 and 10, VPA males showed significantly increased HBL compared to control males (p = 0.0027 and p = 0.0003, respectively, figure S1c), whereas VPA females remained significantly shorter than VPA males (p < 0.0001 and p = 0.0003, figure S1c), suggesting dysregulated and sex-dependent growth patterns.
BW showed no group differences on PND 8 (figure S1d). By PND 12, VPA males had significantly higher BW than control males (F(6, 60) = 4.408, two-way ANOVA, p = 0.0121, figure S1d). This pattern persisted on PND 15 (p < 0.0001, figure S1d), while VPA females had consistently lower BW than VPA males (p = 0.0055 on PND 12; p < 0.0001 on PND 15, figure S1d).
VPA males had significantly delayed eye-opening on PND 15 compared to control males (F(3, 40) = 1.831, two-way ANOVA, p = 0.0324, figure S1e). By PND 16, this delay resolved, and no group differences were noted (figure S1e).
No significant differences were seen in olfactory discrimination among any groups (figure S2c), indicating preserved early olfactory function.
On PND 21, VPA males and females exhibited a higher incidence of tail kinks and paw malformations compared to their respective controls (Mann-Whitney U = 0, p = 0.022 for all comparisons, figure S1f), confirming known teratogenic effects of VPA.
2.2.1 Grid walking
2.2.1.1 Grid walking (latency)
On PND 8, VPA males (F(9, 80) = 7.898, two-way ANOVA, p < 0.0001, figure S3a) and VPA females (p < 0.0001) showed significantly increased latency compared to control rats. This trend continued on PND 9 in both VPA males and females (p < 0.0001). No significant difference was found between VPA males and females on PND 8 or 9. On PND 10, no significant differences were observed across groups. However, on PND 11, VPA females had significantly increased latency compared to control females (p = 0.0005) and to VPA males (p = 0.0029). Furthermore, VPA males displayed a significant reduction in latency on PND 11 compared to PND 8 (p < 0.0001).
2.2.1.2 Grid walking (total footsteps)
On PND 8, only VPA females had significantly fewer total steps than control females (F(9, 80) = 4.074, p = 0.0148, figure S3b). On PND 9, both VPA males (p = 0.0002) and females (p < 0.0001) showed fewer steps than controls. Similar results were seen on PND 10 for VPA males (p < 0.0001) and females (p = 0.0189), with no sex difference. On PND 11, VPA males (p = 0.0074) and females (p < 0.0001) continued to show reduced steps compared to controls, and VPA females took significantly fewer steps than VPA males (p < 0.0001). Notably, both VPA males (p < 0.0001) and females (p = 0.0017) had increased steps on PND 11 compared to PND 8.
2.2.1.3 Grid walking (total distance traveled)
On PND 8, only VPA females showed significantly reduced distance compared to control females (F(9, 80) = 22.61, p = 0.0445, figure S3c). On PND 9, both VPA males (p = 0.0003) and females (p < 0.0001) traveled significantly shorter distances than their controls. On PND 10, this trend continued (VPA males: p = 0.0003; females: p < 0.0001), and VPA females traveled significantly less than males (p = 0.0042). Similar findings were seen on PND 11 (VPA males and females: p < 0.0001 vs. controls; females < males, p = 0.0001). Both VPA males (p < 0.0001) and females (p = 0.0134) had greater distances traveled on PND 11 than on PND 8.
2.2.1.4 Grid walking (forelimb foot-fault errors (FLFFE))
On PND 8, no significant differences were noted. On PND 9, only VPA males had significantly higher FLFFE than control males (F(9, 80) = 8.011, p < 0.0001, figure S3d). On PND 10, both VPA males (p = 0.0002) and females (p < 0.0001) showed significantly elevated FLFFE compared to controls. No sex difference was observed. Interestingly, on PND 11, VPA males had fewer FLFFE than control males (p = 0.0103), and no other significant differences were found. VPA males and females showed no difference in FLFFE between PND 8 and PND 11.

2.2.1.5 Grid walking (hindlimb foot-fault errors)
No significant difference were observed across any groups on PND 8–11 (figure S3e). 
2.2.1.6 Grid walking (total foot-fault errors (TFFE))
On PND 8, no significant differences were seen. On PND 9, only VPA males had significantly higher TFFE than control males (F(9, 80) = 6.217, p = 0.0004, figure S3f), while VPA females had significantly lower TFFE than VPA males (p = 0.0228). On PND 10, both VPA males (p = 0.0110) and females (p < 0.0001) had elevated TFFE compared to their controls. No sex difference was observed. On PND 11, VPA males continued to show higher TFFE than controls (p = 0.018), but other groups did not. VPA males showed decreased TFFE on PND 11 vs. PND 8 (p = 0.018), while females showed no change.
2.2.1.7 Grid walking (total foot-fault percentage (TFFP))
On PND 8, both VPA males (F(9, 80) = 3.8, p = 0.0002, figure S3g) and females (p = 0.0025) exhibited significantly higher TFFP than controls, with no sex difference. A similar pattern was seen on PND 9 (VPA males: p < 0.0001; females: p < 0.0001). On PND 10, only VPA females had elevated TFFP (p = 0.0327), and no other group showed a difference. By PND 11, no significant group differences were observed, but both VPA males (p < 0.0001) and females (p = 0.0153) showed reduced TFFP compared to PND 8.
2.3 VPA rats have higher anxiety behavior in elevated-zero-maze, but no effect of VPA was seen in the open field.
To evaluate anxiety-like behavior, we employed the elevated zero maze on PND 38. This test is sensitive to detecting anxiogenic phenotypes based on rodents' natural aversion to open spaces. The heatmap and track data of individual groups are represented in figure S4a, b. No significant group differences were observed in open-arm entries (figure S4c, left panel), suggesting that exploratory drive or locomotor ability was unaffected. However, VPA males (F(3,40) = 2.709, p = 0.0016, figure S4c, right panel) and females (p = 0.0027) exhibited significantly more closed-arm entries compared to their respective controls, indicative of increased anxiety-like behavior. No sex-based difference was observed between VPA groups.
Further analysis revealed that VPA males (F(3,40) = 57.94, p = 0.0003, figure S4d, left panel) and females (p < 0.0001) spent significantly less time in open arms than controls, while simultaneously spending significantly more time in closed arms (p = 0.0004 for VPA males; p < 0.0001 for VPA females, figure S4d, right panel), reinforcing the anxiogenic profile. Again, no significant difference was found between VPA males and females, suggesting that prenatal VPA exposure induces comparable levels of anxiety-like behavior in both sexes.
Complementary to this, the open field test was used to assess general locomotor activity and anxiety-related exploration. No significant differences were observed across groups in latency to enter, time spent in, or frequency of visits to the central grid (figure S5a–e), indicating that basal locomotion and exploratory behavior in a less anxiogenic environment were preserved. This contrast with the zero maze highlights that anxiety-related avoidance behaviors may be context-dependent and more pronounced in more aversive settings.
2.4 VPA male and female rats had higher exploratory and locomotor behavior in hole-board and actophotometer.
2.4.1 No. of line crossings
The hole board test was conducted to assess exploratory behavior, novelty-seeking, and motor activity. VPA males (t = 11.43, df = 6.805, p < 0.0001, figure S5a) and VPA females (t = 3.758, df = 5.710, p = 0.0103) exhibited significantly more line crossings than their respective control groups, indicating hyperactivity and increased exploratory drive. However, VPA females had significantly fewer line crossings than VPA males (t = 4.729, df = 5.854, p = 0.0034), suggesting sex-dependent variation in exploratory behavior.
2.4.2 No. of nose pokes
The number of nose pokes, which reflects curiosity and repetitive investigation, was significantly higher in VPA males compared to controls (t = 5.85, df = 8.621, p = 0.0003, figure S5b), but no difference was observed between VPA and control females. Furthermore, VPA females exhibited significantly fewer nose pokes than VPA males (t = 4.608, df = 9.965, p = 0.001), suggesting reduced exploratory engagement.
2.4.3 No. of rears and unsupported rears
VPA males (t = 3.11, df = 5.341, p = 0.0243, figure S5c) and VPA females (t = 2.53, df = 6.287, p = 0.0429) showed significantly higher numbers of rearing, a vertical exploratory behavior, than their controls. No sex-related difference was found among VPA rats. However, unsupported rears were significantly elevated in VPA males (t = 2.343, df = 7.543, p = 0.0491, figure S5d) and females (t = 3.651, df = 9.529, p = 0.0048), further supporting heightened exploratory drive.
2.4.4 Total grooming time
Total grooming time, which may reflect both stress coping and stereotypy, was significantly elevated in VPA males (t = 2.686, df = 5.215, p = 0.0417, figure S5e) and females (t = 3.058, df = 5.531, p = 0.0247) compared to controls. This behavior was comparable between sexes.
2.4.5 Actophotometer
In the actophotometer test, VPA males (t = 2.686, df = 5.215, p = 0.0417, figure S5f) and VPA females (t = 3.058, df = 5.531, p = 0.0247, figure S5f) exhibited significantly increased vertical activity (rearing) compared to their respective controls, indicating heightened exploratory behavior. No significant difference was observed between VPA male and female groups.
Regarding horizontal locomotor activity, VPA males (t = 7.117, df = 9.835, p < 0.0001, figure S5g) displayed significantly higher movement than control males. Conversely, VPA females showed a mixed profile—demonstrating significantly lower locomotor activity than both control females (t = 4.121, df = 9.497, p = 0.0023) and VPA males (t = 12.91, df = 9.389, p < 0.0001, figure S5g).
These results suggest that prenatal VPA exposure leads to hyperactivity in males but may cause hypoactivity in females, consistent with sex-specific alterations in motor output and exploratory behavior often reported in ASD models (Kim et al., 2011; Schneider et al., 2008).
2.5 Regardless of sex, VPA rats had higher repetitive behavior in self-grooming and marble-burying.
Grooming behavior, a commonly used marker of repetitive and compulsive-like actions in rodent models of ASD, was markedly increased in VPA rats. VPA males (t = 24.91, df = 7.194, p < 0.0001, figure S6h) and females (t = 11.23, df = 5.319, p < 0.0001, figure S6h) exhibited significantly prolonged grooming duration compared to their respective control groups, suggesting enhanced stereotypic behavior. No sex-based differences were observed within the VPA group, indicating both male and female offspring displayed similar elevations in grooming behavior.
To further assess repetitive behaviors, the marble burying test was performed. VPA males (t = 4.072, df = 8.973, p = 0.0028, figure S6i) and females (t = 5.679, df = 9.946, p = 0.0002, figure S6i) buried significantly more marbles compared to their control counterparts, reinforcing the presence of repetitive behavior. Interestingly, VPA females (t = 2.846, df = 9.842, p = 0.0176, figure S6i) buried more marbles than VPA males, suggesting potential sex-specific enhancement of compulsive traits in females exposed to prenatal VPA.
2.6 Prenatal VPA rats showed higher depressive behavior
2.6.1 Novelty-suppressed feeding behavior (NSFB)
2.6.1.1 Latency to chew food
VPA male (t = 4.229, df = 6.784, p = 0.0042, unpaired t-test with Welch’s correction, figure S6j) and female (t = 2.781, df = 5.315, p = 0.0359, figure S6j) rats exhibited a significantly longer latency to chew food compared to their respective controls. Latency to initiate chewing reflects oral-motor coordination and motivational drive. The increased latency in VPA rats may suggest sensory-motor deficits or reduced motivation toward feeding. No significant difference was observed between VPA males and females.
2.6.1.2 Total food intake during the test
Food intake during the test was significantly reduced in VPA male (t = 5.374, df = 10, p = 0.0003, figure S6k) and female (t = 2.786, df = 9.226, p = 0.0207, figure S6k) rats compared to their respective controls. Diminished food intake may be indicative of altered feeding motivation, disrupted reward processing, or increased anxiety-behaviors. Again, no sex-specific differences were evident within the VPA-exposed groups.
2.6.1.3 Food pellet weight before/after the test
Food pellet weight was recorded before and after the experiment to confirm intake and assess feeding efficiency. The mean ± SEM data are presented in figure S2e, f. These measurements validate the observed reductions in food consumption and reinforce the behavioral deficits associated with VPA exposure.2.6.2 Forced swimming behavior
2.6.2.1 Latency to immobility
VPA male (t = 4.673, df = 7.526, p = 0.0019, unpaired t-test with Welch's correction, figure S6l) and female (t = 4.056, df = 8.399, p = 0.0033, figure S6l) rats exhibited a significantly shorter latency to immobility compared to their respective controls. Latency to immobility is considered an indicator of stress-coping and emotional reactivity. The reduced latency observed in VPA rats suggests an increased vulnerability to stress-induced despair-like behavior. However, no significant difference was noted between VPA males and females, indicating a similar level of behavioral despair across sexes in the VPA-exposed groups.
2.6.2.2 Time spent struggling
VPA male (t = 6.436, df = 9.255, p = 0.0001, figure S6m) and female (t = 16.61, df = 8.652, p < 0.0001, figure S6m) rats also spent significantly more time struggling than their respective controls. Increased struggling time typically reflects heightened stress sensitivity and altered emotional processing. This may be linked to hippocampal and prefrontal cortex impairments observed in the histological analysis, which are critical regions involved in emotional regulation and stress coping. The absence of a sex-based difference in this parameter suggests that both VPA-exposed male and female rats experience similar disruptions in stress-related behavioral circuits.
2.7 Adult social behavior
Impaired social behavior is a core feature of ASD. To assess sociability and preference for social novelty, we conducted the three-chamber test in adult VPA and control rats.
In the adult three-chamber social interaction test, no significant differences were observed in the time spent in the novel chamber between VPA and control males or between VPA and control females (figure S7a–c). This suggests that early deficits in sociability may not persist into adulthood or that social motivation differences manifest more prominently during adolescence.
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