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ABSTRACT 
The present investigation was conducted for exploring neuroprotective activity of ferulic acid in autistic male rat pups. 
Wistar female rats were injected with sodium valproate (400 mg/kg, s.c.) on gestational day 13 for inducing autism-like 
features in their pups. Ferulic acid (15, 30 -and 60 mg/kg) was orally administered to autistic male pups for 35 consecutive 
days (from postnatal day 24 to 58). Various behavioural paradigms like tail immersion test, actophotometer, tail suspension 
test, elevated zero maze, social interaction test and Morris’s water maze were employed. On postnatal day 58, animals were 
euthanized for obtaining brain and blood samples for biochemical estimations. Cerebellum part of their brain was used for 
histopathological studies. Reduced body weight at birth, prolonged eye-opening duration and impairment of motor 
coordination in male pups indicated induction of autism in them. There was significant reduction in pain sensitivity and 
increase of locomotion; depressive and anxious behaviors, impaired learning and memory; and deficits of social interaction 
in autistic pups. There was significant increase of oxidative stress (elevated malondialdehyde and nitrite levels; and 
decreased brain GSH and catalase activity), acetylcholinesterase and MAO-A activities in brain of pups. Plasma 
corticosterone levels were also significantly elevated in autistic pups. Ferulic acid significantly reversed above mentioned 
behavioural, biochemical and histopathological alterations in autistic male rat pups. Thus, ferulic acid significantly 
ameliorated autism- like behaviours in male rat pups exposed prenatally to sodium valproate... 
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INTRODUCTION 
Autism spectrum disorder (ASD) is a development disorder 
of nervous system marked by constant problems in social 
communication, confined interests, and repetitive 
behaviors1. The prevalence of ASD has increased markedly, 
with recent data indicating a diagnosis rate of 
approximately 1 in 31 children in the United States as of 
2025, which equates to about 3.2% of 8-year-old children, 
and somewhat lower but rising estimates globally. Males 
are diagnosed more frequently than females, with ASD 
reported across diverse racial and ethnic groups2. The 
aetiology of autism is multifactorial, involving intricate 
genetic and environmental interactions. Genetic 
contributions include mutations and chromosomal 
aberrations affecting neurodevelopment, while 
environment risk factors include parental age, prenatal 
exposure to certain medications, and maternal metabolic 
disturbances3. Comorbidity is highly prevalent in ASD, 
with individuals frequently exhibiting coexisting conditions 
such as attention-deficit hyperactivity disorder, anxiety, 
epilepsy, intellectual disabilities, and gastrointestinal 
disturbances. These comorbidities complicate diagnosis 
and influence the severity of ASD symptoms4. The 
pathophysiology of ASD includes aberrant synaptic 
connectivity, neuroinflammatory processes, and 

dysregulation of key neurotransmitter systems, notably 
involving gamma-aminobutyric acid, glutamate, dopamine, 
and serotonin. Brain regions such as the prefrontal cortex 
and cerebellum are often implicated, with dysfunction in 
these areas contributing to atypical neurodevelopmental 
trajectory seen in autism5.  
Aripiprazole and risperidone have been approved by US 
FDA for management of some signs and symptoms 
associated with autism. These drugs suppress only self-
mutilation, aggressiveness, irritability and stereotype 
behaviors6. Aripiprazole and risperidone have side effects 
such as increased appetite, weight gain, drowsiness, fatigue 
and hyperprolactinemia7, 8. Herbal drugs now a days are 
used as a safer alternative in managing different psychiatric 
illness and neurodegenerative diseases not responding to 
currently available medications9. Plant based compounds 
like sulforaphane, cannabidiol and luteolin have been 
reported in clinical studies to exert significant beneficial 
effect in controlling the core symptoms of autism spectrum 
disorder10-14  
Ferulic acid is plant-derived phenolic compound that has 
demonstrated substantial neuroprotective effects in various 
experimental rodents’ models. Pharmacological activities 
reported with ferulic acid include antioxidant15, anti-
inflammatory16, anti-Alzheimer17, 18, anti-Parkinsonian19, 
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anti-Huntington20, memory enhancing21, anti-epileptic22, 
anxiolytic23, 24 and antidepressant25. In addition to these 
activities, ferulic acid has also shown anti-autistic like 
activity in zebra fish through its antioxidant, anti-
inflammatory, and anti-apoptotic properties via modulation 
of phosphoinositide 3-kinase/AKT/mammalian target of 
rapamycin (PI3K/AKT/mTOR) pathway26. Hydroalcoholic 
extract of Ferula gummosa containing ferulic acid (along 
with other phytochemicals) as one of active constituents has 
been reported to exert beneficial effect against autism in 
maternally separated mice27.  But, effects of ferulic acid 
against sodium valproate induced autism-like behaviours in 
rodents have not been explored till date. Thus, the present 
investigation has been conducted for evaluation of 
neuroprotective potential of ferulic acid in male rat pups 
exposed prenatally to sodium valproate. 
 
2 MATERIALS AND METHODS 
2.1 Drugs and chemicals 
Ferulic acid, donepezil hydrochloride, fluoxetine 
hydrochloride, 5-hydroxy-tryptamine hydrochloride, 
aripiprazole and 5,5’-Dithiobis (2-nitrobenzoic acid), 
employed in this study, were obtained from Sigma-Aldrich 
(USA). Injections of diazepam (Calmpose®, Sun 
Pharmaceutical Industries Ltd., India) and sodium valproate 
(Valprol®, Intas Pharmaceutical Ltd., India) were used. All 
other chemicals of analytical grade were used in this study. 
The solutions of drugs and chemicals were prepared freshly 
before use.  
2.2 Preparation of drug solution 
Ferulic acid was suspended in normal saline containing 
0.5% w/v carboxy methylcellulose. Donepezil and 
fluoxetine were dissolved in 0.9% w/v solution of sodium 
chloride. Injections of diazepam and fluoxetine were 
diluted in normal saline. Aripiprazole was suspended in 
2.5% v/v tween 80. 
2.3 Experimental animals 
Male and female Wistar albino rats (3-4 months old; 
weighing 160-220 g) were procured from DFSAH, LUVAS, 
Hisar, Haryana. These were mated and pregnant rats were 
used for autism induction in their pups. Only male pups 
were selected for the experiments, since males are more 
affected with autism than females28-30. The research 
protocol and number of rats to be used for carrying out this 
study were approved by Institutional Animals’ Ethics 
Committee (IAEC) in its meeting held on 10th February, 
2022 (Minutes Letter No. IAEC/2022/10-18). The animals 
were housed in groups (6 animals/cage) in an air-
conditioned room having temperature 23 ± 2 °C. The 
animals were acclimatized to the laboratory conditions for 
7 consecutive days. These animals were allowed 
unrestricted access to food and water, except that food was 
withdrawn for two hours prior to and following drug 
administration. All experimental protocols were conducted 
in compliance with the guidelines issued by CCSEA, New 
Delhi. 
2.4 Dose selection 
The dose of sodium valproate31, ferulic acid32, 
aripiprazole33, fluoxetine34, donepezil35 and diazepam36 was 

selected based on earlier studies. Volume of vehicle/drugs 
administered to pregnant rats was 0.5 ml/100 g and it was 1 
ml/100 g of body weight for rat pups. 
2.5 Induction of autism 
Female rats were screened for regular estrous cycle through 
vaginal smear analysis following a seven-day 
acclimatization period. Animals observed in the estrous 
phase were mated (two females and one male were housed 
together overnight). Successful mating was confirmed in 
the next morning by presence of sperms in vaginal smear 
examination and this day was considered as day 1 of 
gestation period37. Sodium valproate (400 mg/kg. s.c.) was 
injected on 13th day of gestation period to induce autism, 
whereas control animals received normal saline. Pregnant 
females were then housed individually in separate 
polypropylene cages (43 x 27 x 15 cm3) on 18th day for 
parturition and rearing of litters. Body weight of pups was 
noted at birth, negative geotaxis was observed on postnatal 
day 8 and 12, and eye-opening time was recorded on 
postnatal day 13 to 1738, 39. Offspring were weaned on 
postnatal day 23, after which males and females were 
separated.  
2.6 Experimental design 
Following 9 groups of male rat pups were constituted (n = 
6 each group). 
Group I (normal control pups): These were maintained on 
normal diet.  
Autistic rat pups 
Group II (Autistic control pups): Autistic rat pups received 
vehicle (normal saline having carboxy methyl cellulose, 
0.5% w/v) through oral route during postnatal day (PND) 
24 to 58. 
Group III, IV and V: Autistic rat pups received ferulic acid 
(15, 30 and 60 mg/kg; p.o.) during PND 24 to 58. 
Group VI: Autistic rat pups received standard anti-
psychotic drug, aripiprazole through intraperitoneal route (1 
mg/kg/day) during PND 24 to 58. 
Group VII: Autistic rat pups received standard anti-
depressant drug, fluoxetine (10 mg/kg; i.p.) during PND 24 
to 58. 
Group VIII: Autistic rat pups received standard anti-anxiety 
drug, diazepam (2 mg/kg; i.p.) during PND 24 to 58. 
Group IX: Autistic rat pups received donepezil (0.75 mg/kg; 
i.p.), the standard memory enhancing drug, during PND 24 
to 58. 
Behavioral evaluations were conducted between PND 47 
and 57. During these assessments, vehicle or drug 
treatments were administered one hour prior to initiation of 
each behavioral paradigm. The sequence of testing 
included: tail immersion test for nociceptive sensitivity on 
PND 47, assessment of locomotor activity using an 
actophotometer on PND 48, tail suspension test for 
depressive-like behavior on PND 49, elevated zero maze for 
anxiety related behavior on PND 50, and Morris water maze 
for spatial learning and memory between PND 52 and 56. 
Social interaction testing was performed on PND 57. On 
PND 58, rat pups were euthanized by cervical dislocation 
under light anaesthesia using chloroform so as to minimise 
pain to the animals (Figure 1).  
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Figure 1.  Schematic representation of experimental 
protocol 
 
2.7 Behavioral tests 
2.7.1 Confirmatory tests of induction of autism in rat 
pups  
The new born rat pups were carefully weighed after 
delivery. Similarly, eyelid opening time of these pups was 
observed on postnatal day 13 to 1738. Negative geotaxis is a 
vestibular reflex elicited in response to gravitational stimuli 
and serves as an indicator of sensorimotor development in 
neonatal rats. For this assessment, a glass platform (25 x 25 
cm2) covered with a rough paper was employed. Both 
autistic control and normal control pups were subjected to 
this test on postnatal days 8 and 12. Each pup was 
positioned on a 45° inclined plane, and the tendency to 
rotate 180° was recorded40. 
2.7.2 Tail immersion test 
The tail immersion test is a widely utilized model for 
evaluating effect of compounds on acute nociceptive pain 
induced by thermal stimuli. Each rat pup was gently 
restrained in a semi-cylindrical holder. The distal portion of 
the tail, which extended freely beyond the restraint device, 
was submerged in warm water bath maintained at 55 ± 
0.5°C. The latency to tail withdrawal was recorded as the 
nociceptive response. To prevent potential tissue damage, a 
maximum cut-off time of 10 seconds was imposed. Tail-
flick latencies of pups were noted 1 h after oral 
administration of test drug/vehicle41. 
2.7.3 Locomotor activity 
Horizontal locomotor activity of each rat pup was recorded 
using an actophotometer (INCO Pvt. Ltd., Ambala, 
Haryana). The apparatus is equipped with photoelectric 
sensors connected to a digital counter, which records 
activity each time the animal’s movement interrupts the 
light beam. Locomotor activity was quantified over a 5-
minute testing session42. 
2.7.4 Tail suspension test  
TST (Tail suspension test) is one of the most common 
paradigms, used to explore effects of substances on 
depressive behavior in rodents. Each rat pup was suspended 
individually from table-edge, 50 cm above the ground level. 
The animal was suspended by using adhesive tape on the 
distal part of tail (approximately 1 cm from tip of the tail). 
A period of 6 min. was employed to record immobility of 
each animal. The animal showing no body movement and 
hanging passively was considered immobile. The 

experiment was performed in dim lighted room. Each rat 
pup was subjected to the test once only43, 44. 
2.7.5 Elevated zero maze 
Elevated zero maze is commonly used to assess anxiety-like 
behaviour of rats and mice. This maze is having white/black 
annular ring having an outer diameter of 45 cm and inner 
diameter of 30 cm; with an elevation of 40 cm above the 
floor. The runway ring (6 cm wide) for exploration by the 
rat pup consists of 4 opposite quadrants, two open quadrants 
with no walls and two enclosed quadrants with walls of 12 
cm height. The open quadrants have a ridge of 2-3 mm to 
prevent the rat pup to fall off. Each rat pup was placed in 
the closed arm with face towards open arm. It was permitted 
5 minutes for exploring the maze. Total time spent and 
numbers of entries by the animal in open arms of the maze 
were measured. Ethanol (70% v/v) was used to clean the 
maze between trials to prevent the olfactory cues for the 
next animal being tested45. 
2.7.6 Morris water maze 
This maze was constructed of aluminium sheet and circular 
in shape with 60 cm diameter and 25 cm height. It was filled 
with opaque water (made by using non-toxic white dye) up 
to 20 cm height and water temperature was adjusted to 25 ± 
2° C. There were two black threads fixed on the edge of the 
maze to divide the maze into 4 equivalent quadrants, named 
as Q1, Q2, Q3 and Q4. A white coloured metallic platform 
(6 cm × 6 cm) was kept 1 cm beneath the water surface 
inside Q4 quadrant. The same position was selected for 
placing this platform during training sessions. Each rat pup 
was placed in one of the quadrants facing the wall of pool 
during training. Each rat pup undergone 4 successive 
training sessions per day with an interval of five minutes for 
four successive days (day 52 to 55 of the study).  The initial 
position of each rat pup during training sessions for 4 
successive days was as follows: 
First day:  Quadrant 1; 2; 3 and 4  
Second day: Quadrant 2; 3; 4 and 1 
Third day: Quadrant 3; 4; 1 and 2 
Fourth day: Quadrant 4; 1; 2 and 3 
Each rat pup was allowed maximum time of 120 sec to find 
the platform hidden under the water. On reaching the 
platform, a time of 20 sec was allowed for each rat pup to 
stay there, before being gently dried with a towel and 
returned to its home cage. The rat pup was guided to the 
platform using a glass rod if it could not search the same 
within 120 seconds. The rat pup was subsequently 
permitted to stay on the platform for 20 seconds. The time 
used by each rat pup to find hidden platform was noted as 
the escape latency (EL). 
On reaching the platform, the animal was allowed to remain 
on the platform for 20 seconds before being gently dried 
with a towel and return to its home cage. The rat pup was 
guided to the platform using a glass rod if it was unable to 
locate the hidden platform within 120 seconds, and 
subsequently allowed to stay on it for 20 seconds. The 
duration taken by each rat pup to locate the hidden platform 
was recorded as the escape latency (EL).  
The platform was removed on 5th day (56th day of the study) 
from the pool, for evaluating retention of learned behaviour. 
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Each rat pup was placed one by one in any of the 3 
quadrants (Q1, Q2 and Q3) for exploration of Q4 within 120 
seconds. The time spent by the rat pup in Q4 (target 
quadrant) was recorded. The spatial orientation of the water 
maze in relation to surrounding objects was maintained 
constant throughout the duration of the study. The 
observer’s position was same during all the trials46, 47. 
2.7.7 Social interaction test 
The social interaction test was conducted in a plastic cage 
having dimensions of 43 x 27 x 15 cm3. To enhance 
responsiveness during training, rat pups were housed 
separately the night prior to the experiment. Following drug 
or vehicle administration, pairs of pups were placed 
together in the test cage for a session of 10-min. Social 
interaction was examined by monitoring specific behaviors, 
including pinning (one pup lying on its back while the other 
places forepaws on top), following, mutual grooming, 
physical contact, anogenital sniffing and general body 
sniffing36, 48. 
The social interaction score in percentage was calculated 
using the formula given below: 

Social	interaction	score	(%)

=
Number	of	seconds	spent	in	interaction	X	100

600	seconds	(observation	time)  

2.8 Biochemical estimations 
The whole brain was isolated after euthanizing the rat pups 
by cervical dislocation. The samples of brain were carefully 
rinsed with an ice-cold buffered solution (pH 7.4) prepared 
by using sucrose (0.25 Moles), Tris (0.1 Moles), and EDTA 
(0.02 Moles) prior to weighing. Each brain was then divided 
into two equal portions: 
Part A: One portion of the brain tissue was homogenized in 
nine volumes of ice-cold sucrose-Tris- EDTA buffer (pH 
7.4) using a glass homogenizer placed on ice bath. The 
homogenate was centrifuged at 2500 r.p.m. for 10 minutes 
at 4°C in a refrigerated centrifuge (Remi Elektrotechnik 
Ltd., Mumbai). The precipitates were disposed. The 
supernatant fluid used for re-centrifuged at speed of 12000 
r.p.m. at 4°C for another 20 min.  The resultant 
mitochondrial portion in the form of pellets were taken for 
determination of MAO-A (Monoamine oxidase A) enzyme 
activity, while the corresponding supernatant was employed 
for the determination of MDA (lipid peroxidation), catalase, 
nitrite, GSH (reduced glutathione) and protein content. 
Part B: The second portion of brain tissue was homogenized 
in nine volumes of 0.1 M phosphate buffer (pH 8) using a 
glass homogenizer on an ice bath. The homogenate was 
subjected to centrifugation at speed of 3,000 r.p.m at 4°C 
for 10 min., and the supernatant fluid collected was 
employed for determining acetylcholinesterase activity49 
2.8.1 Measurement of MAO-A activity 
The mitochondria fraction obtained as described in Part A 
was washed two times using sucrose-Tris-EDTA buffer and 
subsequently re-mixed in nine parts of ice-cold sodium 
phosphate buffer (having pH 7.4) containing 0.32 Moles 
sucrose. The suspension was gently mixed for 20 minutes 
at 4 °C followed by centrifugation at 15,000 r.p.m. using a 
cooling centrifuge for a duration of 30 minutes at 0 °C. The 
resulting pellet was re-mixed in cold solution of sodium-

phosphate buffer. For enzymatic assay, 150 µl of this 
suspension was added to a quartz cuvette containing 2.75 
ml of sodium phosphate buffer along with 100 µl of 5-HT 
(serotonin, 4mM) for initiation of reaction. The changes of 
absorbance were measured for 5 minutes at 280 nm using a 
blank solution (having 5-HT and phosphate buffer) 
employing a UV-Visible spectrophotometer (GENESYS 
180, India) 50. 
2.8.2 Measurement of protein concentration 
The concentration of total protein in brain homogenates was 
measured using Biuret method with commercially available 
reagent kit (Erba Mannheim, Germany). Absorbance at 546 
nm was recorded employing a semi-automatic autoanalyzer 
(Chrm 5plus- V2, Erba Mannheim, Germany). 
2.8.3 Measurement of malondialdehyde 
MDA (Malondialdehyde) levels indicate lipid peroxidation. 
For the assay, 0.5 ml of the supernatant (obtained as 
described in Part A) was incubated with 0.5 ml Tris-HCl 
buffer for 2 hours at 37 °C. Following incubation, 1 ml of 
TCA (tri-chloro acetic acid, 10% w/v), added and resulting 
mixture subjected to centrifugation at speed of 1,000 r.p.m 
for a period of 10 minutes. From resulting supernatant, 1 ml 
added to test tube having 1 ml of TBA (thiobarbituric acid, 
0.67% w/v) followed by keeping it over a water bath 
(containing boiling water) for 10 min. Upon cooling, 1 ml 
of double distilled water was mixed. Absorbance of reaction 
mixture was recorded at 532 nm using a UV-visible 
spectrophotometer (GENESYS 180, India). MDA levels 
were reported as nano moles per milligram of protein51. 
 
2.8.4 Measurement of reduced glutathione 
Reduced glutathione (GSH) levels in brain tissue were 
determined as follows: 1 ml of the supernatant (obtained 
from Part A) was added to 1 ml of of 4 % sulfosalicylic acid 
in a test tube following incubation for one hour at 4°C.  This 
mixture was further subjected to centrifugation at speed of 
1,200 r.p.m. at 4°C for 15 minutes. From resulting 
supernatant fluid, 100 µl was added to 2.7 ml of phosphate 
buffer (having pH 8) which was followed by adding 200 µl 
DTNB [10 mM, 5,5’-Dithiobis (2-nitrobenzoic acid)]. 
Absorbance of resultant yellow coloured compound was 
noted at 412 nm using a UV-visible spectrophotometer 
(GENESYS 180, India). GSH concentration was expressed 
as nmol/mg protein52. 
2.8.5 Measurement of catalase activity 
For assessment of activity of brain catalase, hydrogen 
peroxide solution [0.3 ml of H2O2 in 50 ml of phosphate 
buffer (0.05M, pH 7)] used as substrate. For the assay, 20 
µl of the supernatant (obtained as described in Part A) was 
mixed with 0.98 ml substrate. Absorbance at 230 nm was 
noted down employing a UV-visible spectrophotometer 
(GENESYS 180, India) after 1 minute and again after 6 
minutes of incubation. Catalase activity was expressed as 
µmol of H2O2 decomposed per minute per mg of protein53. 
2.8.6 Measurement of nitrite level 
The concentration of nitrite in brain was determined by 
using Griess reagent, which was prepared by mixing same 
volumes of sulphanilamide (1 % w/v) in phosphoric acid 
(5% v/v) and N-naphthyl ethylenediamine dihydrochloride 
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(0.1 % w/v) in distilled water. For performing assay, 1 ml 
of Greiss reagent was added to 1 ml of the supernatant 
(obtained from Part A of brain homogenate) followed by 
incubation for 10 minutes at room temperature to allow 
formation of coloured complex, absorbance of which was 
measured at 543 nm employing a UV-visible 
spectrophotometer (GENESYS 180, India). Nitrite 
concentration was calculated and expressed as µg/mg of 
protein54. 
2.8.7 Measurement of acetylcholinesterase 
Acetylcholinesterase (AChE) activity was determined by 
using Part B of brain. For the assay, 0.4 ml of the 
supernatant was mixed with 2.6 ml phosphate buffer 
followed by addition of 100 µl of 5, 5’-dithiobis-(2-
nitrobenzoic acid) reagent. Absorbance of this was noted at 
412 nm employing a UV-visible spectrophotometer 
(GENESYS 180, India).  Once a stable baseline absorbance 
was achieved, it was set to zero, followed by addition of 
acetylthiocholine iodide solution (20 µl) for initiation of the 
reaction. Absorbance was measured again for a total period 
of 5 minutes, and the change in absorbance per minute was 
used to calculate the rate of substrate hydrolysis by AChE 
according to the standard formula. 
R          = 5.74 X 10-4 X ∆ABS 
                  C0 
R indicates substrate hydrolysis rate in µmol/minute/gram 
of wet tissue; ∆ABS indicates absorbance change per 
minute; C0 indicates tissue sample concentration in 
milligram/millilitre55. 
2.8.9 Measurement of plasma corticosterone 
For isolation of brain samples, blood samples were also 
collected by cardiac puncture. Plasma was separated 
immediately by using a refrigerated centrifuge. 
Corticosterone levels were determined in plasma samples 
by using colorimetric method. Briefly, 1 ml of plasma 
sample and 1 ml of ethanol were added to test tubes 
containing 0.5 ml of 0.1 % (w/v) N,N-dimethyl-4-
nitrosoaniline prepared in ethanol. The tubes were then 
placed in an ice-cold water bath for 5 minutes, followed by 
addition of 0.1 N sodium hydroxide (0.5 ml). After sealing 
the test tubes with cotton plugs, these were maintained at 
zero° C for 5 hours and protected from light. This was 
followed by addition of 2 ml of Clark and Lubs buffer of 
pH 9.8, 5 ml ethanol containing 0.1% phenol, and 0.5 ml of 
1 % w/v solution of potassium ferricyanide. The resulting 
mixture then, incubated for 10 minutes at room 
temperature, followed by measurement of absorbance at 
650 nm by employing a UV-visible spectrophotometer 
(GENESYS 180, India)56, 57.  
2.9 Histopathological evaluation 
The cerebellum is recognized as a critical brain region 
involved in the neuropathology of autism spectrum 
disorder, with structural abnormalities in this region 
associated with an increased likelihood of autistic 
phenotypes58. For histopathological assessment, the 
cerebellar region from the brain of one animal per group 
was dissected and preserved in 10 % neutral buffered 
formalin. Slides of cerebellar parts were prepared at Nalwa 
pathology laboratory, Hisar (Haryana). The prepared slides 

were subsequently examined by a veterinary pathologist to 
evaluate histopathological alterations in cerebellum. 
2.10 Statistical analysis 
The data of various behavioural and biochemical studies 
were denoted as Mean ± standard error mean. Statistical 
analyses were performed using one-way analysis of 
variance (ANOVA), following Tukey-Kramer multiple 
comparison test. Unpaired t-test was used for comparison 
of data for normal and autistic pups for confirmation of 
induction of autism. Data were processed with GraphPad 
InStat software (version 3.10).  A value of p<0.05 was taken 
as statistically significant. 
 
3 RESULTS 
3.1 Preliminary tests for confirmation of induction 
of autism 
In autistic pups, there was significant reduction in body 
weight (p<0.0001) at birth, increase in eye opening time 
(p<0.0001), and impaired motor coordination as indicated 
by increased negative geotaxis score (p<0.05 on day 8 and 
p<0.01 on day 12), when compared to normal control pups 
(Figures 2 A to 2 D). 
 

 
Figure 2.  Preliminary tests for confirmation of 
induction of autism in rat pups (A) Body weight of rat 
pups at the time of birth; t = 7.797, p<0.0001;   (B) Eyelid 
opening time of rat pups, t = 7.814, p<0.0001;  (C and D) 
Negative geotaxis score of rat pups on postnatal day 8 (t = 
2.426, p = 0.026) and 12 (t = 2.9, p = 0.0094). FA15 = 
ferulic acid (15 mg/kg); FA30 = ferulic acid (30 mg/kg); 
FA60 = ferulic acid (60 mg/kg). Values mentioned in the 
figures are Mean ± SEM. n = 10 in each group. Analysis of 
data was performed by using unpaired t-test.  
# indicates p<0.05; ## indicate p<0.01; #### indicates 
p<0.0001 vs normal control pups 
 
3.2 Effect of ferulic acid on tail withdrawal latency 
in rat pups 
Autistic control pups showed a significant increase in tail 
withdrawal latency (p<0.001) compared to normal control, 
indicating reduction of pain sensitivity. Treatment with 
ferulic acid (60 mg/kg) significantly reduced withdrawal 
latency in autistic pups (p<0.001) relative to autistic control 
pups, indicating reversal of hypoalgesia. However, the 
lowest dose (15 mg/kg) and medium-dose (30 mg/kg) of 
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ferulic acid did not show any significant effect on pain 
sensitivity (Figure 3-A). 
3.3 Effect of ferulic acid on locomotor activity of rat 
pups using actophotometer 
Autistic control pups demonstrated a significant rise in 
locomotor activity compared to normal controls (p<0.001). 
Ferulic acid (15, 30 and 60 mg/kg; p.o.) administration 
exhibited significant decrease in locomotor activity of 
autistic pups (p<0.001) compared to autistic control pups. 
This observed effect of ferulic acid was comparable to that 
of aripiprazole, used as a standard drug in this study (Figure 
3-B). 
3.4 Effect of ferulic acid on immobility period rat 
pups in tail suspension test 
Immobility duration was significantly increased in autistic 
control pups in comparison to normal control pups 
(p<0.001), reflecting the induction of depressive-like 
behavior. Administration of ferulic acid (30 and 60 mg/kg) 
as well as fluoxetine (10 mg/kg), significantly reduced 
immobility time of autistic pups relative to autistic control 
pups (p<0.01; p<0.01 and p<0.001 respectively), indicating 
attenuation of depressive-like behavior (Figure 3-C).  
3.5 Effect of ferulic acid and diazepam on anxiety-
like behaviour in autistic rat pups using elevated zero 
maze 
Autistic control pups demonstrated a significant reduction 
in both time spent and total number of entries into the open 
arms on comparing to normal control pups (p<0.001), 
indicative of rise of anxiety-like behaviour. Treatment with 
ferulic acid (15, 30 and 60 mg/kg) as well as diazepam 
significantly improved time spent and total number of 
entries in open arms in autistic pups compared to autistic 
control pups (p<0.001), reflecting anti-anxiety effects of 
these drugs (Figures 3-D and E). 
3.6 Effect of ferulic acid on social behaviour of 
autistic rat pups 
Prenatal sodium valproate exposure resulted in a significant 
reduction in social interaction scores (%) in autistic control 
pups compared to normal control (p<0.001), confirming 
social behaviour deficits. Treatment with ferulic acid (30 
and 60 mg/kg) and standard drug, aripiprazole significantly 
(p<0.001) improved social interaction scores in autistic 
pups relative to autistic control. However, treatment with 
the lowest dose of ferulic acid (15 mg/kg) produced lesser 
significant effect (p<0.01) on social interaction score 
(Figure 3-F). 
 

 

Figure 3.   Effects of ferulic acid on (A) tail withdrawal 
latency of rat pups using tail immersion test: F (4,25) = 
34.31; (B) locomotor activity of rat pups using 
actophotometer: F(5, 30) =27.85; (C) immobility period of 
rat pups in tail suspension test: F(5,30) = 14.64; (D) time 
spent in open arms of elevated zero maze by rat pups: 
F(5,30) = 119.67;  (E) number of entries in open arms of 
elevated zero maze by rat pups: F(5,30) = 50.83; (F) social 
behaviour: F(5,30) = 117.50. FA15/30/60 = ferulic acid 
15/30/60 mg/kg; ARP 1 = Aripiprazole 1 mg/kg. Here, 
values are written as Mean ± SEM. n = 6 in each group. 
Analysis of data was performed using one-way analysis of 
variance followed by Tukey-Kramer test for multiple 
comparison.  
### indicates p<0.001 vs. normal control pups 
** indicates p<0.01, *** indicates p<0.001 vs. autistic 
control pups 
 
3.7 Effect of ferulic acid on escape latency (EL) and 
time spent in target quadrant (TSTQ) by rat pups using 
Morris’s water maze 
Autistic control pups exhibited significant (p<0.001) 
deficits in learning and memory, evidenced by prolonged 
EL across all four training days and reduced TSTQ on the 
fifth day on comparison to normal control. Treatment 
ferulic acid (15, 30 and 60 mg/kg) and donepezil 
significantly (p<0.001) reduced escape latency from the 2nd 
to 4th training days and significantly (p<0.05, p<0.01, 
p<0.001 and p<0.001 respectively) increased TSTQ by 
autistic pups on the 5th day relative to autistic control pups, 
indicating improvement of learning and memory (Table 1). 
 

Table 1:  Effect of ferulic acid on escape latency and 
time spent in target quadrant by rat pups using Morris 

water maze 
                        Escape latency (sec) Time 

spent 
in 
target 
quadr
ant, 
TSTQ 
(sec) 

Group
s Day 

52  
(1st 
day of 
traini
ng)  

Day 
53  
 (2nd  
day of 
traini
ng) 

Day 
54  
(3rd  
day of 
traini
ng) 

Day 
55 
(4th  
day of 
traini
ng) 

Norma
l 
control 

63.66 
± 8.12 

29.08 
± 2.77 

18.54 
± 0.61 

10.04 
±  
0.69 

66.66 
±3.32 
 

Autisti
c 
control 

90.45 
± 
1.05## 

76.5 ± 
1.38### 

57.62 
± 
1.37### 

34.5 ±  
1.45### 

38.83 ± 
2.97### 
 

Ferulic 
acid 
(15 
mg/kg) 

76.25 
± 4.54 

48.25 
± 
0.73**
* 

31.33 
± 
0.9**
* 

14.75 
± 
1.14*
** 

54.66 ± 
2.81* 

Ferulic 
acid 
(30 
mg/kg) 

75.54 
± 3.13 

40.66 
±1.19
*** 

22.58 
± 
0.51*
** 

11.08 
± 
0.49*
** 

58.33 ± 
5.11** 
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Ferulic 
acid 
(60 
mg/kg) 

78.29 
±  
2.0 

39.66 
± 
4.57**
* 

23.04 
± 
1.59*
** 

11.7 ± 
0.56*
** 

64.66 ± 
6.61**
* 
 

Donep
ezil 
(0.75 
mg/kg) 

66.66 
± 
4.18*
* 

29.87 
± 
0.88**
* 

17.29 
± 
1.45*
** 

13 ±  
0.67*
** 

74.66 ± 
2.74**
* 
 

Values are written as Mean ± SEM. n = 6 in each group. 
Analysis of data was performed using one-way analysis of 
variance followed by Tukey-Kramer test for multiple 
comparison.   
Day 1 of trial- F (5,30) =4.52; p = 0.0034                  Day 2 
of trial- F (5,30) = 55.07; p<0.0001 
Day 3 of trial- F (5,30) = 171.76; p<0.0001                Day 4 
of trial- F (5,30) = 105; p<0.0001 
TSTQ – F (5,30) = 11.28; p<0.0001 
## indicates p<0.01; ### indicates p<0.001 vs. normal 
control pups 
* indicates p<0.05; ** indicates p<0.01; *** indicates 
p<0.001 vs. autistic control pups 
 
3.8 Effect of ferulic acid on MAO-A activity in rat 
pups 
Activity of MAO-A was found to be significantly elevated 
in autistic control pups compared to normal control pups 
(p<0.001). Treatment with ferulic acid (15, 30 and 60 
mg/kg) exhibited significant decrease in activity of brain 
MAO-A of autistic pups relative to autistic control pups 
(p<0.001). (Figure 4-A). 
3.9 Effect of ferulic acid on brain 
acetylcholinesterase activity in rat pups 
Activity of acetylcholinesterase was observed to be 
significantly elevated (p<0.001) in autistic control pups 
compared with normal control pups. Treatment with ferulic 
acid (15, 30 and 60 mg/kg) as well as donepezil produced 
significant reduction in acetylcholinesterase activity 
(p<0.001) of autistic pups relative to autistic control pups 
(Figure 4-B). 
3.10 Effect of ferulic acid on plasma corticosterone 
level 
Plasma corticosterone levels, a key marker of stress, were 
found to be significantly elevated (p<0.001) in autistic rat 
pups compared with normal control. Administration of 
ferulic acid (30 and 60 mg/kg) and standard anti-depressant 
drug, fluoxetine (10 mg/kg) produced significant reduction 
in corticosterone concentrations (p<0.001) relative to 
vehicle-treated autistic rat pups. However, the lowest dose 
of ferulic acid (15 mg/kg) produced lesser significant 
(p<0.05) decrease of plasma corticosterone levels (Figure 
4-C) 

 
Figure 4.  Effect of ferulic acid on (A) brain MAO-A 
activity: F (5,30) = 149.41 (B) brain acetylcholinesterase 

activity: F (5,30) = 10.6.02; (C) plasma corticosterone level: 
F (5,30) = 32.37 of rat pups. FA15/30/60 = ferulic acid 
15/30/60 mg/kg. Here, values were written as Mean ± SEM. 
n = 6 in each group. Analysis of data was performed using 
one-way analysis of variance followed by Tukey-Kramer 
test for multiple comparison.  
### indicates p<0.001 vs. normal control pups 
* indicates p<0.05, ** indicates p<0.01, *** indicates 
p<0.001 vs. autistic control pups 
3.9 Effect of ferulic acid on MDA, nitrite, GSH and 
catalase in rat pups 
Autistic control pups demonstrated significant oxidative 
stress, as evidenced by elevated brain malondialdehyde 
(MDA) and nitrite levels, along with significant decrease of 
reduced glutathione (GSH) concentrations and catalase 
activity on comparison to normal control. Treatment with 
ferulic acid at all the tested doses (15, 30 and 60 mg/kg) 
significantly lowered MDA and nitrite levels (p<0.001) and 
significantly increased brain GSH levels (p<0.001), 
whereas only medium and highest dose of ferulic acid (30 
and 60 mg/kg) increased (p<0.001) catalase activity (Table 
2).  

Table 2:  Effect of ferulic acid on oxidative stress 
parameters 

Groups Brain 
MDA 
(nmol/
mg of 
protei
n) 

Brain 
GSH 
(nmol/
mg of 
protei
n) 

Brain catalase 
(µmol of H2O2 
decomposed/
min/mg of 
protein) 

Brai
n 
nitrit
e 
(µg/
ml) 

Normal 
pups  

0.17 ± 
0.005 

12.63 
± 0.41 

74.28 ± 3.49 27.96 
± 
1.37 

Autistic 
pups 

0.58 ± 
0.009##

# 

4.27 ± 
0.43### 

36.01 ± 4.26### 75.22 
± 
1.83#

## 
Ferulic 
acid 
(15 
mg/kg) 

0.46 ± 
0.009*
** 

9.32 ± 
0.60**
* 

48.28 ± 1.89 60.04 
± 
1.04*
** 

Ferulic 
acid 
(30 
mg/kg) 

0.39 ± 
0.010*
** 

10.34 
± 
0.30**
* 

63.63 ± 
4.53*** 

53.87 
± 
1.89*
** 

Ferulic 
acid 
(60 
mg/kg) 

0.30 ± 
0.011*
** 

10.89 
± 
0.33**
* 

77.55 ± 
2.72*** 

35.96 
± 
2.18*
** 

Aripipra
zole  
(1 
mg/kg) 

 
0.28 ± 
.013**
* 

 
11.51 
± 
0.39**
* 

 
77.63 ± 
3.62*** 

 
37.04 
± 
1.24*
** 

 
Here, values were written as Mean ± SEM. n = 6 in each 
group. Analysis of data was performed using one-way 
analysis of variance followed by Tukey-Kramer test for 
multiple comparison.   
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For MDA; F (5, 30) =204.4; p<0.0001                       For 
GSH; F (5, 30) = 47.96; p<0.0001 
For Catalase; F (5,3 0) = 23.93; p<0.0001                    For 
Nitrite; F(5, 30)= 117.14; p<0.0001 
### p<0.001 vs. normal control pups 
*** p<0.001 vs. autistic control pups 
 
3.12 Effect of ferulic acid on brain histopathology 
In normal control pups, the cerebellum exhibited a well-
preserved histoarchitecture, with intact molecular layer 
(ML), Purkinje cell layer (PCL), and granular layer (GL). 
Prenatal exposure to sodium valproate (400 mg/kg; s.c) 
produced pronounced neuropathological alterations, 
evidenced by significant Purkinje cell necrosis, reduced 
Purkinje cell density, and depletion of granular cells. 
Administration medium (30 mg/kg) and highest dose (30 
mg/kg) of ferulic acid to autistic pups conferred significant 
protective effect as reflected by restoration of cerebellar 
histology to near-normal architecture, with well-preserved 
layers and only mild necrosis, as indicated by a slight 
reduction in Purkinje cell count (Figure 5 A-E). 
 

 
Figure 5.  Effects of ferulic acid on histopathological 
changes in cerebellum part of brain of rat pups 
(H&E×400). A) Normal Control pups: Normal histological 
appearance of cerebellum depicting molecular layer (ML), 
Purkinje cell layer (PCL) and granular cell layer (GL). B) 
Autistic control pups: Marked necrosis characterized by the 
pyknotic changes in the nuclei of Purkinje cells (arrow 
heads), reduced number of Purkinje cells and depletion of 
cells in granular layer (less density in comparison to normal 
control pups).; C) Ferulic acid (15 mg/kg) in autistic pups: 
Microscopic changes similar to autistic control pups; D) 
Ferulic acid (30 mg/kg) in autistic pups: moderate 
improvement in necrosis characterized by less depletion of 
cells in granular layer as compared to autistic control pups, 
and pyknotic changes in the nuclei of a few Purkinje cells 
(arrow head). E) Ferulic acid (60 mg/kg) in autistic pups: 
Histological appearance of cerebellum of autistic pups 
comparable to normal control pups, having normal 
appearance of different layers except mild necrosis 
characterized by mild reduction in number of Purkinje cells.  
 
4 DISCUSSION 
The present study explored the therapeutic potential of 
ferulic acid in rat pups exposed prenatally to sodium 
valproate. Prenatal exposure to valproic acid is a well-
established experimental model for autism spectrum 
disorder, inducing core autism-like behaviours in rodents. 

Valproic acid disrupts neurodevelopment via epigenetic 
mechanisms, notably histone deacetylase inhibition and 
defective histone acetylation, leading to impaired synaptic 
plasticity, altered gene expression, and abnormal cortical 
neurogenesis59. Autism was experimentally induced by a 
single subcutaneous injection of sodium valproate (400 
mg/kg) to pregnant rats on gestational day 13. Offsprings 
from these female rats demonstrated characteristic autism-
like features, including decreased body weight at birth, 
prolonged eye-opening time, and impairment of motor 
coordination, consistent with earlier findings38, 39. Only 
male pups were included for further experimentation, since 
male animals develop more autism-like alterations than 
females28. Similarly, in clinical reports, males have higher 
risk of developing the disorder29, 30.  Effects on nociception, 
locomotor activity, depressive-like behavior, anxiety, 
learning and memory, and social behaviour of rat pups were 
examined. Autistic rat pups demonstrated significant 
hypoalgesia, hyperlocomotion, increased immobility in tail 
suspension test, learning and memory deficits, and 
impairment of social behavior.  
Reduction in pain responsiveness has already been 
evidenced in autistic rat pups in previous studies60, 61. 
Notably, ferulic acid (60 mg/kg) significantly restored pain 
sensitivity in autistic rat pups in this study. Autistic pups 
also demonstrated significant elevation in locomotor 
activity, which is also supported by previous studies38, 42.  
All the tested doses of ferulic acid significantly attenuated 
hyperlocomotion in autistic rat pups in comparison to 
autistic control pups. Immobility period in tail suspension 
test, a parameter of depressive behaviour was significantly 
increased in autistic rat pups. The same effect has been 
reported earlier62. Ferulic acid significantly exhibited dose 
dependent effect and reduced depressive-like behaviour in 
autistic rat pups. Moreover, ferulic acid has also been 
reported to exert antidepressant effect in an earlier study25. 
The observed antidepressant effect of ferulic acid was 
comparable to fluoxetine (10 mg/kg), the standard 
antidepressant drug employed. Fluoxetine has also been 
reported to improve depression- like symptoms in autistic 
patients63.  Anxious behaviour of autistic rat pups is 
exhibited by reduction of time spent along with number of 
entries in open arms of elevated zero maze, as also 
evidenced in previous studies38, 64. Ferulic acid (15, 30 and 
60 mg/kg) administration to autistic rat pups significantly 
increased time and number of entries in open arms of 
elevated zero maze, indicating attenuation of anxiety- like 
behavior. Anti-anxiety activity of ferulic acid has also been 
reported earlier23, 24. The observed anxiolytic effect of 
ferulic acid was comparable to diazepam, the standard 
anxiolytic drug employed.  In Morris water maze test, 
escape latency of autistic pups during training period of 4 
days was remarkably increased along with decrease in 
TSTQ on 5th day (memory testing), denoting learning, and 
memory impairment. These effects in autistic pups have 
already been reported in previous studies65, 66. Ferulic acid 
significantly reversed learning and memory deficits in 
autistic pups, as reflected by reduced escape latency and 
increased TSTQ. Ferulic acid has also been shown to 
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possess memory enhancing effect in the literature17, 18, 21. 
The ferulic acid effects on improvement of learning and 
memory were observed to be comparable to donepezil, the 
standard memory enhancing drug employed. Donepezil has 
shown beneficial effect on memory and receptive language 
skills in autistic children67, 68. Impairment of social behavior 
is one of the core features evidenced in autistic pups30 and 
autistic children1. Autistic pups exhibited decreased social 
interaction score, implicating impaired social behaviour in 
our study, which is also supported by the previous studies38, 

39. Ferulic acid significantly increased social interaction of 
autistic rat pups when compared to autistic control pups. 
 Biochemical analyses were performed to find out 
the potential mechanisms underlying the observed effects. 
Autistic rat pups exhibited significant elevation of brain 
acetylcholinesterase activity, indicating reduced cholinergic 
transmission, which may contribute to cognitive 
impairment as evidenced by previous studies69, 70. All doses 
of ferulic acid significantly decreased acetylcholinesterase 
activity, thus potentially enhancing brain acetylcholine 
levels, leading to learning and memory improvement. 
Further, ferulic acid has been reported to inhibit 
acetylcholinesterase activity in an in vivo study17 and in 
vitro study18. MAO-A activity was observed to be increased 
in autistic pups, which is also reported in the literature71, 72. 
By inhibition of MAO-A activity, ferulic acid might have 
elevated brain monoamine neurotransmitter dopamine, 
norepinephrine, and serotonin) concentrations, thereby 
alleviating depressive-like behaviour. Ferulic acid has also 
been reported to inhibit MAO-A activity in a previous 
study25. Oxidative stress contributes significantly in the 
pathophysiology of autism73. Prenatal sodium valproate 
exposure is reported to enhance generation of reactive 
oxygen and nitrogen species, which interfere with neuronal 
growth and maturation39, 73. In this study, autistic rat pups 
showed significantly increased MDA and nitrite levels, 
accompanied by decrease in GSH content and catalase 
activity in brain tissue, thus indicating rise in oxidative 
stress. The similar findings have been published in the past 
studies26, 70, 72. Ferulic acid administration at all doses 
significantly decreased oxidative stress markers along with 
restoration of antioxidant enzyme activities in this study. 
Ferulic acid has also shown antioxidant effect in previous 
studies15, 74. Plasma corticosterone, a key stress hormone, 
was reported to be elevated in autistic individuals75. It was 
also significantly increased in autistic rat pups in our study. 
These results were strengthened by the past studies76, 77. 
Administration of ferulic acid significantly lowered 
corticosterone level, thus attenuating stress in autistic pups. 
These results were supported by the previous studies 
conducted on ferulic acid78, 79 
Histopathological studies were also carried out on 
cerebellar part of brain of rat pups. There were marked 
neuropathological alterations were observed in cerebellar 
part of brain of autistic pups, including degeneration and 
loss of Purkinje cells and depletion of granular layer 
neurons, thus affecting the motor coordination80, 81. In this 
study, autistic rat pups also exhibited pathological changes 
such as decreased count and pyknotic alterations in purkinje 

cells; and depletion of granular layer cells. These 
observations were also consistent with the previous 
studies38, 82. Ferulic acid (50 and 100 mg/kg) protected 
against these histopathological abnormalities, while 
restoring the normal cerebellar cytoarchitecture. 
 
5.CONCLUSION 
Based upon the above findings, we may conclude that 
ferulic acid exerted significant neuroprotective effect 
against sodium valproate-induced autism in rat pups, which 
might be mediated through multiple mechanisms, including 
improvement of cholinergic and monoaminergic 
neurotransmission, attenuation of oxidative stress, 
reduction of stress hormone levels, and preservation of 
cerebellar integrity. 
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