
INTRODUCTION
Autism spectrum disorder (ASD) is believed to be triggered by 
exposure to various toxins or alterations in a complex interplay 
of genetic factors.1,2 ASD is a neurological and developmental 
condition, and it is defined as how people behave, learn, 
connect, and communicate with others. Because there is a 
large range in the nature and severity of symptoms that persons 
with autism experience, the medical condition is referred to 
as a “spectrum” disorder.3 Poor social reciprocity, restricted 
interests, lack of focus, hyperactivity, communication 
impairments,4 and repetitive behaviors are some characteristics 
of autism.5 According to some researches, people with ASD 
frequently struggle with concomitant neurological illnesses, 
including seizures as well as issues adjusting to novelty and 
environmental stress.6 

Usage of sodium valproate (VPA) during gestation 
may cause a condition called fetal valproate syndrome, 
which resembles autism in particular ways.7 In the same 
context, valproate fetopathy is a condition that may occur in 

children exposed to VPA. This condition links deformities to 
intellectual impairment. Moreover, VPA is linked to a higher 
incidence of autistic disease (1 in 36 children).8,9 The most 
compelling data associating VPA exposure to an elevated 
probability of ASD was found in two published studies: 
large-scale population-based research and a prospective 
study.10,11 Rodents who receive VPA during pregnancy develop 
behavioral abnormalities and neurological consequences that 
are similar to the autism phenotype.12 Additionally, VPA 
administration to rodents on post-natal day 14 (PND14) results 
in autism-like manifestations like impairment of motor and 
cognitive abilities. The emergence of intrusive behaviours, 
and persistent deficits in development of social interactions 
were also observed.13 The fact that adults did not experience 
this effect suggests that PND14 is inside the key developmental 
window for vulnerability to VPA-induced toxicity to the 
brain.14 

Dietary polyphenols and plant-based medications have 
potential as treatments for neurodevelopmental conditions like 
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autism. They have been demonstrated to inhibit inflammatory 
reactions and neuronal cell death while also promoting 
neurogenesis and neuroplasticity in the brain.15 Crocus sativus 
L, (Family-Iridaceae) is a tiny perennial plant that yields crocin 
(CRO). Along with free radical scavenging and anti-apoptotic 
properties, saffron modulates some the brain’s cellular 
processes, including dendritic morphological remodeling and 
brain infraction.16 Crocin has vast pharmacological actions, 
including anti-inflammatory,17 and neuroprotective benefits 18. 
Additionally, crocin has reportedly been linked to the potential 
ability to act as an antidepressant.19 Additionally, oral crocin 
treatment enhanced intestinal barrier performance and gut 
microbial structure and reduced neuroinflammation, thereby, 
successfully reduced depression-like behavior in animals.20 

Early dietary intervention may be able to influence how 
the autistic condition develops. The wide range of possible 
health advantages (neuro-protectives) of carotenoids was the 
rationale behind the hypothesis that intake of crocin may affect 
behavioural regressions in rats induced by post-natal VPA 
treatment. The effectiveness of crocin as neuroprotectant was 
assessed by neuro-behavioural assessment and antioxidant 
mechanism. 

MATERIALS AND METHODS

Experimental Protocol
The experimental protocol (Table 1) was carried out at Subharti 
Medical College, Meerut, involving thirty male albino rats 
(wistar strain; 30–40 g; 2-week-old pups). Housed in a 
controlled environment (12-hour day-night cycle) and humidity 
(55–65%). The animals were provided standard laboratory food 
and unlimited access to water. Experimental animals were 
sanctioned by the Institutional Animal Ethical Committee 
of Subharti University (1204/PO/Re/S/08/CPCSEA/22-01). 
Adhering to power analysis and prior literature survey for 
selecting the appropriate number of animals, the study was 
carried out from May-June 2023.
Post-Natal Valproic Acid Induced ASD
Following acclimatization, the young animals were placed into 
five groups of six rats each. Animals were fed with standard 
pellets. The rat pups’ weights will be recorded on the first day 
of the experiment. Rat pups received a subcutaneous injection 
of 400 mg/kg valproic acid (VPA) on PND 14 and were treated 
daily with crocin from PND 14 to 40. Neurobehavioral, 
biochemical, and histological assessments were conducted at 
specified intervals following the outlined timeline13 (Figure 1).
General & Behavioural Parameters
Body weight measurement and other parameters were 
conducted for each animal according to the established 
timeline. 
Repetitive Behaviour Assessment

Marble Burying Test
On husk bed, twenty marbles, each measuring one centimeter 
in diameter, were spaced equally apart. The animal was allowed 

half an hour on the bed after the partition was removed. Marble 
that was complete, two thirds, and half buried were scored 
three, two, and one points, accordingly.21 The marble-burying 
score was the allocated variable’s description on PND 35.
Negative Geotaxis Test
From post-natal days 16 to 18, a rat was positioned on an 
inverted grid, elevated above a soft surface to assess negative 
geotropism. Each rat was positioned with its head pointed down 
the descent and looking downward along a 45° inclination. 
The animal’s performance (facing up the slope) was graded 
manually for 180° turn in less than 30 seconds.22

Mid-air Righting Reflex
The ventral side of the mouse was released from 30 cm above 
a cushioned surface on PND 17–19. If the animal lands on 
all four paws within a given amount of time, the score is 
considered favorable.22

Analgesic activity
Each animal was placed on a heated plate (55 ± 0.3°C) on PND 
30. The delay in the initial hind-paw reaction was observed 
through licking of paws within thirty seconds.23

Rota Rod Test
Every animal from PND 24-26, was hooked up to a rod 
revolving at 40 revolutions per minute (rpm). The length of 
time (maximum of 5 minutes) it took each animal to maintain 
balance was used to calculate the persistence time.24

Open Field Test
Using an actophotometer (INCO Pvt Ltd, Ambala), each rats’ 
patterns of motion were captured on PND 20 and 40. During 
evaluation, the equipment had been placed in a ventilated, 
sound-attenuated, and dimmed room. A photobeam breakdown 
was used to characterize locomotor activity. By counting the 
number of beams pauses throughout a 20-minute session 
divided into two 10-minute periods was assessed.
Cognitive Rigidity Assessment

Elevated Plus Maze
It consists of two open and closed arms, to study anxiety in the 
animals. For five minutes, rats were individually positioned on 

Figure 1: Timeline and treatment protocol of crocin (CRO) in VPA-
exposed wistar rats
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the central maze, facing open arm. Observations included the 
duration spent in open arm and the duration taken to enter it.25

Morris Water Maze
Based on the earlier research that autistic patients frequently 
have a memory deficiency,26 the impact on memory was 
assessed on PND 38-40. The rectangular pool filled with tap 
water, had four regions and innocuous milk was placed on 
top. One quadrant’s water surface had the detachable platform 
submerged. The position of the submerged platform has to 
be memorised by each animal utilizing certain visual hints 
placed around. The length of time it takes to find and ascend 
the submerged stage was calculated.24

Social Impairment Assessment

• Social interaction test
Impaired interaction is the main characteristic of ASD.27,28 
This study used a three-chambered apparatus to measure 
social relationships on PND 35. The rat was momentarily 
acclimated to the centre compartment prior to the sociability 
phase. Unfamiliar rats were put on one side, leaving the other 
unoccupied, during the sociability phase. The “Sociability 
Index” (SI) was computed as follows:

• Social preference test
In this phase, a fresh rat was introduced to the vacant 
chamber and, the stranger chamber now considered the 
familiar chamber. The time the test animal played out in each 
compartments was recorded. The “Social Preference Index” 
(SPI) was calculated perquation.29

• Dissection, homogenization & Biochemical assessment
Animals were euthanized on PND 41, and their brains were 
extracted out. A 10% w/v tissue homogenate was prepared 
using 0.1 M phosphate buffer (pH 7.4). After centrifugation 
(4°C) at 3000 rpm/10,000g for 15 minutes, the supernatant 
was collected to study oxidative stress indicators. UV 

spectrophotometric analysis at 750 nm was used to estimate 
the total protein in the brain 30. Further, the brain’s 
malondialdehyde (MDA), reduced glutathione (GSH), catalase, 
superoxide dismutase (SOD) and nitrate/nitrite levels level30 
were estimated through standard procedures.
• Statistical Analyses
The Mean ± standard deviation (SD) will be utilized for 
depicting the result statistically. t-test (paired), analysis of 
variance (ANOVA) was practised to identify the statistical 
significance, subsequently followed by a tukey post-hoc test.

RESULTS
Exposure to VPA did not result in a notable delay in weight 
change from PND14 to 40. On PND 35, in line with a previous 
study, the VPA group exhibited increased digging and burying 
behavior compared to the control group (###p < 0.001) (Figure 
2). CRO I and II treatments significantly reduced (*p < 0.05, 
** p < 0.01) marble burying as compared to the VPA group. 
However, the comparison of CRO per se and control group 
displayed no significant differences. Additionally, CRO I and 
II treatment depicted comparable results to the control group.

On PND 16, 17, and 18, the VPA-exposed group took longer 
to re-orient on inclined plane than control group (###p < 0.001). 
Compared to the control, re-orientation time did not change 
substantially in the CRO per se group. CRO I and II treatment 
resulted in a substantial decline (*p < 0.05 and ** p < 0.01, 
respectively) in time required for re-orientation (Figure 3).

Comparing the VPA-exposed to control group, demonstrates 
a substantial increase in righting reflex time on PND 17, 18 
and 19 (##p < 0.01) (Figure 4). The righting reflex time was 
not affected by CRO per se treatment. A dosage-dependent 
substantial reduction in CRO I and II group (*p < 0.05 and ** 
p < 0.01) was observed as compared to VPA-exposed group 
to land on the platform. 

On PND 30 thermal nociception study revealed that 
VPA exposed group has significantly greater latency to 
withdrawal (###p < 0.001) (Figure 5). The latency did not change 
appreciably upon treatment with the dosage of CRO per se. 
After receiving CRO I and II (**p < 0.01, *** p < 0.001), there 
was a reduction in the latency to foot withdrawal relative to 
VPA-exposed group, respectively.

The coordination of movements on rotarod (Figure 6) 
on PND 24 and 25 (##p < 0.01) and 26 (###p < 0.001), for 
VPA exposed group was significantly reduced. Animals 
administered with CRO per se and control group had a similar 
latency to fall. When compared to the VPA exposed group, the 
groups administered with a low dosage of CRO had substantial 
protection on PND 24-26 (*p < 0.05). However, on PND 24-25 
(*p < 0.05) and 26 (**p < 0.01), administration with a high 
dosage of CRO lengthened the duration to fall from the rotarod.

The exploration conducts of animals on PND 40, showed 
that the CRO per se group did not exhibit significantly different 
behaviors of exploration from the control group. However, the 
group treated with VPA showed significantly more counts in 
the 0-10 mins (###p < 0.001) and 10-20 mins (###p < 0.001) 

Table 1: Study Protocol of VPA exposed experimental animals

Groups Drug Administered 
(PND)

Dose 
(mg/kg) 

Route

I. Control 0.9% NaCl (14–40) 1-mL/kg Per oral

II. VPA VPA (14) 400 Sub-cutaneous

III. Crocin 
(per se) Crocin (14–40) 100 Per oral

IV. VPA + 
Crocin I

VPA (14) + Crocin 
I (14–40)

400
50 

Sub-cutaneous
Per oral

V. VPA + 
Crocin II

VPA (14) + Crocin 
II (14–40)

400
100 

Sub-cutaneous
Per oral

VPA, Valproic acid and CRO, Crocin I (50mg/kg) II (100mg/kg); PND, 
Postnatal Day.
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intervals. The results (Figure 7) also showed that both dosages 
of CRO mitigated the hyperlocomotion activity by reducing the 
number of counts in the 0-10 mins (***p < 0.001) and 10-20 
mins (***p < 0.001) duration.

As compared to control, the VPA group dramatically 
reduced the visits (##P value < 0.01) and the time duration 
invested (###P value < 0.001) in open arm (Table 2). The CRO 
per se alone resulted in a non-significant result. In contrast to 
the VPA exposed group, the number of visits and time spent 

were considerably higher after intervention with CRO I (open 
arm entries, * p < 0.05; time spent, ** p < 0.01) and CRO II 
(open arm entries, * p < 0.05; time spent, *** p < 0.001). Also, 
the CRO I and II treated rats showed a substantial reduction 
in closed-arm visits (*p < 0.05, ** p < 0.01) and the amount 
of time spent (**p < 0.01, *** p < 0.001) as compared to the 
VPA exposed group. 

Rats were allowed to roam the maze and locate the 
immersed platform within three separate trials daily. The 

Figure 6: Effect of Crocin on latency to fall from rota-rod in VPA-
exposed wistar rats on PND 24, 25 and 26 [Control compared with 
VPA exposed group (##p < 0.01, ### p < 0.001); VPA exposed group 

compared with CRO I and CRO II (*P < 0.05, ** p < 0.01)].

Figure 2: Effect of Crocin on marble burying behaviour in VPA-
exposed wistar rats on PND 35 [Control compared with VPA exposed 
group (###p < 0.001); VPA exposed group compared with CRO I and II 

(*p < 0.05, ** p < 0.01)].

Figure 3: Effect of Crocin on latency to re-orientation in VPA-exposed 
wistar rats on PND 16, 17 and 18 [Control compared with VPA exposed 
group (###p < 0.001); VPA exposed group compared with CRO I and II 

(*p < 0.05, ** p < 0.01)].

Figure 4: Effect of Crocin on righting reflex in VPA-exposed wistar 
rats on PND 17-19 [Control compared with VPA exposed group (##p 
< 0.01); VPA exposed group compared with CRO I and CRO II (*p < 

0.05, ** p < 0.01)].

Figure 5: Effect of Crocin on paw withdrawal latency in VPA-exposed 
wistar rats on PND 30 [Control compared with VPA exposed group 

(###p < 0.001); VPA exposed group compared with CRO I and CRO II 
(**p < 0.01, *** p < 0.001)].

Figure 7: Effect of Crocin on locomotor activity in VPA-exposed wistar 
rats on PND 40 [Control compared with VPA exposed group (###p < 

0.001); VPA exposed group compared with CRO I and CRO II (***p < 
0.001) at 0-10 mins and 10-20 mins interval].
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VPA-exposed group on days 38, 39 (##p < 0.01) and 40 (###p < 
0.001) demonstrated a quantified increase in escape latency in 
contrast to the control animals. The CRO I and II administered 
rats (*p < 0.05) took a shorter period to locate the platform than 
the VPA-exposed group (Figure 8). Animals administered with 
CRO per se exhibited a similar reaction to the control.

The first phase of social impairment showed that the test 
rats’ time with the stranger rat was considerably longer (###p 
< 0.001) in the control group than it was in the empty cubicle 
(Figure 9a). Rats in the VPA exposed group, spent almost 
the same amount of time in the stranger and empty cubicle, 
indicating a non-significant preference for social proximity. 
The amount of time spent with the stranger rat was significantly 
higher (###p < 0.001) in the groups administered with CRO I 
and II than in the empty cubicle. When compared to control 
rats, VPA exposed animals displayed a lower sociability index 
(**p < 0.01), which was significantly changed by CRO (*p < 
0.05) at both the dosages.

The second phase revealed that, the control group spent 
more time (##p < 0.01) with the novel rat than the familiar one, 
while the VPA group didn’t had social proximity preference 
(###p < 0.001) as they spent prolonged time with the familiar 

Table 2: Effect of crocin on anxiety levels of VPA and CRO treated groups of wistar rat

Groups
(Elevated Plus 
Maze)

PND 30 (Mean ± SD)

No of entries in open arm Time spent in open arm (Sec.) No of entries in closed arm Time spent in closed arm (Sec.)

Control 12.83 ± 3.87 157.50 ± 23.60 6.00 ± 2.00 142.50 ± 23.60

VPA group 3.83 ± 1.83## 86.83 ± 12.95### 13.50 ± 3.62## 213.17 ± 12.95###

Crocin (per se) 13.00 ± 4.15 164.00 ± 13.80 4.50 ± 2.88 136.00 ± 13.80

VPA + Crocin I 10.83 ± 2.93* 132.33 ± 18.02** 7.50 ± 3.39* 167.67 ± 18.02**

VPA + Crocin II 11.67 ± 3.39* 144.67 ± 18.26*** 6.17 ± 2.86** 155.33 ± 18.26***

VPA, Valproic acid; CRO, Crocin I (50 mg/kg) II (100 mg/kg); PND, Post-natal Day [Control compared with VPA exposed group (##p < 0.01, ### p < 
0.001); VPA exposed group compared with CRO I and CRO II (*p < 0.05, **P < 0.01, *** p < 0.001)].

Figure 9a: Effect of crocin on sociability index in VPA-exposed wistar 
rats on PND 35 [Comparison of control (###p < 0.001); CRO I and II 

(###p < 0.001) (Paired t-test in stranger and empty cubicle). Sociability 
index - control compared with VPA exposed group (**p < 0.01); VPA 

exposed group compared with CRO I and CRO II (*p < 0.05) (One-way 
ANOVA + Tukey’s Post Hoc Test)].

Figure 8: Effect of crocin on latency to find platform in VPA-exposed 
wistar rats on PND 38, 39 and 40 [Control compared with VPA exposed 

group (##p < 0.01, ### p < 0.001); VPA exposed group compared with 
CRO I and CRO II (*p < 0.05)].

Figure 9b: Effect of crocin on sociability preference index in VPA-
exposed wistar rats on PND 35 [Comparison of control (##p < 0.01); 
VPA, CRO I and II (###p < 0.001) (Paired t-test in familiar and novel 
cubicle). Sociability preference index - control compared with VPA 
exposed group (***p < 0.001); VPA exposed group compared with 

CRO I and CRO II (***p < 0.001) (One-way ANOVA + Tukey’s Post 
Hoc Test)].
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rat. In VPA exposed groups the social proximity for familiar 
rat was significantly higher (###p < 0.001), (Figure 9b) and 
was quantitatively declined (###p < 0.001) in the CRO treated 
groups. In contrast to control rats, VPA exposed exhibited 
a lower sociability preference index (***p < 0.001). CRO 
significantly altered (***p < 0.001) this effect at both doses. 

Rats exposed to VPA exhibited significantly higher levels 
(###p < 0.001) of total nitrite and MDA than the control group. 
The MDA and NO levels were unaffected by treatment with 
CRO per se group, which had an impact akin to that of control 
group. Rats exposed to VPA exhibited reduced levels on the 
aforementioned parameters upon receiving CRO treatment. 
The MDA and NO levels in the low (*p < 0.05) and high 
dose (***p > 0.001, ** p > 0.01) CRO treated groups depicted 
statistically significant reduction (Table 3a).

On PND 41, rats treated with VPA exhibited a decline (###P 
< 0.001) in the measure of GSH, SOD, and catalase, indicating 
significantly high amount of free radical production (Table 
3b). Antioxidant levels were not significantly impacted by 
CRO per se treatment; however, groups who received CRO I 
showed moderate level of GSH (**p < 0.01), SOD (*p < 0.05) 
and catalase (*p < 0.05). CRO II depicted a high level of GSH 
(***p < 0.001), SOD (**p < 0.01) and catalase (***p < 0.001) 
than VPA exposed group.

DISCUSSION
The research confirmed a strong protective response against 
symptoms induced by VPA in the animals treated with CRO. 
When considering the context of maturation growth and 
development, we found that CRO depicted a non-significant 
gain in weight. It has been proposed that crocin might be 
used to treat CNS diseases. The outcomes showed that crocin 
treatment might lessen the quantity of marbles buried. Crocin 
may operate as an antagonist of 5-HT2C receptors, while the 
precise pharmacological mechanism for how it affects repeated 
behavior is yet not understood.31 Because of its significant 
antioxidant activity, crocin displays neuropsychiatric effects 32.

The development and functionality of the cerebellum are 
linked with motor skills. Animals exposed to VPA exhibited 

considerably delayed righting reflexes, an unsteady gait, 
notable challenges in navigating static beams, and impaired 
motor coordination on the rota rod. The most popular method 
for evaluating the progression of motor skills in rats is called 
negative geotaxis, which measures their capacity to navigate on 
an inclined surface.24 The longer time needed for re-orientation 
on the slanted surface in animals treated with VPA may be 
due to the negative impact of VPA on the hippocampal and 
cerebellar maturation.14 Administration of CRO improved 
the motor deficiencies in mid-air righting and trimmed the 
re-orientation time from PND 17 onward. The primary 
bioactive ingredient in saffron, crocin, is beneficial to the 
neurological system. Its neuroprotective action demonstrates 
crocin’s effects on reflexive motor function 33 and anti-
depressive behaviors.34,35

Mid-air righting is a systematic process used to evaluate 
motor coordination, shown on PND 13. Motor deficits are 
demonstrated by the decline in the proportion of animals 
that can right themselves in mid-air after exposure to VPA.36 
Given that the occurrence of righting in mid-air is significantly 
associated with cerebellar maturation,33,37 CRO may have 
improved the motor performance by protecting cerebellar 
structures.

The cerebellum is primarily responsible for the regulation 
of muscle coordination, and autism is plainly manifested as 
motor inefficiency, which is easily measured with a rota rod 
apparatus.38,39 It is well-established that exposure to VPA 
damages the cerebellum, which might explain why a lesser 
number of rats were retained on the rotating rod. However, 
the latency to fall off the rotating rod was prolonged in 
CRO-treated rats. The CRO-treated rats had improved motor 
activity as seen by a decrease in the inability of the muscles to 
coordinate, which may have been brought about by protecting 
the cerebellum tissue from damage. The results confirm earlier 
studies that found CRO to be protective against behavioral 
defects in rodents (anxiolytic, improving motor function).40,41

Drugs that treat anxiety are evaluated for effectiveness 
using protocols such as the elevated plus maze and open field. 

Table 3a: Effect of crocin on MDA and NO levels in VPA and CRO 
treated groups

Groups Antioxidant Parameters (Mean ± SD)

(PND 41) MDA (nM/mg of 
protein)

Nitrite (µg/mg 
protein)

Control 0.650 ± 0.508 12.20 ± 5.22

VPA group 2.731 ± 1.013### 30.47 ± 8.96###

Crocin (per se) 0.663 ± 0.449 12.67 ± 4.98

VPA + Crocin I 1.615 ± 0.530* 17.58 ± 6.88*

VPA + Crocin II 1.014 ± 0.251*** 14.88 ± 5.37**

VPA, Valproic acid and CRO, Crocin I (50mg/kg) II (100mg/kg); PND, 
Post-natal Day; MDA, Malondialdehyde [Control compared with VPA 
exposed group (###p < 0.001); VPA exposed group compared with CRO 
I and CRO II (*p < 0.05, ** p < 0.01 and ***p < 0.001)].

Table 3b: Effect of crocin on GSH, SOD and Catalase levels in VPA 
and CRO treated groups

Groups
(PND 41)

Antioxidant Parameters (Mean ± SD)

GSH 
(µg /mL of 
protein)

SOD
(U/mg of 
protein)

Catalase
(U/mg of 
protein)

Control 45.21 ± 9.38 22.40 ± 6.51 26.69 ± 4.42

VPA group 11.44 ± 6.69### 4.81 ± 3.02### 9.50 ± 2.73###

Crocin (per se) 44.66 ± 8.67 22.38 ± 8.80 25.84 ± 7.48

VPA + Crocin I 33.16 ± 8.58** 16.01 ± 2.72* 18.27 ± 3.82*

VPA + Crocin II 38.70 ± 9.85*** 18.82 ± 4.99** 23.07 ± 2.83***

VPA: Valproic acid and CRO: Crocin I (50 mg/kg) II (100 mg/kg); PND, 
Post-natal Day, GSH, Glutathione; SOD, Superoxide dismutase [Control 
compared with VPA exposed group (###p < 0.001); VPA exposed group 
compared with CRO I and CRO II (*p < 0.05, ** p < 0.01 and *** p < 
0.001)].
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It is thought that post-natal intervention with VPA causes 
anxiety and increased apprehension, which is similar to the 
symptoms seen in individuals with autism24 VPA can damage 
the neurological anatomy of the brain, altering related activities 
and impacting fear-related neural networks, particularly the 
amygdala, leading to anxiety-related behavior.42 After CRO 
treatment, the duration of time spent and entries into open arms 
significantly increased, suggesting a significant reduction in 
fear and anxiety. The analysis of post-CRO treatment indicates 
well-regulated stereotypical locomotion and enhanced 
exploratory behavior.43,44

Inadequate neural circuits in the hippocampus are 
responsible for the lack of spatial organization abilities 
& learning behavior shown in autistic children.45 It was 
discovered that hippocampal lesions affected a person’s ability 
to navigate mazes.13 Memory loss is another effect of oxidative 
stress brought on by VPA-induced neurotoxicity. Additionally, 
giving VPA to PND 14, may result in dendritic atrophy of the 
hippocampus’s memory-processing structures. The delay to 
reach the concealed stage in Morris water maze was enhanced 
in the current investigation by the injection of VPA.46 Crocin 
displayed a reduction in escape latency and distance traveled. 
It also improved the animal’s presence in the maze’s target 
quarter. Several previous investigations have shown that CRO 
and other equivalent herbal substances can enhance learning 
and memory. Administration of CRO enhanced the navigation 
abilities of VPA-treated animals, which may be due to its ability 
to mitigate cognitive impairment.18

In line with earlier findings, rats treated with VPA showed 
decreased social activity, which may have been caused by a 
reduced potential for social behavior and the expression and 
understanding of intra-specific stimuli.13,22 VPA can cause 
behavioral alterations in rats that are thought to resemble 
autism’s social abnormalities. Previous research indicates that 
crocin suppresses glutamatergic synaptic communication in 
brain and decreases extracellular glutamate concentrations.47 
Crocin also reduced behavioral consequences linked to NMDA 
receptor hypofunction, evoking a functional relationship 
between crocin and the glutamatergic system.41 CRO’s 
neuroprotective, anti-anxiety, and glutamate release prevention 
properties may contribute to its capacity to mitigate the 
negative consequences underlying behavioral changes.

A significant factor contributing to neuronal abnormalities 
in ASD is increase in oxidative stress. Post-natal exposure 
to VPA triggers the generation of various oxidants and free 
radicals, coupled with a reduction in reduced glutathione. Such 
process leads to lipid peroxidation, degradation of protein, 
and eventual neuronal degeneration, particularly affecting the 
vulnerability of neurons during early developmental stages.48 
VPA-induced autism is linked to both oxidative and nitrosative 
damage. Lipids, proteins, and DNA damage during early stages 
of neuronal formation due to reactive oxygen species (ROS), 
which increases the vulnerability of the neuron to oxidative 
stress and disturbs the neurodevelopmental process.49 Crocin 
may function as a neuroprotective antioxidant, and these 
findings are in line with prior field investigations on this 

compound.34,50 In the current investigation, we found that 
total nitrite and MDA levels increased while glutathione levels 
declined, supporting the hypothesis that ASD caused by VPA is 
influenced by oxidative stress. Due to its antioxidant properties, 
CRO treatment drastically lowered the levels of TBARS 
and rectified the impaired oxidative stress indicators.51,52 
Microglial activation is believed to be a rapid cellular reaction 
to inflammation. Cytotoxic mediators, like NO, are produced 
when microglia are activated, and these substances may help 
the nervous system grow. Elevated nitrite concentrations have 
been connected to autism. Oxidative stress was lessened when 
MDA and nitrite levels were lowered using CRO treatment.53,54 
According to the study, crocin shows great promise in 
preventing behavioral abnormalities and oxidative stress 
brought on by VPA. Because of its remarkable antioxidant 
properties, it is a viable therapeutic option for ASD treatment.

CONCLUSION
The outcomes strongly indicate that crocin possesses 
robust potential in safeguarding against oxidative stress 
and behavioral impairments induced by VPA, attributed to 
its noteworthy antioxidant capabilities. By mitigating the 
consequences of anxiety and motor coordination deficits 
triggered by VPA, crocin demonstrated a protective effect 
on neurons. This therapeutic approach may yield positive 
outcomes and prove more efficacious in autism treatment, 
given its restoration of oxidative balance. The study’s results 
provide promising data, justifying further investigation of the 
bioactive component’s mechanism of action and exploring 
the ASD etiology for potential treatment avenues involving 
crocin.
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