Journal of Animal Health and Production

Research Article "

Check for
updates
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Abstract | Environmental chemical exposure is increasingly implicated in developmental neurotoxicity and autism
spectrum disorder (ASD). Animal models provide valuable insights into neurotoxic triggers and potential protective
interventions. This study evaluated the preventive and therapeutic potential of Ajwa date aqueous extract (JDE)
against propionic acid (PPA)-induced neurotoxicity in rats, focusing on oxidative stress, inflammation and serotonergic
dysregulation. Thirty-two male rats were randomised into four groups (n = 8 each). Group A (control) received no
treatment, group B received oral PPA (250 mg/kg/day, 3 days), group C (therapeutic) received PPA (250 mg/kg/day, 3
days) followed by JDE (1.0 g/kg/day, 14 days) and group D (preventive) received PPA (100 mg/kg/day, 14 days) and
JDE (0.5 g/kg/day, 14 days). The biomarkers assessed included the levels of antioxidant enzymes superoxide dismutase
(SOD) and malondialdehyde (MDA), pro-inflammatory cytokine tumour necrosis factor o (TNF-a) and serotonin.
PPA exposure markedly elevated MDA (10.12 + 2.13 vs. control 5.97 + 0.51; p < 0.001), TNF-a (325.7 + 0.38 vs.
control 199.5 + 3.3; p < 0.001) and serotonin (143.5 + 0.03 vs. control 122.67 + 0.08; p < 0.001)), while significantly
reducing SOD activity (3.22 + 0.43 vs. control 7.89 + 0.32; p < 0.001). Therapeutic JDE (group C) improved SOD
(5.57 + 2.34 vs. PPA 3.22 + 0.43; p < 0.001) and reduced TNF-a (233.2 + 0.42 vs. PPA 325.7 + 0.38; p < 0.001),
though MDA remained elevated (4.75 + 1.86 vs. control 5.97 + 0.51; p < 0.05). Preventive JDE (group D) showed the
most pronounced antioxidant protection, SOD level was restored nearly to control levels and TNF-a level significantly
reduced (4.33 £ 0.19 and 262.8 + 0.38 vs. PPA 3.22 + 0.43 and 325.7 £ 0.38; p < 0.01). Serotonin levels were partially
normalised in both JDE groups. JDE demonstrated partial preventive and therapeutic effects against PPA-induced
neurotoxicity primarily by modulating oxidative stress, inflammation and serotonergic imbalance. These findings
highlight JDE as a potential preclinical neuroprotective agent, warranting further molecular and translational studies.
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INTRODUCTION

Autism encompasses a range of characteristics likely
stemming from a cluster of neurodevelopmental brain
conditions with a considerable genetic foundation. These
conditions are marked by developmental challenges in
language and social interaction abilities, the emergence of
repetitive or irregular movements (Chauhan and Chauhan,

2006), hyperactivity, sensory issues, limited interests and
occasional self-harm. The causes and mechanisms remain
elusive, although various factors, such as immune responses,
environmental influences, neurochemical imbalances,
genetic predispositions and oxidative stress, have been found
to contribute to autism (Jenner, 2003). Oxidative stress is
a key factor in the development of neurological disorders,
including autism, schizophrenia, Parkinson’s disease, Down
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syndrome and Alzheimer’s disease, according to a number
of studies (Bowers ez a/., 2011). Along with other short-
chain fatty acids (SCFAs) produced by gut bacteria, such
as acetate and butyrate, propionic acid (PPA), which is
a byproduct in fatty acid metabolism, is present at high
concentrations in the gut. By entering the brain and exerting
negative effects on the central nervous system, PPA may
influence behavioural, neuropathological and biochemical
abnormalities associated with autism (Grafodatskaya ez
al., 2010). Recent studies after 2020 have highlighted
consistent alterations in gut microbiota composition
in individuals with autism spectrum disorder (ASD),
demonstrating increased abundance of SCFA producers,
such as propionate,and reduced levels of butyrate-producing
species (Lagod and Naser, 2023). These microbial changes
are implicated in gut-brain axis dysfunction through
mechanisms involving neurotransmitter ~modulation,
immune activation and oxidative stress. Although dietary
preferences in ASD populations may partially account for
these microbial differences, experimental evidence supports
a causal contribution of SCFAs, particularly PPA, in
inducing autism-like behaviours and oxidative imbalance
in animal models. Dietary polyphenols and flavonoids
can reshape gut microbial ecology, enhance antioxidant
defences (e.g. glutathione [GSH] pathways) and attenuate
neuroinflammatory  signalling,  showing  potential
applications in protective or therapeutic interventions
against PPA-induced neurotoxicity. However, well-
controlled clinical trials are still required to confirm their

efficacy and safety in ASD management (Liu ez a/., 2019).

Date fruit provides antioxidant phenolic chemicals and
has nutritional benefits. The antioxidant properties of
Algerian dates (Khan ez a/., 2017; Greenman e al., 2024;
Ukkirapandian e7 2/.,2024) have been explored, and phenolic
acid concentration varies between fresh and dried dates. Ajwa
dates possess hypolipidemic, antioxidant, anti-inflammatory,
cardioprotective, nephroprotective and hepatoprotective
properties (Ichaconas and Adesman, 2013). Simple
phenolics, such as p-hydroxybenzoic acid, protocatechuic
acid, gallic acid, vanillic acid and syringic acid, are among
the many pharmacologically relevant phytochemicals found
in date fruit (Shultz ez a/., 2008). Traditionally, date palm
has been used to treat psychosis, anxiety, cognitive deficits
and various nervous system disorders (Patterson and
Holahan, 2012; Saeed ez al., 2025). This study investigates
the potential protective and preventive effects of oral Ajwa
date supplementation in alleviating persistent biochemical
autistic traits in PPA-treated rats.

MATERIALS AND METHODS

ANIMALS
The 32 male Western albino rats used in this experiment

were obtained from the animal facility at Thi-Qar
University’s College of Sciences. They were approximately
21 days old and weighed between 45 and 60 g. The following
conditions were used: 12 h light/12 h dark cycle, constant
temperature, unrestricted access to tap water and regular
laboratory feed. The rats were acclimated for seven days
before being randomly assigned to four groups of eight.
The control group (group A) received no treatment. For
three days, group B received oral PPA at a dose of 250 mg/
kg body weight per day to induce traits resembling autism.
In group C (treatment group), 1.0 g/kg body weight of
Ajwa date aqueous extract (JDE) orally was administered
for two weeks after three days of 250 mg/kg body weight
per day of PPA. Group D (preventative group) received
100 mg/kg body weight of PPA and 0.5 g/kg body weight
of JDE every day for two weeks.

PREPARATION OF AJWA DATE AQUEOUS EXTRACT (JDE)
Ajwa dates were purchased from local markets in Thi-Qar,
Iraq. The flesh of the dates was separated and extracted
using ultrapure distilled water in a ratio of 1:3 (w/v) under
continuous stirring. The mixture was incubated at 25 °C
for 48 h on a rotary shaker set at 60 rpm. The suspension
was first filtered through muslin cloth and then through
Whatman No. 1 filter paper. The obtained filtrate was
centrifuged at 4500 rpm for 10 min, and the resulting
supernatant was re-filtered. The final aqueous extract was
aliquoted and stored at -80 °C until further use.

COLLECTION OF BLOOD SAMPLES

Blood was collected via cardiac puncture with a disposable
syringe and placed in plain tubes. The samples were
spun at 3000 rpm for 10 min, and the separated serum
was transferred to several Eppendorf tubes. The serum
was either analysed immediately or stored at 4 °C for
subsequent biochemical testing.

MEASUREMENT OF SERUM MALONDIALDEHYDE

Serum levels of malondialdehyde (MDA), which is an
important indicator of lipid peroxidation, was determined
using the method described earlier (Hasan ez a/., 2025).
An assay kit for thiobarbituric acid reactive compounds
was used. The reaction mixture contained 1 mL of serum,
sodium dodecyl sulphate, 1.5 mL of 0.37% thiobarbituric
acid (TBA) diluted in 50 mM NaOH and 1 mL of
2.8% acetic acid. Incubation in a water bath for 20 min
resulted in the formation of an MDA-TBA chromogenic
complex. Following 2 min of centrifugation at 1500 rpm,
the supernatant was collected and a spectrophotometer
was used to measure the absorbance of the resultant pink
complex at 532 nm. The data were calibrated against
a standard curve. The unit of measurement for MDA
concentrations was nmol/mg.
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SUPEROXIDE DISMUTASE (SOD) AssAy

Nitro blue tetrazolium (0.6 mL), sodium pyrophosphate
(1.2 mL), phenazine methosulphate (0.1 mL) and distilled
water (2.8 mL) were mixed. The resulting reaction solution
was measured in terms of superoxide dismutase (SOD)
activity. The procedure began with the addition of 0.2 mL of
nicotinamide adenine dinucleotide hydrogen. Glacial acetic
acid (1 mL) was added to the mixture to halt the process
after 2 min of incubation at 30 °C. After the addition of 4
mL of n-butanol, the mixture was thoroughly mixed and
allowed to stand for 10 min. A spectrophotometer was used
to measure the coloured complex’s absorbance at 560 nm.

TuMOUR NECROSIS FACTOR (TINF) a AssAy

Following the manufacturer’s instructions, we measured
TNF-o levels with a sandwich enzyme-linked
immunosorbent assay (ELISA). Each duplicate was
mixed with 100 pL of the standard solution, covered and
incubated at 37 °C for 90 min. Then, 100 uL of biotinylated
detection antibody was quickly added to each well after the
liquid was removed. The wells were then incubated at 37
°C for an hour. Each wash required 350 pL of wash bufter
and performed for 1-2 min. The plate was incubated at 37
°C for 30 min following the addition of the horseradish
peroxidase conjugate solution. After five washes, the plate
was incubated with the substrate reagent for 15 min at 37
°C. A microplate reader was used to quantify the optical
density at 450 nm after the reaction’s cessation with 50 pLL
of stop solution (Hasan ¢z a/., 2025).

SEROTONIN ASSAY

We used a competitive ELISA method to quantify
serotonin concentrations in accordance with the
manufacturer’s instructions. Quantitative acylation of
serotonin was performed. After the addition of 25 pL of
acylated standards, the controls and samples were added
to the appropriate wells, and then 100 pL of serotonin
antiserum was added to each well of the serotonin
microtiter strips. After 30 min, the plate was sealed and
incubated for another hour at room temperature. The wells
were washed with 300 pL of wash buffer, and then 100 pL.
of conjugate was added. The wells were then shaken at 600
rpm for 15 min at room temperature. The substrate (100
pL) was added after another 15 min of incubation, and
the washing process was repeated. The plate was shaken
for 15 min at room temperature before the 0.25 M H_SO,
stop solution was added. The absorbance of the coloured
product was 450 nm (Hasan ez a/., 2024).

STATISTICAL ANALYSIS
To analyse serum data, we employed one-way analysis of
variance (ANOVA Tukey). We computed the control and

treatment groups’ mean values, standard deviations (mean

+ SD) and differences. A p-value of less than 0.05 was

considered statistically significant (Karakose ez a/., 2016).

RESULTS

In group B, rats administered with PPA exhibited markedly
increased MDA and TNF-a levels (10.12 + 2.13 and 325.7
+ 0.38). Tables 1 and 2 reflect heightened oxidative stress
and inflammatory responses. SOD activity was reduced
(3.22 = 0.43; Table 1), and serotonin levels were elevated
(143.5 £0.03; Table 2). By contrast, group C,which received
therapeutic JDE treatment, showed enhanced SOD levels
(5.57 = 2.34; Table 1) and reduced TNF-a level (233.2
+ 0.42; Table 2), although MDA levels remained higher
than those in the control group. Group D, which was
subjected to preventive JDE treatment, displayed the most
significant decrease in TNF-a level (262.8 + 0.38; Table
2) and improved antioxidant capacity with elevated SOD
levels (4.33 + 0.19; Table 1), but MDA levels were still
high. Both JDE-treated groups demonstrated a modest
normalisation of serotonin levels, compared with the PPA-

only group (Tables 1 and 2).

Table 1: Serum malondialdehyde (MDA) and superoxide
dismutase (SOD) levels in control and JDE-treated rats.

Parameters/ Groups MDA SOD
(nm/mg) (mmol/mg)
A (Control) 5.97 +0.51> 7.89 £0.32*
B (PPA treatment (250 mg/kg))  10.12 £ 2.13¢ 3.22 + 0.43
C (JDE (1.0 g/kg bw) + PPA 475 +1.86* 5.57 +2.34°
(250 mg/kg bw))
D (JDE (0.5 g/kg bw) + PPA 3.96 +1.05*° 4.33+0.19°
(100 mg/kg bw))

Data are expressed as mean = SD (n = 8). The different superscript
letters refer to significant difference (p < 0.05). PPA: Propionic
Acid, JDE; Ajwa Date Aqueous Extract.

Table 2: Tumor Necrosis Factor (TINF)-o and serotonin
levels in control and JDE-treated rats

Parameters/ Groups TNF-a Serotonin
(pg/mg) (ng/ml)

A (Control) 199.5 £ 3.3 122.67 = 0.08°

B (PPA treatment (250 mg/kg)) 325.7 = 0.38* 143.5 = 0.03*

C (JDE (1.0 g/kg bw) + PPA 233.2 + 0.42" 128.6 = 0.26"

(250 mg/kg bw))

D (JDE (0.5 g/kg bw) + PPA 262.8 + 0.38> 131.4 + 0.05

(100 mg/kg bw))

Data expressed as mean + SD (n = 8). The different superscript
letters refer to significant difference (p < 0.05); PPA: propionic
acid; JDE: Ajwa Date Extract.
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current study offers strong evidence that oxidative stress
and neuroinflammation are important factors in the
development of autism-like traits caused by PPA.

OXIDATIVE STRESS AND ANTIOXIDANT DEFENCE

MDA levels considerably increased and SOD activity
decreased in the PPA-treated group, suggesting increased
lipid peroxidation and weakened antioxidant defences.
These findings align with previous research highlighting
elevated oxidative stress in autism models (Metwally e#
al., 2024) and in neurodegenerative conditions, such as
Alzheimer’s and Parkinson’s (de Matos Feij6 ¢z a/., 2013).
Bowers ez a/. (2011) identified genetic disruptions in the
GSH system in ASD patients, pointing to a predisposition
to oxidative imbalance (Finamor e /., 2017). Additionally,
valproic acid, akin to PPA, alters antioxidant gene
expression through epigenetic mechanisms, exacerbating
oxidative damage (Finamor ez a/., 2021). Treatment with
JDE markedly improved SOD levels and decreased
MDA, suggesting enhanced antioxidant capacity. This
effect is likely due to the presence of proanthocyanidins
and polyphenolic compounds in Ajwa dates, which are
known to boost GSH, CAT and GPx enzyme activities.
The phytochemicals present in Ajwa dates include
polyphenols, flavonoids and phenolic acids, which exert
pleiotropic effects on molecular pathways implicated in
ASD (El-Ansary and Al-Ayadhi, 2012). These bioactive
compounds modulate oxidative stress by enhancing
endogenous antioxidant defences, such as GSH synthesis
and the activity of GSH peroxidase, thereby counteracting
the excessive production of reactive oxygen species (ROS)
induced by PPA and other gut-derived metabolites.
Polyphenols act as potent regulators of neuroinflammation
by inhibiting pro-inflammatory mediators (e.g. TNF-a,
IL-6 and NF-«xB signalling and restoring microglial
homeostasis, which are often disrupted in ASD (Kundu
and Surh, 2008).

Notably,thegut-brainaxisprovidesanintegrativeframework
for understanding how Ajwa date phytochemicals may
influence neurodevelopmental outcomes. Polyphenols and
flavonoids serve as prebiotic-like substrates that shape
gut microbial composition, enhancing the abundance of
beneficial bacteria and suppressing potentially pathogenic
taxa (Strandwitz, 2018). This microbial remodelling not
only alters the profile of SCFAs but also may attenuate
the overproduction of propionate, which is a metabolite
strongly linked to ASD-like phenotypes. Additionally, the
biotransformation of polyphenols by gut microbes yields
bioactive metabolites with systemic neuroprotective effects,
including the modulation of neurotransmitter systems,
such as serotonin, dopamine and In summary, Ajwa date
phytochemicals may act through a dual mechanism:
direct antioxidant and anti-inflammatory modulation of

molecular pathways involved in oxidative stress, apoptosis
and synaptic plasticity and indirect regulation of the gut—
brain axis through the restoration of microbial balance and
reduction of neurotoxic SCFA burden (Hranilovic ez al.,
2007). This integrative action highlights the therapeutic
promise of JDE as a natural neuroprotective intervention
in the PPA-induced models of ASD, underscoring the
centrality of the gut-brain axis as a mechanistic target
in contemporary autism research (Finamor ez 4/, 2014).
Numerous studies have found a link between increased
oxidative stress and the emergence of neurodegenerative
diseases, including Parkinson’s, Alzheimer’s and ASD
(Martinez-Micaelo ez al, 2012). The autism-induced
group in this investigation displayed decreased SOD and
increased MDA, which are signs of lipid peroxidation,inline
with previous studies (Hammock ez a/., 2012). Valproate’s
epigenetic effects may have increased oxidative stress in the
autism group. However, Bowers ¢z a/. (2011) found genetic
differences in the glutathione-like antioxidant system in

children with ASD.

NEUROINFLAMMATION AND CYTOKINE PROFILE
Exposure to PPA led to a considerable increase in TNF-a,
which is a pro-inflammatory cytokine, in the hippocampal
region, confirming an enhanced neuroinflammatory
response. ‘This finding is consistent with prior studies
(Asdaq ez al., 2024). The activation of NF-kB, which is a
key regulator of inflammation, has been observed in ASD
patients (Fossati and Prencipe, 1982). JDE treatment
markedly reduced TNF-o levels, demonstrating anti-
inflammatory properties. This finding is in line with
earlier findings that proanthocyanidins can suppress
TNF-a expression while promoting anti-inflammatory
cytokines, such as IL-12, which facilitate the regulation of
immune responses and alleviation of tumour-promoting
inflammation (Gulec ¢z a/., 2006).

SEROTONIN DYSREGULATION

'The autism-induced group displayed a notable elevation in
brain serotonin levels, consistent with hyperserotonaemia
commonly observed in children with ASD (Kili¢ ez a/,
2025). Serotonin is critical for brain development, and
its dysregulation is associated with impaired synaptic
signalling and behavioural abnormalities (Al-Gadani ez a/.,
2009; Alkufi and Kassab, 2024). JDE treatment partially
normalised serotonin levels potentially by mitigating
oxidative and inflammatory stress, which are known to
affect serotonin metabolism (Vaughan, 2011; Alkufi and
Kassab, 2025).

CONCLUSION

JDE demonstrated prophylactic and therapeutic efficacy

in attenuating PPA-induced neurotoxicity in rats. The
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administration of JDE partially restored antioxidant
defence mechanisms, suppressed neuroinflammatory
signalling and ameliorated disruptions in neurotransmitter
pathways. Collectively, these findings support the potential
neuroprotective capacity of JDE but are preliminary and
preclinical in nature. Thus, mechanistic elucidation and
rigorous validation in clinical studies are needed.
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