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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash Organophosphate poisoning remains a global health crisis without efficacious treatments to prevent neurotox-

icity. We examined whether antidotal tiger nut and coconut dietary intervention could ameliorate neuro-

Keywords: behavioral deficits from organophosphate dichlorvos-induced gut-brain axis dysregulation in a mouse model.

O_rgaDOPhOSPhate poisoning Mice were divided into groups given control diet, dichlorvos-contaminated diets, or dichlorvos plus nut-enriched

'(F:lger m:t diets. They were exposed to a DDVP-contaminated diet for 4 weeks before exposure to the treatment diets for
oconul

another 8 weeks. This was followed by behavioural assessments for cognitive, motor, anxiety-, and depressive-
like behaviours. Faecal samples (pre- and post-treatment), as well as blood, brain, and gut tissues, were collected
for biochemical assessments following euthanasia. Dichlorvos-exposed mice displayed impairments in cognition,
motor function, and mood along with disrupted inflammatory and antioxidant responses, neurotrophic factor
levels, and acetylcholinesterase activity in brain and intestinal tissues. Weight loss and altered short-chain fatty
acid levels additionally indicated gut dysfunction. However, intervention with tiger nut and/or coconut-
enriched diet after dichlorvos exposure attenuated these neurobehavioral, and biochemical alterations. Our
findings demonstrate organophosphate-induced communication disruptions between the gut and brain pathways
that manifest in neuropsychiatric disturbances. Overall, incorporating fibre-rich nuts may represent an antidotal
dietary strategy to reduce neurotoxicity and prevent brain disorders associated with organophosphate poisoning.

Gut-brain-axis
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1. Introduction

In the 21st century world, organophosphate (OP) (mis)use is ubiq-
uitous and accounts for major causes of toxicities in xenobiotics around
the globe with grave consequences on public health, most especially in
developing countries [103,40,55]. The indiscriminate and unprofes-
sional use of OPs as pesticides has posed a serious ecological imbalance
[39]. In many nations, efforts to improve the quality and quantity of
crop yields have resulted in a marked increase in the use of OP pesti-
cides. One of the most commonly utilized classes of insecticides is the
OPI (organophosphorus insecticide). They are chemically phosphoric
(H3PO4), phosphorus (H3PO3), or phosphonic derivatives [2]. In
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addition to being employed as insecticides and pesticides, organophos-
phate chemicals are also used as chemical warfare agents, petroleum
additives, and industrial plasticizers [118]. They continue to exist in the
environmental matrices including the air, soil, and water surface, which
has generated immense concerns especially regarding the health of
humans and the ecosystems [39]. According to scientific reports, OPI
exposure poses a significant toxicological risk to both human and animal
health due to the critical role they play in neurotoxicity, endocrine
toxicity, immunotoxicity, cardiotoxicity, renal toxicity, reproductive
toxicity, and glucose dyshomeostasis amongst others [5,65,104].

An organophosphate known as 2,2 dichlorovinyl dimethyl phosphate
(DDVP) is frequently used as an insecticide to manage pests, safeguard
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the public’s health, and keep insects out of stored goods, leaving resi-
dues in foods [83,93]. The resulting accidental toxicity is affecting the
quality of life of exposed individuals and becoming a very important
health concern [123,136]. It has been reported that organophosphate
pesticides are neurotoxic and act as inhibitors of neuronal acetylcho-
linesterase [33,105]. Oxidative damage, a major factor that complicates
OP-induced toxicity, has been largely connected to the organophosphate
insecticides (OPI) toxicity. Pearson, Patel ($year$) [100,132]. Chronic
organophosphate-induced neuropsychiatric disorder (COPIND), which
is characterized by cognitive deficiencies, depression, anxiety, and
personality issues, is the result of the neurologic effects of OP poisoning
[49,60-62]. These are linked with an increase in the production of
reactive oxygen and nitrogen species in the brain, as well as dysregu-
lation of anticholinesterase activities [17].

Tiger nut, (Cyperus esculentus) is a plant that grows naturally and is
widely consumed in Spain, the Arabian Peninsula, East Africa, the
tropical Mediterranean and many parts of West Africa. It is a tuberous
plant highly valued for its numerous health benefits and nutritional
benefits [51]. Black and brown-coloured species of tiger nut have been
identified, both species have characteristic tastes and are popularly
known as earthnut, yellow nut sedge, groundnut, rush nut and edible
galingale [90,91]. Different products including beverages, baking flour,
candles, fermented milk, and yoghurt have tiger nuts as their major
component (Bristone et al., 2015; [112]). Several nutrients, including
phosphorus, potassium, salt, calcium, iron, zinc, magnesium, manga-
nese, starch, fat, sugar, oleic acid, and protein, as well as the vitamins B,
C, and E, have been found to be abundant in tiger nut extracts [9].
Phytochemical screening shows that tiger nut contains a beneficial
amount of alkaloid, tannins, saponin, glycoside, steroid, reducing sugar,
and flavonoids but lack resin [26]. Several studies have linked tiger nuts’
pharmacological benefits to their high dietary fibre content (Gambo and
And Da’, 2014). Its associated therapeutic potential in the management
of different health conditions has been well documented [8,42].

Coconut (Cocos nucifera) belongs to the family Arecaceae. It belongs
to the category of fibrous one-seeded drupe. It is incredibly nourishing
and abundant in dietary fibre, vitamins, and minerals [74]. The roots of
coconuts are found all throughout the world, with India, Sri Lanka, and
Brazil receiving the most attention [10]. The coconut fruit, which is a
significant component of the coconut tree and is classified as a func-
tional food [126,18,78]. The three layers of the coconut fruit are called
the exocarp (outside layer), mesocarp (fleshy middle layer), and endo-
carp (the hard wooden layer that encloses the seed) [108]. Coconut oil is
the part of the coconut that is most relevant to human health. Notably,
the majority of coconut oil’s fatty acids are saturated (approximately
92%), with between 62% and 70% of those being medium-chain tri-
acylglycerides (MCT) [12,67] making coconut oil unique among dietary
fats [79]. The liver has a special ability to absorb and process
medium-chain fatty acids (MCFAs) into ketones, which constitute vital
substitute for glucose and may improve memory [25]. According to
studies, MCFAs can quickly break down and induce metabolic ketosis,
which may be used as potential treatment for a number of brain illnesses
include epilepsy and neurodegeneration [38]. Additionally, the fruit can
serve as a highly refreshing electrolyte-rich beverage that also contains a
variety of nutrients such vitamins, antioxidants, amino acids, growth
factors, enzymes, and micronutrients such as magnesium, calcium, and
potassium [128]. Major chemical constituents in coconut fruit include
essential dietary acids such as oleic acids, omega 6 fatty acid, lauric acid,
myristic acid, caprylic acid, palmitic acid, and stearic acid [88,131].
Other components present include vitamin E, moisture, and suspension
of proteins, and these are constituent supplements for health benefits
[131].

The gut, often referred to as the "second brain" due to the complex
network of nerves throughout the gastrointestinal tract (GIT) that cre-
ates bottom-up and downstream neural networks in the control of key
functions, emotions, and stress behaviours [30], is gaining renewed
attention on its role in the pathogenesis of several CNS disorders. One
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may not ignore the role played by gut microbiota in the control of brain
functions and behaviours [97]. Recent research on the gut microbiota
has demonstrated that gut microorganisms communicate with the brain
through the gut-brain axis (GBA), controlling mental processes
including mood and cognition [24,52]. Dietary fibre intake is associated
with overall metabolic health through key pathways that include insulin
sensitivity. It has been reported to impact gut microbiota composition
and function [135,15,69]. The gut microbiota plays a key role in
mediating the health benefits of dietary fibre, including the control of
hunger, metabolic processes, and pathways for chronic inflammation
[15]. A balanced and diverse gut microbiota supports normal physi-
ology, including proper immunological development, appropriate
metabolic and appetitive pathways, and even good emotional control
[89]. Due to their widely reported dietary benefits, ease of access and
affordability, tiger nut and coconut dietary intervention against various
neurobehavioural deficits following organophosphate-induced dysre-
gulation of the gut-brain axis was evaluated in the present study.

2. Materials and methods
2.1. Plant material and sample preparation

Tiger nuts (Cyperus esculentus L.) and coconuts (Cocos nucifera) were
obtained from the Oba Adesanya Central Market, Ado-EXkiti, Ekiti State,
Nigeria. The tiger nuts were thoroughly washed under a running tap.
During this period, stones, defective nuts, and other debris were
removed. The tubers were air-dried and milled into powder using a
laboratory electric mill. The powder was collected and stored in airtight
containers for the preparation of the experimental diet. To obtain
desiccated coconut, coconut fruits were dehusked, deshelled, the
endosperm split, and the water therein discarded [47]. The whitish flesh
obtained (after paring — removal of the outer brown testa covering the
back of the flesh), was thoroughly cleaned with running water and later
ground using a motorised grinder. The moist by-product was then
oven-dried at 40 — 50 °C for 36 — 48 h [47,107]. The dried product was
allowed to cool down, then packaged and stored for diet preparation
with composition shown in Table 1.

2.2. Animal care and ethical consideration

Thirty (30) adult male BALB/c mice (30 — 35 g) obtained from the
ABUAD Animal Research Centre were used for this study. All experi-
mental procedures were carried out in accordance with the National
Institutes of Health’s Guide for the Care and Use of Laboratory Animals
[85], which was approved by the Research Ethics Committee of the
College of Medicine and Health Sciences, Afe Babalola University, Ado
Ekiti, with approval number - AB/EC/20/07/044. The mice were
acclimatized for 2 weeks in well-ventilated cages, and maintained
within standard laboratory conditions of constant temperature, humid-
ity, and light, with access to feed chow (ABUAD Farms, Ado-EKkiti,
Nigeria) and drinking water ad libitum.

2.3. Experimental design

Afterwards two-week acclimatization, the animals were randomly
distributed into 5 groups, and treated as summarised:

i. The control (CTRL) group was given access to normal rat chow
and drinking water throughout the experiment.

ii. DDVP-contaminated diet (DDVP) group was exposed to a diet
contaminated with 0.02% (w/v) of DDVP (Loveland, Colorado)
for 4 weeks.

The DDVP plus tiger nut-enriched diet (DDVP+TGN) group
received a DDVP-contaminated diet for 4 weeks, followed by 8
weeks of treatment with a 20% tiger nut-enriched diet.

iii.
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Table 1

Showing diet composition used in the study.
Ingredient DIETS

CTRL DDVP DDVP+TGN DDVP+CCN DDVP+TGN+CCN

Maize white 295.50 295.50 245.50 245.50 200.50
Powdered cellulose 188.20 188.20 88.20 88.20 43.20
Fructose 80.45 80.45 80.45 80.45 80.45
Groundnut cake 82.25 82.25 82.25 82.25 52.25
Mineral mix 50.00 50.00 50.00 50.00 35.00
Vitamin mix 15.00 15.00 15.00 15.00 10.00
Casein 192.42 192.42 142.42 142.42 102.42
Soybeans oil 96.18 96.18 96.18 96.18 76.18
Tiger nut powder - 200.00 - 200.00
Desiccated coconut - - - 200.00 200.00
DDVP - 0.02% 0.02% 0.02% 0.02%
Total (g/kg) 1000 1000 1000 1000 1000

iv. The DDVP plus coconut- enriched diet (DDVP+CCN) group was
exposed to a DDVP-contaminated diet for 4 weeks, followed by 8
weeks of treatment with 20% coconut- enriched diet.

v. DDVP plus tiger nut plus coconut- enriched diet
(DDVP+TGN+CCN) group had ad libitum access to a DDVP-
contaminated diet for 4 weeks and was later treated with 20%
tiger nut plus 20% coconut- enriched diet for 8 weeks (Fig. 1).

During acclimatisation, faecal pellets were collected for the deter-
mination of short-chain fatty acids (SCFAs) levels. Food and water
intake measurements were taken at the beginning and the end of the
treatments. After the 8 weeks of treatment, a battery of behavioural tests
was carried out followed by collection of faecal pellets for SCFAs esti-
mation. Before euthanasia, the body weight of the animals was taken
and recorded. Blood, brain, and intestinal tissues were collected for
analysis.

2.4. Behavioural assessments

Behavioural testing was performed in a closed area with adequate
lighting and sound control. Animals were allowed to familiarise

Normal diet

DDVP-contaminated diet

Dietary intervention

themselves with the behavioural testing room and the different behav-
ioural tools a day before the actual tests were carried out. Where
necessary, animals were assisted in moving, navigating, or climbing to
aid learning and preparation of the animals for the actual test. The
following batteries of behavioural tests were conducted at the end of the
treatments:- novel object recognition (NOR) and Y-maze tests (for
cognitive assessment); open field test (OFT) and elevated plus maze
(EPM) test (for anxiety-like behaviours); forced swim test (FST) and tail
suspension test (TST) for depressive-like behaviours; parallel bar and
rotarod tests (for motor deficits). All the testing tools/objects that the
test animals came in contact with were carefully wiped out with 70%
ethanol and allowed to dry before and after the completion of a task by
each animal [3].

2.4.1. Cognitive assessments

2.4.1.1. Novel object recognition (NOR) test. The NOR test, a test for
determining changes in non-spatial working memory, was performed as
previously reported [35]. The animals had a first trial (T1) experience in
which they were kept in a white, opaque test room with two identical
items for three minutes, after which an inter-trial time (IT) of thirty
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Fig. 1. Experimental timeline.
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minutes was noted. In the same test location, a second trial (T2) was
permitted during which one of the old items was swapped out for a new
object for three minutes (hence the name ‘NOR’). The performance of
the animals was recorded and analysed to determine the memory or
discrimination index (between T1 and T2), using the formula below:

Memory Index (%) = (Time with Novel Object) / (Time with Novel + Time
with Familiar) x 100%

2.4.1.2. Y-maze test. The Y-maze test was used to evaluate working
memory capacity for spatial information. Using a wooden constructed
three-arm Y-maze, 35 cm long, 5 cm wide and 15 cm tall, each animal
was gently dropped at the centre of the maze to explore the different
arms of the maze for a five-minute total test time. To calculate the
percentage of correct modifications, the frequencies of the correct al-
terations (ABC, ACB, BCA, BAC, CBA, or CAB) between the arms were
noted. Edem et al., ($year$) [35], and calculated using the formula
below. The calculation for the percentage alternation is provided below:

No.of right decisions

No.of total arm entries — 2 x 100

Percentage Alternation =

2.4.2. Evaluation of anxiety-like behaviours

2.4.2.1. Open field test (OFT). The OFT assesses overall locomotor ac-
tivity levels, anxiety, and eagerness to explore in animals. It consists of a
hardwood board painted black (40 cm 40 c¢cm) surrounded by black walls
(30 cm in height) [29]. Animals were maintained in the test room for at
least one hour before to each test to allow for habituation. During the
main test, each mouse was placed at the centre of the test arena and
allowed to explore freely for 5 mins, and the total distance covered was
determined. The total distance travelled within five minutes was
observed and recorded.

2.4.2.2. Elevated plus maze (EPM). Using the EPM with an open
corridor length of 80 cm; corridor width of 5 cm; closed arm height of
45 cm; and height from the floor of 60 cm, anxiety-like behaviours such
as open-arm and closed-arm entries were assessed for each animal for
5 min [130]. Animal with more time spent in the open arm and/or less
time in the closed arm of the maze was adjudged anxious [95].

2.4.3. Assessment of depressive-like behaviours

2.4.3.1. Forced swim test (FST). Each mouse was made to swim within a
Plexiglas cylinder that measured 37 by 37 by 30 cm. At a temperature of
25 °C, 10 cm of water was poured into the cylinder. A blind observer
recorded the total time of immobility throughout a 6-minute test session.
When a mouse stopped struggling and floated passively in the water,
only making movements required to maintain its head above the water,
it was deemed to be immobile [35].

2.4.3.2. Tail suspension test (TST). Each mouse was taped to a suspen-
sion bar on a plastic suspension box (55 Hx 60 W x 11.5 ¢cm D) so that it
could not escape or grab onto neighbouring surfaces in order to evaluate
depressive-like behaviour using the TST paradigm [35]. During a 6-min-
ute test session, the total number of consistent movements was recorded
as real mobility. Thus, evidence of depressive-like behaviour in the
mouse was interpreted as a higher immobility time, which was deter-
mined as the test length minus total mobility time.

2.4.4. Estimation of motor coordination

2.4.4.1. Parallel bar test. The parallel bar test was employed to evaluate
the impacts of tiger nut and coconut- enriched diets following DDVP
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exposure on motor coordination in mice. The test was conducted as
previously reported [4,96] using two metal rods, each 1 m long and
2 mm thick. The two rods (equidistant to each other cm apart). For the
actual test, each mouse was placed perpendicular to the axis of the metal
bars at the midpoint of their length (0.5 m mark). Duration for each
animal (recorded in seconds) to make a complete 90° turn on the double
rod within a 5-min timeframe. This is called the latency of turn (LOT).

2.4.4.2. Rotarod test. To further assess motor coordination and balance
in the animals, the rotarod test involving the use of a rodent treadmill
system was employed. The measure of latency of fall (LoF — duration
spent on the rotarod before fall) on the treadmill was noted for each
animal within a test period of 3 mins. Each animal was placed on the
rotating bar of the rotarod, and the speed gradually increased from 3 to
35 rpm for 3 min [4].

2.5. Euthanasia and tissue collection

Animals were euthanised with an intraperitoneal injection of
pentobarbital (50 mg/kg) after which blood was collected; brain and
intestinal tissues were harvested for analysis.

2.6. Biochemical estimations

Whole intestine and brain tissues were removed, homogenized in
phosphate buffer (pH 7.4) solution, and then rinsed in ice-cold saline. A
low-speed supernatant was preserved after the homogenate was
centrifuged for 10 min at 5000 x g to produce a pellet that was later
discarded. Using the appropriate assay kits, oxidative stress markers
(glutathione, GSH; malondialdehyde, MDA, nitric oxide synthase, NOS),
inflammatory cytokines (tumour necrosis factor, TNF-o; interleukin 4,
IL-4; and IL-10), brain-derived neurotrophic factor (BDNF), acetylcho-
linesterase (AChE) levels were estimated according to manufacturer’
guidelines. In addition, the plasma c-reactive protein (CRP) level was
evaluated using the Mouse C-Reactive Protein Elisa kit according to the
manufacturer’s protocols.

2.6.1. Evaluation of short-chain fatty acids (SCFAs) in faecal samples
Short-chain fatty acids (acetic, propionic, and butyric) were extrac-

ted and quantified from faecal samples using the direct extraction-

transesterification procedure as previously described [138].

2.7. Statistical analysis

Data were analysed using a one-way ANOVA (analysis of variance),
with the Tukey posthoc test used to compare differences between
groups. Graphs and bar charts were used to show the results, with the
error bars representing the mean and standard error of the mean. A p-
value of 0.05 was considered statistically significant.

3. Results

3.1. Tiger nut and coconut dietary intervention modulates food, water
intake and body weight following exposure to DDVP

Exposure to DDVP significantly reduced food and water intake in the
DDVP group compared to the CTRL group (*p < 0.05). Intervention
with the diets revealed a significant increase in food and water intake in
the DDVP+TGN (*p < 0.05), and DDVP+CCN (*p < 0.05), as well as in
the DDVP+TGN+CCN groups compared to the untreated DDVP group
(*p < 0.01; Table 2). There was a significant decrease in body weight in
DDVP-contaminated diet-fed mice compared with the control mice
(**p < 0.01; F (4, 25) = 6.757, 0.0068). However, dietary intervention
with tiger nut only (DDVP+TGN; *p < 0.05; F (4, 25) = 6.757, 0.0130),
coconut only (DDVP+CCN; **p < 0.01; F (4, 25) = 6.757, 0.0018), and
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Table 2
Showing effects of tiger nut and coconut dietary intervention on food and water intake following exposure to a DDVP-contaminated diet.

GROUPS CTRL DDVP DDVP+TGN DDVP-+CCN DDVP+TGN+CCN

Food intake (g/day)

Initial 37.33+2.2 34.82 +1.81 30.22 +£1.21 32.77 £ 1.73 33.32 + 0.02
Final 45.85 + 4.15 2191 +£1.11* 46.10 + 2.10% 49,02 + 3.03% 56.19 4+ 3.92 * *
Difference 8.52 +£1.95 13.63 £ 0.70 * 15.88 + 0.89% 16.25 + 1.30* 22.87 +£1.90 * *

Water intake (mL/day)

Initial 25.25 + 2.10 32.10 + 4.40 23.10 +1.98 24.10 + 4.23 22.42 + 3.42
Final 33.82 + 3.01 35.21 +3.91 * 32.21 + 4.62% 33.42 + 6.24" 38.19 + 5.93 * *
Difference 8.57 £ 0.91 3.11 £ 0.49 * 9.11 + 2.64% 9.32 +2.01% 15.77 £ 2.51 * *

DDVP-induced alteration in food and water intake was mitigated following treatment with tiger nut and coconut-enriched diets. Data are expressed as mean + SEM;
n = 6 and analysed by one-way ANOVA followed by Turkey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.

tiger nut plus coconut (DDVP+TGN+CCN; **p < 0.01; F (4, 25)
= 6.757, 0.0014) significantly increased body weight compared to the
DDVP-exposed mice (Fig. 2, Table 2).

3.2. Tiger nut and coconut dietary intervention mitigates DDVP-induced
cognitive impairments in mice

Assessment of cognition from the NOR test revealed significant
deterioration of non-spatial working memory with a marked reduction
in memory/discrimination index in the DDVP group compared with the
control group (****<0.0001; F (4, 15) = 20.77, < 0.0001). There was an
improvement in memory index following dietary intervention with tiger
nut only (**p < 0.01; F (4, 15) =20.77, 0.0019), and not with a
coconut-rich diet. Meanwhile, exposure to a diet enriched with both
tiger nut and coconut significantly increased memory index compared to
the DDVP-contaminated diet-fed group (****p < 0.0001; F (4, 15)
= 20.77, < 0.0001). Compared with the control mice, the Y-maze test
showed a significant decrease in percentage alternation in the DDVP-
exposed mice (**p < 0.01; F (4, 15) =7.852, 0.0010). However,
incorporation of DDVP-contaminated diet with tiger nut only
(*p < 0.05; F (4, 15) = 7.852, 0.0179), coconut only (*p < 0.05; F (4,
15) = 7.852, 0.0468), and tiger nut combined with coconut significantly
increased percentage alternation (**p < 0.01; F (4, 15) =7.852,
0.0035) compared to the untreated DDVP-exposed mice (Fig. 3).
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Fig. 2. Effect of tiger nut and coconut dietary intervention on body weight in
DDVP-contaminated diet-fed mice in DDVP-exposed mice. DDVP-induced body
weight loss was improved following tiger nut and coconut dietary intervention.
Data are expressed as mean =+ SD; n =6 and analysed by one-way ANOVA
followed by Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger
nut; CCN = Coconut.
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3.3. Tiger nut and coconut dietary intervention improves anxiety-like
behaviours in DDVP-exposed mice

Although the assessment of locomotor activity —a marker for
anxiety-like behaviour in rodents, did not show any significant changes
across the different groups, the EPM test revealed significant scores in
time spent in both the open and closed arms of the maze. There was a
significant decrease in closed-arm duration (****p < 0.0001; F (4, 25)
= 12.45, < 0.0001) with a corresponding increase in open-arm duration
(***p < 0.001; F (4, 25) = 0.59, 0.0004) following exposure to DDVP
compared to the control group. Dietary intervention with tiger nut
ameliorated anxiety behaviours with significant modulation of time
spent in the closed arm (***p < 0.001; F (4, 25) = 12.45, 0.0005) and
open arm (*p < 0.01; F (4, 25) = 0.59, 0.0016) compared to the DDVP
group. A similar result was obtained when only coconut was enriched
with a DDVP-contaminated diet, where there was a significant increase
in closed-arm duration (*p < 0.05; F (4, 25) = 12.45, 0.0118) and a
decrease in open-arm duration (**p < 0.01; F (4, 25) = 0.59, 0.0095).
Also, marked improvement in anxiety-like behaviours was seen
following treatment with tiger nut plus coconut enriched diet with
increased closed arm duration (****p < 0.0001; F (4, 25) =12.45,
< 0.0001) and decreased open arm duration (****p < 0.0001; F (4, 25)
= 0.59, < 0.0001) compared to the untreated DDVP-contaminated diet-
fed mice (Fig. 4).

3.4. Tiger nut and coconut dietary intervention improves depressive-like
behaviours in DDVP-exposed mice

Results from the FST show that exposure to a DDVP-contaminated
diet produced depressive-like behaviours with a significant decrease in
mobility time in the DDVP group compared to the control (**p < 0.01; F
(4, 15) = 6.690, 0.0027). There was also increased mobility time as
assessed from the TST, following exposure to a DDVP-contaminated diet
(***p < 0.001; F (4, 15) = 9.247, 0.0003) compared to the control.
However, treatment with a tiger nut- enriched diet (*p < 0.05; F (4, 15)
= 6.690, 0.0405), and not a coconut- enriched diet (from the FST)
improved depressive-like behaviour with a significant increase in
mobility time compared to the DDVP-exposed group. Attenuation of
depressive-like behaviour was also observed (from the TST) following
dietary intervention with tiger nut alone (*p < 0.05; F (4, 15) = 9.247,
0.0217), coconut alone (*p < 0.05; F (4, 15) = 9.247, 0.0103), and a
combination of tiger nut and coconut (**p < 0.01; F (4, 15) = 9.247,
0.0027) evidenced by significant increases in mobility time when these
treatment groups were compared with the untreated DDVP-exposed
group (Fig. 5).

3.5. Tiger nut and coconut dietary intervention attenuates motor deficits
in DDVP-exposed mice

Impairment in motor function was observed following exposure to a
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Fig. 3. Effects of tiger nut and coconut dietary intervention on memory/discrimination index (from the NOR test; A), and percentage alternation (from the Y-maze
test; B) in DDVP-exposed mice. DDVP-induced cognitive impairments were ameliorated with tiger nut and coconut dietary intervention. Data are expressed as mean
+ SD; n = 6 and analysed by one-way ANOVA followed by Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.
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Fig. 4. Effects of tiger nut and coconut dietary intervention on locomotor activity (from the OFT; A), and time spent in the closed and open arms (of the EPM; B) in
DDVP-exposed mice. DDVP-induced anxiety-like behaviours were attenuated with tiger nut and coconut dietary intervention. Data are expressed as mean =+ SD;
n = 6 and analysed by one-way ANOVA followed by Tukey posthoc test, except for the EPM test where data were analysed by two-way ANOVA followed by Sidak’s
multiple comparisons test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.

DDVP-contaminated diet evidenced by a significant increase in latency
of turn on the parallel bar of the DDVP group compared to the control
group (***p < 0.001; F (4, 25) = 6.406, 0.0006). A similar outcome was
recorded from the rotarod where there was a significant decrease in the
latency of fall of the DDVP-contaminated diet-fed mice compared to the
control mice (*p < 0.05; F (4, 25) = 4.845, 0.0138). Mitigation of motor
deficit was recorded following tiger nut, coconut, and tiger nut plus
coconut-incorporated diet as seen in a significant increase in latency of
turn of the DDVP+TGN (*p < 0.05; F (4, 25) = 6.406, 0.0449),
DDVP+CCN (*p<0.05 F (4, 25) =6.406, 0.0386), and
DDVP+TGN+CCN (***p < 0.001; F (4, 25) = 6.406, 0.0058) groups
compared to the untreated DDVP group. While dietary intervention with
tiger nut plus coconut improved motor function evidenced by a

significant decrease in latency of fall on the rotarod by the
DDVP+TGN+CCN mice compared to the untreated DDVP-exposed mice
(*p < 0.05; F (4, 25) = 6.406, 0.0233), there was no significant differ-
ence in latency of fall on the rotarod with just tiger nut diet
(DDVP+TGN), and coconut diet (DDVP+CCN), when these groups were
compared to the DDVP group (Fig. 6).

3.6. Tiger nut and coconut dietary intervention modulates plasma c-
reactive protein (CRP) activity in DDVP-exposed mice

Plasma c-reactive protein level was significantly elevated following
DDVP exposure in the DDVP group compared to the control group
(**p < 0.01; F (4, 15) = 7.638, 0.0019). Dietary intervention with tiger
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Fig. 5. Effects of tiger nut and coconut dietary intervention on mobility time from the FST (A) and TST (B) in DDVP-exposed mice. DDVP-induced depressive-like
behaviours were mitigated with tiger nut and coconut dietary intervention. Data are expressed as mean + SD; n = 6 and analysed by one-way ANOVA followed by
Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.
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Fig. 6. Effects of tiger nut and coconut dietary intervention on latency of turn (from the parallel bar test; A) and latency of fall (from the rotarod; B) in DDVP-exposed
mice. DDVP-induced motor deficits were improved with tiger nut and coconut dietary intervention. Data are expressed as mean + SD; n = 6 and analysed by one-way
ANOVA followed by Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.

nut and coconut produced a significant downregulation in plasma CRP
in the DDVP+TGN-CCN group compared to the untreated DDVP group
(**p < 0.01; F (4, 15) = 7.638, 0.0049). However, there were no sig-
nificant changes in plasma CRP levels following the tiger nut diet, as
well as the coconut diet alone, compared with the DDVP group (Fig. 7).
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3.7. Tiger nut and coconut dietary intervention attenuates intestinal lipid
peroxidation, protein nitrosation and glutathione depletion in DDVP-
exposed mice

Marked intestinal lipid peroxidation, protein nitrosation and gluta-
thione depletion were recorded following exposure to a DDVP-
contaminated diet evidenced by significant increases in MDA
(**p < 0.01; F (4, 15) = 5.844, 0.0064; Fig. 8A), NOS (***p < 0.001;
Fig. 8B), and glutathione reductase levels (***p < 0.001; F (4, 15)
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Fig. 7. Effects of tiger nut and coconut dietary intervention on plasma CRP
level in DDVP-exposed mice. DDVP-elevated plasma CRP levels were down-
regulated with tiger nut and coconut dietary intervention. Data are expressed as
mean =+ SD; n = 6 and analysed y one-way ANOVA followed by Tukey posthoc
test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.

= 13.95, 0.0002; Fig. 8C) in the DDVP-exposed mice compared with the
control mice. Nevertheless, dietary intervention with tiger nut signifi-
cantly decreased the levels of intestinal MDA (*p < 0.05; F (4, 15)
= 5.844, 0.0239; Fig. 8A) and NOS (****p < 0.0001; F (4, 15) = 14.00,
< 0.0001; Fig. 8B) compared with the untreated DDVP-exposed group.
Although dietary incorporation with coconut only, produced a signifi-
cant reduction in intestinal NOS levels (*p < 0.05; F (4, 15) = 14.00,
0.0398; Fig. 8B), it did not elicit any significant changes in intestinal
MDA and glutathione reductase levels when compared with the DDVP-
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contaminated diet-fed diet (Fig. 8A and C). Meanwhile, robust im-
provements in nitro-oxidative stress were observed following tiger nut
plus coconut diet as seen in a significant reduction in intestinal MDA
(**p < 0.01; F (4, 15) =5.844, 0.0064; Fig. 8A), NOS levels
(***p < 0.001; F (4, 15) = 14.00, 0.0006; Fig. 8B), as well as a signifi-
cant increase in intestinal glutathione reductase levels (***p < 0.001; F
(4,15) = 13.95, 0.0004 (Fig. 8C) when compared with the DDVP group.

3.8. Tiger nut and coconut dietary intervention ameliorates brain lipid
peroxidation, protein nitrosation and glutathione depletion in DDVP-
exposed mice

Exposure to DDVP-contaminated diet-induced brain lipid peroxida-
tion, protein nitrosation and glutathione depletion with a significant
elevation in brain MDA (***p < 0.001; F (4, 15) =12.60, 0.0001;
Fig. 9A), NOS (**p < 0.01; F (4, 15) = 8.142, 0.0012; Fig. 9B), and
glutathione reductase (***p < 0.001; F (4, 15) = 14.30, 0.0002; Fig. 9C)
levels compared to control. Although diet enrichment with tiger nut
only, and coconut only, did not produce any significant changes in brain
MDA (Fig. 9A), NOS (Fig. 9B), and glutathione reductase levels (Fig. 9C)
levels, combined intervention with both tiger nut and coconut-enriched
diets significant mitigated nitro-oxidative stress by significantly down-
regulated brain MDA (***p < 0.001; F (4, 15) = 12.60, 0.0007; Fig. 9A),
NOS levels (**p < 0.01; F (4, 15) = 8.142, 0.0029; Fig. 9B), and upre-
gulated glutathione reductase levels (**p < 0.01; F (4, 15) = 14.30,
0.0019; Fig. 9C) compared with the untreated DDVP group.

3.9. Tiger nut and coconut dietary intervention improves intestinal
cytokine dysregulation in DDVP-exposed mice

There were increased intestinal TNF-a levels following exposure to a
DDVP-contaminated diet in the DDVP group compared to the control
group (**p < 0.01; F (4, 15) = 4.979, 0.0064; Fig. 10A). Treatment with
a tiger nut plus coconut- enriched diet significantly lowered intestinal
TNF-a levels in the DDVP+TGN+CCN group compared to the DDVP
group (*p < 0.05; F (4, 15) = 4.979, 0.0295; Fig. 10A). No significant
difference in intestinal TNF-a levels was observed following intervention
with only tiger nut (DDVP+TGN) and coconut (DDVP+CCN) diets
compared to the DDVP group (Fig. 10A). IL-4 ELISA result revealed a
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Fig. 8. Effects of tiger nut and coconut dietary intervention on intestinal MDA (A), NOS (B), and glutathione reductase (C) levels in DDVP-exposed mice. DDVP-
induced nitro-oxidative stress was ameliorated with tiger nut and coconut dietary intervention. Data are expressed as mean =+ SD; n = 6 and analysed by one-
way ANOVA followed by Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.
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Fig. 9. Effects of tiger nut and coconut dietary intervention on brain MDA (A), NOS (B), and glutathione reductase (C) levels in DDVP-exposed mice. DDVP-induced
nitro-oxidative stress was attenuated with tiger nut and coconut dietary intervention. Data are expressed as mean + SD; n = 6 and analysed by one-way ANOVA
followed by Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.

B

ns

*
ns
ns 7600 *
__ 150~ %,
—g’ *% e
= o
2 ]
= >
- 100+ 3
[T
£ 3
g 50 §
[=4
E | E 0
y R o
(;\Q' Qo4 x«o xoo xo
QL K
S
O Q"
S
Q

100

80

60

40

Intestinal IL-10 (pg/mL)

20+
0-
«Q.\r QAQ 0@ C,oé «oé
(MRS x x x
L L >
S L
)
OQ

Fig. 10. Effects of tiger nut and coconut dietary intervention on intestinal TNF-a (A), IL-4 (B), and IL-10 (C) levels in DDVP-exposed mice. DDVP-induced intestinal
cytokine dysregulation was ameliorated with tiger nut and coconut dietary intervention. Data are expressed as mean + SD; n = 6 and analysed by one-way ANOVA
followed by Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.

significant reduction in intestinal IL-4 levels in DDVP-exposed mice
compared to the control mice (*p < 0.05; F (4, 15) = 3.008, 0.0439;
Fig. 10B). Meanwhile, dietary intervention either with tiger nut alone
(DDVP+TGN), coconut alone (DDVP+CCN), or a combination of tiger
nut and coconut (DDVP+TGN+CCN) did not show any statistically
significant difference in intestinal IL-4 levels compared to the untreated
DDVP group (Fig. 10B). There was a downregulation in the intestinal
level of IL-10, an anti-inflammatory cytokine, following exposure to a
DDVP-contaminated diet compared to the control (**p < 0.01; F (4, 15)
= 8.180, 0.0010; Fig. 10C). However, there were significant increases in
intestinal IL-10 levels following intervention with tiger nut-incorporated
diet alone (*p < 0.05; F (4, 15) = 8.180, 0.0457;), and tiger nut plus
coconut (**p < 0.01; F (4, 15) = 8.180, 0.0063;) compared to the DDVP
group (Fig. 10C).
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3.10. Tiger nut and coconut dietary intervention mitigates brain cytokine
dysregulation in DDVP-exposed mice

There was a significant increase in brain TNF-a levels in DDVP-
exposed mice compared to control mice (*p < 0.05; F (4, 15) = 4.783,
0.0191), and these were reversed following dietary intervention with
tiger nut plus coconut (*p < 0.05; F (4, 15) = 4.783, 0.0140; Fig. 11A)
compared to the DDVP group. Meanwhile, there was no significant
difference in brain TNF-a levels following treatment with either tiger nut
(DDVP+TGN) or coconut (DDVP+CCN) compared to the DDVP group
(Fig. 11A). While there were no significant differences in brain IL-4
levels across the different groups following exposure to DDVP and
intervention with tiger nut, coconut, and tiger nut plus coconut-
incorporated diets (Fig. 11B), exposure to DDVP significantly reduced
brain IL-10 levels compared to control (***p < 0.001; F (4, 14) = 14.42,
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Fig. 11. Effects of tiger nut and coconut dietary intervention on brain TNF-a (A), IL-4 (B), and IL-10 (C) levels in DDVP-exposed mice. DDVP-induced brain cytokine
dysregulation was ameliorated with tiger nut and coconut dietary intervention. Data are expressed as mean + SD; n = 6 and analysed by one-way ANOVA followed
by Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.

0.0002). However, intervention with tiger nut diet (*p < 0.05; F (4, 14) 3.11. Tiger nut and coconut dietary intervention upregulates intestinal
= 14.42, 0.0201), not coconut significantly elevated brain IL-10 levels and brain tissue brain-derived neurotrophic factor (BDNF) concentration
compared with the DDVP group (Fig. 11C). Dietary intervention with in DDVP-exposed mice

both tiger nut and coconut robustly ameliorated brain cytokine dysre-

gulation evidenced by a significant increase in brain IL-10 level in the Exposure to DDVP-contaminated diet significantly depleted intesti-
DDVP+TGN+CCN group compared to the DDVP group (***p < 0.001; F nal BDNF (**p < 0.01; F (4, 15) = 7.718, 0.0043; Fig. 12A) and brain
(4, 14) = 14.42, 0.0004; Fig. 11C). tissue BDNF concentrations (**p < 0.01; F (4, 15) = 7.222, 0.0011;

Fig. 12B) compared to control. These depletions were reversed following
dietary intervention with tiger nut plus coconut as seen in the significant
reductions in intestinal BDNF (**p < 0.01; F (4, 15) = 7.718, 0.0017;
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Fig. 12. Effects of tiger nut and coconut dietary intervention on intestinal tissue BDNF (A) and brain tissue BDNF (B) concentrations in DDVP-exposed mice. DDVP-
induced brain-intestine BDNF depletion was reversed with tiger nut and coconut dietary intervention. Data are expressed as mean + SD; n = 6 and analysed by one-
way ANOVA followed by Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.
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Fig. 12A), and brain tissue BDNF (*p < 0.05; F (4, 15) = 7.222, 0.0100;
Fig. 12B) concentrations. Whereas treatment with a coconut-rich diet
(DDVP-+CCN) showed a significant increase in both intestinal BDNF
(*p < 0.05; F (4, 15) = 7.718, 0.0347; Fig. 12A), and brain tissue BDNF
(*p<0.05; F (4, 15) =7.222, 0.0293; Fig. 12B) concentrations
compared to the DDVP group, intervention with only tiger nut diet
(DDVP+TGN) did not show any significant difference.

3.12. Tiger nut and coconut dietary intervention downregulates intestinal
and brain tissue acetylcholinesterase (AChE) levels in DDVP-exposed mice

Exposure to a DDVP-contaminated diet significantly reduced both
intestinal (**p < 0.01; F (4, 15) = 7.506, 0.0013; Fig. 13A) and brain
AChE levels (****p < 0.0001; F (4, 15) = 23.35, < 0.0001; Fig. 13B)
compared to the control. However, treatment with tiger nut plus
coconut-rich diets significantly raised intestinal AChE (**p < 0.01; F (4,
15) = 7.506, 0.0407; Fig. 13A) and brain AChE (****p < 0.0001; F (4,
15) =23.35, < 0.0001; Fig. 13B) levels compared to the untreated
DDVP group.

3.13. Tiger nut and coconut dietary intervention modulates faecal short-
chain fatty acids (SCFAs) response in DDVP-exposed mice

Assessment of faecal SCFAs levels revealed a significant decrease in
acetic acid (****p < 0.0001; F (4, 25) = 7.75, < 0.0001), propionic acid
(**p<0.01; F (4, 25) =3.43, 0.0012), and butyric acid
(***p < 0.0001; F (4, 25) = 3.43, < 0.0001) in DDVP-exposed mice
compared to control mice (Figs. 14A, 14B and 14C). Dietary intervention
with tiger nut (DDVP+TGN) significantly increased faecal acetic acid
(**p < 0.01; F (4, 25) =7.75, 0.0040; Fig. 14A), butyric acid
(*p < 0.05; F (4, 25) = 3.43, 0.0142, Fig. 14C), and not propionic acid
(Fig. 14B). Also, coconut dietary intervention (DDVP+CCN) signifi-
cantly elevated faecal acetic acid (*p < 0.05; F (4, 25) = 7.75, 0.0397,
Fig. 14A), butyric acid (**p < 0.01; F (4, 25) = 3.43, 0.0034; Fig. 14C),
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and not propionic acid (Fig. 14B). On the other hand, there were sig-
nificant increases in faecal SCFAs following treatment with tiger nut plus
coconut diet with marked elevation in acetic acid (****p < 0.0001; F (4,
25) = 7.75, < 0.0001, Fig. 14A), propionic acid (**p < 0.01; F (4, 25)
= 3.43, 0.0073, Fig. 14B), and butyric acid (***p < 0.001; F (4, 25)
= 3.43, 0.0002, Fig. 14C). It should be noted that while there were
changes in faecal SCFA levels across the different groups during the
acclimatisation period, they were not statistically significant (Figs. 14A,
14B and 14C).

4. Discussion

Organophosphate (OP) poisoning remains a world health crisis, and
different options for minimising the development of health complica-
tions are not efficacious in preventing neurotoxicity in patients [56].
Therefore, novel therapeutic interventions such as enzymatic
bio-scavengers and broad-spectrum prophylaxis as well as alternative
nutritional remediation are being investigated [140,56,81,87]. Using
antidotal nutritional strategies, we examined with the present study the
potential ameliorative impacts of tiger nut and coconut dietary inter-
vention  against  neurobehavioural  impairments  following
organophosphate-induced gut-brain axis dysregulation in mice.

4.1. Tiger nut and coconut dietary intervention modulates food, water
intake and body weight following exposure to DDVP

This study found that exposure to the pesticide DDVP significantly
reduced food and water intake, as well as body weight, in mice. How-
ever, dietary intervention with tiger nut, coconut, or a combination of
both was able to attenuate these effects. The mechanisms underlying
these effects are complex and likely involve multiple pathways,
including those related to gastrointestinal and endocrine systems,
oxidative stress, and inflammatory responses. Another plausible
involvement is cholinergic overstimulation in the brain leading to
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Fig. 13. Effects of tiger nut and coconut dietary intervention on intestinal tissue AChE (A) and brain tissue AChE (B) levels in DDVP-exposed mice. DDVP-induced
brain-intestine AChE upregulation was reversed with tiger nut and coconut dietary intervention. Data are expressed as mean + SD; n = 6 and analysed by one-way
ANOVA followed by Tukey posthoc test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.

33



L.A. Enye et al. Toxicology Reports 12 (2024) 23-40

0.8
mm CTRL
208 mm DDVP
§ ot mm DDVP+TGN
B mm DDVP+CCN
v 02 Bm DDVP+TGN+CCN

During Post Exposure
Acclimatisation to Diets

(B -

ns
0.4 ns
¥k

- | M B CTRL
S 0.3+
& T == DDVP
2 BEm DDVP+TGN
o 0.2
e mm DDVP+CCN
& g4 mm DDVP+TGN+CCN
< O

0.0-

Post Post Exposure
Acclimatisation to Diets

k%

o
F =N
1

¢
w
|

ns
Bl CTRL
*kEE
mm DDVP
Bl DDVP+TGN

mm DDVP+CCN
Hm DDVP+TGN+CCN

% Butyric Acid
(=]
i

o
-
1

0.0-

Post Post Exposure
Acclimatisation to Diets

Fig. 14. Effects of tiger nut and coconut dietary intervention on faecal acetic acid (A), propionic acid (B) and butyric acid (C) levels in DDVP-exposed mice. DDVP-

induced SCFA depletion was ameliorated with tiger nut and coconut dietary intervention. Data are expressed as mean + SD; n = 6 and analysed by two-way ANOVA
followed by Sidak’s multiple comparisons test. CTRL = Control; DDVP = DDVP; TGN = Tiger nut; CCN = Coconut.
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appetite suppression necessitating the observed weight loss [50]. Pre-
vious studies have shown that organophosphate pesticides including
DDVP can suppress appetite and reduce weight gain in animal models
[55]. Recent studies have demonstrated disruption of the gut micro-
biome, capable of producing changes in gut barrier function and intes-
tinal motility following pesticides exposure [1110,116,41,80]. These
changes can drive reduced food and water intake, as well as changes in
body weight. Furthermore, DDVP exposure could likely impair the ac-
tivities of appetite-regulating hormones such as leptin and cholecysto-
kinin [127,75,99], and disrupt the hypothalamic-pituitary-adrenal
(HPA) axis via the release of corticotropin-releasing hormone (CRH),
which can in turn lead to increased levels of cortisol [44,84]. One of the
key effects of increased cortisol levels is the activation of glucocorticoid
receptors, with the capacity to modulate changes in gene expression that
can impact metabolism and energy balance [68,86]. Conversely, both
the diets used in this study, tiger nut and coconut, significantly attenu-
ated the toxic effects of DDVP on food and water intake, and body
weight. This could potentially be via coconut’s modulation of peroxi-
some proliferator-activated receptor gamma (PPARy) a receptor which
is vital for glucocorticoid receptor activation on fat metabolism [76].
This may mediate the effects of DDVP and the enriched diets on the
expression of genes involved in fat metabolism, such as lipoprotein
lipase and adiponectin. The high antioxidant content of tiger nuts may
also mitigate oxidative damage and inflammation driving DDVP’s ef-
fects on metabolism and weight. As a prebiotic fibre source, tiger nuts
may also stabilize gut microbiota disruptions from DDVP underlying
digestive disturbances [36,137]. In addition, tiger nuts and coconuts are
rich sources of beneficial nutrients and phytochemicals with antioxidant
and anti-inflammatory properties. These bioactive components may
counteract the cholinergic, HPA hyperactivation, inflammatory cas-
cades and oxidative stress induced by DDVP, thereby preserving appe-
tite regulation and growth within the optimal range. This is consistent
with other studies showing that antioxidants from plant sources can
mitigate pesticide toxicity [57]. The greater protective effects seen with
the combination therapy suggest potential synergistic interactions be-
tween tiger nuts and coconuts.

4.2. Tiger nut and coconut dietary intervention mitigates DDVP-induced
cognitive impairments, depression and anxiety-like behaviours in mice

Organophosphate poisoning is widely reported to induce multi-
organ dysfunction [7,34], and its specific impacts on the
microbiota-gut-brain axis especially in the development of neuro-
behavioural deficits are gaining traction in the field [109,14,43]. The
gut-brain axis (GBA) has been broadly shown to modulate a vast array of
biological systems and signalling pathways both in health and disease
[19,114]. Nutritional manipulations of behavioural outcomes by tar-
geting the microbiota-GBA are gaining popularity in the management
and treatment of affective/mood disorders such as depression and
anxiety [122,21,27,73] as well as neurodegenerative diseases including
Alzheimer’s and Parkinson’s diseases [20,66]. In this study, exposure of
mice to an OP-poisoned diet induced various neurobehavioural deficits
including cognitive, depressive, anxiety and motor disorders. The three
diets - tiger nut, coconut, and a combination of both - all resulted in
improvements in the animals’ neurobehavioral functions. These miti-
gations are potentially via the modulatory role of the polyphenols in
tiger nut and coconut diets. There is plausible evidence that polyphenols
could be potential therapeutic agents for the management and treatment
of various diseases [115,125,129,77]. Specifically, there is a positive
correlation between polyphenol intake and cognitive outcomes [77], as
well as improvements in anxiety and depressive disorders following OP
toxicity.

Our findings confirm the cognitive-enhancing potentials of tiger nut
and coconut dietary intervention as mice exposed to OP-poisoned diet
and treated with polyphenol-rich tiger nut and coconut- enriched diets
showed robust improvements in right decision scores in the Y-maze test,
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as well as sustained preference for the novel object in the NOR test.
Various mechanisms could be employed to substantiate these changes.
First of all., although dichlorvos and some other organophosphates show
limited blood-brain barrier (BBB) permeability, the sufficient entry does
occur to exert central neurotoxic effects including inhibition of brain
acetylcholinesterase activity, it has however been demonstrated to
impair peripheral vascular permeability [92], which can significantly
impact cerebrovascular integrity with a potential to drive neuro-
degeneration and neurobehavioural impairments due to reduced blood
flow to the brain [113,70,72]. Intervention with coconut and tiger
nut-incorporated diets in the present study improved neurobehavioural
deficits following OP poisoning possibly via polyphenols-mediated im-
provements in both peripheral and cerebral vascular responses as
increased cerebral blood flow may lead to increased neuronal activity
[71,102] increasing chances for neurosurvival.

4.2.1. Amelioration of oxidative stress

Another pathway of OP toxicity is the induction of oxidative damage
via the production of free radicals and alterations in the antioxidant
signalling system [6101] Organophosphate poisoning has been reported
to induce oxidative damage in both the gut and brain tissues [59,119]
Organophosphate-induced oxidative stress has also been shown to alter
the composition of gut microbiota with eventual induction of gut dys-
biosis [28,124]. Our results show significant mitigation of OP-induced
oxidative stress upon treatment with tiger nut-only, coconut-only, and
tiger nut-plus-coconut- enriched diets. We observed a robust improve-
ment in lipid peroxidation and nitrosation with a significant reduction in
MDA levels in both the brain and gut tissues following treatment with a
tiger nut-plus-coconut- enriched diet, as against tiger nut-only or
coconut-only dietary interventions. This was confirmed by the upregu-
lation of glutathione activity in both gut and brain tissues. While the
mechanism behind this observed difference is not clear at the moment, it
can be inferred that there is a possible polyphenols synergistic interplay
[139] of the various beneficial phytochemicals in both tiger nut and
coconut producing enhanced scavenging effects. In addition to the
polyphenols such as quercetin rich in tiger nut and coconut [54,94],
these nuts are also rich with micronutrients such as vitamins C and E,
therefore becoming great sources of exogenous antioxidants in abro-
gating OP-induced redox imbalance in the GBA.

4.2.2. Modulation of acetylcholinesterase activity

Organophosphate toxicity is majorly facilitated by acetylcholines-
terase (AChE) inhibition [13]. Acetylcholine (ACh) neurotransmitter
breakdown at cholinergic synapses is the primary function of acetyl-
cholinesterase (AChE). The central, peripheral, and autonomic nervous
systems are all affected by this inhibition, which results in AChE dys-
homeostasis and ACh buildup at synapses and neuromuscular junctions,
which overstimulate the nervous system and impair impulse trans-
mission [121] Potentially preceding AChE inhibition in the CNS, OP
toxicity has been reported to induce gastrointestinal discomforts
including abdominal tightness, cramps, and diarrhoea due to
over-accumulation of ACh [64] in the intestinal mucosa. Acetylcholine
build-up in both the brain and gut tissues due to AChE inhibition by OP
toxicity as seen in our results suggests that cholinergic crisis following
OP toxicity can dysregulate the GBA communication pathways, with the
potential to induce neurobehavioural deficits and other complications.
Our study reports a significant reduction in intestinal and brain acetyl-
cholinesterase (AChE) activity following DDVP exposure. No physical
signs of cholinergic toxicity crisis were observed in the
dichlorvos-exposed mice. However, the persistent decrease of 50% or
greater in brain and intestinal AChE levels at 8 weeks post-exposure
indicates significant chronic functional inhibition of cholinergic trans-
mission capacity. The degree of AChE inhibition measured 8 weeks after
dichlorvos exposure likely underestimates peak effects during initial
dosing. Prior studies show oral dichlorvos can inhibit brain AChE by up
to 70-80% before lethality, although specific thresholds associated with



L.A. Enye et al.

clear cholinergic signs versus more subtle neurological effects are less
defined [11,55]. The persisting inhibition of 50% or more seen here still
indicates substantial chronic impacts on cholinergic function resulting
in cognitive and behavioural deficits in the absence of overt clinical
toxicity signs.

The observed decrease in AChE aligns with previous research
showing that organophosphate pesticides such as DDVP inhibit AChE
activity through phosphorylation, leading to excess acetylcholine and
cholinergic toxicity [23]. Importantly, this was ameliorated with dietary
intervention, indicating that the nutrient and phytochemical composi-
tion of these diets preserved optimal physiological and enzyme function
despite DDVP exposure. The mechanism may involve antioxidant com-
pounds in tiger nuts and coconuts scavenging reactive oxygen species
(ROS) and preventing oxidative damage to AChE proteins. The phyto-
chemicals in tiger nut and coconut can act on various signalling path-
ways, such as the nuclear factor erythroid 2-related factor 2 (Nrf2), and
nuclear factor kappa B (NF-xB) pathways, which are key regulators of
oxidative stress and inflammation [16]. For instance, Once activated,
Nrf2 induces the expression of various antioxidant and detoxification
enzymes, such as glutathione peroxidase, catalase, and superoxide dis-
mutase, which help to assuage oxidative stress.

4.2.3. Modulation of faecal short-chain fatty acids (SCFAs)

Both acute and chronic exposure to OPs suppress the modulatory role
of the gut microbiota in inhibiting OP toxicity which eventually induces
a ‘leaky gut’ and ‘leaky brain’, furthering neurotoxicity [110]. Faecal
SCFAs levels assessed in our study revealed a significant depletion of
faecal SCFAs including acetic, propionic, and butyric acids following OP
exposure. This suggests the potential role of OP in upsetting the ho-
meostatic balance of the gut microbiota. However, treatment with our
diets either singly or combined significantly enhanced the synthesis of
SCFAs, particularly acetate and butyrate acids. Moreover, tiger nuts and
coconut are fibre-rich foods that have been reported as substrates to
produce bioactive molecules by colonic bacteria [37,133]. As prebiotics,
dietary fibres from these nuts undergo fermentation in the gut giving off
SCFAs which are vital microbial metabolites for GBA communication
[117]. Activities of the GBA currently implicated in the pathogenesis of
various CNS disorders have been demonstrated to be modulated directly
and indirectly by the SCFAs synthesised by gut bacteria [98]. Impaired
neurotransmitter systems such as the monoaminergic system have been
traditionally implicated in the aetiology of depression. This under-
standing has produced increased interest in the application of SCFAs in
the management of depression as SCFAs have been shown to stimulate
gut endocrine cells to increase serotonin synthesis [82]. As presented in
our results, improved neurobehavioural deficits including depression
and anxiety following OP toxicity potentially via the direct and indirect
activities of the SCFAs synthesised from the dietary fibres of these nuts
which possess the ability to modulate the
hypothalamic-pituitary-adrenal axis, downregulate corticosterone pro-
duction, and improve affective behavioural outcomes [31,134]. We
report a significant increase in AChE levels in the gut and brain tissues
following treatment with tiger nut and coconut. While the direct rela-
tionship between cholinergic toxicity and SCFAs is not fully understood,
it could be hypothesised that the SCFAs from the enriched diets can
counteract AChE overstimulation by improving activation of the SCFA
receptor (free fatty acid receptor 3, FFA3) on cholinergic neurons [63]
following OP toxicity in the GBA. This, therefore, supports the growing
interest in the gut microbiota as a powerful tool in combating OP
toxicity-induced cholinergic crisis.

4.3. Tiger nut and coconut dietary intervention potentiates improvement
of DDVP-induced sensorimotor deficits

Sensorimotor deficits, particularly of extrapyramidal origin have
also been widely reported as some of the features of OP toxicity [53].
Features such as neuromuscular dysfunction, including blepharoclonus,
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oculogyric crisis, intermittent dystonia, rigidity, tremor, mask face,
dyskinesia, and akathisia, have been documented. Although transient,
these symptoms need to be managed and treated as an emergency,
otherwise might progress into disability due to sustained OP
toxicity-induced cholinergic crisis [53]. Our findings show impaired
motor coordination from both the parallel and rotarod tests following
exposure to OP-poisoned diets. This agrees with the findings from [45].
Following treatment with tiger nut- and coconut-enriched diets, there
was a significant improvement in motor coordination compared to the
untreated OP-poisoned animals. The mechanisms behind these changes
may be a multi-pathway involvement including mitigation of
OP-induced oxidative stress, overstimulation of AChE at synaptic clefts
and inflammatory responses via the activities of dietary SCFAs and an-
tioxidants in tiger and coconut. It should rightly be noted that inflam-
mation is a major consequence of OP toxicity, as it triggers massive
peripheral inflammation that eventually induces neuroinflammation
largely via the GBA. Gut-brain axis-mediated neuroinflammatory re-
sponses have been shown to dysregulate various neural processes
including motor functions in the nigrostriatal dopaminergic system. In
this study, we recorded upregulation of proinflammatory cytokines such
as plasma c-reactive protein, as well as TNF- a, IL-4, and downregulation
of IL-10 in both the brain and gut tissues following OP toxicity.
Although, treatment with coconut and tiger nut-only enriched diets did
not effectively improve inflammatory responses, a combination of tiger
nut plus coconut dietary intervention significantly attenuated
OP-induced inflammation with a potential impact on inflammation by
anti-inflammatory agents such as quercetin, vitamins C and E in both
nuts to fight inflammation-mediated intestinal dysbiosis, neuronal
dysfunction and neurodegeneration in the nigrostriatal system via the
GBA.

4.3.1. Modulation of neurotrophin signalling

Studies have suggested that targeting the neurotrophin signalling
pathway can be useful in mitigating OP neurotoxicity. Estimation of
BDNF levels in our study revealed significant reductions in the brain and
intestinal BDNF concentrations following OP toxicity, agreeing in part
with findings from [120] who demonstrated reduced expression of
BDNF in different regions of the brain following OP exposure. Several
studies have reported a direct relationship between BDNF activity and
neuronal survival and plasticity [106,111,48]. Upregulated levels of
BDNF in the GBA following treatment with pre-and probiotics-source
diets have been demonstrated in our study, especially with the tiger nut
plus coconut dietary intervention. This is similar to the findings of
[106], where they showed increased expression of BDNF in the hippo-
campal and intestinal tissues following probiotic Lactobacillus plantarum
IS-10506. It is, therefore, suggestable that mitigation of OP-induced
neurobehavioural impairments upon treatment with tiger nut and co-
conut dietary intervention in the present study is via modulation of the
neurotrophin signalling pathway with potential inhibition of neuronal
apoptosis and neurodegeneration. Furthermore, studies in both animals
and humans have demonstrated the BDNF-promoting role of plant
polyphenols [32,46,58], therefore nutritional interventions such as tiger
nut and coconut dietary intervention could be useful in mitigating and
remedying the complications of OP toxicity.

5. Conclusion

Taken together, findings from this study highlight the GBA-
disrupting capacity of organophosphates with impairing impacts on
psychobehavioural outcomes in mice. Using antidotal nutritional stra-
tegies in the present study, our findings suggest that incorporation or
enrichment of foods with fibre-rich nuts like tiger nut and coconut can
protect against organophosphate-induced GBA dysregulation and the
consequent impacts on the development of brain disorders. Further
studies on the direct and indirect roles of the gut microbiota in the
modulation of these changes are recommended.



L.A. Enye et al.

Author statement

Linus A. Enye and Edem E. Edem: Conceptualisation, Methodol-
ogy, Resources, Formal Analysis, Writing — review & editing, Supervi-
sion (shared first authorship). Lydia I. Onyeogaziri, Augustine Yusuf
and Bliss O. Ikpade: Resources, Investigation. Daniel Akinwale
Ikuelogbon, Oladunni Eunice Kunlere: Data Curation, Writing —
original draft. Mujeeb Adekunle Adedokun: Data curation, Writing —
review & editing. All authors have critically reviewed and approved the
final draft and are responsible for the content and similarity index of the
manuscript.

CRediT authorship contribution statement

Kunlere Oladunni Eunice: Data curation, Writing — original draft.
Ikuelogbon Daniel Akinwale: Data curation, Writing — original draft.
Ikpade Bliss Oluwafunmi: Investigation, Resources. Yusuf Augustine:
Investigation, Resources. Onyeogaziri Lydia Ijeoma: Investigation,
Resources. Edem Edem Ekpenyong: Conceptualization, Formal anal-
ysis, Methodology, Project administration, Writing — review & editing.
Enye Linus Anderson: Conceptualization, Formal analysis, Project
administration, Resources, Writing — review & editing. Adedokun
Mujeeb Adekunle: Data curation, Writing — review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgements

The authors would like to thank Mr Adedamola Fafure for his
assistance with behavioural testing and scoring. Mr Louis of ABUAD
Farms Feed Mill, Ado-Ekiti, Nigeria, is acknowledged for his immense
support during the preparation and production of the diets used in this
study.

References

[1] M. Abou Diwan, M. Lahimer, V. Bach, F. Gosselet, H. Khorsi-Cauet, P. Candela,
Impact of pesticide residues on the gut-microbiota-blood-brain barrier axis: a
narrative review, Int J. Mol. Sci. (2023), https://doi.org/10.3390/ijms24076147.

[2] M.B. Abou-Donia, Organophosphorus ester-induced chronic neurotoxicity, Arch.
Environ. Health 58 (2003) 484-497, https://doi.org/10.3200/AEOH.58.8.484-
497.

[3] O. Ademola, E. Edem, D. Olufunke, K. Oladunni, Cognitive-enhancing and
neurotherapeutic prospects of Viscum album in experimental model of
Alzheimer’s disease, Off. J. Soc. Cell. Pathol. Sci. Niger. (2016).

[4] P.A. Adeniyi, A.O. Ishola, B.J. Laoye, B.P. Olatunji, O.0. Bankole, P.D. Shallie, O.
M. Ogundele, Neural and behavioural changes in male periadolescent mice after
prolonged nicotine-MDMA treatment, 31, Metab. Brain Dis. 2015 31 (1) (2015)
93-107, https://doi.org/10.1007/511011-015-9691-Z.

[5] M.S. Ajao, A.B. Sansa, A. Imam, A. Ibrahim, M.Y. Adana, A. Alli-Oluwafuyi, S.
B. Kareem, Protective effect of Nigella sativa (Black caraway (oil on oral
dichlorvos induced hematological, renal and nonspecific immune system toxicity
in wistar rats, Iran. J. Toxicol. 11 (2017) 1-5, https://doi.org/10.29252/
ARAKMU.11.6.1.

[6] M. Akhgari, M. Abdollahi, A. Kebryaeezadeh, R. Hosseini, O. Sabzevari,
Biochemical evidence for free radical-induced lipid peroxidation as a mechanism
for subchronic toxicity of malathion in blood and liver of rats. Hum. Exp. Toxicol.
22 (2003) 205-211, https://doi.org/10.1191/0960327103HT3460A.

[7] D.M. Aloise, A. Memon, A. Zaldivar, Diquat herbicide organophosphate poisoning
and multi-organ failure: a case Report, Cureus 14 (2022), https://doi.org/
10.7759/CUREUS.27241.

[8] G.S. Anderson, P.M. di Nota, G.A.S. Metz, J.P. Andersen, The impact of acute
stress physiology on skilled motor performance: implications for policing, Front
Psychol. (2019), https://doi.org/10.3389/fpsyg.2019.02501.

37

Toxicology Reports 12 (2024) 23-40

[9] Arafat, S.A., Arafat, M.M., Abbas, M.S., 2019. Nutritional Value of Tiger Nut
(Cyperus esculentus L.) Tubers and Its Products Influence of Bio, Organic, and
Mineral Fertilizers on Sesame (Sesamum indicum L.) Productivity in Egypt. View
project Induction of Systemic Resistance in Faba Bean Plants against Fusarium
ixysporum the Causal of Wilt Disease View project.

V. Arunachalam, M.K. Rajesh, Breeding of coconut palm (Cocos nucifera L.). CAB
reviews: perspectives in agriculture, Vet. Sci., Nutr. Nat. Resour. 3 (2008),
https://doi.org/10.1079/PAVSNNR20083053.

C.R.D. Assis, I.P.G. Amaral, P.F. Castro, L.B. Carvalho Jr, R.S. Bezerra, Effect of
dichlorvos on the acetylcholinesterase from tambaqui (Colossoma macropomum)
brain, Environ. Toxicol. Chem.: Int. J. 26 (7) (2007) 1451-1453.

A.C. Bach, V.K. Babayan, Medium-chain triglycerides: an update, Am. J. Clin.
Nutr. 36 (1982) 950-962, https://doi.org/10.1093/AJCN/36.5.950.

A.M. Badr, Organophosphate toxicity: updates of malathion potential toxic effects
in mammals and potential treatments, 27, Environ. Sci. Pollut. Res. 2020 27 (21)
(2020) 26036-26057, https://doi.org/10.1007/511356-020-08937-4.

J. Balaguer-Trias, D. Deepika, M. Schuhmacher, V. Kumar, Impact of
contaminants on microbiota: linking the gut-brain axis with neurotoxicity, Page
1368 19, 1368, Int. J. Environ. Res. Public Health 2022 Vol. 19 (2022), https://
doi.org/10.3390/IJERPH19031368.

T.M. Barber, S. Kabisch, A.F.H. Pfeiffer, M.O. Weickert, The health benefits of
dietary fibre, Nutrients 12 (2020) 1-17, https://doi.org/10.3390/NU12103209.
M.T. Bayo Jimenez, K. Frenis, O. Hahad, S. Steven, G. Cohen, A. Cuadrado,

T. Miinzel, A. Daiber, Protective actions of nuclear factor erythroid 2-related
factor 2 (NRF2) and downstream pathways against environmental stressors, Free
Radic. Biol. Med. (2022), https://doi.org/10.1016/j.freeradbiomed.2022.05.016.
R. Bist, B. Chaudhary, D.K. Bhatt, Defensive proclivity of bacoside A and
bromelain against oxidative stress and AChE gene expression induced by
dichlorvos in the brain of Mus musculus, 11, Sci. Rep. 2021 11 (1) (2021) 1-11,
https://doi.org/10.1038/541598-021-83289-8.

K. Biswas, Y.K. Mohanta, V.B. Kumar, A. Hashem, E. Fathi Abd_Allah,

D. Mohanta, T.K. Mohanta, Nutritional assessment study and role of green silver
nanoparticles in shelf-life of coconut endosperm to develop as functional food,
Saudi J. Biol. Sci. 27 (2020) 1280-1288, https://doi.org/10.1016/J.
SJBS.2020.01.011.

A. Bosi, D. Banfi, M. Bistoletti, C. Giaroni, A. Baj, Tryptophan metabolites along
the microbiota-gut-brain axis: an interkingdom communication system
influencing the gut in health and disease, Int. J. Tryptophan Res. (2020) 13,
https://doi.org/10.1177/1178646920928984/ASSET/IMAGES/LARGE/
10.1177_1178646920928984-FIG2.JPEG.

J.A. Bravo, P. Forsythe, M. v Chew, E. Escaravage, H.M. Savignac, T.G. Dinan,
J. Bienenstock, J.F. Cryan, Ingestion of Lactobacillus strain regulates emotional
behavior and central GABA receptor expression in a mouse via the vagus nerve,
Proc. Natl. Acad. Sci. USA 108 (2011) 16050-16055, https://doi.org/10.1073/
PNAS.1102999108.

Bravo, L., Mico, J.A., Berrocoso, E., 2017. Discovery and development of
tramadol for the treatment of pain. https://doi.org/10.1080/
17460441.2017.1377697 12, 1281-1291. https://doi.org/10.1080/17460441
.2017.1377697.

Bristone, C., Badau, M., Igwegbe, A.O., 2015 Production and Evaluation of
Yoghurt from Mixtures of Cow Milk, Milk Extract from soybean and Tiger nut.
https://doi.org/10.5829/idosi.wjdfs.2015.10.2.94216.

M.R. Camacho-Pérez, C.E. Covantes-Rosales, G.A. Toledo-Ibarra, U. Mercado-
Salgado, M.D. Ponce-Regalado, K.J.G. Diaz-Resendiz, M.1. Girén-Pérez,
Organophosphorus pesticides as modulating substances of inflammation through
the cholinergic pathway, Int J. Mol. Sci. (2022), https://doi.org/10.3390/
ijms23094523.

S. Chandra, Md.T. Alam, J. Dey, B.C.P. Sasidharan, U. Ray, A.K. Srivastava,

S. Gandhi, P.P. Tripathi, Healthy gut, healthy brain: the gut microbiome in
neurodegenerative disorders, Curr. Top. Med Chem. 20 (2020) 1142-1153,
https://doi.org/10.2174/1568026620666200413091101.

P. Chatterjee, M. Fernando, B. Fernando, C.B. Dias, T. Shah, R. Silva, S. Williams,
S. Pedrini, H. Hillebrandt, K. Goozee, E. Barin, H.R. Sohrabi, M. Garg, S. Cunnane,
R.N. Martins, Potential of coconut oil and medium chain triglycerides in the
prevention and treatment of Alzheimer’s disease, Mech. Ageing Dev. (2020),
https://doi.org/10.1016/j.mad.2020.111209.

E.R. Chukwuma, N. Obioma, O.I. Christopher, The phytochemical composition
and some biochemical effects of nigerian tigernut (Cyperus esculentus L.) tuber,
Pak. J. Nutr. 9 (2010) 709-715, https://doi.org/10.3923/PJN.2010.709.715.

K. Cohen Kadosh, M. Basso, P. Knytl, N. Johnstone, J.Y.F. Lau, G.R. Gibson,
Psychobiotic interventions for anxiety in young people: a systematic review and
meta-analysis, with youth consultation, Transl. Psychiatry 11 (2021), https://doi.
org/10.1038/541398-021-01422-7.

E. Crisol-Martinez, L.T. Moreno-Moyano, N. Wilkinson, T. Prasai, P.H. Brown, R.
J. Moore, D. Stanley, A low dose of an organophosphate insecticide causes
dysbiosis and sex-dependent responses in the intestinal microbiota of the
Japanese quail (Coturnix japonica), PeerJ 2016 (2016), 2002, https://doi.org/
10.7717/PEERJ.2002/FIG-5.

W.E. Crusio, Genetic dissection of mouse exploratory behaviour, Behav. brain
Res. 125 (2001) 127-132, https://doi.org/10.1016/50166-4328(01)00280-7.
J.F. Cryan, K.J. O’riordan, C.S.M. Cowan, K. v Sandhu, T.F.S. Bastiaanssen,

M. Boehme, M.G. Codagnone, S. Cussotto, C. Fulling, A. v Golubeva, K.

E. Guzzetta, M. Jaggar, C.M. Long-Smith, J.M. Lyte, J.A. Martin, A. Molinero-
Perez, G. Moloney, E. Morelli, E. Morillas, R. O’connor, J.S. Cruz-Pereira, V.

L. Peterson, K. Rea, N.L. Ritz, E. Sherwin, S. Spichak, E.M. Teichman, M. van de
Wouw, A.P. Ventura-Silva, S.E. Wallace-Fitzsimons, N. Hyland, G. Clarke, T.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]


https://doi.org/10.3390/ijms24076147
https://doi.org/10.3200/AEOH.58.8.484-497
https://doi.org/10.3200/AEOH.58.8.484-497
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref3
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref3
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref3
https://doi.org/10.1007/S11011-015-9691-Z
https://doi.org/10.29252/ARAKMU.11.6.1
https://doi.org/10.29252/ARAKMU.11.6.1
https://doi.org/10.1191/0960327103HT346OA
https://doi.org/10.7759/CUREUS.27241
https://doi.org/10.7759/CUREUS.27241
https://doi.org/10.3389/fpsyg.2019.02501
https://doi.org/10.1079/PAVSNNR20083053
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref10
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref10
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref10
https://doi.org/10.1093/AJCN/36.5.950
https://doi.org/10.1007/S11356-020-08937-4
https://doi.org/10.3390/IJERPH19031368
https://doi.org/10.3390/IJERPH19031368
https://doi.org/10.3390/NU12103209
https://doi.org/10.1016/j.freeradbiomed.2022.05.016
https://doi.org/10.1038/s41598-021-83289-8
https://doi.org/10.1016/J.SJBS.2020.01.011
https://doi.org/10.1016/J.SJBS.2020.01.011
https://doi.org/10.1177/1178646920928984/ASSET/IMAGES/LARGE/10.1177_1178646920928984-FIG2.JPEG
https://doi.org/10.1177/1178646920928984/ASSET/IMAGES/LARGE/10.1177_1178646920928984-FIG2.JPEG
https://doi.org/10.1073/PNAS.1102999108
https://doi.org/10.1073/PNAS.1102999108
https://doi.org/10.1080/17460441.2017.1377697
https://doi.org/10.1080/17460441.2017.1377697
https://doi.org/10.3390/ijms23094523
https://doi.org/10.3390/ijms23094523
https://doi.org/10.2174/1568026620666200413091101
https://doi.org/10.1016/j.mad.2020.111209
https://doi.org/10.3923/PJN.2010.709.715
https://doi.org/10.1038/S41398-021-01422-7
https://doi.org/10.1038/S41398-021-01422-7
https://doi.org/10.7717/PEERJ.2002/FIG-5
https://doi.org/10.7717/PEERJ.2002/FIG-5
https://doi.org/10.1016/S0166-4328(01)00280-7

L.A. Enye et al.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

G. Dinan, The microbiota-gut-brain axis, Physiol. Rev. 99 (2019) 1877-2013,
https://doi.org/10.1152/physrev.00018.2018.

B. Dalile, B. Vervliet, G. Bergonzelli, K. Verbeke, L. van Oudenhove, Colon-
delivered short-chain fatty acids attenuate the cortisol response to psychosocial
stress in healthy men: a randomized, placebo-controlled trial,
Neuropsychopharmacology 45 (2020) 2257-2266, https://doi.org/10.1038/
S41386-020-0732-X.

F. di Meo, A. Valentino, O. Petillo, G. Peluso, S. Filosa, S. Crispi, Bioactive
polyphenols and neuromodulation: molecular mechanisms in neurodegeneration,
, Page 2564 21, 2564, Int. J. Mol. Sci. 2020 Vol. 21 (2020), https://doi.org/
10.3390/1JMS21072564.

D.J. Ecobichon, Lawn care and pesticides: a toxicologist’s concerns, Macdonald J.
(1987) https://doi.org/10.3/JQUERY-ULJS.

M. Eddleston, Poisoning by pesticides, Medicine 48 (2020) 214-217, https://doi.
org/10.1016/J.MPMED.2019.12.019.

E.E. Edem, B.E. Thaza, A.A. Fafure, A.O. Ishola, K.E. Nebo, L.A. Enye, E.

T. Akinluyi, Virgin coconut oil abrogates depression-associated cognitive deficits
by modulating hippocampal antioxidant balance, GABAergic and glutamatergic
receptors in mice, Drug Metab. Pers. Ther. 37 (2021) 177-190, https://doi.org/
10.1515/DMPT-2021-0126.

G.I. Edo, U. Ugbune, G.O. Ezekiel, F.O. Onoharigho, J.J. Agbo, Cyperus
esculentus (tiger nut): its application in agriculture, food, health and nutrition. A
review, Vegetos (2023) 1-10.

O. Ezeh, K. Niranjan, M.H. Gordon, Effect of enzyme pre-treatments on bioactive
compounds in extracted tiger nut oil and sugars in residual meals, JAOCS J. Am.
Oil Chem. Soc. 93 (2016) 1541-1549, https://doi.org/10.1007/511746-016-
2883-9/TABLES/6.

W.M. Fernando, I.J. Martins, K.G. Goozee, C.S. Brennan, V. Jayasena, R.

N. Martins, The role of dietary coconut for the prevention and treatment of
Alzheimer’s disease: potential mechanisms of action, Br. J. Nutr. 114 (2015)
1-14, https://doi.org/10.1017/50007114515001452.

S.J.S. Flora, Arsenic and dichlorvos: possible interaction between two
environmental contaminants, J. Trace Elem. Med Biol. 35 (2016) 43-60, https://
doi.org/10.1016/J.JTEMB.2016.01.012.

S.J.S. Flora, M. Mittal, D. Mishra, Co-exposure to arsenic and fluoride on
oxidative stress, glutathione linked enzymes, biogenic amines and DNA damage
in mouse brain, J. Neurol. Sci. 285 (2009) 198-205, https://doi.org/10.1016/J.
JNS.2009.07.001.

J. Gama, B. Neves, A. Pereira, Chronic effects of dietary pesticides on the gut
microbiome and neurodevelopment, Front. Microbiol. (2022), https://doi.org/
10.3389/fmicb.2022.931440.

A. Gambo, A. Da’u, Tiger nut (Cyperus esculentus): composition, products, uses
and health benefits - a review, Bayero J. Pure Appl. Sci. 7 (2014) 56-61, https://
doi.org/10.4314/bajopas.v7il.11.

B. Gao, X. Bian, R. Mahbub, K. Lu, Sex-specific effects of organophosphate
diazinon on the gut microbiome and its metabolic functions, Environ. Health
Perspect. 125 (2017) 198-206, https://doi.org/10.1289/EHP202.

M.J. Garabedian, C.A. Harris, F. Jeanneteau, Glucocorticoid receptor action in
metabolic and neuronal function, F1000Res (2017), https://doi.org/10.12688/
f1000research.11375.1.

B. Gomez-Giménez, V. Felipo, A. Cabrera-Pastor, A. Agusti, V. Hernandez-Rabaza,
M. Llansola, Developmental exposure to pesticides alters motor activity and
coordination in rats: sex differences and underlying mechanisms, 33, Neurotox.
Res. 2017 33 (2) (2017) 247-258, https://doi.org/10.1007/512640-017-9823-9.
E. Gravesteijn, R.P. Mensink, J. Plat, Effects of nutritional interventions on BDNF
concentrations in humans: a systematic review, Nutr. Neurosci. 25 (2022)
1425-1436, https://doi.org/10.1080,/1028415X.2020.1865758/SUPPL_FILE/
YNNS_A_1865758_SM9535.DOCX.

Grimwood, B.E., Ashman, F., Jarman, C.G., Dendy, D.A. v., 1975. Coconut Palm
Products: Their Processing in Developing Countries 261.

S. Habtemariam, The brain-derived neurotrophic factor in neuronal plasticity and
neuroregeneration: new pharmacological concepts for old and new drugs, Neural
Regen. Res 13 (2018) 983, https://doi.org/10.4103/1673-5374.233438.

V. Harrison, S.J. Mackenzie Ross, An emerging concern: toxic fumes in airplane
cabins, Cortex 74 (2016) 297-302, https://doi.org/10.1016/J.
CORTEX.2015.11.014.

A.M. Herman, J. Ortiz-Guzman, M. Kochukov, I. Herman, K.B. Quast, J.M. Patel,
B. Tepe, J.C. Carlson, K. Ung, J. Selever, Q. Tong, B.R. Arenkiel, A cholinergic
basal forebrain feeding circuit modulates appetite suppression, Nature 538
(2016), https://doi.org/10.1038/nature19789.

E. Hernandez-Olivas, A. Asensio-Grau, J. Calvo-Lerma, J. Garcia-Hernandez,

A. Heredia, A. Andrés, Content and bioaccessibility of bioactive compounds with
potential benefits for macular health in tiger nut products, Food Biosci. 49
(2022), 101879, https://doi.org/10.1016/J.FBI0.2022.101879.

M. Hong, R. Zhang, Y. Liu, Z. Wu, P. Weng, The interaction effect between tea
polyphenols and intestinal microbiota: Role in ameliorating neurological
diseases, J. Food Biochem 46 (2022), €13870, https://doi.org/10.1111/
JFBC.13870.

B.H. Hsieh, J.F. Deng, J. Ger, W.J. Tsai, Acetylcholinesterase inhibition and the
extrapyramidal syndrome: a review of the neurotoxicity of organophosphate,
Neurotoxicology 22 (2001) 423-427, https://doi.org/10.1016/50161-813X(01)
00044-4.

S.P. Illam, A. Narayanankutty, S.P. Kandiyil, A.C. Raghavamenon, Variations in
natural polyphenols determine the anti-inflammatory potential of virgin coconut
oils, J. Food Sci. 86 (2021) 1620-1628, https://doi.org/10.1111/1750-
3841.15705.

38

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

Toxicology Reports 12 (2024) 23-40

A. Imam, N.A. Sulaiman, A.L. Oyewole, S. Chengetanai, V. Williams, M.I. Ajibola,
R.O. Folarin, A.S. Muhammad, S.T.T. Shittu, M.S. Ajao, Chlorpyrifos- and
dichlorvos-induced oxidative and neurogenic damage elicits neuro-cognitive
deficits and increases anxiety-like behavior in wild-type rats, Toxics 6 (2018) 71,
https://doi.org/10.3390/TOXICS6040071.

R. Iyer, B. Iken, A. Leon, Developments in alternative treatments for
organophosphate poisoning, Toxicol. Lett. 233 (2015) 200-206, https://doi.org/
10.1016/J.TOXLET.2015.01.007.

A. Jabtonska-Trypué, J. Wiater, Protective effect of plant compounds in
pesticides toxicity, J. Environ. Health Sci. Eng. (2022), https://doi.org/10.1007/
540201-022-00823-0.

C. Jiang, E. Sakakibara, W.J. Lin, J. Wang, G.M. Pasinetti, S.R. Salton, Grape-
derived polyphenols produce antidepressant effects via VGF- and BDNF-
dependent mechanisms, Ann. N. Y Acad. Sci. 1455 (2019) 196, https://doi.org/
10.1111/NYAS.14098.

A.M. Johnson, Z.Y.A. Ou, R. Gordon, H. Saminathan, Environmental
neurotoxicants and inflammasome activation in Parkinson’s disease — a focus on
the gut-brain axis, Int J. Biochem Cell Biol. 142 (2022), 106113, https://doi.org/
10.1016/J.BIOCEL.2021.106113.

M. Jokanovi¢, Neurotoxic effects of organophosphorus pesticides and possible
association with neurodegenerative diseases in man: a review, Toxicology 410
(2018) 125-131, https://doi.org/10.1016/J.T0OX.2018.09.009.

M. Jokanovié¢, Neurotoxic effects of organophosphorus pesticides and possible
association with neurodegenerative diseases in man: a review, Toxicology 410
(2018) 125-131, https://doi.org/10.1016/j.tox.2018.09.009.

Jokanovic, M., Jokanovié, M., 2012. Neurotoxic Disorders and Medical
Management of Patients Poisoned with Organophosphorus and Carbamate
Pesticides.

1. Kaji, Y. Akiba, T. Furuyama, D.W. Adelson, K. Iwamoto, M. Watanabe,

A. Kuwahara, J.D. Kaunitz, Free fatty acid receptor 3 activation suppresses
neurogenic motility in rat proximal colon, Neurogastroenterol. Motil. 30 (2018),
https://doi.org/10.1111/NMO.13157.

R. Kamanyire, L. Karalliedde, Organophosphate toxicity and occupational
exposure, Occup. Med (Chic. Ill. ) 54 (2004) 69-75, https://doi.org/10.1093/
OCCMED/KQHO18.

K.C. Kanu, S.N. Jjioma, O. Atiata, Haematological, biochemical and antioxidant
changes in wistar rats exposed to dichlorvos based insecticide formulation used in
Southeast Nigeria, Toxics 4 (2016), https://doi.org/10.3390/TOXICS4040028.
M. Konjevod, M. Nikolac Perkovic, J. Saiz, D. Svob Strac, C. Barbas, D. Rojo,
Metabolomics analysis of microbiota-gut-brain axis in neurodegenerative and
psychiatric diseases, J. Pharm. Biomed. Anal. 194 (2021), 113681, https://doi.
org/10.1016/J.JPBA.2020.113681.

A.G.G. Krishna, G. Raj, B.A. Singh, P.K.P. Kumar, P. Chandrashekar, Coconut oil:
chemistry, production and its applications - a review, Indian Coconut J. 53 (2010)
15-27.

S. Kuckuck, E.S. van der Valk, A.J.W. Scheurink, B. van der Voorn, A.M. Iyer, J.
A. Visser, P.J.D. Delhanty, S.A.A. van den Berg, E.F.C. van Rossum,
Glucocorticoids, stress and eating: the mediating role of appetite-regulating
hormones, Obes. Rev. (2023), https://doi.org/10.1111/0br.13539.

J. Kumar, K. Rani, C. Datt, Molecular link between dietary fibre, gut microbiota
and health, 2020 47, Mol. Biol. Rep. 8 (47) (2020) 6229-6237, https://doi.org/
10.1007/511033-020-05611-3.

R. Kuruba, X. Wu, D.S. Reddy, Benzodiazepine-refractory status epilepticus,
neuroinflammation, and interneuron neurodegeneration after acute
organophosphate intoxication, Biochim. Et. Biophys. Acta (BBA) - Mol. Basis Dis.
1864 (2018) 2845-2858, https://doi.org/10.1016/J.BBADIS.2018.05.016.

D.J. Lamport, C.M. Williams, Polyphenols and cognition in humans: an overview
of current evidence from recent systematic reviews and meta-analyses, Brain
Plast. 6 (2020) 139, https://doi.org/10.3233/BPL-200111.

K. Lee, S. Bohnert, M. Bouchard, C. Vair, J.S. Farrell, G.C. Teskey, J. Mikler, J.
F. Dunn, Quantitative T2 MRI is predictive of neurodegeneration following
organophosphate exposure in a rat model, 10, Sci. Rep. 2020 10 (1) (2020) 1-11,
https://doi.org/10.1038/541598-020-69991-z.

H. Liaqat, A. Parveen, S.Y. Kim, Neuroprotective natural products’ regulatory
effects on depression via gut-brain axis targeting tryptophan., Page 3270 14,
3270, Nutrients Vol. 14 (2022), https://doi.org/10.3390/NU14163270.

E.B.C. Lima, C.N.S. Sousa, L.N. Meneses, N.C. Ximenes, M.A. Santos Junior, G.
S. Vasconcelos, N.B.C. Lima, M.C.A. Patrocinio, D. Macedo, S.M.M. Vasconcelos,
Cocos nucifera (L.) (Arecaceae): a phytochemical and pharmacological review,
Braz. J. Med. Biol. Res. 48 (2015) 953, https://doi.org/10.1590/1414-
431X20154773.

T.J. Little, M. Horowitz, C. Feinle-Bisset, Role of cholecystokinin in appetite
control and body weight regulation, Obes. Rev. (2005), https://doi.org/10.1111/
j.1467-789X.2005.00212.x.

M.C. Manio, S. Matsumura, K. Inoue, Low-fat diet, and medium-fat diets
containing coconut oil and soybean oil exert different metabolic effects in
untrained and treadmill-trained mice, J. Int Soc. Sports Nutr. 15 (2018), https://
doi.org/10.1186/5s12970-018-0234-y.

D. Margina, A. Ungurianu, C. Purdel, G.M. Nitulescu, D. Tsoukalas, E. Sarandi,
M. Thanasoula, T.I. Burykina, F. Tekos, A. Buha, D. Nikitovic, D. Kouretas, A.
M. Tsatsakis, Analysis of the intricate effects of polyunsaturated fatty acids and
polyphenols on inflammatory pathways in health and disease, Food Chem.
Toxicol. 143 (2020), 111558, https://doi.org/10.1016/J.FCT.2020.111558.
AM. Marina, Y.B. Che Man, I. Amin, Virgin coconut oil: emerging functional food
oil, Trends Food Sci. Technol. 20 (2009) 481-487, https://doi.org/10.1016/J.
TIFS.2009.06.003.


https://doi.org/10.1152/physrev.00018.2018
https://doi.org/10.1038/S41386-020-0732-X
https://doi.org/10.1038/S41386-020-0732-X
https://doi.org/10.3390/IJMS21072564
https://doi.org/10.3390/IJMS21072564
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref30
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref30
https://doi.org/10.1016/J.MPMED.2019.12.019
https://doi.org/10.1016/J.MPMED.2019.12.019
https://doi.org/10.1515/DMPT-2021-0126
https://doi.org/10.1515/DMPT-2021-0126
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref33
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref33
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref33
https://doi.org/10.1007/S11746-016-2883-9/TABLES/6
https://doi.org/10.1007/S11746-016-2883-9/TABLES/6
https://doi.org/10.1017/S0007114515001452
https://doi.org/10.1016/J.JTEMB.2016.01.012
https://doi.org/10.1016/J.JTEMB.2016.01.012
https://doi.org/10.1016/J.JNS.2009.07.001
https://doi.org/10.1016/J.JNS.2009.07.001
https://doi.org/10.3389/fmicb.2022.931440
https://doi.org/10.3389/fmicb.2022.931440
https://doi.org/10.4314/bajopas.v7i1.11
https://doi.org/10.4314/bajopas.v7i1.11
https://doi.org/10.1289/EHP202
https://doi.org/10.12688/f1000research.11375.1
https://doi.org/10.12688/f1000research.11375.1
https://doi.org/10.1007/S12640-017-9823-9
https://doi.org/10.1080/1028415X.2020.1865758/SUPPL_FILE/YNNS_A_1865758_SM9535.DOCX
https://doi.org/10.1080/1028415X.2020.1865758/SUPPL_FILE/YNNS_A_1865758_SM9535.DOCX
https://doi.org/10.4103/1673-5374.233438
https://doi.org/10.1016/J.CORTEX.2015.11.014
https://doi.org/10.1016/J.CORTEX.2015.11.014
https://doi.org/10.1038/nature19789
https://doi.org/10.1016/J.FBIO.2022.101879
https://doi.org/10.1111/JFBC.13870
https://doi.org/10.1111/JFBC.13870
https://doi.org/10.1016/S0161-813X(01)00044-4
https://doi.org/10.1016/S0161-813X(01)00044-4
https://doi.org/10.1111/1750-3841.15705
https://doi.org/10.1111/1750-3841.15705
https://doi.org/10.3390/TOXICS6040071
https://doi.org/10.1016/J.TOXLET.2015.01.007
https://doi.org/10.1016/J.TOXLET.2015.01.007
https://doi.org/10.1007/s40201-022-00823-0
https://doi.org/10.1007/s40201-022-00823-0
https://doi.org/10.1111/NYAS.14098
https://doi.org/10.1111/NYAS.14098
https://doi.org/10.1016/J.BIOCEL.2021.106113
https://doi.org/10.1016/J.BIOCEL.2021.106113
https://doi.org/10.1016/J.TOX.2018.09.009
https://doi.org/10.1016/j.tox.2018.09.009
https://doi.org/10.1111/NMO.13157
https://doi.org/10.1093/OCCMED/KQH018
https://doi.org/10.1093/OCCMED/KQH018
https://doi.org/10.3390/TOXICS4040028
https://doi.org/10.1016/J.JPBA.2020.113681
https://doi.org/10.1016/J.JPBA.2020.113681
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref62
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref62
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref62
https://doi.org/10.1111/obr.13539
https://doi.org/10.1007/S11033-020-05611-3
https://doi.org/10.1007/S11033-020-05611-3
https://doi.org/10.1016/J.BBADIS.2018.05.016
https://doi.org/10.3233/BPL-200111
https://doi.org/10.1038/s41598-020-69991-z
https://doi.org/10.3390/NU14163270
https://doi.org/10.1590/1414-431X20154773
https://doi.org/10.1590/1414-431X20154773
https://doi.org/10.1111/j.1467-789X.2005.00212.x
https://doi.org/10.1111/j.1467-789X.2005.00212.x
https://doi.org/10.1186/s12970-018-0234-y
https://doi.org/10.1186/s12970-018-0234-y
https://doi.org/10.1016/J.FCT.2020.111558
https://doi.org/10.1016/J.TIFS.2009.06.003
https://doi.org/10.1016/J.TIFS.2009.06.003

L.A. Enye et al.

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

AM. Marina, Y.B. Che Man, S.A.H. Nazimah, I. Amin, Antioxidant capacity and
phenolic acids of virgin coconut oil, Int J. Food Sci. Nutr. 60 (Suppl 2) (2009)
114-123, https://doi.org/10.1080/09637480802549127.

R. Matsuzaki, E. Gunnigle, V. Geissen, G. Clarke, J. Nagpal, J.F. Cryan, Pesticide
exposure and the microbiota-gut-brain axis, ISME J. (2023), https://doi.org/
10.1038/541396-023-01450-9.

V. Moses, N. v Mahendri, G. John, J.V. Peter, A. Ganesh, Early hypocaloric enteral
nutritional supplementation in acute organophosphate poisoning—a prospective
randomized trial, Clin. Toxicol. (Philos. ) 47 (2009) 419-424, https://doi.org/
10.1080/15563650902936664.

B. Miiller, A.J. Rasmusson, D. Just, S. Jayarathna, A. Moazzami, Z.K. Novicic, J.
L. Cunningham, Fecal short-chain fatty acid ratios as related to gastrointestinal
and depressive symptoms in young adults, Psychosom. Med 83 (2021) 693,
https://doi.org/10.1097/PSY.0000000000000965.

H. Ngabirano, G. Birungi, Pesticide residues in vegetables produced in rural
south-western Uganda, Food Chem. 370 (2022), 130972, https://doi.org/
10.1016/J.FOODCHEM.2021.130972.

A.G. Nieuwenhuizen, F. Rutters, The hypothalamic-pituitary-adrenal-axis in the
regulation of energy balance, Physiol. Behav. 94 (2008), https://doi.org/
10.1016/j.physbeh.2007.12.011.

Nih, Od, Oer, Olaw, 2011. GUIDE LABORATORY ANIMALS FOR THE CARE AND
USE OF Eighth Edition Committee for the Update of the Guide for the Care and
Use of Laboratory Animals Institute for Laboratory Animal Research Division on
Earth and Life Studies.

N. Nipu, F. Antomagesh, E. Faught, M.M. Vijayan, Glucocorticoid receptor
activation reduces food intake independent of hyperglycemia in zebrafish, Sci.
Rep. 12 (2022), https://doi.org/10.1038/s41598-022-19572-z.

E. Noh, J.M. Moon, B.J. Chun, Y.S. Cho, S.J. Ryu, D. Kim, The clinical role of
serum albumin in Organophospate poisoning, Basic Clin. Pharm. Toxicol. 128
(2021) 605-614, https://doi.org/10.1111/BCPT.13546.

U.M. Odenigbo, C.A.O. Otisi, Fatty acids and phytochemical contents of different
coconut seed flesh in Nigeria. International Journal of Plant Physiology and
Biochemistry 3 (2011) 176-182.

Oduro-Donkor, D., Turner, M.C., Farnaud, S., Renshaw, D., Kyrou, 1., Hanson, P.,
Hattersley, J., Weickert, M.O., Menon, V., Randeva, H.S., Barber, T.M., 2020.
Modification of fecal microbiota as a mediator of effective weight loss and
metabolic benefits following bariatric surgery. https://doi.org/10.1080/17
446651.2020.1801412 15, 363-373. https://doi.org/10.1080/17446651.202
0.1801412.

Ogbuagu, O. Emmanuel, Airaodion Ikhueoya, A. Ogbuagu,

Onyebuchi Emmanuel, Consumption of tiger nut (Cyperus esculentus L.)
improves haematopoiesis in wistar rats, Int. J. Res. Rep. Hematol. 3 (2020)
13-19.

Oguwike, F.N., Nwosu, P.N., Nwafor, C., Onumonu, C., Eluke, B.C., Eze, R.L,
Asika, C.M., 2017. The effects of Cyperus esculentus (Tiger nut) on
Haematological and Biochemical Profile of Male Hypercholesteremic Subjects in
Uli, Anambra State Nigeria. undefined 7, 036-041. https://doi.org/10.15580/
GJMS.2017.4.061717075.

J.0. Ojo, L. Abdullah, J. Evans, J.M. Reed, H. Montague, M.J. Mullan, F.

C. Crawford, Exposure to an organophosphate pesticide, individually or in
combination with other Gulf War agents, impairs synaptic integrity and neuronal
differentiation, and is accompanied by subtle microvascular injury in a mouse
model of Gulf War agent exposure, Neuropathology 34 (2014) 109-127, https://
doi.org/10.1111/NEUP.12061.

H.U. Okoroiwu, I.A. Iwara, Dichlorvos toxicity: a public health perspective, Inter.
Toxicol. 11 (2018) 129, https://doi.org/10.2478/INTOX-2018-0009.

A.A. Olabiyi, G. Oboh, S.A. Adefegha, Effect of dietary supplementation of tiger
nut (Cyperus esculentus 1.) and walnut (Tetracarpidium conophorum miill. Arg.)
on sexual behavior, hormonal level, and antioxidant status in male rats, J. Food
Biochem 41 (2017), https://doi.org/10.1111/jfbc.12351.

E.T. Olonode, A.O. Aderibigbe, O.A. Adeoluwa, A.M. Ajayi, Research paper:
protective effects of Morin hydrate on acute stress-induced behavioral and
biochemical alterations in mice, Basic Clin. Neurosci. 9 (2018) 195-208, https://
doi.org/10.29252/NIRP.BCN.9.3.195.

A. Oremosu, E. Edem, O. Dosumu, A. Osuntoki, African mistletoe (Loranthaceae)
ameliorates cholesterol-induced motor deficit and oxidative stress in adult BALB/
¢ mice, J. Exp. Clin. Anat. 16 (2017) 121, https://doi.org/10.4103/jeca.jeca 27 _
17.

C. Oriach, Seira, R.C. Robertson, C. Stanton, J.F. Cryan, T.G. Dinan, C. Seira
Oriach, R.C. Robertson, C. Stanton, J.F. Cryan, Food for thought: the role of
nutrition in the microbiota-gut-brain axis, Clin. Nutr. Exp. 6 (2017) 25-38,
https://doi.org/10.1016/J.YCLNEX.2016.01.003.

K.J. O’Riordan, M.K. Collins, G.M. Moloney, E.G. Knox, M.R. Aburto, C. Fiilling,
S.J. Morley, G. Clarke, H. Schellekens, J.F. Cryan, Short chain fatty acids:
microbial metabolites for gut-brain axis signalling, Mol. Cell Endocrinol. 546
(2022), 111572, https://doi.org/10.1016/J.MCE.2022.111572.

G. Paslakis, Z. Agiiera, R. Granero, 1. Sanchez, N. Riesco, S. Jiménez-Murcia, J.
C. Fernandez-Garcia, L. Garrido-Sanchez, F.J. Tinahones, F.F. Casanueva, R.

M. Banos, C. Botella, A.B. Crujeiras, R. de la Torre, J.M. Fernandez-Real,

G. Friihbeck, F.J. Ortega, A. Rodriguez, L. Serra-Majem, M. Fitd, J.M. Menchén,
F. Fernandez-Aranda, Associations between neuropsychological performance and
appetite-regulating hormones in anorexia nervosa and healthy controls: Ghrelin’s
putative role as a mediator of decision-making, Mol. Cell Endocrinol. (2019),
https://doi.org/10.1016/j.mce.2019.04.021.

39

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

Toxicology Reports 12 (2024) 23-40

J.N. Pearson, M. Patel, The role of oxidative stress in organophosphate and nerve
agent toxicity, Ann. N. Y Acad. Sci. 1378 (2016) 17-24, https://doi.org/10.1111/
NYAS.13115.

J.N. Pearson, M. Patel, The role of oxidative stress in organophosphate and nerve
agent toxicity, Ann. N. Y Acad. Sci. 1378 (2016) 17-24, https://doi.org/10.1111/
NYAS.13115.

F. Poti, D. Santi, G. Spaggiari, F. Zimetti, I. Zanotti, Polyphenol health effects on
cardiovascular and neurodegenerative disorders: a review and meta-analysis, Int
J. Mol. Sci. 20 (2019), https://doi.org/10.3390/1JMS20020351.

M.R. Qazi, B. Dean Nelson, J.W. DePierre, M. Abedi-Valugerdi, High-dose dietary
exposure of mice to perfluorooctanoate or perfluorooctane sulfonate exerts toxic
effects on myeloid and B-lymphoid cells in the bone marrow and these effects are
partially dependent on reduced food consumption, Food Chem. Toxicol. 50
(2012) 2955-2963, https://doi.org/10.1016/J.FCT.2012.06.023.

AK. R. Joshi, P.S. Rajini, Organophosphorus insecticides and glucose
homeostasis, Insectic. - Pest Eng. (2012), https://doi.org/10.5772/28721.

A. Ranjan, A. Chauhan, T. Jindal, Toxicology of organophosphate and recent
trends in prophylactic approaches, N. Front. Environ. Toxicol. (2022) 103-123,
https://doi.org/10.1007/978-3-030-72173-2_8.

R. Ranuh, A F. Athiyyah, A. Darma, V.P. Risky, W. Riawan, L.S. Surono, Sudarmo,
M. S, Effect of the probiotic lactobacillus plantarum is-10506 on bdnf and 5ht
stimulation: role of intestinal microbiota on the gut-brain axis, Iran. J. Microbiol
11, 145-150 (2019), https://doi.org/10.18502/ijm.v11i2.1077.

P. Rodjan, K. Buasang, J. Choopun, P. Boonchana, The effect of increased levels of
dried coconut meal supplemented with an enzyme cocktail ® on diet utilization in
growing pigs, Songklanakarin J. Sci. Technol. 39 (2017) 101-108.

S. Rodrigues, G.A.S. Pinto, Ultrasound extraction of phenolic compounds from
coconut (Cocos nucifera) shell powder, J. Food Eng. 80 (2007) 869-872, https://
doi.org/10.1016/J.JFOODENG.2006.08.009.

P. Roman, D. Cardona, L. Sempere, F. Carvajal, Microbiota and
organophosphates, Neurotoxicology 75 (2019) 200-208, https://doi.org/
10.1016/J.NEURO.2019.09.013.

P. Roman, D. Cardona, L. Sempere, F. Carvajal, Microbiota and
organophosphates, Neurotoxicology 75 (2019) 200-208, https://doi.org/
10.1016/J.NEURO.2019.09.013.

N. Sada, Y. Fujita, N. Mizuta, M. Ueno, T. Furukawa, T. Yamashita, Inhibition of
HDAC increases BDNF expression and promotes neuronal rewiring and functional
recovery after brain injury, 11, Cell Death Dis. 2020 11 (8) (2020) 1-15, https://
doi.org/10.1038/541419-020-02897-w.

R.E. Sanful, The use of tiger-nut (Cyperus esculentus), cow milk and their
composite as substrates for yoghurt production, Pak. J. Nutr. 8 (2009) 755-758.
M. Sarailoo, S. Afshari, V. Asghariazar, E. Safarzadeh, M. Dadkhah, Cognitive
impairment and neurodegenerative diseases development associated with
organophosphate pesticides exposure: a review study, 40, Neurotox. Res. 2022 40
(5) (2022) 1624-1643, https://doi.org/10.1007/512640-022-00552-0.

M.A. Schichtle, S.P. Rosshart, The microbiota-gut-brain axis in health and disease
and its implications for translational research, Front Cell Neurosci. 15 (2021) 256,
https://doi.org/10.3389/FNCEL.2021.698172/BIBTEX.

D. Serra, L.M. Almeida, T.C.P. Dinis, Polyphenols in the management of brain
disorders: modulation of the microbiota-gut-brain axis, Adv. Food Nutr. Res 91
(2020) 1-27, https://doi.org/10.1016/BS.AFNR.2019.08.001.

T. Sharma, N. Sirpu Natesh, R. Pothuraju, S.K. Batra, S. Rachagani, Gut
microbiota: a non-target victim of pesticide-induced toxicity, Gut Microbes
(2023), https://doi.org/10.1080/19490976.2023.2187578.

Y.P. Silva, A. Bernardi, R.L. Frozza, The role of short-chain fatty acids from gut
microbiota in gut-brain communication, Front Endocrinol. 11 (2020), 25, https://
doi.org/10.3389/FENDO.2020.00025.

G. Singh, D. Khurana, Neurology of acute organophosphate poisoning, Neurol.
India 57 (2009) 119-125, https://doi.org/10.4103/0028-3886.51277.

S. Singh, P. Sharma, N. Pal, M. Kumawat, S. Shubham, D.K. Sarma, R.R. Tiwari,
M. Kumar, R. Nagpal, Impact of environmental pollutants on gut microbiome and
mental health via the gut-brain axis., Page 1457 10, 1457, Microorganisms Vol.
10 (2022), https://doi.org/10.3390/MICROORGANISMS10071457.

T.A. Slotkin, F.J. Seidler, F. Fumagalli, Exposure to organophosphates reduces the
expression of neurotrophic factors in neonatal rat brain regions: similarities and
differences in the effects of chlorpyrifos and diazinon on the fibroblast growth
factor superfamily, Environ. Health Perspect. 115 (2007) 909-916, https://doi.
org/10.1289/EHP.9901.

J.E. Storm, K.K. Rozman, J. Doull, Occupational exposure limits for 30
organophosphate pesticides based on inhibition of red blood cell
acetylcholinesterase, Toxicology 150 (2000) 1-29, https://doi.org/10.1016/
S0300-483X(00)00219-5.

Y. Sun, L. Cheng, X. Zeng, X. Zhang, Y. Liu, Z. Wu, P. Weng, The intervention of
unique plant polysaccharides - dietary fiber on depression from the gut-brain axis,
Int J. Biol. Macromol. 170 (2021) 336-342, https://doi.org/10.1016/J.
IJBIOMAC.2020.12.164.

F. Taghavian, G. Vaezi, M. Abdollahi, A.A. Malekirad, A comparative study of the
quality of life, depression, anxiety and stress in farmers exposed to
organophosphate pesticides with those in a control group, J. Chem. Health Risks 6
(2016) 143-151, https://doi.org/10.22034/JCHR.2016.544139.

J. Tang, W. Wang, Y. Jiang, W. Chu, Diazinon exposure produces histological
damage, oxidative stress, immune disorders and gut microbiota dysbiosis in
crucian carp (Carassius auratus gibelio), Environ. Pollut. 269 (2021), 116129,
https://doi.org/10.1016/J.ENVPOL.2020.116129.

J. Teixeira, D. Chavarria, F. Borges, L. Wojtczak, M.R. Wieckowski,

A. Karkucinska-Wieckowska, P.J. Oliveira, Dietary polyphenols and


https://doi.org/10.1080/09637480802549127
https://doi.org/10.1038/s41396-023-01450-9
https://doi.org/10.1038/s41396-023-01450-9
https://doi.org/10.1080/15563650902936664
https://doi.org/10.1080/15563650902936664
https://doi.org/10.1097/PSY.0000000000000965
https://doi.org/10.1016/J.FOODCHEM.2021.130972
https://doi.org/10.1016/J.FOODCHEM.2021.130972
https://doi.org/10.1016/j.physbeh.2007.12.011
https://doi.org/10.1016/j.physbeh.2007.12.011
https://doi.org/10.1038/s41598-022-19572-z
https://doi.org/10.1111/BCPT.13546
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref82
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref82
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref82
https://doi.org/10.1080/17446651.2020.1801412
https://doi.org/10.1080/17446651.2020.1801412
https://doi.org/10.1080/17446651.2020.1801412
https://doi.org/10.1080/17446651.2020.1801412
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref83
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref83
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref83
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref83
https://doi.org/10.1111/NEUP.12061
https://doi.org/10.1111/NEUP.12061
https://doi.org/10.2478/INTOX-2018-0009
https://doi.org/10.1111/jfbc.12351
https://doi.org/10.29252/NIRP.BCN.9.3.195
https://doi.org/10.29252/NIRP.BCN.9.3.195
https://doi.org/10.4103/jeca.jeca_27_17
https://doi.org/10.4103/jeca.jeca_27_17
https://doi.org/10.1016/J.YCLNEX.2016.01.003
https://doi.org/10.1016/J.MCE.2022.111572
https://doi.org/10.1016/j.mce.2019.04.021
https://doi.org/10.1111/NYAS.13115
https://doi.org/10.1111/NYAS.13115
https://doi.org/10.1111/NYAS.13115
https://doi.org/10.1111/NYAS.13115
https://doi.org/10.3390/IJMS20020351
https://doi.org/10.1016/J.FCT.2012.06.023
https://doi.org/10.5772/28721
https://doi.org/10.1007/978-3-030-72173-2_8
https://doi.org/10.18502/ijm.v11i2.1077
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref99
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref99
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref99
https://doi.org/10.1016/J.JFOODENG.2006.08.009
https://doi.org/10.1016/J.JFOODENG.2006.08.009
https://doi.org/10.1016/J.NEURO.2019.09.013
https://doi.org/10.1016/J.NEURO.2019.09.013
https://doi.org/10.1016/J.NEURO.2019.09.013
https://doi.org/10.1016/J.NEURO.2019.09.013
https://doi.org/10.1038/s41419-020-02897-w
https://doi.org/10.1038/s41419-020-02897-w
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref104
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref104
https://doi.org/10.1007/S12640-022-00552-0
https://doi.org/10.3389/FNCEL.2021.698172/BIBTEX
https://doi.org/10.1016/BS.AFNR.2019.08.001
https://doi.org/10.1080/19490976.2023.2187578
https://doi.org/10.3389/FENDO.2020.00025
https://doi.org/10.3389/FENDO.2020.00025
https://doi.org/10.4103/0028-3886.51277
https://doi.org/10.3390/MICROORGANISMS10071457
https://doi.org/10.1289/EHP.9901
https://doi.org/10.1289/EHP.9901
https://doi.org/10.1016/S0300-483X(00)00219-5
https://doi.org/10.1016/S0300-483X(00)00219-5
https://doi.org/10.1016/J.IJBIOMAC.2020.12.164
https://doi.org/10.1016/J.IJBIOMAC.2020.12.164
https://doi.org/10.22034/JCHR.2016.544139
https://doi.org/10.1016/J.ENVPOL.2020.116129

L.A. Enye et al.

[126]

[127]

[128]

[129]

[130]

[131]

[132]

mitochondrial function: role in health and disease, Curr. Med Chem. 26 (2017)
3376-3406, https://doi.org/10.2174,/0929867324666170529101810.

T.P. Trinidad, A.C. Mallillin, D.H. Valdez, A.S. Loyola, F.C. Askali-Mercado, J.
C. Castillo, R.R. Encabo, D.B. Masa, A.S. Maglaya, M.T. Chua, Dietary fiber from
coconut flour: a functional food, Innov. Food Sci. Emerg. Technol. 7 (2006)
309-317, https://doi.org/10.1016/J.IFSET.2004.04.003.

J.A.L. Tucker, D.P.D. Bornath, S.F. McCarthy, T.J. Hazell, Leptin and energy
balance: exploring Leptin’s role in the regulation of energy intake and energy
expenditure, Nutr. Neurosci. (2022), https://doi.org/10.1080/
1028415X.2022.2161135.

N.E. Umabhi, E.E. Edem, A.A. Bakare, A.A. Oremosu, Green coconut water
attenuates oxidative damage, amyloid pathology and cognitive deficits in a mouse
model of Alzheimer’s disease, IBRO Rep. 7 (2019) 22, https://doi.org/10.1016/J.
IBROR.2019.09.048.

S. Vivarelli, C. Costa, M. Teodoro, F. Giambo, A.M. Tsatsakis, C. Fenga,
Polyphenols: a route from bioavailability to bioactivity addressing potential
health benefits to tackle human chronic diseases, Arch. Toxicol. 2022 36 (1)
(2022), https://doi.org/10.1007/500204-022-03391-2.

A.A. Walf, C.A. Frye, The use of the elevated plus maze as an assay of anxiety-
related behavior in rodents, 2, Nat. Protoc. 2007 2 (2) (2007) 322-328, https://
doi.org/10.1038/nprot.2007.44.

T.C. Wallace, Health effects of coconut oil—a narrative review of current
evidence, https://doi.org/10.1080/07315724.2018.1497562 38 (2018) 97-107,
https://doi.org/10.1080/07315724.2018.1497562.

X. Wang, M.A. Martinez, M. Dai, D. Chen, 1. Ares, A. Romero, V. Castellano,

M. Martinez, J.L. Rodriguez, M.R. Martinez-Larranaga, A. Anaddn, Z. Yuan,
Permethrin-induced oxidative stress and toxicity and metabolism. A review,
Environ. Res 149 (2016) 86-104, https://doi.org/10.1016/J.
ENVRES.2016.05.003.

40

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

Toxicology Reports 12 (2024) 23-40

S. Winarti, A. Pasetyo, The consumption of galactomannan effervescent drinks
made from coconut pulp waste and colonic microbiota in wistar rats, Int J.
Probiotics Prebiotics (2020) 52, https://doi.org/10.37290/ijpp2641-7197.15:52-
56.

J.T. Wu, C.L. Sun, T.T. Lai, C.W. Liou, Y.Y. Lin, J.Y. Xue, HW. Wang, L.M.X. Chai,
Y.J. Lee, S.L. Chen, A.Y.W. Chang, J.H. Hung, C.C. Hsu, W.L. Wu, Oral short-chain
fatty acids administration regulates innate anxiety in adult microbiome-depleted
mice, Neuropharmacology 214 (2022), 109140, https://doi.org/10.1016/J.
NEUROPHARM.2022.109140.

C. Xu, F.Z. Marques, How dietary fibre, acting via the gut microbiome, lowers
blood pressure, Curr. Hypertens. Rep. 1 (2022) 1-13, https://doi.org/10.1007/
$11906-022-01216-2/TABLES/2.

S.D. Yazd, S.A. Wheeler, A. Zuo, Key risk factors affecting farmers’ mental health:
a systematic review, Int J. Environ. Res Public Health 16 (2019), https://doi.org/
10.3390/1JERPH16234849.

Y. Yu, X. Lu, T. Zhang, C. Zhao, S. Guan, Y. Pu, F. Gao, Tiger nut (Cyperus
esculentus L.): nutrition, processing, function and applications, Foods 11 (4)
(2022) 601.

C. Zhang, P. Tang, H. Xu, Y. Weng, Q. Tang, H. Zhao, Analysis of short-chain fatty
acids in fecal samples by headspace-gas chromatography, Chromatographia 81
(2018) 1317-1323, https://doi.org/10.1007/510337-018-3572-7.

L. Zhang, D.J. McClements, Z. Wei, G. Wang, X. Liu, F. Liu, Delivery of synergistic
polyphenol combinations using biopolymer-based systems: Advances in
physicochemical properties, stability and bioavailability, Crit. Rev. Food Sci.
Nutr. 60 (2020) 2083-2097, https://doi.org/10.1080/10408398.2019.1630358.
Y. Zhou, C. Zhan, Y. Li, Q. Zhong, H. Pan, G. Yang, Intravenous lipid emulsions
combine extracorporeal blood purification: a novel therapeutic strategy for severe
organophosphate poisoning, Med Hypotheses 74 (2010) 309-311, https://doi.
org/10.1016/J.MEHY.2009.09.001.


https://doi.org/10.2174/0929867324666170529101810
https://doi.org/10.1016/J.IFSET.2004.04.003
https://doi.org/10.1080/1028415X.2022.2161135
https://doi.org/10.1080/1028415X.2022.2161135
https://doi.org/10.1016/J.IBROR.2019.09.048
https://doi.org/10.1016/J.IBROR.2019.09.048
https://doi.org/10.1007/S00204-022-03391-2
https://doi.org/10.1038/nprot.2007.44
https://doi.org/10.1038/nprot.2007.44
https://doi.org/10.1080/07315724.2018.1497562
https://doi.org/10.1016/J.ENVRES.2016.05.003
https://doi.org/10.1016/J.ENVRES.2016.05.003
https://doi.org/10.37290/ijpp2641-7197.15:52-56
https://doi.org/10.37290/ijpp2641-7197.15:52-56
https://doi.org/10.1016/J.NEUROPHARM.2022.109140
https://doi.org/10.1016/J.NEUROPHARM.2022.109140
https://doi.org/10.1007/S11906-022-01216-2/TABLES/2
https://doi.org/10.1007/S11906-022-01216-2/TABLES/2
https://doi.org/10.3390/IJERPH16234849
https://doi.org/10.3390/IJERPH16234849
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref129
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref129
http://refhub.elsevier.com/S2214-7500(23)00139-7/sbref129
https://doi.org/10.1007/S10337-018-3572-7
https://doi.org/10.1080/10408398.2019.1630358
https://doi.org/10.1016/J.MEHY.2009.09.001
https://doi.org/10.1016/J.MEHY.2009.09.001

	Tiger nut/coconut dietary intervention as antidotal nutritional remediation strategy against neurobehavioural deficits foll ...
	1 Introduction
	2 Materials and methods
	2.1 Plant material and sample preparation
	2.2 Animal care and ethical consideration
	2.3 Experimental design
	2.4 Behavioural assessments
	2.4.1 Cognitive assessments
	2.4.1.1 Novel object recognition (NOR) test
	2.4.1.2 Y-maze test

	2.4.2 Evaluation of anxiety-like behaviours
	2.4.2.1 Open field test (OFT)
	2.4.2.2 Elevated plus maze (EPM)

	2.4.3 Assessment of depressive-like behaviours
	2.4.3.1 Forced swim test (FST)
	2.4.3.2 Tail suspension test (TST)

	2.4.4 Estimation of motor coordination
	2.4.4.1 Parallel bar test
	2.4.4.2 Rotarod test


	2.5 Euthanasia and tissue collection
	2.6 Biochemical estimations
	2.6.1 Evaluation of short-chain fatty acids (SCFAs) in faecal samples

	2.7 Statistical analysis

	3 Results
	3.1 Tiger nut and coconut dietary intervention modulates food, water intake and body weight following exposure to DDVP
	3.2 Tiger nut and coconut dietary intervention mitigates DDVP-induced cognitive impairments in mice
	3.3 Tiger nut and coconut dietary intervention improves anxiety-like behaviours in DDVP-exposed mice
	3.4 Tiger nut and coconut dietary intervention improves depressive-like behaviours in DDVP-exposed mice
	3.5 Tiger nut and coconut dietary intervention attenuates motor deficits in DDVP-exposed mice
	3.6 Tiger nut and coconut dietary intervention modulates plasma c-reactive protein (CRP) activity in DDVP-exposed mice
	3.7 Tiger nut and coconut dietary intervention attenuates intestinal lipid peroxidation, protein nitrosation and glutathion ...
	3.8 Tiger nut and coconut dietary intervention ameliorates brain lipid peroxidation, protein nitrosation and glutathione de ...
	3.9 Tiger nut and coconut dietary intervention improves intestinal cytokine dysregulation in DDVP-exposed mice
	3.10 Tiger nut and coconut dietary intervention mitigates brain cytokine dysregulation in DDVP-exposed mice
	3.11 Tiger nut and coconut dietary intervention upregulates intestinal and brain tissue brain-derived neurotrophic factor ( ...
	3.12 Tiger nut and coconut dietary intervention downregulates intestinal and brain tissue acetylcholinesterase (AChE) level ...
	3.13 Tiger nut and coconut dietary intervention modulates faecal short-chain fatty acids (SCFAs) response in DDVP-exposed mice

	4 Discussion
	4.1 Tiger nut and coconut dietary intervention modulates food, water intake and body weight following exposure to DDVP
	4.2 Tiger nut and coconut dietary intervention mitigates DDVP-induced cognitive impairments, depression and anxiety-like be ...
	4.2.1 Amelioration of oxidative stress
	4.2.2 Modulation of acetylcholinesterase activity
	4.2.3 Modulation of faecal short-chain fatty acids (SCFAs)

	4.3 Tiger nut and coconut dietary intervention potentiates improvement of DDVP-induced sensorimotor deficits
	4.3.1 Modulation of neurotrophin signalling


	5 Conclusion
	Author statement
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	References


