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ABSTRACT

Oxidative damages in organophosphates poisoning is associated with neuro-cognitive deficits. This study investigates
the protective effect of Nigella sativa oil (NSO) in mitigating dichlorvos (DDVP) induced oxidative damage and neuro-
cognitive impairment in rats. Thirty-two rats were randomly divided into four groups, exposed to 1 ml/kg of normal saline,
8.8 mg/kg of DDVP, DDVP + 1 ml/kg of NSO and NSO respectively for 14 consecutive days. Body weights were recorded
at day 1 and 15 of the experiment, the rats were exposed to 3 trials each on the 11, 12 and 13th days in the Morris water
maze, and subsequently latency to hidden platform and time in the platform quadrant were recorded as measures of long
term memory (LTM), short term memory (STM) and reference memory on the 14th day. The rats were euthanized on the
15th day, the brains excised and the hippocampi of five brains in each group were removed, homogenized to analyze for total
reactive oxygen species (ROS), nitrous oxide (NO) levels and acetylcholinesterase (AChE) activities, while the other three
were processed for histology and Ki67 immunohistochemistry. DDVP exposure caused a significant increase in hippocampal
NO and ROS levels, with reductions in AChE activities and Ki67 protein expression. This was associated with delayed
escape latency and reduced time in platform quadrant. NSO intervention prevented outburst in ROS and NO, preserved the
neurogenic cells and improved neuro-cognitive indices. We thus conclude that stabilizing oxidative and neurogenic functions
are vital to protect against DDVP hippocampal insults.
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1. INTRODUCTION

Organophosphates (OPs) are used extensively
worldwide and poisoning resulting from inadvertent
exposure to humans is becoming endemic, especially in
the third world nations, posing a serious public health
concern with millions of reported cases annually.'! These
toxicants are potent inhibitors of cholinesterases that
lead to a massive build-up of presynaptic acetylcholine
which induces an array of deleterious effects, including
convulsions, oxidative damage and neurobehavioral
deficits increasing the risk of a variety of chronic illnesses,
including respiratory diseases, metabolic deregulations and
neurologic disorders.>* The incidences of poisoning with
OPs have doubled in the last decade, and are associated
with poor quality of life, depression, anxiety and stress,
impaired neuropsychological performances®™ among
others.

Dichlorvos (DDVP), one of the effective OPs used
throughout the world, in household and agricultural
activities for the control of insects and pests, whose
primary mechanism of toxicity is an irreversible inhibition
of acetylcholinesterase (AChE) activities, eliciting
reproductive toxicity,® hematotoxicity,”! cardiotoxicity,?®!
and neurotoxicity™ in a host of other inevitable damages.

Memory, being a central factor to efficient functions is
primarily encoded by the hippocampus,!'” a structure that
is not only crucial to the acquisition of new memories, but
intimately involved in cognitive pieces including learning
and spatial cognition.!'!

Nigella sativa, commonly known as the black seed
and belonging to the botanical family of Ranunculaceae,
is extensively used in the treatment of different diseases.
Nigella sativa oil (NSO) is a highly valued medicinal
solvent, used traditionally in the treatment of many diseases.
Evidence from animal and human studies has shown that
the oil of Nigella sativa exhibits extensive pharmacological
properties including antioxidant,!'*" anti-inflammatory,!'4
neuroprotective,!'>!*15  immunomodulatory and anti-
tumor,'%! efficacy in neurodegenerative diseases!'”? and
memory enhancing effects.'® This study evaluated the
neuroprotective efficacies of NSO’s antioxidant and
neurogenic potentials against DDVP induced hippocampal
neurotoxicity.

2. MATERIALS AND METHODS

2.1. Chemicals and Drugs

Dichlorvos (PubChem substance ID 329756736)
PESTANAL®, analytical standard was purchased from
Sigma (Sigma-Aldrich,St. Louis, MO, USA), while the
normal saline solution was prepared in the laboratory.
The Nigella sativa oil (concentration; 100% black seed;
HUSNA black seed oil, Fazhab Agency, Karachi, Pakistan)
was purchased from a TIBB-medical store in Ilorin, Kwara
state, Nigeria.

2.2. Animal Care

Thirty-two adult male Wistar rats weighing between
150g and 170g were obtained from the University of [lorin
Biological garden, Ilorin. They were housed in cages
and fed with standard rat chow and water ad libitum, in
the animal holding unit of the Faculty of Basic Medical
Sciences, College of Health Sciences, University of Ilorin,
Ilorin. The rats were exposed to a 12 hours’ light/dark cycle
at room temperature for 7 days before the commencement
of the experiments. All rats were handled in accordance
with the standard guide for the care and use of laboratory
animals.

2.3. Treatment Schedule

The rats were randomly divided into four groups (n=8)
as follows:

Group 1 (control)- were given normal saline (1 ml/kg
orally) daily for 14 days!!>'*

Group 2- were given DDVP (8.8 mg/kg orally) daily
for 14 days!!2!¥

Group 3- were given DDVP (8.8 mg/kg orally) plus
NSO (1 ml/kg orally) daily for 14 days!!>1315.18]

Group 4- were given NSO (1 ml/kg orally) daily for 14
days.“z’”"ilx]

All procedures were scheduled and carried out during
the early phase of the day between 07:00 and 08:30 am,
and treatments were given for fourteen consecutive days.

2.4. Ethical approval

This research work was approved by the University
of Ilorin Ethical Review committee, following the
recommendation of the College of Health Sciences Ethical
Review Committee, University of Ilorin, Ilorin, Nigeria.
The research was approved to be in compliance with the
Institutional Animal Care and Use Committee (IACUC).

2.5. Body and Brain Weight measurements

The body weights of all the rats were recorded after
acclimatization on the first day of the exposures as initial
weight and on the last day of exposure as the final weight.
The differences between the two weights were calculated
and recorded as the weight changes. The brain weights of
all rats were recorded on day 15 after the sacrifice and a
ratio of the brain to final body weight was calculated and
recorded.

2.6. Behavioral evaluations

The rats were subjected to behavioral evaluations on
the 14th day of the treatment to assess, Short term memory,
Long term memory and Reference memory in the Morris
Water Maze paradigm.

2.6.1. Morris water maze procedure

The Morris water maze (MWM) apparatus is the
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most commonly used model to test spatial learning and
memory. To evaluate spatial memory, rats were tested in a
circle shaped black pool filled with 23-24 °C water (pool
dimensions: 60 cm deep x 136 cm diameter). The pool was
divided to four quadrants with boundaries labelled north
(N), cast (E), south (S) and west (W) and a circular platform
(10 cm diameter, 28cm high) was submerged about 2cm
below water surface in the central area of the southwest
quadrant of the pool. Animals were allowed to swim until
they found and remained on the platform for 15 s. If they
were not able to find the platform after 60 s of swimming,
they were guided to the platform by examiner and were
allowed to stay on it for 15 s. The rats were then removed
from the pool, dried and placed in their holding bin for
5 min. Trials were recorded by a video system. Animals
received a training session consisting of three trials per
session (once from each starting point) for 3 days (days 11,
12 and 13), with each trial having a maximum duration of
60 s and a trial interval of approximately 30 s. Twenty-four
hours after the acquisition phase, the time taken to locate
the hidden platform (escape latency) was recorded as long
term memory (LTM), and the average escape latency for
trials 2 and 3 as the short term memory (STM). A probe test
was conducted by removing the platform, and allowing the
rats to swim freely in the pool for 60s; the time spent in the
target quadrant which had previously contained the hidden
platform was recorded as the reference memory (14" day).
The time spent in the target quadrant indicated the degree
of relative memory consolidation which had taken place
after learning.['8!

2.7. Biochemical evaluation

At the end of the treatment period, the animals were
euthanized with an overdose of Ketamine (10 mg/kg ip)
and the brains were quickly dissected out and weighed.
Hippocampal tissues (from Bregma —2.5 mm to —4.5 mm)
were removed from the brains of five rats from each group,
dipped in 30% sucrose solution, homogenized and portions
centrifuged at 2500 revolutions per minute for 10 minutes
and the supernatant collected into tubes containing the
compounds for the Reactive Oxygen Species (ROS) and
Nitrous Oxide (NO) analysis. Nitric Oxide metabolites
were measured using Griess reagent. Tissue samples were
added to the Griess reagents, sulfanilamide and naphthyl
ethylene diamine solutions. Absorbance was measured
with the aid of a microplate reader and the levels of NO
metabolites were calculated from standard curve.!'”!

Since acetylcholinesterase inhibition is the pathological
hallmark of organophosphate poisoning, AChE levels
are frequently used for the diagnosis of organophosphate
exposure. The remaining portions of the homogenized
hippocampal tissues were placed in phosphate buffer
with 1 % Triton-X 100 and centrifuged at 5000 rpm for
10 minutes. The following reagents were used; 35 pL of
5 mM dithio-bisnitrobenzoic acid (DTNB), also known
as Ellman’s reagent, 10 uL of 75 mM acetylthiocholine
(ATCh) and 50 mM phosphate buffer (pH 8.0). Protein

concentration in brain homogenates was quantified using
a Bradford assay and AChE activity was calculated in
micromoles of ATCh hydrolysed per hour per milligram
of protein.

2.8. Tissue processing and Histopathology

After euthanasia and extraction the brains of three rats
from each group, the brains were fixed in 10% formalin
for 24 hours, hippocampal blocks (from Bregma —2.5 mm
to —4.5 mm) were removed, dehydrated through ascending
grades of alcohol, cleared in xylene and embedded in
paraffin blocks. Thin hippocampal tissue sections (Sum in
thickness) were stained with Cresyl fast violet (CFV) for
Nissl substances or immunostained to reveal Ki67 protein
distributions.

2.8.1. Immunohistochemistry for Ki-67

The Ki-67 is a chromosome-associated protein present
during division (G1, S, G2, and M phases but absent
from cells at rest, GO). Paraffin embedded sections were
incubated for epitope retrieval in citrate buffer, pH 6.0, at 90
°C for 40 minutes, followed by incubation in endogenous
peroxidase blocking reagent, 0.6 % H202 in Tris-buffered
saline (TBS)-Triton (0.05 % Triton X-100 in TBS, pH 7.4)
for 30 minutes at room temperature. Thereafter, sections
were pre-incubated in 2 % serum (normal goat serum) +
0.1 % bovine serum albumin (BSA) + 0.25% Triton in TBS
for 60 minutes at room temperature. Afterwards, sections
were incubated with polyclonal rabbit-anti-lyophilized-
Ki-67p antibody (Novocastra, Newcastle, UK; 1:5,000 in
preincubation solution) overnight at 4 °C. Incubation with
biotinylated goat anti-rabbit IgG (1:1,000 +2 % normal goat
serum + 0.1 % BSA in TBS; Vector lab, CA, USA;1:250)
was performed for 2 hours at room temperature followed
by incubation with streptavidin-biotin complex (Vectastain
Elite ABC kit) and stained with 3,3’-diaminobenzidine
(DAB) as chromogen. Until incubation with primary
antibody, all rinses in between incubations were made with
TBS-Triton, afterwards with TBS alone.

2.9. Statistical Analysis

Data from the morphometry, behavior and biochemicals
were analyzed using one-way analysis of variance
(ANOVA) and subjected to post hoc Bonferroni’s multiple
comparison test. The results are expressed as mean+SEM.
Statistical analyses were performed using Graphpad Prism
software (version 5.0, La Jolla, CA). Values of p<0.05
were considered statistically significant.

3. RESULTS
3.1. NSO prevented DDVP induced body weight loss

Administration of DDVP in rats produced a marked
weight loss in the exposed rats. The co-administration of
DDVP and NSO prevented weight loss in the treated rats,
comparable to those observed in the control rats. However,
NSO administration resulted in body weight gain when
given on its own. (Fig. 1)
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Fig. 1: Change in body weights of rats exposed to Normal saline (NS),
Dichlorvos (DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO) and
Nigella sativa oil (NSO).

3.2. NSO prevented DDVP induced depletion in brain-
body weight ratio

DDVP exposure caused a reduction in brain-body
weight ratio, but statistically insignificant from the other
groups, however, the co-treatment of DDVP with NSO and
NSO alone were able to improve the brain-body weight
ratio (Fig. 2).
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Fig. 2: Average Brain-Body ratio of rats exposed to Normal saline (NS),
Dichlorvos (DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO)
and Nigella sativa oil (NSO). Asterisk (*) indicates significant (p<0.05)
increase when compared with the DDVP treated rats.

3.3. NSO reversed DDVP induced NO and ROS outburst
in the hippocampus

Nitric oxide and ROS were significantly elevated in
the DDVP only group compared with control. However,
significant reduction in NO and ROS levels was observed
with NSO intervention in the DDVP+NSO co-exposed

group and the NSO only group, when compared with
DDVP only (Figs. 3 and 4).
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Fig. 3: Hippocampal NO levels in rats exposed to Normal saline,
Dichlorvos, Dichlorvos + Nigella sativa oil and Nigella sativa oil. Number
sign (#) indicates significant (p<0.05) reduction when compared with
DDVP exposure, while single asterisk (*) indicates significant (p<0.05)
increase from control and other groups.
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Fig. 4: Hippocampal ROS activities following exposures to Normal saline
(NS), Dichlorvos (DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO)
and Nigella sativa oil (NSO). Number sign (#) indicates significant
(p<0.05) reduction when compared with DDVP exposure, while single
asterisk (*) indicates significant (p<0.05) increase from control and other

groups.

3.4. Pro-cholinesterase potentials of NSO against DDVP
induced hippocampal AChE deactivation

Activities of AChE was markedly inhibited in the
hippocampus of DDVP exposed rats when compare with
the control. Although, AChE activities was also reduced in
DDVP+NSO treated rats, it was however not statistically
significant when compared with control (Fig. 5).
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Fig. 5: Hippocampal AChE activities of rats exposed to Normal saline
(NS), Dichlorvos (DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO)
and Nigella sativa oil (NSO). Number sign (#) indicates significant
(p<0.05) reduction when compared with both control and NSO treated
rats, while single asterisk (*) indicates significant (p<0.05) increase from
control and other groups.

3.5. NSO prevented hippocampal related cognitive decline
following DDVP exposures

A significant increase in escape latency was observed
in both the long term and short term memories assessed,
following DDVP exposure. The DDVP exposed rats also
failed to retrieve the precise location of the hidden platform
during the probe trial and spent significantly less time in the
target quadrant compared to the control group. Treatment
with NSO however, significantly enhanced escape latencies
in both LTM and STM trials of the DDVP+ NSO and, NSO
only rats. There was also an indication of acquisitions in
the rats both NSO only and DDVP+NSO groups as they
spent more time in the quadrant of the missing platform
during the probe test (Figs. 6, 7 and 8).
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Fig. 6: Escape Latency (LTM) of rats exposed to Normal saline (NS),
Dichlorvos (DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO) and
Nigella sativa oil (NSO). Number sign (#) indicates significant (p<0.05)
reduction when compared with DDVP rats, while single asterisk (*)
indicates significant (p<0.05) increase from control and the NSO only

rats.
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Fig. 7: Escape Latency (STM) of rats exposed to Normal saline (NS),
Dichlorvos (DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO)
and Nigella sativa oil (NSO). Number sign (#) indicates significant
(p<0.05) reduction when compared with DDVPand control rats, while
single asterisk (*) indicates significant (p<0.05) increase from NSO and
DDVP+NSO treated rats.
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Fig.8: Percentage Time in Quadrant Location (Reference memory) of
rats exposed to Normal saline (NS), Dichlorvos (DDVP), Dichlorvos +
Nigella sativa oil (DDVP+NSO) and Nigella sativa oil (NSO). Number
sign (#) indicates significant (p<0.05) reduction from all groups, while
single asterisk (*) indicates significant (p<0.05) increase from DDVP and
or control rats.

3.6. Protective efficacy of NSO in DDVP induced
neurodegenerative like activities

Exposure to DDVP caused no marked deterioration
in the hippocampal subfields (CA 1,2,3 and DG), but few
necrotic like vacuolations in the cornu ammonis pyramidal
cells in the DDVP only group, these effects were however
absent in the DDVP+NSO group (Figs. 9-11). Similarly,
a marked loss in density was observed in the neurogenic
proteins (Ki67+) cells in the hippocampal subfields and
the subventricular zone of the DDVP only treated rats,
this was also reversed by administration of NSO in the
DDVP+NSO rats (Figs. 12-14).
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Fig. 9: Representative photomicrographs of cornuammonis 1 sub-field Fig. 12: Representative photomicrographs of dentate gyrus of rats exposed
of the hippocampus of rats exposed to Normal saline (NS), Dichlorvos to Normal saline (NS), Dichlorvos (DDVP), Dichlorvos + Nigella sativa
(DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO) and Nigella oil (DDVP+NSO) and Nigella sativa oil (NSO). CFV 100X.

sativa oil (NSO). CFV 100X.

Fig. 10: Representative photomicrographs of cornuammonis 2 sub-field Fig. 13: Representative photomicrographs of the distribution of Ki67
of the hippocampus of rats exposed to Normal saline (NS), Dichlorvos immunoreactive cells in the cornuammonis fields of hippocampus of
(DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO) and Nigella rats exposed to Normal saline (NS), Dichlorvos (DDVP), Dichlorvos
sativa oil (NSO). CFV 100X. + Nigella sativa oil (DDVP+NSO) and Nigella sativa oil (NSO). Ki67

immunohistochemistry 100X.

Fig. 11: Representative photomicrographs of cornuammonis 3 sub-field Fig. 14: Representative photomicrographs of the distribution of Ki67

of the hippocampus of rats exposed to Normal saline (NS), Dichlorvos immunoreactive cells in the dentate gyrus of rats exposed to Normal saline
(DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO) and Nigella (NS), Dichlorvos (DDVP), Dichlorvos + Nigella sativa oil (DDVP+NSO)
sativa oil (NSO). CFV 100X. and Nigella sativa oil (NSO). Ki67 immunohistochemistry 100X.
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4. DISCUSSION

There was significant loss of body weight following
DDVP exposure, and although no direct changes were
observed in the absolute brain weight, but relative brain
weight which is a functional marker was markedly reduced
with DDVP exposure. These changes were expected
considering that previous studies have established a link
between pesticide use and loss of brain and body weight.?”

The hippocampal formation consists of temporal lobe
circuits that are essential in the survival of an animal
being, involved in memory events, spatial and non-spatial
cognitive mapping and other functions related to its tri-
synaptic circuit.?"?! The hippocampal formation has
immense functional importance and has been extensively
discovered to contain cellular elements that possess
inherent and sustained self-renewal and mitotic capabilities
extending into adulthood in the various animal models
$tudied, including humans. 2!

Cellular lipoidal matrices have been reported as severed
or damaged, leading to excessive generation of ROS
and subsequent oxidative damages and cell death in OP
exposures or poisoning.!'>132 In our study, a marked over
production of ROS and NO in the hippocampal tissues of
the DDVP exposed rats, suggested damage to the cellular
membrane of the major cells thus leading to the leak and
subsequent oxidative damages in the hippocampus. This
finding is consistent with previous reports that submitted
that poisoning (inhalation or oral) from OPs exposure
caused oxidative damages particularly through the over-
production or ROS in the exposed animals.[213:27:281

The extent of the induced oxidative damage was first
indicated by the indirect indices (ROS and NO) of oxidative
stress recorded in this study. The oxidative damage
observed in this study following DDVP exposures caused a
relative damage to the cellularity of some of the pyramidal
cells in the hippocampal sub-fields, CA3 and CAl, with
subsequent neuronal degeneration and vacuolation around
these cells. Such effects have been reported following
exposure to various OPs which led to pathological changes
in different brain regions.!!>!32!

In addition, a marked loss of ki67 positive neurogenic
cells in the CA regions, dentate gyrus and the sub-granular
zone in the hippocampi of the DDVP exposed rats was
observed, and these effects were attributable to oxidative
damage. The induced oxidative damage to the hippocampal
formation, especially the sub-granular zone and the dentate
gyrus could pose deleterious effects on the survival of
neurogenic cells (both the neural progenitor cells and the
newly generated cells) in these regions.>

DDVP inhibits AChE activities in the synaptic cleft,
causing accumulation of acetylcholine and leading to
continuous triggering of the postsynaptic neurons in target
and non-target animals is the widely acclaimed mechanism
of OPs poisoning.’"? DDVP exposure in the current study
impaired AChE activities in the hippocampus of the

exposed rats and in consonant with previous reports,!22%321
this would be expected to improve memory function
somewhat, considering its pro-cholinergic activities,
recognizing the roles of the cholinergic system in the
modulation of learning and memory tasks.** Nonetheless,
the sustained cholinergic stimulation coupled with the
accompanying oxidative damage,!'>"*** does not result
in improvements in memory and cognitive performances.
This has led to the propositions that the chronic effects of
OPs exposures likely occur through mechanisms other than
ACHhE inhibition in the absence of marked cholinesterase
severities.’™ And confirming this proposition in the present
study, there was evidence of disruption in the spatial
memory indices following DDVP exposure. DDVP caused
a marked delay in the time the exposed rat took to find
the hidden platform, both in the long term and short term
memory trials, after the acquisition trials. There was also
a great loss in the referential memory index of the rats as
they were unable to locate and explore the quadrant that
previously contained the platform.

The observed damages in memory indices could further
be associated with the extent of loss in the neurogenic cells
in the hippocampus, which contain the crucial circuits for
memory or cognitive functions, more so, that there is an
established link between dysregulated neurogenesis and
neurocognitive diseases.*®! Furthermore, DDVP and other
OPs poisoning have been reported to sever personality,
impair neurocognitive tasks and cause psychocognitive
derangements,!'>*"! coupled with neurogenic cells loss in
related brain region.l'”

Nigella sativa oil (NSO) being a natural antioxidant
essential ~ 0il,"*B]  with  proven  neuro-protective
efficacies, 2131518381 wag  explored as a potent
neuroprotective substance against DDVP neurotoxicity.
And effectively, NSO intervention in this study was
vital in preventing the out-burst of both ROS and NO
productions in the hippocampus of the DDVP and/
or NSO exposed rats, an effect that could be supported
by its previously reported antioxidant efficacy against
models of neurotoxicity!!>!3123%41] The antioxidant effects
of NSO against DDVP we observed in this study as
well as those reported in other neurotoxic models,!'>!3!
further strengthen the efficacy of NSO against OP-
induced neurological deficits.**! Co-administration
of NSO with DDVP also revealed that NSO was able to
preserve the cholinergic integrity of the hippocampus,
by minimizing AChE deactivation induced by DDVP
in the exposed rats. Although, NSO improved AChE
activities in this work, there are reports that NSO and/
or its constituent thymoquinone possess moderate AChE
inhibitions activities, implicated in memory function
tasks,*! a cholinergic interaction that may be linked to
its efficacy against neuro-cognitive, neuropsychiatry and
neurodegenerative impairments!!21518:38]

Potency of the AChE reactivation and antioxidant
capacities of NSO observed in this study against DDVP
neurotoxicity were further evident in the improved relative
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brain weight and memory indices in the NSO treated rats,
either with or without DDVP exposure, a report similar
to what is available in the literature about the efficacy
of Nigella sativa in enhancing cognitive functions.
[12.15.18.384546] Complementing its neurocognitive activities,
NSO treatment preserved the histological integrities of
hippocampal subfield CA regions pyramidal cells and
dentate gyrus granule cells and such functions are evident
in its beneficial efficacy against degenerative exposures
to neurotoxic models.['21315:1838474991 NSO also enhanced
the survival of neurogenic cells in the hippocampus,
which may have contributed to improved behavioural
performances by the rats in memory related activities.
NSO and/or its constituent thymoquinone are extensively
reported to restore neuronal integrity and functions by
increasing neuronal density,*”! decreasing apoptosis and
preventing inflammatory processes.”!

5. CONCLUSION

All of the above effects of the Nigella sativa oil can
be associated with its antioxidant capacities which
prevent oxidative damages, a process implicated in the
initiation of pathological processes in various neurological
diseases.['*¥-42] Therefore we conclude that interventional
administration of NSO in this study had hippocampal
neuroprotective functions against the effects of DDVP
exposure, and that this predominantly occurred through the
modulation of oxidative and neurogenic functions.
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