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Background: Parquetina nigrescens (Afzel.) Bullock of the family Asclepiadaceae is known for its anti-
oxidant effects with wide range of uses in Southwestern Nigeria especially in traditional medicine. This
study was undertaken to explore if polyphenol-rich fraction (prf) from P. nigrescens will ameliorate
dichlorvos-induced neurotoxicity and apoptosis. The exploration utilized evaluation of markers of
oxidative stress, apoptosis and serum acetylcholinesterase (AchE) levels.
Methods: Forty Wistar rats randomly placed in four groups were utilized for the study. Animals in Group
A received corn oil, group B- dichlorvos (16 mg/kg), groups C and D- dichlorvos þ 100 and 200 mg/kg prf
of P. nigrescens respectively. Markers of oxidative stress, antioxidants and apoptosis were assessed in the
serum and brain tissues using biochemical assay and immunohistochemistry.
Results: Exposure to dichlorvos caused significant decreases in AchE, catalase, superoxide dismutase,
glutathione peroxidase (GPx) and increases in hydrogen peroxide (H2O2) generation and malondialde-
hyde levels. Histopathology and immunohistochemistry of the cerebellum and cerebrum of rats exposed
to dichlorvos revealed greater neurotoxic effects in the cerebellum as well as decreased expressions of
AchE with a concomitant increase in Bax (proapototic) compared to prf of P. nigrescens treated rats.
Conclusion: This study showed that dichlorvos caused cellular and tissue neurotoxicity by inhibiting
AchE activity, induced oxidative stress and apoptosis in rats with prominent effects on the cerebellum
than cerebrum. The prf of P. nigrescens showed amelioration of neurotoxicity by its antioxidative and
antiapoptotic properties in rats exposed to dichlorvos.
© 2016 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Dichlorvos, a documented neurotoxic agent, is known to
frequently affect non-target species including human [1]. The
common use of dichlorvos in developing countries stems from its
availability, affordability and most importantly, its efficacy. It is
handled indiscriminately and used as a household insecticide in
Nigeria especially Northern-Nigeria. Dichlorvos poisoning is more
rampant in rural populace where agriculture thrives and these
dwellers often store the chemical in and around their homes [2] as
bemi).
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well as use it in poorly ventilated areas. These predispose humans
and other animals to exposure as non-target species. It causes acute
and chronic neurotoxicity in humans and animals by its cholines-
terase inhibiting ability. The commonly used organophosphate
pesticide dichlorvos is known to cause neurologic lesions and this
has been associated with lipid peroxidation in areas of the brain of
rats. Besides the characteristic inhibition of cholinesterase,
dichlorvos is reported to produce oxidative stress on acute expo-
sure in human and animals [3] and treatment with antioxidants has
been shown to repress the toxicity of dichlorvos either by pre-
venting cholinesterase inhibition or/and by rapid reactivation of
inhibited cholinesterases [4]. Dichlorvos intoxications are usually
combated with atropine in West Africa although more often than
not, no medical attention is given to patients and victims. However,
the rural populace has the habit of using herbs for prophylaxis.
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Parquetina nigrescens (Afzel.) Bullock, a perennial twine of the
family Asclepiadaceae, has been commonly used in traditional
medicine in Southwestern Nigeria as a component of medications
for the treatment of various diseases [5]. Most of the heralded
medicinal properties of this plant however, have not been
scientifically substantiated. Results of various investigations
however show correlation between its traditional uses and ac-
tivities. Agbor and Odetola [6] reported a dose dependent in-
crease in red blood cell count to affirm its use against anaemia. Its
use in the treatment of diabetes has been substantiated by Saba
et al. [7], while its antioxidant potential was reported by Akin-
rinmade and colleagues [8]. Studies on this plant show it contains
folic acid, vitamin B12 and anthraquinones. Its extracts contained
flavonoids and antioxidant vitamins A and C [9] indicative of
inherent antioxidant nutrients.

Although folk medicine has claimed the use of this plant in
mitigating mental illnesses and other neurological conditions,
there is paucity of data on its effect on dichlorvos-induced
neurotoxicity and apoptosis. This study was aimed at investi-
gating the possible use of the polyphenolic rich fraction of P.
nigrescens to ameliorate dichlorvos-induced neurotoxicity.

2. Materials and methods

The study utilized the followingmaterials through the processes
and methods described below.

2.1. Chemicals

Acetylcholine iodide, 1,2-dichloro-4-nitrobenzene (CDNB),
5,5’-dithio-bis-2-nitrobenzoic acid (DTNB), trichloroacetic acid
(TCA), thiobarbituric acid (TBA), glutathione, hydrogen peroxide
(H2O2), sodium hydroxide, epinephrine, xylenol orange. Normal
goat serum, Biotinylated antibody and Horse Radish Peroxidase
(HRP) System was purchased from (KPL, Inc., Gaithersburg,
Maryland, USA). Caspase 3 was purchased from Bioss Inc. Woburn,
Massachusetts, USA, while 3, 30-Diaminobenzidine (DAB) tablets
were purchased from AMRESCO LLC. Ohio, USA. All other chem-
icals used were of analytical grade and obtained from British Drug
Houses (Poole, Dorset, UK).

2.2. Plant collection and extraction

Freshly harvested aerial parts of P. nigrescens were collected
within the premises of the University of Ibadan, Nigeria (December
2014) and identified at the herbarium in the University of Ibadan,
Nigeria with voucher number UIH-22446. These were air dried and
ground. The powder was then soaked in n-Hexane to defat for 24 h.
It was then soaked in methanol for 72 h to obtain methanol crude
extract, which was concentrated using a rotatory evaporator at
40 �C. The sticky residues were partitioned with chloroform to give
chloroform soluble fractions. This was evaporated under reduced
pressure and dried using an oven to obtain a polyphenol-rich
fraction (prf).

2.3. Experimental design and animal treatment

Forty adult male Wistar rats weighing approximately 90e150 g
were obtained from the Experimental Animal Unit of the Faculty of
Veterinary Medicine, University of Ibadan and were randomly
divided into 4 groups with 10 animals per group. The rats were
maintained on commercial pelletized rats finisher feed and water
was provided ad libitum. The animals were kept in plastic cages
under controlled light cycle (12 h light/12 h dark).
Control group (group A) received corn oil while groups B, C
and D received dichlorvos (16 mg/kg) only, dichlorvos þ 100 mg/
kg prf of P. nigrescens and dichlorvos þ 200 mg/kg prf of P.
nigrescens respectively. The prf of P. nigrescens was administered
as a pre-treatment and dichlorvos at a sub-lethal (1/3LD50) dose.
Dichlorvos was administered as a single oral gavage while other
treatments lasted for 14 days. All animals were sacrificed at the
end of the treatment period.

The animals were humanely cared for according to the
criteria outline in the Guide for the Care and the Use of Labo-
ratory Animals prepared by the National Academy of Science
and published by the National Institutes of Health. During the
experiment, ethics regulations were followed in accordance with
national and institutional guidelines for the protection of the
animal's welfare [10].

2.4. Blood sample collection and preparation of post-mitochondrial
fraction

About 3 ml of blood was collected from the retro-orbital venous
plexus of the animals into heparinized vials before they were
sacrificed by cervical dislocation. The blood was centrifuged at 4,
000 rpm for 15 min to obtain the serum. The cerebellum and ce-
rebrumwere harvested on ice, rinsed and homogenized in aqueous
potassium buffer (0.1 M, pH 7.4) and the homogenate was centri-
fuged at 10,000 rpm (4OC) for 10 min to obtain the post-
mitochondrial fraction.

2.5. Biochemical assays

AchE activity was assayed for in the plasma according to the
method of Whittaker [11]. The post-mitochondrial fractions of the
cerebellum and cerebrum were collected for the estimation of
reducedGSHat 412nmaccording to themethodbyBeutler et al. [12].
Protein concentration was determined by Biuret method as
described by Gornal et al. [13]. Catalase activity was estimated using
the method of Claiborne [14]. Glutathione-S-transferase was
measured by the method of Habig et al. [15] and glutathione
peroxidase (GPx) activity was determined as described by Rotruck
et al. [16]. Superoxide dismutase was determined by measuring the
inhibition of auto-oxidation of epinephrine at pH 10.2 as described
byMisra& Fridovich [17] andwithmodification from our laboratory
[18,19]. The MDA level was calculated as described by Varshney &
Kale [20]. Lipid peroxidation in mmol MDA formed/mg protein was
computedwith amolar extinction coefficient of 1.56� 105M�1 cm�1.
H2O2 generation was estimated as described [21].

2.6. Histopathology

Small slices of cerebellum and cerebrum were collected in 10%
buffered formalin for proper fixation. These tissues were processed
and embedded in paraffin wax. 5e6 mm thick sections were made
and stained with haematoxylin and eosin for histopathological
examination [22].

2.7. Immunohistochemistry of AchE and Bax

Immunohistochemistry of paraffin embedded tissues of the
cerebrum and cerebellum was performed after the tissues were
obtained from buffered formalin perfused rats. The tissues were
processed for immunohistochemistry based on the methods
described by Todorich et al. [23]. Briefly, paraffin sections were
melted at 60 �C in the oven. Dewaxing of the samples in xylene was
followed by passage through ethanol of decreasing concentration
(100e80%). Peroxidase quenching in 3% H2O2/methanol was



Fig. 1. Effect of prf of P. nigrescens on serum AchE activity of rats administered
dichlorvos. Control group (group A) received corn oil while groups B, C and D received
dichlorvos (16 mg/kg) only, dichlorvos þ 100 mg/kg prf of P. nigrescens and
dichlorvos þ 200 mg/kg prf of P. nigrescens respectively. Superscript (a) indicates
significant difference compared with control whereas superscript (b) indicates sig-
nificant difference compared to dichlorvos alone. a, b ¼ Significant difference at
p < 0.05.
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carried out with subsequent antigen retrieval performed by mi-
crowave heating in 0.01 M citrate buffer (pH 6.0) to boil. All the
sections were blocked in normal goat serum (10%, HistoMark®, KPL,
Gaithersburg MD, USA) and probed with AchE antibody and Bax
antibody (Abclonal®), 1:375 for 16 h in a refrigerator. Detection of
bound antibody was carried out using biotinylated (goat anti-
rabbit, 2.0 mg/ml) secondary antibody and subsequently, strepta-
vidin peroxidase (Horse Radish Peroxidase-streptavidin) according
to manufacturer's protocol (HistoMark®, KPL, Gaithersburg MD,
USA).

Reaction product was enhanced with diaminobenzidine (DAB,
Amresco®, USA) for 6e10 min and counterstained with high defi-
nition haematoxylin (Enzo®, NYeUSA), with subsequent dehydra-
tion in ethanol. The slides were covered with coverslips and sealed
with resinous solution. The immunoreactive positive expression of
AchE and Bax intensive regions were viewed starting from low
magnification on each slice then with 400� magnifications using a
photo microscope (Olympus) and a digital camera (Toupcam®,
Touptek Photonics, Zhejiang, China).

2.8. Statistical analysis

All values are expressed as mean ± standard deviation (SD). The
test of significance between two groups was estimated by Student's
t-test. One way Analysis of Variance (ANOVA) with Tukey's post-
hoc test using GraphPad Prism 5.0 was also performed with p-
Values < 0.05 considered statistically significant.

3. Results

3.1. Phytochemical analysis

The phytochemical analysis of P. nigrescens leaves revealed the
presence of alkaloids, flavonoids, saponins and antraquinones.
However, tannins, terpenoids and cardiac glycosides were absent.

3.2. Serum AchE activity

Exposure to dichlorvos caused a decrease in serum AchE activity
in rats. No significant (p < 0.05) difference was recorded for rats in
Group C but a significant increase in AchE activity was observed in
Group D rats (Fig. 1) compared to control.

3.3. Antioxidant status in cerebellum and cerebrum

Exposure to dichlorvos produced significant (p < 0.05) decrease
in catalase activity, GPx, glutathione-S-transferase and superoxide
dismutase activity in the cerebellum (Table 1). Groups C and D
treated with prf of P. nigrescens however, revealed lesser inhibition
of these antioxidant enzymes (Table 1). In the cerebrum, the ac-
tivities of catalase, GPx and superoxide dismutase decreased
significantly when compared to the control (Table 2). However, the
activity of cerebral glutathione-S-transferase increased signifi-
cantly (p < 0.05) when compared to the control but was not sta-
tistically higher than the treated groups with prf of P. nigrescen
(Table 2). The reduced glutathione and total thiol content were
significantly reduced in rats exposed to dichlorvos with higher
concentrations recorded for treated rats in both cerebellum and the
cerebrum (Tables 3 and 4).

3.4. Oxidative stress markers in cerebellum and cerebrum

All groups exposed to dichlorvos showed significantly
(p < 0.05) higher level of H2O2 generated in the cerebellum as
opposed to control rats although lower levels were generated in
prf treated groups (Fig. 2). Similar alterations in H2O2 genera-
tion were observed in the cerebrum (Fig. 3). A significant
(p < 0.05) increase in MDA formation (Fig. 4) accompanied by a
decrease in nitric oxide (NO) (Fig. 6) was produced in the cer-
ebellum of rats exposed to dichlorvos. The alterations in the
cerebrum were similar in MDA formation (Fig. 5) and NO pro-
duction (Fig. 7) but recorded greater levels compared to that in
the cerebellum.

3.5. Histopathology and immunohistochemistry

The controls had no visible pathology while rats exposed to
dichlorvos showed chromatolysis of Purkinje cells and high cellular
infiltration in the cerebellum (Fig. 12). The cerebrum of these rats
showed hypercellularity of the cortex and increased vascularisation
(Fig. 13). Mild to moderate cellular infiltration in the cerebellum
was observed in prf treated rats exposed to dichlorvos (Fig. 12).
Immunohistochemistry of the cerebellum and cerebrum of rats
exposed to dichlorvos showed lower AchE and higher Bax expres-
sion relative to the control. Evidence of recovery is evident with
higher AchE and lower Bax expressions by prf treated rats exposed
to dichlorvos (Figs. 8e11).

4. Discussion

Organophosphorus poisoning owes its clinical signs mainly to
the accumulation of acetylcholine at cholinergic synapses due to
the inhibition of AchE activity and subsequent impairment of
neuromuscular transmission. However, in groups treated with prf
of P. nigrescens, higher levels of AchE activity was observed indic-
ative of lesser neurotoxic effects on the rats.

A decrease in antioxidant enzymes (SOD, CAT, GPx and GST)
compared to the control was observed in the cerebellum and
cerebrum of rats exposed to dichlorvos. This is in agreement with
Guvenc et al. [24] who reported the induction of oxidative stress
with dichlorvos toxicity. In the cerebellum of rats treated with
100 mg/kg prf of P. nigrescens, a significant increase in SOD
compared to the toxicant group was observed with concomitant
increases in CAT and GPx activity. SOD as a first line of



Table 1
Effect of prf of P. nigrescens on cerebellar antioxidant enzymes of rats (n ¼ 5).

Experimental groups Group A Group B Group C Group D

CAT 101.52 ± 7.58 33.57 ± 3.80a 151.13 ± 6.37a,b 94.97 ± 5.75b

GPx 64.77 ± 0.73 58.72 ± 1.13a 60.60 ± 1.22a,b 58.50 ± 1.11a

GST 79.0 ± 0.01 69.3 ± 0.01a 74.6 ± 0.00 61.9 ± 0.01a

SOD 13.39 ± 0.08 11.51 ± 0.32a 12.25 ± 0.27a,b 11.46 ± 0.21a

Control group (group A) received corn oil while groups B, C and D received dichlorvos (16 mg/kg) only, dichlorvos þ 100 mg/kg prf of P. nigrescens and dichlorvosþ 200 mg/kg
prf of P. nigrescens respectively. Superscript (a) indicates significant difference compared with control whereas superscript (b) indicates significant difference compared to
dichlorvos alone. a, b ¼ Significant difference at p < 0.05.
CAT (Catalase; mmol H2O2 consumed/min/mg protein); GPx (Glutathione peroxidase; units/mg protein); GST (Glutathione-S-transferase; mmol 1-chloro-2,4-dintrobenzene-
GSH complex formed/min/mg protein); SOD (Superoxide Dismutase; units/mg protein).

Table 2
Effect of prf of P. nigrescens on cerebral antioxidant enzymes of rats (n ¼ 5).

Experimental groups Group A Group B Group C Group D

CAT 48.55 ± 5.90 43.13 ± 2.92 57.51 ± 5.92a,b 46.82 ± 5.06
GPx 52.30 ± 1.26 47.16 ± 0.86a 47.28 ± 1.90a 47.87 ± 0.89a

GST 101.2 ± 0.02 128.5 ± 0.01a 143.0 ± 0.01a,b 158.3 ± 0.01a,b

SOD 0.44 ± 0.00 0.39 ± 0.02a 0.40 ± 0.01a 0.40 ± 0.01a

Control group (group A) received corn oil while groups B, C and D received dichlorvos (16 mg/kg) only, dichlorvos þ 100 mg/kg prf of P. nigrescens and dichlorvosþ 200 mg/kg
prf of P. nigrescens respectively. Superscript (a) indicates significant difference compared with control whereas superscript (b) indicates significant difference compared to
dichlorvos alone. a, b ¼ Significant difference at p < 0.05.
CAT (Catalase; mmol H2O2 consumed/min/mg protein); GPx (Glutathione peroxidase; units/mg protein); GST (Glutathione-S-transferase; mmol 1-chloro-2,4-dintrobenzene-
GSH complex formed/min/mg protein); SOD (Superoxide Dismutase; units/mg protein).

Table 3
Effect of prf of P. nigrescens on cerebellar glutathione and total thiol content of rats (n ¼ 5).

Experimental groups Group A Group B Group C Group D

GSH 47.14 ± 0.36 45.97 ± 0.70a 45.40 ± 0.63a 45.11 ± 0.80a

T-Thiol 54.3 ± 0.00 30.6 ± 0.01a 45.3 ± 0.00a,b 28.0 ± 0.00a

Control group (group A) received corn oil while groups B, C and D received dichlorvos (16 mg/kg) only, dichlorvos þ 100 mg/kg prf of P. nigrescens and dichlorvosþ 200 mg/kg
prf of P. nigrescens respectively. Superscript (a) indicates significant difference compared with control whereas superscript (b) indicates significant difference compared to
dichlorvos alone. a, b ¼ Significant difference at p < 0.05.
GSH (Reduced glutathione; mmol/mg protein); T-Thiol (Total Thiol; mmol/mg protein).

Table 4
Effect of prf of P. nigrescens on cerebral glutathione and total thiol content of rats.

Experimental groups Group A Group B Group C Group D

GSH 50.17 ± 0.15 49.37 ± 1.08a 49.70 ± 0.60a 48.64 ± 0.76a

T-Thiol 32.5 ± 0.00 24.7 ± 0.00a 29.0 ± 0.00a,b 26.8 ± 0.00a

Control group (group A) received corn oil while groups B, C and D received dichlorvos (16 mg/kg) only, dichlorvos þ 100 mg/kg prf of P. nigrescens and dichlorvosþ 200 mg/kg
prf of P. nigrescens respectively. Superscript (a) indicates significant difference compared with control whereas superscript (b) indicates significant difference compared to
dichlorvos alone. a, b ¼ Significant difference at p < 0.05.
GSH (Reduced glutathione; mmol/mg protein); T-Thiol (Total Thiol; mmol/mg protein).
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antioxidant defense dismutates superoxide anion radical to H2O2
while CAT and GPx catalyse subsequent conversion of H2O2 to
water and oxygen. In the cerebrum, a similar decrease in anti-
oxidant enzymes compared to control was observed on a lesser
magnitude with an exception in GST levels of the treatment
groups compared to the control. This could be attributed to an
adaptive mechanism to cope with neurotoxicity. The activity of
SOD in the cerebrum was lower when compared to the cere-
bellum and this might justify lesser neurotoxic effect of
dichlorvos in the cerebellum. The lower the amount of super-
oxide anions, the lesser the activity of SOD, as the redox status of
that tissue is not greatly tampered with. GST is responsible for
the detoxification of xenobiotics and the increase in its activity
may suggest a development of an adaptive response to rid the
body of oxidative stress [25]. There was a significant reduction in
the GSH levels of the cerebrum and cerebellum in all treatment
groups compared to controls. This could be attributed to conju-
gation with electrophiles produced following dichlorvos admin-
istration and/or the decreased activities of enzymes responsible
for the regeneration of GSH such as GPx and glutathione reduc-
tase [26]. It could also be traced to the utilization of GSH as a
substrate and co-factor in the proper functioning of GPx and GST.



Fig. 2. Effect of prf of P. nigrescens on H2O2 generation in the cerebellum of rats.
Control group (group A) received corn oil while groups B, C and D received dichlorvos
(16 mg/kg) only, dichlorvos þ 100 mg/kg prf of P. nigrescens and dichlorvos þ 200 mg/
kg prf of P. nigrescens respectively. a, b ¼ Significant difference at p < 0.05.

Fig. 3. Effect of P. nigrescens on H2O2 generation in the cerebrum of rats. Control group
(group A) received corn oil while groups B, C and D received dichlorvos (16 mg/kg)
only, dichlorvos þ 100 mg/kg prf of P. nigrescens and dichlorvos þ 200 mg/kg prf of P.
nigrescens respectively. a, b ¼ Significant difference at p < 0.05.

Fig. 4. Effect of prf of P. nigrescens on Malondialdehyde formation in the cerebellum of
rats. Control group (group A) received corn oil while groups B, C and D received
dichlorvos (16 mg/kg) only, dichlorvos þ 100 mg/kg prf of P. nigrescens and
dichlorvos þ 200 mg/kg prf of P. nigrescens respectively. a, b ¼ Significant difference at
p < 0.05.

Fig. 5. Effect of prf of P. nigrescens on Malondialdehyde formation in the cerebrum of
rats. Control group (group A) received corn oil while groups B, C and D received
dichlorvos (16 mg/kg) only, dichlorvos þ 100 mg/kg prf of P. nigrescens and
dichlorvos þ 200 mg/kg prf of P. nigrescens respectively. a, b ¼ Significant difference at
p < 0.05.
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Previous research recorded lowered GSH levels post exposure to
dichlorvos and lindane in rat brain [26], together with dichlorvos
and monocrotophos in rats [27]. The exposure to dichlorvos
brings about neurotoxicity which is in part linked to reactive
oxygen species (ROS) production and oxidative stress [2]. The prf
of P. nigrescens possessing antioxidant properties, ameliorated
oxidative stress thereby protecting the nervous tissues and
ameliorated dichlorvos-induced neurotoxicity as evident by the
results in this study.

Pesticides are considered as agents that cause lipid peroxi-
dation, increase the production of ROS which leads to an
increased generation of oxidative stress. There was significantly
higher generation of H2O2 and production of MDA in the
cerebellum and cerebrum of all groups exposed to dichlorvos as
compared to the control group. This evidence of lipid peroxida-
tion points to the susceptibility of the brain to oxidative stress
due to its high oxygen consumption ability and rich possession of
polyunsaturated fatty acids. However, groups treated with prf of
P. nigrescens showed significantly lower levels of H2O2 generation
and MDA formed which is suggestive of its antioxidant capacity
in both the cerebellum and cerebrum. Various reports have
shown the amelioration of dichlorvos-induced neurotoxicity by
agents with antioxidant activities [1,28].



Fig. 6. Effect of prf of P. nigrescens on cerebellum NO levels of rats. Control group
(group A) received corn oil while groups B, C and D received dichlorvos (16 mg/kg)
only, dichlorvos þ 100 mg/kg prf of P. nigrescens and dichlorvos þ 200 mg/kg prf of P.
nigrescens respectively. a, b ¼ Significant difference at p < 0.05.

Fig. 7. Effect of P. nigrescens on NO levels in the cerebrum of rats. Control group (group
A) received corn oil while groups B, C and D received dichlorvos (16 mg/kg) only,
dichlorvos þ 100 mg/kg prf of P. nigrescens and dichlorvos þ 200 mg/kg prf of P.
nigrescens respectively. a, b ¼ Significant difference at p < 0.05.
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NO levels in both the cerebellum and cerebrum were signifi-
cantly higher in rats treated with prf of P. nigrescens compared to
both control group and those exposed to dichlorvos alone.
Following AchE inhibition by dichlorvos exposure, acetylcholine
accumulation is hypothesized to activate glutamatergic neurons
leading to activation of nitric oxide synthase (increased NO pro-
duction) by NMDA receptor activation [2]. Lower levels of NO in
cerebellum and cerebrum of rats exposed to dichlorvos alone in this
study, may be attributed to a possible reaction with superoxide
anion radical available from a decreased scavenging activity of SOD
under the stress condition. This reaction leads to the formation of a
very toxic peroxynitrite which causes oxidative stress mediated cell
damage [29].

The cerebellum of rats exposed to dichlorvos alone showed
severely lowered expression of AchE which agrees with the
mechanism of action of dichlorvos. AchE expressions similar to the
control were observed in prf of P. nigrescens treated rats in a dose-
dependentmanner. This is suggestive of a protective effect of the prf
of P. nigrescens against dichlorvos-induced neurotoxicity. However,
in the cerebrum, inhibition of AchE was not as prominent as that in
the cerebellum as was evident by a considerable expression
observed in the group exposed to dichlorvos alone. Nonetheless, it
showed a lesser expression compared to that in the treated groups.
A higher inhibition of AchE in the cerebellum compared to the ce-
rebrum is in agreement with the clinical signs and symptoms of
dichlorvos-induced neurotoxicity such as involuntary tremors and
incoordination. The cerebellum controls motor movement and co-
ordinates voluntary movements leading to a poised muscular
activity.

Histopathological examination of the cerebellum of rats
exposed to dichlorvos alone revealed Purkinje cells showing
chromatolysis as well as a high amount of cellular infiltrations
pointing to severe inflammatory activities. This cellular degenera-
tion of Purkinje cells in the cerebellum points to a compromised
function in motor information processing because it is a vital con-
stituent in synaptic information transmission. The increased
cellular infiltrations indicate an inflammatory condition which
could be attributed to lipid peroxidation which triggers cellular
infiltration [30]. In the cerebrum of rats exposed to dichlorvos,
there was hypercellularity of the cerebral cortex and increased
vascularisation especially at microcirculation. Cerebrum of rats
treated with prf of P. nigrescens showed no obvious lesions on
histopathological examination with slides showing normal neu-
trophils and neurons similar to that of the control. This is evidence
of an ameliorative and possibly neuroprotective effect of the prf of
P. nigrescens.

The expression of the pro-apoptotic protein (Bax) was highest
in the cerebellum of rats administered dichlorvos. This is sug-
gestive that dichlorvos can induce programmed cell death. Sun-
karia et al. [31] reported increase expressions of bax in dichlorvos
treated rats and that the Bcl-2 family proteins played an essential
role in neuronal cell death and disturbances in the regulation of
these proteins aggravate ischaemic neuronal injury [32]. Studies
by Slotkin et al. have pinpointed that pro-apoptotic are part of the
cholinesterase-unrelated effects underlying organophosphorus
neurotoxicities [33]. Also, oxidative stress can trigger apoptosis in
cells through mitochondria dependent and independent path-
ways [34]. ROS interact with biomolecules in the body such as
proteins, DNA and lipids leading to structural and functional al-
terations which lead to a cellular redox change that can trigger
apoptosis. ROS attack neurons and glial cells of the brain due to
the high lipid content of the brain leading to neuronal injury and
damage that lead to apoptosis. The decreased expression of Bax in
rats treated with prf of P. nigrescens thus is suggestive of its
attenuating effect on apoptosis and neuronal injury. The expres-
sion of Bax in the cerebrum of rats exposed to dichlorvos was
generally lower than that observed in the cerebellum. This may be
indicative of lesser effects of dichlorvos in the cerebrum compared
to the cerebellum.
5. Conclusion

This study showed that dichlorvos caused cellular and tissue
neurotoxicity by inhibiting AchE activity, induced oxidative stress
and apoptosis in rats with prominent effects on the cerebellum
than cerebrum. It also indicated the ability of prf of P. nigrescens to
ameliorate dichlorvos-induced neurotoxicity, oxidative stress and
apoptosis in rats.



Fig. 8. Immunohistochemistry of AchE in the cerebellum of rats. A e Control: shows positive and high expression of AchE; B e Dichlorvos (16 mg/kg) alone: shows lower expression
of AchE than control; C e 100 mg/kg prf of P. nigrescens þ dichlorvos: shows higher expression of AchE similar to control; D e 200 mg/kg prf of P. nigrescens þ dichlorvos: shows
higher expression of AchE similar to control. The slides were counterstained with high definition haematoxylin and viewed 400� objectives.

Fig. 9. Immunohistochemistry of AchE in the cerebrum of rats. A e Control: shows positive and high expression of AchE; B e Dichlorvos (16 mg/kg) alone: shows lower expression
of AchE than control; C e 100 mg/kg prf of P. nigrescens þ dichlorvos: shows higher expression of AchE similar to control; D e 200 mg/kg prf of P. nigrescens þ dichlorvos: shows
higher expression of AchE similar to control. The slides were counterstained with high definition haematoxylin and viewed 400� objectives.
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Fig. 10. Immunohistochemistry of BAX (pro-apoptotic antigen) in the cerebellum of rats. A e Control: shows positive and low expression of BAX; B e Dichlorvos (16 mg/kg) alone:
shows higher expression of BAX than control; C e 100 mg/kg prf of P. nigrescens þ dichlorvos: shows lower expression of BAX similar to control; D e 200 mg/kg prf of P.
nigrescens þ dichlorvos: shows lower expression of BAX similar to control. The slides were counterstained with high definition haematoxylin and viewed 400� objectives.

Fig. 11. Immunohistochemistry of BAX (pro-apoptotic antigen) in the cerebrum of rats. A e Control: shows positive and low expression of BAX; B e Dichlorvos (16 mg/kg) alone:
shows higher expression of BAX than control; C e 100 mg/kg prf of P. nigrescens þ dichlorvos: shows lower expression of BAX similar to control; D e 200 mg/kg prf of P.
nigrescens þ dichlorvos: shows lower expression of BAX similar to control. The slides were counterstained with high definition haematoxylin and viewed 400� objectives.
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Fig. 12. Photomicrograph showing cerebellum of rats. (A) e Control: Normal Purkinje cells (black arrows) and granular layer; (B) e Dichlorvos (16 mg/kg): Chromatolysis of Purkinje
cells (black arrows), (B), (C) e 100 mg/kg prf of P. nigrescens þ dichlorvos: and (D) e 200 mg/kg prf of P. nigrescens þ dichlorvos: with high, moderate and mild cellular infiltrations
respectively (white arrows) and mild haemorrhage in (D) (blue arrow). Plates are stained with H and E stains and viewed with 400� objectives.

Fig. 13. Photomicrograph showing cerebrum of rats (A) e Control: with normal hippocampal formation, neutrophils and neurons; (B) administered with dichlorvos (16 mg/kg)
shows hypercellularity of cerebral cortex (black arrow) and increased vascularisation especially at microcirculation (blue arrow); (C) and (D) treated with prf of P. nigrescens
(100 mg/kg and 200 mg/kg respectively) shows normal neutrophil, neurons and hippocampal formation. Plates are stained with H and E stains and viewed with 400�
objectives.
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