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ABSTRACT

Introduction: This study examined neuroprotection of Cajanus cajan (CC) and Lycopersicon esculentum (LE) on Cytochrome C
(Cyt-c) and Brain-derived neurotrophic factor (BDNF) expressions in Ethidium Bromide (EB)-induced neurotoxicity.

Materials and Methods: One hundred and fifteen adult male Wistar rats were randomly divided into 23 Groups (n = 5). Rats were
topically exposed to %2 ml of EB-solution (0.5 g EB/100 ml of ethanol) on Day 1. Groups 1 and 2 were post-treated with normal
saline and 40 mg/kg body weight of tamsulosin hydrochloride respectively. Nine Groups (CC3-11) and another twelve Groups
(LE3-14) were post-treated with CC and LE extracts respectively. Drugs and extracts were orally administered from Days 1-28.
Histo-pathological and tissue-ELISA evaluations of Cyt-c and BDNF of prefrontal cortices were performed.

Results: Results showed normal histo-architectures of prefrontal cortices in all Groups. Furthermore, results showed significant

downregulations of Cyt-c and BDNF in extract-treated groups compared with Group 1.
Conclusion: CC and LE could have antioxidant and neuro-regenerative potentials.
Keywords: Ethidium bromide; Cytochrome C; BDNF; Cajanus cajan; Lycopersicon esculentum.

Introduction

Ethidium Bromide (3,8-diamino-5-ethyl-6-phenyl-
phenanthridinium) (EB) is used for DNA visualization
because of its efficient fluorescence property and cost-
effectiveness'>. However, EB is an effective intercalator
and it’s toxicity is dependent on the exposed organism
and the circumstances of the exposure'®. EB can be
absorbed via the skin and may irritate the eyes, mouth,
and upper respiratory tract'®. EB intercalates between
adjac entbasepairsinDNAofneuronalcellsanddeforms
double-stranded DNA resulting in neurotoxicity,
deranged biological processes and oxidative stress
via increased generation of reactive oxygen species
(ROS)>7. EB accumulates in mitochondria, resulting
in interference with replication and transcription, and
mtDNA degradation”®, which are underlying factors of
neurological conditions’. In the brain of adults, aerobic
glycolysis is restricted to specific regions, such as
the dorsolateral prefrontal cortex, the superior and
medial frontal gyrus, or the precuneus and posterior
cingulate cortex’. Neurons and astrocytes depend
on mitochondrial oxidative phosphorylation®.
Therefore, brain mitochondria are required for proper
functioning of the nervous system, while mitochondrial
dysfunctions have been implicated in aetiology of
neurodegenerative diseases®.

Cytochrome C(Cyt-c)isinvolved in electron transfer,
redox-coupled protein import, cardiolipin oxidation,
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radical scavenging and apoptosis". Brain-derived
neurotrophic factor (BDNF) is the main activity-
dependent neurotrophin in the CNS, and it increases
the respiratory control index of rat brain but not liver or
heart mitochondria, resulting in a 64% increase in the
efficiency of respiratory coupling’®. Hence, BDNF plays
impact roles in neurogenesis, neuroregeneration',
mitochondrial biogenesis, survival of nerve cells® and
antidepressant treatments!?.

Cajanus cajan (CC) (pigeon pea) contains
potassium, calcium, vitamins (such as vitamin A,
niacin, a small amount of thiamin, riboflavin, folate
and pantothenic acid)*>'3*. Lycopersicon esculentum
(LE) (tomato) contains carotenoids, ascorbic acid,
phenolic compounds, o- tocopherol and lycopenes*>®.
Lycopene induces phase II enzymes that help
eliminate carcinogens and toxins, thereby protecting
lipids, proteins and DNA against cellular toxicity*>.
Lycopene equally inhibits cancer cells proliferation*>"
and blocks cell transformation by reducing the loss of
cancer cells inhibition contact*>19,

Our previous findings showed that EB-induced
neurotoxicity resulted in increased levels of Glial
Fibrillary Acidic Protein (GFAP), Ki67, tumor necrosis
factor alpha (TNF-a) and myelin basic protein (MBP),
but decreased levels of pro-apoptotic Caspase-3 and
p53 proteins in prefrontal cortices of rats*. However,
post-treatments with different extracts of parts of CC3
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and LE* ameliorated EB-induced neurotoxicity and
resulted in decreased levels of GFAP, Ki67, TNF-a and
MBP, but increased levels of pro-apoptotic Caspase-3
and p53 proteins in prefrontal cortices of rats. In
addition, different extracts of parts of CC and LE
ameliorated EB-induced increased drug resistance of
the brain and resulted in significant downregulation
of P-glycoprotein in cerebral cortices of rats®.

Cajanus cajan (CC) and Lycopersicon esculentum
(LE) were selected for this study because the two
plants contain significant amount of antioxidants'",
while LE contains anticancer compounds such
as Lycopene® ™. Therefore, in order to further
determine which plant parts possess antioxidant and
neuro-regenerative potentials, this study examined
the effects of the extracts of the roots, seeds,
stems and leaves of Cajanus cajan and Lycopersicon
esculentum on Cyt-c and BDNF expressions in
Ethidium Bromide-induced toxicity of the cerebral
cortex in rats. Furthermore, same doses of extracts
of the different parts of CC and LE were used for
the post-treatment of EB-induced neuro-toxcity in-
order to determine specifically which plant parts
possess better antioxidant and neuro-regenerative
potentials.

Materials and Methods

Ethics statement

Ethical approval for this study was sought and
received from the University of Ilorin Ethical Review
Committee (UERC) with ethical approval number-
UERC/ASN/2019/1820.

Collection of plant materials and isolation of
plant extracts

Freshly cut seeds, stem and leaves of Cajanus cajan
(CC); and roots, stem, and leaves of Lycoperiscon
esculentum (LE) were collected from the school
forest of the University of Ilorin, Ilorin, Kwara State,
North Central region of Nigeria. Identification and
authentication of plant materials were done at the
Herbarium unit of same university. The collected
plant materials were washed free of sand and debris
and then air-dried under shade for three weeks.
Thereafter, the plant materials were pulverized,
homogenized, fractionated and extracted with
aqueous, butanolic, ethanolic and n-hexane solvents
as previously modified and described?®™.

Animal management

One hundred and fifteen (115) healthy adult
male albino Wistar rats with an average weight of
150 g were obtained from the Animal House of the
Department of Biochemistry of the University of
Ilorin, Ilorin, Kwara State, Nigeria. The sample size
was determined from previous studies®® based
on the UERC guidelines in accordance with the
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internationally accepted principles for laboratory
animal use and care. The animals were housed in
well-ventilated plastics with sawdust or shavings as
beddings, fed on standard rodent feed and allowed
free access to tap water ad libitum. Proper aeration
was maintained by using well-spaced and gauzed
cages in a hygienic environment as previously
described?®>.

Induction of Ethidium Bromide (EB) neurotoxicity

EB (0.5 g) was dissolved in 100 ml of ethanol. With
the aid of a dissecting blade, 7 cm width of the skin
of each rat was scraped ventrally in the midline from
the neck to the pelvic region after which 0.5 ml of
EB solution was applied to the scraped skin area
topically in-order to cause EB-induced toxicity*™.

Administration of drugs and extracts

All 115 rats used in the present study were exposed
to single topical administration of 0.5ml of Ethidium
Bromide (EB) solution (0.5 g of EB dissolved in 100
ml of ethanol) on Day 1. The rats were, thereafter,
divided into 23 experimental Groups comprising of
5 rats per Group. Thereafter, rats of Group 1 (Toxic
Control) and Group 2 (Positive Control) were treated
daily with oral administrations of Normal Saline
and Tamsulosin Hydrochloride (Tamsulon-XL NRN:
A4-0901 from Stallion Laboratories PVT. LTD, India)
respectively for 4 weeks (Days 1-28). In addition,
following EB- exposure on Day 1 of experimental
procedure, the rats of 9 Groups (CC3- 11) were
treated daily with oral administrations of 40 mg/kg
body weight of extracts of Ethanol leaf, Ethanol stem,
Ethanol seed, Aqueous leaf, Aqueous stem, Aqueous
seed, Butanol seed, Butanol leaf and Butanol stem
of Cajanus cajan (CC) respectively for 4 weeks (Days
1-28) (Tables 1 and 2).

Similarly, following EB- exposure on Day 1 of
experimental procedure, the rats of another 12
Groups (LE3- 14) were treated daily with oral
administrations of 40 mg/kg body weight of
extracts of Ethanol root, Ethanol leaf, Ethanol stem,
Aqueous root, Aqueous leaf, Aqueous stem, Butanol
root, Butanol leaf, Butanol stem, n- hexane root,
n- hexane leaf and n- hexane stem of Lycopersicon
esculentum (LE) respectively for 4 weeks (Days
1-28) (Tables 1 and 2). Tissue-exposure to toxins
primarily elicits inflammation to cause toxicity**.
Tamsulosin Hydrochloride was, therefore, used in
this study as positive control because it is used in the
treatment of benign prostatic hyperplasia as an anti-
inflammatory agent as detailed in the information
leaflet of Tamsulon-XL NRN: A4-0901. Doses of
Ethidium Bromide, Cajanus Cajan, Lycopersicon
esculentum and Tamsulosin Hydrochloride used in
this study were determined from previous studies?™.
At the end of experimental procedure, all rats were
sacrificed using cervical dislocation®®.
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Table 1. Concentrations of Cytochrome C (ng/ml) and BDNF (ng/ml) in cerebral cortices of Cajanus cajan-treated rats.

Group of Rats | Drugs/Extracts Administered Cytochror:; I(r:n(l';n ean £ 5D p- value BDNF (Me;:r) *SD ng/ p- value

1 0.5 mlLNS 99.12 + 8.16 33.38 £ 0.40

2 Tamsulosin Hydrochloride 22.58 £ 13.60 0.01* 917 +7.94 0.02*
CC3 Ethanol leaf 5912 + 23.39 0.02* 1.83x0.71 0.01*
CCa Ethanol stem 117.0 + 4.08 0.05* 12.83 £ 1.96 0.04*
CC5 Ethanol seed 50.27 £ 25.02 0.01* 11.45 £ 0.01 0.03*
CC6 Aqueous leaf 201.6 * 43.24 0.01* 18.56 + 14.30 0.06
Ccc7 Aqueous stem 50.85 + 5.17 0.01* 6.72 £ 0.71 0.01*
Cc8 Aqueous seed 100.7 £ 25.02 0.94 7.28 +5.89 0.01*
CCo Butanol seed 27.00 + 1.90 0.01* 14.56 + 0.47 0.04*
ccio Butanol leaf 111.2 + 6.26 0.24 4.84 £117 0.01*
ccn Butanol stem 27.96 + 3.81 0.01* 4.65 + 3.43 0.01*

CC: Cajanus cajan. All groups were pretreated with topical exposure to 0.5 ml of Ethidium Bromide (EB)-solution (0.5 g EB/100 ml of ethanol). Group 2 rats were post-
treated with 40 mg/kg body weight of Tamsulosin Hydrochoride. Groups CC3- 11 rats were post-treated with 40 mg/kg body weight of CC extracts. p<0.05: Groups 2 and
CC3 - CC11 versus Group 1. *: Statistical decrease at p<0.05.

Table 2. Concentrations of Cytochrome C (ng/ml) and BDNF (ng/ml) in cerebral cortices of Lycopersicon esculentum-treated rats.

Group of Rats | Drugs/Extracts Administered Cytochron:; I;(ll;n ean = SD p-value BDNFn(g;:S *sb p- value
1 0.5 ml Normal Saline 99.12 + 816 33.38 £ 0.40
2 Tamsulosin Hydrochloride 22.58 + 13.60 0.01* 917 +7.94 0.02*
LE3 Ethanol root 114.5 £ 2013 0.42 5.67 + 1.26 0.01*
LE4 Ethanol leaf 25.85+5.71 0.01* 9.50 + 0.08 0.01*
LES Ethanol stem 51.62 + 7.89 0.02* 15.39 + 0.39 0.04*
LE6 Aqueous root 59.69 + 7.34 0.04* 3.06 £ 0.24 0.01*
LE7 Aqueous leaf 7412 + 8.66 0.05* 17.83 £ 6.68 0.05*
LE8 Aqueous stem 55.46 + 32.36 0.02* 13.61 + 1.34 0.03*
LE9 Butanol root 47.96 £ 27.74 0.01* 721+ 3.93 0.01*
LE10 Butanol leaf 85.27 £ 9.79 0.04* 3.94 £ 1.96 0.01*
LE11 Butanol stem 67.96 + 15.77 0.03* 7.83 £ 1.65 0.03*
LE12 n-Hexane root 196.6 + 49.23 0.01** 511+ 2.20 0.01*
LE13 n-Hexane leaf 106.6 + 19.85 0.67 14.56 + 1.89 0.05*
LE14 n-Hexane stem 28.35 £ 1414 0.01* -5.28 £+ 6.99 0.0071***

LE: Lycopersicon esculentum. All groups were pretreated with topical exposure to 0.5 ml of Ethidium Bromide (EB)-solution (0.5 g EB/100 ml of ethanol). Group 2 rats
were post-treated with 40 mg/kg body weight of Tamsulosin Hydrochoride. Groups LE3- 14 rats were post-treated with 40 mg/kg body weight of LE extracts. p<0.05:

Groups 2 and LE3 - CC14 versus Group 1. *: Statistical decrease at p<0.05; **: Statistical decrease at p<0.01; ***: Statistical increase at p<0.05.

Histopathological evaluations of the cerebral
cortices of rats

The skull was opened following animal sacrifice and
the cerebrum excised. One cerebral hemisphere was
fixedin10% formalin and processed forlight microscopy
using conventional histological procedures, while
the slices were stained with Hematoxyline and Eosin
and examined under Olympus binocular research
Microscope (Tokyo) for histopathological changes as

earlier described®. Photomicrographs of the slides
were prepared.

Tissue-Enzyme-Linked Immunosorbent Assay
(ELISA) of concentrations of Cytochrome C and BDNF
in cerebral cortices of rats

One cerebral hemisphere was isolated and subjected
to thorough homogenization using a porcelain
mortar and pestle in ice-cold 0.25 M sucrose, in the
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proportion of 1 g to 4 ml of 0.25 M sucrose solution.
The tissue homogenates were filled up to 5 ml with
additional sucrose and collected in a 5 ml serum bottle.
Homogenates were thereafter centrifuged at 3000
rpm for 15 minutes using a centrifuge (Model 90-1). The
supernatant was collected with Pasteur pipettes and
placed in a freezer at -20 °C, and thereafter assayed
for concentrations of Cyt-c (Sigma-Aldrich C7150-1VL,
United Kingdom) and BDNF (Sigma-Aldrich B3795,
United Kingdom) in the prefrontal cortices of rats
of Groups 1, 2, CC3- 11 and LE3- 14 using the ELISA
technique as previously described®™.

Statistical analysis

The statistical data acquired from the micro plate
ELISA results were analysed. Comparisons between
Groups 2 and CC3- 11 versus Group 1 were conducted
for any significant difference using one-way analysis
of variance (ANOVA), while Tukey post hoc test was
used for Group comparison as appropriate. In addition,
comparisons between Groups 2 and LE3- 14 versus
Group 1 were conducted for any significant difference
using one-way analysis of variance (ANOVA), while
Tukey post hoc test was used for Group comparison
as appropriate. The level of significance was set at p <
0.05.

Results

Histopathological evaluations of the prefrontal
cortices of rats

Results were analysed by blinding using the
expertise of a consultant Histo-pathologist. The results
revealed normal histo-architectures of the prefrontal
cortices in rats of toxic control Group 1 (Figures la and
b), experimental Groups 2 (Figures 2a and b), CC3-
11 (Figures lc- 1k) and LE3- 14 (Figures 2c- n). There
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were normal appearances of the cerebral cortical cells.
The pyramidal cells were well detailed. The staining
intensity of nuclei, as well as the apical and basal
projections of the inherent cells, are well delineated.

Evaluations of concentrations of Cyt-c in cerebral
cortices of rats post-treated with Cajanus cajan (CC)

Results of post-treatments of EB-induced
neurotoxicity with CC extracts showed statistically
significant lower mean values of Cyt-c concentrations
(ng/ml) in rats of Groups 2 and CC3, CC5, CC7,CC9 and
CC11, when compared with Group 1(99.12 + 8.16 ng /ml)
(Table 1). However, there were statistically significant
higher mean values of Cyt-c concentrations (ng/
ml) in rats of Groups CC4, CC6, CC8 and CC10, when
compared with Group 1(99.12 + 8.16 ng/ml) (Table 1).

Evaluations of concentrations of Cyt-c in cerebral
cortices of rats post-treated with Lycopersicon
esculentum (LE)

Results of post-treatments of EB-induced
neurotoxicity with LE extracts revealed statistically
significant lower mean values of Cyt-c concentrations
(ng/ml) in rats of Groups 2 and LE4- 11 and LE14, when
compared with toxic control Group 1 (99.12 + 8.16
ng/ml) (Table 2). However, there were statistically
significant higher mean values of Cyt-c concentrations
(ng/ml) in rats of Groups LE3, LE12 and LE13, when
compared with Group 1(99.12 + 8.16 ng/ml) (Table 2).

Evaluations of concentrations of BDNF in cerebral
cortices of rats post-treated with Cajanus cajan (CC)
and Lycopersicon esculentum (LE)

Results of post-treatments of EB-induced
neurotoxicity with CC extracts showed statistically
significant lower mean values of BDNF concentrations
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Fig. 1d. CC4: Ethanol stem
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Flg. le. CC5: Ethanol seed

Fig. 1f. CC6: Aqueous leaf
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Fig. 1j. CC10: Butanol leaf Fig. 1k. CC11: Butanol stem

Figures 1 a - k. Representative photomicrographs of the external pyramidal layer of the prefrontal cortices of rats of groups 1, 2 and CC3- 11. Rats of groups 1, 2 and
CC3- 11 were topically exposed to 0.5 ml of Ethidium Bromide (EB)-solution (0.5 g of EB dissolved in 100 ml of ethanol) on Day 1. Groups 1 (Figure 1a) and 2 (Figure 1b)
were post-treated with Normal Saline and 40 mg/kg body weight of Tamsulosin Hydrochloride, respectively. Groups CC3- 11 were post-treated with 40 mg/kg body
weight of the Aqueous, Butanolic and Ethanolic extracts of the seeds, stems or leaves of CC (Figure 1c- k). CC: Cajanus cajan. Magnifications: X 400 (Scale Bar: 100um)
Hematoxylin and Eosin. Histopathological evaluations showed normal histo-architectures of the prefrontal cortices. The pyramidal cells (short black arrows) are well
detailed. The staining intensity of nuclei, as well as the apical and basal projections of the inherent cells, are well delineated.

Fig. 2g. LE7: Aqueous leaf Fig. 2h. LES: Aqueous stem Fig. 2i. LE9: Butanol root
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Fig. 2m. LE13: n-Hexane leaf Fig. 2n. LE14: n-Hexane stem

Figures 2 a - n. Representative photomicrographs of the external pyramidal layer of the prefrontal cortices of rats of groups 1, 2 and LE3- 14. Rats of groups 1, 2 and
LE3- 14 were topically exposed to 0.5 ml of Ethidium Bromide (EB)-solution (0.5 g of EB dissolved in 100 ml of ethanol) on Day 1. Groups 1 (Figure 2a) and 2 (Figure 2b)
were post-treated with Normal Saline and 40 mg/kg body weight of Tamsulosin Hydrochloride, respectively. Groups LE3- 14 were post-treated with 40 mg/kg body
weight of the Aqueous, Butanolic, Ethanolic and N-hexane extracts of the roots, stems and leaves of LE (Figures 2c- n). LE: Lycopersicon esculentum. Magnifications: X
400 (Scale Bar: 100um) Hematoxylin and Eosin. Histopathological evaluations showed normal histo-architectures of the prefrontal cortices. The pyramidal cells (short
black arrows) are well detailed. The staining intensity of nuclei, as well as the apical and basal projections of the inherent cells, are well delineated.

(ng/ml) in rats of Groups 2, CC3- 5 and CC7- 11, when
compared with Group 1 (33.38 + 0.40 ng/ml) (Table 1).
In addition, there were statistically non-significant
lower mean value of BDNF concentrations (ng/ml)
in rats of Group CC6, when compared with Group 1
(33.38 £ 0.40 ng/ml) (Table 1). Furthermore, results
of post-treatments of EB-induced neurotoxicity with
LE extracts showed statistically significant lower
mean values of BDNF concentrations (ng/ml) in rats
of Groups 2 and LE3- 14 when compared with Group 1
(33.38 £ 0.40 ng/ml) (Table 2).

Discussion

Histological analyses showed normal histo-
architectures of the prefrontal cortices of rats of all
groups (Figures la- k and 2a- n). The observed histo
results of this study implied that the acute exposure
of rats to topical administration of 0.5 ml of 0.5 g/100
ml EB-solution for 4 weeks did not result in evident
histopathology of the prefrontal cortex of EB-treated
rats post-treated with normal saline and rats post-
treated with Tamsulosin Hydrochloride, Cajanus cajan
(CC) and Lycopersicon esculentum (LE). This could
have possibly resulted from the fact that cyto-toxicity
of adverse chemical agents is dose and/or exposure-
dependent. In addition, drug-induced toxicity is
usually first elicited on molecular markers, while
further exposure will result in evident histo-pathology
at tissue level.

Mitochondrial dysgenesis and/or dysfunction
results from increased oxidative stress, impaired
functions of the Electron Transport Chain and
upregulation of Cyt-c with consequent promotion
of apoptosis??2. Cyt-c therefore functions as an
antioxidant!. Results of this study showed that the
mean level of Cytochrome C in the prefrontal cortices
of rats of Group 1is 99.12 £ 8.16 ng /ml (Tables 1 and 2).
The observed elevated level of Cytochrome C in Group
1 is in obvious contrast with reported range of 0.01
ng/ml to 0.013 ng/ml of Cytochrome C in brain of rat
fed with normal saline®®. The observed elevated level
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of Cytochrome C in Group 1 implied that EB-induced
neurotoxicity resulted in increased generation of ROS,
oxidative stress and upregulation of Cyt-c in rats of
Group 1. Cyt-c is a cellular antioxidant™?'?2. Therefore,
upregulation of Cyt-c in rats of Group 1 could have
been due to its cellular response to ameliorating and
mopping up of increased ROS levels as an antioxidant.

Post-treatments with CC extracts (Ethanol leaf,
Ethanol seed, Aqueous stem, Butanol seed and Butanol
stem) in rats of Groups CC3, CC5, CC7, CC9 and CC11
ameliorated EB-induced neurotoxicity and oxidative
stress via down-regulation of Cyt-c (Table 1). In
contrast, post-treatments with Ethanol stem, Aqueous
leaf, Aqueous seed and Butanol leaf extracts of CC
did not ameliorate EB-induced upregulation of Cyt-c
(Table 1). These observations indicate that CC extracts
(Ethanol leaf, Ethanol seed, Aqueous stem, Butanol
seed and Butanol stem) could have antioxidant and
neuroprotective potentials.

Post-treatments with LE extracts (Ethanol leaf,
Ethanol stem, Aqueous root, Aqueous leaf, Aqueous
stem, Butanol root, Butanol leaf, Butanol stem and
n-Hexane stem) in rats of Groups LE4-11 and LE14
significantly ameliorated EB-induced neurotoxicity
and oxidative stress via down-regulation of Cyt-c
(Table 2). In contrast, post-treaments with ethanol
root (LE3), n-hexane root (LE12) and n-hexane leaf
(LE13) extracts of LE did not ameliorate EB-induced
upregulation of Cyt-c (Table 2). These observations
indicate that Ethanol leaf, Ethanol stem, Aqueous root,
Aqueous leaf, Aqueous stem, Butanol root, Butanol
leaf, Butanol stem and n-Hexane stem of LE could have
antioxidant and neuroprotective potentials.

BDNF is the main activity-dependent neurotrophin
in the CNS, and it increases the respiratory control
index of rat brain resulting in a 64% increase in the
efficiency of respiratory coupling’. This makes BDNF
a biomarker of interest in neurogenesis and resolution
of oxidative stress in the rat brain. BDNF levels ranged
between 0.9 and 1.7 ng /g in rats that are one month’s
old*. Furthermore, BDNF level increases post-natally
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but decreases with age in the cerebral cortex of rats®.
In the present study, results showed elevated BDNF
mean value of 33.38 = 0.40 ng/ml in prefrontal cortices
of rats of Group 1(Tables 1and 2). This value is in sharp
contrast with the normal low level of 0.00024 + 0.005
ng/ml in frontal cortices of adult male rats fed with
normal saline®®. The elevated BDNF level in rats of
Group 1 agrees with previous observations of elevated
BDNF levels in neurotoxin-treated neuro-degeneration
models?’. Hence, the elevated BDNF level in rats of toxic
control Group 1 indicated cellular response of neuro-
regeneration to resolve on-going neurodegeneration
and oxidative stress in the brain.

Post-treatments of EB-induced neurotoxicity with all
tested extracts of CC (Groups CC3- 11) and LE (Groups
LE3-14) resulted in down-regulations of BDNF (Tables 1
and 2). These findings implied that the regulatory roles
of BDNF in neuroprotection, neurogenesis and neural
plasticity’®as well as in resolution of oxidative stress in
the brain were promoted in rats treated with extracts
of CC and LE. Our observations are in agreement with
those of previous studies?, which noted that BDNF
was involved in immune neuroprotective interaction
in neurodegenerative disorders such as Multiple
Sclerosis. In addition, these findings implied that CC
and LE possibly possess antioxidant, neurotrophic and
neuro-regenerative potentials.

Furthermore, post-treatments of EB-induced
neurotoxicity with Tamsulosin Hydrochloride resulted
in similar significant downregulation of Cytochrome
C when compared with CC extracts (Ethanol leaf,
Ethanol seed, Aqueous stem, Butanol seed and Butanol
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