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Abstract
Objective: Is to investigate the effect of Capsicum annuum L extract for its ability to prevent neuronal degeneration

in rotenone intoxicated mice.

Methods: Rotenone 1.5 mg/kg was subcutaneously given three times per week for two consecutive weeks. Starting
from the first day of rotenone treatment, mice also received intraperitoneal injections of Capsicum extract (56 or 224
mg/kg). The brain and liver content of the lipid peroxidation product malondialdehyde (MDA), nitric oxide, reduced
glutathione (GSH), paraoxonase 1 activity as well as brain cholinesterase and 5-lipoxygenase activities were

determined. Histopathology and glial fibrillary acidic protein (GFAP) immunostaining in brain were also performed.

Results: Rotenone treatment caused significantly raised brain and liver MDA by 64.4% and 93.3% and nitric oxide
by 77.8% and 40.3%, respectively. Reduced glutathione decreased by 45.4% and 24.3% and PONI1 activity fell by
39.4% and 28.7% in both the brain and liver, respectively. Cholinesterase activity in brain was inhibited by 60.6%
while 5-lipoxygenase increased by 38.9%. In brain tissue, Capsicum prevented the increase in MDA and nitric oxide
levels. Capsicum also restored GSH, PON-1 activity and alleviated the increase in 5-lipoxygenase activity.
Cholinesterase activity was almost restored to control value by the higher dose of Capsicum. In the liver tissue,

Capsicum caused a significant decrease in MDA, and nitric oxide levels, and increased GSH. It also increased PON-
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1 activity. The neurotoxicity of rotenone was prevented by the administration of Capsicum extract which prevented

the neuronal degeneration and restored GFAP positive cells.

Conclusions: Capsicum exerts a neuroprotective effect in rotenone intoxicated mice and this is likely to involve

reduced oxidative stress and 5-lipoxygenase activation.

Keywords: Capsicum annuum; Hot pepper; capsaicin; Rotenone; Parkinson’s disease; Oxidative stress; 5-

lipoxygenase

1. Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder in which there is continued degeneration of the pigmented
dopaminergic neurons of the substantia nigra pars compactica (SNPc) of the midbrain [1]. A substantial loss of these
neurons (60%-70% in SNPc and 70%-80% in striatum) results in the disordered motor activity characteristic of the
disease i.e., bradykinesia or akinesia, muscular rigidity, tremor, and postural instability [1-3]. Sporadic Parkinson’s
disease accounts for the majority of cases (>95%) and occurs in the old age (>65 years) [4]. The exact cause leading
to the death of the dopaminergic neurons in PD is not yet fully explained. It is likely that certain environmental
toxins could trigger a cascade of oxidative or inflammatory events resulting in the neurodegeneration in those who
bear genetic susceptibility [5, 6]. Evidence for oxidative damage to cell membrane lipids, proteins and DNA,
mitochondrial dysfunction and decreased mitochondrial complex I activity, and neuroinflammation is indicated by
findings in postmortem brain of PD subjects and in toxin models of PD and suggests an important role for these

pathogenic mechanisms in the degeneration of neurons [7-10].

Until nowadays, the treatment of PD subjects relies on providing dopamine to the brain to replace the biochemical
deficit. This is achieved via administering the dopamine precursor levodopa (L-3,4-dihydroxyphenylalanine) or L-
dopa along with a peripheral decarboxylase inhibitor to increase the availability of L-dopa to the brain. Other lines
of treatment aiming at enhancing brain dopaminergic activity are the use of dopamine receptor agonist drugs,
monoamine oxidase type B inhibitors and catechol-O-methyl transferase inhibitors to decrease L-dopa breakdown
[11, 12]. None of these drugs lessens disease progression and after several years, these treatments, however, became
less effective owing to the continued loss of dopamine cells. Moreover, the emergence of L-dopa induced motor
complications i.e., dyskinesia and motor fluctuations presents another therapeutic challenge [11, 13]. This illustrates
the need for disease modifying or neuroprotective agents that would interfere with the ongoing neurodegenerative

process.

In the search for new agents to halt or prevent neurodegeneration, botanicals represent important and promising
candidates [14, 15]. Capsicum fruits (peppers) of the genus Solanaceae are widely consumed by humans as both
vegetables and spices. Both sweet and hot peppers are included in the human diet; hot green or red peppers, are
however, favored in many parts of the World such as Mexicao, India, and Thailand, because of their characteristic

pungency and represent an important spice in the cuisines in these countries [16]. Peppers are also rich in
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carotenoids, flavonoids, phenolics, and ascorbate making these fruits important nutraceuticals [17, 18]. Hot peppers,
on the other hand, contain the vanilloid compound capsaicin (8-methyl-N-vanillyl-6-nonenamide), the ingredient
accounting for their pungency and the perceived burning sensation [19, 20]. Capsaicin is a sensory stimulant and
acts on the transient receptor potential vanilloid 1 (TRPV1), a nonselective cation channel in the plasma membrane
[21]. Capsaicin exerts protective effects in the stomach [22, 23], liver [24], as well as in models of cerebral ischemia

in gerbils [25] and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) Parkinson’s disease in mice [26].

In this study, we investigated the potential therapeutic and neuroprotective effects of Capsicum annuum L extract in
the rotenone intoxicated mice. Rotenone, is a pesticide of plant origin that is widely used to induce PD in rodents,
causing nigrostriatal cell death, and alpha-synuclein-positive cytoplasmic inclusions [27, 28]. Rotenone inhibits
mitochondrial complex I activity [29], increases the generation of reactive oxygen metabolites and nitric oxide, NF-
kB [30-34] and increases tumor necrosis factor-alpha (TNF-a), monocyte chemoattractant protein-1 (MCP-1) and
interleukin-1beta (II-1B) in the rat brain [35-37]. Rotenone thus causes nigrostriatal cell death by inducing the

development of both oxidative/nitrosative stress and neuroinflammation.

2. Materials and methods

2.1. Animals

Swiss male albino mice, weighing 25-26 g from the breeding colony at the National Research Center, Cairo, were
used. Experiments were done according to the recommendations of the Ethics Committee of the Institution and
followed that of the National Institutes of Health Guide for Care and Use of Laboratory Animals (Publication No.
85-23, Revised 1985).

2.2. Drugs and chemicals

Rotenone was obrained from Sigma—Aldrich (St Louis, MO, USA) and dissolved in 100% dimethyl sulfoxide. The
Capsicum fruits were obtained from local market in Giza province (Figure 1). The Capsicum fruits (100 g) were
crushed and extracted with 70% methanol by soaking at room temperature and the methanol extract was evaporated

under reduced pressure and lyophilized.

Figure 1: Capsicum annuum L.
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2.3. Study design

Mice were randomly divided into four equal groups, with six mice in each group. Group 1 received the vehicle while
groups 2-4 were treated with rotenone 1.5 mg/kg, subcutaneously, three times a week for two consecutive weeks.
Beginning from the first day of rotenone injection, groups 3 and 4 were also given intraperitoneal injections of
Capsicum extract at doses of 56 or 224 mg/kg. Mice were euthanized by decapitation for tissue collection; their
brain and liver were quickly removed out on an ice-cold plate, washed with ice-cold phosphate-buffered saline (pH
7.4), weighed, and stored at —80°C for biochemical assays. Tissue homogenization was done with 0.1 M phosphate-

buffered saline (pH 7.4) to give a final concentration of 10% weight/volume.

2.4. Biochemical analyses

2.4.1. Determination of Lipid peroxidation: Malondialdehyde (MDA), an end product of lipid peroxidation was
measured according to the method described by Nair and Turne [38]. In brief, thiobarbituric acid reactive substances
(TBAS) react with thiobarbituric acid forming TBA-MDA adduct and the absorbance is read at 532 nm using

spectrophotometer.

2.4.2. Determination of Nitric oxide: Nitric oxide was measured using Griess reagent according to Moshage et al.
[39]. Nitrate is converted to nitrite by nitrate reductase. Griess reagent then converts nitrite to a deep purple azo

compound. The absorbance is read at 540 nm using spectrophotometer.

2.4.3. Determination of Reduced glutathione: Reduced glutathione (GSH) was determined in homogenates
according to Ellman et al. [40] where Ellman’s reagent (5, 5\-dithiobis-2-nitrobenzoic acid) is reduced by sulthydryl
groups to form 2-nitro-5-mercaptobenzoic acid. The latter has an intense yellow color and is determined

colorimetrically at 412 nm.

2.4.4. Determination of Paraoxonase-1 activity: Paraoxonase-1 arylesterase activity was determined using
phenylacetate as a substrate and the formation of phenol was measured by monitoring the increase in absorbance at
270 nm and 25°C with a spectrophotometer. One unit of arylesterase activity is defined as 1 uM of phenol produced
per minute. Enzyme activity is calculated based on the extinction coefficient of phenol (1310 M cm™ at 270 nm,

pH 8.0 and 25°C) and expressed as kilo International Units/Liter (kU/L) [41].

2.4.5. Determination of Cholinesterase activity: Butyrylcholinesterase (BChE) activity was measured with a
commercially available kit (Ben Biochemical Enterprise, Milan, Italy). BChE catalyzes the hydrolysis of
butyrylthiocholine as a substrate into butyrate and thiocholine. The latter reacts with 5, 5’-dithiobis (2-nitrobenzoic

acid) (DTNB) to produced a yellow chromophore which then could be quantified using spectrophotometer [42].

2.4.6. Determination of 5-lipoxygenase: 5-lipoxygenase was determined using a double-antibody sandwich
enzyme-linked immunosorbent assay (Rat (5-LO/LOX) ELISA kit) from Shanghai Sunred Biological Technology
Co., Ltd, Jufengyuan Road, Baoshan District, Shanghai.
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2.5. Histopathological studies

Brains of all animals were dissected immediately after death. The specimens were then fixed in 10 % neutral-
buffered formalin saline for at least 72 hours. Specimens were then washed in tap water for half an hour, dehydrated
in ascending grades of alcohol, cleared in xylene and finally embedded in paraffin. Serial sections of 6 um thick

were cut and stained with haematoxylin and eosin for histopathological investigations.

2.6. GFAP Immunohistochemistry

Immunohistochemistry for glial fibrillary acidic protein (GFAP) were performed on paraffin-embedded brain
sections that were were deparaffinized and rehydrated. Immunohistochemistry was performed with mouse
monoclonal antibodies against glial fibrillary acidic protein (GFAP) for detection of the GFAP activity. In brief, the
paraffin sections were heated in a microwave oven (25 min at 720 W) for antigen retrieval and incubated with anti-
GFAP antibodies (1:50 dilution) overnight at 4°C. After washing with PBS, followed by incubation with
biotinylated goat-anti-rabbit immunoglobulin G secondary antibodies (1:200 dilution; Dako Corp, Carpinteria, CA,
USA) and streptavidin/alkaline phosphatase complex (1:200 dilution; Dako) for 30 min at room temperature, the
binding sites of antibody were visualized with 3,3’-diaminobenzidine DAB (Sigma—Aldrich). After washing with
PBS, the samples were counterstained with H&E for 2-3 min, and dehydrated by transferring them through
increasing ethanol solutions (30%, 50%, 70%, 80%, 95%, and 100% ethanol). Following dehydration, the slices
were soaked twice in xylene at room temperature for 5 min, mounted, examined, and evaluated by a high power

light microscope.

2.7. GFAP Immunomorphometric quantification

Further histopathological evaluation, quantitative morphometric analysis of GFAP immunostaining was done. An
image processing and analysis system (A Leica QWin Cambridge, UK) was used for interactive automatic
measurement of the areas percentage carried out on slides stained with GFAP by analyzing ten random fields per

slide.

2.8. Statistical analysis
Data are presented as mean + SE. The data are analyzed using one way analysis of variance, followed by Duncan’s
multiple range test for post hoc comparison of group means. Results with a probability of p<0.05 are considered

statistically significant.

3. Results

3.1. Biochemical results

3.1.1. Lipid peroxidation: Compared to the vehicle-treated group, mice treated with only rotenone exhibited
significantly increased brain and liver malondialdehyde (MDA) levels by 64.4% and 93.3%, respectively. Capsicum
given at 56 or 224 mg/kg resulted in significant decrease in brain MDA by 47.8% and 39.4%, respectively,

compared to the rotenone control group (Table 1). Capsicum at 56 mg/kg had no significant effect on liver MDA.
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The higher dose of the extract, however, resulted in 24.1% decrease in liver MDA, compared to the rotenone control

value (Table 2).

Compound Malondialdehyde | Nitric oxide | Reduced PON-1 activity
(nmol/g.tissue) (umol/g.tissue) glutathione (kuf
(umol/g.tissue)
Vehicle 247415 19.4+0.7 33+0.12 193+1.4
Rotenone 40.6+2.5" 345+1.2" 1.8 £0.05" 11.7+0.9"
Rotenone + Capsicum | 21.2 +1.3" 16.0 0.7 32+0.18" 29.1 £1.6"
extract 56 mg/kg (-47.8%) (-53.6%) (77.8%) (148.7%)
Rotenone + Capsicum | 24.6 +0.9" 13.8+0.5™ 3.7+£0.117% 28.0+1.2"
extract 224 mg/kg (-39.4%) (-60.0%) (105.5%) (139.3%)

Results are means £ SEM. Statistical analysis was done using one-way ANOVA and Duncan multiple range test.*p<
0.05 vs. vehicle. +p<0.05 vs. rotenone control. The percent change from the rotenone only group is shown in

parenthesis.

Table 1: The effect of Capsicum extract on malondialdehyde, nitric oxide, reduced glutathione and paraoxonase-1

activity in the brain of rotenone-treated mice.

Compound Malondialdehyde Nitric oxide | Reduced glutathione | PON-1 activity
(nmol/g.tissue) (umol/g.tissue) (umol/g.tissue) ()]

Vehicle 31.5+2.1 40.2%1.6 7.0+0.5 38.0+£2.1

Rotenone 60.9 +3.4" 56.4+3.8" 53402 27.1+1.4

Rotenone +1553+£3.7 465+ 19" 6.1+0.1" 30.6+2.0"

Capsicum extract 56 (-17.5%) (15.1%) (12.9%)

mg/kg

Rotenone +|462+18" 41.9+25" 6.2+02" 383+1.5"

Capsicum extract | (-24.1%) (-25.7%) (17.0%) (41.3%)

224 mg/kg

Results are means + SEM. Statistical analysis was done using one-way ANOVA and Duncan multiple range test.*p<
0.05 vs. vehicle. +p<0.05 vs. rotenone control. # vs. Capsicum extract at 56 mg/kg. The percent change from the

rotenone only group is shown in parenthesis.

Table 2: The effect of Capsicum extract on malondialdehyde, nitric oxide, reduced glutathione and paraoxonase-1

activity in the liver of mice treated with rotenone.
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3.1.2.Nitric oxide: Nitric oxide in brain and liver of mice treated with rotenone exhibited significantly increased
levels by 77.8% and 40.3% as compared to the vehicle-treated group. Following treatment with Capsicum extract at
56 or 224 mg/kg, nitric oxide decreased significantly by 53.6-39.4% and by 17.5-25.7% in both the brain and liver
tissue respectively (Table 1 and Table 2).

3.1.3.Reduced glutathione: Rotenone only treated mice exhibited significant decrease in brain and liver tissue
levels of reduced glutathione 45.4% and 24.3% of their corresponding vehicle control values, respectively.
Capsicum extract given at 56 or 224 mg/kg resulted in significant increments in brain reduced glutathione by 77.8%
and 105.5%, respectively (Table 1). There was also significantly increased reduced glutathione levels by 15.1% and
17% in rotenone-treated mice given 56 or 224 mg/kg of Capsicum extract, as compared to the rotenone control value

(Table 2).

3.1.4. Paraoxonase 1 activity: Rotenone-treated mice showed 39.4% and 28.7% decrease in PON-1 activity in both
brain and liver tissue, respectively, compared with their vehicle control values. Brain PON-1 activity increased by
148.7% and 139.3%, following treatment with Capsicum extract at 56 or 224 mg/kg, respectively (Table 1). There
was also significant increase in liver PON-1 activity by 41.3% in mice treated with 224 mg/kg of Capsicum extract,

as compared to the rotenone control value (Table 2).

3.1.5. 5-lipoxygenase: Rotenone caused significant increase in brain 5-lipoxygenase by 38.9%, compared to the
vehicle-treated group. A significant decrease in 5-lipoxygenase in brain of rotenone-treated mice by 19.6% and

33.8% was observed after treatment with Capsicum extract at 56 or 224 mg/kg, respectively (Table 3).

3.1.6. Cholinesterase activity: In rotenone-treated mice, brain BChE activity showed significant inhibition by
60.6%, compared to the vehicle control value. A significant increase in BChE activity by 29.2% and 139.3% was
observed in mice given Capsicum extract at 56 or 224 mg/kg, respectively, compared with the rotenone only

treatment group (Table 4).

Compound 5-Lipoxygenase (ng/ml)
Vehicle 70.7+£29

Rotenone 98.2+ 6.7

Rotenone + Capsicum extract 56 mg/kg 78.9 £3.1" (-19.6%)
Rotenone + Capsicum extract 224 mg/kg 65.0 £ 4.2 (-33.8%)

Results are means + SEM. Statistical analysis was done using one-way ANOVA and Duncan multiple range test.*p<
0.05 vs. vehicle. +p<0.05 vs. rotenone control. # vs. Capsicum extract at 56 mg/kg. The percent change from the

rotenone only group is shown in parenthesis.

Table 3: The effect of Capsicum extract on brain 5-lipoxygenase in rotenone-treated mice.
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Compound BChE activity (U/l)
Vehicle 172.9+6.5
Rotenone 68.1+3.7

Rotenone + Capsicum extract 56 mg/kg

88.0 4.6 (29.2%)

Rotenone + Capsicum extract 224 mg/kg

162.3 £ 7.5 (138.3%)

Results are means + SEM. Statistical analysis was done using one-way ANOVA and Duncan multiple range test.*p<

0.05 vs. vehicle. +p<0.05 vs. rotenone control. # vs. Capsicum extract at 56 mg/kg. The percent change from the

rotenone only group is shown in parenthesis.

Table 4: The effect of Capsicum extract on brain butyrylcholinesterase (BChE) activity in rotenone-treated rats.

3.2. Histopathological results

3.2.1. Substantia Nigra: Sections from the vehicle-treated group showed normal substantia nigra neurons with

normal nucleiand granular basophilic cytoplasm (Figure 2A). The substantia nigra of rotenone- treated mice showed

marked neuronal degeneration. Neurons were reduced in number and stained darkly (Figure 2B). Sections from the

rotenone-treated mice given Capsicum extract at 56 mg/kg were associated with a lesser degree of neuronal

degeneration, with few cells having pyknotic nuclei (Figure 2C). Rotenone-treated mice given Capsicum extract at

224 mg/kg showed normal substantia nigra cells in relation to their number and structure (Figure 2D).

Figure 2: A representative photomicrograph of the substantia nigra for all tested groups: (A) Vehicle; (B) Rotonone

only; (C) Rotenone + Capsicum extract 56 mg/kg; (D) Rotenone + Capsicum extract 224 mg/kg. Green arrows:

normal neuronal cells. Black arrows: pyknotic cells. Blue arrows: degenerated neurons (H&E 200x &400x).
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3.2.2. Cerebral cortex: Hematoxylin and eosin-stained section from the vehicle-treated group showed a normal
appearance with neurons having either single or double open-face nuclei with prominent nucleoli surrounded with
basophilic cytoplasm. Astrocytes having sharply demarcated nuclei were seen (Figure 3A). Sections from rotenone-
treated mice revealed degenerated neurons that appeared shrunken with dark basophilic cytoplasm and pyknotic
nuclei. Other neurons showed neurocytic chromatolysis with vacuolated neutrophils and congested blood vessels
(Figure 3B). Sections from rotenone-treated rats given Capsicum extract at 56 mg/kg contained almost normally
appearing neuronal cells, except for pyknosis in some neurons (Figure 3C). The group treated with Capsicum extract

at 224 mg/kg showed much better improvement (Figure 3D).

Figure 3: A representative photomicrograph of the cerebral cortex for all tested groups: (A) Vehicle; (B) Rotonone only;
(C) Rotenone + Capsicum extract 56 mg/kg; (D) Rotenone + Capsicum extract 224 mg/kg. Green arrows: normal neuronal
cells. Black arrows: pyknotic neurons. Yellow arrows: neurocyte chromatolysis. Red arrows: vacuolated neutrophils.

CBV: congested blood vessel. ML: molecular layer. PL: pyramidal layer. GL: granular layer (H&E 200x).

3.2.3. Hippocampus: The vehicle-treated group showed normal cellular composition in all layers (molecular,
Purkinje, and granular (Figure 4A). Following rotenone injection, the hippocampus showed neuronal cell loss with
mild degeneration when compared with controls. Neuronal cells with dense basophilic pyknotic nuclei were also
seen (Figure 4B). A decrease in degenerated neurons was seen in sections from rotenone-treated rats given
Capsicum extract at 56 mg/kg (Figure 4C). The rotenone-treated group given Capsicum at 224 mg/kg showed

normal hisopathological picture when compared with control one (Figure 4D).
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Figure 4: A representative photomicrograph of the hippocampus for all tested groups: (A) Vehicle; (B) Rotonone
only; (C) Rotenone + Capsicum extract 56 mg/kg; (D) Rotenone + Capsicum extract 224 mg/kg. Green arrows:
normal neuronal cells. Black arrows: pyknotic cells (H&E 200x & 400x).

3.3. GFAP immunohistochemistry

Sections stained with GFAP antibody from the vehicle group showed the normal appearance of glial cells in cerebral
cortex; cells appeared star shaped with the thin fibers having regular course (Figure 5A). Rotenone caused marked
decrease in GFAP positive cells (Figure 5B). This effect of rotenone decreased by treatment with Capsicum extract
in a dose-dependent manner (Figure 5C and 5D). Quantitative assessment of the area of viable cells was calculated
by image analyzer system (Figure 6) and indicated a significant decrease in the rotenone-treated groups than in the
control group. Treatment with Capsicum in different doses resulted in a significant improvement when compared

with rotenone only group (Table 5).

Compound GFAP Area (%)
Vehicle 3136 £ 1.22

Rotenone 4.69+0.61"

Rotenone + Capsicum extract 56 mg/kg 1521+ 1.197 (224.3%)
Rotenone + Capsicum extract 224 mg/kg 17.25+ 1.407 (267.8%)

Results are means + SEM. Statistical analysis was done using one-way ANOVA and Duncan multiple range test.*p<
0.05 vs. vehicle. +p<0.05 vs. rotenone control. The percent change from the rotenone only group is shown in

parenthesis.

Table 5: Immunomorphometric measurments of GFAP.
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Figure 5: A representative photomicrograph of the cerebral cortex for all tested groups showing immunoreactivity

of glial fibrillary acidic protein (GFAP): (A) Vehicle; (B) Rotonone only; (C) Rotenone + Capsicum extract 56
mg/kg; (D) Rotenone + Capsicum extract 224 mg/kg. (GFAP 200x) .

by blue color : (A) Vehicle; (B) Rotonone only; (C) Rotenone + Capsicum extract 56 mg/kg; (D) Rotenone +
Capsicum extract 224 mg/kg (GFAP 200x).

4. Discussion

In this study, Capsicum annuum extract was investigated for its ability to prevent neuronal degeneration in rotenone
intoxicated rats. We found that the administration of Capsicum extract protected against neuronal cell injury caused
by rotenone. The administration of rotenone caused brain oxidative stress which is in accordance with other
published studies [30-37]. There was increased level of the lipid peroxidation end product malondialdehyde,

suggesting an attack on membrane lipids by intracellular reactive oxygen metabolites [43]. Meanwhile, the level of
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reduced glutathione, an antioxidant and a free radical scavenger [44] decreased significantly, possibly due to its
consumption by the increased free radicals. Rotenone has been shown to increase the release of reactive oxygen
species in vitro [45], increase lipid peroxidation products and to decrease GSH and catalase activity in rodent brain
[33, 34, 46].The increased generation of reactive oxygen metabolites and the ensuing oxidative stress is considered
an important pathogenic mechanism that underlies the rotenone-induced cell death [29-31]. In this context, the
rotenone-induced decrease in TH-ir in substantia nigra cells could be rescued by the antioxidant a-tocopherol [31].
Moreover, vitamin C given along with indomethacin or nimesulide to rotenone treated mice alleviated the
biochemical, and motor changes and neuronal damage caused by rotenone in mice [47]. In this study, Capsicum
exerted an antioxidative action, reversing the changes in brain levels of lipid peroxidation and reduced glutathione;

these effects might have been contributed to the observed neuroprotection.

Increased generation of nitric oxide is also an important contributor to the mechanisms by which rotenone caused
neuronal damage [32, 48, 49]. Rotenone increases the expression of the inducible form of nitric oxide synthase
(INOS) in the striatum and substantia nigra and increases the level of nitric oxide brain of rodents [35, 36]. Increased
generation of nitric oxide via neuronal NOS could also be involved in the rotenone neurotoxicity. This is the
increase in NOS activity and 3-nitrotyrosine and nigrostriatal damage in rats treated with rotenone was reduced by
the administration of the neuronal NOS inhibitor 7-nitroindazole [49]. Moreover, iNOS gene deletion or inhibition
of nNOS conferred resistance against nigrastriatal toxicity cause by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) in mice [48]. There is compelling evidence that the increase in nitric acid formation for prolonged time such
as that occurring in inflammatory or toxic conditions is cause of neuronal death. The reaction of nitric oxide with
molecular oxygen yielding reactive oxides of nitrogen eg., nitrogen dioxide (NO,), dinitrogen trioxide (N,0O3), with
the superoxide anion (O, ~ ) causing the formation of reactive peroxynitrite, leads to oxidation, nitrosylation of
thiols in proteins or reduced glutathione, and nitration of tyrosine residues in proteins [50, 51]. Oxidative/nitrosative
stress and inactivation of several mitochondrial electron transport complexes including complex I, causing
mitochondrial dysfunction, inhibition of mitochondrial respiration and depletion of cellular energy ensue leading
finally to neuronal cell death [52]. In this study, rotenone resulted in marked increase in brain nitric oxide which

could be prevented by Capsicum extract.

The lipid mediators Leukotrienes (LTs) are produced from arachidonic acid via the 5-lipoxygenase pathway. These
are LTB(4) and cysteinyl leukotrienes (CysLTs) and which play an important role in brain inflammation [53,54]. In
this study, the level of 5-lipoxygenase in brain increased after rotenone treatment. Other studies reported up-
regulation of 5-lipoxygenase expression in microglia and increased release of IL-1B and TNF-a by rotenone which
could be prevented by selective receptor antagonists of LTB(4) and CysLTs [55]. The latter were also shown to
decrease dopamine cell injury following rotenone application in vitro [56]. In rats, montelukast, a CysLTs receptor
antagonist was shown to exert an antioxidant effects and to ameliorate the rotenone-induced neurodegenerative

changes [46].
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Our results also indicate marked inhibition of PON-1 activity following rotenone injection which is in agreement
with previous observations [33-37]. The enzyme PON-1 which is synthesized by the liver and circulates bound to
low density plasma proteins [57] is endued with important antioxidative and anti-inflammatory roles [58] and a
decrease in its activity has been shown in a number of neurologic disorders [59]. The inhibition in PON-1 activity by
rotenone has been shown in several studies and could have resulted from a direct toxic action of rotenone or by an
increase in oxidative stress which has been shown to inactivate the enzyme [60]. In the present study, treatment
capsicum extract was found to result in marked increase in PON-1 activity in brain of rotenone intoxicated mice

which could be due to the decrease in the level of oxidative stress or a consequence to neuroprotection.

In this study, the administration of rotenone caused a significant inhibition of brain cholinesterase activity, a finding
which agrees with our previous studies. Rotenone not only damage dopaminergic neurons, but also serotonergic and
cholinergic neurons are affected by the toxicant [61]. Hence, the decrease in cholinesterase activity after rotenone
could be due to the loss of cholinergic neurons. It is also possible that the observed decline in enzyme activity is a
result of direct inhibitory action of rotenone. Nevertheless, the restoration of cholinesterase activity by Capsicum

extract is indicative of a neuroprotective action.

The ability of capsicum extract to protect against the rotenone neurotoxicity was confirmed by histopathological
examination and by measurement of GFAP immunoreactivity. Rotenone caused a decrease pigmented neurons in the
substantia nigra and neuronal degeneration in the cerebral cortex and hippocampus. There was also significantly
decreased glial fibrillary acidic protein (GFAP)-positive astrocytes in the cerebral cortex which is in accordance
with previous observations [34]. Our results indicate a decrease in the extent of neuronal degeneration in the
substantia nigra, cerebral cortex and hippocampus by Capsicum at 56 mg/kg, while treatment with the higher dose of
the extract resulted in almost normalization of the histologic picture. Capsicum also rescued GFAP-positive

astrocytes.

When injected into rats, rotenone has been shown to cause vacuolar degeneration [37] and fatty changes [62]. In this
study, the effect of rotenone on the liver was also investigated. Rotenone caused a significant increase in
malondialdehyde and nitric oxide contents in liver tissue. The level of reduced glutathione and the activity of PON-1
decreased. Our findings suggest that oxidative stress occurs in the liver after rotenone injection and that oxidative
damage to liver tissue account for the reported pathological changes in the liver of rotenone-treated rats. The study

also showed a decrease in oxidative stress following treatment with Capsicum extract, suggesting a protective effect.

The exact constituent(s) that account for the observed protective effects of Capsicum is difficult to ascertain.
Peppers are known for their rich content of carotenoids, flavonoids, phenolics, and vitamin C [17, 18] and these are
well known to exert neuroprotective effects [63, 64]. Capsicum fruits of the hot varities are also characterized by the
presence of their active pungent principle capsaicin. The latter is a sensory stimulant and in low concentrations
selectively stimulates a subset of primary afferent neurons with unmyelinated C fiber or thin myelinated Ad fibers.

Most of these fibers are polymodal nociceptors [20]. The molecular site of action of capsaicin is the transient
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receptor potential vanilloid 1 (TRPV1), a nonselective cation channel in the plasma membrane [21]. Capsaicin
excites the peripheral nerve ending of capsaicin-responsive sensory neurons, releasing their content of neuropeptides
eg., substance P, and calcitonin gene related peptide [20]. The latter has been shown to account for the increase in
blood flow and the protective effects of capsaicin in the stomach [65]. Capsaicin has also been reported to decrease

neuronal damage in experimental models of cerebral ischemia [25] and MPTP-induced Parkinson’s disease [26].

In summary, the findings in the present study indicate a protective action for Capsicum extract against the rotenone
neurotoxicity. Capsicum exerted an antioxidative action, decreasing brain lipid peroxidation and increasing reduced
glutathione content as well as lessening the increase in brain 5-lipoxygenase induced by rotenone. Our data therefore
suggest that an antioxidant action and a decrease in the inflammatory response are both likely to have been

contributed to the observed neuroprotection.
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