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/Abstract \

Background: The hippocampus is a sensitive region of the brain for testosterone action thus is vulnerable to post
orchiectomy and age-related testosterone deficiency.

Objectives: The current work aimed to study the histological changes in the hippocampus of experimentally
orchiectomized rats. Moreover, to the best of our knowledge, this research is the first attempt to assess the
beneficial role of lemon peel extract supplementation in comparison with testosterone replacement.

Methods: Thirty adult male albino rats were divided into five groups; sham control, lemon peel treated (200
mg/kg/day orally), orchiectomy (ORX), orchiectomy treated with lemon peel and orchiectomy treated with
testosterone (100mg/kg i.m once). Thirty days later, the hippocampal sections were subjected to histological and
immunohistochemical analyses for the expression of inducible nitric oxide (iNOS), Bax, glial fibrillary acidic
protein (GFAP) and microtubule associated protein (Taul). In addition, Total serum testosterone level was
measured.

Results: Orchiectomy produced neurodegeneration with significant decrease of the pyramidal layer thickness,
number of the pyramidal cells and their Nissl's granules content. Inmunohistochemically, there was a significant
upregulation of iNOS, a marker for oxidative stress, Bax, a proapoptotic marker, and GFAP, a marker for reactive
astrocytes, with significant downregulation of Taul, a microtubule associated protein, immunoreaction. In
addition, serum total testosterone level was significantly decreased compared to the sham control group. Both
testosterone and lemon peel treated groups ameliorated the orchiectomy induced hippocampal
neurodegeneration via a significant downregulation of iNOS, Bax and GFAP expression and a significant
upregulation of Taul expression. Moreover, the pyramidal layer thickness, the number of its pyramidal cells and
their Nissl’s granules content were significantly increased in both treated groups compared to the orchiectomized
one. Furthermore, serum total testosterone level was significantly increased compared to the orchiectomized
group.

Conclusion: testosterone depletion due to orchiectomy produced hippocampal neurodegenerative changes.
Administration of testosterone or lemon peel extract improved these changes.
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INTRODUCTION

Physiologically, androgens are involved in development, differentiation, and survival of neurons (Hammond et al., 2001).
With aging, the testosterone level in men begins to decline (Feldman et al., 2002) leading to changes in androgen responsive
tissues as the hippocampus, prostate, heart, and skin (Moore and Urban, 2004). Therefore, the hippocampus is a target for
testosterone action and hence is vulnerable to gradual age-related decline of testosterone level in men (Elnegris and Mohamed,
2012).

The hippocampus plays a crucial role in the consolidation of memories (Jacobs et al., 2013); consequently, a brain lesion
causing hippocampal damage results in anterograde amnesia (Gregory et al., 2014).

Orchiectomy is a way of studying the consequences of testosterone deficiency in animal models (Mohamed et al., 2014).
Androgen depletion leads to apoptosis of neurons (Hammond et al., 2001) with the release of some proteins, including
proapoptotic and antiapoptotic proteins. Moreover, testosterone deficiency leads to excess production of reactive oxygen species
(ROS) and reduction of antioxidant agents responsible for the metabolism of ROS (Abdel Moneim, 2014).
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Tau, a microtubule-associated protein, promotes the stabilization of neuronal microtubules, which are essential in outgrowth
and axonal transport) Spires-Jones et al., 2009). It is phosphorylated at specific sites during fetal life, becomes dephosphorylated
around birth, and remains non-phosphorylated in a healthy life. In pathological conditions, these sites become abnormally
phosphorylated. It has six different isoforms in the adult brain, including Tau-1 (Goedert et al., 1993).

Testosterone can reduce hippocampal neurodegeneration (Rhodes and Frye, 2004). However, it is contraindicated in some
conditions and produces side effects on long term therapy (Osterberg et al., 2014). Therefore, studies are looking for a natural
product which can elevate serum testosterone level with fewer hormonal side effects thus can be used as an alternative treatment
or supplementation of hormonal therapy for hypogonadism.

Citrus peels are waste materials of citrus fruits obtained after extraction of their juice. They are an essential source of
antioxidants, such as ascorbic acid and flavonoids, so they can reduce the oxidative damage (Jayaprakash and Patil, 2007) by
neutralizing the oxidizing free radicals and inhibiting lipid peroxidation (Abdel Moneim, 2014). Also, citrus flavonoids have
anticancer, anti-inflammatory, antidiabetic, and antiallergic activities (Ortuno et al., 2006). Moreover, citrus peels increase the
serum testosterone level) Hong et al., 2008).

Consequently, the present study was designed to investigate, for the first time to the best of our knowledge, the effect of lemon
peel extract compared to testosterone replacement on the post-orchiectomy hippocampal neurodegeneration.

2. MATERIALS AND METHODS
2.1. Animals:

Thirty adult male albino rats with average weight of 180-200 grams were used in this study. They were obtained from Theodor
Bilharz Research Institute Animal House, Cairo, Egypt. The animals were kept under controlled conditions of temperature and
humidity and provided with water and balanced diet. The light\ darkness cycle was fixed at 12:12 h. The procedure was approved
by the ethics committee on animal experiment of the Faculty of Medicine, Menoufia University, Egypt in accordance with the
international regulations on care and use of laboratory animals.

The rats were divided into five groups, each group consisted of six rats: Group I (sham control group): The rats were subjected
to sham surgical procedure and left without treatment. Group Il (lemon peel treated group): The rats were subjected to sham
surgical procedure then received lemon peel extract in a dose of (200 mg/kg/day) (Mohamed et al., 2014) dissolved in 2ml of
distilled water per oral once daily using gastric tube. Group Il (orchiectomy group): The rats were subjected to orchiectomy and
left without treatment. Group 1V (Orchiectomized rats treated with lemon peel extract): The rats were subjected to orchiectomy
then received the same dose of lemon peel extract. Group V (Orchiectomized rats treated with testosterone): They were subjected
to orchiectomy then received a single intramuscular injection of testosterone undecanoate (100mg/kg) (Rhoden et al., 2017). The
experimental duration was 30 days.

2.2. Chemicals:

Testosterone undecanoate (Nebido, 1000mg/4ml solution) is a product of Bayer Pharma AG obtained from El-Ezaby
pharmacy, Cairo, Egypt in the form of vials.

Lemon fruits were collected from the local market, Egypt in August and September. The plant material was authenticated in
Botany Department, National Research Center, EI-Doki, Cairo, Egypt. Fresh fruit peels of lemon were taken and dried for 10
days then macerated in ethanol for one day. The ethanol was removed under reduced pressure to obtain a semisolid mass of
ethanolic extract. The ethanolic extract was then stored in -20°C until used (Mohamed et al., 2014).

2.3. Surgical procedure:

The rats were anesthetized with ketamine (intraperitoneal injection of a single dose of 50mg/kg body weight) (Ozcan et al.,
2015). A small vertical midline scrotal incision was made, and the testes were exposed through it. In the sham-operated group, the
testes were exposed, manipulated, and then replaced into the scrotum. In the orchiectomy group, the testes were bilaterally
removed after ligature of the spermatic cord; then the incision was sutured (Ogawa et al., 1999). Garamycin cream was applied
locally as a wound dressing for 5 days post-operative to reduce the risk of wound infection (EI-Mehi and EI-Sherif, 2014).
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Figure 1: A photograph showing steps of orchiectomy. A: vertical incision of the scrotum. B: extraction of its contents. C, D, E
ligature of the spermatic cord. F, G: removal of testis. H, I: closure of the scrotum.

At the end of the experiment, rats were anesthetized using diethyl ether inhalation; blood samples were collected from the
retro-orbital venous plexus for biochemical analysis and craniotomy was performed to dissect out the intact brains to examine the
hippocampus.

2.4. Evaluation methods:
2.4.1. Biochemical study:

The collected blood samples were centrifuged at 3000g for 10min. Serum concentrations of testosterone were quantified using
commercial immunoassays. To avoid the difference in testosterone level, all blood samples were taken at a fixed time in the
mornings (Stuermer et al., 2009).

2.4.2. Histological study:

The cerebral hemisphere was cut coronally into two halves to reach the site of the hippocampus and then fixed in 10% buffered

formaldehyde solution then the specimens were dehydrated, cleared, and embedded in paraffin blocks. Serial coronal sections
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were cut 5 pm thick and stained with hematoxylin and eosin (H & E) for routine histological examination and with toluidine blue
(TB) to detect Nissl’s granules.
2.4.3. Immunohistochemical study:

The paraffin sections on poly-L-lysin coated slides were deparaffinized and rehydrated. Endogenous peroxidase was blocked
by inserting the sections in 3% hydrogen peroxide (H,0,). The microwave antigen retrieval procedure was performed. The
sections were incubated with primary anti iNOS antibody, a marker for oxidative stress- cytoplasmic expression, (rabbit
polyclonal antibody, Midco Trade Company, Giza, Egypt); anti Bax antibody, a proapoptotic marker- cytoplasmic expression,
(rabbit polyclonal antibody, Dako, Carpinteria California, USA); anti GFAP antibody, a marker for astrocyte activation, (rabbit
polyclonal antibody, Midco Trade Company, Giza, Egypt) and anti Tau-1 antibody, expressed in the axons and cytoplasm of
pyramidal cells, (mouse monoclonal antibody, Gene tex company, Cairo, Egypt). After that, biotinylated goat-polyvalent
secondary antibody was applied. The sections were then incubated in preformed streptavidin-peroxidase and finally the prepared
DAB substrate chromogen (3,3'-diaminobenzidine tetrahydrochloride) was applied and the slides were counterstained with
hematoxylin to be examined under light microscope.

2.5. Morphometric assessment:

For histological and immunohistochemical quantitative assessment, from each section five non-overlapping fields (400x) were
randomly captured by a Leica Microscope DML B2/11888111 equipped with a Leica camera DFC450. The different parameters
including the thickness of the pyramidal layer, number of pyramidal cells, the color intensity of toluidine blue, number of GFAP
positive cells, percentage of Bax positive pyramidal cells, percentage of iNOS positive pyramidal cells and the area percentage of
tau-1 immunoreaction were assessed in the fields taken from at least five sections / animal using image J software (Maryland,
USA) and averaged per field for each animal. The calculated data for at least five animals / experimental group and the
biochemical results were statistically analyzed.

2.6. Statistical analysis:

The collected data were presented as mean + SD. Data analysis was performed using SPSS (Inc., Chicago, IL, USA) version 23
on IBM compatible computer. The obtained data were analyzed using one way-ANOVA followed by post hoc Bonferroni test.
The results were considered statistically significant and nonsignificant when the p-values were <0.05 and >0.05 respectively.

3. Results

There was a non-significant difference in all the examined parameters between the sham control and sham control treated with
lemon peel extract. Therefore, they were pooled in one control group.
3.1. Biochemical results

Total serum testosterone level in the orchiectomy group showed a highly significant decrease (P<0.001) compared with the
sham control group (0.85+0.16 vs. 4.75+0.24). In the orchiectomy group either that treated with lemon peel extract or that treated
with testosterone, this hormone was significantly increased (P<0.001) as compared with the orchiectomy group (2.15+0.19 and
4.26+0.21 respectively vs. 0.85+0.16). However, a significant increase (P<0.001) was observed in the orchiectomy group treated
with testosterone as compared with that treated with lemon (4.26+0.21 vs 2.15+0.19) (Figure 2).
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Figure 2: Total testosterone hormone levels

3.2. Histological results

In H&E-stained sections, CAL region of the hippocampus of the sham control group was formed of molecular, pyramidal and
polymorphic layers. The pyramidal layer was formed of multiple regular rows of well-organized compactly arranged pyramidal
cells. Each pyramidal cell appeared triangular with basophilic cytoplasm, large vesicular nucleus, and prominent nucleolus. Both
molecular and polymorphic layers were formed mainly of eosinophilic neuropil matrix within which neuroglia was embedded.
Microglia with rod-shaped nuclei, oligodendroglia with small dark nuclei and perinuclear halos and astrocytes with oval vesicular
nuclei were observed (Figure 3A). In the orchiectomy group, there was a disturbing arrangement of the pyramidal cells that
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appeared degenerated with shrunken hyperchromatic nuclei, perinuclear halos, and lost nuclear details. The neuropil showed many
vacuolations and congested blood vessels. Moreover, the number of astrocytes was increased compared with the sham control
group (Figure 3B). In the orchiectomized group treated with lemon peel extract, many normal pyramidal cells were observed with
only some pyknotic ones and few ghost cells. The neuropil was regularly organized except for the presence of few vacuolations
and mildly congested blood vessels. Moreover, few astrocytes were observed (Figure 3C). In the orchiectomized group treated
with testosterone, the pyramidal cell layer appeared almost normal, well organized with normal pyramidal cells; however, few
degenerated ones and few astrocytes were observed (Figure 3D).

Statistically: The thickness of the pyramidal layer was significantly decreased (P<0.001) in the orchiectomized group
compared with the sham control one (20.27+4.77 vs. 49.85+2.86). However, it showed a significant increase (P<0.001) in both
lemon and testosterone-treated groups compared with the orchiectomy group (42.07+1.88 and 45.44+0.72, respectively vs.
20.27+£4.77). Also, there was a non- significant difference (P> 0.05) in the testosterone-treated the group as compared with the
lemon treated one (45.44+0.72 vs. 42.07+1.88) (Figure 4).

Moreover, the number of the pyramidal cells was significantly decreased (P<0.001) in the orchiectomized group compared
with the sham control one (34.83+4.16 vs. 76.66+3.20). However, it showed a significant increase (P<0.001) in both lemon and
testosterone-treated groups compared with the orchiectomy group (53.50+2.88 and 68.50+1.87, respectively vs. 34.83+4.16).
Also, there was a significant increase (P<0.001) in the testosterone-treated the group as compared with the lemon treated one
(68.50+1.87 vs. 53.50+2.88) (Figure 4)
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Figure 3: Representative photomicrographs of coronal sections at the CAl area of the hippocampus of the different groups
showing the pyramidal (P), molecular (M) and polymorphic (Pm) layers. (A) The sham control group showing normal pyramidal
cells (thin arrow). Microglia (star), oligodendroglia (arrowhead) and astrocyte (dashed arrow) are scattered inside the neuropil. (B)
The orchiectomy group showing pyknotic pyramidal cells (thick arrow), vacuolations (V), congested blood vessels (BV),
degenerated oligodendroglia (arrow head) and numerous astrocytes (dashed arrow). (C) Orchiectomy group treated with lemon
peel extract showing many normal pyramidal cells (thin arrow) but some pyknotic (thick arrow) and ghost cells (curved arrow) are
still present. Normal oligodendroglia (arrow head), few astrocytes (dashed arrow) and few vacuolations (V) are observed within
the neuropil. (D) Orchiectomy group treated with testosterone showing normal pyramidal cells (thin arrow) with few degenerated
ones (thick arrow). The neuropil shows few astrocytes (dashed arrow) and normal oligodendroglia (arrow head) (scale bar 20
X400).
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Figure 4: Mean thickness of the pyramidal layer in micrometers and the mean number of the pyramidal cells

In TB-stained sections, the cytoplasm of the pyramidal cells of the sham control group was filled with dense dark blue Nissl’s
granules. In the orchiectomy group, the Nissl’s granules content appeared faint blue in color. In both testosterone and lemon
treated groups, the Nissl’s granules content appeared dark blue (Figure 5). Statistically: a significant decrease (P<0.001) in the
color intensity was observed in the orchiectomy group as compared with the sham control group (74.66+1.69 vs. 130.73+5.79).
However, there was a significant increase (P<0.001) in both lemon peel and testosterone treated groups as compared with the
orchiectomy group (106.73+4.13 and 122.57+2.54, respectively vs. 74.66+1.69). Also, there was a significant increase (P<0.001)
in the orchiectomy group treated with testosterone as compared with that treated with lemon peel extract (122.57+2.54 vs.
106.73+4.13) (Figure 5E).
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Figure 5: Photomicrographs of TB-stained sections in the CA1 region of the hippocampus proper. (A) Sham control group
showing dense dark blue Nissl’s granules content inside the cytoplasm of the pyramidal cells (thin arrows). (B) Orchiectomy
group showing an apparent decrease of Nissl’s granules content inside the cytoplasm of the pyramidal cells that appeared faint
blue (thick arrows). (C) Orchiectomy group treated with lemon peel extract showing increased Nissl’s granules content in many of
the pyramidal cells which appeared dark blue (thin arrow) with only a few faint blue Nissl’s granules (thick arrow). (D)
Orchiectomy group treated with testosterone showing an apparent increase in Nissl’s granules content in the pyramidal cells that
appeared dark blue in color (thin arrows) (scale bar 20 X400). (E) Mean color intensity of Nissl's granules.
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3.3. Immunohistochemical results

In iINOS stained sections, the orchiectomy group showed a significant increase (P<0.001) in the percentage of iINOS positive
cells compared to the sham control group (89.30+8.58 vs. 1.46+0.86). However, in orchiectomy groups either treated with lemon
peel extract or testosterone, a significant decrease (P<0.001) in this percentage was observed compared to the orchiectomy group
(26.33+2.52 and 14.32+3.04 respectively vs. 89.30). Also, the percentage was significantly decreased (P<0.001) in the
orchiectomy group treated with testosterone when compared with that treated with lemon peel extract (14.32+3.04 vs. 26.33+2.52)
(Figures 6 a-d, 7A).

In Bax stained sections, the orchiectomy group showed a significant increase (P<0.001) in the percentage of Bax positive cells
compared to the sham control group (74.53+4.15 vs. 2.01+1.07). In both orchiectomy groups either that treated with lemon peel
extract or testosterone, a significant decrease (P<0.001) in this percentage was observed compared to the orchiectomy group
(17.75+2.17 and 8.45+1.57 respectively vs. 74.53+4.15). However, the percentage was significantly decreased (P<0.001) in the
orchiectomy group treated with testosterone when compared with that treated with lemon peel extract (8.45+£1.57 vs. 17.75+2.17)
(Figures 6 e-h, 7B).

In GFAP stained sections, the orchiectomy group showed a significant increase (p<0.001) in the number of astrocytes
compared to the sham control group (29.66+5.24 vs. 5.16+1.60). In orchiectomy groups either that treated with lemon peel extract
or testosterone, there was a significant decrease (p<0.001) in the number of astrocytes compared to the orchiectomy group
(14.16+1.94 and 8.33+1.36 respectively vs. 29.66). However, there was a significant decrease (P< 0.05) in their number in the
orchiectomy group treated with testosterone as compared with that treated with lemon peel extract (8.33+1.36 vs. 14.16+1.94)
(Figures 6i-1, 7C).

In Tau-1 stained sections, the orchiectomy group showed a significant decrease (P<0.001) in its area percentage compared to
the sham control group (27.04+5.80 vs. 83.97+1.95). Both orchiectomy groups either treated with lemon peel extract or
testosterone showed a significant increase (P<0.001) in area percentage of Tau-1 compared to the orchiectomy group (64.31+3.62
and 78.03+1.13 respectively vs. 27.04+5.80). However, the percentage of the orchiectomy group treated with testosterone was
significantly increased (P<0.001) compared to that treated with lemon peel extract (78.31+£1.31 vs. 64.31+3.62) (Figures 6m-
p,7D).
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Figure 6: Representative micrographs of the different experimental groups showing a significant upregulation of the iNOS (a-d),
Bax (e-h) and GFAP (i-I) immunoreaction in the orchiectomy group and their downregulation in both lemon peel extract and
testosterone-treated groups. Taul stained sections (m-p) showing a significant downregulation in the orchiectomy group and
upregulation in both lemon peel extract and testosterone-treated groups (scale bar 20 X400).
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Figure 7: (A) Mean percentage of iINOS positive cells. (B) Mean percentage of Bax positive cells. (C) Mean number of astrocytes.
(D) Mean area percentage of Tau-1 immunoreaction.
4. DISCUSSION

Testosterone is considered a neurosteroid (Barreto et al., 2007) that plays an important role in neuroprotection (Bancroft,
2005). It acts through intracellular androgen receptors (ARs), which are abundant in the hippocampus (Stuermer et al., 2009).
With aging, testosterone level declines gradually leading to neurodegenerative changes in the hippocampus) Feldman et al., 2002).

Orchiectomy is considered the standard gold treatment for testicular cancer) Kordan, 2010), some cases with prostatic cancer)
Demir et al., 2015) and testicular torsion (Berman et al., 2012). Experimental model for orchiectomy was used to study
consequences of testosterone deficiency, which occurs with aging, post orchiectomy or due to disorders interrupting the secretion
of testosterone (Ryu et al., 2015).

In the present work, bilateral scrotal approach orchiectomy was performed to maintain a lower level of testosterone and to
enhance the healing. This was in line with previous studies conducted by Christoffersen et al., 2006; Carla et al., 2012; Shin et al.,
2016.

Testosterone is used as hormone replacement for hypogonadism) Traish et al., 2009). However, it is contraindicated in several
conditions, including benign prostatic hyperplasia, prostate cancer, breast cancer, and congestive heart failure. Also, its long-term
therapy has many side effects) Osterberg et al., 2014). Therefore, this study aimed to look for a natural product which can elevate
the serum testosterone level with avoiding the hormonal side effects thus can be used as an alternative treatment or
supplementation of hormonal therapy for hypogonadism.

In the present study, the hippocampus of the orchiectomized rats revealed a significant decrease in the thickness of the
pyramidal cell layer and the number of its cells. Moreover, the hippocampal tissue showed many degenerative changes in the form
of degenerated pyknotic pyramidal cells, mostly apoptotic which was supported by a significant upregulation of Bax, with a
significant decrease of their Nissl’s granules content. Some cells were swollen, and others were ghost-like cells. The neuropil of
the molecular and polymorphic layers showed many congested blood vessels, vacuolations and increase in the number of
astrocytes which was confirmed by the significant increase in the number of GFAP immunoreactive astrocytes.

Similar findings were conducted by Mohamed and Elnegris (2012). This may be attributed to the significant decrease in
testosterone level as supported by Medyan et al. (2010) who clarified that decreased serum testosterone level resulted in impaired
hippocampal neurogenesis and increased oxidative stress-inducing neuronal cell death. This was confirmed in our study by the
significant upregulation of INOS, a marker for oxidative stress, that led to the activation of Bax pathway that may be responsible
for the considerable decrease in the thickness of the pyramidal cell layer and the number of its cells. This was in agreement with
DeKosky and Scheff (1990) who referred the decrease in the pyramidal cell layer thickness to the reduction in neuronal and
synapse number. Salcedo et al. (2012) explained the reduction in hippocampal thickness by the free radical theory of aging which
suggested that an elevation in reactive oxygen species (ROS) damages neural membranes and induces oxidative stress.
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Reali et al. (2005) and Bagetta et al. (2004) stated that iINOS-derived NO is a mediator of neurotoxicity as it might execute
apoptotic death in neurons by activation of the apoptotic cascade. To initiate apoptosis, NO can induce mitochondrial dysfunction
(Marriott et al.,, 2004) and upregulate proapoptotic factors (Tamatani et al., 1998). Additionally, it can directly react with
superoxide to produce peroxynitrite (Johnson et al., 2001) which serves as a strong oxidizing agent that reacts with all classes of
biomolecules causing oxidative stress-inducing damage of deoxy ribonucleic acid (DNA), proteins and lipids (Acquaviva et al.,
2004).

This explanation was in agreement with Afolabi et al. (2013) and Khasnavis et al. (2017) who stated that castration resulted in
a dramatic increase in ROS and significant reduction of critical ROS-detoxifying enzymes. Furthermore, Klapcinska et al. (2008)
reported that the antioxidant defense system was negatively affected after gonadectomy through a decrease in the antioxidant
enzyme levels.

A significant increase in GFAP immunoreactive cells in the hippocampus of the orchiectomized rats was in line with Garcia
and Melcangi (2006). This may be attributed to the oxidative stress induced reactive gliosis. Also, Cencioni et al. (2013) added
that astrocytosis was detected in aging and other damaging conditions like stress and ischemia. Ramesh et al. (2013) stated that
astrocytes represent the most abundant glial cell type in the central nervous system (CNS) and that once these cells undergo
reactive activation, they produce cytokines and other molecules involved in inflammatory response contribute to expanding brain
damage.

The biological activity of tau depends on the degree of its phosphorylation. Hyperphosphorylation of tau depresses its activity
to promote microtubule assembly and maintain their structure leading to instability of microtubules and impairment of axonal
integrity and transport of molecules and organelles resulting in the collapse of cytoskeleton and reduction in neurotransmitter
production and consequently neuronal death (Harrington, 2001).

Tau-I antibody recognizes tau only when it is dephosphorylated) Szendrei et al., 1993). In the present study, there was a
significant downregulation of Tau-1 immunoreaction within the hippocampus of the orchiectomized rats indicating tau
hyperphosphorylation. This could be attributed to the oxidative stress that may induce a kinase and phosphatase imbalance,
leading to tau hyperphosphorylation.

The phosphorylation of tau is regulated by protein kinases and protein phosphatases (PP) including PP-2A, which is the most
active enzyme in dephosphorylating the abnormally hyperphosphorylated tau (Liu et al., 2005). Jiang et al. (2007) clarified that
inhibition of PP2A or activation of tau protein kinases could induce tau hyperphosphorylation.

In the present study, the orchiectomized rats treated either by testosterone or lemon peel extract showed ameliorating effects on
the orchiectomy induced neurodegenerative changes.

Previous studies (Carla et al., 2012; Elnegris and Mohamed, 2012; Meydan et al., 2010)evaluated the ameliorating effect of
testosterone supplementation in orchiectomized rats. Ahlbom et al. (2001) referred to the neuroprotective effect of testosterone to
its antioxidant effect. Moreover, Papasozomenos and Shanavas (2002) clarified its role in the phosphorylation of tau protein.

Some studies have shown that the neuroprotective properties of androgens involve activation of a mitogen-activated protein
kinase (MAPK) pathway) Nguyen et al., 2005; Gatson et al., 2006) which has been shown to increase neuronal survival)
Cavanaugh, 2006; Hetman and Gozdz, 2004).

Natural products often provide more safety and fewer side effects than synthetic medications (Nofal et al., 2019). In the
present study, for the first time up to the best of our knowledge, the ameliorating role of lemon peel extract on orchiectomy
induced hippocampal neurodegeneration was investigated. It showed a marvelous neuroprotective effect via the significant
downregulation of iNOS, Bax, GFAP and significant upregulation of Tau-1 indicating its antioxidant and antiapoptotic properties
in addition to its beneficial role to control the gliosis and suppress Tau hyperphosphorylation. This may be attributed to its
antioxidant effect in addition to its ability to raise the serum level of testosterone hormone as confirmed in our research.

Previous studies) Mohamed et al., 2014; Abdel Moneim, 2014; Okuyama et al., 2015) revealed neuroprotective effects of citrus
peel compounds in the different experimental models, including hyperglycemic mice.

Hong et al. (2008) postulated that citrus peel extract could produce a slight increase in serum testosterone level as it is rich in
vitamin C, which reduces stress hormones such as cortisol. Not only that, but it also contains vitamin A, which is required for
testosterone generation and can help lower estrogen level; thus, testosterone becomes more effective.

Also, citrus contains antioxidative compounds such as flavonoids (Green et al., 2011), which act by neutralizing the oxidizing
free radicals (Abdel Moneim, 2014). Moreover, Okuyama et al. (2016) stated that auraptene (AUR), citrus peel component,
exerted suppressive effects on astrocyte activation and neuronal cell death in the brain of a lipopolysaccharide -injected
inflammation model. Furthermore, Okuyama et al. (2018) found that AUR and naringin (NGI) significantly suppressed tau
phosphorylation in the hippocampus of hyperglycemic rats, and they referred this to its antioxidant properties.

5. CONCLUSION
The results of this study confirm the neurodegenerative effects of orchiectomy on the rat hippocampus, add new information to
the known neuroprotective effects of testosterone, and provide a new insight into the possible use of lemon peel extract to enhance
the neuroprotective effects after orchiectomy.
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