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Abstract

Bilateral adrenalectomy has been shown to damage the hippocampal
neurons. Although the effects of long-term adrenalectomy have been studied
extensively there are few publications on the effects of short-term adrenalectomy.
In the present study we med to investigate the effects of short-term bilateral
adrenalectomy on the levels of pro-inflammatory cytokines IL-1p, IL-6 and TNF-
a; neurodegeneration, the response of microglia and astrocytes to neuronal cell
death, animal behavior as well as oxidative stress markers GSH, SOD and MDA
over the course of time (4h, 24h, 3days, 1week and 2weeks) in the hippocampus of

Wistar rats.

Our results showed a transient significant elevation of pro-inflammatory
cytokines IL-1B and IL-6 from four hours to three days in the adrenalectomized
compared to sham operated rats. After one week, the elevation of both cytokines
returns to the sham levels. Surprisingly, TNF-a levels were significantly elevated
at four hours only in adrenalectomized compared to sham operated rats. The
occurrence of neuronal cell death in the hippocampus following adrenalectomy
was confirmed by Fluoro-Jade B staining and electron microscopy. Our results
showed a time dependent increase in degenerated neurons in the dorsal blade of the
dentate gyrus from three days to two weeks after adrenalectomy. Our results
revealed an early activation of microglia on day three whereas activation of
astroglia in the hippocampus was observed at one week postoperatively. A
progression of microglia and astroglia activation all over the dentate gyrus and
their appearance for the first time in CA3 of adrenalectomized rats hippocampi
compared to sham operated was seen after two weeks of surgery. Quantitative
analysis revealed a significant increase in the number of microglia (3, 7 and 14
days) and astrocytes (7 and 14 days) of ADX compared to sham operated rats. Our



study revealed no major signs of oxidative stress until two weeks after
adrenalectomy when a significant decrease of GSH levels and SOD activity as well
as an increase in MDA levels were found in adrenalectomized compared to sham
rats. In the current study we used passive avoidance test to evaluate the cognitive
functions of the ADX rats, we have found that the removal of the adrenal gland
cause a behavioral deficit in the adrenalectomized rats compared to the shams over
the time (3, 7 and 14 days).

Our study showed an early increase in the levels of pro-inflammatory
cytokines followed by neurodegeneration and activation of glial cells as well as
oxidative stress and all these changes manifested in a behavioral deficit in the
adrenalectomized rats. Taking these findings together it could be speculated that
the early inflammatory components might contribute to the initiation of the
biological cascade responsible for subsequent neuronal death in the current
neurodegenerative animal model. These findings suggest that inflammatory

mechanisms precede neurodegeneration and glial activation.

Keywords: Adrenalectomy, hippocampus, neuroinflammation, neurodegeneration,

oxidative stress.
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Overview

Glucocorticoids are steroid hormones produced in the adrenal gland and
secreted in the blood stream in response to the circadian rhythm as well as in stress
situations (Dickmeis, 2009). The human and rodent versions of these hormones are
cortisol and corticosterone respectively. It is well known since the second half of
the last century that the hippocampus is the main target of these hormones due to
the high level of their receptors in this area of the brain (McEwen et al., 1968). In
addition, several other brain areas such as the amygdala, neocortex and
hypothalamus are targets of the adrenal hormones because of the abundance of

mineralo and/or glucocorticoid receptors (Reul et al., 2015).

Immunohistochemical studies showed glucocorticoid receptors in the brain
are of two types, mineralocorticoid or type 1 and glucocorticoid or type 2 receptors
(Reul and de Kloet, 1985). The abundance of these receptors in the hippocampus
differs from one neuronal population to another where the granule cells are rich in
type 1 and pyramidal neurons in type 2 receptors. In addition to their suppressive
effect a inflammatory mediators (MacLennan et al., 1998). In the brain such
hormones play a major role in the production of neurotrophin-3 (NT-3), Brain
Derived Growth factor (BDNF) and Nerve Growth Factor (NGF) (Barbany and
Persson, 1992; Nichols et al., 2005; Smith et al., 1995; Vollmayr et al., 2001).

At the hippocampal level, several studies showed dual effect of these
hormones. It has been reported chronic administration of high dose of
glucocorticoids results in degeneration of pyramidal neurons (Sapolsky and
Pulsinelli, 1985). However, multiple studies have demonstrated that adrenalectomy
(ADX) induced massive and selective degeneration of the granule cells of the
dentate gyrus (Sloviter et al., 1989, 1993a, 1993b.,Gould et al., 1990; Nichols et
al., 2005; Spanswick et al., 2011; Stienstra et al., 1998). Moreover, in addition to

granule cells degeneration, pyramidal cells degeneration were observed in the
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hippocampus after long-term adrenalectomy (Sapolsky et al., 1991;Adem et al.,
1994).

The discovery made by Sloviter et al.1989 (Sloviter et al., 1989) that
adrenalectomy induces hippocampal granule cell loss and the duplication of this
finding by several groups (Krugers et al., 1994; Nichols et al., 2005; Sousa et al.,
1997; Sugama et al., 2013) as well as the findings by Sapolsky et al. 1991
(Sapolsky et al., 1991) and Adem et al. 1994 (Adem et al., 1994) that showed
hippocampal pyramidal cell loss after long-term adrenalectomy have established
this model as a neurodegenerative model to study of hippocampal cell death.
Moreover, the neurodegeneration and glial response to the cell death that takes
place in this model is comparable to what is seen in other established
neurodegenerative models such as ischemia (Rothwell, 2003; Zhu et al., 2006),
surgical injury (Tchelingerian et al., 1993), TMT (Trimethyltin) (Liu et al., 2005)
KA (Kainic acid) (Minami et al., 1991) and cis-2,4-methanoglutamate (MGlu)
(Pearson et al., 1999). Hence the ADX model can be used as an experimentally
controlled neuronal cell death in the hippocampus which might be a relevant model

to what is happening in neurodegenerative disorders.

Pro-inflammatory cytokines interleukin-13 (IL-1p) (Rothwell and Luheshi,
2000; Touzani et al., 1999; Vitkovic et al., 2000), Intrleukin-6 (IL-6) (Gadient and
Otten, 1994; Godbout and Johnson, 2004) and tumor necrosis factor alpha (TNF-a)
(Perry et al., 2002; Sternberg, 1997; Vitkovic et al., 2000) have been shown to be
produced by different cells in the brain (Rothwell, 2003). Elevated levels of such
cytokines have been found in numerous degenerative diseases such as Alzheimer’s
disease (AD) (Rubio-Perez and Morillas-Ruiz, 2012; Veerhuis et al., 1999),
Amyotrophic lateral sclerosis (ALS) (Rothwell and Luheshi, 2000) and
Parkinson’s disease (PD) (Blum-Degen et al., 1995; Nagatsu et al., 2000).
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Different studies showed the early expression of cytokines in various
neurodegenerative animal models in which kainic acid (Yabuuchi et al., 1993),
trimethyltin (TMT) (Fiedorowicz et al., 2001), ischemia-reperfusion (Sairanen et
al., 1997; Yabuuchi et al., 1994), 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) (Kumar et al., 2012; Selley, 2005) treatments were used. It has been
reported that these inflammatory mediators are involved in the initiation of the
morphological changes which occur during neuronal death and exacerbation of the
damage induced by different insults (Allan et al., 2000; Apelt and Schliebs, 2001;
Berti et al., 2002; Botchkina et al., 1997; Knoblach et al., 1999; Touzani et al.,
2002).

Oxidative stress is well-known as a cytotoxic phenomenon when imbalance
between the antioxidants and oxidants occurs leading to different aspects of tissue
endangerment and subsequently the contribution to the neurodegenerative process
(Halliwell, 2006; Lee et al., 2010; Li et al., 2004; Murakami et al., 2011). Reactive
oxygen species (ROS) have important physiological functions (Hsieh and Yang,
2013; Schieber and Chandel, 2014). Production of high levels of ROS can cause
oxidative stress. Since oxidative stress can induce cell damage and promote
inflammation (Haddad, 2002), cells have a battery of anti-oxidizing molecules and

enzymes to prevent the accumulation of ROS (van Horssen et al.,, 2011).


http://en.wikipedia.org/wiki/Methyl
http://en.wikipedia.org/wiki/Phenyl
http://en.wikipedia.org/wiki/Pyridine
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Introduction

Chapterl: Cytoarchitecture and functions of the
hippocampus

1-Neuronal populations in the hippocampus:
1-1-Pyramidal cells:

Pyramidal neurons of the cornu Amonis are characterized by two sets of
dendritic arborsation, the apical dendrites emerge from the apex of the neuron
heading towards stratum lacunosum through the stratum radiatum where they give
off a few fine branches at the right angles toward CA1. At the Contrary, the basal
dendrites emerge not only from one spot of the cell body but from several places
(Isaacson et al., 1974, Spruston,2014 ; Ito et al.2008 ). The axons of these giant
cells emerge either from the soma (Rasband. 2010 ; Hofflin et al.2017) or the
proximal segment of one of the dendrites (Lorincz and Nusser, 2010).

Pyramidal cells are considered as essential cells in the hippocampal circuitry
(Babateenet al.2017) and they are one of the most studied neurons in the brain. It
has been shown that these cells are excitatory neurons generating the glutamate as
neurotransmitter and play a crucial role in the integration of spatial, contextual and
emotional information. In addition to their role in transferring all hippocampal

output to various targets all over the brain (Graves et al., 2012).
1-2-Granule cells:
Before we discuss the morphology and physiology of these small cells. It is

interesting to indicate that the granule cells are the only cells capable of

proliferating and generating new neurons during the adulthood, such discovery was
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one of the enormous breakthroughs in the nineties of the last century by Elizabeth
Gould at Rockefeller University (Gould et al., 1997).

The granule cells considered the smallest cells that can be found in different
regions of the brain such as olfactory bulb (Egger et al., 2005), cerebellum (Duguid
et al.,, 2015) and the dentate gyrus (Claiborne et al.,1990). The histological
examination of the hippocampus and more precisely the dentate gyrus revealed that
the granule cells are the principal cells of the dentate gyrus. They are densely
packed to form the primary layer of the dentate gyrus. In most cases, there is no
glial sheath interposed between the cells and the ultrastructure examination of the
dentate gyrus demonstrated the rise of their apical dendrite in the molecular layer;
this later was bordered by the hippocampus fissure. (Figure-1a) (Amaral et al.,
2007).

Studies have shown that granule cells play a major role in spatial memory
and integration of the information because they are considered as the major gate of
communication between the hippocampus and the parahippocampal structures (kee
et al., 2007). The physiological studies of these cells revealed that they are
glutamergic neurons and play a major role in the trisynaptic circuit of the
hippocampus (Gutiérrez. 2003). In epileptic patient, granule cells become
hyperactive due to the development of the basal dendrite which they lack naturally.
Such an abnormality allowed them to increase the area of contact with input fibers
and eventually increase their activation which in return will push the granule cells
to activate the pyramidal cells of the CA3 and create a state of electric seizure
results in the behavior alteration that we see in these patients (Figure-1b) (Dudek
et al., 2004).
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Figure-1:Structure of different cells of the hippocampus (O'Keefe and Nadel.,
1974)

2-Cytoarchitecture:

Ramon y Cajal in 1914 is considered one of the pioneering figures in the
determination of the hippocamppal cyto-architecture, followed by the exquisite
work of his student Lorente de No 1934 by using silver and Nissl staining (Turner
et al., 1998; El Falougy et al., 2008).The hippocampal formation comprises dentate
gyrus, hippocampus proper (CAl, CA2 and CA3) and the adjacent
parahippocampal cortices (Cao et al.2017). the hippocampus is organized in a
laminar fashion and its connectivity is mostly unidirectional (Lopez-Rojas and
Kreutz. 2016).

The double horseshoe shape of the hippocampus imposes a tri-synaptic

paradigm of connections between different parts and facilitates the flow of the
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information in and out of the hippocampus. The perforant pathways that originated
in the entorhinal cortex considered the most prominent input to the hippocampus.
These projections intersect with apical dendrites of the granule cells in the
molecular layer of the dentate gyrus (Witter. 1993). In return, the granule cells
send their axons laterally to the stratum lacunosum where they get connected with
apical dendrites of the pyramidal cells of the CA3 (Swanson et al.,1978; Witter.
1993). These latters are characterized by long axons, organized in two bundles
called the Schaffer collaterals, the major input to the small pyramidal cells of the
CA1l and CA2 (Stepan et al.2015). Currently it became a general census that the
trisynapatic model is the real demonstration how the information flows in the
hippocampus (Figure-2) (Nakashiba et al., 2008; Neves et al., 2008).

CA1

CA3

MPP

Figure-2: The trisynaptic paradigm in the hippocampus.Entorhinal Cortex (EC),
Dentate Gyrus (DG), Perforant Path (PP - split into lateral and medial). Mossy
Fibres (MF).Schaffer Collateral Pathway (SC).(Patten et al., 2015).
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3-Functions of the hippocampus:

It has been a big fallacy in most people’s believe of linking the role of
hippocampus merely with learning and memory. Studies have shown this part of
the brain plays a major role in stress response feedback, motor and emotions
control. It was very hard for us to resume the function of the hippocampus in one

or two pages since hundreds of books have been written about this subject.

3-1-Learning and memory:

The hippocampus is considered the center of acquiring and learning new
experiences which called short term memory (Burgess et al, 2002). It is worthy to
note that the hippocampus plays a major role in the embedding, storing and
consolidation of of the information for a long period in the isocortex to form
another different kind of memory that called long-term memory (Dudai, 2012,
Adam et al.2014). Also the hippocampus plays a major role in processing, storing
and retrieving different kind of memory such as episodic memory, a memory that
permits conscious recollection of different events (Squire, 2007; Eichenbaum,
2000; Kopelman, 1993). In addition, the hippocampus plays a chief role in spatial
memory that involves spatial location recognition (Squire, 2007; Herman et al.,
1989).

3-2-Stress responses:

Today it is proofed and well known that the hippocampus plays an important
role in the regulation of stress response (Kjelstrup et al.2008), via the regulation of
the hypothalamic—pituitary—adrenal axis (HPA) axis and suppression of the ACTH

secretion from the hypothalamus, a direct inducer of production and secretion of

5



Introduction

glucocorticoids in the adrenal gland (Lathe.2001, Gutiérrez. 2003). Furthermore,
since the early 1960s it has been known that hippocampal removal (or section of
the fornix) precipitates adrenal hypersecretion of glucocorticoids (Fendler et al.,
1961; Knigge, 196 1; Moberg et al., 1971).

3-3-Motor activity:

Since James Papez in 1947 defined the hippocampus as part of the limbic
system (Arszovszki et al.2014), a common believe started to emerge about the
involvement of the hippocampus in the control of ventral striatal loop, a group of

brain areas responsible for motility control (Humphries and Prescott., 2010).

The ventral striatum is not only important for spatial processing and
contextual cues (Hauber and Sommer.2011; Ferretti et al., 2010), processes the
information relevant to effort (Hauber and Sommer.2011). The nucleus
accumbens, the main structure of the ventral striatum, can be divided into core and
shell subregions. The shell receives hippocampal inputs predominantly from
ventral CA1 and subiculum, whereas the core receives them from dorsal CAL,

subiculum and parahippocampal regions (Voorn et al., 2004).
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Chapter 2: Neuroinflammation

1-Astrocytes:

1-1-Origin:

The german neuropathologist Rudolf Virchow was the first scientist that
described the astrocytes as nerve glue in the second half of the nineteenth century
(Scheller et al., 2011). Astrocytes are the most abundant neuroglial cells in the
central nervous system, generally they outnumber neurons by five folds and they
can be found all over the brain (Romero et al., 2014). It is now clear that astrocytes
are of two types, white matter abundant astrocytes called fibrous and grey matter
located astrocytes called protoplasmic (Parpura et al.,2012). The two types differ
widely in their anatomy and physiology (Shigetomi et al., 2008).

The astrocytes processes ensure thousands of contacts with neural synapses
per cell. Despite the large number of the processes that astrocytes possess, these
cells tile the entire central nervous system in extraordinary network-like fashion
where no overlapping between the cells can be seen, using the gap junctions as an
essential way of communication between each other to meet the transportation of

different mediators between the cells (Giaume et al., 2010).

1-2-Morphology:

The morphology of astrocytes differs from one region of the brain to another
where we can find fibrous astrocytes with the processes oriented along the fiber
tracts in the white matter (Wang et al., 2008). Protoplasmic astrocytes abundant in
the grey matter such as the dentate gyrus of the hippocampus and corpus callosum,

their processes are oppositely directed against the nerve fibers (Oberheim et
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al.,2012;Bushong et al., 2003). The possession of multiple processes enable
astrocytes to envelope the pre and postsynaptic terminals and play a remarkable
role in fluid, ions, PH and neurotransmitters homeostasis in the synaptic space
which is very crucial for the synaptic functioning and transmission (Brown and
Ransom, 2007).

Interestingly, the heterogeneous nature of astrocytes population based on
their morphology, expression of different sets of receptors, transporters, ions
channels and other proteins raises the intriguing possibility that different subtypes
of astrocyte are implicated in distinct metabolic/homeostatic functions (Matyash
and Kettenmann, 2010).

1-3-Role in the CNS:

Astrocytes play a pivotal role in maintaining the homeostasis of the central
nervous system (Placone et al., 2015), through ensuring a constant equilibrium of
ions and water levels in the neuronal surrounding where a quick internalization of
potassium ions by astrocytes during action potential takes place to maintain
extracellular low levels of potassium according to the physiological needs
(Sofroniew et al., 2010).

In addition, in order to sustain the energy demands and due to their
possession of lactate shuttle, astrocytes supply neurons by lactate during critical
moment where the oxygen is not sufficient for energy production (Magistretti,
2006; Tsacopoulos and Magistretti, 1996). In line with this, it has been shown that
astrocytes play an important role in neurovascular and neurometabolic coupling.
Indeed, neuronal activity triggers the release of a variety of vasoactive substances
by astrocytes such as prostaglandins (PGE), nitric oxide (NO) and arachidonic acid

(AA) to maintain the harmony in the nervous system (Gordon et al., 2007; ladecola
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and Nedergaard, 2007). In addition, there is a growing evidence that astrocytes
influence directly neuronal communication through monitoring the release of
multiple substances including glutamate, purines (ATP and adenosine), (y-
Aminobutyric acid) (GABA) (Halassa et al., 2009; Nedergaard et al., 2003; Perea
et al., 2009; Shigetomi et al., 2008). Considering the metabolic relation between
the two cells, we can assume the dependence of neurons on astrocytes to maintain
the homeostasis and the integrity of the brain. It also permits us to predict any
defection in the astrocyte machinery may lead to serious consequences in the brain
(Figure-3).

Synapse
Uptake 6 é Release
K* Energy substrates (lactate)
H,0 Transmitter precursors (glutamine etc.)
Transmitters: Transmitters (glutamate etc.)
Glutamate Purines (ATP, adenosine)
GABA Growth factors (BDNF, TNF« etc.)
s Glycine Neurosteroids
:>: (others ?)
© Energy substrates j i
E i gy Astrocyte Ga;i junction
8 Other functions? K*
.o Ca4+
O
=z

PGE, NO - dilation

Glgcgse AA — contraction
2 BBB inducing factors ?
Uptake Release

Blood vessel

Figure-3: Role of astrocytes in the brain (Sofroniew and Vinters.2010)
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It has been demonstrated that these metabolic relations between neurons and
astrocytes qualified the later to play a very important role in brain physiology and
ultimately in one of its sophisticated activities such as breath controlling (Gourine
et al., 2010) and sleep homeostasis (Halassa et al., 2009).

Furthermore, several studies have evidenced the contribution of astrocytes in
cognitive functions of the brain such as memory consolidations (Gibbs et al.,
2008). Numerous homeostatic functions of astrocytes have been observed
including defense against oxidative stress, energy storage in the form of glycogen
and tissue repair. In addition they play a great role in the formation and remodeling

of synapses (Perea et al., 2009; Shigetomi et al., 2008).

2-Microglia:

2-1-Origin:

Parallel to the periphery, the central nervous system has its own immune
cells called microglia, The discovery of microglia returned to the twenties of the
last century where the Spanish pioneer Pio del Rio-Hortega was able to describe
the microglia differently from the astrocytes (Kettenmann et al., 2011). Microglia
are known as CNS resident macrophage due to the huge similarity between the two
cells in terms of function and phenotype (Habib and Beyer, 2015; Benedek et al.,
2017).

Both macrophage and microglia cells express major histocompatibility
complex (MHC) antigens, as well as T and B cell markers such as various cluster
of differentiation (CD) proteins (McGeer and McGeer, 1995; Perry et al., 1985;
Williams et al., 1994). However, still some differences that distinguish the two
cells, contrary to the macrophages that are in constant contact with serum proteins,

a slightest disruption in blood-brain barrier which ultimately results in leakage of
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serum protein can induce the activation of microglia (Ransohoff and Perry, 2009).
Another distinction, unlike the macrophages that are continuously replaced by new
myeloid progenitors, microglia cells are generated upon activation which could be
represented by an ultimate activation (Kettenmann et al., 2011; Ransohoff and
Perry, 2009).

2-2-Morphology:

Microglia cells represent 15-20% of the total number of cells in the brain
(Carson et al., 2006) and it is worthy to note that the density of these immune cells
are slightly different from one region to another across the brain where up to 12%
of substantia nigra cells are microglia, this applies to only 5% of cells in corpus
callosum. Similarly, microglia morphology varies considerably where in the white
matter they have elongated somata and the processes are preferentially oriented
along the fiber tracts. On the contrary, microglia in the circumventricular organs, a
region characterized by a leaky blood-brain barrier they exhibit a compact
morphology with a few short processes. In the gray matter the microglia exhibit

many elaborate radially oriented arbors (Harry and Kraft, 2012).

There has been a long debate concerning the origin of these cells when the
common believe that these cells are originated in the neuroectoderm (Fedoroff et
al., 1997). However, today due to the cutting edge technology it has become a
general consensus that microglia are the descents of progenitors that have been
originated from embryonic mesoderm in the periphery and migrated to the brain
during the development (Kettenmann et al., 2011).
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2-3-Role in the CNS:

Microglial cells are considered the first barrier of defense in the brain
parenchyma (Piirainen et al., 2017). They play a very important roles in the
regulation of neuronal processes development, maintenance of the neural
environment, response to injury and subsequent repair. Microglia cells are similar
to monocyte, actively surveying and shaping the structure and function of the

neuronal circuit (Wake et al., 2013).

Phagocytosis is the process of terminal removal of cellular debris by
microglia (Tremblay et al., 2011). The postnatal regulation of the number of
neurons in the brain requires the induction of apoptosis in wide number of neurons
which leads to the accumulation of cellular debris that requires its clearance by
phagocytosis (Lee et al., 2010), this phenomena followed by synaptic remodeling
and arrangement. Activated microglia were seen at different regions of the brain
where synaptic remodeling is active like thalamus, cerebellum, olfactory bulb and
hippocampus revealing the contribution of microglia in the development of the
neuronal circuitry at early stage (Figure-4) (Dalmau et al., 1998; Fiske and
Brunjes, 2000; Perry et al., 1985).

Furthermore, electron microscopy observation proofed the involvement of
these cells in synaptic network remodeling (Wake et al.,, 2013) through
phagocytosis in the developed brain. In addition, microglia cells were observed
near to dendritic spines in mouse cortex in an experience-dependent manner
indicating the contribution of such cells in synaptic plasticity (Schafer and Stevens,
2015).The discovery of neurogenesis during adulthood in the subgranular layer of
the dentate gyrus of the hippocampus (Gouldet al., 1997), revealed another activity

of microglia during this process where studies showed the majority of newborn
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neurons pruned early during their development and undergo apoptosis which
requires the involvement of microglia, this suggests the pivotal role of these cells
in the progression of neurogenesis and spare these area the inflammation
(Tremblay et al., 2011), In the healthy brain, microglia cells display a
“homeostatic” phenotype, which continually monitor the surrounding environment,
where studies have shown microglia react rapidly to any modifications of their
environment (Davalos et al., 2005; Nimmerjahn et al., 2005). During infections or
injuries, microglia behavior showed a great similarity to the macrophages in blood
or tissues where they acquire the active amoeboid phenotype and secrete a wide
range of cytokines (Shechter et al., 2013; Sica and Mantovani, 2012). Furthermore,
in multiple neurodegenerative diseases, studies have shown that microglia are
typically characterized by overt pro-inflammatory activation (Orihuela et al.,
2016).

Microglial cell or macrophage
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Figure-4: Role of microglia in the brain (Hu et al.2014)
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3-Inflamatory Cytokines:

3-1-Interleukin-1:

First described as lymphocytes activating cytokine in 1972 (Gery and
Waksman, 1972). Interleukin-1, is a term used to designate a class of three proteins
interleukin-1a, interleukin-1f and interleukin-1ra (receptor antagonist), encoded by
three separate genes located on the chromosome 2.

The morphological examination of the primary structure of IL-1a and IL-1p
revealed a slight similarity between the two molecules that does not exceed 26% of
homology. However, they share a quite similarity for the tertiary structure (Murzin
et al., 1992) which enables the two molecule to have a common affinity for the two
IL-1 receptors. In addition to morphological similarity, both cytokines can be
regulated by the same regulatory machine and exert quite the same biological
activities (Auron et al., 2007). The main producers of these cytokines are
macrophages. However, many other cellular sources have been identified like
neutrophils, lymphocytes, dendritic cells, keratinocytes, endothelial cells,
hepatocytes, fibroblasts (Vicenova et al., 2009) and tumor cells (Miller et al., 2000;
Wolf et al., 2001).

It is worthy to note that IL-1a is continuously produced by cells. However,
in the case of IL-1B unless the cells receive a stimulatory factors during
inflammation they are not able to produce it (Pelegrin and Surprenant, 2006). The
principal targets of IL-1 are primarily cells of the immune system such as
monocytes, lymphocytes, granulocytes and dendritic cells. The effects of these
cytokines are not merely immune but they may have an influence on non- immune
cells such as epithelial cells, fibroblasts and endothelial cells (Vicenova et al.,
2009). In the brain, IL-1 is constantly expressed at low levels in healthy adult brain
by a variety of cell types both neuronal and glial cells (Vitkovic et al., 2000).
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Due to the close similarity of the general effect of IL-1a and IL-1, it is
Important to emphasize here that when we mention IL-1p only, we are referring to
the effect shared by the two cytokines. IL-1B is a pluripotent, proinflammatory
factor that exert and orchestrate inflammatory responses in the periphery
(Dinarello, 1996). Interleukin 1 is considered one of the most potent activators of
T cells and indirectly influences the activation of B cells. Such cytokine exerts a
regulatory effect on different components of the inflammatory cascade such as
nuclear factor kappa B (NF-kB) and activator protein-1 (AP-1). Furthermore, it has
the capacity to promote the activation of certain genes involved in cell division,
survival and development of the vascular system (Schneider et al., 1998).

It has been shown that IL-1 molecule has a pluripotent effects on multiple
brain functions including normal regulation of non-rapid eye movement (slow-
wave) during sleep (Krueger et al., 2001), normal synaptic remodeling (Schneider
et al., 1998), modulation of the hypothalamic pituitary-adrenal hormonal axis
(Rothwell and Luheshi, 2000) and the appetite-suppressing hormone, leptin
(Friedman and Halaas, 1998). It has been found in response to neuronal insult the

microglia increase the production of IL-1 in the brain.

3-2-Interleukin 6:

At the beginning IL-6 was known as differentiation factor for B-cells
through promoting the differentiation of these cells from it active form to an
antibody producing cells (Hirano et al., 1986; Mihara et al., 2012).The majority of
the immune cells (T and B cells, monocytes) produce IL-6. In addition, multiple
non-immune cells like fibroblasts, keratinocytes, endothelial cells, meningeal cells,
adipocytes and some tumor cells have the capacity to produce such

proinflammatory cytokine (Scheller et al., 2011). In the nervous system both glial
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and neuronal cells are expressing IL-6 and its receptors (Gadient and Otten, 1993;
Schobitz et al., 1993).

IL-6 exerts its effects through attachment to its transmembrane receptor, this
latter is associated to a signaling receptor protein gp130 and it is worthy to note
that IL-6 influences multiple cells by triggering different effects via its unique
receptor and gp130 (Mihara et al., 2012). Several studies have shown that IL-6
plays a major role in the brain in different perspectives such as neurogenesis, a
phenomenon which neurons are able to produce new cells (Bauer et al., 2007;
Deverman and Patterson, 2009). In addition to its promoting effect in the
production of new neurons, IL-6 has the capacity to influence the determination of
cholinergic neurons phenotype (Fann and Patterson, 1994; Marz et al., 1998).

The influence of this cytokine is not restricted only to neurons but it shows a
major effect on non-neuronal cells like astrocytes and microglia where an
overexpression of such cytokine in transgenic mice displays a massive prominent
astrogliosis and microgliosis (Campbell et al., 1993; Chiang et al., 1994; Fattori et
al., 1995; Giralt et al., 2002). On the flip side, IL-6 knockout mice showed
alteration of both cell populations activity in different models of neuronal injury
(Cardenas and Bolin, 2003; Galiano et al., 2001; Penkowa et al., 1999a; Sugiura et
al., 2000). Also it promotes sprouting and functional recovery of organ typical
cultures of the hippocampus (Hakkoum et al., 2007).

IL-6 is famously known as pro-inflammatory cytokine which refers to its
early production during infection and injuries. Such effect returns to the expression
of IL-6 by the damaged or infected area. IL-6 along with IL-1 or TNF-a induce
attraction of neutrophils to the site of injury, Down regulation of such cytokine
halts such activity (Hurst et al., 2001; Jones, 2005; Scheller et al., 2011). In
addition, to the neuronal and inflammatory activities of IL-6, other effects have

been attributed to this cytokine such as metabolic activity where they showed
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during exercise the level of IL-6 increases significantly (Pedersen and Febbraio,
2008; Pedersen et al., 2003). Furthermore, IL-6 knockout mice develop glucose

intolerance and insulin resistance (Matthews et al., 2010).

3-3-Tumor necrosis factor (TNF-a):

Tumor necrosis factor (TNF, also known as TNF-a) was first described as a
physiological agent that has the capacity to induce hemorrhagic necrosis into
tumors transplant in mice (Carswell et al.,, 1975). Since then, it has been
recognized as a potent player in inflammation (Bradley, 2008). Similar to IL-1p
and IL-6, TNF-a is produced by different types of cells; the main sources of this
cytokine are immune cells such as T cells, macrophages and natural killer cells
(Sedger and McDermott, 2014).

The expression of TNF-a was observed in the brain by microglia cells in
1986 (Frei et al., 1987) and since then it becomes well known that the majority of
the CNS cells have the capacity to produce it (Sternberg, 1997).

Two transmembrane receptors have been identified for such cytokine TNF-
R1 (p55) and TNF-R2 (p75) and almost all the cells express at least one of the two
receptors (Wiens and Glenney., 2011). Interestingly, this cytokine induces different
effects on different cells and this referred to non-homology of the two receptors
where the structural examination revealed a minor similarity between the two
receptors. The genetic manipulation to the two receptors in mice revealed different
impact on the physiology (Pfeffer et al., 1993). It has been reported that TNF-a
acts as multifunctional cytokine exerting a variety of immunological functions by
up-regulating the production of immune cytokines, synthesis of prostaglandin E2

and reactive oxygen species (Pfeffer., 2003).
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It is worthy to note that TNF-a induces a contradictory actions on different
cells, studies have shown the diversity of the actions of such cytokine depends on
the kind of intracellular signaling induced where TNF-a has the ability to induce
cell death through the activation of both caspase-3 and caspase-8 on one hand
(Nicholson and Thornberry, 1997). On the other hand, the same cytokine plays a
pivotal role in cell survival through the activation of NF-kB and mitogen-activated
protein kinase (MAPK)(Liu and Han, 2001; VVan Antwerp et al., 1996).

TNF-o is a pro-inflammatory cytokine that has a central role in the
protection against microbial agents in different animals. In addition to its
physiological effect on promoting T cells proliferation and the anticoagulant
properties of endothelial cells (Beutler et al., 1988; Tracey et al., 1993). It has been
found an excessive expression of such cytokine leads a pathogenesis of both acute
and chronic inflammatory diseases like AIDS, arthritis and cancer (Beutler et al.,
1988; Tracey et al., 1993). In the central nervous system, TNF-a is produced
primarily by microglia and astrocytes in response to a wide range of pathological
processes including infection, inflammatory disease, ischemia and traumatic injury
(Liuet al.1994).
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Chapter 3: Oxidative Stress

It has been said that, “A disturbance in the pro-oxidant/antioxidant systems
in favor of the former may be denoted as an oxidative stress” (Davies, 2000). Since
pro-oxidant or reactive oxygen species are natural byproduct of our metabolism,
the body develops an antioxidant system to antagonize the damage that may result
from their excessive formation (Halliwell, 1999). In this section different kinds of
reactive oxygen species and mechanisms of defense that are able to neutralize their

deleterious effects will be discussed.

1-Definition of Reactive oxygen species (ROS):

Reactive oxygen species (ROS) is a collective term used for a group of
oxidants, which are either free radicals or molecular species capable of generating
free radicals (Kunwar and Priyadarsini, 2011). Free radicals are chemical species
that lack an electron that made them unstable and became highly reactive in order

to pair up with other molecules and gain a state of stability.

2-Lipid Peroxidation:

Lipids are essential components of cell membrane that maintain structure
and control the function of the cell. They are primary targeted by ROS such as
oxygen free radicals. The oxidation of lipids is associated with various
pathological states (Esterbauer, 1993). Lipid peroxidation, or interaction of lipids
with reactive oxygen species has been an intensive area of research for decades
(Pratt et al., 2011).

Lipid peroxidation is initiated by hydrogen abstraction or addition of an
oxygen radical resulting in oxidative damage of polyunsaturated fatty acids
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(PUFA). The free radical chain reaction propagates until two free radicals
conjugate with each other to terminate the chain. The reaction can also be
terminated in the presence of a chain-breaking antioxidant such as vitamin E (a-
tocopherol) (Halliwell and Gutteridge, 1984). In the presence of transition metal
ions, ROOH can give rise to the generation of radicals capable of re-initiating lipid
peroxidation by redox-cycling of these metal ions (Halliwell and Gutteridge,
1984). Lipid peroxidation causes a decrease in membrane fluidity and in barrier
functions of the membranes. Many products of lipid peroxidation such as
hydroperoxides or their aldehyde derivatives inhibit protein synthesis, blood
macrophage actions, alter chemotactic signals and enzyme activity (Fridovich and
Porter, 1981).

The complex nature of the lipid peroxidation process and its potential
biological significance has attracted the attention of scientists from different fields
ranging from chemistry and biochemistry to biology and clinical sciences. Such
attention results in to the elucidation that lipid peroxidation is implicated in several
human diseases like atherosclerosis (Berliner and Heinecke, 1996), cancer
(Hammad et al., 2009; Wu et al., 2010), diabetes (Silverstein and Febbraio, 2009),
chronic alcohol exposure (Yang et al., 2010), acute lung injury (Imai et al., 2008;
Nonas et al., 2006) as well as neurodegenerative disorders like Alzheimer’s
(Montine et al., 2005) and Parkinson’s diseases (Porter et al., 2010).

3-Reduced glutathione (GSH):

Considered the most abundant thiol compound in all cells (Meister and
Anderson, 1983), GSH is a tri-peptide antioxidant found in all compartment of the
cell (Meister and Anderson, 1983).The importance of such antioxidant manifests in
its capacity to interact and neutralize the deleterious effect of reactive oxygen
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species, serving as a supplier of protons to antioxidant enzymes. The ratio between
reduced-GSH / oxidized-GSSG plays a major role as mirro to the oxidative status
of the cell (Jones, 2002). As mentioned above reduced glutathione plays at
different levels in the protection of the cell against reactive oxygen species. GSH
acts as a donor of proton to the oxidized lipids in the membrane during lipid
peroxidation and thereby stops the propagation of such deleterious phenomena
throughout the cell membrane which might lead to serious damage to the cell
(Curello et al., 1985).

In addition, it plays a role as co-substrate for glutathione peroxidase and
transferases during peroxidation (Gregus et al., 1996). Another antioxidant role of
GSH appears through the reduction of major non enzymatic oxidants such as
vitamin C. Furthermore, it is involved in the detoxification process of certain
xenobiotics (Gregus et al., 1996; Halliwell and Gutteridge, 1984).

4-Catalase:

Catalase is one of the important enzymes in the defenses against free
radicals. It was first noticed unknowingly in 1811 when Louis Jacques Thénard
discovered hydrogen peroxide and proposed that an unknown substance is causing
its breakdown (Loew, 1900). More than one century later, catalase from beef liver
was crystalized by B. Sumner and A. Dounce (Sumner and Dounce, 1937).
Catalase is an ubiquitous enzyme found almost in all living cells and considered
one of the most active enzyme, studies have shown the turnover of such enzyme is
more than multiple millions of hydrogen peroxide molecules to water and oxygen
in each second.

The hydrogen peroxide detoxification feature of catalase plays an important

role in the protection against one of the dangerous reactive species and spares the
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cell from the damage that might result from the attack of cellular components of
hydrogen peroxide. In addition, it has been found that the survival rates was
extended after CAT containing liposomes were injected after exposure to 100% of
oxygen (Speranza et al., 1993). Catalase plays an important role in the
management of oxidative stress during certain pathophysiological conditions,

inflammatory diseases, aging and cancer (Kim et al., 2002).

5-Superoxide Dismutase (SOD):

Superoxide dismutase (EC 1.15.1.1) is a class of oxide-reductase enzymes
and one of the most important antioxidant enzymes in the neutralization of reactive
oxygen species due to its capacity to dismute the superoxide anion and made less
reactive species such as H,0,, thereby reducing the likelihood of superoxide anion
interacting with nitric oxide to form reactive peroxynitrite. There are three
isoforms for SOD named after their localization in the cell where we can
distinguish cytosolic Cu/Zn-SOD, mitochondrial Mn-SOD and extracellular SOD
(EC-SOD). Interestingly it has been observed that through all over the body, the
amount of Cu/Zn-SOD are double as large as the Mn-SOD (Marklund, 1980).
Isoforms of SOD are variously located within the cell. CuZn-SOD is found in both
cytoplasm and nucleus. Mn-SOD is confined to the mitochondria, but can be
released into extracellular space (Reiter et al., 2000).

Extracellular superoxide dismutase (EC-SOD) is a secretory, tetrameric,
copper and zinc containing glycoprotein with a high affinity for certain
glycosaminoglycans such as heparin and heparin sulfate. EC-SOD was found in
the interstitial spaces of tissues and also in extracellular fluids, accounting for the
majority of the SOD activity in plasma, lymph and synovial fluid (Marklund, 1980;
Sandstrom et al., 1994).
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Chapter 4: Relation between neurodegeneration,
neuroinflammation and oxidative stress

1-Gliosis and cell death:

The traditionally perceived of the passive role of microglia in the brain as
maintenance cells has been questioned and microglia are now accepted as active
mediators of neurodegeneration (Block and Hong, 2005). It has been demonstrated
in Alzheimer’s disease, AP is responsible for the activation and recruitment of
microglia in-vitro (Davis et al., 1992; Sasaki et al., 1997). In line with this
observations Craft et al.,, 2004 demonstrated in AD animal models, the
intraventricular infusion of AB1-42 peptide along with inhibition of glial activation
by aminopyridazines led to the reduction of neuropathlogical symptoms seen in
this model. The degeneration of the nigro-striatal dopaminergic (DA) pathways is
the major feature in the brain of Parkinson’s disease (PD) patients (Olanow and
Tatton, 1999). Substantia niagra is recognized as the richest region with microglia
in the brain which contains 4.5 fold compared to neocortex and other regions (Kim
et al., 2000). It has been shown beside the direct toxicity of the neurotoxin, rotenon
to dopaminergic neurons, this substance has the ability to recruit and involve the
microglia in the neurodegeneration occurring in such PD model (Gao et al., 2003).
Frontal and anterior temporal loss of neurons is typical feature of Fronto-temporal
dementia (FTD) (Munoz et al., 2003). In an attempt to investigate the involvement
of the inflammatory process in neurodegeneration in such diseases, the work of
Schofield et al., 2003 showed the activation of microglia at early stages of the
disease, providing a rare evidence of an early and perhaps initiating role of

microglial inflammation in fronto-temporal dementia (Figure-5).
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Figure-5: Role of Reactive microgliosis in neuronal cell death
(Lull and Block. 2010).

Astrocytes are known as supportive cells to neurons, studies have shown
these cells play an important role in the clearance and degradation of AP
(Koistinaho et al., 2004; Li et al., 2011; Wyss-Coray et al., 2003) and have the
ability to phagocyte the fibers of AP (Jiang et al., 1998; Niino et al., 2001). In
support of this hypothesis many reports have shown the accumulation of the Ap1—
42 and the amount of this material correlates positively with the extent of local AD
pathology (Nagele et al., 2003). In vitro, the AP peptide decrease the uptake of the
neurotransmitter glutamate by astrocytes and neurotoxin substance likewise. In
addition, they found such peptide promotes the mitogen-activated protein kinase
cascades in astrocytes that triggers a state of astrogliosis (Agostinho et al., 2010;

Matos et al., 2008). Several studies showed while the astrocytes performing their
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assisting and repairing activity in the brain, their direct involvement in neural
damage (Pekny et al., 2014; Placone et al., 2015). From pathological examinations,
an increase in the number of astrocytes as well as in GFAP expression is observed
in PD (Ciesielska et al., 2009; Muramatsu et al., 2003). There are abundant
evidences that astroglial abnormalities and physiological dysfunction precede
clinical disease. These changes include reactive astrocytosis that can be seen many

months before motor neuron degeneration (Bruijn et al., 1997).

Multiple Sclerosis is a chronic inflammatory demyelinating disease of the
central nervous system in which glial cells play a prominent role. In murine
experimental autoimmune encephalomyelitis (EAE), an established animal model
of multiple sclerosis, astrocyte hypertrophy coincided with manifestation of axonal
damage (Wang et al., 2005).

2-Cytokines and cell death:

In this work the focus was was on a subset of cytokines called interleukins,
substances that play a major role in the inflammatory process and the host
defenses. In the last three decades there are growing evidences concerning the
implication of the interleukins in the endangerment of the cell survival and
ultimately in cell death or neurodegeneration.

One of the most studied cytokines and its involvement in neurodegeneration
is IL-1pB, such cytokine presents at high rate in postmortem tissue of AD and PD
patients. In addition to that, different studies have proven the induction of an array
of responses such as damage to the cerebral vasculature, activation of glia, amyloid
precursor protein, adhesion molecules and corticotrophin-releasing factor (CRF)
(Betz et al., 1996; Rothwell, 1997; Rothwell et al., 1997, 1996). Related findings
showed the involvement of such cytokine in the endangerment of the neuronal
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survival where its levels raise in few hours following the administration of multiple
neurotoxins. If the only conclusion that can be drawn from those studies is the
possibility of such cytokine in the initiation of the endangerment of the cell
survival and even indirectly the activation of the glial cell that may contribute to
the cell death later on (Allan and Rothwell, 2001; Boutin et al., 2001; Griffin and
Mrak, 2002; Lawrence et al., 1998; Pearson et al., 1999; Perry et al., 2003).

Accumulating evidences from both animal and human studies have indicated
that chronic inflammatory processes contribute to the pathogenesis of
neurodegenerative diseases and IL-6 is one of the cytokines that is strongly
correlated to the onset and progression of the disease. Accordingly in IL-6
deficient mice the inflammatory response is significantly reduced during
pathological conditions of the brain (Eugster et al., 1998; Klein et al., 1997,
Mendel et al., 1998; Penkowa et al., 1999b; Raivich et al., 1999).

Studies have shown the knockout of IL-6 gene in mice causes a significant
decrease in the activity and recruitment of microglia and astrocytes after brain
injury (Penkowa and Hidalgo, 2000; Penkowa et al., 1999a). Similar observation
has been made during facial nerve transaction (Klein et al., 1997). It is estimated
that IL-6 plays a major role in the induction of acute-phase proteins (APP) and the
presence of these proteins (i.e. al-anti-chymotrypsin, a2-macroglobulin, and C-
reactive protein (CRP) proteins) involved in the alteration of the normal process of
the key proteins that caused cell death in the neurodegenerative disease such as
levy body, amyloid precursor protein (APP) and mitochondrial dysfunction in
Amyotrophic lateral sclerosis (Graeber and Streit, 2010; Hofmann et al., 2009).

TNF-a is considered one of the major cytokine in the immune defense and
plays an important role in the activation of immune cells in the brain but studies
have shown a double effect of such cytokine where TNF-a positive astrocytes have

been found in all over the areas of the lesion reflecting the possibility of its
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contribution in neuronal death in the lesioned area (Okuda et al., 1995; Probert et
al., 1997; Renno et al., 1995; Selmaj et al., 1991).

A study showed a very elevated concentration of TNF-a in activated
microglia that are in proximity of the amyloid plaque in the brain of Alzheimer
disease patients (Blasko et al., 1999; Meda et al., 1995). In addition, the increase in
the concentration of such cytokine has been found only after 30 min of ischemia
and such an increase has been shown to be damaging to the neuronal cells (Buttini
et al., 1996; Forloni et al., 1997; Lavine et al., 1998; Wallach et al., 1997).

3-Oxidative stress and neurodegeneration:

The deleterious effects of the oxidative stress in neurodegeneration have
received a lot of attention from the scientific community and a new kind of
thinking started to emerge like considering the anti-oxidative therapy as an
alternative in the treatment of neurodegenerative disease. In this section different
diseases and different neurodegenerative models where oxidative stress played a

decisive role in the neuronal survival will be discussed.

Several researchers considered the brain to be abnormally sensitive to
oxidative damage and many studies demonstrate the vulnerability of the brain to
lipid peroxidation (Chance et al., 1979; Floyd and Carney, 1992; Zaleska and
Floyd, 1985) and this could be due to the abundance of fatty acids in the brain
(Butterfield et al., 2002).

In addition to that, the brain is not well equipped with very strong
antioxidant machinery which makes the fight against the reactive oxygen species
not an easy mission. Studies have shown that brain contains 10 % of antioxidant
compared to the liver (Uttara et al., 2009). Furthermore, 20% of the oxygen of the
body is consumed by the brain (Zaleska and Floyd, 1985). It have been found an
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increase in the amount of H,O, and O, production in the mitochondria in aged
mouse brain. The kainic acid model has been used extensively to study different
ways of neurodegeneration and multiple studies have showed a significant link
between the cell death and the raise in the levels of reactive oxygen species in such
model (Bondy and Lee, 1993; Ueda et al., 1997). Peroxidation of the plasma
membrane is one of the major signs of oxidative stress due to its impact on the cell
survival and the induction of apoptotic markers, studies have shown the
implication of the lipid peroxidation in the toxic effects of many chemicals in
many tissue injuries and disease processes. Free radicals have been reported for
their great contribution to neuronal loss in cerebral ischemia, seizure disorders,
schizophrenia, Parkinson's disease and Alzheimer's disease (Uttara et al., 2009).
Concerning the implication of oxidative stress in different neurodegenerative
diseases different studies have shown through the examination of postmortem
tissue of AD patients a significant increase in lipid peroxidation in specific areas of
the brain (Lovell et al., 1995; Pappolla et al., 1998).
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Materials and Methods

Aim of the study:

The regional ethical committee of the College of Medicine and Health
Sciences (UAE University) approved this study (RECA/01/05).

The aim of the current study was to examine the impact of short-term
bilateral adrenalectomy on neuronal cell death in different regions of the
hippocampus, production of pro-inflammatory cytokines IL-1p, IL-6 and TNF-a,
the activation of different glial cells astrocytes and microglia, oxidative stress
MDA, GSH and SOD, the impact of the absence of such glucorticoids on the

animal’s behavior and the possibility of their association with neurodegeneration.

2- Animals and adrenalectomy surgery:

Eight-week old male Wistar rats 170-220g obtained from the animal facility
of College of Medicine and Health Sciences, United Arab Emirates University (Al
ain, United Arab Emirates) were used in the current study. All animals were placed
in Plexiglas cages (Techniplast, Milan, Italy); four rats per cage, maintained in a
temperature (22°C) and 12:12 light-dark cycle conditions, animals received ad
libitum access to food (National feed and flour production and marketing
company, Abu Dhabi, UAE) and water throughout the experiment.

Adrenalectomized rats were provided with 0.9% saline instead of drinking
water in order to maintain electrolyte balance and prevent the deleterious effects of
sodium chloride (Sigma-Aldrich, Missouri, USA) insufficiency.

Under Pentobarbital (Ilium-Troy Laboratories, New South Wales, Australia)
anesthesia (35 mg/kg body weight), rats were subjected either to adrenalectomy or
to sham operations (laparotomy) as described by Sloviter et al. 1989. Shaving the
back of the animals was done by using an electric shaving machine (Wahl, Illinois,
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USA). The rat was placed on the surgical table ventrally and in order to perform an
aseptic surgery the back of the animals was cleaned with 70% ethanol (Sigma-
Aldrich, Missouri, USA).

Bilateral incisions were made into the skin and the dorsal muscle to access
the peritoneal cavity. The size of the muscle incision was just big enough to expose
the adrenal gland on the top of the kidney and some free space to remove it without
leaving any intact residuals of the gland. The peri-adrenal fat was grasped using a
blunt forceps and the adrenal gland was exteriorized and with a tipped-blunt ceaser
a cut was made at the connective tissue between the kidney and the adrenal gland.
After that the incision was sutured and the animal was returned to the cage. The
same procedure was applied for the sham operated animal except the removal of

the adrenal gland.

3-Determination of serum corticosterone levels by Enzyme
Immunoassay (EIA):

The levels of corticosterone in the serum were used to assess the
effectiveness of adrenalectomy, approximately 1 ml of blood samples were taken
directly from the heart at the time of sacrifice. For both biochemical and
histological assessments (n=120) rats were sacrificed by decapitation after surgery
at different times: 4h (n=24), 24h (n=24), 3days (n=24), 1week (n=24) and 2weeks
(n=24). The sera samples were stored at -80°C until corticosterone levels were
measured by Enzyme Immunoassay (EIA) Kit (Life sciences, Lausen,
Switzerland). The assay is based on the competitive binding technique. Briefly, a
polyclonal antibody specific for corticosterone becomes bound to the donkey anti-
sheep antibody coated onto the micro- plate. Following a wash to remove excess

polyclonal antibody, corticosterone present in the serum competes with a fixed
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amount of horseradish peroxidase (HRP)-labeled corticosterone for sites on the
polyclonal antibody. This is followed by another wash to remove excess of the
conjugate and unbound sample. A substrate solution is added to the wells to
determine the bound enzyme activity. The color development is stopped and the
absorbance is read at 450 nm (Figure-6). The intensity of the color is inversely
proportional to the concentration of corticosterone in the sample. A standard curve
in the range 32 to 20,000 pg/ml was constructed to calculate corticosterone

concentrations in the samples.

AP- Antigen Conjugate

Sample Antigen 0 Substrate” ‘
Primary J /
ATbody ’ " °®0. , 00 > / \
Y h (1 wash | (1] | Stop

Ly Uy
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Figure-6: Scheme of Enzyme Immunoassay (EIA) (Life sciences, Lausen,

Switzerland).
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4-Biochemistry

4-1-Samples preparation:

Animals (n=80) were sacrificed by decapitation after surgery at different
times: 4h (Sham=8, ADX=8), 24h (Sham=8, ADX=8), 3days (Sham=8, ADX=8),
1week (Sham=8, ADX=8) and 2weeks (Sham =8, ADX=8). The brain was
removed, the hippocampus was immediately dissected out on ice, frozen in liquid
nitrogen (Sharjah Oxygen Company, Sharjah, United Arab Emirates) and stored at
—80°C until assayed. Thawed hippocampal tissues were homogenized in ice-cold
T-PER Tissue Protein Extraction buffer (Thermo Fisher Scientific,
Massachusetts, USA ), supplied with 1:100 protease inhibitor cocktail (Sigma-
Aldrich, Missouri, USA). After sonication, the samples were centrifuged at 16000
rpm for 30 min at 4°C and the supernatant was collected and stored at —80°C until
use. Protein concentrations were determined using Bradford’s protein assay kit
(Bio-Rad, California, USA)and levels of cytokines (IL-1pB, IL-6 and TNF-a) were
assessed by ELISA using the commercially provided antibodies and standard

proteins (R&D Systems; Minneapolis, USA).

4-2-Determination of Total protein:

A set of standards is created in duplicate from a stock of Bovine serum
albumin (BSA) (Sigma-Aldrich, Missouri, USA) solution ranging from 0.2 to
1.4mg/ml. The 5X Bradford Reagent was diluted 1:4 with distilled water followed
by filtration using wattmanl filter paper (Whatman, Maidstone, United Kingdom).
A volume of 1.25ml of Bradford Reagent was added to each disposable
polystyrene tube. Our samples were diluted in the homogenation buffer 1:10 and

the same buffer was used as a blank for the assay. We added 25ul of the standards
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and the samples into the labeled tubes containing the Bradford Reagent after the

time of incubation 5min. the absorbance was measured at 595nm.

4-3-Determination of hippocampal cytokines (IL-1(, IL-6 and TNF-«a)
levels by Enzyme-Linked Immunosorbent Assay (ELISA):

Materials:
Equipment:

e Micro-plates 96-well flat-bottom (NUNC, Roskilde, Denmark).

e Plate Sealers

o Plate reader (Tecan, Zurich, Switzerland)

e Micro-plate autowasher (Tecan, Zurich, Switzerland).

e Micro-plates shaker (Stuart, Staffordshire, United Kingdome).

e ELISA Software (Magellan, version7,Tecan, Zirich, Switzerland)

e Micropipette of different type (P10, P20, P200, pl1l000) and
multichannel Pipettes (BioHit healthcare, Helsinki, Finland).

e Nylon Membrane Filters (0.2 um) (Corning, New York. USA).

Reagents:
e Deionized water
e PBS (Phosphate-buffered saline) (Sigma-Aldrich, Missouri, USA),
PH 7.2-7.4, 0.2 um filtered.

137 mM NaCl

2.7 mM KCI, 8.1 mM
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Na2HPO4

1.5mM KH2PO4
Wash Buffer: 0.05% Tween®20 (Promega, Madison USA) in PBS,
pH 7.2-7.4
Reagent diluent: 1% BSA in PBS, pH 7.2-7.4, 0.2 um filtered.
Substrate Solution (Sigma-Aldrich, Missouri, USA): One to one
mixture of Color Reagent A (hydrogen peroxide H,0O,) and Color
Reagent B (41.6 mM Tetramethylbenzidine).
Stop Solution: 2 N H,SO,4 (sulfuric acid) (Sigma-Aldrich, Missouri,
USA).

Antibodies: All the antibody from (R&D Systems, Minnesota, USA)

e Capture Antibody: Mouse Anti-Rat IL-6 of concentration 4pg/ml in

PBS.

Detection Antibody: Biotinylated goat Anti-Rat IL-6 of concentration
400ng/ml dissolved in Reagent diluent.

Streptavidin conjugated to horseradish peroxidase (HRP) dissolved in
Reagent diluent.

Standard antibody: Recombinant rat IL-6 290ng/ml dissolved in
Reagent diluent.

Methods: the Elisa test was performed through two main steps

Plate Preparation:

1. The micro-plate was coated (100uL) per well with the capture

antibody that was freshly diluted.
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2. The micro-plate was sealed and left for incubation (time for capture
antibody to attach on the walls of each well) overnight at room
temperature (RT).

3. The following day the micro-plate was washed three times in the plate
autowasher machine by filling each well with Wash Buffer (400uL)
and aspiring it immediately afterward.

4. The complete removal of the wash buffer is very critical for the better
performance of ELISA and in order to ensure that the plate was
inverted and blotted gently against clean paper towels.

5. The micro-plate was blocked by adding to each well a (300uL)
freshly and filtered blocking buffer (BSA) and was left 1 hour for
incubation at room temperature (Optimal time found in our laboratory
for the BSA to occupy all the inter spaces that was not attached to
capture antibody)

6. The third and fourth steps were repeated for the second washing to
remove all the additional molecule of BSA and by then the plate
became ready for samples addition.

Assay Procedure:

Seven Standards were prepared through 2-fold serial dilution of the desired
recombinant Interleukin IL-1p, IL-6 and TNF-a see figure-7 for IL-6.
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Figure-7: Two-fold serial dilution of IL-6 (R&D Systems, Minnesota, USA)

However, each interleukin has its own range of standards see table-1 for the serial
dilution of IL-1p and TNF-a.

Table -1: Serial dilution of IL-1p, IL-6 and TNF-a Standards preparation

1 2 3 4 5 6 7

IL-1Bpg /ml | 2000 | 1000 | 500 250 125 | 675 | 33.75
TNFrepe/mll 500 | 250 | 125 | 625 | 3125 | 1562 | 781
IL-6 pg/ml | g500 | 4000 | 2000 | 12000 | 500 | 250 | 125

1. Once the standards prepared we started to add 100uL from the Blank,
standards and hippocampal samples to each well of the coated plate. The
microplate was sealed and left for 2 hours incubation at room temperature
(Optimal time for the samples and standards to attach to the capture

antibody).

2. The third and fourth steps were repeated for the third washing to remove all

the non-adhered samples and standards.
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. At this stage the micro-plate is ready for detection, (100uL) of detection
antibody per well was added. The plate was sealed and left for 2 hours
incubation (Optimal time for the detection antibody to attach to the capture
antibody and form a SANDWICH) at room temperature.

. The third and fourth steps were repeated for the fourth washing to remove
the non-adhered molecules of detection antibody.

. Away from the light (100uL) of Streptavidin-HRP per well was added and
left for 20min incubation at room temperature (Optimal time for
Streptavidin-HRP to attach to the detection antibody).

. The third and fourth steps were repeated for the fifth washing to remove the
non-adhered molecules of Streptavidin-HRP.

. At this step, the plate is ready to develop the color that reflect the amount of
the desired cytokine by adding (100uL) per well and away from light the
plate left for 20min at room temperature (optimal time for the HRP to react
with the substrate to generate the yellow color).

. In order to stop the reaction (50uL) added of stop solution per well followed
by gentle shaking.

10.Immediately the optical density for each well was determined at 450 nm

using plate reader see Figure-8.
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Figure-8: Scheme of Enzyme-Linked Immunosorbent Assay (ELISA) (R&D
Systems, Minnesota, USA).

The levels of IL-1B, IL-6 and TNF-a were evaluated by comparison with the
regression standard curve for each cytokine. The cytokine protein concentration
was divided by the total protein concentration obtained in the Bradford’s protein
assay to correct the differences in tissue volumes. Cytokine concentration is

reported as pg of cytokine/mg of protein.
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4-4-Determination of the levels of oxidative stress markers (GSH, SOD,
and MDA) by colorimetric assay:

It is worthy to note here that the same homogenate that was used for the

evaluation of cytokines by ELISA was used for the colorimetric assay to determine
the levels of oxidative stress markers GSH, SOD and MDA.

4-4-1-Superoxide dismutase (SOD):

Materials:

Equipement:

Micro-plates 96-well flat-bottom (NUNC, Roskilde, Denmark).
Plate reader

Software.

Micropipette of different type (P10, P20, P200, p1000)
Multichannel Pipettes

Glass test tube.

Reagents: The kit was purchased from (Cayman chemical, Michigan, USA)

Deionized water

Assay buffer (50mM  Tris-HCL, pH 8, containing 0.1mM
Diethylenetriaminepentaacetic acid (DTPA) and 0.1 mM
hypoxanthine)

Sample buffer 50mM Tris-HCL, pH 8.

Radical detector: Tetrazolium salt solution

Superoxide dismutase standards: Bovine erythrocyte SOD (Cu/Zn).

Xanthine oxidase
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Methods:

SODs are metalloenzymes that catalyze the dismutation of the superoxide
radical (O,”) into hydrogen peroxide (H,O,) and molecular oxygen (O,). The
measurement of the SOD amount in the hippocampal homogenate is based on the
use of the tetrazolium salt for detection of superoxide radicals generated by

xanthine oxidase and hypoxanthine.
Assay procedure:

Standards preparation: Seven Standards were prepared from the stock
solution (20 uL of Bovine erythrocyte SOD with 1.98 of sample buffer ) as follow
(Table -2),(figure-9).

Table -2: Serial dilution of SOD Standards preparation

SOD Stock Sample Bufter Final SOD Activity

Tube (ul) (ul) (U/ml)

A 0 1000 0

B 20 980 0.005

C 40 960 0.01

D 80 920 0.02

E 120 880 0.03

F 160 840 0.04

G 200 800 0.05

1. A volume 10ul of each sampleand standard were added to the designated
wells of the microplate
2. Followed by adding 200 ul of diluted radical detector (diluted solution of 50

pl of tetrazolium salt with 19.95ml of distilled water).

3. Once the previous steps was completed, a volume of 20 ul of xanthine
oxidase was added to all the wells in order to initiate the reaction.

4. The plate was covered and incubated on the shaker for 20min at RT.

5. The plate was read at 440nm using plate reader.
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6. SOD activity was calculated by using the equation obtained from the linear
regression of the standard curve substituting the linearized rate (LR) for each
sample. One unit of SOD is defined as the amount of enzyme needed to

exhibit 50% dismutation of the superoxide radical.
SOD (U/ml) = [(Sample LR-y-intercept/slope) x (0, 23/0.01)] xsample dilution
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Figure-9: Scheme of Superoxide dismutase assay, (Cayman chemical, Michigan,
USA)

4-4-2-Malondialdehyde (MDA):

The measurement of the TBARS amount in the hippocampal homogenate is
based on the interaction of thiobarbituric acid (TBA) with malondialdehyde
(MDA) under acidic conditions (acetic acid) and high temperature (95°C) using a
kit purchased from (Cayman chemical, Michigan, USA).
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Materials:

Equipement:

Micro-plates 96-well flat-bottom (NUNC, Roskilde, Denmark).
Plate reader

Software.

Micropipette of different type (P10, P20, P200, p1000)
Multichannel Pipettes

boiler

5ml polypropylene crew-cap centrifuge tubes

Reagents:

Thiobarbituric Acid (TBA)

TBA Acetic acid used to prepare the color reagent.

TBA sodium hydroxide used to prepare the color reagent.
TBA malondialdehyde standard 500uM

TBA-SDS (sodium dodecyl sulfate) solution.

Assay procedure:

Standards preparation: A volume of 250ul of the MDA standard was mixed

with 750ul to obtain a stock solution of 125uM. Eight standards made out of the

stock solution see table-3.
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Materials and Methods

Table -3: Serial dilution of MDA Standards preparation

MDA Concetration
Tube MDA (ul) Water (ul) (uM)
A 0 1000
B 5 995 0.625
C 10 990 1.25
D 20 980 2.5
E 40 960 5
F 80 920 10
G 200 800 25
H 400 600 50

1. A volume of 100ul of the hippocampal homogenate and standards were
mixed very well with the same amount of Sodium dodecyl sulfate (SDS)
solution.

2. A volume of 4ml of color reagent (2120mg of thiobarbituric acid (TBA)
dissolved in a mixture of 200 ml TBA acetic acid and 200 ml TBA sodium
hydroxide) was added.

3. The mixture of the capped 5ml tube was boiled for one hour.

4. Once the incubation completed, the tubes quickly transferred to an ice bath
for 10min in order to stop the reaction immediately.

5. The tubes were centrifuged at 16000g at 4°C for 10min.

6. Volume of 150ul of the resultant supernatant was taken and added to micro-
plate see figure-10.

7. The formed TBA-MDA adduct was measured calorimetrically at 530-
540nm. The MDA level was evaluated by comparison with the regression

curve for standard.
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Figure-10: Scheme of the TBARS assay, (Cayman chemical, Michigan, USA)

4-4-3- Reduced glutathione (GSH):

The concentration of reduced glutathione (GSH) was determined in the
hippocampal homogenate using the commercial kit (Sigma-Aldrich, Missouri,
USA).

Materials:
Equipement:

e Micro-plates 96-well flat-bottom (NUNC, Roskilde, Denmark).
o Plate reader

e Software.

e Micropipette of different type (P10, P20, P200, p1000)

e Multichannel Pipettes

e Glass test tube.
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Reagents:

Deionized water

Assay buffer: 500mM potassium phosphate, pH 7 containing 500mM
Ethylenediaminetetraacetic acid (EDTA).

Glutathione reductase: 400 units of glutathione reductase from baker’s
yeast in 3.6M ammonium sulfate, pH 7 containing 0.1 mM
dithiothreitol diluted in assay buffer.

Glutathione Reduced, Standard (10mM)

5,5’-Dithiobis(2-nitrobenzoic acid) [DTNB] solution: 1.5mg/ml of
Dimethyl Sulfoxide (DMSO) diluted in assay buffer.

5% 5-Sulfosalicylic Acid

Nicotinamide adenine dinucleotide phosphate NADPH solution:
40mg/ml diluted in assay buffer.

Dimethyl Sulfoxide (DMSO)

Assay procedure:

Standards preparation: A volume of 50ul of the GSH standard as stock

solution of 50uM. Five standards made out of the stock solution see Table -4.

Table -4: Serial dilution of GSH Standards preparation

Standards 1 2 3 4 5
GSH Concentration (ul) 50 25 12.5 6.25 3.125

25 from 25 from
GSH Solution (j11) 50 25 from (1) 2 3) 25 from (4)
5% sulfosalicylic acid () None 25 25 25 25
nmoles GSH in a 10 ul sample 0.5 0.25 0.125 0.0625 0.0312
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1. The hippocampal samples were first deproteinized with the 5% of 5-
sulfosalicylic acid solution followed by centrifugation to remove the
precipitated protein and then assayed for glutathione evaluation.

2. The measurement of GSH uses a kinetic assay in which catalytic amounts
(nmoles) of GSH cause a continuous reduction of 5,5’-dithiobis (2-
nitrobenzoic acid) (DTNB) to TNB.

3. The GSSG formed is recycled by glutathione reductase and NADPH.

4. The vyellow product, 5-thio-2-nitrobenzoic acid (TNB) is measured
spectrophotometrically at 412 nm see figure-11.

5. The assay uses a standard curve of reduced glutathione to determine the

amount of glutathione in the sample (Ellman, 1959).

GSH Masking GX" <«—— Masking reagent

Glutathione reductase
GSSG measurement

GSH

/->

Glutathione reductase

S

TNB DTNB

NO>
Hoocjg/s HooOC S\s/©:coor-4
5-Mercapto-2-nitrobenzoic acid
(Amax: 412 nm)

Figure-11: Scheme of Reduced glutathione assay (Sigma-Aldrich, Missouri,
USA).
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5-Histology:
5-1-Hippocampal tissue preparation:

5-1-1-Perfusion-fixation:
The purpose of such procedure is to obtain rapid and uniform fixation on one

hand and maintain the integrity of the epitopes of the targeted protein in the

Immunohistochemistry staining.

In order to avoid any kind of blood clotting and ensure the smooth flow of
our fixative, the animal was kept alive through a deep anesthesia with single
intraperitoneal dose 35mg/kg of pentobarbital, after that animal was placed on its

back on the dissection board.

Using a blunt scissor, an incision through the abdomen was made to get
access to the diaphragm membrane and carefully a cut in this later was made to
expose the rib cage. In order to expose the heart, another incision through the
sternum was made. A cut was made in the right atrium with a small scissor and
quickly 1ml blood was collected for later determination of the corticosterone levels
in the serum. Once the blood is collected, a blunt needle that already connected to
two bottles; one contains freshly prepared 0.1 PBS (PH 7.4) and the other 10%
formalin (PH 7.4) (Sigma-Aldrich, Missouri, USA), was inserted properly through
the apex of the heart until it can be seen in the aorta to begin the perfusion. The
animal was perfused with 50ml of 0.1 PBS until the liver turn pale and almost the
blood has been cleared from the body. Then the perfusion was stopped and we
switch to the fixation with (10% formalin) for an amount 300ml per animal. It is
worthy to mention that the flow of both solutions was fixed 20ml/min which is
equal the blood flow in the rat (Figure-12).
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Once the amount designated to the fixation finished, we remove the head of
the animal and immediately dissect the brain out of the skull. In a 10-20 times
volume of the brain size of same fixative, the brain was placed and left for one
week (the optimal period that we found through optimization that gives us a better

Immunostaining)

Figure-12: Scheme demonstrating the perfusion-fixation procedure.
http://voltageqgate.blogspot.ae/2013/07/at-heart-of-matter-introduction-to.html

5-1-2-Paraffin Embedding:
There are two aims of such process, first is to dehydrate gradually the brain

tissue and replace it with paraffin and second to make the tissue solid and easy to
handle for microtome sectioning. In order to achieve the aforementioned purposes

we performed the following procedure.
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A-Dehydration:Through this step we made sure the tissue is gradually was water
free through three changes in gradual concentration of ethanol (50, 70 and 90%)

each one hour followed by three changes in absolute ethanol each 2 hours.

B-Clearing: This step is to replace the alcohol that is in the tissue with the xylene
(Sigma-Aldrich, Missouri, USA), through three changes each two hours, because
the alcohol and paraffin (Thermo Fisher Scientific, Massachusetts, USA ) are
immiscible and it is considered a preparatory step to the next one by that the

paraffin will be able to infiltrate the tissue.

C-Waxing:This is last step before embedding where the brain placed in fresh
paraffin at 60°C to get rid of all the xylene in the tissue through three changes in

fresh xylene each two hours.

D-Embedding: The actual embedding takes place when the paraffin infiltrated the
brain. The brain is adjusted in the mold in a manner where coronal section can be

taken.

5-1-3-Brain sections preparation:

The excess of paraffin was removed and extra brain tissue was trimmed
using the microtome (Thermo Fisher Scientific, Massachusetts, USA ) (Figure-
13), until we reach the area of our interest which is commonly called the mustache
area that is approximately -3.7 mm relative to bregma according to Paxinos and
Watson. 2005. The reason of choosing such area of the hippocampus is at this part
of the brain the different parts of the hippocampus (Dentate gyrus, CAl, CA2,
CA3 and CA4) are well defined and easy to be distinguished. To make sure that we
are at the designated area we used the toluidine blue (Agar scientific, Essex, United

Kingdom) as a quick staining. Coronal sections 1um thick were taken. In order to
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flatten the brain section, immediately the sections transferred to water bath
(Thermo Fisher Scientific, Massachusetts, USA) at 50°C . Once we made sure that
the section wrinkles free, using slide coated by gelatin (Sigma-Aldrich, Missouri,
USA). The sections were picked and left to dry by keeping the slide vertically on
a tissue paper. Once the sections were dried. The slide was transferred to a heating
plate (Kunz Instruments AB, Nynashamn, Sweden) to make sure that the section is
free of water and properly dried. All the slides were kept in a slide box at RT till

use for different histology staining.

Figure-13: The set for microtome with a water bath.
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5-2-Neuronal cell death examination using Fluoro-Jade B (F]JB) staining:
Fluoro-Jade B staining was performed as described by Schmued and Hopkins
(Schmued and Hopkins, 2000). 32 animals, 4h (Sham =4, ADX=4), 24h (Sham =4,
ADX=4), 3days (Sham =4, ADX=4), 1week (Sham =4, ADX=4) and 2weeks
(Sham =4, ADX=4) were used for this staining.

5-2-1-Materials:
Equipement:
e A set of jars of graduated ethanol (70, 80 90 and 100%) and absolute
xylene.

e Humide chamber.

Reagents:
e Distilled water.
e PBS (Phosphate-buffered saline): PH 7.2-7.4, 0.2 um filtered.

137 mM NacCl
2.7 mM KCI, 8.1 mM
Na,HPO,

1.5 mM KH,PO,
e 1% sodium hydroxide
e 5% NaOH
e Ethanol
o Xylene
e (0. 6% potassium permanganate
e 0.0004% Fluoro-Jade B solution (Millipore, Massachusetts, USA ).
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e Mounting media DPX (Sigma-Aldrich, Missouri, USA).

5-2-2-Method:

1. The coronal sections of the brain were first deparaffinized through two
changes of xylene each 10min.

2. Then rehydrated through a graduated alcohol series (100, 90, 80 and 70 %)
for a period of 5min for each.

3. Once the slides rehydrated, were ready to be immersed in 1% sodium
hydroxide in 80% alcohol (20ml of 5% NaOH added to 80ml absolute
alcohol) for 5min.

4. The slides were kept in 70% alcohol for dehydration and in distilled water
for 2min respectively.

5. Fllowing dehydration the slides were transferred to a solution of 0. 6%
potassium permanganate for 10min.

6. In order to get rid of any remaining of potassium permanganate the slides
were rinsed in distilled water for two min and immersed in 0.0004% Fluoro-
Jade B (Darmstadt, Germany) for 20min.

7. The slides were then rinsed for one min in each of three distilled water
washes and placed on a slide warmer for 10min.

8. The dried slides were cleared by immersion in xylene for at least 1min and
were then cover slipped with DPX and at this stage they were ready for

examination.
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5-3-Electron microscopy:

5-3-1-Materials:

Equipement:

Rota mixer (Agar scientific, Essex, United Kingdom).

Oven (Thermo Fisher Jouan, , Massachusetts, USA )
Transmission electron microscope (Tecan, Zlrich, Switzerland)
Ultra microtome (Leica EMUC7, Wetzlar, Germany).

200 mesh copper grids (Agar scientific, Essex, United Kingdom).
Molds (Agar scientific, Essex, United Kingdom).

Reagents:

KARNOVSKY’S fixative at PH 7.2
0.2 M phosphate buffer
0.1 M phosphate buffer
Paraformaldehyde (Sigma-Aldrich, Missouri, USA).
Glutaraldehyde (EM grade; 50% solution) (Sigma-Aldrich,
Missouri, USA)
1 N sodium hydroxide (NaOH)
0.1M PB
1% osmium tetroxide (Agar scientific, Essex, United Kingdom).
Propylene oxide (Agar scientific, Essex, United Kingdom).
Ethanol
Agar 100 (Agar scientific, Essex, United Kingdom).
Resin (Agar scientific, Essex, United Kingdom).
Uranyl acetate (Agar scientific, Essex, United Kingdom).

Lead citrate (Agar scientific, Essex, United Kingdom).
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5-3-2- Method:
The hippocampus was removed and transferred into KARNOVSKY’S

fixative at PH 7.2 in glass vials for overnight at 4°C.

The next day the tissue was washed three times in 0.1M PB for 30min each. A
volume of 1ml of buffered 1% osmium tetroxide was added to each vial and mixed
for 1h at RT on Rota mixer. The osmium tetroxide was removed and followed by
three distilled water washes for 2 min each. The samples were dehydrated as

showed in table-5.

Table-5: Dehydration of brain tissue for electron microscopy.

Ethanol concentration | Timing
30% Ethanol 15min
50% Ethanol 15min
70% Ethanol 15min
80% Ethanol 15min
90% Ethanol 15min
95% Ethanol 15min
100% Ethanol | 15min
100% Ethanol 11 15min
Propylene oxide | 15min
Propylene oxide Il 15min

During the last Propylene oxide, the Agar100 epoxy resin was prepared to be

ready for the following processing:

Agar 100Resin: Propylene oxide 1:1 for 1h.
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Agar 100Resin: Propylene oxide 2:1 for 1h.
Agar 100Resin: Propylene oxide 3:1 for 1h.
Agar 100Resin for overnight at 4°C.

The next day the blocks embedded in resin were retrieved from the fridge
and warmed up in the oven at 60°C for 20min and the procedure was carried out as
follows; the molds were filled with freshly prepared resin and kept for 3-4 hours to
remove all air bubbles and proper infiltration. The samples were rested and
embedded in the molds and left in the oven for 24h at 64°C.

Blocks were trimmed and ultrathin sections were selected approximately -
3.7 mm relative to bregma according to Paxinos and Watson (2005). For cutting
coronal section of the hippocampus, ultra microtome was used. The semithin
sections (1um) were stained with 1% aqueous toluidine blue on glass slides. The
ultrathin sections (95nm) were transferred on 200 mesh copper grids were
contrasted with uranyl acetate followed by lead citrate double stain. The grids were
examined and photographed under a Philips CM10 transmission electron
microscope and the photo were taken from different area of the hippocampus in

order to examine the occurrence of neuronal cell death in the current model.
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5-4-Immunoflurescent labeling:

Animals (n=32) were sacrificed after surgery at different times: 4h (Sham
=4, ADX=4), 24h (Sham =4, ADX=4), 3days (Sham =4, ADX=4), 1week (Sham
=4, ADX=4) and 2weeks (Sham =4, ADX=4).

5-4-1-Materials:

Equipement:

Humid chamber.

Microwave (Daewoo electronics crop, Seoul, Korea).
Microtome (Thermo Fisher Scientific, Massachusetts, USA).
Liquid blocker (Daido Sangyo, Tokyo.Japan).

Fluorescent microscope (Zeiss, Oberkochen, Germany).
Confocal microscope (Nikon, Tokyo, Japan).

Adobe PhotoShop (CS6 version, USA).

Reagents:

Xylene.

Ethanol.

Distilled water.

10mM sodium citrate (pH 6) (Sigma-Aldrich, Missouri, USA).
0.1 M phosphate buffered saline (PBS, pH 7.4).

1% BSA.

Primary antibodies:
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O

Rabbit polyclonal anti-ionized calcium-binding adaptor
molecule 1 (Ibal, Wako, Massachusetts, USA 1:2000).
Mouse monoclonal anti-neuronal nuclear antigen
antibody (Neun, Millipore, Massachusetts,USA, 1:1000).
Rabbit polyclonal anti-glial fibrillary acidic protein
(GFAP, Dako, Copenhagen, Denmark, 1:1000).

Goat Ibal (Abcam, Massachusetts,USA 1:1000).

e Secondary antibodies:

5-4-2-Method:

Donkey  anti-rabbit  conjugated to  Alexa488
(Invitrogen,Paisley, UK, 1:200).

Donkey anti-mouse conjugated to Rhodamine (Jakson,
Pennsylvania, USA, 1:100).

Donkey anti-goat conjugated to cy5 (Jakson,
Pennsylvania, USA, 1:100).

PBS-Triton X-100 0.3% (Sigma-Aldrich, Missouri,
USA).

For all fluorescence labeling, the paraffin-embedded tissue sections were
deparaffinized with xylene, rehydrated with ethanol (100, 90, 80, and 70%) and
finally washed in distilled water. To unmask the epitopes and obtain efficient

Immunostaining, the brain sections were subjected to an antigen retrieval

procedure with 10mM sodium citrate (PH 6) followed by heating for 1 min at high

power and 10 min at low power in microwave. After this procedure the samples
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were washed with 0.1 M phosphate buffered saline (PBS, pH 7.4) and cooled down
at RT.

For double-immunofluorescence labeling, the sections were blocked by 1%
BSA at room temperature for 30 min and then were incubated with each primary
antibody at 4°C overnight. The primary antibodies used were rabbit polyclonal
anti-ionized calcium-binding adaptor molecule 1 (Ibal, 1:2000) mixed with mouse
monoclonal anti-neuronal nuclear antigen antibody (Neun, 1:1000) and rabbit
polyclonal anti-glial fibrillary acidic protein (GFAP, 1:1000) mixed with mouse
monoclonal anti-neuronal nuclear antigen (Neun, 1:1000). After washing three
times in PBS, tissue sections were incubated with donkey anti-rabbit conjugated to
Alexad88 (1:200) mixed with donkey anti-mouse conjugated to Rhodamine
(1:100) all diluted in PBS-Triton X-100 0.3% for 1h at room temperature.
Afterwards, the sections were washed several times in PBS; slides were cover
slipped with fluoromount medium (Thermo Fisher Scientific, Massachusetts,
USA).

Similar procedure was used for triple-immunofluorescence labeling in order
to define the localization of microglia, astroglia and neurons in the same brain
section, the mixture of the following primary antibodies was used, rabbit GFAP
(1:1000) mixed with mouse Neun (1:1000) and goat Ibal (1:1000) at 4°C
overnight. Regarding the secondary antibody, tissue sections were incubated with
donkey anti-rabbit conjugated to Alexa 488 (1:200) mixed with donkey anti-mouse
conjugated to Rhodamine (1:100) and donkey anti-goat conjugated to cy5 (1:100).
Representative digital images were captured using a Zeiss AxioCamHRc Digital
camera with AxioVision 3.0 software (Carl Zeiss, Germany). Some sections were
also examined with a C1 laser scanning confocal microscope (Nikon,Tokyo,
Japan). 4X and 20X objectives were used to capture confocal images for the

preparation of figures 32, 35 and 36 respectively where only one optical section
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was utilized. The resulting files were used to generate the figures in Adobe
PhotoShopCS6 where the photomicrographs were adjusted for contrast and
brightness in order to determine the relationship between labeled neurons,

astrocytes and microglia.

5-5-Quantitative analysis of the Iba-1 and GFAP positive cells:

Both microglia and astrocytes undergo morphological changes and became
reactive cells in response to CNS injury. In this study we investigated the response
of both these glial cells in the hippocampus after ADX. Typically, reactive
microglia show shortening and widening of their processes and some of them they
show amoeboid shape by losing their processes. Reactive astrocytes show
increased size of their processes. These features can be easily visualized in sections
stained with Ibal and GFAP antibodies as markers for microglia and astrocytes
respectively. In this study, only positively stained Ibal-positive microglia and
GFAP-positive astrocytes with visible cell body at the focal plane were counted.
Three ADX and three sham rats were used for each time point. Three sections of
the hippocampus separated by 30um were used from each rat. From each section
three optical fields were selected for cell counting. Images of stained sections were
taken at 20X magnification using an AxioCam HRc Digital camera with
AxioVision 3.0 software (Carl Zeiss, Germany). In order to avoid being biased, the
parameters of acquiring images like the time of exposure and the gain were first
fixed for labeled microglia and astroglia and kept constant for all the examined
time points. Cells matching the above mentioned criteria were counted manually
using cell counter software (Heracle BioSoft SRL, Romania). A comparison was
then carried out between the number of microglia and astrocytes in ADX and sham

operated rats.
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6-Animal behavior test:

All animals were handled daily for at least 3 days before the experiments.
The Passive Avoidance task was conducted as described by (Misane and Ogren
2000; Ahlander-Luttgen et al., 2003) using a two-compartment standard shuttle
box (51x25x24 cm) (Harvard Apparatus, Massachusetts, USA).

The two communicating (7x7 cm sliding door built in the separating wall)
compartments were of equal size and had a stainless-steel bar floor. The right-hand
compartment (shock compartment) was painted black to obtain a dark chamber,
while the left-hand compartment was illuminated by a bulb (24 V; 5 W) installed
on the top Plexiglas cover. PA training was conducted in a single session (day 1).

Rats were placed in the lighted compartment (with no access to the dark
compartment) and were allowed to explore for 60s. During the exploration period
in the PA apparatus. When 60s expired, the sliding door was automatically opened
and the rat was allowed to cross over into the dark compartment. Once the rat had
entered the dark compartment with all four paws, the sliding door was
automatically closed and a weak electrical current (constant current, scrambled,
duration 3s, 0.3 mA) was delivered through the grid floor. Latency to cross into the
dark compartment (training latency) was recorded. If a rat failed to move into the
dark compartment within 300 s (cut off latency), the door was reopened and the rat
was gently moved into the dark compartment, where it received the foot shock.

After exposure to the foot shock, the rat was allowed to stay for 30 s in the
dark compartment before it was removed from the PA apparatus to its home cage.
Retention was tested 24 h after training (day 2). The animal was again placed in
the lighted (safe) compartment with access to the dark compartment for a period of
300s. The latency to enter the dark compartment with all four paws was

automatically measured (retention latency). If the rat failed to enter the dark
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compartment within 300 s, it was removed and assigned a maximum test latency
score of 300s (Figure-14).

Test:
measure time fo step through

Figure-14: Passive avoidance task

(https://www.radiantthinking.us/memory-theoryl/ii-behavioral-assessments-in-rodents.html)

7-Statistical analysis:

All data are reported as the mean + standard error of the mean and the
analysis was considered significantly different if P < 0.05. Results for (IL-1p, IL-6
and TNF-a)s (GSH, SOD and MDA) and microglia and astrocytes counting were
analyzed by two-tail Student using t test SPSS version 20 (IBM, USA).
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1-Concentration of corticosterone



Results

The efficacy of adrenalectomy was confirmed post-mortem by analysis of
plasma corticosterone levels. The concentration of corticosterone was measured
using Logit-Log paper plot Percent bound versus concentration of corticosterone
for standards that ranges from 32-20000 pg/ml and by interpolation the
concentration of corticosterone in the sera of adrenalectomized and sham operated

rats was determined see the (Figure-15).
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Figure-15: Standard curve used in the determination of corticosterone levels in the
sera of adrenalectomized and sham operated rats.

We found the levels of corticosterone were significantly decreased after 4h
(P=0.001) in the serum of adrenalectomized compared to bilateral sham operated
rats and continued in the same trend after 24h (P<0.001), 72h (P<0.001), 1week
(P<0.001) and 2weeks (P<0.001) following the surgery see (Figure-16) and (Table-
6).
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Table-6: Concentration of corticosterone in the serum of adrenalectomized rats compared to
sham operated rats over the course of time (4h, 24h, 3days, 1week and 2weeks). ***P<0.001.

Data are expressed as mean +SEM.

Statistical
Time Groups S
SHAM ADX significance

4H 24493.6+£1732.3 | 7503.3+860.0 ***p=(,001

24H 18629.9+3668.8 | 199.4+59.0 ***pP<0.001

72H 12527.5+1914.6 | 126.5£33.8 ***pP<0.001

1 Week 16291.5+2770.2 | 224.6+94.3 ***pP<0.001
2 Weeks 16123.7£2835.8 | 163.6£49.4 ***pP<0.001
Unit of measurement: pg/mi
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Figure-16: Bar graphs showing levels of serum corticosterone. Levels of corticosterone were
measured by EIA in the serum of adrenalectomized rats compared to the sham operated rats over
the course of time (4h, 24h, 3days, 1week and 2weeks). ***P<0.001. Data are expressed as mean
+ SEM.
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Results

2-1-Interleukin-1 beta (IL-1f3):

The pro-inflammatory cytokines IL-1B, IL-6 and TNF-o are the major
players in multiple responses to different insults and injuries. In addition they play
a significant role in different neurodegenerative diseases. In the current
neurodegeneration model we intended to evaluate the levels of these cytokines in
the hippocampus of Wistar rats subjected either to bilateral adrenalectomy or to

sham operation using ELISA.
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Figure-17: Interleukin-1p Standard Curve. The curve obtained from the absorbance at 450nm of
varying concentrations of IL-1p standards ranging from 12.5-600 pg/ml (R?: Pearson Coefficient
of Determination).

The levels of pro-inflammatory cytokine Interleukin-1p in the hippocampal
homogenates of adrenalectomized and sham operated rats were examined over the

course of time (4h, 24h, 3days, 1week and 2weeks). In order to determine the
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concentration of IL-1B by ELISA, a standard curve in the range 12.5-600 pg/ml
was constructed and the levels of IL-1p in the samples was determined by

interpolation see (Figure-17).

Our results showed that the levels of IL-1p were significantly increased in
the hippocampus of adrenalectomized rats compared to bilateral sham operated rats
after 4h (P<0.05), 24h (P<0.05) and 3days (P<0.01) of surgery. However, one and
two weeks after adrenalectomy no statistical difference in the hippocampal levels

of IL-1B were found between the two groups, see (Table-7) and (Figure-18).

Table-7: Concentration of Interleukin-1p levels in the hippocampal homogenates of
adrenalectomized rats compared to the sham operated rats over the course of time (4h, 24h,

3days, 1week and 2weeks). Data are expressed as mean + SEM.

Time roups SHAM ADX Statistical significance
4H 114.25+11.17 | 155.87+£12.51 *P<0.05
24H 108.98+6.55 | 129.67+4.40 *P<0.05
72H 112.604+4.12 | 133.7245.53 **pP<0.01
1 Week 121.84+7.38 | 102.03+7.41 P>0.05
2 Weeks 76.6245.85 | 72.86%4.65 P>0.05

Unit of measurement: pg/mg of total protein
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Figure-18: Bar graphs showing IL-1p level in the hippocampus of adrenalectomized and sham

operated rats over course of time (4h, 24h, 3days, 1week and 2weeks) .*P<0.05. **P<0.01.Data

are expressed as mean = SEM.

2-2-Interleukin-6:

The levels of pro-inflammatory cytokine Interleukin-6 in the hippocampal

homogenates of adrenalectomized and sham operated rats were examined over the

course of time (4h, 24h, 3days, 1week and 2weeks). In order to determine the

concentration of IL-6 by ELISA, a standard curve in the range 125-8000 pg/ml was

constructed and the levels of IL-6 in the samples were determined by interpolation

(Figure-19).
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Figure-19: Interleukin-6 Standard Curve. The curve obtained from the absorbance at 450nm of
varying concentrations of IL-6 standards ranging from 125-8000 pg/ml (R2: Pearson Coefficient

of Determination).

A significant increase in IL-6 levels was observed in the hippocampus 4h
(P<0.01), 24h (P<0.01) and 3days (P<0.05) after ADX, however, no change was
seen in IL-6 levels after one and two weeks postoperatively (Table-8) and (Figure-
20).

Table-8: Concentration of Interleukin-6 levels in the hippocampal homogenates of

adrenalectomized rats compared to the sham operated rats over the course of time (4h, 24h,

3days, 1week and 2weeks). Data are expressed as mean + SEM.

Time 2 SHAM ADX Statistical significance
4H 621.77+35.80 | 802.74+30.62 **P<0.01
24H 543.59+21.45 | 656.24+17.45 **pP<0.01
72H 580.95+20.90 | 644.39+£17.00 *P<0.05
1 Week 643.80+59.05 | 520.00+24.61 P>0.05
2 Weeks 560.83+29.41 | 587.01+41.52 P>0.05

Unit of measurement: pg/mg of total protein
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Figure-20: Bar graphs showing IL-6 levels in the hippocampus of adrenalectomized and sham
operated rats over course of time (4h, 24h, 3days, 1week and 2weeks).*P<0.05. **P<0.01.Data

are expressed as mean = SEM.

2-3-Tumor Necrosis Factor-a (TNF-a):

The levels of pro-inflammatory cytokine TNF-o in the hippocampal
homogenates of adrenalectomized and sham operated rats were examined over the
course of time (4h, 24h, 3days, 1week and 2weeks). In order to determine the
concentration of TNF-o by ELISA, a standard curve in the range 3.9-500 pg/ml
was constructed and the levels of TNF-a in the samples was determined by

interpolation (Figure -21).
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Figure -21: Tumor Necrosis Factor-a Standard Curve. The curve obtained from the absorbance
at 450nm of varying concentrations of TNF-a standards ranging from 3.9-500 pg/ml (R% Pearson

Coefficient of Determination).

The levels of TNF-o were significantly increased in the hippocampus of
adrenalectomized rats compared to bilateral sham operated rats after 4h only
(P<0.01) and remain unchanged after 24h, 72h, 1week, 2weeks of surgery see
(Table-9) and (Figure-22).

Table-9: Concentration of TNF-a levels in the hippocampal homogenates of adrenalectomized

rats compared to the sham operated rats over the course of time (4h, 24h, 3days, 1week and
2weeks). Data are expressed as mean £ SEM.

Time toup SHAM ADX | Statistical significance
4H 21.39+0.99 | 29.31+1.33 **p<0.01
24H 16.90+0.63 | 17.33+0.89 P>0.05
72H 16.58+0.71 | 16.52+1.07 P>0.05
1 Week 18.30+0.93 | 15.52+1.11 P>0.05
2 Weeks 18.19+2.04 | 18.47+1.62 P>0.05

Unit of measurement: pg/mg of total protein
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Figure-22: Bar graphs showing TNF-alevels in the hippocampus of adrenalectomized and sham
operated rats over course of time (4h, 24h, 3days, 1week and 2weeks). **P<0.01.Data are

expressed as mean + SEM.
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3-1-Neuronal cell death using F]B:

In order to examine the occurrence of neuronal cell death in the

hippocampus following adrenalectomy over a course of time (4h, 24h, 3days,
1week and 2weeks), a Fluoro-Jade B staining was performed. FJB staining is a
specific staining for neurons undergoing degeneration, regardless of the specific
insult or mechanism of cell death.
After four hours (results not shown) and 24h following adrenalectomy our results
showed no positive staining for degenerated neurons in both groups ADX and
sham rats (Figure-23A', A, E', E). Three days after adrenalectomy we observed a
few degenerated neurons in the dorsal blade of the dentate gyrus in the
hippocampii of adrenalectomized rats only (Figure-23B', B, F', F). Moreover, one
week after adrenalectomy, more degenerated neurons were seen on the dorsal
blade of the dentate gyrus (Figure-23C', G') whilst no positive FJB staining was
observed in sham operated rats (Figure-23C, G). After two weeks of
adrenalectomy, we observed a progression of cell death throughout the dorsal
blade of the dentate gyrus (Figure-23D', H') where an intense FJB staining was
seen. In addition, less intense staining was observed in the ventral blade indicating
that differential effect of the adrenal gland removal on both blades of the dentate
gyrus (Figure-24). No positive FJB staining was observed in sham operated rats
(Figure-24) and (Figure-23D, H).
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Figure-23: Images of coronal sections of the hippocampus stained with Fluoro-Jade B showing
the progression of neuronal cell death over the course of time (1day, 3days, 1week and 2weeks)
in the dentate gyrus of the hippocampus of adrenalectomized rats compared to sham operated
rats .Absence of cell death was noticed in the dentate gyrus (A, B, C, D) and (E, F, G, H) of
sham operated rats during the different time points (1day, 3days, 1week and 2weeks). One day
after adrenalectomy the rats showed no signs of neuronal cell death in the dentate gyrus (A") and
(E". A progression of neuronal cell death was seen in the dentate gyrus three days (B'), one
week (C"), and two weeks (D") after adrenalectomy. Molecular layer (ML), granule cell layer
(GCL), polymorphous layers (PL). Scale bar=50um.

77



Results

Dorsal blade
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Figure-24: Representative confocal images of with Fluoro-Jade B staining (green) showing the

occurrence of neurodegeneration after two weeks in both blades of the dentate gyrus of the
hippocampus of adrenalectomized rats compared to sham operated rats. Molecular layer (ML),

granule cell layer (GCL), polymorphous layers (PL). Scale bar=50um.

3-2-Neuronal cell death using electron microscopy:

The motive behind the current ultrastructural study was to determine the
impact of the absence such hormones on different cells of the hippocampus after
short-term adrenalectomy at different time points (3, 7 and 14 days). In addition,
Prof. Adem and his team in previous study reported the absence of glucocorticoids
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after long period of time (5 months) induces degeneration in the different parts of
the hippocampus where different neuronal populations exhibited signs of
abnormalities and different types of cell death.

The examination of the thin section under the electron microscope three days
following adrenalectomy showed granule cells degeneration of dorsal blade of the
dentate gyrus of adrenalectomized rats hippocampus where the cells showed
condensed chromatin and irregular cell membrane and the beginning of
vacuolation in the cytoplasm. Interestingly we have not noticed cell abnormalities
in the rest of the dentate gyrus (Figure-25B, D). Concerning different areas of the
Cornu Ammonis (CA), solely CA4 pyramidal cells displayed signs of cell damages
following the removal of the adrenal gland(Figure-26) while the big CAS3
pyramidal cells, small pyramidal CAl and CA2 cells did not show any signs of
neurodegeneration after three days of adrenalectomy (Figure-25B,D). The
examination of the hippocampus of the sham operated rats revealed no signs of

neurodegeneration in different parts of the hippocampus (Figure-25A, 1C, 2A, 2C).

79



Figure-25: Electron micrographs of dentate gyrus upper blade of ADX rats compared to sham
operated three days postoperatively. (A) Usually the granule cells of the dentate gyrus of the
hippocampus have a round shape and a big nucleus occupies the whole cell body, in such cell the
nucleus surrounded by thin layer of cytoplasm. (B) In adrenalectomized rats, few degenerated
granule cells were seen in the upper blade where deformation of the cell morphology was seen.
In addition the shrinkage of the cell body condensation of chromatin and reduction of the nucleus
size . Scale bar = 2 um. Higher magnification of granule layer of dentate gyrus of (D) ADX rats

compared to (C) sham operated respectively . Scale bar = 1 um.
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Figure-26: Electron micrographs of CA4 pyramidal cells of ADX compared to sham operated
rats three days following surgery. (A) Healthy pyramidal cells showing well-defined nucleolus
(NI) and nucleus (nuc) and homogenous karyoplasm. Cytoplasmic organelles are normal in
distribution and morphology. (B) multiple degenerated pyramidal neurons of the CA4 with
irregular nucleus membrane and beginning of the chromatin condensation, the arrow showing
already degenerated neurons where reduction the nucleus volume and dark compacted chromatin
are apparent. Scale bar = 5 um.(C) and (D) higher magnification of pyramidal layer of CA4 of
sham operated compared to ADX rats respectively. Scale bar =2 pum.

Seven days following the removal of adrenal gland, ultra-structural
examination of the hippocampus revealed a progressive neurodegeneration
compared to the third day of adrenalectomy where cell death was seen all over the

dentate gyrus revealing more exacerbation of the neurodegenerative process
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(Figure-27A’). In addition to what we have seen on the third day after
adrenalectomy more degenerative cells were observed in the CA4 (Figure-27B’).
In addition, EM observation of the neuropil in the CA3 area of hippocampus of
adrenalectomized rats revealed cell death of the CA3 Pyramidal cells for the first
time (Figure-27C’). No sign of degeneration was seen in the CAl of the
adrenalectomized rats. The hippocampus of the sham rats did not show any

abnormalities in different neuronal populations (Figure-27A, B, and C)

T 2% o o o PRI

Figure-27: Electron micrographs showing degeneration in different areas of the hippocampus of
ADX rats compared to sham operated were taken seven days postoperatively. (A) Intact granule
cell with well defined nucleus and cell membrane of sham rats. (A’) degenerated granule cell of
the dentate gyrus with condensed chromatin and irregular cell membrane. (B) and (C) healthy
pyramidal cells of CA4 and CA3 respectively. (B’) showing ultrastructural of CA4 dead neurons
with disintegration of the cell body, condensation of the chromatin and nucleus volume
reduction. (C*) multiple degenerated CA3 pyramidal neurons with irregular nucleus membrane

and beginning of the chromatin condensation. Scale bar = 1 um.
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Our results exhibited an extensive cell death on the dorsal blade of the
dentate gyrus compared to less degree of cell death in ventral blade after two
weeks of adrenalectomy. A thorough examination of granule layer of the dentate
gyrus showed differences in the gross appearance of the neuropil between the
adrenalectomized and sham operated rats. In the adrenalectomized animals, the
granule layer showed empty areas with multiple ‘‘blank’’ spaces that indicated
already degenerated cells. In addition to the changes in the neuropil, we observed
ultrastructural changes in the upper and lower blade of the dentate gyrus (Figure-
28).

Figure-28: Electron micrographs taken from the upper blade of the dentate gyrus two weeks
following adrenalectomy showing granule cells engulfed by microglia (white arrows), in
addition, it shows undergoing degeneration of granule cells where fragmentation of the nucleus
and appearance of vacuolation in the cytoplasm (black arrow). Scale bar = 5 pm.
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A condensation of chromatin was seen in addition of the cell body shrinkage
revealing both apoptotic and necrotic process occurring in this part of the
hippocampus and major vulnerability of such cell type to the absences of
glucocorticoids (Figure-29). In contrast, in the sham rats the neuropil was
continuous with abundant, tightly packed granule cells. As the granule cells are

small neurons, the nucleus occupied most of the cell body with only a thin rim of

cytoplasm surrounding it.

Figure-29: High power microscopy of degenerated granule cell in the hippocampus of
adrenalectomized rats two weeks following adrenalectomy. Appearance of vacuolation in the
cytoplasm with condensed chromatin (thin arrow) and adjacent granule cell in the process to be

phagocytosed by microglia (big arrow). Scale bar =1 um.
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The examination of the Cornu Ammonis of the adrenalectomized rats
revealed an extensive cell death in the CA4 area where chromatin condensation

and vacuolation were seen (Figure-30).

Figure-30: High power microscopy taken from CA4 area of the hippocampus following two
weeks of adrenalectomy showing empty space in pyramidal layer. In addition, many neurons
with compacted chromatin surrounded by irregular nucleus membrane (black arrow).A glial cell

in the process to phagocyte Pyramidal cell of the CA4 (white arrow).Scale bar =5 pm.

Electron microscopy examination of the CA3 area of ADX rats revealed the
occurrence of cell death of pyramidal cells along the principal layer of such area
where extensive chromatin condensation, and reduction of the soma volume and
the wavy shrinkage of the nuclear membrane and the vacuolization of

mitochondria where seen (Figure-31). Sham operated rats displayed healthy
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clustered granule cells with regular plasma membrane and well defined nucleus
with regular dispersed chromatin. More importantly, our results showed no

ultrastructural abnormalities of the CAlpyramidal cells of both groups.

Figure-31: Electron micrograph showing CA3 pyramidal cells at different stage of degeneration

two weeks following adrenalectomy confirming that withdrawal of glucocorticoids by
adrenalectomy is not selective where different neuronal populations in the hippocampus are

subject of substantial degeneration. Scale bar = 2um.
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Results

4-1-Activation of microglia:

The activation of microglia is one of the major signs of neurodegeneration.
In order to investigate the activation of these cells in response to
neurodegeneration occurring after short-term adrenalectomy, a double
immunofluorescent labeling of neurons (Neun) and microglia (Iba-1) over the
course of time (4h, 24h, 3days, 1week and 2weeks) was performed.
Immunofluorescence staining with Iba-1 antibody after four hours and one day of
adrenalectomy did not show activated microglia in adrenalectomized and sham
operated groups (Figure-32A' and A). However, after three days we observed few
activated microglia in the dorsal blade of the dentate gyrus of adrenalectomized
rats while no sign of activation was seen in the sham operated rats (Figure-32B'
and B). One week following the adrenal gland removal, activated microglia were
seen in the whole dorsal blade of the dentate gyrus indicating a progression of
microgliosis (Figure-32C'). In contrast, no sign of activated microglia were
observed in the hippocampus of sham operated rats (Figure-32C).
Fluorescent double immunostaining of neurons and microglia of brain sections
after two weeks postoperatively revealed a strong Iba-1 immunoreactivity in the
hippocampus of adrenalectomized rats most particularly in the dentate gyrus
(Figure-32D") and stratum lucidum of CA3 (Figure-32H") areas compared to the
corresponding regions in the sham operated rats (Figure-32D and H).
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Figure-32: Images of microgliosis in the hippocampus. Coronal sections of the hippocampus stained with NeuN
antibody (red) as a neuronal marker and Iba-1 antibody (green) as a microglia marker showing the progression of
microgliosis over the course of time (lday, 3days, 1week and 2weeks) in the dentate gyrus and CA3 of the
hippocampus of adrenalectomized rats compared to sham operated rats. Absence of microgliosis in the dentate
gyrus (A, B, C, D) and CA3 (E,F,G,H) of sham operated rats during lday, 3days, 1week and 2weeks. The
adrenalectomized rats showed no signs of microgliosis in the dentate gyrus (A") and CA3 (E") after one day.
However, a progression of microgliosis was seen in the dentate gyrus after three days (B'), one week (C") and two
weeks (D). In comparison, the microgliosis in the CA3 of adrenalectomized rats did not appear until after 2 weeks
as the Ibal immunoreactivity (H”) after 1day, 3days and 1 week was not significantly different from that in sham
operated rats(E’,F’,G”). Molecular layer (ML), granule cell layer (GCL), polymorphous layers (PL) and (SL)
stratum lucidum. Scale bar =50um.
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The quantitative analysis showed that the number of Iba-1-positive microglia in the
hippocampus of ADX rats was significantly higher in days 3 (P<0.01), 7 (P<0.001) and 14 days
(P<0.001) compared to the sham operated rats. The results showed progressive increase in the
number of microglia in the hippocampus from day three with a further increase one and two

weeks after adrenalectomy (Figure-33).
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Figure-33: Bar graphs showing the comparison between the number of Iba-1 positive cells in the
hippocampus of adrenalectomized and sham operated rats. The number of microglia was
significantly and progressively increased in adrenalectomized rats 3 days, 1 week and 2 weeks

postoperatively. **P<0.01. ***P<0.001. Data are expressed as mean (xSEM).

Iba-1 labeling exhibited a differential distribution throughout the dentate
gyrus where it shows an intensive microgliosis in the molecular and granular layer
of the dorsal blade and predominately at the tip where the Neun staining shows
apparent absence of neurons compared to the ventral blade two weeks
postoperatively (Figure-34). Interestingly, at the same time point, two weeks after
adrenalectomy, we observed for the first time a strip of Iba-1 positive cells in the
stratum lucidum layer of the CA3 area (Figure-34) and (Figure-32D"). No sign of
microgliosis was seen in CA3 area of sham operated rats over the course of time

(Figure-32E, F, G, and H).
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Figure-34: Representative images of coronal sections of the whole hippocampus stained with
NeuN (red) and Iba-1 (green) antibodies showing microgliosis after two weeks of
adrenalectomized rats compared to bilateral sham operated rats. Molecular layer (ML), granule

cell layer (GCL), polymorphous layers (PL) and (SL) stratum lucidum. Scale bar=100um.
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4-2-Activation of astrocyte:

In order to examine the effect of adrenal gland removal on astrocyte
Immunoreactivity in the hippocampus over a course of time (4h, 24h, 3days, 1week
and 2weeks), a double immunofluorescent labeling of neurons (Neun) and
astrocytes (GFAP) was performed. After four hours (results not shown), one and
three days of adrenalectomy, we did not observe an apparent difference in the
GFAP immunoreactivity in the hippocampii of adrenalectomized and sham groups
(Figure-35A', A, B’, B). However, one week after adrenalectomy, activated
astrocytes were seen in the dentate gyrus (Figure-35C') whilst no difference in the
GFAP immunoreactivity was observed in sham operated rats (Figure-35C).

An intense GFAP immunoreactivity was observed, two weeks after adrenalectomy,
throughout the hippocampus most particularly in the dentate gyrus (Fig.37) where
the astrocytes undergo morphological changes and appeared hypertrophic and
showed intense GFAP immunoreactivity (Figure-35D'). The GFAP immuno-
labeling exhibited extensive astrogliosis in the molecular and polymorphous layers
of the dentate gyrus; however less intense astogliosis was seen in the granular layer
(Figure-37). The stratum lucidum of CA3 area of adrenalectomized rats showed an

increase in GFAP immunoreactivity (Figure-35H").
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Figure-35: Images of astrogliosis in the hippocampus. Coronal sections of the hippocampus stained with NeuN
antibody (red) as a neuronal marker and GFAP antibody (green) as an astrocytes marker showing the progression of
microgliosis over the course of time (1day, 3days, 1week and 2weeks) in the dentate gyrus and CA3 of the
hippocampus of adrenalectomized rats compared to sham operated rats .Absence of astrogliosis was noticed in the
dentate gyrus (A, B, C, D) and CA3 (E, F, G, H) of sham operated rats during the different time points (1day, 3days,
1week and 2weeks). One day after adrenalectomy the rats showed no signs of astrogliosis in the dentate gyrus (A")
(B" and CA3 (E") (F") respectively.
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A progression of astrogliosis was seen in the dentate gyrus after one week (C') and two weeks
(D" whilst no immunoreactivity was seen in CA3 after one week (G').However appearance. On
the other hand, there was no significant difference between the number of GFAP-positive
astrocytes in the hippocampus of ADX and sham operated rats three days following
adrenalectomy. However, a significant increase (P< 0.001) in the number of astrocytes was
observed one and two weeks after adrenalectomy in the ADX compared to sham operated rats
(Figure-36).
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Figure-36: Bar graphs showing the comparison between the number of GFAP positive cells in
the hippocampus of adrenalectomized and sham operated rats. No difference in the number of
astrocytes revealed after 3 days but significantly increased 1 and 2 weeks following
adrenalectomy. ***P<(.001. Data are expressed as mean (£SEM).

Moreover, GFAP immunostaining also showed extensive astrogliosis in the
CA4 but not in the CAl area of the adrenalectomized hippocampus (Figure-
37).The dentate gyrus (Figure-35A, B, C, and D), CA3 (Figure-35E, F, G, and H).
CA4, CA2 and CA1 (Figure-37) areas in the hippocampi of bilateral sham operated
rats did not show astrogliosis.
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Figure-37: Representative images of coronal sections of the whole hippocampus stained with
NeuN (red) and GFAP (green) antibodies showing astrogliosis after two weeks of
adrenalectomized rats compared to bilateral sham operated rats. Molecular layer (ML), granule
cell layer (GCL), polymorphous layers (PL) and (SL) stratum lucidum. Scale bar=100um.

It was very interesting idea that came from one of the reviewers of our
manuscript that to check at different levels through the rostral-caudal axis of the
hippocampus whether the effect of the removal of the adrenal gland is consistent or
not. Deciding to do that we choose to perform double immunofluorescence with
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NeuN (red) and Iba-1 antibodies for neurons and microglia respectively on brain
coronal sections at two levels -4.68mm and -5.5mm relative to bregma according
to Paxinos and Watson.2005. Indeed we have found similar to the effect that we
have observed at the level -3.7 where activated microglia on both blades of the
dentate gyrus and predominantly on the dorsal blade of the ADX rats (Figure-34).
Similar to the level -3.7 no sign of microgliosis were seen in the sham operated rats
at two levels -4.68mm (Figure-38) and -5.5mm (Figure-39). In addition our results
showed the activation of microglia at CA4 which is similar what was found at the -
3.7 levels and no signs in the sham rats. Regarding the CA3 area we observed the
microglia activation bordering the pyramidal cells of the CA3 at stratum lucidum
which is a total similarity to what have been seen at the other levels and no signs in

sham operated rats.
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Figure-38: Representative images of coronal sections of the whole hippocampus approximately
from -4.68mm relative to bregma stained with NeuN (red) and Iba-1 (green) antibodies showing
activation of microglia the throughout the dentate gyrus (A',B', C') and CA3 gyrus (D'\E', F)
after two weeks of adrenalectomized rats compared to the dentate gyrus (A,B, C) and CA3 area

(D,E, F) of bilateral sham operated rats. Scale bar=100um.
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Figure-39: Representative images of coronal sections of the whole hippocampus approximately
from -5.5mm relative to bregma stained with NeuN (red) and Iba-1 (green) antibodies showing
activation of microglia the throughout the dentate gyrus (A',B’, C') and CA3 gyrus (D'E', F)
after two weeks of adrenalectomized rats compared to the dentate gyrus (A,B, C) and CAS3

gyrus (D,E, F) of bilateral sham operated rats. Scale bar=100um.
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In order to investigate the localization of the activated microglia and
astrocytes simultaneously after two weeks of adrenalectomy a triple
Immunostaining, of neurons (Neun), microglia (Iba-1),and astrocytes (GFAP) was
performed and the sections were examined with a confocal microscope. We
observed co-localization of the microglia and astrocytes in different layers of the

dentate gyrus (Figure-40).

Neun-Iba- Neun-GFAP Iba-1-GFAP Neun-Iba-1-GFAP

Figure-40: Representative confocal images of triple staining of hippocampal sections stained
with Neun (red), 1bal (blue) and GFAP (green) showing the localization of activated microglia
and astroglia after two weeks throughout the dentate gyrus of the hippocampus of
adrenalectomized rats compared to sham operated rats. Scale bar=50um.
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5-1-Reduced glutathione (GSH):

Reduced glutathione (GSH) is the major source of proton for biochemical
reaction and detoxification of free radicals in the cell. In order to determine the
concentration of GSH by colorimetric assay, a standard curve in the range 1.56-50
nmol/ml was constructed and the levels of GSH in the samples was determined by

interpolation see (Figure-41).

0.1 »
y =0.0018x - 0.0013
0.08 + R2=10.9986

0.06 +

0.04 +

Absorbance

0.02 +

0 10 20 30 40 50 60
GSH (nmol/ml)

Figure-41: Reduced glutathione Standard Curve. The curve obtained from the absorbance at
450nm of varying concentrations of GSH standards ranging from 3.9-500 pg/ml (R2: Pearson

Coefficient of Determination).

As shown in see (Table-10) and (Figure-42). The evaluation of the levels of
this antioxidant component in the hippocampal homogenates over the course of
time (4h, 24h, 3days, 1week and 2weeks) in bilateral adrenalectomized rats
compared to sham operated indicated no significant increase in the first day
following surgery. However, at day three a significant increase (P<0.05) in the
level of GSH was observed in adrenalectomized rats compared to the sham. At one
week postoperatively, no significant difference in the level of GSH was seen
between the two groups, however, two weeks later we noticed a significant

decrease (P<0.05) in GSH levels in adrenalectomized rats.

101



Results

Table-10: Concentration of GSH levels in the hippocampal homogenates of adrenalectomized

rats compared to the sham operated rats over the course of time (4h, 24h, 3days, 1week and

2weeks). Data are expressed as mean £ SEM.

Time u SHAM ADX Statistical significance
4H 22.69+2.14 24.58+3.56 P>0.05
24H 14.39+1.47 17.42+1.13 P>0.05
72H 9.66+1.39 15.62+2.18 *P<0.05
1 Week 12.39+1.49 12.75+£1.90 P>0.05
2 Weeks 10.66+1.75 6.18+0.85 *P<0.05

Unit of measurement; mol/ml
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Figure-42: Bar graphs showing GSH levels in the hippocampus of adrenalectomized and Sham

operated rats over course of time (4h, 24h, 3days, 1week and 2weeks) in adrenalectomized

compared to sham operated rats .*P<0.05. Data are expressed as mean + SEM.
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5-2-Superoxide dismutase (SOD):

The measurement of the antioxidant enzyme, superoxide dismutase (SOD)
activity was performed by a colorimetric assay in the hippocampal homogenates of
adrenalectomized compared to sham operated rats and in order to determine the
SOD concentration, a standard curve of the linearized rate (LR) of the standards
that range 0.025-0.25 U/ml was constructed and the levels of SOD in the samples

was determined by interpolation see (figure-43).

5 -
y =12.383x + 1.0246
R2=0.994

0.00 0.05 0.10 0.15 0.20 0.25 0.30
SOD (U/ml)

Figure-43: Superoxide dismutase Standard Curve. The curve obtained from the absorbance at
450nm of varying concentrations of SOD standards ranging from 0.025-0.25 U/ml (R2: Pearson
Coefficient of Determination).

Our results indicated no significant changes in SOD activity in the
hippocampal homogenates of adrenalectomized compared to sham operated rats
after 4h, 24h, 72h and 1week of adrenalectomy. However, two weeks after surgery
a significant decrease in the enzyme activity (P<0.01) was revealed in the
hippocampus of adrenalectomized compared to sham operated rats see (Table-11)
and (Figure-44).
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Table-11: Concentration of SOD levels in the hippocampal homogenates of adrenalectomized

rats compared to the sham operated rats over the course of time (4h, 24h, 3days, 1week and

2weeks). Data are expressed as mean £ SEM.

Time Group SHAM ADX Statistical significance
4H 324.51+£16.97 | 274.55+7.37 P>0.05
24H 276.61+21.07 | 299.38+11.82 P>0.05
72H 302.45+20.94 | 322.09+15.23 P>0.05

1 Week 288.12+20.23 | 304.46+24.06 P>0.05
2 Weeks 370.99+20.08 | 260.23+24.40 *P<0.05

Unit of measurement: U/ml
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Figure-44: Bar graphs showing SOD activity in hippocampus of adrenalectomized and sham

operated rats over the course of time (4h, 24h, 3days, 1week and 2weeks) in adrenalectomized

compared to sham operated rats .*P<0.05. Data are expressed as mean + SEM.
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5-3-Malondialdehyde (MDA):

Lipid peroxidation is one of the most important manifestations of the
imbalance between the antioxidants and the oxidants which leads to oxidative
stress. We examined the occurrence of lipid peroxidation in the hippocampus by
the measurement of malondialdehyde (MDA) levels and in order to determine the
MDA concentration, a standard curve in the range 0.625-50 U/ml was constructed
and the levels of MDA in the samples was determined by interpolation see (Figure-
45).
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Figure-45: Malondialdehyde Standard Curve. The curve obtained from the absorbance at 450nm
of varying concentrations of MDA standards ranging from 0.025-0.25 U/ml (R2: Pearson
Coefficient of Determination).

As shown see (Table-12) and (Figure-46) no statistical differences in the

level of MDA until two weeks after surgery when a significant increase (P<0.05)
in lipid peroxidation by-product MDA was seen in adrenalectomized rats

compared to sham operated rats.
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Table-12: Concentration of MDA levels in the hippocampal homogenates of adrenalectomized
rats compared to the sham operated rats over the course of time (4h, 24h, 3days, 1week and

2weeks). Data are expressed as mean £ SEM.

Time Group SHAM ADX Statistical significance
4H 18.82+1.24 | 16.96+0.93 P>0.05
24H 26.02+2.07 | 25.13+1.74 P>0.05
72H 25.07+2.63 | 27.23+1.44 P>0.05
1 Week 23.77+1.73 | 25.93+£2.05 P>0.05
2 Weeks 22.71+1.79 | 28.59+1.79 *P<0.05

Unit of measurement: uM
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Figure-46: Bar graphs showing MDA levels in the hippocampus of adrenalectomized and Sham
operated rats. Levels of MDA were measured by colorimetric assay over course of time (4h, 24h,
3days, 1week and 2weeks) in adrenalectomized rats compared to sham operated rats .*P<0.05.

Data are expressed as mean + SEM.
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Based on what we have found on the histological and biochemical levels we
thought such effects will leave its marks on the behavioral level, passive avoidance
test was performed. The evaluation of the latency time for the both
adrenalectomized and sham operated rats over the course of time (3days, 1week
and 2weeks) indicated a significant increase on the third day following surgery
(P<0.05) (Table-13A) and (Figure-47A).

Table-13A: Latency time of adrenalectomized rats compared to the sham operated rats after

three days of adrenalectomy. Data are expressed as mean + SEM.

SHAM ADX
. 30.61+6.93 300100
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Figure-47A:Bar graphs showing latency time of adrenalectomized and Sham operated rats

following three days of bilateral adrenalectomy .*P<0.05. Data are expressed as mean + SEM.
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Furthermore, at day seven a significant increase (P<0.05) in the latenecy
time was observed in adrenalectomized rats compared to the sham (Table-13B) and
(Figure-47B).

Table-13B: Latency time of adrenalectomized rats compared to the sham operated rats after one

week of adrenalectomy. Data are expressed as mean + SEM.

SHAM ADX
23.86+6.79 259.66+40.34
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25.76+6.25 146.11+52.85
Retention day

Unit of measurement: Seconds
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Figure-47B: Bar graphs showing latency time of adrenalectomized and Sham operated rats

following one week of bilateral adrenalectomy .*P<0.05. Data are expressed as mean £ SEM.
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At two weeks postoperatively, the significant increase persisted between the
two groups (P<0.05) (Table-13C) and (Figure-47C).
Table-13C: Latency time of adrenalectomized rats compared to the sham operated rats after two

weeks of adrenalectomy. Data are expressed as mean + SEM.

SHAM ADX
N 14.38+3.66 281+19
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15.8+2.34 174.36+30.85
Retention day
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Figure-47C: Bar graphs showing latency time of adrenalectomized and Sham operated rats

following two weeks of bilateral adrenalectomy.*P<0.05. Data are expressed as mean + SEM.
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Discussion

The aim of this study was to investigate the effects of short-term bilateral
adrenalectomy on the levels of pro-inflammatory cytokines IL-1p3, IL-6 and TNF-
a, the response of microglia and astrocytes to neuronal cell death as well as on
oxidative stress markers GSH, SOD and MDA over the course of time (4h, 24h,

3days, 1week and 2weeks) in the hippocampus of Wistar rats.

Our results showed a significant decrease in the levels of corticosterone 4h
following the adrenal gland removal and this decrease persisted over the course of
the designated time of the experiment 24h, 3days, 1week and 2weeks in the
adrenalectomized rats compared to the sham operated. A significant decrease in
corticosterone following long-term adrenalectomy was also reported(Gould et al.,
1990; Jaarsma et al., 1992; Sloviter et al., 1989, 1993a, 1993b; Spanswick et al.,
2011).Regarding the pro-inflammatory cytokines IL-1pB, IL-6 levels, our results
showed transient elevation that lasts for three days in the hippocampus of
adrenalectomized compared to sham operated rats. One week after adrenalectomy,
the elevation of these cytokines dropped to sham levels. Both the sham operated
and adrenalectomized rats showed significant elevated IL-1B and IL-6 levels
compared to the naive rats. The significant difference between the naive and sham
operated animals might be attributed to the surgical stress. However, the significant
difference between the sham and adrenalectomized rats can only be attributed to
the effect of adrenalectomy.

The occurrence of neuronal cell death in the hippocampus following
adrenalectomy was confirmed by Fluoro-Jade B staining and electron microscopy.
Our results showed that the induction of cell death in the granule cell layer of the
dentate gyrus by adrenalectomy begun three days postoperatively where we have
seen few FJB positive cells in the dorsal blade. the ultrastrucstural examination of

the dorsal blade showed cell abnormalities appeared in condensed chromatin and
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irregular cell membrane, such observation goes hand in hand with the finding of
(Sloviter et al., 1989, 1993a, 1993b) where they showed granule cells degeneration
after four days following adrenalectomy. In addition, we have made the same
observation as Conrad et al. (Conrad and Roy, 1993; Sloviter et al., 1993a, 1993b)
on the third day of adrenalectomy where no signs of degeneration were seen other
than dentate gyrus that gives the impression that the current model of
neurodegeneration seems to be a selective model for the exclusive loss of granule
cells . The ultrastructural results showed degeneration of the pyramidal cells of the
CA4 and CAS after one week. After two weeks of adrenalectomy we observed a
progression of cell death throughout the dorsal blade of the dentate gyrus. These
findings are in line with those of Spanswick et al. (Spanswick et al., 2011) who
reported, degenerated neurons throughout the granular layer of the dentate gyrus

two weeks after adrenalectomy using Fluoro-Jade B staining.

In addition we observed a progression in pyramidal cells degeneration of
CA3 and CA4 where more damages and affected cells were seen which goes in
agreement with the observation of sapolsky et al. (Sapolsky et al., 1991) where
they have observed degeneration up to 19% of pyramidal cells of the CA4 area.
Subsequently, Prof. Adem and his team Islam et al.1999 demonstrated clearly
different populations of neurons have been affected following long term
adrenalectomy (5 months). Our findings are not in line with the observations that
have been made by different groups where they found both short and long term
adrenalectomy caused a selective cell death of the granule cells of the dentate
gyrus (Conrad and Roy, 1993; Sloviter et al., 1993a, 1993b). We think the reason
of that might returned to the sensitivity of different strains of animals or may be the
sensitivity of the techniques used in different Labs. In addition, the close

examination of the dentate gyrus indicates that adrenalectomy affects differentially
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the dorsal and ventral blades of the dentate gyrus and suggest that the granule cells
of the dorsal blade of the dentate gyrus are more vulnerable to adrenalectomy. The
question that raises itself why this granule neurons are the most vulnerable to the
absence of glucocorticoid hormones? There is strong evidence that those hormones
are playing trophic role for this population of neurons, many studies from different

groups confirmed the trophic crisis occurred in the absence of glucocorticoids.

In situ hybridization revealed DEX injection increase the NGF mRNA levels in the
granule layer of the dentate gyrus however two weeks of adrenalectomy showed a
significant reduction in the NGF expression (Mocchetti et al,1996). Chao et
al, 1994 showed BDNF and NT-3 mRNA decrease in pyramidal and granule cells
of the dentate gyrus following seven days of adrenalectomy. Isalm et al. showed a
significant reduction of IGF-1 receptors mRNA in the dentate, CA1, CA3 and CA4

areas.

To conclude regarding the cell death in the current model our results showed
the vulnerability of different neuronal population to glucocorticoids absence on
one hand and the non-selectivity of the current model of neurodegeneration. In
addition, these findings might open the possibility to investigate the occurrence of

neurodegeneration in other parts of the brain.

It is an issue of debate regarding the accurate time of cell death onset in the
hippocampus and that returned to the idea of linking the raise in the inflammatory
cytokines levels and neurodegeneration and to reach the conclusion if such
increase precedes the cell death or it comes as a consequence to it. For that reason
our findings are in line with the observations that have been made by several
investigators that the earliest cell death occurs at least after three days of
adrenalectomy (Gould et al., 1990; Nichols et al., 2005; Sloviter et al., 1989;
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Spanswick et al., 2011; Stienstra et al., 1998). However, few investigators reported
cell death on day two after adrenalectomy (Jaarsma et al., 1992; Nichols et al.,
2005; Sloviter et al., 1993a).

It is interesting to note that the early elevation of the pro-inflammatory
cytokines IL-1pB, IL-6 and TNF-a was seen prior to neuronal death. Taken together
our findings suggest that cell death was preceded by an increase of these pro-
inflammatory cytokines. Similar findings have been reported in animal models of
ischemia (Rothwell, 2003; Zhu et al., 2006), surgical injury (Tchelingerian et al.,
1993), TMT (Trimethyltin) (Liu et al., 2005) KA (Kainic acid) (Minami et al.,
1991) and cis-2,4-methanoglutamate (MGlu) (Pearson et al., 1999)where an early

increase of different pro-inflammatory cytokines preceded neuronal damage.

Two studies reported the direct involvement of IL-1p in neurodegeneration.
(Rothwell, 2003) reported the injection of low doses of IL-1p into the cerebral
ventricles or brain parenchyma of mice or rats exposed to neurotoxins markedly
exacerbates the damage. The second study showed the antagonism of IL-1p by co-
infusion of IL-1B receptor antagonist with the neurotoxin N-Methyl-D-
aspartate (NMDA) inhibits brain damage induced by such excitotoxin (Lawrence et
al., 1998; Panegyres and Hughes, 1998). Moreover, IL-1B plays a crucial role in
the exacerbation of acute neurodegeneration caused by ischemia, head trauma and
stroke. In addition, it is implicated in the pathology of multiple sclerosis,
Alzheimer’s disease and other CNS chronic diseases (Allan and Rothwell, 2001;
Boutin et al., 2001; Griffin and Mrak, 2002; Pearson et al., 1999).

IL-6 levels were found to be elevated in the serum and CSF of MS patients,
locally around MS lesions (Malmestrom et al., 2006; Stelmasiak et al., 2001) and

Iin experimental auto-immune encephalitis (EAE) animal models (Gijbels et al.,
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1990). IL-6 expression was significantly increased in the acute phase of cerebral
ischemia (Berti et al., 2002). In AD patients, IL-6 is further increased locally
around amyloid plaques and in the CSF (Blum-Degen et al., 1995; Lucin and
Wyss-Coray, 2009). In agreement with the early increase of TNF-o that was
observed in the current neurodegenerative model, several studies showed the same
pattern of expression when elevation in the levels TNF-a mRNA were seen at early
stage following different neuronal insults (Berti et al., 2002; Chiu et al., 2015; Liu
et al., 2015; Zhu et al., 2006).

In summary, putting together the previous three finding regarding
corticosterone, cytokines levels and neuronal cell death after short term
adrenalectomy. Our results and others might suggest that the depletion in the levels
of corticosterone after removal of the adrenal gland did not induce an immediate
neuronal cells death However it was accompanied by an instant increase in the pro-
inflammatory cytokines IL-1B, IL-6 and TNF-o. The transient elevation in these
inflammatory components was followed directly by degeneration of the granule
cells of the dentate gyrus of the adrenalectomized rats compared to the sham

operated.

We think that the induction of the cell death was the result of both the
increase of such cytokines which has been largely proved for their contribution in
the exacerbation of the neuronal damage from one side and the depletion of the
corticosterone which has been shown to play major role in the survival of the
hippocampal neurons and the depletion in its levels like what is happening in the
current model affects the production of essential factors for the survival of the
hippocampal neurons on other side. several groups showed that the removal of the
adrenal gland caused a depletion in the production of several neurotrophins such

production of neurotrophin-3 (NT-3), Brain Derived Growth factor (BDNF), Nerve
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Growth Factor (NGF) (Barbany and Persson, 1992; Nichols et al., 2005; Smith et
al., 1995; Vollmayr et al., 2001).

In addition Prof. Adem and his colleagues demonstrated that the levels of
IGF-1 were decreased after long term adrenalectomy. Taken together the
aforementioned findings might lead us to suggest that after adrenalectomy IL-1p,
IL-6 and TNF-o might contribute to the initiation of the biological cascade

responsible for subsequent hippocampal neuronal cell death.

Synergistic effects of microglia and astrocytes are needed for tissue
reconstitution after lesions, involving control of the BBB and invasion of
haematogenous cells, removal of pro-inflammatory cytokines and their down
regulation by TGF (Kreutzberg, 1996). Microglias are the main resident immune
cells in the brain which presents 12% of the brain cells, playing a crucial role both
in physiological and pathophysiological conditions (Polazzi and Monti,2010).
Virtually ,every neurological disorder ,AD,PD,MS results in activation of these
cells accompanied by biochemical and physiological changes leading to alteration
in cell phenotype ,a phenomena generally termed “reactive gliosis” (Wenk, 2003).
Moreover, acute neurodegenerative insults such as MPTP, TMT, Kainic acid,
ischemia-reperfusion, colchicines induce the activation of these brain resident
immune cells to compromise the neuronal survival and indirectly trigger

neuroinflammation (Lalancette-He et al.,2007; Lambertsen et al.,2009).

The activation of microglia is one of the major signs of neurodegeneration
(Lucin and Wyss-Coray, 2009). Similar to Gould et al.(Gould et al., 1990) our
results showed cell death starts in the dorsal blade of the dentate gyrus three days
after adrenalectomy. Activated microglia were observed in the molecular and

granular layers of the dorsal blade of the dentate gyrus three days after
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adrenalectomy. One week after adrenalectomy as the cell death progresses in the
dorsal blade the number of activated microglia are increased. Two weeks after
adrenalectomy we showed that the whole dentate gyrus was invaded by activated
microglia. In line with these findings quantitative analysis showed a progressive
increase in the number of microglia in the hippocampus from day three with a
further increase one and two weeks after adrenalectomy. Moreover, in addition to
the invasion of activated microglia to the granule layer. we noted, the area
bordered by granule layer and the hippocampal fissure, so-called molecular layer
was occupied by these cells suggesting degeneration of the apical dendrites of the
granule cells and this goes hand-in-hand with observation that (Jaarsma et
al.,1992) made, using silver impregnation, a specific staining of neuron

degeneration where they noticed argypholia at this layer.

Moreover, in a previous study Prof adem and his team in (Mulugeta et al., 2006)
reported after two weeks of adrenalectomy the decrease in the concentration of the
acetylcholine receptor M4, a receptor found on the presynaptic membrane of the
perforant pathways in molecular layer of the dentate gyrus, where they synapse the
apical dendrites of the granule cells. It is very important to mention the
disintegration of synapses at this layer might lead to retrograde degeneration of the
entorhinal cortex neurons and eventually microgliosis starting from the dentate
gyrus back to the entorhinal cortex. To investigate this hypothesis and it is
correlation with microgliosis, extension of the experiment survival timing one of

our future plans.

Regarding the cornu amonis, we found invasion of activated microglia to the
pyramidal layer of the CA4 which suggest vulnerability of this population of
neurons at early stage of adrenalectomy. Nevertheless, no sign of microgliosis was

seen in the pyramidal cells of CA3/CA2/CAl. However we noticed activated
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microglia along the stratum lacunosum of the CA3, this layer where the mossy
fibers get connected to the apical dendrites of big pyramidal cells of CA3
suggesting two weeks of glucocorticoids deprivation results in synapses
disintegration which needs by standard the appearance of activated microglia for

repairing and cleaning the debris of the degenerated axons.

Our current study showed a strong correlation between cell death and
microglia activation over the course of time. Taken together our observations

suggest a correlation between microgliosis and cell death.

Astrocytes are known to communicate with microglia, and such interaction is
very important in pathological conditions (Verderio and Matteoli .,2001; Von
Bernhardi and Ramirez.,2001). It is well known that brain injury is associated with
increased astrocyte reactivity (Fiedorowicz et al., 2001). Reactive astrocytes
synthesize a variety of cytokines, neurotrophins and components of the
extracellular matrix, many of which are known to rescue damaged neurons after
brain insults (Schwartz et al.,1993) and their scavenging effect for reactive oxygen
species (Chen and Swanson,2003).

It is well known that brain injury is associated with increased astrocytes
reactivity (Fiedorowicz et al., 2001). Astrocytes react profoundly to brain damage
or disease by increasing both their number and size, a process referred to as
reactive astrogliosis/astrocytosis which represents a remarkably homotypic
response to CNS injuries (Penkowa et al., 2008). In this study, activation of
astrocytes was observed throughout the dentate gyrus one week after

adrenalectomy.

However, Krugers et al.(Krugers et al., 1994) found activation of astrocytes

earlier, on the third day after adrenalectomy. Although we could not see activated
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astrocytes at day three, it is possible that the activation of astrocytes takes place
between day 3 and 7 after adrenalectomy. The observed astrogliosis in our study
was predominantly in the molecular and polymorphous layers of the dentate gyrus
whilst no apparent astrogliosis was seen in other areas of the hippocampus. Our
findings are in line with those findings which showed astrocytes invasion of the
dentate gyrus after TMT injection. TMT is a selective neurotoxin of granule cells
(Fiedorowicz et al., 2001).

In addition to the activation of astrocytes after one week in the DG our
results showed progressive activation of astrocytes in the CA4 and CA3 of the
hippocampus two weeks after adrenalectomy. In line with these findings
guantitative analysis showed a significant increase in the number of astrocytes in
the hippocampus from one week until two weeks after adrenalectomy.

Astrocytes are known to communicate with microglia, and such interaction is very
important in pathological conditions (von Bernhardi and Ramirez, 2001; Verderio
and Matteoli, 2001). The progressive degeneration of granule cells correlated well
with the activation of microglia and astroglia in the dentate gyrus over the course
of two weeks. It is very important to note almost in all neurodegenerative models,
microglia are the first cells to respond to neuronal damage and followed by
activation of astrocytes , which leads us to suggest the important of cross talk
between the two cell populations during neuronal damage and consider microglia
as driving force in astroglia recruitment. These observations it goes hand in hand
what we found in the current study where we noted microglia activation on the
third day in first place and followed later by astrocytes activation on the seventh

days.

Our results showed microglia activation on the third day followed by

astrocytes activation on the seventh day after adrenalectomy. These findings are in
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line with what has been found in different neurodegenerative models where
microglia were found to be the first cells to respond to neuronal damage followed
by activation of astrocytes (Frautschy et al., 1998; Gahtan and Overmier, 1999;
Matsumoto et al., 1992; Reali et al., 2005). Taken together these findings suggest a
cross talk between the two cell populations during neuronal damage and consider
microglia as driving force in astroglia recruitment.

Oxidative stress occurs when there is an overproduction, or accumulation of
reactive oxygen species (ROS) in conjunction with reduced antioxidant capacity
within the cell (Sies, 1997). As a response to neuronal death, the quiescent
microglia became functionally active and upregulate enzymes such as inducible
nitric oxide synthase (iNOS) leading to an imbalance between free radicals

production and the antioxidant defenses (Tran et al., 1997).

Our findings showed that a state of oxidative stress manifested in the
decrease of reduced glutathione (GSH) two weeks after adrenalectomy. In
addition, our study showed a significant decrease in the activity of the superoxide
dismutase. In contrast to the decrease of the antioxidant defenses, malondialdehyde
(MDA) the indicator of the plasma membrane disruption was significantly

increased.

This imbalance, observed two weeks after adrenalectomy, reflects a state of
oxidative stress which possibly resulted from the activated glial cells. It has been
found after one week of adrenalectomy an overexpression of iNOS in activated
microglia revealing these cells as source of the free radical in this model (Sugama
et al., 2013). Taken together our findings are consistent with the literature showing
that several neurodegenerative paradigms revealed the association between
neuroinflammation accompanied by reactive gliosis and a state of oxidative stress
(Zhu et al., 2004).
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The hippocampus is well known for its role in cognition (Strange et al.2004;
Zeidman and Maguire.2016), most importantly in learning and memory (Morgado-
Bernal, 2011). As it was aforementioned due to the high concentration of
glucocorticoids receptors in the hippocampus, it is considered the most targeted
area of the brain by such hormones. Our study has shown the withdrawal of these
hormones causes degeneration of different neuronal cell populations in the
hippocampus. Several studies and most of them have investigated the impact of the
neuronal damage caused by long term absence of such hormones on the behavior
of the animals where Islam et al.1995 showed after 19 weeks of adrenalectomy a
significant increase in the latency in the Morris maze task and significant lower
rearing scores in the adrenalectomized rats compared to sham operated. In
coherence with that Conrad and Roy.1995 showed that after long term
adrenalectomy, the adrenalectomized rats exhibited difficulties in acquiring a new
spatial memory. Furthermore Spanswick et al. 2007 showed the inability to reverse
such deficit in the spatial memory by chronic treatment (6 weeks) with
corticosterone or anther neurogenic compound called Fluoxetine of long term
adrenalectomized rats, indicating the crucial role of hippocampal formation in
building memories and acquiring new information. So far, we did not find in the
literature the effect of adrenalectomy on cognitive functions following short-term
adrenalectomy and in order to examine that we performed the passive avoidance
test which is a legitimate test to verify the ability of the animals to learn and save
new task that they have been taught recently. Our results showed the
adrenalectomized rats failed to retain their cognitive capacity compared to the
sham operated where we have seen from day 3 to day 7 and 14 a significant
increase in the latency for the adrenalectomized rats revealing a cognitive decline
similar to what had been seen after chronic adrenalectomy and suggested that

such behavior impairement might start in day 3 following glucocorticoids
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Discussion

withdrawal and by that our results go hand in hand with the work of different

research groups (Islam et al.1995; Conrad and Roy.1995; Spanswick et al. 2007).

The mechanisms underlying cell degeneration after bilateral adrenalectomy
are not clear. We have previously suggested the possibility that adrenocortical
hormones might have direct effects on the survival of hippocampal neurons.
Hippocampal neurons might die when the mineralocorticoids (Type I) and /or
glucocorticoid (Type 1) receptors are not occupied by adrenocortical hormones
(Adem et al., 1994; Islam et al., 1999). Subsequently, Hu et al. (Hu et al. 1997)
reported that granule cell death after adrenalectomy was necessarily accompanied
by the disappearance of glucocorticoid receptor immunoreactivity in the granule

cell layer.

We have previously also suggested that the loss of adrenocortical hormones
after adrenalectomy may cease to stimulate a factor(s), in the hippocampus or other
tissues, that is (are) necessary for the survival of hippocampal neurons (Adem et
al., 1994; Islam et al.,, 1999). It could be speculated that in several
neurodegenerative diseases like Alzheimer’s disease, chronic adrenal hormones
and/or their receptors’ decrease may result in inflammatory mechanisms which
lead to hippocampal neurodegeneration (Heuser and Lammers, 2003; Landfield,
1978; McEwen, 1997; Woulfe et al., 2002).
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Conclusion and Perspectives

The removal of the adrenal gland leads to almost the depletion of
glucocorticoids from the animals body, such change was assumed by many
researchers around the world to cause an exclusive death of the granule cells in the
hippocampus. However, in the current study we reached along with few
aforementioned studies that there is another population of neurons different than
the granule cells was affected by the absence of glucocorticoids called the
pyramidal cells. This finding suggested that the cell death in the hippocampus is
not selective to the granule cells as it was suggested before and opens the door for

further investigation on the impact of such hormones on different cells in the brain.

The common believe that the inflammation is a phenomenon occurs as a
result or response to cell death to get rid of the debris resulted from the cell
degeneration which lead us to say that the cell death always precedes the
inflammation. However, in the current study our results made us conclude that the
inflammation does not play the usual beneficial effect in the current
neurodegenerative model, on the contrary it might contribute or initiate the cell
damage and this conclusion manifests in the early increase of different
inflammatory cytokines before the neuronal death followed by the activation of

another components of inflammation such as astrocytes and microglia cells.

In addition, our study revealed a strong correlation between the appearance
of the inflammatory cells and the deterioration of the antioxidant defense from one
side and the increase of the MDA, this later is a strong indicator of the oxidation
and disruption of the cell membrane of neurons in the hippocampus which supports
the idea that the inflammation has contributed to neuronal cell death. Furthermore,
the neuronal cell death that was observed in the hippocampus has a direct impact
on the cognitive capacity of the animal that manifested in memory shortage

ollowing the removal of the adrenal gland (Figure-48).
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Conclusion and Perspectives
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Figure-48: summary of our findings

In summary, our study showed that short-term bilateral adrenalectomy leads
to an early increase in pro-inflammatory cytokines followed by neurodegeneration
and activation of glial cells as well as oxidative stress and behavioral change.
Taking all these findings together it could be suggested that the early inflammatory
components might contribute to the initiation of the biological cascade responsible
for subsequent hippocampal neuronal cell death and cognitive decline in the

current neurodegenerative animal model.

Based on the results of the current work and the other eleven papers
published by Prof. Adem et al. we are aiming in the future to go deep in our
investigation conering the sources of the cytokines that appeared at the early satge
following adrenalectomy. In addition to that we aime to investigate the impact of
the removal of the adrenal gland on the production of a large group of growth
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Conclusion and Perspectives

factors, since they are considered an essential components of cell survival. In
order, to put our work in a medical sphere we planned to investigate the production
of the APP (Amyloid precursor) in the hippocampus in attempt to relate it to the
cell death occurring in the current model on one side and to Alzheimer,s diseases
from another side .
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Jslaal) 3835 de ju o SAL st a5 ol s IS (formalin %10) oabesill (e de 300 Aol 5 i) Al

A58 5e 20-10 Oe el paa Bof ey Culall Jlaall Gl (A puia g o Zall 1 ja0uY gleall &= 58 sl e
(Gl o s) sl slill ilin Juadl e seand) LiSay LA (e Liaa g 1 Bl 5 ydll) sl 5 3aal)
:(Paraffin Embedding) ¢t (padait) -2-1-5

o gl Jead Lilis ) ) e B 3 dia g eall il ooyl Caugatl) W gl cilend) 028 (e (liaa cllia
Sl o) aYl lad el s ) Sl Gl 2 Y1 3i8a3 Jal (e (Microtome) ) sialls gakaill Jgus 5

315 A daia s DA e elall (e Ling 5o Grall st Cindahy Liad 3 5hadl) 038 YA (e z(Dehydration) idadl-)
b Dlpas A0 Ll o5 Ly 5 Baaly Aol Bsha JS (3 i dus (790 5 70 ¢50) JEN dpaeliaiy ddlisa
Acln 2 JSI Glhadll J 6y

A8l 5 shadll o) il 3 Jalis A Jsasl) Jlasind ) (g 5 shaall s JMA (e 1 (Clearing) dsbail-o
T S e Gl JLll s Jsasl o Las il IS Gallaall 0y 311 8 <l yand 336 JSIA s (Xylene) ol
el Jladl) o 508 meumy () Ll (l 40D Al jall 4y a3 8 ghadS 5 gladll o3a e

vie Al Gl Ll b el aa s Cus (Embedding) 4 sl 0 5 a1 3 5hall o o3 s(Waxing) geedill-g
ISV I Gl Ll Al s A3 DA e AV (8 3sa sall bl maes (e palRill 2260 e Bl s A
el

A5k QI 8 el lasa oy gl g )l Ll Qs Lavie: i) (panaill Euasy (Embedding) 4l sili-
Apa e phalice e Jsaal) 41K 5 ol

el ahalia juaai3-1-5

dbic ) Jead is (9 JSAN) ) aladinly Zdlal) ) Al ali 5 28050 oLl AL L

o 5Ly (alla G 5 Ly 5ol (30 le 3.7- Ly 22 30 (mustache area) «ball dilaiey sole o 1) Lialaia)
e o ail guasll e dshaid) o3 AN Cuw aa e (13- JSAl) (Paxinos and Watson.2005) ¢ sl s
lgns 333n0 22 585 5 (CA4 5 CA3 <CA2 «CAL DG) g 50 (pmomnll ALl hliall e el (5 sinsdl)
Ay 225 (toluidine blue) u5Y) Gt sl g pmdl Gl laddind daadd) dakaiall 3 Ll (o Ul el
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sl ode i sl e o gl dal e (05 80e] 3 dlews @l (Coronal sections) s e ehalie sl
Bl e Ji gl (O e U G 3 paans el e 83 5a gl LB JS A3V 4 gie da 50 50 Sl ales I
day p8ll sy Caad 4S i adaddll Llsil 3 (slide coated by gelatin) oaduall ddlis day 18 aladinly cueladll
S5 Jleal (heating plate) 48xll da b () dag dll Ja5 &y adadall Cadad 3 oy adad 48 )5 o (sa5ee (S0
Aol by il Calide 8 Lellasiul 2o ga a2 3l anass LAY &5 aaa JS5 4diiad s elal) (e adadall
:(Fluoro-Jade B) FIB ¢zstill-2-5

a3l (Schmued and Hopkins, 2000)2000  4iw 558 5 3 sedi 4da g LS FJB (sl 6l a) o
g RV (8 =0) e 5 (8 =)l «(8=0) b3 (8 =) 24 «(8=0) Lud «pstill 13¢] Ol san 32
= (rehydration) ) so¥) €lld s Ll Legia JS1 010 cpbi ) (A Goomsd SIS (e feall A jall adaliall (g0 aeil
(% 70 <80 ¢ 90¢ 100) JsaSH (e dn yia 581 55 b il il um g

2S5 08 15 e Je20) daS 780 b Ll Z] amisall sy sna 305 saal gl ) eerd
e 22 3adl jhadd) el &5 770 Jsasl b il Sl pa s @l a2y (Blhaall JaSl (30 JaB0 () dilias 4 530 sucall
saal el eldl) 8 il pal) Jud Glld amyy 310 32a) 70,60 50l sl Clinia yy Jslae I il a0 Jis 5y )il
IS a5 4883 8l O je A5 i) elally Juskd 3 il 3l Cahadii 70,0004 FIB slae 3 320 meki s (i
Iy any g JAY) e 43800 Gl 31 8 pesd) Gash e Adla) ) 3N et iy o]0 Bael A3 dag yd o adad 35
DPX 3alay (i
(A9 A sgaal) Jlaninly el Al j3-3-5

b S Gl o gsiad dala) 5,58 (A ek Fdl e Gpas]l ddbie A G
@ Dle O Aana) Jue 2 Ul gl 424 & ALlS Al sad PH 7.2 (KARNOVSKY'S fixative)
7 1pssan sy sl el Jslan e Jal pas Canal Lagia J 488230 330 J 50 0.1 PB Jslae
Ual s o8 aspan ¥ 2l el o paladi delu sl 5,891 028 = 5ig 5,58 JU (0smium tetroxide %1)
e Aa il 30 Al A lgaia g (33 e Glial) Cadas Lagia JST (0880 3aal ) e AN grandl) Juuad Hhadall ¢ Lal)
| -0l sl 2l lae I i @l anys 58 5 JS1 315 (%100 <100<95 <90 <80¢70 <50 <30) Jsall
Legia JSV 4383 15 5l |-k 55l 281 5 (Propylene oxide 1)
A dalleall 5 ala () 5S3IAGar100 epoxy resin dac) a3 b5 sl sl AT I3

Aclu 32 Agar 100Resin: Propylene oxide 1:1
Aclusad Agar 100Resin: Propylene oxide 2:1
Aclu3ad Agar 100Resin: Propylene oxide 3:1

245 ada n Gallsall - Agar 100Resin
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4885 20 3341 %60 )l da pd die (Al A Cania g Aa Dl (e resin Gl caa Al U 6 8

Alelu 4-3 Gm )5 sad Al Je &S 5 resin sabey Gl 8l ede o3, JU i) e dlaal) Ulal 5 @lld 2ay g
Bl G Al (& S yig )l 8 il Cuma g SlD dmy il JAa resing Jadias Jigad 5 40 5¢d) Gileladl) e (alasll
el (ullaY 88 5 (bregma) Less wll dsad ale 3.7- (5 st Ao Sl (1 duia jo adaliia 34 2764 xie L4

LeSans Gpanl) (e 4 o akilia 22Y Reichert Ultracuts (sess saall galiie &1 e a2l 2005 4w (ysadls s
aaliall a5 Lt 53 gt yall dilaiall (pa 2SUI ol il 350 71 a0 A al) adaliall il ¢ i 5ii 95 a8y
Crsli Ll o5 uranyl acetate ddaw s i o) s (mesh copper grids 200) 200-Asulad 403 Ao dad )l dua jall
ebleall Adline 3hlis (o g COAT 5 LA &3 8 Cuasd (lead citrate) peba i) & i Jdaa Cielias
Philips CM10 transmission electron ) CM10 (sulé due o 38Ul 5 5SIY) el nd sl A jall

ol z 3 saill 8 dpaall LIAD O ge gaa dlSa) 4l 3 5 Caadd (mMicroscope

:(Immunoflurescent labeling) 4wl dcliall sliass 4,585 4-5

S (A Lgmia g el el o g 5Y1 Al Liad by 5 (8 et (3 5k o il 0l 5l (e el ¢ 30
e Jsanlls daginall Glaaad) i) Hhaidll elall (& clue @l 2205 (270 5 ¢80 <90 ¢100) J iU ddlise
Jslae Jlesivly (antigen retrieval) daivall gla jinY Gliall @) )l Cuda 2 damgudl) delia) o LasSd 43l il
sle (microwave) < sy Sall 8 cpad 4y (PH 6) (10mM sodium citrate) JY s 1al0 oo seall & i
(PH 7.4) U3¢ 0.1 PBSidant 5 cilisal) Ju i e pa¥) 13 aay (383 10 32015 58 0l o5 480 500 Sleall 3 8 oacdl
A8l sl ya As 3 B ey

Ll (Block) Lbs &3 ¢« (double-immunofluorescence labeling) eldl z 533l ausll
(primary 4350 ssbadll aluall IS ga lglian o5 4383 30 saal 480 350 5a A 50 & 7] BSA duexivdy

anti-ionized calcium- <uilS deadioall 451 sliaall aluad) ALalS AL 5aal 4353 da 50 4 6 antibodies)

45 e (Ibal, Wako, Massachusetts, USA 1:2000) wi,¥! ¢ (=laiudl binding adaptor molecule 1
Neun, Millipore, Massachusetts,USA, ) _ll ;e palaiwal anti-neuronal nuclear antigen antibody a
rabbit polyclonal anti-glial fibrillary acidic protein (GFAP, Dako, Copenhagen, s (1:1000
45l saliae plual ae Ciias PBS (4 @l e O el il 8 Juse L U o) 8 (Denmark, 1:1000
Invitrogen,Paisley, UK, ) cxi ¥ (e da il ssbcad) sluadl saliae jlaall (e daliiine Alexad88 e su 5o
(Jakson, Pennsylvania, sleall (e da aiue (Rhodamine) cela sl e s se 3lias aluals 4a 5 300 (1:200
& Al 5ad PBS-Triton X-100 0.3% (& a3l Sl (e s jdiea) sabiadll sluadl sabias (USA, 1:100
fluoromount sabas i &l Jaas PBS A &l je sac Slial) ) il Jue a3 el 2ay 28 2l 5 ) ja A o
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O (triple-immunofluorescence labeling) A5 sl deliall oL Alilas Cilel ja) Craddiul g
Al e Lt ansiinl (Ganall Lpazanl dilly dpuasd) LAY 5 Lpanill b jprall Al LAY s g 3paa3 Jal
Ly saal g ALM 24 s 0 B e yis el [bal Dl Neun ae ddalise i)l GFAP il 44 5Y1 aliadl)
Laguse Jaall e dajdiue (aipMW salias alual ae Aas) a8 Chias Gyl saliadl Hleall Gl
o da i Jelall salima plual 5 (pala sl e su ge Jleall (e A jaiue Jlill 53liae pluali 45 5 00 Alexad88
.(Jakson, Pennsylvania, USA, 1:100) Cy5 4 s s« slesl)
8353 Zeiss AxioCamHRC &l 1Sl alasinly Laal (digital images) dsd il ) sall Ll o3
C1 laser scanning ) gl 55l CLos sene Jlaainly il (iany asd 23 LS | AXioVision 3.0 <t
paain g L dal (5 peay ahiia U jia) Cun seall LEY X20 5 X4 @luaadl Lleaind (confocal microscope
Loaadl) LAY dneanll LAY pa sai 7 s g0 Sl b (e 5 Adaiilal) ) guall 3elia) Jsaaidl ShOPCSB o s 5i s
el Lpand Al 5 peaall 48l

: GFAPy 1ba-1 4xlan¥) WAL sl Jlaill.5.5
adl Cun (Sl oamal) Sleall (st e Gand Al (Y Alaiul b pseall Ll LAY Ladan
Opanll (5 i o 4@l LIAL o3 (e JS ladiul 48] Cangy Liad Adlal) A al) (& Bapae dpa sl 6 ) 50 Dl sl
Clanil) 8 sty el g el JSG 220 Lild 5 pall dgall LAY Jadiw Laxie cale 3 <) saad) Jlaiind ey
5 1bal sabad) slua) Jlasinls Lmpuill delial) elaas 48 Jlaninls dan 5l 58 sall <l il 028 (and (Say 4 hal)
LAY 5 psaall Agall LAY ac e U juatildul jall oda 3 cas il e dpeadll 55 ppnal) Laall LA GFAP
ddald O3y A3 5 4 kS saad) Alalice Gl3 e DG Ladiu) 3 ) seall LED o3 LIS 5 5al) Lawa yeday A
dS Ges . e S330 (s i Lad Bacliie (and) (e (Blalie 4336 U il 3 IS e A pa0 JSI A4 e da) ol
el aladiuly X20 LaSilly Guasll g o) jal (e s 32 LAY a2) &) jeay Jia A6 Hlid) o3 dilaie
Vsl it caall ddae oW padl) galés Jal e (Wilall () 5 IS) 3.0AXi0Vision 3.0 AxioCam HRcad
At 3l ol qand Ay T il 5 Lpandll 55 pal) Lgal) LIAL Zpilly galisl) (3 ) seall e Jgemn) il
(s b a9 JS) 508 ) LDIAN) e zeali o aladinly Lsay oBlef 5 ) oS0l uleall dllaall LAY ey Ui Lguand o5 i
Ol 54 sl sl Alaline (3 jall vie daadll 55 sl gl LAY sae ¢ A )l <y jal @lld ey (ke

Ay e dal yal daalal)
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) gaad) & g Al 436

Load 5 colaall Jd JBY) e ol 3 sadd Lasa W g 8 e gl 5 Lgidhadle caai Lile: <l gaal) 3 ga da
alaaiuly(Misane and  Ahlander-Luttgen et al., 2003) «ak (1 4da 5 23 LS Passive Avoidance il
e O5Sh L (pe X25x2451) (two-compartment standard shuttle box) 3 saidl z 53 30 (s bas §53ia
BY ) Gl Laglaiy 5 lawall o glaall 2Y 6l (1 de gime AS05 (o 4 sSia Laginnjls aaall 8 (i glusia (4 ) suaie
O s 8 allie 48 2 o Jsaall 3501 05l A8 suan (Redall 3 geaia) el 3 yaall §5S5 | an TXT oalad
Sle ol goaly gstall ala ol lbaall e Zida (bl 5 il 5 24) rluas selins CilS (5 puull 5 goaial)
&) Belas 3oaa G olisall Cwiay s (J5Y) asdl) saaly Al 8 Passive  Avoidance
Gl 3 Al 60 il Ladie Al 60 saa 48 jall CaliSiul Lol many (Aallaall 5 jmal) I Ja gl Allaia)
Gl Gl Blel da Y1 Ja )Y A 55V sda Ll i ey Adlladl) 5 pealiall ) gually Ld a5 Ll (31 3adl)
Oe) o A0V Gl A3l DA e (3 32ad el e 0.3 4dad e L) i Al Sl el o Lalily
JEy) e @l gall il Js (4 (training latency) cuoxll () seSs cojay () Aallaal) 5 ) gaalall I gl
Ol adsis Sl =8 Slay (cut Off latency) abadl) () s o yma e 5 45 300 st 3 Aallaall 55 guaiall )
o A5 30 53 o1l (13 jall prans ¢pdil) dadeal i yail) duy Al oS Aareall LA Aallaall 5 ) gasiall s Cakaly
Ladd L lgela )l Sleall (e Lgiat 8 dalladll 5 ) puaiall
) oliy) pa Belimal) 5 ) gamaill 3 ol gaad) my (2 asall) sl 2xy dels 24 (Retention) Llasy) jladl o
5 peaall Jsaal ol gall 48 jaion 3 gl LB A6l 300 YA Aallall 5 seaiad) el Al Lol sida
300 Ot o Aallaall b ) guaiall A ) saall (o o)) saaldl aiial 13 (Bliia ) () 5aS) LilaE Zag Y1 Ja Y poess dalladl)
(14- JSa) 235 300 L3k g 5l (a3 sl s (o) 2l aiy 5 Gail) ) O sl g oAl
1 laal) Jalasl)y

TNF- 5 1L-6 IL-1P) Abeil¥) i siandl il sinne oy Las Lgale Ulaa 53 A il e el Lidd
Wadll ot Jass gially dpaaill LA 5 3 jnall dall LAY 232 5 (MDA 5 SOD «GSH) (s2uSlill slea¥) &l yi3e «(a
(1BM) SPSS zebind ¢y s psball dnaaill Liaadiiaa) Liiliaa) Lebilat s g5 i (ads Lad 5 (£ SEM) (o siall (5 bnal
OSN3 Liliaa) 4 siee il Udie ) two-tail Student t test Jlia) e @lld i Ladie ] 5 (455 Y sasial) <Y )
(IS Ailian I 4 simall (5 slse Ca2a P <0.05

(P* <0.05, P** <0.01, P*** <0.001)
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gl

1Ad) e dal jad Aadalad) o adl g Abaliwall 3 ) Juaa (b (938,580 S 51

Aol 5aa)) Jlaiind Llee Alad (o U 3 jal) Lt ey Jomal) 6 (055885 58 il giose (ol Lih )
055858 Ad 5y S 5 AV LY dos o adiad A iy jle ol 35l alasiuly 5 585 581 38 55 Gl o
Jemn 8 s sS85 e Jpanll i el (e eliin¥) Aasd ga5 Ja / o) se 5S4 20000-32 O s G
IS8 a5 05 ) sS) v o Laay 2l (15 -JSall) 3 e da el daalall Glaal) 5 dlealinal )l
44y 3e Aal yad Aaalal) Gl3 jall 45 jlie Alalived) o3 all Jeae 8 (P = 0.001) W 4 x Lilias) (5 ginas Lsale
(P <0.001) g swle (P <0.001)w72 ¢ (P <0.001)ls 24 L il sae e 3 il & (aladiV) laa aial
(6-dsaall) 5 (16 -JSal) dal_all 32y (P <0.001) ce ol 5

emard) Glga)-2

(B - 1012

doe bl bl alide A 4wt )l el sall e TNF-00 5 IL-6 ¢IL-1 A5DEN Apleaily) LS giand) e

LA @gal el 23 aill 8 Al dgnanll (al e Calide 8 Lala |50 canli Ll @lld 5 cililall (e el

Arazalall (3 jal) 5 3 sl saall Alalive) w13 e Cpan & LS Sl 038 Gl e gl I b dyuasll

e pandl i (& B1 -0nS s (i) (S ) G gl ey Ll ELISA 458 aladiuly 48 e da) 5l
(O sl s g smleall3 (b 24 (s 4) e

S e JSEA) (g jlaall iaid) o Uadie) cilindl L8 ELISA 4wl s [L-1B 3855 3as3 dal (s
Mewsdi 58 ) o3a AV o/ s 600- 12.5 Op sl H ) BT 0S5l 485 me A jline 381 abiaia)
(17 -dsall) Slial) JS (3 B1-0uS 5BV 38 55 aans o ol (e e 38u¥) 33 yha 02

Al Clie b Lilaal g gina s B gale (S8 @alal TL-1B Glsive o Leal) Lilea 5 31 gilall @ jelal g

(P #4135 (P <0.05) L24¢ (P <0.05) Ludh 222 44y 3o dal yad daalad) 13 jalls 4 i Abalivd) 3 ) (s

bl saal) Jlaiinl dlee o Gue sal s £ ol 3 e 2 eadl e, Al jall dleall il gl ¢ i (10 <0.01)

JSAl) 5 (7 -dsall) oie ganall Cpas (5 e e lL-1P 5815 A Lilean) & gine (358 gl a5 Y 4 LidaaY
(18
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:(IL-6) 6-CnS s Sii)-2-2

Al 3 jall & jlie Aalivall G2 Al Gras dulia (A 6-0uS 513 (A (oS shaal) il gle i

Lacie) (ELISAdu 52 [L-6 38 55 maad Jal e, (0o siuls & ol a3 b 24 (la 4) Jlae e 44 e dal jal

8000-125 G z 5158 Pl OS5I Y A8y pee 4y e 3S) 5 Galiaial Gl G JSEW) (g lmall aiall e

SJSal) A S 6 0SS 5 0t o atall e i) Gl e s Leedt SS1 0 o3 A eff S
(20 -JSal) 5 (8 -Jsaall) IL-1B 5815 pady L 4 Ulaa 55 Lal Aliles il il (119

: (TNF-a) ausd) A Jale-3-2

Aaalald) (13 5all &5 e Alalind) (1350l s dulia 3 TNF-00 etV 0 sl Gl sinn (Gl o3
Lacie) (ELISALLu 32 TNF-a 3858 a3 dal Ga, (G smls £ samileall3 (L4 (lad) Hlae e 48 e da)al
AN Jofg 582 500-9.3 Ox sl 58 TNF-00 485 20 4 jlma 3:S) 55 (abialial Gald o JSaall (5 e Sl e
Llaa aal (2]-dsall) phail dae JS (8 TNF-0 58 55 wasd o3 (adall e eliiul) Gosh e 5 Leuds 5:S) 5 s
Al 4 lie Aalivd) G2 jal) Gras dAulia Glie 8 Lilaal (g gina s Jasale JS30 @l )} TNF-o0 <l siss
Laalall ()13 jally 45 jlie Alalivudl ()13l ie 4y jliie <y Ll e Jaih (P <0.01) Led 223 44 e dal jad dxaalall
(22-J83) 5 (9-dsaall) Lal jall dulaall Lo st (g (e sl 5 & sansl <ol L 24 223 44 3 Al ol
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manl) 5 Y Eiall 3
FIB aladialy dyuand) LAY & ga 4l j2-1-3

s 24 L 4) Hlae e 4 ksl saadl Jlativl ey Guasdl 8 duasll LAY e Gigan dul 5o dal e

Oald Cpsli oo 5o a5 FIB dsuar sl oo Aaall LAY o ol Auala 48 ) Ul (e sal 5 £ sanlealil3

el 4R sl Juaiin) (e e 24 5 Cilelu aof a8 sl A1 e il (ary Al dguasl) L3IAY

saxd) Alalinall o3 sall e JS e Guasdl 6 siue o g slal Gigall Y3 6l a5 Y 4l FIB drsay ol il
(E’EcA” ¢A23-J8all) 44y 3o dal jad dralad) (13 jall 5 4, )l

Caglill 4y glall BR8N (5 sie oAb dgnac LOA auay Ll 4yl saall Jlalinl e sl 45306 2e
dal ad dazalal) olajall e s ol Ladl ol Jiad) b adl e 3y Hksl) saad) Al 3 ) Guasd il
G ekl Juaiinl) dolead il pall £ s (o 2y ¢ sanl aay @l e 30 5 (FF B «(B’23-dS4ll) 44 3
daljal dazalall ) gall Cudy s (G7eC23-JSal) sasll dlialivna) il gad) vie dipall LDAY 2ae 8 30l ) Ll
el sl sl Juativl (e Cue sal 20, (G «C 23-JSal) g slall Cigall 31 Y AU i e o LS A4
Ol Guaal Gl Cadlill audl 5 4y lall (45 880 (5 shse o oAl Gisall il ) skl FJB duay (51l
Aslall 5 50 (5 shua o AAES SIS Gulil) o L s of SSAL sl sl 5 (He D?23-dSAl) dlalind)
Alaall dgall iy (19 JSal) opisalll WS e Juatin) dleal Lalsi 585 5a 5 o L g daliual) 38310 45 )lia
JSall) 5 (H ¢« D23-dSall) 4d 3o daljad daalal) old sl (pas (s sie o dplu FJB Ay (il gilis il
(24

PSS gl aladiiady dpant) LAY < ga Al j3-2-3

LA Galise e <l gasell oda lad 455 yiall Y1 aps3 4y jeaall L€ i) A5l oda o) 5 gdlall (IS

ddlide dgie y blas A uadll gadl e 4y HlSl sal) Jlaiiny Gl gall & giad aa Guaall (6 dua e 33 g gall

5) dashall sl e i s sell o3 e o Ailas L) 3 3 4R jhg a0 suash 5l 5 08 5 (0 sl 5 g samlealdl3)
Omaall o) al Calise A48 o1 sae Cige I o (Ll

ALl 500 e 4 Hlasl) 3aa)) Alalives (13 o Grand 280 aad o je adaid S5 I el pandl 0l

@ e Lt iy G Giusal) Cadlill 4, glall 3 81 (6 gluse o 33 s pall dppaall LIAD L5305 Plaaszal a0l )
a3l ol Ll alaia S el 5 g5 5l (e g ySU CEiST 5 (adSE o 33U sl (5 shan o il b ) seda Dl platia e
S siua o la 58 &g Sl Blady Lads (Do B25-JSAN) Gl Cadlil) el jal (Al A 0la il g5 (gl
I daa el LA o s (4 (26-J8all) CAS dakiall daasell LIS e | jania glS il g8 (CA) 05l o5
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Ay ) dally (adla

$ogaall pandl) 4Bl 5aal) )31 e oLl A day mae S8 Gldle (5 eli o] CA2 WA 5 CAL «CA3»
Ol o)l pan 3 AN Cgall @l jd5e G e RIS Al Ay e da e dazlall Gl el Guasd g S
(2C 52A <1C « A25-J<al)

Al LAY a0 (5 i 3oy Sl 5380 Q131 e g san day cppeanll g YT (5 peaall andll ekl

(A 27-JS80) Auliad) 5001 () )y ) il &y slel 500 e Ll o o) B ol 2 e

ka5 50 d5Y 5 (B 27-JSA) CA4 ikidl 8 (5l Copall LS i a5l 0 F (5500 o

Pl A 3 40l Liadlis ) (C1 27-J8) CAB Ahiall Fae gl LAY (5 e (o Alaaiaay Aa LS ) 562

dal el dazalall (1 el uasd g eaa) (andl) Alad) dgall & CAL dihie 5 ane 4L saa)) Juaiivl (e
(C 5 BeA27-JSal) 4y 518 < e (o) el ol Ady 3a

58l A jlie (i) Cadlill 4 glall 5 830 (5 she o (s slall Cpall RSy pual g LT Liadli <yl
5 ekl ol s Laals a8y 4 kSl saxd) Jlalivl (e Cpe sad 2xy | ) il JB) 35V oda ol LlaaY ool dala)
G sie Slo A 5 Dt sk A Gsall I a g Llee ARl 2 (5 giue o e Al (e ) ) e
GV L se olal) ) 335 (ELSH Gl ) (s g sil) (sl ST IS5 (anSS Lilaa (il (28-JSAY) (45 2
sl b sa el Sl o i de sy LOAD (o g il as s 5 3ea (e Sl 5 graaal) (518l sall Cgaa
Ananll LAY b el s 555 4l et A Je dalal ducalal) gl all tie LlaaY Al deal) b (29-JS4l)
e s o 3% sl Jidy s B s s1a ) JalS 81l Jing 0l 8 s dpae WA (e 3 ke o8 Al dppsl
B s2gr e

Gige Cogan Laald dua Alalicadl 13 jall uasl CA3Z dihic ady Lad Lyys clbaadld)l i Jaod Bl
Clsad sebay (g5sil Gaile s SIS Lilaa () dslaiall 038 (g0 Ayl A8l sk e dga sl LIAY DDlaasal
LAl ek Jiaal) (4 (31 JSll) Lo oS gisall aaaly (g 55l eldall (8 Gl gl Gigan 6 530 sl (6 sse o
il (paliiie (5551l Liall 5 e 320 sianall Liall IS ol oaade (S 4 S saad) Alialiveall il )3 jall Ayl

Rl e (e senall dunilly e 555 (6 CAL Gaasell AN jedai ol 315l (5 s o Giila g S ada L)
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Abstract

Bilateral adrenalectomy has been shown to damage the hippocampal neurons. Although the effects of
long-term adrenalectomy have been studied extensively there are few publications on the effects of short-
term adrenalectomy. In the present study we aimed to investigate the effects of short-term bilateral
adrenalectomy on the levels of pro-inflammatory cytokines IL-1B, IL-6 and TNF-o; the response of
microglia and astrocytes to neuronal cell death animal behavior as well as oxidative stress markers GSH,
SOD and MDA over the course of time (4h, 24h, 3days, 1week and 2weeks) in the hippocampus of

Wistar rats.

Our results showed a transient significant elevation of pro-inflammatory cytokines IL-1p and IL-6 from
four hours to three days in the adrenalectomized compared to sham operated rats. After one week, the
elevation of both cytokines returns to the sham levels. Surprisingly, TNF-a levels were significantly
elevated at four hours only in adrenalectomized compared to sham operated rats. The occurrence of
neuronal cell death in the hippocampus following adrenalectomy was confirmed by Fluoro-Jade B
staining. Our results showed a time dependent increase in degenerated neurons in the dorsal blade of the
dentate gyrus from three days to two weeks after adrenalectomy. Our results revealed an early activation
of microglia on day three whereas activation of astroglia in the hippocampus was observed at one week
postoperatively. A progression of microglia and astroglia activation all over the dentate gyrus and their
appearance for the first time in CA3 of adrenalectomized rats hippocampi compared to sham operated
was seen after two weeks of surgery. Quantitative analysis revealed a significant increase in the number
of microglia (3, 7 and 14 days) and astrocytes (7 and 14 days) of ADX compared to sham operated rats.
Our study revealed no major signs of oxidative stress until two weeks after adrenalectomy when a
significant decrease of GSH levels and SOD activity as well as an increase in MDA levels were found in
adrenalectomized compared to sham rats. In the current study we used passive avoidance test to evaluate
the cognitive functions of the ADX rats, we have found that the removal of the adrenal gland caused a

behavioral deficit in the adrenalectomized rats compared to the sham over the time (3, 7 and 14 days).

Our study showed an early increase in the pro-inflammatory cytokines followed by neurodegeneration
and activation of glial cells as well as oxidative stress. Taking these findings together it could be
speculated that the early inflammatory components might contribute to the initiation of the biological
cascade responsible for subsequent neuronal death in the current neurodegenerative animal model. These

findings suggest that inflammatory mechanisms precede neurodegeneration and glial activation.

Keywords: Adrenalectomy, Hippocampus, Neuroinflammation, Neurodegeneration, Oxidative stress



Résumeé

Il a été montré que la surrenalectomie bilatérale capable d’endommager les neurones de 1’hippocampe.
Bien que les effets de la surrénalectomie a long terme ont été largement étudiés, il y a peu de publications sur les
effets de la surrénalectomie a court terme. Notre but Dans la présente étude a été de déterminer les effets de la
surrénalectomie bilatérale a court terme sur les niveaux de cytokines pro-inflammatoires IL- 1B, IL- 6 et de TNF —
a, la réponse de la microglie et les astrocytes, la mort des cellules neuronales ainsi que les marqueurs du stress
oxydatif GSH , SOD et MDA au cours d'une période du temps (4h , 24h, 3 jours, 1 semaine et 2 semaines ) dans

I'hippocampe de rats Wistar .

Nos résultats ont montré une élévation significative transitoire de cytokines pro-inflammatoires IL-1B et
IL-6 & partir de quatre heures a trois jours dans les rats surrénalectomisé par rapport aux rats subi une opération
fictive. Aprés une semaine, cette élévation de ces deux cytokines revient aux niveaux fictifs. Etonnamment, les
niveaux de TNF-a ont été significativement plus élevés a quatre heures seulement en rats surrénalectomisé par
rapport aux rats subi une opération fictive. Nos résultats ont révélé une activation de la microglie début de la
troisieme journée. Alors que l'activation des astrocytes dans I'hippocampe a été observée a une semaine apres
I'opération. On a vu Une progression de l'activation de la microglie et des astrocytes dans le gyrus denté et leur
apparition pour la premiére fois dans CA3 de I’hippocampe du rats surrénalectomisés par rapport a opéré
fictivement aprés deux semaines de l'intervention chirurgicale. Notre étude n'a pas révélé de signes majeurs de stress
oxydatif que deux semaines apres surrénalectomie qui il été apparait dans une baisse importante des niveaux de
GSH et de l'activité de la SOD ainsi une augmentation des niveaux de MDA dans les rats surrénalectomisé par
rapport rats subi une opération fictive. Dans I'étude en cours, nous avons utilisé un test d'évitement passif pour
évaluer les fonctions cognitives des rats ADX, nous avons constaté que I'¢limination de la glande surrénale
entrafnait un déficit de comportement chez les rats adrénalectomisés par rapport au controles au cours du temps (3, 7

et 14 journées).

Notre étude a montré une augmentation rapide dans les cytokines pro-inflammatoires et la
neurodégénérescence suivie par l'activation de cellules gliales, ainsi que le stress oxydatif. Compte tenu de ces
constatations et il pourrait étre suggéré que les composants inflammatoires pourraient contribuer a l'initiation de la
cascade biologique responsable de la mort ultérieure des cellules neuronales dans ce modele neurodégénérative. Ces
résultats suggerent que les mécanismes inflammatoires précédent la neurodégénérescence et I'activation des cellules
gliales. 1l peut étre supposé que, dans plusieurs maladies neurodégénératives comme la maladie d’Alzheimer, les
changements chroniques dans les hormones surrénales et / ou leurs récepteurs pourrait entamait les mécanismes

inflammatoires qui conduisent ultérieurement a la neurodégénérescence hippocampique.

Mots-clés: surrénalectomie, Hippocampe, Neuroinflammation, neurodégénérescence, stress oxydatif.
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Neurodegeneration, inflammation, oxidative stress and behavioral deficit followingbilateral short term

adrenalectomy in the nervous system of albino Wistar rats

Abstract

Bilateral adrenalectomy has been shown to damage the hippocampal neurons. Although the effects of long-term adrenalectomy have
been studied extensively there are few publications on the effects of short-term adrenalectomy. In the present study we aimed to investigate
the effects of short-term bilateral adrenalectomy on the levels of pro-inflammatory cytokines IL-1f, IL-6 and TNF-a; the response of
microglia and astrocytes to neuronal cell death animal behavior as well as oxidative stress markers GSH, SOD and MDA over the course of
time (4h, 24h, 3days, 1week and 2weeks) in the hippocampus of Wistar rats.

Our results showed a transient significant elevation of pro-inflammatory cytokines IL-1p and IL-6 from four hours to three days in
the adrenalectomized compared to sham operated rats. After one week, the elevation of both cytokines returns to the sham levels.
Surprisingly, TNF-o. levels were significantly elevated at four hours only in adrenalectomized compared to sham operated rats. The
occurrence of neuronal cell death in the hippocampus following adrenalectomy was confirmed by Fluoro-Jade B staining. Our results showed
a time dependent increase in degenerated neurons in the dorsal blade of the dentate gyrus from three days to two weeks after adrenalectomy.
Our results revealed an early activation of microglia on day three whereas activation of astroglia in the hippocampus was observed at one
week postoperatively. A progression of microglia and astroglia activation all over the dentate gyrus and their appearance for the first time in
CAZ3 of adrenalectomized rats hippocampi compared to sham operated was seen after two weeks of surgery. Quantitative analysis revealed a
significant increase in the number of microglia (3, 7 and 14 days) and astrocytes (7 and 14 days) of ADX compared to sham operated rats. Our
study revealed no major signs of oxidative stress until two weeks after adrenalectomy when a significant decrease of GSH levels and SOD
activity as well as an increase in MDA levels were found in adrenalectomized compared to sham rats. In the current study we used passive
avoidance test to evaluate the cognitive functions of the ADX rats, we have found that the removal of the adrenal gland caused a
behavioral deficit in the adrenalectomized rats compared to the sham over the time (3, 7 and 14 days).

Our study showed an early increase in the pro-inflammatory cytokines followed by neurodegeneration and activation of glial
cells as well as oxidative stress. Taking these findings together it could be speculated that the early inflammatory components might
contribute to the initiation of the biological cascade responsible for subsequent neuronal death in the current neurodegenerative animal model.
These findings suggest that inflammatory mechanisms precede neurodegeneration and glial activation.
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