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ABSTRACT 

The nervous system is undoubtedly one of the most important and complex tissue systems 

that exist in the animal body. It is involved in controlling and coordinating the body at 

multitudinous levels. At the cellular level, the neurons along with neuroglia function in a 

choreographed manner to transmit information across synapses using neurotransmitters. 

Glutamate is one of the major excitatory neurotransmitters which is involved in synaptic 

plasticity and excitotoxicity. During excitotoxicity, over stimulation of the glutamate receptor, 

N-methyl-D-aspartate receptor (NMDAR) results in influx of lethal doses of Ca2+. 

Semaphorins (SEMA) are a class of transmembrane proteins that are secreted upon processing 

and are involved in the development of nervous system and axonal guidance. SEMA and 

associated proteins function by inducing cell death and has been found to be associated with 

various neurodegenerative diseases in the adult brain (Quintremil et al., 2018).In this study, 

we have analyzed the changes in the expression level of SEMA3A in cortical tissue samples 

obtained from an in vivo acute excitotoxicity model, created by injecting saline and NMDA 

(40 µg/Kg body weight) via intracerebroventricular (ICV) route into the left and right lateral 

ventricles respectively (Kumar et al.,2019). No significant change in the expression 

ofSEMA3A protein was observed30 mins after NMDA treatment. This study indicates that 

the level ofSEMA3A may not be affected during an acute excitotoxic event. 

 

Keywords: NMDAR, Excitotoxicity, SEMA3A 
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CHAPTER: 01 

INTRODUCTION 

The nervous system plays an important role in the animal body by coordinating its behaviour 

and signal transmission across different body parts. In vertebrates, it consists of two parts, the 

central nervous system (CNS) and the peripheral nervous system (PNS). The CNS consists of 

the brain and spinal cord which acts as the central processing and controlling unit. The PNS 

consists of nerves that are composed of long fibres that connect the CNS to every part of the 

body. It includes the peripheral ganglia, sympathetic and parasympathetic ganglia and the 

enteric nervous system. 

The human brain controls all functions of the body, interprets information which is received 

through the sense organs and also embodies the essence of mind and soul, apart from being the 

seat of intelligence, consciousness, creativity, memory and sense of self. Protected within the 

skull and meninges, the brain is composed of the cerebrum, cerebellum and brain stem which 

extend through the foramen magnum into the spinal cord. The cerebrum can be further divided 

into two hemispheres and four lobes. The brain also consists of deep structures and the 

cerebrospinal fluid (CSF) filled ventricles that help in its buoyancy. 

At the cellular level, the entire nervous system is composed of neurons and glial cells. Neuron 

or the nerve cell is a special type of cell, that allows electrochemical signal transmission rapidly 

and precisely between each other. They possess an axon, a protoplasmic protrusion which 

forms thin fibers that extend to distant parts of the body and make thousands of synaptic 

contacts which release chemicals, called neurotransmitters. These help in communication 

between nerve cells and also with other cell types to function in a coordinated manner. These 

innumerous connections in the system create complex patterns of dynamic activities. Along 

with neurons, there are glial cells in the system which gives the structural and metabolic support 

the neurons require, alongside playing a crucial role in forming the neuronal circuitry (Allen & 

Barres, 2009). 

The neurotransmitters are essentially body’s chemical messengers which help in 

communication between two neurons by changing the electrical impulse into a chemical 

response and transmitting it across the synapses. Their actions can be broadly classified into 

three categories: excitatory, inhibitory or modulatory.  
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There are six classes of neurotransmitters involved in carrying out these responses: 

1. amino acid neurotransmitters like γ-amino-butyric acid (GABA) and glutamate 

2. peptide neurotransmitters including oxytocin and endorphins 

3. monoamines like epinephrine, nor epinephrine, histamine, dopamine and serotonin 

4. purines like adenosine and adenosine triphosphate 

5. gas transmitters like nitric oxide and carbon monoxide  

6. acetylcholine 

Together these chemicals help in defining who we are. 

Memory is one of the most complex functions among the different brain processes. It includes 

three phases: encoding, storing and recalling. A sensory input increases the release of 

neurotransmitters and sets up a series of reactions in the hippocampus to store the long-term 

memory before transferring them to cortex. The transmitter used for long-term potentiation is 

the amino acid glutamate, which binds to receptors in the postsynaptic cell (Kandel, 2009). 

This allows calcium (Ca2+) to flow in and activate the associated kinases. Working memory 

mostly functions with the action of dopamine associated cells. 

Glutamate is one of the most abundant amino acid that functions in multiple metabolic 

pathways. It has a significant excitatory effect on the nerve cells; wherein in excess amounts, 

it can excite the cell to its death, which is referred to as ‘excitotoxicity’, caused by over 

activation of the glutamate receptors present on the cell surface (Zhou & Danbolt, 2014). 

Glutamate receptors are complex and are classified into ionotropic and metabotropic receptors. 

Ionotropic receptors are nonselective cation channels that allow the passage of Na+ and K+ ions 

and small amounts of Ca2+ ions. 

The NMDA subfamily (N-methyl-D-aspartate receptors) of glutamate receptors are ionotropic 

receptors that display a rather interesting property of allowing the entry ofCa2+in addition to 

other monovalent cations when activated by glutamate and glycine. They play an important 

role in the process of learning and memory. As the brain age, the receptors become 

hypofunctional leading to decrease in cognitive abilities (Kumar, 2015). 

When neurons are exposed to high levels of glutamate, it causes persistent activation of 

NMDARs and α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptors(AMPARs), 

resulting in influx of lethal doses of Ca2+.This results in the cell death mechanism known as 
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excitotoxicity which can be associated with several neurodegenerative conditions like 

Alzheimer’s disease (AD), Parkinson’s disease (PD), Huntington’s disease (HD), traumatic 

brain injury (TBI), stroke and seizures. 

Excitotoxicity can be induced in a rat model by injecting NMDA into the brain. Previous 

experiments from the Molecular Neurobiology laboratory at Rajiv Gandhi Centre for 

Biotechnology (Kumar et al., 2019) have shown that injection of NMDA into the ventricles of 

the cerebral hemispheres causes biochemical changes associated with cell death indicating 

excitotoxicity. Tissue samples from this acute model of excitotoxicity were further analyzed 

for the expression levels of semaphorins and associated proteins. Semaphorins are a class of 

secreted proteins which are involved in extracellular signaling. They play a significant role in 

the development of many organs and tissues. 
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CHAPTER: 02 

REVIEW OF LITERATURE 

Neuroscience research can be considered to be an umbrella term, as the area that encompasses 

diverse fields including neuroanatomy and physiology to molecular genetics to 

neuroinformatics and neuropsychology. The common factor between all these diverse fields is 

the unstoppable urge of human race to conquer and understand the complexities of human 

nervous system that continues to marvel generations of scientists. As enigmatic and awe 

inspiring it is to the scientific community, researchers are trying to find a way to tap into the 

unlimited potential one’s brain can possess and to expand their horizons. 

 

1. THE HUMAN NERVOUS SYSTEM 

The nervous system is essentially a complex network of cells that run through the body, which 

regulates and coordinates multiple body activities. The specialised cells of the nervous system 

known as nerve cell or neurons use electrical and chemical signal to communicate between 

each other. By doing so, they transmit signals between different parts of the body. Structurally, 

the nervous system has two components:  

 Central nervous system (CNS) that comprises of the brain and spinal cord and 

 Peripheral nervous system (PNS) that consists of the neural elements 

In addition to the brain and spinal cord, the nervous system also comprises of the sensory 

organs (eyes, ears, nose and tongue) and sensory receptors (skin, gut, muscles) located in 

various regions of the body. They are part of the PNS which gathers information and relays it 

to the CNS. 

 Central Nervous System (CNS) 

The CNS is comprised of the brain and spinal cord. The brain is one of the largest and most 

complex organs in the human body which is made up of 100 billion neurons that communicate 

in trillions of connections across different parts, which makes us humans. The brain is divided 

into forebrain, midbrain and hind brain. The brain is not just involved in controlling and 
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coordinating intelligence, emotions, sense of self and consciousness and motor coordination, 

but also plays an equal role in regulating various body functions by working hand in hand with 

the endocrine system. The bony skull encapsulates the brain and the vertebral column protects 

the spinal cord. In addition to this, a three-layered protection is ensured by the meninges and 

also bathed in the cerebrospinal fluid (CSF) which helps in the buoyancy of the brain. Blood 

vessels that enter the CNS are surrounded by a blood-brain barrier (BBB), which protects the 

cells in the CNS from any potential toxic chemicals. 

 Peripheral Nervous System (PNS) 

The nervous tissue that lies outside the CNS forms the PNS.A majority of these cells have their 

cell bodies in the brain or spinal cord, while their axons projects out of the CNS. They connect 

to the brain and spinal cord to ensure coordinated functioning of the body. The PNS can be 

further divided into two: 

 the autonomic nervous system which comprise of the sympathetic and parasympathetic 

nervous systems and 

 the somatic nervous system 

The vertebrate nervous system can also be divided into two areas based on anatomy. The grey 

matter (pink or light brown colour in living tissue) which contains the cell bodies that are not 

myelinated and the white matter which is composed of the myelin coated axons. The grey 

matter can be found as clusters in brain and spinal cord. The cluster of cell bodies outside the 

brain is known as ‘nucleus’ or ‘ganglion’ based on its location. The white matter consists of 

body’s nerves and the interior of the brain. 

 

2. CELLS OF THE NERVOUS SYSTEM 

Like any other tissue, the tissues of the nervous system are also made of the basic building 

block, cell. The nervous system has specialised cells, called neurons, which can send and 

receive electrical and chemical impulses across different body parts. Networks formed by these 

interconnected groups of cells are capable of a wide variety of functions. Some of them are 

feature detection, pattern generation and timing (Dayan & Abbott, 2005). There is another set 

of specialised cells known as glial cells that nourish the neurons. 
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 Neurons 

Neurons can be distinguished from other cells as they are anatomically distinct cells. The most 

fundamental difference between neurons and other cells is that they communicate between 

themselves via synapses, which are the junctions at the nerve endings that contain the molecular 

machinery to allow rapid transmission of chemical or electrical signals. Structurally, they are 

very distinct and most of the neurons possess a cell body, dendrons and axon. Axons from the 

cells of CNS extend outside the spinal cord forming the part of PNS. There are three different 

types of neurons, classified based on their function: 

 Sensory neuron,  

 Motor neuron and  

 Interneuron 

These are distributed in extensive networks throughout the body and through their collective 

work; the body is able to make decisions in a matter of seconds.  

 

 Glial cells 

The glial cells are non-neuronal cells, present in the nervous system, that provide support and 

nutrition, maintain homeostasis, forms myelin that insulate neurons electrically, destroys any 

pathogens and removes dead neurons. Studies have revealed that they can also participate in 

signal transmission in the nervous system (Allen & Barres, 2009) and provide guidance cues 

directing the axons to their targets. There are different types of glial cells according to their 

structure and specific function: 

 astrocytes,  

 oligodendrocytes,  

 ependymal cells,  

 Schwann cells,  

 microglia  

These cells are equally important as the nerve cell. Although the proportions vary in different 

brain regions, the total number of glial cells is roughly equal to the number of neurons 

(Azevedo et al., 2009).  
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 Neurons and synapses 

Neurons communicate with each other by sending signals via axons. The propagation of signals 

across the axon is carried out by a mechanism known as action potential (AP). Upon reaching 

the nerve endings, cell-to-cell signals are relayed, through point of contacts called synapses, 

with the help of neurotransmitters. Synapses can be electrical or chemical. Electrical synapses 

are faster and they pass ions directly between neurons (Hormuzdi et al., 2004). Chemical 

synapses are more common and diverse in function. At a chemical synapse, the neuron which 

sends the signal is the pre-synaptic neuron, the one which receives the signal is the post-

synaptic neuron and the space between them is called the synaptic cleft.  

The nerve terminals of the pre-synaptic neuron contain spherical vesicles encapsulating 

neurotransmitters that aid to convey signals. When calcium enters the pre-synaptic terminal 

through voltage-gated calcium channels as a result of an incoming stimulation, an array of 

calcium-sensitive proteins embedded in the vesicle membrane is activated and causes the 

movement of vesicles to the surface of the membrane and its subsequent rupture results in the 

release of neurotransmitters into the narrow synaptic cleft. These chemical messengers bind to 

specific receptors present on the post-synaptic membrane resulting in its activation. Depending 

on the type of receptor, the effect on the postsynaptic cell may be excitatory, inhibitory, or 

modulatory in more complex ways. According to Dale’s principle, a neuron releases the same 

neurotransmitter at all of its synapses (Strata & Harvey, 1999). So, the same neurotransmitter 

is able to elicit different responses depending on the type of receptor it activates. There are 

more than a hundred neurotransmitters known and most synapses use more than one 

neurotransmitter to function efficiently. 

The post-synaptic receptors can be generally divided into two broad categories: ligand-gated 

ion channels and G-protein coupled receptors (GPCRs). A ligand-gated ion channel when 

activated opens a channel that allows the flow of ions across the membrane. A GPCR, on the 

other hand, rely on second messenger signaling. When it is activated, a cascade of molecular 

interactions is triggered in the target cell that produces a wide variety of complex effects. 

 

3. NEUROTRANSMITTERS 

When an AP arrives at the synapses via the axon of the pre-synaptic neuron, chemical 
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messenger molecules called neurotransmitters are released from the axon terminal, which 

bind to receptors present on the membrane of the post-synaptic cell (Kandel et al., 2000). 

By using a fast acting small-molecule neurotransmitter such as glutamate or GABA along 

with a peptide neurotransmitter which is slower-acting helps in achieving higher efficiency 

(Greengard, 2001). Most of the neurotransmitters are small amines, amino acids or neuro-

peptides that can be classified into following six classes: 

 

1. Amino acid neurotransmitters like γ-amino-butyric acid (GABA) and glutamate 

2. Peptide neurotransmitters including oxytocin and endorphins 

3. Monoamines like epinephrine, nor epinephrine, histamine, dopamine and serotonin 

4. Purines like adenosine and adenosine triphosphate 

5. Gasotransmitters like nitric oxide and carbon monoxide 

6. Acetylcholine 

 

Two of the major neurotransmitters are glutamate and GABA. While glutamate has several 

widely occurring excitatory or modulatory receptors, GABA has inhibitory receptors. There 

are few exceptions to this when GABA exhibits excitatory effects during early development 

(Marty & Llano, 2005). The glutamatergic neurons are commonly termed as ‘excitatory’ 

neurons and GABAergic neurons as ‘inhibitory’ neurons.  

 

4. GLUTAMATE 

The amino acid glutamate (Glu) is the anion of glutamic acid which plays a central role in both 

the normal and abnormal functioning of the CNS. Glutamate is the main excitatory 

neurotransmitter in the CNS. At the same time, it is also an excitotoxin that can destroy neurons 

by excessive activation of excitatory receptors on cell surfaces (Newcomer et al., 2000). 

Glutamate is also the metabolic precursor of GABA. Being one of the abundant 

neurotransmitters, glutamate plays a key role in the neural circuitry involved in synaptic 

plasticity, which helps the brain to accommodate new information and form memories without 

actually growing new neurons. They are the central elements in memory formation and 

retrieval as they have a key role in the cellular mechanism of memory and learning called long-

term potentiation (LTP) (Mayadevi et al., 2012). Glutamate signalling plays an important role 
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in cognitive functions and is widely expressed throughout the CNS – both in neurons and glial 

cells. 

Glutamate is stored in vesicles in the pre-synaptic neuron until a nerve impulse triggers its 

release. Post-synaptic neurons with glutamate receptors respond by initiating a receptor-

mediated signalling process (Zhou & Danbolt, 2014). There are two general types of glutamate 

receptors – ionotropic glutamate receptors (iGluRs), that allows the entry of ions, and G-protein 

coupled receptors or metabotropic glutamate receptors (mGluRs). The mGluRs modulate 

synaptic transmission by regulating the activity of a wide variety of ion channels including 

iGluRs as well as receptors of other neurotransmitters (Gerhard, 2013; Meldrum, 2000). 

 

5. IONOTROPIC GLUTAMATE RECEPTORS (iGluRs) 

Ionotropic receptors are membrane-bound receptor proteins that respond to ligand binding by 

opening an ion channel to allow influx of ions. They contain two functional domains: an 

extracellular domain that can bind the neurotransmitter and a membrane spanning domain that 

forms the ion channel. The neurotransmitter binds to the receptor that causes a conformational 

change which is passed along to the closely associated ion channel, resulting in passage of ions 

through the channel. There are three classes of iGluRs: 

 α-amino-3-hydroxyl-5-methyl-isoxazole propionate receptors(AMPARs) 

 kainate receptors and 

 N-methyl-D-aspartate receptors (NMDARs) 

 

 N-Methyl-D-Aspartate Receptors (NMDARs) 

NMDARs are the major ion channel receptors involved in excitatory synaptic transmission, 

synaptic plasticity, development of neurons and excitotoxicity in the nervous system. Apart 

from glutamate, these receptors also have a specific chemical agonist, N-methyl-D-

aspartate (NMDA), which gives the receptor its name. They are mostly located at post-

synaptic sites and some are located on the pre-synaptic site as well (Loftis & Janowsky, 

2003). 
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NMDAR is a both ligand-dependent (responds to binding of the agonist glutamate and co-

agonist glycine (D-serine) to its subunits) and voltage-dependent ion channel (responds to 

changes in membrane potential). It is selectively permeable to monovalent cations like Na+ 

and divalent Ca2+ions (Vyklicky et al., 2014). The voltage-dependent activation of 

NMDARs is due to the presence of a Mg2+ ion block at the opening of the channel. 

Glutamate binding to neurons stimulates two processes simultaneously, resulting in the 

receptor to detect synaptic coincidence (simultaneous activation of pre-synaptic and post-

synaptic neuron) and to have associative properties (able to associate two events together 

at the synaptic level) (Wigström & Gustafsson, 1985; Cooke & Bliss, 2006). 

 

The receptor possesses unusually slow activation and deactivation kinetics (Cull-Candy & 

Leszkiewicz, 2004). The NMDARs are unique channels as their opening requires two 

events viz., pre-synaptic glutamate release and strong membrane depolarization resulting 

in removal of the Mg2+ block (Mayer et al., 1984). Phosphorylation enhances NMDA 

receptor function. NMDA receptors can be phosphorylated by serine/threonine kinases 

such as protein kinase C (PKC), protein kinase A (PKA) and calcium/calmodulin-

dependent protein kinase II (CaMKII), as well as by tyrosine kinases (Salter et al., 2009). 

 

 NMDAR subunits 

The NMDA receptor is composed of three subunits–GluN1, GluN2 and GluN3 (formerly 

known as NR1, NR2 and NR3) – which is further subdivided into seven subtypes. There is 

one GluN1 subunit, four subunit types of GluN2 (A-D) and two subunits of GluN3 (A and 

B) (Paoletti, 2011). GluN1 and GluN3 subunits contain the glycine binding site and GluN2 

contains the glutamate binding site. NMDARs assemble as a heterotetramer. They have two 

obligatory GluN1 subunits and either two GluN2 (GluN2A–GluN2D) and/or GluN3 

(GluN3A–GluN3B) subunits which results in a heterogeneous population of NMDARs that 

exhibit diverse pharmacological properties, kinetics, and downstream signaling pathways 

(Cull-Candy et al., 2001; Köhr, 2006; Paoletti et al., 2013; Paoletti & Neyton, 2007; Sanz-

Clemente et al., 2013). Most of the NMDARs in the CNS exist as diheteromers of GluN1 / 

GluN2A or GluN1 / GluN2B or as a triheteromer of GluN1 / GluN2A /GluN2B 

(Szydlowska & Traynelis, 2010). 

The four subunit subtypes of GluN2 (A-D) arise from four distinct genes and subunit 
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expression exhibit developmental variability. GluN2B and GluN2D are expressed mainly 

in prenatal stages and decrease postnatally, during which the expression of GluN2A and 

GluN2C increases (Monyer et al., 1994). In the adult brain, GluN2A is expressed 

throughout the brain, while GluN2B is limited to forebrain, GluN2C to cerebellum and 

GluN2D is expressed in only some selected regions of the brain (Monyer et al., 1992).  The 

partition of the subunits is not absolute; GluN2B can be found at synaptic sites (Harris 

&Pettit, 2007; Liu et al., 2004; Petralia et al., 2010; Thomas et al., 2006). GluN2A at 

synaptic and GluN2B at extrasynaptic regions (Groc et al., 2006; Martel et al., 2009; Sanz-

Clemente et al., 2013; Tovar & Westbrook, 1999) is the most widely observed pattern of 

distribution. Simultaneously, the association of GluN2A-type NMDARs with cell 

survivaland GluN2B-type NMDARs with cell death signaling is also being studied (Lai 

et al., 2011). 

The GluN1, GluN2A and GluN2B combination is the major receptor subtype found in 

mature neurons of the forebrain (Luo et al., 1999), Various membrane associated proteins 

like synapse associated proteins (SAP) and post synaptic density (PSD) proteins anchor to 

NMDARs at the synaptic region which helps in downstream signaling (Kim et al., 2005). 

Splicing of the GluN1 subunit transcript yields eight functional splice forms. The splice 

variants arise by addition and deletion of three exons in the N-terminal (N1) and C-terminal 

(C1, C2) domain of the subunit (Hollmann et al., 1993; Loftis & Janowsky, 2003). Each 

splice variant of GluN1 affects NMDAR channel properties. The presence of exon5 splice 

variant at the amino terminal end interferes with the pH sensitivity of NMDARs. At normal 

pH, receptors with GluN1 splice variant containing exon 5 are highly active while its 

absence can block its activation (Traynelis et al., 1995). GluN2 and GluN3 subunits are 

transcribed from six genes. GluN2 subunit is responsible for impulse conduction through 

channel, sensitization to Zn2+ ions and polyamines and in the activation/deactivation of the 

channel (Cull-Candy et al., 2001). 

Although both GluN2A-NMDARs and GluN2B-NMDARs share some common binding 

partners such as postsynaptic density protein95 (PSD95) (Sheng & Kim, 2011), they bind 

differentially to some other proteins. NMDAR is phosphorylated at the Ser1303 position of 

GluN2B by CaMKII (Omkumar et al., 1996). NMDAR opening results in CaMKII 

activation, which translocates to PSD and binds to GluN2B subunit of NMDAR. CaMKII 

binds to the C- terminal end of GluN2B subunit with high affinity (Gardoni et al., 1998). 
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 Structure of NMDAR 

NMDA receptors are heterotetramers composed of two obligate GluN1 and typically two 

GluN2 subunits (Salussolia et al., 2011). The structure of NMDAR has four different domains 

namely amino or N-terminal domain (ATD), ligand or agonist binding domain (LBD), 

transmembrane or pore domain (TMD) and C-terminal domain (CTD). The ATD end controls 

the channel opening, the LBD binds to agonists and contributes to control of ion channel open 

probability, deactivation speed and contains binding sites for subtype-specific allosteric 

modulator compounds, the TMD forms the heterotetrameric ion channel having voltage 

sensing capacity and the CTD interacts with PSD proteins and facilitates in neuroplasticity 

(Karakas & Furukama, 2014). 

 

 Role of NMDAR in Nervous system 

NMDA receptor channel acts as an associative switch for the induction of LTP - turning on 

when postsynaptic depolarization is paired temporally with the synaptic release of 

glutamate. Studies also suggest that the receptor plays a key role in divert forms of synaptic 

plasticity including LTD (Bliss & Collingridge, 1993; Malenka & Nicoll, 1993). It is also 

involved in experience-dependent synaptic plasticity during development (McDonald & 

Johnston, 1990; Mori & Mishina, 1995). 

Apart from the role of the receptor in synaptic plasticity, it is also involved in neuronal cell 

death. Excess glutamate release can cause receptor hyperactivation leading to high 

concentration of Ca2+ions in the cytosol, resulting in neuronal death. This condition is called 

excitotoxicity and has been implicated in neurodegenerative disorders like seizures, 

ischemic stroke, AD, HD and PD (Fan & Raymond, 2007). On the other hand, as the brain 

ages, the NMDA receptor can progressively become hypofunctional as well and this has 

been associated with memory and learning impairments, psychosis and ultimately with 

neurotoxic brain injury (Newcomer et al., 2000). 
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6. EXCITOTOXICITY 

Excitotoxicity is a term coined by John Olney (Olney, 1969). It is the condition in which 

the level of glutamate increases with subsequent over excitation of glutamate receptors, 

majorly the NMDARs, leading to neuronal death. Excitatory amino acids play a crucial role 

in mediating pathological neuronal injuries (Choi, 1988). Excess glutamate binds to over 

activate iGluRs and mGluRs resulting in increase in cytosolic free Ca2+. The increase in 

Ca2+ inflow as a result of this over activation can trigger the cells to undergo apoptosis 

(Choi, 1987). This condition is considered to be a major cause of cell death in 

neurodegeneration diseases (Dong et al., 2009). The requirement of Ca2+ is described by 

calcium hypothesis of neurotoxicity which states that neuronal Ca2+ overload leads to 

subsequent neuronal damage (Sattler et al., 1998). 

The route of Ca2+ entry through NMDARs, but not voltage-gated calcium channels 

(VGCCs), is the main determinant of excitotoxicity (Szydlowska & Tymianski, 2010). 

Lethal Ca2+ signals are also determined by the molecules that interact with NMDARs such 

as PSD95. Another event that contributes to excitotoxicity is high glutamate release and 

fewer uptakes in the synaptic cleft, which results in excessive activation of receptors 

(Obrenovitch et al., 2000). 

Neurotoxicity is mainly mediated by GluN1 and GluN2B containing NMDA receptors in 

primary cortical neurons. The cells are highly sensitive to glutamate treatment from DIV8 

(days in vitro) to DIV11, since they expressGluN1 and GluN2B subunits but not GluN2A 

subunit (Mizuta et al., 1998). Antagonists specific to GluN2B subunit like ifenprodil 

perturbs induction of excitotoxicity in cultured cells (Chenard & Menniti, 1999). Few 

promising results have been reported for uncompetitive NMDAR antagonists in the 

treatment of several forms of dementia (Olivares et al., 2012).  

The toxic change induced by glutamate has two components - (a) swelling of neurons and 

(b) slowly evolving neurodegeneration (Choi, 1988). Intracellular Ca2+ overload also 

activates neuronal nitric oxide (NO) synthase, resulting in excess production of NO and 

formation of reactive oxygen species (ROS) and lipid peroxidation of membrane 

phospholipids (Görlach et al., 2015; Yermolaieva et al., 2000). 

Neuronal cell death follows either necrotic or apoptotic pathway during excitotoxicity. 

Apoptosis induced by glutamate, even at a small concentration, can lead to necrosis (Cheng 
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et al., 2008). Cell death is induced by the death-associated receptors present on the cell 

surface, as well as by mitochondrial pathways (Thornberry & Lazebnik, 1998). 

Deregulation and loss of mitochondrial membrane potential is another event that occurs 

during excitotoxicity. Impaired intracellular Ca2+ homeostasis leads to the activation of 

cytoplasmic cysteine proteases like calpains. Calpain cleaves cytosolic enzymes involved 

in homeostatic maintenance and proapoptotic proteins to initiate cell death (Szydlowska & 

Tymianski, 2010). 

Excitotoxity is the major underlying cause of several neurodegenerative disorders like 

epilepsy, HD, AD, ischemia, TBI and stroke (Lynch & Guttmann, 2002). Glutamate 

neurotoxicity may participate in pathogenesis of four types of acute injury in the nervous 

system leading to prolonged seizures, compromised blood supply, glucose deprivation and 

mechanical trauma or traumatic brain injury (Choi, 1988; Parsons& Raymond, 2014). 

The NMDA receptor is one of the most important and widely studied topics. Researchers 

are striving to develop clinical NMDA receptor antagonists to block the process of 

excitotoxity without interfering with normal functions of signal transmission and synaptic 

plasticity. 

 

7. SEMAPHORINS 

Semaphorins (SEMA) are a large family of transmembrane, or glycosyl phosphatidyl 

inositol (GPI)-anchored proteins that are secreted upon processing and bind to 

plexin/neuropilin or integrin receptors, providing axonal guidance cues towards a proper target 

(Terman, 2017), thereby aiding in the development of functional neuronal networks (Hu& Zhu, 

2018). Soon after their discovery, their role in CNS was unveiled. Emerging evidence suggests 

that beyond their role in guidance, they also function in a broad spectrum of pathophysiological 

conditions, including various neurodegenerative diseases apart from various signaling 

mechanisms. Semaphorin family members can induce death in different types of cells including 

neurons and one of the best characterized cases is SEMA3A-induced death of embryonic 

sensory neurons that mimic functions similar to apoptosis (Ben-Zvi et al., 2008). 
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 Structure and functions: 

The major defining feature of the SEMA protein family is a conserved sema domain, which is 

an approximately a 500 amino acid extracellular domain (Kolodkin et al., 1993). The overall 

protein organization within the family is quite different, apart from this conserved sema domain 

(Kolodkin et al., 1993). There are more than 20 members in this family, with diverse structures, 

which are either secreted or transmembrane or cell surfaceattached proteins. They are 

characterized by a single cysteine rich extracellular sema domain (Alto & Terman, 2017), also 

known as the plexin-semaphorin-integrin (PSI) domain, because of its homologous nature to 

the beta chain of integrins and its presence in plexin family members (Siebold & Jones, 2013). 

The sema domain exists as a single copy at the N-terminus of the SEMA proteins and is 

essential for signalling. It is also found in the plexin family of proteins and in several receptor 

tyrosine kinases (Siebold & Jones, 2013). These proteins are also included in the SEMA super 

family (Siebold & Jones, 2013). Semaphorin structure has revealed that the sema domain 

undergoes homophilic dimerization and this dimerization is important for its functioning 

(Klostermann et al., 1998; Koppel & Raper, 1998).  

Semaphorins are majorly grouped into eight major classes based on phylogenetic tree analysis 

and their structure (Bamberg et al., 1999). The first seven are ordered by number and the eighth 

group is class V for virus. Classes 1 and 2 are found in invertebrates and classes 3, 4, 5, 6 and 

7 are found in vertebrates. Members belonging to classes 1, 4, 5, and 6 are transmembrane 

proteins, classes 2, 3 and V members are secreted proteins, and class 7 members are GPI-linked 

(Alto & Terman, 2017).  

 Class 1- SEMA1A, SEMA1B 

 Class 2-SEMA2A 

 Class 3- SEMA3A, SEMA3B, SEMA3C, SEMA3D, SEMA3E, SEMA3F 

 Class 4- SEMA4A, SEMA4B, SEMA4C, SEMA4D, SEMA4E, SEMA4F, SEMA4G 

 Class 5- SEMA5A, SEMA5B 

 Class 6- SEMA6A, SEMA6B, SEMA6C 

 Class 7- SEMA7A 

 Class V- SEMAVA, SEMAVB 
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In humans a variety of genes code for semaphorins. These include: 

 SEMA3A, SEMA3B, SEMA3C, SEMA3D, SEMA3E, SEMA3F, SEMA3G 

 SEMA4A, SEMA4B, SEMA4C (“SEMAF”), SEMA4D, SEMA4F, SEMA4G 

 SEMA5A, SEMA5B 

 SEMA6A, SEMA6B, SEMA6C, SEMA6D 

 SEMA7A 

The major function of SEMA protein is during embryonic development, where they are 

essential for the maintenance of many organs and tissues (Alto & Terman, 2017). They are also 

expressed in the adult brain. Recent studies have shown that they have an active role in refining 

synaptogenesis, dendritic and axonal exuberance, remodelling of the synaptic network and may 

also play a role in neuronal response to ROS during neuronal apoptosis (Pasterkamp & Giger, 

2009; Okuno et al., 2011; Mecollari et al., 2014; Van Battum et al., 2015; Goshima et al., 

2016).They function as a key regulator of morphology and motility in tissue systems like 

cardiovascular, immune, endocrine, hepatic, renal, reproductive, respiratory and 

musculoskeletal systems and sometimes can be found associated with cancer cells too (Alto & 

Terman, 2017). 

Even though different protein families are known to directly bind to SEMA proteins and 

function as receptors, most of the signalling is mediated through plexin receptors. Members 

from all classes of SEMA proteins have been found to interact with plexin receptors (Perälä et 

al., 2012). 

Neuropilin (NPN) is also another class of well characterized SEMA receptor that is best known 

for its association with class 3 SEMA proteins. NPN receptors containshort intracellular 

domains that work with various signal transduction receptors, including plexins and cell 

adhesion molecules. SEMA also binds to other receptors including CD72, TIM-2, integrins and 

proteoglycans (Alto & Terman, 2017). 

 

 Expression of semaphorins in the body 

There is no particular expression pattern for different classes of semaphorins. They are widely 

and dynamically expressed in particular regions during different stages of development and 
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this diverse expression pattern suggests that they are important in a variety of functions during 

development and throughout adulthood. They are widely associated with cellular processes 

such as adhesion, aggregation, fusion, migration, patterning, process formation, proliferation, 

viability and cytoskeletal organization (Yazdani & Terman, 2006). 

 

 SEMA3A 

There are seven members belonging to the secreted class 3 of semaphorins, named SEMA3A 

through SEMA3G, which are expressed in the nervous system (Hashimoto et al., 2004; Hou et 

al., 2008) and function through the NPN and plexin receptors, forming complexes in which 

NPNs serve as the ligand-binding moiety and plexins act as the signal transduction component 

(Sharma et al., 2012). 

SEMA3A, first designated as collapsin-1, was found to regulate stimulation-induced growth 

cone slump (Luo et al., 1993) and repulsion of neuron axon growth in the nervous system 

(Kolodkin et al., 1997; Tamagnone & Comoglio, 2000; Dent et al., 2004). They contain 

immunoglobulin like domain, one PSI domain and one semaphorin domain. SEMA3A can 

function as both a chemo attractive agent and chemo repulsive agent (Messersmith et al., 1995).  

Previous studies suggest that SEMA3A has both membrane-associated and free forms. 

Proteolytic cleavage might mediate initial activation and release of the protein and further 

proteolysis may partially attenuate its activity (Adams et al., 1997). At least three predicted 

proteolytic cleavage sites, designated PCS1 (residues 555–556), PCS2 (residues 735–736) and 

PCS3 (residues 761–762), have been identified in mammalian forms of SEMA3A (771 

residues) (Good et al., 2004). Western blot analysis of SEMA reveals differential distribution 

of three bands migrating with apparent molecular masses of approximately 160, 120–125 and 

95–100 kDa (Good et al., 2004). 

 

8. PLEXINS 

Plexins are large transmembrane receptors similar to SEMA. They contain an extracellular 

sema domain, a PSI domain and an Ig-like, plexins, transcription factors (IPT) domain (Hu& 

Zhu, 2018). The plexin family includes four subfamilies based of their structure. Two classes 
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are present in invertebrates (A and B) and four classes in vertebrates (A–D) (Perälä et al., 2012; 

Alto & Terman, 2017). 

 Class A 

 Class B 

 Class C 

 Class D 

 

 

 Structure and functions: 

Plexins are large transmembrane receptors with ten domains in the extracellular region 

containing an extracellular sema domain, which mediates it’s interaction with SEMA proteins, 

several other known extracellular protein domains including, two or three Met-related 

sequences (MRS; also called ‘domains found in plexins, semaphorins and integrins, PSI), 

glycine-proline-rich immunoglobulin (Ig)-domains shared by plexins and transcription factors 

(IPT), all of which can also be found in Met family tyrosine kinases (Perälä et al., 2012), and 

a highly conserved intracellular domain containing a GTPase activating protein (GAP) 

homology domain with a Rho GTPase-binding domain insert (Kong et al., 2016). They also 

have a PSI domain, and an Ig-like, plexins, IPT domain. The cytoplasmic domain contains two 

GTPase activating protein domains which include the GTPase-binding domain and PDZ 

domain (Hu & Zhu, 2018). 

Plexin expression is regulated by nine genes which is categorized into four subclasses based 

on homology and structure (Kong et al., 2016). They are: 

 Class A: PLXNA1, PLXNA2, PLXNA3, PLXNA4 

 Class B: PLXNB1, PLXNB2, PLXNB3 

 Class C: PLXNC1 

 Class D: PLXND1 

 

Each plexin receptor class interacts with a particular SEMA class or classes to mediate 

signaling. They are majorly involved in the expression of SEMA on the surface of axon growth 

cones band involvement in signal transduction to steer axon growth away from the source of 
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Semaphorin (Winberg et al., 1998) as they are mediators of repulsive signals (Mauti et al., 

2006). They also have a role in many other aspects of development of the nervous system 

including axon guidance, fasciculation, branching and synapse formation (Kruger et al., 

2005; Tran et al., 2007). Their functioning in association with class 3 semaphorins, as a co- 

receptor, is the most widely studied one (Mauti et al., 2006). Plexin is inactive in the absence 

of SEMA. Binding of SEMA to the extracellular region activates the intracellular signaling 

pathway of plexin (Pascoe et al., 2015). Some plexin family members also have a role in 

controlling tissue homeostasis and regeneration after a trauma or injury to the nervous system 

(Shim et al., 2012). 

 

 Expression of plexin subclasses in the body 

The expression and distribution of classA plexins has been studied in more detail than any other 

plexin subfamilies as they are often associated with the functioning of class3 SEMA. Plexin-

As also have an NPN-independent expression. The expression of class-B plexins has not been 

associated with any specific function and they are expressed in neurons and transiently in glial 

cells. PlexinC1 expression is associated with late stages of neural development and PlexinD1is 

expressed transiently in motor neurons during certain stages of development (Mauti et al., 

2006). 

 

 PLEXIN A3 

Plexin A3 is a 220kDa cell surface receptor protein. It acts as a co-receptor for SEMA3A and 

SEMA3F, and might play a significant role in semaphorin-mediated cell death in the 

developing nervous system. They are involved in axon guidance and regulation of migration 

of sympathetic neurons, but not of neural crest precursors (Kong et al., 2016). It is also essential 

for dorsal turning of the corticospinal tract axons, development of hippocampus and 

maintaining the normal dendrite spinal morphology of pyramidal neurons (Ben-Zvi et al., 

2008; Cheng et al., 2001). 
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 Role of semaphorin and associated proteins in the human nervous system 

Proteins of SEMA family are best known for their roles in nervous system development, 

majorly in axon guidance (Kruger et al., 2005). An important way by which they guide growing 

axons is by either repelling them or preventing them from entering certain regions. Studies with 

normal and mutant SEMA proteins, both in vivo and in vitro, have revealed that at least some 

semaphorins form molecular boundaries to prevent axons and cells from entering inappropriate 

areas (Yazdani & Terman, 2006). They also play important roles in physiological and 

pathological processes during adulthood. In the nervous system, altered semaphorin function 

has been linked to epilepsy, retinal degeneration, AD, motor neuron degeneration, 

schizophrenia and PD (Rice et al., 2004; Sahay et al., 2005; Pasterkamp & Kolodkin, 2003; 

Eastwood et al., 2003). Semaphorins may also limit the ability of axons to re-grow after injury 

and prevent abnormal sprouting of axons involved in pain or autonomic function (de Wit & 

Verhaagen, 2003; Moreau-Fauvarque et al., 2003; Goldberg et al., 2004; Tang et al., 2004). 
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CHAPTER: 03 

AIM AND OBJECTIVES 

AIM  

To analyze changes in the expression level of the protein semaphorin 3A (SEMA3A) in an in 

vivo model of acute excitotoxicity. 

OBJECTIVES  

1. To estimate the protein concentrations of brain tissue samples treated with saline and NMDA 

by intracerebroventricular injection. 

2. To determine the expression level of SEMA3A using western blotting and to quantitate 

changes in its expression level upon NMDA treatment, in comparison to saline treatment. 

3. To determine the expression level of Plexin A3 using western blotting and to quantitate 

changes in its expression level upon NMDA treatment, in comparison to saline treatment. 
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CHAPTER: 04 

MATERIALS AND METHODS 

I. Materials 

 

1. Rat brain tissue homogenates 

The cortical regions of brain tissues from six Wistar rats subjected to 

intracerebroventricular (ICV) injection of saline (left cortex) and NMDA at a dose of 

40µg/Kg body weight (right cortex) (Kumar et al.,2019) were provided. 

The samples were labelled as mentioned below: 

 

Table 4 1: Samples of rat brain tissue homogenates 

Animal No. Left cortex (Saline) Right cortex (NMDA) 

1 ALC1 ARC1 

2 ALC2 ARC2 

3 ALC3 ARC3 

4 A2LC3 A2RC3 

5 LC1 RC1 

6 LC2 RC2 

 

 

2. Protein estimation using BCA method 

2.1. Chemicals Required: 

2.1.1. BSA working solutions (10 mg/mL – 50 mg/mL): The required quantity of BSA was 

dissolved in 1 mL of distilled water to prepare the desired working solutions. 
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Table 4.2: BSA working standard solutions 

Working Concentration (mg/mL) BSA (mg) 

10 10 

20 20 

30 30 

40 40 

50 50 

 

 

2.1.2. BCA reagent: For a 50 mL reaction mixture, add the following: 

 Reagent A – 49 mL 

 Reagent B – 1mL 

 

3. Western Blotting 

3.1. Chemicals Required: 

1. Trizma® base  

2. 30% Acrylamide (acrylamide/bisacrylamide) solution  

3. Ammonium Persulphate (APS)  

4. Tetra methyl ethylene diamene (TEMED)  

5. Glycine 

6. Methanol  

7. Sodium chloride (NaCl)  

8. Tween-20  

9. Bovine Serum Albumin (BSA)  

10. Sodium Dodecyl Sulphate (SDS)  

11. Ponceau stain  

12. β-mercapto ethanol 

13. Bromophenol blue  

14. Glycerol  

15. Tris-HCl 

16. Hydrochloric acid  
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17. Anti-SEMA3A antibody (Santa Cruz) 

18. Anti-β-actin antibody (Sigma)  

19. Anti-Rabbit antibody conjugated to HRP (Sigma)  

20. Anti-Mouse antibody conjugated to HRP (Sigma) 

21. Clarity western ECL Kit (Bio-Rad) 

 

3.2. Composition: 

1) 10% APS (10mL): 

1g APS was dissolved in 10mL of distilled water. 

2) 30% Acrylamide solution: 

 Acrylamide                                     -29.22g  

 N,N’-Methylene bis(acrylamide)    -0.78g  

Dissolve the above in 100mL of distilled water and filter the solution through Whatman 

filter paper.  

3) Tris Buffer(4X) (100mL) (pH 8.8) 

 

 Trizma® base – 18.17 g 

 20% SDS        - 2mL 

Adjust the pH to 8.8 using HCl 

4) TrisBuffer (4X) (100mL) (pH 6.8) 

 

 Trizma® base – 6.06 g 

 20% SDS        - 2mL 

Adjust the pH to 6.8 using HCl 

5) SDS-loading dye (5X) (100 mL) 

 

 β-Mercapto ethanol  - 5 mL  

 Bromophenol blue  - 0.02 g  
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 Glycerol   - 30 mL  

 SDS    - 10g  

 Tris-HCl (pH 6.8)  - 3.94 g  

The volume was made up to 100 mL with distilled water.  

6) Tris-Glycine buffer (10X) (1000 mL)  

 

 Trizma® base -30 g  

 Glycine – 144g  

The pH was adjusted to 8.3 and volume was made up to 1000 mL with distilled 

water.  

Tris-Glycine buffer (1X) (500 mL)  

50 mL of 10X Tris-Glycine buffer was diluted with 450 mL of distilled 

water.2.5 mL of 20% SDS stock solution was added prior to use.  

7) Towbin’s buffer (1000 mL)  

 

 Trizma® base  - 3 g  

 Glycine  - 14.4 g  

 Methanol  - 200mL  

The volume was made up to 1000mLwith distilled water.  

8) TBS buffer (10X) (500 mL)  

 

 Trizma® base – 6.057 g  

 NaCl               - 58.4 g  

The pH was adjusted to 7.5 using 1N HCl and the volume was made up to 500 mL 

with distilled water.  

TBS buffer (1X) (1000 mL)  

100 mL of 10X TBS buffer was diluted with 900 mL of distilled water.  
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9) TTBS buffer (1000 mL)  

 

 TBS buffer (1X) - 980 mL  

 10% Tween-20 - 20 mL  

 

10) Blocking solution (50 mL)  

2.5 g BSA was dissolved in 50 mL of TTBS buffer.  

11) Antibody dilution buffer (50 mL)  

1 g BSA was dissolved in 50 mL of TTBS buffer. 

12) ECL Substrate 

Enhanced luminol reagent and the oxidizing reagent were mixed in a 1:1 ratio in 

dark. 

10% SDS-PAGE gel: 

Table 4.3: 10% SDS-PAGE gel composition 

 

Solution components Resolving gel(mL) Stacking gel(mL) 

Distilled water 2.79 2.86 

30%acrylamide solution 2.3 0.80 

Trisbuffer 1.73 (pH 8.8) 1.25 (pH 6.8) 

10% APS 0.17 0.10 

TEMED 0.01 0.01 

 

4. Equipments Used 

● -80ºCfreezer  

● -20°C freezer 
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 ● 4ºC cold room/refrigerator  

● Vortex   

● Micropipettes  

● Eppendorf tubes  

● Rotospin 

● Magnetic stirrer  

● pH meter 

● Orbital Shaker  

● 96-well plate  

● 37°C Incubator  

● TECAN microplate reader  

● Blotting apparatus  

● Molecular Imager® VersaDoc™ MP 4000 system 

 

5. Softwares used 

1. iControl Software, provided with TECAN microplate reader, was used for protein 

estimation by BCA assay. 

2. Quantity One Software, provided with Molecular Imager® VersaDoc™ MP 4000 system, 

was used for blot development by enhanced chemiluminescence method. 

3. ImageJ software, downloaded as a free tool from http://image.nih.gov/ij/download.html 

(National Institutes of Health, 1997), was used for the densitometry analysis of blot.  
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II. Methodology 

 

1) Protein estimation using BCA method 

 

1. In a 96-well plate, the protein samples were added in triplicates in a 1:10 dilution (1µL 

protein in 9µLdistilled water). 

2. A blank (10µLdistilled water) and five BSA standards (10mg/mL, 20mg/mL, 

30mg/mL, 40mg/mL and 50mg/mL) were also added in triplicates. 

3. 190µL of BCA reagent mixture was added to each well and mixed well. 

4. The plate was incubated at 37ºC for 30 minutes. 

5. The absorbance values at 526nm were measured using TECAN microplate reader. 

6. The average value of the triplicates used for each sample was calculated and 

normalized to the blank. 

7. A standard graph was plotted with absorbance values (y-axis) vs. BSA standard 

concentrations (x-axis).  

8. Using the straight-line equation y = mx+c, with the intercept value c set at zero, the 

concentrations of the unknown protein samples were determined. 

 

2) Sample preparation for SDS-PAGE 

 

1. Protein samples at a concentration of 60-120µgwere used for western blotting.  

2. 5X SDS loading dye at a final concentration of 1X were added to all the samples.  

3. The volume of the samples was made up to 25 µL with distilled water.  

4. The samples were boiled at 100ºC for 15 minutes. 

 

3) SDS-PAGE 

 

1. The acrylamide gel was placed in the electrophoresis apparatus and filled with 1X Tris-

glycine buffer. 

2. The protein samples were loaded into each well along with a protein marker.  

3. The gel tank was connected to the power supply.  
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4. Electrophoresis was carried out with a voltage setting as follows:   

 Stacking gel -75V  

 Resolving gel -100V  

5. The power supply was stopped when the dye front reached the bottom of the gel 

 

4) Western Blotting 

 

1. The resolving gel was removed from the plate using a scoop and kept in fresh Towbin’s 

buffer for 5-10 minutes. 

2. Polyvinylidene fluoride (PVDF) membrane (9 cm x 6 cm) was activated with methanol 

for one minute and soaked in fresh Towbin’s buffer for 10-15 minutes.  

3. Similarly, the sponges and Whatman filter paper (9 cm × 6 cm) were also soaked in 

Towbin’s buffer for 10-15 minutes.  

4. The blot cassette was arranged by placing the gel and membrane between the filter 

paper and sponges. The gel was placed near the cathode (-ve) and membrane was placed 

near the anode (+ve). Prior to closing the cassette, the membrane roller was rolled over 

the membrane to eliminate air bubbles.   

5. The blot cassette was placed in the apparatus and cold Towbin’s buffer was added to it.  

6. The apparatus was connected to the power supply.  

7. Blotting was carried out for 1.5 hours at 100V.  

8. After transfer, the PVDF membrane was removed and stained with Ponceau to check 

for protein transfer.  

9. The blot was cut into two halves – upper half (>75 kDa) and lower half (<75 kDa). 

10. The membranes were washed with TTBS for 10 minutes, thrice.  

11. The membranes were blocked with 5% BSA for 1hour at room temperature.  

12. The membranes were washed with TTBS for 10 minutes, thrice.  

13. Primary antibody at the required dilutions (SEMA3A-1:200, β Actin-1:3000) were 

added to the membrane and incubated at 4°C overnight.  

14. The membranes were washed with TTBS for 10 minutes, thrice.  

15. Secondary antibody at the required dilutions (Anti-Rabbit-HRP-1:3000, Anti-mouse-

HRP-1:5000) were added to the membrane and incubated at room temperature for 1 

hour.  

16. The membranes were washed with TTBS for 10 minutes, thrice.  
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17. The membrane was washed with 1X TBS for 10 minutes, twice and stored in 1X TBS 

at 4°C till development 

 

5) Blot development using ECL method 

 

1. In a 1.5 mL tube, equal volumes of enhanced luminol reagent and the oxidizing 

reagent were mixed in dark. 

2. The membrane was placed in a tray and positioned in Molecular Imager® 

VersaDoc™ MP 4000 system. 

3. The ECL reagent mixture was layered onto the membrane in dark (~ 5-10 times). 

4. The blot images were captured at different exposure settings, optimized according to 

the protein of interest. 

 

6) Blot quantitation using ImageJ 

 

1. The captured blot images were exported in .tif image format and opened in ImageJ 

software.  

2. The desired area from the blot image was cropped and the cropped image was 

converted to 8-bit format. 

3. The noise present in the image was removed and the blot was aligned to a straight 

line, if skewed. 

4. Using the rectangular tool, the desired bands were selected and the peaks for each lane 

were plotted. 

5. By using the straight-line tool, the desired peak for each lane was demarcated. 

6. The areas inside the selected peaks were obtained using the wand tool. 

7. The values obtained were copied to an Excel file and labelled accordingly.  

8. The densitometric value of SEMA3A (125 kDa and 95 kDa) was normalized with that 

of the loading control (β-actin). 

9. The relative value of SEMA3A (125 kDa and 95 kDa) level upon NMDA treatment 

was calculated taking its corresponding saline control as 1. 

10. Bar graphs were plotted with the calculated relative values. 
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CHAPTER: 05 

RESULTS AND DISCUSSION 

1. RESULTS 

5.1 Description of Samples 

Samples used in this study were previously generated and were reported (Kumar et al., 

2019). In this in vivo model, saline and NMDA (at a dose of 40 µg/Kg body weight) were 

injected into the left and right lateral ventricles respectively using a stereotactic apparatus 

and the animals were sacrificed 30 mins later (Kumar et al.,2019).  The cortical samples 

isolated from these animals that were available in the host laboratory were provided for this 

study. 

5.2 Protein estimation by BCA method 

 

The amount of protein in 1µL samples of homogenized cortical tissue were estimated using 

BCA method. Five different BSA standard concentrations, ranging from 10-50 mg/mL 

were used to construct the standard graph which was then used to calculate the unknown 

protein concentrations of the homogenate samples. A graph was plotted with absorbance 

value vs. protein concentration (Figure 5.1). 

 

Figure 5.1 Graph depicting absorbance value vs. standard protein 

concentration 
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The unknown protein concentrations were calculated (Table 5.1) using the line 

equation y = mx + c, with the intercept c set at zero (Figure5.1). 

Table 5.1: Protein concentration of saline and NMDA treated rat brain homogenate 

Saline treated 

samples 

Concentration 

(µg/µL) 

NMDA treated 

samples 

Concentration 

(µg/µL) 

ALC1 28.29 ARC1 31.73 

ALC2 34.03 ARC2 30.28 

ALC3 27.12 ARC3 30.50 

A2LC3 29.5 A2RC3 25.23 

LC1 37.74 RC1 43.90 

LC2 36.69 RC2 37.46 

120 µg protein was used for western blot analysis. 

 

5.3 Western Blotting 

 

Western blotting was carried out with 120µg of each protein sample. The proteins were 

separated by SDS-PAGE. After separation, they were transferred to polyvinylidene fluoride 

(PVDF) membrane. The membrane was probed against SEMA3A (1:200 dilution of 

primary antibody) and β-actin (1:5000dilution of primary antibody) (Figure 5.2). 

 

 

Figure 5.2 Representative immunoblots showing the expression level of SEMA3A (~ 125 

and95 kDa) with its corresponding β-actin (~42 kDa) in saline and NMDA treated 

cortical tissue samples 
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Two prominent bands of SEMA3A at ~125 kDa and ~95 kDa were observed upon analysis 

of the developed blots. While 125 kDa form of SEMA3A represents the membrane-

associated, full-length protein, the 95 kDa form represents the active protein generated by 

proteolysis by furin (Adams et al., 1997). The blots of SEMA3Aand β-actin were quantified 

using ImageJ software. The values obtained were normalized against their corresponding 

β-actin. The relative value of SEMA3A level upon NMDA treatment for each sample was 

calculated taking its corresponding saline control as 1. The average and standard deviation 

of the relative values were calculated and plotted in bar graphs (Figure 5.3 and Figure 5.4). 

Student’s t test was used to calculate the p value. 

 

 

 

Figure 5.3: Bar graph representing the level of 125 kDa form of 

SEMA3Ain NMDA treated sample compared to saline treated sample.  

Band intensity of SEMA3A was normalised to corresponding β-actin.  

The values are expressed as fold change with respect to saline treated 

sample (n=6, p=0.656) 
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Figure 5.4: Bar graph representing the level of 95 kDa form of SEMA3A in 

NMDA treated sample compared to saline treated sample. Band intensity of 

SEMA3A was normalised to corresponding β-actin.  The values are expressed as 

fold change with respect to saline treated sample (n=6, p=0.376) 

 

No significant change in the expression levels of both 125 kDa and95 kDa forms of 

SEMA3A was observed between the saline and NMDA treated samples. 

 

2. DISCUSSION 

Proteolysis of SEMA precursor proteins, by furin, is essential for the initial activation and 

release of the mature protein (Adams et al., 1997). Differential post-translational processing 

of full-length SEMA3A results in forms of varying molecular weights. The 125 kDa form 

of SEMA3A that represents the full-length protein (Adams et al., 1997) is majorly observed 

in hippocampus and thalamus (Good et al., 2004). The 125 kDa band observed in this study 

(Figure 5.2) may represent the membrane-associated SEMA3A protein. In human thalamic 

samples, this form presents a punctate surface staining pattern that represents its membrane-

associated existence (Good et al., 2004). 

Proteolytic cleavage at site 3 (PCS3) releases the 95 kDa SEMA3A fragment (Figure 5.3) 

and renders SEMA3A fully active (Adams et al., 1997). In AD, it has been previously 
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reported that the cleaved, active form of SEMA3A accumulates in a granular pattern in the 

cytoplasm of neurons in the CA1 field of the hippocampal formation and in the subiculum 

(Good et al., 2004). Aberrant regulation of SEMA3A signaling is proposed to contribute to 

the progressive neurodegenerative changes observed during AD (Good et al., 2004). Also, 

SEMA3A can induce death of embryonic sensory neurons (Ben-Zviet al., 2008).  

The absence of a significant change in the expression levels of both the 125 kDa and 95 

kDa forms of SEMA3A upon NMDA treatment in this study might be due to the short 

exposure (30 mins) of brain tissue to an excitotoxic insult, in contrast to the previously 

reported changes in progressive forms of AD (Good et al., 2004). Further experiments with 

a larger sample size (n>6) along with immunohistochemistry (IHC) and real-time PCR are 

essential to draw definite conclusions on the expression of SEMA during excitotoxicity. As 

semaphorin class3 proteins function in association with Plexin A3 receptors, a better 

understanding on how plexin A3 levels are altered during NMDAR-mediated 

excitotoxicity, along with other semaphorin associated proteins like neuropilins, will help 

in deciphering the role of SEMA proteins during neuronal cell death.  

 

Note: 

The initial proposal of the project work also included analyzing the expression levels of 

SEMA3A associated protein, plexin A3. However, due to the current COVID-19 pandemic 

situation, I was unable to complete the experiments with plexinA3. 
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SUMMARY AND CONCLUSION 

 

SUMMARY 

i. Protein estimation of homogenized brain tissue samples were performed using 

BCA method. 

ii. The tissue samples were used for western blotting to check for the expression of 

Semaphorin 3A (SEMA3A). 

iii. No significant change in the expression levels of 125 kDa and 95 kDa forms of 

SEMA3A were observed with NMDA treatment compared to saline treatment. 

 

CONCLUSION 

Aberrant regulation of SEMA3A signaling mechanism has been reported to contribute to 

progressive neurodegeneration observed during AD (Good et al., 2004). In this study, no 

significant change in the protein expression levels of 125 kDa and 95 kDa forms of 

SEMA3A were observed in an in vivo model of acute excitotoxicity. Further experiments 

with a larger sample size along with immunohistochemistry (IHC) and real-time PCR are 

essential to draw definite conclusions on the expression of SEMA during excitotoxicity. 
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