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    There are still many unmet medical requirements, including brain tumours. Brain tumours can now be treated with considerably less toxicity and better pharmacokinetics and pharmacodynamics because of recent nano-drug delivery technologies. It is still difficult to treat brain tumours due to their rapid growth and poor prognoses, even with surgery, radiation, and chemotherapies. To combat the disease, therapeutic delivery methods that maximise drug accumulation in the tumour location and decrease toxicity in normal brain and peripheral tissue are a potential new strategy. The fact that brain tumours differ in many ways from tumours in other tissues means that drug delivery to brain tumours can take advantage of the constantly changing vascular characteristics and microenvironment. For brain tumour theranostics, nanocarrier-based delivery methods address brain architecture and tumours in addition to the advances and problems in delivering medicines across the blood brain barrier. Theranostics combines diagnostics and therapeutics. A growing number of people are becoming interested in individualised therapy and diagnostics approaches. As well as conserving money, this method also limits the negative effects of a specific goal.




    This book contains several sections on nanotechnology, including the most recent developments in the field and practical advice on how to build more effective nanocarriers for medication and gene delivery. There is much helpful information in this book that will help readers to create innovative drug delivery systems for brain tumour therapy that will help to boost nanomedical technology. The key features highlighted in this book are various theranostic-based delivery systems for brain tumour diagnosis and treatment. This book will be of interest to many academicians, scientists, and researchers. It will enable them to understand the possible prospects of nanotechnology for delivering nanocarriers that can better diagnose and cure brain tumours in the future.
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      Abstract




      The brain is an efficient processor of information. It is the most complex and sensitive organ in the body and is responsible for all functions of the body, including serving as the coordinating center for all sensations, mobility, emotions, and intellect. The magnitude of its myriad function is often realized usually when there is a disruption of the nervous system due to injury, disease, or inherited predispositions. Neuroscience is the field of study that endeavors to make sense of such diverse questions; at the same time, it points the way toward the effective treatment of dysfunctions. The two-way channel of information: findings from the laboratory leading towards stricter criteria for diagnosing brain disorders and more effective methods for treating them and in turn, the clinician's increasingly acute skills of diagnosis and observation that supply the research scientist with more precise data for study in the lab diligently expands the field of neuroscience. Tumors of the brain produce neurological manifestations through several mechanisms. Stronger hypotheses about the mechanism of a disease can point the way toward more effective treatments and new possibilities for a cure. In highly complex disorders of the brain, in which many factors genetic, environmental, epidemiological, even social and psychological—play a part, broadly based hypotheses are exceedingly useful. With the advancements in technology and a better understanding of brain anatomy and physiology, the quest to discover an efficient cure for life-threatening tumors of the brain is underway.
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      INTRODUCTION




      The nervous system is a very complex structure that can be divided into two major regions: the central nervous system (CNS) which consists of the brain and spinal cord and the peripheral nervous system (PNS) which is an extensive net-




      work of nerves that consists of (i) Craniospinal nerves having 12 pairs of cranial nerves and 31 pairs of spinal nerves, (ii) Visceral nervous system comprising the sympathetic nervous system and parasympathetic nervous system connecting the CNS to the muscles and sensory structures [1, 2]. The spinal cord is a single structure, whereas the adult brain is divided into four major regions: (i) The cerebral hemispheres, comprised of the cerebral cortex, basal ganglia, white matter, hippocampi, and amygdalae; (ii) The diencephalon, with the thalamus and hypothalamus; (iii) The brain stem, consisting of the medulla, pons, and midbrain; and (iv) The cerebellum. The brain is the central control module of the body and coordinates activities like task-evoked responses, senses, movement, emotions, language, communication, thinking, and memory [3, 4]. In this book chapter, we discuss the anatomy of the brain, its functions, development, and pathology with a special focus on brain carcinogenesis.


    




    

      THE ANATOMY OF THE HUMAN BRAIN




      The brain is protected by the skull (cranium) which is in turn covered by the scalp. The scalp is composed of an outer layer of skin, which is loosely attached to the aponeurosis, a flat, broad tendon layer that anchors the superficial layers of the skin. The periosteum, below the aponeurosis, firmly encases the bones of the skull and provides protection, nutrition to the bone, and the capacity for bone repair. Below the skull are three layers of protective covering called the meninges that surround the brain and the spinal cord. The meningeal layer closest to the bones of the skull called the dura mater (meaning tough mother) is thick and tough and includes two layers; the periosteal layer lines the inner dome of the skull followed by the meningeal layer below. The space between the layers allows the passage of veins and arteries that supply blood to the brain. Below the dura mater lies the arachnoid mater (spider-like mother) which is comprised of a thin web-like connective tissue called arachnoid trabeculae and is devoid of nerves or blood vessels. The innermost meningeal layer is a delicate membrane called the pia mater (tender mother). The pia mater firmly adheres to the convoluted surface of the CNS, lining the inside of the sulci in the cerebral and cerebellar cortices, and is rich in veins and arteries. Between the arachnoid mater and pia mater is the subarachnoid space which is filled with cerebrospinal fluid (CSF), produced by the cells of the choroid plexus—areas in each ventricle of the brain (discussed further below). The CSF serves to deliver nutrients and removes waste from neural tissues and also provides a liquid cushion to the brain and spinal cord (Fig. 1) [5, 6].
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Fig. (1))


      The layers of the tissue surrounding the human brain including three meningeal membranes: the dura mater, the arachnoid mater, and pia mater.



      

        Cerebrum




        The cerebrum, which appears to make up most of the brain mass, consists of two cerebral hemispheres demarked by a large separation called the longitudinal fissure. Each hemisphere has an inner core composed of white matter-the corpus callosum-and and an outer surface-the cerebral cortex- composed of gray matter. The corpus callosum, the largest of the five commissural nerve tracts, provides the major pathway for communication between the two hemispheres. According to the concept known as localization of function, different regions of the cerebral cortex can be associated with particular functions. In the early 1900s, an extensive study of the microscopic anatomy—the cytoarchitecture—of the cerebral cortex was undertaken by a German neuroscientist named Korbinian Brodmann who divided the cortex into 52 separate regions based on the histology of the cortex. The results from Brodmann’s work on the anatomy align very well with the functional differences within the cortex and resulted in a system of classification known as Brodmann’s areas, which is still used today to describe the anatomical distinctions within the cortex [7]. Each hemisphere is conventionally divided into four lobes namely the frontal lobe, temporal lobe, occipital lobe, and parietal lobe (Fig. 2).





        

          	
Frontal lobe: positioned at the front of the brain, the lobe is associated with executive functions. Containing a majority of dopamine-sensitive neurons, the region is responsible for self-control, planning, reasoning, motivation, and abstract thinking. Broca’s area is responsible for the production of language, or controlling movements responsible for speech; in the vast majority of people, it is located only on the left side [4, 8, 9].




          	
Temporal lobe: It processes sensory information for the retention of memories, language, and emotions. The presence of olfactory nerves and auditory nerves makes it a major player in the sensations of smell and hearing [10].




          	
Occipital lobe: housing the visual cortex, the lobe is dedicated to vision [4].




          	
Parietal lobe: The main sensation associated with the parietal lobe is somatosensation. It integrates and interprets sensory information including vision, hearing, motor, sensory, spatial awareness, navigation, and memory function. Wernicke’s area is located here, which is responsible for understanding spoken and written language [9].




          	Anterior to these regions is the prefrontal lobe, which serves cognitive functions that can be the basis of personality, short-term memory, and consciousness.
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Fig. (2))


        Lobes of the Cerebral Cortex: The cerebral cortex is divided into four lobes. Extensive folding increases the surface area available for cerebral functions.

      




      

        Subcortical Structures




        Beneath the cerebral cortex lies a set of nuclei called the subcortical nuclei deep within the hemispheres that augment cortical processes (Fig. 3). The nuclei of the basal forebrain structures serve as the primary location for the production of acetylcholine which is then distributed throughout the cortex possibly leading to greater attention to sensory stimuli. Alzheimer’s disease is associated with the loss of neurons in these nuclei. The hippocampus and amygdala are medial-lobe structures that are involved in long-term memory formation and emotional responses. The basal ganglia or basal nuclei which include structures like the striatum, substantia nigra, and the subthalamic nucleus are involved in the control of voluntary motor movements, procedural learning, and influence the likelihood of movements taking place [7].


      




      

        The Diencephalon




        Diencephalon (through the brain) connects the cerebrum and the rest of the nervous system. The thalamus is a major processing region for sensory information and relays impulses between the cerebral cortex and the periphery, the spinal cord, or brain stem. Positioned in the center of the brain, the thalamus is involved in the regulation of consciousness, sleep, awareness, and alertness. The hypothalamus is largely involved in the regulation of homeostasis. It controls the autonomic nervous system and endocrine system by regulating the anterior pituitary secretions (e.g. LH) by releasing stimulating hormones (e.g. GnRH) into the hypophysial portal blood [11]. The secretions of the posterior pituitary (antidiuretic hormone, oxytocin) are also controlled by the hypothalamus. As part of the limbic system, certain parts of the hypothalamus are also involved in memory and emotion (Fig. 3) [7].


      




      

        Brain Stem




        The brain stem which includes the midbrain and hindbrain (pons and medulla) connects the cerebrum to the spinal cord (Fig. 3). The midbrain is a complex structure with a range of neuronal clusters that coordinate sensory representations of the visual, auditory, and somatosensory perceptual spaces. The pons is the main connection with the cerebellum. The pons and the medulla regulate several crucial functions, including the cardiovascular and respiratory systems and rates. The brain stem continues below the large opening in the occipital bone, called the foramen magnum, as the spinal cord and is protected by the vertebral column. A diffuse region of gray matter throughout the brain stem, known as the reticular formation, is related to sleep and wakefulness, such as general brain activity and attention [7, 12].


      




      

        Cerebellum




        The cerebellum (little brain) is largely responsible for comparing information from the cerebrum with the sensory feedback from the periphery through the spinal cord to fine-tune the precision and accuracy of motor activity. The cerebellum lies in the back of the cranial cavity, lying beneath the occipital lobes, separated by the cerebellar tentorium (Fig. 3). It is divided into three lobes; anterior lobe, posterior lobe, and floccondular lobe which function to coordinate voluntary muscle movements, maintain posture, balance, and equilibrium. The output of the cerebellum reaches the midbrain, which then sends a descending input to the spinal cord to correct the messages going to the skeletal muscles [7, 13].
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Fig. (3))


        Anatomy of the human brain (sagittal)

      




      

        Circulation and CSF




        Blood is carried to the brain by two sets of arteries; the internal carotid arteries which enter the cranium through the carotid canal in the temporal bone and vertebral arteries which enter through the foramen magnum of the occipital bone. The internal carotid artery supplies most of the cerebrum, while the vertebral arteries supply the cerebellum, brainstem, and underside of the cerebrum. The two vertebral arteries then merge into the basilar artery, which gives rise to branches to the brain stem and cerebellum. The left and right internal carotid arteries and branches of the basilar artery all become the circle of Willis, a confluence of arteries that can maintain perfusion of the brain even if narrowing or a blockage limits flow through one part thus preventing brain damage. The external carotid arteries supply blood to the tissues on the surface of the cranium [14, 15].




        The venous circulation of the brain is very different from the body. After passing through the CNS, blood returns to the circulation through a series of dural sinuses and veins. The superior sagittal sinus runs in the groove of the longitudinal fissure, where it absorbs CSF from the meninges. The superior sagittal sinus drains to the confluence of sinuses, along with the occipital sinuses and straight sinus, to then drain into the transverse sinuses. The transverse sinuses connect to the sigmoid sinuses, which then connect to the jugular veins. From there, the blood continues toward the heart to be pumped to the lungs for reoxygenation. The two jugular veins are the only drainage of the brain [15, 16].




        The cerebrospinal fluid (CSF) is a modified transcellular fluid that circulates throughout and around the CNS. The ventricles are the open spaces within the brain where CSF is produced by filtering of the blood that is performed by a specialized membrane known as a choroid plexus which are networks of blood capillaries lined by ependymal cells in the walls of the ventricles. Specifically, CSF circulates through all of the ventricles to remove metabolic wastes from the interstitial fluids of nervous tissues to eventually emerge into the subarachnoid space where it is reabsorbed into the blood. The CSF also acts as a mechanical buffer; by remaining inside and outside the CNS, it equalizes mechanical pressure thus acting as a cushion between the soft and delicate tissues of the brain and the rigid cranium [6, 14].




        There are four ventricles within the brain, all of which developed from the original hollow space within the neural tube, the central canal. The first two are named the lateral ventricles and are deep within the cerebrum. These ventricles are connected to the third ventricle by two openings called the interventricular foramina. The third ventricle is the space between the left and right sides of the diencephalon, which opens into the cerebral aqueduct that passes through the midbrain. The aqueduct opens into the fourth ventricle, which is the space between the cerebellum and the pons and upper medulla. Three separate openings, the middle and two lateral apertures, drain the cerebrospinal fluid from the fourth ventricle to the cisterna magna one of the major cisterns. From the fourth ventricle, the CSF flows into the subarachnoid space where it bathes and cushions the brain. The single median aperture and the pair of lateral apertures connect to the subarachnoid space so that CSF can flow through the ventricles and around the CNS [14, 17].




        The tissues of the CNS have extra protection in that they are not exposed to blood or the immune system in the same way as other tissues. The blood vessels that supply the brain with nutrients and other chemical substances lie on top of the pia mater. The capillary endothelial cells joined by tight junctions control the transfer of blood components to the brain. In addition, cranial capillaries have far fewer fenestra (pore-like structures that are sealed by a membrane) and pinocytotic vesicles than other capillaries. As a result, materials in the circulatory system have a very limited ability to interact with the CNS directly. This phenomenon is referred to as the blood-brain barrier (BBB) [5, 14]. The barrier is less permeable to larger molecules but is still permeable to water, carbon dioxide, oxygen, and most fat-soluble substances (including anesthetics and alcohol). The blood-brain barrier is not present in the circumventricular organs—which are structures in the brain that may need to respond to changes in body fluids—such as the pineal gland, area postrema, and some areas of the hypothalamus. There is a similar blood-cerebrospinal fluid barrier, which serves the same purpose as the blood-brain barrier, but facilitates the transport of different substances into the brain due to the distinct structural characteristics between the two barrier systems. Morphological characteristics of the blood-brain barrier show; a) The high electron density of endothelial cytoplasm, b) Thicker basement membrane, c) Absence of perivascular connective tissue, d) Complete covering of the endothelial processes by astrocytic processes, and e) Small number or absence of cytoplasmic vesicles in endothelial cells. Lateral zonulae occludens of the capillary endothelium force solutes to pass through the cytoplasm of astrocytes which restrains the passage of molecule through its plasma membrane [18]. The blood-brain barrier maintains the constancy of the environment of the neurons in the CNS in such a way that the multiple homeostatic mechanisms of the ionic transfer during neuronal activity is maintained. While nutrient molecules, such as glucose or amino acids, can pass through the BBB, it is impermeable to larger molecules causing problems with drug delivery to the CNS. Pharmaceutical companies are thus challenged to design drugs that can cross the BBB as well as have an effect on the nervous system to treat conditions like neurodegenerative diseases and intracranial brain tumors [5]. Recently, a paravascular pathway, also known as the “glymphatic” pathway, has been described as a system for waste clearance in the brain. According to this model, cerebrospinal fluid (CSF) enters the paravascular spaces surrounding penetrating arteries of the brain, mixes with interstitial fluid (ISF) and solutes in the parenchyma, and exits along the paravascular spaces of draining veins [19].


      


    




    

      MICROANATOMY




      The human brain is primarily composed of neurons, glial cells, neural stem cells, and blood vessels. Neurons are the structural and functional unit of the nervous system. They are responsible for the computation and communication that the nervous system provides. They are electrically active and release chemical signals to target cells via specialized connections called synapses [20]. Glial cells, or glia, are known to play a supporting role in the nervous tissue. Ongoing research pursues an expanded role for glial cells in signalling, but neurons are still considered the basis of this function. Neurons are important, but without glial support, they would not be able to perform their function.




      The first way to classify a neuron is by the number of processes attached to the cell body. Using the standard model of neurons, one of these processes is the axon, and the rest are dendrites. Because information flows through the neuron from dendrites or cell bodies toward the axon, these names are based on the neuron's polarity. Axon is the process of a nerve cell that carries impulse away from it. Nerve fibers that carry impulses to the CNS are termed afferent and those carrying impulses from the CNS to the periphery are known as efferent. It arises from the part of the cell called the axon hillock. It is generally long with few branches and contains no Nissl granules. The axon hillock also has the greatest density of voltage-dependent sodium channels which makes it the most easily excited part of the neuron and the spike initiation zone for the axon. In electrophysiological terms, it has the most negative threshold potential. Dendrites collect impulses from other neurons and carry them to the cell body. The short cellular extensions with specific branching patterns resemble a dendritic tree, hence the name [21] (Fig. 4).




      Neurons are typically classified into three types based on their function; i.) Sensory neurons respond to stimuli such as touch, sound, or light that affect the cells of the sensory organs, and they send signals to the spinal cord or brain, ii.) Motor neurons receive signals from the brain and spinal cord to control everything from muscle contractions to glandular output, iii.) Interneurons connect neurons to other neurons within the same region of the brain or spinal cord. A group of connected neurons is called a neural circuit [22]. Neurons can also be classified according to the number of their processes: 1) Unipolar cells have only one process emerging from the cell. True unipolar cells are only found in invertebrate animals, so the unipolar cells in humans are more appropriately called “pseudo-unipolar” cells. All developing neuroblasts pass through a stage when they have only one process-the axon. Human unipolar cells have an axon that emerges from the cell body, but it splits so that the axon can extend over a very long distance. At one end of the axon are dendrites, and at the other end, the axon forms synaptic connections with a target. Unipolar cells are exclusively sensory neurons and have two unique characteristics.
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Fig. (4))


      Parts of a Neuron: The major parts of the neuron are labelled on a multipolar neuron from the CNS.



      First, their dendrites are receiving sensory information, sometimes directly from the stimulus itself. Secondly, the cell bodies of unipolar neurons are always found in ganglia. Sensory reception is a peripheral function (those dendrites are in the periphery, perhaps in the skin) so the cell body is in the periphery, though closer to the CNS in a ganglion. The axon projects from the dendrite endings, past the cell body in a ganglion, and into the central nervous system; 2) Bipolar cells have two processes, which extend from each end of the cell body, opposite to each other. One is the axon and one the dendrite. Bipolar cells are not very common. They are found mainly in the olfactory neuro-epithelium (where smell stimuli are sensed), in the vestibular ganglion, in the spiral ganglion of the cochlea, and as part of the retina; 3) Multipolar neurons are all of the neurons that are not unipolar or bipolar. They have one axon and two or more dendrites (usually many more). Except for the unipolar sensory ganglion cells, and the specific bipolar cells mentioned above, all other neurons are multipolar. A few of the common types of multipolar neurons are the Purkinje cell of the cerebellar cortex, pyramidal cell of the motor cortex, small neuron from the spinal nucleus of the trigeminal nerve, and motor neuron from the ventral horn of the spinal cord [20, 22]. Some sources describe a fourth type of neuron, called an anaxonic neuron. Anaxonic neurons are very small, and if looked through a microscope at the standard resolution used in histology (approximately 400X to 1000X total magnification), one will not be able to distinguish process specifically as an axon or a dendrite. Any of those processes can function as an axon depending on the conditions at any given time and are therefore multipolar [20].




      An alternate classification also exists where neurons are classified based on the length of their axon. (i) Golgi type I neuron has a very long axon that has an extensive course outside the gray matter of the CNS and passes the white matter. These cells form the bulk of the neurons which constitute the peripheral nerves and main fiber tracts of the brain and spinal cord. e.g., Pyramidal cell and Purkinje cell. (ii) Golgi type II neuron is stellate and has a short axon that does not leave the gray matter. These cells are found in the retina, the cerebellar, and the cerebral cortices. e.g., granule cell.




      Glia (glial cells or neuroglia) are the non-neuronal cells in the nervous tissue and were first described by a German pathologist Rudolf Virchow in 1856. They maintain homeostasis, form myelin, and provide support and protection to neurons. In the central nervous system, glial cells include oligodendrocytes, astrocytes, ependymal cells, and microglia, and in the peripheral nervous system; glial cells include Schwann cells and satellite cells [23]. They have four main functions: (1) To surround neurons and hold them in place; (2) To supply nutrients and oxygen to neurons; (3) To insulate one neuron from another; (4) To destroy pathogens and remove dead neurons. Astrocytes are the most abundant type of glial cells in the CNS. In general, there are two types of astrocytes, protoplasmic and fibrous, similar in function but distinct in morphology and distribution. Protoplasmic astrocytes have short, thick, highly branched processes and are typically found in gray matter. Fibrous astrocytes have long, thin, less branched processes and are more commonly found in white matter. Some ways in which they support neurons in the central nervous system are by maintaining the concentration of chemicals in the extracellular space, removing excess signalling molecules, reacting to tissue damage, and contributing to the blood-brain barrier [20, 23-25]. Oligodendrocytes sometimes called just “oligo,” are the glial cells that coat the axon in the CNS. The few processes that extend from the cell body reach out and surround an axon to insulate it in myelin. One oligodendrocyte will provide the myelin for multiple axon segments, either for the same axon or for separate axons. The myelin sheath provides insulation to the axon that allows electrical signals to propagate more efficiently [23]. Ependymal cells are involved in the creation and secretion of cerebrospinal fluid (CSF) and beat their cilia on their apical surface to help circulate the CSF through the ventricular space and make up the blood-CSF barrier [23]. Microglia are specialized macrophages capable of phagocytosis. They are derived from the earliest wave of mononuclear cells that originate in the yolk sac and colonize the brain shortly after the neural precursors begin to differentiate. These cells are found in all regions of the brain and spinal cord. They are mobile within the brain and multiply when there is damage. In the healthy central nervous system, microglia processes constantly sample all aspects of their environment (neurons, other glial cells, and blood vessels). In a healthy brain, microglia direct the immune response to brain damage and play an important role in the inflammation that accompanies the damage [23, 26].


    




    

      DEVELOPMENT




      According to developmental neuroscientists, the essential stages in the development and shaping of the human brain are (i) Proliferation of a vast number of undifferentiated brain cells; (ii) Migration of the cells toward a predetermined location in the brain and the beginning of their differentiation into the specific type of cell appropriate to that location; (iii) Aggregation of similar types of cells into distinct regions; (iv) Formation of innumerable connections among neurons, both within and across regions; and (v) Competition among these connections, which results in the selective elimination of many and the stabilization of the 100 trillion or so that remain. These events do not occur in rigid sequence but overlap in time, from about 5 weeks after conception onward. After about 18 months of age, no more neurons are added, and the aggregation of cell types into distinct regions is roughly complete. But the pruning of excess connections—clearly a process of great importance for the shape of the mature brain—continues for years [27].




      The formation of the nervous system begins with the process called neurulation which follows gastrulation and results in the formation of the neural tube. As the embryo develops, a portion of the ectoderm differentiates into a specialized region of neuroectoderm, which is the precursor for the tissue of the nervous system. Molecular signals induce cells in this region to differentiate into the neuroepithelium, forming a neural plate. Shortly after the neural plate has formed, its edges thicken and move upward to form the neural folds. A neural groove forms, visible as a line along the dorsal surface of the embryo. As the neural folds come together and converge, the underlying structure forms into a tube just beneath the ectoderm called the neural tube. This entire process leading up to the formation of the neural tube is called primary neurulation [28, 29]. Cells from the neural folds at the dorsal most portion of the neural tube then separate from the ectoderm to form a cluster of cells referred to as the neural crest, which runs lateral to the neural tube. The anterior end of the neural tube develops into the brain and the posterior portion forms the spinal cord. The neural crest migrates away from the nascent, or embryonic central nervous system that will form along the neural groove and develops into several parts of the peripheral nervous system, including the enteric nervous tissue. Many tissues that are not part of the nervous system also arise from the neural crest, such as craniofacial cartilage and bone, and melanocytes. The two open ends of the neural tube are called the anterior neuropore and the posterior neuropore. Different neural tube defects are caused when various parts of the neural tube fail to close. Failure to close the human posterior neural tube regions results in a condition called spina bifida, the severity of which depends on how much of the spinal cord remains exposed. Failure to close the anterior neural tube regions results in a lethal condition, anencephaly, where the forebrain remains in contact with the amniotic fluid and subsequently degenerates. The failure of the entire neural tube to close over the entire body axis is called craniorachischisis [29].




      In secondary neurulation, the differentiation of the neural tube into various regions of the central nervous system takes place simultaneously. On the gross anatomical level, the neural tube and its lumen bulge and constrict to form the chambers of the brain and the spinal cord. At the tissue level, the cell populations within the wall of the neural tube rearrange themselves to form the different functional regions of the brain and the spinal cord. Finally, on the cellular level, the neuroepithelial cells themselves differentiate into the numerous types of nerve cells (neurons) and supportive cells (glia) present in the body. As the anterior end of the neural tube starts to develop into the brain, it undergoes a couple of enlargements; the result is the production of sac-like vesicles. Three primary vesicles form the forebrain (prosencephalon), midbrain (mesencephalon), and hindbrain (rhombencephalon). The three vesicles further differentiate into five secondary vesicles. The prosencephalon enlarges into two new vesicles called the telencephalon and the diencephalon. The telencephalon will eventually form the cerebral hemispheres. The diencephalon gives rise to several adult structures like the thalamus and the hypothalamus. In the embryonic diencephalon, a structure known as the optic vesicles or eye cup develops, which will eventually become the nervous tissue of the eye called the retina. This is a rare example of nervous tissue developing as part of the CNS structures in the embryo, but becoming a peripheral structure in the fully formed nervous system. The mesencephalon does not differentiate into any finer divisions and its lumen eventually becomes the cerebral aqueduct. The midbrain is an established region of the brain at the primary vesicle stage of development and remains that way. The rest of the brain develops around it and constitutes a large percentage of the mass of the brain. The rhombencephalon develops into an anterior metencephalon and posterior myelencephalon. The metencephalon corresponds to the adult structure known as the pons and also gives rise to the cerebellum, the part of the brain responsible for coordinating movements, posture, and balance. The most significant connection between the cerebellum and the rest of the brain is at the pons because the pons and cerebellum develop out of the same vesicle. The myelencephalon corresponds to the adult structure known as the medulla oblongata whose neurons generate the nerves that regulate respiratory, gastrointestinal, and cardiovascular movements. The structures that come from the mesencephalon and rhombencephalon, except for the cerebellum, are collectively considered the brain stem, which specifically includes the midbrain, pons, and medulla. The rhombencephalon develops a segmental pattern that specifies the places where certain nerves originate. Periodic swellings called rhombomeres divide the rhombencephalon into smaller compartments and will form ganglia clusters of neuronal cell bodies whose axons form a cranial nerve [28, 29].




      The neurons of the brain are divided into cortices (layers) and nuclei (clusters). New neurons are formed by mitosis in the neural tube. The neural precursors can migrate away from the neural tube and form a new layer. Neurons forming later have to migrate through the existing layers. This forms the cortical layers. The germinal zone at the lumen of the neural tube is called the ventricular zone. The new layer is called the mantle zone (gray matter). The cerebral cortex in humans has six layers, and the mantle zone is called the neocortex. Cell fates are often fixed as they undergo their last division. Neurons derived from the same stem cell may end up in different functional regions of the brain. Neural stem cells have been observed in the adult human brain. We now believe humans can continue making neurons throughout life, although at nowhere near the fetal rate [29].


    




    

      PHYSIOLOGY




      Neurons are electrically excitable. To understand how neurons communicate it is necessary to describe the role of an excitable membrane. In neurons and other excitable cells, regulation of the ionic environment is crucial for the development and maintenance of the specific signalling pathway for these cells, known as the electrical signalling system. This system is composed of two basic elements: i) A lipid bimolecular diffusion barrier, termed lipid bilayer, that separates cells from their environment, and ii) Two classes of macromolecule proteins, known as ion channels and ion carriers, that actively regulate the movement and distribution of ions across the lipid barrier in the plasma membrane, as well as in the endoplasmic reticulum (ER) and nuclear membranes; of special interest is the carrier protein referred to as the sodium/potassium pump that moves sodium ions (Na+) out of a cell and potassium ions (K+) into a cell, thus regulating ion concentration on both sides of the cell membrane [30, 31]. Neurons communicate with each other through two types of electrical signals: 1) Graded potential for short-distance communication and 2) Action potential for communication over long-distance. Graded potentials and action potentials occur because the membranes of neurons contain many different kinds of ion channels that allow specific charged particles to cross the membrane in response to an existing concentration gradient termed electrochemical gradient [32]. The ion channels can be classified based on the charge of the ions they transport; (1) Cation channels that most often allow sodium ions (Na+) to pass when opened, but sometimes allow potassium (K+) and/or calcium (Ca2+) ions as well, and (2) Anion channels that allow mainly chloride ions (Cl-) to pass but also minute quantities of other anions. Based on the mechanism of activation, ion channels are classified into four types: (1) A ligand-gated channel opens and closes in response to a specific chemical stimulus. A wide variety of chemical ligands including neurotransmitters, hormones, and particular ions can open or close ligand-gated channels. The neurotransmitter acetylcholine, for example, opens cation channels that allow Na+ and Ca2+ to diffuse inward and K+ to diffuse outward; (2) A mechanically-gated channel opens in response to a physical distortion of the cell membrane. Many channels associated with the sense of touch (somatosensation) are mechanically gated. Examples of mechanically gated channels are those found in auditory receptors in the ears, in receptors that monitor the stretching of internal organs, and in touch receptors and pressure receptors in the skin. (3) A voltage-gated channel is a channel that responds to changes in the electrical properties of the membrane in which it is embedded. Voltage-gated channels participate in the generation and conduction of action potentials. (4) A leakage channel is randomly gated. There is no actual event that opens the channel; instead, it has an intrinsic rate of switching between the open and closed states. Plasma membranes have many more K+ leakage channels than Na+ leakage channels, and the potassium ion leakage channels are leakier than the sodium ion leakage channels. Thus, the membrane’s permeability to K+ is much higher than its permeability to Na+. Leakage channels contribute to the resting transmembrane voltage of the excitable membrane. The resting membrane potential of a neuron is -70mV which describes the steady-state of a cell which is a dynamic process that is balanced by ion transport across the membrane [30, 33].




      

        Action Potential




        An action potential or impulse is a sequence of rapidly occurring events that lead to depolarization and subsequent repolarization of the neuronal membrane (Fig. 5). In the presence of a stimulus, the voltage-gated Na+ channels open and the ions rush into the cell driven by the concentration gradient. The potential difference rises from -70mV to 0mV to +30mV and is called the depolarization phase. This increase in voltage causes the opening of voltage-gated K+ channels and ions to accelerate out of the cell and the simultaneous closure of Na+. This causes the voltage to revert to -70mV and is called repolarization. Sometimes the K+ channels open for a prolonged period leading to the plunge of the voltage to -90mV called the after-hyperpolarization phase. The voltage returns to -70mV resting potential once the K+ channels close. An action potential occurs in the membrane of the axon of a neuron when depolarization reaches a certain level termed the threshold (about -55 mV) and the stimulus is termed threshold stimulus. While an action potential is in progress, another one cannot be initiated. That effect is referred to as the refractory period. There are two phases of the refractory period: the absolute refractory period and the relative refractory period. During the absolute phase, another action potential will not start. Once that channel is back to its resting conformation (less than -55 mV), a new action potential could be started, but only by a stronger stimulus than the one that initiated the current action potential. This is because of the flow of K+ out of the cell. Because that ion is rushing out, any Na+ that tries to enter will not depolarize the cell, but will only keep the cell from hyperpolarizing. This is termed as the relative refractory period. Action potentials maintain the strength of the signal by using positive feedback. This is called propagation. There are two types of propagation: continuous conduction and saltatory conduction. The type of action potential propagation described so far is continuous conduction, which involves step-by-step depolarization and repolarization of each adjacent segment of the plasma membrane. Action potential transmits more rapidly in myelinated axons because of the uneven distribution of voltage-gated Na+/K+ channels in the nodes of Ranvier where the signal jumps between the nodes due to resistance by myelin sheath. This mode of propagation is called saltatory conduction [30, 34].


      




      

        Graded Potential




        A graded potential is a small deviation from the membrane potential that makes the membrane either more polarized (hyperpolarizing graded potential) or less polarized (depolarizing graded potential). A graded potential is when ligand-gated or mechanically-gated ion channels open or close, hence they occur mainly in the dendrites and cell body of neurons where these channels are abundant. For the unipolar cells of sensory neurons, graded potentials develop in the dendrites that influence the generation of an action potential in the axon of the same cell and is called a generator potential. For other sensory receptor cells, such as taste cells or photoreceptors of the retina, graded potentials in their membranes result in the release of neurotransmitters at synapses with sensory neurons. This is called a receptor potential.




        A postsynaptic potential (PSP) is the graded potential in the dendrites of a neuron that is receiving synapses from other cells. Postsynaptic potentials can be depolarizing or hyperpolarizing. Depolarization in a postsynaptic potential is called an excitatory postsynaptic potential (EPSP) because it causes the membrane potential to move towards the threshold. Hyperpolarization in a postsynaptic potential is an inhibitory postsynaptic potential (IPSP) because it causes the membrane potential to move away from the threshold. The graded potential can combine resulting in an additive effect or cancel each other in a process called summation. Graded potentials summate at a specific location at the beginning of the axon to initiate the action potential, namely the initial segment. For sensory neurons, which do not have a cell body between the dendrites and the axon, the initial segment is directly adjacent to the dendritic endings. For all other neurons, the axon hillock is essentially the initial segment of the axon, and it is where summation takes place. These locations have a high density of voltage-gated Na+ channels that initiate the depolarizing phase of the action potential. A graded potential is decremental as the signal dies within a few of its point of origin making it useful for short communications only. In contrast to action potentials, graded potentials do not exhibit a refractory period [35].
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Fig. (5))


        Graph of Action Potential: Plotting voltage measured across the cell membrane against time, the action potential begins with depolarization, followed by repolarization, which goes past the resting potential into hyperpolarization, and finally the membrane returns to rest

      




      

        Synapse




        There are two types of synapses between electrically active cells: (1) Chemical synapses, (2) Electrical synapses.
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Fig. (6))


        The Synapse The synapse is a connection between a neuron and its target cell (which is not necessarily a neuron). Panel A (i) electrical synapse, (ii) Chemical synapse. Panel B The presynaptic element is the synaptic end bulb of the axon where Ca2+ enters the bulb to cause vesicle fusion and neurotransmitter release. The neurotransmitter diffuses across the synaptic cleft to bind to its receptor. The neurotransmitter is cleared from the synapse either by enzymatic degradation, neuronal reuptake, or glial reuptake.



        Almost all synapses used for signal transduction in the CNS are chemical synapses. In chemical synapses, nerve impulses are transmitted between neurons by the release and binding of neurotransmitters to ligand-gated ion channels. The neurotransmitters can excite, inhibit or modify the target neuron depending on its functional activity. Some well-defined neurotransmitters are acetylcholine, serotonin, dopamine, GABA (Table 1). At an electrical synapse, action potentials directly traverse the adjacent neuron through gap junctions. Electrical synapses lead to faster communication and synchronization [36].


      




      

        Physiological Anatomy of A Synapse




        The structure of a chemical synapse has been elucidated over many years of research and is considered a standard model of what defines a synapse (Fig. 6). At a chemical synapse, the presynaptic neuron converts a nerve impulse into a chemical signal and the postsynaptic neuron converts this signal back to an electrical signal. The presynaptic terminal is separated from the postsynaptic membrane by a synaptic cleft of width 200-300 angstroms and is filled with interstitial fluid. These structures can be excitatory or inhibitory based on the neurotransmitters the presynaptic neurons synthesize and release. A typical chemical synapse transmits nerve impulses as follows: (1) A nerve impulse arrives at the presynaptic neuron, (2) The depolarization opens voltage-gated Ca2+ channels at the synaptic bulb, (3) The increase in intracellular Ca2+ triggers the exocytosis of synaptic vesicles harbouring neurotransmitters, (4) The neurotransmitters diffuse across the synaptic cleft and bind to the receptors on the postsynaptic membrane, (5) Ligand-gated ion channels open and the flow of ions changes the voltage across the membrane called postsynaptic potential (6) when the depolarizing potential reaches the threshold it activates action potential in the postsynaptic neuron [36, 37].




        

          Table 1 Key central nervous system Neurotransmitters [38]




          

            

              

                	Classical



                	Amino Acids



                	Glutamate


                Glycine


                Aspartate


                GABA(γ-aminobutyric acid)

              




              

                	Monoamines



                	Acetylcholine


                Dopamine


                Epinephrine


                Norepinephrine


                Serotonin

              


            



            

              

                	Neuropeptides



                	Opioids



                	Dynorphins


                Endorphins


                Enkephalins

              




              

                	Tachykinins



                	Substance P

              




              

                	Hormones



                	Cholecystokinin


                Somatostatin

              


            

          




        


      


    




    

      BRAIN TUMOR (BT)




      A brain tumor, known as intracranial tumor, occurs when an abnormal mass of cells forms within the brain. Brain tumors originate from the elements within the brain called primary or represent the spread of distant cancers called metastatic. Primary tumors arise from the CNS and account for roughly half of the intracranial tumors. Primary tumors are classified as glia (called gliomas which include astrocytomas, oligodendrogliomas, ependymomas, and medullobl-astomas) or non- glial (from extraneural structures which include meningiomas, acoustic neuromas, and other schwannomas) as well as benign or malignant [39, 40]. Secondary brain tumors or metastatic tumors arise elsewhere in the body and migrate to the brain via the hematogenous dissemination through the arterial system and are ten times more common than primary tumors. About two-thirds of BT in children arise in the cerebellum and brainstem (infratentorial) and most BT in adults arise in the cerebrum (supratentorial) [41]. Most CNS tumors are thought to arise from individual cell mutations and transformations. Recent studies suggest that most gliomas and other tumors of the neural elements arise from the neural stem cells (NSCs). The genetic aberrations observed in brain tumors are the ones that regulate neurogenesis and gliogenesis (e.g. Nestin, EGFR, PTEN) hence suggesting a dysregulation in NSCs maintenance and renewal. Other factors include age; young children show a higher incidence of BT, radiation exposure; exposure of the head to radiation increases the predisposition to BT, Epstein-Barr virus, chemical carcinogenesis; most potent neurocarcinogens are nitroso compounds and vinyl chloride, and immunosuppression; cerebral lymphoma is common in individuals with a suppressed immune system like patients with HIV, renal transplants, congenital immunodeficiency syndrome. Inherited syndromes like neurofibromatosis, and tuberous sclerosis also increase the risk for the development of BT. Lung cancer is the most common solid tumor that causes brain metastases making up about half of the metastatic BT followed by breast, melanoma, and colon cancers [42, 43]. The World Health Organization (WHO) has developed a grading system to indicate malignancy or benignity of a tumor based on its histological features using four grades with grade I being the least malignant and grade IV the most malignant (Table 2).




      

        Table 2 World Health Organization (WHO) Brain Tumor Grades [44]




        

          

            

              	



              	Grade



              	Characteristics



              	Tumor Types

            


          



          

            

              	Low Grade



              	WHO Grade I



              	• Benign


              • Slow-growing


              • Non-infiltrative


              • Long-term survival


              • Curable via surgical resection



              	• Pilocytic astrocytoma


              • Craniopharyngioma

            




            

              	WHO Grade II



              	• Relatively slow-growing


              • Mildly invasive


              • May recur as high grade



              	• Diffuse Astrocytoma


              • Oligodendroglioma

            




            

              	High Grade



              	WHO Grade III



              	• Malignant


              • Invasive


              • Aggressive


              • Recur as high grade



              	• Anaplastic astrocytoma


              • Anaplastic ependymoma


              • Anaplastic oligodendroglioma

            




            

              	WHO Grade IV



              	• Highly malignant


              • Aggressive


              • Widely invasive


              • Rapid recurrence


              • Necrosis prone



              	• Glioblastoma multiforme


              • Medulloblastoma

            


          

        




      




      Gliomas are the most prevalent type of adult brain tumor referring to all glial tumors in general (primarily glioblastoma, astrocytoma, oligodendroglioma, and ependymoma) [39, 45]. Some commonly occurring BT are discussed below:





      

        	Astrocytomas are the most common gliomas comprising half of the reported cases of primary tumors and are most commonly observed in the cerebrum. Neoplastic astrocytes share the presence of intermediate cytoplasmic filaments, and glial fibrillary acidic protein (GFAP), with normal astrocytes the increase of which can be detected by immunohistochemistry. Astrocytomas are prevalent in adults- particularly middle-aged men. Low-grade astrocytomas are more frequent in young patients and high-grade astrocytomas in older ones. Astrocytes that develop tumorigenic alterations progress from low-grade diffuse astrocytoma (DA) to grade III anaplastic astrocytoma (AA) to secondary glioblastoma multiforme [46, 47].




        	Glioblastoma multiforme (GBM) is the most invasive type of malignant BT. It accounts for 60% of all brain tumors in adults with an extremely poor prognosis of median survival of 14-15 months. Its most common sites are the frontal and temporal lobes, but it may occur at any age and involve any part of the CNS. Glioblastoma arises most commonly de novo (primary glioblastoma). Some glioblastomas arise by malignant transformation of low-grade astrocytomas (secondary glioblastoma). Ongoing and recent advances have demonstrated molecular correlates of these clinical definitions. Hallmark alterations of primary GBM include epidermal growth factor receptor (EGFR) gene mutation and amplification, overexpression of mouse double minute 2 (MDM2), deletion of p16, and loss of heterozygosity (LOH) of chromosome 10q holding phosphatase and tensin homolog (PTEN) and TERT promoter mutation. The characteristic features of secondary GBMs include overexpression of platelet-derived growth factor A, and platelet-derived growth factor receptor alpha (PDGFA/ PDGFRa), retinoblastoma (RB), LOH of 19q, and mutations of isocitrate dehydrogenase (IDH)1/2, TP53, and ATRX. Recent findings in paediatric GBM have proposed that there may exist a 3rd major category of GBM, different from primary and secondary GBM based on mutations in the histone H3F3 gene. Microscopically, glioblastoma shows high cellularity, cellular and nuclear anaplasia which is the basis of the designation “multiforme”, mitoses, microvascular proliferation, and necrosis [47, 48].




        	Pilocytic astrocytoma (PA) is histologically and biologically distinct astrocytoma and the most common primary BT in children. They commonly arise in the cerebellum, hypothalamus, optic chiasm, and brain stem. Pilocytic astrocytomas are circumscribed and often cystic with a solid mural nodule. Activation of BRAF and subsequent MAPK oncogenic signalling are involved in the pathogenesis of PA. Histologically, they are sparsely cellular tumors without anaplasia or mitoses. They have a biphasic pattern, consisting of cellular and fibrillary perivascular areas, alternating with loose microcystic zones. Most PAs are biologically low grade and do not evolve into more malignant tumors. Surgical excision of cerebellar PA can sometimes result in a permanent cure [47, 49].




        	Oligodendrogliomas constitute 5-6% of glioma. They are slow-growing tumors that arise usually in the cerebral hemispheres of middle-aged adults. Due to their tendency to calcify, it is helpful in radiological and histological diagnosis. Some oligodendrogliomas contain neoplastic astrocytes which are mixed with the oligodendroglial cells or grow in adjacent but separate areas. Such mixed tumors are called oligoastrocytomas. Oligodendrogliomas and oligoastrocytomas can be classified as low-grade (WHO grade II) or high-grade/anaplastic (WHO grade III) based on cellularity, anaplasia, mitotic activity, microvascular proliferation, and necrosis. The signature molecular change of oligodendroglioma is the co-deletion of entire arms of 1p and 19q caused by an unbalanced translocation. The 1p19q codeletion is specific to oligodendroglioma and serves as a diagnostic marker as well as predicts increased chemosensitivity and better prognosis [50, 51].




        	Ependymoma occurs most frequently in the fourth ventricle and causes hydrocephalus by blocking the CSF flow. They are predominant in children and adolescents. Most ependymomas are well defined and grow in an exophytic fashion protruding into and out of the fourth ventricle. Ependymomas are graded as grade II or III according to the WHO system and account for 2-3% of all brain tumors. Most are low-grade (WHO grade II). Some have increased cellular density, mitoses, necrosis, and microvascular proliferation while retaining the typical ependymoma tissue pattern (anaplastic ependymoma, WHO grade III) [52].




        	Choroid plexus tumors are classified as Choroid plexus carcinoma-CPC (WHO grade III) which is most common in very young children < 2 years, and choroid plexus papilloma-CPP (WHO grade I) which is seen in older patients. In children, CPP and CPC arise in both, lateral and fourth ventricles. In adults, CPP is infratentorial. CPP tumor resembles a normal choroid plexus, but is more cellular, with cuboidal and columnar epithelial cells resting on a fine fibrovascular stroma and is benign which can be cured by surgery. In CPC the tumor cells are multi-layered, atypical, and mitotic, and the papillary structure may be effaced such that the tumor appears solid and is malignant [47].




        	Medulloblastomas are tumors of the cerebellum arising most frequently in the midline adjacent to the roof of the fourth ventricle and are frequent in children representing 20% of all BT. Medulloblastoma is an embryonal tumor of the brain, underlined by its high incidence in infants and children and by its undifferentiated, immature appearance, which resembles developing neural tissue. They are high-grade tumors but are usually responsive to radiation and chemotherapy. There are four histological variants of medulloblastomas: Classic, Desmoplastic/nodular (D/N), Medulloblastoma with extensive nodularity (MBEN), Large-cell/anaplastic. Medulloblastoma is highly malignant and leptomeningeal dissemination occurs more frequently than any other BT [52, 53].




        	Schwannomas are commonly benign, slow-growing tumors in adults. Acoustic neuromas are the most common schwanomas (vestibular schwanoma), arise from the 8th cranial nerve root called the vestibular cochlear nerve that travels from the brain to the ear. They do not invade but rather displace the spinal cord and brain stem as they grow (extra-axial) [52].




        	Meningiomas are the most common benign intracranial tumors. These tumors arise from the meninges, in particular arachnoid cells. Most meningiomas are benign and grow slowly. They are also extra-axial like schwannomas. The majority of meningiomas show complete loss of chromosome 22 or 22q which contain the tumor suppressor gene merlin. Because they are extra-axial, complete resection is possible and may be curative [52].




        	Pituitary adenomas arise from the adenohypophysis and makeup about 10% of all intracranial tumors. They are mostly benign and slow-growing. Adenomas are the most common disease that affects the pituitary and is seen in individuals in their 3rd and 4th decade [52].




        	Hemangioblastomas are infrequent vascular tumors of the CNS commonly seen in the cerebellum. About 75% are sporadic and the rest are familial and occur in the background of the autosomal dominant von Hippel Lindau disease. Sporadic tumors are solitary and affect most frequently middle-aged adults but may occur at any age. Typically, the cerebellar hemangioblastoma is a mural nodule within a cyst [52].




        	Other less common tumors include Chondroma, Craniopharyngioma, Rhabdoid tumors [52].


      




      

        Pathophysiology of BT




        Tumors of the brain produce neurologic manifestations through several mechanisms. The general effects of brain tumors have to do mainly with the increased intracranial pressure (ICP) caused by the growth of the intracranial tumor with accompanying cerebral edema in the limited volume of the cranial cavity. Tumors adjacent to the ventricles may obstruct the circulation of the CSF thus causing hydrocephalus. The high vascularity of rapidly growing tumors disrupt the BBB and promote edema. ICP is life-threatening causing displacements (herniations) of brain tissue under the falx cerebri through




        tentorium cerebelli, or the foramen magnum. and compression of brain structures with lethal effects [47, 54, 55].


      




      

        Signs and Symptoms of BT




        Symptoms of a brain lesion depend on what part of the brain is affected. General symptoms of BT include [52, 54-56]:





        

          	Headaches that are usually non-specific and resemble tension-type headaches. Pain is worsened in the morning and is accompanied by nausea or vomiting.




          	Deterioration in the mental status like drowsiness, lethargy, personality changes, impaired cognition.




          	Focal brain dysfunction: development of focal deficits often suggests the tumors’ location.




          	Seizures or convulsions




          	Impaired consciousness


        


      




      

        Specific Symptoms include [56]





        

          	
Frontal lobe: tumors may cause emotional and behavioural changes; impaired judgment; an impaired sense of smell or vision loss; speech impairment (Broca’s area); partial paralysis.




          	
Parietal lobe: tumors may cause poor spatial and visual perception; poor interpretation of languages; lack of recognition; writing, drawing, naming difficulties.




          	
Occipital lobe: tumors may lead to partial or complete vision loss; visual field cuts; illusions and hallucinations.




          	
Temporal lobe: tumors may cause difficulty in language comprehension (Wernicke’s area); poor memory; loss of hearing.




          	
Brainstem: tumors can cause seizures; muscle weakness on one side of the body and face; uncoordinated gait.




          	
Cerebellum: tumors may cause poor balance, muscle movements, and posture.




          	
Pituitary gland: tumors may cause increased secretion of hormones; decreased libido; abnormal menstruation and milk production.


        


      




      

        Diagnosis Therapy





        

          	
Neurologic exam: to test for changes in balance, coordination, hearing, vision, mental status that can pinpoint the location of a tumor.




          	
Blood test: to check for tumor markers e.g., increase in endocrine hormones caused by pituitary tumors.




          	
Imaging techniques: Diagnostic tools include computed tomography (CT) and magnetic resonance imaging (MRI). CT with contrast agent is the imaging modality of choice of emergency physicians where tumors show enhancement and appear in varying densities. Gadolinium-enhanced MRI can detect low-grade tumors like astrocytomas and oligodendrogliomas earlier than CT. MRI is also efficient in detecting tumors of the posterior fossa. Positron emission tomography (PET) can detect recurring tumors.




          	
Biopsy: A biopsy can show cancer, changes in tissues, and other conditions. It is the only way to identify details of a tumor including its pace of growth and whether it is malignant. A biopsy can be done as part of an open surgical procedure to remove a tumor or as a separate diagnostic procedure known as needle biopsy.




          	Spinal tap lumbar puncture collects CSF from the spinal cord which is checked for the presence of cancer cells that can indicate malignancy in the CNS.




          	Molecular testing of tumors to test for specific gene proteins or other tumor markers unique to the tumors. e.g., 1p/19q co-deletion in oligodendrogliomas, IDH mutations in gliomas, MGMT mutations in glioblastomas.




          	
Surgery: Surgery is the most desired course of action for the treatment of brain tumors. The introduction of surgical navigation systems has increased the efficiency of tumor removal (resection) with reduced risks. This procedure is limited by the accessibility of the tumor and the dependence on a pre-procedure MRI/CT scan. Intraoperative language mapping is a procedure done on conscious patients having tumors affecting their language areas like large dominant-hemisphere gliomas to monitor the anatomy of their language functions. Ventriculoperitoneal shunting is opted by neurosurgeons to control hydrocephalus and resultant ICP. In this procedure, a permanent shunt is used to divert the CSF to the peritoneal cavity.




          	
Radiation therapy: Radiation therapy is opted for when the tumor is inaccessible by surgery, or when the tumor is low-grade or metastatic. The procedure employs focused high-energy X-rays to kill tumor cells by damaging the DNA. Radiation therapy is most effective in aggressive tumors. The radiation is applied to the tumors externally or internally. Standard External Beam Radiotherapy uses a variety of high-energy radiation beams to form a conformal coverage of the tumor while limiting the dosage to surrounding tissues. This treatment requires 10-30 sittings where standard-dose fractions of radiation are applied to the brain. Proton beam therapy delivers accelerated proton beams to tumors. This method is used in children as it incurs minimum damage to surrounding normal structures. Stereotactic radiosurgery methods like Gamma knife, Cyberknife, and Novalis use computerized calculations to deliver a single high-energy dose of radiation to the target tumor. Internal radiation (brachytherapy), is where radioactive implants are placed inside an empty tumor cavity after surgery to kill any remaining malignant cells.




          	
Chemotherapy: Chemotherapy is the preferred treatment for paediatric tumors as it is less toxic to the developing brain than radiation. Chemotherapy has been proved to increase overall survival in patients with the most aggressive and malignant primary brain tumors. Chemotherapy functions by interfering with the DNA damage repair mechanisms in tumor cells (e.g. oral administration of temozolomide or TMZ, an alkylating agent, concomitant with radiation therapy is considered standard of care for patients of GBM) Resistance to chemotherapy occurs when the tumors are insensitive to a drug (e.g. TP73 AS1 promote TMZ resistance in GBM by facilitating the expression of detoxifying enzyme ALDH1A) or when the drug cannot cross the BBB which is one of the major challenges in treating intracranial brain tumors [57, 58]. Chemotherapeutic drugs are administered orally or intravenously alongside radiation therapy (Table 3). In certain high-grade gliomas, wafers carrying the drug is implanted directly into the tumor where the drug over several weeks diffuses into the tumor. IDH1 and IDH2 mutations in gliomas, as well as deletion of chromosome arms 1p and 19q, generally indicate better prognosis and effectiveness of chemotherapy.




          	
Laser Ablation Therapy: This involves placing a tiny catheter within the tumor after biopsy by employing a real-time MRI and thermally ablating the tumor using a laser [48, 52, 54-56].


        




        Some medications are used in relieving the symptoms of BT namely: corticosteroids to stabilize cell membrane and diminish the vasogenic edema associated with tumors, e.g., Dexamethasone; Hyperosmolar agents reduce ICP and edema by creating an osmotic gradient across the intact BBB, e.g., Mannitol [41].




        

          Table 3 Commonly used chemotherapeutic agents in BT [48, 55]




          

            

              

                	Agents



                	Brain tumor type



                	Target



                	Route of Administration
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