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1) Explain how the peripheral nervous system relates to CNS 

 

The prime function served by the Central Nervous System is that along with the 

PNS it contributes a huge control on the organism’s behavior. On the other hand 

the main function of the Peripheral Nervous System is to connect the Central 

Nervous System with the various organs in the body and the limbs. 

 

The Central Nervous System is placed safely within the dorsal cavity, the brain 

placed inside the cranial cavity and the spinal cord in the spinal cavity. The skull 

protects the brain and the vertebra protects the entire spinal cord. But like the CNS 

the Peripheral Nervous System is not protected by any bone or blood-brain 

barrier. It remains open to all sorts of mechanical injuries and toxins as well. It 

consists of the autonomic nervous system and the somatic nervous system. 

 

The Central Nervous System communicates all sorts of involuntary information 

while the Peripheral Nervous System communicates all the voluntary information. 

Moreover, the PNS plays a role in regulation of blood pressure, thirst and body 

temperature whereas the Central Nervous System plays no role in this context. 

 

Summary: 

1. CNS refers to the Central Nervous System whereas PNS refers to the 

Peripheral Nervous System. 
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2. The Central Nervous System comprises of the brain and the spinal cord 

whereas the Peripheral Nervous System comprises of the autonomic nervous 

system and the somatic nervous system. 

3. The CNS handles involuntary information while the PNS handles voluntary 

information 

4. The PNS integrates information received from the external environment, and 

the CNS processes this information. 

5. The PNS regulates body temperature, blood pressure, and thirst, while the 

CNS integrates this information. 

6. The CNS processes information, while the PNS carries information to and 

from the CNS and sensory, muscle, and gland cells. 

7. The CNS communicates involuntary communication, while the PNS 

communicates voluntary information. 
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2) Explain the following briefly  

a) Akinesia:  

Akinesia is a term used in neurology to denote the absence (or poverty) of 

movement.  

For example, a person in coma is akinetic. For another example, akinetic 

mutism is a condition in which a person is both mute and akinetic. A textbook 

on clinical neurology observes that a person with akinetic mutism has "sleep-

waking cycles but, when apparently awake, with eyes open, lies mute. 

immobile and unresponsive." 

b) Brady Kinesia:  

It is characterized by slowness of movement and has been linked to 

Parkinson's disease and other disorders of the basal ganglia. Rather than being 

slowness in initiation (akinesia), bradykinesia describes slowness in the 

execution of movement. It is one of the 3 key symptoms of Parkinsonism, 

which are bradykinesia, tremor and rigidity. Bradykinesia is also the cause of 

what is normally referred to as "stone face" (expressionless face) among those 

with Parkinson's. 

c) Tremor:  

The most noticeable early symptom in Parkinson’s disease. It often begins 

much localised, such as in a finger of one hand. Over time it spreads 

throughout the whole arm. Tremors often occur when the limb is at rest or 

when held in a stiff, unsupported position. Tremors also may occur in the lips, 

feet or tongue. 

d) uricosuria:  

Excessive amounts uric acid in the urine. 

e) Hyper Uricemia:  

Hyperuricosuria is a medical term referring to the presence of excessive amounts 

of uric acid in the urine. Notable direct causes of hyperuricosuria are dissolution 

of uric acid crystals in the kidneys or urinary bladder, and hyperuricemia. Notable 

indirect causes include uricosuric drugs, rapid breakdown of bodily tissues 

containing large quantities of DNA and RNA, and a diet high in purine. 
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3. Explain the following: 

a) Chromatophillic substance:  

�x A Nissl body or chromatophillic substance is a large granular body found in 

neurons.  

�x Nissl bodies can be demonstrated by a method of selective staining 

developed by Nissl (Nissl staining), using an aniline stain to label 

extranuclear RNA granules.  

�x This staining method is useful to localize the perikaryon, cell body, as it can 

be seen in the soma and dendrites of neurons, though not in the axon or axon 

hillock. RNA stains blue with this method due to its basophilic properties. 

�x These granules are rough endoplasmic reticulum (with free ribosomes) and 

are the site of protein synthesis. 

�x Nissl bodies show changes under various physiological conditions and in 

pathological conditions they may dissolve and disappear (karyolysis). 

�x They are thought to be involved in the synthesis of neurotransmitters such as 

acetyl choline. 

 

b) neurofibrils:  

�x Neurofilaments are the 10 nanometer (10nm) or intermediate filaments found 

specifically in neurons. The subunits of neurofilaments are related structurally 

to the 10nm or intermediate filaments of other tissues such as the keratin 

subunits, which make 10nm filaments expressed specifically in epithelia. 

�x During axonal growth, new neurofilament subunits are incorporated all along 

the axon in a dynamic process that involves the addition of subunits along the 

filament length, as well as the addition of subunits at the filament ends. 

�x After an axon has grown and connected with its target cell, the diameter of the 

axon may increase as much as fivefold. 

 

c) Collateral branches:  

�x A collateral axon or axon collateral is a branch off of the main axon that 

usually feeds back onto the soma. The function is to provide modulation of 

cell firing. 



R05-IV/II SEM REG/SUPPLE – NEUROBIOLOGY AND COGN ETIVE 
SCIENCES 

  Page 5 of 74 

�x The inferior branch of an intercostal nerve arising medial (proximal) to the 

angles of the ribs and coursing in the intercostal space along the superior 

border of the rib below, paralleling the course of the intercostal nerve, which 

courses along the inferior border of the rib above. 

 

d) Axon terminal:  

�x Axon terminal is the structure of a neuron (a single cell of the central or 

peripheral nervous system) at the end of it's axon that forms a synapse with 

another neuron. Generally, the axon terminal is the point at which a neuron 

passes information to the neurons with which it is connected.  

�x Axon terminals are distal terminations of the branches of an axon.  

�x An axon nerve fiber is a long, slender projection of a nerve cell, or neuron that 

conducts electrical impulses (called action potentials") away from the neuron's 

cell body, or soma, in order to transmit those impulses to other neurons. 

�x Neurons are interconnected in complex arrangements, and use electrochemical 

signals and neurotransmitter chemicals to transmit impulses from one neuron 

to the next; axon terminals are separated from neighboring neurons by a small 

gap called a synapse, across which impulses are sent. The axon terminal, and 

the neuron to which it is attached, is sometimes referred to as the 

"presynaptic" neuron. 

 

4). Explain the following classes of sensory receptors by structure. Give an 

example of each type 

 Free nerve endings: 

 A free nerve ending (FNE) is an unspecialized, afferent nerve ending, meaning 

it brings information from the body's periphery toward the brain. They 

function as cutaneous receptors and are essentially used by vertebrates to 

detect pain. 

  

Structure 

  Free nerve endings are unencapsulated and have no complex sensory 

 structures, unlike those found in Meissner's or Pacinian corpuscles. They are 
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 the most common type of nerve ending, and are most frequently found in the 

 skin. They penetrate the epidermis and end in the stratum granulosum. 

 

 

 

 

Types 

Free nerve ending have different rate of adaptation, stimulus modalities and fiber 

types. 

Rate of adaption 

Different types of FNE can be rapidly adapting, intermediate adapting, or slowly 

�D�G�D�S�W�L�Q�J�����$�/���I�L�E�U�H�V���D�U�H���I�D�V�W-adapting, while C fibers are slowly adapting. 

Fiber types 

An axon or nerve fiber is a long, slender projection of a nerve cell, or neuron, that 

conducts electrical impulses away from the neuron's cell body or soma 

Modality 

Free nerve endings can detect temperature, mechanical stimuli (touch, pressure, 

stretch) or pain (nociception). Thus, different free nerve endings work as 

thermoreceptors, cutaneous mechanoreceptors and nociceptors. In other words, they 

express polymodality. 
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4-b).Complex receptors: 

The NMDA receptor binds glutamate, but this has no effect unless another condition 

is satisfied. The lack of effect is because, at the "resting" membrane potential, the 

NMDA receptor's channel is blocked by Mg. 

 

Strong depolarization of the postsynaptic membrane gets rid of the Mg, by 

electrostatic repulsion. If glutamate now binds, while the cell is depolarized, Ca is 

able to enter the NMDA channel. The entry of Ca then does things which ultimately 

lead to strengthening of the synapse, not by changing the NMDA receptor, but 

possibly by changing another glutamate receptor (the "Q" or "AMPA" receptor) and 

probably by altering the presyaptic terminal via a "retrograde messenger". Calmodulin 

and other enzymes influenced by Ca have been implicated. 

 

  

 

5). Discuss in detail the effects of steroids hormone on electrical and molecular 

events in the hypothalamic neurons. 

 Recent advances in understanding effects of steroid hormones at the level of 

individual neurons have been achieved using model systems. Steroid hormone 

effects on dendritic morphology, synaptic function and ionic conductances have 

been implicated in the regulation of behavior in both vertebrates and invertebrates. 

Particularly exciting are studies demonstrating steroid hormone effects on specific 

synaptic connections and ionic currents. There also has been important progress in 

understanding the diversity of sites and mechanisms of hormone action, 



R05-IV/II SEM REG/SUPPLE – NEUROBIOLOGY AND COGN ETIVE 
SCIENCES 

  Page 8 of 74 

encompassing both genomic and non-genomic effects of steroids on neuronal 

properties. 

Diversity of Steroid Hormone Actions on the Brain: 

 Steroid hormone effects on the brain link the environment surrounding the 

organism with the genome of target brain cells through the process of variable 

genomic activity. By this we mean that an organism experiences light, dark, heat, 

cold, fear and sexual excitement. These experiences influence hormonal secretion, 

and these hormones in turn act on the genome of receptor-containing brain cells to 

alter their functional state. The genome of brain cells, like that of other cells of the 

body, is continually active from embryonic life until death and continually 

responsive to intra- and extracellular signals. This activity can be seen from the 

high rates of RNA metabolism in neurons. The differential influence of steroid 

hormones on variable genomic activity is evident from studies showing rapid and 

brain region-specific induction of ribosomal and mRNA, as well as changes in cell 

nuclear diameter and chromatin and structure. However, variable genomic activity 

changes qualitatively with the state of differentiation of the target cells: embryonic 

neurons show growth responses that result in permanent changes in circuitry, 

whereas adult neurons show impermanent responses. Under other circumstances, 

the same hormonal signals can promote damage and even neuronal loss; under 

still other conditions, adult neurons can be stimulated by treatment with hormones 

to grow and repair the damage. 

Duri ng development, steroid hormone receptors become evident in target 

neurons of the brain: 

 These receptors appear within several days of final cell division [13]. Whether 

some receptors are also present in dividing neuronal precursors is not clear. After 

they have appeared, these receptors mediate a variety of developmental actions. 

For example, glucocorticoids direct differentiation of adrenergic/cholinergic 

neurons of the autonomic nervous system to develop in the adrenergic direction. 

Glucocorticoids also increase the number of epinephrine-containing, small, 

intensely fluorescent cells, often referred to as SIF, in autonomic ganglia and are 

required for the normal postnatal ontogeny of serotonin neurons in the forebrain. 

These effects may not all be direct but may involve hormonal modulation of 

growth factors produced by other cells surrounding the developing neurons. 
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 Gonadal hormones, however, are involved in sexual differentiation of the 

reproductive tract and brain. Mammals, among which animals have X and Y 

chromosomes, undergo sexual differentiation under the impetus of testosterone 

secreted by the testes during a period of perinatal life; in humans, this period is in 

mid-gestation, while in rats it is from the end of gestation into neonatal life.  

 

 As for the mechanisms of sexual differentiation, we must consider the metabolism 

of the hormone receptor types involved and the primary receptor-mediated events. 

�7�H�V�W�R�V�W�H�U�R�Q�H�����D�V���Q�R�W�H�G���D�E�R�Y�H�����L�V���D���S�U�R�K�R�U�P�R�Q�H���W�K�D�W���L�V���F�R�Q�Y�H�U�W�H�G���L�Q�W�R���H�L�W�K�H�U�����.-

DHT or estradiol within the brain; these products exert effects on brain sexual 

differentiation via androgen and estrogen receptors, respectively. Masculinization 

�R�I���V�H�[�X�D�O���D�Q�G���D�J�J�U�H�V�V�L�Y�H���E�H�K�D�Y�L�R�U���L�Q�Y�R�O�Y�H�V���H�L�W�K�H�U�����.-DHT alone or a combination 

�R�I�����.-DHT and estradiol acting on different cells. Besides masculinization, there 

is in some mammals a process of defeminization, in which feminine responses 

that would develop in the absence of testosterone are suppressed by its presence 

during the critical period. Conversion to estradiol appears to be involved in this 

process. Progesterone plays no major role in brain sexual differentiation, but it 

does have the ability to antagonize actions at both androgen and estrogen 

receptors and, thus, can moderate the degree of masculinization and 

defeminization. 

 

 As to the primary developmental actions of testosterone, growth and 

differentiation appear to be involved. Testosterone or estradiol stimulates 

outgrowth of neurites from developing hypothalamic neurons that contain 

estrogen receptors. This is believed to be one of the principal aspects of 

testosterone action that increases the number and the size of neurons within 

�V�S�H�F�L�I�L�F���K�\�S�R�W�K�D�O�D�P�L�F���Q�X�F�O�H�L���L�Q���P�D�O�H�V�����F�R�P�S�D�U�H�G���W�R���I�H�P�D�O�H�V�������.-DHT may have a 

similar effect on androgen-sensitive neurons. Differentiation of target neurons also 

occurs; in adult brain tissue, hormones like estradiol can evoke responses that 

differ between adult male and female rats. 
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The response of neural tissue to damage involves some degree of structural 

plasticity, as in development: 

 Collateral growth and reinnervation of vacant synaptic sites is facilitated in some 

cases by steroid hormones [32]. In the hypothalamus, estrogen treatment after 

knife cuts that destroy certain inputs promotes increases in the number of 

synapses. In the hippocampus, glucocorticoid treatment promotes homotypical 

sprouting of serotonin fibers to replace damaged serotonin input. It has also been 

noted that androgens enhance the regrowth of the severed hypoglossal nerve. One 

interpretation of these steroid effects is that injury reactivates programs of steroid-

responsive genomic activity that normally operate during the phase of 

synaptogenesis in early development. 

 Another aspect of steroid action is stabilization of neurons against death and 

replacement. In the dentate gyrus of both the neonate and the adult rat, neurons are 

born and die; rates of both birth and death are increased by adrenalectomy, and 

these increases are prevented by low doses of adrenal steroids acting via 

mineralocorticoid receptors. Regulation of the turnover rate of dentate gyrus 

neurons may provide the hippocampal formation of the adult with the potential to 

increase and decrease its volume and functional capacity, as occurs in relation to 

seasonal or other long-term changes in the environment. This process also occurs 

in the developing dentage gyrus.  
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Activation and adaptation behaviors may be mediated by hormones: 

 Hormonal secretion by the adrenals and gonads is controlled by endogenous 

oscillators that can be entrained by environmental cues such as light and dark. The 

actions of cyclically secreted hormones on behavior and brain function are 

referred to as activational effects. In addition to the cyclic mode, there is another 

mode of secretion initiated by such experiences as stress, fear and aggressive and 

sexual encounters. In this case, actions of adrenal steroid hormones secreted in 

response to experience lead to adaptive brain responses, which help the animal 

cope with stressful situations. The activational and adaptational effects are largely 

reversible and involve a variety of neurochemical changes, most of which appear 

to be initiated at the genomic level. For example, estradiol is secreted cyclically 

during the estrous cycle in the female rat and triggers the surge of LH, which 

induces a surge of progesterone from the ovary. Progesterone, in turn, stimulates 

sexual responsiveness to the male rat. 

 

 Estradiol action to promote feminine sexual behavior in the rat involves a cascade 

of induced protein synthesis in specific hypothalamic neurons accompanied by 

morphological changes indicative of increased genomic activity. Among the 

induced proteins are receptors for progesterone, crucial for activating sexual 

behavior; receptors for acetylcholine and oxytocin that are active in enabling the 

hypothalamic neurons to respond to afferent input; proteins that are axonally 

transported from the hypothalamus to the midbrain, where they may be involved 

in neurotransmission; and structural proteins that contribute to formation of new 

synapses that come and go during the estrous cycle. 

 

 Adrenal steroids secreted in the diurnal cycle are reponsible for reversibly 

activating exploratory activity, food-seeking behavior, carbohydrate appetite and 

synaptic efficacy. These appear to do so by acting on the hippocampus, where 

there are many mineralocorticoid and glucocorticoid receptors. Adaptational 

effects of adrenal steroids that result from stress appear to operate via the classical 

glucocorticoid receptor found not only in hippocampus but also in other brain 

regions. Changes in synaptic vesicle proteins, high-affinity GABA transport, 

neurotransmitter-stimulated cAMP formation and central serotonin and 

noradrenergic sensitivity accompany repeated glucocorticoid elevations. One view 
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of these changes induced by glucocorticoids is that they counter-regulate some of 

the immediate and persistent neural effects of stress and are, therefore, part of the 

mechanism of adaptation. This and other aspects of adaptation protect the 

organism; without adrenal secretions, the body likely would not survive many 

events in daily life. 

 

 The price of adaptation often includes some wear and tear and damage, called 

allostatic load. Allostasis, meaning to achieve stability through change, is another 

word to describe adaptation. The wear and tear is the result of the inefficiency or 

overactivity of allostatic systems, including those like the adrenal cortex and 

autonomic nervous system, which respond to challenge and promote adaptation. 

This takes three forms:  

(i) repeated activation by many stressful events;  

(ii)  Failing to shut off after the challenge is over; and  

(iii) Inability to be activated adequately, allowing other systems that are 

normally counter-regulated to become overactive, for example, 

inflammatory cytokines. In each of these situations, there is a cumulative 

as well as an immediate effect on many organs, including the heart and 

brain, as well as on the immune system. 
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6).Discuss the role of molecular markers on the X-chromosomes predisposes 

male to homosexual behavior? 

 Xq28 is a genetic marker on the X chromosome found by Dean Hamer and others 

in 1993. Hamer's study found a link between the Xq28 marker and male 

homosexuality, but the original study's results have been disputed. 

  

 Chromosome linkage studies of sexual orientation have indicated the presence of 

multiple contributing genetic factors throughout the genome. In 1993, Dean 

Hamer and colleagues published findings from a linkage analysis of a sample of 

76 gay brothers and their families.Hamer et al. found that the gay men had more 

gay male uncles and cousins on the maternal side of the family than on the 

paternal side. Gay brothers who showed this maternal pedigree were then tested 

for X chromosome linkage, using twenty-two markers on the X chromosome to 

test for similar alleles. In another finding, thirty-three of the forty sibling pairs 

tested were found to have similar alleles in the distal region of Xq28, which was 
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significantly higher than the expected rates of 50% for fraternal brothers. This was 

popularly (but inaccurately) dubbed as the 'gay gene' in the media, causing 

significant controversy. Sanders et al. in 1998 reported on their similar study, in 

which they found that 13% of uncles of gay brothers on the maternal side were 

homosexual, compared to 6% on the paternal side. 

 

 A later analysis by Hu et al. replicated and refined the earlier findings. This study 

revealed that 67% of gay brothers in a new saturated sample shared a marker on 

the X chromosome at Xq28. Although two other studies (Bailey et al., 1999; 

McKnight and Malcolm, 2000) failed to find a preponderance of gay relatives in 

the maternal line of homosexual men, a rigorous replication of the maternal 

loading was reported on samples in Italy in England.[citation needed] One study 

by Rice et al. in 1999 failed to replicate the Xq28 linkage results. Meta-analysis of 

all available linkage data indicates a significant link to Xq28, but also indicates 

that additional genes must be present to account for the full heritability of sexual 

orientation.[citation needed] A recent study of 894 heterosexual and 694 

homosexual men found no evidence of sex linkage. 

 Mustanski et al. (2005) performed a full-genome scan (instead of just an X 

chromosome scan) on individuals and families previously reported on in Hamer et 

al. (1993) and Hu et al. (1995), as well as additional new subjects. With the larger 

sample set and complete genome scan, the study found somewhat reduced linkage 

for Xq28 than reported by Hamer et al. However, they did find other markers with 

a likelihood score falling just short of significance at 7q36 and likelihood scores 

approaching significance at 8p12 and 10q26. Interestingly, 10q26 showed highly 

significant maternal loading, thus further supporting the previous family studies. 

 Several lines of evidence have implicated genetic factors in homosexuality. The 

most compelling observation has been the report of genetic linkage of male 

homosexuality to microsatellite markers on the X chromosome. This observation 

warranted further study and confirmation. Sharing of alleles at position Xq28 was 

studied in 52 gay male sibling pairs from Canadian families. Four markers at 

Xq28 were analyzed (DXS1113, BGN, Factor 8, and DXS1108). Allele and 

haplotype sharing for these markers was not increased over expectation. These 

results do not support an X-linked gene underlying male homosexuality. 
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7). Explain in general the dyadic relationships? 

 When people speak with one another they tend to adapt their head movements and 

facial expressions in response to each others' head movements and facial 

expressions. We present an experiment in which confederates' head movements 

and facial expressions were motion tracked during videoconference conversations, 

an avatar face was reconstructed in real time, and naïve participants spoke with 

the avatar face. No naive participant guessed that the computer generated face was 

not video. Confederates' facial expressions, vocal in ections, and head movements 

were attenuated at one minute intervals in a fully crossed experimental design. 

Attenuated head movements led to increased head nods and lateral head turns, and 

attenuated facial expressions led to increased head nodding in both naive 

participants and in confederates. Together these results are consistent with a 

hypothesis that the dynamics of head movements in dyadic conversation include a 

shared equilibrium: Although both conversational partners were blind to the 

manipulation, when apparent head movement of one conversant was attenuated, 

both partners responded by increasing the velocity of their head movements. 

 

8) Describe the components of a nervous system in terms of sensory input, 

central processing, and motor output. Describe the decision making in these 

same terms. Describe behavior in these same terms. 

�x Direct motor control is provided by the motor cortex which is immediately in 

front of the sensory cortex. The body is also mapped out over its surface.  The 

premotor cortex serves higher functions such as planning movements, 

development of motor skills and also speech. The motor cortex has the body 

disproportionately mapped out over the surface almost parallel with the 

sensory cortex reflecting the density of motor innervation. 

�x There are two major motor systems which influence motor neurones in the 

spinal cord.  These are often referred to as the pyramidal and extrapyramidal 

systems by clinicians. 

�x Fibres pass directly from the motor cortex, down through the internal capsule 

and the brain stem in the corticospinal tract, to synapse directly on spinal 

motor neurones.  All the fibres cross over, either in the medulla or spinal cord, 

This pathway is particularly important in controlling skilled hand and foot 
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movements. 

�x Other structures are more important in posture control and locomotion and 

involve various nuclei in the brain stem and the basal ganglia.  Also the 

cerebellum regulates the force and direction of movements in light of the 

intended movements and actual movements. 

�x The receptor region is the one exposed to the external stimulus. This region 

contains no voltage-gated channels and is therefore incapable of generating 

action potentials. The spike-generating region is the place where the stimulus 

energy is converted to action potentials. There must be voltage-gated channels 

here, else no spikes would be possible. The conducting region is really just an 

axon. It must also contain voltage-gated channels or no action potentials 

would be possible. 

�x The receptor region hypopolarizes when the stimuli open special stimulus-

gated channels. These channels are nonspecific, but cations (particularly 

sodium) predominate and the current is net inward. That inward current is 

coupled to an outward current (by Kirchhoff's law). This outward current 

flows in many parts of the membrane, amongst them the spike-generating 

region. Because the outward current is flowing through resting membrane, it 

hypopolarizes it. The hypopolarization opens voltage-gated channels in the 

spike-generating region, the cell is further hypopolarized. If the 

hypopolarization is great enough (crosses the critical firing level), an action 

potential results. This action potential is then conducted through the 

conducting region. 

�x Let's step backward in the process and examine how the stimulus-gated 

channels are actually opened in a number of different receptors. We will begin 

this discussion with the muscle spindle receptor, a tiny sensory body located 

within the body of skeletal muscles whose function is tell the CNS what the 

length of the muscle is. Having finished with the muscle spindle, we will 

consider what happens in hair cells like those in the auditory and vestibular 

apparatuses. Next to last we will consider two chemical sensors, those for 

gustation and olfaction, and finally, we will take up the receptors in the eye. 

These last appear to be a bit anomalous, but as we shall see they may not be. 
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Set: 2 

 

1) Write short notes on Vasopression. Discuss in detail the physiological effects 

of pitression? 

  

Arginine vasopressin (AVP), also known as vasopressin, argipressin or 

antidiuretic hormone (ADH), is a hormone found in most mammals, including 

humans. Vasopressin is a peptide hormone that controls the reabsorption of 

molecules in the tubules of the kidneys by affecting the  tissue's permeability. It 

also increases peripheral vascular resistance,  which in turn increases arterial 

blood pressure. It plays a key role in  homeostasis, and the regulation of water, 

glucose, and salts in the blood. It  is derived from a preprohormone precursor that 

is synthesized in the  hypothalamus and stored in vesicles at the posterior 

pituitary. Most of it is  stored in the posterior pituitary to be released into the 

bloodstream;  however, some AVP is also released directly into the brain. 

 

Pitression: 

Vasopressin is a man-made form of a hormone called "anti-diuretic hormone" that 

is normally secreted by the pituitary gland. In the body, vasopressin acts on the 

kidneys and blood vessels. 

Vasopressin helps prevent the loss of water from the body by reducing  urine 

output and helping the kidneys reabsorb water in the body. Vasopressin also raises 

blood pressure by constricting (narrowing) blood vessels. 

Vasopressin is used to treat diabetes insipidus, which is caused by a lack of this 

naturally occurring pituitary hormone in the body. Vasopressin is also used to 

treat or prevent certain conditions of the stomach after surgery or during 

abdominal x-rays. 

Vasopressin may also be used for purposes other than those listed in this 

medication guide. 

How is vasopressin given (Pitressin) 

Vasopressin is given as an injection under the skin or into a muscle. You  will 

receive this injection in a clinic or hospital setting. Vasopressin is usually given as 
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needed every 3 to 4 hours. The time interval between doses will depend on how 

your body responds to the medication. 

To treat diabetes insipidus, vasopressin is sometimes given into the nose by nasal 

spray or medicine dropper, or insertion of a cotton pad that has  been soaked in 

vasopressin. 

When used for abdominal x-ray, vasopressin injections are usually given at 2 

hours before and 30 minutes before your x-ray. Your doctor may also recommend 

you receive an enema before you receive your first dose of vasopressin. 

Vasopressin can cause temporary side effects such as nausea, stomach  pain, or 

"blanching" of your skin (such as pale spots when you press on the skin). Drinking 

1 or 2 glasses of water each time you receive an  injection may help ease these side 

effects. 

 

Side effects: 

�x Slow or uneven heart rate; 

�x Gasping or trouble breathing; 

�x Chest pain or heavy feeling, pain spreading to the arm or shoulder, nausea, 

sweating, general ill feeling; 

�x Tingling or loss of feeling in your hands or feet; 

�x Skin changes or discoloration; 

�x Swelling, rapid weight gain; 

�x Feeling light-headed, fainting; or 

�x Severe nausea or stomach pain. 

 

Less serious side effects may be more likely to occur, such as: 

�x mild stomach pain, bloating, or gas; 

�x dizziness; or 

�x Throbbing headache. 

 

2) What you meant by Von Reklinghausen disease? Mention the drugs used 

for the treatment? 

Neurofibromatosis type I (NF-1), formerly known as von Recklinghausen disease 

after the researcher, who first documented the disorder, is a human genetic 



R05-IV/II SEM REG/SUPPLE – NEUROBIOLOGY AND COGN ETIVE 
SCIENCES 

  Page 19 of 74 

disorder. It is possibly the most common inherited disorder caused by a single 

gene. NF-1 is not to be confused with Proteus Syndrome (the syndrome which 

may have affected The Elephant Man), but rather is a separate disorder. 

Peripheral nervous system lesions 

A neurofibroma is a mass lesion of the peripheral nervous system. Its  cellular 

lineage is uncertain, and may derive from Schwann cells, other  perineural cell 

lines, or fibroblasts. Neurofibromas may arise sporadically, or in association with 

NF-1. A neurofibroma may arise at any point along a peripheral nerve. A 

cutaneous neurofibroma manifests as single or multiple firm, rubbery bumps of 

varying sizes on a person's skin. A solitary neurofibroma may also occur in a 

deeper nerve trunk, and only be seen on cross-sectional imaging (e.g., computed 

tomography or magnetic resonance) as a fusiform enlargement of a nerve. 

 

The hallmark lesion of NF-1 is the plexiform neurofibroma. These lesions are 

composed of sheets of neurofibromatous tissue that may infiltrate and  encase 

major nerves, blood vessels, and other vital structures. These  lesions are 

difficult and sometimes impossible to routinely resect without causing any 

significant damage to surrounding nerves and tissue. 

 

When a plexiform neurofibroma manifests on a leg or arm, it will cause extra 

blood circulation, and may thus accelerate the growth of the limb. This may cause 

considerable difference in length between left and right  limbs. To equalize the 

difference during childhood, there is an orthopedic surgery called epiphysiodesis, 

where growth at the epiphyseal (growth) plate is halted. It can be performed on 

one side of the bone to help correct  an angular deformity, or on both sides to 

stop growth of that bone completely. The surgery must also be carefully planned 

with regard to  timing, as it is non-reversible. The goal is that the limbs are at 

near-equal length at end of growth. 

 

Schwannomas are peripheral nerve-sheath tumor seen with increased frequency in 

NF-1. In practice, the major distinction between a schwannoma and a solitary 

neurofibroma is that a schwannoma can be resected while sparing the underlying 

nerve, whereas resection of a neurofibroma requires the sacrifice of the underlying 

nerve. 
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Malignant peripheral nerve-sheath tumors (MPNST), once called 

neurofibrosarcomas, can arise from degeneration of a plexiform neurofibroma; 

this is, however, a rare complication. A plexiform neurofibroma has a lifetime risk 

of 8-12% of transformation. 

 

Dermatologic manifestations 

In addition to the cutaneous neurofibroma, patients with NF-1 develop  flat 

pigmented lesions of the skin called café au lait spots. 

NF-1 patients may also get freckles of the axillae (armpits). See Plexiform 

neurofibroma. 

 

Central nervous system manifestations 

The primary neurologic involvement is of the peripheral nervous system, as 

described above. 

Intracranially, NF-1 patients have a predisposition to develop glial tumors of the 

central nervous system; primarily: optic gliomas and astrocytomas. Another CNS 

manifestation of NF-1 is the so-called "unidentified bright object" or UBO, which 

is a lesion which has increased signal on a T2 weighted sequence of a magnetic 

resonance imaging examination of the brain. These UBOs are typically found in 

the cerebellar peduncles, pons,  midbrain, globus pallidus, thalamus, and optic 

radiations. Their exact identity remains a bit of a mystery since they disappear 

over time (usually, by age 16), and they are not typically biopsied or resected. 

They may represent a focally degenerative bit of myelin. 

 

Within the CNS, these manifests as a weakness of the dura, which is the tough 

covering of the brain and spine? Weakness of the dura leads to focal 

 enlargement (termed dural ectasia) due to chronic exposure to the  pressures 

of CSF pulsation. 

 

Radiographically, dural ectasia can lead to scalloping of the posterior  vertebral 

bodies and to the formation of cystic diverticula of the dura of  thespine 

(termedmeningoceles - this meningocele is not related to spina  bifida). 
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Skeletal lesions 

Bones, especially the ribs, can develop chronic erosions (pits) from the constant 

pressure of adjacent neurofibromas and schwannomas. Similarly, the neural 

foramen of the spine can be widened due to the presence of a nerve root 

neurofibroma or schwannoma. 

 

In NF-1, these are also a generalized abnormality of the soft tissues, which is 

referred to as mesodermal dysplasia. This manifests as maldevelopment of 

skeletal structures, including 

 

�x Focal scoliosis and/or kyphosis, which is the most common skeletal 

manifestation of NF-1, occurring in 20% of affected patients.  

�x Approximately one quarter of patients will require corrective surgery. 

�x Bowing of a long bone with a tendency to fracture and not heal, yielding a 

pseudarthrosis. The most common bone to be affected is the tibia (causing 

congenital pseudarthrosis of the tibia or CPT). CPT occurs in 2-4% of 

individuals with NF-1. 

�x Malformation of the facial bones or of the eye sockets (lambdoid suture 

defects, sphenoid dysplasia). 

�x Unilateral overgrowth of a limb 

Treatment: 

Currently testing 3 drugs to stop the growth of NF-1, more info on one called 

R115777.   

These drugs are, simplistically; utilize novel farnesyl transferase inhibitors to 

inhibit the Ras kinase in a post translational modification step before  the kinase 

pathway becomes hyperactive. The R115777 drug successfully passed phase one 

clinical trials but was suspended (NCT00029354) in phase two. Another drug, 

lovastatin is currently in phase one of  clinical trials (NCT00352599) 

 

 

 

 

 



R05-IV/II SEM REG/SUPPLE – NEUROBIOLOGY AND COGN ETIVE 
SCIENCES 

  Page 22 of 74 

3). Explain the following: 

3-a). Interneurons: 

  

An interneuron (also called relay neuron, association neuron or local circuit neuron) is 

a multipolar neuron which connects afferent neurons  and efferent neurons in 

neural pathways. Like motor neurons, interneuron cell bodies are always located in 

the central nervous system. 

 

In the CNS, the term interneuron is used for small, locally projecting neurons (in 

contrast to larger projection neurons with long-distance connections). CNS 

interneurons are typically inhibitory, and use the neurotransmitter GABA or glycine. 

However, excitatory interneurons  using glutamate also exist, as do interneurons 

releasing neuromodulators like acetylcholine. 

 

Examples of interneurons include the sensory neuron and motor neuron also 

connecting to the brain through the association neurons. This is  theorized to help 

focus higher attention on relevant sensory input and help block out behaviorally 

irrelevant or unchanging input, such as the sensation of the backs of your thighs on a 

chair. The neurophysiological  measure short-latency intracortical inhibition 

(SICI) is believed to be mediated by these inhibitory interneurons. 

 

Types of interneurons: 

 a) Spinal interneurons 

�x Inhibitory Neuron: Found in Lamina VII. Responsible for inhibiting antagonist 

motor neuron. 1a spindle afferents activate 1a inhibitory neuron.  

�x Inhibitory Neuron: Found in Lamina V, VI, VII. afferent or Golgi tendon 

organ activates it.  

b) Cortical interneurons 

�x Parvalbumin-containing interneurons  

�x CCK-containing interneurons  

�x VIP-containing interneurons  

 c) Cerebellar interneurons 

�x Molecular layer interneurons (basket cells, stellate cells)  
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�x Golgi cells  

�x Granule cells 

 

3-b). Peripheral cell body: 

The perikaryon, or body of the neuron, is rich in organelles. It often stands out 

poorly from a homogeneous background neuropil, most of which is composed of 

nonmyelinated axons and dendrites, synaptic complexes and glial cell processes. 

Closer inspection shows that, like all cells, the neuron is delineated by a typical triple-

layered unit membrane approximately 7.5 nm wide. Among the most prominent 

features of the perikaryal cytoplasm is a system of membranous cisternae, divisible 

into rough or granular endoplasmic reticulum (ER), which forms part of the Nissl 

substance; smooth or agranular ER; subsurface cisternae; and the Golgi apparatus. 

Although these various components are interconnected structurally, each possesses 

distinct enzymological properties. Also present within the cytoplasm are abundant 

lysosomes; lipofuscin granules, which also are termed aging pigment; mitochondria; 

multivesicular bodies; neurotubules; neurofilaments; and ribosomes. 

Nissl substance consists of the intracytoplasmic basophilic masses that ramify loosely 

throughout the cytoplasm and is typical of most neurons. The distribution of Nissl 

substance in certain neurons is characteristic and can be used as a criterion for 

identification. By electron microscopy (EM), this substance is seen to comprise 

regular arrays or scattered portions of flattened cisternae of the rough ER surrounded 

by clouds of free polyribosomes. The membranes of the rough ER are studded with 

rows of ribosomes, which produce the granular appearance of the rough ER. A space 

of 20 to 40 nm is maintained within cisternae. Sometimes, cisternal walls meet at 

fenestrations. Unlike the rough ER of glandular cells or other protein-secreting cells, 

such as plasma cells, the rough ER of neurons probably produces most of its proteins 

for use within that neuron, a feature imposed by the extraordinary functional demands 

placed on the cell. Nissl substance does not penetrate axons but does extend along 

dendrites. 

Smooth endoplasmic reticulum is present in most neurons, although it is sometimes 

difficult to differentiate it from the rough ER owing to the disorderly arrangement of 
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ribosomes. Ribosomes are not associated with these membranes, and the cisternae 

usually assume a meandering, branching course throughout the cytoplasm. In some 

neurons, the smooth ER is quite prominent, for example, in Purkinje cells. Individual 

cisternae of the smooth ER extend along axons and dendrites. 

Subsurface cisternae are a system of smooth, membrane-bound, flattened cisternae 

that can be found in many neurons. The distance between these cisternae and the 

plasmalemma is usually 10 to 12 nm, and in some neurons, such as the Purkinje cells, 

a mitochondrion may be found in close association with the innermost leaflet. Similar 

cisternae have been described beneath synaptic complexes, but their functional 

significance is not known. Some authors have suggested that such a system may play 

a role in the uptake of metabolites. 

The Golgi apparatus is a highly specialized form of agranular reticulum and is 

visualized best using the metal impregnation techniques of Golgi. Ultrastructurally, 

the Golgi apparatus consists of aggregates of smooth-walled cisternae and a variety of 

vesicles. It is surrounded by a heterogeneous assemblage of organelles, including 

mitochondria, lysosomes and multivesicular bodies. In most neurons, the Golgi 

apparatus encompasses the nucleus and extends into dendrites but is absent from 

axons. A three-dimensional analysis of the system reveals that the stacks of cisternae 

are pierced periodically by fenestrations. Tangential sections of these fenestrations 

show them to be circular profiles. A multitude of vesicles is associated with each 

segment of the Golgi apparatus, particularly “coated” vesicles, which proliferate from 

the lateral margins of flattened cisternae. Such structures have been variously named, 

but the term alveolate vesicle seems to be generally accepted. Histochemical staining 

reveals that these bodies are rich in acid hydrolases, and they are believed to represent 

primary lysosomes. Acid phosphatase also is found elsewhere in the cisternae but in 

lesser amounts than in alveolate vesicles. 

The lysosome is the principal organelle responsible for the degradation of cellular 

waste. It is a common constituent of all cell types of the nervous system and is 

particularly prominent in neurons, where it can be seen at various stages of 

development. It ranges in size from 0.1 to 2 µm in diameter. The primary lysosome is 

elaborated from Golgi saccules as a small, vesicular structure. Its function is to fuse 

with the membrane of waste-containing vacuoles, termed phagosomes, into which it 
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releases hydrolytic enzymes. The sequestered material is then degraded within the 

vacuole, and the organelle becomes a secondary lysosome; it is usually electron-dense 

and large. The matrix of this organelle will give a positive reaction when tested 

histochemically for acid phosphatase. Residual bodies containing nondegradable 

material are considered to be tertiary lysosomes, and in the neuron some are 

represented by lipofuscin granules. These granules contain brown pigment and 

lamellar stacks of membrane material and are more common in the aged brain. 

Multivesicular bodies usually are found in association with the Golgi apparatus and 

are visualized by EM as small, single membrane-bound sacs approximately 0.5 µm in 

diameter. They contain several minute, spherical profiles, sometimes arranged about 

the periphery. They are believed to belong to the lysosome series prior to secondary 

lysosomes because they contain acid hydrolases and apparently are derived from 

primary lysosomes. 

Neurotubules have been the subject of intense research. They usually are arranged 

haphazardly throughout the perikaryon of neurons but are aligned longitudinally in 

axons and dendrites. Each neurotubule consists of a dense-walled structure enclosing 

a clear lumen, in the middle of which may be found an electron-dense dot. Axonal 

neurotubules display 5-nm filamentous interconnecting side-arms known to be 

involved in axoplasmic transport in association with the proteins dynein and kinesin. 

The diameter of neurotubules varies between 22 and 24 nm. High-resolution studies 

indicate that each neurotubule wall consists of 13 filamentous subunits arranged 

helically around a lumen. 

Neurofilaments belong to the family of intermediate filaments and usually are found 

in association with neurotubules. The function of these two organelles has been 

debated for some time, and current views of their roles in the maintenance of form 

and in axoplasmic transport. Neurofilaments have a diameter of approximately 10 nm, 

are of indeterminate length and frequently occur in bundles. They are constant 

components of axons but are rarer in dendrites. In the axon, individual filaments 

possess a minute lumen and interconnect by proteinaceous side-arms, thereby forming 

a meshwork. Because of these cross-bridges, they do not form tightly packed bundles 

in the normal axon, in contrast to filaments within astrocytic processes, which lack 

cross-bridges. Neurofilaments within neuronal somata usually do not display cross-
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bridges and can be found in tight bundles. A form of filamentous structure finer than 

neurofilaments is seen at the tips of growing neurites, particularly in the growth cones 

of developing axons. These structures, known as microfilaments, are 5 nm in size and 

are composed of actin. They facilitate movement and growth since it has been shown 

that axonal extension can be arrested pharmacologically by treatment with compounds 

that depolymerize these structures. 

Mitochondria are the centers for oxidative phosphorylation. These organelles occur 

ubiquitously in the neuron and its processes. Their overall shape may change from 

one type of neuron to another, but their basic morphology is identical to that in other 

cell types. Mitochondria consist morphologically of double-membraned sacs 

surrounded by protuberances, or cristae, extending from the inner membrane into the 

matrix space. 

4). Explain the following classes of sensory receptors by stimulus type: 

 

4-a). Mechanoreceptors: 

Mechanoreceptors enable us to detect touch monitor the position of our 

 muscles, bones, and joints - the sense of proprioception detect sounds and the 

 motion  of the body. 

 

A mechanoreceptor is a sensory receptor that responds to mechanical  pressure or 

distortion. There are four main types in the glabrous skin of humans: Pacinian 

corpuscles, Meissner's corpuscles, Merkel's discs, and Ruffini corpuscles. There 

are also mechanoreceptors in the hairy skin, and the hair cells in the cochlea are 

the most sensitive mechanoreceptors, transducing air pressure waves into sound. 

 

4-b). Photoreceptors: 

 These two types of photoreceptors usually encircle each other and are  spread 

 about  throughout the retina (particularly toward the center).  

 Others are the photoreceptors that activate in the absence of light. As you  can 

 see, some of the dark photoreceptors encircle the lighter ones and vice  versa. In 

 reality, however, these two types of photoreceptors look the same. 
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 Each photoreceptor circle creates what is called a Receptive Field and  connects to 

a cell that relays information from its connected photoreceptors to the brain. 

 

 4-c). Chemoreceptors: 

A chemosensor, also known as chemoreceptor, is a sensory receptor that 

 transduces a chemical signal into an action potential. Or, more generally, a 

 chemosensor detects certain chemical stimuli in the environment. 

 There are two main classes of the chemosensor: direct and distance. 

 

 Examples of distance chemoreceptors are: olfactory receptor neurons in the 

 olfactory system neurons in the vomeronasal organ that detect  pheromones  

 

Examples of direct chemoreceptors include taste buds in the gustatory  system, 

carotid bodies and aortic bodies detect changes primarily in  oxygen. They also 

sense increases in CO2 partial pressure and decreases  in  arterial pH, but to 

a lesser degree than for O2.  

 

4-d). Nociceptors: 

A nociceptor is a sensory receptor that responds to potentially damaging stimuli 

by sending nerve signals to the spinal cord and brain. This process, called 

nociception, usually causes the perception of pain. 

 

Nociceptors have two different types of axons. The firs�W�� �D�U�H�� �W�K�H�� �$�/�� �I�L�E�H�U�� �D�[�R�Q�V����

They are myelinated and can allow an action potential to travel at a rate of about 

20 meters/second towards the CNS. The other type is the more slowly conducting 

C fiber axons. These only conduct at speeds of around 2 meters/second.[5] This is 

due to the light or non-myelination of the axon. As a result, pain comes in two 

phases. The first phase is mediated by the fast-�F�R�Q�G�X�F�W�L�Q�J�� �$�/�� �I�L�E�H�U�V�� �D�Q�G�� �W�K�H��

�V�H�F�R�Q�G�� �S�D�U�W���G�X�H�� �W�R�� ���3�R�O�\�P�R�G�D�O���� �&�� �I�L�E�H�U�V�����7�K�H�� �S�D�L�Q�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �$�/�� �I�L�E�H�U�V��

can be associated to an initial extremely sharp pain. The second phase is a more 

prolonged and slightly less intense feeling of pain as a result from the damage. If 

there is massive or prolonged input to a C fiber there is progressive build up in the 

spinal cord dorsal horn. This phenomenon is similar to tetanus in muscles but is 
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called wind-up. If wind-up occurs there is a probability of increased sensitivity to 

pain. 

 

5). List and explain major functions of nervous system: 

The nervous system consists of two types of cells. Nerve cells are called neurons. 

Various support cells are associated with the neurons, most typically, Schwann 

cells. The parts of a neuron include the dendrite which receives the impulse (from 

another nerve cell or from a sensory organ), the cell body (numbers of which side-

by-side form gray matter) where the nucleus is found, and the axon which carries 

the impulse away from the cell. Wrapped around the axon are the Schwann cells, 

and the spaces/junctions between Schwann cells are called nodes of Ranvier. 

Collectively, the Schwann cells make up the myelin sheath (numbers of which 

side-by-side form white matter). 

 

Schwann cells wrap around the axon (like the camp food, “pigs in a blanket”). 

Having an intact myelin sheath and nodes of Ranvier are critical to proper travel 

of the nerve impulse. Diseases which destroy the myelin sheath (demyelinating 

disorders) can cause paralysis or other problems. Schwann cells are analogous to 

the insulation on electrical wires, and just as electrical wires short out if there’s a 

problem with the insulation, so also, neurons cannot function properly without 

intact myelin sheaths. 

 

The nervous system has three basic functions: 

 

   1. sensory neurons receive information from the sensory receptors, 

   2. interneurons transfer and interpret impulses, and 

   3. motor neurons send appropriate impulses/instructions to the muscles and 

glands.  

 

A nerve impulse is an electrical charge that travels down the cell membrane of a 

neuron’s dendrite and/or axon through the action of the Na-K pump. Ordinarily, 

the inside of a neuron’s cell membrane is negatively-charged while the outside is 

positively-charged. When sodium and potassium ions change places, this reverses 

the inner and outer charges causing the nerve impulse to travel down the 
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membrane. A nerve impulse is “all-or-none:” it either goes or not, and there’s no 

halfway. However, a neuron needs a threshold stimulus, the minimum level of 

stimulus needed, to trigger the Na-K pump to go and the impulse to travel. A 

neuron cannot immediately fire again; it needs time for the sodium and potassium 

to return to their places and everything to return to normal. This time is called the 

refractory period. 

Most body organs/systems are enervated by both sympathetic and 

parasympathetic nerves, and these have opposite effects on the various organs. For 

example, the sympathetic NS prepares for action by increasing heart and 

respiration rates. by telling the liver to release stored glycogen as sugar, and by 

decreasing digestive processes. Conversely, the parasympathetic NS stores energy 

by slowing heart and respiration rates, by telling the liver to store up sugar as 

glycogen, and by increasing digestive processes. 

The brain consists of the cerebrum which is the large, anterior portion; the 

cerebellum which is the wrinkled-looking, posterior part; the pons which is the 

closest, larger bulge at the top of the spinal cord; the medulla which is the farther, 

smaller bulge between the pons and the top of the spinal cord; then the spinal cord 

starts after the medulla. Many of their functions are involved in homeostasis, 

coordination of movement, and maintenance/control of breathing and heart rate. 

While a stroke in the cerebrum might result in partial paralysis, a stroke in the 

hind brain is actually, potentially more dangerous becuase it could knock out 

coordination of the cerebrum’s activities, or worse yet, automatic control of 

breathing and/or heart beat. The midbrain is responsible for receiving and 

integrating of information and sending/routing that information to other 

appropriate parts of the brain. The forebrain is composed of the cerebrum and 

related parts, and functions in pattern and image formation, memory, learning, 

emotion, and motor control. In addition, the right side functions more in artistic 

and spatial concepts, while the left side controls speech, language, and 

calculations. Keep in mind that motor skills are controlled by the opposite half of 

the brain, thus a left-brain stroke would cause paralysis on the right side of the 

body. Also, a left-brain stroke might cause problems with speech while a right-

brain stroke is more likely to cause abnormal/inappropriate emotional responses. 
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6). Explain the following 

6-a). Heat production of the muscles. 

�x We hypothesised that heat production of human skeletal muscle at a given 

high power output would gradually increase as heat liberation per mole of 

ATP produced rises when energy is derived from oxidation compared to 

phosphocreatine (PCr) breakdown and glycogenolysis. 

�x Five young volunteers performed 180 s of intense dynamic knee-extensor 

exercise (�§������ �:���� �Z�K�L�O�H�� �H�V�W�L�P�D�W�H�V�� �R�I�� �P�X�V�F�O�H�� �K�H�D�W�� �S�U�R�G�X�F�W�L�R�Q���� �S�R�Z�H�U�� �R�X�W�S�X�W����

oxygen uptake, lactate release, lactate accumulation and ATP and PCr 

hydrolysis were made. Heat production was determined continuously by (i) 

measuring heat storage in the contracting muscles, (ii) measuring heat removal 

to the body core by the circulation, and (iii) estimating heat transfer to the skin 

by convection and conductance as well as to the body core by lymph drainage. 

�x The rate of heat storage in knee-extensor muscles was highest during the first 

45 s of exercise (70-80 J s�í�������D�Q�G���G�H�F�O�L�Q�H�G���J�U�D�G�X�D�O�O�\���W�R���������“���������-���V�í�����D�W�����������V����

The rate of heat removal by blood was negligible during the first 10 s of 

exercise, rising gradually to 112 ± 14 J s�í�����D�W�����������V�����7�K�H���H�V�W�L�P�D�W�H�G���U�D�W�H���R�I���K�H�D�W��

release to skin and heat removal via lymph flow was < 2 J s�í�����G�X�U�L�Q�J���W�K�H���I�L�U�V�W��

5 s and increased progressively to 24 ± 1 J s�í�����D�W�����������V�� 

�x The rate of heat production increased significantly throughout exercise, being 

107 % higher at 180 s compared to the initial 5 s, with half of the increase 

occurring during the first 38 s, while power output remained essentially 

constant. 

�x The contribution of muscle oxygen uptake and net lactate release to total 

energy turnover increased curvilinearly from 32 % and 2 %, respectively, 

during the first 30 s to 86 % and 8 %, respectively, during the last 30 s of 

exercise. The combined energy contribution from net ATP hydrolysis, net PCr 

hydrolysis and muscle lactate accumulation is estimated to decline from 37 % 

to 3 % comparing the same time intervals. 

�x The magnitude and rate of elevation in heat production by human skeletal 

muscle during exercise in vivo could be the result of the enhanced heat 

liberation during ATP production when aerobic metabolism gradually 
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becomes dominant after PCr and glycogenolysis have initially provided most 

of the energy. 

 

6-b). Neuromuscular junction: 

A neuromuscular junction is a place in the body where the axons of motor nerves 

meet the muscle, thus transmitting messages from the brain which cause the 

muscle to contract and relax. Every organism has thousands of neuromuscular 

junctions which control the movements of the body and cause the heart to beat. 

The neuromuscular junction is only one example of many connections made 

between nerves and other parts of the body which result in a successfully 

functioning organism.  

1.Upon the arrival of an action potential at the presynaptic neuron terminal, 

voltage-dependent calcium channels open and Ca2+ ions flow from the 

extracellular fluid into the presynaptic neuron's cytosol. 

 

2.This influx of Ca2+ causes neurotransmitter-containing vesicles to dock and 

fuse to the presynaptic neuron's cell membrane. Fusion of the vesicular membrane 

with the presynaptic cell membrane results in the emptying of the vesicle's 

contents (acetylcholine) into the synaptic cleft, a process known as exocytosis. 

 

3.Acetylcholine diffuses into the synaptic cleft and binds to the nicotinic 

acetylcholine receptors bound to the motor end plate. 

 

4.These receptors are ligand-gated ion channels, and when they bind 

acetylcholine, they open, allowing sodium ions to flow in and potassium ions to 

flow out of the muscle's cytosol. 

 

5.Because of the differences in electrochemical gradients across the plasma 

membrane, more sodium moves in than potassium out, producing a local 

depolarization of the motor end plate known as an end-plate potential (EPP). 

 

6.This depolarization spreads across the surface of the muscle fiber into transverse 

tubules, eliciting the release of calcium from the sarcoplasmic reticulum, thus 

initiating muscle contraction. 
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7.The action of acetylcholine is terminated when the enzyme acetylcholinesterase 

degrades part of the neurotransmitter (producing choline and an acetate group) 

and the rest of it diffuses away. 

 

8. The choline produced by the action of acetylcholinesterase is recycled it is 

transported, through reuptake, back into the presynaptic terminal, where it is used 

to synthesize new acetylcholine molecules. 

 

7). Explain detail about the affect of lunar cycle in the behaviour of small fish 

like Leursthestenious? 

 

Cues from the moon influence synchrony in growth, feeding, migration, behavior 

and reproduction of many reef fishes. Compared with comprehensive studies on 

the annual and daily activities of fish, few physiological studies have paid 

attention to the importance of lunar cues in reproductive activities. We review 

mutual and interesting relationships between fish reproduction and environmental 

changes induced by the moon, with particular emphasis on the reproductive 

activity of the rabbitfishes (Siganidae).  

Rabbitfish species exhibit, in nature, a definitive reproductive season, which 

differs among the tropical areas. During the reproductive season, synchronous 

spawning of rabbitfish is associated with a particular lunar phase. The lunar phase 

used by the respective species is similar in different regions on the earth.  

Histological observations revealed that gonads develop synchronously towards a 

peak around the spawning lunar phase, after which the gonads return to spent 

condition. Concomitant with gonadal development, sex steroid hormones were 

produced under the influence of gonadotropin (GtH).  

Injections of human chronic gonadotropin (hCG) to the fish that are undergoing 

active spermatogenesis accelerated testicular maturation. These results suggest 

that hormonal response in maturing the gonads in rabbitfish is under the regulation 

of GtH, and that pituitary secretion of GtH according to the lunar cycle accounts 

for the lunar rhythm in gonadal development.  

We speculate that the cues from the moon can be recognized by the higher parts of 

the hypothalamus–pituitary–gonadal axis. Possible relationships between 
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exogenous environmental factors and the lunar-reproductive rhythm are also 

discussed 

 

Spawning in a natural population of the mummichog, Fundulus heteroclitus, 

occurs cyclically throughout its reproductive season. Gonadal maturity and 

spawning readiness of males and females are greatest for several days coincident 

with new or full moon.  

The spawning rhythm is apparent in size distributions of fry collected during the 

spawning season. A diurnal cycle in both spawning readiness and gonadal 

maturity was super-imposed on the lunar spawning rhythm. Although mature eggs 

were found in the ovaries of fish examined during the day at spawning peaks, 

these eggs were usually dispersed throughout the stroma of the ovary. Fish 

sampled at the night high tide usually contained ovulated eggs grouped posteriorly 

in the lumen of the ovary, at the opening of the ovipositor. This rhythmicity 

synchronizes spawning with the highest tides of the lunar cycle, and makes 

possible the deposition of eggs in locations which insure their incubation away 

from strong tidal currents. The observed spawning rhythm is an important 

component of a reproductive sequence that appears to be of adaptive significance 

in the tide marsh environment. 

 

8) “Receptors are biological transducers” substantiate your answers with 

illustrations. 

A neurotransmitter receptor is a membrane receptor protein. A membrane protein 

interacts with the lipid bilayer that encloses the cell and a membrane receptor 

protein interacts with a chemical in the cells external environment, which binds to 

the cell. Membrane receptor proteins are particularly important in neuronal and 

glial (involved in neuronal transmission, but not technically neurons) cells, 

because they allow cells to communicate with one another through chemical 

signals. Neurotransmitter receptors send and receive signals that trigger an 

electrical signal that runs along the neuron and can be passed along a neural 

network, by regulating the activity of ion channels A neurotransmitter receptor 

can be paired directly with an ion channel, but most send signals indirectly though 

guanyl nucleotide-binding proteins or G proteins Interactions between 

neurotransmitters and neurotransmitter receptors are involved in a wide range of 



R05-IV/II SEM REG/SUPPLE – NEUROBIOLOGY AND COGN ETIVE 
SCIENCES 

  Page 34 of 74 

differing reactions from the cell receiving the signal, triggering anything from 

activation to inhibition. 

 

One additional characteristic of neurotransmitter receptors is that they are subject 

to ligand-induced desensitization: That is, they can become unresponsive upon 

prolonged exposure to their neurotransmitter. Neurotransmitter receptors are 

present on both postsynaptic neurons and presynaptic neurons with the former 

being used to receive neurotransmitters and the latter for the purpose of preventing 

further release of a given neurotransmitter. In addition to being found in neuron 

cells, neurotransmitter receptors are also found in various immune and muscle 

tissues. Many neurotransmitter receptors are categorized as a serpentine receptor 

or G protein-coupled receptor because they span the cell membrane not once, but 

seven times. Neurotransmitter receptors are known to become unresponsive to the 

type of neurotransmitter they receive when exposed for extended periods of time. 

This phenomenon is known as ligand-induced desensitization or downregulation. 
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Set: 3 

 

1) What would be the effect on the resting membrane potential if the 

intracellular concentration of K + ions were increased? Use a graph of 

membrane potential to help illustrate your argument? 

In most cells, the resting membrane potential is governed by the relative 

permeability to potassium (K+), sodium (Na+), and chloride (Cl-) ions. The 

resting membrane potential in a typical neuron is near -70 mV. Therefore, 

because at rest pK is greater than either pNa  or pCl, the resting membrane 

potential in most cells is close to the equilibrium potential for K+ (VK  �§��-90 

mV). The resulting electrical impulses, in turn, form the basis for information 

transmission in the nervous system. As we will see below, the changes in Na+ 

and K+ permeability are due to the opening of voltage-gated Na+ channels and 

voltage-gated K+ channels. 

Nervous impulses are the electrical signals by which neurons talk to one 

another and also to other cells of the body. The nervous impulse is referred to 

as the action potential. An action potential is a brief reversal of the membrane 

potential (Fig. 6-1). At rest, the Vm of a neuron is around -70 mV (close to 

VK), but during an action potential, Vm transiently approaches +50 mV (close 

to VNa). The Vm  then rapidly returns to the resting potential and even briefly 

goes beyond the resting potential to approach VK before finally returning to 

the resting value of about –70 mV. The entire process takes about 3–5 ms. 

This potential reversal of more than 100 mV is responsible for electrical 

signaling in the nervous system, and is the basis of information transmission in 

the nervous system. In this lecture, we will learn the mechanisms that give rise 

to the action potential. In the next lecture, we will see how this electrical 

signal can travel along axonal projections of neurons to reach other neurons, 

or other cells in the body. 

In non-excitable cells, depolarizing or hyperpolarizing stimulation only 

temporarily alters the membrane potential, but does not lead to "excitation" of 

the cell (Fig. 6-2). At the end of the depolarizing or hyperpolarizing pulse, the 

membrane potential simply returns to the resting value. This behavior is 

independent of the strength of the stimuli. The amplitude of the depolarization 
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or hyperpolarization is directly proportional to the amplitude of the stimulus; 

the larger the amplitude of the stimulus, the larger the change in the membrane 

potential. These changes in the membrane potential are referred to as graded 

potentials because they are proportional to the magnitude of the stimulus. 

These graded potentials represent the passive property of the membrane to 

electrical stimulation. 

In excitable cells, hyperpolarizing stimuli lead to the same graded responses 

that are seen in non-excitable cells. However, the nature of the response of 

excitable cells to depolarizing stimuli depends on the strength of the applied 

stimulus. If weak stimuli are given, the response is graded and is similar to 

that of a non-excitable cell  

The voltage that must be surpassed in order to get an action potential is 

referred to as threshold. In most neurons threshold is around -40 to -50 mV. If 

a stimulus leads to a membrane depolarization that is more negative than the 

threshold value, the stimulus is said to be sub-threshold. Sub-threshold stimuli 

do not lead to action potentials. If the stimulus leads to a membrane 

depolarization that is less negative (more positive) than the threshold value, it 

is said to be supra-threshold. In general, supra-threshold stimuli lead to action 

potentials. This is almost always true if the supra-threshold stimulus is applied 

to a neuron at rest (i.e., a neuron that is not undergoing excitation). However, 

if a neuron is undergoing excitation, there are times when even supra-

threshold stimuli do not lead to excitation of neurons. This is because during 

excitation, there is a period during which the neuron is refractory to 

subsequent stimulation  

The mechanisms by which neurons become stimulated under physiological 

conditions will be discussed later when we consider how electrical information 

is transmitted from one neuron to another neuron (see Neuronal Signaling: 

Synaptic Neurotransmission). Nevertheless, once a neuron is stimulated such 

that its membrane potential reaches threshold, a neuronal action potential will 

be generated. Thus, whether a neuron is stimulated by another neuron, 

environmental stimuli, or by an intracellular microelectrode, the resulting 

action potential will be the same. Therefore, electrophysiological stimulation 

of neurons provides a reliable and convenient method by which to study 

neuronal physiology. Although we will focus on neurons in this lecture, keep 
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in mind that neurons are not the only excitable cells in the body. Muscle cells 

(skeletal, cardiac, and smooth muscle), as well as some endocrine cells are 

also excitable. 

 

A typical neuronal action potential. 

 

 

Electrical stimulation of non-excitable cells. 
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Electrical stimulation of neurons. 

 

2).Give detailed account on neurotransmitters: 

Neurotransmitters are the chemicals which allow the transmission of signals from 

one neuron to the next across synapses. They are also found at the axon endings of 

motor neurons, where they stimulate the muscle fibers. And they and their close 

relatives are produced by some glands such as the pituitary and the adrenal glands. 

In this chapter, we will review some of the most significant neurotransmitters. 

Acetylcholine 

Acetylcholine was the first neurotransmitter to be discovered.  It was isolated 

in 1921 by a German biologist named Otto Loewi, who would later win the 

Nobel Prize for his work.  Acetylcholine has many functions:  It is responsible 

for much of the stimulation of muscles, including the muscles of the gastro-

intestinal system.  It is also found in sensory neurons and in the autonomic 

nervous system, and has a part in scheduling REM (dream) sleep. 

 

The plant poisons curare and hemlock cause paralysis by blocking the 

acetylcholine receptor sites of muscle cells.  The well-known poison botulin 

works by preventing the vesicles in the axon ending from releasing 

acetylcholine, causing paralysis.  The botulin derivative botox is used by many 
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people to temporarily eliminate wrinkles - a sad commentary on our times, I 

would say. On a more serious note, there is a link between acetylcholine and 

Alzheimer's disease:  There is something on the order of a 90% loss of 

acetylcholine in the brains of people suffering from Alzheimer's, which is a 

major cause of senility. 

 

Norepinephrine 

In 1946, a Swedish biologist by the name of Ulf von Euler discovered 

norepinephrine (formerly called noradrenalin).  He also won a Nobel Prize. 

Norepinephrine is strongly associated with bringing our nervous systems into 

"high alert."  It is prevalent in the sympathetic nervous system, and it increases 

our heart rate and our blood pressure.  Our adrenal glands release it into the 

blood stream, along with its close relative epinephrine (aka adrenalin).  It is 

also important for forming memories. 

 

Stress tends to deplete our store of adrenalin, while exercise tends to increase 

it.  Amphetamines ("speed") work by causing the release of norepinephrine, as 

well as other neurotransmitters called dopamine and seratonin.. 

 

Dopamine 

Another relative of norepinephrine and epinephrine is dopamine, discovered to 

be a neurotransmitter in the 1950s by another Swede, Arvid Carlsson. It is an 

inhibitory neurotransmitter, meaning that when it finds its way to its receptor 

sites, it blocks the tendency of that neuron to fire.  Dopamine is strongly 

associated with reward mechanisms in the brain.  Drugs like cocaine, opium, 

heroin, and alcohol increase the levels of dopamine, as does nicotine.  If it 

feels good, dopamine neurons are probably involved! 

 

The severe mental illness schizophrenia has been shown to involve excessive 

amounts of dopamine in the frontal lobes, and drugs that block dopamine are 

used to help schizophrenics.  On the other hand, too little dopamine in the 

motor areas of the brain are responsible for Parkinson's disease, which 

involves uncontrollable muscle tremors.  It was the same Arvid Carlsson 

mentioned above who figured out that the precursor to dopamine (called L-
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dopa) could eleviate some of the symptoms of Parkinson's.  He was awarded 

the Nobel Prize in 2000. 

 

 Recently, it has been noted that low dopamine may related not only to the 

unsociability of schizophrenics, but also to social anxiety.  On the other hand, 

dopamine has been found to have relatively little to do with the pleasures of 

eating.  That seems to involve chemicals such as endorphin (see below). 

 

GABA 

In 1950, Eugene Roberts and J. Awapara discovered GABA (gamma 

aminobutyric acid), which is also usually an inhibitory neurotransmitter.  

GABA acts like a brake to the excitatory neurotransmitters that lead to 

anxiety.  People with too little GABA tend to suffer from anxiety disorders, 

and drugs like Valium work by enhancing the effects of GABA.  Lots of other 

drugs influence GABA receptors, including alcohol and barbituates.  If GABA 

is lacking in certain parts of the brain, epilepsy results. 

 

Glutamate 

Glutamate is an excitatory relative of GABA.  It is the most common 

neurotransmitter in the central nervous system - as much as half of all neurons 

in the brain - and is especially important in regards to memory.  Curiously, 

glutamate is actually toxic to neurons, and an excess will kill them.  

Sometimes brain damage or a stroke will lead to an excess and end with many 

more brain cells dying than from the original trauma.  ALS, more commonly 

known as Lou Gehrig's disease, results from excessive glutamate production.  

Many believe it may also be responsible for quite a variety of diseases of the 

nervous system, and are looking for ways to minimize its effects 

 

Glutamate was discovered by Kikunae Ikeda of Tokay Imperial Univ. in 1907, 

while looking for the flavor common to things like cheese, meat, and 

mushrooms.  He was able to extract an acid from seaweed - glutamate.  He 

went on to invent the well known seasoning MSG - monosodium glutamate.  It 

took decades for Peter Usherwood to identify glutamate as a neurotransmitter 

(in locusts) in 1994. 
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Serotonin 

Serotonin is an inhibitory neurotransmitter that has been found to be 

intimately involved in emotion and mood.  Too little serotonin has been shown 

to lead to depression, problems with anger control, obsessive-compulsive 

disorder, and suicide.  Too little also leads to an increased appetite for 

carbohydrates (starchy foods) and trouble sleeping, which are also associated 

with depression and other emotional disorders.  It has also been tied to 

migraines, irritable bowel syndrome, and fibromyalgia. 

 

Vittorio Erspamer first discovered what we now call seratonin in the 1930s.  It 

was found in blood serum in 1948 by Irvine Page, who named it serotonin 

(from “serum-tonic”).  Another researcher in Page’s lab - Maurice Rapport - 

proved that it was an amine (a group of chemicals that include the 

neurotransmitters).  John Welsh found that it was a neurotransmitter in 

molluscs in 1954, and Betty Twarog (also at Page's lab) found it in vertebrates 

in 1952.  All this gives you a sense of the cooperative nature of most of 

scientific discovery! 

 

Prozac and other recent drugs help people with depression by preventing the 

neurons from "vacuuming" up excess seratonin, so that there is more left 

floating around in the synapses.  It is interesting that a little warm milk before 

bedtime also increases the levels of seratonin.  As mom may have told you, it 

helps you to sleep.  Serotonin is a derivative of tryptophan, which is found in 

milk.  The "warm" part is just for comfort! 

 

On the other hand, serotonin also plays a role in perception.  Hallucinogens 

such as LSD, mescaline, psilocybin, and ecstasy work by attaching to 

seratonin receptor sites and thereby blocking transmissions in perceptual 

pathways. 
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3). Explain the role of amines and acetyl cholines in neuronal mechanisum of 

behavior? 

Synthesis and Metabolism of Acetylcholine 

�x Acetylcholine (ACh) is synthesized by choline acetyl transferase, a soluble 

cytoplasmic enzyme that catalyzes the transfer of an acetyl group from acetyl 

coenzyme A to choline.  

�x In the cholinergic neurons acetylcholine is synthesized from choline.  This 

reaction is activated by cholineacetyltransferase  

 

 

�x As soon as acetylcholine is synthesized, it is stored within synaptic vesicles. 

Release of acetylcholine from presynaptic neurons: 

�x When the nerve impulse (Action potential) moves down the presynaptic axon 

to the terminal bulb the change in the membrane action potential causes the 

opening of voltage gated calcium channels open allowing Ca+2 ions to pass 

from the synaptic cleft into the axon bulb. 

�x Within the bulb the increase in Ca+2 concentration causes the synaptic 

vesicles that contain acetylcholine to fuse with the axonal membrane and open 

spilling their contents into the synaptic cleft. 

Binding of acetylcholine to the postsynaptic receptors: 

�x The postsynaptic membrane of the receptor dendrite has specific cholinergic 

receptors toward which the neurotransmitter diffuses.  Binding of 

acetylcholine trigger the opening of ion channels in the postsynaptic 

membrane initiating action potential that can pass in the next axon. 

�x Acetylcholine receptors: 

�x Acetylcholine receptors are ion channels receptors made of many subunits 

�D�U�U�D�Q�J�H�G���L�Q���W�K�H���I�R�U�P���>���.�������������������/���@���� 

�x When Acetylcholine is not bounded to the receptors, the bulky hydrophobic 

leucine side closes the central channels preventing the diffusion of any ions. 
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Binding of two acetylcholine molecules to the receptors will rotate the 

subunits in which the smaller polar residues will line the ion channel causing 

the influx of Na+ into the cell and efflux of K+ resulting in a depolarization of 

the postsynaptic neuron and the initiation of new action potential. 

Structure of AchE 

�x Acetylcholinesterase (AchE) is an enzyme, which hydrolyses the 

neurotransmitter acetylcholine. The active site of AChE is made up of two 

subsites, both of which are critical to the breakdown of ACh. 

�x The anionic site serves to bind a molecule of ACh to the enzyme.  

�x Once the ACh is bound, the hydrolytic reaction occurs at a second region of 

the active site called the esteratic  subsite. Here, the ester bond of ACh is 

broken, releasing acetate and choline. Choline is then immediately taken up 

again by the high affinity choline uptake system on the pre synaptic 

membrane. 

 

 

 

 

Catecholamine Synthesis (Dopamine, Norepinephrine and Epinephrine).  

�x First Step: Hydroxylation:  In this step: the reaction involves the conversion of 

tyrosine, oxygen and tetrahydrobiopterin to dopa & dihydrobiopterin. This 

reaction is catalyzed by the enzyme tyrosine hydroxylase. It is irreversible 

reaction.  
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�x Second step: Decarboxylation: In this step: the dopa decaboxylase will 

catalyze the decaoxylation of dopa to produce dopamine. The deficiency of 

this enzyme can cause Parkinson’s disease.  It is irreversible reaction. The 

cofactor in this reaction is the PLP (pyridoxal phosphate). In the nerve cells 

that secrete dopamine as neurotransmitter the pathway ends at this step.  

�x Third step: Hydroxylation: This reaction is catalyzed by the enzyme dopamine 

��- hydroxylase.  The reactants include dopamine, O2 and ascorbate (vitamin 

C).  The products are norepinephrine, water and dehydroascorbate. It is an 

irreversible reaction).  The end product in noradrenergic cells is 

norepinephrine and the pathway ends her. 

�x Forth step: Methylation:  This reaction is catalyzed by phenylethanolamine N-

methyltransferase.  Norepinephrine and S-adenosylmethionin (ado-Met) form 

epinephrine and S-adenosyl homocysteine (ado-Hcy). 

 

 



R05-IV/II SEM REG/SUPPLE – NEUROBIOLOGY AND COGN ETIVE 
SCIENCES 

  Page 45 of 74 

4). Describe two ways in which neurotransmitters are removed from the synapse: 

In the nervous system, a synapse is a structure that permits a neuron to pass an 

electrical or chemical signal to another cell. 

There are two fundamentally different types of synapse: 

In a chemical synapse, the presynaptic neuron releases a chemical called a 

neurotransmitter that binds to receptors located in the postsynaptic cell, usually 

embedded in the plasma membrane. Binding of the neurotransmitter to a receptor can 

affect the postsynaptic cell in a wide variety of ways. 

In an electrical synapse, the presynaptic and postsynaptic cell membranes are 

connected by channels that are capable of passing electrical current, causing voltage 

changes in the presynaptic cell to induce voltage changes in the postsynaptic cell. 

 

Chemical synapse: 

Here is a summary of the sequence of events that take place in synaptic transmission 

from a presynaptic neuron to a postsynaptic cell. Each step is explained in more detail 

below. Note that with the exception of the final step, the entire process may run only a 

few tenths of a millisecond, in the fastest synapses. 

   1. The process begins with a wave of electrochemical excitation called an action 

potential traveling along the membrane of the presynaptic cell, until it reaches the 

synapse. 

   2. The electrical depolarization of the membrane at the synapse causes channels to 

open that are permeable to calcium ions. 

   3. Calcium ions flow through the presynaptic membrane, rapidly increasing the 

calcium concentration in the interior. 

   4. The high calcium concentration activates a set of calcium-sensitive proteins 

attached to vesicles that contain a neurotransmitter chemical. 

   5. These proteins change shape, causing the membranes of some "docked" vesicles 

to fuse with the membrane of the presynaptic cell, thereby opening the vesicles and 

dumping their neurotransmitter contents into the synaptic cleft, the narrow space 

between the membranes of the pre- and post-synaptic cells. 

   6. The neurotransmitter diffuses within the cleft. Some of it escapes, but some of it 

binds to chemical receptor molecules located on the membrane of the postsynaptic 

cell. 
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   7. The binding of neurotransmitter causes the receptor molecule to be activated in 

some way. Several types of activation are possible, as described in more detail below. 

In any case, this is the key step by which the synaptic process affects the behavior of 

the postsynaptic cell. 

   8. Due to thermal shaking, neurotransmitter molecules eventually break loose from 

the receptors and drift away. 

   9. The neurotransmitter is either reabsorbed by the presynaptic cell, or then 

repackaged for future release, or else it is broken down metabolically. 

 

Neurotransmitter release 

The release of a neurotransmitter is triggered by the arrival of a nerve impulse (or 

action potential) and occurs through an unusually rapid process of cellular secretion, 

also known as exocytosis: Within the presynaptic nerve terminal, vesicles containing 

neurotransmitter sit "docked" and ready at the synaptic membrane. The arriving action 

potential produces an influx of calcium ions through voltage-dependent, calcium-

selective ion channels at the down stroke of the action potential (tail current).Calcium 

ions then bind with the proteins found within the membranes of the synaptic vesicles, 

allowing the vesicles to "dock" with the presynaptic membrane resulting in the 

creation of a fusion pore. The vesicles then release their contents to the synaptic cleft 

�W�K�U�R�X�J�K���W�K�L�V�� �I�X�V�L�R�Q�� �S�R�U�H���Z�L�W�K�L�Q���������—�V�H�F���R�I���F�D�O�F�L�X�P���H�Q�W�U�\���9�H�V�L�F�O�H�� �I�X�V�L�R�Q�� �L�V���G�U�L�Y�H�Q���E�\��

the action of a set of proteins in the presynaptic terminal known as SNAREs. 

The membrane added by this fusion is later retrieved by endocytosis and recycled for 

the formation of fresh neurotransmitter-filled vesicles. 

 

Receptor binding 

Receptors on the opposite side of the synaptic gap bind neurotransmitter molecules 

and respond by opening nearby ion channels in the postsynaptic cell membrane, 

causing ions to rush in or out and changing the local transmembrane potential of the 

cell. The resulting change in voltage is called a postsynaptic potential. In general, the 

result is excitatory, in the case of depolarizing currents, or inhibitory in the case of 

hyperpolarizing currents. Whether a synapse is excitatory or inhibitory depends on 

what type(s) of ion channel conduct the postsynaptic current display(s), which in turn 

is a function of the type of receptors and neurotransmitter employed at the synapse. 
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Termination 

After a neurotransmitter molecule binds to a receptor molecule, it must be removed to 

allow for the postsynaptic membrane to continue relay subsequent EPSPs and/or 

IPSPs. This removal can happen through one or more processes: 

The neurotransitter may diffuse away due to thermally-induced oscillations of both it 

and the receptor, making it available to be broken down metabolically outside the 

neuron or to be reabsorbed. 

Enzymes within the subsynaptic membrane may inactivate/metabolize the 

neurotransmitter. 

Reuptake pumps may actively pump the neurotransmitter back into the postsynaptic 

axon terminal for reprocessing and re-release following a later action potential. 

The time frame for these "clearing" processes varies greatly for different types of 

synapses, ranging from a few tenths of a millisecond for the fastest, to several seconds 

for the slowest. 
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5). Draw the diagram or concept map illustrating how nervous system organized. 

Include central, peripheral, somatic, visceral, sensory and motor. 
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6). Give an account on cerebral arteriosclerosis: 

What is Cerebral Arteriosclerosis? 

Cerebral arteriosclerosis is the result of thickening and hardening of the walls of the 

arteries in the brain. Symptoms of cerebral arteriosclerosis include headache, facial 

pain, and impaired vision. 

 

Cerebral arteriosclerosis can cause serious health problems. If the walls of an artery 

are too thick, or a blood clot becomes caught in the narrow passage, blood flow to the 

brain can become blocked and cause an ischemic stroke. When the thickening and 

hardening is uneven, arterial walls can develop bulges (called aneurysms). If a bulge 

ruptures, bleeding in the brain can cause a hemorrhagic stroke. Both types of stroke 

can be fatal. 
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Cerebral arteriosclerosis is also related to a condition known as vascular dementia, in 

which small, symptom-free strokes cause cumulative damage and death to neurons in 

the brain. Personality changes in the elderly, such as apathy, weeping, transient 

befuddlement, or irritability, might indicate that cerebral arteriosclerosis is present in 

the brain. Computer tomography (CT) and magnetic resonance imaging (MRI) of the 

brain can help reveal the presence of cerebral arteriosclerosis before ischemic strokes, 

hemorrhagic strokes, or vascular dementia develop. 

 

Is there any treatment? 

Treatment for cerebral arteriosclerosis can include medications or surgery. Physicians 

also may recommend treatments to help people control high blood pressure, quit 

cigarette smoking, and reduce cholesterol levels, all of which are risk factors for 

cerebral arteriosclerosis. 

 

What is the prognosis? 

Cerebral arteriosclerosis can lead to life threatening health events such as ischemic or 

hemorrhagic strokes. People who survive stroke may have long-term neurological and 

motor impairments. 

 

What research is being done? 

The NINDS supports an extensive research program on stroke and conditions that can 

lead to stroke. Much of this research is aimed at finding ways to prevent and treat 

conditions such as cerebral arteriosclerosis. 

 

7). Explain the role of suprachaismatic nucleus in controlling the behavior of 

mammals? 

The suprachiasmatic nucleus or nuclei, abbreviated SCN, is a tiny region on the 

brain's midline, situated directly above the optic chiasm. It is responsible for 

controlling circadian rhythms. The neuronal and hormonal activities it generates 

regulate many different body functions in a 24-hour cycle, using around 20,000 

neurons. 

 

Circadian effects: 
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The SCN, pine cone shaped and the size of a grain of rice, interacts with many other 

regions of the brain. It contains several cell types and several different peptides 

(including vasopressin and vasoactive intestinal peptide) and neurotransmitters. 

Organisms in every kingdom of life—bacteria, plants, fungi, and animals—show 

genetically based 24-hour rhythms. Although all of these clocks appear to be based on 

a similar type of genetic feedback loop, the specific genes involved are thought to 

have evolved independently in each kingdom. Within the animal kingdom, however, a 

related set of genes are used by a wide variety of animals: the circadian genes in fruit 

flies, for example, are closely related to those in mammals. 

 

Many aspects of mammalian behavior and physiology show circadian rhythmicity, 

including sleep, physical activity, alertness, hormone levels, body temperature, 

immune function, and digestive activity. Remarkably, all of these diverse rhythms are 

controlled by a single tiny brain area, the SCN, and are lost if the SCN is destroyed. In 

the case of sleep, for example, the total amount is maintained in rats with SCN 

damage, but the length and timing of sleep episodes become erratic. The importance 

of entraining organisms, including humans, to exogenous cues such as the light/dark 

cycle, is reflected by several circadian rhythm sleep disorders, where this process does 

not function normally. 

 

The SCN also controls "slave oscillators" in the peripheral tissues, which exhibit their 

own ~24-hour rhythms, but are kept in synchrony by the SCN. 

 

The SCN receives inputs from specialized photoreceptive retinal ganglion cells, via 

the retinohypothalamic tract. 

 

Neurons in the ventrolateral SCN (vlSCN) have the ability for light-induced gene 

expression. Melanopsin-containing ganglion cells in the retina have a direct 

connection to the ventrolateral SCN via the retinohypothalamic tract. If light is turned 

on at night, the vlSCN relays this information throughout the SCN, in a process called 

entrainment. 
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Neurons in the dorsomedial SCN (dmSCN) are believed to have an endogenous 24-

hour rhythm that can persist under constant darkness (in humans averaging about 24h 

11min). A GABAergic mechanism couples the ventral and dorsal regions of the SCN. 

 

The SCN sends information to other hypothalamic nuclei and the pineal gland to 

modulate body temperature and production of hormones such as cortisol and 

melatonin. 

In Mammals 

In mammals, circadian clock genes behave in a manner similar to that of flies. 

 

CLOCK (circadian locomotor output cycles kaput) was first cloned in mouse and 

BMAL1 (brain and muscle aryl hydrocarbon receptor nuclear translocator (ARNT)-

like 1) is the primary homolog of Drosophila CYC. 

 

Three homologs of PER (PER1, PER2, and PER3) and two CRY homologs (CRY1 

and CRY2) have been identified. TIM has been identified in mammals, however, its 

function is still not determined. Mutations in TIM result in an inability to respond to 

zeitgebers, which is essential for resetting the biological clock.[citation needed] 

 

Recent research suggests that, outside the SCN, clock genes may have other important 

roles as well, including their influence on the effects of drugs of abuse such as 

cocaine. 

 

The figure demonstrates the oscillator genes and proteins involved in the mammalian 

circadian oscillator. At the core of the SCN clock, the two transcription factors CLK 

and BMAL1 form heterodimers that are then able to to drive the rhythmic expression 

of three period genes (mPer1, mPer2, mPer3) and two Cryptochrome genes (mCry1 

and mCry2) via ebox enhancer elements. The expression of these genes leads to the 
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formation of PER:CRY complexes that are then able to prevent further transcription 

of mPer and  mCry genes by inhibiting the CLOCK:BMAL1 complex. 

CLOCK:BMAL1 hetrodimers also drive the rhythmic expression of two nuclear 

orphan receptor genes Rev-�H�U�E�.�� �D�Q�G�� �5�R�U�D�� �D�J�D�L�Q�� �Y�L�D�� �H�E�R�[�� �H�Q�K�D�Q�F�H�U�� �H�O�H�P�H�Q�W�V���� �7�K�H��

REV-�(�5�%�.���D�Q�G���5�2�5�D�� �S�U�R�W�H�L�Q�V���W�K�D�W���D�U�H���F�R�Q�V�H�T�X�H�Q�W�O�\���S�U�R�G�X�F�H�G���W�K�H�Q���F�R�P�S�H�W�H���I�R�U���W�K�H��

same retinoic acid-related orphan receptor response elements (ROREs) to produce 

inhibition and promotion of Bmal1 transcription respectively. 

 

8). Explain the sequential specification of neuroblast lineage: 

Neuroblast is a dividing cell that will develop into neurons or glia. The 

characterisation of neuroblasts and their development in Drosophila melanogaster was 

widely achieved by Chris Doe, Corey Goodman and Mike Bate. In humans, 

neuroblasts produced by stem cells in the adult subventricular zone migrate into 

damaged areas after brain injuries. However, they are restricted to the subtype of 

small interneuron-like cells, and it is unlikely that they contribute to functional 

recovery of stratial circuits. 

 

The Drosophila brain is a highly complex structure composed of tens of thousands of 

neurons that are interconnected in numerous exquisitely organized neuropile 

structures, such as the mushroom bodies, antennal lobes and central complex. The 

neurons of the central brain, defined as the supraesophageal ganglion without the 

optic lobes, derive from approximately 100 bilaterally symmetrical pairs of neural 

stem cell-like neuroblasts, each of which is thought to generate a characteristic 

lineage of neural progeny. Several studies have indicated that each developing 

neuroblast acquires an intrinsic capacity for neuronal proliferation in a cell-

autonomous manner and generates a specific lineage of neural progeny that is nearly 

invariant and unique. This implies that each neuroblast acquires a specific identity 

that determines the number and types of neural progeny it generates. This 

specification of neuroblasts has been shown to occur through a combination of 

positional information, and temporal and combinatorial cues provided by the suite of 

developmental control genes expressed by each precursor. 

 

Neuroblasts begin to proliferate during embryonic development and during this initial 

phase of proliferation they generate the primary neurons of the larval brain. After a 
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period of mitotic quiescence during the early larval period, most brain neuroblasts 

reactivate proliferation and produce secondary neurons that make up the bulk of the 

adult brain; these are referred to as adult-specific neurons. Indeed, 95% of the neurons 

in the adult brain are secondary neurons generated during postembryonic 

development. These adult-specific neurons initially form a lineage-related cluster of 

immature neurons that extend fasciculated primary neurites into the neuropile but wait 

until metamorphosis to complete their extension to synaptic targets and final 

morphogenesis. 

 

Most neuroblasts in the central brain generate lineages comprising, on average, 100 to 

120 adult-specific cells. In contrast, remarkably large neuroblast lineages are 

generated in the dorsomedial (DM) area of the larval brain. The number of adult-

specific cells in these DM neuroblast lineages averages 450, more than twice the 

average number of cells in the mushroom body lineages.  

 

The large number of neurons in these lineages is achieved by an amplification of 

neuroblast proliferation through generation of intermediate progenitor cells. Most 

neuroblasts in the central brain divide asymmetrically in a stem cell mode whereby 

they self-renew and generate smaller daughter cells called ganglion mother cells, 

which divide once to produce two postmitotic progeny. In contrast, dividing DM 

neuroblasts (also referred to as posterior asense-negative (PAN) neuroblasts or type II 

neuroblasts) self-renew and generate intermediate progenitor cells that act as transit 

amplifying cells and can generate numerous ganglion mother cell-like cells by 

retaining their ability to divide several more times. In this respect, neurogenesis in 

DM lineages is similar to that seen in the mammalian central nervous system in which 

the primary progenitors amplify the progeny they produce through the generation of 

proliferating intermediate progenitors.  

 

The six bilaterally symmetrical pairs of DM (type II) neuroblast lineages together 

generate over 5,000 adult-specific cells due to the amplification of neuroblast 

proliferation. Given current estimates of total cell number in the Drosophila brain, this 

cell number would roughly correspond to one-fourth of the total number of cells in the 

central brain. The DM lineages thus represent a substantial part of the brain. However, 

no information is currently available about the phenotypic fate of any of the neural 
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cells in the DM lineages. It is not known if the cells in these lineages are exclusively 

neuronal or if glial cells are also generated. Nor is it known if the neurons in these 

lineages are involved in the formation of specific complex neuropile structures or if 

they project widely throughout the brain. This total lack of information on the type of 

cells generated and their roles in brain circuitry thus represents a major obstacle in 

understanding the development of the fly brain. 

 

Development of the central nervous system (CNS) in Drosophila starts with the 

delamination from the neuroectoderm of about 30 neuroblasts (NBs) per 

hemineuromere, giving rise to approximately 330 - 350 neurons and 30 glial cells. 

Understanding the mechanisms leading to cell fate specification and differentiation in 

the CNS requires the identification of the NB lineages. Here we present the combined 

data from Bossing et al. (1996) and Schmidt et al. (1997), i.e. 29 embryonic NB 

lineages. With one exception we were able to link these lineages to the corresponding 

NBs. Two NBs give rise to glial progeny exclusively (GP, NB 6-4A), seven NB 

lineages are composed of glial cells as well as neurons (NB 1-1A, 1-3, 2-2T, 2-5, 5-6, 

6-4T and 7-4) while the other NB lineages only contain neuronal cells. 
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Set: 4 

1-a). At rest what is a nerve cell’s resting potential and what ion is concentrated 

outside the cell and what ion is concentrated inside the cell? Explain 

The Resting Potential of a Neuron 

The cell membrane of a neuron has charged particles (ions) on either side. When the 

neuron is at rest (not actively transmitting an impulse), the outside of the membrane 

has a net positive charge because it has more positive ions than negative ones. The 

inside has a net negative charge, because it has more negative ions than positive ones. 

A membrane potential is simply a voltage that exists across a membrane due to this 

unequal distribution of charges. When a neuron is at rest, the resting potential is about 

-70 millivolts (mV), indicating that the inside is negative relative to the outside. The 

specific ions that are responsible for the charge difference are positive sodium and 

potassium ions and negatively-charged protein molecules and chloride ions. 

Normally, the process of diffusion ensures a uniform distribution of particles in a 

medium by moving ions from areas of high concentration to areas of low 

concentration. The reason that the resting potential can exist is because cell 

membranes are impermeable and do not allow the flow of ions in and out of the cell 

except through ion-specific channels. 

These ion channels are trans-membrane protein structures that form water-filled 

conduits. When they are open, particular ions can diffuse through them in response to 

the concentration gradient that exists between the inside and the outside of the cell 

membrane. When they are closed, there is no diffusion of ions across the membrane. 

When a neuron becomes more polarized (more negative; e.g., -75 mV) it is said to be 

hyperpolarized 

When a neuron becomes less polarized it is said to be depolarized, Changes in resting 

potential occur when ions move in or out of the neuron. 

Example 1: Moving K+ out of the neuron will cause a hyperpolarization (more 

negative inside). 

Example 2: Moving Na+ into the neuron will cause a depolarization (less negative 

inside). 

Concentration gradient and electrical force are both trying to push Na+ in. The 

membrane is impermeable to Na+ so it can't get in. However, if Na+ channels in the 
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membrane open, then Na+ will rush in. This is called an Action Potential Action 

potentials are how electrical messages are transmitted within a neuron. 

 

 

 1-b). What is salutatory condition? 

Salutatory conduction (from the Latin saltare, to hop or leap) is the propagation of 

action potentials along myelinated axons from one node of Ranvier to the next node, 

increasing the conduction velocity of action potentials without needing to increase the 

diameter of an axon. 

Because the cytoplasm of the axon is electrically conductive, and because the myelin 

inhibits charge leakage through the membrane, depolarization at one node of Ranvier 

is sufficient to elevate the voltage at a neighboring node to the threshold for action 

potential initiation.  

Thus in myelinated axons, action potentials do not propagate as waves, but recur at 

successive nodes and in effect "hop" along the axon, by which process they travel 

faster than they would otherwise.  

In summary, the charge will passively depolarize the adjacent node of Ranvier to 

threshold, triggering an action potential in this region and subsequently depolarizing 

the next node, and so on.  

Apart from increasing the speed of the nerve impulse, the myelin sheath helps in 

reducing energy expenditure as the area of depolarization and hence the amount of 

sodium/potassium ions that need to be pumped to bring the concentration back to 

normal, is decreased. 
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2. Explain the pharmaceutical mediators released by neurons and discuss their 

neurobiological mechanism? 

Properties of neurotransmitters:  

�x Synthesized in the presynaptic neuron Localized to vesicles in the presynaptic 

neuron  

�x Released from the presynaptic neuron under physiological conditions  

�x Rabidly removed from the synaptic cleft by uptake or degradation  

�x Presence of receptor on the post-synaptic neuron.  

�x Binding to the receptor elicits a biological response. 

Types of neurotransmitters:  

�x 1- Excitatory - neurotransmitters that make membrane potential less negative (via 

increased permeability of the membrane to sodium) &, therefore, tend to 'excite' or 

stimulate the postsynaptic membrane  

�x 2 - Inhibitory - neurotransmitters that make membrane potential more negative (via 

increased permeability of the membrane to potassium) &, therefore, tend to 'inhibit' 

(or make less likely) the transmission of an impulse. One example of an inhibitory 

neurotransmitter is gamma aminobutyric acid (GABA; shown below). Medically, 

GABA has been used to treat both epilepsy and hypertension. Another example of an 

inhibitory neurotransmitter is beta-endorphin, which results in decreased pain 

perception by the CNS.  

Synthesis and Metabolism of Acetylcholine 

�x Acetylcholine (ACh) is synthesized by choline acetyl transferase, a soluble 

cytoplasmic enzyme that catalyzes the transfer of an acetyl group from acetyl 

coenzyme A to choline.  

�x In the cholinergic neurons acetylcholine is synthesized from choline.  This reaction 

is activated by cholineacetyltransferase  
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�x As soon as acetylcholine is synthesized, it is stored within synaptic vesicles. 

Release of acetylcholine from presynaptic neurons: 

�x When the nerve impulse (Action potential) moves down the presynaptic axon to the 

terminal bulb the change in the membrane action potential causes the opening of 

voltage gated calcium channels open allowing Ca+2 ions to pass from the synaptic 

cleft into the axon bulb. 

�x Within the bulb the increase in Ca+2 concentration causes the synaptic vesicles that 

contain acetylcholine to fuse with the axonal membrane and open spilling their 

contents into the synaptic cleft. 

Binding of acetylcholine to the postsynaptic receptors: 

�x The postsynaptic membrane of the receptor dendrite has specific cholinergic 

receptors toward which the neurotransmitter diffuses.  Binding of acetylcholine 

trigger the opening of ion channels in the postsynaptic membrane initiating action 

potential that can pass in the next axon. 

Acetylcholine receptors: 

�x Acetylcholine receptors are ion channels receptors made of many subunits arranged 

�L�Q���W�K�H���I�R�U�P���>���.�������������������/���@���� 

�x When Acetylcholine is not bounded to the receptors, the bulky hydrophobic leucine 

side closes the central channels preventing the diffusion of any ions. Binding of two 

acetylcholine molecules to the receptors will rotate the subunits in which the smaller 

polar residues will line the ion channel causing the influx of Na+ into the cell and 

efflux of K+ resulting in a depolarization of the postsynaptic neuron and the initiation 

of new action potential. 

Structure of AchE 

�x Acetylcholinesterase (AchE) is an enzyme, which hydrolyses the neurotransmitter 

acetylcholine. The active site of AChE is made up of two subsites, both of which are 

critical to the breakdown of ACh. 

�x The anionic site serves to bind a molecule of ACh to the enzyme.  

�x Once the ACh is bound, the hydrolytic reaction occurs at a second region of the 

active site called the esteratic  subsite. Here, the ester bond of ACh is broken, 

releasing acetate and choline. Choline is then immediately taken up again by the high 

affinity choline uptake system on the pre synaptic membrane. 
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Catecholamine Synthesis (Dopamine, Norepinephrine and Epinephrine).  

�x First Step: Hydroxylation:  In this step: the reaction involves the conversion of 

tyrosine, oxygen and tetrahydrobiopterin to dopa & dihydrobiopterin. This reaction is 

catalyzed by the enzyme tyrosine hydroxylase. It is irreversible reaction.  

�x Second step: Decarboxylation: In this step: the dopa decaboxylase will catalyze the 

decaoxylation of dopa to produce dopamine. The deficiency of this enzyme can cause 

Parkinson’s disease.  It is irreversible reaction. The cofactor in this reaction is the PLP 

(pyridoxal phosphate). In the nerve cells that secrete dopamine as neurotransmitter the 

pathway ends at this step.  

�x �7�K�L�U�G�� �V�W�H�S���� �+�\�G�U�R�[�\�O�D�W�L�R�Q���� �7�K�L�V�� �U�H�D�F�W�L�R�Q�� �L�V�� �F�D�W�D�O�\�]�H�G�� �E�\�� �W�K�H�� �H�Q�]�\�P�H�� �G�R�S�D�P�L�Q�H�� ��- 

hydroxylase.  The reactants include dopamine, O2 and ascorbate (vitamin C).  The 

products are norepinephrine, water and dehydroascorbate. It is an irreversible 

reaction).  The end product in noradrenergic cells is norepinephrine and the pathway 

ends her. 

�x Forth step: Methylation:  This reaction is catalyzed by phenylethanolamine N-

methyltransferase.  Norepinephrine and S-adenosylmethionin (ado-Met) form 

epinephrine and S-adenosyl homocysteine (ado-Hcy). 
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Serotonin synthesis: 

• Serotonin is synthesized from the amino acid Tryptophan.  

• Serotonin is synthesized in CNS, & Chromaffin cells. 

The synthesis of serotonin involves two reactions: 

1) Hydroxylation:   

Tryptophan ------------------------------------------�Æ 5- Hydroxytryptophan  

The enzyme catalyzes this reaction is Tryptophan Hydroxylase., The Co- factor is 

Tetrahydrobiopterin, which converted in this reaction to Dihydrobiopterin.  

2) Decarboxylation:  

5- hydroxytryptophan -------------------------------------�ÆSerotonin 

The enzyme is hydroxytryptophan decarboxylase. 
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3-a). Compare and contrast the role of the central and peripheral nervous system 

and discuss their neurobiological mechanism? 

CNS is the Central Nervous System that functions in order to coordinate each and 

every activity taking place in all the parts of the body of every bilateral organism 

(animals evolved to a better organic stage than sponges and jellyfish). The central 

nervous system, in vertebrates is placed inside the meninges and consists of the brain 

and the spinal cord. On the other hand the PNS or the Peripheral Nervous System 

exists and extends outside the Central Nervous System. 

The prime function served by the Central Nervous System is that along with the PNS 

it contributes a huge control on the organism’s behavior. On the other hand the main 

function of the Peripheral Nervous System is to connect the Central Nervous System 

with the various organs in the body and the limbs. 

The Central Nervous System is placed safely within the dorsal cavity, the brain placed 

inside the cranial cavity and the spinal cord in the spinal cavity. The skull protects the 

brain and the vertebra protects the entire spinal cord. But like the CNS the Peripheral 

Nervous System is not protected by any bone or blood-brain barrier. It remains open 

to all sorts of mechanical injuries and toxins as well. It consists of the autonomic 

nervous system and the somatic nervous system. 
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Function of the Peripheral Nervous System is to integrate important information and 

details that are gathered from the external environment. On the other hand, it is the 

function of the Central Nervous System to process all these gathered information. 

With processing of information the function of the CNS ends but the function of the 

PNS still continues. It is also responsible for the movement of all the information 

from the sensory cells, gland cells and muscle cells to the CNS and back from there. 

The Central Nervous System communicates all sorts of involuntary information while 

the Peripheral Nervous System communicates all the voluntary information. 

Moreover, the PNS plays a role in regulation of blood pressure, thirst and body 

temperature whereas the Central Nervous System plays no role in this context. 

Summary: 

1. CNS refers to the Central Nervous System whereas PNS refers to the Peripheral 

Nervous System. 

2. The Central Nervous System comprises of the brain and the spinal cord whereas the 

Peripheral Nervous System comprises of the autonomic nervous system and the 

somatic nervous system. 

3. The CNS handles involuntary information while the PNS handles voluntary 

information 

4. The PNS integrates information received from the external environment, and the 

CNS processes this information. 

5. The PNS regulates body temperature, blood pressure, and thirst, while the CNS 

integrates this information. 

6. The CNS processes information, while the PNS carries information to and from the 

CNS and sensory, muscle, and gland cells. 

7. The CNS communicates involuntary communication, while the PNS communicates 

voluntary information 

 

3-b). You see some one coming at you with gun. Describe hoe your nervous 

system is involved in your response to this threat. 

When we perceive a significant threat to us, then our bodies get ready either for a 

fight to the death or a desperate flight from certain defeat by a clearly superior 

adversary. 

When our fight or flight response is activated, sequences of nerve cell firing occur and 

chemicals like adrenaline, noradrenaline and cortisol are released into our 
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bloodstream. These patterns of nerve cell firing and chemical release cause our body 

to undergo a series of very dramatic changes. Our respiratory rate increases. Blood is 

shunted away from our digestive tract and directed into our muscles and limbs, which 

require extra energy and fuel for running and fighting. Our pupils dilate. Our 

awareness intensifies. Our sight sharpens. Our impulses quicken. Our perception of 

pain diminishes. Our immune system mobilizes with increased activation. We become 

prepared—physically and psychologically—for fight or flight. We scan and search 

our environment, "looking for the enemy." 

Fight or flight reaction has also been found to occur in humans during times of stress 

or danger. In some cases, the sympathetic nervous system causes such extreme boosts 

of adrenaline that people are able to do things they couldn’t under ordinary 

circumstances, like lift a car off an injured loved one. The fight/flight response can be 

extremely powerful, but it doesn’t always work to our advantage. 

Moreover, some people, especially those with post traumatic stress disorder (PTSD), 

panic disorder or generalized anxiety disorder, may have a fight or flight reaction for 

no apparent or obvious reason. The sympathetic nervous system essentially misfires, 

and suddenly being unable to find your keys, or something else mundane, causes a 

rapidly beating heart, heavy breathing, or an outright panic attack. This can cause 

them to continue arguing, and some people may even combine physical attack if their 

sympathetic nervous system works overtime during any type of verbal attack. Others 

need to flee, and if a person really wants to get out of a verbal argument, you 

shouldn’t try to stop him or her, since flight can be provoked into fight, if a person 

can’t get away from the attack and feels cornered. 

 

4). Explain rhythmic behavior of organisms in unicellular alga Gonyaulax? 

The unicellular alga Gonyaulax has the specific feature of emitting light or 

bioluminescent, which will attract the host towards the alga which will be ingested by 

the organisms and the bio luminescence also help the organisms to escape from the 

predators. 

Light emission from dinoflagellates is generally blue-green in color, falling in the 

light spectrum between 474 and 476 nanometers in wavelength. In Gonyaulax red 

flashes between 630 and 690 nanometers have been observed as well. 

How does bioluminescence work? 



R05-IV/II SEM REG/SUPPLE – NEUROBIOLOGY AND COGN ETIVE 
SCIENCES 

  Page 65 of 74 

The mechanism by which dinoflagellates emit light is not entirely known, but there is 

both a physical and a chemical component to the initiation of a flash. 

The physical process - a bioluminescent flash is preceeded by an action potential 

during which the inside of the vaculor membrane becomes hyperpolarized ( has more 

negative voltage with respect to resting potential). This sets up the conditions for the 

chemical reaction. 

The actual chemical reaction by which light is produced involves a substrate called 

luciferin and an enzyme called luciferase, which are sequestered in outpocketings of 

the vacuolar membrane. The action potential extrudes hydrogen ions into these 

pockets and lowering their pH. Under these acidic conditions, luciferin is released 

from its binding protein and is thus activated. Luciferase catalyses the oxidation of 

luciferin, resulting in light and an intermediate called oxyluciferin. Energy in the form 

of ATP must be provided to the system to regenerate luciferin. 

Three stimuli have been observed to cause bioluminescence in dinoflagellates: 

Mechanical stimulation - When shear forces, such as those caused by the stirring of 

water from the wake of a boat, a swimming fish or a breaking wave, deform the cell 

membrane, a short flash of approximately 1/100 of a second and 10^8 photons is 

produced. 

Chemical stimulation - Reducing the pH of their external medium by adding acid 

can cause some dinoflagellates to glow continuously. 

Temperature stimulation - Some species of dinoflagellate, such as G. polyhedra, 

will be induced to glow if the temperature is lowered. 

How is bioluminescence regulated? 

Bioluminescence is an expression of circadian rhythmicity, a phenomenon regulated 

on a daily cycle. In the absence of light, dinoflagellates exhibit peaks and valleys of 

bioluminescence. However, the biological clock can be 'entrained' by light exposure, 

shifting the peaks of luminescence to different times of day. Circadian control of 

cellular processes represents an adaptive advantage for dinoflagellates because they 

are vertical migrators in the water column. By keeping time, they can anticipate 

sunrise and be poised to start photosynthesizing at the surface as soon as light is 

available. 

Why do dinoflagellates bioluminesce?  

It is not known exactly why dinoflagellates bioluminesce. However, "the burglar 

alarm" is the leading hypothesis. It suggests that upon mechanical stimulation by 
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potential predators, dinoflagellates light up. The light cues larger predators to the 

location of that predator threatening the dino. The middle predator is toast! 

 

5). Explain the following 

a) Myelination of axons 

The main purpose of a myelin layer (or sheath) is to increase the speed at which 

impulses propagate along the myelinated fiber. Along unmyelinated fibers, impulses 

move continuously as waves, but, in myelinated fibers, they hop or "propagate by 

saltation." Myelin increases electrical resistance across the cell membrane by a factor 

of 5,000 and decreases capacitance by a factor of 50.[citation needed] Thus, 

myelination helps prevent the electrical current from leaving the axon. 

When a peripheral fiber is severed, the myelin sheath provides a track along which re 

growth can occur. Unmyelinated fibers and myelinated axons of the mammalian 

central nervous system do not regenerate. 

Axons often have an insulating sheath that lets nerve impulses travel faster. This 

sheath is made of a fatty substance called myelin, which consists of glial cell 

membranes wrapped around the axon. The myelin of the neurons in the brain is 

composed of oligodendrocytes, while that of the neurons in the peripheral nervous 

system is composed of Schwann cells. 

The myelin sheath does not cover the entire axon; it leaves small sections uncovered. 

These small exposed sections are called nodes of Ranvier. They are spaced from 0.2 

to 2 millimetres apart. 

The reason that the myelin sheath speeds up neural conduction is that the action 

potentials literally jump from one node of Ranvier to the next. In fact, these nodes are 

the only places where the ion exchanges that generate the action potential can take 

place. 

This process is called saltatory conduction (from the Latin saltare, meaning “to 

jump”), as opposed to the much slower, continuous propagation that occurs in non-

myelinated axons. 

 

5-b). Schwann cells: 

Schwann cells are the supporting cells of the PNS.  Like oligodendrocytes schwann 

cells wrap themselves around nerve axons, but the difference is that a single schwann 
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cell makes up a single segment of an axon's myelin sheath.  Oligodendrocytes on the 

other hand, wrap themselves around numerous axons at once. 

Schwann cells provide myelination to axons in the peripheral nervous system (PNS). 

They also have phagocytotic activity and clear cellular debris that allows for regrowth 

of PNS neurons. 

In addition to creating the myelin sheaths of PNS axons, Schwann cells also aid in 

cleaning up PNS debris and guide the re growth of PNS axons.  To do this Schwann 

cells arrange themselves in a series of cylinders that serves as a guide for sprouts of 

regenerating axons.  If one of these sprouts encounters a cylinder the sprout will grow 

through the tube at the rate of 3-4 mm per day.  Nonproductive sprouts simply wither 

away. 

 

6). Mention the salient features of: 

a) Familial spastic paralysis: 

Hereditary spastic paraplegia (HSP), also called familial spastic paraparesis (FSP), 

refers to a group of inherited disorders that are characterised by progressive weakness 

and stiffness of the legs 

Though the primary feature of HSP is severe, progressive, lower extremity spasticity, 

in more complicated forms it can be accompanied by other neurological symptoms. 

These include optic neuropathy, retinopathy (diseases of the retina), dementia, ataxia 

(lack of muscle control), icthyosis (a skin disorder resulting in dry, rough, scaly skin), 

mental retardation, peripheral neuropathy, and deafness. Diagnosis is primarily by 

neurological examination and testing to exclude other disorders. Specialized genetic 

testing and diagnosis are available at some medical centers. 

Is there any treatment? 

There are no specific treatments to prevent, slow, or reverse HSP. Symptomatic 

treatments used for other forms of chronic paraplegia are sometimes helpful. Regular 

physical therapy is important for improving muscle strength and preserving range of 

motion. 

What is the prognosis? 

The prognosis for individuals with HSP varies. Some cases are seriously disabling 

while others are less disabling and are compatible with a productive and full life. The 

majority of individuals with HSP have a normal life expectancy. 

 



R05-IV/II SEM REG/SUPPLE – NEUROBIOLOGY AND COGN ETIVE 
SCIENCES 

  Page 68 of 74 

5-b). Huntington’s disease: 

Huntington's disease (HD) results from genetically programmed degeneration of brain 

cells, called neurons, in certain areas of the brain. This degeneration causes 

uncontrolled movements, loss of intellectual faculties, and emotional disturbance. HD 

is a familial disease, passed from parent to child through a mutation in the normal 

gene. Each child of an HD parent has a 50-50 chance of inheriting the HD gene. If a 

child does not inherit the HD gene, he or she will not develop the disease and cannot 

pass it to subsequent generations. A person who inherits the HD gene will sooner or 

later develop the disease. Whether one child inherits the gene has no bearing on 

whether others will or will not inherit the gene. Some early symptoms of HD are 

mood swings, depression, irritability or trouble driving, learning new things, 

remembering a fact, or making a decision.  

Symptoms: 

As the disease progresses, concentration on intellectual tasks becomes increasingly 

difficult and the patient may have difficulty feeding himself or herself and 

swallowing. The rate of disease progression and the age of onset vary from person to 

person. A genetic test, coupled with a complete medical history and neurological and 

laboratory tests, helps physicians diagnose HD. Presymptomic testing is available for 

individuals who are at risk for carrying the HD gene. In 1 to 3 percent of individuals 

with HD, no family history of HD can be found.  

Physicians prescribe a number of medications to help control emotional and 

movement problems associated with HD. In August 2008 the U.S. Food and Drug 

Administration approved tetrabenazine to treat Huntington’s chorea (the involuntary 

writhing movements), making it the first drug approved for use in the United States to 

treat the disease. Most drugs used to treat the symptoms of HD have side effects such 

as fatigue, restlessness, or hyper excitability. It is extremely important for people with 

HD to maintain physical fitness as much as possible, as individuals who exercise and 

keep active tend to do better than those who do not. 

Is there any treatment: 

At this time, there is no way to stop or reverse the course of HD. Now that the HD 

gene has been located, investigators are continuing to study the HD gene with an eye 

toward understanding how it causes disease in the human body. 
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7). Outline the pathway & general sensory information transmitted by the 

following:  

7-a). Ascending pathway: 

Ascending pathway: A nerve pathway that goes upward from the spinal cord toward 

the brain carrying sensory information from the body to the brain. In contrast, 

descending pathways are nerve pathways that go down the spinal cord and allow the 

brain to control movement of the body below the head. 

The major components involved in sensory pathways: 

Spinal cord: The spinal grey matter contains neurones and synapses serving a wide 

variety of functions including sensory pathways.  The white matter comprises the 

myelinated axons aggregated into groups called tracts (nerves in periphery).  Apart 

from the dorsal columns, these are systematically named according to their origin and 

destination. 

Nucleus: An aggregation of neurones dendrites and synapses, usually having well 

defined boundaries.   Each nucleus has a specific name which usually provides no 

clue to its function. 

Medulla: The lowest part of the brain and in line with the spinal cord.  Spinal tracts 

continue in this.  There are additional tracts formed by fibres crossing the midline. 

Reticular formation: This is a diffuse midline structure passing throughout the 

medulla and midbrain.  Its boundaries are ill-defined and nuclei serving other 

functions (eg respiratory, vasomotor, etc) overlap or embedded within it. 

Brain Stem: This comprises the medulla and midbrain but not the cerebellum. 

Cerebral cortex: The upper-most, largest and most promenent part of the brain.  

Stimuli which give rise to conscious sensations pass up to the cerebral cortex.  Most 

of the cutaneous sensory fibres project to an area of cortex called somatosensory 

cortex.    

The thalami: A pair of subcortical structures each side of the midline.  They contain 

several nuclei often called relay nuclei.  Each of the nuclei handles a specific type of 

sensory information, eg, vision, pain & temperature, mechanical and sound. 

There are three sensory systems passing up the spinal cord  

Fibres mediating cold & warm and pain sensations pass into the spinal cord and 

synapse on to ipsilateral  neurones.  Axons from these neurones cross the mid-line and 

continue within the opposite lateral spinothalamic tract to the contralateral thalamus.   
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Poorly localised tactile sensations mediate fibre which passes within the ventral 

spinothalamic tract to the contralateral thalamus. Neurones from the thalami then 

project up to the somatosensory cortex. 

Fibres which giving rise to high resolution tactile sensations (touch, pressure, etc) 

enter the spinal cord, pass up in the dorsal columns and synapse in the medulla.  

Fibres from joint endings and muscle spindles also take this route.  Axons from these 

neurones pass the midline, synapse at the contralateral thalamus and relay to the 

somatosensory cortex. 

Axons within the spinal cord and neurones in the thalami tend to aggregate according 

to the type of sensory modality they mediate.  Within the somato sensory cortex, 

fibers rearrange according to area of body from which they originate.  Thus the body 

is mapped out over the sensory cortex.   

An important feature of the sensory pathways is that they always cross the midline at 

some point of the neural axis.  Thus stimuli applied to the right of the body are 

received and interpreted in the left cortical sensory areas. 

Sensory fibres passing through the medulla give off branches (or collaterals) which 

make synaptic connections to the upper part of the reticular formation.  Axons from 

these cells then provide a diffuse projection to most of the upper parts of the brain, 

particularly the cerebral cortex and thalami.   These ascending fibres have an 

activating effect on the brain which is not specific to any particular sensory modality 

and this is called the ascending reticular activating system. 

 

7-b). Posterior column-medial lemniscus pathway: 

The posterior column-medial lemniscus pathway is the sensory pathway responsible 

for transmitting fine touch, vibration and conscious proprioceptive information from 

the body to the cerebral cortex. 

The name comes from the two structures that the sensation travels up: the posterior 

columns of the spinal cord, and the medial lemniscus in the brainstem. Because the 

posterior columns are also called dorsal columns, the pathway is often called the short 

posterior column-medial lemniscus or PCML pathway. 

First neuron 

When these structures are stimulated by slight pressure, an action potential is started. 

Alternatively, proprioceptive muscle spindles and other skin surface touch receptors 
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such as merkel cells, Ruffini endings, Pacinian corpuscles, and hair follicle receptors 

(Peritrichial endings) may involve the first neuron in this pathway. 

The action potential travels up an axon, so the sensation travels from the skin, along 

the axon, past the neuronal cell body, and into the dorsal column of the spinal cord. 

The axons continue inside the spinal cord, running up the posterior column. Axons 

from the lower body are most medial, and run in the gracile tract of the spinal column. 

Sensory axons from the upper body enter the spinal cord later, specifically from T6 on 

up, so are more lateral and travel up the cuneate tract. 

Second neuron 

The secondary neurons cross over to the other side of the medulla  to form the medial 

lemniscus. This crossing over is commonly referred to as the sensory decussation. 

At the medulla, the medial lemniscus is orientated perpendicular to the way the fibres 

travelled in the posterior columns.  

The medial lemniscus rotates 90 degrees at the pons. The secondary axons from 

neurons giving sensation to the head stay at around the same place, while the leg 

axons move outwards. 

The axons travel up the rest of the brainstem, and synapse at the thalamus (at the 

ventral nucleus for sensation from the neck, trunk, and extremities, and at the ventral 

posteromedial nucleus for sensation from the head). 

Third neuron 

Neurons starting in the thalamus travel up the posterior limb of the internal capsule, 

and again head and leg swap relative positions. The axons synapse in the primary 

sensory cortex, with lower body sensation most medial (e.g., the paracentral lobule) 

and upper body more lateral. 

 

8). Answer any two 

8-a). Progesterone effect on behavior: 

Progesterone also known is a C-21 steroid hormone involved in the female menstrual 

cycle, pregnancy (supports gestation) and embryogenesis of humans and other 

species. Progesterone belongs to a class of hormones called progestogens, and is the 

major naturally occurring human progestogen. 

Progesterone, like pregnenolone and dehydroepiandrosterone, belongs to the group of 

neurosteroids. It can be synthesized within the central nervous system and also serves 

as a precursor to another major neurosteroid, allopregnanolone. 
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Neurosteroids affect synaptic functioning, are neuroprotective, and affect myelination. 

They are investigated for their potential to improve memory and cognitive ability. 

Progesterone affects regulation of apoptotic genes. 

Its effect as a neurosteroid works predominantly through the GSK-3 beta pathway, as 

an inhibitor. (Other GSK-3 beta inhibitors include bipolar mood stabilizers, lithium 

and valproic acid.) 

Progesterone can cause several Side Effects. Headache, breast tenderness, diarrhea, 

vaginal discharge, and problems with urination are some Side Effects that tend to be 

transient. If these persist, a woman taking Progesterone supplements should tell her 

doctor.  

Some people taking Progesterone may experience dizziness or drowsiness. 

Progesterone should therefore not be taken before driving or operating heavy 

machinery.  

Other Side Effects may be more serious, and if they occur, a woman taking 

Progesterone should contact her doctor immediately. Because Progesterone causes 

increased blood clotting, it can contribute to a heart attack, blood clots in the lungs 

and legs, or even stroke.  

Some signs of such serious Side Effects are chest pain, blurred vision or loss of 

vision, numbness or tingling in the arms or legs, and sudden shortness of breath.  

Other serious Side Effects that warrant immediate medical attention are unexpected 

vaginal bleeding, breast lumps, migraines, and uncontrollable shaking. 

 

8-b). Oestrogene effect on behavior: 

Behavioral effects of estrogen have to be divided on the basis of different time 

periods. During the critical phase of brain differentiation (which is species specific 

and takes place either before birth or neonatally), various sex hormones have long-

term and permanent effects on behavior. Therefore, their action has been termed 

developmental or organizational.  In contrast, hormones in adulthood, after the critical 

phase has passed, affect reversible changes in behavior and have been called 

activational. 

A review of the behavioral effects of estrogen has to be divided on the basis of 

different time periods. During the critical phase of brain differentiation (which is 

species specific and takes place either before birth or neonatally), various sex 
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hormones have long-term and permanent effects on behavior. Therefore, their action 

has been termed developmental or organizational.  In contrast, hormones in 

adulthood, after the critical phase has passed, affect reversible changes in behavior 

and have been called activational. 

The role of estrogen on brain differentiation 

The different action of hormones during the organizational phase vs the activational 

time period has been demonstrated by those researchers who work directly on the 

brain level of animals and who use techniques such as autoradiography of the 

implantation of minute amounts of specific hormones in different brain regions.  

The exposure to specific steroids during the organizational phase affects permanent 

alterations of the neural connections of the preoptic area in male and female rat brains 

(they change the "wiring" of the brain), while hormones in adulthood activate 

temporal changes in neuronal function of hormone-sensitive cells lying within 

developmentally fixed neural circuits. 

It appears to be proved at this point that testosterone is the crucial steroid during 

normal male and female sexual differentiation, but that a portion of testosterone is 

converted into estradiol on the target brain cell level and insteracts with estrogen 

receptors. 

 

8-c).Testosterone effect on behavior: 

Testosterone is a steroid hormone from the androgen group and is found in mammals, 

reptiles, birds, and other vertebrates.  

In mammals, testosterone is primarily secreted in the testes of males and the ovaries 

of females, although small amounts are also secreted by the adrenal glands. It is the 

principal male sex hormone and an anabolic steroid. Testosterone exerts its hormonal 

and behavioral effects upon interaction with androgen receptors (i.e., when converted 

into 5-alpha-dihydrotestosterone) or with estrogen receptors (i.e., when converted into 

estradial by aromatase).  

According to some, there exists a "critical time period" (i.e., during development) 

when testosterone serves to "sensitize" particular neural circuits in the brain. 

Presumably, this sensitization allows for the effects of testosterone that manifest in 

adulthood.  

Although not the primary function of most hormones, neural activity can be 

modulated as a result of their presence. For example, it has been shown that some 
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hormones can modify cell permeability and therefore have a crucial impact on ion 

concentration, membrane potential, synaptic transmission and thus neural 

communication and behavioral outcomes. More specifically, when a hormone such as 

testosterone acts on a target neuron, the amount of neurotransmitter that is release is 

significantly affected.  

Although convincing relationships have been found between testosterone and 

aggression, hormones in general cannot cause a particular behavioral outcome; they 

can only facilitate or inhibit the likelihood that such an outcome will occur. For 

example, the mere presence or level of testosterone is not sufficient in invoking 

aggressive behavior, as seen by a significant population of males that are not 

aggressive. There must therefore be other factors involved: at the hormonal level, 

what about the effects of noradrenaline, acetylocholine. It is important to remember 

here that the endocrine system consists of a complex array of communication 

pathways, none of which act independently.  

 

 

 

 

 

  

 

 

 

 

  

 

 


