Chapter Outline

I. Getting a Head













A. How do you define a head?



1. An anterior demarcation of the body or an anterior region containing a brain 




and sense organs.



2. Echinoderms, such as sea urchins, do not have one.



3. A head is a definite advantage to a predator.



4. Marine vertebrates tend to have a head region that is not distinct from the rest 




of the body.




a) The more streamlined their bodies, the better aquatic animals can move in 




the water.


B. What type of nervous system does an animal have?



1. With a good brain, protected by a skull and connected to associated nerves and 




sense organs, an animal can lead a more complex life.



2. The vertebrate brain is divided into the hindbrain, the midbrain, and the 




forebrain.




a) Humans have the best-developed forebrain of all the animals.
II. Nervous Systems___________________________________________



Critical concepts include: types of neurons, neuroglia, action potential, resting potential, threshold, propagation of action potential, synapse, communication at synapses, neurotransmitters, signal integration, and evolutionary trends in nervous system development. 

27.1 Vertebrates have well-developed central and peripheral nervous systems


 A. In vertebrates, the central nervous system (CNS) consists of the brain and 



spinal cord.


B. The peripheral nervous system (PNS) consists of all the nerves and ganglia 



that lie outside the CNS.



1. Nerves contain a number of nerve fibers.


C. The CNS and PNS work together to accomplish these three functions:



1. Receive sensory input – respond to external and internal stimuli.


2. Perform integration – Sums up the input it receives from your eyes and limbs.


3. Generate motor output – Involved in movement.

D. The CNS also receives information from visceral sensory receptor and sends 



motor commands via the autonomic system.



1. The autonomic system is further divided into sympathetic and 




parasympathetic divisions.


E. Neurons and neuroglia



1. Neurons are the functional units of the nervous tissue and neuroglia are 




cells that support and care for the neurons.



2. Neurons vary in appearance, depending on their function and location.



3. They consist of three major parts:




a) The cell body – contains a nucleus and a variety of organelles



b) The dendrites – receive signals from the sensory receptors



c) The axon – conducts nerve impulses


4. Many axons are covered by a white insulating layer called the myelin 



sheath. 



5. Neuroglia, or glial cells, greatly outnumber neurons in the brain.



6. The myelin sheath is formed from the membranes of tightly spiraled 




neuroglia.




a) In the PNS, Schwann cells perform this function, leaving gaps called 




nodes of Ranvier, or neurofibril nodes.




b) In the CNS, another type of neuroglia, called oligodendrocytes, 




performs this function. 


F. Types of neurons



1. Neurons can be classified according to their function and shape.




a) The axons of motor neurons carry nerve impulses from the CNS to 




muscles or glands.




b) The axons of sensory neurons take nerve impulses from sensory 




receptors to the CNS.




c) Interneurons occur entirely within the CNS.

27.2 Axons conduct nerve impulses


A. The nerve impulse is dependent on an exchange of ions across the plasma 



membrane of an axon.



1. Scientists study the activity of neurons by using excised axons and a 




voltmeter.




a) Voltage, designated in millivolts (mV), is a measure of the electrical 




potential difference between two points.




b) In the case of a neuron, the two points are the inside and the outside of 




the axon.



2. When an electrical potential difference exists between the inside and 




outside of a cell, it is called a membrane potential, and we can say that 




there is polarity in the distribution of electrical charges.




a) When the neuron is not conducting an impulse, its resting potential is 




about −70 mV.


B. The existence of this membrane potential can be correlated with a difference in 



ion distribution on either side of the axon membrane.



1. The unequal distribution of these ions is, in part, due to the activity of the 




sodium-potassium pump.


C. Action potential



1. An action potential is a rapid change in polarity across an axon membrane as 



   the nerve impulse occurs.



2. During the first part of an action potential, a gated ion channel allows 




sodium to pass into the axon, and then another gated ion channel allows 




potassium to pass out of the axon.



3. If a stimulus causes the axon membrane to depolarize to a certain level, 




called threshold, an action potential occurs in an all-or-none manner.



4. When the action potential begins, the gates of the sodium channels open, 




and Na+ flows into the axon. As Na+ moves into the inside of the axon, the 




membrane potential changes.




a) This is depolarization because the charge inside the axon changes from 




negative to positive. 



5. Next, the gates of the potassium channels open, and K+ flows out of the 




axon. The action potential changes back.




a) This is repolarization.


D. Aspects of conduction



1. In nonmyelinated axons, the action potential travels down an axon one small 



    section at a time.



2. As soon as the action potential has moved on, the previous section 




undergoes a refractory period, during which the Na+ gates are unable to 




open.




a) Therefore, the action potential cannot move backward.



3. In myelinated axons, the gated ion channels that produce an action potential 



   are concentrated at the nodes of Ranvier.



4. Ion exchange only at the nodes makes the action potential travel faster than 




in nonmyelinated axons.




a) This mode of conduction is called salutatory conduction.

27.3 Communication between neurons occurs at synapses

A. Every axon branches into many fine endings, tipped by a small swelling, called 



an axon terminal.



1. Each terminal lives very close to the dendrite or cell body of another 




neuron.




a) This region of close proximity is called a synapse.




b) The membrane of the first neuron is called the presynaptic membrane, 




and the membrane of the next neuron is called the postsynaptic membrane.




c) The small gap between the neurons is the synaptic cleft.


B. A nerve impulse cannot cross a synaptic cleft.



1. Therefore, transmission across a synapse is carried out by molecules called 




neurotransmitters, which are stored in synaptic vesicles.




a) When nerve impulses reach an axon terminal, gated channels for 




calcium ions open, and calcium enters the terminal.




b) The rise in calcium ions stimulate the synaptic vesicles to merge with 




the presynaptic membrane.




c) Neurotransmitter molecules are released into the synaptic cleft, and 




diffuse across the cleft to the postsynaptic membrane.




d) There they bind with specific receptor proteins.




e) Depending on the type of neurotransmitter and/or receptor, the response 




can be excitatory or inhibitory.




f) Once the neurotransmitter has initiated a response in the postsynaptic 




neuron, it is quickly removed from the cleft.



C. Neurotransmitters




1. Among the more than 100 substances known, or suspected to be 




    neurotransmitters are acetylcholine, norepinephrine, dopamine, serotonin, 
             and GABA.




2. Various drugs enhance or block the release of a neurotransmitter, mimic the 





action of a neurotransmitter or block the receptor, or interfere with the 





removal of a neurotransmitter from the synaptic cleft.




3. Acetylcholine (ACh) and norepinephrine (NE) are well-known 





neurotransmitters in both the CNS and the PNS.





a) Acetylcholine excites skeletal muscle but inhibits cardiac muscle.





b) Botulism toxin blocks the release of ACh at skeletal muscle synapses.





c) NE is important to dreaming, waking, and mood.




3. Serotonin is involved in thermoregulation, sleeping, emotions, and 





perception.




4. Dopamine and GABA are found primarily in the CNS.





a) Dopamine is involved in emotions, control of motor function, and 





attention.





b) GABA is an abundant inhibitory neurotransmitter in the CNS.




5. Neuromodulators are molecules that block the release of a neurotransmitter or 




   modify a neuron’s response to a neurotransmitter.





a) Ex: caffeine, substance P, endorphins





b) Endorphins block the release of substance P and, therefore, serve as 





natural painkillers. 



E. Clearing of neurotransmitter from a synapse




1. Once a neurotransmitter has been released into a synaptic cleft and has 





initiated a response, it is removed from the cleft.




2. In some synapses, the postsynaptic membrane contains enzymes that 





rapidly inactivate the neurotransmitter





a) Ex: acetylcholinesterase (AChE) breaks down acetylcholine.



F. Integration




1. A single neuron can have many synapses all over its dendrites and the cell 





body.





a) Therefore, a neuron is on the receiving end of many excitatory and 





inhibitory signals.




2. Neurons integrate these incoming signals.





a) Integration is the summing up of excitatory and inhibitory signals.

How Life Changes

27A Evolution of the Nervous System


A. In complex animals, the ability to survive is dependent on a nervous system 




that monitors internal and external conditions and makes appropriate changes 




to maintain homeostasis.



B. Invertebrate nervous organization




1. Simple animals, such as sponges, which have the cellular level of 





organization, can respond to stimuli.




2. Hydras, which are cnidarians with the tissue level of organization, can 





contract and extend their bodies, move their tentacles to capture prey, and 




even turn somersaults.





a) They have a nerve net that is composed of neurons in contact with one 





another and with contractile cells in the body wall.




3. Planarians, which are flatworms, have a nervous system organization that 





reflects their bilateral symmetry.





a) They possess two ventrally located lateral or longitudinal nerve cords 





that extend from the cerebral ganglia to the posterior end of the body.





b) The entire arrangement is a ladderlike nervous system.





c) Cephalization has occurred, as evidenced by the concentration of 





ganglia and sensory receptors in a head region.





d) A cluster of neurons is called a ganglion, and the anterior cerebral 





ganglia receive sensory information from photoreceptors in the eyespots 





and sensory cells in the auricles.




4. In annelids, arthropods, and molluscs, the nervous system shows further 





advances.



C. Vertebrate nervous organization




1. In vertebrates, cephalization, coupled with bilateral symmetry, results in 





several types of paired sensory receptors, including the eyes, ears, and 





olfactory structures, that allow the animal to gather information from the 





environment.




2. Vertebrates have many more neurons than do invertebrates.




3. A vertebrate’s central nervous system, consisting of a spinal cord and brain, 





develops from an embryonic dorsal neural tube.




4. It is customary to divide the vertebrate brain into the hindbrain, midbrain, 





and forebrain.





a) The hindbrain is the most ancient part of the brain.





b) The optic lobes are part of the midbrain, which was originally a center 





for coordinating reflexes involving the eyes and ears.





c) Starting with the amphibians and continuing in the other vertebrates, the 





forebrain processes sensory information.





d) Originally the forebrain was concerned mainly with the sense of smell.





e) The cerebrum, which is highly developed in mammals, integrates 





sensory and motor input and is particularly associated with higher mental 





capabilities. 


III. Central Nervous System (CNS)__________________________________________
 

Critical concepts include: spinal cord, brain ventricles, cerebral hemispheres, cerebral cortex, basal nuclei, regions of the brain, reticular activating system, limbic system, learning, and memory.


27.4 The spinal cord communicates with the brain



A. The CNS consists of the spinal cord and the brain, where sensory information 




is received and motor control is initiated.




1. The brain and spinal cord are both protected by bone, and the brain is 
            enclosed by the skull.




2. Both are wrapped in three protective membranes known as meninges.





a) Meningitis is a serious disorder caused by a number of bacteria or 





viruses that invade the meninges.





b) The spaces between the meninges are filled with cerebrospinal fluid, 





which cushions and protects the CNS.





c) Cerebrospinal fluid is contained in the central canal of the spinal cord 





and within the ventricles of the brain.



B. Spinal cord




1. The spinal cord is a bundle of nervous tissue enclosed in the vertebral 





column.




2. The spinal cord has two main functions:





a) It is the center for many spinal reflexes, which are automatic responses 





to external stimuli.





b) It provides a means of communication between the brain and the spinal 





nerves.




3. A cross section of the spinal cord reveals that it is composed of a central 





portion of gray matter and a peripheral region of white matter.





a) Myelinated long fibers of interneurons that run together in bundles 





called tracts give white matter its color.




4. If the spinal cord is severed as the result of an injury, paralysis results.



C. Brain ventricles




1. The brain contains four interconnected chambers called ventricles.




2. Cerebrospinal fluid is continuously produced in the ventricles and circulates 





through them.



D. Cerebrum




1. The cerebrum is the largest portion of the brain in humans.




2. The cerebrum is the last center to receive sensory input and carry out 





integration before commanding voluntary motor responses.




3. The cerebrum is divided into two halves, called cerebral hemispheres.




4. A deep groove called the longitudinal fissure divides the cerebrum into the 





right and left hemispheres.




5. Each hemisphere receives information from and controls the opposite side 





of the body.




6. The right hemisphere is associated with artistic and musical ability, 





emotion, spatial relationships, and pattern recognition.





7. The left hemisphere is more adept at mathematics, language, and analytical 





reasoning.




8. Shallow grooves called sulci divide each hemisphere into cerebral lobes.





a) Frontal lobe




b) Parietal lobes




c) Temporal lobe




d) Occipital lobe


 
9. The cerebral cortex is a thin, but highly convoluted, outer layer of gray 





matter that covers the cerebral hemispheres.




10. Two regions of the cerebral cortex are of particular interest.





a) The primary motor area




b) The primary somatosensory area




11. Masses of gray matter, called basal nuclei, are located deep within the 





white matter.





a) These integrate motor commands.





b) Huntington disease and Parkinson disease are believed to be due to 





malfunctioning basal nuclei. 


27.5 The other parts of the brain have specialized functions



A. The hypothalamus and the thalamus are in the diencephalon, a region that 




encircles the third ventricle.




1. The hypothalamus is an integrating center that helps maintain homeostasis 
             by regulating hunger, sleep, thirst, body temperature, and water balance.




2. The thalamus is on the receiving end of all sensory input except smell.




3. The pineal gland, which secretes the hormone melatonin, is located in the 





diencephalon.



B. The cerebellum lies under the occipital lobe of the cerebrum.




1. The cerebellum receives sensory input from the eyes, ears, joints, and 





muscles about the present position of body parts, and it also receives 





motor output from the cerebral cortex about where these parts should be 





located.



C. The brain stem contains the midbrain, the pons, and the medulla oblongata.




1. The midbrain acts as a relay station for tracts passing between the 





cerebrum and the spinal cord or cerebellum.




2. The pons contains bundles of axons traveling between the cerebellum and 





the rest of the CNS.




3. The medulla oblongata contains a number of reflex centers for regulating 





heartbeat, breathing, and blood pressure.



D. The reticular activating system




1. The reticular formation is a complex network of nuclei and nerve fibers that 





extend the length of the brain stem.




2. The reticular formation is a major component of the reticular activating 




system (RAS), which receives sensory signals that it sends up to higher 





centers, and motor signals that it sends to the spinal cord.





a) The RAS arouses the cerebrum via the thalamus and causes a person to 





be alert.




How Science Progresses

27B If You do not Snooze, You’ll Lose!


A. Sleep is a bit of an evolutionary conundrum.




1. Sleep typically occupies a third of a person’s life.




2. Other mammals have various sleep requirements.




3. While they are sleeping, they are vulnerable to predators.



B. An emerging scientific consensus is that sleep is needed to increase the 




strength of the neural circuits in the brain.



C. As a person falls asleep, drowsiness gives way to light sleep and finally stage 




4, which is deep sleep.




1. The brain is more active as REM sleep occurs.



D. The capacity for sleep has even been observed in the roundworm. 




1. Researchers have identified genes in C. elegans that regulate sleep in this 





species.



E. In higher vertebrates, control of sleep is governed by the hypothalamus.




1. Control of sleep is governed by the hypothalamus in higher vertebrates.




2. The hypothalamus is also involved in temperature regulation in endotherms, 





whose body temperature does drop somewhat during sleep.




3. In cats, the same neurons control sleep and body temperature.



F. Sleep deprivation has negative consequences.


27.6 The limbic system is involved in memory and learning as well as in emotions



A. The limbic system is a complex network of tracts and nuclei that incorporates 




portions of the cerebral lobes, the basal nuclei, and the diencephalon.




1. The limbic system blends higher mental functions and primitive emotions 





into a united whole.




2. Two significant structures within the limbic system are the hippocampus 





and the amygdale.





a) The hippocampus makes the frontal lobe aware of past experiences 





stored in various sensory areas.





b) The amygdala adds emotional overtones.



B. Learning and memory




1. The ability to hold a thought in mind or recall events from the past is 





termed memory.




2. The front lobe is active during short-term memory.




3. Long-term memory is a mixture of what is called semantic memory and 





episodic memory. 




4. Skill memory is a type of memory that can exist independent of episodic 





memory.




5. Our long-term memories are stored in bits and pieces throughout the 





sensory areas of the cerebral cortex.




6. Long-term potentiation (LTP) is an enhanced response at synapses seen 





particularly within the hippocampus.





a) LTP is most likely essential to memory storage.

IV. Peripheral Nervous System (PNS)
_______________________________
 

Critical concepts include: peripheral nervous system, cranial nerves, spinal nerves, somatic system, reflex arc, autonomic system, and parasympathetic and sympathetic divisions.


27.7 The peripheral nervous system contains cranial and spinal nerves



 A. The peripheral nervous system (PNS) lies outside the central nervous system 




and contains nerves, which are bundles of axons.




1. Axons within nerves are also called nerve fibers.




2. Nerves are designated as cranial nerves when they arise from the brain and 





as spinal nerves when they arise from the spinal cord.





a) The cranial nerves are attached to the brain, and largely serve the head, 





neck, and face.





b) The spinal nerves are attached to the spinal cord.





c) Each spinal nerve emerges from the spinal cord by two short branches, 





or roots.





d) The cell body of a sensory neuron is in the dorsal root ganglion.





e) A ganglion is a cluster of nerve cells.




f) The cell body of a motor neuron is in the cord.





g) All spinal nerves are mixed nerves that contain many sensory and motor 





fibers. 


27.8 The somatic system can respond quickly to stimuli



A. The PNS has two portions: somatic and autonomic.




1. The nerves in the somatic system serve the skin, joints, and skeletal 





muscles.





a) Includes nerves that take sensory information from external sensory 
            receptors in the skin and joints to the CNS and motor command away from 
            the CNS to the skeletal muscles.





b) The neurotransmitter acetylcholine (Ach) is active in the somatic system.




2. Voluntary control of skeletal muscles always originates in the brain.





a) Involuntary responses to stimuli, called reflexes, can involve either the 





brain or just the spinal cord.



B. The reflex arc




1. Sensory receptors in the skin generate nerve impulses that move along 





sensory axons through a dorsal root ganglion toward the spinal cord.




2. Sensory neurons that enter the cord dorsally pass signals on to many 





interneurons in the gray matter of the spinal cord.




3. Some of these interneurons synapse with motor neurons.




4. Nerve impulses travel along motor axons to an effector, which brings about 





a response to the stimulus.




5. The whole series of responses (wince, cry out in pain, etc.) is explained by 





the fact that some of the interneurons in the white matter of the cord carry 





nerve impulses in tracts to the brain.





a) The brain makes you aware of the stimulus and directs subsequent 





reactions to the situation.


27.9 The autonomic system controls the actions of internal organs



A. The autonomic system of the PNS automatically and involuntarily regulates 




the activity of glands and cardiac and smooth muscle.




1. The system is divided into the parasympathetic and sympathetic divisions.




2. The parasympathetic and sympathetic divisions share these same features:





a) Automatic and involuntary





b) Innervate all internal organs





c) Utilize two motor neurons and one ganglion for each outgoing message




3. Reflex actions, such as those that regulate blood pressure and breathing 





rate, are especially important to the maintenance of homeostasis.



B. Parasympathetic division




1. The parasympathetic division includes a few cranial nerves as well as 





axons that arise from the last portion of the spinal cord.




2. The parasympathetic division promotes all the internal responses we 





associate with a relaxed state.





a) The rest-and-digest system




b) Utilizes the neurotransmitter ACh



C. Sympathetic division




1. Axons of the sympathetic division arise from the other portions of the 





spinal cord.




2. The sympathetic division is especially important during emergency 





situations and is associated with fight or flight.





a) Utilizes the neurotransmitter norepinephrine

V. Drug Abuse_________________________________________________



Critical concepts include: mode of action of drugs, drug abuse, addiction, alcohol, nicotine, club and date rape drugs, cocaine, heroin, marijuana, and drug abuse treatment.


27.10 Certain neurotransmitters are known to affect behavior and emotional attributes



A. By modifying or controlling synaptic transmission, a wide variety of drugs 




with neurological activity, both legal and illegal, can alter mood, emotional 




state, behavior, and personality.



B. Ongoing research into neurophysiology and neuropharmacology continues to 




provide evidence that mental illnesses are caused by imbalances in 




neurotransmitters.



C. Like mental illness, drug abuse is also linked to neurotransmitter levels.




1. Drug abusers take drugs that artificially affect the limbic system to the point 





that they neglect their basic physical needs in favor of continued drug use.





a) Drug abuse is present when a person takes a drug at a dose level and 





under circumstances that increase the potential for a harmful effect.





b) Addiction is present when more of the drug is needed to get the same 





effect, and when withdrawal symptoms occur when the user stops taking 





the drug.




D. Alcohol




1. Alcohol consumption is the most socially accepted form of drug use 




worldwide.




2. Alcohol (ethanol) acts as a depressant on many parts of the brain, where it 
            affects 
neurotransmitter release or uptake.




3. Chronic alcohol consumption can damage the frontal lobes, decrease 





overall brain size, and increase the size of the ventricles.



E. Nicotine




1. When a person smokes tobacco, nicotine is rapidly delivered to the CNS, 





especially the midbrain.




2. It causes the release of dopamine, which promotes a sense of pleasure and 





is involved in motor control.




3. Nicotine also acts as a stimulant by mimicking acetylcholine.





4. The physiologically and psychologically addictive nature of nicotine is well 





known.



F. Club and date rape drugs




1. Methamphetamine and Ecstasy are considered club or party drugs.




2. Methamphetamine is a synthetic drug made by the addition of a methyl 





group to amphetamine, a stimulant.





a) The structure of methamphetamine is similar to that of dopamine, and 





its stimulatory effect mimics that of cocaine.




3. Ecstasy is the street name for MDMA, a drug with effects similar to those 





of methamphetamine.





a) It increases body temperature and has an overstimulatory effect on 





neurons that elevate our mood.




4. Date rape or predatory drugs include Rohypnol (roofies, flunitrazepam), 
            Gamma-hydroxybutyric acid (GHB), and Ketamine (Special K).





a) These drugs can be given to an unsuspecting person, who then becomes 





vulnerable to sexual assault after the drug takes effect.



G. Cocaine




1. Cocaine is an alkaloid derived from the shrub Erythroxylon coca.




2. It can be sniffed/snorted, injected, or smoked.




3. Cocaine is a powerful stimulant in the CNS that interferes with the re-





uptake of dopamine at synapses.




4. “Crack” is the street name for cocaine that is processed to a free base for 





smoking.




5. Cocaine is highly addictive; related deaths are usually due to cardiac and/or 





respiratory arrest.



H. Heroin




1. Heroin is derived from the resin or sap of the opium poppy plant.




2. Heroin is a highly addictive drug that acts as a depressant in the nervous 





system.




3. Drugs derived from opium are called opiates, a class that also includes 





morphine and codeine, both of which have painkilling effects.




4. Heroin is the most abused opiate—it travels rapidly to the brain, where it is 





converted to morphine, and the result is a rush sensation and a feeling of 





euphoria.




5. Heroin can be injected, snorted, or smoked.



I. Marijuana




1. The dried flowering tops, leaves, and stems of the Indian hemp plant, 





Cannabis sativa, contain and are covered by a resin that is rich in THC.




2. Marijuana can be consumed, but usually it is smoked in a cigarette called a 





“joint.”




3. It seems that THC may mimic the actions of anandamide, a recently





 discovered neurotransmitter.




4. When THC reaches the CNS, the person experiences mild euphoria, along 





with alterations in vision and judgment. 



J. Treatment for addictive drugs




1. Presently, treatment for drug addiction consists mainly of behavior 





modification.




2. Some addictions can be treated with synthetic opiate compounds.




3. New treatment techniques include the administration of antibodies to block 





the effects of cocaine and methamphetamine.

