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Nervous	  System:	  
	  	  	  -‐Brain,	  spinal	  cord	  &	  Peripheral	  Nerves	  
Made	  up	  of	  Neurons	  &	  supporFng	  cells	  called	  glial	  cells	  
	  
	  
3	  main	  kinds	  of	  Neuron	  
	  	  	   	  	  -‐Sensory	  	  
	   	  	  -‐Motor	  
	  	  	  	  	  	  	  	  	  	  -‐Interneurons	  



Evolution of the Brain 

Reptilian à Paleomammalian à Neomammalian 





Cerebrum	  -‐The	  largest	  division	  of	  the	  brain.	  	  It	  is	  
divided	  into	  two	  hemispheres,	  each	  of	  which	  is	  
divided	  into	  four	  lobes.	  

Cerebrum	   Cerebrum	  

Cerebellum	  

hOp://williamcalvin.com/BrainForAllSeasons/img/bonoboLH-‐humanLH-‐viaTWD.gif	  



Lobes	  of	  the	  Brain	  (4)	  

•  Frontal	  
•  Parietal	  
•  Occipital	  
•  Temporal	  

*	  	  Note:	  	  Occasionally,	  the	  Insula	  is	  considered	  the	  fiZh	  lobe.	  	  It	  is	  located	  deep	  
to	  the	  Temporal	  Lobe.	  

hOp://www.bioon.com/book/biology/whole/image/1/1-‐8.Ff.jpg	  



Gyri	  (ridge)	  

Fissure	  	  

(deep	  groove)	  

	  	  	  	  Sulci	  
(groove)	  
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Cerebral Features: 
 

•  Sulci – Small grooves dividing the gyri 

–  Central Sulcus – Divides the Frontal Lobe from the Parietal Lobe 

•  Fissures – Deep grooves, generally dividing large regions/lobes of the brain  

–  Longitudinal Fissure – Divides the two Cerebral Hemispheres 

–  Transverse Fissure – Separates the Cerebrum from the Cerebellum 

–  Sylvian/Lateral Fissure – Divides the Temporal Lobe from the Frontal and Parietal 
Lobes  

•  Gyri – Elevated ridges “winding” around the brain. 



Longitudinal	  Fissure	  

Transverse	  Fissure	  

Sylvian/Lateral	  
Fissure	  

Central	  Sulcus	  

	  

hOp://www.bioon.com/book/biology/whole/image/1/1-‐8.Ff.jpg	   hOp://www.dalbsoutss.eq.edu.au/Sheepbrains_Me/human_brain.gif	  

Specific	  Sulci/Fissures:	  



Lobes	  of	  the	  Brain	  -‐	  Frontal	  
•  The	  Frontal	  Lobe	  of	  the	  brain	  is	  located	  deep	  to	  the	  
Frontal	  Bone	  of	  the	  skull.	  

(InvesFgaFon:	  Phineas	  Gage)	  

• 	  	  	  It	  plays	  an	  integral	  role	  in	  the	  following	  funcFons/acFons:	  

-‐	  	  Memory	  FormaFon	  

-‐	  	  EmoFons	  

-‐	  	  Decision	  Making/Reasoning	  	  

-‐	  	  Personality	  

InvesFgaFon	  (Phineas	  Gage)	  

	  Modified	  from:	  	  	  
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Primary	  Motor	  
Cortex/	  Precentral	  
Gyrus	  

Broca’s	  Area	  

Orbitofrontal	  
Cortex	  

Olfactory	  Bulb	  
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Regions	  



Frontal	  Lobe	  -‐	  CorFcal	  Regions	  

•  Orbitofrontal	  Cortex	  –	  Site	  of	  Frontal	  Lobotomies	  

• 	  Primary	  Motor	  Cortex	  (Precentral	  Gyrus)	  –	  CorFcal	  site	  involved	  with	  controlling	  
movements	  of	  the	  body.	  

• 	  Broca’s	  Area	  –	  Controls	  facial	  neurons,	  speech,	  and	  language	  comprehension.	  	  Located	  
on	  Le#	  Frontal	  Lobe.	  

– 	  Broca’s	  Aphasia	  –	  Results	  in	  the	  ability	  to	  comprehend	  speech,	  but	  
the	  decreased	  motor	  ability	  (or	  inability)	  to	  speak	  and	  form	  words.	  

• 	  Olfactory	  Bulb	  -‐	  Cranial	  Nerve	  I,	  Responsible	  for	  sensaFon	  of	  Smell	  

*	  Desired	  Effects:	  	  
-‐	  Diminished	  Rage	  
-‐	  Decreased	  Aggression	  
-‐	  Poor	  EmoFonal	  
Responses	  

*	  	  Possible	  Side	  Effects:	  
-‐	  Epilepsy	  
-‐	  Poor	  EmoFonal	  Responses	  
-‐	  PerseveraFon	  (Uncontrolled,	  
repeFFve	  acFons,	  gestures,	  or	  words)	  



Primary	  Motor	  
Cortex/	  Precentral	  
Gyrus	  

Broca’s	  Area	  

Orbitofrontal	  
Cortex	  

Olfactory	  Bulb	  

Modified	  from:	  	  	  hOp://www.bioon.com/book/biology/whole/image/1/1-‐8.Ff.jpg	  

Regions	  



Lobes	  of	  the	  Brain	  -‐	  Parietal	  Lobe	  
•  The	  Parietal	  Lobe	  of	  the	  brain	  is	  located	  deep	  to	  the	  
Parietal	  Bone	  of	  the	  skull.	  

• 	  	  It	  plays	  a	  major	  role	  in	  the	  following	  funcFons/acFons:	  

-‐	  Senses and integrates sensation(s) 

-  Spatial awareness and perception 
(Proprioception - Awareness of 
body/ body parts in space and 
in relation to each other) 
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Parietal	  Lobe	  -‐	  CorFcal	  Regions	  

•  Primary Somatosensory Cortex (Postcentral 
Gyrus) – Site involved with processing of tactile 
and proprioceptive information. 	  

•  Somatosensory Association Cortex - Assists with the 
integration and interpretation of sensations relative to body position 
and orientation in space. May assist with visuo-motor coordination.	  

•   Primary Gustatory Cortex – Primary site involved with the 
interpretation of the sensation of Taste. 	  



Primary	  Somatosensory	  
Cortex/	  Postcentral	  
Gyrus	  

Primary	  Gustatory	  Cortex	  

Somatosensory	  AssociaLon	  
Cortex	  

Regions	  
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Lobes	  of	  the	  Brain	  –	  Occipital	  Lobe	  

•  The	  Occipital	  Lobe	  of	  the	  Brain	  is	  
located	  deep	  to	  the	  Occipital	  Bone	  of	  
the	  Skull.	  

•  Its	  primary	  funcFon	  is	  the	  processing,	  
integraFon,	  interpretaFon,	  etc.	  of	  
VISION	  and	  visual	  sFmuli.	  

Modified	  from:	  	  	  
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Occipital	  Lobe	  –	  CorFcal	  Regions	  

•  Primary	  Visual	  Cortex	  –	  This	  is	  the	  primary	  
area	  of	  the	  brain	  responsible	  for	  sight	  -‐
recogniFon	  of	  size,	  color,	  light,	  moFon,	  
dimensions,	  etc.	  

• 	  	  Visual	  AssociaLon	  Area	  –	  Interprets	  
informaFon	  acquired	  through	  the	  primary	  visual	  
cortex.	  
	  



Primary	  Visual	  Cortex	  

Visual	  AssociaLon	  Area	  

Modified	  from:	  	  	  hOp://www.bioon.com/book/biology/whole/image/1/1-‐8.Ff.jpg	  



Lobes	  of	  the	  Brain	  –	  Temporal	  Lobe	  

•  The	  Temporal	  Lobes	  are	  located	  on	  the	  sides	  of	  the	  
brain,	  deep	  to	  the	  Temporal	  Bones	  of	  the	  skull.	  

• 	  They	  play	  an	  integral	  role	  
in	  the	  following	  funcFons:	  

-‐ 	  Hearing	  
-‐ 	  OrganizaFon/Comprehension	  of	  
language	  

-‐ 	  InformaFon	  Retrieval	  	  
(Memory	  and	  Memory	  FormaFon)	  

Modified	  from:	  	  	  
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Temporal	  Lobe	  –	  CorFcal	  Regions	  
•  Primary	  Auditory	  Cortex	  –	  	  Responsible	  for	  hearing	  

• 	  	  Primary	  Olfactory	  Cortex	  –	  Interprets	  the	  sense	  of	  
smell	  	  once	  it	  reaches	  the	  cortex	  via	  the	  olfactory	  
bulbs.	  (Not	  visible	  on	  the	  superficial	  cortex)	  

• 	  Wernicke’s	  Area	  –	  Language	  comprehension.	  
Located	  on	  the	  Le#	  Temporal	  Lobe.	  

	  -‐	  Wernicke’s	  Aphasia	  –	  Language	  comprehension	  is	  
inhibited.	  	  Words	  and	  sentences	  are	  not	  clearly	  
understood,	  and	  sentence	  formaFon	  may	  be	  inhibited	  or	  
non-‐sensical.	  



Primary	  Auditory	  
Cortex	  

Wernike’s	  Area	  

Primary	  Olfactory	  Cortex	  
(Deep)	  
Conducted	  from	  Olfactory	  Bulb	  

Regions	  Modified	  from:	  	  	  hOp://www.bioon.com/book/biology/whole/image/1/1-‐8.Ff.jpg	  



• 	  	  Arcuate	  Fasciculus	  -‐	  A	  white	  maOer	  tract	  that	  connects	  Broca’s	  Area	  and	  
Wernicke’s	  Area	  through	  the	  Temporal,	  Parietal	  and	  Frontal	  Lobes.	  	  Allows	  
for	  coordinated,	  comprehensible	  speech.	  	  Damage	  may	  result	  in:	  

-  Conduction Aphasia - Where auditory comprehension and speech 
articulation are preserved, but people find it difficult to repeat heard 
speech. 

Modified	  from:	  	  	  hOp://www.bioon.com/book/biology/whole/image/1/1-‐8.Ff.jpg	  



Korbinian	  Broadmann	  -‐	  Learn	  about	  the	  man	  who	  divided	  the	  Cerebral	  Cortex	  into	  52	  disFnct	  regions:	  
hOp://en.wikipedia.org/wiki/Korbinian_Brodmann	  

Modified	  from:	  	  	  hOp://www.bioon.com/book/biology/whole/image/1/1-‐8.Ff.jpg	  



BRAINSTEM à Heart 
rate and breathing 

 

CEREBELLUM 
à Coordination 

and balance 

Parts of the Brain 

amygdala 

pituitary 

hippocampus 
THALAMUS  
à Relays  
messages 









CorLcal	  Regions	  

A.	  

B.	  

C.	  

D.	  
E.	   F.	  

G.	  

H.	  

I.	  

J.	  
K.	  

A.	  	  Primary	  Motor	  Cortex/	  Precentral	  Gyrus	  

B.	  	  Broca’s	  Area	  

C.	  	  Orbitofrontal	  Cortex	  

K.	  	  Primary	  Somatosensory	  
Cortex/	  Postcentral	  Gyrus	  

I.	  	  Primary	  Gustatory	  Cortex	  

J.	  	  Somatosensory	  
AssociaLon	  Cortex	  

G.	  	  Primary	  Visual	  Cortex	  

H.	  	  Visual	  AssociaLon	  
Area	  

E.	  	  Primary	  Auditory	  Cortex	  

F.	  	  Wernike’s	  Area	  

D.	  	  Primary	  Olfactory	  Cortex	  (Deep)	  

hOp://williamcalvin.com/BrainForAllSeasons/img/bonoboLH-‐humanLH-‐viaTWD.gif	  



Insula	  



Cerebral	  Cortex	  

Cerebral	  Cortex	  

Cerebral	  Cortex	  -‐	  The	  outermost	  layer	  of	  gray	  
maOer	  making	  up	  the	  superficial	  aspect	  of	  the	  
cerebrum. 

hOp://www.bioon.com/book/biology/whole/image/1/1-‐6.Ff.jpg	  





Coronal	  SecFon	  



Directions 

Medial	

Lateral	
Lateral	


Proximal	

Distal	
Distal	


Contralateral	
Ipsilateral	


Relative to midline	




Medial	

Lateral	
Lateral	


Proximal	

Distal	
Distal	


Contralateral	

Ipsilateral	


Relative to 
midline	








Dividing up the brain 



Nissl vs Myelin Stain 



Corpus Callosum 

Callosum (L):  hard, tough 

Commissure vs decussation 







Thresholds of the five major senses 













Cell	  Body+	  2	  sets	  of	  Processes	  (Axons,	  Dendrites)	  





In addition to increasing the speed of the nerve impulse, the myelin sheath helps in reducing energy expenditure over the axon membrane as a whole, because 
the amount of sodium and potassium ions that need to be pumped to bring the concentrations back to the resting state following each action potential is 
decreased. 

AP generation unlike simple electrical circuit 
Saltatory conduction (200m/s) 
Unmyelinated conduction (2m/s) 
This rapid conduction of electrical signal reaches the next node and creates another action potential, thus refreshing the signal. In this manner, 
saltatory conduction allows electrical nerve signals to be propagated long distances at high rates without any degradation of the signal. Although 
the action potential appears to jump along the axon, this phenomenon is actually just the rapid, almost instantaneous, conduction of the signal 
inside the myelinated portion of the axon. 





















Q:	  Assuming	  this	  comical	  situaFon	  was	  factually	  
accurate,	  what	  CorFcal	  Region	  of	  the	  brain	  would	  
these	  doctors	  be	  sFmulaFng?	  

Copyright:	  Gary	  Larson	  



Thanks!	  



A:	  Primary	  Motor	  Cortex	  

*	  This	  graphic	  representaFon	  of	  the	  regions	  of	  the	  Primary	  Motor	  Cortex	  and	  
Primary	  Sensory	  Cortex	  is	  one	  example	  of	  a	  HOMUNCULUS:	  

Homunculus	  



Q:	  	  What	  do	  you	  noFce	  about	  the	  proporFons	  
depicted	  in	  the	  aforemenFoned	  homunculus?	  

Q:	  What	  is	  meant	  by	  depicFng	  these	  body	  parts	  
in	  such	  outrageous	  proporFons?	  

A:	  	  They	  are	  not	  depicted	  in	  the	  same	  scale	  representaFve	  of	  the	  human	  body.	  

A:	  	  These	  outrageous	  proporFons	  depict	  the	  corFcal	  area	  devoted	  to	  each	  
structure.	  

	  -‐	  Ex:	  	  Your	  hands	  require	  many	  intricate	  movements	  and	  sensaFons	  to	  funcFon	  
properly.	  	  This	  requires	  a	  great	  deal	  of	  corFcal	  surface	  area	  to	  control	  these	  
detailed	  acFons.	  	  Your	  back	  is	  quite	  the	  opposite,	  requiring	  limited	  corFcal	  area	  
to	  carry	  out	  its	  acFons	  and	  funcFons,	  or	  detect	  sensaFon.	  

Back-‐Hom.	  

*	  	  Note:	  Homunculus	  literally	  means	  “liOle	  person,”	  and	  may	  refer	  to	  one	  whose	  body	  shape	  is	  
governed	  by	  the	  corFcal	  area	  devoted	  to	  that	  body	  region.	  



Further	  InvesFgaFon	  

Phineas	  Gage:	  	  Phineas	  Gage	  was	  a	  railroad	  worker	  in	  the	  19th	  century	  living	  in	  
Cavendish,	  Vermont.	  	  One	  of	  his	  jobs	  was	  to	  set	  off	  explosive	  charges	  in	  large	  rock	  in	  
order	  to	  break	  them	  into	  smaller	  pieces.	  	  On	  one	  of	  these	  instances,	  the	  detonaFon	  
occurred	  prior	  to	  his	  expectaFons,	  resulFng	  in	  a	  42	  inch	  long,	  1.2	  inch	  wide,	  metal	  rod	  
to	  be	  blown	  right	  up	  through	  his	  skull	  and	  out	  the	  top.	  	  The	  rod	  entered	  his	  skull	  
below	  his	  leZ	  cheek	  bone	  and	  exited	  aZer	  passing	  through	  the	  anterior	  frontal	  lobe	  
of	  his	  brain.	  

Frontal	  



Remarkably,	  	  Gage	  never	  lost	  consciousness,	  or	  quickly	  regained	  it	  (there	  is	  sFll	  some	  
debate),	  suffered	  liOle	  to	  no	  pain,	  and	  was	  awake	  and	  alert	  when	  he	  reached	  a	  doctor	  
approximately	  45	  minutes	  later.	  	  He	  had	  a	  normal	  pulse	  and	  normal	  vision,	  and	  
following	  a	  short	  period	  of	  rest,	  returned	  to	  work	  several	  days	  later.	  	  However,	  he	  
was	  not	  unaffected	  by	  this	  accident.	  

Learn	  more	  about	  Phineas	  Gage:	  hOp://en.wikipedia.org/wiki/Phineas_Gage	  
Frontal	  

hOp://www.sruweb.com/~walsh/gage5.jpg	  



Q:	  	  Recalling	  what	  you	  have	  just	  learned	  regarding	  the	  frontal	  lobe,	  what	  
possible	  problems	  or	  abnormaliLes	  may	  Gage	  have	  presented	  with	  subsequent	  
to	  this	  type	  of	  injury	  (remember	  the	  precise	  locaFon	  of	  the	  rod	  through	  his	  
brain)?	  

A:	  	  Gage’s	  personality,	  reasoning,	  and	  capacity	  to	  understand	  and	  follow	  social	  
norms	  had	  been	  diminished	  or	  destroyed.	  He	  illustrated	  li^le	  to	  no	  interest	  in	  
hobbies	  or	  other	  involvements	  that	  at	  one	  Lme	  he	  cared	  for	  greatly.	  	  ‘A_er	  the	  
accident,	  Gage	  became	  a	  nasty,	  vulgar,	  irresponsible	  vagrant.	  His	  former	  
employer,	  who	  regarded	  him	  as	  "the	  most	  efficient	  and	  capable	  foreman	  in	  their	  
employ	  previous	  to	  his	  injury,"	  refused	  to	  rehire	  him	  because	  he	  was	  so	  
different.’	  

Q:	  	  It	  is	  suggested	  that	  Gage’s	  injury	  inspired	  the	  development	  of	  what	  at	  one	  
Lme	  was	  a	  widely	  used	  medical	  procedure.	  	  What	  might	  this	  procedure	  be,	  and	  
how	  does	  it	  relate	  to	  Gage’s	  injury?	  

A:	  	  The	  frontal	  lobotomy.	  	  This	  has	  been	  used	  with	  the	  intenLon	  to	  diminish	  
aggression	  and	  rage	  in	  mental	  paLents,	  but	  generally	  results	  in	  drasLc	  
personality	  changes,	  and	  an	  inability	  to	  relate	  socially.	  	  This	  procedure	  is	  largely	  
frowned	  upon	  today,	  with	  the	  development	  of	  neurological	  drugs	  as	  
treatments.	  

Frontal	  
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