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Principle of contralateral control:  Each cerebral hemisphere controls the movements of the opposite side of the body.  In 1870, it was discovered that when one electrically stimulates the cortex of a dog, movements occur with the contralateral limb.  This was the beginning of the discovery of specialization of the various brain regions.  

We can see an example of this “contralateral control” in a procedure that is performed on some patients who are about to undergo brain surgery.  In the Wada test, an anesthetic (like sodium amobarbital) is injected into one of the carotid arteries (there are two carotid arteries, with each supplying blood to one of the cerebral hemispheres).  For example, when the right carotid artery is injected, the right cerebral hemisphere is inactivated, paralyzing the left side of the body. In the slide, you see that the left arm of the patient has dropped to the bed.  His left side has become paralyzed.

You may note that in this slide, the examiner is holding an object in hand.  He is asking the patient to name the object.  He is trying to see whether the patient has his “language centers” in the left hemisphere or the right hemisphere.  Almost everyone has their language center in the left hemisphere.  For example, if the patient’s left hemisphere had been shut down through the anesthetic, we would expect that he could not answer the examiner.

Study of language.  Paul Broca (1824-1880) was a French neurologist who thought that instead of studying bumps on the brain, maybe one should look for specialization by finding if damage to a specific region of the brain causes a discrete loss of function.  Broca had a patient named Leborgne, who suffered from epilepsy and loss of speech.  He had been institutionalized for 31 years and in the hospital was known as “Tan”, as this was the only word that he could say (other than a few obscenities).  Tan was capable of understanding language (when asked to do something, he could follow instructions).  Tan had no problems moving his mouth or tongue.  He could whistle or sing a melody without difficulty.  But he could not speak a complete sentence, or write it down.  After death, examination of his brain showed that there was an egg sized fluid filled cavity in an area in the frontal lobe of the left hemisphere.  This area is now called Broca’s area.  This led Broca to write:  “We speak with the left hemisphere.”
At around the same time, Karl Wernicke (1848-1904) found patients that could speak, but failed to comprehend language.  He proposed that language involved separate motor and sensory programs, each localized to a specific region of the brain.  Motor part, which governs movements for speech, is located in the Broca’s area.  Sensory part, which governs word perception, is in the temporal lobe; in a place we now call Wernicke’s area.  Surrounding this region are parts of the brain that are important for sensing sound.
The study of patients with brain lesions has demonstrated that our ability to read, write, and speak depends almost entirely on the left hemisphere.  That is, the right hemisphere cannot read, write, or speak.  However, the right hemisphere can understand spoken language.  The left hemisphere can understand spoken language, as well as read, write, and speak.  

What about language in individuals who are deaf?  Study of deaf people who had a stroke and lost their ability to use sign language has demonstrated that signing is also dependent on the left cerebral hemisphere.  In deaf people, damage to the Broca’s area results in an inability to produce signs but does not affect their ability to understand signing.   Damage to the Wernicke’s area causes the deaf person to be unable to comprehend sign language.
Perception of color.  There is a specific area in the brain that seems to specialize in processing of color of light.  This area is in near the boundary between the occipital and temporal lobes (called area V4).  Patients with damage to this area may have normal vision, except that they report that the world seems drained of color, like a black-and-white movie.
Perception of motion.  There is a specific area in the brain that seems to specialize in detecting motion of visual information.  This area is near the boundary between the occipital and parietal lobes (called area MT).  For example, patient LM was a 43 year old woman who had bilateral strokes in the posterior parieto-temporal and occipital regions.  She had normal color perception, object and word recognition, and most other functions.  She could judge the motion of a tactile stimulus (wooden stick moved up or down her arm) and an auditory stimulus (moving loudspeaker).  However, her perception of direction and speed of visual motion was impaired.  For example, when she was pouring tea, the fluid appeared to be frozen.  Because she could not perceive movement, she could not stop pouring at the right time.  She found it difficult to follow conversation without being able to see the facial and mouth movements of each speaker.  When among people, she complained that “people were suddenly here or there but I have not seen them moving.”  (Zihl, von Cramon, Mai, Brain 106:313-340; 1983)
Face recognition.  There are some cases where a patient cannot recognize close friends, family members, or even his or her face in a photograph.  Patient WJ was a middle aged man professional man who had a stroke in the region between occipital lobe and temporal lobe.  After the stroke, he could no longer recognize faces.  He made a career change and went into sheep farming.  He eventually came to recognize many of his sheep, although he remained unable to recognize most human faces.  In an experiment, McNeil and Warrington (Quarterly Journal of Exp. Psychology, 46A:1-10; 1993) assembled three groups of photographs: human faces, sheep faces of the same breed that WJ had raised, and sheep faces of a different breed.  They attempted to teach subjects the names of these faces.  Most people were better at learning the names of the human faces.  Even experienced sheep farmers were generally better with the human faces.  However, WJ was as good as others in learning the sheep faces but very poor at learning the human faces. 
Dorsal (parietal lobe) and ventral (temporal lobe) visual pathways.  When we see an object, our brain solves two kinds of problems:  what is this object, and where is it with respect to our body.  The color, face recognition, and motion disorders tell us something about the regions in the brain that solves these two problems.  Color gives us a clue as to what kind of an object we are looking at.  Faces are very strong clues as to the identity of a person.  However, motion tells gives us a clue as to where the object is and where it is going.  It turns out that the motion is processed in the dorsal part of the occipital lobe.  This dorsal part of the brain, which includes the parietal lobe, processes visual information to solve the “where” problem.  Color and faces are processed in the ventral part of the occipital lobe.  This ventral part of the brain, which includes the temporal lobe, processes visual information to solve the “what” problem.   
Memory and amnesia.  In the 1950s, neurosurgeon Wilder Penfield applied electrical currents to different areas of the brain during surgery in epileptic patients.

Brain itself has no pain receptors, so stimulation can be done on fully conscious patients. 

He found that stimulation of points in the temporal lobe produced vivid childhood memories, or pieces of old musical tunes.  A 21 year old man reported:  “It was like standing in the doorway at [my] high school.  I heard my mother talking on the phone, telling my aunt to come over that night.”  Another patient:  “My nephew and niece were visiting at my home … they were getting ready to go home, putting on their coats and hats … in the dining room … my mother was talking to them.”  (Penfield and Perot, Brain 86:595, 1963).  The places in the brain where stimulation resulted in memory recall were near the junction of the frontal, parietal, and temporal lobes.  
In the 1950s, a 27 year old assembly link worker named HM was suffering from untreatable and debilitating temporal lobe seizures.  To help the patient, his surgeon removed medial portion of the medial temporal lobes bilaterally.  HM’s seizures were improved.  After recovery from surgery, he maintained his vocabulary and language skills, maintained his high IQ, and ability to recall facts about his life that preceded the surgery.  He could remember job that he held, where he had lived, and events of childhood.  However, his memory of public and personal events extended only to when he was 16 years old (1942), 11 years before his operation.  He could not remember anything more recent.  He could not recognize a person whom he had met yesterday.  Although he had normal “immediate memory” (i.e., the ability to store information for a short while, like a list of numbers), he could not form long-term memories.  Years later, when I met him, he did not know where he lived, who cared for him, or recognize a picture of himself.
We now know that “immediate memory” is intact in amnesia.  What is lost is the ability to translate the immediate memory into long-term memory.  For example, in a simple experiment, subjects with medial temporal lobe damage and normal individuals were read a sequence of digits (for example, 5-7-4-1) and then asked immediately to repeat back the sequence.  Each time the subject was successful, the number of digits in the test sequence was increased by one.  Digit span: the number of digits that was successfully repeated back before a subject failed twice at the same sequence.  The amnesic patients and the control subjects both repeated back an average of 6.8 digits.  Therefore, it appears that regions in the medial part of the temporal lobe are important for translating immediate memory into long-term memory.

Hippocampus is an important structure in the medial temporal lobe.  When there is damage to the hippocampus, the result is amnesia.  In a recent experiment, six individuals with hippocampus damage were given a quiz on news events that took place from the 50’s to the 2005.  Their performance on the quiz was plotted as a function of the date when they had their stroke in the hippocampus.  We see that when the hippocampus is damaged, the patient does not lose the very old memories that were acquired long ago (more than 6-10 years before the damage).  Rather, the damage reduces the ability of the brain to maintain memories from the near the time of the damage, and since the damage.  

Motor memory as distinct from memory of facts and events

In early 1960s, Brenda Milner discovered that only special kinds of memories depend on the medial part of the temporal lobe.  She re-examined HM by having him learn a simple motor task.  The task was to look into a mirror to see an image of his hand while trying to trace a star-pattern.  This is an simple experiment that you can try at home and you will find that it is fairly difficult to perform well. However, with practice HM became pretty good at the task.  Day after day he returned to perform the task and Milner observed that his performance steadily improved.  However, each day he would claim that he had never seen the apparatus before and he had never done this task before.  Therefore, one part of his brain that stored memories of facts and events (the medial temporal lobe) was damaged and could not remember his autobiographical history.  However, another part of his brain (the cerebellum) was intact and could learn the motor task.  
Consolidation of memories

Memories of facts and events are not static in our brain.  Rather, they appear to change with passage of time so that an injury to the brain tends to disturb memory of more recent events and not memories of older events.  For example, after a car accident that may have resulted to a blow to the head, people may have difficulty remembering events immediately surrounding the accident, but will have an easier time remembering older events.  To explore this idea, an interesting experiment was performed on severely depressed patients who had been admitted to the hospital for electro-convulsive therapy.  Before and after treatment, they were tested for their memory of TV programs that had been broadcast for a single season during one of the preceding 16 years.  Experiment was performed in 1974.  Before treatment, depressed patients remembered programs that had been broadcast recently better than older programs.  After treatment, patients remembered the remote past normally, but their memory was poor for recent 1-3 years.  Therefore, the electro-convulsive therapy had disturbed the brain, resulting in the loss of more fragile memories.  These fragile memories were more recent record of facts and events.  The older memories were resistant to the disturbance.  In general, older memories are more strongly protected.
Left hemisphere vs. the right hemisphere.  To some extent, the two hemispheres specialize in how they control perception and perhaps action, although we still know very little about this.  We noted earlier that our ability to speak is because of our left hemisphere.  It turns out that face recognition may be mainly due to the neurons in the temporal lobe of the right hemisphere.  We can do an experiment to test this.

Look at the pictures that are on this slide.  For each pair of pictures, decide which picture looks happier to you.  The results of the experiment (next slide) show that most people think the picture is happier when the smile is on the left side of the face.  To understand this result, we need to know that when you are looking at an object, information to the right of your fixation (the place where you are looking) is processed by the visual areas in the left cerebral hemisphere.  Information to the left of fixation is processed by the visual areas in the right cerebral hemisphere.  You see the face as happy when your right hemisphere sees the smile.








