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Science In Motion

Juniata College


Anatomy and Physiology

Nervous system

Standards:
3.3.10 A  Explain the structural and functional similarities and differences found among

                living things.

· Explain the relationship between structure and function at the molecular and cellular levels.
Introduction and Background:

The brain is an organ, which is of great importance and interest to all of us.  How it can perform all of its functions- receiving interpreting, storing, and sending out information via nerve impulses is amazing.  Although the brain has been studied intensely, it still retains much mystery.  This lab exercise is destined to expose you to brain anatomy and the functions of some parts of the brain.


When comparing the brains of vertebrates in this lab, you will notice differences in size, shape, and the appearance of various brain regions (lobes).  In general, lower vertebrates such as fish have much simpler brains than higher vertebrates (primates) and there is much variation of brain development in the remainder of the vertebrate animals.

You will also notice what appear to be folds in the brains of some of the specimens and drawings you will be using.  This “folding” is a development found in higher vertebrates which increases the surface area within the brain and allows larger numbers of brain cell (neurons) to contact one another to receive, store, analyze, and send out information.

Guiding Questions:

Vocabulary:

Materials:


Human brain




dissection tray


Dog brain




probe


Calf brain




scalpel


Sheep brain




meter stick


Plastic model of human brain


string


Plastic model of bee brain 


calculator


Surgical gloves





Safety notes:

1. When using scalpels be aware that they are razor sharp.

2. Preservatives are used to preserve the brain specimens you are using; do not inhale fumes from these specimens.

3. Surgical gloves may be used if you do not want contact with these preservatives.

Prelab Questions:

Procedure – Day 1

1. Observe and study the eight brains on display (4 preserved specimens A –D, and 4 diagrams E-H on page 5).

2. Attempt to identify each brain using the choices at the bottom of page 6.  Briefly explain your reasons for making your decisions and record your answers on page 6.

3. Discuss differences among the eight brains with your teacher and classmates.

Art II  Brain Dissection


In order to view the internal anatomy of the brain you must sickest a brain.  One observation you will make is that there are areas, which appear white, and areas, which appear gray.  This is referred to as gray matter and white matter.  The reason these regions exist is that the nerve cells, which make up the brain consist of dendrites, which receive information, a cell body that contains the cell’s nucleus and cell organelles and an axon, which is involved in transporting nerve impulses.  The areas that are gray consist primarily of cell bodies and dendrites; the areas that are white contain mostly axons.  The axons possess a fatty sheath called the myelin sheath that causes the whitish color.

Procedure – Day 2

1. Obtain one of the sheep brains for dissection along with the appropriate dissection equipment.

2. Refer to Figures 1 and 2 on page 8 and identify the following external structures that are visible on your sheep brain:  olfactory lobe, cerebrum, cerebellum, medulla, spinal cord, pons, dura mater, optic chiasma, pituitary gland (if present).  Give a brief function for each of these parts.  Record on your student data sheet on page 8 (use the margin).

3. Using your scalpel, cut the brain into two halves (cut from front to rear).  This will not be necessary if your brain is already dissected.  Look at the cut surface on either half and identify the following structures shown on Figure 3, page 9:  spinal cord, medulla, pons, cerebrum, cerebellum, pituitary gland, hypothalamus, thalamus, corpus callosum, and optic chiasma.  Circle the names of any brain parts not previously discussed and write a brief function for each on page 9.

4. Again study the cut surface on your brain specimen.  Notice areas of the brain that appear to be gray, white, or perhaps just empty space.  Use a pencil to shade the gray areas on Figure 3, page 9.  Use your references to explain why these areas exist.  Record your answer on page 9 below the diagram.
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Part III  Regions of the Cerebrum

1. Look at the plastic brain model on display while referring to Figure 4, page 10.  Label and color-code areas of the cerebrum which process various information of Figure 4 on your data sheet.

Part IV   Nerves and neurons


The brain and nerves in your nervous system are composed primarily of nerve cells called neurons.  These cells are designed to transmit nerve impulses (wavelike movement of chemicals through the cell).  Nerve impulses travel at various speeds the most rapid being approximately 120 meters per second.  Nerves and neurons not only make up your brain and spinal cord but also travel to and from these organs.  Such nerves are called sensory and motor nerves and are composed of sensory and motor neurons. Neurons can be of various size and length, but they generally have an end that receives information (dendrites) and an end, which transmits the nerve impulse to the next cell (the axon).  In addition, a neuron will have a cell body at some point in its structure, which contains the nucleus and other vital cell organelles.

Procedure

1. Study Figures 5,6, and 7 on pages 11-13 on your data sheet and locate these 5 parts: brain, spinal cord, spinal nerves, and sensory/motor neurons.

2. In a paragraph, describe how these parts are interconnected to enable you to function as a human being.  Record your answer on page 7.

Part V  Speed of nerve impulses

Procedure Day 3

1. Use a string to measure the distance from your eye to your vision center in your cerebrum and then from your vision center to the mid point of your forearm (muscle).  Measure in meters to the nearest hundredth (example, 1.13 meters).

2. Record this answer on your data sheet, page 7 #1.

3. Assuming that a nerve impulse would travel at 100 meters/sec., how long would it take you to grasp an object that you see?
Time (sec) = Distance (meters)
100 meters/sec.

4. Record this time on your data sheet at #2, page 7.
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Part VI  Testing your Nervous System (Reaction Time)


Reaction time is a measure of how quickly a person can perceive a stimulus and react to it.  In the case, it will be time it takes you to catch a meter stick.

Procedure
1. The subject should rest his/her elbow on a desk or table with his arm extending over the side.  The experimenter (your partner) should hold a meter stick in the air with the 0cm. Line between the subject’s index finger and thumb.  

2. The experimenter should drop the meter stick and the subject should catch it between the index finger and thumb.  Note and record the measurement where the meter stick was caught in centimeters (read at the top edge of fingers).  Repeat this 4 more times and record the average of the 5 trials on page 7.

3. Use the following formula to calculate the actual time it takes to catch the stick.

t =   (2d/a




t = time







d = distance meter stick dropped







a = acceleration

Example: If the meter stick fell 93 cm.



t =  ( 2 (95 cm.)/ 980cm/sec  =  ( .194sec = .44 sec.

Optional variations

1. Use other stimuli such as the word “now!” before dropping the stick (subjects eyes closed).

2. Distract the subject while doing the experiment.

3. Have the subject perform other tasks (i.e. reading) while doing the experiment.

4. Compare sexes or right vs. left hand.

[image: image8.jpg]
[image: image1.png]== Forebmain

Optic lobe e

Cerebellum

Occipital

Lunate sulcus *#;

Cerebellum

Occipital

Cerebellum














Page 6

STUDENT OBSERVATION /DATA SHEET

Part I

Brain Identification





Reasons
A.

B.

C.

D.

E.

F.

G.

H.

Choices for A – H     Chimpanzee,  Human,   Dog,  Calf,   Sheep,   Snake,   Bird

Note – You must use one of these choices twice!
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Part IV – Nerves and Neurons

Part V

1. ____________ meters  (to nearest .01)

2. _____________ seconds

Part VI



Trial #

1. _____ cm

2. _____ cm

3. _____ cm

4. _____ cm

5. _____ cm

Average distance  _____ cm.

Reaction time calculated - _____ seconds.
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Sheep Brain(dissected view)
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Figure 4  Cerebral lobes and some of their functions.

A. Frontal – voluntary muscles, problem solving, language

B. Parietal – skin senses – touch, pain, pressure, heat

C. Temporal – hearing, smell, memory of complex sensory forms such as music

D. Occipital – vision, visual and non-visual senses blended


[image: image5.png]Figure 5 - Nerves leading to and from the central nervous system.
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Figure 6 Spinal cord cross-section showing the link with a spinal nerve.  An identical link would occur on the left side as well and a total of 31 pairs of these nerves link to the spinal cord carrying nerve impulse to and from the spinal cord.  Nerve messages may come into the spinal cord and go immediately back to effectors (muscles) or they may be carried up the spinal cord to the brain for interpretation, which leads to the proper response.


[image: image6.png]Dorsal root
Gray matter

White matter Ventral root

\ [ Y .
Spinal cord

Sensory neurons

v

Gluteus maximus \

Motor neurons




Figure 7 Neuron (nerve cell)
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Student Analysis/Conclusions

1. The brains you worked with were relatively firm because of the action of the preservative; in reality, your brain is very soft.  Why is it very important for perople to avoid concussion, skull fracture, or head trauma of any type if possible?

2. Parents can inflict sever brain damage, even death, to their infant children by shaking them violently.  How could you explain this?

3. The calculation you made for nerve impulse conduction in Part V is probably faster than it would actually occur in your body.  This is because many neurons would be involved.  How could you account for the time differences?

4. Does your brain react to or interpret all nerve impulses that are initiated by your sensory neurons in your skin, eyes, nose, tongue, ears, etc.?  Hint – think of clothing stimulating neurons in our skin, or smelling your favorite meal when you enter your home.

5. Do you have all your brain cells at birth?  Can you reproduce new ones?

6. There are no blood vessels within your brain.  How do brain cells receive nourishment and eliminate cellular waste?  Hint – what occupies “empty” spaces within the brain?

7. List several differences between the brains of lower and higher vertebrates.  Why does a higher vertebrate have such a large cerebrum?

8. Review the parts of the brain you studied in Part II.  How can a person be “brain dead” but still be “alive”?  “Alive means that they still have a heart beat, are still breathing, and have other internal organ functions.

F.





E.
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