Biology 2011: Human Anatomy and Physiology
  
Lab Guide 9: Anatomy of the Spinal Cord and Spinal Nerves, Spinal Reflexes, Learning and Reaction Time 

Objectives: 
  
1. Identify the parts of a cross-sectioned spinal cord viewed under the microscope and on a spinal cord model 
2. Identify the protective coverings of the spinal cord and compare their similarities and differences to the meninges of the brain 
3. Identify the components of a typical somatic reflex arc and their functions
4. Relate the parts of the sectioned spinal cord to the components of a reflex arc 
5. Describe the differences between a somatic and a visceral (autonomic) reflex arc 
6. Distinguish between a reflex and a learned response. 

Exercise 21. Spinal Cord and Spinal Nerves, pp. 315-334 
The spinal cord, a part of the central nervous system (CNS), is the site where all spinal reflexes originate.  Spinal reflexes involve neural sensory (afferent) input from the peripheral nervous system (PNS) that is integrated by control centers at the level of the spinal cord, resulting in neural motor (efferent) output from the spinal cord to effectors of the body via motor (efferent) neurons.  The spinal cord serves also as the conduit for most neural activity between the body and the brain.  
The spinal meninges, the three protective connective tissue membranes of the spinal cord, anchor the spinal cord within the vertebral column and help support and protect it.  The meninges of the brain were described in Lab Guide 8.  There are a few structural differences between the meninges of the spinal cord and those of the brain.  The dura mater of the spinal meninges is not continuous with the inner periosteum of the vertebrae; whereas, it is fused to the inner periosteum of the cranial bones.  Because the spinal dura does not adhere to the surrounding bone there is a potential space between it and the vertebrae, the epidural space.  This sock-like arrangement is called the spinal dural sheath.  The epidural space contains areolar and adipose tissue supporting the dural sheath.  The arachnoid and pia mater are arranged similarly to those of the brain meninges, except there are lateral extensions of the pia matter, called denticulate ligaments, that connect the spinal cord to the periosteum of the surrounding vertebrae.  Cerebrospinal fluid (CSF) circulates in the subarachnoid space between the arachnoid and pia mater.  The meninges and spaces can be observed in some microscope slide preparations of the spinal cord as well as on spinal cord models.  
The white matter of a cross sectioned spinal cord consist of myelinated nerve tracts; whereas, the "H" or “butterfly” shaped central gray matter region of the spinal cord contains the cell bodies of somatic and autonomic motor neurons and interneurons and some of their processes, as well as processes of sensory neurons that extend into the spinal cord from the dorsal root ganglion and the PNS.  The locations of these various types of neurons and/or neuronal processes are associated with specific functional regions of the gray matter of the spinal cord.  For example, the large cell bodies of the somatic motor neurons can be readily observed in the anterior (ventral) gray horns of microscope slide preparations of the spinal cord. 
Activity 1: Identifying Structures of the Spinal Cord 
As described in the lab manual in Exercise 21, pp. 314-317, and as described below. 
Histology of the Spinal Cord 
Spinal Cord x.s. (Slide # 27 labeled "spinal cord" in the slide box). See Figure 21.4, p. 318 in the lab manual and Figure 12.31, p. 469, in Marieb).  We have several different histological preparations of this slide; so be sure to observe the slides of you classmates as well as your own in order to see the differences among them. You are responsible for identifying all of the following structures on the spinal cord microscope slides as well as on the spinal cord models.  Cross reference to a spinal cord model for help in identifying: 
  
meninges (may not be illustrated on this slide; but be able to identify them on charts and photos) 
     dura mater 
     arachnoid 
     pia mater 
posterior median sulcus 
anterior median fissure 
white matter 
gray matter 
     posterior (dorsal) gray horn 
     anterior (ventral) gray horn 
          motor neuron somas 
     gray commissure 
          central canal 
     lateral gray horn (thoracic & upper lumbar only) 
Spinal Cord Model 
You may be tested on any of the structures listed in bold print on the following model keys. The structures listed in regular print are provided for reference only. You should be able to identify these features on charts and photographs of spinal cord cross sections as well. 
  


	A. Section through the Spinal Cord (approx. 10X) 
	B. A piece of the Spinal Cord with Nerves (approx. 5X) 

	1. Gray Matter 
2. Anterior (Ventral) Gray Horn 
3. Lateral Gray Horn 
4. Gray Commissure 
     Central Canal (unnumbered in center of gray commissure) 
5. Anterior (Ventral) Nerve Roots 
6. Posterior (Dorsal) Nerve Roots 
7. White Matter 
8. Anterior (Ventral) Median Fissure 
9. Posterior (Dorsal) Median Sulcus 
10a. Anterior Lateral Sulcus 
10b. Posterior Lateral Sulcus 
11. Outlet of Nerve Bundles 
	12. Gray Matter 
13. Nerve Roots 
14. Gray Commissure 
15. Central Canal 
16. White Matter 
17. Anterior (Ventral) Gray Horn 
18. Posterior (Dorsal) Gray Horn 
19. Anterior (Ventral) Median Fissure 
20. Posterior  (Dorsal) Median Sulcus 
21. Posterior (Dorsal) Root Ganglion 
22. Anterior Funicle 
23. Lateral Funicle 
24. Posterior Funicle 


  
	Spinal Cord Model, number 165

	1. Dorsal Column, White Matter
	16. Anterior Spinal Artery

	2. Lateral Column, White Matter
	17. Sulcal Artery

	3. Ventral Column, White Matter
	18. Anterior Spinal Vein

	4. Anterior White Commissure, White Matter
	19. Dorsal Radicular Filaments

	5. Dorsal (Posterior) Gray Horn, Gray Matter
	20. Left Posterolateral Spinal Vein

	6. Lateral (Anterior ) Gray Horn, Gray Matter
	21. Left Posterior Spinal Artery

	7. Ventral (Anterior )Gray Horn, Gray Matter
	22. Posterior Spinal Vein

	8. Gray Commissure
	23. Dorsal (Posterior) Root

	9. Central Canal
	24. Dorsal (Posterior) Root (Spinal) Ganglion

	10. Dorsal (Posterior)Median Sulcus
	25. Ventral (Anterior )Root

	11. Dorsal Intermediate Sulcus
	26. (Mixed) Spinal Nerve

	12. Dorsal Lateral Sulcus
	27. Dorsal/Posterior (Sensory) Ramus of Spinal Nerve

	13. Ventral Lateral Sulcus
	28. Ventral/Anterior  (Motor) Ramus of Spinal Nerve

	14. Ventral (Anterior )Median Fissure
	29. Gray Ramus Communicantes

	15. Ventral Radicular Filaments
	30. White Ramus Communicantes


  



Activity 2: Identifying Spinal Cord Tracts 
  
Skip 
  
Activity 3: Identifying the Major Nerve Plexuses and Peripheral Nerves 
  
As described in lab manual, pp. 325-327; however, you do not need to memorize every nerve and the structures served by them. 
Surface (Dorsal/Posterior) Views of Spinal Cord See Figure 21.1, p. 315, and Figure 21.5, p. 319, in your lab manual or Figure 12.29, p. 471, and Figures 13.6 and 13.7, pp. 502-503, in Marieb. 
Activity 4: Locating the Sympathetic Chain 
  
Skip 
  
Activity 5: Comparing Sympathetic and Parasympathetic Effects 
  
Skip 
  
Activity 6: Exploring the Galvanic Skin Response within a Polygraph Using Biopac
  
Skip 
  










The Nervous System Model (C30) 



12

Brain
1. Frontal lobe
2. Parietal lobe
3. Occipital lobe
3a. Temporal lobe
4. Cerebellum
5. Pons
6. Medulla
7. Spinal cord
Spinal Nerves
8. Cervical nerves (C1-C8) (cervical plexus)
9. Thoracic nerves (T1-T12)
10. Lumbar nerves (L1-L5) (lumbar plexus)
11. Sacral nerves (S1-S5)
12. Conus medullaris
13. Cauda equina
14. Urinary bladder
Sympathetic trunk
15. Cervical sympathetic trunk ganglia
16. Thoracic sympathetic trunk ganglia
17. Lumbar sympathetic trunk
18. Sacral sympathetic trunk
Nerves of the Upper Appendages
19. Supraclavicular
20. Axillary
21. Musculocutaneus
22. Radial
23. Median
24. Ulnar
25. Superficial branch of radial
26. Palmar branch of superficial
27. Palmar branch of ulnar
28. Dorsal branch of ulnar
29. Dorsal cutaneous
30. Dorsal digital
31. Palmar digital

Nerves of the Lower Appendages
32. Ilioingual
33. Lateral cutaneous
34. Femoral
35. Sciatic
36. Obturator
37. Common peroneal
38. Saphenous
39. Infrapatellar branch of saphenous
40. Deep peroneal
41. Superficial peroneal
42. Dorsal digital
43. Muscular branch of sciatic
44. Tibial
45. Sural
46. Medial and lateral plantar
47. Medial dorsal cutaneous

 Exercise 22: Human Reflex Physiology, pp. 339-348. 
Introduction to Reflexes 
A reflex is an involuntary, rapid, and predictable response to a specific stimulus. The components of a reflex arc (pathway) are a receptor, afferent (sensory) neuron, integrating (control) center, efferent (motor) neuron, and effector. In the simplest somatic reflex arcs, there is a single synapse in the path, although usually there are multiple synapses, and the effector is always skeletal muscle. Somatic reflexes may be deep, i.e., the receptor is deep to the skin, or superficial, i.e., the receptor is in the skin. In visceral (autonomic) reflex arcs there are two motor neurons in the pathway, and the effector can be smooth or cardiac muscle or endocrine or exocrine glands, but only rarely skeletal muscle.  
In this laboratory, we will study the patellar stretch (knee-jerk) reflex. The patellar reflex is a monosynaptic, ipsilateral (same-sided), somatic reflex. Other somatic stretch reflexes  are the calcaneal, biceps, and triceps reflexes. Note that all the "jerk" reflexes, those activated with the rubber mallet, involve stimulation of stretch receptors (muscle spindles), see Figure 13.15, p. 515, in Marieb, in the skeletal muscle (the effector) that responds.  
Do not confuse these reflexes with tendon reflexes described on p. 518, of your textbook!  The tendon reflexes are polysynaptic, ipsilateral, somatic reflexes illustrated by Figure 13.18, p. 518, in Marieb. Additional background information can be found in Exercise 22 of the lab manual. 

Activity 1: Initiating Stretch Reflexes 
As described in lab manual.  Stretch reflexes are initiated by the stimulation of sensory receptors in skeletal muscle called muscle spindles.  These receptors respond to rapid stretching of the muscle.  See Figure 23.2, p. 355, of your lab manual for a better illustration of this receptor.  One way to stretch muscle spindles is to strike that muscle’s tendon with a rubber mallet. You will test two different stretch reflexes in this manner.  
When the receptor (muscle spindle) is stimulated it sends more sensory input (nerve impulses or action potentials) to the spinal cord via sensory (afferent) nerve fibers in the femoral nerve.  If enough sensory (afferent) nerve impulses are sent, then enough acetylcholine will be released at the synapses with the motor neuron in the spinal cord to initiate nerve impulses (action potentials) in the motor neuron.  In this, the simplest kind of reflex, the synapse or connection between the sensory (afferent) and motor (efferent) neurons is the integrating (i.e., control) center.  Motor nerve impulses then travel back to the stretched skeletal muscle (effector) stimulating it to contract.   In normal body functioning, such stretch reflexes routinely assist the muscles in making minor stabilizing adjustments in body movements or posture.  
Why is the stretch reflex a negative feedback system?  Be sure you can identify the components of these reflex arcs (i.e., the receptor, afferent path, integrating center, efferent path, effector, and response).  Be specific!  
 Patellar or Knee Jerk Reflex (tests the femoral nerve)
 
Perform only the first three of the described four activities.  A list of numbers will be provided for you to read so that you do not anticipate the mallet strike to your patellar tendon.  Which muscles contract?  What causes these muscles to contract, i.e., what is the receptor and how is it stimulated?  What action (type of movement) occurs at the knee joint?
 
Achilles or Ankle Jerk Reflex (tests the medial popliteal nerve)
 
As described in lab manual.  Answer the following questions about this reflex using diagrams and other information (such as the tables describing muscles) from your text.  Which muscles contract?  What causes these muscles to contract?  What action (type of movement) occurs at the ankle joint?
 
Activity 2. Initiating the Crossed Extensor Reflex
 
Skip!
Activity 3: Initiating the Plantar (Babinski) Reflex 
As described in lab manual.   
stimulus: stroking the side of the sole of the foot
response: before 18 months of age: extension of the toes; after 18 months of age: plantar flexion 
Activity 4: Initiating the Corneal Reflex
Skip 		
Activity 5: Initiating the Gag Reflex 
Definitely skip!
Autonomic (Visceral) Reflexes (Ciliospinal and Pupillary Reflexes) 
Visceral (autonomic) reflexes are mediated by the autonomic nervous system. The components of an autonomic reflex are outlined on pages 534-535 (Figure 14.7) in Marieb.  Be sure you understand the structural and functional similarities and differences between somatic reflexes as compared to autonomic reflexes.  

Activity 6: Initiating Pupillary Reflexes 
Pupillary Reflex: shine the light from a flashlight into the experimental subject's eye. The response of the pupil is ______________ (insert your observation). This demonstrates the reflex mediated by the parasympathetic innervation of the circular muscle of the iris. 
Activity 7: Initiating the Ciliospinal Reflex 
One easily observed autonomic (sympathetic) reflex is the ciliospinal reflex. It can be used clinically to evaluate CNS responsiveness in patients in coma or under anesthesia.  
Seat the experimental subject comfortably in a chair. One experimenter will observe the subject's pupil while the other experimenter places a piece of ice on the back of the subject's neck. It may also be possible to cause this reflex with a sharp pinch (or scraping by a pin) of the skin on the nape of the neck. When some uncomfortable stimulus, such as sharp cold, is applied to the body, strong sympathetic stimulation occurs (the "fight or flight" response). The sympathetic nervous system sends nerve impulses to the radial muscles of the iris causing the pupil to _______________ (insert your observation). 
Activity 8: Initiating the Salivary Reflex 
Skip! 
Activity 9: Testing Reaction Time for Basic and  Acquired Reflexes 
Skip
Activity 10: Measuring Reaction Time Using BIOPAC
See below
Reaction Time and Learning--Biopac Lesson 11  (See pp. 346-348 in the lab manual.)
Reaction Time is the delay between a stimulus and a response.  It represents the time it takes for the receptors to respond to the stimulus, send nerve impulses via the afferent path (sensory neurons) to the integrating (control) center; for the integrating center (in this case, the brain) to determine the response and send impulses via the efferent pathway (motor neurons) to the effector; and then for the effector (skeletal muscle) to perform its response.  Involuntary reflexes that we studied above occur in time intervals that are determined entirely by the physiological properties of the components of the reflex arc, i.e., the receptor, sensory path, CNS processing, motor path, and effector.  
Learning is the acquisition of knowledge or skills due to experience and/or instruction.  Learning can reduce reaction time.   In this part of the lab we will try to detect a learning effect on reaction time.  In the Biopac lesson we will perform in this lab, an auditory signal is to be used as the stimulus to execute a voluntary motor response.  
Recall that all Biopac Lessons involve four steps: Setup, Calibration, Data Recording, and Data Analysis. 
1. Setup 
Start the Biopac Student Lab Program using the same computer you used to perform the Biopac lesson earlier this semester if available.  Select "L11-React-1" from the lesson list menu and click OK.  Type in your name (the same name you used to identify your student data folder in previous Biopac labs) and click OK.  This completes the setup step. 
2. Calibration 
Put on the headphones and grasp the reaction time hand switch with your dominant hand.  Position your thumb to be ready to press the reaction time button.  As the subject, you are to sit in a relaxed position with your eyes closed.  Another group member should click on Calibrate and then click OK.  Press the reaction time button when you hear a click.  The calibration will take about 8 seconds. 
3. Recording Lesson Data 
You will record four segments of data: 2 segments in which the stimuli (clicks) are presented in pseudorandom fashion and 2 segments in which the stimuli are presented at fixed (regular) intervals.   
Click on Record to record the first data segment. Press the reaction time button each time you hear a click.  If the first data collecting segment must be repeated, click on Redo, otherwise click on Resume.   
Follow the on-screen Biopac Instructions to repeat the above steps for the 2nd, 3rd, & 4th data segments.   
Upon successful collection of all four data segments select Done.  A menu will appear offering you several options.  Choose "Record from Another Subject" if you wish to continue to collect data for all the members of your lab group before proceeding to analyzing this data.  If, instead, you wish to analyze the data you just collected, select "Analyze Current Data." 
4. Data Analysis 
If you wish to analyze data that was collected earlier, select Review Saved Data from the Lessons menu. Find your data folder (the one you named at the start of the lesson) and open the file named: "your name-L11."   
Notice that Biopac automatically calculated the reaction times and average reaction times for each data segment and recorded them in the data journal.  Print the data journal to attach to your lab report.  You will use the data in this journal to answer questions on your lab report.  Because Biopac has already performed the analysis, there isn't any actual data analysis required in this section.  However, you may wish to measure some of the reaction times using the measurement tools in this part of Biopac to confirm that the recorded data is accurate. 


 Lab Report Assignment 
  
Answer the following questions using D2L.

Review Exercise 21.  Spinal Cord, Spinal Nerves, and the Autonomic Nervous System, pp.  335-337. 
Anatomy of the Spinal Cord #1, #2, #3
Spinal Nerves and Nerve Plexuses #12
Review Exercise 22. Human Reflex Physiology, p. 349. 
Somatic and Autonomic Reflexes #4
BIOPAC
Turn in the homework page for reflexes and Biopac Response Time Lesson (last page of guide).
Print the Journal from the Biopac Reaction Time experiment and attach it to your lab report.  Print your name, your instructor’s name, and the day and time of your lab on this printout.

Name:   ___________________    Instructor's Name: ___________ Lab Time/Day:        _______

Lab Report 9
Activity 1. Initiating Stretch Reflexes
1. What is the receptor in the reflex arc of a stretch reflex? _______________________________                                                  
2. List the correct terminology (adjectives) used to classify a stretch reflex: ______________________________ , ____________________________, ____________________________
	3. Complete the following table describing two stretch reflexes

	  
	Patellar or Knee Jerk Reflex
	Achilles or ankle reflex

	Which muscles contract?
	  
	  

	What causes these muscles to contract?
	  
	  

	What action (type of movement) occurs at the joint?
	  
	  


Activity 6.  Initiating pupillary reflexes
Describe the response of the experimental subject's left eye when light was shined into their right eye:
Explain what this response reveals about the sensory tracts for vision (Hint:  see Figure 24.6, p. 370):
Activity 7.  Initiating the Ciliospinal Reflex
Describe the ciliospinal reflex:, the stimulus, its pathway through the reflex arc, and the effector response.
Biopac Lesson 11 -- Reaction Time and Learning
1.  Did the results you obtained indicate that your response to the pseudorandom clicks was different from your response to the fixed interval clicks?  Circle   yes  or  no
2. Was your response to the pseudorandom clicks faster (F) or slower (S) than the fixed interval clicks. Circle  F  or  S
3.  Which of the click patterns, pseudorandom (PR) or fixed interval (FI), lends itself to the possibility of learning to respond more quickly?  Circle  PR  or  FI
