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Physiology 1 Lab Requirementsand Information

Follow the class policies listed in class syllabus and Schedule of Class of Los
Angeles Valley College.

Please do not eat drink in the classroom

Do not wear opertoe shoes to lab.

Read your lab manuals before coming to the lab.

Clean after yourself after each lab.

Work as a group. Howeveinish your write up individually . Otherwise you
will get zero.

Lab answer will be deected at the end of each lab.

Each wrong answer will be deducted 0.25 point.

Each bad lab practice will be deducted 0.25 point.
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Lab 1 Diffusion of Molecules through a Selective Membrane

Name Section (Turn in pages2-5)

Prelab Reading
Cindy Stanfield 2010Principle of Human Physiologghapter 4

|. Diffusion

Introductions

The plasma (cell) membrane is a selective permeable membrane that regulates the movement of
materials in and out of the cell or orgdles. The plasma membrane is permeable to non polar
molecules such as oxygen gas and steroid hormones. It also allows small polar (uncharged)
molecules such as carbon dioxide, ethanol, urea and small amount of water to travel across the
membrane freelyThe plasma membrane is not permeable to macromolecules, charged ions and
molecules; or other large polar molecules.

The random movement of molecules is caltéffusion. The driving forces behind molecule
movement are gradients such as concentratiatiegrg pressure gradient and electrical gradient.
Molecules move from high concentration region to low concentration region until the
equilibrium is reached.

In this exercise, we use two types of molecules: iodigeK() and starch to demonstrate
diffusion and the selective permeability of an artificial membranggol's iodine (I, KI) is a
solution of made of 5%, and 10% KI. It isnamedafter theFrenchphysicianJ.G.A. Lugol
Lugol's iodine solution is often used asartisepticanddisinfectant In this lab, it is used as a
starch indicator. lodine turns dark blue or black in the presence of starch. Starch is a
polysaccharide (macromolecule) frequently stored by plants and consumed by humans

Dialysis membrane is a porous artificial selectiventheane.We will place iodine and
starch on the opposite sides of a dialysis membrane to create a concentration gradient. We will
determinewhich molecule is able to travel across the membrane by observing the color change
in iodine and starch solution.

Predication and Hypothesis
Based on your knowledge about the sizes of the iodine and starch molecules, which type of
molecule is able to travel across the dialysis membrane?

Materials
Two 100 ml beakers Two dialysis membrane tube
0.5% stach solution 0.5% diluted iodine solution  Rubber bands
Procedure
A. Setup A
1. Label one <c¢cl ean be ak-third ofaddutediiddine salatidn p o ur

(light brown color).

2. Take one dialysis membrane tube fréine water. Twist and tie one end. Make
sure the length of the dialysis tube is smaller than the diameter of your 100 ml
beaker. Pour in about® ml of 1% starch solution from the open end. Twist and



tie the other end. Make sure that both ends are sgcfastened and are not

leaking.
3. Immerse the dialysis tube horizontally inside the diluted iodine solution (Figure
1a).
4. Swirl the beaker gently.
B.Setup B
1. Take another <cl ean beaker -thadol(1%) stdech | it

solution into the baker.
2. Take one dialysis membrane tube from the water. Twist and tie one end. Make
sure the length of the dialysis tube is smaller than the diameter of your 100 ml
beaker. Pour in about® ml of diluted iodine solution from the open end. Twist
and tie theother end. Make sure that both ends are securely fastened and are not
leaking.
3. Il mmerse the dialysis tube B into the st ;
4. Swirl the beaker occasionally.
5. Stop both experiments when you observe the color change.

I, Kl in beaker Starch in beaker

I, Kl in tube
Starch in tube
Fiaure 1 a.Experiment setupdakerA Figure 1bExperiment setupdaker B
C. Record your results in Table 1
Tablel. Color dhange

Original Contentg Color of Original| Final Color
(Figures 1a andlb) Contents

Dialysis Tube A

Beaker A

Dialysis Tube B

Beaker B

1. For setup A:
a. Which one has the higher concentration of iodine? tube or beaker
b. Which one has theigher concentration of starchfe or beaker

c¢. Which molecule traveled across the membfane

2. For setup B:
a. Which one has the higher concentration of iodine? tube or beaker



b. Which one has theigher concentrationf starch?ube or beaker

c. Which molecule traveled across the membrane?

3. Overall, the dialysis membrane is permeable to which moletuléhis lals?

1 Discard the dialysis tubes in a trash can.
1 Wash the beakers with warm goand rinse them with water.
1 Dry your beaker with a paper towel and place the clean beakers on the cart.

Il. Filtration
Filtration is the movement of molecules across a selective membrane from a high pressure to a
low pressure region. The net movemndiriven by both osmotic artydrostatic pressure in a
human body Hydrostatic pressunefers to the pressure that any fluid in a confined space exerts
on its surroundings. For example, water in a bottle will exert pressure on the bottom and the
sides & the bottle This pressure sometime is referred as the gravitational pressure. Hydrostatic
pressure is an important force that drives fluid movement in the cardiovascular system and the
renal system.

In this experiment, we will examine the filtratior materials through a filter paper. The
porous filter paper allows small molecules such as salt and water to pass through. It will not let
larger materials to travel through. The presence of chloride ion is tested by using silver nitrate.
The silver nitrée will turn a milky color when it meets -
with chloride ions.

stirring rod to guide
liquid into funnel

Materials
funnel, filter paper, ring stand, beaker, filtration mixture

} clnth or paper to
'qu L_kulect hand auainst

fluted paper 1
eat from solution

Procedure el "short" stem funnel
A. Fold your filter paper into a cone and fit it in a funnel.
B. Set the funnel in a ring stand (If there are noaexitng /
stands, you may set the funnel right on the top of timnel should '
flask) rest on the lip
' of the flask

C. Pour 15 ml filtration mixture (small pieces of egg
white, NaCl and water) through the funnel.

D. Test the solution collected inside of the flask by usiﬁig » i o206/l
a few drops of silver nitrate kdion. I/Zf)lzp-m\//\g\(/\gﬁg.g}:‘stry.mcmaster.c em206/labmanua
E. Examine the filter paper and record the materials did

not pass through the funnel :
F. Clean all glass wares and place the filter paper into a trash can.
G. List the materials that passed through the filter paper

re 2 Rapid filtration of a hot solution using fluted filter paper

[ll. Os motic Activities of Red Blood Cells

Cells take up and eliminate water using internal regulatory systEBnesmovement is water is
driven by the concentration gradients. Water travefnogn a high concentration region ta
lower concentration regiairoudh a plasma membrane is callesimosis



Red blood cells maintain their normal shape wtieay areplaced in arisotonic solution
An isotonic solution has the same solute concentration, osmolality and osmotic pressure as its
environment such as plasma arsolution. drmal saline (0.9% NaCl) andactated Ringer's
solution and dextrose 5% in water (D5W) are examples of such isotonic solutions. They are used
intravenously to replace fluid loss.

When distilled water, &ypotonic solutionis given intravenousi directly, it causes the red
blood cells to underghemolysis(the rapture of red blood cell). A hypotonic solution has less
solute concentration, osmolality and osmotic pressure than another solution with which it is
compared or as the plasma.

A hypertonic solution has higher solute concentration, osmolality and osmotic pressure
than plasma or another solution with which it is compared. A sea water solution is a hypertonic
solution that makes water to leave the cells therefore to makestenik and @use<renation
(the formation of scalloped edges of a cell) of the cells. This is why humans can not drink sea
water to sustain our lives. Hypertonic solution dehydrates us. In medical field, carefully
calculated and controlled hypertonic and hypotonlattons are also used to save lives.

In this exercise, we will investigate the characteristics of osmotic activities of blood cells and
have an understanding of hypotonic, hypertonic and isotonic solutions.

Predictions
1. A cell will expand when it is plad in solution.
2. A cell will shrink when itis placed in solution.
3. A cell will not change its shape when it is placed in solution.
4. Label the following diagrams by using the following words to describe

fShapes: no changerenation and hemolysis.
fSolution tonicity typesisotonic, hypertonic and hypotonic

< L
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Shape

Tonicity
References
http://www.rcs.rome.ga.us/hargett/biology/osmosis/osmotut.htm
http://arbl.cvmbs.colostate.edu/hbooks/cmb/cells/pmemb/osmosis_eg.html
http://edtech.clas.pdx.edu/osmosis_tutorial/
http://biology.arizona.edu/sciconn/lessons/mccandless/quiz.htmi



http://www.rcs.rome.ga.us/hargett/biology/osmosis/osmotut.htm
http://arbl.cvmbs.colostate.edu/hbooks/cmb/cells/pmemb/osmosis_eg.html
http://edtech.clas.pdx.edu/osmosis_tutorial/
http://biology.arizona.edu/sciconn/lessons/mccandless/quiz.html

Lab 2 The Eyes anaVision

Name Section
Prelab Reading
C. Stanfield2010. Principle of Human Physiolog@&hapter 10 pp 27284

Light entersthe eyes through pupils. The eyes refract the entering light to focus the image on the
retina. Photoreceptors inside retina convert light stimuli into neural signals by phototransduction.
The visual information is then transmitted to the visual cortexdocgptual processing.

Materials

Snellen chart

Index cards with a red square, a blue square and a yellow square.
rulers

field of vision disk

A. Visual Acuity Test
Visual acuity refers to the sharpness of vision and the resolving power. The visual acuity is
tested by using a Snellen eye chhris expressed by using a fractidn.the Snellen fraction
20/20, the first number represents the test distance, 2({tifeestandard length of an eye
exam room) The second number represents the distance that tlemeyeee the letters on a
certain line of theSnelleneye chart. Although20/20 is considered norm&ome people can
have better vision than that. 20/Blicates that the line you correctly read at 20 feet can be
read by aperson with normal visiofrom 50 feet away Individuals have abnormalities
related to improper refraction such as nearsightedmnegsp{a), farsightednesshyperopia)
and astigmatism can be corrected by using differegpes ofcorrection lensesRefraction
errors are written differenl y i n a doctords prescription.
go to: http://www.usaeyes.org/lasik/fag/reagleglassesontactsprescription.htm
Procedure

1. Stand 20 ft from the Snellen chart.

2. Remove correction glasses and cover one eye with a index card.

3. Start from the top of the chart and read the letters randomly.

4. Record the number of the last line that can be read successfully.

5. Test the other eye with tharme procedure.

6. The visual acuity of my left eye is 20/ right eye is 20/ .

B. Astigmatism Test .

Astigmatismoccurs when light rays do not focus as a result*"*" T Ry Mooy
irregular curvature of the lens or cornea. This condition ¢ N

cause the blurred of visioAstigmatism is determined by gene *"w;,\_' \1/ .

v ; W |
- L 1

Ask your subject to remove any corrective lenses. Glass |,/ 5" " Jml
hard lens can correct astigmatism. Soft lens do not work \\ | g™, | |
) . ,», \ ~ N
well. .!,‘T"( 4 R @
“ >
Procedure ' IA ,

1. Look at the center of the astigmatism test chart with ¢ Figure 1 Astigmatism


http://www.usaeyes.org/lasik/faq/read-eyeglasses-contacts-prescription.htm

eye, then with the ber eye.
2. If all lines are equally sharp and blacketé is no astigmatisnrigure 1 illustrates an
example of astigmatism.
3. My left eye is normal/abnormal
4. My right eye is normal/abnormal

C. Blind Spot Test

D.

Theblind spot occurs where the optic nerves exit the retina. The absence of rods and cones
results in no vision in this area. Use Figure 2 to test your blind spot.

Procedure
1. Hold Figure 2 in front of you about 30 cm away from you or pin it down on the
display board.
2. Position your body so that the cross is in front of your left eye direstidye only at
the cross. Close your right eye. You should also see the circle.
3. Very slowly move the figures toward you until the circle disappears. Keeplgtiur
eye focused on ghcrosonly. Do not use peripheral vision.
Ask your partner record the distance from your eye to the figardémoth eyes.
The blind spt of my left eye is cmy right eye is cm.

Figure 2Testing for the blind spot

S

Macular Degeneration
In maculardegeneratiomeurors withinthe macular lute@egin to die off. The mechanism
Is not well understood aging, smoking and diabetesincrease the chance of muscular
degeneration.The Amsler grid is used to test individuals for macular degenerafidns
test is normally inclded for people who amver50y e ar 6 s ol d.
Procedure

1. Ask the tester to hold this paper at about tova away

from you.

2. Cover your left eye.
3. Look at the black center &igure 3with your right eye.
4. Note any irregularities:

a. Are all lines straight?

b. Do some appear wavy?

c. Are there any blank spofdiscontinuation of line®)
Repeat the test with the other eye.
If your answers are no, you are normal. Figure 3 Amsler grid
My left eye is normal or abnormal
My right eye is normal or abnormal

© N O



E. Accommodation Test
The lens of the eye has the ability to change its focusing power by changing its curvature.
This is calledaccommodationAccommodation is accomplished by contraction of the
ciliary muscle with the presence of parasympathetic activitydar nision. Far vision of
distance does not have parasympathetic stimulation, the ciliary muscle relaxes. The
relaxation of ciliary muscle puts tension on the zonular fibers. Zonular fibers flatten the
lens. The test below determines the fa@int accommdation.

Procedure
1. Have your subject siipright and closdeft eye. Ask your subject to focus on
one letter in this page. Use a ruler or meter stick measure the distance from eye
to this page. crhis is the farthest distance your subject saa
2. Now slowly move the page toward the subject as close as possible to your
s ubj e c tyéuntl she/letoses the focus of the letter.
3. Measure and record the distance betweenghge and t helThisimbj ect
the neaipoint accommodation of yosubjecb s | eft eye
Repeat steps-2 with theothereye.
Based on this testhé neaipoint accommodationf

ok

a my left eyeis cm.

b myright eyeis cm.
6. Now look & the correlation of age and ndgoint accommodation in Table 1
How do you redings compare to your own age group?

Table 1 Correlation of age and ngarint accommodation

(From Amitrano and TortorAnatomy Age Centimeter
and Physiology Laboratory manyal 10 75

20 9.0

30 11.5

40 17.2

50 52.5

60 83.3

F. Test Afterimages

If photoreceptors are stimulated by staring at a bright object for a
long period of time, they will keep firing after the stimulus is
removed positive afterimage. After prolonged firing, these
photoreceptors will become fatigueetiefore no longer activate, .
resulting negative afterimage.So the color will appear as the

compkement color(Figure4), for example yellow green appears i

violet.

Procedure Blue-
Violet

1. Bright light test

Yellow

a. Placean index card with a white square ar |

Figure 4 Color wheeler
black dot on youtable. http://www.athensacademy.net/teachers,

weetapple/apenglish/colorwheell.jpg



Now stare at a bright light source for 30 seconds.
Close your eyes briefly.
Open your eyes and focus on the black dot in the wsuare

e. What do you see?

2. Red Test

a. Get the index card with@ed square on it.

b. Look at theimage at a distance of 12 inches30rcentimeters from the chart.

c. Stare at the black dot in the middle of the red rectangle for 30 seconds.

d. Keep your focus on the black dot or the test will not work.

e. After 30 seconds, shift your focus to the black aothe middle of the white
rectangle. Once again, you must focus on the black dot in the middle of the
white square or this will not work.

f. What do you se&

3. Blue Test

a. Get the index card with Blue square.

b. Look at the image at a distance ofii2hes o130 centimeters from the chart.

c. Stare at the black dot in the middle of the blue rectangle for 30 seconds.

d. Keep your focus on the black dot or the test will not work.

e. After 30 seconds, shift your focus to the black dot in the middle of thes whit
rectangle.

f.  Once again, you must focus on the black dot in the middle of the white square
or this will not work.

g. What do you see?

4. Yellow Test

a. Get the index card withyellow square.

b. Look at the image at a distance of 12 inche3@eentimeters from the chart.

c. Stare at the black dot in the middle of tedlgw rectangle for 30 seconds.

d. Keep your focus on the black dot or the test will not work.

e. After 30 seconds, shift your focus to the black dot in the middle of the white
rectangle.

f. Once again, you must focus on the black dot in the middle of the white square
or this will not work

g. What do you see?

ooo

G. Color BlindnessTest

Color version is formed by the stimulation of three types of cones, designed blue (Socones f
short wavelength), green (M cones, medium wavelength) and red (L cones, for long
wavelength). In human the red and green color blindness gene is located on sex chromosome
X. Therefore its inheritance is called daxked inheritance.

Procedure
1. Use thelshihara test to test the color blindnes%ur eyes are normal or

abnormal




H. Field of Vision Test
A personb6s peripheral vi sion and reading
Disk. Themaximum peripheral visual field is when you can detect the card. Tieading

range is when you can see things sharply.

Procedure

1. Follow the procedure described by the instruction sheet attached to the field version
test disk.

2.Test each otheroés right and n bnel freading i d e
range.Record your results in Table 2.

Table 2My field of vision

My Left eye My Right eye

Maximum peripheral field of vision
(degree)
Reading Range (degree

|. Neural Pathway for Vision.
1. Explain how vision is formedr{cludingthe following terms: light, pupil, lens,
retina, photoreceptors, phototranduction, receptor potentials, ganglion cells,
bipolar cells, optical nerve, visual
cortex)

Binocular visual field
—aad  Riahi
& q‘\s\‘a‘ field Right Vig

U, o

Figure 5 Neurapathway for vision

il
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2. Complete the label®r Figure 5

b C
e f
h

J.Eye domnanceTest
(Modified after the archery welsww.archeryweb.com/archery/eyedom.hitm

General speaking, you do use one of your eye more than the other. This is called dominance
of eye.

Procedure
1. Extend both hands forward of your body and place theshuther making a small
triangle (approximately 1/2 to 3/4 inch per side) between your thumbs and the first

knuckle.

2. With both eyes open, look through the triangle and cemermpower outlein the
triangle. P

3. Close your left eye. If the object remaiim >
view, you are right eye dominant. If your hands \‘Q\

appear to move off the object and move to the
left, then you are left eye dominant.
4. My dominanteye is

Figure 6Determination of @lominant eye

11



Lab 3 The Ears: Hearing and Equilibrium
Prelab Reading:
C. Stanfield 2@0. Principle of Human Physiolog¥hapter 10 pp 28B- 295

Objectives

1. Describe the structure of ear and its relationship with sound conduction.

2. Describe the method of hearing test.

3. Describe the function of ear and balance.
Note: All tests on done on yourself. You andagur partner will test each other.
|. Hearing
Introduction
Sound wave is gathered by the outer ear. The vibration is conducted to the tympanic membrane
and three ossicles of middle ear. The middle ears amplify sound. Sound wave travels to the oval
window. The vibration reaches the cochlea fluid and depolarizes the sensory hair cells in the
basilar membrane with in the organ of Corti. The resulting actions potentials travel along the
vestibulocochlear (VIII cranial) nerve to reach the brain. Each regioneobdlilar membrane
vibrates most vigorously at a particular frequency and leads to the excitation of a specific
auditory area of the cerebral cortex. Therefore the different sound pitch is perceived by the
brain.
Conduction deafnesss caused by thaterference with the sound wave reaching the inner ear;
sensok (sensorineual)deafness results from the impairment of hair cells or the damages to the
vestibulocochlear nerve.

A. My Weber s Test li
Weber6s test is the diagsmostic twol for both
Materials Yo ¥
Tuning fork, rubber mallets =

Figure 1 Conductionesst
Procedure

Conduct this test in a quiet room.
1. Strike a turning fork with the rubber mallet and place the tip of the handle on the
mi dline of the subjectdéds forehead.
2. Is the tone equally loud in both ears?
3. If sound is heard in the center of the head and equally loud in both ears, hearing is
normal.
4. Repeat step 1 with left ear plugged with your finger.
a. Describe your results.

5. Repeat step 1 with right ear plugged (occludedhwiour finger. This would
simulate a conductive deafness.
a. Describe your results.

6. If the sound is louder in the plugged ear, hearing is norfies. is because that in
conductive deafnesgmbient sound is preventedin getting to the cochlea on the
blocked side. This causes the nervous system to amplify sounds on that side by

12



sensitizing cochlear transductionhe sound on the normal side is relatively depressed
and extinguished.

7. In sensory deafness, the cochleaher transmission is defective and the sound is louder
in the normal ear.

BMyRi nneds Test
When the turning fork is strike the sound
compares both air and bone conductidfibrations perceived through are heard twice as
long as those perceived through bevith normal individual, because the sound wave is not
absorbed by tissudf there is conductive deafness, bony conduction is either normal or
slightly enhanced, whereas air conductiendecreased f there is sensorgeafness, both
bone conduction and air conduction are equsligpressed.

Procedure

1. Place the handle of the vibrating tuning fork against the mastoid process of the temporal
bone (the bone prominence behind the
ear) of the left ear. Asthe subject to tell
you the sound is not longer audible.

2. Move the vibrating tuning fork close to
the external auditory canal. Ask the -«
subject if sound is still audible. If thg = . :
subject hears the tuning fork agaip IR =
hearing is not impaired.

3. Repeat the tesby striking the turning
fork and place it in front of the externg
auditory canal first until the subject
informs you the sound is no longer audile. Figure 2 Rinneest

4. Move it and place the handle on the mastoid
process and ask the subject if the sound is audible. Ifrtwea is yes, this indicates
some degree of conductive deafness.

5. Repeat steps-4 with the right ear.

6. Record the results on the answer sheet.

HOISIEH EIIEW 0002 ©
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Il. Balance

Introduction

The vestibular apparatus is located in the inner ear above the cochlea. It providesse su

balance and equilibrium. Movement of the head causes the position changes of the sensory hair
cells of the semicircular canals, thus imitating a nerve impulse. This nerve impulse is conducted
along the VIII cranial nerve to the brain. The inforroatiis sent to the eyes and other motor
activities that help to orient the body.

A. My Balance Test
1. Have the subject stand in front the black board. Mark the edge of the shoulders.
2. Ask the subject to stand still with the arms at the sides and close hiseyelser



3. Stand by the subject side to observe the sway. Prepare to catch the subject should he or
she falls. The balance is considered as good, if one can stand on one leg with eyes close
for more than 15 seconds.

B. My Barany Test

1. The semicircular canals came stimulated by rating a subject in a chair. When the
rotation stops, the momentum causes the endolymph in the horizontal canal to continue
spinning. The spinning bends the cupula in the direction of rotation. Other sensory input
informs us that we are rlonger spinningNystagmus the rapid involuntary movement
of the eye balls, tries to compensate for the loss of balance by fixation on an object
Absence of nystagmumayindicate the labyrinth is not functioning.

2. Whenthe subject is moved to the lethe cupula will be bent to the right due to lag of
endolymph. This will cause the eye moves move to the right following by a quick move
to the left. When the rotation of subject is stopped suddenly, nystagmus will show a slow
drift phase to the left (faliws the original rotating direction) and followed by fast phase
to the right.

Procedure
Do not perform this test if the subjecthasmotion sickness orertigo.
1. Have a subject sit on a swivel chair with the eyes open and the chin almost touch the
chest.
2. Rotate the chair quickly (not too fast to make your subject fall) to the right for 10
revolutions.
3. Abruptly stop the chair. Record the subj e
left to right). Ask if the subject still feel the rotating sensatiérihé subject feels the
chair is stildl rotating, the subjectds sel
Have the subject tilt his or her head to one shoulder.
Rotate the chair quickly for 10 revolutions. Stop the chair suddenly. Observe the eye
movement

ok
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Lab 3 Answer Sheet
Turn in this page only
Name
Tests results are done on you not your partners.
A. Explain how hearing is perceivedStart withsound wave from air till perception).

B. M\yWeber 6is Test

1. Thesound on th nomal side is relatively and
2. Results of your subject (normal or abnormal)
Conductive deafness Sensory Deafness
Right Ear
Left Ear

C.MyRi nneds Test
1. If there is conductive deafness, conduction is either normal or glitly
enhanced, whereas conductionis decreased.
2. If there is sensorydeafness, both bone conduction and air conduction are equally

3. Results of your subject (normal or abnormal)
Air Conduction Bone Conduction

Right Ear

Left Ea

D. My Balance Test
1. Describe the response of your balance test.

E. My Gr o uPadasy Test

Eye Movement Semicircular Canals Functic
(Normal/Abnormal)

Chin almost
touch chest

Head tilt to
one shoulder




Lab 4 CutaneousSensation

Prelab Reading
Cindy Stanfield2010Principle of Human Physiolog@&hapter 10 pp. 25369; 293299

Sensory receptorssense environmental stimuli such as color, smell, tastes and sound. These
receptors turn the energy stored in these stimuli into action potenfiation potentials are
conducted to our central nervous system by sensory neurons.

There are different types of sensory receptors (Table 10.1). In this exercise, we will
investigate the general sensory receptors such as mechanoreceptors, chemorandptors

thermoreceptors.
Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Table [0.]  Classification of Receptors Based on Their Normal (or “Adequate”) Stimulus

Receptor Normal Stimulus ~ Mechanisms Examples
Mechanoreceptors ~ Mechanical force Deforms cell membranes of sensory dendrites or Cutaneous touch and pressure receptors; vestibular
deforms hair cells that activate sensory nerve endings apparatus and cochlea
Pain receptors Tissue damage Damaged tissues release chemicals that excite sensory ~ Cutaneous pain receptors
endings
Chemoreceptors Dissolved chemicals Chemical interaction affects ionic permeabllity of Smell and taste (exteroceptors) osmoreceptors and
sensory cells arotid body chemoreceptors (interoceptors)
Photoreceptors Light Photochemical reaction affects ionic permeability Rods and cones in retina of eye
of receptor cell

Work in a group of three. Take turns to play the roles of the test subject, the tester and
the recorder.
A. Olfaction
Smell isdetected by the olfactoiplfac =smell) Y* 1* e
receptors high up in our nasal passaddwese J J M e
receptors synapswith neurons in the olfactory {‘ﬁ " S
bulb glomeruli of the cerebral cortex. There are f\é B
about 5 million olfactory receptors and 1000
types. The sensitivity of smell decreases as it

Olfactory bulb a

#

F%C_)
2D QS

in human smelling ability depermdj on age,
gender, mental ability and physical healilnis
test below detect the smell discrimination

Procedure
1. Complete the labels of in figure 1. And
explain the neural pathway for olfaction. .

2 . TeSt Sme | I lr:’haled ?Ir c(:n(ainlng
odor molecules
l) C | ose yOU r eyeS (yO u are the Copyright © 2008 Pez_wson Education, Inc., pubhshlr:g as Benjamin Cummings
subject) Figure 1 Olfaction

2) Have yourpartner (tester) place a sample in front of your nostrils.
3) Test any three samples in random order.

1€



4) Have the recorder record your response for you in Table 1 on your lab answer
sheet.

5) Change roles until all three of you have been tested.

6) Discard the usedatton swabs in the waste bins.

B. Gustation
Gustation (gust = taste) receptors are located in the taste buds. There are five types of taste:
sweet, salty, sour, umami (delicious) and bitter. The stimuli for sour are hydrogen ions. The
stimuli for salt are adium ions. Sweet tastes are triggered by the presence of sucrose and
molecules similar to sucrose. Bitterness is sensed by the presence of rstogening
compounds such as quinine. Flavor enhancers such as monosodium glutamates and other
amino acidscause the sensation of the fifth sensatiommi Each taste receptor cell can
bind with all four types of stimulus. However it is optimal for one type stimulus. The taster
cells synapse with taste afferents. Taste sensations are passed by the letgefsthway
to the medulla oblongata and then to the ce
ability to taste.
1. Taste discrimination
Procedure
1) Have your partner dip a clean cotton sv
2) Use the swab to touch your tongue, aaide your hand when you detect a taste.
Record your response in Table 2.
3) Repeat the test with Solution ABo, ACO
4) Discard the used cotton swabs into the waste bin.
2. Taste and Inheritance
1) Taster of PTC
Taste for certain substance is inherited. Ohenaical is consistently used for
genetic demonstration, phenylthiocarbamide (PTC). About 70% of human
population inherits a dominant taster gene. These people can taste this chemical.
This particular genetic trait does not have any health indication.
Procelure
i. Place a piece of PTC on your tongue (do not swallow). If it tastes from
sour to bitter, you are a taster of PTC. If it tastes just like a piece of paper,
you are a non taster of PTC. Record your results here
ii. Place used PTC paper in agh can.
2) Supetrtaster
Scientific evidence suggestsod preferencesare influenced by the taste buds.
Each of us is born with a certain number of taste budis.Linda Bartoshuk,
professor of surgery and taste researcher at Yale University School of Medicine
discovered that 25% of the population aupertasters (25% of the population),
50% population arenedium tasters (50%) artb% population ar@on-tasters.
Supetrtasters are distinguished by their increased density of fungiform papillae
and their extreme sensitivity to the chemiogbropylthiouracil (PROP).If you
are a supetaster; you may find that some fruits and vegetables are too strong to
eat. You may alste able to distinguish non fat milk from regular milk. Her
study also shows that women (35% of Caucasian females) are more likely to be
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supertasters than men (15% of Caucasian males). Asians are more likely to be
super tasters than Caucasians. Curreribre are not enough data to draw
conclusions for other races.
i. Use a cotton swab to wipe some blue food coloring on the tip of your
tongue.
ii. Place a plastic ring disc on the tip of your colored tongue.
iii. If you have more than 35 taste buds per circle at theftiyour tongue,
then you are a supdaster.
iv. If you have less than 15 taste buds per circle at the tip of the tongue, then
you are a non taster.
v. How manytaste budslo youhave? .

4

Tong:e: of a non-taster.
(Figure 2 Super taster
http://www.bbc.co.uk/science/humanbody/body/articles/senses/tongue_experiment.shtml

.normal taster.. supertaster

C. Thermoreceptorsand Sensory Alaptation
Thermoreceptors test the warmth and cold. There are normally located skin. The have
small receptive field and adapt rapidly.
Procedure
1. Take three beakers. Fill beaker #1 with warm water, # 2 with cold water and # 3 with tap
water.
2. Place these three beakers next to each other.
3. Have your partner ready to time you.
4. Placethe index finger of left hand in a breaker containing warm water. Place the index
finger of the right hand in a beaker of cold water.
5. Hold your index fingers in their respective beakers for 60 seconds.
6. At the end of 60 seconds, place both index fingeis loeaker containing water at room
temperature for 15 seconds.
7. Record the sensation in your answer sheet.

D. Mapping the Temperature and Touch Receptors of the Skin
There are four types of cutaneous sensations: warmth, cold, touch and pain. These receptors
are not evenly distributed throughout the skin.
Procedure
1. Ink the grid stamp on the inkpad. Stamp one grid on a hairless side (ventral side) of
your forearm.
2. Have your partner obtain a steel probe from the ice, one steel probe from warm
water bath.
Obtaintwo color pencils, red for warm; and blue for cold
Close your eyes. Have your partner use the two probes touch the different points in
the grid on you arm randomly one probe at a time.

> w
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5. Indicate (with your eye closed) if you feel warm or cold with eaciho

6. Ask you partner to mark the points
sensafifem, nd sensation (I D the <cold
Table 3b.

7. Change roles until all of you are tested for cold and warm.

8. Return the probes the holding tray.

E. The Twoi Point Threshold in Touch Perception
The density of touch receptors is measured bywloepoint threshold test. The two points of a

pai

r adjustabl e cal.i

per

are simultaneods|

o

y

f
or

the subject is asked if the two points are felt. If the answer is yes, the distance between the points
of the calipers is shortened. The test is repeated until one point is felt. The minimum distance at
which two points of contact are detected is the
two-point threshold.

Perception _ Sensory

of two points
of touch

Copyright © The

required for

or display.

neurons WRSRL TR o

Perception ~€&————
of one point
of touch

Sensory
neuron

Figure 3 Two point threshold

Procedure

1.
2.

3.

Close your eyes.

the clipper together.

TABLE 10.2 Two-Point Discrimination Thresholds for Selected
Areas of the Body

Two-point discrimination

Body region threshold (mm)*
Lips (greatest acuity) 1
Index finger 2
Thumb 3
Palm of hand 10
Big toe 10
Forehead 18
Sole of foot 22
Breast 31
Abdomen 36
Shoulder 38
Back 42
Thigh 46
Upper arm 47

Calf (least acuity) 48

Source: Weinstein and Kenshalo, editors, The Skin Senses, copyright 1968.
Courtesy of Charles C. Thomas Publisher, Ltd., Springfield, lllinois.
*Smaller distances indicate greater tactile acuity.

Copyright © 2008 Pearson Education, Inc., publishing as Benjamin Cummings

point touch with one point touch, so the subject can not anticipate you).
. Try on palm of hand and finger tips back of the neck. Record théguwaiat threshold in

mm in Table 4.

Determine the twgpoint threshold on the back of the hand (randomly alternate the two

Have the tester start with the clipper wide apart, and then reduce the distance by bring in

c
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A.

Lab 4 Answer Sheet

(Turn in answer sheet only)

Name

My Smell TesiResults

Table 1 My Own Smell Test (Use + for correct d@nfdr incorrect)

Sample Name

Response with eyes closed | Response with eyes open

1

2

3

1.What receptors detect smell?

2.The sensitivity of smell

as it aap the environment.

a

c

b

d

3.Does visual affect your sense of smell?

4. Complete the olfactory labels (figure 1).

B. My Taste Test Results
Table 2 My Own Taste Test (from 0 to ++8;absent, faint +, strong ++, very strong +++)

Solution | Sensitivity of my taste | Sensitivity of my taste | Sweet/Salty
with my nose covered | with my nosenot covered| Umami Souv Bitter
A
B
C
D

© N o g b~ w NP

Taste cells for saltgre depolarized by the presence of
Taste cells for sour are depolarized by the presence of
Taste cells for sweet are depolarized by the presence of
Taste cells for umami are depolarized by the presence of

Tage cells for bitter are depolarized by the presence of

receptors (be specific) are located in the taste buds.

The ability to taste PTC is determined by

Are you a taste of PTC?
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9. Did smell affect you taste ability?

C. My Own Thermoreceptor Test

1. What sensation (war, cold, or room temperature) do you feel with your left finger
after placing it in the room temperature water?

2. What sensation (warm, cold, or room temperature) do you feel with your right finger
after placing it in the room temperaturetes®

Table 3My Thermoreceptor map (+ = yeszno) Use all squares
a. Warmth Receptors b. Cold Receptors

D. My Two-point Thresholdlrest
1. Define twa point threshad.

2. Which instrument was used to test the qpaint threshold?

3. According to table 4 below, which of your body locations has the greatest acuity?

Table 4 My Twe point Threshold
Location Two-point Threshold in mm

Back of hand

Palm of hand

Fingertip

Back of the neck
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Lab 5 Reflex Physiology
Prelab Reading:
Cindy Stanfield2010Principle of Human PhysiologZhapter 9 pp. 23639

A reflex is an involuntary response to a given stimulus. Reflexes can be groupefbun
categories based on the level of neural processing; efferent division controlling effectors;

development pattern and number of synapses in the pathway (Table 1).
Table 1 Categories of reflexes

Category Classes Example
Level of neural processing| Spinal Muscle spinal stretch reflex
Cranial Papillary reflex
Efferent division| Somatic Muscle spindle stretch reflex
controlling effector Autonomic Baroreceptor reflex to control blog
pressure
Development pattern Innate Muscle spindle stretch reflex
Conditioned Salivation refl ex
Number of synapses in th Mono-synaptic | Muscle spindle stretch reflex
pathway Poly-synaptic | All other reflexes

A reflex arc is the special nerve impulse pathway. It has five components: sensory receptor
afferent neuron, integration center, efferent neurons(s), and effector oRgftexes help to
maintain homeostasis by permitting the body to make exceedingly rapid adjustments to
homeostatic imbalanceReflex testing incorporates an assessment ofuthetion and interplay
of both sensory and motor pathways. It is simple yet informative and can give important insights
into the integrity of the nervous system at many different
levels.

Musculocutaneous Nerve

formed from lateral
card of brachial plexus

In this lab, we will test the integrity of spinal nerves and
cranialreflexes. Some cranial nerves were tested in previous ierces coracobrachials
labs (eye and sensation). then lies between biceps

and brachialis

Materials b lateral cut

nerve of forearm at elbow

Taylor Percussiohammer  penlight reaction time rule

A. Tests fa Spinal Nerve Stretch Reflexes:Biceps iJerk
Reflex (Cervical (C)bC6 - Musculocutaneus nerve)
Procedure

1. Have the Subject seated.

2. Have the Subject roll up his or her sleeve and flex at
the elbow while the Tester observes and palpates t
antecubital fossa. The tendon will look and feel like
a thick cord (not a bone).

3.Al | ow t h earmSalal and formihg an angle
of more 900n his or her lap.

4. Place index or middle fingers firmly against th&igure 1 Bicep reflex test
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tendon and strike them with the hammer.
5. Test the other arm.
6. A normal reaction will cause the biceps to contract, moving the lower arm upwards.

a. Patella reflex is also calledknee jerk reflex. It is also called a monosynaptic
reflex because there is only one synapse in the circuit needed to complete the
reflex. It operates as a feedback mechanism to control muscle length by causing
muscle contractio. It prevents injury from over stretching because muscle
contracts when it is stretcheltl only takes about 50 milliseconds between the tap
and the start of the leg kick successful reflex indicates that the normal functions
of lumbar (L)3, L4, andfemoral nerve.

Procedure

1) Have your subject seated, feet // e
dangling over the edge the lab )
bench.

2) Identify the patellar tendon, a\\ N7
thick, broad band of tissue 19«4
extending down from the lower ----"1 | ||
aspect of the patella (knee cap). If
y ou ar e not cert
located, ask the subject to extend
the knee. This causes the
quadriceps (thigh muscles) to

ContraCt and makes the Afferent
attached tendon more
apparent.

Figure 2 Patella reflex test

3) Make sure the Subject is \ opincie

relaxed. Stimulus 3

4)Tap the patella ligament | 4

with the reflex hammer. Patllar /

tendon

Interneuron

5)In the normal reflex, the
lower leg will extend (move
forward) at the knee and the
quadriceps muscles  will
contract.

6) Test the other leg and record the responses.
b.Achilles (Sacral (S}, S2i Sciatic NerveReflex
Procedure N

1) Have the Subjecteated, feet dangling over thé;‘\j‘

edge of theable. =

2) Take off shoes and socks (keep them off for B). g™\

3) Identify the Achilles tendon, a taut, discrete, \

cordlike structure running from the heel to the  Figure 3 Achilles reflex test
muscles of the calf.

4) If you are unsure, ask the Subjeco pl ant ar fl ex (c¢h. e.

will cause the calf to contract and the Achilles to become taut



55\Make sure that the Subjectdés calf i
contraction.

6) Position the foot so that it forms a right angle with the rest of the lower leg.
The testemwill probably need to support the bottom of the foot with your
hand.

7) Strike theAchillestendon directly with your reflex hammer.

8) A normal reflex will cause the foot to plantar flex (i.e. move into your
supporting hand).

9) Test the other foot and record thepenses.

B. A Cutaneous ReflexThe Plantar reflex and Babinski Response
The plantar reflex is elicited by cutaneous (skin) receptor. The nerve impulse is conducted
alongpyramidal motor tracts. It is a polysynaptic superficial reflex. It is used to measu
the up motor neurons functions. In normal person, the stimulation of the skin in the sole of
the foot results in the downward movement of the greaflioe.abnormal response is called
a Babinski signand consists of extension of the great toe and fanof the rest of the toes.
An infant usually exhibit a positive Babinski response. It will disappear after age 2.
Procedure
1.Ask your Subject to take off o
shoes and socks.
2.Have your Subject sit on the
bench.
3.Use the handle end dahe
reflex hammer, which si
solid and comes to a point.
4.Start at the lateral aspect of ol na b Sl
the foot, near the heel. !
Apply steady pressure with Figure4 The gantarreflex test '
the end of the hammer as
you move up towards the ball (area of the metatarsal heads) of the foot.
5.When you reach the ball of the foot, mowedially, stroking across this area.
6.Then test the other foot.
7.In the normal patient, the first movement of the great toe should be downwards (i.e.
plantar flexion). If there is an upper motor neuron injury (e.g. spinal cord injury,
stroke), then the ged toe will dorsiflex and the remainder of the other toes will fan
out.

A
1
1}

!

\
M m—————~
|'\".! S

ST Ry

POSITIVE (BABINSKI) REFLEX

C. Pupillary reflex involves an autonomic cranial reflex in which the light entering the eye and
activate the photoreceptors. The photoreceptors activate afferent neurons that signsis
to areas in the midbrain of the brain stem that functions as the integration center. The
midbrain area will then activate autonomic efferents that innervate the smooth muscle
surrounding the pupils of eyes via a polysynaptic pathway.

Procedure
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lUse a penlight shine iObseree the pupilsforfconstrictiomr Sub
or dilation
2 After the light is off, observe the pupils for constriction or dilation.

D. Visual Reaction Time
This activity is designed to measure your respdimse to something that you seReaction
time is affected by age, biorhythms caffeine and prescription dviays.reaction time is the
sum of the following processes:

1. Transduction of the environmental stimulus into a nervous impulse (rods and cones)
2. Proassing in the neurons of the retina (bipolar and ganglion cells)
3. Transmission of the impulse to the thalamus
4. Relaying of impulse to the visual cortex via optic radiations
5. Visual association region recognizes the meaning of the visual impulses
6. Transmissn of impulse from visual association region to precentral gyrus
7. Transmission of the motor impulse from precentral gyrus to muscles of hand
8. Effecting the movement through the contraction of muscles.
Procedure

1. Get areaction time ruler.

2. The Subject s¢tin the chair.

3. The releaser stands facing the Subject a
Time Ruler at eye level, between the thumb and the first finger. The releaser may
have to stand on a chair.

4. The Subject positions the thrum and first fingef | e f t hand over th
The position between the Subjectds t humb

5. Place your hand over the edge of a table and leave about 3 cm between the thumb and
forefingers for theReaction Time Ruler

6. Have the Releaserap the Reaction Time Rules, and as soon as the Sidgiesat
dropping,the Subject has tecatch it.

7. The numbers on the Reaction Time Ruler represents milliseconds. There are 1,000

milliseconds in 1 second.

Record the reaction time in the table below.

This reaction time experiment required visual information (the movement of the

ruler) to travel to your brain. Then your brain sent a motor comnfagreb that

falling ruler”) to the muscles of your arm and hand. If all went well, you cathght

ruler!

©
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Lab 5 Answer Sheet

Name

Note: Each person is tested individually. The test result is the result about you, not your
group as a whole

1. My Reflex Tests Results

1) Normal Response: Fill in the blanks

Reflex Test Normal Responses

Biceps Reflex
Patellar Reflex

Achilles Reflex

Plantar reflex

2) Test Results(normal or abnormal)
Side Biceps Reflex | Patella Reflex| Achilles Reflex | Plantar reflex

Left

Right

3) What instrument was used to test these reflexes?

4) Fill in the blanls
Reflex Test Nerve( tract) Tested
Biceps Reflex

Patellar Reflex
Achilles Reflex

Plantar reflex

2. My Pupillary R eflex Test

1) What instrument was used to test pupillary reflex?

2) Results
Test Pupil Constriction or Dilation
Left Eye Light on
Light off
Right Eye Light on
Light off
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3. My Visual Reaction Time

1) What was used to test your visual reaction time?

2) Results
Table 2 My Reaction Time

Trial Left Hand
Number

Right Hand

1

2

3

4

5

Average

3) How would you expect your reaction time to change if youdiadhol? Eplain why you

think so(Page 211)

4) How would you expect your reaction time to change if you had strong coffee?
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Lab 6 Endocrine System

Name

Prelab Reading
Cindy Stanfield2010Principle of Human PhysiologZhapter 6.

Objectives

A) To introduce the relationship between the hypothalamus and the pituitary gland;

B) To introduce various hormones and explain their effects;

C) To encourage small gup discussion and enhance analytic thinking;

D) To have the student apply what he or she has learned to an experimental situation by
identifying anunknown hormone.

Part | Functions of Endocrine System and Hormones (Day One)

Introductions

The organs oftte body communicate with each other through the nervous and endocrine systems
to coordinate their activities. Theervous systermmuses neurotransmitters and neurons to convey
information to and from the brain. In contrast, #melocrine systenmuses hormone® transmit
information. These hormonese chemical messengers producgdibecific tissues in the body

and transportedravel through the bloodstream to exert their effects on distant target organs.
Although many organs and tissues encounter these uletechormonecan only affect those

cells with receptors for that specific hormone. Hormones are a slower method of
communication, but their effects last longerd wide spread

A. Hypertrophy and Atrophy
The glands and tissues of our body enlarge (as=ansize) if they are continuously activated,;
this is calledhypertrophy. For example, a person who lifts weighigl continually stimulate
the activated muscles, resultimghypertrophy. This can be easily observed wbemparing a
bodybuilder to araverage person;theody bui | der 6s muscl es appear
contrast, if a gland or tissue is continuously inhibitedaviit shrink in size oratrophy. For
example, ifacastipl aced on a per sonds aadrastic @uctioBin wk an
muscle mass can be seen. Thst prevented any movement (stimulation) ofliitmd, allowing
atrophy to occur.

There are many diseases that may result frodefeciency or excess of hormones. These
hormonalimbalances may lead to changes in argagland siz€éhypertrophy or atrophy).

1. Describe the difference between hypertrophy atrophy.

B. Hypothalamus and Pituitary Glands

The command center for the endocrine system ishymothalamus a small, penngized
portion of the brain. The hygpthalamus acts as an endocrine ortjeat synthesize oxytocin and
antidiuretic hormone(ADH, also known as vasopressin). These hormdreesel down the
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pituitary stalk to the posterior pituitary gland where they are released directly into the
bloodstream In addition, the hypothalamus also regulategerior pituitary gland function
through thesecretion oftropic hormonesThese hormones travel through a specialiakabd
vessel system (known as the hypothalapitaitary portal system) that connects the
hypothalamugo the anterior pituitary gland. From hetbey stimulateor inhibit the synthesis

and secretion of anterigituitary hormonesThe posterior pituitary hormonese synthesized by

the hypothalamus and travel doweurons to be released frotime posterior pituitanygland.
Because the anterior pituitary gland secretedtiple hormones, it is frequently referred totlas

A A

fimaster gland. 66

Neurosecretory cells

o ﬁf Eif T T T Kf if
Hypothalamic —> PRH PIH GHRH GHIH GnRH
tropic hormone (dopamine) (somatostatin)
Hypothalamic-
pituitary portal vein + /_ /"' 2+ + /_ +
(o) (o) (e \/ (@) Endocrine<s)
Anterior pituitary — /E/ R ‘ﬁ\J cells /\\/
/ \ {
(\_/ [\_/) \_/> ‘\_// L>
Anterior pituitary / / / / /\
tS’°p‘° DR anRs Prolactin TSH ACTH GH LH  FSH
ystemic
circulation / / J / \ ¢ ¢
A Ce"s Gonads
Thyroid Adrenal :
Taroet Breasts Liver throughout
9 gland cortex body Male Female
TH Cortisol Insulin-like l Estrogens,
growth factors progesterone

ns
Figure 1 Hypothalamic and anterior pituitary gland

For this experiment, we will focus otne hypothalamus only as a regulator of Hreerior
pituitary gland.

The pathways of three hormones are examined ire#psriment: thyroid hormone, cortisol,
and testosteron@.he hormonal pathways are similar in all thoeeses. It is important to realize
that the hypothalamusecretes a relesang hormone to regulate each of th@mones secreted
from the anterior pituitary glandn this way, the hypothalamus is like a commaedter. If the
hypothalamus is not stimulated, thgpothalamic releasing hormones (TRH, CRH, &nRH)
will not stimuate the anterior pituitary glartd secrete its hormones.

In the endocrine systenmegative feedbackis used toinhibit further hormone secretion.
When a sufficieneamount of hormone has been released, it communicates 0 6 f eeds bac
suppress the teasing organNegativefeedback not only inhibits the releasing organ, but can
also inhibit the pituitary gland and/or hypothalamBg.using a negative feedback system, the
body produce®nly the amount of hormone it needs withaugsting its resource€onversely,
in positive feedback the end product further stimulates the releasangan. This form of
feedback is less common.



2. Two hormones synthesized by hypothalamus and released by posterior pituitary gland are
called
3. Describe the relationship between the hypothalaamasthe anterior pituitary gland.

4. Why the anterior pituitary is called the masg&and?

C. Regulation of Thyroid Hormone Secretion
The hypothalamus releases TRH, which travels to dnéerior piuitary gland via the
bloodstream tcstimulate production of TSH. TSH travels to the thyraithnd (located by the
trachea) tastimulate the productiomnd release dhyroid hormone. Through the negative feed
back loop, a excess of thyroid hormonehibits the activity of hypothalamus, anterior pituitary
gland and thyroid glands.
5. For Rgure2.a, use the information describe abové ) Hy
and denote + for stimulatefor inhibiting to fill in [ >
the blanks in ( ). Use the words hypothalamys, l
TRH, TSH, pituitary, throid to complete the
underlined blanks. -1
Thyroid hormoneinfluences the growth rate of many
body tissuesand is necessary for proper central nervdus( )
systemdevelopment. Its main function is to increasera—»
p e r shlmsalbngetabolic rate (BMR) and to incre&sat l
production.Hyperthyroidism is theexcessive production
of thyroid hormone. The mosttommon cause of T ()
hyperthyroi di s mthe symp@msancledé|s d i seas;r;

A 4

Anterior

increased BMR, a constantfeeling of warmth,| [
nervousness, and an enlargégroid gland (know as | T___ Gland
goiter). |

In contrast,hypothyroidism is the result of decreased T Hormone

levels of thyroidhormone. A patient with hypothyroidisn—————

will presentsymptoms of low BMR, a decreased appetite'zigurez_a Hypothalams and the
abnormal central nervous system development, anghoid hormone
intolerance to cold.

6. Describe the effects of thyroid hormone

7. Consider the differences between hyperthyroideamd hypothyroidism. What are some
characteristicef each?
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8. Look at kgure 2.a, if a rat is injected with thyroid releasing hormone repeatedly, how
does thyroid homone affect the weight of the following glands? If a rat is injected with
TSH repeatedly, how does it affect the weight of the following glands? Fill in the blanks
below with + (hypertrophy), (atrophy) or NC (no change)

Adrenal
gland

pituitary
gland

Thyroid

gland gland

Thymus

Testes

Body

Weight*

TRH

TSH

*When a hormone stimulates the metabolic actidtyattends to loose weiglsince it is fed with the same amount

of food daily.

D. Regulation of Cortisol

Similarly, ACTH is releasedrom the anterior pituitary ,

gland in
hypothalamus. ACTH stimulates the adrenal gland
(located ontop of the kidneys) to secrewrtisol. The
release of CRH is regulated by negativeedback,
circadian rhythms, and stes

Under normal conditions,excess cortisol in the

bloodstream will negatively fedahck to the hypothalamus

(to inhibit CRH releasegnterior pituitary gland (to inhibit
ACTH secretion),and/or to the adrenal gland (to inhib
further cortisolrelease)Cortisol promoteshe breakdown
of proteins and fats and helplse body adapt to stresg
functions to providehe body with fuel by breaking down
(catabolism) thematerials of the body. Cortisol caiso

act as an immunosuppressive and-arftammatory gent.

If cortisol is administered in large doses, i

S

b

—t

[S

immunosuppressive properties will cause the orgsditse
immune system to shrink. In this experimerihe
thymus gland will represent the organs of themune
system.

)
response to CRH secreted from the

(

)

Hy
'
c__
\ 4
Anterior
'
ACTH

}

C

Figure 2b Hypothalamus and cortisol

9. For Figure 2o, use the informatn describe above, and denote + for stimulateyr

inhibiting to fill in the blanks in ( ). Use the words:

pituitary, adrenal, and cortisol to complete the underlined blanks.

10. Describe the effects of cortisol.

11.What is the funtion of thymus?

hypothalamus, CRH, ACTH,

31



12.Look at Figure 2 if a rat is injected with ACTH repeatedly, how does it affect weight of
the following glands? If a rat is injected with cotisol repeatedly, how does it affect the
weight of the following glands? Fill in the blanks belaith + (hypertrophy); (atrophy)
or NC (no change)

pituitary | Thyroid | Adrenal | Thymus | Testes | Body
gland gland gland gland Weight

ACTH

Cortisol

Cus hi ngo0s isshe meduit ofne@cess secretioh cortisol (hypercortisolism). The
sympgoms of Cus hi ngos syndr ome i ncl ude (pighrbboodnal i t vy
pressure), osteoporosis (weakenmfgbones due to loss of calcium), and weiffigs. If an
excess level of cortisol remains in the bogyptein degradation will occur leadjnto a
0 6 w a s dffech Igypo8ecretion (decreased secretion) of corigscharacterized by symptoms
such as defectiveetabolism, mental confusion, and a decreased atuldapt to stress.
13. What causes Cushingds syndr ome?

14.What are some of symptanof hypocortisolism?

E. Regulation of LH and Testosterone
LH is released from the anterior pituitary gland response to GnRH secreted from the
stimulation of hypothalamusLH is seen in both males and females but has diffdtamtions.
In the maleLH travels to thd_eydig cellsthat are located in the connective
tissue between thseminiferous tubules of the testes. Thg )
Leydig cells release¢estosterone The excess amount of __, Hy
testosterone willinhibit the activity of hypothalamus, l
anterior pituitarygland and testes, thereby to reduce the
secretion of testosterone. G
Testosterones responsible for the maleex drive and ( )
secondary sex characteristics, suchiresseased body hair () v
and a deeper voicd.estosterone is also responsible for the Anterior
growth am maintenance of prostate and seminal vesicles. ~
Men who do not have testosterone tend have very small l
prostatesln both male and femald¢estosterone can cause H
an increase (anabolic) in musaleass increase sex drive _l ()
and build bone Negative effects ofelstosterone are male
patternbaldness and increased secretion of the sebacgous T
glands, which can lead to acn€astration involved —
removal of the testes to eliminatestosterone production l
Decreased amounts of testosterone in the body primarily T
affect tre sexual organs. If testosterone levelslane

Figure 2¢ Hypothalamus and testosterone
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males will not develop normally and will hagperm counts too low to fertilize an egg. The
condition of excess levels of testosterone is rare but capsamature sexual development.
Notes: LH and testostene also plays important roles in females (This will be discussed in
chapter 20).

15. For Hgure 2c, use the information describe above, and denote + for stimuléde,
inhibiting to fill in the blanks in (). Use the words: hypothalamus, GnRH, LH, aityit
testes and testosterone to complete the underlined blanks.

16. Describe the functions of LH in males

17.Describe the functions e€stosteroné males.

18.Describe the functions of testosterone in both males and females.

19. Castrationis the removal of

20.How does castration affect the function of LH in males?

21.Look at Figure Z if a rat is injected with testosterone (T) repeatedly, how does it affect
weight of the following glands? If a rat is injected with LH repeatedly, how doesittaff
the weight of the following glands? Fill in the blanks below with + (hypertrophy),
(atrophy) or NC (no change)

pituitary
gland

Thyroid
gland

Adrenal
gland

Thymus
gland

Testes

Prostate

Seminal

vesicle

Body
Weight

T
LH

22.Look at Figire 2c if a castrated rat is injected with testosterone (T) repeatedly, how does
it affect weight of the following glands? If a castrated rat is injected with LH repeatedly,
how does it affect the weight of the following glands? Fill in the blanks beldlwv v
(hypertrophy); (atrophy) or NC (no change)

pituitary | Thyroid | Adrenal | Thymus

gland gland gland gland

Seminal
vesicle

Prostate Body

Weight

LH




F. Summary of Hormone Interactions

Different hormones have different functions.able 1 is a summary of the functions of the
hormones we discuss above. Take a few minutes and review what your have learn so far about
the functions and regulation of hormone. Use itiformation above and Figureax. Complete

table 1 by huwspierg réofpthtyg afaconphy; a NC f or
Table 1 Comparison of hormonal effects on different organs.
TRH | TSH ACTH Cortisol | Testosterone LH
Intact | Castrate | Intact | Castrate

Pituitary gland
Thyroid gland NC NC NC NC NC NC
Adrendgland | NC | NC NC NC NC NC
Thymus gland | NC | NC NC NC NC NC
Testes NC | NC NC NC NC
Prostate NC | NC NC NC NC
Seminal NC | NC NC NC NC
vesicles
Body weight

no

Part Il Mystery Hormones (Day Two)

To simplify the relationship between the reguotive and endocrine systems, we will
concentrate only othe male system. The female reproductive systemoie difficult to study
than the male reproductiaystem because it is continuously cycling.
The data for this laboratory were compiled from sesets of male laboratory rats, two rats
per set; one satas the control group and the remaining six weperimental groups. The rats
were all male to simplifghe study of the relationship between the reproduciveé endocrine
systems. In each settst her e
and castrate) of each group were treated alike in all otteys (food, water, etc.). All rats,
except for those ithe control group were injected with a hormone oaady bass for 2 wk.
Autopsies were performed on thrimals at that time.
The group of students performing this exercise werg disorganized and rushed through
the work,making errors in labeling the bottles of hormone. $helents obtained the following
resuts for organweights after the autopsies were performed. In shigrt period of time, the
students noted amazinghanges in the size of certain organs when tbempared the
experimental group of rats with tleentrol group. Using th8owcharts (Fig. la-c), Table 1,and
the autopsy data, match the unknown rat grouis their respective hormones. The botites

refrigeratorshelf were ACTH, cortisol, LH, TSH, TRtNd testosterone.

wa s

an 060i

ntactod rat

and

To help in determining the identity of the unknotxarmones, the studeshould look for
changes betweehe control values and the values of thiknown hormone (both the intact and
castrateanimal). The change@bsolute valuepetween the control rats and tres that were
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treated with the unknown hormosbould be >20% if they are to be considered signditly
different. If the changéabsolute valuejs < 20%, it is attributedo experimental or biological
error. Experimentaérrors may include small errors @alibration proceduresneasurements, or
instrumentation.Any variability that occurs because of the differences betwaeimals is

considered biological error.

Procedure

1. There are 12 stations set up in class. You will work as a group of six people.

2. Each person is in charge of one mystery hormone.

3. To calculatethe weight difference between a control and experimental group, you need
to use the weight of one organ from experimental group minus the weight of the same
organ from the experimental group. Use the difference divide by control group and then

multiple it by 100%.

4. Try this practice problem: the weight of pituitary gland of the rat from control group is 10
mg, the weight of pituitary gland of the rat after treatment of hormone X is 20 mg. What

is the percentage weight difference?
Pituitary Gland mg

Control 10
ExperimentalHormone X (Intact) 20
% Weight difference [(20-10)/10]*100% =100%

Since this number is me than 20%, the weight gsgnificantincreased
5. My Calculation
My assigned unknown hormone is #

Pituitary | Thyroid | Adrenal | Thymus | Testes | Prostate | Seminal | Body
gland gland gland gland (mg) | (mgQ) vesicles | weight
(mg) (mg) (mg) (mg) (mg) (9)

Intact

(Control)

Intact My

Unknown

Castrated NA

(control)

Castrated NA

Unknown




My calculation processes
% Weight difference

Pituitary glands
Intact

Thyroid glands
Intact

Adrenal Glands
Intact

Thymus
Intact

[(ExperimemtControl)/Control*100%

Castrated

Castrated

Castrated

Castrated

3€



My calculation processes
Testes
Intact

Prostate
Intact

Seminal vesicles
Intact

Body Weight
Intact

Castrated

Castrated

Castrated

Castrated
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Lab 6 Answer Sheet

Name (Turn in pages 35-38)
|. Data Summary
1. Use the results from the worksheet and calculation form whole group and fill in the
blanksbyusngi + 6 f or i ncr ease il fwei gdhetc rnecarsee tohfa i
morethan20% nd ANCO for no significant change.
2. Use hese data and Table 1 in lab part | to solve the mystery hormones. Write the names
of hormone in the provided space.

Table 2 Summary ofdtcentage Weight Changes- or NC)

% Weight| Pituitary | Thyroid | Adrenal | Thymus | Teses | Prostate | Seminal | Body
difference | gland gland gland gland vesicles | weight

Hormone 1| Hormone 1 is

Intact * * * * * * * *

Castrated | * * * * NA * * *

Hormone 2 | Hormone 2 is

Intact * * * * * * * *

Castrated | * * * * NA * * *

Hormone 3| Hormone 3 is

|ntact * * * * * * * *

Castrated | * * * * NA * * *

Hormone 4 | Hormone 4 is

|ntact * * * * * * * *

Castrated | * * * * NA * * *

Hormone 5| Hormone 5 is

Intact * * * * * * * *

Castrated | * * * * NA * * *

Hormone 6 | Hormone 6 is

|ntaCt * * * * * * * *

Castrated | * * * * NA * * *
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Lab 7 Metabolism and Nutrients

Prelab Reading
Cindy Stanfield2010Principle of Human PhysiologZhapter 21.

l. Metabolism
Metabolismis the total chemical reactions and enetggnsforms that occur in human
bodies Anabolic reactions use the smaller molecules to build larger ones. Catabolic
reactions hydrolyze larger molecules into smaller molecules and release energy. The balance
of these two reactions is influenced by thewk& of food molecules and physical activities; is
regulated by a number of hormones.

Il. Nutrients

Our body requires six major types of nutrients: carbohydrates, proteins, lipids, vitamins, minerals
and waterThese nutrientare used tduild our own macromeculesand are involved in out
physiological activities.

Carbohydrates are basic energy soucdor humars. Chemically carbotydraes are
classified as simple carbohydrates (sugar) and complex carbohydvatgsa¢charidgs The
newer dietary carbohydraeare classified based ghycemic index(Gl). Glycemicindex is a
system that shows hofast the carbohydtas can be digested and convertiedblood sugar. It
is recommended that humans should consume lower GI readings carbohydrates suchias whole
gran (wheat and brown rice), fresh fruitgggetables, nuts arlelgumes.

Fiber is a type of carbohydrates. It cannot be digested by human body. It is present in all
plants including fruits, vegetables, grains, and legumes. There are two types ofviidkens:
solubleandinsoluble fibers. A highwater solubldiber diet may result in an increased excretion
of cholesterolTherefore it helps us to reduce the chance of getting cardiovascular disease. Good
sources of water soluble fiber include oat meal,bwah, nuts, seeds, and fruitssoluble fiber
binds with water to make stool softer and bulkier. This helps to reduce constipation,
hemorrhoids and diverticulosifinflammation of the intestine). Whole grains, seeds and
vegetables have high insoluabledilzontentsTo the contrary of common believe; the increased
consumption ofiber is not linked to the decreased risk of colon cancer.

The occurrences ofpe 2 Diabetes Mellitus, heart diseasand obesity are on the rise in the
past 15 to 20 yearsThe phenomenon waszartially due tothe consuming extra carbohydrates
especially the carbohydrates with higitycemic index Glycemic index describes this
difference by ranking carbohydrates according to their effect on our blood glucoseHevrais.

a modification of the food pyramid was completed by FDA in 2000.

The glycemic loadof a food is calculated by multiplying the glycemic index by the amount
of carbohydrate in grams provided by a food and dividing the total by D@tary glycemic
load is the sum of the glycemic loads for all foods consumed in the diéte concept of
glycemic load was developed by scientists to simultaneously describe the quality (glycemic
index) and quantity of carbohydrate in a meal or digthigh glycemic load dietwill cause a
spike of blood sugar in human body therefore could cause the detsmasitivity of human
body to insulin. To look up the glycemic index values for other foods, try Wmeversity of
Sydney @ssiteGI W



http://www.glycemicindex.com/
http://www.glycemicindex.com/

Table 1 Glycemic Index and Glycemic Load Values for Selected Foo(

(Relative to Glucose)

Food Glycemic Index | Serving size | Carbohydrate Glycemic  Load
(Glucose=100) per serving (g) per serving

Dates, dried 103 20z 40 42

Cornflakes 81 lcwp 26 21

Jelly beans 78 1loz 28 22

Puffed rice cakes 78 3 cakes 21 17

Russet potato (baked) 76 1 medium 30 23

Doughnut 76 1 medium 23 17

Soda crackers 74 4 crackers 17 12

White bread 73 1 large slice | 14 10

Table sugar (sucrose) 68 2 tsp 10 7

Pancak 67 6" diameter | 58 39

White rice (boiled) 64 1 cup 36 23

Brown rice (boiled) 55 1cup 33 18

Spaghetti, white; boiled 105 min 44 1 cup 40 18

Spaghetti, white; boiled 5 min 38 1 cup 40 15

Spaghetti, whole wheat; boiled 37 1cup 37 14

Rye, pumpernic&l bread 41 1 large slice | 12 5

Oranges, raw 42 1 medium 11 5

Pears, raw 38 1 medium 11 4

Apples, raw 38 1 medium 15 6

Al-Br anE cereal 38 1 cup 23 9

Skim milk 32 8 floz 13 4

Lentils, dried; boiled 29 1 cup 18 5

Kidney beans, dried; boiled 28 1 cup 25 7

Pearled barley; boiled 25 1cup 42 11

Cashew nuts 22 1oz 9 2

Peanuts 14 loz 6 1

Proteins serve as transporters, enzymes, antibodies. They are essential for our survival. A
Protein or polypeptide isnade of amino ads. There are about eigkssatial amino acids
human adultsieed in order to survive. There are ttypes ofdietary proteins: plant and animal
proteins. Animal proteins ar&eomplete proteinsthat contain all essential amino acids. Plant
proteins tend to beacomplete proteinswhich are deficient in at least one type of amino acid.
Proteins contribute to seventy five percent of human dry weigig. healthy protein should
contain less saturated fat and contain all amino ddavever, there are limited knowledge
about the relationgp of dietary proteins and human health.

Although we do know that some proteins in food trigger food allergies in hunfeomsd
allergy is acondition that our body mistakésod as harmful materials therefodevelopsan
immune reactionto these food #&rgens Eight foods account for 90% of all foadlergic
reactions. These areiilk, egg peanut tree nut(walnut, cashew, etc.jish, shellfish soy, and
wheat To find out if you are allergic tany of thesdoods, try to eliminate them from your diet
one at a time for a weekKealthy proteins are lean proteins.

Lipids are divided into lipids with fatty acid such as triglycerides (fat), phospholipids; and
steroids. Linoleic acidfomega6 fatty acid$ and alphdinolenic acid(ALA, omega3 fatty acids)
are considere@ssential fatty acids A fat molecule is composed of three fatty acids and one
glycerol. There are two types of fats: saturated and unsaturated fat. High diet in saturated fat
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(animal fat) and cholesterol increases the chances of gettidigwascular diseases. Trans fatty
acids, also known as trans fats, are produced by a process called partial hydrogenation.
Vegetable shortenings and certain margarine are made of partially hydrogenated vegetable oll.
Partially hydrogenated fats are usadpackaged foods because they have a longer shelf life and
flavor stability. Trans fats, like the saturated fat are blamed for the increased incidences of
coronary diseases. Recently palm oil is used as an alternative of partially hydrogenated fat.
Howeverpalm oil has very higher content of saturated fat. Therefore it does not necessarily
provide a better alternative for human health. Olive oil, canola oil, sunflower oil, and other
vegetable oils, as well as fish oil contains healthy unsaturated fate heakhy fats may help
to protect the heart from sudden and potentially deadly rhythm problems.

Water playsmany important functions in human body. It dissolves nutrients and helps us to
stabilize our body temperature. Water contributes the most ototalr body weight.The
general recommendation of water consumption is a minimum of 1.0 ml water per calorie
per day; although there are debatabout exactly how much water one should driktany
people drink bottle water. Table 2 explains the meaningeivaypes of bottle water. There is a
continued debate about if the bottle water is indeed better for us than the tap water.
Table 2 Types of bottled water

Artesian wateccomes from a confined, underground water source.
Distilled water is water that hasden evaporated and allowed to condense, which removes all minerals and
contaminants.

Drinking wateris tap water that has been filtered and disinfected by water treatment plants.
Natural mineral watecontains only the minerals present in the water davitsffrom the ground.
Mi ner al wat er n mayhdveahadcnineradls afidedaot ramoeet!. 6

Sparkling wateris any water that contains naturally occurring or added carbon dioxide. Many brands of mineral
water, spring water, and other bottled wateesraarketed as sparkling water.

Spring watercomes from an underground source from which water flows naturally to the surface.
Well wateris brought to the surface by pumps from an aquifer (a wegaring rock or soil formation located
underground). Manaftturers are allowed to add very small amounts of flavors (lemon, raspberry, etc.) or other
additives to their bottled water products.

From Bottle Water to Drink or not to Drinkttp://www.extension.iastate.edu/Publications/PM1813.pdf

Vitamins are dividedinto fatsoluble and watesoluble vitamins (Table 19.3). They have
various functions in our body for example, most watduble vitamins work as coenzymes to
assist enzymatic reaction during metabolism. A daily multivitamins and mineral supplement
may be helpful. Purchase the one that meets USP (U.S. Pharmacopeia) standards. However one
shall never trade a nutritious diet with pills.

Minerals are classified as major minerals and minor minerals (see lecture notes of chapter
2). They function as cofactorand electrolytes. Deficiency in minerals can caused various
symptoms such as muscle cramp, retarded growth, goiter, and so on.

Food safetyis an important issue. Wash hands thoroughly, store and cook food properly
will promote food safety. You may aléeep track of food recall from the following web site:
http://www.fda.gov/opacom/7alerts.htnTlo extent the shelf life, certain food also has additives.
These additives can cause sensitivities in sdramans These sensitivities may develop as
people age.

Procedure
1. Look at the displays in the lab, and provide answers to the questions listed in your answer
sheet.
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[1l. Caloric Intake
The energy contains in food is measairin kilocalories. One klocalorie equas to 1,000
calories. One calorie is defined as the amount of energy needed to heat one cubic centimeter
water from 14.5 to 15.5 degrees centigradée caloric intake is affected by age, gender and
physical activity. Theotal energy expendture equals to the resting energy expenditure plus the
activity energy expenditure. To monitor a constant caloric intake, you may want to go to
http://www.mypyramidtracker.govNote: The USDA pyramid isversimplified.
Procedure

1. Determine your daily caloric intake use the provided information at the back of the

classroom.
2. Then use MyPyramid Food Intake Patterns to record the daily amount of food from each

group.

IV . Understand Food Label
1. Read the followng descriptions.

Label Claim Definition (per standard serving size)

Fatfree* or sugaifree Less than 0.5 gram (g.) of fat or sugar

Low fat 3 g. of fat or less

Reduced fat or reduced| At least 25% less fat or sugar

sugar

Cholesterol free Less han 2 milligrams (mg.) cholesterol and 2 g. or less of satu

fat
Reduced cholesterol At least 25% less cholesterol and 2 g. or less of saturated fat

Calorie free Less than 5 calories
Low calorie 40 calories or less
Light or lite 1/3 fewer alories or 50% less fat; if more than half the calories ¢

from fat, fat content must be reduced by 50% or more

2. Read the sample food label displayed in class and complete the questions listed in your
answer sheet.

V. Body Composition Tests

Body compasition is he relative proportion of both the lean body mass and fat tissue.

The lean body mass conducts metabolic activity. Fat tissue stores energy and provide insulation

and other functions. Excess amount of fat especially at the nvaigtlace peoplat a higher

risk for health problems such as hypertension (high blood pressure), cardiovascular and diabetes.
Waist circumference and body mass index(BMI) are two indirect ways to assess your

body composition. Waist circumference is the distance aroaandnatural waist (just above the

navel).If your BMI is greater than or equal to 25 kg/rjour goal for waist circumference is less

than 40 inches if you're a man and less than 35 inches if you're a wBo@nmass index

assesses your body weight relatto height. It's a useful, indirect measure of body composition

because it correlates highly with body fat in most people. Weight in kilograms is divided by

height in meters squared (kg/m@besity is defined as a BMI of 30.0 or greate
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Basal metaboic rate (BMR) is the resting energy expenditure at least 12 hours after the last
me al . It is the minimum amount of calorie
more lean tissue, the higher the BMR The more fat tissue, the lower the BNER
Procedure

A. Measure waist circumference
1. Measure the length of your waist just above the navel.
B. Measure BMI
1. Weight Measurement
a. Use a weight scale on a hard, flat, uncarpeted surface.
b. Take off heavy shoes.
c. Weigh yourself to the nearest pual
2. Height Measurement
a. With your eyes facing forward and your heels together, stand very straight against
a wall. Your buttocks, shoulders and the back of your head should be touching the
wall.
b. Mark your height at the highest point of your head. Then nmeagur height in
feet and inches to the nearest 1/4 inch. Also figure your height in inches only.
3. To calculate your exact BMI value, multiply your weight in pounds by 703, divide by
your height in inches, then divide again by your height in inches. {aAddpm Obesity
Education Initiative: Clinical Guidelines on the Identification, Evaluation, and Treatment
of Overweight and Obesity in Adults, National Institutes of Health, National Heart, Lung,
and Blood Institute, Obesity Research 1998, 6 Suppl 220BS)
http://www.americanheart.org/presenter.jhtml?identifier=4489
4. Use the chart below to compare your result.

Height  Minimal risk Moderate risk High risk
(BMI under 25) (BMI 257 29.9)Overweight (BMI 30 and above)Obese

50 127 or less 128 152 153 or more
51" 131 or less 1321157 158 or more
52' 135 or less 1361163 164 or more
53" 140 or less 1411168 169 or more
5'4" 144 or less 145173 174 or more
5'5" 149 or less 1501179 180 or more
5'6" 154 or less 155185 186 or more
57" 158 or less 159190 191 or more
5'8" 163 or less 164196 197 or more
5'9" 168 or less 169 202 203 or more
5'10" 173 or less 174208 209 or more
511" 178 or less 179214 215 or more
6'0" 183or less 184 220 221 or more
6'1" 188 or less 189 226 227 or more
62" 193 or less 194 232 233 or more


http://www.americanheart.org/presenter.jhtml?identifier=4489

Height  Minimal risk Moderate risk High risk
(BMI under 25) (BMI 257 29.9)Overweight (BMI 30 and above)Obese

6'3" 199 or less 200239 240 or more
6'4" 204 or less 205 245 246 or more

C. Calculate BMR
1. Use the following equation to calculate your BMR

The HarrisBenedict Equation:
Males: 660 + (13.7 x W) + (5 x H) (6.8 X A)
Females: 655 + (9.6 x W) + (1.7 x H) (4.7 x A)
where W = atual weight in kg (weight in 162.2 1b/ kg)
H = height in cm (height in ifees x 2.54 cm/in)
A = age in years
*note: 1 inch = 2.54 cil kilogram = 2.2 Ibs.

Example: You are a 30 year old female. You are 5'6" tall (167.6 cm) and weigh 120 pounds (54.5
kg). Your BMR = 655 + 523 + 285141 = 132Zalories/day.

Now thatyou know your BMR, you can calculate your TDEE by multiplying you BMR by your
activity level.

Activity Multiplier

Sedentary = BMR x 1.2 (little or no exercise, desk job)

Lightly active = BMR x 1.375 (light exercise/ sport8 Hays/week)

Moderately ative = BMR x 1.55 (moderate exercise/ spoHs @ays/week)

Very active = BMR x 1.725 (hard exercise every day, or exercising 2 xs/day)
Extra active = BMR x 1.9 (hard exercise 2 or more times per day, or training for marathon, or
triathlon, etc.

Example Your BMR is 1339 calories per day and your activity level is moderately active (work
out 34 times per week). Your activity factor is 1.55 and your TDEE is 1.55 x 1339 = 2075
calories per day. This is the total calories you could eat everyday if yoedvemimaintain your
weight. If you want to lose weight, you would either have to consume fewer calories everyday,
increase you activity level, or do both.

References

Dietary guidelinehttp://www.health.gov/dietaryguidelines/

Food and Moodhttp://huhs.harvard.edu/Healthinformation/ManagingFoodAndMood.htm
Bottle Water to Drink or not to Drinkttp://www.extension.idate.edu/Publications/PM1813.pdf
Food label diagramhttp://bms.brown.edu/nutrition/labels.html

Glycemic Index and Glycemic Load:
http://Ipi.oregonstate.edu/infocenter/foodsigs/gigl.htmi#gi

New Food Pyramid

http://www.hsph.harvard.edu/nutritionsource/pyramids.htmi

Linus Pauling Institute http:/Ipi.oregontate.edu/
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Lab 7 Answer Sheet

Name

[. Nutrients
a. Based on the provided food in Table 1,

i. Which food has the lowest glycemic index per serving?

il.  Which food has the highest glycemic load?

iii. List the healthy saees of carbohydrates ;
proteins ; lipids

b. List the eight major types of food allergens

c. What is the cheapest way to éehine if one is allergic to a food allergen?

d. What is the difference betwespring wateranddrinking watef

[I. Caloric Intake

a. Determine your daily caloric intake use the provided table MyPyramid Food
Intake Pattern Calorie Level.

b. Then use MyPyramid Food Intake Patterns to record the daily amount of food
from each group.
Table 3 Food Intake
Grains | Fruits | Vegetableg Meat Oil | Milk | Recommend
and Water Intake mi
Beans (calculate it based o
calorie intakelml/cal)

Amount




[ll.  Nutrition Facts Label Analysis

1. Use adisplayed Nutrition Facts label. Answer the following questions:
1) Name of food product:

2) Serving size:

3) Total alories (C; or kilocalories) per serving: C
4) List RDA of 2,000 cal intake

RDA (%)

Total fat

Saturate Fat

Cholesterol

Total Carbohydrates

Dietary fiber

o

d.

e.

a. List all vitamins:
b.

List all minerals:

List any food additives such as food colors

List the main ingredients

List the smallest ingredient

IV. Body Composition Tests

a.

b.

List indirect ways to test body composition tests:

Your BMR is

Show your calculation below:
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Lab 8

! From PhysioEx.

Skeletal Muscle Physiology

O BJECTIVES

1. Teo define motor unit, tevitch, latent period, contraction phase, relaxation
phase, threshold, summation, tetanus, fatigue, isometric contraction,
and isotonic contraction

2. To understand how nerve impulses trigger muscle movement

2. To describe the phases of a muscle teitch

4. To identify threshold and measimal stimuli

5. To understand the effect of increases in stimulus intensity on a muscle
€. To understand the effect of increases in stimulus frequency on a muscle
7. To demonstrate muscle fatigus

8. To explain the differences between isometric and isotonic muscle
contractions

umans make voluntary decisions to talk, walk, stand up, or sit down. The

muscles that make these actions possible are skeletal muscles. Skeletal

muscle is generally muscle that is attached to the skeleton of the body, al-

though there are some exceptions—for example, the obicularis oris, a
muscle around the mouth, never attaches to any skeletal element. Skeletal mus-
cles characteristically span two joints and attach to the skeleton via tendons con-
necting to the periosteum of the bone.

The Motor Unit and
Muscle Contraction

A motor unit consists of a motor neuron and all of the muscle fibers it innervates.
Motor neurons direct muscles when and when not to contract. A motor neuron and
a muscle cell intersect at what is called the neuromuscular junction. Specifically,
the neuromuscular junction is where the axon terminal of the neuron meets a spe-
cialized region of the muscle cell’s plasma membrane. This specialized region 1s
called the motor end-plate. An action potential (depolarization) in a motor neuron
triggers the release of acetylcholine, which diffuses into the muscle plasma mem-
brane {also known as the sarcolemma). The acetylcholine binds to receptors on the
muscle cell, initiating a change in ion permeability that results in depolarization of
the muscle plasma membrane, called an end-plate potential. The end-plate poten-
tial, in turn, triggers a series of events that results in the contraction of a muscle
cell. This entire process is called excitation-contraction coupling.

We will be simulating this process in the following activities, only instead of
using acetylcholine to trigger action potentials, we will be using electrical
shocks. The shocks will be administered by an electrical stimulator that can be set
for the precise voltage, frequency, and duration of shock desired. When applied
to a muscle that has been surgically removed from an animal, a single electrical
stimulus will result in a muscle twitch—the mechanical response to a single ac-
tion potential. A twitch has three phases: the latent period, which is the period of
time that elapses between the generation of an action potential in a muscle cell
and the start of muscle contraction; the contraction phase, which starts at the
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Go To Experiment Tools Help Single Stimulus

]
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FIGURE 2.1 Single stimulus and muscle twitch.
0 5 10 15 20 25 an 35 (a) Opening screen of the Single Stimulus experiment.
Stimulus 4 Time (msec) (b} The muscle twitch: myogram of an isometric twitch
(b) contraction.
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end of the latent period and ends when muscle tension peaks;
and the relaxation phase, which is the period of time from

peak tension until the end of the muscle contraction (Figure
2.1b)
= -

Single Stimulus

Follow the instructions in the Getting Started section at the
front of this manual. From the drop-down menu, select Exer-
cise 2: Skeletal Muscle Physiology and click GO. Before
you perform the activities, watch the Skeletal Muscle video
to gain an appreciation for the preparation required for this
experiment. Then click Single Stimulus. You will see the
opening screen for the Single Stimulus activity, shown in
Figure 2.1.

On the left side of the screen 1s a muscle suspended in a
metal holder that is designed to measure any force produced
by the muscle. To the right of the metal holder are three
pieces of equipment. The top piece of equipment is an oscil-
loscope screen. When you apply an electrical stimulus to the
muscle, the muscle’s reaction will be graphically displayed
on this screen. Elapsed time, in milliseconds, is measured
aleng the X axis of this screen, while any force generated by
the muscle is measured along the Y axis. In the lower right-
hand corner of the oscilloscope is a Clear Tracings button;
clicking the button will remove any tracings from the screen.

Beneath the oscilloscope screen is the electrical stimula-
tor vou will use to stimulate the muscle. Note the electrode
from the stimulator that rests on the muscle. Next to the
Voltage display on the left side of the stimulator are (+) and
(—) buttons, which you may click to set the desired voltage.
When you click on the Stimulate button, you will electrically
stimulate the muscle at the set voltage. In the middle of the
stimulator are display fields for active force, passive force,
and total force. Muscle contraction produces active force.
Passive force 1s generated from the muscle being stretched.
The sum of active force and passive force is the total force.
Also notice a Measuore button on the stimulator. Clicking this
button after administering a stimulus will cause a vellow ver-
tical line to appear. Clicking the {+) or (—) buttons under
Time (msec) will then allow you to move the yellow line
along the X axis and view the active, passive, or total force
generated at a specific point in time.

Beneath the stimulator 1s the data collection box. Click-
ing on Record Data after an experimental run will allow you
to record the data in this box. To delete a line of data, click on
the data to highlight it and then click Delete Line. You may
also delete the entire table by clicking Clear Table.

Identifying the Latent Period

Recall that the latent period is the period of time that elapses
between the generation of an action potential in a muscle cell
and the start of muscle contraction.

1. Setthe Voltage to 6.0 volts by clicking the (+) button on
the stimulator until the voltage display reads 6.0

2. Click Stimulate and observe the tracing that results. No-

tice that the trace starts at the left side of the screen and stays
flat for a short period of time. Remember that the X axis dis-
plays elapsed time.

3. Click on the Measure button on the stimulator. Note that
a thin, vertical yellow line appears at the far left side of the
oscilloscope screen.

4, Click on the (=) button underneath Time {msec). You
will see the vertical yellow line start to move across the
screen. Watch what happens in the Time (msec) display as
the line moves across the screen. Keep clicking the (=) button
until the yellow line reaches the point in the tracing where the
graph stops being a flat line and begins to rise (this 15 the
point at which muscle contraction starts.) If the yellow line
moves past the desired point, vou can use the (<) button to
move it backwards.

How long is the latent period? msec

Note: If you wish to print yvour graph, click Tools on the
menu bar and then click Print Graph.

5. Increase or decrease the stimulus veltage and repeat the
experiment. (Remember that you can clear the tracings on the
screen at any time by clicking Clear Tracings.) Record your
data here:

Stimulus Latent
voltage: v period: msec
Stimulus Latent
voltage: v period: msec
Stimulus Latent
voltage: v period: msec

Does the latent period change with different stimulus
voltages?

After completing this experiment, click Clear Tracings to
clear the oscilloscope screen of all tracings. N

Identifying the Threshold Voltage

By definition, the threshold is the minimal stimulus needed
to cause a depolarization of the muscle plasma membrane
(sarcolemma.) The threshold is the point at which sodium
1ons start to move nto the cell (instead of out of the cell) to
bring about the membrane depolarization.

I.  Set the Voltage on the stimulator to 0.0 volts.

2. Click Stimulate. What do you see in the Active Force
display?

3. Click Record Data.

4. Increase the voltage to 0.1 volt, then click Stimulate.
Observe the oscilloscope screen and the Active Force display
(on the right side of the stimulator).

5. Click Record Data.



6. Repeat steps 4 and 5 until you see a number thar is
greater than 0.00 appear in the Active Force display.

7. Print out the graph(s) that you see on the oscilloscope
screen by clicking Tools at the top of the screen and then se-
lecting Print Graph.

What 1s the threshold voltage? v

How does the graph generated at the threshold voltage differ
from the graphs generated at voltages below the threshold?

Effect of Increases in
Stimulus Intensity

In this activity we will examine how additional increases in
stimulus intensity (such as additional increases in voltage) af-
fect muscle response.

1. Set the voltage to 0.5 volts and click Stimulate. Then
click Record Data.

2. Continue increasing the voltage by 0.5 volts and clicking

Stimulate until you have reached 10.0 volts. Observe the
Active Force display and click Record Data after each stim-
ulation. Leave all of your tracings on the screen so that you
can compare them to one another. If you wish, you may click
Tools and then Print Graph to print your tracings.

3. Observe your tracings. How did the increases in voltage
affect the peaks in the tracings?

How did the increases in voltage affect the amount of active
force generated by the muscle?

What 1s the voltage beyond which there were no further in-

creases in active force? Maximal voltage: V

Why is there a maximal voltage? What has happened to the
muscle at this voltage? Keep in mind that the muscle we are
working with consists of many individual muscle fibers.

An individual muscle fiber follows the all-or-none principle—
it will either contract 100% or not at all. Does the muscle we are
working with exhibit the all-or-none principle? Why or
why not?

4. If you wish, you may view a summary of your data on a
plotted data grid by clicking Tools and then Plot Data.

5. Click Tools — Print Data to print your data. [l

Multiple Stimulus

Click on Experiment at the top of the screen and then select
Multiple Stimulus. You will see a slightly different screen
appear (Figure 2.2.) The main change is that a Multiple
Stimulus button has now been added to the electrical stimu-
lator. This button allows you to start and stop the stimulator
as you wish. When you click Multiple Stimulus, you'll no-
tice that the button’s label changes to Stop Stimulus. Click-
ing on Stop Stimulus turns off the stimulator.

Treppe

Treppe is the progressive increase in force generated when a
muscle is stimulated at a sufficiently high frequency. At such
a frequency, muscle twitches follow one another closely, with
each successive twitch peaking slightly higher than the one
before. This step-like increase in force is why treppe is also
known as the staircase phenomenon.

1. Set the voltage to the maximal voltage you established in
Activity 3.

2. Click on the 204 button on the far right edge of the oscil-
loscope screen and slowly drag it as far to the left of the

screen as it will go. This will allow you to see a longer span
of time displayed on the screen.

3. Click Single Stimulus once. You will watch the trace
rise and fall. As soon as it falls, click Single Stimulus again.
Watch the trace rise and fall; when it falls, click Single Stim-
ulus a third time.

What do vou observe?

4. Click on the 200 button and drag it back to the far right
edge of the oscilloscope screen.

5. To print your graphs, click on Tools on the menu bar,
then click Print Graph.

5C



Experiment

Multiple Stimulus

80 400 420 140 160 1Bﬂm
Time (msec)

Voltage (V)

Er

Muscle Length (mm)

R -

Vaoltage

Farce (gms)
Active

Stimulifsec Passive

F' Total

Length Stimuli'sec Act. Force Pass. Force Total Force

FIGURE 2.2 Opening screen of the Multiple Stimulus experiment.

Summation

When a muscle is stimulated repeatedly, such that the stimuli
arrive one after another within a short period of time,
twitches can overlap with each other and result in a stronger
muscle contraction than a stand-alone twitch. This phenome-
non is known as summation. Summation occurs when mus-
cle fibers that have already been stimulated once are stimu-
lated again, before the fibers have relaxed.

1. Set the Voltage to the maximal voltage you established
in Activity 3.

2. Click on the Single Stimulus button and observe the os-
cilloscope screen.

What 1s the active force of the contraction? ams

3. Click on the Single Stimulus button once. Watch the
trace rise and begin to fall. Before the trace falls completely,
click Single Stimulus again. (You may want to simply click

Single Stimulus twice in quick succession in order to
achieve this.)

What is the active force now? ams.

4. Click on Single Stimulus and allow the graph to rise and
fall before clicking Single Stimulus again.

Was there any change in the force generated by the muscle?

5. Click on Single Stimulus and allow the graph to rise, but
not fall, before clicking Single Stimulus again.

Was there any change in the force generated by the muscle?

Why has the force changed?
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Lab 8 Answer Sheet

Show your completed lakto your instructor before turning in this answer sheet!

Name

1. Describe the process of excitatioantraction coupling.

2. What is the role of acetylcholine in a muscle ttaction?

3. Describe the three phases of a muscle At wi

4. What has happened in the muscle when the maximal stimulus is achieved?

5. What is the difference between stimulus intensity and stimulus frequency?
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Lab 9
ECGS

L INTRODUCTION

The main function of the heart 15 to pump bleed through two circuits:

1. Pulmonary circuit: through the lungs to oxygenate the blood and remove carbon dioxide; and

2. Systemic circuit: to deliver oxygen and nuirients to tissues and remove carbon dioxide.

Because the heart moves blood through two separate circuits, if is sometimes described as a dual pump.

[ —

AN

In order to beat, the heart needs three types of cells:

1. Rhythm generators, which produce an electrical signal (SA node or normal pacemaker);
2. Conductors to spread the pacemaker signal; and
3. Contractile cells {(myocardium}) to mechanically pump blocd.

The Electrical and Mechanical Sequence of a Heartbeat

The heart has specialized pacemaker cells that start the electrical ny
sequence of depolarization and repolarization. This property of =
cardiac tissue is called inherent rhythmicity or antomaticity. The , [ 7

- - - t e . . . SA node | \ ezt
electrical signal 15 generated by the sinoatrial node (SA node) and it / | W ¥ left atrium

- . . . shil =\  —

spreads to the ventricular muscle via particular conducting re dlrm i \ |~ bundle of His
pathways: internodal pathways and atrial fibers, the intermodal pathways [ff LI ()

—

atrioventricular node (AV node), the bundle of His, the right and AV ot — = - , | Jeft bundle branch
left bundle branches, and Purkinje fibers (Fig 5.1). right bundle branch "':I'.\ ; | interventricular septum
When the electrical signal of a depolarization reaches the contractile e vimirls | AR Ieffyeniricle

cells, they contract—a mechanical event called systole. When the LT ~F

repolarization signal reaches the myocardial cells, they relax—a —

mechanical event called diastole. Thus, the electrical signals cause Purkinje fibers

the mechanical pumping action of the heart; mechanical events

i ; Fig. 5.1 The Heart
always follow the electrical events (fig. 5.2). ¢

The SA node 15 the normal pacemaker of the heart, initiating each electrical and mechanical cycle. When the SA node depolarizes,
the electrical stimulus spreads through atrial muscle causing the muscle to contract. Thus, the SA node depolanzation is followed
by atrial contraction.

The 5A node impulse also spreads to the atrioventricular node (AV node) via the internodal fibers. (The wave of
depolarization does not spread to the ventricles right away because there is nonconducting tissue separating the atria and
ventricles.) The electrical signal 15 delayed in the AV node for approximately 0.20 seconds when the atria contract, and then the
signal 15 relayed to the ventricles via the bundle of His, right and left bundle branches, and Purkinje fibers. The Purkinje
fibers relay the electrical impulse directly to ventricular muscle, stimulating the ventricles to contract (ventricular systole). During
ventricular systole, ventricles begin to repolarize and then enter a period of diastole (Fig. 5.2).

Although the heart generates its own beat, the heart rate (beats per minute or BPM) and strength of contraction of the heart are
modified by the sympathetic and parasympathetic divisions of the autonomic nervous system.

»  The sympathetic division increases automaticity and excitability of the SA node, thereby increasing heart rate. It also
increases conductivity of electrical impulses through the atrioventricular conduction system and increases the force of
atrioventricular contraction. Sympathetic influence increases during inhalation.

»  The parasympathetic division decreases automaticity and excitability of the SA node, thereby decreasing heart rate. It
also decreases conductivity of electrical impulses through the atrioventricular conduction system and decreases the force
of atrioventricular contraction. Parasympathetic influence increases during exhalation.

The Electrocardiogram {ECG)

Just as the electrical activity of the pacemaker is communicated to the cardiac muscle, “echoes™ of the depolarization and
repolarization of the heart are sent through the rest of the body. By placing a pair of very sensitive recervers (electrodes) on other
parts of the body, the echoes of the heart’s electrical activity can be detected. The record of the electrical signal 15 called an
electrocardiogram (ECG). You can infer the heart’s mechanical actrvity from the ECG. Electrical activity varies through the
ECG cycle as shown below (Fig. 5.2):
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Fig. 5.2 Components of the ECG & Electrical and mechanical events of the cardiac cycle

Because the ECG reflects the electrical activify, 1t 15 a useful “picture” of heart activity. If there are interruptions of the electrical
signal generation or transmission, the ECG changes. These changes can be useful in diagnosing changes within the heart. During
exercise, however, the position of the heart itself changes, so you cannot standardize or quantify the voltage changes.

Components of the ECG

The electrical events of the heart (ECG) are usually recorded as a pattern of a baseline (isoelectric line), broken by a P wave, a
QRS complex, and a T wave. In addition to the wave components of the ECG, there are intervals and segments (Fig. 5.2).

»  The isoelectric line 1s 2 point of depariure of the electrical activity of depolarizations and repolarizations of the
cardiac cycles and indicates periods when the ECG electrodes did not detect electrical activity.

*  Aninterval 15 a time measurement that includes waves and/or complexes.

= A segment is a time measurement that does not include waves and/or complexes.

Table 5.1 Components of the ECG & Typical Lead II Values®

ECG Duration Amplitude
O N e At e Ll it it (seconds) | (millivolts)
P begin and end on isoelectric depolarization of the right and left atria. 007-018 | =025

line (baseline); normally
upright in standard limb leads
w | QRS begin and end on isoelectric depolarization of the right and left ventricles. 006-012 [ 010-1.50
S | complex line (baseline) from start of & | Atrial repolanzation is also part of this
g wave to end of S wave segment, but the electrical signal for atrial
repolarization is masked by the larger QRS
complex (ses Fig 5.2)
T begin and end on isoelectric repolarization of the right and left ventricles. 010-025 | =05
line (baseline)
PR from start of P wave to start time from the onset of atrial depolarization to 0.12-0.20 y
of QRS complex the onset of ventricular depolarization. A
@ Q.7 from start of QRS complex to | time from onset of ventricular depolarization 0.32-0.36 7
[} . . ot
z end of T wave to the end of ventricular repolarization. It
2 represents the refractory period of the
= ventricles. A
RR fram peak of R wave to peak | time between two successive ventricular 0.80 V
of succeeding R wave depolarizations.
PR from end of P wave to start of | time of impulse conduction from the AV node 002 - /
" QRS complex to the ventricular myocardium. 0.10
E ST between end of S wave and penod of time representing the early part of <0.20
E start of T wave ventricular repolarization during which
E‘ ventricles are mare or less uniformly excited.
T-P from end of T wave to start of | time from the end of ventricular repolarization 00-040 /
successive P wave to the onset of atrial depolarization.

Mates: Tabled values represent results from a typical Lead Il setup (wrist and ankle electrode placement) with Subjec.t heart
rate ~75 BPM. Values are influenced by heart rate and placement; values for torso placement would be different.
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