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Control of Breathing

25Laboratory Exercise 

Purpose of the Exercise

To review the muscles and the mechanisms that control 
breathing and to investigate some of the factors that affect 
the rate and depth of breathing.

Materials Needed

Clock or watch with seconds timer
Paper bags, small

For Demonstration Activity:
Flasks
Glass tubing
Rubber stoppers, two-hole
Calcium hydroxide solution (limewater)

For Learning Extension Activity:
Pneumograph
Physiological recording apparatus

Pre-Lab

Carefully read the introductory material and examine 
the entire lab. Be familiar with control of breathing 
from lecture or the textbook. Answer the pre-lab 
questions.

Pre-Lab Questions: Select the correct answer for 
each of the following questions:

 1. Respiratory areas of the brain include all of the 
following except the
 a. brainstem. b. pons.
 c. medulla oblongata. d. pineal gland.

 2. Breathing rate increases as blood concentrations 
of 
 a. carbon dioxide increase.
 b. carbon dioxide decrease.
 c. hydrogen ions decrease.
 d. oxygen increase.

 3. Forced expiration muscles do not include the
 a. internal intercostal muscles.
 b. rectus abdominis muscles.
 c. sternocleidomastoid muscles.
 d. external oblique muscles.

 4. Peripheral chemoreceptors sensitive to low blood 
oxygen levels are located in the 
 a. heart.
 b. aortic arch and carotid arteries.
 c. aorta only.
 d. carotid arteries only.

 5. Normal blood pH is
 a. 6.8. b. 8.0.
 c. 6.8–8.0. d. 7.35–7.45.

 6. An increase in the duration of inspirations is the 
normal response from the inflation reflex.
True _____ False _____

 7. The dorsal respiratory group of the medullary 
respiratory center is involved with stimulation of 
the diaphragm contractions.
True _____ False _____

Learning Outcomes

After completing this exercise, you should be able to

1  Locate the respiratory areas in the brainstem.
2  Describe the mechanisms that control and influence 

breathing.
3  Select the respiratory muscles involved in inspiration 

and forced expiration.
4  Test and record the effect of various factors on the rate 

and depth of breathing.

X

X



Internal 
(expiratory)
intercostal 
muscles

External 
(inspiratory)
intercostal 
muscles

Diaphragm

Fourth
ventricle

Medullary
respiratory
center

Ventral respiratory group

Medulla oblongata

Pons

Pontine respiratory
group

Midbrain

Dorsal respiratory group

Respiratory muscles

Changes in
breathing

Basic rhythm
of breathing

Medullary respiratory center

Dorsal
respiratory
group

Ventral
respiratory
group

Respiratory areas

Pontine 
respiratory
group

230

Breathing is controlled from regions of the brain-
stem called the respiratory areas, which control both inspira-
tion and expiration. These areas initiate and regulate nerve 
impulses that travel to various breathing muscles, causing 
rhythmic breathing movements and adjustments to the rate 
and depth of breathing to meet various cellular needs (fig. 
25.1). The medullary respiratory center is composed of two 
bilateral groups of neurons in the medulla oblongata. They 
are called the dorsal respiratory group and the ventral respi-
ratory group. The dorsal respiratory group primarily stimu-
lates the diaphragm to contract, resulting in inspiration, and 

helps process respiratory sensory information involving the 
cardiovascular system. The ventral respiratory group involves 
regulation of the basic rhythm of breathing. Neurons in 
another part of the brainstem, the pons, compose the pontine 
respiratory group (formerly the pneumotaxic center). These 
neurons may contribute to the rhythm of breathing by modi-
fying the respirations during situations such as exercise and 
sleep (fig. 25.2).

Various factors can influence the respiratory areas and 
thus affect the rate and depth of breathing. These factors 
include stretch of the lung tissues, emotional state, and the 
presence in the blood of certain chemicals, such as carbon 
dioxide, hydrogen ions, and oxygen. The breathing rate 
increases as the blood concentration of carbon dioxide or 
hydrogen ions increases or as the concentration of oxygen 
decreases.

The medulla oblongata possesses central chemorecep-
tors that are sensitive to changes in the levels of carbon 
dioxide and hydrogen ions. If the levels of carbon dioxide 
or hydrogen ions increase, the chemoreceptors relay this 
information to the respiratory areas. As a result, the rate 
and depth of breathing increase and more carbon dioxide is 
exhaled. When the levels decline to a more normal range, 
breathing rate decreases to normal. Exercise, breath holding, 
and hyperventilation are examples that considerably alter the 
blood levels of carbon dioxide and hydrogen ions.

Low blood oxygen levels are detected by peripheral 
chemoreceptors located in carotid bodies in the carotid 
arteries and aortic bodies in the aortic arch (fig. 25.3). This 
information is relayed to the respiratory areas in the brain-
stem, and the breathing rate increases. In order to trigger 
this response, the blood oxygen levels must be very low. 
Therefore, the blood levels of carbon dioxide and hydrogen 
ions have a much greater influence upon the rate and depth 
of breathing.

The depth of breathing is also influenced by the infla-
tion reflex. If the lungs are greatly expanded during forceful 

FIGURE 25.1 The respiratory areas are located in 
the pons and the medulla oblongata.

FIGURE 25.2 The medullary respiratory center and 
the pontine respiratory group control breathing.
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breathing, stretch receptors within the bronchial tree and the 
visceral pleura are stimulated. Sensory impulses are con-
ducted to the pontine respiratory group and, as a result, a 
decrease occurs in the duration of inspirations.

The muscles involved with inspiration and expiration 
are all voluntary skeletal muscles. Therefore a person has 
some cerebral conscious influence over the rate and depth 
of breathing as in talking, singing, and breath holding. How-
ever, respiratory areas of the brainstem, chemoreceptors, 
and certain reflexes represent the primary mechanism of 
subconscious, automatic control of breathing. The complex 
coordination of breathing involves considerable integration 
between respiratory areas of the brain and receptors; how-
ever some details of the control of breathing are still obscure.

Procedure A—Control of Breathing

 1. Several skeletal muscles contract during breathing. The 
principal muscles involved during inspiration are the 
diaphragm and external intercostals. The sternocleido-

FIGURE 25.3 The peripheral chemoreceptors 
involved in control of breathing. Aortic bodies in the aortic 
arch and carotid bodies in the carotid arteries are sensitive 
to decreased blood oxygen levels.

mastoid, scalenes, and pectoralis minor are synergis-
tic during more forceful inhalation, resulting in greater 
volumes of air inhaled. During quiet respiration, there is 
minimal involvement of the expiratory muscles. During 
forced expiration, the principal muscles are the internal 
intercostals, but the rectus abdominis and the external 
oblique muscles can provide extra force (fig. 25.4).

 2. Respiratory areas in the brainstem control the cycle 
of breathing. The dorsal respiratory group of neurons 
is located in the medulla oblongata. Impulses from 
the dorsal respiratory group stimulate the muscles of 
inspiration, especially the diaphragm (fig. 25.1). This 
results in a normal respiratory rate of 12 to 15 breaths 
per minute. The ventral respiratory group of neurons 
will fire during inspiration and expiration to control the 
appropriate muscles of inspiration and expiration and 
the basic rhythm of breathing (fig. 25.2).

 3. Complete Part A of Laboratory Assessment 25.

Procedure B—Factors Affecting 

Breathing

Perform each of the following tests, using your laboratory 
partner as a test subject.

 1. Normal breathing. To determine the subject’s normal 
breathing rate and depth, follow these steps:

 a. Have the subject sit quietly for a few minutes.
 b. After the rest period, ask the subject to count back-

wards mentally, beginning with five hundred.
 c. While the subject is distracted by counting, watch 

the subject’s chest movements, and count the breaths 
taken in a minute. Use this value as the normal 
breathing rate (breaths per minute).

 d. Note the relative depth of the breathing movements.
 e. Record your observations in the table in Part B of the 

laboratory assessment.
 2. Effect of hyperventilation. To test the effect of hyper-

ventilation on breathing, follow these steps:
 a. Seat the subject and guard to prevent the possibility 

of the subject falling over.
 b. Have the subject breathe rapidly and deeply for a 

maximum of 20 seconds. If the subject begins to feel 
dizzy, the hyperventilation should be halted immedi-
ately to prevent the subject from fainting from com-
plications of alkalosis. The increased blood pH 
causes vasoconstriction of cerebral arterioles, which 
decreases circulation and oxygen to the brain.

 c. After the period of hyperventilation, determine the 
subject’s breathing rate and judge the breathing 
depth as before.

 d. Record the results in Part B of the laboratory 
assessment.

 3. Effect of rebreathing air. To test the effect of rebreathing 
air on breathing, follow these steps:

 a. Have the subject sit quietly (approximately 5 min-
utes) until the breathing rate returns to normal.
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FIGURE 25.5 Apparatus used to demonstrate the 
presence of carbon dioxide in air: (a) atmospheric air is 
drawn through limewater; (b) expired air is blown through 
limewater.

Demonstration Activity

When a solution of calcium hydroxide is exposed to 
carbon dioxide, a chemical reaction occurs, and a white 
precipitate of calcium carbonate is formed as indicated 
by the following reaction:

Ca(OH)2 + CO2 −→ CaCO3 + H2O

Thus, a clear water solution of calcium hydroxide 
(limewater) can be used to detect the presence of car-
bon dioxide because the solution becomes cloudy if 
this gas is bubbled through it.

The laboratory instructor will demonstrate this 
test for carbon dioxide by drawing some air through 
limewater in an apparatus such as that shown in figure 
25.5. Then the instructor will blow an equal volume 
of expired air through a similar apparatus. (Note: A 
new sterile mouthpiece should be used each time the 
apparatus is demonstrated.) Watch for the appearance 
of a precipitate that causes the limewater to become 
cloudy. Was there any carbon dioxide in the atmo-
spheric air drawn  through the limewater?

 ___________________________________________
If so, how did the amount of carbon dioxide in the atmo-
spheric air compare with the amount in the expired air?

 ___________________________________________

 ___________________________________________

FIGURE 25.4 Respiratory muscles involved in inspiration and forced expiration. The blue arrows indicate the 
direction of muscle contraction during inspiration; the green arrows indicate the direction of muscle contraction during 
forced expiration. Boldface indicates the primary muscles involved in breathing.
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 b. Have the subject breathe deeply into a small paper 
bag that is held tightly over the nose and mouth. If 
the subject begins to feel light-headed or like faint-
ing, the rebreathing air should be halted immedi-
ately to prevent further acidosis and fainting.

 c. After 2 minutes of rebreathing air, determine the 
subject’s breathing rate and judge the depth of 
breathing.

 d. Record the results in Part B of the laboratory 
assessment.

 4. Effect of breath holding. To test the effect of breath 
holding on breathing, follow these steps:

 a. Have the subject sit quietly (approximately 5 min-
utes) until the breathing rate returns to normal.

 b. Have the subject hold his or her breath as long as 
possible. If the subject begins to feel light-headed or 
like fainting, breath holding should be halted imme-
diately to prevent further acidosis and fainting.

 c. As the subject begins to breathe again, determine the 
rate of breathing and judge the depth of breathing.

 d. Record the results in Part B of the laboratory 
assessment.

 5. Effect of exercise. To test the effect of exercise on breath-
ing, follow these steps:

 a. Have the subject sit quietly (approximately 5 min-
utes) until breathing rate returns to normal.

 b. Have the subject exercise by moderately running in 
place for 3-5 minutes. This exercise should be 
avoided by anyone with health risks.

 c. After the exercise, determine the breathing rate and 
judge the depth of breathing.

 d. Record the results in Part B of the laboratory 
assessment.

 6. The importance of the respiratory rate and blood pH 
relationship is illustrated in figure 25.6. A condition 
of respiratory acidosis or alkalosis, leading to possible 
death, can occur from changes in the depth or rate of 
breathing.

 7. Complete Part B of the laboratory assessment.

FIGURE 25.6 The relationship of respiratory rate 
and blood pH. The normal breathing rate of 12–15 breaths 
per minute relates to a blood pH within the normal range.

Learning Extension Activity

A pneumograph is a device that can be used together 
with some type of recording apparatus to record breath-
ing movements. The laboratory instructor will dem-
onstrate the use of this equipment to record various 
movements, such as those that accompany coughing, 
laughing, yawning, and speaking.

Devise an experiment to test the effect of some 
factor, such as hyperventilation, rebreathing air, or 
exercise, on the length of time a person can hold the 
breath. After the laboratory instructor has approved 
your plan, carry out the experiment, using the pneu-
mograph and recording equipment. What conclusion 
can you draw from the results of your experiment?
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Name 

Date 

Section 

The  corresponds to the indicated outcome(s) found at the beginning of the 
laboratory exercise.
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Control of Breathing

Part A Assessments

Complete the following statements:

 1. The respiratory areas are widely scattered throughout the _______________ and medulla oblongata of the brainstem. 1

 2. The _______________________ respiratory group within the medulla oblongata primarily stimulates the diaphragm. 1

 3. The _____________________ respiratory group within the medulla oblongata regulates the basic rhythm of breathing. 1

 4. Central chemoreceptors are sensitive to changes in the blood concentrations of hydrogen ions and _______________. 2

 5. As the blood concentration of carbon dioxide increases, the breathing rate _______________________.  2

 6. As a result of increased breathing, the blood concentration of carbon dioxide is _______________________. 2

 7. Peripheral chemoreceptors include aortic bodies and the  _______________________. 2

 8. The principal muscles of forced expiration are the _______________________. 3

 9. The principal muscles of inspiration are the ________________ and the external intercostal muscles. 3

Part B  Assessments

 1. Record the results of your breathing tests in the table. 4

Factor Tested Breathing Rate (breaths/minute) Breathing Depth (+, + +, + + +)

Normal

Hyperventilation 
(shortly after)

Rebreathing air 
(shortly after)

Breath holding 
(shortly after)

Exercise
(shortly after)

Laboratory Assessment

25
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 2. Briefly explain the reason for the changes in breathing that occurred in each of the following cases: 2

 a. Hyperventilation

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 b. Rebreathing air

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 c. Breath holding

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 d. Exercise

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 3. Complete the following:

 a. Why is it important to distract a person when you are determining the normal rate of breathing?

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

 b. How can the depth of breathing be measured accurately?

 ____________________________________________________________________________________________

 ____________________________________________________________________________________________

Critical Thinking Assessment

Why is it dangerous for a swimmer to hyperventilate in order to hold the breath for a longer period of time? 2

 ________________________________________________________________________________________________

 ________________________________________________________________________________________________

 ________________________________________________________________________________________________

 ________________________________________________________________________________________________

Wh i i

Hyperventilation lowers blood carbon dioxide levels, and the respiratory areas are stimulated to a

lesser degree.

The air that is rebreathed has a higher concentration of carbon dioxide, and thus the respiratory

areas are stimulated to a greater degree.

Breath holding causes the blood carbon dioxide concentration to increase, stimulating the 

respiratory areas to a greater degree.

Exercise causes an increase in the breathing rate. This is mainly from an increased concentration

of blood carbon dioxide stimulating the respiratory areas. Also, if blood oxygen levels are very low,

peripheral chemoreceptors can stimulate respiratory areas and increase the breathing rate.

It is difficult for a person to breathe normally while thinking about it.

The depth of breath can be measured by breathing into an instrument that measures air volumes.

Such a person may lose consciousness under water from respiratory alkalosis from arteriole 

vasoconstriction to the brain and deprived oxygen. Hyperventilation can decrease the carbon dioxide

enough that depleted oxygen to the brain could cause unconsciousness before the urge to take the 

next breath.


