Taken from Hands-on Chemistry (Herr & Cunningham)

5.6.5  pH CONTROL OF RESPIRATION

Concepts to Investigate:  Titration, end point, pH, respiration, homeostasis.

Materials:  Phenolphthalein, flasks, straws, 0.01N NaOH solution.

Safety: This activity requires physical exercise and should only be performed by volunteers who are in good health  and physical condition.  Make certain that no one inhales or sucks through the straw since the solution is mildly hazardous .  Students should rinse their mouth with water for 15 minutes if such a mishap occurs.
Principles and Procedures:  Your body responds to stimuli to maintain optimal (best) internal conditions.  For example, if you are too cold, your muscles spontaneously contract (shiver) to generate frictional heat, but if you are too warm blood flows to body surfaces where sweat glands are activated and excess heat is removed as water evaporates from your skin. Your body regulates many chemicals as well.  For example, the liver converts glucose to glycogen when levels are high, but allows glycogen to be broken down to glucose when glucose levels are low.  The ability of an organism or cell to maintain optimal internal conditions by adjusting physiological processes is known as homeostasis (homeo- , same; stasis-, :state).


Organisms maintain optimal internal conditions of oxygen and carbon dioxide.  Your breathing pattern is determined by the concentration of carbon dioxide and oxygen in the blood.  If carbon dioxide concentrations are too high (oxygen levels too low), the respiratory center in your brain sends additional signals to contract the diaphragm and chest muscles that control breathing.  If carbon dioxide levels are too low (oxygen levels too high), the respiratory center sends fewer signals until the levels return to normal.  The breathing reflex is automatic, but you can over-ride it.  If, for example, a person is excited and breathes too much (hyperventilates), he or she will pass out and the respiratory center will re-establish a respiration rate that restores appropriate levels of carbon dioxide and oxygen.  Similarly, if someone were to hold their breath (do not try this!)they might eventually pass out, and the respiratory center would stimulate breathing until levels of these gases once again reached normal (homeostatic equilibrium).


It is believed that one way your body responds to soaring or falling levels of gases is through the changes in pH that accompany them.  If you hold your breath, carbon dioxide concentrations increase and carbonic acid forms:

CO2 + H2O ( H2CO3
Carbonic acid dissociates to release free protons that cause the pH to fall.

H2CO3 ( H+ + HCO3-
It is thought that chemoreceptors in arteries detect the drop in pH and send signals via nerves to the respiratory centers in the brain, stimulating the breathing response.  The reverse holds true when there is insufficient carbon dioxide.


If respiration is mediated by blood pH, then you would expect the breathing rate to increase when blood is acidic (too much carbon dioxide in the blood) and decrease when blood is too basic (too little carbon dioxide in the blood).  Because gases are exchanged in the lungs, you would expect more carbon dioxide in your breath when exercising, and less when resting.  You may have noticed that your breathing rate increases significantly when you exercise. This increased respiration rate is necessary to provide the body with more oxygen and remove excess carbon dioxide to restore the body to optimal concentrations of these gases.  In this activity you will investigate the influence of exercise on the amount of carbon dioxide in your exhaled breath.  Because carbon dioxide diffuses into the lungs from surrounding blood vessels, changes in carbon dioxide concentrations in the blood will be reflected by similar changes in the breath.


Prepare a 0.01N solution of sodium hydroxide by dissolving 0.4 gram of sodium hydroxide per liter of water.  Carefully measure 50 mL of this solution into each of six flasks and dilute with 100 mL of water.  Put a couple of drops of phenolphthalein in each flask.  Blow steadily through a straw into the first solution while swirling its flask (Figure M), and record the time required to eliminate all pink color (the end point).  (Caution!  At no time should you inhale or suck through the straw!  If for some reason you do get some solution in your mouth, wash it out with water for 15 minutes.)  Now jog in place for exactly one minute and repeat the process with a second flask.  Try to blow at the same rate as before.  How much time is required to titrate the solution this time?  Record your results in Table 2.


Rest for 5 minutes and then repeat both processes.  Rest again and repeat both processes a third time and average your values and compare them with those of your classmates.  Does exercise influence the time required to titrate the solution?  Does your breath appear to have more carbon dioxide in it after exercising?  Compare the effect of different exercises on the amount of carbon dioxide in your breath.  

	Table 2   Exercise and Carbon Dioxide Production



	exercise
	trial 1
	trial 2
	trial 3
	average time to titrate
	rank

	resting
	s
	s
	s
	s
	

	jogging
	s
	s
	s
	s
	

	
	s
	s
	s
	s
	

	
	s
	s
	s
	s
	


Questions:

(1)  You can add more water to the flask containing the sodium hydroxide solution and it will have no influence on your results.  Explain.

(2) Which activity (resting, jogging, or other activity) produced the most carbon dioxide.  Explain how you determined this.

(3) Oxygen and carbon dioxide levels in the blood are inversely related.  In other words, the more oxygen, the less carbon dioxide, and vise versa.  Explain this relationship using the respiration equation listed below.  

6O2 + C6H12O6 ( 6CO2 + 6 H2O + 38ATP

(4) The carotid body is a small organ (chemoreceptor) that detects blood pH changes and sends impulses to the brain to adjust respiration appropriately.  How would one's respiration rate be affected if the carotid body were to detect an abnormally low pH?

