
Respiratory System         

Transport of Carbon Dioxide
· Normally 4 ml of CO2 is transported from the tissues to the lungs in each 100 ml blood ( 200 ml of CO2 are transported to the lungs per minute in normal conditions.
· Gaseous CO2 (generally not bicarbonate) diffuses out of the cell:
· Carbon dioxide (CO2) is carried in the blood in three forms:

1) Dissolved in plasma (7%): 
· The high PCO2 in the tissues (45 mm Hg) drives CO2 into the blood.

· CO2 is 20 times more soluble than oxygen in water.

· Arterial blood (entering the tissues) PCO2 = 40 mmHg ( 2.4 ml CO2 in 100 ml blood.
· Venous blood (leaving the tissues) PCO2 = 45 mm Hg ( 2.7 ml CO2 in 100 ml blood.
( Therefore, only about 0.3 ml CO2/100 ml blood is transported in the form of dissolved carbon dioxide.

2) Carbaminohemoglobin (23%): 

( CO2 combines reversibly with an amino acid in hemoglobin (and to a much lesser extent other plasma proteins to form carbamino proteins).

3) Bicarbonate ions (70%): 

( CO2 combines with water in RBCs to form carbonic acid (H2CO3); this reaction is accelerated 5,000 times in RBCs by the enzyme carbonic anhydrase.

· Note: Only a small amount of carbon dioxide stays as dissolved CO2 in the plasma. The bulk of the carbon dioxide diffuses into the red cell, where it forms either carbonic acid (H2CO3) or carbaminohemoglobin.
I. Carbaminohemoglobin:

· Carbaminohemoglobin is formed in RBCs from the reaction of CO2 with free amine groups (NH2) on the hemoglobin molecule (deoxygenated hemoglobin can bind much more CO2 in this way than oxygenated hemoglobin).

· Note: The bulk of the CO2 is actually transported in the plasma in the form of bicarbonate.

II. Bicarbonate: 
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In the RBC, the carbonic acid is formed in the following manner:
CO2  +  H2O

H2CO3


· Carbonic acid dissociates in RBCs to bicarbonate (HCO3a) and H+: 
H2CO3
     
H+ + HCO3a
(1) HCO3a :

· HCO3a leaves the RBCs giving it a net positive charge, and this attracts chloride ions (Cla) which diffuses into the RBC from the plasma maintaining the electrical neutrality. 

· The Chloride Shift: The chloride movement from the plasma into the RBCs in exchange for HCO3a is known as the chloride shift and is facilitated by the bicarbonate-chloride carrier protein (anion exchanger) in the RBC membrane.
(2) H+ :

· H+ cannot move out because of the low permeability of the RBC membrane to H+.

· Most of the H+ is buffered by hemoglobin (Hb is a powerful acid-base buffer). 
· As H+ binds to hemoglobin: 
H+ + HbO2a

HHb + O2
( (a) It decreases the oxygen binding & (b) shifts the oxyhemoglobin equilibrium curve to the right, ( (c) this promotes unloading of oxygen from hemoglobin in tissues and (d) favors the carrying of CO2.

( Thus, CO2 increases oxygen unloading, and oxygen unloading increases CO2 transport.

· Note: In pulmonary capillaries, the oxygenation of hemoglobin favors the unloading of carbon dioxide.

· Carbon Dioxide Equilibrium Curve:

	· The carbon dioxide equilibrium curve is nearly a straight-lined function of PCO2 in the normal arterial CO2 range.
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	· The Haldane Effect: Binding of oxygen with hemoglobin tends to displace carbon dioxide from the blood ((PO2 will shift the curve downward and to the right) ( its advantage is that it allows the blood to load more CO2 in the tissues and unload more CO2 in the lungs.
	


· Combination of oxygen with hemoglobin in the lungs ( ( Acidity of hemoglobin (the hemoglobin becomes a stronger acid) ( displaces CO2 from the blood and into the alveoli in two ways:

(1) ( Hemoglobin combining with CO2 to form carbaminohemoglobin.

(2) ( Hemoglobin release of H+ ( H+ binds with bicarbonate ions to form carbonic acid ( dissociates into H2O and CO2 ( CO2 is released from the blood into the alveoli.

· Note: Oxygenated hemoglobin has less affinity to combine with CO2, while deoxygenated hemoglobin has more affinity to combine with CO2.

Reactions of Carbon Dioxide in the Blood
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Figure 16.38 carbon dioxide transport and the chloride
shift. Carbon dioxide is transported in three forms: as dissolved CO,
gas, attached to hemoglobin as carbaminohemoglobin, and as carbonic
acid and bicarbonate. Percentages indicate the proportion of CO, in each
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Figure 16.39 The reverse chloride shift in the lungs.
Carbon dioxide is released from the blood as it travels through the
pulmonary capillaries. A “reverse chloride shift” occurs during this time,
and carbonic acid is transformed into CO, and H,O. The CO, is
eliminated in the exhaled air.




· Differences between Carbon Dioxide & Oxygen Equilibrium Curves:

	( First, one liter of blood can hold much more carbon dioxide than oxygen.
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	( Second, the CO2 equilibrium curve is steeper and more liner (no plateau phase), and because the shape of the CO2 equilibrium curve, large amounts of CO2 can be loaded and unloaded from the blood with a small change in PCO2 ( this is important in both gas exchange and in the regulation of acid-base balance.
	


· Blood Acidity during Carbon Dioxide Transport:

· Arterial blood has a pH of about 7.41, and as the blood acquires CO2 in the tissue capillaries, the pH falls to a venous value of 7.37 ( a pH change of 0.04 unit takes place, and the reverse occurs when CO2 is released from the blood in the lungs, raising the pH back to the arterial value.
· Note: During high metabolic activity (e.g., heavy exercise) or when the blood flow to the tissues is sluggish, the decrease in the tissue blood and the tissues themselves can be as much as 0.50 (12 times normal) causing significant tissue acidosis.

· Respiratory Exchange Ratio:

· Normal transport of oxygen from the lungs to the tissues by each 100 ml of blood is about 5 ml, whereas normal transport of carbon dioxide from the tissues to the lungs is about 4 ml.

· Thus, under normal resting conditions, only about 82% as much carbon dioxide is expired from the lungs as there is oxygen uptake by the lungs.
· The ratio of carbon dioxide output to oxygen uptake is called the respiratory exchange ratio (R):


R = 

· Normal diet, consuming average amounts of carbohydrates, fats, and proteins, the average value for R is equal to 4/5 = 0.825.

· The value for R changes under different metabolic conditions:

1. Carbohydrate diet ((R): One molecule of CO2 is formed for each molecule of O2 ( R = 1.00.

2. Fat diet ((R): More O2 combines with H+ from fats to form water instead of CO2 ( R = 0.7.
Regulation of Respiration

Intro:-

· Breathing is an autonomic process (involuntary) that occurs without any conscious effort while we are awake, asleep, or under anesthesia. 

· The unconscious rhythmic control of breathing is influenced by sensory feedback from receptors sensitive to the PCO2, pH, and PO2 of arterial blood.

·  Breathing is similar to the heartbeat in terms of autonomic rhythm, but it also differs in 2 ways:

1. There is no single pacemaker that sets basic rhythm of breathing, while the heart only has the S.A. node.
( Control of muscle excitation in breathing is the result of multiple neuronal interactions involving all levels of the nervous system.

2. There is no single muscle devoted solely to breathing, while the heart only has the cardiac muscle.
( Breathing depends on the cyclic excitation of many muscles that can influence the volume of the thorax.
Mechanisms of Control:-
A. Neural control mechanism:

· Respiratory centers are composed of several groups of neurons located bilaterally (on both sides) in the medulla oblongata & pons (brain stem):
 (1) Dorsal Respiratory Group (medulla): 
· Location: in the dorsal portion of the medulla. It contains the termination of the vagal & glossopharyngeal nerves, which transmit sensory signals from (a) the peripheral chemoreceptors, (b) the baroreceptors, and (c) several types of receptors in the lung. 

· Function: maintains the basic rhythm of respiration ( It is responsible for initiation of inspiration by stimulating contraction of the diaphragm.

· Mechanism: Transmits nervous signals to the primary inspiratory muscles (mainly the diaphragm) begins weakly and increases steadily in a ramp manner for about 2 seconds (causing steady inspiration) and then ceases abruptly for the next 3 seconds ( turns off excitation of the diaphragm and allows elastic recoil of the lungs and chest (causing expiration).
( Note: The obvious advantage of the ramp is that it causes a steady increase in the volume of the lungs during inspiration, rather than inspiratory gasps. 

(2) Pneumotaxic center (pons):  

· Location: dorsally in the upper pons.

· Functions to (a) limit inspiration, and (b) regulate the rate of respiration ( by inhibiting the dorsal respiratory group when the tidal volume reaches 500 ml.

· Mechanism: it controls the “switch-off” point of the inspiratory ramp, thus controlling the duration of the filling phase of the lung cycle.
( Note: Damage to the pneumotaxic center will cause an increase in tidal volume ((VT) by increasing the duration of inspiration ( causes gasping, because of lack of inhibition to the dorsal respiratory group, and it will also decrease the respiratory rate ((RR).

(3) Apneustic center (pons): 

· Located: dorsally in the lower portion of the pons.

· Function: Inhibits the “switch-off” of inspiratory ramp signals, and therefore increases duration of inspiration ( lung becomes almost completely filled with air, and short expiratory gasps occur.

(4) Ventral Respiratory Group (medulla): 
· Location: in the ventrolateral portion of the medulla. It contains both inspiratory (when stimulated cause inspiration) and expiratory neurons (when stimulated cause expiration).
· Function: Normally inactive during quiet respiration ( only active during deep (forced) expiration.
· Mechanism: When the respiratory drive for increased pulmonary ventilation becomes greater than normal (e.g., during exercise), respiratory signals spill over into the ventral respiratory neurons from the dorsal respiratory area ( the ventral respiratory group then contributes to the respiratory drive. 
(5) Cerebral Cortex: It regulates voluntary respiration (e.g., singing, and speaking).

B. Reflexes:

1) Slowly adapting receptors (Hering-Breuer reflex):

· When the tidal volume reaches 1.5 L in the airways causing them to stretch, pulmonary stretch receptors in the conducting airways send a feedback signal through the vagus nerve that inhibits the dorsal respiratory group in the medulla ( stopping inspiration.
· It is a protective mechanism that prevents excess inflation of the lung (therefore, it is also called lung inflation reflex) and is not important during normal control of ventilation.

· Note: The Hering-Breuer reflex is much like the pneumotaxic center in that it “switches-off” the inspiration ramp signal in the dorsal respiratory group. The difference is that Hering-Breuer reflex works only during deep inspiration while the pneumotaxic center works during normal inspiration.
2) Rapidly adapting receptors: 

(a) Irritant receptors:
· Sensory fibers found in the larger conducting airways, respond to irritations of the airways by touch or by noxious (chemical) substances (e.g., smoke and dust).

(b) Juxtapulmonary capillary receptors (J receptors):

· The nerve endings are located near adjacent to the alveoli and are in the pulmonary capillaries, and are stimulated by lung injury, edema, congestion, and pulmonary embolism.

· They cause rapid shallow breathing, bronchoconstriction, increased mucus secretion, and apnea 
3) Proprireceptors: receptors in joints, tendons, & muscles play a role in breathing (e.g., exercise).

· Note: An increase in body temperature can stimulate the respiratory center to increase the respiratory rate.
C. Chemoreceptors: They are receptors sensitive to the chemical composition of the blood. 
· Two groups of chemoreceptors respond to changes in blood PCO2, pH, and PO2:
1) Peripheral chemoreceptors: control breathing indirectly via sensory nerve fibers to the medulla.
a) Aortic bodies: located around the aortic notch, they send sensory information to the medulla in the vagus nerve (X).
b) Carotid bodies: located in each common carotid artery where they branch into the internal & external carotid artery, they stimulate sensory fibers in the glossopharyngeal nerve (IX). 

· The peripheral chemoreceptors are stimulated by an increase in PACO2, increase H+ concentration (fall in pH, acidosis) in arterial blood, and a fall in PAO2 (hypoxia) 

( ( PACO2, ( H+, ( pH, ( PAO2.
· Note: The peripheral chemoreceptors are not stimulated directly by blood CO2. They are stimulated by rise in H+ ((pH), which occurs when blood CO2, thus carbonic acid, is raised.

2) Central chemoreceptors (in the medulla oblongata): 
· The central chemoreceptor is most sensitive to changes in arterial PCO2: 
( An increase in arterial PCO2 causes a rise in the H+ concentration of the blood as a result of increased carbonic acid concentrations: 
	· The H+ in the blood cannot cross the blood-brain barrier, and therefore cannot influence the medullary chemoreceptors. 
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	· CO2 in the arterial blood can cross the blood-brain barrier and, through the formation of carbonic acid, can lower pH of cerebrospinal fluid ( this stimulates the chemoreceptors in the medulla when there is a rise in a arterial PCO2.
	


· Note: Changes in blood PCO2 are 10 times more affective on ventilation and in controlling respiration than changes in blood pH.
Effects of Blood PO2 on Ventilation:-
· Arterial PO2 is monitored by the peripheral chemoreceptors.
· The peripheral chemoreceptors are not sensitive to modest changes in arterial PO2. Under normal conditions, PAO2 affects breathing only indirectly by influencing the chemoreceptor’s sensitivity to PCO2.

· The arterial PO2 must fall below 60 mm Hg (>40% reduction) before they directly stimulate the peripheral chemoreceptors (when it reaches this point, the ventilation rate doubles).
· Because the peripheral chemoreceptors respond to blood PO2, and not the total O2 content, O2 content in the arterial blood can fall to dangerously low or even fatal levels (e.g., anemia, CO poisoning) without simulating the peripheral chemoreceptors because PAO2 remains normal, so respiration is not stimulated.

Regulation of Respiration during Exercise

· Most important changes during exercise:

· ( Respiratory minute volume (( ventilation) ( can reach up to 100 L/min depending on the kind and intensity of the exercise.

· ( Respiratory rate. The normal respiratory rate is 12 breaths per minute, but during exercise it can reach up to 40-50/min, and VT can reach the FVC = 4.6 L (you inspire maximally and expire maximally).

·  ( Ventilation, the most important change during exercise  ( ( air reaching alveoli for gas exchange.

· ( O2 consumption (O2 uptake). The normal O2 consumption is 250 ml/min, but during exercise it can reach up to 20 times as much (2.5 L/min).


· Regulation of hyperventilation:
( Psychological factor from the cerebral cortex.

( Proprireceptors are active during exercise and increase ventilation.

( Increase body temperature due to increase metabolism. 

( Muscles of contraction ( produce H+ ( stimulate the peripheral chemoreceptors.

( Chemical factors ((PCO2, (H+, (PO2) ( this has the least affect on hyperventilation. 
· Factors that increase O2 consumption:
( ( Alveolar ventilation ( due to:

a. An increase in the tidal volume.

b. An increase in the respiratory rate.

( ( Capillary blood flow (perfusion, Q) ( due to:

a. Dilation of pulmonary capillaries. 

b. Opening of dormant closed pulmonary capillary.

c. ( Pulmonary blood pressure (because of ( C.O.) ( forces more blood to enter the pulmonary capillary.    

( Both ( and ( cause an increase in VA/Q ratio.

· Oxygen uptake before, during, and after exercise:
	( Oxygen deficient: It is the extra amount of O2 required by the body at the beginning of exercise. 

( The energy expended here is greater than the oxygen consumed.

( The extra energy comes from anaerobic metabolism using stored ATP in the body and forming lactic acid. 
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	( Oxygen debt: It is the extra amount of O2 used by the body at the end of exercise.

( Hyperventilation persists even after exercise because the extra amount of oxygen is used to:

1. Convert lactic acid back to glucose.

2. Convert ADP back to ATP.

3. Return body temperature back to normal.
	

	( Oxygen consumption does not return to normal levels immediately after exercise but slowly.

( The greater the O2 debt, the less the fitness & the longer it takes for O2 levels to return to normal.


· Note: The sudden increase in O2 consumption at the beginning of exercise and the sudden decrease in O2 consumption at the end of exercise are due to the psychological factor in the cerebral cortex.
Percentage of Respiratory Gases as they Enter and Leave the Lung

	Gases
	Atmosphere
	 Alveolar Air
	Expired Air
	

	  O2
	20.84%
	13.6%
	15.7%
	( Increase in expired O2 is due to more O2 in dead space air.

	 CO2
	0.04%
	5.3%
	3.6%
	( Decrease in expired CO2 is due to less CO2 in dead space air.



Role of Respiratory System in Acid-Base Balance

· The respiratory system controls the levels of CO2 and thus the H+ concentration in the blood.
· Changes in pH due to the respiratory system are called respiratory acidosis or alkalosis, while changes in pH due to factors outside the lung are called metabolic acidosis or alkalosis.

· Respiratory acidosis can be due to hypoventilation because CO2 remains in the lungs ( (( H+, (pH).

· Respiratory alkalosis can be due to hyperventilation because CO2 leaves the lungs ( (( H+, (pH):

- It can be done voluntarily.

- It may develop after exercise.

- It may cause tetany due to Ca2+ deficiency
.
· Metabolic acidosis (e.g., in increase lactic acid during exercise or accumulation of ketone bodies in diabetes mellitus), can be corrected by hyperventilation.

· Metabolic alkalosis (e.g., chronic vomiting & diarrhea), and can be corrected by hypoventilation.

· Note: Alkalosis and acidosis are also corrected by the kidneys.
Respiratory Insufficiency – Pathophysiology, diagnosis, Oxygen Therapy

Normal Range of Arterial Gases at Sea Level
( PAO2 =  85 – 95 mm Hg.
( PAO2 ( 85 mm Hg indicate hypoxia.

( PACO2 = 35 – 48 mm Hg 
( PACO2 ( 48 mm Hg causes hypercapnia.

( PACO2 ( 35 mm Hg causes hypocapnia.

( pH = 7.33 – 7.45 

( ( 7.45 is called alkalemia (alkalosis).

( ( 7.33 is called acidemia (acidosis).

( SAO2 = 94 – 98% (arterial O2 saturation).
( HCO3a = 23 – 28 mEq/L.

Hypoxia

· Definition: It is an inadequate O2 supply to the tissues, or the inability of O2 to be utilized by the tissues.

· Factors causing hypoxia:

1) Decreased oxygenation of the blood in the lungs:

a. Extrinsic causes:

( Deficiency of oxygen in the atmosphere (e.g., high altitudes).

( Hypoventilation due to neuromuscular disorders (dysfunction of muscles of respiration, such as paralysis of the respiratory muscles, kyphosis, and scoliosis).  

b. Intrinsic causes (pulmonary disease):

( Hypoventilation due to increased airway resistance (e.g., asthma) or decreases pulmonary compliance.

( Abnormal VA/Q – alveolar ventilation-perfusion ratio, (e.g., increased physiological dead space or increased physiological shunt such as a pulmonary embolism).
( Impairment or abnormality of the respiratory membrane due to increased thickness (e.g., pulmonary edema) or decreased surface area (e.g., emphysema).

2) Decreased transport of oxygen by the blood to the tissues:

( Anemia or abnormal hemoglobin (e.g., sickle cell disease) ( anemic hypoxia.
( Generalized impairment of the circulation (e.g., hypovolemic shock, ( BP, ( C.O.) ( stagnant hypoxia.
( Localized impairment of the circulation (e.g., coronary & cerebral vessel obstruction causing ischemia).
( Tissue edema (increased interstitial fluid causing a decrease in O2 transport to the tissues).

( Interarterial septal defect (“right-to-left” cardiac shunts): deoxygenated blood goes from right atrium to left atrium, decreasing oxygen delivery.
3) Decreased tissue capability of using oxygen: 
· Histotoxic hypoxia (e.g., cyanide poisoning): cyanide inhibits the action of the enzyme cytochrome oxidase, so that tissues cannot use O2 even when plenty is available.
· Effects of hypoxia on the body:

· Hypoxia, if sever enough, can cause death of cells throughout the body, but in less sever degrees it causes:

(1) Depressed mental activity, sometimes culminating in coma. 

(2) Reduced work capacity of the muscles.

· Oxygen therapy (i.e., breathing pure oxygen) for hypoxia:

· Types of hypoxia where oxygen therapy is extremely effective:
· Atmospheric hypoxia.

· Hypoventilation hypoxia.

· Hypoxia caused by impaired alveolar membrane diffusion.

· Types of hypoxia where oxygen therapy is only of little benefit:

· Anemic hypoxia (hypoxia caused by anemia and abnormal hemoglobin transport of oxygen).

· Circulating deficiency.

· Physiological shunt.

· Types of hypoxia that cannot be treated by oxygen therapy:

· Hypoxia caused by inadequate tissue use of oxygen (histotoxic anemia).

· Danger of breathing 100% oxygen (Oxygen toxicity):
( Bronchopneumonia.

( Ischemia to the brain.

( O2 metabolism leads to the formation of free radicals that can cause severe damage to the tissue.
( In newborns, oxygen levels above 40% can lead to blindness.

Cyanosis
· Definition: It is the bluish coloration of the skin, and appears mostly on the lips, tongue, and nail beds.
· Cause: It appears whenever the arterial blood contains more than 5 gm of deoxygenated Hb/dL.

· Note: A person with anemia can never become cyanotic because not enough hemoglobin is available for deoxygenating, and will die before signs of cyanosis appear. In contrast, in a person with polycythemia vera, the excess hemoglobin that can become deoxygenated can lead to cyanosis, even under normal conditions.
Adaptation to Low Barometer Pressure (High Altitudes)
· The normal PO2 at sea level is about 159 mm Hg, and the barometric pressure is 760 mm Hg (0 atm).

· PO2 decreases when rising above sea level as the barometric pressure falls, this is the basic cause of hypoxia problems at high altitudes. However, the concentration of O2 remains the same.
· Acute effects of hypoxia at high altitudes (unacclimatized person): drowsiness, lassitude, mental & muscle fatigue, decreased mental proficiency, headaches, nausea, euphoria, seizures, followed by coma, and death. 
· Mechanisms of adaptation (i.e. acclimatization to high altitudes): 
1) Hyperventilation ((PO2 ( stimulation of peripheral chemoreceptors).

2) ( RBCs & Hb conc. to transport more oxygen ((Erythropoietin by kidneys ( secondary polycythemia).

3) ( Diffusing capacity of the respiratory membrane, caused by:

a. ( Lung volume due to ( size of alveoli.


b. ( Pulmonary blood pressure.

4) ( Tissue vascularity (( blood to tissues ( ( oxygen supply), caused by:


a. ( Size of capillaries.


b. ( Number of capillaries.

5) ( Utilization of O2 by the tissues, caused by:


a. ( Mitochondria. 


b. ( Myoglobin (transports O2 from the muscle membrane to mitochondria and has a higher affinity for O2 than hemoglobin) 


c. ( Activity of cytochrome oxidase enzyme.
6) ( Delivery of O2 to the tissues  ( oxyhemoglobin curve will shift to the right caused by ( 2, 3-DPG induced by hypoxia.

( Note: Although hyperventilation causes a (PCO2 which increase hemoglobin affinity for oxygen and should shift the oxyhemoglobin curve to the left, the affect of ( 2, 3 biphosphoglycerate is much stronger than PCO2 so that the overall affect is a shift of the oxyhemoglobin curve to the right.
· Acute Mountain Sickness:

· During the first few hours after rising to a high altitude and up to 8-24 hours, some people can develop brain edema (due to local vasodilatation of the cerebral blood vessels ( increase capillary pressure ( causes fluid to leak into the cerebral tissues), symptoms include:

·  Headache.

·  Irritability.

·  Vomiting.

·  Loss of focus (disorientation). 

· Adaptation to high altitudes (acclimatization) often occurs after 24 hours, and symptoms subside.
High Gas Pressure

· The atmospheric pressure increases by one atmospheric pressure (760 mm Hg) for every 10 m (33 ft) below seas level, which means for every 10 m (33 feet) below sea level the barometric pressure will double.

· At high pressures, the lungs will collapse. This can be avoided by applying oxygen under high pressures to counter the affect of the high barometric pressure.


· Applying gases under high pressure will increase the absorption of all gases. The increase of O2 and CO2 absorption within limits is not toxic, but the increase in N2 absorption can cause the following:
(A) Decompression Sickness:

· Definition: If a diver has been beneath the sea long enough that large amounts of nitrogen have been dissolved in his or her body and the diver suddenly comes back to surface of the sea, significant quantities of nitrogen bubbles can develop in the body fluids and enter the blood, blocking blood vessels and causing ischemia and sometimes tissue death; this is called decompression sickness.
· Symptoms: severe pain in the joints and muscles of the legs and arms.
· Prevention and treatment:

( Rising slowly to the surface: a large amount of nitrogen will diffuse through the alveoli and be eliminated in the expired breath, preventing decompression sickness.

( Putting the diver into a pressurized tank and then lowering the pressure gradually back to normal atmospheric pressure.

( Helium-oxygen mixture instead of a nitrogen-oxygen mixture in the diver’s breathing tank: (helium is only f as narcotic as nitrogen, only L as much dissolves in the tissues, and it is z the volume of nitrogen which keeps the airway resistance for breathing at a minimum). 

(B) Nitrogen Narcosis:

· When the diver remains beneath the sea for an hour or more and is breathing high-pressure air, symptoms of narcosis begin to appear, such as: euphoria, drowsiness, weakness, and clumsiness. 

· Mechanism: large amounts of nitrogen dissolve in the fatty substances in the membranes of neurons ( altering ionic conductance through the membranes ( reducing neuronal excitability. 
· While the mechanism of the narcotic effect of nitrogen resembles that of gas anesthetics, its characteristics resemble that of alcohol intoxication.
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There is no need to increase ventilation until PAO2 falls below 60 mm Hg, because of the safety margin in % Hb saturation afforded by the plateau portion of the oxyhemoglobin curve. Hemoglobin is still 90% saturated at PAO2 of 60 mm Hg, but the % Hb saturation drops sharply when PO2 falls below this level.





Summary:


�





The dorsal respiratory group plays the most fundamental role in control of respiration. It is responsible for the basic rhythm of respiration.


A decrease in the duration of inspiration also causes a decrease in the duration of expiration and this will increases the rate of respiration.


A strong pneumotaxic signal decreases inspiration (0.5 seconds) and increase the rate of breathing to 30 or 40 breaths per minute. While a weak pneumotaxic signal increases inspiration (5 seconds) and reduce the rate of breathing to only 3 to 5 breaths per minute. 


The ventral respiratory group does not participate in the basic rhythm of respiration. 


The apneustic center appears to promote inspiration by sending signals to the dorsal respiratory group of neurons to prevent or retard the “switch-off” of the inspiratory ramp signal.








In strenuous exercise, oxygen consumption and carbon dioxide formation can increase as much as 20-fold. Yet, in the healthy athlete, alveolar ventilation ordinarily increases almost exactly in step with the increased level of metabolism. Therefore, the arterial PO2, PCO2, and pH remain almost exactly normal.





Expired air is used for mouth-to-mouth breathing during pulmonary resuscitation. The oxygen in the expired air is in adequate amounts for respiration while the carbon dioxide in the expired air stimulates the respiratory center.





If a diver descends 10 meters below sea level, therefore, the partial pressure and amounts of dissolved gases in the plasma will be twice those values at sea level. At 20 meters, they are three times, and at 30 meters they are four times the value of sea level. The increased amount of nitrogen and oxygen dissolved in the blood plasma under these conditions can have serious effects on the body.





Due to the dangers of oxygen toxicity from breathing 100% oxygen or when PO2 raises above 2.5 atm (1900 mm Hg), deep-sea divers commonly use gas mixtures in which oxygen is diluted with inert gases such as nitrogen (in ordinary air) or helium.





Airplanes flying at high altitudes have pressurized cabins so that the passengers do not experience the very low atmospheric pressure of these altitudes. If a cabin were to loose pressure suddenly (e.g., broken window or open cabin door), people in this situation, like the divers that ascend too rapidly, would experience decompression sickness.





The aortic and carotid bodies should not be confused with the aortic and carotid sinuses that contain receptors that monitor the blood pressure.














� To see how this occurs, refer to Endocrine Physiology; Calcium in Plasma and Interstitial Fluid, page 16.
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