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⭐Intro :  

(paraphrased by me , don’t mind the accuracy it’s just an intro) 

✔Breathing is usually automatic , controlled subconsciously by networks of neurons in 

the hindbrain . Breathing continues during sleep and usually even when a person is 

unconscious , this is called the Automatic control of respiration . 

◾Far more important than the voluntary control , responsible for automaticity of 

breathing . 

◾Mainly due to the activity of groups of neurons in the medulla and pons -Will be 

explained - , impulses from these activate motor neurons in the cervical and thoracic 

spinal cord activating resp muscles . 

(++All resp muscles are skeletal but automatically controlled like smooth muscles) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

✔Can we control our breathing so ? 

The outstanding example of voluntary control is the ability to suspend breathing by 

holding one’s breath . It can override the automatic control but to a short period . 

In this lec , we’ll be discussing the automatic control and its diff aspects :  

Bcz you’re now asking yourself , why automatic not autonomic ?                                             EXTRA 

(it’s controversial smhw , but this is one possible answer ) 

The control of breathing is an automatic process that works w/o conscious intervention when 

asleep, anesthetized, or awake and not specifically thinking about breathing. Conscious factors can 

override or modify automatic functions of the respiratory control system for a limited period. For 

example, an individual can voluntarily speak, smell, hyperventilate, or hold their breath. However, 

automatic functions ultimately mandate a return to normal breathing. Because the control of 

breathing is largely automatic and the regulation of breathing is intimately associated w/ 

autonomic functions, the respiratory control system is often confused as part of the autonomic 

nervous system. 

(Ref :G.S. Mitchell, ... J.L. Feldman, in Encyclopedia of Neuroscience, 2009) 

 

https://www.sciencedirect.com/referencework/9780080450469


  

 

✍Both rate and depth of respiration are adjusted (by the nervous system) according to 

the demands (needs) of the body , that when there is an ⬆ in metabolism there will be 

an ⬆ of O2 demand & ⬆ in CO2 production (by the active tissues) , these changes are 

associated w/  : 

1)⬆in ventilation (precisely , alveolar ventilation ) 

2) Changes in Tidal Volume  

This is mainly in purpose of maintaing the oxygen pressure (Po2) and carbon dioxide 

pressure (Pco2) in the arterial blood nearly constant , even during heavy exercise and 

most other types of respiratory stress.  

 ⭐Respiratory Centers ⭐ 

The respiratory center is composed of several groups of neurons located bilaterally in the 

medulla oblongata and pons of the brain stem. It is divided into three major collections 

of neurons:  

(1) A dorsal respiratory group, located in the dorsal portion of the medulla, which mainly 

causes inspiration. 

(2) A ventral respiratory group, located in the ventrolateral part of the medulla, which 

mainly causes expiration. 

◾A cluster of interneurons in the ventral respiratory group➡The pre-Bötzinger 

complex 

(3) The pontile respiratory group, which contains the pneumotaxic centre & the 

apneustic centre, located dorsally in the superior portion of the pons, which mainly 

controls rate and depth of breathing. 

 

 

 

 

 

 

 

 

  



  

 

 

 

 

 

 

 

 

 

 

 

 

First to be discussed is ➡ Dorsal Respiratory Group  

◾Plays the most fundamental role in the control of respiration and extends most of the length of the 

medulla.  

◾Has the sensory termination of vagal and glossopharyngeal nerves which transmit signals into the resp 

center from : 

(1)Peripheral Chemoreceptors . 

(2)Baroreceptors . 

(3)Several types of receptors in the lung . 

◾Extra :It is called the inspiratory center as it’s responsible for the normal quite breathing . 

◾Rhythmical Inspiratory Discharges from the Dorsal Respiratory Group : 

As previously mentioned , DRG consists of group of neurons that discharge during inspiration and stop 

discharging during expiration (resp rhythm generator) meaning that ;the basic rhythm of 

respiration is generated mainly in the dorsal respiratory group of neurons  . 

▫ Even when all the peripheral nerves entering the medulla have been sectioned and the brain stem 

transected both above and below the medulla, this group of neurons still emits repetitive bursts of 

inspiratory neuronal action potentials. The basic cause of these repetitive discharges is unknown.  

The neurons(inspiratory neurons) of this group generate what is known as Inspiratory Ramp 

Signal , meaning that they initiate inspiration w/ a weak burst of action potentials that gradually (or 

steadily) inc in amplitude in a ramp manner for about 2 sec (On signal )in normal respiration, then 

ceases for next 3 sec (Off signal , ++ which turns off the excitation of the diaphragm and allows elastic 

recoil of the lungs and the chest wall to cause expiration) utl a new cycle begins . 

The pre-Bötzinger complex (preBötC)  

A cluster of interneurons in the ventral respiratory group of the medulla of the brainstem. This complex 

has been proven to be essential for the generation of the respiratory rhythm (i.e. ,The regular 

oscillating cycle of inspiration and expiration , thought to have same principle as SAN in the heart ) in 

mammals.The exact mechanism of the rhythm generation and transmission to motor nuclei remains 

controversial and the topic of much research. 

 Extra note: It’s mentioned that the pre-Botzinger Complex generates the resp. rhythm, then later the 

dorsal resp group. In fact, Pre-Botzinger is similar to the SAN in that it generates the resp rhythm then 

Signals generated in the pre-Botzinger complex project both to the dorsal respiratory group and 

the ventral respiratory group in the medulla. But the dorsal one is what mainly regulates this rhythm & is 

considered to generate it in some textbooks e.g. Guyton. 

 

https://www.sciencedirect.com/topics/neuroscience/ventral-respiratory-group


  

 

✍So, keep in mind that inspiratory signal to inspiratory muscles, mainly the diaphragm are not 

instantaneous bursts of action potentials instead it begins weakly and increases in then steadily . 

✍The advantage of this ➡ it causes a steady increase in the volume of the lungs during inspiration, 

rather than inspiratory gasps (meaning that it isn’t a process of sudden inc and sudden dec) 

⭐Now the RAMP signal is controlled in 2 ways: 

✔Controlling the rate of increment of “ramp” signals: such as during 

heavy respiration, “ramp” increases rapidly and fills the lungs. 

✔Controlling the limiting point at which the ramp suddenly ceases: 

early cease leads to shorter inspiration, shorter expiration, and 

increased frequency. 

⭐So ,  

◾When the RAMP duration inc ➡ RR dec . (This is what happens at rest) 

◾When the RAMP duration dec ➡ RR inc . (This is what happens in exercise) 

 

The second to be discussed is ➡Pneumotaxic centre 

◾Located dorsally in the nucleus parabrachialis of the upper pons, transmits signals to the inspiratory 

area.  

◾The primary effect of this center is to control the “switch-off” point of the inspiratory ramp,(control of 

inspiration to start the process of expiration ) thus controlling the duration of the filling phase of the lung 

cycle.  

 (1)When the pneumotaxic signal is strong ⏩ inspiration might last for as little as 0.5 second, 

thus filling the lungs only slightly ⏩ can increase the rate of breathing to 30 to 40 breaths per 

minute . 

 

(2)When the pneumotaxic signal is weak ⏩inspiration might continue for 5 or more seconds, 

thus filling the lungs with a great excess of air ⏩can reduce the rate of breathing to only 3 to 5 

breaths per minute . 

◾The pneumotaxic center is considered an antagonist to the apneustic center 

✔The apneustic center of the lower pons appears to promote inhalation by a constant stimulation of 

the neurons in the medulla oblongata.  



  

 

✔The apneustic center sends signals to the DRG in the medulla to delay the 'switch off', the 

inspiratory off switch (IOS) signal of the inspiratory ramp provided by the pneumotaxic centre.  

✔The apneustic center controls the intensity of breathing, giving positive impulses to the neurons 

involved w/ inhalation.It also discharges an inhibitory impulse to the pneumotaxic center. 

✔The apneustic center is inhibited by the pneumotaxic center.  

✍By now , we’ve finished talking about normal quiet breathing , to start talking about regulation during 

forceful (deep) breathing  

The third to be discussed is ➡Ventral respiratory group 

◾Located in each side of the medulla, about 5 millimeters ant and lat to the DRG of neurons . 

◾ The functions of this neuronal group include : 

(1)The neurons of the ventral respiratory group remain almost totally inactive during normal quiet 

respiration.  

⏩Therefore, normal quiet breathing is caused only by repetitive inspiratory signals from the DRG 

transmitted mainly to the diaphragm, and expiration results from elastic recoil of the lungs and 

thoracic cage.  

(2) Not involved in the basic rhythmical oscillation that controls respiration . 

(3) Provides extra respiratory  drive when ventilation becomes greater than normal  

⏩Why ? That’s bcz respiratory signals spill over into the ventral respiratory neurons from the basic 

oscillating mechanism of the dorsal respiratory area so the ventral area contributes extra respiratory 

drive . 

(4) The VRG neurons contribute to both inspiration and expiration. They are especially important in 

providing the powerful expiratory signals to the abdominal muscles during very heavy expiration. 

Thus, this area operates more or less as an overdrive mechanism when high levels of pulmonary 

ventilation are required, especially during heavy exercise. 

The Hering-Breuer Inflation Reflex 

◾There are certain receptors that are located in muscular wall of bronchi and bronchioles 

called the stretch receptors, they send sensory nerve signals from the lungs through the 

vagi into the DRG of neurons when the lungs are over inflated, these signals affect the 

dorsal root just like the effect of pneumotaxic center. 

◾Meaning that when the lungs are over inflated the stretch receptors will send signals and 

these signals will switch the RAMP signal off to stop further inspiration. 



  

 

◾Normally the Hering-Breuer effect will not be activated until the TV increases to more 

than 3x normal (>=1.5 liters / breath) ⏩This reflex is a protective mechanism to prevent 

excess lung inflation. 

 

Chemical Control of Respiration 

◾The ultimate goal of respiration is to maintain proper [O2] , [CO2] ,[H+] in the tissues.  

Oxygen  ⬆Carbon dioxide and ⬆Hydrogen ions 

Does not have a significant direct effect on the 

respiratory center of the brain in controlling 

respiration. Instead, it acts almost entirely on 

peripheral chemoreceptors located in the carotid 

and aortic bodies, and these in turn transmit 

appropriate nervous signals to the respiratory 

center for control of respiration. 

 

 Act directly on the respiratory center itself, causing 

greatly increased strength of both the inspiratory 

and the expiratory motor signals to the respiratory 

muscles.  

 

⭐Chemosensitive Area of the Respiratory Center⭐ 

▶ chemosensitive area, is located bilaterally, lying only 0.2 millimeter beneath the ventral surface of the 

medulla.  

▶ This area is highly sensitive to changes in either blood Pco2 or hydrogen ion concentration, and it in 

turn excites the other portions of the respiratory center. 

 

 

 

 

 

 

 

 

 

 

  



  

 

▶The sensory neurons in the chemosensitive area are especially excited by hydrogen ions; in fact, it is 

believed that hydrogen ions may be the only important direct stimulus for these neurons. However, 

hydrogen ions do not easily cross the blood-brain barrier. But CO2 very easily can cross it as if it doesn’t 

exist. 

For this reason, changes in hydrogen ion concentration in the blood have considerably less effect in 

stimulating the chemosensitive neurons than do changes in blood carbon dioxide, even though carbon 

dioxide is believed to stimulate these neurons secondarily by changing the hydrogen ion concentration 

⏩ It does this by reacting w/ the water of the tissues to form carbonic acid, which dissociates into 

hydrogen and bicarbonate ions; the hydrogen ions then have a potent direct stimulatory effect on 

respiration. 

 

 

 

 

 

 

 

◾The excitation of the chemosensitive area by CO2 peaks the 1st hour after the increase of the [CO2] then 

it will decrease after 2 days and this is mainly bcz ? 

(1) Renal adjustment of [H+] in the blood toward the normal . 

(2) Increased bicarbonate ions that enter the blood & CSF and bind to the hydrogen ions ⏩reduce [H+] 

⏩ A change in blood [CO2] therefore has a potent acute effect on controlling respiratory drive but only a 

weak chronic effect after a few days’ adaptation ⏪ 

 

 

 

 

 

 

 

 

 

 

When ⬆[CO2]  in blood➡ ⬆ in CSF 

  CO2+H2O ➡ Carbonic acid  ➡HCO3
- + H+ 

So ,  

✔Main stimulant is ? H+  

✔Source of H+ ? CO2 

 

Note especially the marked increase in ventilation 

caused by an increase in PCO2 in the normal range 

between 35 and 75 mm Hg, which demonstrates the 

tremendous effect that CO2 changes have in 

controlling respiration. By contrast, the change in 

respiration in the normal blood pH range, which is 

between 7.3 and 7.5, is less than one tenth as great. 



  

 

⭐The chemical regulatory effect of O2 ⭐ 

Changes in O2 concentration have virtually no direct effect on respiratory center to alter the 

respiratory rate, and that is because the change of PO2 from 60mmHg to 100mmHg has no effect on 

the amount of O2 delivered to the tissues because of Hb buffering, so unless under special conditions, 

adequate delivery of O2 to the tissue occurs despite the changes in lung ventilation. 

I.e., this mechanism responds when the blood O2 falls too low, mainly below a PO2 of 70 mm Hg 

What is mentioned above however is not true for CO2 because the concentration of CO2 in blood & 

tissue is inversely proportional to the ventilation rate, for that reason CO2 is the the major chemical 

controller of respiration instead of O2. 

⏩O2 mainly exerts its effect on the peripheral chemoreceptors which are special nervous 

chemical receptors for detecting changes in O2 in blood &tissues, and to less extent changes in CO2 & H+ 

◾These chemoreceptors are located in: 

(1)Carotid bodies: located bilaterally in the bifurcation of the common carotid arteries the signal 

passes through the glossopharyngeal nerves to the dorsal root of the medulla. 

(2)Aortic bodies: located in the arch of the aorta, the signal passes through the vagi to the dorsal 

root of the medulla. 

◾The blood flow supplying these bodies is 20x their weight each minute ⏩the percentage of removed 

O2 from the blood flow is virtually zero ⏩these bodies are exposed at all times to arterial blood not 

venous and their PO2 are arterial PO2 values. 

 

 

 

 

 

 

 

 

 

 

⏩When the O2 concentration in the arterial blood falls below normal , the chemoreceptors are strongly 

stimulated , according to the figure above the impulse rate of firing of these receptors is sensitive to the 

changes in arterial PO2 in the range of 60 down to 30 mm Hg , which is a range in which the 

haemoglobin saturation w/ O2 decreases rapidly. 

 

 

 

 



  

 

 

 

 

 

 

 

 

 

 

 

We prev mentioned that peripheral chemoreceptors are mainly stimulated by changes of O2 in blood and 

tissues and to a lesser extent by changes in CO2 and H+ , so how do Co2 and H+ affect on these receptors ? 

 

 

 

 

 

 

 

 

 

 

 

⏩The figure to the Rt shows the effect of 

 decreased PO2 when the arterial CO2 and 

 hydrogen ion concentration remain normal 

 (1)As long as the arterial PO2 remains greater than 

100 mm Hg ➡there is no effect  on ventilation rate  

(2)At pressures lower than 100 mm Hg➡ 

the ventilation almost doubles if it reaches  

60 mm Hg and as much as 5x at very low  

PO2. 

Collectively, low arterial PO2 will drive the  

Ventilatory process quite strongly. 

Basic Mechanism of Stimulation of the Chemoreceptors by Oxygen Deficiency 

Low [O2] excites peripheral receptors “glomus cells” that synapse directly or indirectly 

with nerve endings. 

(Not mentioned by the prof ) 

Some investigators have suggested that these glomus cells might function as the 

chemoreceptors and then stimulate the nerve endings. But other studies suggest that 

the nerve endings themselves are directly sensitive to the low Po2. 

 

 

⬆[CO2], [H+]➡excite receptors➡ indirectly ⬆ respiratory activity 

Both have 7x more powerful effect on the central receptors than on the peripheral 

receptors but 5x as rapid on the peripheral ones. 

✍Note✍ 

The difference b/w peripheral and central effects of CO2: The stimulation way by the of 

peripheral chemoreceptors occur as much as 5x as rapidly as central stimulation .So 

this can be the cause in increasing the rapidity of response to CO2 at the onset of 

exercise.    

 

 



  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(The prof focused on the highlighted sentences ) 

✔Mountain climbers have found that when they ascend a mountain slowly, over a period of days rather 

than a period of hours, they breathe much more deeply and therefore can withstand far lower 

atmospheric oxygen concentrations than when they ascend rapidly.  

◾The reason of that is ➡ within 2 to 3 days, the respiratory center in the brain stem loses about1/4th - 

1/5th of its sensitivity to changes in Pco2 and hydrogen ions ⏩the excess ventilatory blow-off of carbon 

dioxide that normally would inhibit an increase in respiration fails to occur,low oxygen can drive the 

respiratory system to a much higher level of alveolar ventilation than under acute conditions.  

Importance of acclimatization : 

Instead of the 70 % increase in ventilation that might occur after acute exposure to low oxygen, the 

alveolar ventilation often increases 400 to 500%  after 2 to 3 days of low oxygen; this helps 

immensely in supplying additional oxygen to the mountain climber. 

This diagram gives a quick overview of the manner 

in which the chemical factors PO2, PCO2, and pH 

together affect alveolar ventilation. To understand 

this diagram, first observe the four red curves. These 

curves were recorded at different levels of arterial 

PO2—40 mm Hg, 50 mm Hg, 60 mm Hg, and 100 

mm Hg. For each of these curves, the PCO2 was 

changed from lower to higher levels. Thus, this 

“family” of red curves represents the combined 

effects of alveolar PCO2 and PO2 on ventilation. 

Now observe the green curves. Whereas the red 

curves were measured at a blood pH of 7.4, the 

green curves were measured at a pH of 7.3. We now 

have two families of curves representing the 

combined effects of PCO2 and PO2 on ventilation at 

two different pH values. Still other families of curves 

would be displaced to the right at higher pHs and 

displaced to the left at lower pHs. Thus, using this 

diagram, one can predict the level of alveolar 

ventilation for most combinations of alveolar PCO2, 

alveolar PO2, and arterial pH. 



  

 

Regulation of Respiration During Exercise 

 

◾In strenuous exercise, oxygen consumption and carbon dioxide formation can increase as much as 20x . 

◾In normal , healthy ppl ➡ alveolar ventilation ordinarily increases almost exactly in step with the 

increased level of oxygen metabolism ➡ so that maintaining arterial Po2, Pco2, and pH almost exactly 

normal.  

Possible causes of that :the brain, upon transmitting motor impulses to the exercising muscles, is 

believed to transmit collateral impulses into the brain stem at the same time to excite the respiratory 

center ➡increase ventilation even before exercise ➡the chemical factors play a significant role to 

maintain [O2],[CO2] . 

  

 

 

                

 

 

 

 

 

 

 

                                ◾    At the begining of exercise there is                                                                                                   

Inc in the metabolic rates , but ventilation inc 

(before it’s even necessary) ➡CO2 dec & 

PCO2 thus dec due to hyperventillation 

(caused by signals from the brain to the resp 

mm to inc vent) ➡ wash out of CO2  . 

⏩Collectively , at the beginning of exercise 

the regulation is mainly nervous not chemical 

,caused by impulses from resp center 

transmitted to resp mm  ➡ inspiration . 

⏩After a period of time , metabolic rates inc 

➡ CO2 inc ➡ O2 dec ➡ now the 

regulation is mainly chemical  

 

 



  

 

 

✔From this figure , you can clearly see that 

during exercise PCO2 changes from its  

normal level of 40mmHg . 

 (1)PCO2 >> 40mmHg ➡extra stimulatory  

 effect on ventilation . 

 (2)PCO2 <<40mmHg ➡depressant effect  

 on ventilation . 

Consequently ⏩ventilation almost matches 

 the rate of carbon dioxide release ⏩keeping  

arterial Pco2 near its normal value. 

 

 

 

Other Factors That Affect Respiration 

 

 

Voluntary Control For short periods of time, respiration can be controlled voluntarily and 

that one can hyperventilate or hypoventilate to such an extent that 

serious derangements in Pco2, pH, and Po2 can occur in the blood.  

Irritant receptors in the airways  Pulmonary irritant receptors that are stimulated by many incidents. 

⏩cause coughing and sneezing 

Lung ‘J’ receptors Sensory nerve ending  in alveolar walls ,they are stimulated especially 

when the pulmonary capillaries become engorged w/ blood or when 

pulmonary edema occurs in such conditions as congestive heart failure 

⏩their excitation may give the person a feeling of dyspnea.  

++ The name is “J” receptors bc they’re in juxtaposition to the pulm capillaries (placed 

v closely to them). 

Brain Edema Resulting in depression of activity of the resp center or even it gets 

inactivated . 

Temporary tx ➡IV injections of hypertonic solutions such as highly 

concentrated mannitol solutions ⏩osmotically remove some of the 

fluids of the brain ⏩relieving intracranial pressure and sometimes re-

establishing respiration w/n a few minutes.  

 



  

 

Anesthesia 

+narcotic overdose 

Remember : the most prevalent cause of respiratory depression and 

respiratory arrest is overdosage w/ anesthetics or narcotics. 

 

Ex >>halothane, morphine . 

⭐Pentobarbital  ⏩ depresses the respiratory center considerably 

more than many other anaesthetics . 

Periodic Breathing  Abnormality of respiration , occurs in a number of disease conditions 

(pathological not physiological ). 

◾The person breathes deeply for a short interval and then breathes 

slightly or not at all for an additional interval. 

(w/ the cycle repeating itself over and over). 

◾One type of periodic breathing, Cheyne-Stokes breathing 

➡characterized by slowly waxing and waning respiration occurring 

about every 40 to 60 seconds . 

⭐Basic mechanism of Cheyne-Stokes breathing : 

Prson over-breathes ➡↑[O2],↓[CO2] ➡ after few seconds these concentration changes are sensed by the resp. 

Centre➡inhibition of excess ventilation➡ opposite cycle begins➡ ↓[O2],↑[CO2] ➡after few seconds these concentration 

changes are sensed by the resp. Center➡ the person is again over-breathing . 

 

 

 

 

 

 

 

 

 

 

✔Possible causes of Cheyne-Stokes breathing : 

(1)Usually in patients w/ severe or chronic HF . 

 When a long delay occurs for transport of blood from the lungs to the brain, changes in carbon 

dioxide and oxygen in the alveoli can continue for many more seconds than usual. Under these 

conditions, the storage capacities of the alveoli and pulmonary blood for these gases are exceeded; 

then, after a few more seconds, the periodic respiratory drive becomes extreme and Cheyne-Stokes 

breathing begins. 

 

 

Note that the PCO2 of the pulmonary blood 

changes in advance of the PCO2 of the 

respiratory neurons. However, the depth of 

respiration corresponds with the PCO2 in the 

brain, not with the PCO2 in the pulmonary 

blood where the ventilation is occurring 



  

 

(2)Mainly in patients w/ brain damage . 

Increased -ve feedback gain in the respiratory control areas ⏩change in blood carbon dioxide or 

oxygen causes a far greater change in ventilation than normally. 

_______________________________________________________________________________________ 

Sleep Apnea 

◾The term apnea means absence of spontaneous breathing.  

◾Occasional apneas occur during normal sleep. 

◾In persons w/ sleep apnea ⏩the frequency and duration are greatly increased than in normal ppl 

⏩episodes of apnea lasting for 10 seconds or longer and occurring 300 to 500x each night. 

◾Obstructive sleep apnea : 

Normally; the muscles of the pharynx normally keep this passage open to allow air to flow into the 

lungs during inspiration. During sleep, these muscles usually relax, but the airway passage remains 

open enough to permit adequate airflow.  

⭐Some individuals have an especially narrow passage ⏩relaxation of these muscles during sleep 

causes the pharynx to completely close ⏩air cannot flow into the lungs ⏩snoring & labored 

breathing ⏩ apnea ⏩↓O2,↑CO2 ⏩stimulation of resp. center ⏩ sudden snorts and gasps . 

 ⭐Obstructive sleep apnea most commonly occurs in: 

(1) Older, obese persons ⏩there is increased fat deposition in the soft tissues of the pharynx. 

(2) Associated w/ nasal obstruction, a very large tongue, enlarged tonsils . 

(3) Sudden  infant death syndrome (SIDS):  

exaggerated case of sleep apnea, premature baby, smoker pregnant mother . 

 

⭐Tx: 

(1) surgery to remove excess fat tissue at the back of the throat ⏩ uvulopalatopharyngoplasty .   (2)  

Continous positive airway pressure CPAP 


