	Functions of the Respiratory System : 

· Form speech, 
· Defend against microbes 
· Traps and dissolbe blood clots
· Modulate concentraton of biologically active molecules

Branching of airway tree, provide air down to the alveoli, where gas exchange takes place. Going down and down, tis is what we call generations of airways. We have about 20 of these. 

We need a very dense blood supply in the lungs. Every time an airway branches down, a blood vessel goes down with it as well.  
At the very end of the very last division, you have terminal bronchi, and then they produce units of gas exhcnage called alveoli. The different between a terminal bronchiole and a respiratory bronchiole is a the presence of the absence fo the alveoli type structures. Up to the terminal bronchiole, this is the conducting zone and it’s physiologic functions is to confuct air down to the respiratory zone. 
· Around the alveoli,t here is a network of capillaries.  
· Cluster of alveoli, alveolar duct. 
· Alveoli is lined with 2 different types of epithelial cells. Type 1 which are flat which provide support. Type 2 cells are more rounded, and they stick out, and they secrete surfactant, which is very important for us to be able to stretch out our lungs. 
· There is an enormous surface area in the lungs for gas exchange. 


Relationship between lungs, pleura, and thoracic wall. 

Trachea the splits into both eft and right bronchea. Within the thoracic cavity and surrounding the lungs there is intrapleural fluid. Surrounding the lungs there is a pleural membrane called the visceral pleural membrane. Attached to the ribs there is the parietal pleura. The role of the fluid is to lubricate the lungs while they contract and expand. 
· The pressure inn the intrapleural  fluid is less than atmospheric. This sets upa  gradient required for breathing. 

Muscles used for respiration : 

Normal quiet breathing : Diaphragm and external intercostal muscles. During exercise accessory muscles of inspiration are recreuites. Scalene muscles and sternomastoids.  They help lift the chest wall even further, 

Expiration : Normal, quiet breathing. Expiration is passive. No muscle is acting in opposition to the diaphragm. You can also recruit accessory muscles such as the interal intercostals and abdominal muscles. 
· Main muscle is the diaphragm that moves down and increases the volume of the thoracic cavity.


Physiological zones of ariways.. 

· Trachea : Airway generation. 0.  They get smaller and smaller until you get to terminal bronchioles.  Around the airway, there is a c ring of cartilage, and it is extremely important that the airway does not collapse.  Also surrounding the airway is smooth muscle. 
· As you move down into smaller and smaller airways, you get rid of the cilia, the smooth mucles and cartilage, down to the alveoli, the only thing you are concerned with is gas exchange and you don’t need those structures. 
· 
· Functions of the conducting zone. It warms and humidies airs. 
· pHONATION. 
· Primary host defense
· Provides a low-resistance pathway for air flow. 

Host defence : Lungs are exposed to the external environment, and air is full of pollutants.  How far a foreign particle gets into your lungs is a function of how big it is. 
If it is big, it will get suck in the nose.  If it is a little smaller, the mucocilliary system comes into play.  The cilia move around and above the cilia there is more mucus. So anything that gets to the bronchi, the cilia will move the blanket of mucus in only one direction. This mucus comes from goblet cells, and lying much deeper is submucosal mucous gland. The mucuous glands also releases antibacterial properties.  The submucosal cells has serous cells that secretes antibacterial agents., they also release a serum that washes out the mucuous. 

· If a particle get to the level of the alveoli, there is no cilia, we don’t have mucous, but instead we have alveolar macrophages that graze around the surface of the alveoli and if they find anything, they will engulf it or kill bacteria directly. The behavior fo alveolar macrophages is decreases by cigarette smoke, and they will not be efficient in removing stuff. 

Metabolic functions of the lungs. It is a good place for the lungs to inactivate metabolic things. With each heartbeat, a lot of blood gets pumped in, and it is a very good place to deactivate hormones for exampke. For example Serotonin is almost completely removed when it passes out through the pulmonary circulation. There is one exceptopn. Angotensin one gets activated through the pulmonary system and becomes angiotensin 2 by enzymes that resides in the small pits of pulmonary circulation, It has very powerful function as a vasolidator. 

· Volume of conductive zone is about 150mml 

Part 2 : 

Spirometry : how you measure what goes on during the respiratory system. 
Lung volumes and capacities. ** KNOW THESE
· Title breathing (basic breathing) the average for that is 500ml.  If you take a title breath but then keep on going, you get an inspiratory reserve volume, 2L, 
· If you take a title breath out and carry on exhaling, that’s your expiratory reserve voume. Smaller than inhibitory reserve volume. There is still a volume a air in your lungs, residual volume, that  you cannot voluntarily exhale. Residual volume is 1.2L and is the only thing that you cannot mesure by spirometry because you cannot voluntarily access it. The Capacity is the sum of 2 or more volume. The biggest capacity, TLC, total lung capacity, (cannot measure that via spiromtey because it inslucdes Residual volume)
· The vital capacity, is the difference between the Most you can inhale, and the most you can exhale. Title volume + IRV + ERV
· The forced vital capacity is the same thing but can give your information about the rate of flow of air. 
· The functional Residual capacity is the place where the lugns like to be. Most natural relaxed place. Where you are at equilibrium. 

How do you attain a level of estimate of capacity : Helium dilution technique. 
It is essentially insoluble, not gonna pas into the blood, not gonna lose in in the system. 
Know volume of  helium in capsule and let the person take several deep breaths and the helium will come into equilibration betweent aht is in the container, and what is in the lungs. 

The forced vital capacity and the forced expiratory volume tell us what is going on the lungs.   Forced vital capacity is about 5l and what you can tell is most of the air is exhaled is about the first second. The air exhaled in the first second is very importante. Fef25-75, is the point at which 25% and 75% repectively have been exhaled. This gives you the rate of flow, how quickly they can make that expiratory manoever. 

Flow Volume Loop : You don’t have time, you are interested in rates. You have volume and flow in L/s.  the valuable thing here is that you can get the Peek expiratory flow rate, is the maximal flow rate chieved during expiratory maneuver. 


Pulmonary diseases : 

· Obstructive airway diseases.  There is an obstruction to the flow of air resulting n an increaded resistance to the movement of air into or out of the airways. 
· 
Obstruction can be 
1. Inside the lumen
2. In the wiaway wall
3. Surrounding the airway
Examples : Ashtma, Chronic Bronchitis, aspiration of foreign Material.  

Airway Resistance. Laminar flow in the airways is government by Poseille’s Law. We are talking about flow parallel to the pipe.  See queation. 
Very powerful relationship betweent the radius and the resistance, It’s a relationship to the power of 10^4.  In asthmatic lungs, there is too much smooth muscle, and it contracts too readily. 
The resistance is the sum of resitance in every division. 
The major sist eof resistance as a whole is in the larger bronchi components because there is not many of them but resistance goes in parallel, not ins eries.  Diwn to the alveoli, there is almost no resistance whatsoever.  The issue is that you can start having lung disease in the smaller components but you cannot detect any changes in resistance. 
In asthma, the first thing that happens is that you have too much smooth muscle, and contracts down. But it is also an inflamattory disease because you gey a lot of endemal fluid filling the airways and an icnreeased amount of mucous glands, you get gobs of mucous in the lungs. The result is that the radius of the lumen is extremely small.  Is somebody is having an asmatic attack, you might give then a low density gas as the viscosity of the gas is sless. 

rESTRICTIVe airway dieases : Not possible to fully fill lungs with air. 
Examples : Fibrosis.
Can be due to : 
1. Alterations in parenchyma
2. Diseases of the pleura
3. Disease of the chest wall
4. Diseases of neuromuscular apparatus.  What drives contraction of the diaphragm is the nervous ystem, which could give you a restrictive airway disease. 

What happens in fibrosis is that you loose the elastic tissue in the lungs, including in the alveoli where is it hard to expand, a physical factor that resists dilation. 

FCV and FEV  in normal subjects and patients with lung disease. A normal percent is about to pbreathe out 90% in their first second.
· Somebody with an obstructive disease, the FEV1 is much lower, in this example, within the first second they can only breathe out 42%, their forced vital capacity is also reduced. If their airways are already narrowed, they will close prematurely, and will close before they get the air out. The ratio of FEW1FVC is much lower. In restrictive diseasesm their forced vital capacity is gonna be much smaller, because than cannot expiere, They key difference here is though is that they can exhale just as quickly, They can force through the air out, they just can move as much out. So the % is just as high. 
· 
Ventilation : breathing, air in, air out
Inute ventilation is L Vt x breaths/min (ml/min)
If VF = 500 mls, and person takes 12 breaths per minutes, then 500x12, = 6mls of air/minute. 

However, not all of this air is available for gas exchange becayse of deap space. The anatomic dead space of the airways if the volume of the airway that does not participate in the respiratory process, i.e the conducting zone : anatomic dead space. It is about 150 ml. If title volume is 500ml then 350ml are available for gas exchange. 

2. Physiological dead speace : volume of the lungs that do not participage in gas exchange. Functional dead space in the alveoli. Due to ventilation-perfusion imbalances the physiological dead space can become significantly larger than antomic and gx exchange becomes inneficient. 

Alveolar ventilation is more usual : vOLUME OF AIR THAT enters the alveoli per minute. I,e L minute ventilation corrected for the physiological dead space. Va : 500ml-150ml x 12  
 Alveolar ventilation is very different because if you breathe very quickly with very shallow title breaths, not a lot of air gets done to the alveoligu. Minute ventilation does not necessarily teach you anything valuable. 

The VA is the alveolar ventilation rate L 

You need to know : alveolar ventilation 
You talk about PA = Alveolar partical pressure and Pa = Arteriol partial pressue. 
There is an inverse relation between the rate of CO2 production and ventilation. The amount of CO2 at the alveoles is determined by how fast you get rid of it my ventilation.

2. Alveolar gas equation : this brings in oxygen. If you increased your ventilation, you bring in more oxygen and get rid of C02. But it is not a simple inverse relationship, but there is now the Respiratory quotient that comes into play. Whch is the rate of C02 production/o2 CONSUMPTION. This respiratory quotient can change but typically is about 0.8. 
- You can ignore correction factor. 


Lecture 2 : 

Pressure-Volume curve of Lung. 

If you decrease pressure outside the lung, , the volue of the lung will expand. And vice versa for expiration. 
· You otice the curces are not the same for inspiration and expiration due to property hysteresis,. A change of volume for a given change in pressure is called the compliance. This relates to how flexible the lung is. The easier for it to expand, Hysteresis L for a given inspiration or expiration, the slope is different. 
· During normal tidle breathing, the lung is compliant. As yoy move towards TLC, the lung is less compliant. All the elastic fibers are stretched as ar as what they possible could. The lung becomes stiffer, becomes harder to expand. 
· Typically, you only show pressure volume curve for deflation (expiration) 
· FRC : Functional residual capacity. The slope of the line is compliance. 
· The compliances decribes the distensibility of the system. Inversely related to elastance. 
· Elastance is the ability of soething  that has been deformed to go back to it’s previous shape. 
· Lung volume depends on transpulmonary pressure (coming up…), strechability (compliance) of lung tissue 
· Compliance of the lngs : change in volume/change in pressure. 
Low compliance : harder to expand lung, morw work, more shallow rahs, increased breathing frequency, 

Determined by : 1. Stretchability of lung tissues
2. Surface tension at the alveoli (decreased by surfactant) 

Compliance in disease : Can change with disease 

Emphysema L increased lung compliance. 
Fibrosis (deposition of non-elastic material) : decreased lung compliance. 

Emphysema part of COPD : it has chronic bronchitis, too much mucus being produced, the second aspect is emphysema, too much destruction of the lung tissue due to decreased elastance. 
If the tissue around the airway is destroyed, the airway is floppy. The lungs are not able to reform their original elastic state in emphysema. Increased compliance is not either. 

Compliance of the lungs, chest wall and combined lung and chest-wall system. 
· You can measure the total complicance of the respiratory system, lungs + chest wall.  Both the lungs and the chest wall have their own elastic chest wall properties. The lung wants to collapse in on itself and the chest wall wants to spring out, this is how we set up breathing.  
· You have 2 separate structures with their idenpendent mechanical properties one into the other. Together, the combined compliance, is much lower than the 2 individual components. 
· Th fuctional residual capacity = 0 pressure across the respiratory system, everything is at equilibrium.  At FRC, due to the elastic properties of the lungs, there is a collapsing force fo the lungs. But the chest walls wants to spring out. At FRC, the collapsing force of the wall is equal to the spring out force of the chest wall. Everything is in equilibrium. -=
· When oyu move to higher volume, the expanding force fo the chest wall is greater than the collapsing force. Durig massive inspiration both the chest wall and lungs want to collapse. 

· Compliance in Air-filled vs. Liquid-filled Lung : difference between air and liquid filled due to surface tension forces.  If you fill a lung with saline, all of a sudden, it has become much more compliant, but the hysteresis is gone. There is no diffence between inhalation and expiration. 

· Surface tension, when you have an air liquid interface, the molecuels of wate rare much more attracted to eachother than they are attracted to the air, and you have to gptsically break through this to break into the lungs. This is what happens are the level of the alveoli. At the alveoli, surface tension force is higher. So when you try to inflate the lung, you need to overcome these surface tension forces. When the lung is big, surface tension forces are reduced os during expiration, you do not need to overcome surface tension. 

· Surface tension of alveoli : Alveoli are lined with fluid, and are government by the law of Laplace. P = 2T/r. In a large alveoli, it’s not going to want to collapge than the smaller alveoli. In the lungs though, you really want small alveoli to maximize to surface area. They would also not be very stable due to collapsing with difference sizes. However, we have overcome that due to surfactant that minimizes surface tension within alveoli. 

· Law of Laplace : Pressure tending to collapse an alveolusis is directly proportional to the surface tension. 

· Type 2 cells do not mature until a certain period in gestation. Up to 23 weeks, these babies are not able to open up their lungs, they cannot produce surfactant.  We have developed artificial surfactant. 

Overview of respiration. Get oxygen down to the level fo the respiratory zone where gas exchange takes place. 

The breathing cycle : 
· Air moves down a pressure gradient (mm HG) High pressure system moves into lower pressure system. We are talking about atmospheric pressure and the pressure in the lungs. For flow to take place, we need to  consider : F= Palv-Patm/R. You change Palv by expanding the lungs, where F is equal to flow. If flow is positive, then you inspire. 
· 
Pressure differences in ventilation.   Pressure across the respiratory system is the sum of 2 different pressure. Pressure in the intrapleural  system , pressure – to the chest walls. 

 Intrapleural pressure of a normal person and following a pneumothorax.. th Pneumothoriax. Normally, the intrapleural pressure is = -5. However, in a pneumothorax, the interpleural space gets air and so there is no balancing force. So the lung collpases and the chest wall pops out. 

You need to decrease the intrapleural plessure to take a breath in. When you take a breath mucle. It tells the intercostals and diaphragm to contract, so the volume in that space increases. So now you have an even more negative pressure in the intrapleural space and the lung will icnrase his volume. 
The trans pulmonary pressure is the force acting to expand the lung. At the end of inspiration, there is another equilibrium when p atm and Palv =0  but less comfortable. 

Pip falls. Ptp increases, lungs will wan to expand. Palv decreases, becomes subatmospheric, meaning there is a gradient for the air from atm can come in via a gradient. 

Chest wall recoils inwards, and the process is inverse so that air flows out of the lungs. 

During very forced expration,t he intrapleural pressure becomes positive, but as long as the transpulmonary pressure is grater, you still get a gradient, and therefore the alveoli tdo not collapse. However, if you have chronic obstructive pulmonary disease,  they can generate the same intrapleura pressure but the airway is quite floppy and in those areas they cannot generate the same pressure, and the airway willl collapse down because you can not maintain that positive pressure. 

Dalton’s law of partial pressure : Partial pressure of a gas in a mixtue is the pressure than gas would exert if it occupied the total volume of the mixture. So partial pressure is the total pressure of X fractional concentration of dry gas. 

** know how to calculate the partial pressure at the top of mount everrest for example. 
· Total pressure must be corrected for water vapor pressure. 

Henry’s ;aw for concentration dissolves gases. 

The amound of gias dissolved in a liwuid will be directly proportional to the P of the gs with which the liquid is in equilibrium. Oxygen will just move down a partial pressure gradient until everything is in equilibrium. 

If the P02 of arterial blod is 100mmHG. 

Fick’s Law : Relates to diffusion of gases across the alveolar /capillary walls. 

VX = DAdeltaP/X

sO TRANSFER OF GAS IS proportional to the tissue area, membrane thcikenss. 
What do we have to facilitae diffusion in the alveoli. We have enormous surface area. We also have an enormously dense network of capillaries so that the gases can move into our out of. Mmebranes of alveoli is also very very thin. Distance for diffusion is quite short. The anatomy of the respiratory system supports Fick’s law. 

Lung diffusing Caoacity : 
· Combines D, A and membrane thickness with time. 
· What you do is introduce a very small amount of carbon monoxide, you can measure how quickly carbon monoxide is diffused. 
Emphysema : Dl decreases (lss surface ares with destruction of surface tissue)
Fibrosis DL dereases because of deposition, the membranes are thinker. 
Anemia : Dl decreases (Less hemoglobin in red blood cells)
Exercies DL increases, additional capillaries recruited, so surface for gas exchange increases. 

You get the deoxygenated blood that gets pumped from the right side of the body,

Ath tne end, pressure of 02 and PC02 are gonna be an equiliburm. Howvee rthere are millions of alveoli, and some of them don’t work all that well. Some areas it doesn,t work so well, not a 1:1 ratio. So even tin the healthiest person, there is a physiological shunt and where you are not always at equilibration. 

Dissuion-limited and perfusion-limited gas exchange. 

-A total gas transport limited by diffusion. Or situation B : ttotal gas transported limited by blood flow.  Aa the blood moves along, there is very little C02 free in the blood, and if it the partial pressure of th r gas dissolved in solution that is important. The large partial pressure gradient persists because the carbon dioxide is sequestered to the homeglobin. And does not contribute. 

Total opposive with nitrous oxide when none of it binds to hemoglobin. The blood comes in, there’s no nitrous noxyde in the blood, and so all of it goes into the blood, into solution, you get to equilibration very quickly.  The only eay you could get more nitrous oxide into the system would be to add fresh blood. 

Oxygen transport is more like perfusion such as with nitrous oxide but with disease, it can be diffusion limited.
 
At sea level, oxygen diffuses down into blood until is comes into equilibration. Very quickly. 
However, if somebody has fibrosis, there is a problem with fibrosis.    They cannot come to full equilibration, pEOPLE WITH LUNG Disease will have arterial hypoxia. 
High altitude, the partial pressure of oxygn is less. In a normal person, there is stilla significant partial pressure gradient, it gets to equilibrium, it takeds more time though and it is lower, however if somebofy has fibrosis, that is not good. 

Bill comets and te jets, in his cover wanted to make it more poppy, he emphazised the chorus. The lyrics have been cleaned up. Them tempo is faster. His voice is not at powerful. 

The appeal of rock and roll, was some vulgarity snuck trhough, and this was a great teenage appeal.  

Elvis Presley often covered songs of African Americans. Most audience people didn’t know about the originals. For example, hound Dog was not an elvis Presley original but rather a cover of Willie Mae Big Mama Thornton. 

· You get 12 bars of blues. Rhytm and blues lyricists were really good at forming metaphors for sex. A lot of performers also dealt with gender politics. In hound dog, this is a black woman standing her ground to a sketchy guy. The gender politics are compl
· etely lost in Elvis Presley’s cover. The way Elvis Presley performed suggested over the top sexuality. 
· That why people were freaking out when he came on tp. 
· Elvis Presley was quite controversial when he showed up on tvv. 

In 1954, big court case against Brown vs. Board of Education. Pertained to Little Rock Central High School. Arkensaw was a segregated state. The idea was white supremacy, and this was routinelt informated at thi heighets forms of government. Though many states in the South refused to follow new federal Law that made it illegal for segregation. 

· Arkansaw took the entire education budget to build one school, but it was only for white kids. Separate but not equal. There was no way black sutdnets got the same education. A lot of black students protested this high school. 

· A number of students sued the board of education and the supreme court upheld the right of black students to get into the school, but the governer said that thye would get through the state troopers to get in. 

The little Rock Nine were the ones who sued. tHE PRESIDENT SENT THE army so that the black kids could get into the school and beyond the state troopers. Point is racism was very prevalent in the States. 

Because Elvis was covering black music and performing in such a way that was black, many people were upset. Elvis turned white kids onto black culture. The fact that he got white kids to idolize black performers was very threatning  to the racial hierarchy. 

In 1950’s Chuck berry was promoting black is beautiful.. Rock and roll was brking down the racial barriers in the United States. 

Another reason rock and roll was so threatening was because it was so charged with sexual content.  Sex is a taboo subject in 1950’s culture. It was not so much a big deal in black culture. 

In R and B, there is a sense of swaggering male secuality. White America does not think this is appropriate. This is a song that rails against racism. He is a man boasting about his sexual prowess, but he is also insisting on respect of white America. In the 1950’s boy was a derogatory term to address blacks. 

Alveolar ventilation equation, empiral equation, Fick’s law, Poucelle’s law 

PTP : transpulmonary pressure, force acting to expand the lungs. aT EQUILIBIRUM, NO AIR FLOW BECAUSE elastic property of the expanding wall is balanced by the chest wal. Eveyrhitn gis stable and balanced, no air moves. 

The chest wall moves out, the Pip falls, the voume of the thoracic cavity increases, and the pressure down at the alveloils, the pressure at the alveolis becomes slightly negative (inspirtation. They then go to equilibration, no flow of air. Then the PIP becomes negative. But the forces are opposite and equivalent to each other. During expiration, everything just wants to squeet back down, flow fo air in opposite direction. 

The PTP is the pressure on the checst wall and the pressure on the respiratory system. 
Oxygen transport : Down in the body,, the partial pressure of oxygen is super low, and that is where there are activating metabolizing tissue.T his tissue is gonna produce carbon monoxide produced, so the gradient of diffusion is into the blood and it is carrier around towards pulmonary circulation. 

Oxygen transport in the blood : 

· Dissolver – remember this is what produced the partial pressure 
Hemoglobin, each containing an ion binding porphyein called Heme. There is a polypwptide chain, either alpha, beta or gamma, Adult hemoglobin, 2 alpha and 2 beta hemoglobin. Fetal is to alpa and 2 gamma, both with different oxygen binding profiles. 

Structural change in the hemoglob molecule with sickle cell anemia, less able to bind oxygen, the abnormal beta globin can not bind oxygen. 

No gradient = no movement of oxygen. When you add hemoglobin, it binds oxygen. It does nto count as the partial pressure, and there are less molecuels of oxygen freely dissolved in solution, and it is the molecuels dissolved that are the ones that generate the partial pressure . It is only what is dissolved that contributes to the partial pressure. . 

02 hemoglobin dissociation curve : p50 is the partial pressure of 02, at which hemoblogin is 50% saturated.  Changes in P50 indicated changes in affinited of Hemoglobin for 02. P50 above, low affinity, P50 decrease, increased affine,

If you move to high altitude or a lung disease in which the partial pressure of oxygen is lower, you’re hemoglobin is still 90% saturated with hemoglobin. This curve is not linear. Example of positive cooperativity.  Chnages in binding to 02 to the site changes in the shape of hemoblogin, making it easier for the next molecule of oxygen to bind to the hemoblogin.  Hemoblogibna nd oxygen binding is a VERY repid reaction. 
· Blood is only in the capillary for a very short period, it is only there for a second, but that is more than enough tiem to come to equilibiration because 
· there is a lot fo surface area and also a very thin membrane. 
02 is loeaded into pulmonary capillary bind  from alveolar gas 

· Alveolar air, pulmoney capillary blood and systemic artieal blood all have P02 of 100 mmHG, 100% saturation. 
· Affinity is highest and 02 is more tightly bound
· aT 60 MMHG, that is when there is the biggest changes in the blood. At point B, you are still aturated with 75% and it is still bound to 3 molecules of oxygen. There is then the unloading of oxygen into tissues. 

· Shift if the 02 hemoglobin dissociation curve

Bohr effect : C02 affects the affinity of hemoblogin for 02. Very important relationship between carbon dioxide and ph.  
When you exercice, you get production of thigs such as lactic acid, which decreases the ph of the body. The curve shifts to the right. As the  blood goes towards the muscle, there is a decreaed affinity of oxygen, because it wants to give it to muscle. 
This also happens in situations of hypoxia, decreased affinity of hemoglobin or oxygen. 

There can also be change of this curve in the opposite direction, shift to the elft and increase affinity for oxygen. 

Fetal hemoglobin is different than that of adults. The consequence of that is that the fetal hemoglobin binds oxygen with a very high addinity. It needs to, because it is not breathing air. 

Decrease in ph = increase of C02 = body gets more acidic. 

Carbon monoxide : It is a colournless, ordourless gas, and it decreased 02 bound to hemoglobin. 2 MOLECULES OF CARBON MONOxide bind to hemoglobin meaning only 2 molecules can only bind to 2 things of oxygen. Has huge addinity for canbon monoxide (250x) IT ALSO  has a left shit in the bohr curve, and so the affinity for the already reduced amount of exygen is very high and does not give it away. 

Hypoxia : not enough oxygen tissue to support the anerobic functions of tissues 

Only a fraction of oxygen is dissolved in the blood. C02 is much more soluble, and there are 3 mechanisms for C02 to be transported in the blood. Oxygen only has 2. Some c02 is dissolved, some reacts with amino groups of HB to form carminohemoglobin,  most of it is coverted to bicarbonate. 

C02 is much more soluble, some is gonna dissolve, in the plasma, some is gonna dissolve within the red blood cell, within the red blood cell it will for the carbaminohemoglobin. 

The majority of c02 (60-70%) undergoes a reaction with water in the presence of carbonix anhydrase, which quickl breaks down to hydrogen and bicarbonate., the hydrogen is then pumped pack to the plasma, and chloride goes back to the red blood cells, to maintain a neutral ph. Requires carbonic anhydrase, cABONIC anhydrase only really found in red blood cells.  All of this is reversed in the lung and everything is maintained by the gas gradients. 



Pulmonery circulation :  Contains 75ml of blood. Druigne xercice, you can increase your bood volue to 200ml. You have the pulmonary trunk. The right side fo the heart is the pump for pulmonary circulation.  Everytime an airway generation sleeps into 2. In the capillaries, there is enormous surface area, and very little resistance for the blood to move, and so it is in a very low pressure system, high flow system. The pulmonary circulation

Driving pressure = pulmonary circulation – pressure in left side of heart. In the system circulation, the difference is 87mmhg. The differnecr of pulmonary pressure I s much smaller t 6mmhg. In the pulmonary system, the veins are very floppy, so you can not get the pressure to be generated. The pulmonary vascular resistance in only 1/10 that of the systemic circulation.  Even though PVR is already low, there are 2 ways to make pVR even lower is vascular pressures increases. 

1. recruitment : opening of previously closed vessels
2. Distension : Increase in caliber of vessels
This has the effect of decreasing the resistance, making it even lower. Enourmous reserve system to increase flow. 


There are in changes in gravity from the top of the lung from bottom to top. Less blood flows to the top of the lung vs the base of the lung due to gravity. The lung can be sepereted into multiple zones depending on the pressure deriving the blood flow. And this si governemnet by the pressures into the arteries. 
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Under normal situation, cpaillaries are distended. No blood flow, capillARIES COMPRESSED.

zONE 2 : A LITTLE BIT OF ACOLLAPSE DOERD THE END. In zone 3 capillaries are fully distended, no resistance. 
10 cm above heart = 7.4 mmHG less than that at the hearty

Hypoxic vasoconstriction : it occurs in the small vessels when Palveolar 02 falls. What happens is that globally part of the lung is not getting enough oxygen and the pulmonary vessels in that area constrict down, They are not gonna bother proufisn region to a part of the lung and reroute it to a part of the lung that is properly ventilated and getting enough oxygen. 
Locally, it has quite a small effect. It is more of a small effect. Where is comes into play is globally, 20% of the vessels have to be hypoxic befoe a change in Pulmonary Vascular Resistance (PVR can be detected)

For example, when you give birth, P02 IS NOW INCREASED. 

· hypoxic vasoconstriction, gravity, and everything else can affect blood flow. 

Variations of ventilation and perfusion. 
· Alveorlar ventilation is greatest at the top of the lung. The ratio between ventilation and blood flow will hae physiological consequences on the partial pressure of P02 and PC02. 

· normal value for V/Q is 0.8. which means that alveolar ventilation of 80% of value for pulmoery blood flow.  

· Result : Ventilation is lowest in zone 1 and HIGHEST IN ZOME 3. hOWEVER, regional variations causes changes. In zone 3, most of the lung is working in zone 3 and some zone 2.  The 0.8 value comes from a normal 130 mmhg and 40 mmhg for C02, but it is the sum for different zones. In firt drawing, 2 equivalent 

Normal VQ relationship, at full equilibration, in an idealized one to one ratio. Howver things don’t always go to plan. 

Right to left anatomic shunt. No problem with ventialing. However, there is a shunt. There is a vessel by which the blood can bypass the pulmonary circulation and never gets exposed to fresh fair, can never have gas exchanges. So now the blood is split 3 ways.  You will always get a degree of arterial hypoxia because the shunted blood will never have blood that will never come into compact with oxygen. 

Second : physiological shunt 

There is some sort of block, could be a tumour, clot etc. meaning some alveolar is not giving oxygen to blood. tHERE IS PERFUSION is the absence of ventilation, so there is a waste and inefficiency is terms of gas exchange. 

3rd scenario : Mismathicng and Gas exchange. 
V/Q ratio is smaller than 1, and in the over alveolar unit, V/Q ratio is greater tjan 1. The over ventilation cannot fully compensante for the increase in V/Q ratio. 

Pulmonary embolism : no blood is coming into the airways, V/Q ratio goes to infinity. 

V/Q ratio of 0. Lots of perfusiom, but no ventilation. 

Basic elements of respiratory control : elements to the respiratory control system .

1. sensorts which gather information and feed it to
2. Ce tral controller in the brain which coordinates information and end impules to the 
Tidal breathing is mediated by the pons, more specifically the medulla, and sends the signals to the effectors such as the internel extracostals and the diaphragm 

1. Medullary Respiratory Area (drg AND vrg)
2. apNEUSTIA AREA, located in coleus tractus solitarus and nucleus… something 

DRG, the dorsal respiratory group is where in inspiratory center is, the neurons responsible for inspiration is controlled. The set the basic rhytm for breathing by setting the ratre of inspiration

· Diaphragm is the main organ of inspiration. 
· The ventral respiratory group is the expiratory centre. Expiratory is passive, there is no muscle acting in opposition to the diaphragm during expiratory. These areas can be activated during exercise, 

Apneustric area : lowered in lower pons
· Apneusis if the apneustic is sectioned. It is characterizes by lonf inspirations, short expirations 
· If you stimulate the apneustic area, then it stimulates area in the medulla
· The pneumotaxis area is located in the upper bons and inhibt inspiration by limitied the borth fo action potentials in the phrenic nerve. It can limit tidal volume. It tells the brain to stop taking air in, most likeky due to mechanoreceptors in the brain.  
· The pneumotaxi area somehow plays a role in regulationg volume, and rate of breathing, it fine tunes breathing but it not certainly essentiall 

Central or peripheral chemoreceptors. 
Chemoreceptor just about the heart and in the neck. They are able to respond to a change to the chemical composition of the fluid that surrounds them. They sample their surrounding environment. 

Central chemoreceptors are located in the medulla, located right enxt to the doral repiratory groups. Important for the minute to minute control of breathing. tHEY are sensitive to changes in ph of cerebral spinal fluid. Decrease in ph, incrase in breathing rate. 
They are directly responding to the concentration H+ but of course indirection responding to the concentration of PC02
 

. X02 + H20 – H2C03 – H+ and HcO3-
 h2 c03 cannot cross the blood bain barrier, but  C02 can, 
It can then react again in the CSF, a change that if detected by central chemoreceptors. 
Changes in the blood gas are reflected in changes in the CSF fluid, and it is the ph changes of CSF that is detected. 
Central chemoreceptors do not respond directed to C02, but respond directionlt to the concentration of H+. 

Peripheral chemoreceptors. 
Respond to changes in arterial O02, PC02, and ph. 

Carotid bodies in a bery good spot to moniter the P02 and PC02 (arterial pressures of these gasses) 
· Effect of breathing LOW 02 mixtures on ventilation.  Our normal valled is 100mmhg for arterial PO2 With that curve, nothing happens for quite some time. P02, can fall for quite some time before there is an increase of ventilation It can fall up to 60 mmhg of P02, before the increase of ventilation occurs. 60 mmhg is also where the hemoglobin disassociation curve shifts. 

If you breathe increase PC02, the ventilation curve rises quite quickly. Very dramatic increase in the ventilation rate. 

2 AXIS, there is increase of H+ concentration in the blood, and also in CSF, so you hav central and peripheral chemoreceptors activated. Everything is acting much more rapidly to get rid of the excess C02. Response in increase in plasma (H+)

· You can get changes in concentration of h+ independednt of what is going on with the C02.  If you have the production of a non-C02 acid, you will get a gradual increase of h+ and they will try and get the ph back to normal. 
** be aware of what triggers central receptrs, and what triggers peripheral recepts. 

Other recepts and lung reflexes. 

1. Hering-Breuer reflex
2. Diving reflex
3. Aspiration or sniff reflex
3. Sensory receptors and reflexes. 
4. 1. Rapidly adapting pulmonary stretch recepots
5. 2. Slowly adapting pulmonary stretch receptors. 
6. 3. J (juxta-alveolar) receptors. 

There is input from higher centres BUT, there unconscioua involuntary mechanisms  reflexes will always win out. 

Hering bREUER reflex : triggerd to prevent an over inflation of the lungs, says when you’ve inhaled enough.
3. DIVING reflex : When the face is submerged in water, there are receptors that are sensitive to that, also sensitive to cold, within the nasal cavity and other areas of the face that ae supplied by the trigeminal nerve. The consequence of the diving reflex is that it triggers apnea, so that you do not inhale water. 
Sniff reflex : Receptors in larynx responsible to cough, in the parynx you can move matrial by cilia, or swallowing it down. Cough is forcefully expelling material from the lungs. 

Pulmonary stretch recepots, rapidly adapting receptors are the irritant ones, stimulation for cough etc, to moke,  When irritant receptors are activated, there is a very big cough. 

Justa alveolar receptors are lcoaled in the alveolus, located in the capillaries. iF THERE is a situation of pulmonary edema, too much fluid being produced, this can activate the recepts and be involved in the sensation of dysthymia, the senation that you are having trouble breathing.  Typically arises when you have pulmonary edema and elft sided heart failure, where you get a build up of plessure and rapid shallow breathibg 


Review : 

List of 12 things that she wants up to know : 
· Differebce between Obstructive and restrictive diseases 
· The amount you are able to expire is FEV. nORMALLY you are able to expire 80% of your total air within the first second (FEV1) 
· Obstructive disease, dramatic decrease in ratio between FEV1 and FVC. They have too much smooth muscles surroundgin the airwars,t oo much mucous, the airway is going to contrict. It is smaller and it has stuff in it. It takes them long to breathe out air. When they make that forced inspiratory manoever, pretty intense pressure are generated, when there is an obstructred in the way, the airway collapses before the air gets a chane to flow through. The FVC is reduced because the air is trapped in their lungs. 
In a retricted disease, there is arestriction. The lung cannot increase it’s size as much as it wants. The FVC is reduced, they cannot take as much of a breath. They cannot move as much volume, but there is problem ith them getting it out within the fierst second. 

3. eeROOR ON flow volyme loopFEF75 is when 75% of the vital capacity can been exhaled. 

Breathing cycle : 

· At the end of expiration, there is no flow of air,e verything is stable. 
You have the lung surrounded by the 2 pleural membranes with their own elastic capacities. The lung wants to normally collapse on itself and the chest wall want to expand out, and the consequence of that is that the intrapleural fluid has a pressure of -4 relative to the atmospheric pressure. 
· As you upset that stable balance, the DRG inpulses get sent form the phrenic nerve to the diaphragm, the intrapleural space becomes bigger. The intrapleural pressure becomes more negative. 
· As you inspiret he chest wall moves out, the diaphragm moves down, and again everything moves town so that the transpulmonary pressure inceases. The pressure down at the alveolis falls, and that is enough for the an air flow. 
· At the end of inspiration, there is a balance where the pressure acros the lungs is equal to 0. The recoil properties are stable and in ba;ance but it is not as confortable. 
· Expiration is passive, everything jost collapses down, pressure in alveolis increases, enough to reverse the flow of air. 

4. Compliance in disease.   Compliance is the change in volume for a given change in pressure. 
 Enphysema : increase in lung compliance, decreases lung compliance = fibrosis.  The reason for this is surface tension. When the lung is small, it has to work hard to fight the surface tensiona t the level of the alveolis to expand. Expanding the lung is a lot harder then delating the lung.  Fibrosis = deposition of non-elastic fibers. People with fibrosis have to wor much hharder, generate much greater difference in pressure in order to move air in and out of your longs. 

Compliance is determined by mechanichal proteties such as fiber deposits but also because of surface tension. Alveolars are small, they want to collapse on eachother. Smaller alveoli would really want to collapse under surface tension forces,  but thankfully there us syrfactant to overcome this, 


· Premature babies cannt overcome those surface tension on their own if they do not produce surfactant. 
· The chest wall is elastic, it has it’s own elastic properties, you can subtract the TLC elestaic properties minus the one in th e wall to give you the compliance of the chest wall. It is the slope of the line that gives you compliance.  They do impact eachoehr.  At low pressure, everything will want to expand, and at high pressure everything will want to collapse. 
FRC : functional residual capacity. At FRC, the system does not want to expand or collapse, it is a pretty good place.
The chest wall really wants to expands at low pressure, it wants to expand to get to FRC.
However if you take extra air in to get to Total lung capacity, the expanding for of the chest wall, has decreases in favor of the collapsing force of the lubg. But if you take a massive breath, everything wants to collapse. It is just a consequence of the chest wall capacities wanting to get back to FRC, which is the sweet spot were everything is balanced. 


Actually know the values O03 and Pc02. P02 = 40 mmhg and Pc-2 = 46mmhg for mixed venous blood. 

By the time we’ve inhaed air, and by the time it gets to the trachea, you must take into consideration the partial pressure of water that is 47mmhg. 

Oxygen-hemoglobin disassociation curver : bohr affect. Be aware of physiological changes that can shift the curse. 
 Ashift to the right Is a decrease in the affinity that is has for oxygen.  Know the factors and which way the curve switches. 
2.3 diphosglycerate. 
Fetal hemoglobin will shift the curve to the right as well as carbon monoxide poisoning. 

V/Q mismatiching : ventilation and perfusion. V and Q need to go together as much as possible, here is when you have the idealized blood lung unit where everything is in a 1:1 ratio. But in reality it is always 0.8 because there is changes in the fficiency of gas echange due to the differene in blood flow from top to bottom of the lung. If there was no blood flow then V/Q goes to infinity, total waste of alveolar ventilation. 
V/Q of 0 = no ventilation, the ones that actually happen are high V/Q and Low V/Q . lOW v/q LESS FRESH air, high C02. 

Diffusion-limited vs. Perfusion limited gas echange. Carbon monoxide can be used to measure lung diffusion capacity. You can get a patient to inhale a small amount of CO and monitor the time it takes for the CO to get our of their breath and measure diffuse. Measure if diffusion is impaire, possible at the level of alveolar. 

Carbon monoxide is driven by fission. 

Nitrous oxide is driven by blood flow. Normally in the lungs, oxygen is more closely modeles by Perfusion limited. Loooks more like the graph on the right. Howveer, where there is an impairment, such as disease, it looks more like what is on the left. Swiggly pink line = diffusion gradient, gas will move down the diffusion gradient. Enrmous diffsuon gradient in the curve on the left. All of that carbon monoxide is gonna bind to hemoglobin. It is only the partial pressure of gas in solution that is able to influence the dissuion of gas.  For curve to the left to become curve to the right, the capillary would need to be 4 or 5 times longer. 
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