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The Respiratory System

The cardiovascular system cannot carry out its prescribed duties for the body unless the respiratory system contributes its share faithfully. 


Respiration is the overall process of exchanging oxygen and carbon dioxide between the environment and the blood. 

Respiration may be broken into three stages: (1) the process of breathing, which involves the movement of air into and out of the lungs (the pulmonary system); (2) the exchange of gases between the internal surface of the lungs and the blood; and (3) the exchange of gases between the blood and the cells of the body. The combined system with the heart and lungs working together is often called the cardiopulmonary system 
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  Figure: The respiratory tract through which air enters the 

                cardiopulmonary system.
Movement of air from the external environment into the lungs is accomplished by the action of two groups of muscles. The first is the diaphragm, a muscular wall that divides the trunk's body cavity into two parts, the chest and the abdomen. The second consists of the rib muscles (intercostal muscles). These muscles act together to change the size of the chest cavity. The rib muscles are attached to your ribs, which in turn encircle the lungs and chest cavity. Together, this system is often referred to as the rib cage. 

The respiratory tract is the pathway for air to enter the body. It is one of only three main gateways that connect the "outside" of the body to the "inside" of the body (the other two are the digestive tract and the urinary tract). The process of respiration involves many interactions. Let us begin with inspiration (inhaling). Air is drawn into the lungs as a result of the combined expansion of the rib cage and the lowering of the diaphragm; in normal breathing it is lowered about 1 cm; in heavy breathing it can be lowered up to 10 cm. When the lungs are expanded in this state, atmospheric pressure, the pressure outside the body, is higher than the pressure in the lungs. Air flows from the higher to the lower pressure areas and into the lungs through a system of channels that begins with the oral cavity (mouth) and the nasal cavity (nose). The air flow then continues through the trachea (the windpipe) and into the bronchi which are two large tubes, one for each lung. Finally, stemming from the main bronchi are smaller bronchi and tiny bronchioles, much like branches and twigs stemming from a tree trunk. 
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 Figure: The exchange of gases occurs between the membranes ofthe alveoli and the surrounding capillaries. The red blood cells are thevehicles that carry the carbon dioxide to and oxygen away from the alveoli.
Arriving at the bronchioles, the air has yet to unload its cargo of oxygen. The start of this task is taken on by vast armies of tiny, expandable, thin-walled, clustering sacs called alveoli. There are estimated to be about 300 million of these small air sacs in an average-sized adult. The alveoli constitute the bulk of lung tissue; it is their substance that makes the lungs soft and spongy. When the lungs expand or contract, it is the alveoli that are expanding or contracting. It is from the alveoli that the blood receives its oxygen. 

Every alveolus in your lungs is covered with capillaries (Figure 12b). Every single red blood cell (RBC) in your bloodstream flows through these pulmonary capillaries so they can pick up an oxygen molecule and give up carbon dioxide. Layers of capillary and alveolar cells lie in direct contact side by side with a double membrane, almost unimaginably thin, with air moving on one side and blood flowing past on the other. The oxygen is soaked into the blood via this virtually transparent wall and snatched up by the hemoglobin in the RBCs, where the iron in the hemoglobin locks the oxygen in a chemical embrace. Swept along in the bloodstream, the oxygen finally arrives at the body's waiting cells to unite with the body's fuel and free the energy in them to be used to enable our body to move and function. 

The actual quantity of oxygen uptake per minute (the rate of oxygen taken in by the cells) during this process may vary from one minute to another, depending on the rate of breathing and the speed with which blood is being pumped through the arteries. This, in turn, depends on how much energy the body requires at the time. Someone snoozing in a hammock may absorb only half a pint of oxygen a minute, while a person running the mile to beat a world's record may soak up more than five quarts in the same period.

The lungs are not only responsible for the delivery of oxygen to the bloodstream. Simultaneously, they draw out of the blood the waste carbon dioxide produced by the utilization and breakdown of carbon compounds (fats and carbohydrates) that provide energy in the cells. The carbon dioxide is picked up from all the cells of the body and carried along by the RBC on its way to obtain oxygen from the lungs. Once inside the lungs, the carbon dioxide is brought alongside the alveolar membrane, where it seeps out of the bloodstream just as the oxygen seeps in. Although the two gases pass through the same membrane, they have absolutely nothing to do with each other. They are like total strangers boarding and leaving a train at a single station. From the lungs, the carbon dioxide makes its way out of the body along the same route the oxygen followed on its way in. This is done during the process of expiration (exhaling). 

In expiration, the rib cage and the diaphragm relax and the lungs contract (become smaller). During this process, the air pressure inside the lungs is higher than the atmospheric pressure and air is forced out. However, the lungs never completely deflate; that is, some air always stays in the lungs. This volume of air that always stays in the lungs is called residual volume. The volume of air that moves in or out of the lungs in one normal breath is called the tidal volume. Definitions for other important respiratory measurements are found in Table 1. 

