
ANATOMY & PHYSIOLOGY ONLINE COURSE - SESSION 15 – BODY 
TEMPERATURE AND METABOLISM 

Body Temperature 
Body temperature, internal temperature of a living organism. Mammals and birds are termed warm-
blooded, or homeothermic, i.e., they are able to maintain a relatively constant inner body temperature, 
whereas other animals are cold-blooded, or poikilothermic, i.e., their body temperature varies according 
to the temperature of the environment. 
 
Warm-blooded Animals (Homeotherms) 
In humans and other mammals, temperature regulation represents the balance between heat production 
from metabolic sources and heat loss from evaporation (perspiration) and the processes of radiation, 
convection, and conduction. In a cold environment, body heat is conserved first by constriction of blood 
vessels near the body surface and later by waves of muscle contractions, or shivering, which serve to 
increase metabolism. Shivering can result in a maximum fivefold increase in metabolism. Below about 
40°F (4°C) a naked person cannot sufficiently increase the metabolic rate to replace heat lost to the 
environment. Another heat-conserving mechanism, goose bumps, or piloerection, raises the body hairs; 
although not especially effective in humans, in animals it increases the thickness of the insulating fur or 
feather layer. 
 
In a warm environment, heat must be dissipated to maintain body temperature. In humans, increased 
surface blood flow, especially to the limbs, acts to dissipate heat at the surface. At environmental 
temperatures above 93°F (34°C), or at lower temperatures when metabolism has been increased by 
work, heat must be lost through the evaporation of the water in sweat. People in active work may lose as 
much as 4 quarts per hour for short periods. However, when the temperature and humidity are both high, 
evaporation is slowed, and sweating is not effective. Most mammals do not have sweat glands but keep 
cool by panting (evaporation through the respiratory tract) and by increased salivation and skin and fur 
licking. 
 
Temperature regulatory mechanisms act through the autonomic nervous system and are largely 
controlled by the hypothalamus of the brain, which responds to stimuli from nerve receptors in the skin. 
Continued exposure to heat or cold results in some slow acclimatization, e.g., more active sweating in 
response to continued heat and an increase in subcutaneous fat deposits in response to continued cold. 
 
Environmental extremes may result in failure to maintain normal body temperature. In both increased 
body temperature, or hyperthermia, and decreased body temperature, or hypothermia, death may result. 
Controlled hypothermia is used in some types of surgery to temporarily decrease the metabolic rate. 
Fever, caused by a resetting of the temperature regulatory mechanism, is a response to fever-causing, or 
pyrogenic, substances, such as bacterial endotoxins or leucocyte extracts. The upper limit of body 
temperature compatible with survival is about 107°F (42°C), while the lower limit varies. 
 
In humans the inner body temperature alternates in daily activity cycles; it is usually lowest in early 
morning and is slightly higher at the late afternoon peak. In human females there is also a monthly 
temperature variation related to the ovulatory cycle. In many mammals and birds the body temperature 
shows more pronounced cyclic variations than in humans. For example, in hibernators the body 
temperature may lower to only a few degrees above the environmental temperature during the dormant 
periods; mammalian hibernators reawake spontaneously and in their active period are homeothermic. 
 
Cold-blooded Animals (Poikilotherms) 
Reptiles and other poikilothermic animals bask in warm weather and must hibernate in winter. The body 
temperature of fishes must remain close to that of the surrounding water, because heat is lost directly into 
the water during respiration; however, in some fishes, such as the bluefin tuna, a special network of fine 
veins and arteries called the rete mirabile provides a thermal barrier against loss of metabolic heat. The 
mechanism of temperature regulation in homeotherms is considered an important evolutionary advance 
in that physical activity in such animals can be relatively independent of the environment. 
 
How Your Metabolism Really Works 
According to Webster, metabolism is "the chemical and physical processes continuously going on in living 
organisms." Unfortunately, not all of us living organisms have metabolisms that "process continuously" in 
the same. Some have fast ones, others slow. 
 
The metabolic rate varies from one person to another and is affected by sex, age, and amount of lean 



body mass (muscle). Many vitamins and minerals are involved in the metabolic processes in the body, 
however, once the required amount is obtained, the excess is either eliminated or stored in body tissues. 
Toxic amounts of vitamins and minerals may lead to serious health consequences. Iodine, for example, 
forms part of the thyroid hormones that regulate metabolism. An iodine deficiency results in sluggishness 
and weight gain. Excessive intake can enlarge the thyroid gland (as does a deficiency), a condition known 
as goiter. Herbs associated with weight loss, such as Ephedra (Ma Huang), are stimulants of the nervous 
system and can lead to side effects such as nervousness, tremors, sleeplessness, and loss of appetite. 
The Food and Drug Administration (FDA) does not regulate herbs and supplements, so you can't always 
be assured of the quality of what you are purchasing. It is uncommon for a particular food to have the 
required medicinal properties to treat a medical condition. 
 
There are certain foods that contain nutrients that can resolve a state of deficiency if that is an issue of 
concern. However, this needs to be evaluated before making a recommendation. What is important in 
every case is the recommendation to eat a variety of foods in adequate amounts to meet individual needs 
while maintaining a desirable body weight. Eating a healthy, balanced diet will usually provide the 
necessary nutrients for normal body processes. Exercise, probably due to an increase in muscle mass, 
does increase the body's metabolic rate. The amount depends on type and duration as well as percent of 
existing muscle mass. It is the only completely safe (unless contraindicated by a medical condition) and 
natural method to increase the metabolic rate. If you have difficulty maintaining a desired weight, you may 
need the help of a registered dietitian who can provide an individualized and safe plan that addresses 
your specific needs. Also, check with a doctor. A physical exam can rule out any medical conditions that 
affect body weight. 
 
There are many weight loss products available that claim to curb your appetite, melt away fat or increase 
your metabolism. Be aware that using some of these without medical clearance and guidance may be 
harmful. 
 
If You Feel Tired and are Gaining Weight 

• Consult with your doctor to see what is helpful in your situation. Here are some suggestions that may 
also help: 

• Eat a low-calorie, well-balanced diet (a registered dietitian can provide a meal plan that fits your 
needs and lifestyle). 

• Include sufficient protein and calcium (low-fat milk, low-fat cottage cheese, and nonfat yogurt). 
Increase intake of omega-3 fatty acids (fatty fish, flaxseeds).  

• Exercise regularly.  

• Take time for leisure and pleasurable activities.  
 
What can I do to reduce my metabolism and gain weight?" 
First, of all, there are probably hundreds of people who wish they had this problem, but for those who feel 
like the skinny guy on the beach who will never fill out; it is a serious question. Body size has a lot to do 
with genetics. Some people are thin due to heredity and may find difficulty in gaining weight. Unless there 
is a medical condition that is resulting in weight loss, the weight loss is recent and unexplained, or there is 
a risk of malnutrition - as is often the case with eating disorders, being underweight is far less of a health 
problem then being overweight. Weight gain is achieved when the calories consumed outnumber the 
calories spent. Gaining weight for appearance's sake, or gaining both muscle and fat weight, should 
consist of a high-calorie diet in combination with regular exercise. Your nutrient needs depend on your 
own particular rate of metabolism, which may be very high at your age. You not only need calories but 
also protein, vitamins and minerals. The best way to get these nutrients is to choose a balanced, varied 
diet from among the different food groups. Other nutrients are necessary for your body to metabolize and 
build new cells. You need 6-11 servings of cereals and grains, 2-3 servings of protein foods, 2-3 servings 
from the dairy group, 2-4 fruits, and 3-5 servings of vegetables. A varied selection from these groups 
should be the basis of your diet to which you then add fats, oils and sugars to add calories. Some other 
suggestions for gaining weight are to be sure to eat a good breakfast, lunch, and dinner, with nutritious 
snacks between meals. Try to eat in a relaxed atmosphere instead of on the run, as this improves the 
way your body uses nutrients. Avoid drinking too much liquid with your meal so you don't fill up too 
quickly. Make exercise a regular part of your healthy routine, but not to the extent that you skip meals and 
burn a high amount of calories. The body's metabolic rate is not normally modified unless there is an 
existing disorder that requires medical treatment. It is something that varies from one person to another 
and affected by many factors, such as age, sex, and amount of lean body mass (muscle). The following 
are some strategies that can help in increasing body weight: 

• Eat high-calorie foods. Avoid choosing low-fat, reduced-fat, or non-fat items. Choose a milk shake 



instead of nonfat milk, avocados instead of cucumbers. For health reasons, choose mostly vegetable 
fats (olive and vegetable oils, nuts) rather than animal fats (butter, cream).  

• Eat at least three healthy meals every day. Skipping meals robs the body of needed calories as well 
as leaving the individual more prone to snacking on unhealthy foods. 

• Eat more food at each meal. Choose bigger portions, add extra filling to sandwiches, and use bigger 
drinking glasses and bowls.  

• Eat snacks between meals. Carry healthy snacks (granola bars, crackers, and pretzels) to eat on the 
run.  

• Add sauces and gravies to food. Cheese sauces on cooked vegetables increase the calories and 
provide flavor.  

• Drink plenty of juices and milk throughout the day. This is a simple way to add calories without feeling 
full. Adding powered milk or instant breakfast powder to milk contributes extra calories.  

• Exercise to build muscle. Physical activity used in combination with a high-calorie diet keeps the extra 
calories from turning into body fat. The muscle formed adds weight in the parts of the body where the 
weight should be.  

 
Although the above suggestions will usually lead to weight gain, it is always wise to check with a 
physician in order to discard any metabolic or other medical disorder that may be attributed to weight 
loss. Consulting a registered dietitian can provide better insight on the nature of the problem, and result in 
more accurate recommendations that are better suited for individual lifestyles and food preferences. 
 
Everyone's focus should be on a healthy weight, one where you feel vital and energetic, not an ideal seen 
in magazines. With wholesome eating habits and other measures such as not smoking, drinking or using 
drugs, avoiding risky behaviors, getting enough sleep, stress management, moderate exercise and 
stretching, and working towards mental and emotional maturity, you will start on a lifetime of wellness, 
whether you are trying to loss or gain weight. 
 
Metabolism – The basics of absorption and metabolism of a meal 
Americans typically eat 2-3 meals per day. The food we take in during each meal is digested by the body, 
by a process called metabolism, a term most people are familiar with; it can refer the to overall functioning 
of the body or it can refer to specific bodily function, such as food metabolism. Food taken in during a 
typical meal in absorbed by the body in approximately 2-4 hours, which is referred to as the absorptive 
state. During this time there are transient changes in the levels of glucose (a form of sugar that serves as 
the body’s most abundant energy source), amino acids (which are the building blocks of proteins), and 
triacylglycerols (the body’s storage form of fat). Also during this time, insulin (an anabolic hormone 
secreted by the pancreas) is released into the blood stream in response to eating. Insulin promotes the 
synthesis of triacylglycerols (fat stores), glycogen (sugar stores), and proteins (structural and functional 
molecules of the body). During the absorptive period virtually all tissues primarily use glucose as a fuel.  
 
The first and most important organ in food metabolism is the liver. One of the largest organs in the body, 
it is located just below the diaphragm, on the upper right side of the abdomen. Food ingested during a 
typical meal is chewed up in the mouth, further broken down in the stomach, and delivered to the small 
intestine where most of the nutrient absorption takes place. Absorbed nutrients are sent directly to the 
liver via a special vein, called the hepatic portal vein. Because nutrients go directly to the liver via the 
hepatic portal vein and not into the general blood circulation, the liver gets first crack at processing 
absorbed nutrients. The liver takes up carbohydrates, fats, and amino acids. These nutrients are then 
metabolized or stored by the liver, or they are put into the general blood circulation for use by other 
tissues of the body. The liver serves a vital function by smoothing out a rapid influx of nutrients during the 
absorptive state, that is, 2-4 hours after a meal. Because your body is working hard to absorb nutrients 
from a meal, blood is diverted to the digestive tract and away from other organs, such as muscles and the 
brain, which is why you may feel sleepy after a big meal. 
 
The liver is normally a glucose-producing organ. The liver stores glucose  (sugar) in long, branched 
chemical chains, called glycogen. When the body needs energy and is in a state of starvation, the liver 
breaks down glycogen and delivers glucose to the tissues of the body via the blood stream, thus defining 
its glucose producing function. However, during the absorptive state, the liver does the reverse: it builds 
up and stores glycogen from sugar taken in during a meal for use in a fasting state. The liver also builds 
fat molecules (triacylglycerols) from absorbed fat and delivers these molecules to other tissues of the 
body, in particular, to fat cells and muscle cells where they are stored and metabolized, respectively. 
Although not a major source of body fat, the liver builds fat from the building blocks of carbohydrates and 
proteins (simple sugar and amino acids) absorbed from a meal. The liver builds fat for a simple reason: 



dietary intake exceeds the body’s energy expenditure, in other words, the body takes in more fuel than it 
can use, so the body stores the energy as fat. What does this mean? If you eat meals containing large 
amounts of carbohydrates, then some of this fuel will be converted into fat. Many consumers do not know 
that the liver does this. However, many dieters who have tried one of the fad diets that promote very high 
carbohydrate, very low protein, and virtually no fat intake have discovered, among other things like 
reduced energy levels, weight gain, especially around the area where body fat tends to accumulate: on 
the hips and legs of women and around the waists of men. Also important in food metabolism is amino 
acid metabolism. During the absorptive period, more amino acids are delivered to the liver by the hepatic 
portal vein than the liver can use. The liver uses as many amino acids as it is capable of to build proteins 
for the body. The body does not store protein, per se, but merely replaces those proteins lost during 
normal body function. So the proteins delivered to the liver in excess of its capacity are either delivered in 
turn to the general blood circulation where they are picked up and used by other tissues of the body, or 
they are degraded by the liver into urea and excreted in the urine. Therefore, a high protein diet will show 
up as a high urea concentration in the urine. Overall, the liver is the main conductor and processor of 
nutrients absorbed after a meal, but also important in food metabolism is adipose  (fat) tissue, skeletal 
muscle, and the brain. 
 
Adipose tissue is next in line after the liver in its ability to distribute fuel molecules, namely fat. Adipose 
tissue is made up of adipose cells, in which triacylglycerol (fat) droplets fill nearly its entire volume. In a 70 
kg  (155 lbs) man, adipose tissue weighs approximately 14 kg (31 lbs) or about half as much as the total 
muscle mass. In morbidly obese individuals adipose tissue can constitute up to 70% of body weight and 
around 50% of body weight for severely obese individuals. Therefore, in a severely obese man weighing 
113 kg (250 lbs.), adipose tissue constitutes approximately 57 kg (125 lbs.), that’s about half, of his total 
body weight. After consumption of a fat containing meal, triacylglycerols not processed in the liver are 
sent into the general circulation to be utilized by other tissues of the body, namely, fat tissue. In the 
absorptive state, elevated levels of glucose and insulin promote storage of triacylglycerols into fat tissue 
for use in a state of starvation. Therefore, if the absorptive state is frequently maintained and if total 
energy consumption is more than energy expenditure, then elevated levels of glucose and insulin would 
continually favor storage of triacylglycerol, resulting in a increase of adipose tissue and an overall gain in 
weight. While diet determines energy consumption, skeletal muscle determines the greatest portion of 
energy expenditure. 
 
Skeletal muscle during a resting state accounts for approximately 30% of the total oxygen consumption of 
the body; however, during vigorous exercise skeletal muscle consumes up to 90% of the total oxygen 
consumption. Since the energy requirements vary so greatly between different levels of activity, muscle is 
unique in its ability to respond to substantial changes in energy requirements. Oxygen consumption of a 
specific tissue, such as muscle, is directly related to its energy requirement, and ultimately related to the 
number of calories it burns. In order to meet increased energy demands, muscle tissue maintains its own 
surplus of glycogen, similar to liver glycogen but exclusive for use in the muscle. After a meal, 
carbohydrates passed on by the liver are readily taken up by muscle tissue and subsequently stored in 
the form of muscle glycogen. In the well-fed state, glucose broken down from muscle glycogen is primarily 
used to fuel muscle tissue during exercise. Fat is secondary to glycogen usage for increased energy 
requirements in muscle in the well-fed state. After a meal, depleted muscle glycogen stores are readily 
replenished, and as long as glucose is available to the muscle it will use it and not fat. Thus, in order for 
muscle tissue to burn fat as an energy source, glucose circulating in the blood and muscle glycogen 
stores must first be exhausted. Also important after a protein containing meal is the muscle’s uptake of 
amino acids from the general circulation that are used to replace degraded or broken down muscle 
protein –the structural and functional molecules of muscle. While muscle tissue constitutes the majority of 
oxygen consumption and thus energy requirements, the brain is the single most important consumer of 
energy. 
 
Although the brain contributes only 2% of the total body weight of an adult, it consumes 20% of the total 
oxygen consumption of the body in a resting state. Because the brain never rests, it uses energy at a 
constant rate. In fact, brain cells will begin to die after just a few minutes of oxygen or energy deprivation. 
Therefore, special metabolic pathways exist to provide the brain with a steady source of oxygen and 
energy to ensure its continual function. The brain is restricted to glucose as its principal energy source; it 
cannot use fat or amino acids as an energy source. In addition, no appreciable stores of glycogen or fat 
are found in the brain. Therefore, the brain must have a constant supply of glucose from the general 
circulation, and the body will break down stores of energy in other tissues, such as liver glycogen stores 
and muscle protein, in order to supply the brain with energy.  
 
 



While our schedules usually determine when we eat, we should not let the timing of our meal affect the 
volume consumed. We live in a fast-food, "super-size for 39c" and "clean your plate" society. We eat 
quickly and we eat high volumes. These two factors, among others, contribute the ever-increasing obesity 
problem in this country. This is not to say that you shouldn’t follow the dietary guidelines set out by 
organizations such as the American Heart Association, American Medical Association, or American 
Dietary Association. On the contrary, this is to say that even by strictly following dietary 
recommendations, you can still gain weight because the volume of food intake is greater than the energy 
burned in bodily function, in other words, eating too much and exercising too little. So follow the dietary 
recommendations given by the aforementioned organizations and exercise vigorously at least three times 
a week. 
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NAME:      ______________________________________________________________ 

ADDRESS  ______________________________________________________________ 

PHONE:    ______________________________________________________________ 

FAX:      ______________________________________________________________ 

E-MAIL:    ______________________________________________________________ 

Please be sure to fill out the information above, complete the test and email or fax it back to us at 
iridology@netzero.net or 530-878-1119. We will grade your question and answer session and will let you 
know if we have any questions. 
 
Answer true or false to the following questions: 
 
1. During vigorous exercise skeletal muscle consumes up to 90% of the total oxygen consumption. 
 
2. The liver is normally a lactose-producing organ. 
 
3. Food taken in during a typical meal in absorbed by the body in approximately 2-4 hours. 
 
4. You need 6-11 servings of cereals and grains, 2-3 servings of protein foods, 2-3 servings from 

the dairy group, 2-4 fruits, and 3-5 servings of vegetables per day. 
 
5. An iodine deficiency results in sluggishness and weight loss. 
 
6. In humans the inner body temperature alternates in daily activity cycles; it is usually lowest in 

early morning and is slightly higher at the late afternoon peak. 
 
7. The upper limit of body temperature compatible with survival is about 109°F. 
 
8. If you eat meals containing large amounts of carbohydrates, then some of this fuel will be 

converted into fat. 


