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ANATOMY & PHYSIOLOGY - MARIEB 11E

CH. 24 - NUTRITION, METABOLISM, AND ENERGY BALANCE



CONCEPT: THE MACRONUTRIENTS—CARBOHYDRATES, LIPIDS, AND PROTEINS 

● Macronutrients- The three major categories of food the body uses: carbohydrates, proteins, and lipids. 

 (□ Micronutrients- Substances your body needs only a little of, e.g. vitamins and minerals.) 

Carbohydrates: 

● Carbohydrates- ____________________—molecules made entirely out of C, H, and O, with a ring structure. 

 □ Come from breads/grains, rice, fruits & vegetables, dairy, etc.  

● Monosaccharides- Carbohydrates with only one ring. 

 □ Glucose- Major fuel for the body.    □ Fructose and Galactose can also be used.	 

● Disaccharides- Carbohydrates with two rings bonded together. 

 □ Sucrose (“Table Sugar”)=Glucose+Fructose  □ Lactose (“Milk Sugar”)= Glucose+Galactose 

● Polysaccharides- Long chains of carbohydrate monomers (monosaccharides)(usually glucose). 

 □ Glycogen- Carbohydrate storage used by animals. 

 □ Starch- Carbohydrate storage used by plants. 

 □ Cellulose- Carbohydrate polymer used for structure in plants (e.g. in cell walls) (aka “fiber,” “roughage”). 

● Only monosaccharides can be absorbed—poly- and disaccharides are broken by enzymes into monosaccharides. 

EXAMPLE: Sucrose is a disaccharide of glucose and fructose 
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Lipids: 

● Lipids are “fats”—large molecules made almost entirely of C and H→very hydrophobic. 

 □ Come from oils, butters, nuts, dairy, etc. 

● Most are in form of triacylglyerols (TAGs) when eaten: 

 □ Triacylglycerol=3 fatty acid chains (carboxylic acid with long C-H tail) bonded to glyercol (alcohol with 3 –OH). 

EXAMPLE: Structure of a triacylglyercol. 

	

● TAGs are very hydrophobic→form lipid droplets in digestive tract. 

 □ Emulsification- Special molecules called bile salts (more later) cause droplets to ______________________. 

  -↑Surface Area of droplets, making digestion easier. 

● TAGs broken down by enzymes into monoglycerides (glycerol+one fatty acid chain) and two fatty acids. 

 □ Monoglyceride and the two fatty acids can then be absorbed. 

EXAMPLE: TAGs are broken down to two free fatty acids and one monoglyceride before being absorbed.  
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Proteins: 

● Proteins are chains of amino acids. 

 □ Come from meats, tofu, nuts, dairy, etc. 

 □ Peptide Bonds connect each amino acid to its neighbors in the chain. 

● Whole proteins are broken into individual amino acids; the amino acids are then absorbed. 

 □ Some dipeptides/tripeptides can be absorbed. 

 □ In general, whole proteins are way too big to be absorbed. 

  -A very few whole proteins are absorbed by receptor-binding—e.g. antibodies from breast milk. 

EXAMPLE: Proteins are broken down into individual amino acids; the amino acids are then absorbed. 
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PRACTICE 1: A 20-year-old college student eats a slice of pepperoni pizza. Which of the following parts of the pizza will be 
broken down to glucose? 

a) Crust (i.e. the bread part). 
b) Cheese (i.e. the fat part). 
c) Pepperoni (i.e. the protein part). 

 

PRACTICE 2: A 20-year-old college student eats a slice of pepperoni pizza. Which of the following parts of the pizza is 
made of triacylglycerols? 

a) Crust (i.e. the bread part). 
b) Cheese (i.e. the fat part). 
c) Pepperoni (i.e. the protein part). 

 

PRACTICE 3: A 20-year-old college student eats a slice of pepperoni pizza. Which of the following parts of the pizza will be 
broken down to individual amino acids before being absorbed? 

a) Crust (i.e. the bread part). 
b) Cheese (i.e. the fat part). 
c) Pepperoni (i.e. the protein part). 
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CONCEPT: METABOLISM I: OVERVIEW 
 

Metabolism Vocabulary: 

● Metabolism= catch-all word for the reactions carried out by the body and the rate at which these reactions occur. 

□ Catabolism= reactions that break down larger molecules to provide parts and energy to make ATP. 

 -How the body breaks down carbohydrates, fats, and proteins. 

□ Anabolism= reactions that synthesize larger molecules from parts (usually with ATP as the energy source). 

● Aerobic reactions and pathways require ___________________ to run; anaerobic metabolism can be run without O2. 

 

An Overview of Metabolism: 

● Most important metabolic pathway(s) are 
those that breakdown ___________________. 

□ These reactions breakdown glucose 
into CO2 and ATP (used for energy). 

□ Metabolism of other molecules 
(proteins and fats) feed into these. 

● Glycolysis is first—a series of 10 reactions 
that take place in the cytosol. It’s anaerobic! 

● Lactic Acid Fermentation comes next, but 
only if the cell is in anaerobic conditions. 

□ If O2 present, glycolysis feeds into 
the rest of aerobic metabolism. 

● Aerobic metabolism—which takes place 
in the mitochondria—consists of three 
pathways: Pyruvate Oxidation, the Krebs Cycle, and the Electron Transport Chain (ETC). 

□ These use the energy in glucose to make NADH and FADH2, which carry high-energy electrons. 

□ High-energy electrons are then used by the ETC to make ATP. 

● Fats enter catabolism at the Krebs Cycle; Proteins enter catabolism as glycolytic intermediates. 

ADP+Pi

ATP

GLYCOLYSIS

PYRUVATE
OXIDATION

KREBS
CYCLE

ELECTRON TRANSPORT
CHAIN

MITOCHONDRIA
(Aerobic)

CYTOSOL
(Anaerobic)

Proteins

Fats

Glucose

INPUTS: Glucose, Proteins (Amino 
Acids), Fats

OUTPUTS: ATP
(NADH, FADH2 ATP)

ETC

WASTE: CO2

LACTIC ACID
FERMENTATION

(If
Anaerobic)

ANATOMY & PHYSIOLOGY - MARIEB 11E

CH. 24 - NUTRITION, METABOLISM, AND ENERGY BALANCE

Page 6



PRACTICE 1: Which of the following reactions will proceed if the cell is in anaerobic conditions? (Choose all that apply.) 

a) Glycolysis. 
b) Lactic Acid Fermentation. 
c) Krebs Cycle. 
d) Electron Transport Chain. 

ANATOMY & PHYSIOLOGY - MARIEB 11E

CH. 24 - NUTRITION, METABOLISM, AND ENERGY BALANCE

Page 7



CONCEPT: METABOLISM II: GLYCOLYSIS 
 

● Glycolysis is the beginning of carbohydrate ___________________________________. 

 □ Very fast series of 10 reactions that turns 1 glucose→2 pyruvates+2 ATP+ 2 NADH. 

-NADH is a high-energy electron carrier; they carry 
electrons to the mitochondria for later use.  

-The ATP can be used immediately by the cell; the NADH 
are shuttled to the mitochondria (for use in ETC).	 

□ Glycolysis is anaerobic—none of the reactions require oxygen, 
so it can be run in times and places of low O2. 

 

● Glycolysis requires a supply of NAD+, which is usually regenerated 
during aerobic metabolism (if the cell has O2). 

 

● If the cell is in anaerobic (low O2) conditions, the cell could quickly run out of NAD+ → glycolysis stops. 

 □ Lactic acid fermentation lets cell regenerate NAD+ from NADH, converting pyruvate→lactic acid in the process. 

  -The lactic acid is a waste product that is cleared by the bloodstream. As an acid, it will decrease blood pH. 

EXAMPLE: Glycolysis powers heavy lifts because it delivers ATP very quickly, but also generates lactic acid. 

 

During a lift, the muscles in a powerlifter’s arms need to deliver a massive amount of energy in a very short time. This time restriction prevents them 

from using any aerobic metabolism; they use exclusively glycolysis and lactic acid fermentation to power the lift. As a result, the muscles produce 

lots of lactic acid, causing ↓pH in the muscles. 
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PRACTICE 1: A scientist gives a plate full of bacteria a high dose of a drug that irreversibly inhibits the reaction of lactic 
acid fermentation (i.e. the pyruvate→lactate) reaction. After a while, all the cells are dead. Which of the following explains 
why the bacteria died? 

a) The bacteria could no longer make lactic acid, which they need as food. 
b) The bacteria accumulated pyruvate, which is toxic. 
c) The bacteria could not regenerate NAD+, causing glycolysis (and ATP generation) to stop. 
d) The bacteria accumulated NADH, which is toxic. 
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CONCEPT: METABOLISM III: AEROBIC METABOLISM 
 

● Aerobic metabolism consists of Pyruvate Oxidation, Krebs Cycle and the Electron Transport Chain (ETC). 

□ All this aerobic metabolism happens in the mitochondria. 

 □ This series of reactions is much, much more ______________________ than anaerobic metabolism. 

  -Glycolysis+Fermentation yield 2 ATP vs. Glycolysis+Krebs+ETC yield ~32 ATP. 

 □ But, Krebs and ETC require O2 and take much ________________ to complete than glycolysis and fermentation. 

Summary Table of Aerobic Metabolism: 

 Input: Output: 
Pyruvate Oxidation Pyruvate Useful: NADH, Acetyl CoA (AcCoA) 

Waste: CO2 
Krebs Cycle 
(AKA Citric Acid Cycle) 

Acetyl CoA Useful: NADH, FADH2 (another e- carrier) 
Waste: CO2 

Electron Transport Chain NADH, FADH2  Useful: ATP 
Waste: H2O 

 

EXAMPLE: A summary schematic of pyruvate oxidation, the Krebs Cycle, and the ETC. 
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PRACTICE 1: “Burning” fat is the process of breaking stored fat down into free individual units of Acetyl CoA. Which of the 
following metabolic pathways can be powered by the breakdown of fats? (Choose all that apply). 

a) Glycolysis. 
b) Pyruvate Oxidation. 
c) The Krebs Cycle. 
d) The Electron Transport Chain. 

 

 

 

 

PRACTICE 2: The amino acid alanine (among others) can be broken down to pyruvate. Which of the following metabolic 
pathways can be powered by the breakdown of alanine? (Choose all that apply). 

a) Glycolysis. 
b) Pyruvate Oxidation. 
c) The Krebs Cycle. 
d) The Electron Transport Chain. 
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CONCEPT: METABOLISM IV: PROTEIN AND LIPID CATABOLISM 
 

● Proteins→Glycolysis. Proteins are just a chain of various amino acids. Proteins are broken into amino acids in the gut. 

 □ Many amino acids are taken up into cells and used to make new proteins. 

 □ Or, amino acids can be modified into glycolytic intermediates (or pyruvate) and fed into glycolysis. 

● Lipids→β-oxidation. Lipids (fats) are essentially very long hydrocarbon chains. (CH3CH2CH2CH2CH2…) 

 □ In the mitochondria, fats’ hydrocarbon chains can be chewed up by a series of reactions called β-oxidation. 

 □ β-oxidation yields a series of AcCoA units, which can be fed into the Krebs Cycle to make ATP. 

EXAMPLE: Summary schematic of catabolism, including the places of β-oxidation and amino acid catabolism. 
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PRACTICE 1: Lonidamine is an inhibitor of the enzyme hexokinase, which catalyzes the first reaction in glycolysis. Which of 
the following is true regarding cells treated with lonidamine? 

a) Cells treated with lonidamine will be able to use fats as a fuel source. 
b) Cells treated with lonidamine will not be able to use fats as a fuel source. 

 

 

 

PRACTICE 2: Lonidamine is an inhibitor of the enzyme hexokinase, which catalyzes the first reaction in glycolysis. Which of 
the following is true regarding cells treated with lonidamine? 

a) Cells treated with lonidamine will be able to use proteins as a fuel source. 
b) Cells treated with lonidamine will not be able to use proteins as a fuel source. 
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CONCEPT: METABOLISM V: ANABOLISM 
 

● The major anabolic processes used by the body (mostly the liver) are the synthesis of glycogen and adipose tissue. 

● Glycogen is a ________ polymer used by the body—primarily skeletal muscle and liver cells—as a way to store glucose. 

 □ Glycogenesis-In well-fed state, liver cells take up glucose from the blood and polymerize it into glycogen. 

□ Glycogenolysis-In the fasting state, the liver breaks down glycogen and sends the glucose to the body. 

● Fats are synthesized in the liver and stored in adipose tissue (fat cells). 

□ Lipogenesis- In the well-fed state, synthesis of fats. 

□ Lipolysis- In the fasting state, adipose cells break down fats and release triacylglycerides (TAGs), which are 
taken up by cells and undergo β-oxidation in the mitochondria. 

● Gluconeogenesis is an anabolic process used to make extra _______ from spare parts (basically glycolysis backwards). 

 □ Done by the liver during times of low blood glucose. 

EXAMPLE: A polymer of glycogen and adipose tissue storing lipids. 

    

 

EXAMPLE: Insulin (↑insulin when ↑[glucose]) and glucagon (↑glucagon when ↓[glucose]) are involved in regulation of 
lipogenesis, gluconeogenesis, and glycogenesis. 
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PRACTICE 1: The livers of patients with Type II Diabetes maintain abnormally high rates of gluconeogenesis and 
glycogenolysis. Which of the following is the expected effect of elevated gluconeogenesis and glycogenolysis on the blood 
glucose levels of a diabetic patient? 

a) It will cause their blood glucose levels to increase (i.e. more glucose in their blood). 
b) It will cause their blood glucose levels to decrease (i.e. less glucose in their blood). 

ANATOMY & PHYSIOLOGY - MARIEB 11E

CH. 24 - NUTRITION, METABOLISM, AND ENERGY BALANCE

Page 15



CONCEPT: REVIEW OF METABOLISM—CATABOLIC AND ANABOLIC PROCESSES 

● Catabolism- Breaking down larger molecules into smaller ones. 

 □ Usually to release ____________________. 

● Anabolism- Using small parts to build up larger molecules. 

 □ Usually requires energy.  □ Makes useful stuff (e.g. proteins) or storage molecules (e.g. fat). 

Catabolism of Carbohydrates: 

● Catabolism of carbohydrates is central to all of metabolism. 

 □ Overall Goal: Make electron carriers NADH and FADH2. 

-Electron Transport Chain can use NADH/FADH2 to make ATP 

□ Glycolysis: Glucose→→Pyruvate+ATP+NADH 

 -If Anaerobic (no O2): Pyruvate→Lactate. 

-If Aerobic (O2 present): Pyruvate feeds to 
Pyruvate Oxidation. 

□ Pyruvate Oxidation: Pyruvate→Acetyl-CoA+NADH. 

□ Krebs Cycle (TCA Cycle)- Final breakdown of AcCoA to make 
NADH+FADH2. 

□ Electron Transport Chain- Use e- from NADH/FADH2 to make 
________________________. 

□ Glycogen- storage form of __________________ in liver, muscle. 

-Glycogenolysis= Glycogen→Glucose. 
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Catabolism of Fats and Proteins: 

● Catabolism of both fats and proteins feeds into part(s) of carbohydrate catabolism. 

● Triacylglycerides (TAGs) is the form of ________ that is eaten or stored. 

 □ TAGs are broken down to free fatty acids (FFAs) 

 □ Lipolysis (β-Oxidation)- FFAs→→Acetyl-CoA. 

● Ketone Bodies can also be made from fats. 

□ Can be used instead of glucose by brain and other 
organs. (Useful when ↓↓Glucose; more later). 

● Proteins are broken up to free individual amino acids. 

 □ Different amino acids can feed in at different places. 

  -Some amino acids→Pyruvate. 

  -Some amino acids→AcCoA. 

  -Some amino acids→Krebs Cycle intermediates. 
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Anabolism of Carbohydrates, Fats, and Proteins: 

● Gluconeogenesis- Making glucose from pyruvate (glycolysis backwards). 

□ Can use anything that can be made into _____________: 
some amino acids, lactate. 

  -Not fats! It’s impossible to do AcCoA→Pyruvate. 

● Glycogenesis- Building up glycogen polymers from extra glucose. 

● Lipogenesis- AcCoA→→FFAs (→TAGs) to store. 

□ Can use anything that can be made into AcCoA: extra 
glucose/pyruvate, some amino acids. 

● Amino Acids can be used by every cell to make proteins. 
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Putting It All Together—Potential Fates of Carbohydrates, Fats, and Proteins: 

● Potential Fates of Carbohydrates: 

 □ Full Catabolism: Glucose→Pyr→AcCoA→Elec. Transport Chain 

 □ Store as Glycogen. 

 □ Store as Fat: Glucose→AcCoA→FFA/TAG. 

● Potential Fates of Fats: 

 □ Feed Krebs Cycle: β-Oxidation makes AcCoA. 

 □ Generate Ketone Bodies. 

● Potential Fates of Proteins: 

 □ Proteins⇋Amino Acids. 

□ Gluconeogenesis: Amino Acids→Pyruvate→Glucose(→Glycogen?) 

□ Feed Krebs Cycle→NADH/FADH2 for Elec. Transport Chain. 

□ Store as Fat: Amino Acids→AcCoA→FFA/TAG. 

 

EXAMPLE: Eating lots of protein does not guarantee weight loss or muscle gain—extra amino acids can become fat. 
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PRACTICE 1: The imaginary drug Johnazine blocks the reduction of NAD+ to NADH. With which of the following processes 
will Johnazine interfere? (Choose all that apply). 

a) Glycolysis. 
b) Pyruvate Oxidation. 
c) Krebs Cycle. 
d) Electron Transport Chain. 

 

PRACTICE 2: Alanine is an amino acid that can be catabolized to pyruvate. Which of the following can be made from 
alanine? (Choose all that apply.) 

a) Glucose. 
b) Acetyl-CoA. 
c) Lipids. 
d) ATP via the electron transport chain. 

 

PRACTICE 3: Lysine is an amino acid that can be catabolized to acetyl-CoA, but not to pyruvate. Which of the following can 
be made from lysine? (Choose all that apply.) 

a) Glucose. 
b) Pyruvate. 
c) Lipids. 
d) ATP via the electron transport chain. 

 

PRACTICE 4: Tryptophan is an amino acid that can be catabolized to both pyruvate and acetyl-CoA. Which of the following 
can be made from tryptophan? (Choose all that apply.) 

a) Glucose 
b) Glycogen. 
c) Lipids. 
d) ATP via the electron transport chain. 
e) Ketone Bodies. 
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CONCEPT: MEASURING METABOLISM—BASAL METABOLIC RATE AND RESPIRATORY QUOTIENT 

Measuring Energy in Food—Calories: 

● Calorie (note Capital “C”) or kilocalorie (kcal)- Unit of measure for energy in food. 

 □ 1 kcal= heat energy required to raise temp of 1 L of water by 1°C. 

● Different types of food have different caloric densities. 

 □ Carbohydrates= 4 kcal/gram. 

 □ Proteins= 4 kcal/gram. 

 □ Fats= 9 kcal/gram. 

EXAMPLE: Calories of a hamburger vary depending on the relative amounts of carbohydrates, fats, and proteins. 
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Basal Metabolic Rate: 

● Basal Metabolic Rate (BMR)- Energy a person uses just to stay ____________________. 

 □ i.e. To keep up body temperature, maintain brain activity, breathe. 

 □ Ideally measured while sleeping, or at least while sitting very quietly. 

● BMR varies between people based on some variables. 

 □ Sex- Males have a higher BMR than females. 

 □ Age- ↓BMR in older people. 

 □ Lean Muscle Mass- ↑Muscle→↑BMR. 

-Muscle is much more metabolically active than fat. 

 □ Hormones- ↑Epinephrine and ↑Thyroid Hormone→↑BMR. 

 □ Miscellaneous Genetics- Some people/families have “inefficient” metabolisms. 

  -Waste lots of energy as heat, so unlikely to gain weight. 

EXAMPLE: BMR varies between people just based on genetics. 

    

EXAMPLE: BMR is measured by having a person sit quietly all day while their O2 use is measured. 
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The Respiratory Quotient (RQ): 

● Carbohydrates, fats, and proteins are metabolized differently. 

 □ Require different amounts of O2 and/or generate different amounts of CO2 waste. 

● Respiratory Quotient (RQ)- Ratio of CO2 Produced/O2 Consumed. 

 □ RQ changes based on energy source being used by the body: 

  - All carbohydrates → RQ=____________ 

  - All fats → RQ≅_____________ 

  - All proteins → RQ≅______________ 

 (□ Most healthy Americans, eating an average mixed diet, have a RQ≅0.82.) 

EXAMPLE: Patients who have not eaten in a long time burn through all their glucose stores and survive by burning fat. 
Their RQ≅0.7. 
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PRACTICE 1: A 20-year-old college student eats a slice of pepperoni pizza. The slice has 10 g of carbohydrates, 10 g of 
protein, and 10 g of fat. How many kilocalories were in the slice of pizza? 

a) 100 kcal. 
b) 150 kcal. 
c) 170 kcal. 
d) 190 kcal. 
e) 210 kcal. 

 

PRACTICE 2: Which of the following people is likely to have the highest basal metabolic rate? 

a) An 80-year-old very skinny woman. 
b) A 65-year-old obese man. 
c) A 22-year-old male swimmer. 
d) A 10-year-old girl. 

 

PRACTICE 3: A 28-year-old fitness fanatic decides to “go keto,” which means that he’s going to eat only proteins and fats, 
without any carbohydrates. Which of the following could be this man’s respiratory quotient (RQ) one week after faithfully 
following this diet? 

a) 0.6 
b) 0.7 
c) 0.78 
d) 0.98 
e) 1.10 
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CONCEPT: FED-STATE METABOLISM AND THE EFFECTS OF INSULIN 

The Rise of Insulin After a Meal: 

● Insulin is a peptide hormone that controls blood ____________________ levels and other metabolic variables. 

 □ Released from β cells in Islets of Langerhans in the pancreas. 

● Insulin is the “hormone of plenty”—insulin secretion from β cells rises after a meal, when glucose/nutrients are abundant. 

● Secretion of insulin from β cells happens when glucose (Glu) levels in the blood ____________________. 

 1) Glucose in the blood enters β cell through GLUT 2. 

 2) Glucose in β cell is metabolized to make lots of ATP. 

  -“ATP/ADP Ratio” rises. 

 3) ATP-Gated K+ Channels are shut by ↑ATP. 

4)↓K+ current→depolarization. 

 -K+ currents are hyperpolarizing. 

5) Voltage-Gated Ca2+ Channels activated by depol. 

 -Ca2+ enters the cell. 

6) ↑Ca2+→ Exocytosis of vesicles full of insulin.  
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The Effects of Insulin—Metabolism in the Fed-State: 

● Insulin changes activity of many body tissues. 

 □ Generally (but not entirely) favors anabolism—nutrients are ________________ so use, build-up, and store stuff. 

● Effects of insulin include: 

□ Muscle, Fat, Liver: ↑Glycolysis, Aerobic 
Metabolism. 

□ Muscle and Liver: ↑Glycogenesis 
(Glycogen Synthesis). 

 □ Fat: ↑Fat Synthesis 

 □ ~All Cells: ↑Protein Synthesis 

● The effects of insulin create a negative feedback 
loop. 

 □ ↑Glucose→↑Insulin. 

□ ↑Insulin→↑Glycolysis, ↑Glycogenesis, 
↑Fat Synthesis→↓Glucose. 

 

EXAMPLE: Negative feedback loop describing insulin’s effects on blood glucose. 
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PRACTICE 1: Glipizide is a drug that blocks ATP-gated K+ channels. Which of the following is the likely effect of glipizide on 
insulin secretion from β cells? 

a) Increased insulin secretion from β cells. 
b) Decreased insulin secretion from β cells. 
c) No change in insulin secretion from β cells. 

 

PRACTICE 2: Buddy the Elf eats three pounds of spaghetti with maple syrup and M&Ms® on top. Which of the following 
metabolic processes are likely occurring at an increased rate in Buddy’s body as a result of this meal? (Choose all that 
apply.) 

a) Glycolysis. 
b) Gluconeogenesis. 
c) Glycogenolysis. 
d) Glycogenesis. 
e) Lipolysis. 
f) Lipogenesis. 
g) Proteolysis (protein breakdown). 
h) Protein Synthesis. 
i) Ketogenesis (formation of ketone bodies from free fatty acids). 
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CONCEPT: FASTED-STATE METABOLISM AND THE EFFECTS OF GLUCAGON 

The Rise of Glucagon (and the Drop in Insulin) Between Meals and its Effects: 

● Glucagon is a peptide hormone that also has effects on blood glucose and metabolism. 

 □ Secreted from α cells in Islets of Langerhans in the pancreas. 

 □ Generally works in opposition to insulin. 

● Glucagon rises when “glucose is gone;” it is dominant in the fasted-state. 

 □ ↑Insulin→↓Glucagon; ↑Glucagon→↓Insulin 

 

 

 

● Glucagon responds to ↓Glucose; its effects are mostly on the liver: 

 □ ↑Glycogenolysis- Glycogen breakdown, release Glu to blood. 

□ ↑Gluconeogensis- Make new Glu from parts (e.g. amino acids), 
release it to blood. 

-↑Proteolysis (in muscle)- Breakdown proteins to free 
amino acids to be used for gluconeogenesis. 

 □ ↑Ketogenesis- Make ketone bodies from fats. 

-Brain and other tissues can use ketone 
bodies instead of glucose—saves glucose.	 
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PRACTICE 1: A 19-year-old collegiate cross-country runner rolls out of bed one Saturday morning and goes for an 8-mile 
run. He skipped dinner the night before (he was busy watching a movie with his girlfriend) and only had a bagel for lunch. 
He is 5’9” tall and weighs 120 lbs. Which of the following metabolic processes are likely occurring at an increased rate in his 
body after the run? (Choose all that apply.) 

a) Glycolysis. 
b) Gluconeogenesis. 
c) Glycogenolysis. 
d) Glycogenesis. 
e) Lipolysis. 
f) Lipogenesis. 
g) Proteolysis (protein breakdown). 
h) Protein Synthesis. 
i) Ketogenesis (formation of ketone bodies from free fatty acids). 
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CONCEPT: TYPE I AND TYPE II DIABETES MELLITUS 

Introduction to Diabetes Mellitus: 

● Diabetes Mellitus (or just Diabetes)- Family of diseases with dysfunctional _________________ metabolism/regulation. 

 □ Name comes from a tell-tale symptom: diabetic patients urinate A LOT, and their urine has glucose in it. 

  -“Diabetes”=Lots of fluid   -“Mellitus”=Honey/sweet-tasting 

● Two types of Diabetes—“Type I” and “Type II”—have different causes (more later), but some similar signs/symptoms: 

 □ Abnormal (usually low) ______________________ production. 

  -Creates abnormal (usually high) glucagon production too.  

□ Hyperglycemia- High blood ___________________ (from ↓Insulin). 

 -Hyperglycemia→Peripheral Neuropathy, Kidney Damage, Retinopathy(→blindness), poor wound healing. 

□ Polyuria: Glucose in Urine→↑Osmotic Pressure of Urine→High _______________ output. 

-Polydipsia: High Urine Output (and ↓Blood Pressure)→Excessive _______________________. 

EXAMPLE: Main signs/symptoms of diabetes include polydipsia, polyuria, et al. 
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Type I (Insulin-Dependent) Diabetes Mellitus: 

● Type I Diabetes- Pancreas does not make any/enough insulin. 

 □ Autoimmune condition—immune system attacks and kills ________________ in pancreas→no insulin produced. 

  -“Juvenile Onset”—typically shows up early in life. 

 □ “Insulin-Dependent”- Patients must be treated with daily insulin injections (or insulin pumps, et al.). 

● Symptoms of (untreated) Type I diabetes are the metabolic results of never secreting enough insulin. 

 □ Hyperglycemia→Glucose in Urine→Polyuria (and polydipsia). 

 □ No insulin (and no utilization) of glucose→body “thinks” it’s starving. 

  -↑Gluconeogenesis and ↑Glycogenolysis→Worsens Hyperglycemia 

-↑Fat Breakdown and ↑Muscle Breakdown→Weight Loss (“Wasting”) 

  -↑Ketone Body Formation→↓Blood pH→Hyperventilation, Coma/Death 

EXAMPLE: Summary of Type I Diabetes symptoms and their causes. 

 

EXAMPLE: Uncontrolled Type I Diabetes causes Kussmaul Respirations in the short-term and wasting in the long-term. 
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Type II Diabetes Mellitus: 

● Type II Diabetes- Patient has insulin resistance—they make insulin, but rest of body cells can not respond to it. 

 □ Very strongly linked to _________________________—poor diet, little exercise, obesity, etc. 

□ β Cell Exhaustion- β cells of people who’ve had Type II diabetes for long time sometimes stop making insulin. 

● Symptoms of Type II Diabetes are all long-term and the result of very prolonged (i.e. years of) hyperglycemia. 

 □ Diabetic Peripheral ____________________________- Numbness/tingling or pain, especially in hands and feet. 

 □ Poor wound ___________________________→festering wounds, infection, amputation. 

□ Diabetic Retinopathy- Hyperglycemia damages retina in the eye→blurry vision, blindness. 

□ Nephropathy- Hyperglycemia damages nephrons→___________________ failure. 

□ Atherosclerosis- Plaque build-up in arterial walls→heart attacks, death. 

  -Cardiovascular disease/death is a major risk associated with Type II Diabetes. 

EXAMPLE: Summary of effects of chronic hyperglycemia in Type II Diabetes. 
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Testing Patients for Diabetes—Fasting Plasma Glucose, HbA1C, Glucose Tolerance Tests: 

● Testing a patient for Diabetes involves testing their blood glucose levels and ability to respond to changes in it. 

● Fasting Plasma Glucose- Measurement of blood glucose levels after person hasn’t ______________ for ~8 hours. 

 □ Normal: <100 mg/dL  □ Diabetes: >125 mg/dL 

● Hemoglobin A1C (HbA1C)- Measurement of amount of hemoglobin that has had glucose added on to it. 

 □ HbA1C gives an estimate of patient’s ___________________ blood glucose over the past three months. 

 □ Normal: <5%   □ Diabetes: >6% 

● Glucose Tolerance Test- Assesses patient’s ability to respond to insulin after a big glucose meal. 

 □ Measure fasting glucose, give patient big glucose drink, then measure [Glucose]blood over next two hours. 

 □ Normal: Never >140 mg/dL □ Diabetes: >140 mg/dL after glucose, stays elevated for longer. 

EXAMPLE: Comparison of glucose tolerance test results for normal vs. diabetic patients. 
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Treating Diabetes—Insulin, Metformin, α-Glucosidase Inhibitors, and Sulfonylureas: 

● Best treatment for Type II Diabetes is lifestyle changes. 

 □ Healthier diets, consistent exercise and weight loss can cure Type II Diabetes in the early stages. 

● Giving extra Insulin is a useful treatment for Type I and Type II. 

 □ Type I is caused by ↓↓Insulin production—replace it (especially after meals). 

  -Only major treatment necessary for Type I. 

 □ Hyperglycemia in Type II can be reduced with extra insulin. 

 □ Insulin is a peptide—must be _____________________________. 

● Metformin is very commonly used to treat Type II. 

 □ Acts on the liver to ↓Gluconeogenesis→↓Blood Glucose. 

● α-Glucosidase is one of the digestive enzymes that breaks down carbohydrates in the digestive tract. 

 □ α-Glucosidase Inhibitors reduce hyperglycemia by preventing digestion of carbohydrates. 

● Sulfonylureas are a class of drug that cause ↑Insulin secretion from β cells. 

 □ Work by blocking ATP-Gated K+ channels in β cells→Depol.→↑[Ca2+]cytosol→Exocytosis of Insulin. 

EXAMPLE: Sulfonylureas increase insulin secretion by blocking ATP-Gated K+ channels in pancreatic β cells. 
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PRACTICE 1: A 7-year-old male presents to his physician complaining of weakness, constant thirst, frequent urination, and 
a general feeling of unwellness. His fasting blood glucose is 300 mg/dL and his HbA1C is 10%. Which of the following is the 
most likely diagnosis? 

a) Type I Diabetes Mellitus. 
b) Type II Diabetes Mellitus. 
c) Diabetes Insipidus. 

 

PRACTICE 2: A 57-year-old male presents to his physician complaining of blurry vision and a wound on his foot that won’t 
heal. His fasting blood glucose is 300 mg/dL and his HbA1C is 10%. Which of the following is the most likely diagnosis? 

a) Type I Diabetes Mellitus. 
b) Type II Diabetes Mellitus. 
c) Diabetes Insipidus. 

 

PRACTICE 3: A 57-year-old male presents to his physician complaining of frequent urination, blurry vision and a wound on 
his foot that won’t heal. His fasting blood glucose is 300 mg/dL and his HbA1C is 10%. Which of the following drugs will 
treat his hyperglycemia by affecting his liver? 

a) Metformin. 
b) Insulin. 
c) A sulfonylurea. 
d) An α-glucosidase inhibitor. 
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CONCEPT: APPETITE AND SATIETY 

Hormonal (and Other) Controls of Appetite and Satiety: 

● Appetite—feeling hungry—and satiety—not feeling hungry—are drives that come from the _______________________. 

 □ Influenced by hormones (secreted from various organs) and by other external factors. 

● Two major substances increase appetite (i.e. make a person feel hungry). 

□ Ghrelin- Hormone released from the stomach during fasting times (between meals); ↑Ghrelin→↑Appetite. 

□ Neuropeptide Y (NPY)- Neurotransmitter in the hypothalamus; ↑NPY→↑Appetite. 

● Two major substances increase satiety (i.e. make a person feel sated, less hungry). 

 □ Leptin- Hormone secreted by adipocytes—fat cells—as they grow; ↑Fat→↑Leptin→↓Appetite. 

  -Works by influencing ____________ activity in hypothalamus: ↑Leptin→↓NPY→↓Appetite. 

 □ Cholecystokinin (CCK)- Hormone secreted from duodenum (first part of Small Intestine); ↑CCK→↓Appetite. 

  -(CCK also hormone that causes ↑Bile Release from gall bladder and ↑Enzyme Release from pancreas.) 

● Other factors can affect appetite—stress, genetics, etc. 

EXAMPLE: Feedback loop summarizing hormonal control of appetite and satiety. 
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PRACTICE 1: A 17-year-old high-school wrestler is trying to cut weight before weigh-in. He decides he’s not going to eat for 
a week (not a good idea, but whatever). Blood levels of which of the following hormones will be increased at the end of the 
week? (Choose all that apply.) 

a) Leptin. 
b) Neuropeptide Y. 
c) Cholecystokinin. 
d) Ghrelin. 
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CONCEPT: BODY TEMPERATURE REGULATION 

● Humans are homeotherms—we maintain a ~constant body temperature of ~37°C or ~98°F. 

 □ Accomplished by balancing heat gain—from insides and/or environment—with heat loss to environment. 

Mechanisms of Heat Gain and Heat Loss: 

● Heat can move out of (or maybe in to) the body via four mechanisms: 

 □ Conduction- Physically ____________________ an object that is hotter or colder than the body. 

 □ Radiation- Heat energy moving as _______________ (either from the sun to the body or away from the body) 

 □ Convection- Movement of ______________ across skin. 

 □ Evaporation- Water (e.g. sweat) evaporating off the skin. 

● Three mechanisms can add heat to the body: 

 □ Conduction- Touching a warm object.     □ Radiation- Sitting in the sun. 

 □ Internal Heat Production- Every chemical reaction releases heat into the body. 

  -Including chemical reactions that allow skeletal muscles to move the body. 

● All four mechanisms can remove heat from the body: 

 □ Conduction- Touching a cold object.     □ Radiation- Heat waves leaving the skin. 

 □ Convection- Cool air moving over skin takes heat.     □ Evaporation- Water on skin takes heat to evaporate. 

EXAMPLE: Summary of the mechanisms of heat gain and loss. 
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Control of Body Temperature: 

● Thermoreceptors monitor body temperature and give input to _______________________. 

 □ Hypothalamus directs body temperature changes by affecting shivering, skin blood flow, and sweating. 

● Body controls/changes its temperature by three main mechanisms: 

 □ Shivering- Random, uncontrolled contractions of various skeletal muscles. 

-↑Shivering→↑Internal Heat Production→↑Body Temperature. 

□ Blood flow to skin: ↑Blood flow to skin→↑Heat loss→↓Body Temperature. 

 □ Sweating: ↑Sweating→↑Evaporative Heat Loss→↓Body Temperature. 

● Increased body temperature causes hypothalamus to activate sympathetic cholinergic neurons. 

 □ Sympathetic Cholinergic Neurons-Neurons in periphery that use acetylcholine(!) as their neurotransmitter (NT). 

 □ Activation of sympathetic cholinergic neurons causes two changes: 

  - ↑Activity of sweat glands→↑Sweating→↑Evaporative Heat Loss→↓Body Temperature. 

  - Vasodilation of skin blood vessels→↑Blood Flow to Skin→↑Heat Loss→↓Body Temperature. 

● Decreased body temperature causes hypothalamus to activate sympathetic adrenergic neurons and motor neurons. 

 □ Sympathetic Adrenergic Neurons- Normal sympathetic neurons that use norepinephrine as their NT. 

 □ Activation of sympathetic adrenergic neurons causes vasoconstriction of blood vessels in skin. 

  -Vasoconstriction of skin blood vessels→↓Blood Flow to Skin→↓Heat Loss→↑Body Temperature. 

 □ Activation of motor neurons causes shivering→↑Internal Heat Production→↑Body Temperature. 

EXAMPLE: Summary of mechanisms to control body temperature.  
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PRACTICE 1: Hyperhidrosis is a condition characterized by excessive sweating from some region of the body. 
Hyperhidrosis is sometimes treated by injections of botulinum toxin (a.k.a. “BoTox”) into the affected sweaty area. Botulinum 
toxin reduces sweating from the treated area by inhibiting the neurons that cause sweating. Which of the following types of 
neurons are inhibited by botulinum toxin? 

a) Sympathetic cholinergic neurons. 
b) Sympathetic adrenergic neurons. 

 

PRACTICE 2: Raynaud’s Syndrome is sustained vasoconstriction in the fingers in response to cold, causing pain and pallor 
(paleness). Which of the following types of neurons is the likely cause of Raynaud’s Syndrome? 

a) Motor neurons. 
b) Sympathetic cholinergic neurons. 
c) Sympathetic adrenergic neurons. 
d) Parasympathetic neurons. 
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