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CHAPTER 25
Metabolism and Nutrition
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\ M etabolic Reactions

= Metabolism refers to all of the chemical
reactions taking place in the body.

= Reactions that break down complex
molecules into simpler ones are catabolic
(decomposition).

= Reactions that combine simple molecules
to make complex molecules are anabolic
(synthesis).

\ Metabolic Reactions

Interactions Animation:

= Introduction to Metabolism

You must be connected to the Internet and in Slideshow Mode to
run this animation.




\ Metabolic Reactions

Metabolism results from the balance of
anabolic and catabolic reactions. ATP
(adenosine triphosphate) is the energy
molecule that couples the two types of
reactions.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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\ M etabolic Reactions
Simple molecules such as
Heat glucose, amino acids,
released glycerol, and fatty acids
Catabolic reactions Anabolic reactions
transfer energy from transfer energy from
complex molecules ATP to complex
to ATP ADP + (P molecules |
Complex molecules such Heat
as glycogen, proteins, and released
triglycerides
Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
\ Energy Transfer

= Oxidation-Reduction reactions are one
category of reactions important in energy
transfer.

= Oxidation involves the removal of
electrons from an atom or molecule. An
example is the conversion of lactic acid to
pyruvic acid.

C|OOH COOH
Oxidation
H*Cl‘*OH Remove 2 H (H + H ) C|:O

CH, CH,

Lactic acid Pyruvic acid
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\ Energy Transfer

Reduction involves the addition of
electrons to a molecule. An example is the
conversion of pyruvic acid to lactic acid.
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C|OOH COOH
Reduction
= —eduelion. . —C—
C| 0 Add2H H* + H") H C| OH
CH, CH,
Pyruvic acid Lactic acid
\ Energy Transfer

When a substance is oxidized, the liberated
hydrogen atoms are transferred by 2
coenzymes to another compound. These
are nicotinamide adenine dinucleotide
(NAD) and flavin adenine dinucleotide
(FAD).

+2HH" + H)

NAD® ~————— NADH + H"
Oxidized —2HHEHT+H) Reduced

+2HH + H)
FAD <—=———— FADH,
Oxidized ~—2ZHM" +H)  Reduced

nc, All rights reserved,

\ Energy Transfer

Oxidation and reduction are always coupled.
That is why the two reactions together are
called oxidation-reduction or redox
reactions. The oxidation of lactic acid to
pyruvic acid and the associated reduction of
NAD* may be written as:

Lactic acid NAD™*
Reduced Oxidized
Pyruvic acid NADH + H*
Oxidized Reduced

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.




\ Energy Transfer

Some of the energy released during
oxidation reactions is captured when ATP is
formed. A phosphate group is added to
ADP (phosphorylation) along with energy
to form ATP. A high-energy bond is
indicated by a “squiggle.”

Adenosine — ®) ~® + @) + energy —>

Adenosine —®) ~® ~ @

ATP

ADP

4/21/2017

\ Carbohydrate Metabolism

Carbohydrate metabolism is, in reality,
mostly glucose metabolism. The body’s
use of glucose depends on the needs of
cells. These needs include:

= ATP production

= Amino acid synthesis

= Glycogen synthesis

= Triglyceride synthesis

\ Carbohydrate Metabolism

Interactions Animation:

= Carbohydrate Metabolism

You must be connected to the Internet and in Slideshow Mode to
run this animation.




\ Carbohydrate Metabolism

= Glucose must pass through the plasma
membrane to be used by the cell.
Facilitated diffusion makes this happen.
In most body cells, GIuT molecules
(transporters) perform this.

= Insulin increases the insertion of GluT4
transporters into the plasma membrane
increasing the rate of facilitated diffusion.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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Carbohydrate Metabolism

The oxidation of glucose to produce ATP is
cellular respiration. Four sets of reactions
are involved:

1. Glycolysis

N

Formation of acetyl coenzyme A
Krebs cycle reactions

»w

Electron transport chain reactions

Carbohydrate Metabolism
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\ Carbohydrate Metabolism

= Glycolysis is the process whereby a 6-
carbon glucose molecule is split into two
3-carbon molecules of pyruvic acid.

= Glycolysis involves 10 reactions.
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Carbohydrate Metabolism
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\ Carbohydrate Metabolism

= What happens to the pyruvic acid
depends on the availability of oxygen.

= If oxygen is scarce (anaerobic
conditions), pyruvic acid is reduced by
the addition of 2 hydrogen atoms to form
lactic acid.

= If oxygen is plentiful (aerobic conditions),
most cells convert pyruvic acid to acetyl
coenzyme A.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Carbohydrate
M | H “Aerobic pathway
etabolism i
Pyvic G=0
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\ Carbohydrate Metabolism

The Krebs cycle is also known as the citric
acid cycle. This cycle occurs in the matrix
of mitochondria and consists of eight
reactions.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Carbohydrate Metabolism

= The electron transport chain is a series
of electron carriers in the mitochondria.
Each carrier in the chain is reduced as it
picks up electrons and oxidized as it gives
up electrons. Exergonic reactions
release energy used to form ATP.

= This mechanism links chemical reactions
with the pumping of hydrogen ions and is
known as chemiosmosis.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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Carbohydrate Metabolism

Outer membrane —— 2 2

7
Inner membrane

{
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membrane
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NADH + H"
ATP synthase ATH
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matrix of mitochondrion
\ Carbohydrate Metabolism
Electron carriers include:
= Flavin mononucleotide (FMN)
= Cytochromes
= Iron-sulfur centers

= Copper atoms
= Coenzyme Q




\ Carbohydrate Metabolism

Inside of the inner mitochondrial
membrane, the carriers are clustered into
three complexes, each acting as a proton
pump that expels H*.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Carbohydrate Metabolism

Space between outer
and inner mitochondrial
membranes

Inner
mitochondrial

§
membrane | {

Mitochondrial
matrix

NADH +H'  NAD® b Y
\
O aTe ayminase > ATEE
NADH dehydrogenase Cytochrome b—¢, Cytochrome oxidase
wmwf’%’f{fam five complex: cyt byt ¢, complex: cyt a, cyt a;,
Fe-S centers and an Fe-S center and two Cu
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\ Carbohydrate Metabolism

Cellular respiration will generate either 30
or 32 ATP molecules for each molecule of
glucose catabolized. The reaction is:

CeH ;06 + 6 O, + 30 or 32 ADPs + 30 or 32 (®) —>
Glucose Oxygen
6CO, + 6H,0 + 30 or 32 ATPs

Carbon dioxide Water

Sons, Inc. All rights reserved.
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\ Carbohydrate Metabolism
s |

Summary of ATP Produced in Cellular Respiration

ATP YIELD PER GLUCOSE

SOURCE MOLECULE (PROCESS)

GLYCOLYSIS

Oxidation of one glucose 2 ATPs (substrate-level
molecule to two pyruvic phosphorylation).

acid molecules
Production of 2 NADH + H* 3 or 5 ATPs (oxidative
phosphorylation).
FORMATION OF TWO MOLECULES OF ACETYL COENZYME A

2NADH + 2 H* 5 ATPs (oxidative phosphorylation).
KREBS CYCLE AND ELECTRON TRANSPORT CHAIN

Oxidation of succinyl-CoAto 2 GTPs that are converted to 2 ATPs

succinic acid (substrate-level phosphorylation).
Production of 6 NADH + 6 H* 15 ATPs (oxidative phosphorylation)
Production of 2 FADH, 3 ATPs (oxidative phosphorylation).
Total 30 or 32 ATPs per glucose molecule.
Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

\ Carbohydrate Metabolism

= Glucose not needed immediately is stored
as glycogen. The process that creates it
is glycogenesis.

= When ATP is needed for body activities,
stored glycogen is broken down by a
process called glycogenolysis.

Sons, Inc. All right
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\ Carbohydrate Metabolism
Hepatocyte

(liver cell)
Glucose
Phosphatase Hexokinase

ADP
Glucose 6-phosphate

Glucose 1-phosphate
M
Uridine diphosphate glucose
Phosphorylase
GLYCOGEN

Key:
—» Glycogenesis —» Glycogenolysis
(stimulated by insulin) (stimulated by glucagon and
epinephrine)

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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\ Carbohydrate Metabolism

= Glucose may be formed from proteins as
well as the glycerol portion of
triglycerides, lactic acid and certain
amino acids. The process is known as
gluconeogenesis.

= Cortisol, glucagon and thyroid
hormones stimulate gluconeogenesis.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

\ Carbohydrate Metabolism

Glucose 6-phosphate

Sy |« [aivmol
LACTIC ACID H
~

CERTAIN P 4 Pyruvic acid
AMINO ACIDS

Key:
—>» Gluconeogenesis (stimulated by
cortisol and glucagon)

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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| Lipid Metabolism

Because most lipids are nonpolar
(hydrophobic), they do not dissolve in
water. Because blood plasma is over 90%
water, lipids must be transported
combined with proteins produced by the
liver and intestines. These are lipoproteins.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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| Lipid Metabolism
Nonpolar lipids: Apo C- \&\ )

Cholesterol
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Lipid Metabolism

There are four classes of lipoproteins:

= Chylomicrons—transport dietary lipids to adipose
tissue

= Very-low-density lipoproteins (VLDLs)—
transport triglycerides from hepatocytes to
adipocytes

= Low-density lipoproteins (LDLs)—carry about
75% of the total cholesterol in blood and deliver it
to cells

= High-density lipoproteins (HDLs)—remove
excess cholesterol from body cells and the blood
and transport it to the liver for elimination

Copyright © 2014 John Wiley

Sons, Inc. All rights reserved.
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| Lipid Metabolism

= Cholesterol comes from some foods
(eggs, dairy, organ meats), but most is
synthesized by hepatocytes.

= Increases in total cholesterol levels are
associated with a greater risk of coronary
artery disease.

= Exercise, diet and certain drugs are
used to reduce high cholesterol levels

Copyright ©

2014 John Wiley & Sons, Inc. All rights reserved
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| Lipid Metabolism

= Lipids may be oxidized to produce ATP.

= |f the body does not need lipids at any
given time, they get stored in adipose
tissue.

= Some are used as structural molecules

or to synthesize other essential
substances.

Copyright © 2014 John Wiley &

& Sons, Inc. All rights reserved.

| Lipid Metabolism

Types of Lipids in the Body Types of Lipids in the Body
TYPEOFLIPID  FUNCTIONS TYPE OF LIPID  FUNCTIONS
Fatty acids d phospholipids  Eicosanoids

ate (prostaglandins

Triglycerides
(fats and oils)
Phospholipids Other lipids
g Carotenes
Steroids
Cholesterol
Vitamin £
Bile salts
Vitamin D Vitamin K
Lipoproteins
hormones
Sex hormones

and leukotrienes)
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| Lipid Metabolism

= Adipose tissue is used to remove
triglycerides from chylomicrons and
VLDLs. These triglycerides constitute 98% of
all body energy reserves.

= Lipid catabolism (lipolysis) is the process
of splitting triglycerides into fatty acids and
glycerol.

= Lipid anabolism (lipogenesis) is the
process of synthesizing lipids from glucose or
amino acids. It occurs when individuals
consume more calories then needed.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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Lipid Metabolism

5

Glyceraldehyde
3-phosphate
| aLvceroL | AN

TRIGLYCERIDES

Pyruvic acid FATTY ACIDS &~
\\00
CERTAIN P
AMINO ACIDS  “__ 5°
Acetyl Ketone breakdown
coenzyme A in most body cells -
< Ketone bodies:
Ketogenesis Acetoacetic acid
Key: in liver cells Beta-hydroxybutyric acid
—>Lipolysis (stimulated by epinephrine, Acetone
norepinephrine, and cortisol)
Lipogenesis (stimulated by insulin) | [KREBS
CYCLE,
Copyright © 2014 John Wiley Sons, Inc. All rights reserved.

Lipid Metabolism

Interactions Animation:

= Lipid Metabolism

You must be connected to the Internet and in Slideshow Mode to
run this animation.
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\ Protein Metabolism

= Digested proteins are broken down into
amino acids which are not stored, but are
either oxidized to produce ATP or used
to synthesize new proteins.

= Many proteins function as enzymes, some
are involved in transportation, serving as
antibodies, clotting blood, being
hormones, or being part of muscle fibers.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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| Protein

Functions of Proteins

MetabholisSm  Treorrmorem runcreons

Structural Form structural framework of various parts of body.
Examples: collagen in bone and other connective
tissues; keratin in skin, hair, and fingernails.

Regulatory Function as hormones that regulate various
physiological processes: control growth and
development; as neurotransmitters, mediate
responses of nervous system.

Examples: the hormone insulin (regulates blood
glucose level); the neurotransmitter known

as substance P (mediates sensation of pain in
nervous system)

Contractile Allow shortening of muscle cells, which
produces movement
Examples: myosin; actin

Immunological Aid responses that protect body against foreign
substances and invading pathogens
Examples: antibodies; interleukins.

Transport Carry vital substances throughout body.
Example: hemoglobin (iransports most oxygen
and some carbon dioxide in blood).

Catalytic Act as enzymes that regulate biochemical reactions.

Examples: salivary amylase; sucrase; ATPase,

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

\ Protein Metabolism

= Protein catabolism (breaking down)
yields amino acids which are converted to
other amino acids, fatty acids, ketone
bodies, or glucose.

= Cells oxidize amino acids to generate ATP
via the Krebs cycle.
= Protein anabolism (synthesis) creates

new proteins by bonding together amino
acids on ribosomes.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved
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\ Protein
M etabolism
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\ Protein Metabolism

Interactions Animation:

= Protein Metabolism

You must be connected to the Internet and in Slideshow Mode to

run this animation.




\ Key Molecules at Metabolic
Crossroads

Of the thousands of different chemicals in
cells, glucose 6-phosphate, pyruvic acid
and acetyl coenzyme A are extremely
important in metabolism.
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| Key Molecules at Metabolic
Crossroads

Glucose 6-phosphate is involved in:
= Synthesis of glycogen
= Release of glucose into the bloodstream
= Synthesis of nucleic acids
= Glycolysis

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

\ Key Molecules at Metabolic
Crossroads

= Pyruvic acid is involved in:
= Production of lactic acid

= Production of alanine

= Gluconeogenesis
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\ Key Molecules at Metabolic
Crossroads

Acetyl coenzyme A is involved in:

Helping 2-carbon acetyl groups enter the Krebs
cycle

Synthesis of lipids

4/21/2017

Key Molecules at Metabolic
Crossroads
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Key Molecules at Metabolic

Crossroads

Summary of Metabolism

PROCESS COMMENTS
CARBOHYDRATES
s Comp chief source of ATP in cels; c elycolysis, Krebs
cycle, < 1 molecule of glucose yield: of 300r 32
molecules of ATP.
Glycolysis ‘Conversion of glucose into pyruvic acid results in production of some ATP: Reactions do not equire oxygen.
Krebs cycle es of oxidation-reduction reactions in which coenzymes (NAD" and FAD) pick up hydrogen ions
s from oidized organic acids: some ATP produced. €O, and H,O are by-products. Reactions are
Electron transport chain “Third set of reactions another seris of reactions, are

passed 10 next; most ATP produced. R y pira

Glucose anabolism
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Protein catabolism

is converted into
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\ Metabolic Adaptations

= Regulation of metabolism depends on
chemicals in the cells and signals from the
nervous and endocrine systems.

= Some aspects of metabolism depend on
time elapsed since the last meal.

= During the absorptive state, glucose is
readily available.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Metabolic Adaptations
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\ Metabolic Adaptations

Hormonal Regulation of Metabolism in the
Absorptive State

MAIN STIMULATING
PROCESS LOCATION(S) HORMONE(S)

Facilitated diffusion  Most cells. Insulin*
of glucose into cells

Active transport of Most cells. Insulin.
amino acids into cells

Glycogenesis Hepatocytes and  Insulin.
(glycogen muscle fibers.
synthesis)

Protein synthesis All'body cells.  Insulin, thyroid

hormones, and insulinlike
growth factors,

Lipogenesis Adipose cells and  Insulin.
(triglyceride hepatocytes.
synthesis)

*Facilitated diffusion of glucose into hepatocytes (liver cells) and neurons is
always “turned on” and does not require insulin.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Metabolic Adaptations

During the postabsorptive state, energy
needs are met by fuels already in the body.

Copyright © 2014 John
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\ Metabolic Adaptations
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\ Metabolic Adaptations

Hormonal Regulation of Metabolism in the
Postabsorptive State

MAIN STIMULATING

(synthesis of glucose

Copyright ©

Kidney cortex

from noncarbohydrates) cells.

John

PROCESS LOCATION(S) HORMONE(S)
I and  Glucagon and
(glycogen breakdown)  skeletal muscle epinephrine.
fibers.
Lipolysis (tri i dipe
breakdown) norepinephrine, cortisol,
insulinlike growth factors,
thyroid hormones, and
others.
Protein breakdown Most body cells, but - Cortisol.
especially skeletal
muscle fibers.
; and  Glucagon and cortisol.
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\ Metabolic Adaptations

= During fasting and starvation, the body
must make metabolic changes to survive.

= Fasting is going without food for several
hours or a few days.

= Starvation is going without food or
inadequate food intake for weeks or
months.

4/21/2017

\ Metabolic Adaptations

= The most dramatic metabolic change
occurring with fasting and starvation is an
increase in production of ketone bodies
as catabolism of fatty acids increases.

= They may be used for energy by all cells.

\ Heat and Energy Balance

= The rates of metabolic reactions control
the amount of heat produced by the body.
The rate of heat loss must equal the rate
of heat production to maintain
homeostasis of body temperature.

= The metabolic rate is the overall rate at
which metabolic reactions use energy.

= Metabolic rate is measured with the body

in a quiet, resting and fasting state. This is
basal metabolic rate (BMR).
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\ Heat and Energy Balance

Factors that affect metabolic rate (heat
production) include:
= Exercise
= Hormones
= Nervous system
= Body temperature
Ingestion of food
= Age
= Gender, climate, sleeping, malnutrition

4/21/2017

\ Heat and Energy Balance

Heat is transferred from the body to the
environment by:

= Conduction

= Convection

= Radiation

= Evaporation

\ Heat and Energy Balance

= The preoptic area of the hypothalamus
is the body’s thermostat.

= Thermoreceptors send information to the
preoptic area which sends signals to the
heat-losing center and heat-promoting
center of the hypothalamus, depending
on the body’s needs.

= Negative feedback mechanisms
conserve heat and increase heat
production.
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\ Heat and Energy Balance
Interactions Animation:

= Metabolic Rate, Heat and
Thermoregulation

You must be connected to the Internet and in Slideshow Mode to
run this animation.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Heat and Energy Balance Y
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\ Heat and Energy Balance

= Energy intake is directly dependent on
the amount of food consumed.

= Total energy expenditure is based on:
= Basal metabolic rate (60%)
= Physical activity (30—-35%)
= Food-induced thermogenesis (5—10%)

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Heat and Energy Balance

= The arcuate nucleus and the
paraventricular nucleus of the
hypothalamus are the areas that control
hunger.

= The hormone leptin helps to decrease
adiposity (body fat mass).

= Neuropeptide Y stimulates food intake.

= Melanocortin inhibits food intake.
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\ Nutrition

Nutrients are chemicals in food that cells

use for growth, maintenance and repair.

They include:
= Water
= Carbohydrates
= Lipids
= Proteins
= Minerals
= Vitamins

\ Nutrition

Recommended calorie distribution is:

= 50-60% from carbohydrates (less than 15%
simple sugars)

= Less than 30% from fats (no more than 10%
saturated)

= About 12-15% from protein

The US Department of Agriculture
introduced MyPlate to emphasize how

people should proportion their food intake.
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\ Nutrition

MyPlate

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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\ Nutrition

= Minerals are inorganic elements that play
important roles in maintaining a healthy
body.

= Vitamins are nutrients required in small
amounts to maintain growth and normal
metabolism. Most cannot be synthesized
by the body and must be consumed in
foods.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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Minerals Vital to the Body
MINERAL  COMMENTS IMPORTANCE

Calcium tost abundant mineral in body. Appes i of bones and teeh, blood clo

Chloride

Magnesium

Inc. Al rights reserved
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Minerals Vital to the Body
MINERAL  COMMENTS IMPORTANCE
Todide Essental component of thyroid hormones. Bcretd i e, Recuired b thyroid gand 10 syoesizs yroid hormonss, which
Sources: safood,odized sl,vegeialesgrownn odinesichsils,  egulate metabolicrte
Manganese  Some sore iniverand splesn. Mot excreted infecs, Activaes several enzymes. Nooded for hemoglobin syntesi, urea
Sovmces pitact,romisin et gl formasion, growth, reprodiin,Iacttion, b formation and
posivly inslin,and .
Copper Sonnesored i vr and splosn. Most sxcreted in feos. Sources:  Requited ith ron for syahe’sof emoglobin. Componeat of
. et o, b, el e, i s ris .
Cobalt Goustneat o€ Viaimin T, Sourees vy Ky, il g K partof Vil B e Fo eyl
chcese, meat,
zinc Impartant component o erain onzymes. Widespread in many As componontof crbonic anhydras, imporant i carbon dioxide
foods,espectally meais, ocibolicm, Novessmy o somal st s o el ol
{astesenstionsand appeic, nd normal sperm counts i s As
companentof pepidass,isolved n proteindigestion.
Flu Componentof ones, teth,athertisues, Sources:seafood, Appears  improve oothsruture and nhiit oothdecay,
e gt
Sefeniaen mpimtnt component o ecis sy Noodi syt oy Bormonie,spom iy, s propes

meat, chicken, tomatoes, egg oIk
cereal grains grown in selenium-t

milk, mushrooms, garlic, functioni stem. Also functions as antioxidant, Prevens
ich sol. ehromosome breakage and may play role in preventing certain birth

2 of imimune s

dects, miscarriage, prostate cancer, and coronary artery disease.

Chromium  Found in high concenirations in brewer's yeast. Also found Needed for normal activity of insulin in carbohydrate and lipid
in wine and some brands of beer. metabolisn

4/21/2017
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The Principal Vitamins

DEFICIENCY SYMPTOMS

viTAMIN COMMENT AND SOURCE FUNCTIONS. AND DISORDERS
Fatsoluble Al i il st and some ey ipids for adeguate sbscrpion.
A Deficiency resuts n asophy and
» on Esentl for of i
viamin AT, pi s iy o
milk, E
esenchst fordark adaption), Slow and fuly
devclopmeat ofhones and et
o Sunlight comsrts Esentol for
DA Works with
s Possibl loss of
1025 hydronyeholecleiferol. A o omeostsis. musel on.

M
Dietarysources: i ver ol g yolk.
foried ik

€ (tocopherols) e acpee s

muscls.
s, sesd i, membrancs, funtion of mitochondri, | a

May
promote wound healng conibue o s hmolytc anemi.
ormalsuetur and fancioning of

nervous sysem, and prevent scaring,

‘Acts s sntoxidant o inssivat e
rulcls.

Jiverand splcn. Dictry sources:spinach,  severalcloting fctors by e, inclding e,
csulflower, cabbage, iver, prabrombin.

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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The Principal Vitamins

DEFICIENCY SYMPTOMS

VITAMIN COMMENT AND SOURCE FUNCTIONS AND DISORDERS
Water-soluble Dissolved in body fuids. Most notsored in body. Excs intake eliminated n urine.
8, (thiamine) by heat. Sources: Improper
‘ ez pork -  of pyruvic and lactc acids
Jivr, yeast. bonds and are involved i carbohydrate  and insoffcient poduction oF AT for

metabolism of pyruvic acid 0 CO, muscle and nerve clls. Deficiency leds
and HL0. Bssential f of 1) beriber, smooth
neuroizansmitte acetylcholine. muscle of G tract, causing digesive

disturbances; skeletal muscle paralysis:

ouch, sunted growth in children, 1nd
poor appeit.
8, (sboflavin) bacteria of GI Deficiency may lead to improper

ract. Dietary sources: yeast liver, beef, example, FAD and FMN) in carbohydrate utiliztion of axygen,resuling i blurred
veal,lambs, eges, whole-grain producs, especiallyin cells s, and corneal ulceraions.

ofeye, ‘mucosa of inestine,
and bloo. Jesions of intstinal mucos, and one type
of anemis

NAD and NADE,

(nicotinamide) Soures: yeust meats,lve, fsh, whole- y churacterized by d Jirshea, and
erain products,peas, bes I inhiis
production of cholesterol und assists in
iglyceride breakdown,
8, (pyridoxine) ‘Synthesized by bactria of G tract. a 5
tored inliver, muscle, nd beain, Other d metabol e icuih,
Imon, yeas, tomatces, yellow May function 15 sy arowth and
o, spinich, whole grain products,liver,  coenzyme in riglyceride metsbolism.  nausea
yogur,
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TABLE 25.6

The Principal Vitamins

DEFICIENCY SYMPTOMS
VITAMIN COMMENT AND SOURCE FUNCTIONS AND DISORDERS
Water-soluble Dissaled in body fluids. Most notsared in bods. Excess intake climinated in urine.

Ouly B vitamin o

icessary for red blood cell

B,
{eyanocobalamin)

iges.
W impaired

ceryleoline).  activity of osteablasts.

Pantothenic acid

Fatigue, muscle spasms, insufficient

Folic acid ‘Synhesized by bacteri
(folate, folacin)

Production of

broccol, asparags, b

y o ¥
and RNA. Essental for normal production  of neural whe defecs in bat
cicus s a

Biotin

pyruvie acid o oxaloacetic cid and dermatiis, iz
synthesis of faty acids and purines.
C(ascorbic add)

o poor collagen formation,
tender

poor wound hea
alls e f
e

wrowh,
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Anatomy Overview:

= Role of Nutrients

You must be connected to the Internet and in Slideshow Mode to
run this animation.
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