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FIGURE 110 Flow Down Gradients. (a) A wagon rolling
downhill (down a gradient) (left) is a useful analogy to spontaneous,
gradient-driven physiological processes. Moving up a gradient
(right) requires an energy input. (b) Blood flowing down a pressure
gradient. (c) Dietary sugars flowing down a concentration gradient
into an intestinal cell. (d) Sodium ions flowing down an electrical
gradient into a cell. () Heat flowing down a thermal gradient to
leave the body through the skin.

Organ system

. . y’o Atom
Molecule

FIGURE 1.5 The Body’s Structural Hierarchy.
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@ Room temperature
falls to 19°C (67°F)

(®) Room cools down

@ Thermostat activates
furnace

(® Thermostat shuts
off furnace

\

(@ Room temperature
rises to 20°C (68°F)

B

(a) @ Heat output

Sweating
375°C |
e /\ Vasodilatio
370°C
(98.6°F)
365°C | Vasoconstriction »

(97.7°F)

A
n»,

Set point

Core body temperature

Y
Time —>
Shivering
(b)

FIGURE 1.7 Negative Feedback in Thermoregulation.

(a) The negative feedback loop that maintains room temperature.
(b) Negative feedback usually keeps the human body temperature
within about 0.5°C of a 37°C set point. Cutaneous vasoconstriction
and shivering set in when the body temperature falls too low, and
soon raise it. Cutaneous vasodilation and sweating set in when
body temperature rises too high, and soon lower it.

e How does vasodilation reduce the body temperature?

your head and upper torso, resulting in falling blood pressure
in this region—a local imbalance in your homeostasis (fig. 1.8).
This is detected by sensory nerve endings called baroreceptors
in large arteries near the heart. They transmit nerve signals to
the brainstem, where we have a cardiac center that regulates the
heart rate. The cardiac center responds by transmitting nerve sig-
nals to the heart, which speed it up. The faster heart rate quickly
raises the blood pressure and restores normal homeostasis. In
elderly people, this feedback loop is sometimes insufficiently re-
sponsive, and they may feel dizzy as they rise from a reclining

[ﬁ Kenneth Saladin - Anatomy & Physiology_ The Uni... v

4 T« @ 0 @ —
DEEPER INSIGHT 1.3

MEDICAL HISTORY

Men in the Oven

English physician Charles Blagden (1748-1820) staged a rather theatrical
demonstration of homeostasis long before Cannon coined the word. In
1775, Blagden spent 45 minutes in a chamber heated to 127°C (260°F)—
along with a dog, a beefsteak, and some research associates. Being
dead and unable to maintain homeostasis, the steak was cooked. But
being alive and capable of evaporative cooling, the dog panted, the men
sweated, and all of them survived. History does not record whether the
men ate the steak in celebration or shared it with the dog.

position and their cerebral blood pressure falls. This sometimes
causes fainting.

This reflexive correction of blood pressure (baroreflex)
illustrates three common, although not universal, components of
a feedback loop: a receptor, an integrating center, and an effec-
tor. The receptor is a structure that senses a change in the body,
such as the stretch receptors that monitor blood pressure. The
integrating (control) center, such as the cardiac center of the

Person rises

== -l

from bed
Blood pressure rises Blood drains from
to normal; homeostasis upper body, creating
is restored homeostatic imbalance
Receptor
Effector
Heartbeat accelerates in
response to cardiac center Intetgrating Baroreceptors above
center

heart respond to drop
in blood pressure

Baroreceptors send signals
to cardiac center of brainstem

FIGURE 1.8 Homeostatic Compensation for a Postural
Change in Blood Pressure.

% Kenneth Saladin - Anatomy & Physiology_ The Unity of...
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Principal organs:
Brain, spinal cord, nerves,
ganglia

Principal functions:
Rapid internal
communication,
coordination,
motor control

and sensation

Nervous system

Principal organs:
Teeth, tongue, salivary
glands, esophagus,
stomach, small and large
intestines, liver, gallbladder,
pancreas

Principal functions:
Nutrient breakdown and
absorption. Liver functions
include metabolism of
carbohydrates, lipids,
proteins, vitamins, and
minerals; synthesis of
plasma proteins; disposal
of drugs, toxins, and
hormones; and cleansing
of blood.

Digestive system

@ 4 T

Principal organs:
Pituitary gland,

testes, ovaries

Principal functions:
Hormone production;
internal chemical
communication and
coordination

Endocrine system

Principal organs:
[esﬁe§ epididymides,

vesicles, prostate,
bulbourethral glands,
penis

Principal functions:
Production and delivery
of sperm; secretion of
sex hormones

Male reproductive system

"'SURE A.9 The Human Organ Systems (continued).

60 of 1233

pineal gland, thyroid gland,
parathyroid glands, thymus,
adrenal glands, pancreas,

permatic ducts, seminal

pal organs:
, blood vessels

~ Principal functions:
| Distribution of nutrients,
oxygen, wastes,
| hormones, electrolytes,
heat, immune cells,
d antibodies;
uid, electrolyte, and
acid-base balance

Circulatory system

Principal organs:
Ovaries, uterine tubes,
uterus, vagina, mammary
glands

Principal functions:
Production of eggs; site
of fertilization and fetal
development; fetal
nourishment; birth;
lactation; secretion of
sex hormones

Female reproductive system

x Kenneth Saladin - Anatomy & Physiology_ The Unity of...
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Principal organs: . Principal organs: ’ Principal organs:
Skin, hair, nails, Bones, cartilages, Skeletal muscles
cutaneous glands ligaments | 4

|

Principal functions:
Principal functions: Principal functions: Movement, stability,
Protection, water retention, Support, movement, communication, control
thermoregulation, _ protective enclosure of

vitamin D synthesis, - viscera, blood formation,

cutaneous sensation,

of body openings, heat
nonverbal communication

production
mineral storage,

electrolyte and acid—base
' balance

Integumentary system Skeletal system

Muscular system

\Prlnc.pal organs:
- Lymph nodes,
Iyrrﬁﬁatlc vessels,

hymus, spleen, tonsils

Principal organs: Principal organs:
Nose, pharynx, larynx, ]
trachea, bronchi, lungs

Kidneys, ureters, urinary

bladder, urethra
Principal functions: Principal functions:
Principal functions: Absorption of oxygen,
- Recovery of excess discharge of carbon
tissue fluid, detection of

pathogens, production
“of immune cells, defense
~ against disease

Elimination of wastes;

regulation of blood

“ volume and pressure;
stimulation of red blood

- cell formation; control

 of fluid, electrolyte,

and acid-base balance;
detoxification

dioxide, acid-base
balance, speech

-
Lymphatic system

Respiratory system

59 of 1233

Urinary system
The Human Organ Systems.



(a) Pericardium

Thoracic cavity

Diaphragm

e .

Abdominal cavity

<,

P )

Pelvic cavity

a1 nfs labmval cilmias

FIGURE A.4 The Four Quadrants

and Nine Regions of the

Abdomen. (a) External division into

four quadrants. (b) External division

into nine regions. JAPR

o In what quadrant would the pain
of appendicitis usually be felt?

Vertebral canal

quadrant.

ATLAS A General Orientation to Human Anatomy 33
Parietal layer — Parietal
pleura

Pericardial — Pleural
cavity cavity

— Visceral
Visceral pleura
layer

Heart

Diaphragm
Ehisd Diaphragm

(b) Pleurae

Cranial cavity

Thoracic cavity:

Pleural cavity
Mediastinum

Pericardial cavity
Diaphragm

Abdominopelvic cavity:
Abdominal cavity

Pelvic cavity

My A dbmslime cilmaas

ATLAS A General Orientation to Human Anatomy 31

Left
hypochond

eft upper -
s region %

ql (b) Abdominopelvic regions




Transverse

p\ane—]

FIGURE A1 Anatomical Position and the Three Primary

Anatomical Planes.

51 of 1233 Graw-Hill Education

IRV BN Directional Terms in Human Anatomy APR

Isagitta = arrow
*para = next to

G

Frontal
plane

I~ Sagittal
plane

(b) Frontal section

(c) Transverse section

FIGURE A.2 Body Sections Cut Along the Three Primary

Anatomical Planes. (a) Sagittal section of the pelvic region.

(b) Frontal section of the thoracic region. (c) Transverse section

of the head at the level of the eyes.

Term Meaning Examples of Usage

Ventral Toward the front* or belly The aorta is ventral to the vertebral column.

Dorsal Toward the back or spine The vertebral column is dorsal to the aorta.
Anterior Toward the ventral side* The sternum is anterior to the heart.

Posterior Toward the dorsal side* The esophagus is posterior to the trachea.
Cephalic Toward the head or superior end The brain develops from the cephalic end of the neural tube.
Rostral Toward the forehead or nose The forebrain is rostral to the brainstem.

Caudal Toward the tail or inferior end The spinal cord is caudal to the brain.

Superior Above The heart is superior to the diaphragm.

Inferior Below The liver is inferior to the diaphragm.

Medial Toward the median plane The heart is medial to the lungs.

Lateral Away from the median plane The eyes are lateral to the nose.

Proximal Closer to the point of attachment or origin The elbow is proximal to the wrist.

Distal Farther from the point of attachment or origin The fingernails are at the distal ends of the fingers.
Ipsilateral On the same side of the body (right or left) The liver is ipsilateral to the appendix.

Contralateral

On opposite sides of the body (right and left)

The spleen is contralateral to the liver.

Supefficial
Deep

Closer to the body surface
Farther from the body surface

*In humans only; definition differs for other animals.

gr-\: 8= 8 Major Electrolytes and the lons Released by their Dissociation

Electrolyte

Calcium chloride (CaCl,)

The skin is superficial to the muscles.
The bones are deep to the muscles.

Cations and Anions

— Ca2t+2cCI”

Disodium phosphate (Na,HPO,)

= 2 Na* + HPO,2~

Magnesium chloride (MgCl,)

— MgZ*t+2 CI”

Potassium chloride (KCI)

— K*+CI”

Sodium bicarbonate (NaHCO,)

— Na*+HCO5~

Sodium chloride (NaCl)

— Na* +CI~
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30 PART ONE Organization of the Body

Acromial

Axillary —

Brachial j—
Cubital j
Antebrachial —-

Carpal

Palmar

Coxal

Patellar

(c) Posterior (dorsal)

& 0«0 00 - - =

Cephalic

Facial

Cervical

Thoracic:

Sternal

Pectoral

Umbilical

Abdominal

Inguinal

Pubic

Femoral

Crural

Tarsal

Plantar

Cranial

- Interscapular -

Nuchal

Scapular

Vertebral

Lumbar

Sacral

Gluteal

Perineal

Femoral

Popliteal

Crural

(d) Posterior (dorsal)

“~F 177772 The Adult Female and Male Body Regions. (a) Female, anterior. (b) Male, anterior. (c) Female, posterior. (d) Male, posterior.

a—-u. Joe veoiandis/McGraw-Hill Education
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Name and Symbol Percentage of Body Weight Name and Symbol Percentage of Body Weight

Major Elements (Total 98.5%)

Oxygen (O) 65.0 Nitrogen (N) 3.0
Carbon (C) 18.0 Calcium (Ca) 115
Hydrogen (H) 10.0 Phosphorus (P) 1.0

Lesser Elements (Total 0.8%)

Sulfur (S) 0.25 Chlorine (Cl) 015
Potassium (K) 0.20 Magnesium (Mg) 0.05
Sodium (Na) 015 Iron (Fe) 0.006

Trace Elements (Total 0.7%) (Names and symbols only)

Chromium (Cr) Fluorine (F) Molybdenum (Mo) Tin (Sn)
Cobalt (Co) lodine (I) Selenium (Se) Vanadium (V)
Copper (Cu) Manganese (Mn) Silicon (Si) Zinc (Zn)
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Energy-Transfer Reactions in the Human Body

Exergonic Reactions in which there is a net release of energy. The products have less total free energy than the reactants did.
Reactions
Oxidation An exergonic reaction in which electrons are removed from a reactant. Electrons may be removed one or two at a time and may

be removed in the form of hydrogen atoms (H or H,). The product is then said to be oxidized.

Decomposition A reaction such as digestion and cell respiration, in which larger molecules are broken down into smaller ones.

Catabolism The sum of all decomposition reactions in the body.
Endergonic Reactions in which there is a net input of energy. The products have more total free energy than the reactants did.
Reactions
Reduction An endergonic reaction in which electrons are donated to a reactant. The product is then said to be reduced.
Synthesis A reaction such as protein and glycogen synthesis, in which two or more smaller molecules are combined into a larger one.
Anabolism The sum of all synthesis reactions in the body.

BEFORE YOU GO ON

Answer the following questions to test your understanding of the preceding section:

12. Define energy. Distinguish potential energy from kinetic energy. N 0 ¥ C(

13. Define metabolism, catabolism, and anabolism.

14. What does oxidation mean? What does reduction mean? Which of them is endergonic and which is exergonic?

15. When sodium chloride forms, which element—sodium or chlorine—is oxidized? Which one is reduced?
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46 PART ONE Organization of the Body

1/-\:18 B B8 Types of Chemical Bonds

Bond Type

lonic Bond

Definition and Remarks

Relatively weak attraction between an anion and a cation. Easily disrupted in water, as when salt dissolves.

Covalent Bond

Sharing of one or more pairs of electrons between nuclei.

Single covalent

Sharing of one electron pair.

Double covalent

Nonpolar covalent

Sharing of two electron pairs. Often occurs between carbon atoms, between carbon and oxygen, and
between carbon and nitrogen.

Covalent bond in which electrons are equally attracted to both nuclei. May be single or double. Strongest
type of chemical bond.

Polar covalent

Covalent bond in which electrons are more attracted to one nucleus than to the other, resulting in slightly
positive and negative regions in one molecule. May be single or double.

Hydrogen Bond

Weak attraction between polarized molecules or between polarized regions of the same molecule.
Important in the three-dimensional folding and coiling of large molecules. Easily disrupted by temperature
and pH changes.

Van der Waals Force

Weak, brief attraction due to random disturbances in the electron clouds of adjacent atoms. Weakest of all
bonds individually, but can have strong effects collectively.

VRSP B Types of Mixtures

Solution Colloid Suspension
Particle size <1 nm 1-100 nm >100 nm
Appearance Clear Often cloudy Cloudy-opaque
Will particles settle out? No No Yes
Will particles pass through a selectively Yes No No

permeable membrane?

Examples Glucose in blood Proteins in blood Blood cells
O, in water Intracellular fluid Cornstarch in water
Saline solutions Milk protein Fats in blood
Sugar in coffee Gelatin Kaopectate
Milk  Pure water ; Household
5 Bread, (63 66 (70)  E99 white bleach Household
wine, black (8.0 ©95) ammonia
vinegar Bananas,  offee - - (105-110)
Gastric juice (2.4-3.5) tomatoes (5.0) : .
(0.9-3.0) Lemon Oven (c1lgir)1er, lye
1™ 1M sodium
hydrochloric hydroxide
acid (0) (14)

Neutral

dic
creasing S

o 14

FIGURE 211 The pH Scale and Approximate pH of Some Familiar Household Substances. The pH is shown within the colored bar.
H* molarity increases 10-fold for every step down the scale.



1/:\:{8= B3 Energy-Transfer Reactions in the Human Body

Exergonic Reactions | Reactions in which there is a net release of energy. The products have less total free energy than the reactants did.

Oxidation An exergonic reaction in which electrons are removed from a reactant. Electrons may be removed one or two at a time
and may be removed in the form of hydrogen atoms (H or H,). The product is then said to be oxidized.

Decomposition A reaction such as digestion and cell respiration, in which larger molecules are broken down into smaller ones.

Catabolism The sum of all decomposition reactions in the body.

Endergonic Reactions | Reactions in which there is a net input of energy. The products have more total free energy than the reactants did.

Reduction An endergonic reaction in which electrons are donated to a reactant. The product is then said to be reduced.

Synthesis A reaction such as protein and glycogen synthesis, in which two or more smaller molecules are combined into a

larger one.

The sum of all synthesis reactions in the body.

77 of 1233

VRSP R Carbohydrate Functions

every oxygen. Lipids are less oxidized than carbohydrates, and thus
have more calories per gram. Beyond these criteria, it is difficult to
generalize about lipids; they are much more variable in structure

Type Function than the other macromolecules we are considering. We consider
o aa ke ndse here the five primary types of lipids in humans—fatty acids, tri-
glycerides, phospholipids, eicosanoids, and steroids (table 2.7).
Glucose Blood sugar—energy source for most cells
Galactose Converted to glucose and metabolized - ——
20 .1,
Fructose Fruit sugar—converted to glucose and metabolized Ber =gl

Disaccharides

Sucrose Cane sugar—digested to glucose and fructose LL-1R A Lipid Functions
Lactose Milk sugar—digested to glucose and galactose; Type Function
important in infant nutrition
Bile acids Steroids that aid in fat digestion and nutrient
Maltose Malt sugar—product of starch digestion, further absorption
digested to glucose
Cholesterol Component of cell membranes; precursor of
Polysaccharides other steroids
Cellulose Structural polysaccharide of plants; dietary fiber Eleoeaneids Chemical messengers between cells
Starch Energy sForage in plant cells; energy source in Fat-soluble Involved in a variety of functions including
human diet vitamins blood clotting, wound healing, vision, and
Glycogen Energy storage in animal cells (liver, muscle, brain, (A, D, E, and K) calcium absorption
uterus, vagina) Fatty acids Precursor of triglycerides; source of energy

Conjugated Carbohydrates

Glycoprotein

Component of the cell surface coat and mucus,
among other roles

Glycolipid

Component of the cell surface coat

Proteoglycan

Cell adhesion; lubrication; supportive filler of some
tissues and organs

*nicotinamide adenine dinucleotide

Glycolysis

Phospholipids

Major component of cell membranes; aid in
fat digestion

Steroid hormones

Chemical messengers between cells

Triglycerides

Energy storage; thermal insulation; filling
space; binding organs together; cushioning
organs

Aerobic respiration




Glycolysis Glucose

Anaerobic
fermentation

Uses no
oxygen

\J

Lactate

Aerobic
respiration
Requires
oxygen

C02 = H20

36 +36(P)

Mitochondrion

36 J ATP!

FIGURE 2.31 ATP Production. Glycolysis produces pyruvate
and a net gain of two ATPs. Anaerobic fermentation converts
pyruvate to lactate and permits glycolysis to continue producing
ATP in the absence of oxygen. Aerobic respiration produces a
much greater ATP yield but requires oxygen.



