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0:- or CO:-related variables, 505
plasma volume, 563
post, O:demands, 279
pregame meal, 604
pulmonary ventilation and, 479
reflexes and, 504
urinary proteins and, 550
weight control and, 648
Exhaustion, 658
Exocrine glands
characterization, 4
dermal, 455
formation, 5
Exocrine pancreas
enzymes, 614
secretion regulation, 614615
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Epicardium, 308
Epidermis
cell formation, 454
characterization, 454
defense mechanism, 454-455
desmosomes, 454
drugs absorbed by, 455
specialized cells, 456
Epididymis, 756
Epiglottis, 599
Epilepsy, 152
Epinephrine
adrenal medulla secretion, 705
adrenergic receptor affinity, 706
arterioles and, 359
characterization, 240
CNS effects, 707
direct metabolic effects, 725-726
exercise and, 504
SNS effects, 706-707
Epiphyseal plate, 679-680
Epiphysis, 679
Episodic memory, 163
Epithelial cells

@&Stﬂ in stomach, 5

surface, 605
villi, 624
Epithelial sheets, 4, 59
Epithelial tissue, 4
Epogen, 397
EPP (end-plate potential)
action potential and, 249-250
characterization, 249
formation, 247, 249
EPSP (excitatory postsynaptic potential)
characterization, 106
concurrent cancellation, 108
GABA and, 106
measuring, 152
presynaptic inhibition, 111
presynaptic inputs and, 107-109
spatial summation, 108
Equations
balanced, A-7-A-8
function, A-33
Goldman-Hodgkin-Katz, 81
Henderson-Hasselbalch, 574-575
Nernst, 79-80
problem solving with, A-34
thinking about, A-33-A-34
thinking with, A-34-A-36
Equilibrium potential for K , 79
Equivalents, A-9
ER. See Endoplasmic reticulum (ER)
Erasistratus, 346
Erectile dysfunction, 760
Erection
dysfunction, 760
reflex, 759-760
tissues, 759-760
Erection-generating center, 759

Sieqfructation, 600, 636

Erythroblastosis fetalis, 399
Erythrocytes
blood types and, 399-400
bone-marrow production, 394
characterization, 393
clot formation and, 407
departure preparation, 397
enzymes, 304
excessive amount of, 398-399
excessive loss of, 397-398
hemoglobin in, 393-394
high altitude effects, 498
high demand for, 397
life span, 395
molecules, 394
production stimulus, 395

Factor XIII (fibrin-stabilizing factor), 408
FAD (flavine adenine dinucleotide), 35
Fallopian tubes, 742
Familial Alzheimer’s disease, 165
Farsightedness. See Hyperopia
Fas ligand, 782
Fast pain pathway, 191
Fast synapses, 117
Fast-twitch muscles, 279-281
Fasting, 713-714
Fat absorption
bile salts and, 617, 628
process, 628, 630631
Fat cells. See Adipocytes
Fat digestion, 614
Fatigue
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Estential nisionsy 712
Estriol, 769
Estrogens
actions, 794
adrenal cortex secretion, 702-703
cervical changes by, 776
conversion to testosterone, 752
environmental, 762-763
follicular production, 772
growth and, 683, 685
lactation and, 793
menopause and, 776-778
Na -K pump, 72
ovarian cycle regulation by, 770-772
parturition and, 790
physiologic actions, 777
placental secretion, 788789
secretion, 769-770
tonic, 772
types, 769
uterus and, 774
Estrone, 769
ESV (end systolic volume), 323, 329
Ethanol, 161-162
Eunuch, 751
Eupnea, 496
Eustachian tube, 217
Evaporation, 652-653
Evista. See Raloxifene
Exchange. See Antiport
Excitable tissues, 78
Excitation
Ca:role, 264-268
cardiac, 313-314
smooth muscles, 296
ventricular, 321
Excitation-contraction coupling
cytosolic Caz, 315-316
defined, 264
process, 266
Excitation-secretion coupling, 717-718
Excitatory synapses, 106
Excitotoxicity, 142
Executing voluntary movement, 166-167
Exercise
aerobic, 39, 278
anaerobic, 39
blood doping, 396
body temperature and, 504
bone benefits, 731
cardiac output, 355
cardiovascular changes during, 381
cooling mechanisms, 563
defined, 11
epinephrine release and, 504
glucose transport during, 70
hypertension and, 383
hypothermia from, 657
immune defense, 451
maxVO:, 506
menstrual dysfunctions and, 777

Fibroblasts, 58, 334
Fibronectin, 58

Fibrosis, 476

Fibrous skeleton, 307-308
Fick’s law, 62-63, 488-489
Fight-or-flight response, 240

Filaments. See also Thick filaments; Thin filaments

actin and, 260-261
muscle, 258
myosin and, 260
podocytes, 523
smooth muscles, 289, 292
Filariasis, 371
Filtration fraction, 539
Filtration slits, 518
Fimbriae, 778
Final common pathway, 246
First law of thermodynamics, 641-642
First-order sensory neuron, 188
Flaccid paralysis, 283
Flagella
characterization, 45
internal structure, 46-47
movement, 43, 45
Flatus, 636-637
Flexion, 269
Flower-spray endings. See Secondary endings
Fluid balance. See also Acid-base balance
compartments, 559-560
concept, 557-558
maintenance, 560-569
nonphysiologic factors, 569
oral metering, 569
regulation, 556
Fluid mosaic model, 55
Fluids. See also ECF (extracellular fluid); ICF (in-
terstitial fluid)
amniotic, 786
balance, 556
bone, 729-732
brain, 139-141
exchange, capillary, 367-368
hypertonic, 539
hypotonic, 539
intrapleural, 464, 467
isotonic, 539
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Ex&‘@?l\;ﬁsé 13-615
characterization, 76
defined, 28
vesicular transport, 75

Exophthalmos, 697
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difficulty in, 474
fat metabolism and, 719
forced, 472, 475
neurons associated with, 500
onset of, 470-472
respiratory muscles during, 470-472
Expiratory reserve volume (ERV), 480-481
External anal sphincter, 635
External ear, 216-217
External environment
circadian rhythms and, 685
defined, 6
estrogens in, 762-763
homeostasis and, 10
learning and, 163
room temperature, 15
External intercostal muscles, 469
External respiration, 461-462
External work, 461
Extracellular chemical messengers, 113-115, 117
Extracellular material, 29
Extrafusal fibers, 285
Extrapyramidal motor system. See Multineuronal
motor system
Extrasystoles, 319
Extrinsic controls
cardiac contractility, 329
renal GFR, 522-523
stroke volume, 328
Extrinsic nerves, 595
Eye. See also Vision
anatomy, 195-196
color, 196
components, 212
cornea, 195, 211
diseases of, 196, 201
layers, 201
lens, 200-201
light passing through, 196-197, 201
muscles, 197, 200
phototransduction, 201, 205
protective mechanism, 195
receptors, 183184, 203-205
refraction, 197-200
retina, 195, 201-209
structure, 195
Eyelashes, 195
Eyelids, 195

F cells, 714

Fab (antigen-binding fragments), 431
Facilitated diffusion, 61

Factor VIIL, 411

Factor X, 408, 410

Factor XII, 409, 410-411

Food intake
arcuate nucleus role, 644
behavior and, 646-647
hypothalamus role, 644
obesity from, 647-649
saticty signal, 647
Foot proteins, 264
Force
active, 60
bulk flow, 366-367
defined, 274
expiration, 472
glomerular filtration, 518-520
passive, 60
pulmonary, 478
vomiting, 604
Forced expiratory volume in one second (FEV:),
480481
Forgetting, 159
Formula weight, A-8
Forteo. See Teriparatide
Forward failure, 331
Fosamax. See Alendronate
Fovea, 201
Foxp3, 438
Frank-Starling curve, 329-330
Frank-Starling law of the heart, 328
Frank-Starling mechanism, 563
Fraternal twins, 769
Free radicals, 142, 334
Free ribosomes, 24-25
Frontal lobes, 144
Frostbite, 658
Fructose, 590
FSH (follicle-stimulating hormone)
feedback control, 772
function, 672
LH surge and, 773
ovarian cycle regulation by, 770-772
prepubertal period, 755-756
target organs, 672, 674
testosterone function and, 755
Fuel metabolism. See also Nutrients
anabolism and, 710, 712
catabolism and, 710, 712
complications, 712-713
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muscle, 278-279
Fats. See also Dietary faf
brown, 654
lymphatic transport, 369
subcutaneous, 645, 649
visceral, 645, 649
Fatty acids
digestion, 590
excess circulating, 712
free, 630
insulin effects, 715
insulin/glucagon actions, 724
molecules, A-12
saturated, A-12
stress response and, 708-709
unsaturated, A-12
Fc (constant region), 431
Feces, 634-635
Feedforward mechanism, 16-17
Feedback. See also Negative feedback; Positive
feedback
defined, 15
luteal phase, 775
parturition, 791-792
tonic LH, 773
tubuloglomerular, 521
Feeding signals, 644
Female pseudohermaphroditism, 704

Lipids

Female reproductive system
anatomy, 744
blastocyst implantation, 780782
characterization, 764
contraception, 784-785
embryo protection, 782
fertilization, 778-780
genitalia, 742-743
lactation, 793-796
menopause, 776778
oogenesis, 764-765
ovarian cycle, 765-766, 769-776
overview, 742
parturition, 790-793
placenta in, 782783, 786
pregnancy, 780-789
pubertal changes, 776
Female reproductive tract, 742
Fenestrations, 363
Ferritin, 632
Ferroportin, 632
Fertile, 779
Fertile period, 778
Fertilization
characterization, 778
carly stages, 780782
process, 779-780
site, 778
Fibers. See Axons
Fibrillation, 313, 320-321
Fibrinogen, 393, 407
Fibrinolytic plasmin, 410-411
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Galactose, 590, 628
Galen, 346
Gallbladder, 617, 620
Gallstones, 619
GALT (gut-associated lymphoid tissue), 418, 591
Gametes
characterization, 741-742
defined, A-20
egg production, 767
mutation, A-31
Gametogenesis, 743, 745
Gamma globulins, 392-392
Gamma motor neurons, 285, 287-288
Ganglion, 175
Ganglion cells, 201, 205
Gap junctions
astrocytes, 137
cardiac muscle fibers, 308
cell communication through, 113
function, 59
location, 59-60, 104
zona pellucida, 766
Gas exchange
alveoli, 464
alveoli role, 486-488
CO:exit, 486488
factors influencing, 488489
O:entrance, 486-488
partial pressure gradients, 486
across systemic capillaries, 490
Gas transport, 490, 494-496
Gastric glands, 605
Gastric mucosal barrier, 611
Gastric phase, 610
Gastric pits, 605
Gastric relaxation, 601
Gastrin, 609, 637
Gastritis, 612
Gastroesophageal sphincter, 600
Gastroileal reflex, 622
Gastrointestinal, 595-596
Gastrointestinal tract. See Digestive system
Gated channels, 88
GDP (guanosine diphosphate), 35, 120121
Gender bending, 762
Gene-signaling factors, A-27
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loss of, 622
pericardial, 309
perilymph, 217-219
seminiferous tubule, 754
serous, 593
transcellular, 559

Focal point, 197-198

Folic acid, 337

Follicles
development, 768, 769
estrogen production by, 772
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cortisol effects, 725-726

epinephrine effects, 725-726

GH effects, 725-726

glucagon regulation, 714-715

hormonal control summary, 726

insulin regulation, 714-715 Translating...
key organs, 714

organic intermediates, 714

reactions summary, 710

somatostatin regulation, 714-715

Functional groups, A-11

formation, 764-765 Functional murmurs, 324
granulosa cells, 766 Functional residual capacity (FRC), 480481
LH surge, 772-773 Functional syncytia formation, 308-309
mature, development, 769 Functional syncytium, 308
maturing, 765-766 Functional unit, 258
size, 691 Fundus, 600
types, 764 Funny channels, 310
Follicular cells
characterization, 691 G cells, 608-609
function, 692, 769 G proteins

structural transformation, 769-770
thyroglobulin-laden colloid and, 692-694
Follicular phase, 765-766
Foods. See also Nutrients
energy conversion, 641-642

characterization, 117, 120
hormone binding, 672, 674
inactive, 120-121
olfactory reception, 230

G-protein-coupled receptors, 117

energy-dense, 648 GABA (gamma-aminobutyric acid)

gastric secretion and, 610-611
high-carbohydrate, 604
ingestion, 600

intake storage, 712-713
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deficiency, 682-683
direct metabolic effects, 725-726
function, 671
metabolic effects, 678
replacement therapy, 684
secretion regulation, 681-682
thyroid hormone and, 694-695
GHIH (growth hormone-inhibiting hormone).
See Somatostatin
Ghrelin, 646
GHRH (growth hormone-releasing
hormone), 675
Gigantism, 683
GIP (glucose-dependent insulinotropic peptide),
637-638, 717
Glands
adrenal, 698-707
bulbourethral, 757
characterization, 4-5
formation, 5
hypothalamus, 670-677
male accessory sex, 742
mammary, 792-793
pineal, 685-687
pituitary, 670-677
prostate, 757
sex, 756-758
sweat, 243, 455
thyroid, 619-698
types, 4-5
Glans, penis, 759
Glaucoma, 196
Glial cells
characterization, 135
communication, 137
division, 138-139
function, 135-139, 136
types, 135-139
Globins, A-15
Globulins, 392-392
Glomerular capillary wall, 517
Glomerular filtration. See also GFR (glomerular fil-
tration rate)
characterization, 515
forces involved with, 518-520
process, 516-517
Glomerular membrane, 517-518
Glomeruli, 230-231, 512-513
Glomerulonephritis, 547
Glottis, 463, 599
GLP (glucagon-like peptide), 717-718
GLP-1 (glucagon-like peptide 1), 721
Glucagon
carbohydrate actions, 723
insulin vs., 723-724
metabolic regulation by, 714-715
protein actions, 724
Glucocorticoids
characterization, 698
inflammation suppression, 425
metabolic effects, 700-701
receptors, 700
response element, 700
secretion, 698
Gluconeogenesis, 700
Glucose
blood levels, 604
brain, 141, 713
characterization, 37-38
concentrations, 713
conversion, 694
deficiency, 719
digestion, 590
gastric absorption, 628
homeostasis, 715-717
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arousal sleep and, 171
astrocytes and, 137
ethanol effects, 161-162
IPSP response, 107
tetanus toxin and, 112

plasma levels, 530
reabsorption, 530
regulation, 530-532
renal threshold, 531
sodium cotransporter, 73
stress response and, 708
support of, 74
tubular maximum, 531
in urine, 719
Glucose-6-phosphate, 716
Glucosuria, 719
GLUT (glucose transporter)
characterization, 716-717
exercise and, 70
secondary active transport, 530
Glutamate, 107, 192
Gluten, 624-625
Glycerol, A-12
Glycine, 107
Glycocalyx, 55
Glycogen
characterization, 712
defined, A-12
digestion and, 590
gluconeogenesis and, 700
glucose to, 694
production, 42
storage, 42
Glycogenesis, 715-716
Glycogenolysis, 706, 718-719
Glycolipids, 55
Glycolysis
characterization, 33
in muscle activity, 278
power supplied by, 39
Glycolytic enzymes, 394
Glycolytic fibers, 280
Glycoproteins
binding, 597
characterization, 55
MHC, 442-444
GnRH (gonadotropin-releasing hormone)
characterization, 755
levels, at puberty, 776
LH surge and, 773
ovarian cycle regulation by, 770-772
at puberty, 755-756
Goldman-Hodgkin-Katz equation (GHK), 81
Golgi complex
characterization, 27
function, 27-28
protein transport to, 27
recognition markers, 28
secretory vesicle packaging, 27-28
Golgi tendon organs
activation, 285
function, 288-289
location, 288
Gonadal sex, 747
Gonadotropes, 672
Gonadotropins, 671
Gonads, 742
GPSP (grand postsynaptic potential)
defined, 107
neuronal integration, 108-109
spatial summation, 108
sum of activity, 109
temporal summation, 108
threshold, 107-108
Graafian follicles, 769
Graded exercise tests, 320
Graded potentials. See also EPSP (excitatory post-
synaptic potential); IPSP (inhibitory postsyn-
aptic potential)
action potentials vs., 98

General adaptation syndrome, 707
Genes
cancer, 447
DNA, A-19
Muscle fibers, 280
muscular dystrophy, 284-285
mutations, A-30-A-31
obesity link, 648
protein transcription, A-27
tPA, 411
Genetic female, 745
Genetic male, 745
Genetic sex, 747
Genital swelling, 747
Genital tubercle glans penis, 747
Germ cell mutation. See Gametes
GFR (glomerular filtration rate)
autoregulation of, 520-521
baroreceptor reflex in, 521-522
changes in, 520523
characterization, 519-520
coefficient changes, 523
controlled adjustments, 510
extrinsic sympathetic control, 521-522
Na reabsorption and, 530
Na filtration, 562—-563
plasma clearance rate and, 537-539
unregulated influences, 520
GH (growth hormone)
-IGF growth promotion link, 678-679, 681
abnormal secretion, 682-683
bone development and, 681

over short distances, 90-91
spread of, 89-90
triggering events, 88-89
Granstein cells, 456
Granular cells, 521, 527
Granulocyte colony-stimulating factor, 401
Granulocytes, 400-401
Granulosa cells, 764, 766, 770
Granzymes, 439
Graves’ discase, 696-698
Gravity, 374-375, 485
Gray matter
outer shell, 143
periaqueductal, 192
regions, 176
spinal cord, 174
Gray vision, 207
Green cones, 208
Growth
androgen and, 683
diet factors, 677
disease factors, 677
estrogen and, 685
estrogen stimulation of, 683
factors determining, 677-678
genetic factors, 677
insulin and, 683
normal curve, 678
postnatal spurt, 687
pubertal spurt, 687
stress factors, 677
testosterone effects, 751-752
thyroid hormone effects, 683, 694
Growth hormone, 671, 678-683
GTP (guanosine triphosphate), 35, 120121
Guanine, A-19
Guanylate cyclase, 760
Gustducin, 230
Gynoid obesity, 649

H zone, 258
Habituation
Aplysia and, 160
defined, 159
mechanisms, 159-160
Hageman factor. See Factor XII
Hair cells
loss of, 223
peak vibration, 222
role of, 220
types, 217-218
vestibular, 224
Hair follicles, 455
Hair receptors, 187
Haldane effect, 496
Haploid number, 743, A-20
Harvey, William, 346
Haustra, 635
Hay fever, 453
hCG (human chorionic gonadotropin)
characterization, 787
metabolic demands for, 789
placental requirements, 787788
hCS (human chorionic somatomammotropin),
789, 793
HDL (high-density lipoproteins), 336
Head, sperm, 753
Headpiece, 35
Hearing. See also Ear
defined, 213
intensity, 214
loudness, 214, 222
pitch, 213-214, 220-222
quality, 214-215
sound waves, 213
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insulin and, 715, 717-718
level maintenance, 724
oxidative reactions, 37-39

Hearing aids, 223
Heart. See also Cardiac muscle
abnormal conditions, 319-321
anatomy, 303-309
atrial excitation, 313
autorhythmic cells, 309-310, 311
autorhythmicity, 309
blood flow circuit, 305-306
blood supply, 332
cardiac output, 325
chambers, 304, 306
circulatory function, 303
contractile cells, 309, 314-315
cycle, 321-325
electrical activity, 309-321
excitation coordination, 313-314
fibrillation, 313
location, 304
mechanical events, 321-325
muscles (See Cardiac muscles)
myopathies, 321-321
normal pacemaker activity, 310-311
output, 325, 355,376
parasympathetic stimulation, 326-327
pericardial sac enclosure of, 309
pulmonary circulation, 303-304
pumps, 304, 306
sinoatrial node, 310-313
sounds, 324
specialized conduction system, 311
study of, history, 346
sympathetic stimulation, 327, 329
systemic circulation, 304
valves, 306-308, 324
venous passage, 371-372
ventricular excitation, 313-314
wall composition, 308
workload, 330-331
Heart attack. See Acute myocardial infarction
Heart failure
compensated, 331
decompensated, 331-332
defined, 331
diastolic, 332
prime defect in, 331
systolic, 332
Heart murmurs
associated disorders, 325
characterization, 324
insufficient valves, 324
stenotic valves, 324
timing of, 324-325
Heart rate
abnormalities, 319
control of, 327-328
determinants, 325-328
SA node and, 325-328
Heartburn, 600
Heat
arteriole response, 357
conduction and, 651-652
convection and, 652
defined, 642
endocrine response, 672
evaporation and, 652-653
exposure response, 656
hypothalamus mechanisms, 655-656
input, 651
loss of, 654-655
output, 651
production, thyroid role, 694
radiation and, 651
related disorders, 658
Heat exhaustion, 658
Heat index. See Temperature-humidity index
Heat stroke, 563
Heat waves, 651

1-14 Index

signal transduction pathway, 674
uterine changes and, 771
Host cells, 418, 439-440
HRE (hormone response element), 126
Hunger, 644
Hydrophilic hormones, 661-662
Hydrophilic peptide hormones, 661
Hydration, 539-540
Hydrocephalus, 139, 141
Hydrochloric acid
functions, 607
gastric secretion, 605-608
pepsinogen activation, 605, 607-608
vomiting and, 584
Hydrochloric acid (HCI), 603
Hydrogen bonds, A-7
Hydrogen gas, A-6
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current flow during, 89-90
decremental, 90
description, 88

Translating...

Heatstroke, 658
HelLa Cells, 23
Helicobacter pylori, 507, 612
Helicotrema, 217
Helper T cells
antigen response, 441-442
APC binding, 442
binding requirements, 444
characterization, 438
cytokines, 440
defense mechanism, 440
dermal cells and, 456
function, 440-411
MHC molecules and, 443443
subsets, 441
Hematocrit, 391, 397-398
Heme iron, 632-633
Hemiplegia paralysis, 283
Hemodialysis, 551
Hemoglobin. See also Oxygen (O:)-hemoglobin
(Hb) curve
CO:affinity, 495
mechanism, 490
O:storage, 493
O:unloading, 493-495
presence of, 393-394
products, 402-403
reduced, 491
saturation, 491, 493-495
structure, 394
Hemoglobin buffer system, 575
Hemolysis, 398
Hemolytic jaundice. See Prehepatic jaundice
Hemophilia, 411-412
Hemopoiesis, 404
Hemorrhage, 386
Hemorrhagic anemia, 398
Henderson-Hasselbalch equation, 574-575
Henle loops
ascending limb, 541

countercurrent system, 541
descending limb, 540-541
Na absorption, 526
structure, 514-515
Heparin, 411
Hepatic jaundice, 620
Hepatic portal system, 616
Hepatitis, 621
Hepatocytes, 616
Hepcidin, 632
Hering-Breuer reflex, 500
Hernia, 749
Herpes virus, 337, 440
High altitudes, 498-499
High-carbohydrate foods, 604
High-energy elections, 36
High-energy phosphate bonds, A-14
High-intensity exercise. See Anaerobic exercise
Hippocampus, 163
Hirsutism, 704
Histamine
allergic response, 451-452
arteriole dilation by, 356
characterization, 114
complement system, 428
gastric function, 609
inflammatory response, 421
TNF-induced release, 424
Histones, A-20
Histotoxic hypoxia, 497
Hitchhiking hormone, 120
HIV/AIDS
cell transport, 31
exercise and, 451
fetal, 786
GH therapy, 684
helper T cell response, 440

defined, 381

endocrine, 382

exercise and, 383

GH therapy, 684

primary, 382

renal, 381-382

renal failure and, 549

secondary, 381-382

treatment, 383
Hyperthyroidism

causes, 696-697, 698

defined, 695

goiter and, 697698
Hypertonic fluids, 539
Hypertonicity

causes, 564

defined, 564
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threshold, 214
timber, 214-215
tone, 213-214

Index

Homeostasis
acid-base balance, 556, 585-586
apoptosis and, 124
autonomic nervous system, 254
blood, 290, 412
blood flow, 343-344
body system contributions, 11-14
calcium, 727
cardiac muscles, 299
cells, 10-11
circulatory system, 302, 338
clot formation, 407-410
compensatory mechanisms, 1011
concept of, 6-14
defined, 10
digestive system, 588, 638
disruption, 17
endocrine, 738
endocrine system, 14, 86, 129
energy balance, 640, 657
external environment and, 10
fluid balance, 556
function, 406
glucose, 715-717
immune system, 416, 457
integumentary system, 416
internal environment and, 10
muscular system, 256
nervous system, 86, 129
overview, 20
plasma membrane, 52
platelet plug step, 407
PNS, 182
regulatory role, 11
renal, 511-512, 552-553
reproductive system, 740, 796-797
respiratory system, 460, 507
skeletal muscles, 299
smooth muscles, 299
temperature, 657
temperature regulation, 640
thrombin role, 408
urinary system, 510
vascular spasm step, 406-407
Homeostatic control system
defined, 14
extrinsic controls, 14-15
feedforward mechanism, 16-17
feedback systems, 15-16
intrinsic controls, 14
negative feedback loop, 15
positive feedback loop, 15-16
Homeostatic drives, 157
Homocysteine, 337
Homologous chromosomes, 743, A-20
hOR17-4, 779
Horizontal cells, 210
Hormonal communication
characterization, 86
mechanisms, 119-126
overview, 87-88
study of, 117-118
Hormones. See also specific hormones
characterization, 115, 660
chemical classification, 118119
elimination mechanism, 664
in gastric emptying, 602
gastrointestinal, 595, 637-638
general means of action, 120
major, 667-669
negative-feedback control, 664-665
plasma concentration, 663-665
production, 4-5
reflex mediated by, 179
regulatory functions, 662—-664
reproductive, 742
secretion rate, 663

lymphatic route, 368-379
osmolarity, 564-564
plasma vs., 559-650
Identical twins, 769
Idiopathic hypertension. See Primary
hypertension
DO (Indoleamine 2,3-dioxygenase), 782
Idondronate, 730
IEGs (immediate early genes), 163
IGFs (insulin-like growth factors)

-GH growth promotion link, 678-679, 681-682

function, 671
thyroid hormone and, 694-695
types, 679
Ileocecal sphincter, 622-623
Ileocecal valve, 622
Immediate hypersensitivity

1-13

28/73



04/08/2021

Page 39

Hydrogen ions (H )
acid liberation of, 569
base acceptance of, 569
body sources, 571-572
buffer systems, 573-575
changes, defense against, 572-574
in citric acid cycle, 25
CO: generated, 502-503
gastric secretion, 607
hemoglobin bound, 394
metabolic acidosis and, 583-584
metabolic disturbances, 581
in oxidative phosphorylation, 36
pH designation, 570
renal regulation, 576-580
respiratory acidosis and, 581-583
respiratory regulation, 575-576
ventilation magnitude and, 501
Hydrogen peroxide (H:0), 31, 534
Hydrolysis
defined, 590
disaccharide maltose, 591
function, 29
protein, A-15
Hydrolytic enzymes, 29
Hydrophilic hormones
characterization, 118-119
mechanism of action, 120-125
in plasma, 120
processing of, 119
receptor location, 120
Hydrophilic peptides, 670
Hydrostatic pressure, 64
Hydroxyapatite crystals, 728
Hymen, 743
Hyperaldosteronism, 703
Hypercapnia, 496-497
Hypercomplex cells, 211
Hyperemia
active, 354
arteriole response, 357
reactive, 357
Hyperglycemia
brain-starving, 723
development, 718
diabetes, 724-725
Hyperopia, 201-202
Hyperparathyroidism, 736
Hyperplasia, 679
Hyperpnea, 496-497
Hyperpolarization, 88
Hyperpolarize, 205
Hypersecretion, 665-666
Hypersensitivity
defined, 450
delayed, 450
immediate, 450453
Hypertension
baroreceptor adaptation, 382
complications, 382-383

Implantation, 781
Impotence, 760
Inclusions, 42
Incontinence, 552
Incretins, 718
Incus, 217
Indirect calorimetry, 643
Indoleamines, 118-119
Induced pluripotent stem cells (iPSCs), 9
Infants. See also Neonates
breast-fed, 795-796
respiratory distress, 477-478
sudden death, 506-507
Infectious disease, 436
Infectious organisms, 547
Inflammation
augmenting, 427-428
capillary defense, 420
chronic illnesses and, 425
cortisol effects, 701
defined, 420
edema and, 421-422
glucocorticoid suppression, 425
IL-10 release, 446
leukocyte defense, 422-423
macrophage defense, 420
manifestations, 422
NSAIDS suppression, 425
outcomes, 422
parturition and, 790, 792
phagocyte response, 424-425
steps producing, 422
tissue repair, 425
vasodilation defense, 420
walling off, 422
Inflammatory response, 333
Inguinal canal, 749
Inguinal hernia, 749
Inhibin, 755
Inhibiting hormones, 675
Inhibitory synapses, 106-107, 112
Initial lymphatics, 368-369
Innate immune response, 431-433
Innate immunity
bacterial invasion response, 445
characterization, 419
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ECF, 564-565

gastric emptying and, 603604

symptoms, 564
Hypertrophy, 281, 679
Hyperventilation, 496
Hypocapnia, 496
Hypocretin, 171
Hypodermis, 455
Hypoparathyroidism, 736737
Hypophysiotropic hormones, 675, 681-682
Hypophysis. See Pituitary gland
Hyposecretion, 665
Hypotension

circulatory shock, 383-386

defined, 383

orthostatic, 383-384
Hypothalamus

-hypophyseal portal system, 676

anterior pituitary link, 674, 676

arousal system and, 171

autonomic system and, 245

blood pressure control by, 380

characterization, 660

cortisol secretion by, 701-702

food intake control, 644-647

heat mechanisms, 655-656

inhibiting hormones, 676677

osmoreceptors, 567

posterior pituitary link, 670-671

releasing hormones, 676-677

sensory functions, 143, 154-155

shivering control by, 653-654

sleep center, 171

stimulatory input, 670671

stress response coordination, 708-709

temperature regulation by, 653

vasopressin release, 543
Hypothalamus-pituitary-adrenal cortex axis,

701-702

Hypothermia

characterization, 658

Translating...

exercise-induced, 657

pathological, 657
Hypothyroidism

causes, 695-696

defined, 695

goiter, 697-698
Hypotonic fluids, 539
Hypotonic solutions, 66
Hypoventilation, 496-497
Hypovolemic shock, 384
Hypoxia, 496-497, 498

I bands, 258
IC (inspiratory capacity), 470-472
ICF (interstitial fluid)
capillary pressure, 367
compartments, 372-373
ECF barrier between, 559-560
ECF concentration, 559

Insufficient immune responses, 449-450
Insufficient valve, 324
Insulators, 90
Insulin
antagonists, 725
deficient action, 68
energy balance and, 646
excess, 723
glucagon vs., 723-724
glucose uptake and, 604
growth and, 683
metabolic regulation by, 714-715
nutrient metabolism role, 715-717
pumps, 721
secretion factors, 719
secretion stimulus, 717-718
shock, 723
stress response and, 708
summary of actions, 717
Insulin-like growth factor (IGF-I), 282
Integral proteins, 54
Integrating center, 177
Integrator, 15
Integumentary system. See also Skin
components, 7
homeostasis, 416
homeostasis role, 14
Intensity, 197
Intensity discrimination, 222
Intention tremor, 167
Interatrial pathway, 313
Intercalated cells, 577-578
Intercalated discs, 308
Intercellular communication, 113-117
Intercostal muscles, 469
Intercostal nerves, 469
Interferon
anticancer effects, 426
antiviral effects, 425
characterization, 425
defense mechanism, 440
immune surveillance, 448
Interleukin 18, 792
Interleukin-1, 424
Interleukin-10, 446
Interleukin-12, 440
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anaphylactic shock, 453
chemical mediators, 451

defined, 450
delayed hypersensitivity vs., 454
parasitic worms, 453
symptoms, 453
treatment, 453
triggers for, 450451
Immune complex disease, 433
Immune defenses
dermal, 454-456
digestive system, 456-457
respiratory system, 457
urogenital, 457
Immune diseases
allergies, 450453
characterization, 449
immune complex, 433
insufficient response-associated, 449-450
Immune privilege, 446
Immune system. See also Antibody-mediated
immunity; Cell-mediated immunity; Innate
immunity; Leukocytes
adaptive, 420
apoptosis and, 124
cancer and, 447-448
components, 7
cortisol effects, 701
defined, 314, 400
depression of, 549
endocrine system link, 448-449
external defenses, 453-457
homeostasis, 416, 457
innate, 419-420
nervous system link, 448-449
organs, 419
response types, 19
self-antigen response, 446
surveillance, 447-448
tolerance, 446
tolerance loss, 446-447
Immunity
active, 436
antibody-mediated, 429-437
breast milk and, 796
cell-mediated, 405
defined, 314, 400
long-term, 435
passive, 436
Immunization. See Vaccination
Immunocontraception, 785
Immunoglobulins
IgA, 430, 796
IgD, 430
IgE, 451-452
1gG, 429-430
IgM, 429
Immunological ignorance, 446
Immunosuppressive drugs, 8

Impermeable, 60

Index

Intracellular proteins, 120
Intrafusal fibers, 285
Intrapleural fluids, 464, 467
Intrapleural pressure

changes in, 468473

characterization, 466

subatmospheric aspects, 468

1 'y pressure. See Intra-alveolar pressure

Intrathoracic pressure. See Intrapleural pressure
Intrinsic control, 328, 329
Intrinsic controls, 14
Intrinsic factor, 397, 608
Intrinsic nerve plexuses, 594-595
Inulin, 539
Involution, 792
Todide pump, 692
Ton concentration gradient, 69
Tonic bonds, A-5
Tons. See also Cations
concentration, 78
membrane transport role, 63
movement, 88, 90-93
permeability, 78
IPSP (inhibitory postsynaptic potential)
arousal sleep and, 171
characterization, 106
concurrent cancellation, 108
glycine and, 107
measuring, 152
presynaptic inputs and, 107-109
temporal summation, 108
Iris, 196-197
Iron (Fe), 394, 630
Irreversible reactions, A-8
IRV (inspiratory reserve volume), 480-481
Islets of Langerhans
cells, 715
characterization, 613
metabolic regulation by, 714
Isometric contractions, 273-274
Isotonic contractions, 273-274
Isotonic fluids, 539
Isotonic solutions, 66
Isovolumetric ventricular contraction, 321
Isovolumetric ventricular relaxation, 323
IUDs (Intrauterine devices), 785
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COmplsman! Fy 728
inflammation defenses, 420-425
interferon and, 425-426
natural killer cells, 426
Inner cell mass, 781
Inner ear
balance portion, 224-227
characterization, 213
hearing portion, 217-218, 220
sensitivity, 222
Inner hair cells, 217, 220
Innervation
defined, 104
dual, 240, 243
skeletal muscles, 246
Inorganic acids, 572
Inorganic chemicals
acids, A-10-A-11
bases, A-10-A-11
organic vs., A-10
Inorganic phosphate, 265, 278-279
Inorganic salts, A-11
Inositol trisphosphate (IPs), 122
Insensible loss, 566
Insertion, defined, 269
Inspiration
capacity, 480-481
neurons associated with, 500
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Inierletling 436 !

Interleukin-6

energy balance and, 645
release, 424
secretion, 440

Interleukin-8, 790 Translating...
Intermediary metabolism, 42

Intermediate filaments, 42, 49

Internal anal sphincter, 635

Internal environment, 7, 10

Internal pool, 557

Internal respiration, 33, 461

Internal work, 461

Interneurons, 135

Internodal pathway, 313

Interphase, A-28

Interstitial cells. See Leydig cells

Interstitial fluid, 7

Intestinal gases, 636-637

Intestinal housckeeper. See Migrating motility

complex

Intestinal phase, 610

Intestine. See Large intestine; Small intestine
Intoxication, water, 565

Intra-alveolar pressure

characterization, 465
during expiration, 471
during inspiration, 471

onset, 469-470 Intracellular fluid (ICF), 23

reserve volume, 480481
respiratory muscles during, 470-472
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glomerular filtration, 515, 517-524
glucose threshold, 531
H regulation by, 576-578
homeostasis, 511-512, 552-553
hormonal functions, 553
hypertension, 381-382
membrane transport, 39
metabolic functions, 553
phosphate regulation, 532
PTH effects, 733-734
regulatory functions, 553
salt management, 382
stress response and, 709
tubular reabsorption, 524-534
tubular secretion, 534-537
tubules, microvilli in, 48
urine extraction by, 539-540

Killer T cells. See Cytotoxic T cells

Kilocalorie, 642

Kinesin molecule, 46

Kinins, 424, 428

Kinocilium, 224

Kiss sites, 59

Knee-jerk reflexes, 286

Korotkoff sounds, 350

Krebs cycle. See Citric acid cycle

Kupffer cells, 616

L-Dopa, 112
Labeled lines, 188—189
Labia majora, 743
Labia minora, 743
Labor. See Paturition
Lacrimal gland, 195
Lactase, 623
Lactate
accumulation, 279
characterization, 714
production, 278
Lactation. See also Breast-feeding
hormones, 794-795
preparation for, 792-793
prevention, 793-794
stimulation, 794-795
Lactic acid. See Lactate
Lactobacillus bifidus, 796
Lactoferrin, 424, 597, 796
Lactose, 590, 623
Lactotropes, 672
Lamellae, 729
Lamina propria, 591
Laminar blood flow, 324
Langerhans cells, 456
Language. See also Communication
cortex and, 150
cortical pathway, 151
defined, 150
disorders, 150
Large intestine
anatomy, 635
Ca:absorption, 734-736
components, 633
feces movement through, 634-636
function, 634
gases, 636-637
Na absorption, 636
secretion, 636
volumes absorbed by, 633
water absorption, 636
Laron dwarfism, 125, 683
Larynx, 463, 599
Latch phenomenon, 298
Late ventricular diastole, 321
Late-onset Alzheimer’s disease, 165
Latent pacemaker, 311
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Intracellular movement, 3

Lateral horn, 174
Lateral inhibition, 190
Lateral sacs, 264
Lateral spaces, 525
LATS (long-acting thyroid stimulator), 696
Law of LaPlace, 476
Law of mass action, 491
LDL (low-density lipoprotein), 334, 336
Leads, ECG, 316-317
Leak channels, 81-82, 88
Leaky valve, 324
Learning
defined, 157
example of, 158
external environment and, 163
Left atrial volume receptors, 567-568
Left cerebral hemisphere, 152
Legs, 374
Length-tension relationship, 228-229
Lens
cells, 201
characterization, 195
ciliary muscle, 200
Leptin, 646
Leukocytes
adhered, 423
bacteria destruction by, 423
blood-borne, 423
categories, 400401
characterization, 400
count, 401, 403
donors, 402
functions, 401-405
immune function, 400, 418-419
inflammation response by, 422423
life spans, 401-405
origins, 418-419
production, 401
production abnormalities, 405
proliferation, 423
Leydig cells
pubescent, 751
secretion, 749
LH (luteinizing hormone)
feedback control, 773
function, 672
ovarian cycle regulation by, 770-772
prepubertal period, 755-756
secretion, 772
secretion modes, 772-773
surge, 772-774
target organs, 672, 674
testosterone function and, 755
tonic, 772-773
LHA (lateral hypothalamic area), 646
Lieberkiihn, crypts of, 626
Ligaments, 200
Light
adaptation, 209
characterization, 197
conversion, 201-205
far source, 199
intensity, 197
near source, 199
passing through eye, 196-197, 201
photoreceptor activity, 205
retinal processing, 205-207
visible, 197
wavelengths, 197
Light chains, 292
Light ray, 197
Limbic association cortex, 150-151
Limbic system
behavioral patterns, 156

characterization, 155-156

Janus kinase, 674

Jaundice, 620

Jet lag, 685

Joints, 275-276

Juxtaglomerular apparatus, 514-515, 521
Juxtamedullary nephrons, 515

Kallikrein, 424

Keratin, 49

Keratinized, 454

Keratinocytes, 456

Ketogenesis, 723

Ketone bodies
characterization, 714
defined, A-13
types, 719

Kidneys
acid-base balance and, 579-581
anemia-associated, 398
basic processes, 515-517
blood flow to, 343-344
blood supply, 547
cardiac output, 524
cells, 3
diabetes and, 721
dialysis, 551
erythropoiesis control by, 395, 397
excretory functions, 553

failure, 547-549
functional unit, 512-515

Lipase
function, 630
gastric, 614
pancreatic, 614, 618
Lipid bilayers, 54, 55
Lipids. See also Dietary fats; Fats
complex, A-13-A-14
defined, A-12
membrane, 54
metabolism, 26-27
in plasma membrane, 23
simple, A-12-A-13
solubility, 62
storage, 42
Lipolysis, 700
Lipophilic hormones
endocrine, 663—664
mechanism of action, 125-126
processing, 119-120
protein synthesis and, 125-126
receptor location, 120
Lips, 596
Liver
anabolic steroid effects, 282
anatomy, 617
bile secretion, 617
blood flow, 616
cells, 27
digestive functions, 615-617
disease of, 621
fuel metabolism role, 714
jaundice, 620
lobules, 616-617
nutrient absorption and, 632
portal system, 616
Load
arm, 275
blood pressure and, 330-331
defined, 274
Na, 526
overcoming, 274-275
shortening velocity and, 274
Load-velocity relationships, 274
Lobules, 616-617
Local controls. See Intrinsic controls
Lochia, 792
Long reflexes, 595
Long-term depression (LTD), 161
Long-term memory
characterization, 158
molecular mechanism, 159
short-term memory vs., 158-159
synaptic connections, 162-163
Long-term potentiation (LTP), 161-162
Lou Gehrig’s disease. See ALS (amyotrophic lateral
sclerosis)
Low volume shock. See Hypovolemic shock
Lumen
characterization, 4
ER, 25
Golgi, 28
Lungs. See also Expiration; Inspiration;
Ventilation
artery, 306
capillaries, 465
circulation, 303-340
circulatory function, 303-304
dysfunction, 481
elasticity of, 474-476
expansion, 466-468, 470
fibrosis, 476
gas exchange, 486-490
gravitational effects, 485
inflammation, 464
inside/outside interrelationship, 465-466
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LatertingtiotarS nucteus, 210

Lungs (continued)
opposing forces acting on, 478
stretch receptors, 500
surface area, 489
surfactant, 476-477
thickness, 489
volume, 479481
Luteal phase
corpus luteum formation, 769-770
feedback control, 769-770
ovulation control, 772-773
Luteinization, 770
Lymph, 369, 559
Lymph nodes
defined, 369
leukocyte production, 401
pathogen filtration, 418
Lymph vessels
blockage, 371
characterization, 369
villi, 626
Lymphatic system
characterization, 368
functions, 369-370
initial lymphatics, 368-369
Lymphocytes. See also B cells; T cells
characterization, 401
foreign agent recognition, 428
life span, 404405
naive, 433
Lymphoid tissues
in blood, 401
characterization, 418
functions, 419
location, 418419
Lysosomes
cell body degradation by, 43
characterization, 28
digestive role, 29
organelle removal, 31
Lysozyme, 597

M line, 258
MAC (membrane attack complex), 427
Macromolecules, 710, A-10
Macrophage-migration inhibition factor, 441
Macrophages
alveolar, 457
angry, 441
bacteria destruction, 423
characterization, 334
chemicals released by, 424
defense mechanism, 440
immune surveillance, 448
inflammation response, 420
NO secretion, 424
production, 418
Macula densa, 521
Macular degeneration, 201
Macular densa cells, 527
Macular lutea, 201
Malaria, 398
Male accessory sex glands, 742
Male reproductive system
abnormalities at birth, 762
castration, 751
components, 757
embryonic, 749
genitalia, 742-743
organs, 749-750, 756
overview, 742-743
prostaglandins, 758
pubescent, 751
semen, 756-758
sexual arousal, 757-758
sexual intercourse and, 759-763
sperm development, 754-755

1-18 Index

Metaphase, A-29

Metarterioles, 364

Metastasis, 447

Methionine, 337

Metoprolol, 245

Metric system, A-1-A2

MHC (major histocompatibility complex)
cytotoxic T cells and, 442
disease and, 446-447
glycoproteins, 442-444
helper T cells and, 442-443
immune system tolerance, 446
mechanism, 442
molecules, 437, 442
synthesis, 438
transplant rejection and, 444

Miacalcin. See Calcitonin

Micelles, 618-619, 628, 630
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spermatogenesis, 752756
testosterone in, 749-752
Male reproductive tract
components, 756
overview, 742
sterilization, 751, 756
Malignant tumors, 447
Malleus, 217
Malpighi, Marcello, 346
Maltase, 623
Mammary glands, 763, 792-793
Margination, 422
Mass action, law of, 491, 572
Mass movement, 635
Mast cells
concentrations, 451
IgE response, 452
parasitic worms and, 453
transport, 404
Mastication, 596
Matter, A-3
Mature ovum, 765
Maximal O, 506
Mean arterial pressure
alterations, 342
determinants, 377
function, 376
regulation, 342
TPR influence on, 358
Mechanical nociceptors, 191
Mechanical stiffeners, 48-49
Mechanical work, 39
Mechanically gated channels, 88
Mechanoreceptors, 184, 595-596
Medial geniculate nucleus, 223
Medulla
adrenal, 698
autonomic system and, 245
electrical stimulation, 192
respiration and, 500
Medullary countercurrent system
gradient, 540
Henle’s loop, 540-541
multiplication, 541
vasa recta conservation, 546
Medullary respiratory center, 500
Megakaryocytes, 405
Meiosis
cell division and, A-30
reproduction and, 745
in spermatogenesis, 752
Meiotic arrest, 764
Meissner’s corpuscle, 186187
Melanin, 456
Melanocortins, 644
Melanocytes, 456
Melatonin
characterization, 686
function, 687
male puberty and, 756
secretion, 685
Mellitus, defined, 718
Membrane carbohydrate, 55
Membrane potential
action potential effects, 91
active pumping, 81-82
changes in, 88
chloride movement, 82
depolarization, 87-88
GHK equation, 81
graded potentials, 88-91
hyperpolarization, 87-88
leak channels, 81-82
muscle cells, 87
Na -K pump, 78
Nernst equation, 79-80
nerve cells, 87
passive leaks and, 81-82

MLC kinase (myosin light chain kinase), 292
Modalities, 183

Molarity, A-9

Molecular masses, A-8, A-9

Molecular motors, 43

Molecular weight, 62-63

Molecular weights. See Molecular masses
Molecules. See also Biological molecules; CAMs

(cell adhesion molecules); MHC (major histo-

compatibility complex); specific molecules
biological, A-10
carrier, 57
characterization, 2
clathrin, 31
defined, A-3
erythrocytes, 394
fatty acid, A-12
functional groups, A-11

https://translate.googleusercontent.com/translate_f

BP0 s, 494

obstructive diseases, 474, 481

Index

potassium pump, 78-80
resting, 78, 81-82
sodium movement, 80
steady state, 82
Membrane transport
active, 69-73
assisted, 67-75
carrier-mediated, 67-75
Fick’s law, 62-63
ions and, 63
methods of, 76
osmosis, 63-66
overview, 60
passive diffusion, 60-63
renal, 39
unassisted, 60-67
vesicular, 73-75
Membrane-bound enzymes, 57
Membranous organelles, 24
Memory. See also Long-term memory; Short-term
memory; Working memory
characterization, 158
declarative, 163
episodic, 163
ethanol effects, 161-162
external environment and, 163
lack of, 159
procedural, 163
semantic, 163
Memory cells
characterization, 433
clonal selection and, 433-436
disease exposure, 435-436
responses, 434-436
Memory trace, 158, 163
Menarche, 777
Méniére’s disease, 227
Meningiomas, 138-139
Menopause, 776-778
Menstrual cycle
cessation, 776-778
characterization, 774-775
dysfunctions, 777
organs, 664
Menstrual flow, 775
Merkel’s disc, 186-187
Mesangial cells, 523
Messenger RNA (mRNA)
codon, A-24-A-25
function, 24, A-22, A-24
polyribosomes, A-27
ribosomes in, 40
Metabolic acidosis
acid—base imbalance, 581
defined, 549
HCO:sassociation, 583-584
Metabolic alkalosis, 584
Metabolic rate
defined, 642
factors influencing, 643
measuring, 642-643
Metabolic syndrome, 720
Metabolic water, 566
Metabolism. See also Fuel metabolism
calcium, 726-727
carbohydrate, 718-719
cholesterol, 336-337
defined, 710
epinephrine, 706-707
fat, 719
fuel, 710-726
glucocorticoid, 700-701
intermediary, 42
lipid, 26-27
phosphate, 736
skeletal muscles, 276-281
thyroid gland, 694
Metabolism, intermediary, 694

Multiple sclerosis, 102
Multisensory neurons, 213
Murmurs, cardiac, 324
Muscarinic receptors, 243
Muscle cells, 87
Muscle fibers
anabolic steroid effects, 282
ATP pathway, 276-278
atrophy, 281
characteristics, 280
characterization, 268-269
contracting, 269-274
demand adaption, 280-281
fatigue, 270, 278-279
genetic factors, 280
hypertrophy, 281
load, 273
motor unit, 270
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Microbes, 432
Microcirculation, 347
Microfilaments
in cell contractile systems, 47-48
characterization, 47
as mechanical stiffeners, 48—49
structure, 42
Microglia, 138
Microscopes, 21-22
Microtubules
characterization, 42
cilia movement, 43, 45-46
dynein’s role, 46
flagella movement, 43, 45-46
organization, 41
Microvilli
characterization, 48
diffusion and, 62
formation, 623
function, 48-49
Micturition reflex, 550, 552
Mid ventricular diastole, 321
Middle ear, 217, 219
Midpiece, sperm, 753
Mifepristone. See RU 486
Migrating motility complex, 622
Milk. See Breast milk
Millivolt (mV), 75
Mineralocorticoid
characterization, 698
Na and K balance and, 700
receptors, 700
secretion, 698
Mineralocorticoid response element, 700
MIT (Monoiodotyrosine), 692, 693-694
Mitochondria
ATP generation, 32-37
characterization, 31-32
enclosure, 32
in muscle fiber, 258
oxidative phosphorylation in, 36
oxidative reactions in, 38-39
Mitochondrion, 32
Mitosis
anaphase, A-29-A-30
characterization, 745
defined, A-28
DNA replication, 46-47
egg production, 767
interphase, A-28
metaphase, A-29
proliferation, 752
prophase, A-28—-A-29
sperm production, 767
telophase, A-30
Mitotic spindle, 46-47
Mitral cells, 231
Mitral valves, 306
Mixing movements, 590
Mixtures, A-9

Myosin
characterization, 47
filament formation and, 260
phosphorylation, 292
in platelets, 405
structure, 261

Myostatin, 282

Myxedema, 696

Na -K pump
blood pressure management and, 382
Cazabsorption and, 632
end-plate potential formation, 247, 249
gradient levels restoration, 93-94
iodide pump and, 692
membrane potential and, 78
mineralocorticoids and, 700
in primary active transport, 70-71
in secondary active transport, 71
tubular reabsorption, 526
NAD (nicotinamide adenine dinucleotide), 35
Nails, 455
Naive lymphocytes, 433
Narcolepsy, 172
Nasal passages, 463
Natural killer (NK) cells
characterization, 426
defense mechanism, 440
immune surveillance, 448
stimulation, 433
Nearsightedness. See Myopia
NEAT (3 ise activity ther is), 648
Necrosis, 124-125, 320
Negative energy balance, 643
Negative feedback
anterior pituitary hormone secretion, 677
characterization, 15
defined, 15
endocrine system, 675
hormones, 664-665
Nemenda, 165
Neonates
adrenogenital syndrome, 704
breech birth, 789-790
hemolytic disease, 399
lactation and, 794
Nephrons
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interconversions, 712
macro, 710, A-10
nonpolar, A-7
polar, A-7
transport, 57
Moles, A-8 Translating...
Monocytes, 334
blood clotting and, 424
inflammatory response, 421
life span, 404
transformation, 418
Monoglycerides, 590, 630
Monomers, A-10
Mononuclear agranulocytes, 401
Monosaccharides, 590, A-12
Monosynaptic reflex, 177
Morning-after pills, 785
Morphine, 192
Morula, 780-781
Motilin. See Migrating motility complex
Motility, 589-590
Motion sickness, 227
Motivation, 157
Motor control
basal nuclei role, 153154
cerebellum and, 167
higher areas, 145, 149
Parkinson’s disease and, 154
thalamus role in, 154155
Motor control movement
afferent information for, 284-289
neural inputs, 283-284
patterns, 281, 282
process, 286
Motor homunculus, 145
Motor neurons
characterization, 246
as final common pathway, 246
neuromuscular junctions, 246-253
Motor program, 149
Motor units
asynchronous, 270-271
defined, 270
output, neural influences, 283-284
recruitment, 270
Mouth, 596-697
MSG (monosodium glutamate), 230
MSH (melanocyte stimulating hormone), 671, 705
Mucosa, 605

Mucus
breast milk, 796
cells, 605-606

digestive, 591, 597

escalator, 457

membranes, 591

protective role, 608

stomach, 608
Miillerian ducts, 747-748
Miillerian-inhibiting substance, 747
Multineuronal motor system, 283

Neural signals, 217-218
Neuregulin, 163
Neuritic plaque, 164
Neuroendocrine reflexes, 665
Neuroendocrinology, 129
Neurofibrillary tangles, 164
Neurofilaments, 49
Neurogenic propertics, 294-295
Neurogenic shock, 384-385
Neuroglia. See Glial cells
Neuroglobin, 141
Neurohormones, 115, 129
Neurohypophysis, 670
Neurological disorders, 157
Neuromodulators, 110111
Neuromuscular junction
AChE function at, 250-251
characterization, 246
events at, 250
neurotransmitter, 247-250
synapse vs., 252
vulnerability, 251-253
Neurons. See also specific nerves
anatomy, 95
axonal transport in, 45
basic parts, 95
brain, 138
cerebellum, 166

cerebral cortex, 143
cranial, 168
digestive, 594-596
functional classes, 135
GPSP integration, 108-109
linkage, 112-113
locations, 135
membrane potential, 87
postsynaptic, 104-105
presynaptic, 104-105
respiratory, 500
rhythmic synchrony, 153
short-term memory and, 159
structure, 176
termination, 104
vestibular, 224
Neuropathic pain, 192
Neuropeptides, 110
Neurotransmitters. See also specific
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neuromuscular junctions, 246-253
optimal length, 272-273
oxidative capacity, 281
repair limitations, 281
spindle structure, 285-288
stimulation frequency, 271
tension, 283
testosterone and, 281
twitch summation, 271-272
types, 276-281
Muscle receptors, 284-289
Muscle spindles
alpha motor neuron activation, 287-288
function, 288
gamma motor neuron activation, 287-288
reflexes, 285-287
structure, 285
Muscular dystrophy
anti-myostatin therapy, 285
causes, 284
cell-transplants, 285
gene therapy, 284-285
symptoms, 284
utrophin therapy, 285
Muscular system. See also Cardiac muscles; Skeletal
muscles; Smooth muscles
homeostasis, 14, 256
muscle categorization, 258
Muscularis external, 593
Muscularis mucosa, 591
Mutagens, A-31
Mutations
cancer and, 447
point mutation, A-30
somatic, A-31
Myasthenia gravis, 253
Myelin, 100-102
Myelinated fibers
action potential propagation and, 102-104
characterizations, 100
skeletal muscles, 246
Myelination, 100-102
Myenteric plexus, 594
Myoblasts, 258
Myocardial infarction
acute, 320-321
C-reactive protein, 337
cholesterol levels and, 336-337
homocysteine and, 337
occluded vessels and, 335
outcomes, 337
Myocardial ischemia, 320
Myocardial toxic factor, 385
Myocardium, 308
Myofibrils, 258, 264
Myogenic mechanism, 520-521
Myoglobin. See Acrobic exercise
Myometrium, 774
Myopia, 201, 202

Index 1-19

characterization, 161, 334
functions, 356
hemoglobin, 394
high altitudes and, 498
macrophage secretion, 424
in platelet plug formation, 407
Nitrite, 456
Nitrogen, 533
Nitrogen narcosis, 499
Nitroglycerin, 335
NMDA receptors
Alzheimer’s disease and, 165
LTP, 161
pain and, 192
Nociceptors, 184
Nodes of Ranvier, 101
Noise. See Sound
Noncarbonic acids, 574
Nonhistones, A-20
Nonmembranous organelles, 24
Nonmuscle cells, 48
Nonpolar molecules, A-7
Nonrespiratory acidosis. See Metabolic acidosis
Nonshivering thermogenesis, 654
Norepinephrine
adrenal medulla secretion, 705
adrenergic receptor affinity, 706
arterioles and, 359
behavior and, 157
characterization, 240
emotions and, 157
messenger function, 129
release, 232, 240
Normality, A-9
Nose. See Nasal passages
NPY (neuropeptide Y), 644
NSAIDS (nonsteroidal anti-inflammatory drugs).
See also Acetylsalicylic acid
eliminations, 536
gastric irritation from, 612
inflammation suppression, 425
NTS (nucleus tractus solitarius), 647
Nuclear envelope, 23
Nuclear pores, 23
Nuclear transfer, 9
Nucleic acids, A-15, A-17
Nucleotides, A-15, A-19
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anatomy, 514
characterization, 512
cortical, 515-516
juxtamedullary, 515-516
Na reabsorption, 548
regions, 512
tubular component, 514-515
vascular component, 512-514
water reabsorption, 548
Nernst equation, 79-80
Nerve fiber. See Axons
Nervous system. See also Central nervous system;
Neurons; Peripheral nervous system
antiviral defense in, 440
characterization, 127-128
components, 7
endocrine system vs., 126-129
enteric, 595
functions, 127, 132
homeostasis, 86, 132, 180, 232-233, 236
homeostasis role, 14
immune system link, 448-449
organization, 133134
thyroid hormone effects, 694-695
tissues, 4
Net diffusion, 61
NETs (neutrophil extracellular traps), 401-402
Neural communication, 86
Neural networks, 153
Neural presbycusis, 223

120 Index

Oddi, sphincter of, 617
Odor eating enzymes, 232
Odorants, 230
Odors
clearance, 232
detection, 230-231
discrimination, 232
pheromones, 232
Off response, 186-187
Off-center bipolar cells, 205-207
Off-center ganglion cells, 205, 207
Olfactory bulb
characterization, 230
odor discrimination, 232
scent processing in, 231
Olfactory mucosa, 230
Olfactory nerve, 230
Olfactory receptors
action potentials, 230
cells, 230, 232
location, 231
number, 230
specialization, 230
Olfactory system, 232
Oligodendrocytes, 101, 138
On-center bipolar cells, 205, 207
On-center ganglion cells, 205, 207
Oncogenes, A-31
Onset of ventricular diastole, 323
Oocytes, 764-765, 772
Oogenesis
characterization, 764
meiotic divisions, 767
mitotic divisions, 767
process, 765-766
spermatogenesis vs., 765
Oogonia, 764
OPG (osteoprotegerin), 728-729
Opiates, 192-193
Opsin, 205
Opsonins, 423, 428
Optic chiasm, 210
Optic disc, 201
Optic nerve, 201, 686
Optic radiation, 210
Optic tracts, 210
Optimal length, 272
Oral cavity, 596
Oral contraceptives, 784
Oral rehydration therapy (ORT), 633-634
Orexins, 646-647
Organ of Corti
characterization, 217
hair cells in, 217-218, 220
Organ printing, 8
Organelles. See also specific organelles
defined, 24
removal, 31
types, 24
Organic acids, 572
Organic chemicals
acids, A-10-A-11
bases, A-10-A-11
inorganic vs., A-10
monomers, A-10
polymers, A-10
salts, A-11
Organic ion secretory system, 536
Organisms
characterization, 2
female, 763-764
male, 761
single-celled, 6
Organophosphates, 253
Origin, defined, 269
Oropharyngeal stage, 598-599
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neurotransmitter
-receptor response, 107
action potential function, 105-107
behavior and, 157
common, 107

emotion and, 157 Translating
:

intracellular communication and, 114115
neuropeptides vs., 110

storage, 104

synaptic cleft removal, 107

Neutral energy balance, 643
Neutralization, 431
Neutralization reactions, A-11
Neutrons, A-3

Neutrophilia, 402403
Neutrophils

bacteria destruction, 423
characterization, 401
circulating, 402-403
define, 418

inflammatory response, 421
release of, 401-402
synthesis, 424

NF-B (nuclear factor B), 790
Nicotinic cholinergic receptors, 239
Nicotinic receptors, 243

Night blindness, 209

Nitric acid, 595

Nitric oxide (NO)

abnormalities, 382

Osmolarity
arteriolar, 354
characterization, 563
defined, A-9-A-10
digestive, 603-604
ECF, 563-569
ICF, 564
measurement, 64
Osmoreceptors, 184
Osmosis
defined, 63
diuresis, 546
plasma-colloid, 366-367
pressure, 64
process of, 63-64
tonicity and, 66-67
‘water movement, 63-66
Ossicles, 217
Ossification, 680
Osteoblasts, 679
Osteoclasts, 679, 728-729
Osteocytes, 681
Osteocytic-osteoblastic bone membrane, 730
Osteomalacia, 737-738
Osteons, 729, 732
Osteoporosis
characterization, 729, 730
drug therapy for, 730
exercise benefits, 731
Otolith organs, 224
Otoliths, 224-225
Outer hair cells, 217, 220
Oval window, 217-218
Ovarian cycle
cyclic uterine changes, 774-776
follicular phase, 765-766, 769
hormonal regulation, 770-774
luteal phase, 765, 769-774
menstrual phase, 774-776
progesterone in, 772
proliferative phase, 775
secretory phase, 775-776
Ovaries, 664, 771
Oviducts
characterization, 742
ovum transport to, 778
sperm transport to, 778-779
Ovulation
characterization, 769
control of, 772-773
development, 768
LH surge, 772-774
Ovum, 745, 778
Oxidative enzymes, 31
Oxidative fibers, 280
Oxidative phosphorylation
characterization, 35
exercise and, 278
mitochondrial inner membrane, 36
muscle fibers, 280
process, 276
steps leading to, 37
Oxygen (0:)
arteriolar relaxation, 354
blood carrying capacity, 398, 402-403
brain needs, 141
cardiac needs, 332-333
cells’ need for, 302
circulatory distribution, 7, 10
diffusion, 62-63
dissolved, 490
energy equivalent of, 643
in glycolysis, 37
in hemoglobin, 393-394
homeostasis and, 11
maximal, 506

Nucleus, 20, 23-24

Nutrients. See also Food; Fuel metabolism
absorbed, hepatic processing of, 632
absorption, digestive, 590-591, 598
absorption, microvilli role, 48
absorptive states, 713
blood pressure lowering, 382
body storage, 711
brain, 139-141
breakdown, 572
cell uptake, 10
circulatory distribution, 7, 10
in colon, 536
in cytoplasm, 780
digestive process categories, 624
essential, 712
growth role, 677
majority pathways, 711
postabsorptive states, 713-714
storage, 712-713

Nutritional anemia, 397

Obesity
android, 649
causes, 647-649
colon bacteria and, 648-649
defined, 647
gynoid, 649
Occipital lobes, 144
Occlusion. See Dental caries

post-exercise needs, 279
pulmonary entrance, 486-488
respiration and, 462
smooth muscles and, 484-485
synthetic carriers, 403
toxicity, 497, 499
transport in blood, 490491
ventilation magnitude and, 501-503
Oxygen (0:)-hemoglobin (Hb) curve
2.,3-bisphosphoglycerate, 494
acid and, 494
alveolar level, 492
arterial abnormalities, 496498
Bohr effect, 494
dissociation, 491
exercise-related variables, 505
plateau portion, 491-492
steep portion, 492
storage, 493
temperature and, 494
tissue level, 492-495
transport methods, 490-491
Oxyhemoglobin, 491
Oxyntic cells. See Parietal cells
Oxyntic mucosa, 605
Oxytocin
function, 671
homeostatic role, 16
lactation and, 794-795
parturition and, 790
storage, 670-671

P wave, 317,319
Pacemaker cells, 601
Pacemakers
abnormal activity, 311-313
activity analogy, 312
artificial, 312
normal activity, 310-311
potentials, 295, 309-310
Pacinian corpuscle, 186-187
Packaging, 752-754
Packed cell volume. See Hematocrit
PAF (platelet-activating factor), 333
PAH (para-aminohippuric acid), 539
Pain
brain analgesics, 192-194
causes, 421
characteristics, 191
defined, 191
fibers, 191-192
higher-level processing, 192
impulse origins, 191-192
neuropathic, 192
perception of, 191
phantom, 189
receptors, 184, 191
referred, 176
Palate, 596
Pancreas. See also Endocrine pancreas; Exocrine
pancreas
bile production, 615-620
biochemical balance, 622
characterization, 690
cystic fibrosis effects on, 56
enzymes, 614
metabolic regulation by, 714-715
tissues, 613-615
Pancreatic amylase, 614
Pancreatic insufficiency, 614
Pancreatic islet transplants, 721
Pancreatic lipase, 614, 618
Paneth cells, 626
Papillary muscles, 307
Paracrines, 114. See also specific paracrines
Paradoxical sleep, 169-170
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Orthostatic hypotension, 383-384

Paraplegia paralysis, 283
Parasitic worms, 453
Parasympathetic nervous system, 134
ACh release by, 238-239
arteriole innervation, 359
blood pressure and, 379
characterization, 238
distinguishing features, 245
fibers, 238-240
heart stimulation and, 326-327
visceral organ innervation, 240-243
Parasympathetic tone, 240
Parathyroid gland, 690
Parathyroid hormone, 532
Parietal cells, 608
function, 605
HCL and, 607
regulatory pathway influence, 608-609
Parietal lobes, 144
Parietal-temporal-occipital association cortex, 151
Parkinson’s discase
basal nuclei role in, 153-154
medication, 112
motor disturbances, 154
Partial pressure, 486
Partial pressure gradients
characterization, 486
decrease in, 501-502
gas transfers across pulmonary capillaries,
486488
gas transfers across systemic capillaries, 490
increase in, 502-503
ventilation magnitude and, 501-502
Passive current flow, 89-90
ive forces, 60
ve immunity, 436

Passive reabsorption, 525-526
Pasteur, Louis, 436
Patellar tendon, 286
Pathogens
bacteria, 417-418
defense against, 417
defined, 400
tissue filtering, 418-419
Pathological hypothermia, 657
Pathophysiology, 17
Parturition
characterization, 789
feedback cycle, 791-792
hormones, 790
inflammation and, 790, 792
initiation, 791
labor stages, 792-793
progression, 791
Paxil, 107
PDES (phosphodiesterase 5), 760
Pelvis, 512
Penis
anatomy, 760
blood flow into, 760
description, 724
genital tubercle and, 747
glans, 759
vasocongestion, 759-760
Pepsinogen, 605, 607-608
Peptic ulcer, 611-612
Peptide bonds, A-14
Peptide hormones, 661
Peptides. See also specific peptides
characterization, 118
processing of, 119
Perception
defined, 190
depth, 210-211
processing, 190-191
vision, 213
Perforin, 438

1-22 Index

volume, 563
water, 391-392
Plasma cells
clonal selection and, 433-436
defense mechanism, 440
function, 429
unactivated, 430
Plasma clearance
defined, 537
GFR and, 537-539
medullary countercurrent system, 540-541
process, 538
water reabsorption, 541-457
Plasma membrane. See also Membrane transport
action potentials, 91-104
appearance, 53
blood pressure control by, 382
cell-to-cell adhesions, 57-60
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placental, 786

Translating...

Perfusion, 485
Periaqueductal gray matter, 192
Pericardial fluid, 309
Pericardial sac, 309
Pericarditis, 309
Perilymph, 217-219
Perimenopause, 776
Perineal region, 742743
Periosteum, 679
Peripheral axons, 135
Peripheral chemoreceptors, 501-503
Peripheral nervous system (PNS)
acuity, 189-190
afferent division, 182, 232
afferent function, 187-188
autonomic, 237-245
discriminative ability, 189
divisions, 133-134
fibers, 183
homeostasis, 182, 232-233
myelin-forming cells in, 101
nerves in, 176
neuromuscular junction, 246-253
pain receptors, 191-194
receptive fields, 189
regeneration, 103
somatic, 246
somatosensory pathway, 188-190
stimuli receptors, 183-191
vision, 195-213
Peripheral proteins, 54-55
Peristalsis, 600
Peristaltic waves, 600
Peritubular capillaries, 513
Permeability
ion, 78
membrane, 91-93
selective, 60
Permeable, 60
Permissiveness
cortisol and, 700
defined, 666
function, 666, 670
Pernicious anemia, 397, 608
Peroxisomes, 31
Pertussis toxin, 125
Peyer’s patches, 418
PGA (pyloric gland area), 605
pH
defined, 569
homeostasis and, 11
maintaining, 460
Phagocytes
bacteria destruction, 423
blood clotting and, 424
chemotaxis, 423
Sertoli cells and, 754
Phagocytic cells. See Macrophages
Phagocytic white blood cells, 410-411
Phagocytosis
characterization, 31
enhancement, 433
extracellular material transport, 29
process, 423
Phantom pain, 189
Pharyngoesophageal sphincter, 599-600
Pharynx
characterization, 596
function, 463
swallowing and, 598-600
Phasic receptors, 186187
Phasic smooth muscles, 293-294
Phenotypic sex, 747
Pheromones, 232
Phosphate
buffer role, 580
Ca:imbalance, 549

Pores, 363-364
Pores of Kohn, 464
Positive energy balance, 643
Positive feedback, 15-16, 93
Posterior parietal cortex, 146, 149
Posterior pituitary gland

characterization, 660

hormones, 671

hypothalamus link, 670-671
Postganglionic autonomic fibers, 238, 240
Posthepatic jaundice, 620
Postsynaptic neurons

characterization, 104

communication, 113

function, 104-105

linkage, 112-113
Postural hypotension. See Orthostatic hypotension
Potassium (K )
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Paralysis, 283

Index

inorganic, 265
metabolism, 736
plasma, 737
Phosphate bonds, A-14
Phosphate buffer system, 575
Phosphatidylinositol bisphosphate (PIP2), 122
Phospholipase, 122
Phospholipid molecules, 54
Phospholipids, 54, A-13
Phosphorylation. See also Oxidative
phosphorylation
characterization, 70
myosin, 292
Photons, 197
Photopigments, 205
Photoreceptors
activity, 205
acuity, 208
defined, 184
parts, 201, 204-205
stimuli, 183
Phototransduction, 201, 205-206
Phrenic nerve, 469, 472
Physical stress, 707
Physiologic stress, 707
Physiology
anatomy and, 1-2
defined, 1
exercise, 11
purpose, 1
Pia mater, 139
PIH (prolactin-inhibiting hormone). See Dopamine
Pineal gland
characterization, 685
circadian rhythms and, 685-687
function, 660
male puberty and, 756
Pinocytosis, 31
Pitch
defined, 213-214
determination, 213-214
discrimination, 220-222
Pituicytes, 670
Pituitary glands. See also Anterior pituitary gland;
Posterior pituitary gland
anatomy, 670
characterization, 660, 670
components, 670
cortisol secretion by, 701-702
PKC (protein kinase C)
characterization, 122
Placenta
characterization, 782
components, 786
formation, 783, 786
functions, 786-787
hormones secreted by, 787-788
Placental clock, 790
Placental villi, 786
Placentation, 783
Planning, 166-167
Plaque
AD-associated, 164
atherosclerotic, 334
location, 58
Plasma. See also ECF (extracellular fluid)
calcium, 726-732
characterization, 7
ECF concentration, 559
estrogen levels, 770
glucose levels, 530
hormone concentration, 663-665
hydrophilic hormones in, 120
interstitial fluid vs., 559-650
K levels, 535
phosphate, 737
substances dissolved in, 392

Primary endings, 285
Primary follicles, 764

Primary hyperaldosteronism. See Conn’s syndrome

Primary hypertension, 382
Primary motor cortex, 145
Primary oocytes, 764

Primary peristaltic wave, 600
Primary polycythemia, 398
Primary protein structures, A-14
Primary response, 434436
Primary spermatocytes, 752
PRL (prolactin), 672, 793-793
Procarboxypeptidase, 614
Procedural memory, 163
Procrit, 397

Products, A-7

Progestational phase. See Secretory phase
Progesterone

121
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current loss across, 90
defined, 2
fluid mosaic model, 55
functions, 23, 53-57
homeostasis, 52
interacting, 59
ion movement across, 88
membrane structure, 53—57
most abundance, 54
potential, 75-82
protein functions, 56-57
signal transduction pathway, 121
Plasma proteins
brain, 139
characterization, 391
classification, 391-392
functions, 391-392
hepatic synthesis, 616
loss of, 549
reduced concentrations, 370
tubular reabsorption, 524
Plasma-colloid osmotic pressure, 519, 520
Plasmin, 410
Plasminogen, 410-411
Plastic softeners, 762
Plasticity, 149-150
Plateau phase, 315
Platelets
aggregation, 407411
characterization, 405
hemophilia, 411-412
homeostasis, 406-411
life span, 405
plug formation, 406407
Pleural sac, 464, 466
Pleurisy, 464
Pluripotent stem cells, 395
Pneumonia, 63
Pneumotaxic centers, 500
Pneumothorax, 468
Podocytes, 517-518, 523
Point mutation, A-30
Poiseuille’s law, 347
Polar body, 765
Polar molecules, A-7
Polarization, 87-88
Poliovirus, 246
Polycythemia, 398-399
Polymers, A-10
Polymodal nociceptors, 191
Polymorphonuclear granulocytes, 400-401
Polypeptides genes, A-19
Polyphagia, 719
Polyribosomes, A-27
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SRR, 570571
adrenocortical insufficiency and, 704
arteriolar relaxation, 354
blood pressure control by, 382
cardiac muscle activation, 315 .
movement, 79 Translating...
resting potentials and, 91-92
retention, 549
secretion, 534-535
voltage-gated channels, 92
Potential membrane
defined, 77
determination, 77
ion concentration/permeability, 78
measuring, 75
Power arm, 275
Power stroke, 263-264
Pre-Bétzinger complex, 500
Precapillary sphincters, 365
Precipitation, 431
Precortical processing, 190
Prefrontal association cortex, 151
Preganglionic fiber, 237-238
Pregnancy
corpus luteum of, 770
ectopic abdominal, 778
cectopic tubal, 781
late gestation changes, 789
prevention, 782, 784-785
termination, 785
Prehepatic jaundice, 620
Prehypertension, 383
Preload, 328
Premature ventricular contractions. See Extrasystoles
Premotor cortex, 146, 149
Preovulatory follicles, 769
Preprohormones, 119
Prepuce, 747
Presbyopia, 201
Pressure. See also Blood pressure
atmospheric, 498-499
glomerular filtration-related, 518-519
homeostasis and, 11
partial, 486
plasma-colloid osmotic, 366-367, 520
waves, 218-219
Pressure gradients, 344, 465-468
Pressure reservoir, 347
Presynaptic inhibition, 111
Presynaptic neurons
characterization, 104
electrical signal conversion, 105
linkage, 112113
sum of activities, 107-109
PRH (prolactin-releasing hormone), 795

tigns, 794
actions) Thanges by, 776

ovarian cycle, 772
placental secretion, 788-789
secretion, 769-770
P d cell death. See Apopt
Proliferative phase, 775-776
Propanolol, 245
Prophase, A-28-A-29
Proprioception, 144, 188
Propulsive movements, 589
Prostacyclin, 407
Prostaglandins
arteriolar, 354
function, 758
inflammatory response and, 424
pain and, 191
Prostate
cancer of, 762
characterization, 756
PSA screening, 757
Prostglandins, 790
Protein buffer system, 575
Protein kinase A, 121
Protein kinases, 117
Protein phosphatases, 117
Protein synthesis
amino acids in, 38
DNA role, 24
energy costs, A-25, A-27
ER, 39
hormones and, 125-126
steps, A-25
Proteins. See also Dietary proteins
absorption of, 628
chemical composition, A-14
defined, A-14
denaturation, A-15
digestion of, 611, 614, 623
glucagon actions, 724
hydrolysis, A-15
insulin actions, 717
lymphatic transport, 369-370
metabolism, 719
peptide bonds, A-14
primary structure, A-14
processing, 27
quaternary structure, A-15

secondary structure, A-14-A-15
secretion, 27-28
structures, A-14-A-16
tertiary structure, A-15
transcription, A-27
translation, A-26
Proteolytic enzymes, 614
Prothrombin, 408

Polysaccharides, 590, A-12 Primary active transport, 6971 Proto-oncogenes, A-31
Polyspermy, block to, 780 Primary adrenocortical insufficiency. See Addison’s Proton acceptor, A-11
Polyuria, 719 disease Protons, A-3

POMC (pro-opiomelanocortin), 644, 672

Index 123
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Proximal tubule, 514, 577 protein, 57

Prozac, 107, 157 sensory, 177

PSA (prostate-specific antigen), 757 stimuli effect, 185
Pseudomonas aeruginosa, 56 stimuli sensitivities, 183-185

Repolarization, 88

Reproductive cells. See Gametes

Reproductive system. See also Female reproductive
system; Male reproductive system

Pseudopods, 31 sustained stimulation, 186 abnormalities at birth, 762

Psychiatric disorders, 157 tactile, 187 anabolic steroid effects, 282

PTH (parathyroid hormone) taste, 229 chromosomes, 743, 745
based osteoporosis therapy, 731 tonic, 186 components, 7, 741-743
bone metabolism and, 729-733 types of, 184 DNA role, 24

Ca:metabolism and, 729-733
characterization, 728 Reclast. See Zoledronic acid gametogenesis, 743, 745
feedback loop, 736 Recognition markers, 28 homeostasis, 14, 740, 796-797
function, 727-728 Rectum, 633 hormones, 742

hypersecretion, 736 Red blood cells. See Erythrocytes primary organs, 742
hyposecretion, 736737 requirements, 741

Reciprocal innervation, 177 female, 742-743, 744

Red bone marrow, 395

renal functions, 733-734 Red cones, 208 secondary sexual characteristics, 742
vitamin D and, 735 Red fibers, 280 sex determining region, 747
PTHrp (parathyroid hormone-related peptide), 789 Referred pain, 176 sexual differentiation, 745-748
Puberty Reflexes sexual intercourse, 759-764
characterization, 751 arc, 177 Reproductive tract
female, changes induced by, 776 autonomic system and, 245 female, 742
female, initiation, 664—665 crossed extensor, 179 male, 756
follicle formation, 65 defecation, 635 sexual differentiation, 747

GnRH activity at, 755-756 defined, 176

male, initiation, 755-756 digestive, 595-596
Pulse deficit, 320 enterogastric, 602
Pulse pressure, 350

Residual volume (RV), 480-481
istin, 645, 720
spiration. See also Expiration; Inspiration

exercise and, 504 chemical factors and, 501

Punishments, 157 gastroileal, 622 control of, 598-501
Pupils, 196-197 Hering-Breuer, 500 defined, 460
Purkinje fibers, 310-311 knee-jerk, 286 external, 461-462
Pus, 423 local responses, 179 internal, 461

PVC (premature ventricular contraction), 312
PVN (paraventricular hypothalamic nucleus), 646
Pyloric sphincter, 600 stretch, 285-287 Respiratory distress syndrome, 477-478
Pyramidal cells, 143, 283 suckling, 794-795 Respiratory muscles
Pyramidal motor system. See Corticospinal motor types, 176 anatomy, 469
system withdrawal, 177-179 contractions, 469-470
PYY secretion, 646 Reflux, 600 expiration, 470-472
Refraction inspiration, 470-472
QRS complex, 317 concave lens, 199 Respiratory pump, 375
Quadriplegia paralysis, 283 convex lens, 199 Respiratory quotient (RQ), 461
Quantitative reasoning, A-33-A-36 defined, 198 Respiratory rate, 482
Quaternary protein structure, A-15 process, 198 Respiratory states, 496-498
structures, 198-200 Respiratory system. See also Lungs
Refractory periods, 97-99 acid-base balance and, 581-584
Regeneration, nerve, 103 acidosis, 498, 581-583
Regeneration tube, 103 alkalosis, 583

neuroendocrine, 665
salivary, 597-598

neural control components, 499-500
Respiratory arrest, 496

RAAS (renin-angiotensin-aldosterone system)
diseases associated with, 529
functions of, 527-528
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124 Index

layers, 201
light input processing, 205
rods, 195, 207-208
Retinal, 205
Retinohypothalamic tract, 687
Reverse axonal transport, 43
Reverse vesicular traffic, 43
Reversible reactions, A-8
Rewards, 157
Rh blood group system, 400
Rheumatic fever, 324
Rheumatoid arthritis, 433, 701
Rhodopsin, 205
Rhythm
cardiac, 319, 704
electrical rhythm, 593
respiratory, 499-500
Rhythm method, 784
Ribosomal protein synthesis, 42
Ribosomal RNA, A-24
Rit See also Free rit
assembly, A-26
function, 3940, A-24
in rough ER, 40
Ribs, 464
Rickets, 737-738
RIG-I (retinoic acid inducible gene I), 419
Right cerebral hemisphere, 152
Rigor mortis, 267
RNA (ribonucleic acid)
characterization, A-15, A-17
defense mechanism, 425
function, 24
ribosomes, A-25
sugar in, A-22
transcription role, A-22-A-23
translation, A-24-A27
types of, A-24
Rods
acuity, 208
characterization, 195
gray vision and, 207
location, 201
properties, 207
sensitivity, 207-208
Rough endoplasmic reticulum, 24-26, 40
Round window, 217
RU 486, 785
Ruffini endings, 186187
Ryanodine receptors, 264

SA node, 325-328
Saccule, 224, 227
Salbutamol, 245-246
Saliva
characterization, 597
function, 597
secretion, 597-598
Salivary amylase, 597
Salivary center, 597
Salivary glands, 243
Salivary reflexes, 597-598
Salt. See Bile salts; Sodium (Na )
SALT (skin-associated lymphoid tissues), 456
Salt balance
angiotensin and, 393
ECF volume and, 561-563
water balance and, 556
Saltatory conduction, 100101
Salty taste, 229
Sarcomere, 258
Sarcoplasmic reticulum, 264-265
Satiety center, 647
Satiety signals, 644, 647
Saturated fatty acids, A-12
Scala media, 217
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Scala vestibuli, 217
Scent processing, 231
Schwann cells, 101
Sclerosis, 102, 334
SCN (suprachiasmatic nucleus), 685-687
Scrotum, 72
Scurvy, 58
Sebaceous glands, 455
Sebum, 455
Second messengers

Ca:pathway, 122-123

characterization, 117

cyclic AMP, 120-122

LTP and, 161-162

pathway amplification, 123124
Second-order sensory neuron, 188
Second polar body, 765
Secondary active transport, 69, 530
Secondary adrenocortical insufficiency, 704-705
Secondary endings, 285
Secondary follicles, 769
Secondary hyperaldosteronism, 703
Secondary oocytes, 765
Secondary peristaltic wave, 600
Secondary polycythemia, 398-399
Secondary protein structure, A-14-A-15
Secondary response, 434-436
Secondary spermatocytes, 752
Secretin, 614-615, 637
Secretion

ANF influence on, 238

bile, 617

digestive, 590

esophageal, 600

ghrelin, 646

HCL, 605, 607

large intestine, 636

proteins, 27

saliva, 597-598

small intestine, 623

vasopressin, 567-569
Secretory glands, 4
Secretory phase, 775-776
Secretory vesicles, 28, 42
Seed cells, 8
Segmentation

control of, 621-622

defined, 621

functions, 622

initiation, 621-622
Selectins, 422
Selectively permeable, 60
Self-antigens

autoimmunity and, 446-447

coding, 443

tolerance, 446
Self-recognition process, 55
Semantic memory, 163
Semen, 756-758
Semicircular canals, 224
Seminal vesicles, 756, 757
Seminiferous tubule fluid, 754
Senile dementia, 164
Sensitization, 159, 160-161
Sensor, 15
Sensorineural deafness, 223
Sensory homunculus, 145
Sensory information

categories, 188

coding, 189

vision vs. hearing, 214
Sensory nerves, 188189
Septicemic shock, 411
Septum, 304
Series-elastic component, 269, 272
SERMs (Selective estrogen receptor modulators),

664-665

activation, 446 components, 6, 462-464
stress response and, 708709 . . |
. characterization, 438 . cystic fibrosis effects on, 56
Radial muscle, 197 ) .
function, 782 defense mechanism, 457
Radiation, 651 ©tationd 32 dysfunction, 4
Raloxifene, 731 ﬁeimgujufgé ' Translatin " nc}:wm ils(Hwo
RANK (receptor activator of NF-B) ligand, enearsa, % .- gas exchange,
728-729 Relative humidity, 653 gas transport, 490-498
RAS (reticular activating system), 167 Rclallvc. refractory periods, 98-99 H regulam?n by, 575-576
. X Relaxation homeostasis, 11, 460, 507
Reabsorption. See Tubular reabsorption stric, 601 spiratory functi 462
Reactants, A-7 gastric, 601 ) nonrespiratory functions,
. . isovolumetric ventricular, 323 role of, 461
Reactive hyperemia, 357
. . process, 267268 venous return and, 375
Reactive hypoglycemia, 723
. . response to stress, 298 Rest
Readiness potential, 146 Keletal les, 266 blood flow at. 344
Receptive field, 189-190 skeletal musc es, ood Tlow at,
. smooth muscles, 297-298 capillaries at, 364-365
Receptor editing, 446 . .
. . time of, 268 cardiac output, 355
Receptor-mediated endocytosis, 31 )
s Relaxin, 789 K potentials, 91-92
Receptors. See also specific receptors . .

. Releasing hormones, 675 membrane potential at, 78, 81-82
-neurotransmitter response, 107 REM ” 170-172 N ial. 91-92
adaptation speed, 186-187 (rapid eye movement), a potential, 9192

. Remembering, 159 Resting membrane potential, 78
automatic nervous system, 243-245 Renal a. 398 Reticular f .
information detected by, 184-185 Rc‘“?l :m:‘mlaglz 513 cllc:x ‘Ti,omjm_l‘()‘n 169
lateral inhibition, 190 ena. artery, 12 activating system,
opiate. 192 Renal cortex, 512 defined, 167
p:in 1'91 Renal medulla, 512 electrical stimulation, 192
perception and, 190-191 ienai pelvls,‘jlzjl2 ﬁetfculocyles, 397
phasic, 186 enal pyramids, etina

otential conversion, 184 Renal vein, 512 cells, 201, 205, 210
p e N Renin. See RAAS (renin-angiotensin-aldosterone characterization, 195
potential initiation site, 185-186
system) cones, 195,201, 207-208

Serosa, 593
Serotonin, 157
Serous fluids, 593
Sertoli cells
characterization, 754
function, 754-755
secretion, 754755
Serum sickness, 436
Set point, 15
Severe combined immunodeficiency, 449-450
Sex act. See Sexual intercourse
Sex chromosomes, 745
Sex determination
chromosomes, 745
masculinizing determinants, 745-749
sexual differentiation and, 746
Sex glands, 742, 756-758
Sex hormones
adrenal cortex secretion, 702-703
characterization, 699
female, 702-703
secretion, 698-700
Sexual arousal, 757-758
Sexual differentiation
defined, 474
errors in, 747-748
external genitalia, 747
organs, 747
reproductive tract, 747
sex determination and, 746
Sexual intercourse
defined, 759
ejaculation, 759, 760762
erection, 759-760
female cycle, 762-764
male cycle, 759-763
Sexual nose. See Pheromones
Sexual response cycle, 759
SGLT (sodium and glucose cotransporter), 73, 530
Shear stress, 357
Shivering
controlling mechanism, 653-654
defined, 653
function, 653
Short reflexes, 595
Short-term behavior, 646
Short-term memory
characterization, 158
long-term memory vs., 158-159
molecular mechanism, 159
synaptic activity and, 159-162
Sickle cell disease, 398
SIDS (sudden infant death syndrome), 506-507
Sigmoid colon, 633
Signal molecules. See Chemical messengers
Signal transduction, 124-125, 674
Sildenafil, 760
Simple cells, 211
Simple diffusion
carrier-mediated transport vs., 69
characterization, 61
methods, 76
Simple reflexes, 176
Single-unit smooth muscles
cells function, 295
contractions, 296-297
myogenic properties, 295-296
pacemaker potentials, 295
slow-wave potentials, 295-296
Singulair, 453
Sinoatrial node, 310-313
Sinuses, 139
Sinusoids, 364, 616
Skeletal muscles. See also Muscle fibers
action potential, 264
bones attached to, 268-269
Ca:effects, 264-268
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Scala tympani, 217

Skeletal muscles (continued)
characteristics, 290-291
characterization, 4
components, 6, 260
contractile response, 3
contraction mechanics, 268-276
control mechanisms, 358-359
cross-bridge cycling, 265-267
electrical activity effects, 268
energy conversion and, 274-275
eye, 197, 200
function, 256
homeostasis, 299

s role, 11, 14

innervation, 246

lever system, 275-276

mass loss, 251

metabolism, 276-281

motor movement control, 281-289

organization levels, 259

proprioceptors, 188

pump, 374

reflexes, brain stem role, 167

relaxation, 266, 267268

rigor mortis, 267

sarcoplasmic reticulum, 263-264

shortening, 262

sliding filament mechanism, 261, 263

homeo

smooth muscles vs., 289
spindles, 188
structure, 257-261
tension, 269
tissues, characterization, 4
venous return and, 373-374
Skeleton, 728
Skin
anatomy, 455
break in, 421
dermis, 455
exocrine glands, 455
hair follicles, 455
heat loss through, 654655
hypodermis, 455
layers, 454-455
vasoconstriction, 655
vitamin D synthesis, 456, 734-735
Skin cells, 49, 456
Sleep. See also Consciousness
architecture, 170
behavioral patterns, 170
characterization, 167
defined, 169
disturbance, 172
EEG patterns, 169-170
function, 171-172
obesity link, 648
paradoxical, 169-170
Sleep-wake cycle, 169-171
Sliding filament mechanism, 261, 263
Slitlike gaps, 363
Slow pain pathway, 191
Slow synapses, 117
Slow-twitch muscles, 279-280
Slow-wave potentials, 593
Slow-wave sleep, 169
Slow-wave sleep center, 171
Small intestine
absorption function, 623-626
absorption/secretion balance, 632-633
bacterial infection of, 622-623
between-meal motility, 622
biochemical balance, 622
Ca:absorption, 734-736
carbohydrate absorption, 626, 628
characterization, 621
diarrhea and, 622
digestive function, 590-591

1-26 Index

genetic uniqueness, 743, 745
maturation, 753
oviduct transport, 778779
Sertoli cells role, 754-755
volume, 761
Spermatids, 752
Spermatogenesis
characterization, 752
FSH role, 755
meiosis during, 752
mitotic proliferation, 752
oogenesis vs., 765
packaging, 752754
site of, 70
testosterone role, 755
Spermatogonia, 752
Spermatozoon, 753754
Spermiation, 754
Sphincters
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enzymes, 623
fat absorption, 628, 630-631
lining, 624-626
malabsorption, 624
microvilli in, 48
migrating motility complex, 622
mucosal lining, 626
protein absorption, 628
secretions, 623
segmentation, 621-622
surface area, 623624
villus, 624, 626
volumes absorbed by, 633
Smallpox, 436
Smell, 230
Smooth endoplasmic reticulum
abundance, 26-27
characterization, 24
function, 27
protein packaging in transport vesicles, 26
Smooth muscles
action potentials, 296
activity modification, 297
arteriolar, 358, 484
autonomous, 593-594
cells, 289
characteristics, 290-291
characterization, 4, 289
contraction, 292-294
economy of, 298
excitation, 727
filaments, 292
homeostasis, 299
length-tension relationship, 298
local control, 483485
location, 256
microscopic view, 292
multiunit, 294-295
muscle bronchiolar, 484
relaxation, 297-298
self-generated electrical activity, 295
single-unit, 295-299
slow response of, 298
stomach tissues, 5
stretching, 297-298
types, 292-294
Social stress, 707
Sodium (Na ). See also Salt balance
adrenocortical insufficiency and, 704
energy dependent, 626
gastric absorption, 628
glucose cotransporter, 73

homeostasis, 11, 511
imbalance, 549

intake, 561

large intestine absorption, 528
load, 526

loss of, 528

membrane potential and, 80

neutralization reactions, A-11

output, 561-563

renal management, 382

resting potentials and, 91-92

tubular reabsorption, 521, 523

voltage-gated channels, 92
Sodium (Na ) reabsorption

aldosterone stimulation, 526-529

AQPs, 532-533

basolateral membrane role, 526

chloride reabsorption and, 532

inhibiting agents, 529-530

RAAS role, 527-529

secondary active transport, 530

water reabsorption and, 532-533
Sodium bicarbonate (NaHCO:), 603, 614
Sodium chloride (NaCl), 527, A-5
Soft tissue growth, 679

defined, A-13

processing, 119-120

ring systems, A-13

secretion, 119

steroidogenic pathways, 699
Stimulation

muscle, 271

parasympathetic, 326-327

sympathetic, 329-330
Stimuli

adequate, 183

defined, 183

ratios, 209

receptor adaptation to, 186-187

receptor permeability, 185

reflex, 177

sensitivity to, 183-185

somatosensory response, 189-190
Stomach
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Solute reabsorption, 546-547
Solutes
characterization, A-9
concentrations, 6365
nonpenetrating, 63-64
penetrating, 64-65
water/solute concentrations, 63-65
Solutions
characterization, A-9
colloids, A-10
concentration measures, A-9
defined, 61
clectrolytes, A-9
hypotonic, 66
isotonic, 66
mixtures, A-9
non-penetrating solute, 63-66
nonelectrolytes, A-9
osmolarity, 66, A-9-A-10
penetrating solute, 64-65
suspensions, A-10
tonicity, 66-67
Solvents, 61, A-9
Somatic cells, A-20
Somatic mutation, A-31
Somatic nervous system
afferent neurons, 248
characterization, 237
contents, 134
efferent neurons, 248
features, 247
motor neurons, 246
See IGFs (insulin-like growth factors)
Somatosensory cortex
function, 145
location, 144
maps of, 148
Somatosensory pathways
characterization, 188
labeled lines, 188-189
stimuli response, 189-190
Somatostatin
gastric function, 609
inhibition, 675
metabolic regulation by, 714-715
Somatotopic maps, 148-149
Somatotropes, 671
Somatotropin, 681-682
Somesthetic sensations, 141
Sound waves
characterization, 213
in external ear, 216-217
formation, 215
pressure, 218-219
properties, 216
transmission, 217-220

Sounds
intensity, 214
loud, 222, 223
loudness, 214
magnitude, 216
pitch, 213-214, 216
quality, 214-215
relative magnitude, 216
timber, 214
tone, 213, 216, 222-223
transduction, 221-222
Sour taste, 229
Spastic paralysis, 283
Spatial summation, 107108
Special senses, 188. See also specific sense
Speech impediments, 150
Sperm
-egg fusion, 779-780
content, 761
falling counts, 762
fertilization, 779-790

Submucosal plexus, 594
Substance P, 192-193
Subsynaptic membrane, 105
Suckling reflexes, 794-795
Sucrase, 623
Sucrose, 590
Suffocation, 496
Summation, 107-108
Supplementary motor area, 146, 149
Suppressor T cells. See Regulatory T cells
Surface epithelial cells, 605
Surface tension. See Alveolar surface tension
Suspensions, A-10
Suspensory ligaments, 200
Swallowing
esophageal stage, 600
oropharyngeal stage, 598-599
process, 598
Swallowing center, 598
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external anal, 635
gastroesophageal, 600
ileocecal, 622-623
0ddi, 617
pharyngoesophageal, 599-600
precapillary, 365
pyloric, 600
urethral, 550
Sphygmomanometer, 349, 351
Spinal cord
brain stem link, 167
cross section, 174
description, 172
gray matter, 174
reflex functions, 176-179
spinal nerve connections, 172
white matter, 172-175
Spinal nerves
characterization, 176
fibers carried by, 175-176
organization, 172173
Spindles, 188, 287
Spinocerebellum, 166
Spirograms, 480481
Spirometer, 480
Spleen, 419
SRS-A (slow-reactive substance of anaphylaxis),
451,453
SRY (sex-determining region), 747
SSRIs (selective serotonin reuptake inhibitors),
107, 157
Stapes, 217
Starch, 590, A-12
Starvation, 714
STAT (signal transducers and activators of tran-
scription), 674
Statin drugs, 731
Stator, 35
Steady state energy, 82
Steatorrhea, 614
Stellate cells, 143
Stem cells
characterization, 8
in gastric pits, 605
medical promise, 8
pluripotent, 395
Stenotic valve, 324

Stereocilia
basilar membrane deflection, 220
characterization, 217
sound transduction role, 221
vestibular, 224
Sterilization, 751, 784, 785
Sternum, 464
Steroids. See also Aldosterone; Androgens; Cortisol;
Estrogens
anabolic androgenic, 282
characterization, 118, 661
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T cells (continued)
embryo protection role, 782
foreign agent recognition, 428
function, 404, 418
lineage, 429
NK cells, 426
origins, 428-429
proliferation, 424
transplant rejection and, 444
types of, 37-438
T wave, 317
T-cell growth factor, 441
t-SNARE, 28
T (tri-iodothyronine)
characterization, 691
conversion, 694
goiter and, 697
metabolic effects, 694-695
secretion, 692
thyroglobulin molecules and, 692-693
T (tetraiodothyronine)
characterization, 691
conversion, 694
goiter and, 697
metabolic effects, 694-695
secretion, 663, 692
thyroglobulin molecules and, 692-693
Tachycardia, 319
Tactile receptors, 187
Taeniae coli, 634
Tail, sperm, 753
Target cell response
abnormal responses, 665-666
antagonism, 666667, 670
down regulation, 666
permissiveness, 666-667, 670
synergism, 667, 670
variation in, 666670
Target cells, 113, 661
Target-gland hormones, 677
Tastant, 229
Taste, 229-230
Taste buds, 229, 596
Taste pore, 229
Tau, 165
Tay-Sachs disease, 31
TCRs (T-cell receptors), 429, 437
TDF (testis-determining factor), 747
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alcohol absorption, 611, 613
anatomy, 601

biochemical balance, 622
characterization, 600
defense mechanisms, 456

digestive juices, 605 Translating

emptying, 602-604
filling, 601
function, 600-601
glands, 605-606
intrinsic factor, 608
lining, protection, 610-611
mixing, 601-602
mucosa, 605-606
mucus, 608
peptic ulcers, 611-612
regulatory pathway influences, 608-609
secretion process, 609611
storage, 601
tissue contents, 5
tissue types, 4
vomiting, 604-605
Stomach emptying
emotions and, 604
factors influencing, 602-604
hormonal response, 602
neural response, 602
stimuli, 602-604
Storage diseases, 31
Stress response
cortisol adaptation, 700-702
dangers, 709-710
defined, 707
hormonal changes during, 708
hypothalamus coordination, 708-709
relaxation, 298
renal factors, 709
response pattern, 707-708
SNS role, 707
testing, 320
types, 707
Stretch reflex
arteriole response, 357
smooth muscle, 297-298
spinal, 177
whole muscle, 285-287
Stroke volume (SV)
blood pressure and, 376
characterization, 323
determination, 328
factors summary, 330
increased, 325
intrinsic control, 329
Structure-function relationship, 1
Subarachnoid space, 139
Subcutaneous contraceptives, 785
Subcutaneous fat, 455, 645, 649
Submucosa, 593

Teriparatide, 731
Terminal button, 246
Terminal cisternae. See Lateral sacs
Tertiary active transport, 628
Tertiary follicles, 769
Tertiary protein structure, A-15
Testes
anatomy, 750
barrier protecting, 754
cancer of, 762
development, 749
Leydig cells, 749
scrotal location, 749
seminiferous tubules, 749
spermatogenesis, 752-755
Testicular feminization syndrome, 666, 748
Testosterone
aggression from, 752
androgen-binding protein and, 755
athletes use of, 282
characterization, 749
effects, 751
embryonic effects, 750-751
estrogen conversion to, 752
FSH control of, 755
function, 119
LH control of, 755
muscle fibers and, 281-282
nonreproductive actions, 751-752
pubescent effects, 751
secondary sexual effects, 751
secretion, 749-752
spermatogenesis role, 755
Tetanus
causes, 271
prevention316
toxin, 112
Tetrad, A-30
Thalamus
function, 143
hearing and, 223
motor control and, 154-155
Thalidomide, 786
Thecal cells, 769, 770
Thermal energy. See Heat
Thermal nociceptors, 191
Thermally gated channels, 88
Thermodynamics, 641-642
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Sweat, 653
Sweat glands, 243, 455
Sweating, 242-243, 653
Sweet taste, 230
Sympathetic ganglion chain, 238
Sympathetic nervous system
adrenal medulla and, 243, 705-706
blood pressure regulation by, 358, 377, 379
characterization, 238
defined, 134
distinguishing features, 245
dominance, 240-241, 243
epinephrine and, 706-707
Frank-Starling curve and, 330
heart stimulation by, 327, 329-330
hypotension and, 383-384
norepinephrine release by, 239
stress role, 707
stroke volume and, 328
venous return and, 373
visceral organ innervation, 240-243
Sympathetic postganglionic neuron, 705-706
Sympathetic tone, 240
Sympathomimetic effect, 694
Symport, 71
Synapses
characterization, 104-105
fast, 117
function, 105
long-term memory and, 162163
neuromuscular junction vs., 252
neuron-to-neuron, 246
short-term memory and, 159-162
slow, 117
structure, 105
transmission modification, 112
types, 105-106
Synaptic cleft, 104
Synaptic delay, 106
Synaptic knob, 104-105
Synaptic vesicles, 104
Synthetic erythropoietins, 397
Systemic capillaries, 490
Systemic circulation, 304
Systemic controls. See Extrinsic controls
Systemic lupus erythematosus, 447
Systole events, 321-323
Systolic blood pressure, 350
Systolic heart failure, 332
Systolic murmur, 324

T cells. See also Cytotoxic T cells; Helper T cells;

Regulatory T cells
activated, 437
adaptive immune system and, 420
B cells vs., 450
binding, 437
delayed hypersensitivity, 453

Index

Thrombocytopenia purpura, 412
Thromboembolism, 334-335, 411
Thrombopoietin, 405
Thrombospondin, 137
Thromboxane A, 407
Thrombus, 335, 411
Thymine, A-19
Thymosin, 429
Thymus, 419, 428
Thyroglobulin, 691, 692
Thyroid gland
anatomy, 692
characterization, 690, 691
dysfunctions, 695-698
major cells, 691-692
stimulation, 666
Thyroid hormone
in blood, 663
cardiovascular effects, 694
characterization, 118, 661
direct metabolic effects, 725
growth and, 683
growth effects, 694
metabolic effects, 694695
nervous system effects, 694695
regulation, 695
secretion, 119, 692-694
storage, 692
synthesis, 692
types, 691
Thyroid-response element, 694
Thyroid-stimulating hormone (TSH), 57
Thyrotropes, 671
Thyroxine. See T:(tetraiodothyronine)
Thyroxine-binding globulin, 694
Tidal volume (TV), 480-481
Tight junctions, 58, 141
Timbre, 214, 216, 222
Tip links, 220
Tissue-specific stem cells, 8
Tissues. See also specific tissue
autorhythmic, 311
development, 679
engineering, 8-9
erection, 759-760
excitable, 78
exocrine pancreas, 613-615
lymphoid, 401, 418-419
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Tears, 195
Tectorial membrane, 217

Teeth, 596697
Temperature. See also Cold; Heat
diseases associated with, 658
homeostasis and, 11
internal core, 650-653
measuring, 15
0O:-Hb curve and, 494
room, 15
Temperature regulation
cold response, 655-656
fever and, 656-657
heat exchange and, 651-653
heat loss, 654-655
homeostasis, 640, 657
hypothalamus role, 653
overview, 650
shivering and, 653-654
sweating and, 653
Temperature-humidity index, 653
Temporal lobes, 144, 222-223
Temporal summation, 107-108
Tendons, 268, 286
Tension
-length relationship, 272, 298
muscle, 269
whole muscle, 283
Tenting effect, 763

1-28 Index
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Trachea
anatomy, 599
function, 463
irritants, 457
Transcellular fluid, 559
Transcortin. See Corticosteroid-binding globulin
Transcription, A-21-A23
Transducin, 205
Transepithelial transport, 525-526
Transferrin, 632
Transfusions
blood types and, 399
need for, 402
reaction, 399-400
universal donors/recipients, 400
Transmembrane proteins, 54, 56-57
Transmural pressure gradient, 467
Transplant rejection, 444
Transport maximum, 67-68
Transport molecules, 57
Transport recruitment, 716
Transport vesicles
function, 27
new proteins in, 26
Transverse tubules, 264-265
TRH (thyrotropin-releasing hormone), 675, 695
Tricarboxylic acid cycle. See Citric acid cycle
Tricuspid valves, 306
Triggering events, 88-89
Triglycerides
aggregation, 630
defined, A-13
digestion and, 590
storage, 713
synthesis, 719
Triplet code, A-24-A-25
Trophoblasts, 781
Tropic hormones, 663
Tropomyosin, 260
Troponin, 260
Trypsin, 474, 614
Trypsin inhibitor, 614
Trypsinogen, 614
TSH (thyroid-stimulating hormone)
excessive levels, 666
function, 671
goiter and, 697-698
negative-feedback control, 664-665
regulation, 695
target organs, 672, 675
TSI (thyroid-sti ing i lobulin), 696
Tubal ligation, 784
Tubular component
anatomy, 514-515
reabsorption, 515
secretion, 515-516
Tubular reabsorption
active, 525-526
aldosterone stimulation, 526-529
amino acid reabsorption, 530
ANP inhibition, 529-530
characterization, 524-525
glucose, 530-532
mechanism summary, 536
Na -K pump, 526
passive, 525-526
phosphate, 532
RAAS activation, 527-529
transepithelial transport, 525-526
urea, 533
waste products exclusion, 533-434
water, 541-546
Tubular secretion
aldosterone and, 534-536
mechanism, 534
mechanism summary, 536
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Thermogenesis, 642, 654
Thermometer, 15

Thermoneutral zone, 656
Thermoreceptors, 184
Thick filaments, 258, 261
Thin filaments
actin and, 260-261
cardiac, 298
characterization, 258
composition, 261
inward pull on, 261
sliding mechanism, 261, 263
Third-order sensory neuron, 188
Thirst
angiotensin role, 568
controlling factors, 568-569
RAAS stimulation, 527
vasopressin secretion and, 567-569
water input and, 567
Thorax
cavity, 304, 464
characterization, 464
duct, 632
pulmonary expansion in, 466-468
vertebrae, 464
wall, 464
Threshold potential, 91
Throat. See Pharynx
Thrombocytes. See Platelets

organic anions and cations and, 536
renal H in, 534-535, 577-580
renal K in, 534-536
Tubules, 577
Tubulins, 43
Tubuloglomerular feedback, 521
Tumor suppressor genes, A-31
Tumors
benign, 447
brain, 138-139
characterization, 447
malignant, 447
Tuning fork, 213, 216
Twins, 769
Twitch
defined, 269
stimulation, 271
summation, 271-272
Tympanic membrane, 216
Type 1 diabetes
characterization, 718
treatment, 720-721
underlying defects, 720
Type 2 diabetes
characterization, 718
treatment, 720-721
underlying defects, 720
Type A Intercalated cells, 577
Type B Intercalated cells, 577-578
Type I alveolar cells, 464
Type 11 alveolar cells, 464
Tyrosine, 691
Tyrosine kinase pathway, 117

Ultrafiltration, 366
Umami taste, 230
Umbilical arteries, 786
Umbilical cords, 786
Umbilical veins, 786
Umbilicus, 792
Uncoupling proteins, 648
Universal donors, 400
Universal recipients, 400
Unsaturated fatty acids, A-12
Urea, 533
Uremic toxicity, 549
Urethra
characterization, 512
function, 513
sphincters, 550
Urinary bladder
characterization, 512
function, presynaptic inputs and, 108-109
incontinence, 552
micturition reflex, 550, 552
role of, 549
urethral sphincters, 550
Urinary system. See also Kidneys
components, 6, 513
defenses mechanism, 457
homeostatic role, 11, 510
organs, 512
phosphate buffer, 575, 580
protein loss, 550
Urination. See Micturition reflex
Urine
characterization, 537
excessive albumin in, 517
excretion, 516
flow, 547
formation, 512
glucose in, 719
level control, 549
Na loss in, 528
Na output, 561-563
storage, 549-550, 552

https://translate.googleusercontent.com/translate_f

Translating...

primary types, 4
stomach, 5

stomach types, 4
thromboplastin, 410
Titin, 258
TLRs (toll-like receptors), 419-420, 423
TMJ (temporomandibular joint), 597
TNF (tumor necrosis factor), 242, 645
Tolerance, 446
Tone
auditory cortex mapping, 222-223
defined, 213-214
determination, 213
existence, 294
Tongue, 596, 599
Tonic activity, 240
Tonic receptors, 186
Tonic smooth muscle, 293-294
Tonicity, 66-67
Tonsils, 401, 418, 457
Total lung capacity (TLC), 480-481
Total peripheral resistance, 358, 360, 377
arterial blood pressure and, 377
defined, 358
factors affecting, 360
tPA (tissue plasminogen activator), 411
TPO (thyroperoxidase), 692
Trabecular bone, 729

Urine excretion
body’s needs, 545
countercurrent exchange, 546
hydration and, 539-540
medullary countercurrent system, 540-541
regulation, 544-446
solute reabsorption and, 546-547
vasopressin role, 542-444
water reabsorption, 541-446
Use-dependent competition, 149
Uterine tubes, 742
Uterus
estrogen effects, 774
function, 742
gestation and, 789
hormonal levels and, 771
involution, 792
morula descent into, 780-781
Utricle, 224, 226-227
Utrophin, 285
Uvula, 596

v-SNARE, 28
Vaccinations
defined, 434-435
development, 436
memory cells and, 435-436
Vagina
function, 742
opening, 742
pouch, 784
vasocongestion, 763
Vagus nerve, 167, 325
Valence, A-4-A-5
Valves
action, 306
anatomy, 307
disorders, 324-325
fibrous skeleton of, 307-308
pressure-operated, 306-308
types, 306, 324
Varicose veins, 375
Varicosities, 240
Vasa recta, 515
Vascular permeability, 428
Vascular spasm, 333, 406-407
Vascular tone, 352
Vascular tree, 347
Vasectomy, 756, 784
Vasoactive intestinal peptide, 595
Vasoactive mediators, 354, 382
Vasocongestion, 759-760, 763
Vasoconstriction, 352, 655
Vasodilation
characterization, 352
complement system, 428
localized, 420
Vasogenic shock, 384
Vasopressin
arterioles and, 359
characterization, 541
deficiency, 564
ECF osmolarity regulation by, 565-567
function, 671
mechanism of action, 544
production, 115
release, 543
secretion, thirst and, 566-569
storage, 670-671
stress response and, 708
water deficit and, 565
water output control, 566-567
water reabsorption role, 541-544
Vaults
as transport vehicles, 40-41
characterization, 40
chemotherapy drugs and, 41
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Vegetative functions, 142
Veins
blood return (See Venous return)
blood volume capacity, 372-373
communication, 371
functions, 342, 371-372
pressure, 307
renal, 512
umbilical, 786
varicose, 375
Velocity, 274
Venae cavae, 306
Venous return
blood pressure and, 376
cardiac suction and, 375-376
defined, 373
determination, 328
extrinsic factors, 372-376
gravity and, 374
respiratory activity and, 375
skeletal muscle activity and, 373-374
sympathetic activity and, 373
venous valves and, 374
Venous sinuses, 139
Ventilation
alveolar, 482483
brain ECF [H ] and, 502-503
collateral, 464
emergency mechanism, 501-502
energy expenditure for, 478-479
and, 504-505
gravitational effects, 485
influences, 505-506
magnitude, chemical factors, 501
mechanical act of, 461
pressure and, 465-468
pulmonary, 482
Ventral corticospinal tract, 172
Ventral horn, 174
Ventral root, 175
Ventral spinocerebellar tract, 172
Ventricles
brain, 138
defined, 304
diastole, 321-323
ejection, 321, 323
excitation, 313-314, 321
filling, 323
relaxation, 323
repolarization, 323
systole, 321, 323
Ventricular autorhythmic cells. See Purkinje fibers
Ventricular fibrillation, 320
Venules, 347
Vertebrae, 304
Vertebral column, 172
Vertical osmotic gradient, 540
Vesicles
defined, 27
function, 28
transport, 43
Vesicular transport
characterization, 76
description, 73-74
endocytosis, 75
exocytosis, 75
requirements, 75
Vestibular apparatus
activation, 224
characterization, 224
function, 224
hair cells, 224

130 Index

Information from the
external environment
relayed through the
nervous system
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nerves, 224
otolith organs, 224, 226-227
semicircular canals, 224
signals arising from, 224-227
structure, 224
Vestibular membrane, 217
Vestibular nuclei, 227
Vestibulocerebellum, 166
Vestibulocochlear nerve, 224
Vertebrae, 464
Viagra. See Sildenafil
Vibrio cholera, 633-634
Villi, 624, 786
Viruses. See also specific viruses
characterization, 418
defenses, 440
host cells, 439-440
interferon effects, 425
obesity link, 39
T cell lysing, 438
Visceral afferents
defined, 187-188
function, 187188
Visceral fats, 645, 649
Visible light, 197
Vision. See also Eye
accommodation, 200-201
action potential, 206
blind spot, 201, 203
color, 208-209
color blindness, 209
cortex and, 210-213
cortical processing, 211, 213
defects, 210-211
depth perception, 210-211
disorders, 201, 202
double, 211
gray, 207
information, 209-210
perception, 213
thalamus cortex and, 210-213
Vision chip, 207
Visual field, 209-210
Vital capacity (VC), 480-481
Vitamin A, 209
Vitamin B, 337
Vitamin Bi»
absorption, 397
diabetes therapy with, 721
function, 608
homocystine clearance by, 337
Vitamin Bs, 337
Vitamin D
activation, 734-735
Ca absorption and, 632
characterization, 734
deficiency, 737-738
dermal synthesis, 456
function, 735-736
intestinal Ca absorption and, 734-736
RDA, 735
renal activation, 551
Vitamin K, 411-412
Vitreous humor, 195
Vocal folds, 463, 599
Voice box. See Larynx
Voltage-gated channels, 88, 92
Volume. See also Stroke volume (SV)
dead space and, 482
EDV increases, 328-329
homeostasis and, 11
pulmonary, 479-481

BODY SYSTEMS

Index 129

Vomeronasal organ (VNO), 232
Vomiting

causes, 605

characterization, 584

coordination, 605

defined, 604

effects, 605

force generating, 604
Vomiting center, 605
VRG (ventral respiratory group), 500
Vulva, 743

Warfarin, 411
Waste products, 11
Water (H:0)
balance, 558-559
channels, 532
concentrations, 63-65
daily balance, 566
distribution, 559
diuresis, 547
GFR and, 521
is and, 11
ty and, 565
ingestion, 511
input, 566-567
intake, 569
large intestine absorption, 636
metabolic, 566
oral metering, 569
output, 566567
passive absorption, 626
reabsorption, Na role, 532-533
in selectively, 63-66
tubular reabsorption, 521, 541-546
urine levels, 539-540
Water balance, 556
Water intoxication, 565
Wavelength, 197, 208
Weaning, 796
Wernicke’s area, 150
White blood cells. See Leukocytes
White bone marrow, 395
White fibers, 280
White matter
ascending order, 175
characterization, 143
descending order, 175
organization, 172-173
Whooping cough. See Pertussis toxin

homeost
hypotoni

Windpipe. See Trachea
Withdrawal reflexes, 177-179
Withdrawal symptoms, 112
Wolffian ducts, 747

Work, 274, 641

Working memory, 158, 163165

X chromosomes, 745, 753-754

Y chromosomes, 745, 753-754

Z lines, 262, 289
Zoledronic acid, 730

Zona fasciculata, 698-699
Zona glomerulosa, 698-699
Zona reticularis, 698-699
ZP3, 780

Zygotes, 780

Zymogen granules, 608

Made up of cells organized according to specialization to maintain homeostasis

See Chapter 1.

NERVOUS SYSTEM
Acts through electrical signals to control rapid
responses of the body; also responsible for
higher functions__e.g., consciousness, memory,
and creativity
See Chapters 4, 5, 6, and 7.
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RESPIRATORY SYSTEM

02 Obtains O2 from and eliminates CO2 to the external
Ccor environment; helps regulate pH by adjusting the  yangiating, .
. rate of removal of acid-forming CO2
See Chapters 13 and 15.
URINARY SYSTEM
Urine containing Important in regulating the volume, electrolyte
composition, and pH of the internal environment;
wastes and excess X
water and removes wastes and excess water, salt, acid,
clectrolytes and other electrolytes from the plasma and
eliminates them in the urine
See Chapters 14 and 15.
. DIGESTIVE SYSTEM
Nutrients, water, Obtains nutrients, water, and electrolytes from
electrolytes the external environment and transfers them into
Feces containing the plasma; eliminates undigested food residues
undigested food to the external environment
residue See Chapter 16.
REPRODUCTIVE SYSTEM
Sperm leave male Not essential for homeostasis, but essential for
Sperm enter female perpetuation of the species
See Chapter 20.
Exchanges with
all other systems
CIRCULATORY SYSTEM
Transports nutrients, O2, CO2, wastes, electrolytes, and hormones throughout the body
EXTERNAL
See Chapters 9, 10, and 11.
ENVIRONMENT
Each chapter begins with a system-specific version of the pictorial homeostatic model
above that depicts how the body system discussed in the chapter functions within
the body as a whole. The accompanying icon marks a special section at cach chap-
ter’s end that focuses on how the system contributes to homeostasis. Together
these features will give you a better perspective on is and the i P y of body
systems.
Page 55
ENDOCRINE SYSTEM

Acts by means of hormones secreted into the
blood to regulate processes that require duration
rather than speed__e.g., metabolic activities and
water and electrolyte balance

See Chapters 4, 18, and 19.

INTEGUMENTARY SYSTEM
Serves as a protective barrier between the
external environment and the remainder of the body;
the sweat glands and adjustments in skin blood flow
are important in temperature regulation
See Chapters 12 and 17.

IMMUNE SYSTEM
Defends against foreign invaders and cancer cells;
paves way for tissue repair
See Chapter 12.

MUSCULAR AND SKELETAL SYSTEMS

https://translate.googleusercontent.com/translate_f

Body systems
maintain
homeostasis

HOMEOSTASIS

A dynamic steady state of the

constituents in the internal fluid

environment that surrounds and

exchanges materials with the cells

See Chapter 1.

Factors homeostatically maintained:

Concentration of nutrient molecules

See Chapters 16, 17, 18, and 19.

Keeps internal )
Concentration of O2and CO2

fluids in

See Chapter 13.
Keeps foreign Concentration of waste products
material out See Chapter 14.

pH  See Chapter I5.
Concentration of water, salts, and other
electrolytes

See Chapters 14, 15, 18, and 19.
Temperature See Chapter 17.

Volume and pressure

See Chapters 10, 14, and 15.

Protects against Homeostasis is
foreign invaders essential for

survival of cells
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Engbles the CELLS
ody to interact

important in temperature regulation; calcium is stored with the external

in the bone

See Chapters 8, 17, and 19.

Exchanges with
all other systems

Need homeostasis for their own
X ; survival and for performing
environment specialized functions essential for
survival of the whole body
Translating... See Chapters 1, 2, and 3.
Need a continual supply of nutrients and
02and ongoing elimination of acid-forming
CO2to generate the energy needed
to power life-sustaining cellular
activities as follows:
Food + 02 CO2+ H20 + energy
See Chapter 17.

Cells make up
body systems

ANATOMICAL TERMS USED TO INDICATE DIRECTION
AND ORIENTATION

anterior
posterior
ventral

dorsal

medial

lateral
superior
inferior
proximal
distal

sagittal section
longitudinal section
cross section

frontal or coronal section

situated in front of or in the front part of

situated behind or toward the rear

toward the belly or front surface of the body; synonymous with anterior

toward the back surface of the body; synonymous with posterior

denoting a position nearer the midline of the body or a body structure

denoting a position toward the side or farther from the midline of the body or a body structure
toward the head

away from the head

closer to a reference point

farther from a reference point

a vertical plane that divides the body or a body structure into right and left sides
a plane that lies parallel to the length of the body or a body structure

a plane that runs perpendicular to the length of the body or a body structure

a plane parallel to and facing the front part of the body

WORD DERIVATIVES COMMONLY USED IN PHYSIOLOGY

a; an-
ad-; af-
adeno-
angi-
anti-
archi-
-ase
auto-
bi-
-blast
brady-
cardi-
cephal-
cerebr-
chondr-
-cide
contra-
cost-
crani-
-crine
crypt-
cutan-
-cyte
de-

di-

dys-
ecto-; exo-; extra-
o
-elle
-emia
encephalo-
endo-

absence or lack epi- above; over osteo- bone
toward erythro- red oto- ear
glandular gastr- stomach para- near

vessel -gen; -genic produce pariet- wall

against gluc-; glyc- sweet peri- around

old hemi- half phago- eat

splitter hemo- blood -pod footlike
self hepat- liver -poiesis formation
two; double homeo- sameness poly- many
former hyper- above; excess post- behind; after
slow hypo- below; deficient pre- ahead of; before
heart inter- between pro- before

head intra- within pseudo- false

brain kal- potassium pulmon- lung
cartilage leuko- white rect- straight
kill; destroy lip- fat ren- kidney
against macro- large reticul- network

rib mamm- breast retro- backward
skull mening- membrane sacchar- sugar
secretion micro- small sarc- muscle
hidden mono- single semi- half

skin multi- many -some body

cell myo- muscle sub- under

lack of natr- sodium supra- upon; above
two; double neo- new tachy- rapid
difficult; faulty nephr- kidney therm- temperature
outside; away from neuro- nerve -tion act or process of
away from oculo- eye trans- across

tiny; miniature -oid resembling tri- three

blood ophthalmo- eye vaso- vessel

brain oral- mouth -uria urine

within; inside
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Deviation in
controlled variable

(detected by)
Sensor

(informs)

Integrator

(sends instructions to)

Effector(s)

(brings about)
Compensatory response
(results in)

Controlled variable
restored to normal

(a) Components of a negative-
feedback control system

Human Physiology: From Cells to Systems, 7th ed.

Translating...
* relieves . * relieves . * relieves
Fall in room Fall in body
temperature below temperature below
set point set point
Thermometer Temperature-monitoring
nerve cells
Temperature
Thermostat control center
(negative
feedback
shuts off (negative (negative
o feedback) feedback)
system Skeletal muscles
responsible Furnace (and other effectors)
for response)
Heat production
Heat output through shivering and
other means
* * *

Increase in room
temperature to set
point

(b) Negative-feedback control of
room temperature

Increase in body
temperature to set
point

() Negative-feedback control of
body temperature

Page 58

Igtrpdyctiop to Bhysiflogy (pp. Study Card
= Physiology is the study of body functions.

= Physiologists explain body function in terms of the mecha-
nisms of action involving cause-and-effect sequences of physi-

cal and chemical processes.

= Physiology and anatomy are closely interrelated because
body functions are highly dependent on the structure of the
body parts that carry them out.

https://translate.googleusercontent.com/translate_f

KEY

Flow diagrams throughout the text
= Stimulates or activates
= Inhibits or shuts off
= Physical entity, such as body structure or a chemical
= Actions
= Compensatory pathway
= Turning off of compensatory pathway (negative feedback)
4 Note that lighter and darker shades of the same color are
used to denote, respectively, a decrease or an increase in a
controlled variable.

relatively stable internal fluid environment with which the
cells directly make life-sustaining exchanges.

= The ECF serves as the body’s internal environment. It con-
sists of the plasma and interstitial fluid. (Review Figure 1-5.)

= Homeostasis is the maintenance of a dynamic steady state

in the internal environment.

= The factors of the internal environment that must be ho-
meostatically maintained are its (1) concentration of nutrient

molecules; (2) concentration of O:and COz; (3) concentra-
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Levels of Organization in the Body (pp. 2-6)

= The human body is a complex combination of specific at-
oms and molecules.

= These nonliving chemicals are organized in a precise way

to form cells, the smallest entities capable of carrying out life
processes. Cells are the body’s structural and functional living
building blocks. (Review Figure 1-1.)

= The basic functions performed by each cell for its own sur-
vival include (1) obtaining O:and nutrients, (2) performing
energy-generating chemical reactions, (3) eliminating wastes,
(4) synthesizing proteins and other cell components, (5) con-
trolling movement of materials between the cell and its envi-
ronment, (6) moving materials throughout the cell, (7) re-

sponding to the environment, and (8) reproducing.

= In addition to its basic functions, each cell in a multicellu-
lar organism performs a specialized function.

= Cells of similar structure and specialized function combine
to form the four primary tissues of the body: muscle, ner-
vous, epithelial, and connective. (Review Figure 1-2.)

= Glands are derived from epithelial tissue and specialized
for secretion. Exocrine glands secrete through ducts to the
body surface or into a cavity that communicates with the

outside; endocrine glands secrete hormones into the blood.

(Review Figure 1-3.)

= Organs are combinations of two or more types of tissues
that act together to perform one or more functions. An ex-
ample is the stomach. (Review Figure 1-2.)

= Body systems are collections of organs that perform re-
lated functions and interact to accomplish a common activity
essential for survival of the whole body. An example is the di-
gestive system. (Review Figure 1-4.)

= Body systems combine to form the organism, or whole body.

Concept of Homeostasis (pp. 6-14)

= The fluid inside the cells of the body is intracellular fluid
(ICF); the fluid outside the cells is extracellular fluid (ECF).

= Because most body cells are not in direct contact with the
external environment, cell survival depends on maintaining a

Page 59

tion of waste products; (4) pH; (5) concentration of water,
salt, and OlhBlP e?ectroiy’ges);QG) \(/o]ume ané pressure; and

(7) temperature. (Review Figure 1-7.)

= The functions performed by the 11 body systems are di-

Tr?ﬁ&ﬂ%ﬂﬁ&@ maintaining homeostasis. These functions ulti-

mately depend on the specialized activities of the cells that
make up the system. Thus, homeostasis is essential for each
cell’s survival, and each cell contributes to homeostasis.
(Review Figures 1-6 and 1-7.)

Homeostatic Control Systems (pp. 14-17)

= A homeostatic control system is a network of body compo-
nents working together to maintain a controlled variable in
the internal environment relatively constant near an optimal
set point despite changes in the variable.

= Homeostatic control systems

can be classified as (1) intrinsic :,:':‘l:‘::::’l:'ﬁ"""
(local) controls, which are inher- sty
ent compensatory responses of

an organ to a change; and Sensor
(2) extrinsic (systemic) controls, (nforms)
which are responses of an organ

triggered by factors external to Integrator
the organ, namely, by the ner- o o
vous and endocrine systems.

= Both intrinsic and extrinsic et
control systems generally oper- (brings about)
ate on the principle of negative

feedback: A change in a con- Compensatory response
trolled variable triggers a re- R
sponse that drives the variable

in the opposite direction of the Controlled variable

restored to normal

initial change, thus opposing
the change. (Review Figure 1-8.)

(@ Components of a negative-
= In positive feedback, a ekl e
change in a controlled variable
triggers a response that drives the variable in the same direc-
tion as the initial change, thus amplifying the change. Positive
feedback is uncommon in the body but is important in sev-
eral instances, such as during childbirth.

= Feedforward hani: are comp Ty Tesp that

occur in anticipation of a change.

[—

s e —
R
[ETER— [p— [—
FRET—
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* relieves

shuts off

esponsible

for response)
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Translating...
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Cell Theary(p. 31 Study Card

= The complex organization and interaction of the chemicals
within a cell confer the unique characteristics of life. The cell
is the smallest unit capable of carrying out life processes.

= Cells are the living building blocks of the body. The struc-
ture and function of a multicellular organism ultimately de-
pend on the structural and functional capabilities of its cells.
(Review Table 2-1.)

Observations of Cells (p. 21-22)
= Cells are too small for the unaided eye to see.

= Using early microscopes, investigators learned that all
plant and animal tissues consist of individual cells.

= Scientists now know that a cell is a complex, highly orga-
nized, compartmentalized structure.

An Overview of Cell Structure (pp. 22-24)

= Cells have three major subdivisions: the plasma mem-
brane, the nucleus, and the cytoplasm. (Review Figure 2-1.)

= The plasma membrane encloses the cell and separates the
intracellular and extracellular fluid.

= The nucleus contains deoxyribonucleic acid (DNA), the
cell’s genetic material.

= Three types of RNA play a role in the protein synthesis
coded by DNA: messenger RNA (mRNA), ribosomal RNA
(rRNA), and transfer RNA (tRNA).

= The cytoplasm consists of cytosol, a complex gel-like mass,
which is laced with a cytoskeleton and organelles. Organelles

are highly organized structures that serve a specific function.

= There are two categories of organelles. Membranous or-
ganelles are bound by a membrane that separates the organ-
elle’s contents from the surrounding cytosol. They include the
endoplasmic reticulum, Golgi complex, lysosomes, peroxi-
somes, and mitochondria. The nonmembranous organelles

are not surrounded by membrane and include ribosomes,

vaults, and centrioles. (Review Figure 2-1 and Table 2-2, p. 44.)

Endoplasmic Reticulum and Segregated Synthesis

(pp. 24-27)

= The endoplasmic reticulum (ER) is a single, complex mem-
branous network that encloses a fluid-filled lumen.

= The primary function of the ER is to synthesize proteins
and lipids that are either (1) secreted to the exterior of the
cell, such as enzymes and hormones, or (2) used to produce
new cell components, particularly cellular membranes.

https://translate.googleusercontent.com/translate_f

= The two types of ER are rough ER (flattened intercon-
nected sacs studded with ribosomes) and smooth ER (inter-

connected tubules with no ribosomes). (Review Figure 2-2.)

= The rough-ER ribosomes synthesize proteins, which are re-
leased into the ER lumen so that they are separated from the
cytosol. Also entering the lumen are lipids produced within
the membranous walls of the ER.

= Synthesized products move from the rough ER to the
smooth ER, where they are packaged and discharged as trans-
port vesicles. Transport vesicles are formed as a portion of the
smooth ER “buds off.” (Review Figure 2-3.)

Golgi Complex and Exocytosis (pp. 27-28)

= Transport vesicles move to and fuse with the Golgi com-
plex, which consists of a stack of separate, flattened,
membrane-enclosed sacs. (Review Figures 2-3 and 2-4.)

= The Golgi complex serves a twofold function: (1) to mod-
ify into finished products the newly synthesized molecules de-
livered to it in crude form from the ER; and (2) to sort, pack-
age, and direct molecular traffic to appropriate intracellular

and extracellular destinations.

= The Golgi complex of secretory cells packages proteins to
be exported from the cell in secretory vesicles that are re-
leased by exocytosis on appropriate stimulation. (Review
Figures 2-3, 2-5a, and 2-6.)

Lysosomes and Endocytosis (pp. 28-31)

= Lysosomes are membrane-enclosed sacs that contain pow-
erful hydrolytic (digestive) enzymes. (Review Figure 2-7.)

= Serving as the intracellular digestive system, lysosomes de-
stroy foreign materials such as bacteria that have been inter-
nalized by the cell and demolish worn-out cell parts to make

way for new replacement parts.

= Extracellular material is brought into the cell by endocyto-

sis for attack by lysosomal enzymes. (Review Figure 2-5b.) The

three forms of endocytosis are pinocytosis, receptor-mediated
endocytosis, and phagocytosis. (Review Figure 2-8.)

Peroxisomes and Detoxification (p. 31)

= Peroxisomes are small membrane-enclosed sacs containing
powerful oxidative enzymes. (Review Figure 2-7.)

= They carry out particular oxidative reactions that detoxify
various wastes and toxic foreign compounds that have en-
tered the cell. During these detoxification reactions, peroxi-
somes generate potent hydrogen peroxide, which they de-
compose into harmless water and oxygen by means of the

catalase they contain.
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Mitochondria and ATP Production (pp. 31-39)

= The rod-shaped mitochondria are enclosed by two mem-
branes, a smooth outer membrane and an inner membrane
that forms a series of shelves, the cristae, which project into
an interior gel-filled cavity, the matrix. (Review Figure 2-9.)

= Mitochondria are the energy organelles of the cell. They
efficiently convert the energy in food molecules to the usable
energy stored in ATP molecules. Cells use ATP as an energy
source for synthesis of new chemical compounds, for mem-

brane transport, and for mechanical work.

» Cellular respiration refers collectively to the intracellular re-
actions in which energy-rich molecules are broken down to
form ATP, using O:2and producing CO:in the process. Cellu-
lar respiration includes the sequential dismantling of nutrient
molecules and subsequent ATP production in three stages:

(1) glycolysis in the cytosol, (2) the citric acid cycle in the mi-
tochondrial matrix, and (3) oxidative phosphorylation at the

mitochondrial inner membrane. (Review Figure 2-10.)

= Oxidative phosphorylation includes the electron transport
system and chemiosmosis by ATP synthase. The electron
transport system extracts high-energy electrons from hydro-
gens released during nutrient breakdown during glycolysis
and the citric acid cycle and transfers them to successively
lower energy levels. The free energy released during this pro-
cess is used to create a H gradient across the mitochondrial
inner membrane. The flow of H down this gradient activates
ATP synthase, an enzyme that synthesizes ATP in a process
called chemiosmosis. (Review Figures 2-11 through 2-14.)

= A cell is more efficient at converting food energy into ATP
when O:is available. Without O:(the anaerobic condition), a
cell can produce only 2 molecules of ATP for every glucose
molecule processed by glycolysis. With O:(the aerobic condi-
tion), the mitochondrial processes can yield another 30 mole-
cules of ATP for every glucose molecule processed (2 from the
citric acid cycle and 28 from oxidative phosphorylation).
(Review Figures 2-14 and 2-16.)

Ribosomes and Protein Synthesis (pp. 39-40)

= During protein synthesis, a large and a small ribosomal
subunit unite to form a ribosome. (Review Figure 2-17a.)

= Ribosomes translate mRNA into chains of amino acids as-
sembled according to the DNA code carried by mRNA. Ribo-
somes have binding sites where tRNAs carrying specified
amino acids link with mRNA during protein assembly. (Review
Figure 2-17b.)

Vaults as Cellular Trucks (pp. 40—41)

= Vaults are hollow, octagonal structures that are the same
shape and size as the nuclear pores. (Review Figure 2-18.)
They are believed to be cellular trucks that dock at the nu-
clear pores and pick up cargo for transport from the nucleus.

Membrape Strugture a I"unrtSltu(}yS@ ard

= All cells are bounded by a plasma membrane, a thin lipid
bilayer interspersed with proteins and having carbohydrates
attached on the outer surface.

= The appearance of the plasma membrane in an electron
microscope as a trilaminar structure (two dark lines separated
by a light interspace) is produced by the arrangement of its
molecules. The phospholipids orient themselves to form a bi-
layer with a hydrophobic interior (light interspace) sand-
wiched between hydrophilic outer and inner surfaces (dark

https://translate.googleusercontent.com/translate_f
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Translating...

= The leading proposals are that vaults may transport mRNA
or the ribosomal subunits from the nucleus to the cytoplas-
mic sites of protein synthesis.

Centrosome, Centrioles, and Microtubule
Organization (p. 41)

= The centrosome (cell center) consists of a pair of centrioles

surrounded by an amorphous mass. (Review Figure 2-19.)

= The centrosome is the main microtubule organizing center
of a cell. It forms and organizes the microtubule cytoskeleton,
forms cilia and flagella, and forms the mitotic spindle.

Cytosol: Cell Gel (p. 42)

= The cytosol contains the enzymes involved in intermediary
metabolism and the ribosomal machinery essential for synthe-
sis of these enzymes as well as other cytosolic proteins.

= Many cells store unused nutrients within the cytosol in the
form of glycogen granules or fat droplets. (Review Figure 2-20.)

= Also present in the cytosol are various secretory, transport,
and endocytic vesicles.

Cytoskeleton: Cell “Bone and Muscle” (pp. 42-49)

= Extending throughout the cytosol is the cytoskeleton,
which serves as the “bone and muscle” of the cell. (Review
Table 2-2, p. 44.)

= The three types of cy
crofilaments, and intermediate filaments—each consist of dif-

stubules, mi-

ferent proteins and perform various roles. (Review Figure 2-21.)

= Microtubules, made of tubulin, maintain asymmetric cell
shapes, serve as highways for intracellular transport by molec-
ular motors, are the main component of cilia and flagella, and
make up the mitotic spindle. (Review Figures 2-22, 2-23, 2-24,
and 2-25.)

= Microfilaments, made of actin in most cells, are important
in various cellular contractile systems, including amoeboid
movement and muscle contraction. They also serve as a me-
chanical stiffener for microvilli. (Review Figures 2-26, 2-27,
and 2-28.)

= Intermediate filaments are irregular threadlike proteins that
help cells resist mechanical stress. They are most abundant in
skin cells and nerve cells.

= Collectively, the cytoskeletal elements give the cell shape
and support, enable it to organize and move its internal
structures as needed, and, in some cells, allow movement be-

tween the cell and its environment.

= Many cells are further joined by specialized cell junctions,
of which there are three types: desmosomes, tight junctions,

and gap junctions.

= Desmosomes serve as adhering junctions to hold cells to-
gether mechanically and are especially important in tissues
subject to a great deal of stretching. (Review Figure 3-4.)

= Tight junctions actually fuse cells together, preventing the
passage of materials between cells and thereby permitting

only regulated passage of materials through the cells. These
impermeable junctions are found in the epithelial sheets that
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lines). (Review Figures 3-1, 3-2, and 3-3.)

= The lipid bilayer forms the structural boundary of the cell,
serving as a barrier for water-soluble substances and being re-
sponsible for the fluid nature of the membrane. Cholesterol
molecules tucked between the phospholipids contribute to
the fluidity and stability of the membrane.

= According to the fluid mosaic model of membrane struc-
ture, the lipid bilayer is embedded with proteins. (Review Fig-
ure 3-3.) Membrane proteins, which vary in type and distri-
bution among cells, serve as (1) channels for passage of small
ions across the membrane; (2) carriers for transport of spe-
cific substances in or out of the cell; (3) docking-marker ac-
ceptors for fusion with and subsequent exocytosis of secre-
tory vesicles; (4) membrane-bound enzymes that govern
specific chemical reactions; (5) receptors for detecting and
responding to chemical messengers that alter cell function;
and (6) cell adhesion molecules that help hold cells together
and serve as a structural link between the extracellular sur-

roundings and intracellular cytoskeleton.

= Membrane carbohydrates on the outer surface of the cell
serve as self-identity markers. (Review Figure 3-3.) They are
important in recognition of “self” in cell-to-cell interactions

such as tissue formation and tissue growth.

Liptspce

Pepherst

Cell-to-Cell Adhesions (pp. 57-60)

= The extracellular matrix (ECM) serves as a biological
“glue” between the cells of a tissue. The ECM consists of a
watery, gel-like substance interspersed with three major types
of protein fibers: collagen, elastin, and fibronectin.

Assisted Membrane Transport (pp. 67-75)

= In carrier-mediated transport, small polar molecules and
selected ions are transported across the membrane by specific
membrane carrier proteins. Carriers open to one side of the
membrane where a passenger binds to a binding site specific
for it, then change shape so that the binding site is exposed

to the opposite side of the membrane where the passenger is
released. Carrier-mediated transport may be passive and
move the particle down its concentration gradient (facilitated
diffusion) (review Figure 3-14), or active and move the particle
against its concentration gradient (active transport). Carriers
exhibit a transport maximum (7.,) when saturated. (Review
Figure 3-15.)

= There are two forms of active transport: primary active
transport and secondary active transport. Primary active trans-
port requires the direct use of ATP to drive the pump. (Review
Figure 3-16.) One of the most important examples of primary
active transport is the Na —K pump, which concentrates Na

in the ECF and K in the ICF. (Review Figure 3-17.) Secondary
active transport is driven by an ion concentration gradient es-
tablished by a primary active-transport system. There are two
types of secondary active transport: symport (or cotransport)
and antiport (or countertransport or exchange). In symport,

the cotransported solute is moved uphill in the same direction
as the driving ion moves downhill. In antiport, the coupled
solute is moved uphill in the opposite direction as the driving
ion moves downhill. (Review Figures 3-18 and 3-19.)

= Large polar molecules and multimolecular particles can
leave or enter the cell by being wrapped in a piece of mem-

https://translate.googleusercontent.com/translate_f
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5] na;a} 56’,%‘.3%‘},%‘% _\}ljh very different chemical composi-
= Gap junctions are communicating junctions between two
adjacent, but not touching, cells. They form small tunnels

Trgﬁ&l?fiﬂa,?.mha"ge of ions and small molecules between
the cells. Such movement of ions plays a key role in the
spread of electrical activity to synchronize contraction in heart
and smooth muscle. (Review Figure 3-6.)

Overview of Membrane Transport (p. 60)

= Materials can pass between the ECF and ICF by unassisted
and assisted means.

= Transport mechanisms may also be passive (the particle
moves across the membrane without the cell expending en-
ergy) or active (the cell expends energy to move the particle
across the membrane). (Review Table 3-2, p. 76.)

Unassisted Membrane Transport (pp. 60—67)

= Nonpolar (lipid-soluble) molecules of any size cross the
membrane unassisted by dissolving in and passively moving
through the lipid bilayer down concentration gradients. (Re-
view Figures 3-7 and 3-8.) Small ions can traverse the mem-
brane unassisted by passively moving down electrochemical
gradients through open protein channels specific for the ion.
(Review Figure 3-3.)

= In osmosis, water moves passively down its own concen-
tration gradient across a selectively permeable membrane to
an area of higher concentration of nonpenetrating solutes.
Penetrating solutes do not have an osmotic effect. (Review
Figures 3-9 through 3-12.)

= The osmolarity of a solution is a measure of its total num-
ber of solute particles, both penetrating and nonpenetrating,
both molecules and ions, per liter. The osmotic pressure of a
solution is the pressure that must be applied to the solution

to completely stop osmosis. The fonicity of a solution refers to
the effect the solution has on cell volume and depends on the
solution’s relative concentration of nonpenetrating solutes
compared to the concentration of nonpenetrating solutes in

the cell it surrounds. (Review Figure 3-13.)

brane to form vesicles that can be internalized (endocytosis)

or externalized (exocytosis). (Review Figures 2-5, 2-6, and 2-8.)

= Cells are differentially selective in what enters or leaves be-
cause they possess varying numbers and kinds of channels,

carriers, and mechanisms for vesicular transport.

= Large polar molecules (too large for cl Is and not lipid
soluble) for which there are no special transport mechanisms

are unable to cross the membrane.

Membrane Potential (pp. 75-82)

= All cells have a membrane potential, which is a separation
of opposite charges across the plasma membrane. (Review
Figure 3-20.)

Plasma membrane

A+

Na®

and associated

ClI~

Na:

I
+
I
+

Resting membrane potential =70 mV

= The Na —K pump makes a small direct contribution to
membrane potential because it transports more Na ions out
than K ions in. (Review Figure 3-17.) However, the primary

Relatively large net
diffusion of K+
outward establishes
an k. of -90 mV.

No diffusion of A~
across membrane

Relatively small net
diffusion of Na+
inward neutralizes
some of the
potential created by
K+ alone
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= Nerve and muscle cells are excitable tissues because they
can rapidly alter their membrane permeabilities and undergo
transient membrane potential changes when excited. These

rapid changes in potential serve as electrical signals.

= Compared to resting potential, a membrane becomes de-
polarized when the magnitude of its negative potential is re-
duced (becomes less negative) and hyperpolarized when the
magnitude of its negative potential is increased (becomes
more negative). (Review Figure 4-1.)

= Changes in potential are brought about by triggering
events that alter membrane permeability, in turn leading to

changes in ion movement across the membrane.

= The two kinds of potential change are: (1) graded poten-
tials, the short-distance signals, and (2) action potentials, the
long-distance signals. (Review Table 4-1, p. 98.)

Graded Potentials (pp. 88-91)

= A graded potential, usually a depolarization, occurs in a

small, specialized region of an ble cell membrane. The

site undergoing a potential change is designated an active
area. (Review Figure 4-2.)

= The magnitude of a graded potential varies directly with
the magnitude of the triggering event.

= Graded potentials spread decrementally by local current
flow between the active area and adjacent inactive areas and
die out over a short distance. (Review Figures 4-2 and 4-3.)

Action Potentials (pp. 91-104)

= During an action potential, depolarization of the mem-
brane to threshold potential triggers sequential changes in
permeability caused by conformational changes in voltage-
gated Na and K channels. (Review Figures 4-4 through 4-7.)

= These permeability changes bring about a brief reversal of
membrane potential, with Na influx causing the rising phase
(from =70 to 30 mV), followed by K efflux causing the fall-
ing phase (from peak back to resting). (Review Figure 4-7.)

= Before an action potential returns to resting, it regenerates
an identical new action potential in the area next to it by
means of current flow that brings the previously inactive area
to threshold. This self-perpetuating cycle continues until the
action potential has spread throughout the cell membrane in
undiminished fashion.

= There are two types of action potential propagation:

(1) contiguous conduction in unmyelinated fibers, in which
the action potential spreads along every portion of the mem-
brane; and (2) the more rapid, saltatory conduction in my-
elinated fibers, in which the impulse jumps from one node of

https://translate.googleusercontent.com/translate_f
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role of the Na —K pump is to Ctivfll% rﬁainlain a greater
concentration of Na outside the cell and a greaterctoncen-

tration of K inside the cell. These concentration gradients
tend to passively move K out of the cell and Na into the
cell. (Review Table 3-3 and Figures 3-21 and 3-22.)

Translating...
= Because the resting membrane is much more permeable

to K than to Na , substantially more K leaves the cell than
Na enters, resulting in an excess of positive charges outside
the cell. This leaves an unbalanced excess of negative
charges, in the form of large protein anions (A-), trapped in-
side the cell. (Review Table 3-3 and Figure 3-23.)

= When the resting membrane potential of =70 mV is
achieved, no further net movement of K and Na takes
place, because any further leaking of these ions down their
concentration gradients is quickly reversed by the Na -K
pump.

= The distribution of Cl-across the membrane is passively
driven by the established membrane potential so that Cl is

concentrated in the ECF.

Ranvier to the next over sections of the fiber covered with in-
sulating myelin. (Review Figures 4-9, 4-12, and 4-13.)

= The Na —K pump gradually restores the ions that moved
during propagation of the action potential to their original lo-

cation, to maintain the concentration gradients.

= It is impossible to restimulate the portion of the membrane
where the impulse has just passed until it has recovered from
its refractory period, ensuring the one-way propagation of ac-
tion potentials. (Review Figures 4-10 and 4-11.)

= Action potentials occur either maximally in response to

stimulation or not at all (all or none law).

= Variable strengths of stimuli are coded by varying the fre-
quency of action potentials, not their magnitude, in an acti-
vated nerve fiber.

Synapses and Neuronal Integration (pp. 104-113)

= One neuron directly interacts with another neuron primarily
through a chemical synapse. (Review Figures 4-14 and 4-15.)

= Most neurons have four different functional parts: (Review

Figure 4-8.)

1. The dendrite/cell body region (the input zone) serves as
the postsynaptic component that binds with and re-

sponds to neurotransmitters released from other neurons.

2. The axon hillock (the trigger zone) is where action po-
tentials are initiated because it has the lowest threshold
and thus reaches threshold first in response to an excit-
atory graded potential change.

3. The axon, or nerve fiber (the conducting zone), conducts
action potentials in undiminished fashion from the axon
hillock to the axon terminals.

4. The axon terminal (the output zone) serves as the pre-
synaptic component, releasing a neurotransmitter that
influences other postsynaptic cells in response to action

potential propagation down the axon.

= Released neurotransmitter combines with receptor-
channels on the postsynaptic neuron. (Review Figure 4-15.)
(1) If nonspecific cation channels that permit passage of both
Na and K are opened, the resultant ionic fluxes cause an
EPSP, a small depolarization that brings the postsynaptic cell
closer to threshold. (2) If either K or Cl channels are
opened, the likelihood that the postsynaptic neuron will reach
threshold is diminished when an IPSP, a small hyperpolariza-
tion, is produced. (Review Figure 4-16.)

= If the dominant activity is in its excitatory inputs, the post-
synaptic cell is likely to be brought to threshold and have an
action potential. This can be accomplished by either (1) tem-
poral summation (EPSPs from a single, repetitively firing, pre-
synaptic input occurring so close together in time that they

add together) or (2) spatial summation (adding of EPSPs occur-
ring simultaneously from several different presynaptic inputs).
(Review Figure 4-17.) If inhibitory inputs dominate, the postsyn-
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aptic potential is brought farther than usual from threshold. If
excitatory and inhibitory activity to the postsynaptic neuron is
balanced, the membrane remains close to resting.

= Even though there are a number of different neurotrans-
mitters, each synapse always releases the same neurotransmit-
ter to produce a given response when combined with a par-
ticular receptor. (Review Table 4-2.)

= Synaptic pathways between neurons are incredibly com-
plex, due to convergence of neuronal input and divergence
of its output. Usually, many presynaptic inputs converge on a
single neuron and jointly control its level of excitability. This
same neuron, in turn, diverges to synapse with and influence
the excitability of many other cells. (Review Figure 4-19.)

= Numerous factors may alter synaptic effectiveness: Some

are built-in mechanisms to fine-tune neural responsiveness,

for example presynaptic inhibition (Review Figure 4-18); some
are pharmacologic manipulations to achieve a desired result;
and some are caused by poisons or disease processes.

Intercellular Communication and Signal Transduction
(pp- 113-117)

= Intercellular communication is accomplished directly via
(1) gap junctions or (2) transient direct linkup of
cells’complementary surface markers. (Review Figure 4-20.)

= More commonly cells communicate indirectly with one

another to carry out various coordinated activities by dis-

hing extracellular chemical which act on

particular target cells to bring about the desired response.
There are four types of extracellular chemical messengers,
which differ in their source and in the distance and means by
which they get to their site of action: (1) paracrines (local
chemical ); (2) neurotr i (very short-range

chemical messengers released by neurons); (3) hormones
(long-range chemical messengers secreted into the blood by
endocrine glands); and (4) neurohormones (long-range
chemical messengers secreted into the blood by neurosecre-

tory neurons). (Review Figure 4-20.)

= Transfer of the signal carried by the extracellular messenger
into the cell for execution is known as signal transduction.

= Attachment of an extracellular chemical messenger that
cannot gain entry to the cell, such as a protein hormone (the
first messenger), to a membrane triggers cellular responses
by: (1) opening receptor-channels; (2) activating receptor-
enzymes, such as tyrosine kinase; or (3) activating an intracel-
lular second messenger via G-protein-coupled receptors.
(Review Figures 4-21 and 4-22.)

Introduction to Hormonal Communication (pp. 117-129)

= Hormones are long-distance chemical messengers secreted
by the endocrine glands into the blood, which transports
them to specific target sites where they control a particular
function by altering protein activity within the target cells.

Oprganigatignand @ells AT the \estluﬂynCard

(pp- 133-139)

= The nervous system consists of the central nervous system
(CNS), which includes the brain and spinal cord, and the pe-
ripheral nervous system, which includes the nerve fibers car-
rying information to (afferent division) and from (efferent di-
vision) the CNS. (Review Figure 5-1.)

» Three functional classes of neurons—afferent neurons, ef-
ferent neurons, and interneurons—compose the excitable cells

of the nervous system. (Review Figure 5-2.) (1) Afferent neu-
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= Hormones are grouped into two categories based on their
solubility differences: (1) hydrophilic (water-soluble) hor-
mones, which include peptides (the majority of hormones)
and catecholamines (secreted by the adrenal medulla); and
(2) lipophilic (lipid-soluble) hormones, which include steroid
hormones (the sex hormones and those secreted by the adre-
nal cortex) and thyroid hormone. (Review Table 4-4.)

= Hydrophilic peptide hormones are synthesized and pack-
aged for export by the endoplasmic reticulum/Golgi com-
plex, stored in secretory vesicles, and released by exocytosis
on appropriate stimulation. They dissolve freely in the blood
for transport to their target cells.

= At their target cells, hydrophilic hormones bind with sur-
face membrane receptors, triggering a chain of intracellular
events by means of a second-messenger pathway that ulti-
mately alters preexisting cell proteins, usually enzymes, lead-
ing to the target cell’s response to the hormone. (Review Fig-
ures 4-24 and 4-25.) Through this cascade of reactions, the
initial signal is greatly amplified. (Review Figure 4-26).

= Steroids are synthesized by modifications of stored choles-
terol through enzymes specific for each steroidogenic tissue.
Steroids are not stored in the endocrine cells. Being lipophilic,
they diffuse out through the lipid membrane barrier as soon

as they are synthesized. Control of steroids is directed at their
synthesis.

= Lipophilic steroids and thyroid hormone are both trans-
ported in the blood largely bound to carrier plasma proteins,
with only free, unbound hormone being biologically active.

= Lipophilic hormones readily cross the lipid membrane bar-
riers of their target cells and bind with receptors inside the
cell. Once the hormone binds with the receptor, the

hormone receptor complex binds with DNA and activates a
gene, which leads to the synthesis of new enzymatic or struc-
tural intracellular proteins that carry out the hormone’s effect

on the target cell. (Review Figure 4-27.)

Comparison of the Nervous and Endocrine Systems
(pp- 126-129)

= The nervous and endocrine systems are the two main reg-
ulatory systems of the body. (Review Table 4-5.) The nervous
system is anatomically “wired” to its target organs, whereas
the “wireless™ endocrine system secretes blood-borne hor-

mones that reach distant target organs.

= Specificity of neural action depends on the anatomic prox-
imity of the neurotransmitter-releasing neuronal terminal to
its target organ. Specificity of endocrine action depends on
specialization of target cell receptors for a specific circulating

hormone.

= In general, the nervous system coordinates rapid re-
sponses, whereas the endocrine system regulates activities

that require duration rather than speed.

= Ultimate responsibility for many discrete functions is local-
ized in particular regions of the cortex as follows: (1) the oc-
cipital lobes house the visual cortex; (2) the auditory cortex is
in the temporal lobes; (3) the parietal lobes are responsible
for reception and perceptual processing of somatosensory
(somesthetic and proprioceptive) input; and (4) voluntary
motor movement is set into motion by the motor areas in the
frontal lobes. (Review Figures 5-8 through 5-10.)

= Language ability depends on the integrated activity of two
primary language areas—Broca’s area and Wernicke’s area—

typically located only in the left cerebral hemisphere. (Review
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tions from the CNS to effector organs, namely, muscles and
glands. (3) Interneurons are responsible for integrating affer-
ent information and formulating an efferent response, as well
as for all higher mental functions associated with the “mind.”

= Glial cells form the connective tissue within the CNS and
physically, metabolically, and functionally support the neurons.
The four types of glial cells are astrocytes, oligodendrocytes,
microglia, and ependymal cells. (Review Figures 5-3 and 5-4
and Table 5-1.)

Protection and Nourishment of the Brain (pp. 139-141)

= The brain is provided with several protective devices,
which is important because neurons cannot divide to replace
damaged cells. (1) The brain is wrapped in three layers of
protective membranes—the meninges—and is further sur-
rounded by a hard, bony covering. (2) Cerebrospinal fluid
flows within and around the brain to cushion it against physi-
cal jarring. (Review Figure 5-6.) (3) Protection against chemi-
cal injury is conferred by a blood-brain barrier that limits ac-
cess of blood-borne substances to the brain.

= The brain depends on a constant blood supply for delivery
of O2and glucose because it cannot generate ATP in the ab-
sence of either of these substances.

Overview of the Central Nervous System (pp. 141-143)

w The parts of the brain from the lowest, most primitive
level to the highest, most sophisticated level are the brain
stem, cerebellum, hypothalamus, thalamus, basal nuclei, and
cerebral cortex. (Review Table 5-2 and Figure 5-7.)

Cerebral Cortex (pp. 143-153)

= The cerebral cortex is the outer shell of gray matter that
caps an underlying core of white matter. The cortex itself
consists primarily of neuronal cell bodies, dendrites, and glial
cells. The white matter consists of bundles of nerve fibers that

interconnect various areas. (Review Figure 5-14.)

Page 67

= Motivation is the ability to direct behavior toward specific
goals.

= Norepinephrine, dopamine, and serotonin are the key

neurotransmitters in pathways for emotions and behavior.

Learning and Memory (pp. 157-165)

= Learning refers to acquiring knowledge or skills as a result
of experience, instruction, or both. Memory is storage of ac-
quired knowledge for later recall and use.

= There are two types of memory: (1) a short-term memory
with limited capacity and brief retention, coded by modifica-
tion of activity at preexisting synapses; and (2) a long-term
memory with large storage capacity and enduring retention,
involving relatively permanent structural or functional
changes, such as the formation of new synapses between ex-
isting neurons. Enhanced protein synthesis underlies these
long-term changes. (Review Table 5-3 and Figure 5-17.)

= Consolidation is the transfer of short-term memory to long-
term memory. Long-term potentiation, a prolonged increase
in the strength of existing synaptic connections in activated
pathways, might be the link between short-term memory and
consolidation of long-term memory. (Review Figure 5-18.)

= The hippocampus and associated structures are especially
important in declarative, or “what,” memories of specific ob-
jects, facts, and events. The cerebellum and associated struc-
tures are especially important in procedural, or “how to,”
memories of motor skills gained through repetitive training.

= The prefrontal association cortex is the site of working
memory, which temporarily holds currently relevant data—
both new information and knowledge retrieved from memory
stores—and manipulates and relates them to accomplish the
higher-reasoning processes of the brain.
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Figures 5-9 and 5-11.)
= The association areas are regions of the cortex not specifi-
cally assigned to processing sensory input or commanding
motor output or language ability. These areas provide an inte-
Tréﬂgl‘é%'ﬁ'd‘ Petween diverse sensory information and pur-
poseful action; they also play a key role in higher brain func-
tions such as memory and decision making. The association
areas include the prefrontal association cortex, the parietal-
temporal-occipital association cortex, and the limbic associa-

tion cortex. (Review Figures 5-9 and 5-12.)

Basal Nuclei, Thalamus, and Hypothalamus
(pp. 153-155)

= The subcortical brain structures include the basal nuclei,
thalamus, and hypothalamus. (Review Figures 5-14 and 5-15
and Table 5-2.)

= The basal nuclei inhibit muscle tone; coordinate slow, sus-
tained postural contractions; and suppress useless patterns of

movement.

= The thalamus serves as a relay station for preliminary pro-
cessing of sensory input. It also accomplishes a crude aware-

ness of sensation and some degree of consciousness.

= The hypothal 1 body temp e, thirst,
urine output, and food intake; extensively controls the auto-
nomic nervous system and endocrine system; and is part of
the limbic system.

Emotion, Behavior, and Motivation (pp. 155-157)

= The limbic system, which includes portions of the hypo-
thalamus and other structures that encircle the brain stem,
plays an important role in emotion, basic behavioral patterns,
motivation, and learning. (Review Figure 5-16.)

» Emotion refers to subjective feelings and moods and the
physical responses associated with these feelings.

= Basic behavioral patterns triggered by the limbic system

are aimed at survival (such as attack) and perpetuation of the
species (such as mating behavior). Higher cortical centers can
reinforce, modify, or suppress these basic behaviors.

= Consciousness is the subjective awareness of the external
world and self. The states of consciousness in decreasing or-
der of arousal level are (1) maximum alertness, (2) wakeful-

ness, (3) several types of sleep, and (4) coma.

= The prevailing state of consciousness depends on the cycli-
cal interplay among an arousal system (the reticular activating
system) originating in the brain stem and commanded by
hypocretin-secreting neurons in the hypothalamus, (2) a
slow-wave sleep center consisting of sleep-on neurons in the
hypothalamus, and (3) an REM sleep center consisting of
REM sleep-on neurons in the brain stem. (Review Figure 5-21.)

= Sleep is an active process, not just the absence of wakeful-
ness. While sleeping, a person cyclically alternates between
slow-wave sleep and paradoxical (REM) sleep. (Review Figure
5-23 and Table 5-4.) Slow-wave sleep is characterized by slow
waves on the EEG and little change in behavior pattern from
the waking state except for not being consciously aware of

the external world. Paradoxical, or REM, sleep is characterized
by an EEG pattern similar to that of an alert, awake individual;
rapid eye movements, dreaming, and abrupt changes in be-
havior pattern occur. (Review Figure 5-22.)

= The leading theories of why we need sleep fall into the
categories of (1) restoration and recovery and (2) memory
consolidation.

Spinal Cord (pp. 172-179)

= Extending from the brain stem, the spinal cord descends
through a canal formed by surrounding protective vertebrae.
(Review Figures 5-24 and 5-25.)

= The spinal cord has two functions. (1) It serves as the neu-
ronal link between the brain and the peripheral nervous sys-
tem. All communication up and down the spinal cord is lo-

cated in ascending and descending tracts in the cord’s outer
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Cerebellum (pp. 166-167)

= The cerebellum, attached at the back of the brain stem be-
neath the cortex, consists of three functionally distinct parts.
(Review Figure 5-19.)

= The ib bellum helps maintain balance and controls
eye mo . The spi bell I muscle tone

and helps coordinate voluntary movement, especially fast, pha-
sic motor activities. The cerebrocerebellum plays a role in initiat-

ing voluntary movement and in storing procedural memories.

Brain Stem (pp. 167-172)

= The brain stem is an important link between the spinal
cord and higher brain levels.

= The brain stem is the origin of the cranial nerves. (Review
Figure 5-20.) It also contains centers that control cardiovascu-
lar, respiratory, and digestive function; regulates postural
muscle reflexes; controls the overall degree of cortical alert-
ness; and plays a key role in the sleep-wake cycle.

ReceptorgPhysiglodN ?St‘“)dy Card

= The afferent division of the PNS carries information about

the internal and external environment to the CNS.

= Sensory receptors are specialized peripheral endings of af-

ferent neurons. (Review Figure 6-1.) Each type of receptor
(photoreceptor, mechanoreceptor, thermoreceptor, osmore-

ceptor, chemoreceptor, or nociceptor) responds to its ade-

quate stimulus (a change in the energy form, or modality, to

which it is responsive), translating the energy form of the
stimulus into electrical signals.

= A stimulus typically brings about a graded, depolarizing
receptor potential by opening nonspecific cation channels,

which leads to net Na entry. Receptor potentials, if of suffi-
cient magnitude, ultimately generate action potentials in the

afferent fiber next to the receptor. These action potentials
self-propagate along the afferent fiber to the CNS. (Review

Figures 6-1 and 6-2.) The strength of the stimulus determines
the magnitude of the receptor potential, which in turn deter-

mines the frequency of action potentials generated. (Review

Figure 6-3 and Table 6-1.)

= The magnitude of the receptor potential is also influenced
by the extent of receptor adaptation, which is a reduction in

receptor potential despite sustained stimulation. (1) Tonic re-

ceptors adapt slowly or not at all and thus provide continu-

ous information about the stimuli they monitor. (2) Phasic re-

ceptors adapt rapidly and frequently exhibit off responses,
thereby providing information about changes in the energy
form they monitor. (Review Figure 6-4.)

= Visceral afferent information remains mostly subconscious.
Sensory afferent information reaches the level of conscious

awareness, including (1) somatic sensation (somesthetic sen-

sation and proprioception) and (2) special senses.

= Discrete labeled-line pathways lead from the receptors to
the CNS so that information about the type and location of
stimuli can be deciphered by the CNS. (Review Table 6-1.)

u The term receptive field refers to the area surrounding a re-
ceptor within which the receptor can detect stimuli. The acu-
ity, or discriminative ability, of a body region varies inversely

with the size of its receptive fields and also depends on the
extent of lateral inhibition in the afferent pathways arising

from receptors in the region. (Review Figures 6-6 and 6-7.)

w Perception is the conscious interpretation of the external
world that the brain creates from sensory input. What the

brain perceives from its input is an abstraction and not reality.

(Review Figures 6-8 and 6-9.) The only stimuli that can be de-

tected are those for which receptors are present. Further-

more, as sensory signals ascend through progressively more

complex processing, some of the information may be sup-

pressed, whereas other parts of it may be enhanced.
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tive and postural reflexes and those involved with the empty-
ing of the pelvic organs. (Review Figures 5-31 and 5-32.)

. Tlﬁlan?]sslT arﬁﬂe%':larc includes a receptor, an afferent path-
way, an integrafing center, an efferent pathway, and an effec-
tor. (Review Figure 5-31.)

= The centrally located gray matter of the spinal cord con-
tains the interneurons interposed between the afferent input
and efferent output as well as the cell bodies of efferent neu-
rons. (Review Figures 5-26 and 5-29.)

= A nerve is a bundle of peripheral neuronal axons, both af-
ferent and efferent, wrapped in connective tissue and follow-
ing the same pathway. (Review Figure 5-30.) Spinal nerves
supply specific body regions and are attached to the spinal
cord in paired fashion throughout its length. (Review Figures
5-24, 5-25, and 5-26.)

= The 31 pairs of spinal nerves along with the 12 pairs of
cranial nerves that arise from the brain stem constitute the

peripheral nervous system. (Review Figures 5-21 and 5-25.)

Pain (pp. 191-194)

= Painful experiences are elicited by noxious mechanical,
thermal, or chemical stimuli and consist of two components:
the perception of pain coupled with emotional and behav-

ioral responses to it.

= The three categories of pain receptors are mechanical,
thermal, and polymodal nociceptors. The latter respond to all
kinds of damaging stimuli, including chemicals released from

injured tissues.

= Pain signals are transmitted over two afferent pathways: a
fast pathway that carries sharp, prickling pain signals; and a
slow pathway that carries dull, aching, persistent pain signals.
(Review Table 6-2.)

= Afferent pain fibers terminate in the spinal cord on ascend-
ing pathways that transmit the signal to the brain for process-
ing. Descending pathways from the brain use endogenous
opiates to suppress the release of substance P, a pain-signal-
ing neurotransmitter from the afferent pain-fiber terminal.
Thus, these descending pathways block further transmission
of the pain signal and serve as a built-in analgesic system.
(Review Figure 6-10.)

Eye: Vision (pp. 195-213)

= Light is a form of electromagnetic radiation, with visible
light being only a small band in the total electromagnetic
spectrum. (Review Figures 6-14 and 6-15.)

= The eye houses the light-sensitive photoreceptors essential
for vision—the rods and cones found in its retinal layer. (Re-
view Table 6-4, and Figures 6-11, 6-23, and 6-26.)

= The iris controls the size of the pupil to adjust the amount
of light permitted to enter the eye. (Review Figure 6-13.)

= The cornea and lens are the primary refractive structures

that bend incoming light rays to focus the image on the retina.
The cornea contributes most to the total refractive ability of the
eye. The strength of the lens can be adjusted through action of
the ciliary muscle to accommodate for differences in near and
far vision. (Review Figures 6-16 through 6-22.)

= Rods and cones have three parts: a photopigment-contain-
ing outer segment, a metabolically specialized inner segment,
and a neurotransmitter-secreting synaptic terminal. (Review
Figures 6-23, 6-26, and 6-27.)

= Rods and cones secrete neurotransmitter in the dark. They
are activated when their photopigments differentially absorb
various wavelengths of light. Photopigments consist of opsin,
a membrane protein, and retinal, a vitamin A derivative. Dur-
ing phototransduction, light absorption by retinal causes a
biochemical change in the photopigment that, through a se-
ries of steps, hyperpolarizes the photoreceptor, leading to de-
creased neurotransmitter release. Further retinal processing by
on-center and off-center bipolar and ganglion cells eventually
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converts this light-induced signal into a change in the rate of
action potential propagation in the visual pathway leaving
the retina. (Review Figures 6-26, 6-27, and 6-28.)

= Cones display high acuity but can be used only for day vi-
sion because of their low sensitivity to light. Different ratios of
stimulation of three cone types by varying wavelengths of
light lead to color vision. (Review Figure 6-29 and Table 6-3.)

= Rods provide only indistinct vision in shades of gray, but
because they are very sensitive to light, they can be used for
night vision. (Review Table 6-3.)

= The visual message is transmitted via a complex crossed and
uncrossed pathway to the visual cortex in the occipital lobe of
the brain for perceptual processing. (Review Figure 6-31.)

r: Hearing and Equilibrium (pp. 213-228)

= The ear performs two unrelated functions: (1) hearing,

which involves the external ear, middle ear, and cochlea of the
inner ear; and (2) sense of equilibrium, which involves the ves-
tibular apparatus of the inner ear. The ear receptor cells lo-
cated in the inner ear—the hair cells in the cochlea and vestib-
ular apparatus—are mechanoreceptors. (Review Table 6-6 and
Figure 6-32.)

= Hearing depends on the ear’s ability to convert airborne
sound waves into mechanical deformations of auditory hair
cells, thereby initiating neural signals. Sound waves consist of
high-pressure regions of compression alternating with low-
pressure regions of rarefaction of air molecules. The pitch
(tone) of a sound is determined by the frequency of its

waves, the loudness (intensity) by the amplitude of the

waves, and the timbre (quality) by its characteristic overtones.
(Review Figures 6-33 and 6-34 and Table 6-5.)

= Sound waves are funneled through the ear canal to the
tympanic membrane, which vibrates in synchrony with the
waves. Middle ear bones bridging the gap between the tym-
panic membrane and the inner ear amplify the tympanic
movements and transmit them to the oval window, whose
movement sets up traveling waves in the cochlear fluid. (Re-
view Figures 6-35 and 6-36.)

= These waves, which are at the same frequency as the origi-
nal sound waves, set the basilar membrane in motion. Various
regions of this membrane selectively vibrate more vigorously
in response to different frequencies of sound. The narrow, stiff
end of the basilar membrane near the oval window vibrates
best with high-frequency pitches, and the wide, flexible end
near the helicotrema vibrates best with low-frequency

pitches. (Review Figure 6-36.)

= On top of the basilar membrane are the receptive inner

hair cells of the organ of Corti, whose stereocilia (“hairs™) are
bent as the basilar membrane is deflected up and down in re-
lation to the overhanging stationary tectorial membrane,

which the hairs contact. (Review Figures 6-35, 6-37, and 6-38.)

Auatonomic-Nerypus &

= The CNS controls muscles and glands by transmitting sig-
nals to these effector organs through the efferent division of
the PNS. (Review Table 7-1.)

= There are two types of efferent output: the autonomic ner-
vous system, which is under involuntary control and supplies
cardiac and smooth muscle as well as most exocrine and
some endocrine glands; and the somatic nervous system,
which is subject to voluntary control and supplies skeletal
muscle. (Review Table 7-6, p. 247, and Table 7-7, p. 248.)
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= Pitch discrimination depends on which region of the basi-
lar membrane naturally vibrates maximally with a given fre-
quency. Loudness discrimination depends on the amplitude
of the vibrations. Hair bending in the region of maximal basi-
lar membrane vibration is transduced into neural signals that
are transmitted to the auditory cortex in the temporal lobe of
the brain for sound perception. (Review Figure 6-39.)

= The vestibular apparatus in the inner ear consists of (1) the
semicircular canals, which detect rotational acceleration or de-
celeration in any direction; and (2) the utricle and the saccule,
which collectively detect changes in the rate of linear move-
ment in any direction and provide information important for
determining head position in relation to gravity. Neural signals
are generated in response to the mechanical deformation of
vestibular hair cells by specific movement of fluid and related
structures within these vestibular sense organs. (Review Figures
6-41 and 6-42.)

= Vestibular input goes to the vestibular nuclei in the brain

hell

stem and to the for use in maintaining balance

and posture, controlling eye movement, and perceiving mo-
tion and orientation. (Review Figure 6-43.)

Chemical Senses: Taste and Smell (pp. 227-232)

= Taste and smell are chemical senses. In both cases, attach-
ment of specific dissolved molecules to binding sites on the re-

ceptor membrane causes receptor potentials that, in turn, set
hemical

up neural impulses signaling the presence of the

= Taste receptors are housed in taste buds on the tongue;
olfactory receptors are located in the olfactory mucosa in the
upper part of the nasal cavity. (Review Figures 6-44 and 6-45.)

= Both sensory pathways include two routes: one to the lim-
bic system for emotional and behavioral processing and one
to the cortex for conscious perception and fine discrimination.

= Taste and olfactory receptors are continuously renewed,
unlike visual and hearing receptors, which are irreplaceable.

= The five primary tastes are salty, sour, sweet, bitter, and
umami (a meaty, “amino-acid” taste). Taste discrimination
beyond the primary tastes depends on the patterns of stimu-
lation of the taste buds, each of which responds in varying
degrees to the different primary tastes. Salty and sour tastants
bring about receptor potentials in taste buds by directly af-
fecting membrane channels, whereas the other three catego-
ries of tastants act through second-messenger pathways to

bring about receptor potentials.

= There are 1000 different types of olfactory receptors, each
of which responds to only one discrete component of an
odor, an odorant. Odorants act through second-messenger
pathways to trigger receptor potentials. The afferent signals
arising from the olfactory receptors are sorted according to
scent component by the glomeruli within the olfactory bulb.
Odor discrimination depends on the patterns of activation of
the glomeruli. (Review Figure 6-46.)

= All preganglionic fibers and parasympathetic postgangli-
onic fibers release acetylcholine (ACh). Sympathetic postgan-
glionic fibers release norepinephrine (NE). (Review Figure 7-2
and Tables 7-2 and 7-4.)

= Postganglionic fibers have numerous swellings, or varicosi-
ties, that simul

ly release neurot itter over a large
area of the innervated organ. (Review Figures 7-1 and 8-32,
p.297.)

= The adrenal medulla, an endocrine gland, is a modified
sympathetic ganglion that secretes the hormones epinephrine

and to a lesser extent norepinephrine into the blood in re-
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systems. (Review Figures 7-2 and 7-3 and Tables 7-3 and 7-5.)

= An autonomic nerve pathway consists of a two-neuron

chain. The preganglionic fiber originates in the CNS and syn-
apses with the cell body of the postganglionic fiber in a gan-
glion outside the CNS. The postganglionic fiber ends on the
effector organ. (Review Figures 7-1, 7-2, and 7-3 and Table 7-5.)

Page 71

Somatic Nervous System (p. 246)

= The somatic nervous system consists of the axons of motor
neurons, which originate in the spinal cord or brain stem and

end on skeletal muscle. (Review Figure 7-4 and Table 7-6.)

= ACh, the neurotransmitter released from a motor neuron,
stimulates muscle contraction.

= Motor neurons are the final common pathway by which
various regions of the CNS exert control over skeletal muscle
activity. The areas of the CNS that influence skeletal muscle
activity by acting through the motor neurons are the spinal
cord, motor regions of the cortex, basal nuclei, cerebellum,

and brain stem.

Spinal cord (section)

Axon of efferent

motor neuron
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sponse to stimulation by the sympathetic preganglionic fiber
that fsnnervates 111. (Rew)e,w Fig)1,4rfzp7—2.) pregang
= The' same neurotransmitter elicits different responses in dif-
ferent tissues. Thus, the response depends on specialization of
Tr@ﬁéimgells, not on the properties of the messenger. (Re-
view Table 7-4.)

= Tissues innervated by the autonomic nervous system pos-
sess one or more of several different receptor types for the

s ionic chemical s (and for the related ad-

1l

T y hormone s

ine). Cholinergic receptors

include nicotinic and muscarinic receptors; adrenergic recep-

tors include 1, 2, 1, and 2receptors. (Review Figure 7-2
and Tables 7-3, 7-4, and 7-5.)

= A given autonomic fiber either excites or inhibits activity in
the organ it innervates. (Review Tables 7-3 and 7-4.)

= Most visceral organs are innervated by both sympathetic
and parasympathetic fibers, which in general produce oppo-
site effects in a particular organ. Dual innervation of organs

by both branches of the autonomic nervous system permits
precise control over an organ’s activity. (Review Figure 7-3 and
Table 7-3.)

= The sympathetic system dominates in emergency or stress-
ful (“fight-or-flight”) situations and promotes responses that

prepare the body for strenuous physical activity. The parasym-
pathetic system dominates in quiet, relaxed (“rest-and-
digest™) situations and promotes body-maintenance activities
such as digestion. (Review Tables 7-3 and 7-5.)

= Visceral afferent input is used by the CNS to direct appro-
priate autonomic output to maintain homeostasis. Autonomic
activities are controlled by multiple areas of the CNS, includ-
ing the spinal cord, medulla, hypothalamus, and prefrontal

association cortex.

= An action potential in the axon terminal causes the release
of ACh from its storage vesicles in the terminal button. The
released ACh diffuses across the space separating the nerve
and muscle cells and binds to special receptor-channels on
the underlying motor end plate. This binding triggers the
opening of these nonspecific cation channels. The subsequent
ion movements depolarize the motor end plate, producing
the end-plate potential (EPP). (Review Figure 7-5.)

= Local current flow between the depolarized end plate and
adjacent muscle cell membrane brings these adjacent areas to
threshold, initiating an action potential that is propagated
throughout the muscle fiber. This muscle action potential
triggers muscle contraction. (Review Figure 7-5.)

= Membrane-bound acetylcholinesterase in the motor end
plate inactivates ACh, ending the EPP and, subsequently, the
action potential and resultant contraction. (Review Figure 7-5.)

Axon
terminals
Muscle
Muscle Terminal Neuromuscular
fibers button junction

Neuromuscular Junction (pp. 246-253)

= When a motor neuron reaches a muscle, it branches into

axon terminals. Each axon terminal forms a neuromuscular
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junction with a single muscle cell (fiber). The axon terminal
splits into multiple fine branches, each of which ends in an
enlarged terminal button. (Review Figure 7-4 and Table 7-8.)

= The specialized region of the muscle cell membrane un-
derlying the axon-terminal complex is called the motor end
plate. Because these structures do not make direct contact,
signals are passed between a terminal button and muscle fiber

by chemical means. (Review Figure 7-5.)

Sgructure,of Skelet Ism“dybICard

= Muscles, contraction specialists, can develop tension,

shorten, produce movement, and accomplish work.

= The three types of muscle are categorized in two different
ways according to common characteristics. (1) Skeletal mus-
cle and cardiac muscle are striated, whereas smooth muscle is
unstriated. (2) Skeletal muscle is voluntary, whereas cardiac
muscle and smooth muscle are involuntary. (Review Figure 8-1
and Table 8-3, pp. 290-291.)

= Skeletal muscles are made up of bundles of long, cylindri-

cal muscle cells known as muscle fibers, wrapped in connec-
tive tissue. Muscle fibers are packed with myofibrils, each
myofibril consisting of alternating, slightly overlapping stacked
sets of thick and thin filaments. This arrangement leads to a
skeletal muscle fiber’s striated microscopic appearance, which
consists of alternating dark A bands and light I bands. A sarco-
mere, the area between two Z lines, is the functional unit of
skeletal muscle. (Review Figures 8-2 and §8-3.)

= Thick filaments consist of the protein myosin. Cross
bridges made up of the myosin molecules” globular heads
project from each thick filament toward the surrounding thin
filaments. (Review Figures 8-2 and 8-4.)

= Thin filaments consist primarily of the protein actin, which
can bind and interact with the myosin cross bridges to bring
about contraction. In the resting state two other proteins,
tropomyosin and troponin, lie across the surface of the thin
filament to prevent this cross-bridge interaction. (Review Fig-
ures 8-2 and 8-5.)

Molecular Basis of Skeletal Muscle Contraction
(pp- 261-268)

= Excitation of a skeletal muscle fiber by its motor neuron
brings about contraction through a series of events that re-
sults in the thin filaments sliding closer together between the
thick filaments. (Review Figure 8-7.)

= This sliding filament mechanism of muscle contraction is
switched on by Ca:release from the lateral sacs of the sarco-
plasmic reticulum in response to the spread of a muscle fiber
action potential into the central portions of the fiber via the
T tubules. (Review Figures 8-9, 8-10, and 8-11.)

= Released Caz binds to troponin, slightly repositioning
tropomyosin to uncover actin’s cross-bridge binding sites.
(Review Figures 8-6 and 8-11.)

= Binding of actin to a myosin cross bridge triggers cross-
bridge stroking, powered by energy stored in the myosin
head from prior splitting of ATP by myosin ATPase. During a
power stroke the cross bridge bends toward the thick fila-
ment’s center, “rowing” in the thin filament to which it is at-
tached. (Review Figures 8-8, 8-11, and 8-12.)
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= When a fresh ATP attaches to the cross bridge, myosin and
actin detach, the cross bridge returns to its original shape,

and the cycle is repeated. Repeated cycles of cross-bridge ac-
tivity slide the thin filaments inward step by step. (Review Fig-
ures 8-8 and 8-12.)

= When the action potential ends, the lateral sacs actively
take up the Ca, troponin and tropomyosin slip back into
their blocking position, and relaxation occurs. (Review
Figure 8-11.)

= The entire contractile response lasts about 100 times lon-
ger than the action potential. (Review Figure 8-13.)

Skeletal Muscle Mechanics (pp. 268-276)

= Tension is generated within a muscle by the contractile
component (sarcomere shortening brought about by cross-
bridge cycling). To move the bone to which the muscle is in-
serted, this internal tension is transmitted to the bone as the
contractile component stretches and tightens the muscle’s
series-elastic component (intracellular titin, connective tissue,
tendon). (Review Figure 8-14.)

= Gradation of whole-muscle contraction can be accom-
plished by (1) varying the number of muscle fibers contract-
ing within the muscle and (2) varying the tension developed
by each contracting fiber. (Review Table 8-2, p. 283.)

= The number of fibers contracting depends on (1) size of

the muscle (number of muscle fibers present), (2) extent of
motor unit recruitment (how many motor neurons supplying
the muscle are active), and (3) size of each motor unit (how
many muscle fibers are activated simultaneously by a single
motor neuron). (Review Figures 8-16 and 8-17 and Table 8-2.)

= Two variable factors that affect fiber tension are (1) fre-
quency of stimulation, which determines the extent of twitch
summation; and (2) length of the fiber before the onset of
contraction (length-tension relationship). (Review Table 8-2.)

= Twitch summation is the increase in tension accompanying
repetitive stimulation of a muscle fiber. After undergoing an
action potential, the muscle cell membrane recovers from its
refractory period and can be restimulated while some con-
tractile activity triggered by the first action potential still re-
mains so that the twitches induced by the two rapidly succes-
sive action potentials sum. If the muscle fiber is stimulated so
rapidly that it does not have a chance to start relaxing be-
tween stimuli, a smooth, sustained maximal contraction
known as tetanus occurs. (Review Figure 8-18.)

= The tension also depends on the length of the fiber at the
onset of contraction. At optimal length (/) (the resting mus-
cle length), there is maximal opportunity for cross-bridge in-
teraction, because of optimal overlap of thick and thin fila-
ments, so the greatest tension can develop. Less tension can
develop at shorter or longer lengths. (Review Figure 8-19.)
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= The two primary types of muscle contraction—isometric
(constant length) and isotonic (constant tension)—depend on
the relationship between muscle tension and the load (the
weight of an object being lifted). (1) If tension is less than the
load, the muscle cannot shorten and lift the object but re-
mains at constant length (an isometric contraction). (2) If the
tension exceeds the load, the muscle can shorten and lift the
object, maintaining constant tension while shortening (iso-
tonic contraction).

= The velocity, or speed, of shortening is inversely propor-
tional to the load. (Review Figure 8-20.)

= The amount of work accomplished by a contracting muscle
equals the magnitude of the load times the distance the load is
moved. The amount of energy consumed by a contracting
muscle that is realized as external work varies from 0% to 25%;

the remaining energy is converted to heat. (Review Figure 8-20.)

Skeletal Muscle Metabolism and Fiber Types
(pp- 276-281)

= Three pathways furnish the ATP needed for muscle con-
traction and relaxation: (1) the transfer of high-energy phos-
phates from stored creatine phosphate to ADP, providing the
first source of ATP at the onset of exercise; (2) oxidative phos-
phorylation, which efficiently extracts large amounts of ATP
from nutrients if enough O:is available to support this sys-
tem; and (3) glycolysis, which can synthesize ATP in the ab-
sence of O:but uses large amounts of stored glycogen and
produces lactate in the process. (Review Figure 8-22.)

= The three types of skeletal muscle fibers are classified by

the pathways they use for ATP synthesis (oxidative or glyco-
Iytic) and the rapidity with which they split ATP and subse-
quently contract (slow twitch or fast twitch): (1) slow-
oxidative fibers, (2) fast-oxidative fibers, and (3) fast-glycolytic
fibers. (Review Table 8-1.)

Control of Motor Movement (pp. 281-289)

= Control of motor movement depends on activity in the
three types of presynaptic inputs that converge on the motor
neurons supplying various muscles: (1) spinal reflex pathways,
which originate with afferent neurons; (2) the corticospinal
(pyramidal) motor system, which originates in the primary
motor cortex and is concerned with discrete, intricate move-
ments of the hands; and (3) the multineuronal (extrapyrami-
dal) motor system, which originates in the brain stem and is
involved with postural adjustments and involuntary move-
ments of the trunk and limbs. The final motor output from
the brain stem is influenced by the cerebellum, basal nuclei,
and cerebral cortex. (Review Figure 8-23.)

= Establishment and adjustment of motor commands de-
pend on continuous afferent input, especially feedback about
changes in muscle length (monitored by muscle spindles)
and muscle tension (monitored by Golgi tendon organs).
(Review Figure 8-24.)

Apatomypithe Heart g48p. 1St“dy Card

= The circulatory system is the transport system of the body.

= The three basic components of the circulatory system are
the heart (the pump), the blood vessels (the passageways),
and the blood (the transport medium).

= The heart is positioned midline in the thoracic cavity at an
angle with its wide base lying toward the right and its
pointed apex toward the left.

= The heart is basically a dual pump that provides the driv-
ing pressure for blood flow through the pulmonary circula-
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Translating...

= When a whole muscle is stretched, the stretch of its mus-
cle spindles triggers the stretch reflex, which results in reflex
contraction of that muscle. This reflex resists any passive
changes in muscle length. (Review Figures 8-25 and 8-26.)

Smooth and Cardiac Muscle (pp. 289-299)

= Smooth muscle cells are spindle shaped and much smaller
than skeletal muscle fibers. The thick and thin filaments of
smooth muscle are oriented diagonally in a diamond-shaped
lattice instead of running longitudinally, so the fibers are not
striated. (Review Figures 8-27 and 8-28.)

= In smooth muscle, cytosolic Caz, which enters from the

ECF and is also released from sparse intracellular stores, acti-
vates cross-bridge cycling by initiating a series of biochemical
reactions that result in phosphorylation of the light chains of
the myosin cross bridges to enable them to bind with actin.
(Review Figures 8-29 and 8-30.)

= Smooth muscle in different organs is highly diversified and
can be classified in various ways: phasic or tonic, multiunit or

single-unit, and neurogenic or myogenic.

= Phasic smooth muscle displays bursts of pronounced con-
traction in response to action potentials. Tonic smooth mus-
cle is partially contracted at all times in the absence of action
potentials because of ongoing Ca:entry through open
surface-membrane Ca: channels.

= Multiunit smooth muscle is neurogenic, requiring stimula-
tion of individual muscle fibers by its autonomic nerve supply
to trigger contraction. Single-unit smooth muscle is myo-
genic; it can initiate its own contraction. Phasic, single-unit
smooth muscle spontaneously depolarizes to threshold as a
result of pacemaker potentials or slow-wave potentials. Once
an action potential is initiated, this electrical activity spreads
by means of gap junctions to the surrounding cells within the
functional syncytium, so the entire sheet becomes excited
and contracts as a unit. (Review Figure 8-31 and Table 8-4.)

= The level of tension in smooth muscle depends on the

level of cytosolic Caz. The autonomic nervous system (Re-
view Figure 8-32), as well as hormones and local metabolites,
can modify the rate and strength of contractions by altering
cytosolic Ca: concentration.

= Smooth muscle contractions are slow and energy efficient,
enabling this type of muscle to economically sustain long-
term contractions without fatigue. This economy, coupled
with the fact that single-unit smooth muscle can exist at a
variety of lengths with little change in tension, makes single-
unit smooth muscle ideally suited for its task of forming the

walls of hollow organs that can distend.

= Cardiac muscle is found only in the heart. It has highly
organized striated fibers, like skeletal muscle. Like single-unit
smooth muscle, some cardiac muscle fibers can generate
action potentials, which are spread throughout the heart with
the aid of gap junctions. (Review Table 8-3.)

of inherent changes in ion movement across the membrane.
The first half of the pacemaker potential results from opening
of unique funny channels that permit entry of Na at the

same time K channels slowly close so that exit of K slowly
declines. Both of these actions gradually depolarize the mem-
brane toward threshold. The final boost to threshold results
from Cazentry on opening of T-type Ca: channels. The ris-
ing phase of the action potential is the result of further Cax
entry on opening of L-type Ca:channels at threshold. The
falling phase results from K efflux on opening of K channels
at the peak of the action potential. Slow closure of these K
channels at the end of repolarization contributes to the next
pacemaker potential. (Review Figure 9-7.)
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= The heart has four chambers: Each half of the heart con-
sists of an atrium, or venous input chamber, and a ventricle,
or arterial output chamber. The right atrium receives Oz-poor
blood from the systemic circulation and the right ventricle
pumps it into the pulmonary circulation. The left atrium re-
ceives Ox-rich blood from the pulmonary circulation and
pumps it into the systemic circulation. (Review Figures 9-1,
9-2, and 9-4.)

= Four heart valves direct blood in the right direction and
keep it from flowing in the other direction. The right and left
atrioventricular (AV) valves direct blood from the atria to the
ventricles during diastole and prevent backflow of blood from
the ventricles to the atria during systole. The aortic and pul-
monary semilunar valves direct blood from the ventricles to
the aorta and pulmonary artery, respectively, during systole
and prevent backflow of blood from these major vessels to the
ventricles during diastole. (Review Figures 9-3, 9-4, and 9-5.)

= Contraction of the spirally arranged cardiac muscle fibers
produces a wringing effect important for efficient pumping.
Also important for efficient pumping is that the muscle fibers
in each chamber act as a functional syncytium, contracting as
a coordinated unit. (Review Figure 9-6.)

= The branching cardiac muscle fibers are interconnected by
intercalated discs, which contain (1) desmosomes that hold
the cells together mechanically and (2) gap junctions that
permit spread of electrical current between cells joined to-
gether as a functional syncytium. (Review Figure 9-6.)

Human Physiology: From Cells to Systems, 7th ed.

= The cardiac impulse originates at the SA node, the pace-
maker of the heart, which has the fastest rate of spontaneous
depofarization to threshold. (Review Table 9-1 and Figures 9-8
and 9-9.)

Translating...
= Once initiated, the action potential spreads throughout

the right and left atria, partially facilitated by specialized con-
duction pathways but mostly by cell-to-cell spread of the im-
pulse through gap junctions. (Review Figure 9-8.)

= The impulse passes from the atria into the ventricles
through the AV node, the only point of electrical contact be-
tween these chambers. The action potential is delayed briefly
at the AV node, ensuring that atrial contraction precedes ven-
tricular contraction to allow complete ventricular filling. (Re-

view Figure 9-8.)

= The impulse then travels rapidly down the interventricular
septum via the bundle of His and rapidly disperses through-
out the myocardium by means of the Purkinje fibers. The rest
of the ventricular cells are activated by cell-to-cell spread of
the impulse through gap junctions. (Review Figure 9-8.)

= Thus, the atria contract as a single unit, followed after a
brief delay by a synchronized ventricular contraction.

= The action potentials of cardiac contractile cells exhibit a
prolonged positive phase, or plateau, accompanied by a pro-
longed period of contraction, which ensures adequate ejec-
tion time. This plateau is primarily the result of activation of

slow L-type Cazchannels. (Review Figure 9-10.)

= Cazentry though the L-type channels in the T tubules
triggers a much larger release of Ca: from the sarcoplasmic

reticulum. This Ca:x-induced Cazrelease leads to cross-
bridge cycling and contraction. (Review Figure 9-11.)

Electrical Activity of the Heart (pp. 309-321) i X o
: = Because a long refractory period occurs in conjunction

= The heart is self-excitable, initiating its own rhythmic con- with this prolonged plateau phase, summation and tetanus of

tractions. cardiac muscle are impossible, ensuring the alternate periods
of contraction and relaxation essential for pumping of blood.

= Autorhythmic cells are 1% of the cardiac muscle cells; they (Review Figure 9-12.)

do not contract but are specialized to initiate and conduct

action potentials. The other 99% of cardiac cells are contrac- = The spread of electrical activity throughout the heart can

tile cells that contract in response to the spread of an action be recorded from the body surface. In this electrocardiogram

potential initiated by autorhythmic cells. (ECG), the P wave represents atrial depolarization; the QRS

complex, ventricular depolarization; and the T wave, ventricu-

= Autorhythmic cells display a pacemaker potential, a slow lar repolarization. (Review Figures 9-13, 9-14, and 9-15.)

drift to threshold potential, as a result of a complex interplay
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Mechanical Events of the Cardiac Cycle (pp. 321-324)

= The cardiac cycle consists of three important events (Re-

view Figure 9-16):
1. The generation of electrical activity as the heart auto- Cardiac output
rhythmically depolarizes and repolarizes (Review Figure
9-14.)

2. Mechanical activity consisting of alternate periods of
systole (contraction and emptying) and diastole (relax-
ation and filling), which are initiated by the rhythmic

Heart rate Stroke volume
electrical cycle.
3. Directional flow of blood through the heart chambers,
guided by valve opening and closing induced by pres- Extrinsic
sure changes that are generated by mechanical activity. control

= The atrial pressure curve remains low throughout the en-

. . . . . Intrinsic control
tire cardiac cycle, with only minor fluctuations (normally vary-

ing between 0 and 8 mm Hg). The aortic pressure curve re-

mains high the entire time, with moderate fluctuations Parasympathetic fz’t“"'}"t‘;“;::z End-diastolic
(normally varying between a systolic pressure of 120 mm Hg activity epinephrine) volume

and a diastolic pressure of 80 mm Hg). The ventricular pres-

sure curve fluctuates dramatically, because ventricular pres-

sure must be below the low atrial pressure during diastole to Intrinsic control
allow the AV valve to open for filling; and to force the aortic
valve open to allow emptying, it must be above the high aor-
tic pressure during systole. Therefore, ventricular pressure Venous return
normally varies from 0 mm Hg during diastole to slightly

more than 120 mm Hg during systole. During the periods of

isovolumetric ventricular contraction and relaxation, ventricu- = Stroke volume depends on (1) the extent of ventricular fill-
lar pressure is above the low atrial pressure and below the ing, with an increased end-diastolic volume resulting in a
high aortic pressure, so all valves are closed and no blood en- larger stroke volume by means of the length—tension relation-
ters or leaves the ventricles. (Review Figure 9-16.) ship (Frank—Starling law of the heart, a form of intrinsic con-

trol); and (2) the extent of sympathetic stimulation, with in-
= The end-diastolic volume is the volume of blood in the e . Lo
creased sympathetic stimulation resulting in increased

ventricle when filling is complete at the end of diastole. The contractility of the heart, that is, increased strength of con-

end-systolic volume is the volume of blood remaining in . . . . .
. o traction and increased stroke volume at a given end-diastolic

the ventricle when ejection is complete at the end of systole. volume (extrinsic control). (Review Figures 9-20 through 9-23.)

The stroke volume is the volume of blood pumped out by

each ventricle each beat. (Review Figure 9-16.) = The preload of the heart (the workload imposed on the

heart before contraction begins) is the extent of filling. The
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= Valve closing gives rise to two normal heart sounds. The
first heart sound is caused by closing of the AV valves and sig-
nals the onset of ventricular systole. The second heart sound

is the result of closing of the aortic and pulmonary valves at
the onset of diastole. (Review Figure 9-16.)

= Defective valve function produces turbulent blood flow,
which is audible as a heart murmur. Abnormal valves may be
either stenotic and not open completely or insufficient and
not close completely. (Review Figure 9-18 and Table 9-2.)

Cardiac Output and Its Control (pp. 325-332)

= Cardiac output, the volume of blood ejected by each ven-
tricle each minute, is determined by heart rate times stroke

volume. (Review Figure 9-24.)

= Heart rate is varied by altering the balance of parasympa-
thetic and sympathetic influence on the SA node. Parasympa-
thetic stimulation slows the heart rate, and sympathetic stim-

ulation speeds it up. (Review Figure 9-19 and Table 9-3.)

Pattarns and Physics @ Bloo (|Study Card

= Materials can be exchanged between various parts of the
body and with the external environment by means of the
blood vessel network that transports blood to and from all or-
gans. (Review Figure 10-1.)

= Organs that replenish nutrient supplies and remove meta-
bolic wastes from the blood receive a greater percentage of
the cardiac output than is warranted by their metabolic
needs. These “reconditioning” organs can better tolerate re-
ductions in blood supply than can organs that receive blood
solely for meeting their own metabolic needs. The recondi-
tioning organs are the digestive organs, kidneys, and skin.

= The brain is especially vulnerable to reductions in its blood
supply. Therefore, maintaining adequate flow to this vulnera-

ble organ is a high priority in circulatory function.

= The flow rate of blood through a vessel (in volume per

unit of time) is directly proportional to the pressure gradient
and inversely proportional to the resistance. The higher pres-
sure at the beginning of a vessel is established by the pres-
sure imparted to the blood by cardiac contraction. The lower
pressure at the end is the result of frictional losses as flowing
blood rubs against the vessel wall. (Review Figure 10-2.)

= Resistance, the hindrance to blood flow through a vessel,

is influenced most by the vessel’s radius. Resistance is in-
versely proportional to the fourth power of the radius, so
small changes in radius profoundly influence flow. As the
radius increases, resistance decreases and flow increases, and
vice versa. (Review Figure 10-3.)

= Blood flows in a closed loop between the heart and the
organs. The arteries transport blood from the heart through-
out the body. The arterioles regulate the amount of blood
that flows through each organ. The capillaries are the actual
site where materials are exchanged between blood and sur-
rounding tissue cells. The veins return blood from the tissue
level back to the heart. (Review Figure 10-4 and Table 10-1.)

Arteries (pp. 347-350)

= Arteries are large-radius, low-resistance passageways from
the heart to the organs. They also serve as a pressure reser-
voir. Because of their elasticity, owing to their abundant elas-
tin fibers, arteries expand to accommodate the extra volume
of blood pumped into them by cardiac contraction and then
recoil to continue driving the blood forward when the heart
is relaxing. (Review Table 10-1 and Figures 10-5 and 10-6.)

= Systolic pressure (average 120 mm Hg) is the peak pressure
exerted by the ejected blood against the vessel walls during
cardiac systole. Diastolic pressure (average 80 mm Hg) is the
minimum pressure in the arteries when blood is draining off
into the vessels downstream during cardiac diastole. When
blood pressure is 120/80, pulse pressure (the difference be-
tween systolic and diastolic pressures) is 40 mm Hg. (Review
Figures 10-7 and 10-8.)
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afterload of the heart (the workload imposed on the heart af-
ter contraction has begun) is the arterial blood pressure.

Noansiatingthe Heart Muscle (pp. 332-338)

= Cardiac muscle is supplied with oxygen and nutrients by
blood delivered to it by the coronary circulation, not by
blood within the heart chambers.

= Most coronary blood flow occurs during diastole, because
during systole the contracting heart muscle compresses the
coronary vessels. (Review Figure 9-26.)

= Coronary blood flow is normally varied to keep pace with
cardiac oxygen needs. (Review Figure 9-27.)

= Coronary blood flow may be compromised by develop-
ment of atherosclerotic plaques, which can lead to ischemic
heart disease ranging in severity from mild chest pain on ex-
ertion to fatal heart attacks. (Review Figures 9-28 through
9-30 and Table 9-4.)

= The average driving pressure throughout the cardiac cycle
is the mean arterial pressure, which can be estimated using
the following formula: mean arterial pressure diastolic
pressure 1/3 pulse pressure. (Review Figure 10-9.)

Arterioles (pp. 350-360)

= Arterioles are the major resistance vessels. Their high resis-
tance produces a large drop in mean pressure between the
arteries and capillaries. This decline enhances blood flow by
contributing to the pressure differential between the heart

and organs. (Review Figure 10-9.)

= Arterioles have a thick layer of circular smooth muscle,
variable contraction of which alters arteriolar caliber and resis-
tance. (Review Table 10-1.) Tone, a baseline of contractile ac-
tivity, is maintained in arterioles at all times. Arteriolar vasodi-
lation (expansion of arteriolar caliber above tonic level)
decreases resistance and increases blood flow through the
vessel, whereas vasoconstriction (narrowing of the vessel) in-

creases resistance and decreases flow. (Review Figure 10-10.)

= Arteriolar caliber is subject to two types of control mecha-
nisms: local (intrinsic) controls and extrinsic controls.

= Local controls primarily involve local chemical changes as-
sociated with changes in the level of metabolic activity in an
organ, such as local changes in O2, which cause the release of
vasoactive mediators from the endothelial cells in the vicinity.
Examples include vasodilating nitric oxide and vasoconstrict-
ing endothelin. These vasoactive mediators act on the under-
lying arteriolar smooth muscle to bring about an appropriate
change in the caliber of the arterioles supplying the organ. By
adjusting the resistance to blood flow, the local control mech-
anism adjusts blood flow to the organ to match the momen-
tary metabolic needs of the organ. (Review Figures 10-10,
10-11, and 10-14 and Tables 10-2 and 10-3.)

= Arteriolar caliber can be adjusted independently in different
organs by local control factors. Such adjustments are important
in variably distributing cardiac output. (Review Figure 10-12.)

= Other local influences include (1) histamine release (impor-
tant in inflammatory and allergic reactions); (2) local applica-
tion of heat or cold (important therapeutically); (3) chemical
response to shear stress (which resists changes in the force
exerted parallel to the vessel surface by flowing blood); and
(4) myogenic response to stretch (which resists changes in
the distending force exerted across the vessel wall by blood-
pressure driven changes in blood flow).

= Extrinsic control is accomplished primarily by sympathetic
and to a lesser extent by hormonal influence over arteriolar
smooth muscle. Extrinsic controls are important in maintain-
ing mean arterial pressure. Arterioles are richly supplied with
sympathetic nerve fibers, whose increased activity produces
generalized vasoconstriction and a subsequent increase in to-
tal peripheral resistance, thus increasing mean arterial pres-
sure. Decreased sympathetic activity produces generalized ar-
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teriolar vasodilation, which lowers mean arterial pressure.
These extrinsically controlled adjustments of arteriolar caliber
help maintain the appropriate pressure head for driving blood
forward to the tissues. Most arterioles are not supplied by
parasympathetic nerves. (Review Figure 10-14.)

= Hormones that extrinsically influence arteriolar radius are
norepinephrine, epinephrine, vasopressin, and angiotensin II,

all of which cause generalized arteriolar vasoconstriction.

Capillaries (pp. 361-371)

= The thin-walled, small-radius, extensively branched capil-
laries are ideally suited to serve as sites of exchange between
the blood and surrounding tissue cells. Anatomically, the sur-
face area for exchange is maximized and diffusion distance is
minimized in the capillaries. Furthermore, because of their
large total cross-sectional area, the velocity of blood flow
through capillaries (in distance per unit of time) is relatively
slow, providing adequate time for exchanges to take place.
(Review Figures 10-15 through 10-17 and Table 10-1, p. 348.)

= Two types of passive exchanges—diffusion and bulk flow—
take place across capillary walls.

= Individual solutes are exchanged primarily by diffusion down
concentration gradients. Lipid-soluble substances pass directly
through the single layer of endothelial cells lining a capillary,
whereas water-soluble substances pass through water-filled
pores between the endothelial cells. Plasma proteins generally
do not escape. (Review Figures 10-18 and 10-21.)

= Imbalances in physical pressures acting across capillary
walls are responsible for bulk flow of fluid through the pores.
(1) Fluid is forced out of the first portion of the capillary (ul-
trafiltration), where outward pressures (mainly capillary blood
pressure) exceed inward pressures (mainly plasma-colloid os-
motic pressure). (2) Fluid is returned to the capillary along its
last half, when outward pressures fall below inward pressures.
The reason for the shift in balance down the capillary’s length
is the continuous decline in capillary blood pressure while the
plasma-colloid osmotic pressure remains constant. Bulk flow
is responsible for the distribution of ECF between plasma and
interstitial fluid. (Review Figures 10-9, 10-22, and 10-23.)

= Normally, slightly more fluid is filtered than is reabsorbed.
The extra fluid, any leaked proteins, and bacteria in the tissue
are picked up by the lymphatic system. Bacteria are destroyed
as lymph passes through lymph nodes on the way to being
returned to the venous system. (Review Figures 10-22, 10-24
and 10-25.)

Veins (pp. 371-376)

= Veins are large-radius, low-resistance passageways through
which blood returns from the organs to the heart. In addition,

Plasina, (p 394393) Stlldy Card

= Blood consists of three types of cellular elements—
erythrocytes (red blood cells), leukocytes (white blood cells),
and platelets (thrombocytes)—suspended in the liquid
plasma. (Review Figure 11-1 and Table 11-1.)

= The 5- to 5.5-liter volume of blood in an adult consists of
42% to 45% erythrocytes, less than 1% leukocytes and plate-
lets, and 55% to 58% plasma. The percentage of whole-
blood volume occupied by erythrocytes is the hematocrit.
(Review Figure 11-1.)
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the thin-walled, highly distensible veins, as capacitance ves-
sels, can passively stretch to store a larger volume of blood
and therefore act as a blood reservoir. The capacity of veins to
hold blood can change markedly with little change in venous
pressure. At rest, the veins contain more than 60% of the total
blood volume. (Review Table 10-10 and Figure 10-27.)

= The primary force that produces venous flow is the pres-
sure gradient between the veins and atrium (that is, what re-
mains of the driving pressure imparted to the blood by car-
diac contraction). (Review Figures 10-9 and 10-28.)

= Venous return is enhanced by sympathetically induced ve-
nous vasoconstriction and by external compression of the
veins from contraction of surrounding skeletal muscles, both
of which drive blood out of the veins. These actions help
counter the effects of gravity on the venous system. (Review
Figures 10-28 through 10-31.)

= One-way venous valves ensure that blood is driven toward
the heart and kept from flowing back toward the tissues.
(Review Figure 10-32.)

= Venous return is also enhanced by the respiratory pump

and the cardiac suction effect. Respiratory activity produces a
less-than-atmospheric pressure in the chest cavity, thus estab-
lishing an external pressure gradient that encourages flow
from the lower veins that are exposed to atmospheric pres-
sure to the chest veins that empty into the heart. In addition,
slightly negative pressures created within the atria during
ventricular systole and within the ventricles during ventricular
diastole exert a suctioning effect that further enhances
venous return and facilitates cardiac filling. (Review Figures
10-28 and 10-33.)

Blood Pressure (pp. 376-386)

= Regulation of mean arterial pressure (MAP) depends on
control of its two main determinants, cardiac output (CO)

and total peripheral resistance (TPR). Control of CO, in turn,
depends on regulation of heart rate and stroke volume,
whereas TPR is determined primarily by the degree of arterio-

lar vasoconstriction. (Review Figure 10-34.)

= Short-term regulation of blood pressure is accomplished
mainly by the baroreceptor reflex. Carotid sinus and aortic
arch baroreceptors continuously monitor MAP. When they de-
tect a deviation from normal, they signal the medullary car-
diovascular center, which responds by adjusting autonomic
output to the heart and blood vessels to restore the blood
pressure to normal. (Review Figures 10-35 through 10-38.)

= Long-term control of blood pressure involves maintaining
proper plasma volume through the kidneys” control of salt
and water balance. (Review Figure 10-34.)

= Hemoglobin also contributes to CO: transport and buffer-
ing of blood by reversibly binding with CO2and H .

= Unable to replace cell components, erythrocytes are des-
tined to a short life span of about 120 days.

= Undifferentiated pluripotent stem cells in the red bone
marrow give rise to all cellular elements of the blood. (Review
Figures 11-3 and 11-9.) Erythrocyte production (erythropoie-
sis) by the marrow normally keeps pace with the rate of
erythrocyte loss, keeping the red cell count constant. Erythro-
poiesis is stimulated by erythropoietin, a hormone secreted

by the kidneys in response to reduced O:delivery. (Review
Figure 11-4.)
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blood

= Plasma is a complex liquid consisting of 90% water that

serves as a transport medium for substances being carried in

the blood. The most abundant inorganic constituents in

plasma are Na and Cl.. The most plentiful organic constitu-

ents in plasma are plasma proteins.

= All plasma constituents are freely diffusible across the cap-
illary walls except the plasma proteins, which remain in the
plasma, where they perform a variety of important functions.

Plasma proteins include the albumins, globulins (, , and ),
and fibrinogen. (Review Table 11-1.)

Erythrocytes (pp. 393-400)

= Erythrocytes are specialized for their primary function of

Oz transport in the blood. Their biconcave shape maximizes
the surface area available for diffusion of O:into cells of this
volume. (Review Figure 11-1.) Erythrocytes do not contain a

nucleus or organelles (these are extruded during develop-
ment) but instead are packed full of hemoglobin, an iron-

containing molecule that can loosely and reversibly bind with
0:. Because O is poorly soluble in blood, hemoglobin is in-
dispensable for O:transport. Each hemoglobin molecule can

carry four O:molecules. (Review Figures 11-2 and 11-3.)

the blood, set up residence in the tissues and greatly enlarge
to become the large tissue phagocytes known as macro-
phages. (5) Lymphocytes provide immune defense against
bacteria, viruses, and other targets for which they are specifi-
cally programmed. Their defense tools include the production
of antibodies that mark the victim for destruction by phago-
cytosis or other means (for B lymphocytes) and the release of
chemicals that punch holes in the victim (for T lymphocytes).
(Review Figure 11-8 and Table 11-1.)

= Leukocytes are present in the blood only while in transit
from their site of production and storage in the bone marrow
(and also in the lymphoid tissues in the case of the lympho-
cytes) to their site of action in the tissues. (Review Figure
11-9.) At any given time, most leukocytes are out in the tis-

sues on surveillance or performing actual combat missions.

= All leukocytes have a limited life span and must be replen-
ished by ongoing differentiation and proliferation of precursor
cells. The total number and percentage of each of the differ-
ent types of leukocytes are produced at variable rates de-
pending on the momentary defense needs of the body. Fac-
tors that regulate production of the different types of
leukocyte are released from invaded or injured tissues and/or

from activated leukocytes.

Platelets and Hemostasis (pp. 405-412)
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= The major ABO blood types depend on the presence of
specific antigens on the surface of erythrocytes. The red

blood cells of type A blood have A antigen, of type B blood
have B antigen, of type AB blood have both A and B antigen,

and of type O blood have no A or B antigen. Type A blood

has anti-B antibodies, type B blood has anti-A antibodies, type

AB blood has no anti-A or anti-B antibodies, and type O

blood has both anti-A and anti-B antibodies. These antibodies

cause the RBCs with the corresponding antigens to aggluti-

nate (clump) and/or rupture, causing a transfusion reaction if

incoming donor cells are exposed to corresponding antibod-

ies in recipient blood. (Review Figure 11-7.)

Leukocytes (pp. 400-405)

= Leukocytes are the defense corps of the body. They attack

foreign invaders (the most common of which are bacteria and
viruses), destroy cancer cells that arise in the body, and clean
up cellular debris. Leukocytes as well as certain plasma pro-

teins make up the immune system.

= Each of the five types of leukocytes has a different task:
(1) Neutrophils, the phagocytic specialists, are important in

engulfing bacteria and debris. (2) Eosinophils specialize in at-
tacking parasitic worms and play a role in allergic responses.
(3) Basophils release two chemicals: histamine, which is also

important in allergic responses; and heparin, which helps

clear fat particles from the blood. (4) Monocytes, on leaving

gether cause other passing-by platelets to pile on, setting up

a positive-feedback cycle as the platelet plug grows to fill in
the defect. Normal adjacent endothelium secretes inhibitory
chemicals that prevent platelets from adhering to the sur-
rounding undamaged part of the vessel. (Review Figures 11-11
and 11-15.)

= Clot formation reinforces the platelet plug and converts
blood in the vicinity of a vessel injury into a nonflowing gel.

= Most factors necessary for clotting are always present in

the plasma in inactive precursor form. When a vessel is dam-
aged, exposed collagen initiates a cascade of reactions involv-
ing successive activation of these clotting factors, ultimately
converting fibrinogen into fibrin via the intrinsic clotting
pathway. (Review Figures 11-13, 11-14, and 11-15.)

= Fibrin, an insoluble threadlike molecule, is laid down as
the meshwork of the clot; the meshwork in turn entangles
blood cellular elements to complete clot formation. (Review
Figure 11-12.)
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= Platelets are cell fragments derived from large megakaryo-
cytes in the bone marrow. (Review Figures 11-8, 11-9, and

11-10.)

= Platelets play a role in hemostasis, the arrest of bleeding
from an injured vessel. The three main steps in hemostasis
are (1) vascular spasm, (2) platelet plugging, and (3) clot
formation.

= Vascular spasm reduces blood flow through an injured
vessel.

= Aggregation of platelets at the site of vessel injury quickly
plugs the defect. Platelets start to aggregate on contact with
exposed collagen in the damaged vessel wall. These aggre-

gated platelets secrete ADP and thromboxane A, which to-

Human Physiology: From Cells to Systems, 7th ed.

= Platelet aggregation and clot formation mutually reinforce
each other to seal the damaged vessel. Both processes are ini-

tiated simultaneously by exposure to collagen at a vessel de-
fect. Thrombin converts fibrinogen to fibrin to form the clot
and participates in hemostasis in multiple ways, including en-
hanIf%l:ﬁQggaggrsgation. Platelets secrete PF3, which en-
hances the clotting cascade. (Review Figures 11-13 and
11-15.)

= Blood that has escaped into the tissues clots on exposure
to tissue thromboplastin, which sets the extrinsic clotting
pathway into motion. (Review Figure 11-14.)

= Clots form quickly. When no longer needed, they are
slowly dissolved by plasmin, a fibrinolytic factor also activated
by exposed collagen. (Review Figure 11-16.)

I;pmpne Syptems Targlts, E{ge
(pp- 417-420)

= Foreign invaders and newly arisen mutant cells are imme-
diately confronted with multiple interrelated defense mecha-
nisms aimed at destroying and eliminating anything that is
not part of the normal self. These mechanisms, collectively
referred to as immunity, include both innate and adaptive im-
mune responses. Innate immune responses are nonspecific
responses that nonselectively defend against foreign material
even on initial exposure to it. Adaptive immune responses are
specific responses that selectively target particular invaders
for which the body has been specially prepared after a prior
exposure. (Review Table 12-3, p. 445.)

= The most common invaders are bacteria and viruses. Bac-

teria are self- ining, single-celled isms, which pro-
duce disease by virtue of the destructive chemicals they re-
lease. Viruses are protein-coated nucleic acid particles, which
invade host cells and take over the cellular metabolic machin-
ery for their own survival to the detriment of the host cell.

= Leukocytes and their derivatives are the major effector cells
of the immune system and are reinforced by a number of dif-
ferent plasma proteins. Leukocytes include neutrophils, eosin-
ophils, basophils, monocytes, and lymphocytes.

= Immune cells also clean up cellular debris, preparing the
way for tissue repair.

Innate Immunity (pp. 420-428)

= Innate immune responses include inflammation, inter-

feron, natural killer cells, and the complement system.

= Inflammation is a nonspecific response to foreign invasion
or tissue damage mediated largely by the professional phago-
cytes (neutrophils and monocytes-turned-macrophages). The
phagocytic cells destroy foreign and damaged cells both by
phagocytosis and by release of lethal chemicals. (Review Fig-
ures 12-2 and 12-3.) Phagocytic secretions also augment in-
flammation, induce systemic manifestations such as fever,

and enhance adaptive immune responses.

= Histamine-induced vasodilation and increased permeability
of local capillaries at the site of invasion or injury permit en-
hanced delivery of more phagocytic leukocytes and inactive
plasma protein precursors crucial to defense, such as comple-
ment components. These vascular changes also largely pro-
duce the observable local manifestations of inflammation—

swelling, redness, heat, and pain. (Review Figure 12-3.)

= Interferon is nonspecifically released by virus-infected cells
and transiently inhibits viral multiplication in other cells to
which it binds. (Review Figure 12-5.)
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= Natural killer (NK) cells nonspecifically lyse and destroy
virus-infected cells and cancer cells on first exposure to them.
(Review Figure 12-11.)

= On being activated by microbes themselves at the site of
invasion or by antibodies produced against the microbes, the
complement system directly destroys the foreign invaders by
lysing their membranes and also augments other aspects of
the inflammatory process, such as by acting as opsonins that
enhance phagocytosis. The complement system lyses the tar-
geted cells by forming a hole-punching membrane attack
complex that inserts into the victim cell’s membrane, leading
to osmotic rupture of the cell. (Review Figures 12-4 and 12-6.)

Adaptive Immunity: General Concepts (pp. 428-429)

= Not only is the adaptive immune system able to recognize
foreign molecules as different from self-molecules—so that
destructive immune reactions are not unleashed against the
body itself—but it can also distinguish between millions of
different foreign molecules. Lymphocytes, the effector cells of
adaptive immunity, are each uniquely equipped with surface
membrane receptors that can bind with only one specific
complex foreign molecule, known as an antigen.

= The two broad classes of adaptive immune responses are
antibody-mediated immunity accomplished by plasma cells
derived from B lymphocytes (B cells), and cell-mediated im-
munity accomplished by T lymphocytes (T cells). (Review
Figure 12-7 and Table 12-4, p. 450.)

= B cells develop from a lineage of lymphocytes that origi-
nally matured within the bone marrow. The T-cell lineage
comes from lymphocytes that migrated from the bone mar-
row to the thymus to complete their maturation. New B and
T cells arise from lymphocyte colonies in lymphoid tissues.
(Review Figures 12-1 and 12-7 and Table 12-1.)

B Lymphocytes: Antibody-Mediated Immunity
(pp. 429-437)

= Each B cell recognizes specific free extracellular antigen,
such as that found on the surface of bacteria.

= After being activated by binding of its receptor (a B-cell re-
ceptor or BCR) with its specific antigen, a B cell rapidly prolif-
erates, producing a clone of its own kind that can specifically
wage battle against the invader. Most lymphocytes in the ex-
panded B-cell clone become antibody-secreting plasma cells
that participate in the primary response against the invader.
Some of the new lymphocytes do not participate in the attack
but become memory cells that lie in wait, ready to launch a
swifter and more forceful secondary response should the
same foreigner ever invade the body again. (Review Figures
12-8,12-9, 12-12, 12-13, and 12-14.)
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= Antibodies are Y-shaped molecules. The antigen-binding
sites on the tips of each arm of the antibody determine with
what specific antigen the antibody can bind. Properties of the
antibody’s tail portion determine what the antibody does
once it binds with antigen. There are five subclasses of anti-
bodies, depending on differences in the biological activity of
their tail portion: IgM, IgG, IgE, IgA, and IgD immunoglobu-
lins. (Review Figure 12-10.)

= Antibodies do not directly destroy antigenic material. In-
stead, they exert their protective effect by physically hinder-
ing antigens through neutralization or agglutination or by in-
tensifying lethal innate immune responses already called into
play by the foreign invasion. Antibodies activate the comple-
ment system, enhance phagocytosis, and stimulate killer cells.
(Review Figure 12-11 and Table 12-3.)

T Lymphocytes: Cell-Mediated Immunity
(pp- 437-449)

= T cells accomplish cell-mediated immunity by being in di-
rect contact with their targets and by releasing cytokines.
Chemicals other than antibodies released by leukocytes are
known as cytokines.

= There are three types of T cells: cytotoxic, helper, and reg-
ulatory T cells.

= The targets of cytotoxic (CD8) T cells are virally invaded
cells and cancer cells, which they destroy by releasing perfo-
rin molecules that form a lethal hole-punching complex that
inserts into the membrane of the victim cell or by releasing
granzymes that trigger the victim cell to undergo apoptosis.
(Review Figures 12-15 and 12-16 and Table 12-2.)

= Helper (CD4) T cells bind with other immune cells and
release cytokines that augment the activity of these other
cells. B cells cannot convert to plasma cells and produce anti-
bodies in response to T-dependent antigen without the help
of helper cells. (Review Figure 12-21.)

= Regulatory (CD4CD25) cells secrete cytokines that sup-
press other immune cells, putting the brake on immune re-
sponses in check-and-balance fashion.

= Like B cells, T cells bear receptors (T-cell receptors or TCRs)
that are antigen specific (Review Figure 12-8), undergo clonal
selection, exert primary and secondary responses, and form
memory pools for long-lasting immunity against targets to

which they have already been exposed.

= Helper T cells can recognize and bind with antigen only
when it has been processed and presented to them by
antigen-presenting cells (APCs), such as macrophages and
dendritic cells. (Review Figures 12-18 and 12-19.)

= Lymphocytes produced by chance that can attack the
body’s own cells are eliminated or suppressed so that they are
prevented from functioning. In this way, the body is able to

“tolerate” (not attack) its own antigens.

Respjratery-AnatomyMlipp. 4814 )Study Card

= Cellular respiration refers to the intracellular metabolic re-
actions that use O2and produce CO: during energy-yielding
oxidation of nutrient molecules. External respiration refers to
the transfer of O2and CO:between the external environ-
ment and tissue cells. The respiratory and circulatory systems
function together to accomplish external respiration. (Review
Figure 13-1.)

= The respiratory system exchanges air between the atmo-
sphere and lungs. The airways conduct air from the atmo-
sphere to the alveoli, across which O:and CO:are exchanged
between air in these air sacs and blood in the surrounding
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=B and T cells have different targets because their require-
ments for antigen recognition differ. B cells recognize freely
circulating antigen, such as bacteria, that can lead to antigen
destruction at long distances via antibodies. T cells, in con-
trast, have a dual binding requirement of foreign antigen in
association with self-antigens on the surface of one of the
body’s own cells. (Review Figures 12-20 and 12-21.)

= The self-antigens on cell surfaces are class I or class [ MHC
molecules, which are unique for each individual. Cytotoxic

T cells can bind only with virus-infected host cells or cancer
cells, which always bear class | MHC self-antigen in associa-
tion with foreign or abnormal antigen. Helper T cells can

bind only with APCs and B cells that bear the class [ MHC
self-marker in association with foreign antigen. The APCs acti-
vate helper T cells, and helper T cells activate B cells. Thus,
such differential binding ensures that the appropriate specific
immune response ensues. (Review Figures 12-20 and 12-21.)

= In the process of immune surveillance, natural killer cells,
cytotoxic T cells, macrophages, and the interferon they col-
lectively secrete normally eradicate newly arisen cancer cells
before they have a chance to spread. (Review Figure 12-23.)

Immune Diseases (pp. 449-453)

= Immune diseases are of two types: immunodeficiency dis-
eases (insufficient immune responses) or inappropriate im-

mune attacks (excessive or mistargeted immune responses).

= Inappropriate attacks include autoimmune diseases, im-
mune complex diseases, and allergies (hypersensitivities), of
which there are two types: (1) Immediate hypersensitivities
involving the production of IgE antibodies by B cells that trig-
ger release of histamine from mast cells and basophils to
bring about a swift response to the allergen, and (2) delayed
hypersensitivities involving a more slowly responding cell-
mediated, symptom-producing response by T cells against

the allergen. (Review Figure 12-24 and Table 12-5.)

External Defenses (pp. 453-457)

= The body surfaces exposed to the outside environment—
both the outer covering of skin and the linings of internal
cavities that communicate with the external environment—
serve not only as mechanical barriers to deter would-be
pathogenic invaders but also play an active role in thwarting
entry of bacteria and other unwanted materials.

= The skin consists of two layers: an outer vascular, keratin-
ized epidermis and an inner, connective tissue dermis. The
epidermis contains four cell types: pigment-producing mela-
nocytes, keratin-producing keratinocytes, antigen-presenting
Langerhans cells, and immune-suppressive Granstein cells.
(Review Figure 12-25.)

= The other main routes by which potential pathogens enter
the body are the digestive system, the urogenital system, and
the respiratory system, which are all defended by various an-
timicrobial strategies.

= For more forceful active expiration, contraction of the ex-
piratory muscles (namely, the abdominal muscles) further de-
creases the size of the thoracic cavity and lungs, which further
increases the intra-alveolar—to—atmospheric-pressure gradient.
(Review Figures 13-11 and 13-12d.)

= The larger the gradient between the alveoli and atmo-
sphere in either direction, the larger the airflow rate, because
air flows until intra-alveolar pressure equilibrates with atmo-

spheric pressure. (Review Figures 13-13 and 13-14.)

= Besides being directly proportional to the pressure gradi-

ent, airflow rate is also inversely proportional to airway resis-
tance. (Review Table 13-1.) Because airway resistance, which
depends on the caliber of the conducting airways, is normally
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pulmonary surfactant. (Review Figures 13-2 and 13-4.)

= The lungs are housed within the closed compartment of
the thorax, the volume of which can be changed by contrac-
tile activity of surrounding respiratory muscles.

= Each lung is surrounded by a double-walled, closed sac,
the pleural sac. (Review Figure 13-5.)

Respiratory Mechanics (pp. 465-485)

= Ventilation, or breathing, is the process of cyclically mov-
ing air in and out of the lungs so that old alveolar air that has
given up O:and picked up CO:can be exchanged for fresh

atmospheric air.

= Ventilation is mechanically accomplished by alternately
shifting the direction of the pressure gradient for airflow be-
tween the atmosphere and alveoli through the cyclic expan-
sion and recoil of the lungs. When intra-alveolar pressure de-
creases as a result of lung expansion during inspiration, air
flows into the lungs from the higher atmospheric pressure.
When intra-alveolar pressure increases as a result of lung re-
coil during expiration, air flows out of the lungs toward the
lower atmospheric pressure. (Review Figures 13-6, 13-7,
13-10, 13-13, and 13-14.)

= Alternate contraction and relaxation of the inspiratory
muscles (primarily the diaphragm) indirectly produce periodic
inflation and deflation of the lungs by cyclically expanding
and compressing the thoracic cavity, with the lungs passively
following its movements. (Review Figures 13-11 and 13-12.)

= The lungs follow the movements of the thoracic cavity by
virtue of the intrapleural fluid’s cohesiveness and the trans-
mural pressure gradient across the lung wall. The transmural
pressure gradient exists because the intrapleural pressure is
subatmospheric and thus less than the intra-alveolar pressure.
(Review Figures 13-8 and 13-14.)

= Because energy is required for contracting the inspiratory
muscles, inspiration is an active process, but expiration is pas-
sive during quiet breathing because it is accomplished by
elastic recoil of the lungs on relaxing inspiratory muscles, at
no energy expense. (Review Figure 13-12a, b, and c.)

Gas Exchange (pp. 486-490)

= Oxygen and CO:move across body membranes by pas-
sive diffusion down partial pressure gradients. The partial
pressure of a gas in air is that portion of the total atmospheric
pressure contributed by this individual gas, which in turn is
directly proportional to the percentage of this gas in the air.
The partial pressure of a gas in blood depends on the amount
of this gas dissolved in the blood. (Review Figure 13-25.)

= Net diffusion of O:occurs first between the alveoli and
blood and then between the blood and tissues as a result of
the O: partial pressure gradients created by continuous use of
O:in the cells and continuous replenishment of fresh alveolar
O:provided by ventilation. Net diffusion of COzoccurs in the
reverse direction, first between the tissues and blood and
then between the blood and alveoli, as a result of the CO:
partial pressure gradients created by continuous production
of COzin the cells and continuous removal of alveolar CO2
through ventilation. (Review Figure 13-26.)

= Other factors that influence the rate of gas exchange are
surface area and thickness of the membrane across which the
gas is diffusing and the diffusion constant of the gas in the
membrane (Fick’s law of diffusion). (Review Table 13-5.)

Gas Transport (pp. 490—498)

= Because O2and CO:zare not very soluble in blood, they
must be transported primarily by mechanisms other than sim-

ply being physically dissolved. (Review Table 13-6.)

= Only 1.5% of the O:is physically dissolved in the blood,
with 98.5% chemically bound to hemoglobin (Hb).

= The primary factor that determines the extent to which Hb
and O:are combined (the % Hb saturation) is the Po:of the
blood, depicted by an S-shaped curve known as the O--Hb
dissociation curve. In the Po.range of the pulmonary capillar-
ies (the plateau portion of the curve), Hb is still almost fully
saturated even if the blood Po: falls as much as 40%. This
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very low, airflow rate usually depends primarily on the pres-
sure gradient between the alveoli and atmosphere.

= The lungs can be stretched to varying degrees during in-

spiration and then recoil to their preinspiratory size during ex-
Trﬁﬁlﬁﬁﬂ%gcause of their elastic behavior. Pulmonary compli-
ance refers to the distensibility of the lungs—how much they
stretch in response to a given change in the transmural pres-
sure gradient. Elastic recoil refers to the snapping back of the
lungs to their resting position during expiration.

= Pulmonary elastic behavior depends on the elastic connec-
tive tissue within the lungs and on alveolar surface tension/
pulmonary surfactant interaction. Alveolar surface tension,
which is the result of attractive forces between the surface
water molecules lining each alveolus, tends to resist the alveo-
lus being stretched on inflation (decreases compliance) and
tends to return it back to a smaller surface area during defla-
tion (increases lung rebound). (Review Table 13-2.)

= If the alveoli were lined by water alone, the surface tension
would be so great that the lungs would be poorly compliant
and would tend to collapse. Pulmonary surfactant intersperses
between the water molecules and lowers alveolar surface ten-
sion, thereby increasing compliance and counteracting the
tendency for alveoli to collapse. Alveolar interdependence
also counteracts the tendency for alveoli to collapse. (Review
Figures 13-16 and 13-17 and Table 13-2.)

= The lungs can be filled to about 5.5 liters on maximal in-
spiration or emptied to about 1 liter on maximal expiration.
Normally the lungs operate at “half full.” Lung volume typi-

cally varies from about 2 to 2.5 liters

an average tidal vol-
ume of 500 ml of air is moved in and out with each breath.
(Review Figures 13-18, 13-19, and 13-20.)

= The amount of air moved in and out of the lungs in one
minute, the pulmonary ventilation, is equal to tidal volume

times respiratory rate.

= Not all the air moved in and out is available for gas ex-
change with the blood, because part occupies the conducting
airways (anatomic dead space). Alveolar ventilation, the vol-
ume of air exchanged between the atmosphere and alveoli in
one minute, is a measure of the air actually available for gas
exchange with the blood. Alveolar ventilation equals (tidal
volume minus dead space volume) times respiratory rate.
(Review Figure 13-22 and Table 13-3.)

= Carbon dioxide picked up at the systemic capillaries is

transported in the blood by three methods: (1) 10% is physi-

cally dissolved, (2) 30% is bound to Hb, and (3) 60% takes

the form of bicarbonate (HCOs). The erythrocyte enzyme

carbonic anhydrase catalyzes conversion of CO2to HCOs

cording to the reaction CO» H0nH HCO:s. These re-
actions are all reversed in the lungs as CO:is eliminated to

the alveoli. (Review Table 13-6 and Figure 13-31.)

Control of Respiration (pp. 498-507)

= Ventilation involves two aspects, both subject to neural con-
trol: (1) rhythmic cycling between inspiration and expiration
and (2) regulation of ventilation magnitude, which depends on

control of respiratory rate and depth of tidal volume.

= Respi 'y thythm is d by the pre-Botzinger
complex, which displays pacemaker activity and drives the in-
spiratory neurons located in the dorsal respiratory group
(DRG) of the medullary respiratory control center. When
these neurons fire, impulses ultimately reach the inspiratory

muscles to bring about inspiration. (Review Figure 13-33.)

= When the inspiratory neurons stop firing, the inspiratory
muscles relax and passive expiration takes place. For active
expiration, the expiratory muscles are activated at this time
by expiratory neurons in the ventral respiratory group (VRG)
of the medullary respiratory control center.

= This basic rhythm is smoothed out by the apneustic and
pneumotaxic centers located in the pons. The apneustic cen-
ter prolongs inspiration; the more powerful pneumotaxic cen-
ter limits inspiration. (Review Figure 13-33.)

= Three chemical factors play a role in determining the mag-
nitude of ventilation: Pco:, Poz, and H concentration of the
arterial blood. (Review Table 13-8.)

= The dominant factor in the ongoing regulation of ventila-
tion is arterial Pcos, an increase of which is the most potent
chemical stimulus for increasing ventilation. Changes in arte-

ac-
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provides a margin of safety by ensuring near-normal O:deliv-
ery to the tissues despite a substantial reduction in arterial
Po:. In the Po:range in the systemic capillaries (the steep por-
tion of the curve), Hb unloading increases greatly in response
to a small local decline in blood Poassociated with increased
cellular metabolism. In this way, more O:is provided to

match the increased tissue needs. (Review Figure 13-28.)

= Increased Pco:, increased acid, and increased temperature
at the tissue level shift the O—Hb curve to the right, facilitat-
ing the unloading of O: from Hb for tissue use. (Review
Figure 13-30.)

= Hemoglobin facilitates a large net transfer of O2between
the alveoli and blood and between the blood and tissue cells
by acting as a storage depot to keep Po:(that is, dissolved O2
concentration) low, despite a considerable increase in the to-
tal O:content of the blood. (Review Figure 13-29.)

Kidpeys:pApatomy, Flhctions, ar B(SttltldysCard

(pp- 511-517)

= Each of the pair of kidneys consists of an outer renal cor-
tex and inner renal medulla. The kidneys form urine. They
eliminate unwanted plasma constituents in the urine while
conserving materials of value to the body. Urine from each
kidney is collected in the renal pelvis, then transmitted from
both kidneys through the pair of ureters to the single urinary
bladder, where urine is stored until emptied through the ure-
thra to the outside. (Review Figures 14-1 and 14-2.)

= The urine-forming functional unit of the kidneys, the
nephron, is composed of interrelated vascular and tubular
components. The vascular component consists of two capil-
lary networks in series, the first being the glomerulus, a tuft
of capillaries that filters large volumes of protein-free plasma
into the tubular component. The second capillary network
consists of the peritubular capillaries, which nourish the renal
tissue and participate in exchanges between the tubular fluid
and plasma. (Review Figures 14-3 and 14-4.)

= The tubular component begins with Bowman’s capsule,
which cups around the glomerulus to catch the filtrate, then
continues a specific tortuous course to ultimately empty into
the renal pelvis. (Review Figure 14-3.) As the filtrate passes
through various regions of the tubule, cells lining the tubules
modify it, returning to the plasma only those materials neces-
sary for maintaining proper ECF composition and volume.
What is left behind in the tubules is excreted as urine.

» The kidneys perform three basic processes: (1) glomerular
filtration, the nondiscriminating movement of protein-free
plasma from the blood into the tubules; (2) tubular reabsorp-
tion, the selective transfer of specific constituents in the fil-
trate back into the blood of the peritubular capillaries; and
(3) tubular secretion, the highly specific movement of se-
lected substances from peritubular capillary blood into the tu-
bular fluid. Everything filtered or secreted but not reabsorbed

is excreted as urine. (Review Figure 14-6.)

Glomerular Filtration (pp. 517-524)

= Glomerular filtrate is produced when part of the plasma
flowing through each glomerulus is passively forced under
pressure through the glomerular membrane into the underly-
ing Bowman’s capsule. The net filtration pressure causing fil-
tration results from a high glomerular capillary blood pressure
that favors filtration outweighing the combined opposing
forces of plasma-colloid osmotic pressure and Bowman’s cap-
sule hydrostatic pressure. (Review Figure 14-7 and Table 14-1.)

u20% to 25% of the cardiac output is delivered to the kid-
neys to be acted on by renal regulatory and excretory pro-
cesses. Of the plasma flowing through the kidneys, normally
20% is filtered through the glomeruli, for an average glomer-
ular filtration rate (GFR) of 125 ml/min.
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rial Pco:alter ventilation by bringing about corresponding
changes in the brain-ECF H concentration, to which the cen-

tral chemoreceptors are very sensitive. (Review Figure 13-35.)

= The peripheral chemoreceptors are responsive to an in-
creabBRSRAING 11 concentration, which likewise reflexly
brings about increased ventilation. The resulting adjustment
in arterial H -generating CO:is important in maintaining the
acid-base balance of the body. (Review Figure 13-34.)

= The peripheral chemoreceptors also reflexly increase
ventilation in response to a marked reduction in arterial Po:
(60 mm Hg), serving as an emergency mechanism to in-
crease respiration when arterial Po:levels fall below the safety
range provided by the plateau portion of the O-—Hb curve.

= Respiration activity can also be voluntarily modified.

= Myogenic mechanisms and tubuloglomerular feedback,

triggered by the ju: ular apparatus, glo-
merular blood flow and the GFR despite transient changes in
the driving mean arterial blood pressure in the range of 80 to

180 mm Hg. (Review Figures 14-9, 14-10, and 14-11.)

= The GFR can be deliberately altered by changing the glo-
merular capillary blood pressure via sympathetic influence on
the afferent arterioles as part of the baroreceptor reflex re-
sponse that compensates for changed arterial blood pressure.
When blood pressure falls too low, sympathetically induced af-
ferent arteriolar vasoconstriction lowers glomerular blood pres-
sure and GFR. When blood pressure rises too high, reduced
sympathetic activity causes afferent arteriolar vasodilation,
leading to a rise in GFR. As the GFR is altered, the amount of
fluid lost in urine changes correspondingly, adjusting plasma
volume as needed to help restore blood pressure to normal on
a long-term basis. (Review Figures 14-10 and 14-12.)

Tubular Reabsorption (pp. 524-534)

w After the filtrate is formed, the tubules handle each filtered
substance discretely, so that even though the initial glomeru-
lar filtrate is identical to plasma (with the exception of plasma
proteins), the concentrations of different constituents are vari-
ously altered as the filtered fluid flows through the tubular
system. (Review Tables 14-2 and 14-3, p. 537.)

= The reabsorptive capacity of the tubular system is tremen-
dous. More than 99% of the filtered plasma is returned to the
blood through reabsorption. On average, 124 ml out of the

125 ml filtered per minute are reabsorbed. (Review Table 14-2.)

= Tubular reabsorption involves transepithelial transport from
the tubular lumen into the peritubular capillary plasma. This
process may be active (requiring energy) or passive (using no
energy). (Review Figure 14-14.)

= The pivotal event to which most reabsorptive processes are
linked is the active reabsorption of Na , driven by the energy-
dependent Na —K pump in the basolateral membrane of the
tubular cells. The transport of Na out of the cells into the
lateral spaces between adjacent cells by this carrier induces
the net reabsorption of Na from the tubular lumen to the
peritubular capillary plasma. (Review Figure 14-15.)

= Most Na reabsorption takes place early in the nephron in
constant unregulated fashion, but in the distal and collecting
tubules, the reabsorption of a small percentage of the filtered
Na is variable and controlled, primarily by the renin-angio-
tensin—aldosterone system. (Review Table 14-4, p. 548.)

= Because Na and its attendant anion, CI, are the major
osmotically active ions in the ECF, the ECF volume is deter-
mined by the Na load in the body. In turn, the plasma vol-
ume, which reflects the total ECF volume, is important in the
long-term determination of arterial blood pressure. Whenever
the Na load, ECF volume, plasma volume, and arterial blood
pressure are below normal, the juxtaglomerular apparatus se-
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cretes renin, an enzymatic hormone that triggers a series of
events ultimately leading to increased aldosterone secretion
by the adrenal cortex. Aldosterone increases Na reabsorp-
tion from the distal portions of the tubule, thus correcting for
the original reduction in Na , ECF volume, and blood pres-
sure. (Review Figures 14-11 and 14-16.)

= By contrast, Na reabsorption is inhibited by the natri-
uretic peptides, ANP and BNP, hormones released from the
cardiac atria and ventricles, respectively, in response to ex-
pansion of the ECF volume and a subsequent increase in
blood pressure. (Review Figure 14-17.)

= In addition to driving the reabsorption of Na , the energy
used by the Na —K pump is ultimately responsible for the
reabsorption of organic nutrients (glucose or amino acids)
from the proximal tubule by secondary active transport.
(Review Figure 3-19, p. 74.)

= Other electrolytes actively reabsorbed by the tubules, such
as POs 3and Ca, have their own independently functioning
carrier systems within the proximal tubule.

= Because the electrolyte and nutrient carriers can become
saturated, each exhibits a maximal carrier-limited transport
capacity (7m). Once the filtered load of an actively reabsorbed
substance exceeds the 7, reabsorption proceeds at a con-
stant maximal rate, and any additional filtered quantity of the
substance is excreted in the urine. (Review Figure 14-18.)

= Active Na reabsorption also drives the passive reabsorp-
tion of CI (via an electrical gradient), H-O (by osmosis), and
urea (down a urea concentration gradient created as a result
of extensive osmotic-driven H:O reabsorption). Sixty-five per-
cent of the filtered H20 is reabsorbed from the proximal tu-
bule in unregulated fashion, driven by active Na reabsorp-
tion. (Review Figure 14-19 and Table 14-4.) Reabsorption of
H:0 increases the concentration of other substances remain-
ing in the tubular fluid, most of which are filtered waste
products. The small urea molecules are the only waste prod-
ucts that can passively permeate the tubular membranes, so
urea is the only waste product partially (50%) reabsorbed as

a result of being concentrated. (Review Figure 14-20.)

= The other waste products, which are not reabsorbed, re-
main in the urine in highly concentrated form.

Tubular Secretion (pp. 534-537)

= Tubular secretion involves transepithelial transport from

the peritubular capillary plasma into the tubular lumen. By tu-
bular secretion, the kidney tubules can selectively add some
substances to the quantity already filtered. Secretion of sub-

stances hastens their excretion in the urine.

= The most important secretory systems are for (1) H (helps
regulate acid-base balance); (2) K (keeps the plasma K
concentration at the level needed to maintain normal mem-
brane excitability in the heart, other muscles, and nerves);

and (3) organic ions (accomplishes more efficient elimination

Translating...

of foreign organic compounds from the body). H is secreted
in the proximal, distal, and collecting tubules. K is secreted
only in the distal and collecting tubules under control of al-
dosterone. Organic ions are secreted only in the proximal tu-
bule. (Review Table 14-3 and Figures 14-21 and 14-22.)

Urine Excretion and Plasma Clearance (pp. 537-5

= Of the 125 ml/min of glomerular filtrate formed, normally
only 1 ml/min remains in the tubules to be excreted as urine.
Only wastes and excess electrolytes not wanted by the body
are left behind, dissolved in a given volume of H:O to be
climinated in the urine.

= Because the excreted material is removed or “cleared”
from the plasma, the term plasma clearance refers to the vol-
ume of plasma cleared of a particular substance each minute
by renal activity. (Review Figure 14-23.)

= The kidneys can excrete urine of varying volumes and con-
centrations to either conserve or eliminate H:O, depending
on whether the body has a H>O deficit or excess, respectively.
The kidneys can produce urine ranging from 0.3 ml/min at
1200 mOsm to 25 ml/min at 100 mOsm by reabsorbing vari-
able amounts of Hz0 from the distal portions of the nephron.

= This variable reabsorption is made possible by a vertical
osmotic gradient in the medullary interstitial fluid, established
by the long loops of Henle of the juxtamedullary nephrons
via countercurrent multiplication and preserved by the vasa
recta of these nephrons via countercurrent exchange. (Review
Figures 14-5, 14-24, 14-25, and 14-28.) This vertical osmotic
gradient, to which the hypotonic (100 mOsm) tubular fluid is
exposed as it passes through the distal portions of the neph-
ron, establishes a passive driving force for progressive reab-
sorption of H:O from the tubular fluid, but the actual extent
of H:0 reabsorption depends on the amount of vasopressin
(antidiuretic hormone) secreted. (Review Figure 14-27.)

= Vasopressin increases the permeability of the distal and
collecting tubules to H20; they are impermeable to HzO in its
absence. (Review Figure 14-26.) Vasopressin secretion in-
creases in response to a H:O deficit, increasing H-O reabsorp-
tion. Its secretion is inhibited in response to a H.O excess, re-
ducing H20 reabsorption. Thus vasopressin-controlled H:O

reabsorption helps correct any fluid imbalances.

= Once formed, urine is propelled by peristaltic contractions
through the ureters from the kidneys to the urinary bladder
for temporary storage.

= The bladder can accommodate up to 250 to 400 ml of

urine before stretch receptors within its wall initiate the mic-
turition reflex. (Review Figure 14-30.) This reflex causes invol-
untary emptying of the bladder by simultaneous bladder con-
traction and opening of both the internal and external

urethral sphincters. Micturition can transiently be voluntarily
prevented by deliberately tightening the external sphincter

and pelvic diaphragm. (Review Figure 14-29.)
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Balance Gopcept (pp.B57-53 = To prevent these harmful fluxes, changes in ECF osmolarity

Study Card

= The internal pool of a substance is the quantity of that maintain free H2O balance (H:0 without accompanying
substance in the ECF. The inputs to the pool are by way of in- solute).

are primarily detected and corrected by the systems that

gestion or metabolic production of the substance. The out-

puts from the pool are by way of excretion or metabolic con- = Free H;0 balance is regulated largely by vasopressin and,

sumption of the substance. (Review Figure 15-1.,) to a lesser degree, by thirst. Both of these factors are gov-
erned primarily by hypothalamic osmoreceptors, which moni-
= Input must equal output to maintain a stable balance of tor ECF osmolarity, and to a lesser extent by left atrial volume
the substance. receptors, which monitor vascular “fullness.” The amount of
vasopressin secreted determines the extent of free H:0 reab-
sorption by distal portions of the nephrons, thereby determin-
Fluid Balance (pp. 558-569) ing the volume of urinary output. (Review Figure 15-4 and

Table 15-4.)
= On average, the body fluids compose 60% of total body

https://translate.googleusercontent.com/translate_f 64/73



04/08/2021

Page 87

weight. This figure varies, depending on how much fat (a tis-
sue with a low H20 content) a person has. Two thirds of the

body H:0 is in the ICF. The remaining third, in the ECF, is dis-
tributed between plasma (20% of ECF) and interstitial fluid
(80% of ECF). (Review Table 15-1.)

= Because all plasma constituents are freely exchanged
across the capillary walls, the plasma and interstitial fluid are
nearly identical in composition, except for the lack of plasma
proteins in the interstitial fluid. In contrast, the ECF and ICF
have markedly different compositions, because the plasma
membrane barriers are highly selective as to what materials

are transported into or out of the cells. (Review Figure 15-2.)

= The essential components of fluid balance are control of
ECF volume by maintaining salt balance and control of ECF
osmolarity by maintaining water balance. (Review Tables 15-2,
15-3, and 15-5.)

= Because of the osmotic holding power of Na , the major
ECF cation, a change in the body’s total Na content, or

load, causes a corresponding change in ECF volume, includ-
ing plasma volume, which alters arterial blood pressure in the
same direction. Appropriately, in the long run Na -regulating
mechanisms compensate for changes in ECF volume and ar-

terial blood pressure. (Review Table 15-5.)

= Salt intake is not controlled in humans, but control of salt
output in the urine is closely regulated to maintain salt bal-

ance. Blood pressure-regulating mechanisms can vary the GFR,

and thus the amount of Na filtered, by adjusting the radius of

the afferent arterioles supplying the glomeruli. Blood pressure—

regulating mechanisms can also vary aldosterone secretion to
adjust Na reabsorption by the renal tubules. Varying Na fil-
tration and Na reabsorption can adjust how much Na is ex-
creted in the urine to regulate plasma volume and thus arterial
blood pressure in the long term. (Review Figure 15-3.)

= ECF osmolarity must be closely regulated to prevent os-
motic shifts of H-O between the ECF and ICF, because cell
swelling or shrinking is harmful, especially to brain neurons.
Excess free H20 in the ECF dilutes ECF solutes; the resulting
ECF hypotonicity drives Hz0 into the cells. An ECF free H.O
deficit, by contrast, concentrates ECF solutes, so H-0 leaves
the cells to enter the hypertonic ECF. (Review Table 15-5.)

Acid-Base Balance (pp. 569-585)

= Acids liberate free hydrogen ions (H ) into solution; bases
bind with free hydrogen ions and remove them from solu-

tion. (Review Figure 15-5.)

= Acid-base balance refers to regulation of [H ] in the body
fluids. To precisely maintain [H ], input of H by metabolic pro-
duction of acids within the body must continually be matched
with H output by urinary excretion of H and respiratory re-
moval of H -generating CO.. Furthermore, between the time of
this generation and its elimination, H must be buffered within
the body to prevent marked fluctuations in [H ].

= Hydrogen ion concentration is often expressed in terms of
pH, which is the logarithm of 1/[H ].

= The normal pH of the plasma is 7.4, slightly alkaline com-
pared to neutral H.O, which has a pH of 7.0. A pH lower
than normal (higher [H ] than normal) indicates a state of ac-
idosis. A pH higher than normal (lower [H ] than normal)

characterizes a state of alkalosis. (Review Figure 15-6.)

= Fluctuations in [H ] have profound effects, most notably

(1) changes in neuromuscular excitability, with acidosis de-
pressing excitability, especially in the CNS, and alkalosis pro-
ducing overexcitability of both the PNS and CNS; (2) disrup-
tion of normal metabolic reactions by altering the structure
and function of all enzymes; and (3) alterations in plasma
[K ] (which affect cardiac function) brought about by H -

induced changes in the rate of K elimination by the kidneys.

= The primary challenge in controlling acid-base balance is
maintaining normal plasma alkalinity despite continual addi-
tion of H to the plasma from ongoing metabolic activity.

The major source of H is from CO:-generated H .

= The three lines of defense for resisting changes in [H ] are

first the chemical buffer systems, second respiratory control of

pH, and third renal control of pH.

= Chemical buffer systems each consist of a pair of chemicals
involved in a reversible reaction, one that can liberate H and
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ECF volume
Arterial
Osmolarity ena
IT“ - blood pressure
Translating...
Hypothalamic Left atrial
osmoreceptors volume receptors
(dominant factor (important only in
controlling thirst large changes in
and vasopressin plasma volume/
secretion) arterial pressure)
Hypothalamic neurons
Thirst Vasopressin
H20 intake H20 permeability
of distal and
collecting tubules
H20 reabsorption
Urine output
Plasma osmolarity Plasma volume

= Simultaneously, intensity of thirst controls the volume of
fluid intake. However, because the volume of fluid drunk is of-
ten not directly correlated with the intensity of thirst, control
of urinary output by vasopressin is the most important regula-
tory mechanism for maintaining H-O balance.

stimulates respiration so that more H -forming CO:is blown
off, compensating for acidosis by reducing generation of
COe-associated H . Conversely, a fall in [H ] depresses respi-
ratory activity so that CO2and thus H generated from this
source can accumulate in the body fluids to compensate for
alkalosis. (Review Table 15-7.)

= The kidneys are the most powerful line of defense. They
require hours to days to compensate for a deviation in body-
fluid pH. However, not only can they eliminate the normal
amount of H produced from non-CO: sources but they can
also alter their rate of H removal in response to changes in
both non-CO:and CO:-generated acids. In contrast, the
lungs can adjust only H generated from CO.. Furthermore,
the kidneys can regulate [HCO:] in body fluids as well.

= The kidneys compensate for acidosis by secreting the ex-

Arteriolar

vasoconstriction

cess H in the urine while adding new HCOs to the plasma

to expand the HCOs
neys conserve H by reducing its secretion in urine. They also
eliminate HCOs -, which is in excess because less HCOs

buffer pool. During alkalosis, the kid-

usual is tied up buffering H when H is in short supply. (Re-
view Figures 15-9 through 15-12 and Table 15-8.)

= Secreted H must be buffered in the tubular fluid to pre-
vent the H concentration gradient from becoming so great
that it blocks further H secretion. Normally, H is buffered
by the urinary phosphate buffer pair, which is abundant in
the tubular fluid because excess dietary phosphate spills into
the urine to be excreted from the body.

= In acidosis, when all the phosphate buffer is already used
up in buffering the extra secreted H , the kidneys secrete
NHsinto the tubular fluid to serve as a buffer so that H se-

cretion can continue.

= The four types of acid-base imbalances are respiratory aci-
dosis, respiratory alkalosis, metabolic acidosis, and metabolic
alkalosis. Respiratory acid-base disorders stem from deviations
from normal [CO:], whereas metabolic acid—base imbalances
include all deviations in pH other than those caused by ab-
normal [CO:]. (Review Figure 15-13 and Table 15-9.)

~than
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the other that can bind H . By acting according to the law of
mass action, a buffer pair acts immediately to minimize any

changes in pH. The four chemical buffers are (1) H.COs:

HCO:s, (2) proteins, (3) hemoglobin, and (4) phosphate. TABLE 15-6 Chemical Buffers

(Review Figure 15-8 and Table 15-6.) . and Their Primary Roles
Translating...

= The relationship between pH and the members of the

H-CO5:HCO:s buffer pair is represented in the Henderson- Buffer System Major Functions

Hasselbalch equation: pH pK log [HCO: J/[CO:], with Carbonic Acid: Primary ECF buffer against non-

[CO2] reflecting [H2COs]. [HCOs] is controlled by the kid- Bicarbonate Buffer carbonic acid changes

neys; [CO:] is controlled by the lungs. pK is a constant at 6.1, System

and the normal ratio of [HCO: ]/[CO:] is 20/1 (the log of

which is 1.3), for a normal pH of 7.4. Protein Buffer Primary ICF buffer; also buffers

. - . System ECF

= The respiratory system normally eliminates metabolically

produced CO:so that COx-generated H does not accumu- Hemoglobin Buffer Primary buffer against carbonic

late in the body fluids. System acid changes

= When chemical buffers alone have been unable to imme-

) o ) Phosphate Buffer Important urinary buffer; also

diately minimize a pH change, the respiratory system re-

System buffers ICF

sponds within a few minutes by altering its rate of COzre-

moval. An increase in [H ] from sources other than CO2
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Gengral Aspegts,of Difilestion ‘Stfu dy C ard Stomach (pp. 600-613)

= The four basic digestive processes are motility, secretion, = Motility: Gastric motility includes filling, storage, mixing, and

digestion, and absorption. emptying. Gastric filling is facilitated by vagally mediated re-
ceptive relaxation of the stomach. Gastric storage takes place

= The three classes of energy-rich nutrients are digested into . - .
in the body of the stomach, where peristaltic contractions of

1 i foll : (1) Di h: in th . . .
absorbable units as follows: (1) Dietary carbohydrates in the the thin muscle walls are too weak to mix the contents. Gastric

form of the polysaccharides starch and glycogen are digested L . . .
mixing in the thick-muscled antrum results from vigorous peri-

into monosaccharides, mostly glucose. (Review Figure 16-1.) staltic contractions. (Review Figures 16-7 and 16-8.)

(2) Dietary proteins are digested into amino acids and a few

small polypeptides. (3) Dietary fats (triglycerides) are digested
into monoglycerides and free fatty acids.

= The digestive system consists of the digestive tract and ac-
cessory digestive organs (salivary glands, exocrine pancreas,

and biliary system). (Review Table 16-1.)

= The lumen of the digestive tract (a tube that runs from the
mouth to the anus) is continuous with the external environ-
ment, so its contents are technically outside the body; this ar-
rangement permits digestion of food without self-digestion
occurring in the process.

= The digestive tract wall has four layers. From innermost
outward, they are the mucosa, submucosa, muscularis ex-

terna, and serosa. (Review Figure 16-2.)

= Digestive activities are carefully regulated by synergistic
autonomous, neural (both intrinsic and extrinsic), and hor-
monal mechanisms to ensure that ingested food is maximally

made available to the body. (Review Figure 16-3.)

Mouth (pp. 596-598)

= Motility: Food enters the digestive system through the
mouth, where it is chewed and mixed with saliva.

u Secretion and digestion: The salivary enzyme, amylase, be-
gins to digest polysaccharides into the disaccharide maltose,
a process that continues in the stomach after swallowing. Sal-
ivary secretion is controlled by a salivary center in the me-
dulla, mediated by autonomic nerves to the salivary glands.
(Review Figures 16-1 and 16-4.)

w Absorption: No food is absorbed from the mouth.

Pharynx and Esophagus (pp. 598-600)

u Motility: The tongue propels the bolus of food to the rear
of the throat, which initiates the swallowing reflex. The swal-
lowing center in the medulla coordinates a complex group of
activities that result in closure of the respiratory passages and
propulsion of food through the pharynx and esophagus into
the stomach. (Review Figures 16-5 and 16-6.)

u Secretion, digestion, and absorption: The esophageal secre-
tion, mucus, is protective. No nutrient digestion or absorp-
tion occurs here.

https://translate.googleusercontent.com/translate_f

= Gastric emptying is influenced by factors in both the stom-
ach and duodenum. (1) Increased volume and fluidity of
chyme in the stomach promote emptying. (2) Fat, acid, hy-
pertonicity, and distension in the duodenum (the dominant
factors controlling gastric emptying) delay gastric emptying
until the duodenum is ready to process more chyme. They do
s0 by inhibiting stomach peristaltic activity via the enterogas-
tric reflex and the enterogastrones, secretin and cholecystoki-
nin (CCK), which are secreted by the duodenal mucosa. (Re-
view Figure 16-8 and Table 16-2.)

= Secretion: Gastric secretions into the stomach lumen in-
clude (1) HCI (from the parietal cells), which activates pepsin-
ogen; (2) pepsinogen (from the chief cells), which, once
activated, initiates protein digestion; (3) mucus (from the mu-
cous cells), which provides a protective coating; and (4) in-
trinsic factor (from the parietal cells), which is needed for vita-
min Bizabsorption. (Review Table 16-3 and Figures 16-9,
16-10, and 16-11.)

= The stomach also secretes the hormone gastrin, which
plays a dominant role in stimulating gastric secretion, and the
paracrines histamine and somatostatin, which stimulate and
inhibit gastric secretion, respectively. (Review Table 16-3.)

= Gastric secretion is increased before and during a meal via
excitatory vagal and intrinsic nerve responses along with the
stimulatory actions of gastrin and histamine. After the meal
empties, gastric secretion is reduced by withdrawal of stimu-
latory factors, release of inhibitory somatostatin, and inhibi-
tory actions of the enterogastric reflex and enterogastrones.
(Review Tables 16-4 and 16-5.)

» Digestion and absorption: Carbohydrate digestion continues
by swallowed salivary amylase in the body of the stomach.
Protein digestion is initiated by pepsin in the antrum of the
stomach, where vigorous peristaltic contractions mix the food
with gastric secretions, converting it to a thick liquid mixture
known as chyme. (Review Table 16-6, p. 624.) No nutrients
are absorbed from the stomach.

Pancreatic and Biliary Secretions (pp. 613-621)

= Pancreatic exocrine secretions and bile from the liver both
enter the duodenal lumen.

= Pancreatic secretions include (1) potent digestive enzymes
from the acinar cells, which digest all three categories of
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foodstuff; and (2) an aqueous NaHCO:s solution from the

duct cells, which neutralizes the acidic contents emptied into
the duodenum from the stomach. Secretin stimulates the
pancreatic duct cells, and CCK stimulates the acinar cells. (Re-
view Figures 16-12 and 16-13.)

= The pancreatic digestive enzymes include (1) the proteo-
Iytic enzymes trypsinogen, chymotrypsinogen, and procar-
boxypeptidase, which are secreted in inactive form and are
activated in the duodenal lumen on exposure to enterokinase
and activated trypsin; (2) pancreatic amylase, which contin-
ues carbohydrate digestion; and (3) lipase, which accom-
plishes fat digestion. (Review Table 16-6.)

= The liver, the body’s largest and most important metabolic
organ, performs many varied functions. Its contribution to di-
gestion is the secretion of bile, which contains bile salts. Bile
salts aid fat digestion through their detergent action (forming
a lipid emulsion) and facilitate fat absorption by forming wa-
ter-soluble micelles that carry the water-insoluble products of
fat digestion to their absorption site. (Review Figures 16-15
through 16-18 and 16-26)

= Between meals, bile is stored and concentrated in the gall-
bladder, which is stimulated by CCK to contract and empty
into the duodenum during meal digestion. After participating
in fat digestion and absorption, bile salts are reabsorbed and
returned via the hepatic portal system to the liver, where they
are resecreted and also act as a potent choleretic to stimulate
secretion of more bile. (Review Figures 16-14 and 16-16.)

= Bile also contains bilirubin, a derivative of degraded hemo-
globin, which is the major excretory product in the feces.

Small Intestine (pp. 621-633)

= Motility: Segmentation, the small intestine’s primary motil-
ity during digestion of a meal, thoroughly mixes the chyme
with digestive juices to facilitate digestion; it also exposes the
products of digestion to the absorptive surfaces. (Review Fig-
ure 16-19.) Between meals, the migrating motility complex
sweeps the lumen clean.

= Secretion: The juice secreted by the small intestine does
not contain any digestive enzymes. The enzymes synthesized
by the small intestine act within the brush-border membrane
of the epithelial cells. (Review Figures 16-24a and 16-25a.)

= Digestion: The small intestine is the main site for digestion
and absorption. Carbohydrate and protein digestion contin-
ues in the small-intestine lumen by the pancreatic enzymes
and is completed by the small-intestine brush-border en-
zymes (disaccaridases and aminopeptidases, respectively). Fat
is digested entirely in the small-intestine lumen, by pancreatic
lipase. (Review Table 16-6.)

u Absorption: The small-intestine lining is remarkably adapted
to its digestive and absorptive function. Its folds bear a rich
array of fingerlike projections, the villi, which have a multi-
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tude of even smaller hairlike protrusions, the microvilli (brush
border). Together, these surface modifications tremendously
increase the area available to house the membrane-bound
enzymes and to accomplish absorption. (Review Figures
16-21, 16-22, and 16-23.) This lining is replaced about every
three days to ensure it is optimally healthy despite harsh

lumen conditions.

= The energy-dependent process of Na absorption provides
the driving force for Cl , water, glucose, and amino acid ab-
sorption. All these absorbed products enter the blood. (Re-
view Figures 16-24b and 16-25b.)

= Because they are not soluble in water, the products of fat
digestion must undergo a series of transformations that en-
able them to be passively absorbed, eventually entering the
lymph. (Review Figure 16-26.)

= The small intestine absorbs almost everything presented to

it, from ingested food to digestive secretions to sloughed epi-
thelial cells. In contrast to the almost complete, unregulated
absorption of ingested nutrients, water, and most electrolytes,
the amount of iron and calcium absorbed is variable and sub-
ject to control. (Review Figure 16-27.) Only a small amount of
fluid and indigestible food residue passes on to the large in-
testine. (Review Table 16-7.)

Large Intestine (pp. 633—637)

= Motility: The colon (review Figure 16-28) concentrates and
stores undigested food residues (fiber; that is, plant cellulose)
and bilirubin until they can be eliminated in the feces. (Re-
view Figure 16-28.) Haustral contractions slowly shuffle the co-
lonic contents back and forth to mix and facilitate absorption

of most of the remaining fluid and electrolytes. Mass move-
ments several times a day, usually after meals, propel the fe-
ces long distances. Movement of feces into the rectum trig-

gers the defecation reflex.

u Secretion, digestion, and absorption: The alkaline mucus se-
cretion is protective. No secretion of digestive enzymes or ab-
sorption of nutrients takes place in the colon. Absorption of
some of the remaining salt and water converts the colonic
contents into feces.

Overview of the Gastrointestinal Hormones
(pp- 637-638)

= The three major gastrointestinal hormones are gastrin from
the stomach mucosa and secretin and cholecystokinin from the
duodenal mucosa. Gastrin is released primarily in response to
protein in the stomach, and its effects promote digestion of
protein. Secretin is released primarily in response to acid in
the duodenum, and its effects neutralize the acid. Cholecysto-
kinin is released primarily in response to fat in the duodenum,
and its effects optimize conditions for digesting fat.
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Epergy, Balance{pp. @1-650) Study C ard and promote eating, whereas satiety signals lead to the sensa-

tion of fullness and suppress eating. (Review Table 17-3.)

= Energy input to the body in the form of food energy must
= The arcuate nucleus of the hypothalamus plays a key role
equal energy output, because energy cannot be created or

destroyed. Energy output or expenditure includes (1) external in energy homeostasis by virtue of the two clusters of appe-

tite-regulating neurons it contains: neurons that secrete neu-

work, performed by skeletal muscles to move an external ob-
ropeptide Y (NPY), which increases appetite and food intake;

ject or move the body through the external environment;

and (2) internal work, which consists of all other energy- and. neurons tha.t seerete me?anocj)ﬂms, which suppress ap-
dependent activities that do not accomplish external work, petite and food intake. (Review Figure 17-2)

including active transport, smooth and cardiac muscle con- = Adipocytes in fat stores secrete the hormone leptin,

traction, glandular secretion, and protein synthesis. (Review which reduces appetite and decreases food consumption by

Figure 17-1.) inhibiting the NPY-secreting neurons and stimulating the

. . . lanocortins-secreti s of the arcuat leus. This

= Only about 25% of the chemical energy in food is har- me an(:O lfm.seae g Tleurons ot the arcuate r.luc cus. TS

nessed to do biological work. The rest is immediately con- fnccham.sm is important in the long.—tcv-n. maiching m_p energy
intake with energy output, thus maintaining body weight
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75% of the energy expended by working skeletal muscles is
lost as heat. Therefore, most of the energy in food ultimately
appears as body heat.

Energy input Energy output

Internal work
Metabolic
pool in body

Food energy

External work

Energy storage

= The metabolic rate (energy expenditure per unit of time)
is measured in kilocalories of heat produced per hour.

= The basal metabolic rate (BMR) is a measure of the body’s

minimal waking rate of internal energy expenditure.

= For a neutral energy balance, the energy in ingested food
must equal energy expended in performing external work
and transformed into heat. If more energy is consumed than
is expended, the extra energy is stored in the body, primarily
as adipose tissue, so body weight increases. By contrast, if
more energy is expended than is available in the food, body
energy stores are used to support energy expenditure, so
body weight decreases.

= Usually, body weight remains fairly constant over a pro-
longed period of time (except during growth) because food
intake is adjusted to match energy expenditure on a long-
term basis. Food intake is controlled primarily by the hypo-
thalamus by means of complex regulatory mechanisms in
which hunger and satiety are important components. Feed-
ing or appetite signals give rise to the sensation of hunger
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Temperature Regulation (pp. 650-657)

= The body can be thought of as a heat-generating core (in-
ternal organs, CNS, and skeletal muscles) surrounded by a

shell of variable insulating capacity (the skin).

= The skin exchanges heat energy with the external environ-
ment, with the direction and amount of heat transfer de-
pending on the environmental temperature and the momen-
tary insulating capacity of the shell. The four physical means
by which heat is exchanged are (1) radiation (net movement
of heat energy via electromagnetic waves); (2) conduction
(exchange of heat energy by direct contact); (3) convection
(transfer of heat energy by means of air currents); and

(4) evaporation (extraction of heat energy from the body by
the heat-requiring conversion of liquid Hz0 to H2O vapor).
Because heat energy moves from warmer to cooler objects,
radiation, conduction, and convection can be channels for ei-
ther heat loss or heat gain, depending on whether surround-
ing objects are cooler or warmer, respectively, than the body
surface. Normally, they are avenues for heat loss, along with

evaporation resulting from sweating. (Review Figure 17-4.)

= To prevent serious cell malfunction, the core temperature
must be held constant at about 100°F (equivalent to an aver-
age oral temperature of 98.2°F) by continuously balancing
heat gain and heat loss despite changes in environmental
temperature and variation in internal heat production. (Re-

view Figure 17-3.)

= This thermoregulatory balance is controlled by the hypo-
thalamus. The hypothalamus is apprised of the skin tempera-
ture by peripheral thermoreceptors and of the core tempera-
ture by central thermoreceptors, the most important of which
are located in the hypothalamus itself. (Review Figure 17-5.)

= The primary means of heat gain is heat production by
metabolic activity, the biggest contributor being skeletal mus-

cle contraction. (Review Figure 17-5.)

= Heat loss is adjusted by sweating and by controlling to the
greatest extent possible the temperature gradient between
the skin and surrounding environment. The latter is accom-
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Thermal energy
(heat)

over the long term. (Review Table 17-2 and Figure 17-2.)

= Insulin released by the endocrine pancreas in response to

increased glucose and other nutrients in the blood also inhib-

its the NPY-secreting neurons and contributes to long-term
Tramla"@@mm] of energy balance and body weight.

= NPY and melanocortins bring about their effects by
acting on the lateral hypothalamus area (LHA) and
paraventricular nucleus (PVN) to alter the release of
chemical messengers from these areas. The LHA se-
cretes orexins, which are potent stimulators of food in-
take, whereas the PVN releases neuropeptides such as
corticotropin-releasing hormone, which decrease food
intake. (Review Figure 17-2.)

= Short-term control of the timing and size of meals is

mediated primarily by the actions of two peptides se-

creted by the digestive tract. (1) Ghrelin, a mealtime

initiator, is secreted by the stomach before a meal and
signals hunger. Its secretion drops when food is consumed.
Ghrelin stimulates appetite and promotes feeding behavior by
stimulating the NPY-secreting neurons. (2) PYYs3, a mealtime
terminator, is secreted by the small and large intestines dur-
ing a meal and signals satiety. Its secretion is lowest before a
meal. PYYsssinhibits the NPY-secreting neurons. (Review Fig-
ure 17-2.)

= The nucleus tractus solitarius (NTS) in the brain stem
serves as the satiety center and in this capacity also plays a
key role in short-term control of meals. The NTS receives in-
put from the higher hypothalamic areas concerned with con-
trol of energy balance and food intake as well as input from
the digestive tract and pancreas. Satiety signals acting
through the NTS to inhibit further food intake include stom-
ach distension and increased CCK, a hormone released from
the duodenum in response to the presence of nutrients, espe-
cially fat, in the digestive tract lumen. (Review Figure 17-2.)

= Psychosocial and environmental factors can also influence
food intake above and beyond the internal signals that gov-

ern feeding behavior. (Review Figure 17-2.)

Change in skin temperature Change in core temperature

Peripheral Central
thermoreceptors thermoreceptors
in skin in hypothalamus,

abdominal organs,

and elsewhere

Hypothalamic centers
for thermoregulation
(body's thermostat)

Sympathetic Sympathetic
Motor neurons
nerves nerves

Smooth muscle in
Skeletal muscles TR Sweat glands
arterioles in skin

Voluntary Muscle tone, Vasoconstriction, .
. - . Sweating
changes in shivering vasodilation
behavior
Adjustments Adjustments in Adjustment in Adjustment in
in heat muscle activity loss or heat loss
production (in metabolic conservation
or heat loss heat production) of heat

= Conversely, in response to a rise in core temperature (re-
sulting either from excessive internal heat production accom-

panying exercise or from excessive heat gain on exposure to

68/73



04/08/2021

Page 92

plished by regulating the diameter of the skin’s arterioles.

(1) Skin vasoconstriction reduces the flow of warmed blood
through the skin so that skin temperature falls. The layer of
cool skin between the core and environment increases the in-
sulating barrier between the warm core and the external air.
(2) Skin vasodilation brings more warmed blood through the
skin so that skin temperature approaches the core tempera-
ture, thus reducing the insulative capacity of the skin. (Review
Figure 17-5.)

= On exposure to cool surroundings, the core temperature
starts to fall as heat loss increases, because of the larger-than-
normal skin-to-air temperature gradient. The posterior hypo-
thalamus responds to reduce the heat loss by inducing skin
vasoconstriction while simultaneously increasing heat produc-
tion through heat-generating shivering. (Review Table 17-4.)

Human

Gengral Bringiples of @ndoc & y Studvy))card

= Hormones are long-distance chemical messengers secreted
by the ductless endocrine glands into the blood, which trans-
ports the hormones to specific target cells where they control

a particular function by altering protein activity.

= Hormones are grouped into two categories based on dif-
ferences in their solubility and are further grouped according
to their chemical structure—hydrophilic hormones (peptide

hormones, iines, and ir ) and lipophilic

hormones (steroid hormones and thyroid hormone).

= The endocrine system is especially important in regulating
organic metabolism, H:O and electrolyte balance, growth,
and reproduction and in helping the body cope with stress.
(Review Figure 18-1 and Table 18-2, pp. 667-669.)

= Some hormones are tropic, meaning their function is to
stimulate and maintain other endocrine glands.

= The effective plasma concentration of each hormone is
normally controlled by regulated changes in the rate of hor-
mone secretion. Secretory output of endocrine cells is primar-
ily influenced by two types of direct regulatory inputs:

(1) neural input, which increases hormone secretion in re-
sponse to a specific need and governs diurnal variations in se-
cretion; and (2) input from another hormone, which involves
cither stimulatory input from a tropic hormone or inhibitory
input from a target-cell hormone in negative-feedback fash-
ion. (Review Figures 18-2, 18-3, and 18-7, p. 675.)

= The effective plasma concentration of a hormone can also
be influenced by its rate of removal from the blood by meta-
bolic inactivation and excretion and, for some hormones, by
its rate of peripheral activation or its extent of binding to

plasma proteins.

= Endocrine dysfunction arises when too much or too little
of any particular hormone is secreted or when there is de-
creased target-cell responsiveness to a hormone. (Review
Table 18-1.)

= Target-cell sensitivity to a given plasma concentration of a
hormone to which the target cell is responsive can be modi-
fied by (1) down regulation (number of target-cell receptors
decreases in the face of a prolonged increase in the hor-
mone), (2) permissiveness (one hormone increases the effec-
tiveness of another hormone), (3) synergism (combined ef-
fect of two hormones is greater than sum of their separate
effects), and (4) antagonism (one hormone decreases the ef-
fectiveness of another hormone).

Hypothalamus and Pituitary (pp. 670-677)

= The pituitary gland consists of two distinct lobes, the pos-
terior pituitary and the anterior pituitary. (Review Figure 18-4.)
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a hot environment), the anterior hypothalamus triggers heat-
loss mechanisms, such as skin vasodilation and sweating,
while simultaneously decreasing heat production, such as by
reducing muscle tone. (Review Table 17-4.)

. In-gaﬂ%lﬁﬁqu heat responses, voluntary behavioral ac-
tions also help maintain thermal homeostasis.

= A fever occurs when endogenous pyrogen released from
macrophages in response to infection raises the hypothalamic
set point. An elevated core temperature develops as the hy-
pothalamus initiates cold-response mechanisms to raise the
core temperature to the new set point. (Review Figure 17-6.)

= The hypothalamus, a portion of the brain, secretes nine
peptide hormones. Two are stored in the posterior pituitary,
and seven are carried through a special vascular link—the
hypothalamic—hypophyseal portal system—to the anterior pi-
tuitary, where they regulate the release of particular anterior
pituitary hormones. (Review Figures 18-5 and 18-8.)

= The posterior pituitary is a neural extension of the hypo-
thalamus. Cell bodies of neurosecretory neurons in the hypo-
thalamus synthesize two small peptide hormones, vasopressin
and oxytocin, which pass down the axon to be stored in

nerve terminals within the posterior pituitary. These hormones
are independently released from the posterior pituitary into
the blood in response to action potentials originating in the
hypothalamus. (Review Figure 18-5.)

= The anterior pituitary secretes six different peptide hor-
mones that it produces itself. Five anterior pituitary hormones
are tropic. (1) Thyroid-stimulating hormone (TSH) stimulates
secretion of thyroid hormone. (2) Adrenocorticotropic hor-
mone (ACTH) stimulates secretion of cortisol by the adrenal
cortex. (3 and 4) The gonadotropic hormones—follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)—
stimulate production of gametes (eggs and sperm) as well as
secretion of sex hormones. (5) Growth hormone (GH) stimu-
lates growth indirectly by stimulating liver secretion of IGF-1,
which in turn promotes growth. GH exerts metabolic effects
as well. (6) Prolactin stimulates milk secretion and is not

tropic to another endocrine gland. (Review Figure 18-6.)

= The anterior pituitary releases its hormones into the blood
at the bidding of releasing and inhibiting hormones from the
hypothalamus. The hypothalamus, in turn, is influenced by a

variety of neural and hormonal controlling inputs. (Review Ta-
ble 18-4 and Figures 18-7 and 18-8.)

= Both the hypothalamus and anterior pituitary are inhibited
in negative-feedback fashion by the product of the target en-
docrine gland in the hypothalamus—anterior pituitary—target-
gland axis. (Review Figure 18-7.)
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Endocrine Control of Growth (pp. 677-685)

= Growth depends not only on growth hormone and other
growth-influencing hormones such as thyroid hormone, insu-
lin, and the sex hormones but also on genetic determination,
an adequate diet, and freedom from chronic disease or stress.
Major growth spurts occur the first few years after birth and
during puberty. (Review Figure 18-9.)

= Growth hormone (GH) promotes growth indirectly by
stimulating liver production of an insulin-like growth factor,
IGF-I, which acts directly on soft tissues and bone to bring
about growth-promoting actions. The GH/IGF-I pathway
causes growth by stimulating protein synthesis, cell division,
and the lengthening and thickening of bones. (Review Figures
18-10 and 18-11.)

= Growth hormone also directly exerts metabolic effects un-
related to growth, such as conservation of carbohydrates and
mobilization of fat stores. (Review Figure 18-11.)

= Growth hormone secretion by the anterior pituitary is reg-
ulated by two hypothalamic hormones, growth hormone—
releasing hormone (GHRH) and growth hormone-inhibiting
hormone ( in). In negati dback fashion, IGF-I
and GH both inhibit GHRH and stimulate somatostatin.
(Review Figure 18-11.)

= Growth hormone levels are not highly correlated with pe-
riods of rapid growth. The primary signals for increased
growth hormone secretion are related to metabolic needs
rather than growth, namely, deep sleep (during diurnal

rhythm), exercise, stress, and low blood glucose.

Pineal Gland and Circadian Rhythms (pp. 685-687)

= The suprachiasmatic nucleus (SCN) is the body’s master
biological clock. Self-induced cyclic variations in the concen-
tration of clock proteins within the SCN bring about cyclic
changes in neural discharge from this area. Each cycle takes
about a day and drives the body’s circadian (daily) rhythms.

= The inherent rhythm of this endogenous oscillator is a bit
longer than 24 hours. Therefore, each day the body’s circa-
dian rhythms must be entrained or adjusted to keep pace
with environmental cues so that the internal rhythms are

synchronized with the external light-dark cycle.

= In the eyes, special photoreceptors that respond to light

but are not involved in vision send input to the SCN. Acting
through the SCN, the pineal gland’s secretion of the hor-
with the light-dark
cycle, decreasing in the light and increasing in the dark. Mel-

mone mel; in rhythmically f1
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Thyrpid Gland (pp. 6l —698)

Study Card

= The thyroid gland contains two types of endocrine secre-
tory cells: (1) follicular cells, which produce the iodide-
containing hormones, Ts(thyroxine or tetraiodothyronine)
and T (tri-iodothyronine), collectively known as thyroid hor-
mone; and (2) C cells, which synthesize a Ca:-regulating

hormone, calcitonin. (Review Figure 19-1.)

= Most steps of thyroid hormone synthesis take place on
large thyroglobulin molecules within the colloid, an “inland”
extracellular site within the interior of the spherical thyroid
follicles. Dietary iodine is transported as iodide (I ) from the
blood into the follicular cells by the iodide pump, an energy-
dependent symporter. From the follicular cells, I enters the
colloid where it iodinates the amino acid tyrosine within thy-
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Exercise, stress, Blood amino acids,

blood glucose

Major Blood fatty acids Minor

inputs inputs

Diurnal thythm Ghrelin

Hypothalamus

Somatostatin (growth Growth hormone —

hormone -inhibiting releasing hormone.

hormone; GHIH) (GHRH)

Anterior pituitary somatotrope

Growth hormone

Liver Metabolic actions

unrelated to growth

fat breakdown
(blood fatty acids)
IGF-1 glucose uptake by
muscles
(blood glucose)

glucose output by

Growth-promoting actions: ;
iver

cell division (blood glucose)
protein synthesis

(blood amino acids)

bone growh

*These factors all increase growth hormone secretion, but it is unclear whether
they do so by stimulating GHRH or inhibiting GHIH somatostatin, or both.

atonin, in turn, is believed to synchronize the body’s natural
circadian rhythms, such as diurnal (day—night) variations in

hormone secretion and body temperature, with external cues
such as the light-dark cycle.

= Other proposed roles for melatonin include (1) promoting
sleep; (2) influencing reproductive activity, including the on-
set of puberty; (3) acting as an antioxidant to remove dam-
aging free radicals; and (4) enhancing immunity.

= Cortisol helps regulate fuel metabolism and is important in
stress adaptation. It increases blood levels of glucose, amino
acids, and fatty acids and spares glucose for use by the
glucose-dependent brain. The mobilized organic molecules
are available for use as needed for energy or repair. Cortisol
secretion is regulated by a negative-feedback loop involving
hypothalamic CRH and pituitary ACTH. Stress is the most po-
tent stimulus for increasing activity of the CRH-ACTH-cortisol
axis. Cortisol also displays a characteristic diurnal rhythm.
(Review Figures 18-3, p. 665; 18-7, p. 675; 19-9; and 19-13
and Table 19-2, p. 708.)

= Dehydroepiandrosterone (DHEA) governs the sex drive and
growth of axillary and pubertal hair in females. It has no ob-

servable effect in males, in whom it is overpowered by testos-
terone. DHEA is under control of CRH/ACTH but negatively



roglobulin, yielding monoiodothyronine (MIT) and di-iodo-
thyronine (DIT). Coupling of MIT and DIT produces T; cou-
pling of two DITs produces Ts. Thyroid hormone is secreted
by follicular cells phagocytizing a piece of colloid and freeing
Tsand Ts, which enter the blood. (Review Figure 19-2.)

= Thyroid hormone is the primary determinant of the overall
metabolic rate of the body. By accelerating metabolic rate, it
increases heat production. It also enhances the actions of the
sympathetic catecholamines and is essential for normal growth
and for development and function of the nervous system.

= Thyroid hormone secretion is regulated by a negative-
feedback system between hypothalamic TRH, anterior pitu-
itary TSH, and thyroid gland Tsand Ts. The feedback loop
maintains thyroid hormone levels relatively constant. Cold ex-
posure in newborn infants is the only input for increasing TRH
and thus thyroid hormone secretion. (Review Figure 19-3.)

Adrenal Glands (pp. 698-707)

= Each adrenal gland (of the pair) consists of two separate
endocrine organs—an outer, steroid-secreting adrenal cortex
and an inner, catecholamine-secreting adrenal medulla. (Re-
view Figure 19-7.)

= Each steroid hormone is produced by stepwise modifica-
tions of cholesterol via specific enzymes present in a given ste-
roidogenic endocrine gland. The adrenal cortex has enzymes

to produce three categories of steroid hormones: mineralocor-
ticoids (primarily aldosterone), glucocorticoids (primarily corti-
sol), and adrenal sex hormones (primarily the weak androgen,
dehydroepiandrosterone). (Review Figure 19-8.)

= Aldosterone regulates Na and K balance and is impor-

tant for blood pressure homeostasis, which is achieved sec-
ondarily by the osmotic effect of Na in maintaining the
plasma volume, a lifesaving effect. Control of aldosterone se-
cretion is related to Na and K balance and to blood pres-

sure regulation and is not influenced by ACTH. Aldosterone is
controlled by the renin—angiotensin-aldosterone system
(RAAS) and by a direct effect of K on the adrenal cortex.
(Review Figure 14-22, p. 535).

derived from proteins are primarily used for synthesis of struc-
tural and enzymatic proteins. (Review Tables 19-3 and 19-4
and Figure 19-14.)

= During the absorptive state following a meal, excess ab-
sorbed nutrients not immediately needed for energy produc-
tion or protein synthesis are stored to a limited extent as gly-
cogen in the liver and muscle but mostly as triglycerides in
adipose tissue. During the postabsorptive state between meals
when no new nutrients are entering the blood, the glycogen
and triglyceride stores are catabolized to release nutrient mol-
ecules into the blood. If necessary, body proteins are de-
graded to release amino acids for conversion into glucose
(gluconeogenesis). The blood glucose concentration must be
maintained above a critical level even during the postabsorp-
tive state because the brain depends on blood-delivered glu-
cose as its energy source. Tissues not dependent on glucose
switch to fatty acids as their metabolic fuel, sparing glucose
for the brain. (Review Table 19-5.)

= Blood glucose concentration is controlled by factors that
regulate glucose uptake by cells and glucose output by the
liver. (Review Figure 19-16.)

= The shifts in metabolic pathways between the absorptive
and postabsorptive state are controlled by hormones, the
most important being insulin. Insulin is secreted by the cells
of the islets of Langerhans, the endocrine portion of the pan-
creas. (Review Figure 19-15 and Table 19-6.)

= Insulin is an anabolic hormone; it promotes the cellular
uptake of glucose, fatty acids, and amino acids and enhances
their conversion into glycogen, triglycerides, and proteins, re-
spectively. In so doing, it lowers the blood concentrations of
these small organic molecules. Insulin secretion is increased
during the absorptive state, primarily by a direct effect of an
elevated blood glucose on the cells via excitation-secretion
coupling. Insulin directs nutrients into cells during this state.
(Review Figures 19-17 through 19-21.)

= Glucagon, secreted by the pancreatic cells, mobilizes the
energy-rich molecules from their stores during the postab-

sorptive state. Glucagon, which is secreted in response to a
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feeds back to the gonadotropin loop.

= The adrenal medulla consists of modified sympathetic
postganglionic neurons known as chromaffin cells, which se-
crete the catecholamine epinephrine into the blood in re-
Tr?;mtitggympathetic stimulation. (Review Figure 7-2, p. 239.)
Epinephrine reinforces the sympathetic system in mounting
fight-or-flight responses and in maintaining arterial blood
pressure. It also increases blood glucose and blood fatty acids.
The primary stimulus for increased epinephrine secretion is
activation of the sympathetic system by stress. (Review Table
19-2 and Figure 19-13.)

Integrated Stress Response (pp. 707-710)

= The term stress refers to the generalized nonspecific re-
sponse of the body to any factor that overwhelms, or threat-
ens to overwhelm, the body’s compensatory ability to main-
tain homeostasis. The term stressor refers to any noxious
stimulus that elicits the stress response. (Review Figure 19-12.)

= In addition to specific responses to various stressors, all
stressors produce a similar generalized stress response: (1) in-
creased sympathetic and epinephrine activity, which prepares
the body for fight-or-flight; (2) activation of the CRH-ACTH-
cortisol axis, which helps the body cope with stress by mobi-
lizing metabolic resources; (3) elevation of blood glucose and
fatty acids through decreased insulin and increased glucagon
secretion; and (4) maintenance of blood volume and blood
pressure through increased activity of RAAS and vasopressin.
All these actions are coordinated by the hypothalamus.
(Review Figure 19-13 and Table 19-2.)

Endocrine Control of Fuel Metabolism (pp. 710-726)

= Intermediary or fuel metabolism is, collectively, the synthe-
sis (anabolism), breakdown (catabolism), and transformations
of the three classes of energy-rich organic nutrients—
carbohydrate, fat, and protein—within the body. Glucose and
fatty acids derived from carbohydrates and fats, respectively,
are primarily used as metabolic fuels, whereas amino acids

balance—and depends on hormonal control of exchanges
between the ECF and three compartments: bone, kidneys,
and intestine. Regulation of Ca: homeostasis, maintenance of
a constant free plasma Ca: concentration, involves rapid ex-
changes between bone and the ECF and to a lesser extent to
adjustments in urinary Ca:excretion. Regulation of Ca:bal-
ance, maintenance of a constant total amount of Ca: in the
body, is accomplished by adjustments in Ca:absorption

from the intestine and urinary Ca: excretion.

= Bone consists of an organic extracellular matrix, the oste-
oid, which is hardened by precipitation of calcium phosphate
crystals. Bone constantly undergoes remodeling by means of
bone-dissolving osteoclasts and bone-building osteoblasts.
Entombed osteocytes are “retired” osteoblasts that have de-
posited bone around themselves. Osteoblasts and osteocytes
are interconnected by long cytoplasmic arms that extend
through the tiny canals that permeate the hardened bone,
forming a continuous osteocytic-osteoblastic bone mem-
brane. (Review Figures 19-23 and 19-24.)

= Three hormones regulate the plasma concentration of
Caz(and concurrently regulate PO s)—parathyroid hor-

mone (PTH), calcitonin, and vitamin D.

= PTH, whose secretion is directly increased by a fall in

plasma Ca: concentration, acts directly on bone and kidneys
and indirectly on the intestine to raise plasma Caz. In so do-
ing, it is essential for life by preventing the fatal consequences
of hypocalcemia. PTH promotes Ca: movement across the
osteocytic-osteoblastic bone membrane from the bone fluid
into the plasma in the short term and promotes localized dis-
solution of bone in the long term by enhancing osteoclasts

and suppressing osteoblasts. (Review Figures 19-24 and 19-25.)

= Dissolution of the calcium phosphate bone crystals releases
PO: :as well as Ca:into the plasma. PTH acts on the kid-
neys to enhance the reabsorption of filtered Cax, thereby re-
ducing the urinary excretion of Ca:and increasing its

plasma concentration. Simultaneously, PTH reduces renal

PO. sreabsorption, in this way increasing PO« 3 excretion
and lowering plasma POs slevels. This is important because
arise in plasma PO swould force the redeposition of some
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direct effect of a fall in blood glucose on the cells, in gen-
eral opposes the actions of insulin. (Review Figures 19-15,

19-20, and 19-21.)

Endocrine Control of Calcium Metabolism
(pp- 726-737)

= Changes in the concentration of free, diffusible plasma

Cay, the biologically active form of this ion, produce pro-
found and life-threatening effects, most notably on neuro-
muscular excitability. Hypercalcemia reduces excitability,
whereas hypocalcemia brings about overexcitability of nerves
and muscles. If the overexcitability is severe enough, fatal

spastic contractions of respiratory muscles can occur.

= Control of Ca: metabolism involves two aspects—
regulation of Ca:homeostasis and regulation of Caz

Unigpengssiof-the Loddict I&Sﬁudy@ard

= Both sexes produce gametes (reproductive cells), sperm in
males and ova (eggs) in females, each of which bears one

member of each of the 23 pairs of chromosomes present in hu-
man cells. Union of a sperm and an ovum at fertilization results

in the beginning of a new individual with 23 complete pairs of

chromosomes, half from each parent. (Review Figure 20-3.)

= The reproductive system is anatomically and functionally
distinct in males and females. Males produce sperm and de-
liver them into the female. Females produce ova, accept
sperm delivery, and provide a suitable environment for sup-
porting development of a fertilized ovum until the new indi-

vidual can survive on its own in the external world.

= In both sexes, the reproductive system consists of (1) a pair
of gonads, testes in males and ovaries in females, which are
the primary reproductive organs that produce the gametes
and secrete sex hormones; (2) a reproductive tract composed
of a system of ducts that transport and/or house the gametes
after they are produced; and (3) accessory sex glands that
provide supportive secretions for the gametes. The external
genitalia are the externally visible parts of the reproductive
system. (Review Figures 20-1 and 20-2.) Secondary sexual
characteristics are the distinguishing features between males
and females not directly related to reproduction.

u Sex determination is a genetic phenomenon dependent on
the combination of sex chromosomes at the time of fertiliza-

tion: An XY combination is a genetic male, and an XX combi-

nation, a genetic female. Sexual differentiation refers to the

embryonic development of the gonads, reproductive tract,

and external genitalia along male or female lines, which gives

rise to the apparent anatomic sex of the individual. In the

presence of masculinizing factors, a male reproductive system
develops; in their absence, a female system develops. (Review

Figures 20-4, 20-5, and 20-6.)

Male Reproductive Physiology (pp. 749-758)

= The testes are located in the scrotum. The cooler tempera-
ture in the scrotum than in the abdominal cavity is essential
for spermatogenesis (sperm production), which occurs in the
testes” highly coiled seminiferous tubules. Leydig cells in the
interstitial spaces between these tubules secrete the male sex
hormone testosterone into the blood. (Review Figure 20-7
and 20-8.)

= Testosterone is secreted before birth to masculinize the de-
veloping reproductive system; then its secretion ceases until
puberty, at which time it begins once again and continues
throughout life. Testosterone is responsible for maturation
and maintenance of the entire male reproductive tract, for
development of secondary sexual characteristics, and for
stimulating libido. (Review Table 20-1.)

= The testes are regulated by the anterior pituitary gonado-
tropic hormones, luteinizing hormone (LH) and follicle-

stimulating hormone (FSH), which are under control of hypo-
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of the plasma Ca:back into the bone. (Review Figure 19-28.)

= PTH faciljtates activation of vitamin D, which in turn stimu-
lates Cazand PO sabsorption from the intestine. The skin
can synthesize vitamin D from cholesterol when exposed to
sunili—éﬁ{} ?)Ilﬂqpe(éﬁi'em]y this endogenous source is inade-

quate, so vitamin D must be supplemented by dietary intake.
From either source, vitamin D must be activated first by the

liver and then by the kidneys (the site of PTH regulation of vi-
tamin D activation) before it can exert its effect. (Review Fig-
ures 19-26 and 19-27.)

= Calcitonin, a hormone produced by the C cells of the thy-
roid gland, is secreted in response to an increase in plasma
Cazand lowers plasma Ca: by inhibiting activity of bone
osteoclasts. Calcitonin is unimportant except during the rare
condition of hypercalcemia. (Review Figure 19-25.)

thalamic gonadotropin-releasing hormone (GnRH). (Review
Figure 20-10.)

= Testosterone secretion is regulated by LH stimulation of the
Leydig cells, and in negative-feedback fashion, testosterone
inhibits LH secretion. (Review Figure 20-10.)

= Sper is requires both one and FSH. Tes-

tosterone stimulates the mitotic and meiotic divisions required

to transform the undifferentiated diploid germ cells, the sper-

matogonia, into undifferentiated haploid spermatids. FSH

stimulates the remodeling of spermatids into highly specialized

motile spermatozoa. (Review Figures 20-7, 20-8, and 20-10.)

= A spermatozoon consists only of a DNA-packed head bear-
ing an enzyme-filled acrosome at its tip for penetrating the
ovum, a midpiece containing the mitochondria for energy

production, and a whiplike motile tail. (Review Figure 20-9.)

= Also present in the seminiferous tubules are Sertoli cells,
which protect, nurse, and enhance the germ cells throughout
their development. Sertoli cells also secrete inhibin, a hor-
mone that inhibits FSH secretion, completing the negative-
feedback loop. (Review Figures 20-7b and d and 20-10.)

= The still immature sperm are flushed out of the seminifer-
ous tubules into the epididymis by fluid secreted by the Ser-
toli cells. The epididymis and ductus deferens store and con-
centrate the sperm and increase their motility and fertility
prior to ejaculation. During ejaculation, the sperm are mixed
with secretions released by the accessory glands. (Review
Table 20-2 and Figure 20-7.)

u The seminal vesicles supply fructose for energy and prosta-
glandins, which promote smooth muscle motility in both the
male and female reproductive tracts to enhance sperm trans-
port. The seminal vesicles also contribute the bulk of the se-
men. The prostate gland contributes an alkaline fluid to neu-

tralize the acidic vaginal secretions. The bulbourethral glands

release lubricating mucus.

Sexual Intercourse between Males and Females
(pp. 759-764)

= The male sex act consists of erection and ejaculation,
which are part of a much broader systemic sexual response
cycle. (Review Table 20-4.)

= Erection is a hardening of the normally flaccid penis that
enables it to penetrate the female vagina. Erection is accom-
plished by marked vasocongestion of the penis brought about

by reflexly induced vasodilation of the arterioles supplying the

penile erectile tissue. (Review Figures 20-12 and 20-13.)

= When sexual excitation reaches a critical peak, ejaculation

occurs. It consists of two stages: (1) emission, the emptying of

semen (sperm and accessory sex gland secretions) into the ure-

thra; and (2) expulsion of semen from the penis. The latter is

accompanied by a set of characteristic systemic responses and

intense pleasure referred to as orgasm. (Review Table 20-4.)
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= Females experience a sexual response cycle similar to that
of males, with both having excitation, plateau, orgasmic, and
resolution phases. Like the penis, the highly vascular clitoris
undergoes erection (but not ejaculation). (Review Figure
20-12.) During sexual response, the outer portion of the va-
gina constricts to grip the penis, and the inner part expands
to create space for sperm deposition.

Female Reproductive Physiology (pp. 764-796)

= In the nonpregnant state, female reproductive function is
controlled by a complex, cyclic, negative-feedback control
system between the hypothalamus (GnRH), anterior pituitary
(FSH and LH), and ovaries (estrogen, progesterone, and in-
hibin). During pregnancy, placental hormones become the
main controlling factors.

= The ovaries perform the dual and interrelated functions of
oogenesis (producing ova) and secretion of estrogen and pro-
gesterone. (Review Table 20-6, p. 794.) Two related ovarian
endocrine units sequentially accomplish these functions: the

follicle and the corpus luteum.

= The same steps in chromosome replication and division
take place in oogenesis as in spermatogenesis, but the timing
and end result are markedly different. Spermatogenesis is ac-
complished within two months, but the similar steps in 0o-
genesis take anywhere from 12 to 50 years to complete on a
cyclic basis from the onset of puberty until menopause. A fe-
male is born with a limited, nonrenewable supply of germ
cells, whereas postpubertal males can produce several hun-
dred million sperm each day. Each primary oocyte yields only
one cytoplasm-rich ovum along with three doomed
cytoplasm-poor polar bodies that disintegrate, whereas each
primary spermatocyte yields four equally viable spermatozoa.
(Review Figures 20-14, 20-15, and Figure 20-8, p. 753.)

= Oogenesis and estrogen secretion take place within an
ovarian follicle during the first half of each reproductive cycle
(the follicular phase) under the influence of FSH, LH, and
estrogen. (Review Figures 20-16 through 20-20.)

= At approximately midcycle, the maturing follicle releases a
single ovum (ovulation). Ovulation is triggered by an LH surge
brought about by the high level of estrogen produced by the
mature follicle. (Review Figures 20-16, 20-18, and 20-21.)

= LH converts the empty follicle into a corpus luteum (CL),
which produces progesterone and estrogen during the last
half of the cycle (the luteal phase). This endocrine unit pre-
pares the uterus for implantation if the released ovum is fertil-
ized. (Review Figures 20-16, 20-18, and 20-22.)

= If fertilization and implantation do not occur, the CL de-
generates, withdrawing hormonal support for the highly de-
veloped uterine lining, causing it to disintegrate and slough,
producing menstrual flow. Simultaneously, a new follicular
phase is initiated. (Review Figures 20-16 and 20-18.)

= Menstruation ceases and the uterine lining (endometrium)
repairs itself under the influence of rising estrogen levels from
the newly maturing follicle. (Review Figure 20-18.)
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Translating...

= If fertilization does take place, it occurs in the oviduct as
the released egg and sperm deposited in the vagina are both
transported to this site. (Review Figures 20-23 through 20-25.)

= The fertilized ovum begins to divide mitotically. Within a
week it grows and differentiates into a blastocyst capable of

implantation. (Review Figure 20-26.)

= Meanwhile, the endometrium has become richly vascular-
ized and stocked with stored glycogen under the influence of
luteal-phase progesterone. (Review Figure 20-18.) Into this es-
pecially prepared lining the blastocyst implants by means of
enzymes released by the trophoblasts, which form the blasto-
cyst’s outer layer. These enzymes digest the nutrient-rich en-
dometrial tissue, accomplishing the dual function of carving a
hole in the endometrium for implantation of the blastocyst
while simultaneously releasing nutrients from the endometrial
cells for use by the developing embryo. (Review Figure 20-27.)

= After implantation, an interlocking combination of fetal and
maternal tissues, the placenta, develops. The placenta is the or-
gan of exchange between maternal and fetal blood and also
acts as a transient, complex endocrine organ that secretes a
number of hormones essential for pregnancy. Human chorionic
gonadotropin (hCG), estrogen, and progesterone are the most
important of these hormones. hCG maintains the CL of preg-
nancy, which secretes estrogen and progesterone during the
first trimester of gestation until the placenta takes over this
function in the last two trimesters. High levels of estrogen and
progesterone are essential for maintaining a normal pregnancy.
(Review Figures 20-28, 20-30, and 20-31 and Table 20-5.)

= At parturition, rhythmic contractions of increasing
strength, duration, and frequency accomplish the three
stages of labor: dilation of the cervix, birth of the baby, and
delivery of the placenta (afterbirth). (Review Figure 20-33.)

= Parturition is initiated by a complex interplay of multiple
maternal and fetal factors. Once the contractions are initiated
at the onset of labor, a positive-feedback cycle is established
that progressively increases their force. As contractions push
the fetus against the cervix, secretion of oxytocin, a powerful
uterine muscle stimulant, is reflexly increased. The extra oxy-
tocin causes stronger contractions, giving rise to even more
oxytocin release, and so on. This positive-feedback cycle pro-
gressively intensifies until cervical dilation and delivery are
complete. (Review Figure 20-32.)

= During gestation, the breasts are specially prepared for lac-
tation. The elevated levels of placental estrogen and proges-
terone, respectively, promote development of the ducts and

alveoli in the mammary glands. (Review Figure 20-34.)

= Prolactin stimulates the synthesis of enzymes essential for
milk production by the alveolar epithelial cells. However, the
high gestational level of estrogen and progesterone prevents
prolactin from promoting milk production. Withdrawal of the
placental steroids at parturition initiates lactation.

= Lactation is sustained by suckling, which triggers the re-
lease of oxytocin and prolactin. Oxytocin causes milk ejection
(letdown) by stimulating the myoepithelial cells surrounding
the alveoli to squeeze the secreted milk out through the

ducts. Prolactin stimulates secretion of more milk to replace
the milk the baby nurses. (Review Figures 20-34 and 20-35.)
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