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under major entry.

INVERTEBRATES

Annelida, 127-128
Hirudinea (leeches), 130
Oligochaetes, 127-128
Polychaetes, 127-128, 130
Flabelliderma, 128
Nephtys californensis, 128
Nereis virens, 128
Sabellaria cementarium, 128
Scoloplos armiger, 130
Arthropoda, 113, 128, 130, 137
Arachnida
spiders, 102
tarantulas, 102
Crustacea
Artemia, 131-133, 136
crayfish, 134
Ligia exotica, 131
lobster, 133
Metapenaeus ensis, 133—134
Panulirus, 133
Procambarus clarkii, 133-135
Insecta, 104, 137, 143
cockroach, 137
Drosophila, 7-11, 17
Manduca sexta, 137-138
Merostomata (horshoe crabs)
Limulus polyphemus, 131, 133
Echinodermata, 128, 140-142
Aspidochirotida, 140
Asterias forbsii, 114
Asterias rubens, 141
asteroids, 141-143
echinoides, 141
Echinus milaris, 141
Holothuroids (sea cucumbers), 140, 142
Holothuria, 140
Poronia pulvillus, 141
Stichopus moebii, 140-141
Strongylocentrotus purpuratus, 141
Hemichordata, 128, 142-143
Balanoglossus, 142

Schizocardium brasiliense, 142
Mollusca, 102, 128, 137-139
bivalves, 138
cephalopods, 106, 138-140
Nautilus, 139
octopus, 106
squid, 106, 139
gastropods, 9, 138
Crepidula, 139
Littorina, 139
Llyanassa (Nassarius), 139
Protostomes, 127-128
Urochordata (sea squirts), 142-143

VERTEBRATES

Amphibia, 36, 76, 81, 91, 105, 110-111, 119, 124,
157, 179-182, 235, 240, 244-245
anurans (frogs, toads), 74, 167-171, 173, 179, 182,
229,234
bullfrog, 170, 172-178, 180, 229-231, 233
coqui (Eleutherodactylus coqui), 172-173, 227,
235
Limnodynastes tasmaniensis, 247
Pseudis paradoxus, 175, 177, 229
Pseudophryne bibroni, 234
Rana, 171
Rana berlandierei, 229
Rana catesbeiana, 170, 172-178, 180, 229-231,
233
Rana palustris, 233, 247
Xenopus laevis, 10, 54, 74, 106, 108, 118, 123,
125, 149, 171-173, 227, 248
apodans (caecilians), 167, 169, 171
Rhyacotriton, 169
Typhlonectes compressicaudus, 169
urodeles, 108-109, 167-169, 171, 179
Ambystoma maculatum, 229
Ambystoma mexicanum (Siredon mexicanum),
108, 180, 248
Ambystoma tigrinum, 108-109, 177-178, 229,
232,247
axolotl, 108, 180, 248
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Amphibia (continued) Teleostei, 107, 147, 253
Chioglossa, 169 Alosa sapadissima, 147
Cryptobranchus alleganiensis, 169 Antarctic icefish, 103
Desmognathus fuscus, 248 Arctic char (Salvelinus alpinus), 147, 154,
mud puppy (Necturus maculosus), 108, 169 162, 230, 233
Plethodontidae, 169 Atlantic salmon, 149, 154, 156-158, 162—-163
salamanders, 107-108, 167, 169, 229, 232 blue acara cichlid (Aequidens pulcher), 157
Salamandrina, 169 brook trout (Salvelinus fontinalis), 162
Siphonops annulatus, 169 brown trout (Salmo trutta), 155
Siren intermedia, 169 chinook salmon (Oncorhynchus tshawytscha),
Aves (birds), 34, 68, 81, 95, 101, 105, 111, 113, 170, 145, 149, 152, 157-158, 160, 238, 246
180, 182, 192, 201, 209, 242, 244, 252 Cyprinidae, 14
chick embryo, 15, 19, 25, 32-33, 39, 45, 48-49, 63, Cyprinodon macularis, 238
65, 67, 70, 72-78, 81-82, 85-86, 89-90, 92, diamond killifish (Adina xenicai), 149-150
94-96, 114, 118-121, 123-125, 166, 177, dolphinfish (Coregonus clupeaformis), 147,
179, 193, 197-198, 202, 204-205, 234, 152
236-237, 248, 260-261, 263-264 Fundulus heteroclitus, 147, 157
Gallus domesticus, 31, 35-37, 193 golden mullet (Liza auratus), 157
guinea fowl, 250 halibut (Hippoglossus hippoglossus), 152, 155
quail, 39, 188, 252 largemouth bass, Micropterus salmoides, 230
quail-chicken chimeras, 36-38 lingcod (Ophiodon), 106
Branchiostoma (formerly Amphioxus), 103-104, 106 Monopterus albus, 233
Mammalia, 91, 102, 105, 107, 109-113, 119, 170, northern logperch (Percina caprodes semifas-
182, 192, 242, 244 ciata), 149-150
dog, 22, 25, 32, 40, 78, 217 Oncorhynchus keta, 147
giraffe, 102 orange chromide (Etroplus maculatusi), 233
goat, 254 pike (Esox lucius), 147
primates platyfish (Platypoecilus maculatus), 147, 149
human, 18, 22, 24-25, 29-31, 33-34, 37, 40, 66, rainbow trout (formerly Salmo gairdneri, now
75, 88, 103, 106, 123, 217, 253-255, 270, Oncorhynchus mykiss), 110, 146-148, 151,
281 154-155, 157, 159-163
monkey, 254 skipjack tuna, 103, 113
rabbit, 19, 21-22, 24-25, 33, 254 smallmouth bass (Micropterus dolomieui),
Rodentia (rodents), 29, 31, 34 230
guinea pig, 20-22, 24-25, 68, 211, 254 striped mullet (Mugil cephalus), 238
hamster, 20 walleye (Stizostedion vitreum), 149, 152-154
mouse, 10-11, 14-15, 32, 39, 49, 66-67, 69, weather loach (Misgurnus fossilis), 231, 233
71-72,74, 76, 81, 89, 116, 120-121, 166, white sucker (Catostomus commersoni), 147,
260, 263 227
rat, 18-20, 22, 25, 32, 36-40, 42, 48, 50, 52, 66, zebra fish (Brachydanio rerio) 14-27,74, 114,
68,71, 74, 81, 88, 91-93, 95, 120, 123 145-147, 153, 155-156, 166, 232, 248
sheep, 20-21, 78, 96, 180, 211-212, 214-217, Reptilia, 76, 105, 111-113, 170, 180, 182-183, 244,
219-222, 253-255, 272 252-253
Pisces (fishes), 14, 35-37, 81, 106, 110-111, 113, Chelonia (turtles and tortoises), 102, 184—185,
120, 166, 180, 240, 244-245 187-189, 192, 230, 252
Agnatha, 147 Chrysemys, 106
Geotria australis, 153 Florida red-bellied turtle (Pseudemys nelsoni),
hagfish, 108 189, 230, 234
lamprey, 147, 153 snapping turtle (Chelonia mydasl), 189, 252
Chondrichthyes, 147 tortoise (Testudo), 106
elasmobranchs, 36, 108, 153, 155, 253 Crocodilia (alligators and crocodiles), 112-113,
little skate (Raja erinacea), 147, 153-157, 160, 184, 188-189, 192
227-228,233 alligator (Alligator mississippiensis), 106, 183,
shark 189-191
Scyllium stellare, 147 Crocodylus porosus, 189
Squalus acanthias, 106-107, 147 Lacertilia (lizards), 107, 184—185, 188
Osteichthyes, 14, 147 gecko, 252
Chondrostei, 147 Iguana, 106
Acipenser, 147 varanids (Varanus), 106, 185
Polyodon spathula, 147 Ophidia (snakes), 184-185, 187-189
Dipnoi (lungfish), 111, 233 garter snake (Thamnophis), 106
Neoceratodus, 106 kingsnake (Lampropeltus geletus), 190-191
Protopterus, 106-107 rattlesnake (Crotalus viridis oreganus), 189, 231
Holostei, 147 Rhynchocephalia (tuatara)
Amia calva, 147 (Sphenodon), 184-185, 187
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acardia, 137 septation of, aortopulmonary, 263-264

acetylcholine (see also cholinergic receptors and
vasomotion), 202
acidic fibroblast growth factor (aFGF), 40
acidity, developmental influences of, 238
acidosis, 33-34
actin, 30-31, 34, 119
actomyosin ATPase activity, 32
adenosine, 219
adenosine triphosphate (ATP), 18
adenylate cyclase, 91
adhesion molecules, 60
adrenal glands, 88, 212
adrenaline (see epinephrine)
adrenergic excitatory nerve fibers, 172
adrenergic receptors, 84, 86, 92, 157, 177, 228
a-1,92
B, 82, 86, 89, 91, 174, 202
sensitivity of, 202
afterload, 72, 80, 190, 213-214, 218, 280
alary ligaments and muscle, 7, 8, 130-131, 137
alimentary tract, 127, 142
alligiel syndrome, 282
allometry, 149, 172
aluminum, developmental influences of, 238
anamniotes, 244, 253
anesthetics, 253, 280
angioblasts, 14, 35-36, 40, 58
angiogenesis, 35, 37, 40, 57-58, 180, 234, 274
angiogenic growth factors, 223
angiotensin II, 48, 52-53
anoxia, 102
aorta and aortic arches, 38, 40, 42, 81, 107, 148, 151,
184, 192, 196, 205, 207, 211, 259
anterior, 131, 137
ascending, 214, 262, 270
coarctation of, 275
descending, 270
dorsal, 59, 67, 80-81, 104, 108, 112, 148, 170,
206-207
hyoid, 151
malformations of, 260, 263, 273-274
origin of, 122
posterior, 131, 133

stenosis of, 277
ventral, 170
aortopulmonary window, 272, 274
arachidonic acid, 280
arches
branchial, 170-171, 187
pharyngeal, 89, 260, 263
pulmocutaneous, 167, 170, 171
pulmonary, 206-207
area vasculosa, 248, 251
arterial blood gases, 219, 221
arterial pole, 261
arteries
elastance of, 83-84
remodeling of, 108-109
transposition of great (TGA), 259, 263, 271, 272,
275-277
artery
allantoic, 206-208
brachiocephalic, 206, 262
branchial, 151, 160, 171
carotid, 108, 192
chorioallantoic, 205
coeliac, 206
coronary, 14, 35-36, 38-40, 42, 66, 113, 167, 206,
278-279
cutaneous, 167-168, 170
endostylar, 104
external carotid, 170
iliac, 206
internal carotid, 151, 170
lateral, 131
lateral esophageal, 130
lateral segmental, 131
mandibular, 151
omphalomesenteric, 206
opercular, 151
ophthalmic, 151
pulmonary, 112, 168-170, 196, 205-207, 214, 219,
259, 262, 263, 270
renal, 206
sciatic, 206
segmental, 127
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artery (continued)
systemic, 170
umbilical, 92, 211, 255, 270
uterine, 255
vitelline, 82, 85, 96
astrocytes, 58
ATP, 189
ATPase activity, 28
atresia, 266, 270, 274, 277
atrial natriuretic peptide (ANP) and ANP receptors,
67,73, 86, 88, 94, 98
atrial-ventricular coupling, 70-76
atrioventricular canal, 29, 71-72, 75, 116, 206
defect of, 275, 277
atrium, 15, 29, 31, 65-66, 71-72, 76, 111-112, 116,
122, 146, 151, 155, 167-168, 186, 206, 262, 270
contraction of, 154
filling of, 67
function of, 68-73
interatrial foramina of, 205
morphogenesis of, 70
morphology of, 67
rhythm disturbances of, 276
septal defect in (ASD), 274-275, 278
septation of, 70, 74, 113
septectomy of, 278
size and volume of, 66, 73, 89
atropine, 202-203
autoimmune disease, 62
autonomic nervous system, 86-88, 108, 131, 198
autoregulation, 217
axial complex, 142
axial gland, 141
axial morphology, 103
axohydrocoel, 140

B-natriuretic peptide (BNP), 28
basement membrane, 43
laminin of, 50
basic fibroblast growth factor (bFGF), 40, 53
bicarbonate ions, 189
bilateral symmetry, 139
biomechanics, 65, 87
bird embryos
altricial, 194, 209-210, 236
precocial, 194, 209, 236
birth, 39, 68, 109, 171, 183, 270, 273
blastoderm, 9
blastomeres, 14
blastula, 14, 15, 101
bleeding disorders, 62
blood, 152, 188
circulation time of, 108
venous luminal, 113
viscosity of, 190
volume of, 65-66, 80-83, 108, 196-197
blood-brain barrier, 58
blood flow, 65-66, 68, 76, 82-83, 86, 90, 94-95, 146,
177,197, 201, 203, 207-208, 211, 216-219,
221-223,253-254, 256, 264, 271, 273, 276
coronary, 8, 36, 106, 113, 147, 211, 216-219,
221-223
countercurrent, 149, 242
distribution of, 82-83, 177, 256-258

generation of, 177
intracardiac, 71-72, 269-270
myocardial, 217-221
unidirectional, 104
velocity of, 95, 160
blood islands, 36, 57, 59, 81
blood lacunar system, 140
blood oxygen affinity, 137, 188-189, 230-231, 241,
253,255
blood oxygen content, 220, 222
blood oxygen saturation, 208
blood pressure, 65-66, 68, 73, 76, 81, 83, 89-90,
92-96, 102-103, 106, 155-156, 160-161,
175-177, 179, 182, 199, 201-203, 216-219, 236
blood pressure
chronic loading of, 215
filling, 213
generation of, 173
regulation of, 177
transmural, 214-215
ventricular, 67, 71, 75
blood pressure pulse wave velocity and reflections,
81-82
Bohr effect, 253
boundary layer, 157, 160, 229, 232, 240-241, 245,
256
Bowditch’s staircase phenomenon, 196
bradycardia, 70, 162, 174, 190, 203-204, 220,
228-229
brain, 58, 88, 212
brown fat, 212
buccal diverticulum, 142
bulbus cordis, 111, 185, 187

C locus mutations, 210

C-protein, 30

calcium activator, 28

calcium-ATPase activity, 29

calcium binding, 28

calcium channels, 19, 86, 110

calcium current, slow inward, 18

calcium pump, 22

calcium sensitivity, 30

calcium transport, 24, 71, 75

California Birth Defects Surveillance System, 283

capillaries, 36, 39, 105, 127, 223, 238, 253, 256, 273

density of, 39, 149, 158, 164

capillary plexus, 37-38

carbon monoxide, effects of, 163, 180

cardiac bifida, 119, 123-124

cardiac cushion, 16, 43, 4648, 54, 67

cardiac fibers, skinned, 30

cardiac ganglion, 131

cardiac glycosides, 18

cardiac innervation, 66, 84

cardiac jelly, 46, 54, 75, 77, 115, 121-123, 146-147,
201

cardiac morphogenesis (see heart, morphogenesis of )

cardiac output, 70-71, 76, 79, 86, 89-90, 92, 95, 103,
105, 122, 135-136, 157, 162, 164, 172, 175,
177-178, 182, 189, 196, 198-199, 204, 207, 209,
211-212, 214, 229, 234, 236-237, 263, 269, 271

cardiac primordia, 14, 115-116

cardiac progenitor cells, 8, 14, 146
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cardiac regulatory factors, 28
cardiac surgery (see also techniques, cardiac surgery),
269
cardiogenesis, 14
cardiogenic plate, 35
cardiovascular control systems, 65, 175
cardiovascular morphometry, 66
carotid duct, 184
carotid labyrinth, 171
catecholamines, 88-89, 91, 98, 157, 178, 280
cavum arteriosum, 111
cavum pulmonale, 111
cavum venosum, 111
cell adhesion molecules (CAMs), 54, 59, 64, 114
cell culture, 166
cell-matrix, 49, 75
cell migration, 34, 46, 48, 54-55
chemical mutagenesis, 17
chimeras, 36, 38
cholinergic receptors and vasomotion, 157, 172, 174,
177-178, 228
chorioallantois, 81, 183, 188, 190, 194, 198-201, 203,
207-209, 234, 245, 248-249, 251-252
blood vessels of, 201, 205
gas exchange by, 205
circulation
closed, 105
open, 105, 130
peripheral, 157, 178
regional, 149
coagulation, 62
coelom, 130, 140
collagen
gene expression of, 52
1, 43-44, 46, 48-50, 52, 54, 60
v, 37
commissural vessels, 127-128
connexin, 12
conotruncus, 76, 78, 81
defects of, 282
contractile proteins, 263, 265
conus arteriosus, 116, 122, 167, 176
critical Po,, 163, 231-232, 234-235, 246, 248
cRNA, 50
cross-bridge formation, 18, 28
cushions (see heart, endocardial cushions of )
cyclic-AMP-dependent protein kinase, 25
cytoskeleton, 51, 60-61
cytotactin, 46

decapentaplegic (dpp), 11
developmental cascades, 281
developmental mosaics, 138
developmental niche, 103
developmental plasticity, 180, 182
developmental trajectories, 180
developmental window, 260

dicrotic notch, 81

differentiation, 119, 146

diffusing capacity, 79, 240, 243, 253, 255-256, 258
DiGeorge syndrome, 282

digoxin, 70-71

Dmef2, 11

dorsal vessel, 130-131, 137, 140-141
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Down syndrome, 282
2,3-DPG, 189
ductus arteriosus, 107-109, 184-187, 190, 192,
205-206, 212, 269-271
-dependent lesions, 271-273
patent, 272, 275
ductus Botalli, 184
ductus caroticus, 107, 109, 184-187
ductus Cuveri, 104
ductus venosus, 212, 269-271

eclosion (see hatching)
ectoderm, 117, 124
EDNO (see endothelium-derived nitric oxide)
egg, 139, 145, 167, 180-181, 183, 193-194, 205, 209,
223, 231, 245-246, 249, 252, 257
fertilization of, 16, 180
size of, 235
egg amniote, 248
egg case, 233
egg clutches, 210, 246-247, 252
egg jelly, 246
egg laying, 183
egg membrane, permeability of, 238, 248-251
egg turning, 209
eggshell, 70, 183, 199, 201, 203, 209, 248-251
elastin, 44, 48
embryo mass, 79, 201, 203, 244
embryogenesis, 66, 138, 139, 194
endocardium, 14-15, 67, 74-75, 113, 115, 121-122,
146-147, 169
endocrine system, 88
endoderm, 115, 117-118, 120, 122
endothelin, 89, 98
-1 (ET-1), 63-64, 89, 96-97
endothelium, 7, 35, 49, 57, 60-62, 64, 105, 180, 273
channels of, 42
precursor cells of, 36, 57-58, 60
endothelium-derived nitric oxide (EDNO), 53, 61,
63-64, 221-223
pathway of, 84, 86
endothelium-derived nitric oxide synthase (NOS),
221
energy resources, 66
entactin, 44
epinephrine, 179, 204
epithelial-mesenchymal transformation, 46
erythroblasts, 36
erythrocytes, 36, 66, 81, 152, 164, 188, 230-232, 253
ethylnitrosourea, 15
evolution, 7, 14, 101, 104, 145, 188, 192
theory of recapitulation and, 101
excretion, 141-142
exons, alternatively spliced, 32
extracellular matrix, 43, 58-59, 61, 115, 117-118,
122, 124-125
extracellular matrix modulators, 53
extracellular matrix organization, 51
extracellular matrix proteases, 48, 55
extracellular matrix receptors, 47, 55

fate mapping, 114, 117
fibrillin, 44, 4648
fibroblasts, 36, 49, 52
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fibronectin, 12, 14, 37, 4244, 46-47, 49-50, 54, 59,
114-115, 117

fibulin, 44, 46

first breath, 271

fluorescent dextran, 14

folate, 283

foramen of Panizza, 184

foramen ovale, 187, 190, 192, 212, 269-271, 277,
279

Frank-Starling mechanism, 88, 196

gap junctions, 12

gas exchange, 141, 171, 194, 203, 209, 211, 231, 240,

242,271, 280
cocurrent, 253
countercurrent, 257
crosscurrent, 242
cutaneous, 74, 166, 248
diffusion limited, 241-244
in eggs, 235
in fishes, 157
infinite pool, 242
inhomogeneities in, 243, 251
modeling of, 188, 240
perfusion limitation and, 241-244
placental, 252, 255-256, 280
ventilated pool, 242, 257
gas solubility, 235
gastrulation, 8, 9, 16, 101, 125
GATA-4, 28
gene
bagpipe, 9
cardiac, 11
cascade, 9
homeobox, 13
homeotic, 103, 113
Hox, 103, 266
Pax, 265
tinman, 9, 10, 11
twist, 9
gene expression, 27
gene knockout models (see also specific animals),
11-12, 14, 89, 265
gene program, fetal, 110
genetic code, 102
genetic etiology, 282
genetic maps, 17
genetic screens, 7
gills
arches of, 229
diffusing capacity of, 160
external filaments of, 233
of fish, 136, 150-151, 157, 242, 253
lamellar diffusion distances of, 152
primordia of, 140
pseudobranches of, 151
pterobranches and, 142
secondary lamellae of, 152
vasculature of, 152
ventilation of, 160, 229-230
glomerulus, 142
glycosaminoglycans, 52
gonads, 139-141
growth, cardiovascular development and, 196, 240

growth factor (see also specific forms), 42, 54, 60,
117-118, 120, 180
Gs-protein, 91

Haeckel, 101
Haldane effect, 253
hatching, 68, 134, 137, 171, 229, 232
hatching enzyme, 234
heart (see also atrium; valves; ventricle)
abnormalities of, 13, 87, 89, 55, 61, 124, 259,
264-265, 268-269, 271, 273-274, 276-277, 282,
283
accessory, 106
action potential of, 18-20, 22-23
ampullar, 105
arrhythmias of, 203, 281, 283
beat of, 16, 118, 132-134, 171, 196, 201
blood supply to (see artery, coronary)
branchial, 140
chambered, 105, 108
complete block in, 277
conduction system of, 29, 66, 70, 266
contractility of, 18, 27-28, 32, 34, 76, 213-214
control mechanisms of, 130, 134, 177-178
cultured cells of, 40, 97
differentiation of, 117-120, 132
endocardial cushions of, 60, 66, 71, 81, 86, 262
enlargement of, 213
epicardium of, 15, 38, 41
functional reserve of, 211
hyperplasia of, 86, 110, 273
hypoplasia of, 86, 263, 270, 275, 278
induction of, 117
innervation of, 124, 131
isometric contraction of, 76
lateral, 127, 130
length of, 132
looping of, 14, 16, 66-67, 74, 120-123, 125, 260,
264, 266
mass of, 66, 103, 110, 137, 195
maturation of, 22, 52
mechanics of, 87
modeling function of, 204
morphogenesis of, 55, 70-71, 74-76, 79, 83, 86,
114, 120, 123, 139, 145, 203, 259, 269-270
mutation of, 17, 180
myogenic, 102, 130-131
neurogenic, 8, 102
outflow tract of, 29, 49, 93, 96, 121, 262-264,
278
oxygen requirements of, 217
pacemaker of, 70, 131, 155, 174, 228
phenotypes of, 265
preload of, 71, 77, 213-214
pseudo-, 127
relaxation of, 24-25
reversed pumping by, 137, 143
septation of, 86, 262, 264, 266
shortening velocity of, 77
sinoatrial node of, 29
spongiosum of, 37, 147
stroke volume, 71, 76-77, 81, 105, 135-136, 177,
196-198, 213-219
sympathetic control of, 157
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trabeculation of, 266
tubular form of, 10, 14-16, 29, 32-33, 67, 74, 105,
111, 114-116, 119-123, 127, 130131, 139, 142,
169-170, 268
vagal control of, 157, 162, 174
work of, 113, 272
heart block, 70
heart cells, three dimensional organization of, 49
heart defects, surgical treatment for, 268, 282
heart ejection fraction, 91
heart excitation—contraction coupling, 23, 110
heart failure, 32, 213, 283
heart—kidney, 142
heart rate, 65-66, 70-71, 76, 77, 79, 91-93, 96, 103,
105, 133, 135-139, 141, 143, 146, 153-154, 163,
172-174, 177-179, 182, 190-191, 197-198,
201-202, 204, 209-210, 219, 236-237
heart valves (see valves)
hemal system, 140-141
hematocrit, 190
hematopoiesis, 152, 196
hemocoelomic cavity (see coelom)
hemodynamics, arterial, 81-84
hemoglobin, 136, 152-153, 164, 188-189, 230-231,
253
mutant forms of, 255
hemoglobin affinity, allosteric modification of, 189
hemolymph, 7, 8, 105, 130, 139
hemorrhage, 80, 84
hemostasis, 62
hepatic portal circulation, 104, 108
high endothelial venules (HEVs), 62
Hill equation, 253
histocompatibility leukocyte antigens (HLA), 62
Holt-Oram syndrome, 282
homeothermia, 237, 239
hyperoxia, 234
hypertension, 34, 63, 110, 273
hyperthermia, 70
hypertrophic cardiomyopathy, 34, 281
hypothermia, 70
hypoxemia, 220-223, 237
hypoxia, 4041, 113, 162-164, 180, 189, 191, 218,
220-222, 228-230, 233-234, 238, 241

immune system
memory cells and, 62
phagocytotic activity and, 141
pre-T cells of, 62
responses of, 62, 141
impedance, vascular (see vascular resistance and
impedance)
incubation, 89, 196, 199, 209
infant morbidity, 281
insect, circulatory system of, 137
insulin-like growth factor-1 (IGF-1), 53
integrin, 12, 47-51, 59-60
interferon, 53
interleukin-1, 53
interventricular sulcus, 116
invertebrate, cardiovascular development in, 127
ischemia, 34, 4041
isoprenaline, 202
isoproterenol, 67, 84-85, 89-93, 201
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kidney, 139, 212
Krogh’s diffusion constant, 235, 243

lactate production, 231

laminin, 37, 42-44, 47, 50, 54, 59-60

law of Laplace, 65, 215

ligamentum arteriosum, 187

luminal-cell adhesion molecules, 60

lung, 74, 166-167, 205, 207-208, 211-212, 233, 242,
271

lymphatic system and lymph, 62, 105, 130

madreporite, 143
mantle cavity, 139
Marfan syndrome, 281
maternal—fetal interacitons, 286
meroblastic discoidal cleavage, 139
mesenchyme, 47, 263-264
mesoderm, 9, 11, 14, 81, 114, 117-118, 121,
139-140
heterotypic graft studies of, 58
inducers of, 117
precardiac, 114-120, 124
splanchnic, 146
metamorphosis, 68, 104, 152-153, 166, 171, 175
methodologies (see techniques)
mitochondria, 21
mRNA, 20-21, 41
muscle
length-dependent activation of, 32
shortening velocity of, 28-30
skeletal, 11, 27, 29, 33,218
smooth, 11, 42,49, 61, 263
smooth a-actin, 30, 119
muscle tension, 28
mutagens and mutagenesis, 15, 17, 146
myocardium, 14, 16, 27, 30, 35, 51, 68-69, 88, 114,
120-121, 123-124, 146-147, 167, 177, 211, 217,
223
compact, 37, 41, 113, 147
contractile system of, 27, 71, 91
development of, 25, 116, 273
function of, 18, 263
growth and energetics of, 77-78, 86, 274
mass of, 75, 274
oxygen consumption of, 217-218
perfusion of, 36
receptor expression of, 87
resting potential of, 22
sarcolemma of, 68
sinusoids in, 278
splanchnic, 115
myocytes, 7, 18-19, 22, 39, 41, 45, 49, 50, 68, 74, 77,
110
cultures of, 50-51
differentiation and growth of, 43, 50, 110
filament proteins of, 28, 30, 33
myoepithelial cells, 106
myofibrillogenesis, 43, 50, 118, 123
myofilaments, 7, 18, 27, 34
myosin
heavy chain, 28-29, 34, 119
isoforms of, 29, 265
light chain, 1-2, 27, 29
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Na*-Ca?* exchange, 18-19, 24-25, 68

naupliar stages, 132-133

neoteny, 108

neovascularization, 64

nephridium, 141-142

neural crest, 14, 39, 54, 87-88, 121, 260, 263,
266-267

neural tube, 115

neuregulin, 266

neurothelin, 58

nitric oxide (see endothelium-derived nitric oxide)

nitro L-arginine (L-NA), 221

nitroprusside, 84-85

nodose placode, 263

noradrenaline (see norepinephrine)

norepinephrine, 89, 91-92, 202, 204

nutrients, exchange and transport of, 82, 137, 140,
164,211, 252

organ transplant rejection, 62

organogenesis, 57, 138-140, 172

ostium (see also valves), 130-133

oviparity, 183, 188, 192

oviparous amniotes, 244

ovoviviparity, 183

oxygen conductance, 180

oxygen consumption, 162-163, 177, 178, 180, 188,
207, 209, 227, 229, 231-233, 236, 238, 250,
258

oxygen delivery, 81, 179, 221, 158

oxygen effects on cardiovascular development, 227

Py, (see blood oxygen affinity)

pallial complex organ, 139

parasympathetic nerves, 86, 263 (see also autonomic
nervous system)

pericardial cavity, 131

pericardial cells, 7, 8, 37

pericardial sinus, 133

pericardium, 139, 142-143, 148-149, 156

perihemal system, 140-142

peristalsis, 139, 142-143

perivitelline compartment, 238

perivitelline fluid, 231

phenoxybenzamine, 89

phentolamine, 202

phenylhydrazine, 180

phospholamban, 21, 25

phosphorylation of contractile proteins, 28, 30,
32-33

pipping, 193, 205

placenta, 83, 88, 92, 183, 211-212, 222, 252-253,
255-257, 268, 270-271, 278, 280

plasminogen activator (t-PA), 62

platelet-derived endothelial cell growth factor (PD-
ECGF), 41, 48, 53

platelets, 62

podocytes, 141-142

postnatal intervention, 273

potassium currents, 22

precardiac cells, migration of, 124

proboscis complex and duct, 142-143

progesterone, 189

propanolol, 89, 202, 204

prosobranch veligers, 139
prostaglandin (PGE1), 273
prosynchronotropy, 180
protein
helix-loop-helix, 9
isoforms of, 27, 31, 68
zinc-finger, 9
protein kinases, 33-34
proteoglycans, 43, 52, 54-55
proteolysis, 30
proto-oncogenes, 13
protozeal instars and stages, 133-134
Purkinje cells, 22

Q, 136,235-236

radial canals, 140
radius

of curvature, 215

to wall thickness ratio, 216-217
recombinant variants, 34
red cells (see erythrocytes)
regulatory mechanisms, local, 178
reptile, cardiovascular development of, 183
respiratory gas cascade, 241
respiratory tree, 141-142
retinoic acid, 12, 14, 53, 260, 262, 265
retroviruses, 114
ryanodine, 21, 23, 25, 111

salinity, effects of, on cardiovascular development,
238
sarcolemma, 18-20, 23
Ca?* pump of, 20, 25, 74-75
L-type Ca?* channels of, 22
sodium-hydrogen exchanger of, 20
sarcomere, 20, 28, 34
actin transcripts of, 31
sarcoplasmic reticulum (SR), 18, 21, 24-25, 28, 68,
74,77, 110
calcium release from, 21, 23-25, 111
“foot” structures of, 21
seasonal effects on circulation, 176
shunt, 166, 184, 190, 192, 204-206, 269, 271-272,
276
gas exchange and, 208, 241-244, 251, 258
signal transduction, 43, 54-55
sinus
axial, 141
cephalic, 139
coronary, 216
hyponeural system and, 140
pericardial, 133
posterior, 139
venosus, 36, 38, 42, 67, 70, 80, 104, 111, 130, 185,
228
ventral, 139
situs inversus, 125
skin, 149, 157-158
diffusing capacity of, 164
sodium pump channels and ATPases, 18-19, 22
spiral valve (see valves)
Starling pump function, 76
stem cells, 120
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stenosis
aortic, 273-274, 277, 279
pulmonary, 273-274
stomochord, 142—-143
stone canal, 143
surgery (see techniques)
sympathetic nerves (see also autonomic nervous
system), 86
synchronotropy, 179

tachycardia, 162, 164, 174, 190, 203, 228-229
techniques
acoustocardiography (ACG), 203
audiocartridge, 203
ballistocardiography (BCG), 203
cardiac surgery, 273, 275, 278, 282
cinematography, 67, 209
confocal laser microscopy, 66
echocardiography, 270
electrocardiography (ECG), 202
of immunofluorescence studies, 19, 24, 47, 50
impedance cardiography (ICG), 203
microcatheterization, 201
with micropipettes, 201
with micropressure systems, 72-81, 173, 209
with microspheres, 83, 217
microtechniques as, 171
morphometry, 66
of motility assays, 29, 32
needle catheterization, 201
nylon suture, 86
piezoelectric film transducer, 203
planimetry, 67, 69, 90
pressure—volume loop, 72
pulsed Doppler, 71, 75, 209
scanning electron microscopy, 66
single-cell injection, 146
thermal probe application, 70-71
transplantation, 58
venous clip, 262, 264
video imaging, 67, 75, 155, 209
temperature
cardiovascular performance and, 65, 70, 79, 136,
227,235
morphological changes and, 237
oxygen consumption and, 236
tenascin, 44
teratogens, 66, 88
tetralogy of Fallot, 275-276, 279
thyroid hormone, 29
titin, 119
transcript splicing, alternative, 27, 33
transcription, 20, 27-28
transforming growth factor-(TGF-f), 41, 46,
52-53
transgenic animals (see also specific animals), 34, 49,
265
translation, 20
transverse tubule system, 20, 24
trisomy, 16, 48—-49
tropomyosin, 32, 34, 265
troponin
C, 18, 23-24, 27-28, 31, 33-34, 111, 119
I, 28,31-32, 34
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T, 31, 33-34, 265
truncoaortic sac, 122
truncus arteriosus, 14, 33, 116, 121-122, 176,
263-264, 272-275, 277
tumor necrosis factor-a, 53
twins, human, 124
tyrosine hydroxylase positive cells, 88

ultrafiltration, 141-142

valves, 15, 108, 127, 155, 167, 176, 201
formation of, 182, 266
leaflets of, 16, 49
mitral, 266
pulmonary, 277, 279
pylangial, 169
semilunar, 262, 264
stenosis of, 266
synangial, 169
tricuspid, 262, 266, 277-278
venous, 105
valvotomy, 278
vascular bed, 65
vascular congestion, pulmonary, 272
vascular constriction and dilation, 63, 82, 105, 109,
190
vascular density, 188, 190
vascular endothelial growth factor (VEGF), 4041,
60-61, 223
vascular growth, postnatal, 39
vascular resistance and impedance, 66, 80-83,
160-161, 175, 178, 182, 189, 192, 195, 201, 213,
271, 276, 280
vascular shear stress, 61, 180
vasculogenesis, 35-36, 4142, 57-60
vasoactive mediators, 84-85
VCAM-1, 12
vein
allantoic, 207
cardinal, 104, 148, 264
caudal, 148
hepatic, 270
portal, 270
pulmonary, 167-168, 207, 274
subintestinal, 104, 148-149, 160
umbilical, 269-270
uterine, 255
vitelline, 80, 86, 94, 96-97, 148, 160, 188
velum, 139
vena cava
inferior, 207, 212, 269-270
superior, 212
venous reservoirs, 106
venous return, 264, 275
ventricle, 15, 20, 28-31, 45, 65-66, 69, 71-72, 76,
111-112, 116, 120, 122, 130, 146-147, 151,
155, 166-169, 176, 184, 186, 206, 212,
215-216, 219, 261-263, 269, 270, 273, 278,
286
afterload of, 78
blood flow from, 68, 78, 220
contraction of, 154
energetics of, 78-79
fibrillation in, 280
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ventricle (continued) vessel grafts, 62
filling of, 64, 68, 74 vessel remodeling, 61
function of, 73-81, 214 vitelline circulation, 149, 158
growth of, 66, 71, 75, 85-86, 271 vitelline plexus, 149
hypertrophy and hypoplasia of, 278 vitelline vein (see vein, vitelline)
malformations of, 259-260, 262-263, 266, vitellogenesis, 140
273-275, 277-278, 281 vitronectin, 47
morphology of, 67, 74 viviparity, 183, 189, 192, 244
myosin of, 119 Von Willebrand factor (vWf), 62
outflow tract of, 81
preload of, 75, 77 water vascular system, 140-141
septation of, 14, 67, 88, 111, 113, 182, 260, whole-animal model systems, 55
271-272,274 whole-embryo culture system, 49
size of, 89, 110 wing inflation in insects, 137
spongy myocardium of, 35
vascular coupling and, 81-85 yolk, absorption of, 151, 153
volume of, 271 yolk sac, 57, 81, 88, 92, 139-140, 149, 152, 160, 194,
wall of, 14, 36, 215, 272 196, 206, 248, 251-253, 264
verapamil, 75, 85-86 yolk syncytium, 139
vessel

extraembryonic, 188
ventral, 130, 140
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