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acclimation, cold, 164-80
adrenal function during, 167t
basal metabolic rate following, 167t,
168, 169t
behavioral thermoregulation following, 167t
brown adipose tissue development follow-
ing, 166t, 172f
cardiovascular responses following, 173
effect on chemical toxicity, 211, 212-13
central nervous system adaptation follow-
ing, 166t, 175-7
insulative adaptations following, 168t, 177
maximum metabolic rate following, 167t
nonshivering thermogenesis, 170, 175
comparative differences in, 173-4
pancreatic function during, 167t
renal function during, 167t
shivering thermogenesis during, 165, 166t
skeletal muscle adaptations during,
175, 176f
sympathetic responses during, 167t, 171,
174, 185f
thyroid function during, 167t, 170
vasomotor responses following, 179-80
white adipose tissue, 166t
acclimation, heat, 180-90
adrenal function during, 183t
metabolic rate following, 182, 185,
183t, 184f
brown adipose tissue development follow-
ing, 183t
cardiovascular responses during, 183t
central nervous system adaptation follow-
ing, 183t, 187-90
effects on chemical toxicity, 211, 213
dehydration during, 181-2
evaporative heat loss following, 181f,
183t
insulative adaptations following,
179t, 184t
effects on organ growth, 185, 186t

269

pancreatic function during, 183t
renal function during, 181t
salivary gland adaptations following,
186-7
sympathetic responses during, 185f
effects on set-point, 188
thyroid function following, 183t, 185
acclimation, terminology, 163
acetylcholine, effects on body temperature,
36t
activity, motor
effect of ambient temperature on, 107
core temperature as a function of, 129f, 131f
effect on metabolic rate, 61t
relationship with behavioral thermoregula-
tion, 132f
as a thermoregulatory effector, 107-8, 192
adaptation, thermal (see also acclimation,
cold; acclimation, heat), 163, 164f
adenosine, effect on metabolic rate, 62
adrenocorticotropin, effect on body tempera-
ture, 36t
aging 157-62
decay in brown adipose tissue function
during, 159t, 161t
altered cold tolerance during, 159t, 160f
cental nervous system changes during, 158
altered circadian temperature rhythm dur-
ing, 162
change in core temperature during,
158, 159t
response to fever during, 159t, 162
metabolic rate during, 158, 159t
impairment in nonshivering thermogenesis
during, 159t, 160-2, 160t
ambient temperature (see also thermoneutral
zone), effect on
body temperature, 112t, 113-15, 114t
chemical toxicity, 208t, 210f
organ growth (see also acclimation,
heat), 138t
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metabolic rate, 63f, 636, 64f, 65t, 67f
skin temperature, 75, 77t
angiotensin 11, effects on body tempera-
ture, 36t
aniline hydroxylase, activity during heat ac-
climation 213
antipyretics (see also fever), 40, 132, 136
arteriovenous anastomoses (see blood flow)
autonomic thermoregulation, 73

bacterial flora, gastrointestinal, effect on
body temperature, 45-6
behavioral thermoregulation, 5, 99-107,
149-51, 206f, 216f
dominant behavior and, 104
effect of hypoxia on, 214, 216f
instrumental responses, 99, 102-7
integration with autonomic effectors,
99, 106
natural responses, 99-102, 101f
operant responses, 106-7, 107f
in oblob mice, 200f
effect of stress on, 105f
temperature gradient responses,
103-6, 103t
thermopreferedum, 102
biotelemetry, recording body temperature by,
128, 129f, 131f, 210f
blood brain barrier, 34
blood flow
brain, effect on brain temperature, 116
skin, 74-80
arteriovenous anastamoses, 74
in ears and feet during thermal
stress, 80
infrared imaging of, 77f, 79
pulsatile modulation of, 77
tail, 74-9, 79f
cold-induced vasodilation of,
80-1, 180
effect of cold acclimation on, 179-80
heat-induced vasoconstriction of, 78
threshold ambient temperature to in-
crease, 77t
vascular anatomy, 75, 76f
blood pressure
changes during cold acclimation, 173
changes during heat stroke, 123
body heat—balance equation, 8-11
body mass, effect on
hypothalamic thermosensitivity, 23f
metabolic rate, 53, 54-5f
toxic chemical-induced hypothermia, 211
body temperature (see also temperature,
core), 109
definition, 110
partitioning of, 109
bombesin, effect on body temperature, 36t

brain cooling (see temperature, brain)
brain slice, thermosensitive neuron record-
ings in, 30-2, 31t, 33f
brown adipose tissue (see also nonshivering
thermogenesis), 4, 85-90
effect of body mass on, 89-90
changes during aging, 161t
effect of gender on, 194
genetic variation in function of, 198t
during postnatal development, 151-2, 153f
molecular mechanisms of, 87-8, 87f
neural innervation of, 85
function in pregnancy and lactation,
143-5
structure, 85, 87f
function in temperature acclimation, 89f,
166t, 172f, 183
thermogenic capacity of, 86, 86f
roles in thermoregulation, 85

cadmium chloride, effect on body tempera-
ture, 206f
cafeteria diet, effect on diet-induced thermo-
genesis, 90, 91f
calorimetry, 2
direct, 49-50, 49f, 110
indirect, 49-50, 49f
capsaicin, effect on brown adipose tissue, 85
captopril, effect on hypertension, 173
castration, effect on
cold tolerance, 193
fever, 195, 196f
choleocystokinin, effect on body tempera-
ture, 36t
circadian temperature thythm, 127-32, 129f
effect of antipyretics on, 132
use of biotelemetry to study, 128
comparative differences in, 130t
effects of hypothermia on, 127
effects on motor activity, 130, 131f
and changes in set-point, 131-132
effect of stress on, 127
cold receptor (see thermoreceptors,
cutaneous)
cold tolerance, 125-7, 122t
carbohydrate metabolism during, 127
critical thermal minimum, comparative
differences, 122t
effects of gender on, 193, 194f
conductance, thermal, 9, 66-70
tissue, 70
whole-body, effect of body mass on,
68-9, 69f
conductive heat transfer, 9
control systems, 11, 13, 20-5
convective heat transfer, 9
convulsion (see seizure,
hyperthermia-induced)
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corpora lutea, effect of heat stress on num-
ber of, 142
critical ambient temperature, lower (see also
thermoneutral zone), 62, 63f
comparative differences in, 65t
effect of hypoxia on, 215f
effect of trauma on, 218f
critical ambient temperature, upper (see also
thermoneutral zone), 63f
comparative differences in, 65t
critical thermal maximum (see heat
tolerance)
critical thermal minimum (see cold
tolerance)
cutaneous denervation, effect on thermoregu-
lation, 29

depilation, effect on metabolic rate, 71
development, fetal, 147-8
effect of cold stress, 148
effect of maternal hyperthermia, 147-8
development, postnatal, 148-57
autonomic responses, 151-4
behavioral thermoregulation, 149-51, 155t
brown adipose tissue function, 151,
152f, 153f
circadian temperature rhythm, 155
cold resistance, 149
comparative differences, 149f
lower critical temperature, 155t
metabolic rate, 154, 155t
nonshivering thermogenesis, 154
shivering thermogenesis, 153
maturation of thermal homeostasis
during, 149f
2,4-dinitrophenol, effect on body tempera-
ture, 206
Dioxin, change in toxicity during cold accli-
mation, 212
diet-induced thermogenesis (see thermogene-
sis, diet-induced)
dopamine, effect on body temperature, 36t
dystrophic hamster, 202
brown adipose tissue development in, 203
core temperature in, 203

ectothermy, 7
effectors, autonomic, 73, 74f
ejaculation, effect on brain temperature, 118f
endogenous pyrogen (see interleukin-1)
-endorphin, effect on body temperature, 37t
endothermy, 7
enekphalin, effect on body temperature, 36t
endotoxin (see also fever), 41
emissivity, radiant energy, 10
estrous cycle

effect of cold stress and food restriction,

144f
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metabolic rate during, 192
temperature cycling during, 192
ethanol
effects of ambient temperature on lethal
dose of, 208t
effects on body temperature, 207
toxicity during cold acclimation, 213
evaporative heat transfer, 9
evaporative water loss (see also evaporative
water loss, active and passive),
94-9
effect of temperature acclimation on, 183t
evaporative water loss, active, 94-9
effect of ambient temperature on, 97-8, 98t
comparative differences, 93t
grooming behavior during, 97
neural control of, 95, 96f
partitioning of, 97, 98t, 98f
evaporative water loss, passive, 92-4
comparative differences, 93t
cutaneous, 92
respiratory, 92
exercise (see also motor activity)
effect on brain temperature, 117, 119, 118f
effect on heat tolerance, 124f
exogenous pyrogen (see also fever), 42f
extrapolation, interspecies
impact on chemical toxicity, 210-11
role of metabolic rate in, 54-5f

falfa rat, 198-201
body temperature during postnatal devel-
opment, 201f
metabolic rate, 200
fatty acids, mobilization during cold
stress, 171f
female, thermoregulatory differences in (see
also gender), 142-7, 192-5
fever (see also antipyretics), 5, 14, 15f
behavioral thermoregulation during,
44-5, 44f
comparative differences, 436, 43f
first law of thermodynamics, heat balance
and the, 8
food intake (see also hyperphagia)
effect of ambient temperature on, 99
effect on metabolic rate, 14f, 52
Fourier’s law of heat flow, 65
fur (see insulation)

gender, effect on thermoregulation
brown adipose tissue function, 194
cold tolerance, 193-5, 194f
fever, 195
heat tolerance, 195
metabolic rate, 193
gerbil, Mongolian, general thermophysiologi-
cal characteristics
cold tolerance, 122t
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heat tolerance, 121t, 122t
limits of normothermia, 114t
metabolic rate, 53t
selected ambient temperature, 103t
temperature, core, 112t
thermoneutral zone, 65t
grooming behavior (see also evaporative wa-
ter loss, active), 97
growth, optimal ambient temperatures for,
137-40, 138t
guinea pig, general thermophysiological
characteristics
cold tolerance, 122t
heat tolerance, 122t
hypothalamic thermosensitivity, 31t, 34t
limits of normothermia, 114t
metabolic rate, 54t, 61t
respiratory quotient, 52t
selected ambient temperature, 44f,
103t, 132f
temperature, core, 112t
thermoneutral zone, 65t

hamster, Syrian, general thermophysiological
characteristics
circadian temperature rhythm, 130t, 131f
cold tolerance, 31t, 34t
hypothalamic thermosensitivity, 31t, 34t
limits of normothermia, 114t
metabolic rate, 53t, 61t
respiratory quotient, 52t
selected ambient temperature, 103t, 104f
shivering, threshold ambient temperature
for, 84t
temperature, core, 112t
thermoneutral zone, 65t
harderian gland, role in behavioral
thermoregulation, 101
heat balance (see also body heat—balance
equation), 8-11
effect of restraint on, 135t
heat loss (see also metabolic rate), 10, 14f, 55
dry, 73
evaporative (see also evaporative water
loss), 91
heat production (see metabolic rate;
thermogenesis)
heat storage, 9
calculation of, 9
changes during restraint, 135t
heat stroke (see also heat tolerance), 123-24
blood pressure during, 123
effect of exercise on onset of, 123, 124
heat tolerance, 119-25, 120f
adaptability of, 124-25, 125t
comparative differences, 122t
critical thermal maximum, 121-3
lethal body temperatures, 121

heterothermy, 8
human thermoregulation, similarity to ro-
dent, 16, 17t
hibernation, 32-4
body temperature during, 60
metabolic rate during, 60
nervous system characteristics, 32, 34t
homeothermy (see also temperature, core), 3
5-hydroxytryptamine, effects on body tem-
perature, 36t
hypergravity, 219-22
body temperature during, 220, 221f
skin temperature during, 220, 221f
hyperphagia, during cold acclimation, 176-
7, 178¢
hyperthermia (see also heat tolerance; fever)
effect on chemical toxicity, 207-9
forced, 12—16, 15f
lethal body temperature during, 121-4,
121t, 122¢, 124f
neurogenic-induced, 38
regulated (see also fever), 12-16, 15f
during restraint, 134-6, 135t, 136f
hypothalamus, preoptic area and anterior
sensitivity during cold acclimation, 176
sensitivity during heat acclimation, 189f
sensitivity during hibernation, 32—4, 34t
response to lesioning, 3741
response to neuropharmacological stimula-
tion, 35-7, 36t, 37t
neurons, thermal sensitive characteristics,
28, 30, 31t
sensitivity to thermal stimulation, 19-24,
20t, 21f, 32f
thermoafferent processing in the, 27f
hypothermia (see also hibernation; cold
tolerance)
forced 12-16, 15f
during hypergravity exposure,
219-22, 221f
hypoxia-induced, 214-17, 215f
protective effects on the CNS, 215, 216
regulated, 12-16, 15f, 207, 222-3
toxic chemical—-induced, 205-7, 206f
effect on survival to trauma, 218
hypoxia
effect on body temperature, 21417, 215f
behavioral thermoregulation during,
214, 216f

infrared thermography, 77f, 79
interleukin-1 (see also fever), 41, 42f, 43t
insulation, 70-1
effect of temperature acclimation on, 177-
9, 179t
ischemia (see hypoxia)

lactation, 143-7
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brown adipose tissue function during, circadian temperature rhythm, 130t
143-5 cold tolerance, 122t
cannibalistic behavior during, 145 heat tolerance, 121t, 122t
effect on circadian temperature hypothalamic thermosensitivity, 31t
rhythm, 146 limits of normothermia, 114t
lower critical temperature during, 146f metabolic rate, 53t, 61t
metabolic rate during, 145t, 146f, 145-6 respiratory quotient, 52t
latent heat of vaporization, 92 selected ambient temperature, 103t,
lesions, CNS, effect on temperature regula- 1041, 105f
tion, 19, 37-41, 39t shivering, threshold ambient temperature
enhanced survival during ambient for, 84t
cooling, 40 temperature, core, 112t
lipid metabolism, during cold exposure, temperature, optimal for growth, 138t
170, 171f thermoneutral zone, 65t
leukocyte, serum levels, effect of ambient muscular dystrophy (see dystrophic hamster)
temperature on, 139f
liver, as a site of core temperature, 111 nerve conduction, effect of temperature
effect of ambient temperature on growth on, 34
of, 138t, 186t neuron, thermal sensitive, 3, 28f
switching, 28-9
male, thermoregulatory differences in (see neurotensin, effect on body temperature, 37t
also gender), 140-2, 193, 194f, neurotransmitters, effects on thermoregula-
195, 196f tion, 19, 34-7, 36t
medulla oblongata, response to thermal stim-  Newton’s law of cooling, 65
ulation, 20t nickel chloride, effect on body temperature,
Meeh coefficient, 58-9 206f
a-melanocyte stimulating hormone, effect on  normothermy (see also temperature, core)
body temperature, 37t ambient temperature limits of, 11315
role in recovery from fever, 42 nonshivering thermogenesis (see thermogen-
melatonin (see also pineal gland), 142 esis, nonshivering)
mephenesin, effect on metabolic rate, norepinephrine
82, 83t central neural effects, 35, 36t, 38f, 188f
metabolic level (see also metabolic rate), 56 excretion during cold exposure, 171
metabolic rate (see also thermogenesis), 9, sensitivity during postnatal development,
47, 53t, 64, 67f 151, 152f
basal, 48, 52 thermogenic response during cold acclima-
dimensions of, 55 tion, 86f, 174
least-observed, 52-5 turnover during heat acclimation, 185f
methods for measuring, 48-50, 49f
maximum, 48 oblob mouse, 198-200
minimal-observed, 52-5 behavioral thermoregulation, 199, 200f
effect of motor activity on, 55 cold tolerance, 199
partioning of, 47-8 nonshivering thermogenesis, 199
peak, 61-2, 61t organ development, effect of ambient tem-
resting, comparative differences, 53t perature on, 138t, 139, 186t
scaling of, 55-9, 54-5f organovasculosum lamina terminalis, 41,
metabolism (see metabolic rate) 42f, 43
microdialysis, administration of neurotrans- ovary, role in thermoregulation, 142, 144f,
mitters using, 35 192-5
MK-801, effect on body temperature, 217 steroid hormonal effects, 193
morphine, effects on body temperature, surgical removal, effect on body tempera-
197t ture, 193
Morris water swim task, effect of aging
on, 157 P 32000 polypeptide (see uncoupling
motor activity (see activity, motor), protein)
107-8 parotid gland (see salivary gland)
mouse, general thermophysiological charac- pharmacokinetic modeling, effect of meta-
teristics bolic rate on, 59, 60t
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piloerection (see insulation)
pineal gland, 142
melatonin synthesis, 142
effect on reproduction, 142
surgical removal, effect on heat stress,
142, 143
pregnancy, 143-47
heat tolerance during, 147
metabolic rate during, 145t
progesterone
effect on body temperature, 193
effect of heat stress on serum levels
of, 142
prolactin, effect of heat stress on serum lev-
els of, 141f
proportionality constant, control of metabolic
rate and the, 21-3, 23f
propranolol, effect on metabolic rate, 82, 83t
prostaglandin synthesis
following brain injury, 38, 40
and the circadian temperature rhythm, 132
during fever, 42f
during microinjection of norepinephrine,
35
during psychological stress, 136
pyridostigmine, effect on body temperature
during exercise, 207
pyrogen (see interleukin-1)

Qo 63

radiant heat exchange, 10
raphe nuclei, thermoafferent processing in
the, 27f, 28
rat, general thermophysiological characteris-
tics
circadian temperature thythm, 129f, 130t
cold tolerance, 122t
heat tolerance, 121t, 122t, 124f
hypothalamic thermosensitivity, 31t, 34t
limits of normothermia, 114t
metabolic rate, 53t, 61t
respiratory quotient, S1f, 52t
selected ambient temperature, 103t,
104f, 132f
shivering, threshold ambient temperature
for, 84t
temperature, core, 112t, 113f
temperature, optimal for growth, 138t
thermoneutral zone, 64f, 65t
renal system
failure, hypothermia following, 219
function in temperature acclimation, 184t
renin-angiotensin, function in temperature
acclimation, 182
reproduction, female, effects of thermal
stress on, 142-3

estrous cycle, 142-3, 144f
ovarian function, 142
uterine weight, 144f
reproduction, male, effects of thermal stress
on, 140-2
scrotal thermal homeostasis, 140—1
spermatogenesis, 140, 143
testosterone, serum levels, 141f
respiratory frequency, 92-4
effect of ambient temperature on, 94t
comparative differences, 94t
respiratory quotient, 50-2
calculation of, 50t
effect of cold acclimation on, 170
change during short-term cold
exposure, S1f
effect of food deprivation on, 51-2, 52t
restraint (see stress, psychological)
rodent, frequency of species used in ther-
moregulation, 6, 7f
suitability as an experimental model, 16—
17, 17t, 41, 210-11

salivary gland (see also evaporative water
loss, active), 29
B-receptor density of, 99
muscarinic receptor density of, 187
submaxillary, 97
parotid, 98-9
seizure, hyperthermia-induced, 156, 157f
set-point, thermoregulatory, 12-16, 15f, 22
following exposure to chemical toxi-
cants, 207
and control of circadian temperature
rhythm, 131-2
definition of, 12, 22
during fever, 14, 15f, 41-2
during trauma, 218
shivering, 29, 81-4
during cold acclimation, 165, 168, 166t
comparative differences in activation of,
83, 84t
comparison to muscle tremor, 82
efficiency of, 81-2
shock (see also trauma)
heat (see heat stroke)
hemorrhagic, influence of hypothermia
on, 219
insulin, influence of hypothermia on,
219, 220f
sleep, thermoregulatory responses during,
132-4
effect of cold acclimation, 133
deprivation, 134
paradoxical, 132, 133f
sodium-potassium ATPase, function in cold
acclimation, 169
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spinal cord, response to thermal stimulation,
20t, 28
spontaneously hypertensive rat, 201
core temperature, 202
heat tolerance, 202
Stefan-Boltzmann constant, 10
strain, genetic, thermoregulatory differences
brown adipose tissue function, 198t
morphine sensitivity, 197t
pigmented and albino rat, 197
stress, psychological, 134-6
effect of antipyretics on, 136
body temperature during, 136f
effects of restraint, 134, 135t
suprachiasmatic nucleus, role in circadian
temperature rhythm, 127
surface area, skin
comparative differences in, 59
effect on fever, 43—4
effect on metabolic rate, 58—60

tachymetabolism (see also metabolic rate), 7
tail (see blood flow, tail)
temperature, brain, 115-19
during ejaculation, 117, 118f
during feeding, 116
during nasal occlusion, 118f
independence from trunk temperature,
116-17, 118f
temperature, core, 109, 111-13
effect of ambient temperature on,
113-15, 114t
circadian oscillation in, 127-31
comparative differences, 112t
definition of, 109
frequency distribution of, 113f
measurement of, 111-13
effect of psychological stress on, 112
temperature, elevated
defended, 120, 121t
temperature gradient (see behavioral
thermoregulation)
temperature, mean body, calculation of (see
also heat storage), 110~11
temperature, skin (see also blood flow,
skin), 10, 109-11, 179-80, 221f
effect of ambient temperature on, 75,
77-81
measurement by infrared thermography,
771, 79
temperature regulation
definition of, 1
history of study, 1-3
models of, 11-12, 11f, 13f
use of rodents in the study of, 5-6, 7f
stability of, 3
terminology of, 6-8
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testosterone, serum levels, effect of heat
stress on, 141f
thalamus, thermoafferent processing in the,
27f, 28
thermal comfort (see behavioral
thermoregulation)
thermal shell (see also temperature, skin),
109-10
thermal stress (see also cold tolerance; heat
tolerance), 73, 93, 140, 147, 163
thermode, stereotaxically implanted, 2, 19
thermoafferent system
anatomy of, 27f
electrophysiological characteristics of, 28
thermogenesis, diet-induced, 90-1
relationship to cold acclimation, 91f
thermogeneis, nonshivering (see also brown
adipose tissue), 84-90
effects of aging on, 160
effect of cold acclimation on, 83f, 86f,
89f, 170-5
comparative differences in, 89f, 173—4
role of skeletal muscle in, 176f
changes during lactation and pregnancy,
145, 146f
thermogenesis, postprandial, 48
thermoneutral zone (see also critical ambient
temperatures, lower; critical ambi-
ent temperatures, upper), 62-4,
63f, 64f, 65t
behavioral thermoregulation in the, 103,
104f, 106
comparative differences in the, 65t
thermopreferendum (see behavioral
thermoregulation)
thermoreceptors, cutaneous, 25, 26f
effect of denervation 29
thermosensitivity
of the preoptic/anterior hypothalamus (see
hypothalamus)
total body, 24, 24t
thyroid hormones, role in cold acclimation,
167t, 170
thyrotropin-releasing hormone, effects on
body temperature, 37t
thyroxine 5'-deiodinase, function in brown
adipose tissue, 88
tolerance (see cold tolerance; heat tolerance)
toxicity, chemical
effect of ambient temperature on, 208t,
208-9
effect on behavioral thermoregulation,
206f, 207
effect on body temperature, 205, 206f,
210f
mechanism of action, 211f
temperature acclimation and, 211-13, 212t
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trauma, 217
effect on lower critical ambient tempera-
ture, 218f
metabolic rate following, 218f, 218-19
effect on the set-point, 218
trigeminal nuclei, thermoafferent processing
in, 27f, 28

uncoupling protein, role in brown adipose
tissue thermogenesis, 87-8

vasoactive intestinal peptide, effect on body
temperature, 37t
vasomotor tone (see also blood flow, skin),
73-81
vasopressin
effect on body temperature, 37t
role in recovery from fever, 42

warm receptor (see thermoreceptors,
cutaneous)
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