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Supplement 1: International Thermal Physiology Symposium
Wollongong, Australia
September™® - 6", 2001

This special Issue of tHeroceedings of theustralian Physiological and Pharmacological Socigtydedicated
to the papers presented at th'ernational Thermal Physiology Symposium(Wollongong, Australia,
September® - 6", 2001).

The Thermal Physiology Symposiumis held ery four years, and, since 1968, it has been timed to coincide

with the Inter national Union of Physiological Science€ongress. The 200l meetingasy an dicial IUPS

satellite meeting, sponsored by the Thermajlskiltogy Commission, and endorsed by both theienmental
Physiology and the Comparaéi Fhysiology Commissions. Dejetes from 30 countries submitted more than

180 abstracts for this meeting, including 24 student presentations. Papers from this meeting appear in a special
issue of thelournal of Thermal Biology¥olume 26, 4-6.

This symposium is the last such speciali$g®S Thermal Physiology meeting. In future, symposia on the
Pharmacology of Thermoregulation (last held in Seville, 198%nal of Thermal Biolgy 24: 287-482 and 25:
1-196) and the Physiology of Thermgrdation will be combined in a single meeting. The first such combined
meeting will be held in Eilat, Israel. (Septemb®IB", 2004; contact Prof. Michal Horowitz and Profailf
Shapiro).
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Second edition (on-line version)

This second edition of Volume 32 Number 2 Supplement 1 oPtbeeedings of the Ustralian Physiolgical
and Pharmacological Societyas been edited from the submitted abstracts, not fromeitsgomns originally

published in the hard-cgpedition. Theremay be small differences between the abstracts that appeared in the
original and in this re-issued edition.

This edition has been supplemented by a table of contents, an author indexp abdttacts of symposium
presentations which were not included in the first edition (189P and 190P).

Dave Davey Editor
February 2005
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THE EFFECT OF SLEEP DEPRIVATION UNDER BRIGHT LIGHT CONDITION ON
THERMOREGULA TORY RESPONSES O HYPERTHERMIA

K. Aoktt, N. Kondd, M. YokoP, R. Masagd, K. Iwanagd, H. Harada® and T Katsuuré, 'Department
of Kinesiology Tokyo Metropolitan Univ., Tokyo, Japaifraculty of Human development, Kobe Univ.,
Kobe, Japan,3Faculty of EngineeringChiba Univ., Chiba, Japan.

It is well recognized that the circadian rhythm of resting internal temperature in humesssasho
nadir in the early morning and a peak in theneng. Similarly effector responses to thermgudatory
challenges shw a drcadian rhythm. For example, during heat stress (paseiat stress or dynamic
exacise), internal temperature thresholds for thergualigory sweating and skin bloodilacontrols
are subject to a circadian rhythm. Compared to dim lighbsure, bright light exposure during sleep
deprvation in the night leads to suppressed secretion of melatonin and attenuates the decline in
internal temperature in the early morning.vduger, it is unknovn whether thermoregulatory sweating
and skin blood fl responses in the early morning are changed by tHerehice of internal
temperature hels associated with light conditions during sleep degion. We investigated the déct
of sleep depwiation under different light conditions on thermguéatory responses to hyperthermia in
the early morning. Six male subjects rested in a semi-supine position underwent nights of sleep
deprwvation in bright (2800 lux) light or dim (120 lux) light between 2100 hours and 0430 houos. T
experiments were performed in random or@ed at least 1 week elapsed between experiments. After
each sleep demation, passie heat stress was performed by immersing the legsvttle knee in hot
water (42°C) for 50 minutes from 0530 hours. Sweating rate (SR) and skin bleo(Sk&8F) were
monitored on the chest and forearm. After hadtew immersion, maximal cutaneousseular
conductance (CVC) was measured by localrming the sites of SKBF measurement to 42°C for 40
minutes. Urine leels of 6-sulfatoxymelatonin during sleep degtion were lower under bright light
exposure than that in dim light exposure. On the other hand, during sleepati@prirectal
temperatures were maintained significantly higher in bright light condition compared with that in dim
light condition. Similarly before the hot ater immersion, the esophageal temperature (Tes) measured
during passie heat stress was significantly higher in bright light than in dim light condition. The time
courses of SR and %CVCxmessed as a percentage of maximal CVC, were not statisticéiyedif
between light conditions. Thee¥ thresholds for onset of sweating and cutaneous vasodilation were
significantly higher in bright light than in dim light condition. Wever, each sensitiity of effector
responses (the slope of %CVC or SR with respecef) Was not significantly altered between light
conditions. These findings indicate that therrgatatory sweating and skin blood Wiaesponses to
hyperthermia in the early morning are shifted by the attenuation of decreasing internal temperature
levels during sleep depration with bright light exposure.

kenaoki@comp.metro-u.ac.jp
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ADENOSINE AND DOPAMINE AS NEUROMODULA TORS IN HYPOXIC
HYPOTHERMIA IN CONSCIOUS RATS

R.C.H. Barros and L.G.S. Branco, Department of Physioldgiversity of Sao Paulo, Ribeirao Preto,
SR Brazil.

Adenosine has a depressant effect on neurons and its endogenous cerebral interstitial
concentration increases witlygoxia. Dopamine also accumulates in the Nucleus Tractus Solitarius in
response to peripheral chemoreceptor stimulation. No reportyalabke about the role of central
adenosine and dopamine in the thermoregulatory and metabolic respongesxta im conscious rats.
Thus, we measured Tb by biotelemetry and oxygen consumpt|8|) By dosed respirometry of
Wistar rats before and after intracereferdricular injection of adenosine antagonist, amindipte
(40pg/1pl), or its ghicle (saline) and dopamine antagonist, haloperidol (0.5ug/1pl), oehisles
(DMSO 5%) follaved by a 30 min period of hypoxia exposure (7%. Both saline and DMSO 5%
solution had no é&ct on Tb or \6 before and after hypoxic exposure. Neither aminophylline nor
haloperidol changed Tb and, Vof rats during normoxia; Iveever, during hypoxia both treatments
significantly attenuated (P<O0. Gsy[joxm hypothermia and hypometabolism. In conclusion, this study
indicates that central adenosine and dopamine seems to be neuromodweakeegs im the lgpoxic
hypothermia. Hwever, because aminopfline and haloperidol did not abolished thgpbthermic
response the study also suggests that actiorvefateneuromodulators may be necessary to trigger a
full-blown hypoxic hypothermia.
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ROLE OF PREOPTIC AREA IN LPS-INDUCED BEHAVIORAL FEVER IN THE

TOAD BUFO PARACNEMI S

K.C. Bicego-Nahas and Luiz G.S. Branco, Faculty of Odontology of Ribeirao Preto and Faculty of
Medicine of Ribeirao Preto -University of Sao Paulo, Ribeirao PretoBi@Ril.

Preoptic-anterior hypothalamus (POA) plays an important role in thegolat®n in
vertebrates. In mammals, it is known thavdecan be initiated by a number of agents (including
endotoxin - LPS). These are bebd to release endogenous pyrogenic cytokines that may act An PO
which then stimulates the neural pa#ys inducing autonomic and behavioral responses that raise Tb
Amphibians, as all ectotherms, regulate their Tb primarily by\nehd&ecently we demonstrated that
LPS causes betimral fever in the toadBufo paacnemisbut the site in the central nervous system
(CNS) involved in this response has not been asse3$muefore, we tested thegpothesis that lesion
of PQA impairs behavioral fer induced by LPS ilBufo paacnemis.Toads were anesthetized in an
agueous solution of gthm-aminobenzoate (submergence in 0.3% MS-222) and electrolytic lesions of
PQOA were made. Measurements of preferred Th were performed using a thermal gradient 4 days after
surgery After a control period of about 24 hours, control, sham-operated or lesioned toads were
injected into the lymph sac with LPS (200 pg/kg) wrogen-free saline. Preferred Th was monitored
for 15 hours after injections. During control period, mean Tb was 23.9 + 1.5°C and LPS caused a
significant increase in Tb from th& 8o 11" hours after injection (P< 0.05). There was no significant
difference between control and sham-operated groups. Unilateral lesion of dofsedd@@ed in a
delayed feer (from the 18" to 18" hours after LPS injection). Unilateral lesion of the ventraAPO
abolished behavioral ¥er induced by LPS. These results indicate thafAP€specially the entral
portion, is an important area of the CNS of toadslied in behavioral feer.

Financial support: FAPESENPg and PRONEX
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TYMPANIC TEMPERATURE REACTION T O THE EXPOSURE TO
ELECTROMAGNETIC FIELDS EMITTED BY CELLULAR PHONES

A. Bortkiewicz, E. Gadzicka, M. ZmyslpWy Symczak, S. Jarupat, A. Kawabata and H. Tokura,
Department of Work Physiologystitute of Occupational Medicineodz, Poland.

Mobile phones ha been in use since 1983, and the recent decade has seen their enormous
proliferation. Their widespread use has caused that there has been a growing interest in the effect of
electromagnetic fields (EMF) generated by the phones on the hurgamsor. Mobile phones
generate micwave radiation in the 450-1800 MHz frequgntange. Although the exposure due to
mobile phone use is belothe admissible maximum values specified in theveakestandards, it is
worth noting that the standards are basedxpeeed thermal effects and do notaakto account non-
thermal effects. Accordinglythe admissible EMF radiationvds have been determined so as to
prevent temperature gwath of 2.2°C or higher in the exposed object.wéeer, it would not be
reasonable to assume thaerless evident temperature gih (and within the brain in particular) is
not able to cause harmful effects. Questionnaireesargerformed for example in Australia, Sweden
and Norvay on the subjeate symptoms associated with the use of the mobile phones 8fai the
most frequent symptoms include headaclegtigo, feeling of discomfort, sensation of warmth. The
aim of the experiment was to assess the thermoregulatory response to EMF emitted by mobile phones.
Studies of this subject are still sparse and incomplete. Inxparienent seen young women, aged
19-29 (mean age 22.1+4.8) years werangined twice: on a day without exposure (control day) and
on a day with continuousxposure (60 min exposure from cellular phone, frequ&3¥0 MHz, output
pover 5 mW/cri). All participants were qualified for thexgeriment upon their written consent. Al
the subjects were examined by a physician. The study was performed in the climatic ckizanber
ambient temperature was about 26°C, retatumidity was 69%. The experiment started at 7 p.m.
From 7 to 8 p.m. the subjects used cellular phone (on the one day the telephone emitted
electromagnetic fields and on the second day it did not). The subjects were not informed which day
was exposed and which control (without exposure). Starting from 8 p.m. till midnight the subjects
listened to music and then thdept till 7 a.m. the next daypuring the experiment the arterial blood
pressure (BP), heart rate (HR) and the tympanic temperat[y)re?v(aTe monitored. N@ we report data
on the tympanic temperature. The tympanic temperata® measuredvery minute by thermistor
probe (ST-21S, sensor Tecnica Co.) attached to the tympanic membrane from 7 p.m. to 12 p.m. hours.
The data were analyzed using Wilcoxon matched-pairs signed-ranks test for each subject and for the
whole group. W& compared the tympanic temperature during the day wipogure (E) and during the
control day (C) separately for 2 periods: (1) 7-8 p.m., (2) 8-12 p.m. Mean tympanic temperature during
period 1 and period 2 dédred significantly between E-day and C-day (p=0.0000)fet2ihces,
however statistical significant, wereery slight (about 0.01°C). The analysis of tympanic temperature
of each subject wealed individual variations. Furtherviestigations are being performed tapdain
these differences.

alab@sunlib.p.lodz.pl
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CAN FINGER DEXTERITY BE MAINTAINED WITH LO W FINGER BLOOD

FLOW?

D. Brajkovic, M.B. DucharmeHuman Protection and Performance Group, Defence and Civil Institute
of Environmental Medicindoronto, Ontario, Canada.

The purpose of this project was to determine if high finger bloed ilaequired to maintain
finger dexterity during cold exposure. Eight male subjects were exposedottests and one
familiarization sessionwer a time period spanning from July to Septem®800. Duringtest one
(designated aEHV), the hands were heated indirectly by using an electrically heated veswabyacti
heat the bodywhich in turn, resulted in an increaseakudilatve response in the hand3.he hands
were insulated with thin, non-heated\ge and Arctic mitts. During test tw (designated aBHG), the
hands were heated directly using electrically heatedegloArctic mitts were worner the EHGs.
The finger skin temperature, '5) during the EHG test was kept the same as m&b sered during
the EHV test. During both tests, subjects sat in a lawn chair in a cold chamber maintained at -25°C
(wind [2km/h) for 3 hours. Arctic clothing insulation [0.556 % (3.6 Clo)] was worn wer the
body. During time 30-60 min and 135-165 min, subjects alternated betweefinyer dexterity tests
[a C-7 rifle disassembly and assembly test (3-4 min duration) and 3 PughmaRE(PP) tests (3-4
min duration)] during each 30 min test session. The Arctic mitts wereveentloring the deterity
tests. T, . was measured using thermistors placed on the tips of the'riwg" fingers, and finger skin
blood flov (an ) was measured using laser Doppler probes placed immediax¢fpribe thermistors
on the flngertlp Forearm muscle temperaturg ( .. was measured in th@. flexor carpi adialis
muscle at a depth of 1.5 cm and a distance of approxmately 9 cm distally from the medial epicondyle
in the lulk of the muscle. Forearm surface temperatuge {T) was measured using a thermlstﬁ;lt;1
was maintained at 35.17+0.18°C and 34.37+0.25°C during EHV and EHG, resbectvhen the
subjects were sitting still. During the dexterity te% was an average 31.19+0.52°C and
29.53%0.86°C during EHV and EHG, respeely. Q,_ Was dable at 224+27 PU for 3 hrs during
EHV, whereas during EHGQ, ng decreased from 133+926 PU to 3948 PU in 2 hrs and remained at that
low leve for the last hour T . was 34.37+0.39°C and 32.62+0.39°C during EHV and EHG,
respectiely. T . was 2. 06+0 45°C and 30.43%£0.47°C during EHV and EHG, respbgetiC-7
rifle test performance was identical between conditions (i.e, 172+8 sec). PP test performance was not
significantly diferent between EHV and EHG (i.e., PP scores of 22.2+1.2 and 20.5+1.9 points,
respectrely). Finger dexterity \®@s similar between conditions despite a &gmﬂcanﬂl;ef@hn during
EHG. Thesimilar performances suggest tAgt is a more important factor th@} in malntalnlng
finger dexterityFinger dexterity can be maintaineges when finger blood flw is Iow

dragan.brajevic@dciem.dnd.ca
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MECHANISMS OF HYPOXIA-INDUCED HYPOTHERMIA
Luiz G.S. Branco, Faculty of Odontology of Ribeirao Preto - University of Sdo Paulo, Ribeirao Preto,
SR Brazil.

Hypoxia evokes a equlated decrease in body core temperature (Tc) in a wide variety of
organisms ranging from protozoans to mammals, a response that has been referred tgresianap
but only recently did the mechanisms responsible fgpdxia-induced angpexia start to be
suggested. A route mediating the reduction in Tc may be the impairment of centralvexidati
phosphorylation since intracerekentricular injection of inhibitors of oxidate phosphorylation such
as azide or cyanide reduces the preferred Tc of toads. Morexclusion of glucose from central
sites, which could impair oxidag phosphorylation, plays a major role irygoglycemia-induced
hypothermia. Haever, whether inhibition of oxidate phosphorylation acts directly on neurons to
produce anapgexia or is only a cellular signal for the release of substances that could mediate
anapyreia remains to be determined. YAy, these data imply that the central nervous system (CNS)
plays a central role in the wiopment of anagrexia. Several putatve mediators of anapexia hare
been proposed. Some lines of evidence indicate arginine vasopressin (AVP) as a .néiator,
we recently showed that the blockade ®PAreceptors peripherally as well as centrally does not alter
the magnitude of hypoxia-induced agegxia. Data with Bratleboro rats, which lack AVP producing
neurons in the CNS, also support this notion. BesidéR Aary other mediators he dso been
suggested such as lactate, adenosine and histamine, but none of the possible candidates can trigger
full blown hypothermic response. Recentlye labile gas nitric oxide (NO), by acting in the CNS, has
been shan to play a major role mediating hypoxia-induced gnapa as well as the decrease in Tc
elicited by other stimuli, such as 2-DG, insulin, and systenginiae-vasopressin, suggesting that NO
is a common mediator of hypothermia. This effect is likely to be dependent on the neuronal isoform of
NO synthase since treatment with 7-NI, a selecteuronal NO synthase inhibitampairs lypoxia-
induced anayrexia, even though some contwersy may e&ist. Furthermore, it is interesting to point
out that recent data from our laboratory also points that substances may be formed during hypoxia to
counteract the actions of the mediators of greqma and, consequenilyo avoid an ecessve dop in
Tc, similarly to what occurs during er (pyrogens vs. cryogens). This seems to be the case of
endogenously formed carbon monoxide (CO) since inhibition of the enzyme responsible for CO
synthesis in the CNS augments the hypoxia-inducedyaaap. Although progress has been made in
the understanding of the mechanisms of grexa, it is important to keep in mind that thatill
remain little explored and represent a field that needs urgent research.

Support: FAPESRCNPqg, PRONEX

branco@forp.usp.br
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NIGHT FEEDING OF GR OWING CATTLE IN HO T SUMMER RELIEVES HEAT
LOAD AND INCREASES GROWTH EFFICIENCY

A. Brosh, YAharoni, A. Orlor and R Korilov, Department of Beef Catfl&.R.O, Newe Ya’'ar Resedr
Center Ramat Yishaylsrael.

Under heat load conditions eating and digestion may cause an increased heat logd if the
coincide with the hotter part of the daljhe studies were designed to assess the effect of time of
feeding on the heat production (HP) pattern during the day andfast @n performance and
efficieng. The data presented summarize studies three summers, during about 90 days each year
in two feedlots: one unshaded, the other shaded by a 3 to 4 m high veafig@bout one-third of the
yard. Fattening calves, Holstein and beef breed, and growing beef heifers were used. In each feedlot
each year animals were separated on the basis of breed, gender and age, and divided lmetween tw
treatments: day and night fed. The day-fed animalswetenost of their feed during the dagnd the
night-fed animals receed most of theirs during the night. Diet metabolizable gpefME) was
identical in the tw treatments in each site and each yRactal temperature (I and respiration rate
(RR) were measured in the morning and in the afternoon. Body weight (BW)w@s measured
monthly. Intake and eficiency were measured on a group basis, calculated mormtidysummarized
for the entire trial. ANQA statistical analysis as applied to the animal data and the pair comparison
t-test was applied to the group data on animal gain, aéntakl eficiency (gan per intake). A treatment
effect was accepted as significant B70.05. During the 3 years we used 349 animals, separated into
11 groups in each treatment. Heart rate (HR) and skin temperature were measured throughout the day
by data loggers attached to a harness strapped to the chest behind tlys.ftmete yearHP
throughout the day as calculated by multiplying HR by the measured HP of one heartbeat, calculated
from the oxygen consumption and HR simultaneous measurement. Rectal temperaturefeetedinaf
by the time of feeding in both feedlots. In the unshaded feediead higher by 0.3°C in the afternoon
than in the morningR<0.05). Respiration rate (breaths/min) in the mornirag wot affected by the
feeding regime; it @&s higher in the shaded feedlot than in the unshaded one, 61 and 52 vebgpecti
In the shaded feedlot RR of the day and night fed animals increased in the afternoon by only 8 and 5
breaths/min, respeutly; in the unshaded feedlot it increased by 49 and 34 breaths/min, redpecti
The cattle manifested the lowest HP during the hotter hours of thevdey thg were fed at night,
but the whole-day HP was not significantly affected by feeding at night. In sum, the 3-year study on
the group basis showed that dry matter (DM) iataks significantly reducedP§ 0.001) by feeding at
night: 7.628 and 6.961 kg/day for the day- and the night-fed animals, reslyeati ite of the laver
intake of the night-fed cattle, theirvarage growing rate was identical with that of the day-fed ones:
1.217 kg/day for both treatments. As a result, thi ger intak the eficiency was significantly
increased by night feeding: 162.4 vs. 178.5 (g gain per kg DM intake, P<0.005) and 14.26 vs. 15.74 (g
gan per MJ ME intake,R<0.005) for the day-fed and the night-fed, respelsti The mechanisms that
caused the significant increase of about 10% in theecsion of feed to growth are not cleand
further research is needed. Preliminary studies, in which we used a natural/eligastithe plant
alkanes as low-absorbable markers, indicated a tepdendiet digestibility to be increased by about
5% by night feeding, compared with day-feeding.

brosha@netvision.net.il
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OCCUPATIONAL ACCLIMATISATION T O HOT HEAVY WORK IN AUSTRALIAN
BUSHFIRE FIGHTERS

J.R. Brotherhood, G.M. Budd, M. Schutten, School of Exercise and Sport Stieiveesity of Sydng
NSW Australia.

Generally people who work in hot jobs are assumed to acclimatise to tei sonditions. This
report documents impvements in physiological heat tolerance acquired during fire fighting operations
by a group of fie male Australian bshfire fighters of age (mean and range) 25 (21-29) y and body
mass 68.7 (63.1-79.1) kg. This 'natural acclimatisation’ occurkesd & period of 17 days in the
summer On ®ven of these days, at intervals varying from 3 consgeuthys to 5 days apart, the
firefighters vorked to suppress large scalgperimental forest fires. Fire suppressiowvolned
prolonged periods of strenuous work constructing fireline with hand tools. ditkecanditions in the
seven fires were: wrk duration, 93 (42-190) min; air temperature, 30.6 (27.3-34.7)°C; mean radiant
temperature, 71.9 (45.0-91.1)°Cater vapour pressure, 18.8 (16.7-22.2) mb; WBGT Index, 29.0
(24.3-34.4)°C; energy expenditure, 485 (439-616) w; estimated requigpdration (Ereq), 1,120
(1,018-1,347) g/h. The firefighterwork responsesvaraged for each individual for thevan fires
were (mean and range): heart rate, 153 (143-162) B:meotal temperature, 38.2 (37.9-38.6)°C; thigh
skin temperature, 35.1 (33.5-35.9)°C; sweat rate, 1,175 (971-1,418) g/h. vidence for
acclimatisation is based on changes in the firefighters’ responses betveeeocasions at about
midday when the constructed fireline in the absence of fire; once before the 17 day period (Day O,
NF1), and again at the end of the period (Day 18, NF2). Ttk wonditions and firefighters’
responses in NF1 and NF2 are shown in the Tabbek Weart rates, rectal temperatures, and thigh skin
temperatures were all significantlywler, and sweat rates were also 10%véy in NF2 than in NF1.
Increases (drifts) in heart rates and rectal temperatures withtune were less in NF2 than in NF1.
Thigh skin temperatures increased with work time in NF1 byt deereased with ark time in NF2.
Rates of production of fireline were similar in NF1 and NF2.

Variables NF1 NF2 NF2-NF1 P

Work conditions (n=2)

Work duration min 151 141 -10 n.a.

Air temperature °C 33.1 32.0 -1.1 n.a.
Water vapour pressure mb 19.7 13.3 -6.4 n.a.
WBGT index °C 28.1 26.6 -1.5 n.a.
Energy expenditure w (n=5) 500 545 45 0.08
Required eaporation (Ereq) g fi(n=5) 921 974 53 0.13
Firefighters’ work responses (n=5)

Heart rate b mint 163 139 -24 0.008
Rectal temperature °C 38.48 38.12 -0.36 0.009
Thigh skin temperature °C 35.3 34.1 -1.2 0.001
Sweat rate g 1,105 989 -116 0.033
Perceved exertion (RPE) 14.4 14.7 0.3 0.67

n.a. = not applicable

Conclusion Seven exposures to fire suppression during a period of 17 days indugsibjagical
adaptations characteristic of heat acclimatisation. Rather than increasingdtteintensity with this
acclimatisation these firefighters maintained their habitual work performance but enjogedelels

of physiological strain.

J.Brotherhood@chs.usyd.edu.au
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DRINKING BEHAVIOUR AND VOLUNTAR Y DEHYDRATION IN MEN SWEATING
HEAVIL Y IN STRENUOUS OCCUPAT IONAL WORK IN HO T WEATHER

J.R. Brotherhood and G.M. Budd, School of Exercise and Sport Sciencdty of Health Sciences,
University of Sydng NSW Australia.

Dehydration results in impaired thermoregulatory and circulatory function, leading to loss of
performance and increased risk of heat illness in prolonged hgengyse or hot work. Yet, there do
not appear to be fefctive physiological or behavioural mechanisms that ensure that drinking replaces
sweat losses as theccur This paper analyses 170 observations of water intakes and sweat losses
made @er 3 summer fire seasons on 30 male Australian bushfire fighters of age (mean and range) 26
(18-45) y and body mass 71.4 (51.7-105.0) kg. The observations arose from carefully conducted fluid
balance studies that measured changes in body mass, food and water intake, and urine excretion, while
the firefighters were engaged in fire suppressiowiaes. On some days the firefightersnked on
fires, on other days thgerformed the same work in the absence of fire. The firefighters werre af
the importance ofpreventing dehydration, and ampleater supplies were readilywalable to them
while they worked. For the 170 obseations total work sweat losses were (mean and range) 2155
(615-4459) g, and sweat rates were 1127 (456-23%3) §he rate of water intale (drinking) averaged
453 (0-1352) di!, which replaced 41 (0-96) % of sweat losRegression analysis vealed a
significant but weak association between drinking rate and sweat rate (r8€058001). An increase
in sweat rate of 1,000H! was associated with an increase in water imtak 350 gh™, and cowversely
of 650 gh'! (about 0.9% body mass per hour) in the rate of dehydration. Because the percentage of
sweat replaced varied so widely (0-96%), wdlial drinking behaviour was westigated in nineteen
firefighters for whom there were fromdivo nne days of observation. Individual correlations between
drinking rates and sweat rates (Memged 0.63 (0.01-0.98).wb gparently distinct patterns of
drinking behsiour were identified. In ten men (52%) the correlation between drinking rates and sweat
rates (r) was>0.7570.10) suggesting that theirater intakes were consistently associated with their
sweat losses. Based on their individual regressions, at a standardised sweat rate ¢f'120tege
mens swveat replacementsveraged 42 (24-57)%. In the other 9 men there were much ewveak
individual associations between water itabnhd sweat loss, although similarvéts of sweat
replacement of 43 (25-66)% were obselv The highest drinking rates observed in villials
aveaged 812 (407-1305) g*hand the highest rates of individuals’ sweat replacemeetaged 62
(37-96) %.

Conclusion:Water intale and sweat loss appeared to be moderately to strongly associated in
some men, while in others there was little or no associatiogeréRess of the pattern of inddual
drinking behaviourwater intakes failed to match sweat losses.

J.Brotherhood @cchs.usyd.edu.au
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PHYSIOLOGICAL AND BEHAVIOURAL TEMPERATURE REGULATION IN MEN
SUPPRESSING AUSTRALIAN SUMMER BUSHFIRES WITH HAND TOOLS
G.M. Budd, School of Exercise and Sport Scighiee University of SydgeNSW Australia.

Bushfire fighters undertakprolonged strenuous avk, usually in hot summer weathen fires
that liberate great quantities of heddow do they cope? Four sen-man crews were studied by
reliable standard methodsen three summers in Australian eucalypt forests whilg tieempted to
suppress bushfires of intensities commonly faced by hand-tool crews éBatld1997). They were
men of age (mean and range) 26 (18-45) yr and body mass 71 (52-105)ykgotldight cotton or
wool coveralls, or trousers and shirt, together with boots and hard hat; apdetperienced air
temperature 29 (19-35)°C and mean radiant temperature 66 (33-96)°C, withuloidity and
windspeed.

Physiolaical tempeature regulation: Firefighters’ physiological responsegesged (mean *
s.d.) energy expenditure (EE) 516 + 100 h&fart rate (HR) 152 + 14 beats miirrectal temperature
(Tre) 38.2 + 0.2°C, thigh skin temperature 34.5 + 1.7°C, and sweat rate 1,144 + 373Tidy
considered the work ‘somewhat hard’ (Rating of PestkExertion (RPE) 13.6 + 1.7) and thdelt
‘jJust too warm’. Noburns or heat disorders were obssty HRand Tre were not changed by a sixfold
variation (36-217 min) in work duration, sliong that their heat load was completely dissipated and
they were in thermal equilibrium. Nor were HR or Tre changed by variations of 406-630 W gy ener
expenditure; of 15-34°C in ¥-ulb Globe Emperature (WBGT) — as much as 9°C \abo
recommended limits; of 7-27% in bodstfcontent; or of 31-63 ml mithkg* body mass in maximum
oxygen uptak, except for an attenuated effect on HR. These unchanged responses while firefighting
are contrary to the results of numerous laboratory studies, and also to the firefigimeessgonses in
formal work tests.Effects of fire were negligiblexeept for a 356 ghincrease in sweat rate, stiog
that the results are also applicable to other hot and/or strenuous occup@&bagoural temperature
regulation: Thestability of HR and We during firefighting despite wide variations in work, weather
and fire, and in the firefighters’ fithess, fatness, and age, is explained by (1) unresisjmbeatien of
sweat and (2) firefighters’ self-regulation of theiorlw rate, radiant-heat exposure, and otherkw
behaviouy guided by ngaive feedback from their physiological and subjeetiesponses. Despite
head-fire intensities as high as 3,280 kW per metre of fire front, firefighters’ wactices reduced
their radiant-heat exposure to an intensity (1.6 kW) hitle greater than that of sunlight, which could
readily be blocked by clothing light enough to let sweaperate at rates of 1-2 'h The aerage
metabolic heat load @ more than twice the combined heat load from fire and wesdtloaing that
the main task for bushfire fighters’ clothing is not to keep heat out but to let it out.

Conclusions: Behavioural regulation and appropriate clothing aléa firefighters to maintain
their physiological and subjeeé responses at safe and sustainableldeover a wide range of job
demands and personactors. Thesdindings highlight the limitations of laboratory studies for
predicting physiological responses in the workplace.

Budd, G.M., Brotherhood, J.R., Hendrie, A.L., Chend.P, Dawson, M.P., 1997. Special Issue:
Project Aquarius. Stress, strain, and productivity in wildland firefighters. International Journal of
Wildland Fire 7(2): 69-218.

g.budd@cchs.usyd.edu.au
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ASSESSMENT OF THERMAL STRESS - THE ESSENTIALS
G.M. Budd, School of Exercise and Sport Sciefiee University of SydgeNSW Australia.

The main reason for assessing thermal stress (hot or cold) orkplace is to diagnose its
causes and serity, and to praovide guidance for the administnadi and engineering changes that may
be required to alleviate it. It is widely belexl that this is a difficult, pensve, and time-consuming
task. Theaim of this paper is to shothat, on the contraryt can be done quickly and easilyy a
single observer using simple andxpensve instruments. Th@rocedures described bel@re ones
that my colleagues and | Vefound reliable in research projects and industry consultancies for more
than 40 yearsProceduresWe measure the thermal environment in therkplace (e.g. in a factory or
a mne), and also in an adjacent shaded place outdoors to assessvdilegreeather Three
instruments suffice, namely (1) a sling (or Assmann) psychrometer; (2) an anemeraéteably a
non-directional thermo-anemometer; and (3) a globe thermometer - coier black, and 15 cm in
diameter A fourth instrument, the natural wetdb thermometerpermits calculation of the @¢-bulb
Globe Thermometer (WBGT) ingef heat stress(For a preliminary ‘walk through’ suey t detect
sites requiring a more completeakiation, the sling psychrometer is all that we neBdychrometric
measurements indoors and outdoorswsho what extent air temperature (Ta) anditer-vapour
pressure (VP) in the workplace féif from those of the pwailing weathey while qualitatve estimates
of air velocity (AV) and radiant heat are provided by one of the most senisgiruments &ilable -
the obserers face.) Uses of the measements From the abwe measurements, together with
descriptions of the wrkers’ clothing and aatity, we @an dene a geat deal of useful information.
First, we calculate VP and mean radiant temperatureTjMfRus completing our knowledge of the
four primary quantities Ta, MR VP and AV. These preide an immediate impression of thedeof
thermal stress, and usually of its causes as well. Second, we calculate the extent to which MR
exceeds @ in the workplace (i.e. the dece of added radiant heat - or vice versa in the cold), and the
extent to which Ta, VPand AV differ from those outdoors. All the abm® dfferences are due to the
industrial process or otheadtors specific to the workplace, andyth@ovide information about
sources of thermal stress and the adegabeentilation. Morewer, by adding these differences to the
outdoor values expected in different weather we can predict the likely workpldoenerent at such
times. Third,we calculate, using the well kwa equations of Belding and Hatch, approximat¢ b
extremely useful estimates of the radraficorvective, metabolic, and total heaixehanges; of the
extent to which the heat can be dissipated by #aparation of sweat; and of the déiky sweat rate and
hence water requirements - estimates weehfaund to agree remarkably well with concurrent
measurements of sweat rate. By repeating these estimates ofdieatge with different values o
VP, etc. we can predict the likely effect in theokkplace of different weather conditions, and of an
engineering changes (e.g. radiation shielding or increasatlation) that may be contemplated.
Finally, we an calculate andesired indg of thermal stressxeept those based on *human analogue’
devices such as the BotsbalConclusion By routinely measuring andvauating the four primary
guantities, and by estimating theoskers’ heat exchanges, we obtain a balanced and compnahensi
assessment of thermal stress, and of the ways in which it might be alleviated.

g.budd@cchs.usyd.edu.au
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HYPERTHERMIA-INDUCED NEURAL TUBE DEFECTS: THE PR OTECTIVE
EFFECT OF FOLIC ACID

M.C. Bulman, A.JHodgson and T.\&adler, Department of Cell Biology and Anatonniversity of
North Carolina, Chapel Hill, USA.

Maternal hyperthermia accounts for approximately 10% of all Neutta¢ Defects (NTD’s) and
may be induced through febrile illnesses, spas and sawedsyrein a hot or humid environment, as
well as through aariety of pharmacological agents. NBD>¥ise when the neural tube fails to close
and may result in a variety of disorders such as spina bifida and anencé@piealyeural tube is
susceptible to teratogenic insult during the third and fourth weeks of gestation (postfertalisation), prior
to the time when most women kmdhey are pregnant. Administration of folic acid, a B-vitamin, can
prevent up to 70% of all cases of NT®’In this study whole embryo culture techniques are utilised to
assess the potential proteetidfect of folic acid in perthermia-induced NTD’s. Pregnant mice were
killed on embryonic day 9 (E9) (plug day = E1) by cervical dislocation and embryos between 5 and 6
somites were pre-incubated with and without folic acid (0.1mL, 2.9 Xv}0in a 38°C dry-air
incubator for 30min. Embryos were then exposed to a teratogenic hyperthermic episode (42°C) in a
shaking water bath for 25min before being returned to a 38°C dry-air incubator for the completion of a
24h culture period. 5 somite embryos incubated without folic acid were the most susceptible to a
hyperthermic episode of this dose, displaying generalisedapemental retardation, while 6 somite
embryos appeared morphologically normal. Interestinglyo 6 ®mite embryos displayed highly
localised deelopmental malformations confined to the craa@él region while the remainder of the
embryo remained unigicted. The highly localised malformation seen in these embryos suggest a
susceptibility of neural crest cells, which migrate to form most of the ceanm@bfregion. Addition of
folic acid improred overall embryo size and impved morphogenesis in all embryos. Folic acid
appears to hee dobal protectre dfects in the presence of a teratogernypdrthermic episode and
these effects may extend to offer protection against exposure to other teratogens. Considering the
susceptible period for a NTD is before neural tube closure in the fourth weekgoiapeeit is
important that folic acid is administered pre-conceptually.

tsadler@med.unc.edu
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NONSHIVERING THERMOGENESIS: THE UNIQUE ROLE OF BR OWN ADIPOSE
TISSUE

B. Cannon, MGolozoubova, A. Matthias, K. Ohlson, E. Hohtola* an8lddergaard, The Wenner-
Gren Institute The Arrhenius Laboratories, Stockholm Univers&tgckholm, Sweden; and
*Department of BiologyUniversity of Oulu, Oulu, Finland.

It has become generally accepted that the heatimigrirom brown adipose tissue metabolism
provides a quantitately significant contribution to the total heat required to defend body temperature
when a rodent is placed in a cold environmentweler, it has remained unclear as to whether this
tissue alone is responsible for all adeptionshvering thermogenesis or whether other tissues can
also be induced to contute. This has become particularly pertinent with the dsgoof genes, the
sequences of which demonstrate high homology with th&rsfat specific uncoupling protein UCP1.

The question is also relant in larger animals not demonstrating discrete depots of brown adipose
tissue. It has, lwever, now become possible to address these questions because uvétakilay of

mice with a genetic ablation in the UCP1 gene.vBradipose tissue thermogenesis isvatgd by
norepinephrine released from sympathetic e@ererminals within the tissue. Injection of
norepinephrine (1 mg/kg, i.p.) can mimic this reaction. Using the UCP1-ablated miceyevieba

able to shav that the response to injected norepinephrine consists of dwnponents, a
UCP1-dependent response, the magnitude of which is recruitable, and a UCP1-independent response
which is not recruitable and which presumably corresponds to the metabolic response of all tissues to a
high dose of a catecholamine. It is unclear whether the UCP1-independent responger ten e
considered as physiological. Although the UCP1-ablated mice are, as expectedeserwmitil, they

can, nonetheless, be acclimated to swnin cold by a preacclimation period at an intermediate
temperature. Whaveshavn that their ability to surve & low temperature is entirely due to the ability

of the animals to maintain persistent v&ing. Theg/ have not developed agy nonshvering
thermogenesis in grtissue or ayan, and surwie pesumably because of an imped endurance to
shivering in the skeletal muscles. Thus, no other protein can compensate for the loss of UCP1 and no
other hormone or neurotransmitter can replace norepinephrine in inducinghcashvering
thermogenesis. This demonstrates unempally that UCP1 homologues such as UCP2 or UCP3 are
unable to be recruited and aeted to be thermogenic under conditions of cold stress. Since it is
becoming increasingly clear that loci of brown adipocytes are found in white fat depots, it is not
improbable that \ven mammals lacking large visible bwm adipose tissue depots nonetheless can
recruit brown adipose tissue thermogenesis when required.

barbara.cannon@wgi.su.se
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PARTICIPATION OF THE NITRIC OXIDE P ATHWAY I N SEPSIS-INDUCED
HYPOTHERMIA

E.C. Carnio, M.G. Galatti, JAntunes-Rodrigues and A. Giusti-Paiva, Departamento de Enfgrma
Geral e Especializada, Escola de Enfegaa de Rbeirdo Preto, and Departamento de Fisiologia,
Faculdade de Medicina de Ribeirdo Preto, Universidade de S&o Paulo-Brasil.

A few mechanisms he been suggested to bevotved in sepsis-induced hypothermia, but no
information exists on the role of nitric oxide (NO). In the present swdyssessed the participation
of NO in sepsis-induced hypothermia by means of inhibition of NO synthase (NOS). Rats were
anesthetized with 2,2,2-tribromoethanol and implanted with a polyethylene catheter into the jugular
vein for administration of lipopolysaccharide (LPS) and a stainless steel guide cannula (0.7 mm o.d.)
into the third cerebral ventricle for administration of the non-seedlOS inhibitor NP-nitro-L-
arginine methyl ester (L-NAME). After 1week of remwy the body temperature ofwake and
unrestrained rats was measuredr@ period of 5 hours at 15 min intexks by inserting a thermoprobe
into the colon. The body temperature was measured before and after administration of LPS (1.5
mg/kg), L-NAME (250ug/1pl) or both treatments togetheiorder to determine the effect of the NOS
inhibitor on LPS-induced hypothermia, L-NAME was injected i.80 min before LPS injection.
Control animals receed the same ®ume of D-NAME i.c.v and sterile saline .i.&nimals injected
with LPS showed a significant decrease in body temperature 60 minutes after LPS administration from
37.8+0.2 to 36.9+0.15°C (P<0.002). In euthermic animalsAME caused no significant change in
body temperature. heever, when L-NAME and LPS were combined, a reduction in the magnitude of
LPS-induced hypothermia was observed, from 36.9+0.15 to 37.9+0.08°C (P<0.001). In conclusion,
these findings are consistent with the notion that central NO pathway plagy ml&k mediating
hypothermia elicited by endotoxaemia.

Support: FAPESRCNPqg, PRONEX.

carnioec@glete.eerp.usp.br
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THERMAL COMFOR T AND BEHAVIOURAL STRATEGIES IN OFFICE
BUILDINGS LOCATED IN A HO T-ARID CLIMATE
K. Cena and R.He Dear, Murdodh University Perth and Macquarie Universityydney, Australia

This paper discusses the main results of a large field study (Cena and ,d©8@&aconducted
in Kalgoorlie-Boulderlocated in a hot-arid region of Western Australia, and focuses onféloés edf
indoor climates on thermal perceptions and adeg#haviour of office workers. The study protocol
followed the procedures for a series ofgascale ASHRAE (American Society of Heating,
Refrigerating and Air-Conditioning Engineers) sponsored thermal comfort fieldysuawd included
precise measurements of indoor climates with laboratory-grade instrumentation. Twerdy the
largest office buildings in Kalgoorlie-Boulder were chosen for the steaiyple sizes of 640 and 589
subjects were achred in winter and summer sueys, respectiely. This total of 1,229 sets of dataw
provided by 935 respondents, of whom 294 were intereék in both seasons. Female subjects
represented 48% of the sample. Therage age of all subjects was 35 years. Clothing insulatetsle
were 0.5 clo in summer and 0.7 in wint@ffice chairs were estimated to add 0.15 clo to the clothing
insulation. Metabolic rates were estimated to bevenage 77 W/rf or 1.3 met for both seasons and
for both sa&es. Thermal neutralityaccording to responses on the ASHRAE/epepoint sensation
scale, occurred at 20.3°C in winter and at 23.3°C in sumbneferred temperature, defined as a
minimum of subjects requesting temperature changas ®2.2°C for both seasons. Thermal
acceptability showed little or no systematic relationship with the thernvadoemental conditions.
After the efect of chair insulation was accounted,fdne PMV (Predicted Mean \Vote) inxle
adequately predicted optimum sumestiere temperatures for the subjects, whether defined in terms of
thermal neutralitythermal acceptability or thermal preference. PMMsrestimated neutrality by one
and three dgrees (C) in summer and winter respegtyi. On the basis of the adapé nodel of thermal
comfort one might hae predicted that acclimatization to KalgoorBdot and dry climate, especially
during the summer season, would push the actual neutsaityerthan that predicted on the basis of
PMV. One possible explanation for this counterinugticutcome is that the occupants of-air
conditioned buildings actuallgdaptto those indoor climates. There was little difference (particularly
in summer) between thex®s in terms of thermal sensations, although there were significantly more
expressions of thermal dissaastion from the females. The effects of Kalgoorlie-Boulder hot-
dry/cool-dry seasonality on thermal comfort responsesffeoforkers was significant, amounting to
a 3C shift in neutrality and was within the rangepected on the basis of the clothing insulation
differences of approximately 0.2 clo between seasons. Future researchwntioeharercooling of
office buildings in hot-dry climates can be reduced without disrupting the comfort and pribylwéti
their occupants is called for.

Cena, K., de DeaR.J., 1999. Field study of occupant comfort and office thermate@mments in a
hot, arid climate. ASHRAE Trans. 105, 204-217.

cena@essunl.murdoch.edu.au
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DEVELOPMENT OF A NOVEL THERMAL CONTROL SUIT FOR HUMAN
THERMOREGULATION AND ENVIRONMENTAL ERGONOMIC STUDIES
S.S. CheundC.G. Brideau, M.X. Richardson and LThornley, Shool of Health & Human
Performance Dalhousie UniversityHalifax, Canada.

Cooling suits are becoming increasingly common in occupational and athletic settings in order
to keep humans cool while working okeecising in hot ewironments. These coolingagnents
typically consist of ests containing packets of ice, or else liquid-cooling garments (LCGs) where
conductve heat transfer is achred by the maement of eternally cooled water through nawdubing
stitched into the clothing. In research settings, LCGs can be used to heat or cool subjects by controlling
the temperature of theater entering the LCG. ¥\&e in the deelopment stage for a Thermal Control
Suit (TCS) for use in thermophysiology and environmental ergonomic studies. The TCS is designed to
extend the flgibility and limit of thermal control possible with present LCGs based on runréerw
and an external heating/cooling source. The primary specifications for the TCS are the ability to,
during either rest or lightxercise: 1) maintain core temperature))(@t a sable (+ 0.10°C) leel (T,
range 35.0-40.0°C) for 60 min, 2) control the rate pfntrease or decrease at wdleof 0.05°C/min,

3) have nultiple thermoregulatory controls for tbBfent body regions that can be independently
controlled or combined in fk&le configurations, and 4) accomodate individuals from 1.65-1.95 m.
The TCS employs multipleCBO) thermo-electric modules (TEMSs) distributed throughout the ,body
with each module capable of up to 20 W heat exchange. By changing the direction and magnitude of
the current flaving into the TEM, fine control of heating or cooling of each individual module can be
achiered. To achieve mnductve heat exchange with the bqdgach TEM heats or cools a small sac

(B0 mL) of water held against the skin. The custom softwavelafeed for the TCS can, for each

TEM, either maintain a constant TEM temperaturedternately vary TEM temperature to maintain a
constant skin or core temperature. The TEMs are held in place using a webbing system that permits
multiple configurations and maximal flexibility in the placement of the TEM&r&ly the TCS will

permit fine and fbeble control of werall and regional body temperature not possible witlvipus
systems. Initial unmannedahdation work has successfully pem the concept of heating/cooling
control using TEMs by manipulating the temperature of insulated bodiesatef Wresent vork

revolves around the validation of the TCS on human subjects.

scheung@is.dal.ca
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ASSESSMENT IN HUMANS OF HEAT EXCHANGE AT SPECIFIC BODY AREAS
USING A MULTI-COMPARTMENT LIQUID COOLING/WARMING GARMENT

A. Coca and V.S. Koschey®ivision of KinesiologyUniversity of Minnesota, Minneapolis,
Minnesota, USA.

Assessment of maximal heat exchange betwedareiit body areas and the environment is
important for the purpose of designing moréetive protectve dothing systems againsixieeme
ambient temperatures. For this purpose, weeldped a multi-compartment liquid coolingdwming
gament (LCWG) with the capability to impose simultaneoushfed#nt temperature regimes in
various compartments. Six heafthmen ages 25-35 served as subjects in these studies.
experimental design consisted of sequentially cooling (8°C) aardhmg (45°C) selected body zones
via LCWG inlet water temperature while maintaining the remainder of Hrengnts body zones at
33°C. Thesame zones also were studied at more moderate LCWG water temperatures (15°C, 28°C
and 38°C) as reference points for establishing relationships between LCVéGestarinperature and
capability of body heatxehange. Theguantity of heat exchange with the LCWG from highest to
lowest was slealess shirt, shorts, skees, and hood, likely related to tiifences in the size of the
anatomical areas eered by the various compartments and thuslired in the heat exchange process.
The hands under gles moled to 8°C released approximately 1.0kcal/min and under heating to 45°C
absorbed approximately 0.7-0.9kcal/min, which was less than for the zones mentioreedrabohe
different regions of the upper extremities, the order f&cafeness of heatxehange was forearms,
shoulders, and handglowever, considering heat transfer from the LCWG in relation to tubing length,
these results confirm our prior research demonstrating that the haeds Igh capability to transfer
heat in and out of the bodylhe finding of individual &riability in quantity of heat exchange from
different body regions and different temperature conditions on the skatswtiggests that ahced
protectve garments for extreme emonments including outer space can be enhanced by obtaining
individual thermal profiles and incorporating these data in garment design. This should help provide a
safer more economical, comfortable, andfeetive garment for physical performance in harsh
environments.

coca0004@tc.umn.edu
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ABSENCE OF BAROREFLEX MODULATION OF SKIN SYMP ATHETIC NERVE
ACTIVITY AND SWEA T RATE DURING WHOLE-BOD Y HEATING IN HUMANS
C.G. Crandalt2 T.E. Wilsort and J Cui® lnstitute for Exercise and Environmental Medicine,
Presbyterian Hospital of Dallasg¥as, and?Department of Internal Medicin&niversity of Bxas
Southwestern Medical Cent&nallas, exas.

Baroreflex control of skin blood flav during heating is well documented, but the effects of
baroreceptor loading/unloading on sweating are less cldwmrefore, this project tested thgplthesis
that pharmacologically induced alterations in blood pressure in heated hunoafd lead to
barorefl& mediated changes in skin sympathetic eeastivity and sweat rateln seven subjects, and
under normothermic and heat stress conditions, mean arterial blood preasufiesiveduced{LO
mmHg) and then increasedl6 mmHg) via bolus infusions of 100 pg sodium nitroprussidevidby
150 ug pheylephrine. Theselrugs were infused through a catheter inserted into an antecuital v
Bolus phenylephrine administrationdaa goproximately 60 seconds after the onset of nitroprusside
infusion. Inboth normothermic and heat stress conditions thewoilp responses were monitored:
sublingual and mean skin temperatures, heart rate, beat-by-beat blood pressure (Colin), skimblood flo
(laserDoppler flowmetry), local sweat rate (capacitance hygrometry), and skin sympathetc nerv
actiity (microneurograpy from peroneal nee). Whole-bodyheating increased skin and sublingual
temperatures, heart rate, cutaneous blood fiveat rate, and skin sympathetic reeeetivity, but did
not change arterial blood pressuf@uring whole-body heating, heart rate was significantlyasbel
during sodium nitroprusside-induced reductions in blood pressure (74 £ 4 to 92 + 4 bpm; P<0.001) and
significantly reduced during phenylephrine-induced/atiens in blood pressure (92 + 4 to 68 + 4
bpm; P<0.001), thereby demonstrating appropriate bamorétlaction in these subjects. Skin
sympathetic nem activity was not dected by pharmacologically induced alterations in blood pressure
regardless of the thermal conditiorSimilarly, sveat rate was not attenuated when blood pressase w
reduced during whole-body heatin@o diminate the possibility that the lack baroreflaodulation of
skin sympathetic neev activity and sweat rate & due to rapid and transient changes in blood
pressure, in four subjects steady state wetraus infusions of sodium nitroprusside (20 to 60 pg* kg
» min'Y) were administeredver a period of 8-12 minutes.Steady-state decreases in mean arterial
blood pressure dill0 mmHg caused baroreflex-mediated increases in heart B&dom) but did not
change skin sympathetic neractivity during normothermia. Furthermore, during the heat stress
steady-state reductions in mean arterial blood pressure did not significantly change skin sympathetic
nene &tivity or sweat rate. These results indicate that the lack of change in sweat rate and skin
sympathetic new activity obsened during bolus infusions obgoactre dugs was not due to the short
time period in which blood pressure was alteretiaken togethey these data suggest that skin
sympathetic nem activity and sweat rate are not modulated by arterial bargesfie normothermic
or moderately heated individuals.

Craig.Crandall@UTSouthwestern.edu
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FACTORS AFFECTING TISSUE FREEZING
U. Danielsson, Division of Man-System Interaction, Swedish Defence Bleggancy, Linkoping,
Sweden.

Low air temperatures and high wind speeds are associated with an increased risk of freezing
exposed skin. Siple and Passel (1945)wertheir wind chill index (WCI) from cooling @periments
on a vaterfilled cylinder. In addition, the exposed bare skin to ddrent climates and observed at
what combinations of air speed (v) and temperature, and thus WCI, skin freezing occuryed. The
reported that an increased risk of frostbitaswpreaent at a WCI abee 1400 kcal/(m2¢h) (1628
W/m2). Later conducted experiments on finger freezing showed that skin freezing rarely occurred at
WCI values belov 1400; values abe tis were often, but not\abys, associated with skin freezing.
These results va keen re-examined (Danielsson, 1996). It was found that the WCI underestimated the
corvective heat transfer coefficient (hc). Thereforewnesk curves were deloped based on a
corrected covection equation valid for body parts in a cross awflticd v%-%9 and finger frostbite
data presented in the literature. An analysis of the det¢alesl a relationship between the frequenc
of finger frostbite and the saide temperature. This relation closely follows a normal distribution of
finger freezing temperatures, with a standandadion of 1°C. As the skin surface temperatuakst
from -4,8°C to -7,8°C the risk of frostbite increases from 5% to 95%uetw, finger frostbite at
considerably lower WCI values than 1400 has also been reported but these exposures were associate
with snav in the air or with the skin wetted. The experience that frostbite rarely occurs in spite of high
W(Cl-values in Antarctic during summertimevieakeen aplained by presence of solar radiation. The
effects of sunshine and a wetted skin on the cooling rate can be included in the prediction equations
describing the frostbite risk. The results confirm that wet skin can cause tissue freezing at a
considerably lowered WCl-value, meaning e.g. that the risk changes from 43% (dry skin) to 86% (wet
skin) at a temperature of -15°C and an air speed of 6,8 m/s. Calculatianalshithat solar radiation
may prerent the skin from reaching harmful temperatures. If theisklear and the sun altitude is 10°,
the risk of frostbite is roughly 15% compared with 50% at no solar radiation if the temperature and air
speed is -15°C and 9 m/s, respayi. At a sun altitude of 40°, the risk of frostbite isglgible
according to estimations. Based on the prediction mogtdnéed risk curves kia keen deeloped,
now aso taking considerations in solar radiation and skin wetness. The effect of acclimation on the
risk of tissue freezing, reported in the literature, has also been included as a comparison.

Danielsson, U., 1996. Windchill and the risk of tissue freezing. J. Appl. Physiol. 81, 2666-2673.
Siple, PA., Passel, C. F., 1945. Measurement of dry atmospheric cooling in subfreezing temperatures.
Proc. Am. Phil. Soc. 89: 177-199.}
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PHARMACOLOGICAL ASSESSMENT OF THE ROLE OF NITRIC OXIDE IN
MOUSE MODELS OF MALARIA IN VIVO

M.J. Dascombe and H. Naévanian, School of Biological Sciences, University of Manchester,
ManchesterUK.

Malaria Plasmodiun infections in mice share mamimilarities with human malaria and are
common laboratory models of the human diseasewei®, a major species difference is the
development of hypothermia, not ver, in murine malaria. Nitric oxide (NO) is implicated in the
immune response and the pathophysiology associated with malarfavéévidence of increased NO
production in blood and other tissues of malarial mice, but its value to the host is.Unabeder to
understand better the role(s) of NO, a pharmacologiaeastigation was conducted to determine
whether increased concentrations of Ni© vivo have (1) an antimalarial action and/or (2) a
hypothermic effect. Male MF1 mice were inoculated wgreously (i.v) with mouse erythrodes
parasitised byP. bergheior P. chabaudion day O; controls reced uninfected erythrocytes. Plasma
NO was measured, by Griess assay of nitritesviatig nitrate reductase treatment, as plasma total
nitrite concentrations (PTNC). Plasma was prepared from heparinised blood collected by cardiac
puncture under terminal general anaesthesia produced by inhalation ofl dithr P. berghei
produced a rapid, high parasitaemia failog an unsustained rise in PTNC, necessitating humane
killing on day 4 or 5.P. chabaudiproduced a self-limiting parasitaemia, whictasvcleared in
association with sustained high PTNC. Six putatlO inducers and three NO donors were tested for
their ability to increase PTNC in uninfected mice, the mdsicafe aents then beingveluated for
their ability to decrease morbidity causedmyoerghei Lipopolysaccharide (LPSalmonella abortus
equ) was the most &ctive inducer as ndicated by PTNC 3 h after subcutaneous (s.c.) injection:
0.9% saline (10 ml/kg) & SD 5 nmol/ml; LPS (0.5 mg/kg) 8646 nmol/ml,P < 0.01; LPS (4 mg/kg)
119+ 60 nmol/ml,P < 0.001, all groups = 6). Increases in PTNC induced by LPS were associated
with falls in colonic temperature (mind..5°C). S-Nitrosoglutathione (SNOG, 16.8 mg/kg s.@sw
the most dective NO donor in vivo, devating PTNC for at least 90 min, but having no effect on
temperature. LPS (4 mg/kg, once daily) and SNOG (16.8 mg/kg, twice daily) were injectedPs.c. in
bergheiinfected mice on days 1, 2 and 3. LP8t hot SNOG, increased PTNC (control #34
nmol/ml; LPS 89+ 37 nmol/ml,P < 0.05,n = 7), splenomgdy and surwal (on days 4, 5 and 6),
whilst decreasing parasitaemia angdthermia compared with infected mice receiving vehicle (4%
dimethyl sulfoxide in olve dl, 10 ml/kg). o NO synthase inhibitors, aminoguanidingdnochloride
(AG) and S-(2-aminoethyl)isothiourea gdrobromide (100 and 200 mg/kg intraperitoneal injection,
i.p.) were gauated for their ability to reduce the rise in PTNC induced by LPS (0.5 mg/kg i.v.) in
uninfected mice. & proved more efective and was tested for its ability to compromise the natural
resolution ofP. chabaudi AG (200 mg/kg i.p. once daily on days 5 - 13) inhibited Ehehabaudi
induced rise in PTNC (day 14 PTNC: 0.9% salinet6®0 nmol/ml, A5 5+ 4 nmol/ml, P < 0.05,n =
5) and increased morbidjtiput had no déct on parasitaemia or hypothermia measured on alternate
days from day O to day 28. In summang mnsistent relationship was evident between the ability of
the pharmacological agents used here to modify NQ@itgcin vivo, monitored as PTNC, and their
effects on malaria parasitaemia and colonic temperature in mice.}

mike.dascombe@man.ac.uk
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PERINATAL ENERGY REGULATION OF STRUTHIONIFORMES - A
COMPARATIVE STUD Y OF THE NORTH ISLAND BR OWN KIWI ( APTERYX
MANTELLI)

V. Dietz and R. Prinzingemnstitute of ZoologyJohann Wolfgang Goethe-Universifrankfurt am
Main, Germany.

Birds vary to a great extend in their mode of/glepment (e. g. altricial, precocial). Already at
the time of hatching there are clear morphological and behavioural differences. This draws the
attention to the phase of the embryosattgoment inside the egg and causes the question if there are
general differences in the energy budgets of bird embryos and freshly hatched chicks. In general, the
large variety of egg sizes, energy contents of ggsend the incubation times may result ifiedént
enegy demands for delopment. It is still debated whether or not there areicats diferences
between the various bird orders. Comparisons orggrisposit (spare yolk) and metabolic rate during
pre- and postnatal stages mayegiseful insights between differentwd#opmental strategies. So, a lot
of screening data are needed to clarify the basic aspects of perinatal energetics. Therefore we
investigated a wide spectrum of different bird species ofrs¢ orders (measured under identical
experimental conditions and methods). Amongst other bird species, wedv on the
Struthioniformes (ostrictStruthio camelusrhea Rhea americanaemu Dromaius nwaehollandiag
North Island brown kiwApteryx mantel). They represent the largest living birds, yHay the biggest
eqys and thg show a very slav embryonic deelopment (especially the kiwi has the second longest
incubation time knan in birds, which amount to 75-85 days). Their hatchlings are highly precocial.
These outstanding characteristics mékhighly interesting to look at the embryological and postnatal
development of these birds with gerd to the question if either the \dopmental parameters of the
struthioniformes follav a ecial course or tlyeresemble those of "normal” birds - and thus support
the viev of a general basic course (independent of mode wéldpment and egg mass) more or less
valid for all birds. Based on our results we found that the Struthioniformiebiemary extraordinary
characteristics in their eggs and in their incubatiogsmogy, departing from expectedalues.
Nevertheless, the basic parameters such as the general occurrence of a plateau phase (including relati
timing and length) and the merelgclltatve accurrence of an internal pipping are within the normal
range &pected for birds in general. This also applies to the total sum of energyeaurat during
embryogewg. The high amount of spare yolk thus can sdne chick as anxelusive ource of enagy
and material for tissue production (kiwi: 17 days).

V.Dietz@zoology.uni-frankfurt.de
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ACTIVITY OF HEP ATIC PYRUVATE KINASE AND PEPCK IN FASTED RATS
DURING THE ACCLIMATION T O HYPERTHERMIC ENVIRONMENT

S. Dinevska-Bkarovska and S. Mite Department of Physiology and Biochemistnstitute of
Biology, Faculty of Natural Sciences, Gazi Baba bb, 1000 Sk&ejeublic of Macedonia.

The goal of this work has been to obsethe effect of acclimation to hyperthermicveonment
on the activity of hepaticypuvate kinase (PK) and phoshoenglpvate carboxykinase (PEPCK) and
liver glycogen content in 4 days fasted rats. Adult white Wistar female rats were used for this
experiment. The experiment was conducted on four datefl rats. The experimental animals were
divided into 6 groups (fasted rats - 0+4, 3+4, 10+4, 17+4, 26+4 and 56+4 days) depending on the time
of the exposure to heated environment. Control groups were kept at room temperature (20£2°C). The
heat-acclimation was performed in special heated chamber gitkated temperature of 35+1°C and
air humidity of 20-30%. Animals were narcotized with ether narcosigr lpieces were frozen in
liquid nitrogen. In &sted rats, the activity of hepatic PEPCK and glycogen content are significantly
decreased gardless of duration of exposition to highveonmental temperature. These posti
correlation with time of exposition is pred with significant coefficient (r=-0.798 for glycogen content
and r=-0.904 for PEPCK). During acclimation to heat temperature, the PHtyaetie increased
(r=0.845). The reduced glycogen content is associated with declining of the PER@ @s0.620)
and increasing of the PK adty (r=-0.614). In whole experimental period, the multiplicati
regressie analyses shw significant dependence between changes invigctof PK and PEPCK
(r=-0.749). Thedecreased activity of hepatic PEPCK anarliglycogen content and the increased
activity of PK in fasting conditions, imply that in heat-acclimated rats processes of gluconeogenesis
are decreased and glycolysis are increased.

suzanadk@iunona.pmf.ukim.edu.mk
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HEAT STRESS AND ABILITY T O WORK IN THE CONTEXT OF CLIMATE
CHANGE

T. Kjellstrom and K.N. Dirks, Ne Zealand Environmental and Occupational Health Rese&entre,
University of Auckland.

Work environments which are too hot do not juséeif comfort, but are a real concern for health
protection, and for the ability of avkers to perform tasks associated with their work. High
temperatures & keen found to be associated withwhky work productiity, increased accident
frequeng and reduced motor task performance. This stughgsitigated the likely effect of increasing
temperature as a result of climate change, on work predyctising as a franweork the international
standard for work in hot @mronments (ISO7243, 1989). The results are based entirely on modeling
work, using the functions pvaded in this report. The international standard for work in hot
ervironments identifies maximum Wet Bulb Globe Temperatures (WBGT) for continuors (&
hours per day) and interrupted work (for example 758tkwvith 25% rest), beyond which aovker is
at risk of heat exhaustion. These values avengior metabolic rates ranging from 120 to 340 Wm
(1ISO7243, 1989). WBGT values asMas 2.5°C can result in restrictions of the “time alkd for
work”, or the “work ability” for un-acclimatised people-or people who are acclimatized to hot
ervironments, such restrictions orokk time begin at about 26°C (WBGT).e/eccept that the WBGT
index of heat exposure is “comfort-based”. \gtheless, it is used to manage heat exposure by
restricting the time of work in heaA model of the relationship between WBGT andotw ability”
was aeated from the international standard functions. The reduction of work ability per °C increase is
substantial in the range of 26-33°C: 20-30%. The modelling results are shown in the Figurdtelo
Inter-governmental Rnel on Climate Change suggest that temperature increases in this century will be
within the range of 1.4-5.8°C (IPCC, 2001). Furfhbke future temperature increase iehkto \ary
greatly by region and season. A 1°C increase in global temperature may result in increassal of se
degrees during the hottest months of the year in certain parts obtie We calculated the impact on
“work ability” in a population, and put the reduction indicated by the modeleahto a contet of
“preventable burden of disease”. In this case, “diseas®s’ eefined as the reduction of “work ability”.

It was considered that a reduction of the ability twky and do normal household chores due to heat,
would hare a #milar impact on “heath” as a temporary disability from clinical disease (e.g. malaria
fever). A 1°C increase in temperature forawnonths may contribute up to 10% of the total
preventable “burden of disease”. These resultgehatentially serious consequences for the economic
conditions of populations in relation to predicted climate change, particularly in tropical regions.
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IPCC, 2001. Third Assessment Report. Inteveggomental Panel on Climate Change, Gene
ISO, 1989. Hot Environments - Estimation of the heat stressooskig man, based on the WBGT
index. ISO Standard 7243. International Standardsr@ation, Genea.
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POSTNATAL ONTOGENY OF THERMOGENESIS IN ADELIE PENGUIN CHICKS
C. Duchamp, FHayet, PCammisotto, FDenjean, C. Moulin, J-L. Rouanet and H. Bamb de
Physiologie des Régulations Energétiques, CNRS - Université Lyon I, Villeuybeamee.

Marine birds critically depend on their reproduction cglon land for breeding. For mostian
species in the Antarctic area, the breeding period is restricted to the short summer period. Unfledged
hatched Adélie penguin chick®ygoscelis adeligeare successely brooded by their parents until
they are able to maintain their own body temperature. This strategy will immobilize one of the parents
on the colog while the successful growth of the chicks depends on feeding by both parents. The rapid
ontogely of thermorgulatory mechanisms and metabolic padlisvis therefore of critical importance
for optimizing chick growth and sumal and parental energy westment under harsh climatic
conditions. Postnatal ontogeof thermogenesis and metabolic pathways wherefore westigated in
Adélie penguin chicks (Dumont d'Urville stationerfe Adélie, Antarctica). Chicks from identified
nests were used in one-day experiments in the lab to assess tigatatorg function and then put
back on the colon Newly hatched chicks sheed small though significant regulatory thermogenesis
(indirect calorimetry) but rapidly became hypothermic. Thaelocritical temperature (LCT) as
around 32°C and thermal conductance was high (8.0 %&Cr). By 2 weeks of age, peak metabolic
rate was markedly increased (2-fold whepressed per unit weight and 8 fold per animal) while LCT
was dightly shifted devnward to 18°C. By one month of age, emancipated chicks showeddnark
capacity for cold resistance mainly through an impdathermal insulation illustrated by a verywo
LCT (-17°C) and la thermal conductance (2.2 W#CY). Peak metabolic rate could not be attained.
Regulatory thermogenesis closely depended owneshg (assessed by accelerometry), whicasw
visible soon after hatching. Thermogeniticéncy of shivering was rather by at hirth but increased
with age. Special authorisation was obtained to killva ¢eicks of kneavn age (decapitation after
halothane anaesthesia) tovastigate the ontoggnof tissue metabolic pathways. In newly hatched
chicks, the actity of most enzymes was higher irglégastrocnemius) than in trunk skeletal muscles
(pectoralis). Growth was associated with marked rises in thetpatf most metabolic pathays.
Improvement in thermogenic capacity paralleled marked increases in skeletal musclevexidati
capacity (cytochrome oxidase, citrate synthase), lipid metabolisiyd{@tyagICoA detydrogenase,
carnitine palmitoyl transferase) and carbohydrate metabolisroKimase, gruvate kinase). These
results therefore indicate that thermal emancipation of Adélie penguin chicks may be determined
primarily by thermal insulation after thermogenic and metabolic procesgesnmaroved. The rapid
maturation of insulate, thermogenic and metabolic processes may cangito the breeding success
of the species.

Financially supported by the French Institute for Polar Research, IFRTP.
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THERMOREGULATION IN FEMALE EMPEROR PENGUINS
C. Duchamp, FBeauchéngS. %ora, Jean-Louis Rouanet and H. Barré, Lab de Physiologie des
Régulations Energétiques, CNRS - Université Lyon I, Villeurhdmaace.

Breeding emperor penguins (Aptenodytes forsteri) must face the drastic antarctic winter while
fasting. Efficient thermoregulation is therefore ey karameter for surval. Exhaustve investigation
on thermorgulation and thermogenic mechanisms of adult emperor penguins has not yet been
performed despite earlier studies (Pingtet d., 1976; Le Maho et al., 1976). The aim of thierw
was therefore to study the thermoregulatory function of emperor penguins from the breedirygotolon
Pointe Géologie @rre Adélie, Antarctica). During wintemine females weighing around 30 kg were
caught and used in one-day laboratomestigations at the Dumont d’Urville station. Non emysd
females (because of limited number of males) were used to limit the impact of the study on
reproduction. Energy expenditure arious ambient temperatures ranging from 10 to -404S w
measured by indirect calorimetry in a thermostated chamber and body as well as skin tempestures w
continuously monitored with thermocouples. \@&hng activity was assessed by accelerometry
Paameters were recorded and analysed with a computerised acquisition system. Resting metabolic rate
remained constant between 10 and -10°C (thermoneutral zone, TNZ) at 2.04 + Q@5 and
increased linearly from -20°C. At -40°C it was 49% \abthat measured in the TNZ. Lower critical
temperature was -16.4 + 2.8°C. Thermal conductarsae M26 W nf°C L. Body temperature (37.2 +
0.2°C) was constantver the range of ambient temperatures used. Skin temperatures (back, abdomen
and flipper) gradually decreased as ambient temperature dropped indicating perggta@hstriction
to limit heat losses but were maintained\aba £w’C. Skin temperature of the feet remained at the
highest leel possibly because of postural adjustment. Respiratory quotient was close to 0.7 indicating
a major use of lipids as fuel substrate.\#&hing appeared between -20 and -30°C and estimated tremor
activity was increased 2 fold at -40°C. @#ing threshold temperature was -24°C indicating the
existence of small capacities for regulatory nowatimg thermogenesis corresponding to +15% of the
resting metabolic rate in the TNZ. Present results therefore indicate that body size and shape as well as
insulatve and metabolic adaptations to cold contit to the efficient thermoregulation of adult
emperor penguins.

Le Maho, Y., Delclitte, P., Chatonnet J., 1976. Thermoregulation in fasting emperor penguins under
natural conditions. Am. J. Physiol. 231, 913-922.

Pinshav, B., Fedak, M.A., Battles, D.R., Schmidt-Nielsen K., 1976. Energy expenditure for
thermoregulation in emperor penguins. Am. J. Physiol. 231, 903-912.}
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EXPRESSION OF AN AVIAN UNCOUPLING PROTEIN IN GROWING MUSCOVY
DUCKLINGS

C. Duchamp, FDenjean, B. Sibille and Jean-Louis Rouanet, Lab de Physiologie des Régulations
Energétiques, CNRS - Université Lyon I, Villeurbarimance.

In mammals, it is known that body temperature and energy balance are regulated by modulation
of the proton electrochemical gradient across the inner mitochondrial membrane through an
uncoupling protein (UCP), which promotes the dissipation of oxidationggnar brown adipose
tissue. Since then, UCP homologuesehkeen characterised in other tissues and a number of animal
and plant species suggesting largeyspblogical roles of these mitochondrial proteins thawvipresly
anticipated. ¥ry recentlywe haveidentified a complementary D?Nfrom chicken Gallus gallug that
encodes an avian UCPv(@CP; Raimbault et al., 2001). The predicted amino-acid sequenee6Pa
deduced from the nucleotide sequence is 55, 70, 70 and 46% identical to mammalian UCP1, UCP2,
UCP3, and plant UCkespectrely. AVUCP may be wolved in facultatve thermogenesis because it is
up regulated inxaan models of cold-induced regulatory nonshing thermogenesis (cold-acclimated
ducklings) and diet-induced thermogenesis (inefficient line of ehigk V& analysed the expression of
avUCP in growing male Muscovy duckling€dirina mosbatal.) reared at either thermoneutrality
(25°C) or in the cold (4°C) from 1 wk of age. Ducklings were obtained from a commercial
stockbreeder (Ets Grimaud, France). Yiaere fed ad libitum with a commercial mash and had free
access to ater Tissues were obtained after birds were killed by decapitation and stored at -80°C until
analysis. Tissue total RNwas etracted with standard method. Analysis of avUCP messengarn RN
duckling tissues usingTRPCR and Northern blots,wealed a 1.8 kilobase transcript uniquely present
in skeletal muscle. The pattern of expressionv@P is similar to that of the mammalian UCP3,
which is predominantly expressed in skeletal muscles.wevw differs from that of the ubiquitous
UCP2. Relatie @undance of avUCP mRAdiffered between skeletal muscles and depended on fibre
typing. Relatve ébundance changed with age between hatching and 5 weeks of age anéeutad af
by chronic cold gposure. These results therefore indicate that avUCP expression is modulated by age,
ambient temperature and may possibly beolired in the modulation of oxidag metabolism,
thermogenesis and energy balance in birds. By analogy with results in other species, the precise role of
avUCP may not be xelusively in thermogenesis and further studies are required to clarify this
important issue in avian energetics.

Raimbault, S., Dridi, S., Denjean, F., LachukrCouplan, E., Bouillaud, F., Bordas, A., Duchamp, C.,
Taouis, M. and RicquieD., 2001. Expression of an avian uncoupling protein pggtinvolved
in facultatve thermogenesis. Biochem. J. 353, 441-444.

Claude.Duchamp@univ-lyonl.fr

26P Poceedings of the Australian Physiological and Pharmacological Society (2001) 32 (2) Suppl. 1



FOREARM TISSUE TEMPERATURE AND THE CIVD RESPONSE

M.B. Ducharmé? R. Geif?3 D.I. Sesslet, A. Doufag, and M. Mokhtararf, ‘Defence & Civil
Institute of Environmental Medicin@ronto, Canada?Outcomes Reseg, University of Louisville,
Louisville USA., and®Donauspital/ Anesthesiologyienna, Austria

Recent wrk suggests an influence of the mean body skin (Tsk) and deep body temperatures
(Tb) on the characteristics of the cold-inducexbodilatation (CIVD) responseBriefly, both the
minimum (Tfi,min) and the maximum finger temperature (Tfi,max) during CIVD were higher when Th
was devated, and the onset time of the CIVD response was reduced at higher Tsk. The question
remains, haever, about the influence of the forearm tissue temperature on the CIVD response for a
given Tsk and Tb On two dfferent occasions, elen healthy male subjects pre-conditioned their
forearm tissue at twv different water temperatures, 20 and 38°C, until steady state forearm muscle
temperature was achigd. Following the conditioning period ( 129 + 15 and 85 + 15 min for 20 and
38°C, respectily), the fingers of the conditioned forearm were immersed in a 5°C bath for 30 min to
study the characteristics of the CIVD responBeiring the finger immersion, Tsk and Th were not
different between the twoonditions (Tsk = 34.3 £ 0.6°C, Tb = 36.8 £ 0.2°C), but the temperature 3cm
deep into the forearmflexor digitorum pofundusmuscle was different (p<0.05)vexaging 23.6 +
1.7°C and 36.7 = 0.6°C for the 20 and 38°C conditions, resplgctiThe arterial blood temperature in
the radial artery measured at the wriselaveraged 28.2 + 2.5 and 35.6 + 0.9°C for the 20 and 38°C
conditions, respeattly (p < 0.05). The two forearm conditions caused significant differences in all
the CIVD parameters during the 30 min immersion in 5°C water as shown in the Table.

CIVD parameters| Pre-conditioning conditions (mean * §D)
20°C 38°C

Tfi,average (°C) 6.2+0.9 8.3+ 1.6*
Tfi,max (°C) 70+£1.1 9.8 +£1.6*
Tfi,min (°C)) 50+0.1 5.6 £0.3*

Onset Time (min) 78+14 5.2+0.5*

Peak Time (min) 11.7+5.2 59+2.7*
Amplitude (°C) 21+1.0 4.4 +1.6*

Tfi,average: mean finger temperature from the 5th to 30th minute of immersion
Tfi,max: maximal finger temperature during the first CIVD phase

Tfi,min: minimum finger temperature before the first CIVD phase

Onset Time: time from immersion to Tfi,min

Peak Time: time from Tfi,min to Tfi,max

Amplitude: difference between Tfi,max and Tfi,mimp < 0.05

It was concluded that avoforearm tissue temperature impedes the CIVD response despite
normal Tsk and Tb, possibly by decreasing the temperature of the arterial blood to the fingers.

michel.ducharme@dciem.dnd.ca
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A 36-HOUR COMPARISON OF CORE TEMPERATURE AT REST AND DURING
EXERCISE USING RECTAL PROBE AND PILL TELEMETRY

M.B. Ducharmé T.M. McLellar!, D. MoroZ, A. Buguet and M.W Radomsk, 1Defence & Civil
Institute of Environmental Medicin@ronto, Ontario, Canad&Cente de Rcheche du ®rvice de
Santé des Armées, Leomche France.

Long-term measurement of core temperature in unrestrained humans is being made possible by
recent deelopment of pill telemetry technologyThe technology howeve, has been praously
validated only @er a hort time period ranging from 1 to 3 hours. Since the mobility of the pill in the
Gl tract has been identified to change the absolute temperature of the pill and its temperature response
characteristics, it is essential to validate the technology for a longer time period if the pill telemetry is
to be used for seral hours. Eleven non heat-acclimatized males volunteered to participate an tw
36-hour sleep depsition studies where their core temperatur@sveontinuously monitored using a
rectal probe inserted 15 cm beyond the anal sphjracteéra pill telemetry ingested at the beginning of
each study The data were collected about 40 min after the ingestion of the pill using small data
loggers attached to the subject$he subjects, dressed with shorts and T-shirt, rested in an
environmental chamber maintained at 30°C and 50% veldtimidity for the duration of the studies.

On 3 occasions during each study and separated by a 12-hour interval, the subjeisisdeon a
treadmill for 2 hours to elete their core temperature to about 39°C. The subjealised at 5.6 km/h

with a 7-14% grade or ran at 8.8 km/h on theelle The temperature of all ingested fluidaw
controlled at 37°C to minimize gndrink-induced dfects on core temperature, particularly on the
temperature readings from the pill telemetBuring the resting periodsver the 36-hour studies, there

was no gatistical difference (p = 0.065) between the rectal probe (37.45 = 0.20°C) and the pill
telemetry (37.4 £ 0.24°C) readings, the absolute differememging 0.12 + 0.09 °C. This absolute
temperature difference was similar between the first hour of data collection (0.15 + 0.11°C) and the
36" hour of data collection (0.15 + 0.14°C). These results do not supporteah @fthe mobility of

the pill in the GI tract on the temperature difference with the rectal temperature readings. By the end
of the ercise sessions, the subjects weypdrthermic with a core temperatureei@aging 38.96 +
0.40°C. Onaveaage during the)@rcise sessions, there was a statistical difference (p < 0.05) between
the rectal probe (38.51 + 0.24°C) and the pill telemetry (38.39 = 0.25°C) readings, the absolute
difference weraging 0.24 + 0.10°C. This absolute difference was significantly larger than the one
obsened during the rest periods (p < 0.03}. was concluded that during rest periods, the pill
telemetry is able to estimate core temperature as well as a rectal probe for the whole transit time of the
pill in the GI tract (>[24 hours). Duringercise, havever, a bw Gl perfusion could be responsible

for a temperature lag.

michel.ducharme@dciem.dnd.ca
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THE THERMONEUTRAL ZONE WHEN WEARING AIRCREW PR OTECTIVE
CLOTHING

H. Feeevik!, D. Markussef, G. @gleend and R.E. Reinertsén'Department of Health and Work
Physiology Sntef Unimed, N-7465r@ndheim, Norwayand ?Norwegian University of Science and
Technology N-7491 Tondheim, Norway.

Heat stress can be a significant problem for pilots wearing praedsithing during flights
because such clothing limitsvaporatve heat loss, which may produce fatigue and impair
performance. The thermal loads in the cockpit environment and wearing\alssuitiboth influences
the thermal stress experienced by the.us&ras therefore of interest to determine the thermoneutral
zone (TNZ) in subjects wearing airargrotectve dothing. In nude, resting subjects TNZ has been
determined to lie between 28 and 30°C ambient temperatuje (Gagge et al 1967). The
thermoneutral zone when wearing proteetidothing has not previously been determinede W
hypothesized that wearing proteeti dothing will affect heat exchange with the surroundings and
cause displacement of the TNZ. Eigbtunteer subjects participated indwandomized series of tests.
In seriesA they dressed as tlyenormally do for flights, (including helmet, twlayers of underwear
and an uninsulated suwva suit), in seriesB they only wore shorts. In both series heart rate, rectal and
13 skin temperatures, metabolic heat production and swgemBluation of thermal sensation and
thermal comfort were measured during one-hour exposure. In geribey were exposed to fev
different ambient conditions; 0, 10, 14, 18, and 25°C reseBctin seriesB they were exposed to
seven different ambient conditions; 15, 20, 25, 28, 31, 35, and 40°C resgedin agreement with the
findings of Gaggeet al (1967) the criteria for thermoneutrality in nude subjects (s@jewere
fulfilled in the temperature range of 28-31°C. The TNZ was displacedwards in subjects wearing
protectve dothing (seriesA) to an anbient temperature range of 10 to 14°C, whenrgsahogical
parameters were lowest, with mean skin temperature at 33.6-34.1°COgrat 0.33+0.05 | - miR,
and subjects were comfortable. Wearing awcpeotectve dothing causes a displacement of the TNZ
from 28-31°C (T) (nude subjects) to 10-14°C T The results of this study can be used as a guideline
for regulation of cockpit temperature when wearing proteatothing.
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Gagge, A.P., Stolwijk J.A.J. and HardyD. 1967. Comfort and thermal sensations and associated
physiological responses at various ambient temperatures. Environ. Res, 1, 1-20.
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THERMAL PR OTECTION OF THE FETAL SHEEP IS ROBUST UNDER FIELD
CONDITIONS

A.S. FaurieD. Mitchell, H.R Laburn, Physiology Department, University of the Witwatersrand, South
Africa.

When body temperatures of maternal and fetal sheep are recorded in the labuentiby last
2 months of prgnang, fetal body temperature closely follows that of the motiesulting in a ery
stable feto-maternal gradient within each pair (lraket al., 1992). Furthermorethe rychthemeral
rhythm of temperature shows an amplitude of approximately R€cent advances in the use of
miniature data loggers to makontinuous recordings of body temperaturegehaabled us toxend
our measurements of fetal temperature to natural field conditions. At approximately 110 days of
gestation (term approximately 150 days), and under halothane general anaesthesia andgstalile sur
conditions, data loggers (Stdway and TidBit, Onset, Massachusetts, USA) were implanted into the
abdominal cavities of 4 pregnant sheep, and one fetus in each wbptemperatures then were
recorded eery 5 minutes. After sgrery, maternal and fetal body temperatures were recorded for 1-2
weeks in the laboratorgfter which the pregnantwees were sent out into the field where recordings
continued throughout birth and for 4 weeks post partum. Air temperature in the laborasei3BiC,
and there ws no wind, while air temperature in the field ranged between 10 and B3Fdy.
temperature recordings in the laboratory concurred witligue findings, in that the feto-maternal
gradient stayed constant for each mofletus pair at between 0.3 and 0.7°C, and daily indoor body
temperatures of both mother and fetus fluctuated very little (amplitude of less thanUWi@yr
natural field conditions maternal body temperatures showed daithmme with a mcthemeral
amplitude of up to 3°C, Ui fetal temperatures fluctuated much less (up to 1°C). The fedgs w
protected against precipitoualls in maternal body temperatures at night. Consequeh#yfeto-
maternal gradient varied significantly more than in laboratory conditions. After birth, lamb
temperatures stayed 0.5 - 1.0°C higher than that of their mothers for the first month. Thus field
experiments demonstrate thermal protection of the fetus to be masst ritfan would bexpected
from laboratory studies.

Laburn, H.P Mitchell, D. and Goelst, K., 1992. Fetal and maternal body temperatures measured by
radiotelemetry in near-term sheep during thermal sti&s#\ppl.Physiol. 72, 894-900.
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PREGNANCY IMPAIRS CENTRAL PROST AGLANDIN RELEASE AND THE
FEBRILE RESPONSE TO INTRAVENOUS IL-1 3 IN RATS

J.E. Fewell and H.L. Eliason, Department of Physiology and Biophysics, University of Calgary,
Calgary, Alberta, Canada.

Rats hae an atenuated febrile response to exogenous and endogenous pyrogen near the term of
pregnang. The present experiments were carried out on 12 nonpregnant and 12 preghant Sprague-
Dawley rats to test the hypothesis that gmangy impairs the release of E series prostaglandins
(PGES) into the interstitial fluid of the ganum vasculosum laminae terminalisMOr) following
intravenous administration of recombinant rat interleukh¢ariL-1(3). Interstitialfluid of the O/LT
was sampled in chronically-instrumented, conscious rats by microdialysis ancsM8Ee determined
by radioimmunoassayBasal /LT PGE'’s were similar in nonpregnant and pregnant réravenous
administration of rrlL-B produced significant increases iWVIOf PGE’s and core temperature in
nonprgnant rats. In near-term pregnant ratswéer, neither O/LT PGE’s nor core temperature
increased significantly following I.\&dministration of rrIL-PB. Intravenous administration ofahicle
did not significantly alter @LT PGE’s a core temperature in either group of rats. Thus, our data
support the hypothesis that grang impairs the release of PGEnto the interstitial fluid of the
OVLT following intravenous administration of rrILfL Perhaps rrIL-B does not elicit a normal end-
mediator response because there is an alteration in the number or properties of cytokine receptors neat
the term of prgnang, or, dternatvely, there may be increases in the circulatinglieof IL-1 receptor
antagonist in rats as there is in humans near the termgyigrg. These possibilities warrant further
investigation.

Fewell@ucalgary.ca
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ACUTE RESPONSES OF HEA ACCLIMATISED CYCLISTS T O INTERMITTENT
SPRINTS IN TEMPERATE AND WARM CONDITIONS

J.P. Annt?2 J.F. Marsdert and R.JWbod!, INational Heat Taining and Acclimatisation Cerer
Northern Territory Institute of Sport, Marrara, Australia, Northern Territory Univergdgrwin,
Australia.

The performance and the acute physiological responses of heat acclimatised cyclists were
measured during intermittent sprints in temperate aaamconditions. While the effects of heat on
submaximal eercise hae keen well studied, there arenfeeports of its effects on intermittent high
intensity eercise. Performance has variously been unaffected (Falk et al. 1998y &hBall et al.),
or decreased (Maxwell et al. 1999) in the heat. Furthermore, none of these stumliexd ilmeat
acclimatised subjects. Accordingtgn heat acclimatised cyclists (mean + standard deviation age 34 +
6 yr; body mass 73.4 + 7.0 kg Oé eak52 8 + 5.8 ml.kg.min't) were recruited from a Darwirycling
club. An initial familiarisation sessmn was conducted during which subjects pedalled the ergometer at
the approximate test intensities. Steady state submaxmgla\dd \D awere measured during a
subsequent visit. During the final dwisits the experimental treatments were conducteeiatiments
consisted of 3 sets of 5 x 20 gcling sprints followed by a sprint to voluntary exhaustion (TTE).
Temperate conditions were 20.2 + 0.4°C; 46 + 2 % humididg.5 + 1.4 k& water vapour pressure
and warm conditions 30.5 £ 0.4°C; 47 + 10 % hum|d296.8 £+ 6.4 kA water vapour pressure and
were administered in a randomised ord@ygen consumption was greater in tharm condition
(p=0.02), pulmonary ventilation ag greater in the TTE sprint only p=0.00), and heart rates were
greater in the warm condition (p=0.02). Blood lactate and respiratory exchange ratios were not
significantly different between conditions. Subjects lost 2.1 + 0.2 % of body mass inathe w
condition and their time taxbaustion in the final sprint was 50 + 13 s in the warm condition compared
with 60 + 7 s for the temperate condition (p=0.02 &hclude that the eleted oxygen consumption
reported for submaximakercise in the heat also occurs during high intensity intermittesncise for
heat acclimatised athletes. There was no evidence of the increased reliance on anaerobic metabolism
that has been reported for sub maximarese in the heat. The mildvd of hypohydration induced
by 3 sets of 20 s sprints in 30°C heat may be sufficient to limit the timénémsgtion of a subsequent
sprint.

Ball, D. et al, 1999. Human power output during repeated sprmtecexercise: the influence of
thermal stress. Eud. Appl. Physiol. 79: 360-366.

Fak, B. et al, 1998. The déct of heat exposure on performance of andvwagdrom high-intensity
intermittent eercise. Int. J. Sports Med. 19: 1-6.

Maxwell, N.S., et al, 1999. Intermittent running: muscle metabolism in the heat and effect of
hypohydration. Med. Sci. Sports Ex@B1: 675-683.
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PREDICTING THE USEFULNESS OF COLD GAS BREATHING FOR REDUCING
HEAT L OAD DURING WARM W AT ER DIVING
D.M. Fothergill, Naval Submarine Medical Resgataboratory Groton, CT U.S.A.

With military diving operations in the warm waters of the Middle East as well as commercial
diving operations in nuclear reactor coolant pools and contaminaiieq the problems of heat stress
in diving have kecome a concern. This paper explores the utility of manipulating the depsitific
heat, and inspiredag temperature of the breathing mixture to increase respiratory heat loss dhtl
reduce heat load duringctended diving missions in warmater In the absence of a specitic study
investigating H, . during warm vater diving conditions, data from \@eal sources in the open
scientific literature were used to predict f during shallev warm water diving conditions. Oxygen
consumption (VD,) and minute ventilation () were obtained for US Na divers performing
undervater bicycle rercise in 34.4°C while breathing air from a demarngutator at 20 fsw (Doubt
and Dukta, 1990). Body heat production was determined byexdony \'/O2 to Watts and subtracting
the external wrk. Predictionof H, . were calculated for warm (31°C) and cold (1°C) marmoxic
helium (heliox), and normoxic SF@g mixtures while at rest and during light (50 W) and moderate
(105 W) underwater xercise. Respiratory heat loss for breathing heliox at the itvgpired @s
temperatures was deed using the linear regression equations gg‘e%versus \; described by Hok
et al, (1976). These heliox data were then scaled using data from Webb (197()_%6§5rfol=| gas
mixtures with different density x specific heat products to providg Haues for air and the
normoxic SF6 gas mixture. All calculations of,H assume that 1) the inspired gas is, @ythe
expired @s is fully saturated with wateapor and §) conductie heat losses are negligible. Results
shaved that I—,_Izespranged from 12 to 40 W at rest, 44 to 80 W during liglet@se, and 75 to 120 W
during moderatex@rcise. When expressed as a percentage of total body heat produggwahged
from 8 to 23% at rest, 14 to 22% during lighereise, and 14 to 20% during moderaxereise. The
Hrespvalues reveal that increasing the ceective dharacter of the @ mixture results in only a minor
benefit for reducing body heat load during shvallearm water diving. Furthermore, the data predict
that switching from warm to cold gas breathing will reduce body heat load by an additional 10 to 15%
during resting conditions, but that the benefit of co&s$ dpreathing will diminish as work load
increases. These findings likely reflect tletfthat H . for dives at or rear surface pressure is
predominantly dependent upomaporatve @oling (Hoke et al, 1976). Experiments are currently
planned to test these predictions.

Doubt, T.J., Dukta, A.J. 1990. Pyridostigmine and warm water diving protocol 90-0&. Mladical
Research Institute, Technical Report NMRI 90-95, Bethesda, MD.

Hoke, B., Jackson, D.L., Akander JM., Flynn, E.T 1976. Respiratory heat loss and pulmonary
function during cold-gs breathing at high pressures. In Lamberstsen, C.J. (Editor), Uxtelerw
Physiology V. Proceedings of the Fifth Symposium on Undatev Plysiology FASEB,
Bethesda, MD. 725-739.

Webb, P 1970. Body heat loss in undersea gaseous environments. Aerospace Med. 41. 1282-1288.
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EVIDENCE FOR THE INVOLVEMENT OF EICOSANOIDS IN REGULATION OF
NORMAL BOD Y TEMPERATURE

V. Faifeld!, L. Paul, J. Kaplanskt, W. Kozak and M.J Kluger?, 1Dept of Clinical Pharmacology,
Ben-Gurion University of the ey, Israel and?Dept of PhysiologyMedical Collge d Georgia,
Augusta, GA, USA.

A requlated rise in the thermoregulatory set point has been postulated to be responsible for both
fever and circadian ebletion of body temperature (J. Consequentlyin view of the fever-inducing
role of prostaglandin F(PGE), it was suggested that this rise could be prostaglandin-dependent. In
support of this are data demonstrating that the normal nighttime rigeoinrdts can be pvented by
antipyretic drugs knan as cyclooxygenase inhibitors (Scales and Klui@87). Havever, drcadian
changes in ypothalamic PGEproduction hege rot yet been established eviiaverecently shown that
5-lipoxygenase (&ul et al., 1999; Fraifeldet al., 2000) and cytochrome P-450 qkaket al., 1998;
2000) pathways of arachidonate metabolism avelved in the process of endogenous gmépis
(cryogenesis) during response to endotoxin. Whether lipoxygenase- and epoxygenede-deri
eicosanoids are alsovinlved in the regulation of normal 7s unknown. The experiments were carried
out on conscious young adult male CD-1 mice and Spraguwdelpaats maintained at 12:12-h
light/dark photoperiods. ,Twas recorded either biotelemetrically or by using a rectal probe.,PGE
production byexvivo incubated hypothalamusas measured before and after the onset of dark. The
hypothalami were »xcised after decapitation. The inhibitors of different metabolic pathways of
arachidonic acid cascade were injected intraperitoneally (ip). Intra-abdominal implantation of
temperature-sensit ransmitters and intracerebral implantation of a guide cannula were performed in
mice anaesthetized with ketamine (80 mg/kg, ip) and xylazine (16 mg/kg, ipaslfound that (i)
dark-induced eletion in T of mice and rats was accompanied by a significant increase in
hypothalamic PGEproduction (by 71 and 60%, respeely); (ii) indomethacin at a dose (5 mg/kg,
ip) that did not affect the daytimeues of T, prevented the increase in Bfter the onset of dark; (iii)
the T of CD-1 mice tended to decrease during the light period, reaching the minimum values between
12:00 to 14:00. This decreasasvsignificantly reduced by pretreatment of mice with the inhibitor of
leukotriene (LT) synthesis MK-886 (1 mg/kg, ip); (iv) injection of 0.3 nmdICl, into the lateral
ventricle, which caused a drop in, Bf CD-1 mice by[11.6°C during the light phase, significantly
reduced the nighttime rise in TThe results presented support a role of P&t leukotrienes in the
regulation of normal daily variations of Twhich occurs in a similar fashion as duringefe

Kozak, W., KlugerM.J., Kozak, A., Wachulec, M., DoklagrK., 2000. Role of ytochrome P-450 in
endogenous antipyresis. Am. J. Physiol. 279, R455-R460.

Paul, L., Fraifeld, V., Kaplanski, J., 1999. Evidence supportinglirement of leuktrienes in LPS-
induced hypothermia in mice. Am. J. Physiol. 276, R52-R58.

Scales, W.E., KlugeM.J., 1987. Bect of antipyretic drugs on circadian rhythm in body temperature
of rats. Am. J. Physiol. 253, R306-R313.}
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ESTROGEN RAISES THE SWEATING THRESHOLD IN POSTMENOP AUSAL
WOMEN WITH HO T FLASHES

R.R. Feedman and C.M. Bl&er, Department of Psychiatry and Ob/Gyn, Wayne State University,
Detroit, Michigan.

Hot flashes (HFs) are the most common symptom of menopause and consist of profuse
sweating, peripheral vasodilation, and sensations of intense Ree¢nt research has shown that HFs
are triggered by small fluctuations in, &cting within a reduced thermoneutral zonglthough
estrogen ameliorates HFs in most symptomatoen, its mechanism of action is not wm Here
we sought to determine if estrogen reducgdltctuations and/or raises the sweating threshold in
postmenopausal women with frequent HFBventy women were randomly assigned to nexei
17B-estradiol (1mg/dayp.o.) or placebo for 90 days. Before treatmeny thed T, (rectal) and T, (4
weighted sites) recorded in a 26°C, 50% RH room for 3 hours. Data were sanvgled=sec by
computer T_fluctuations were estimated by computing the standanatizn (SD) for each subjest’

3 hr recording. Ona sparate day the -Tand T, thresholds for sternal sweating (capacitance
hygrometry) were measured using 42°C circulating water pads on deeated torso. HFs were
recorded for 2 weeks in diarieg\fter treatment all procedures were repeated. Data were analyzed
with 2-way repeated measures ANME: and are shown in the table.

Estrogen Placebo
T, Pre 37.9°Ct .2 37.9°C+ .2
(meant SD) Post 38.0°G .3 37.9°C+ .2

T Pre 34.0°Ct 4 34.0°Ct .5
(meant SD) Post 34.1°G .5 34.3°C+ .6

T.Swt.Th. Pre 37.9°G .3 38.0°C+ .2
(meant SD) Post  38.1°G.2* 37.8°Ct .4

T, Swt.Th. Pre 36.2°G 1.0 35.8°Ct.7
(meant SD) Post 35.9°G 4 36.2°C+ .8

HFs/day Pre 7.22.6 8.3t5.4
(meant SD) Post 2.3 1.9* 57+3.3

*p<.05 Prevs. Post
**p <.001 Pre vs. Post

Mean T.and T, did not significantly change in either group nor did the SD_d€3timate of T
fluctuations). Estrogesignificantly raised the JTsweating threshold and reduced HF freqyendhe
treated group but not the placebo groMige conclude that estrogen theyagmeliorates HFs by raising
the T_sweating threshold, but does not affecfllictuations.

Supported by NIH Merit ward, R37-AGg05233}

aaz26l3@wayne.edu
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A YEAR IN THE THERMAL LIFE OF A HERD OF SPRINGBOK ( Antidorcas
marsupialis)

A. Fuller A.S. Faurie PR. Kamerman, S.K. MalopeG. Mitchell and D. Mitchell, Department of
Physiology University of the Witwatersrand, Johanneshu®uth Africa.

The springbok, a small southern African antelope, maintains arterial blood temperature within
narrov daily limits ((IL°C), despite being subjected to high thermal loads in sujoften with
concomitant water stress. Theeyk their homeothermy is thought to lie in therngukatory
behaiour and the lw radiant absorptance of their pelage. The pelageeales, dso is thin with a high
conductance and springbok are reported to be susceptible to hypothermia during cold winter months.
As a consequence of technical limitations, there are no quastithta on seasonal variations in body
core temperature in springbok nardeed, in ay other antelope. & used miniature data loggers to
measure body core temperature in springbok, undisturbed in their natural habitat, for ongeyear
implanted data loggers (mass 30 g) into the abdomenveh ¢2 male, 5 female) springbok (body
mass 20-35 kg), during halothane (1-2%) general anaesthesia (duration 6 min). Ajesy, sur
springbok were released into a fenced 62 ha enclosure, whgmatiged freely with other species of
African ungulates. Body temperatures were recorded continyaarsty 30 min, to an accurgoof
0.04°C, and hourly-measurements of microclimate data were obtained from a weather station at the
study site. After 12-14 months, springbok were recaptured (using nets) and loggers wemrel remo
under anaesthesia. Over the ydhe animals were subjected to air temperatures that fluctuated
between -6°C and +34°C, and ychthemeral range of globe temperature that exceeded 40°C. Daily
body temperature exhibited a small amplitude nychthemeral rhythm (mean 1.2 + Gagyi@y,von
avaage, between 38.8°C and 40.0°C, with a temperature peak at 18:30 and a trough in the early
morning between 05:00 and 07:30. In aNWeeanimals, mean daily body temperaturasMinearly
correlated with mean daily air temperature (P < 0.0001) so thatvesagea, body temperature
increased 0.02°C per 1°C increase of air temperature. There also was \e fiosdir relationship
between minimum daily body temperature and minimum air temperatirthebrelationship between
peak body temperature and maximum air temperature was less robust, particularly in the male
springbok. Analysis of seasonal patterns alseealed that mean daily body temperatur@sw
significantly higher in summer months (Oct to Jan) than in mid-winter (June to July),3%C. Both
the minimum and peak body temperature were significantiyeridn winter months, so that the
nychthemeral amplitude of body temperature, oerage, vas the same during all months. Thus,
during hotter summer months, thereasvno demonstration of adati heterothermy a thermal
adaptation thought to be characteristic of antelope in arid or semi-grithse Also, although body
temperature patterns were correlated withirenmental thermal loads, the circadian and circannual
variation of body temperature was small, a finding that we \eBapports the idea of the importance
of behavioural modifications in maintaining the stability of internal temperature.

127andy@chiron.wits.ac.za
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TYMPANIC TEMPERATURE DURING THE EXPOSURE T O ELECTROMAGNETIC
FIELDS EMITTED BY CELLULAR PHONE-PAR T II: EXPERIMENTS ON MEN

E. Gadzicka, A. Bortkiewicz, M. ZmyslpW Symczak, H. Tokura, Department of Work Physiology,
Institute of Occupational Medicineodz, Poland.

For hand-held radiotelephones used by the general public, International Commission on Non-
lonizing Radiation Protection (ICNIRP) recommends that the localized SAR in the head be limited to
2 W/kg averaged to 10g tissue in the head. This limit protects telephone users from the thichal ef
of the radiation, but temperature rise/ere when it is within the admissible range, may cause
physiological effects. Haever, the problem has not been clarified yet. The aim of the experinant w
to assess the temperature changes during exposure to EMF emitted by mobile phones. Before
attempting to determine thefeft of mobile phone EMF exposure on the tympanic temperature (Tty),
we made sure that the tympanic thermometer met the EMC (electromagnetic compatibility)
requirements, i.e. its operatiorasy not disturbed by mobile phone EMiovided that the Tty was
measured in the ear at the side of the head opposite that to which the telephone was applied. In order to
explain if materials with dielectric properties similar to those of the biological material are heated
during the exposure to EMWe @nducted a phantonmxgeriment. Theexperiment was performed
using the container with dimensions corresponding roughly to the dimensions of the human head. The
container was filled with 0.9% NaCl. Exposure time was 60 min. Before the exposure, mean
temperature of the saline was 23.14+0.04°C, while after xpesere it was 23.38+0.10°C, and the
difference was statistically significant, p<0.000001. The second stegperiraent was performed in
se/en young men, aged 19-29 (mean age 23.35.3) years, who were examined twice: on a day without
exposure (C) and on a day with continuoxpasure (E) to cellular phone EMF for 60 min at 900
MHz, SAR 1.23W/kg. Written consent was obtained from each of the participants prior to starting the
experiment. The test was performed in the laboratory under controlled conditions. From 6 to 7 the
subjects were examined by a physician, and were subjected to the resting ECG with heart rate
variability analysis. From 7 to 8 p.m. the subjects used cellular phone. The subjects were not informed
which day was (E) and which (C). From 8 p.m. till 11 p.m. the subjects listened to rDusiog the
experiment the arterial blood pressure (BP), heart rate (HR) and Tty were monitored. This paper is
limited to data on the tympanic temperature. Tty was measwery &€0 s by a thermistor probe
(ST-21S, sensor Tecnica Caaftached to the tympanic membrane from about 6.30 p.m. to 11 gm. W
compared Tty during the day (E) and day (C) separately for 2 periods: (1) 7-8 p.m., (2) 8-11 p.m. using
Wilcoxon matched-pairs signed-ranks test, for each subject and for the whole group. Mean Tty during
(1) and (2) differed significantly between day (E) and (C) (p=0.0000). The analysis of Tty of each
subject regealed individual variations. Furthervestigations are being performed to explain these
differences.

alab@sunlib.p.lodz.pl
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EFFECT OF IMMOBILIZATION STRESS ON THE FUNCTION OF UNCOUPLING
PROTEIN-1 IN RAT BROWN ADIPOSE TISSUE

B. Gao, K. Kikuchi-Utsumi and A. Kuroshima, Department of Physiology 1, Asahikawa Medical
University Asahikawa, Japan.

Brown adipose tissue @) is the major site of nonskering thermogenesis (NST)The
BAT-specific mitochondrial protein, uncoupling protein-1 (UCP-1) is #herkolecule in NST in this
tissue, and the amount and activity of UCP-1 change according to the physiological requirements for
thermogenesis in Al. It has been shown that chronic nonthermal stress, that is, nepetiti
immobilization, imprees the cold tolerance through an enhanced NST in the stressed rats.
Furthermore, the remval of interscapular BT led to a loss of impked cold tolerance and significant
reduction of NST in the stressed rafhese findings suggest that such cross adaptation between cold
and nonthermal stress may be causedabyeast in part, stimulation of & thermogenic function.
However, whether UCP-1 is wolved in the functional actétion of BAT thermogenesis in the
nonthermal stressed rats remains umkmo To answer this question, we determined both the amount
and activity of UCP-1 in BT of the stressed rats. Male Wistar rats were subjected to either acute (3
hours) or chronic (3 hours/day for 4 weeks) immobilization stress by being immobilized with wire
mesh on a wooden boardlVe measured GDP binding anapression of mRM and protein as inde
of UCP-1 activity and amount, respeety. In acute group, we measured &Boparameters
immediately after 3 hours immobilization. In the chronic stress groups, we measured in both the
resting stage (24 hours after last immobilization stress) and the stressing stage (0 hour after last
immobilization stress). After the rats were sacrificed by decapitation, interscapilavée ecised
quickly. Mitochondria were isolated for GDP bindingperiment and Western blot analysis, total
RNA were prepared for Northern blot analysisimobilization stress increased GDP binding in both
of acute and chronic groupsutibthe increment in GDP binding from resting to stressing stage w
significantly enhanced in the chronic groups than in the acute stress @Gp1l expression (both
MRNA and protein) only increased in the chronic groups. These results indicate thatwepetiti
immobilization stress can enhance thermogenic capacity through increasing both of amount and
actvity of UCP-1 in BAT. It is thus suggested that repetitimmobilization stress would endgawith
cross adaptation to cold through an increased function of UCP-1.

akihiro@asahikaa-med.ac.jp
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NEUROPHARMACOLOGICAL BASIS OF HYPOTHALAMIC INTERACTION OF
THERMO- AND OSMOREGULA TORY SIGNALS: INTEGRATIVE ROLE OF THE
MEDIAN PREOPTIC NUCLEUS

R. Gerstbager, T. Hibschle K. Hudl, M. Kueth, JRoth and M. Horowitz*, Department of Veterinary
Physiology Justus-Liebig-UniversityGiessen, Germany and *Division of Physiolpggculty of
Dental MedicingHebrew Unhiversity Jerusalem, Israel.

The hypothalamus contains nuclei/regionsalved in the perception and integration of systemic
and central signals important for body temperature homeostasis. Thermosensory function resides in
preoptic hypothalamic regions ékhe medial preoptic area (MPA) and the median preoptic nucleus
(MnPO). The oganum vasculosum laminae terminalisMIO) outside the blood-brain barrier is
identified as initiating the f@r response to circulating cytokines. Pyrogenic factors either directly
contact LT neurons or indirectly aatéte anterior hypothalamic structurega stimulation of
cyclooxygenase-2 (COX-2) in theiascular endothelium or induction of endothelial or neuronal nitric
oxide synthase (eNOS, nNOS) with formation of nitric oxide (NO). Neurons in the posterio-lateral
hypothalamus (LHA) are wolved in energy balance liekl to metabolic cold defense, and MP
neurons control thermoregulatoryfesftors. According to expression patterns of immediate-early-genes
(c-fo9, both mild heat acclimation (33°C, 48 h) and heat stress (39°C, lvégl mdistinct and
differential actvation of neurons in the MPA, MnPO, septum and LHA, whereas milgiditation (24
h) causes neuronal stimulation in the magnocellularvpanacular (mPVN) and supraoptic nucleus
(SON), subfornical @yan (SFO) and MnPO. Using microtranssection, transsynaptic viral as well as
classical neuronal tracing techniques, the parvocellular PVN and MnPO cayaioiedeas intgrative
structures for afferent signals ofanous autonomic control circuits. A myriad of potential
neurotransmitters has been discussed tovegorihermosensory signals and facilitate neuronal
integration. Recentlythe NO-system hasvelved as a majordy dayer in hypothalamic control of
thermorgulation and is discussed in detail, based oysiplogical and histochemical approaches.
Nitrergic neurons are densily concentrated in the PVN, SOW,TQ SFO, MFA and MnPO as
revealed by nNOS mRN in situ hybridization, immuno- and enzyme cytochemistry as well as
Western blotting. Heat acclimation, heat stress and endotoxin-induged dé& accompanied by
enhanced nNOS activity and partially also nNOS rARMpression in the MPA, MnPO and LHAIb
not PVN, SON or SFO. Central application of NO donor substances stimulates cutanecascaladt v
heat defense reactions in rats and rabbits. Central enzymatic blockade of nNOS by subtype-specific
inhibitors reduces endurance, \elies theshold temperatures for galion and tail skin asodilation,
and finally leads to a rise in core temperature under conditions of heat stress in eu- agdratedeh
rats. In addition, defdration and angiotensin Il (Angll) stimulated drinking is reduced. Congruent
results can be obtained after central suppression of nNOSAneRNession employing long-term icv
infusion of nNOS mRN antisense deoxynucleotides. As indicated by Fos immunostaining,
osmor@ulatoratory signals (dgdration, Angll) preferentially actate nitrergic neurons within the
MnPO, whereas heat stimuli inducefos expression in cells possibly representing directjeéts of
neuronally released NO. Complterneuronal wiring appears therefore to underly the NO-mediated
thermorgulatory heat defense and replenishmemt of extracellular fluid volume under conditions of
high environmental temperature.

Ruediger.Gerstberger@vetmed.uni-giessen.de
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POSTALIMENTAR Y HYPERTHERMIA: A ROLE FOR GASTROINTESTINAL BUT
NOT FOR CALORIC SIGNALS

Gy. GBbel, A. EmbelE. Pétervari, A. Kis and *M. SzékeBepartment of Pathophysiolagyaculty of
Medicine University of Pécs, Hungary.

Fasting causes suppression of metabolic rate (MR) and core tempergjurie Contrast, food
intake induces immediate elgtion of MR and T (postalimentary hyperthermia, or thermic effect of
food, TEF). These are not simply changes due to alteredyereserves, instead there regulatory
changes sinceeg., acute cold exposure can increase MRnein the state of sere fasting
hypometabolism (Szdty et al.,1997). The question gerding the nature of information channels for
such regulatory changes has not been resolin the present studies MR andof Wistar rats were
measured (by diaferometer and thermocouples, regggrtat thermoneutrality following a 48-h food
withdrawal or in connection of re-feeding. Spontaneous re-feeding for 3-h with rat-oheaccharine-
sweetened CaCQwas followed by MR and T measurements. In other cases, during MR apd T
measurements, artificial re-feeding was performed: a) through a preimplasteid gannula either
calorie-rich (FWG) or calorie-free (HD) substance was injecteakefwin controls), b) through a
preimplanted jugular cannula either 4 ml 40% glucose or 2.5 ml a0&srfulsion (Intralipid) (or 0.9%
NaCl in controls) ws infused within 2-h. All implantations were performed under intraperitoneal
ketamine + xylazine (78 + 13 mg/kg) anesthesia 3-7 days befstiad, and all operated animals were
given a rarcotic awerdose after finishing the measurements. Fasting caused suppression of MR and T
Spontaneous re-feeding was followed byersal of this suppression both in chow- and C
rats; not the compositiorubthe volume of ingested substance seemed to be important. Both FWG and
HD injections elicited eletions in MR and T, dthough the dynamics were different for theotw
substances (the rise commenced earlier in case FWG was).gNeither glucose, nor Intralipid
infusion modified l&v MR and T_ values of fasting rats. It is concluded that not caloric signals, neither
oro-facial neural impulses, rather gastrointestinal signals (most likely due to stretch, nutrients,
gastrointestinal hormones) may be responsible for the postalimentary rise in MR, @nd probably
similar (or irverse) gastrointestinal signals may be detectible in the background aeistivgfinduced
hypometabolism and hypothermia.

Székely M., Szelényi, Z., Kis, A., 1997Fasting and re-feeding: alterations of resting metabolic rate
and body temperature. In: Nielsen Johannsen, B., Nielsen, R. (Eds.), Theysialdgly 1997,
August Krogh Institute, Copenhagen, pp. 235-238.

Supported by National Science Foundation of HunganKA T026511.
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SHIVERING THERMOGENESIS IN AUSTRALIAN ANTARCTIC EXPEDITIONERS:
COMPARISON OF THERMOREGULA TORY MODELS

R.R. GonzalédzP. Sullivan 2, WT. Matthew}, L.A. Blanchard! and D.J Lugd?, *U.S. Army Reseah
Institute of Environmental MedicinBlatick, MA,?Australian Antarctic Division, Kingston, Tasmania.

The general response to acute cold stress is vasoconstriction and increased heat production (M)
via shiering. Both skin and internal body temperatureg) (fiust be lower than a fixed threshold
before s_h'rering (AM = M-M, ) occurs. Seeral thermoregulatory models includé/ algorithms as
a f(T, T). Othermodels includeAM as a (% body fat (%BF), lean body mass (LBM))Ve
examined hav well 3 models predicAM for a given cold stress in a data set of resting women and
men prior to their sojourn for a year in Antarctica. Six women and 29 men (%BF ranges 10-46%)
resting semi-supine, unclothed except for underwear + smock{R22 nfeK*W-1), were &posed
for 2 h to cold airFifteen men and 5 @men completed a cold stress test (CST groap5T40.6SD
°C:rh = 50%:V=0.2me8) and a separate group of 14 men and 1 woman completed a cool test (Cool
group: B = 84+1.3SD °C). Extensve peripheral T, and finger temperaturespsoconstriction
occurred during the CST and less so in the Codamm:.) mean resting temperature pilvée(T ) by
+0.15-0.2°C for the first 30min folleed by a mean decline in, Bf -0.01°C/min.AM (Wem 2) at5
time points was compared against 3 model predictions: |Kﬂ1)sTs and Giesbrecht (Tik-G), 1998M
= 156¢(37-T) + 47+(33-T) - 1.57+(33-T_)? *%BF°> (2) Stolwijk and Hardy (S-H), 197TM =
[13+(T, -37) +0.4¢T 34)] (Tyc34) and (3) Tikuisis et al., {®), 1991: AM/LBM =
{0.0422+(35.4T lgz}/(%BF)0 506 Koot mean square deviation (RMS) compariig vs each model
output is shown in the Table.

Datavs Model RMS(Wem?) RMS(Wem?) RMS(Wem?)
Men (N=14) Men(N=15) Women (N=5)

ObAM vs Tik-G ~ 28.4+8.2 26.6£13.2** 29.6t15.1
Cool group CST group CST group

obsAM vs SH 23.2t16.3 34.9+14.1** 33.8t15.6
Cool group CST group CST group

obsAM vs Tik T 23.A15.7 22.9+9.3 15.2:3.1

Cool group CST group CST group

[**RMS Comparison between models P<0.0001; all others NS. TNormalized to?VWawomen in
Cool group]. RMS from the Tik-G as <then the S-H prediction in the CST group of meil
predictions were equal in RMS in the Cool groupst %BF < 20%, Tik-G was highly correlated with
integrated mean body temperature, pT derived from partitional calorimetry (R0.89; P<0.001;
AM(Tik-G) = -33.5¢(1, ) + 1226). AM calculated from cold-air models incorporating %HBF. and
T Jnputs sere as ellable predictors of siring response\@r a limited cold stress for both men or
women.

Stowijk, J.A.J., and HardyJ.D., 1977. Control of body temperature. In:Handbook ofsikiiogy-
Reactions to Environmental Agents. Am.Physiol. SocRbgkville, MD, Chapter 4, pp 45-68.

Tikuisis, P., and Giesbrecht, G.G. , 1999. Prediction ekshg heat production from core and mean
skin temperatures. Eut. Appl. Physiol. 66,221-229.

Tikuisis,R Bell, D.G., and Jacobs, I., 1991. @&ting onset, metabolic response, andvesotive heat
transfer during cold aingposure. J.ApplPhysiol. 70,1996-2002.

richard.gonzalez@na.amedd.army.mil

Proceedings of the Australian Physiological and Pharmacological Society (2001) 32 (2) Suppl. 1 41P



LIMITS T O PHYSICAL PERFORMANCE UNDER BOTH HO T AND COLD
THERMAL EXTREMES
J. Gonzalez-Alonso, The Copemgjea Muscle Reseah Centre, Rgshospitalet, Copenlgan, Denmark.

It is well established that ghical performance is hindered under both extreme hot)anehee
cold thermal conditions. The physiological factors limiting performance in either environment will
depend on the subjects’ training status, as well as type, duration and intensitycafee Recent
evidence in trained subjects indicates that endurance performance in heramedld environments is
closely linked to critically high or lev body temperature, respeedly. In opposition to this ypothesis
of a critical level of body temperature, there are reports indicating that some subjects fatigue during
light exercise in extreme hot and cold conditions with body temperaturé86£38°C. Therefore,
exhaustion in extreme environments should be ceedeas a omplex phenomenon most &y
resulting from the interaction of body temperature, as well as metabolic and circukttoys.f
Nevertheless, there will bexercise conditions where one of thesegiables will be the most important.
For instance, during prolongedkeecise in hot ewironments, trained cyclists Y& keen found to
rapidly fatigue at strikingly similar body temperatufét@°C), when its initial alue (36.0, 37.4 or
38.4°C) and rate of rise (0.10 vs. 0.05°C/min) are systematically manipulated. This volditnas f
(i.e., inability to sustain the same workload) can be acutelrsed by perfusing the skin with cold
water. Corversely, during prolonged xercise in the cold with continuous exposure to rain and wind,
some people fatigue when reaching a criticaéllef hypothermia [B5°C). Together these findings
suggest a potal role of body temperature on the etiology of fatigue in trained people. Critically high
or low temperature could directly alter the function of vitagjams such as the brain and heart (e.g.
diminishing central command and cardiac contractiligspectiely) or indirectly impair tissue
circulation and metabolism. During prolongedreise in less extreme hot environments theatien
in body temperature is accompanied by redrkeductions in cardiac output, skeletal muscle blood
flow and skin blood flay, and altered skletal muscle metabolism, as indicated by the greater glycogen
utilization and lactate production and declininglskal muscle oxygen uptalat echaustion. These
metabolic alterations are accentuated during maximeatise, encompassing significant reductions in
systemic and skeletal muscle, @elivery and uptake. During maximakercise in hot emronments,
diminished skeletal muscle ATP production might instead be the main factor causing fatigue.

Gonzalez-Alonso, Jet al 1999. Metabolic and thermoregulatory responses tydtation-induced
reductions in muscle blood ¥loin exercising humansJournal of Physiolgy (Lond) 520,
577-589.

Gonzalez-Alonso, Et al 1999. Influence of body temperature on theettgoment of fatigue during
prolonged gercise in the heatlournal of Applied Physiolog86, 1032-1039.

Thompson, R. L, and Hayd, J. S. Wet-cold exposure and hypothermia: thermal and metabolic
responses to prolongeseecise in the rainJournal of Applied Physiolgy 81, 1128-1137, 1996.
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PLASMA VOLUME MEASUREMENT : COMPARISONS DURING SHORT-TERM
THERMONEUTRAL AND COLD-W ATER IMMERSION

C.J Gordort, AL. Fogarty!, J.E. Greenle& N.A.S. Taylot and J.M. StocKs 'Department of
Biomedical SciencéJniversity of WollongongAbllongong Australia. °’NASA Ames Resedr Center,
Moffett Field, U.S.A.

While exposure to short-term (<2hrjater immersion elicits increases in plasma volume (PV)
during thermoneutral immersion (34.5°C), and a PV decrease during atddimmersion (18°C), the
magnitude of these shifts is inconsistent. Previous damdawn that the most pralent, indirect PV
measurement technique, which utilises changes in haematocrit (Hct) and haemoglobin concentration
([Hb]), underestimates actual PV changes during thermoneutral immersion when compared to a direct,
tracerdilution technique (Evans blue (EB) dye). Such methodological compariseasnbiabeen
made during cold-water immersion, V@&y our understanding of PV changes during sugiosures
unclear Therefore, we compared both indirect and direct PV measures (EB dye tracer-dilution) during
both thermoneutral and cold-water immersiore #¢0 esaluated the utility of an EB dye computer
programme. Sen healtly males (age 27.6 yr SD £9.2, height 183.1 cm SD 4.6, mass 82.1 kg SD
9.1, skinfold thickness 83.5 mm SD +28.0) were tested three times (60 min; balanced design): seated
upright in air (control: 21.2°C SD #1.1); thermoneutral immersion (34.5°C SD *0.2) and cold
immersion (18.6°C SD +0.2). Posture was identical across tests, with immersion to the third intercostal
space, and tests being separated lwyvieeks. Plasma volume was determined at immersion baseline
and during the control test, using three methods (EB dye column elution; EB dye computer
programme; Hct/[Hb] calculation), and during immersions using the EB dye column elution and
Hct/[Hb] calculation methods. Plasmaluyme during the control trial remained stable, andvatgnt
across and between the three methé€(05). During thermoneutral immersion, PV increased by
16.2% (x1.4) and 8.5% (£0.8) when determined by the EB dye column elution method and the
Hct/[Hb] calculation, respeately (both P<0.05). The Hct/[Hb] calculation underestimated re@atV
change by 43% (£9.B<0.05), when compared with the EB dye column elution method. During cold
immersion, PV decreased significantly (17.9% £3.0 (EB dye) and 8.0% *1.2 (Hct/[Hb]P1@0b),
with the latter representing a 52% (x6F850.05) underestimation of PV change. When the control
and pre-immersion baseline data were combined, the absolutieri®ed using the EB dye computer
programme, correlated well with the EB dye column elution 0.83;P<0.05). The current study is
the first to shev that the Hct/[Hb] method clearly underestimates PV changes during both
thermoneutral and cold immersion. The mechanism underlying this PV disgyemanget to be
elucidated. Furthermore, the EB dye computer programme method provides an acceptableelternati
to the EB dye column elution technique for baseline PV determination.

STOCKS_JODIE@Lilly.com

Proceedings of the Australian Physiological and Pharmacological Society (2001) 32 (2) Suppl. 1 43P



A PERIPHERAL AND CENTRAL CHOLINERGIC P ATHWAY M ODULATES
STRESS-INDUCED HYPERTHERMIA IN THE RA T EXPOSED TO AN OPEN FIELD
C.J Gordort, Y-Lu Yand and P.J Rowsey, INeurotoxicology Division, NHEERL, ORD, US EPA,
Reseath Tiangle Park, NC, USA, 27713 anzhou Military Medical Colige d PLA, Lanzhou, China
730020 andThe University of North Carolina at Chapel Hill, Chapel Hill, NC, USA, 27599.

Exposure to an open-field is psychologically stressful and leads to weaticglein core
temperature (JJ. We wuspect that peripheral and central cholyemathways modulate -Tduring
open field exposure and other types of stress.rently found that megth scopolamine (MS), a
peripheral muscarinic antagonist, had an gngific effect on stress-induced wdgons in T, caused by
handling and cage-switch stress. Pyridostigmine (PYR), an inhibitor of acetylcholinestenage acti
(AChE) that leads to cholinergic stimulation in peripheral tissues, sho@deehe effects of MS on
T, during open field stressTwo experiments were performed to assess the role of peripheral and
central cholinergic receptors in the control of open field hyperthermia. In the first experiment, we
assessed the effects of MS and PYR on open fig@érthermia Male, Sprague Daley rats at 90
days of age were housed individually at an ambient temperatyref(Z2°C. T_and motor actity
(MA) were monitored with radiotelemetry units implanted under Neaianesthesia (50 mg/kg; IP)
at least 10 days prior to testing. The open field chamber consisted of an illuminatgsdeox (61
x 61 x 61 cm) maintained at a, bf 22°C. Rats were dosed IP at 1200 hr with saline, 1.0 mg/kg MS,
0.1 mg/kg PYR, or a combination of MS and PYddd placed immediately inside the open field
chamber for 60 min.T_ of rats injected with saline increased by 0.7°C during open figidsere.
The hyperthermic response to open fietgasure was suppressed immediately by MS and enhanced
by PYR. T, increased by 0.3°C in the MS-treated animale hyperthermic response in the PYR
group was nearly 0.6°C ab® that of rats dosed with saline. In addition, co-administration of PYR
and MS led to a Jresponse identical to that of rats injected with saline. In the sezpedraent, we
assessed if a\w dose of the a@zanophosphate pesticide chlgrgos (CHP) would alter open field
hyperthermia with and without administration of MEHP irreversibly inhibits AChE and leads to
cholinegic stimulation in the CNS and peripheral tissues. At 900 hr the rats aexgeg with corn
oil or 10 mg/kg CHPThis CHP treatment had ndett on resting Jor MA. The rats were then dosed
IP with saline or 1.0 mg/kg MS at 1200 hr and subjected to open field stress fof_Iohthe corn
oil/saline group underwent a 1.2°C increase during open field exposure, wheo¢dseTCHP/saline
group was significantly attenuated. Administration of MS attenuated the openyfeddhermia of
rats treated with corn oil and CHRe expected that a i@ dose of CHP would hee a gmilar effect on
open field hyperthermia as did PYR. wmaver, CHP attenuated the hyperthermic responseerély
activation of peripheral muscarinic receptors modulates the magnitudgpefthermia during open
field exposure. CHP leads to peripheral and central cholinergic stimulation. Since CHP attenuated open
field hyperthermia, it appears that central choiiresuppresses the hyperthermic response to open
field exposure.

This abstract does not necessarily reflecAEBlicy.

Gordon.Christopher@epamail.epa.gov
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THE EFFECTS OF GENDER, AGE, AND TIREDNESS ON THE IMPACT OF
DRAFTS

B. Griefahn, C. Kinemund, Mehnert, Institute for Occupational Physiology at the University of
Dortmund, Dortmund, FR Germany.

Draft-induced responses are determined by graaations which are related to numerous not
yet suficiently studied personal and situational influences. The present sugdyigates the réle of
genderage, and tiredness on theakiation of drafts by pooling the data from eigkperiments which
were performed with similar designs and procedures. Altogether 179 personsniéd w09 men, 18
- 68 yrs) participated inwerall almost 1,000 sessions, whereesal individual and situationabttors
were documented and first analyzed for this papéter 20 minutes in a reference climatg &2°C,

V_ < 0.05 m/s, RH: 40 - 60%), the participants vew into a climatic chamber where thevere
exposed to drafts for at least one hour and whereeéicity (0.1 - 0.4 m/s) , turbulence intensity (< 20

to > 70%), draft direction (horizontal, diagonal, vertical), frequencies (0.05, 0.4 Hz), air temperature
(11 to 23°C), and metabolic rate (< 70 to 156 R/mere varied. Physical activity varied between
sitting in a chair ¢anding before a monitor while completing a tracking test, or operating an arm-
emometer at wrkloads corresponding to measured metabolic rates of 104, 128, and 156 W/m
Clothing insulation was calculated for thermal neutralitye most sensite ams and the neck were

not covered. Initially, the participants assessed their actual health state, well-being, and tiredness.
Identical questionnaires were then completeelye5 minutes concerning general thermal sensation
and thermal preference, as well as perception of aivements and draft-induced aryamce
separately for arious body parts presented in a list. Statistical analyses based on questionnaires
completed during the steady state and concerned the percentages of persons who stated draft-inducet
anngance, who feltrather cool’, and prefered a higher temperature. Generalized linear models were
calculated to determine the significance ofvidiial and situational factors. Generalpgrception of

air movements was independent from genage, and tiredness. Women were significantly more often
annged by drafts (50 vs 30%, p = 0.001) and felt more often 'rather cool’ in general (67 vs 50%, p =
0.006). So, employers who provide their emyples with special clothing for moderate cold
workplaces shall tak this in account. e goups defined by the decades from 20 to 70 years (30
women, 28 men) kealed no dect of age on draft-induced general annoyance, or on a 'rather cool’
sensation and thisag confirmed by of 2 further studies, where age varied sufficiently for statistical
analysis. Despite this, it must be taken in account that the elderlyyeiegily less actie in the usual
situation, thg then produce less metabolic heat ang tlre certainly more often annoyed by drafts.
The percentage of persons who stated draft-induced/anoe and a ’rather cool’ sensation in general
was dgnificantly higher in rather tired than in alert persons. So, tired persons must adjust their clothing
accordingly if thg havenot the opportunity to adjust the temperature at their workplace.

griefahn@ifado.de
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INFLUENCE OF INCUB ATION TEMPERATURE ON THERMOREGULA TORIC
EFFORT IN BIRD EMBR YOS

B. Hahn, A. WinarO. Janke, M Nichelmann and B. TzscheatkDepartment of BiologyHumboldt-
University of Berlin, Berlin, Germany.

During the early ontoggrepigenetic adaptation mechanisms occur to adapt geaiem for the
expected postnatal emonmental conditions. These processes can be also induced by prenatally
applied temperature changes. It is easily agdién birds by changing the incubation temperature. Our
investigations hae down, that in precocial birds endothermic reactions occur already during
embryonic deelopment. It is known, that birds incubated atwado or higher temperature than normal
are acclimated to cold or heat, but there is no knowledge of the influence of prenatal temperature
experiences on the ddopment of thermomgulatory mechanisms. The aim of this study is to
investigate the dect of prenatal cold and warm load in comparison to a normal incubation temperature
on thermoregulatory heat production (HP) in Mugcduck embryosGairina mosbata) and chiclen
embryos Gallus domesticys The experiments were carried out in chicken embryos between day 15
and day 24 of incubation and in embryos of the Muscovy duck between the 29th and the 37th day of
incubation. The embryos were incubated until day 17 (emgkor day 28 (ducks) at 37.5°C and later
at 34.5°C (cold, first series) or at 38.5°C (warm, second series). In a third series the embryos were
incubated during the whole time of embryonizedepment at 37.5°C (control). HP was determined by
measuring oxygen consumption of each vidlial embryo. Simultaneouslyhe temperature of the
allantoic fluid (Taf) was estimated. The results can be summarized agstoflostly HP in @wld and
surprisingly also in warm incubated chicken embryass vinigher than in the control grouporF
instance, at the day before hatching the HP of the cold incubated emiaiyy8s2d + 0.32 W/kg (n=6),
of the warm incubated ones iaw 2.69 + 0.16 W/kg (n=10) and the control group had a HP of 2.1 £
0.06 W/kg (n=6). Thealues of each groupvestigated was significantly different (p<0.05, studemt’
test). Secondlythe day before hatching the warm incubated duck embryos ahoovershooting
reaction in their HP and their Taf wherwseming after a decrease of temperature (180 min, -3°C).
That means, when comparing HP araf The time before cooling and when re-increasing ambient
temperature, it is seen that these values reach higlets ¥ehen revarming the embryo to sink nearly
to the level before decreasing temperature after a couple of hours, forming a curve. This might be a
sign of an increased thermoregulatory ability in thvestigated avian species.

bi.hahn@gmx.de
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EFFECT OF SELECTIVE AND NON-SELECTIVE OPIOIDS ON BODY
TEMPERATURE IN WARM- AND COLD-ACCLIMATED RATS

C.M. HandlerR. Fice, M. Baumgart, E. LawE.B. Geller and M.\WAdler, Dept of BiologyMillikin
University Decatur IL, and Dept of Pharmacologyemple University School of Medicine,
Philadelphia, PA.

Exposure to ambient temperatures outside the thermoneutral zone modifies energy balance in
mammals. Cold ambient temperature increases the expenditure gy, éoss of heat and intakd
food. In non-hibernating mammals exposed to cold #dereled periods of time, defense of body
temperature (Tb) occurs through the adjustment of physiological processes. Chymsare to
ambient temperatures alte thermonuetral zone requires multiple adjustments to maintain heat
balance and compensate for water loss. Since the endogenous opioid systemlved im
thermorgulatory controls, this studyag designed to examine the response of acclimated animals to
the administration of seleggé and non-selectie gioid agonists and antagonists. Th was measured for
4 hrs post-injection in unrestrained, male S-D ratsyiptesly exposed to a 12 hr L/12 hr D cycle and
an ambient temperature of %°1°C or 32°+ 1° C for 14-17 days. Sen days prior to testing, a
polyettylene cannula was implanted in the right laterahtvicle under ketamine anesthesia (75-125
mg/kg, ip). Tb vas monitored at the acclimation temperature during the post-injection period. Saline
icv (6 pl) or sc (1 mi/kg) had no significantfe€t on Tb in either the cold- orasm-acclimated
animals. In animals acclimated to 5°C, naloxone (NLX, 1 mg/kg, sc) induced a statistically significant
decrease in Th, ranging from -1.11 to -1.86%@rdhe 4 hr post-injection period. Morphine (MS, 10
Kg/3 ul, icv) caused hypothermia during the first 45 minutes post-injection (max decrease -1.71°C) in
cold-acclimated animals. Tb increased during the remainder of the post-injection period. NLX
pretreatment, followed by MS, enhanced the initigddthermia, though the effect was subadditd
that of NLX alone, and blocked the late phase hyperthermia seen with MS. PL404/3 (4, icv), a
mu-selectre gonist, induced statistically significant hyperthemia (m&kb 1.13°C) in cold-
acclimated rats. CTAP (1g/3 pl, icv) a cyclic somatostatin analog and mu receptor antagonist, had no
effect of its own and in combination with PL-017, bledkthe eleation in Th In warm-acclimated
rats, NLX had no effect on TIMS devated Tb (2°C) with increases seen in both the duration and
magnitude of the effect when compared to animals conditioned to 20° C. Administration of PL-017 to
warm-acclimated rats caused an increase in time-independent change3ie Tioiration of the &fct
was dso altered in a statistically significant mann€TAP had no effect on Tb alone and in
combination with PL-017 blockedyperthermia. The data suggest that acclimation modifies the
response of the animals to administration of exogenous opioids.

Support provided by B 00376, NIDA; SURF program, Millikin Unersity

chandler@mail.millikin.edu
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ROLE OF DOPAMINE IN THE PREOPTIC AREA AND ANTERIOR
HYPOTHALAMUS ON THERMOREGULATION IN FREEL Y MOVING RATS

H. Hasegawa T. Ishiwaté, T. Yazaw#, M. Yasumats@iand Y Aihara?, 'Faculty of Integrated Arts
and Sciences, Hiroshima Universibjiroshima, Japan®Faculty of Sciencelokyo Metropolitan
University Tokyo, Japan andReseath Institute of Sports Scienddeisei International University,
Saitama, Japan.

The preoptic area and anterior hypothalamus (PO/AH) are the crucial lg@minsr@volved in
thermorgulation. Dueto the fact that thermogelatory responses were induced by microinjection of
norepinephrine, dopamine, 5-hydroxytryptamine, and amino acids into the PO/AH, these
neurotransmitters ka been considered to be vimlved in thermorgulation in resting rats.
Microdialysis can collect virtually ansubstance from the brain in combination with on-going
behaioral changes such ageecise. W dtempted to assess the role of monoamines and amino acids
in the PO/AH in relation toxercise-induced changes in Th, using an wounicrodialysis technique.
Wistar male rats (body weight, 300-350 g) were udgolly temperature (Tb) was monitored using a
telemetry system (Hagawva, H. et al, 2000). The microdialysis-HPLC methods that we usedeha
been described previously g8umatsuet al, 1998). A microdialysis probe was stereotaxically
implanted into the left lateral PO/AH under pentobarbital sodium anesthesia (40 mg/kgriop.).
increase by about 1.0°C in the first 15 min of treadmir@se (10 m/min, for 60 min), andas
maintained thereafter at a steady higvellgpossibly due to actation of the heat loss systenThe
levels of dopamine metabolites (3,4-gdroxypherylacetic acid and honvanillic acid) in the PO/AH
significantly increased duringkercise. Havever, exercise did not induce an increase in theelef
either serotonergic substances or amino addigr data indicate that dopamine breakdown processes
in the PO/AH are actaéted during gercise. Dopaminén the PO/AH may be wolved in the heat loss
mechanisms for thermoregulation when Tb rises durkegcese. W further examined to clarify the
effects of dopaminergic neural mechanisms on thergudaéion, by perfusion of dopamine upgak
inhibitor, GBR-12935, in the PO/AH using a microdialysis technigue.

Has@awa, H. et al, 2000. Neurosci. Lett. 288, 17-20.
Yasumatsu, M.et al, 1998. Comp. Biochem. Physiol. A 121, 13-23.

hasehiro@hiroshima-u.ac.jp
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BRAIN LOCI RELATING T O THE BODY WARM UP DURING AROUSAL FROM
TORPOR IN THE HIBERN ATING GOLDEN HAMSTER

M. Hashimoto and A. Kuroshima, Department of Physiglagghikawa Medical University,
Asahikawa, Japan.

Brown adipose tissue @) thermogenesis pwides basal increase in body temperature during
arousal from hibernation. S&ral brain loci relating to the regulation oAB thermogenesis ka keen
investigated mostly in rats, non-hibernat&imong them, in and around the retrorubral field in the rat
midbrain constitutes a tonic inhibition mechanism fé&TBhermogenesis (Shiba# al, 1999). The
similar inhibitory mechanism onA& thermogenesis also exists in the hamster midbrain (Hashahoto
al., 1999). In the present stydye investigated 1) whether this inhibitory mechanism igimed in the
body temperature change of wide range during hibernation, and 2) which brain logpbrednn the
facilitation of BAT thermogenesis during arousal. Experiments were performed in accordance with the
guidelines of the Ethics Committee for Animal Experiments, AsalakaJedical Unversity.
Hibernating male golden hamstérfdsocricetus awtug in the cold room (5°C, constant dark) were
moved to recording room (10 - 12°C), and mounted in a brain stereotaxic apparatus for small rodents
according to the rat brain atlas of Paxinos and Watson with a small modification (Haskirabto
1999). Under local anesthesia (4% Lidocaine), head and back skin were incised along to the midline
and the skull was bored for cannula insertion. Temperatures of the rectyp &éhd interscapular
BAT (Tg,r) Were measured with 2 thermocouples by inserting the probe 3-4yondthe anus and
Tgar Dy inserting the probe between 2Bpads through the skin incision, and recordegheminute
with computer system. These handling procedures aroused the animals from torpid state and increased
their body temperature. Initial ;] and T... were 6.5 - 10.5°C and 6.0 - 9.3°C, respeatfi
Experiments were terminated byeo-dose urethane injection when,J. reached around 15°C, since
most hibernating animals started slightlywvimg at around this body temperature under the present
experimental conditions. Bilateral microinjection of control saline, 10 % procgdebthloride or 0.1
M sodium glutamate (800 nl each side) into the midbrain region were carried out whilanid T,
were measured. Stereotaxic coordinates were 1mm lateral to the midline, 2.5 mm rostradiicéie v
interaural zero plane (IA0) and 1.5 - 4.0 mm dorsal to the horizontal 1AQ. Saline microinjections
affected time courses of the increase in neithgr, Tor T at ary loci of the midbrain. Mean time
spent for 5°C increase of 1. around 10°C were 29.1 - 38.8 min ( mean + SEM: 30.9 + 0.17 min,
n=6). During this increase of jI;, Tgec Was increased by 1.6-1.9°C (1.2 0.0°C). The
microinjection of glutamete in and around the retrorubral field (co-ordinates: 1.5 - 2.5 mm dorsal to
IAO), or procaine around periacuaductal gray matter (3.5 - 4 mm), delayed bgthaid Tec
increases. Results suggest that these midbrain loci wakved in the mechanism of arousal from
hibernation.

Hashimoto, M., Kuroshima, A., Arita, J., Shibata, M., 1999, J. Therm. Biol. 24, 347-350.
Shibata, M., Uno, T., Hashimoto, M., 1999, Brain Res. 833, 242-250.

mhashi@asahikea-med.ac.jp
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HUMAN SURFACE TO M ASS RATIO AND HEAT STRESS - A CONCEPT
REVISITED
G. Havenith, Department of Human Sciences, Loughborough Uniyémsitgd Kingdom.

A commonly accepted wein both human and companeti physiology literature is that a high
surface to mass ratio (4M) is beneficial in the heat. This is based on the concept that bodgesurf
determines heat loss capacity for dry amdperatve heat loss (together with skin temperature and
sweat rate) and that body mass determines the amount of heat producing tissues. In comparisons of
males and females it was observed that eeage male, being bigger (lower,MM) and fitter than his
female counterpart, was at an advantage in heat stress due to his higher sweat [dapaeiywhen
sweat gaporation was limited, as e.g. in hot humid climates, the males could not utilize thataapy
and females had lower strain due to their highgf\VAratio (Shapircet al, 1980). Recent work with
thermal models (Heenith, 2001) vas unable to reproduce such results and predicted thage lar
Ap/M, as in females, would be a disativage when working in the heat (all other factors being equal),
irrespectve d the climate type. Based on this, Shapatoal!s data were re-analyzed, and itasv
obsered that due to differences in body mass the walkixgycesse used created a muchwkr
metabolic heat production for the females, which may explain their results. It was decided to perform a
similar experiment, but control this for metabolic heat production by using cycle ergoreetéses

The effect of morphological factors (body surface ared,[Body mass and AM on heat stress
responses in a hot wet (HW®5°C 80% rh) and hot dry climate (HD: 45°C, 20% rh) of equal WBGT
(x 31.6°C) were studied in 30 (16 males, 14 females) and 25 (16 males, 9 females) subjects
respectrely. Subjects &ercised on a reclining cycle ergometer for 60 minutes after 30 minutes rest in
the heat. The workload was set at 60 Watt. Subjeateed/ in morphology (HD: 4/M=270+21
cnPkgl; Ap=1.85+0.21mM; mass=69.3+12.6 kg, Yy =3.09+0.66 lLmin; HW: A /M=269+22
cnPkgl; AL=1.90+0.20m; mass=72.2+13.0 kg, ' =3.56+0.88 Il.min). A /M was not
significantly different between males and females. “™

The imposed heat stress elicited a large range of body core temperatyrdd(Trange
37.5-39.1°C; HW range 37.5-39.0°C). The relation of heat straiptfrmorphology was identical in
both climates (posite crrelation of T, with A/M, negaive with Ay and mass), giving the bigger
subjects an advantage. Ag)V was not equal for all subjects, data were also analyzed by VMNO
(high versus lov A, body mags and AM groups respeately), with V, as cwoariant. Differences
between high and vo A /M remained significant, though those fof, ARd body mass became less
(HD: p=0.06 and 0.08; HW p>0.25). WWever, even after this correction, bigger subjects were at an
adwantage wer smaller subjects in both climatic conditions. These findings contradict earlier studies
but are consistent with model calculations.

Havenith, G. (2001) Individualized model of human therngodation for the simulation of heat stress
responsel. Appl. Physiol, 90: 1943-1954.

Shapiro, Y., Pandolf, K.B., V&lini, B.A., Pimental, N.A. and Goldman, R.K1980) Plsiological
responses of men and women to humid and dry Re#@ppl. Physiol, 49:1-8.

G.Harenith@Ilboro.ac.uk
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DOES PRIOR HEAT ACCLIMATION REDUCE MYOCARDIAL INJUR Y AFTER
ACUTE MYOCARDIAL INFARCTION?

Y. Heled, M. Scheinowitz, M. EIdd.S. Moran, YEpstein and YShapiro, Heller Institute of Medical
Researh and The Neufeld Cardiac Resehr Institute Sheba Medical Centeflel Hashomersrael.

Previous studies hae fiown that acute heat stress may potentially immpnoyocardial tolerance
to ischemia. This phenomenon was attributed to the expression of heat shock proteins that protect the
cells against ischemic damage. In contrast to ischemia, therexsstingeinformation about the fefct
of heat acclimation on myocardial tolerance to acute myocardattidn (AMI). This study aimed to
evduate whether prolonged heat acclimation reduces myocardial injury after AMI. The sasdy w
approved by the Institutional Animal Ethics Committee. 30 male Sprague Dawly rats weighing 360g
were divided into 2 groups: pagdy heat acclimated for 4 weeks in a heat chamber (34°C, 30%RH)
(H, n=15), and 4 weeks of comfort conditions (25°C, 40%RH) (C, n=15). Thereafter Alsll w
sumgically induced in both groups under general anaesthesia (xylazine 10mg/kgetamdink
90mg/kg). Thg recovered in comfort conditions for 4 more weeks and were then sacrificed. Body
weight and rectal temperature were measured at baseline and after the first 4 olémiimgFhe
sacrifice, transarse serial sections of the hearts were stained with Mason Trichrome and Hematoxilin
Eosin for morphometric measurements that included: necrosis areagratatiosis area,\L cavtary
area, IV muscle area andverage LV wall thickness. No differences were found in increase in body
weight between H and C groups after 4 weeks of heat acclimation and comfort conditions (20+15g and
30£10g, respeotely). Rectal temperature measured one day after the 4 weeks of acclimation/comfort
period decreased by 0.6+0.5°C in group H and by only 0.17+0rb8@up C (P<0.05). Myocardial
necrosis area and myocardial relatrecrosis area were lower in the H group compared with the C
group (9+4mm compared to 12.5+5mfrand 24.9+11.8% compared with 30.4+8.6%, respeg)i
although not significantlyLV cavitary area vas lower in the H group compared with the C group
(56.946.4mm and 70.7+16.6mA respectiely) but not significantly Average vall thickness \as
slightly higher in group C compared with group H although not significantly (0.5+0.2mm and
0.4£0.1mm, respestdly). All the animals in the C group were successfully heat acclimated. Although
not significant, better \L morphometry after AMI in this group suggests that prior heat acclimation
may actvate mechanisms that reduce myocardial injury after AMIvedbeless, further studies
should be done (with increased sample population) in order to establish or refute these results.

yheled@hotmail.com

Proceedings of the Australian Physiological and Pharmacological Society (2001) 32 (2) Suppl. 1 51P



THE THERMAL ENVIRONMENT AND THE HUMAN THERMOREGULATION IN
SIMULATED DIVING AND IN REAL DIVING INT O THE SEA

H. Herman and C. Pastuch, Depart of Occupational Health, Institute of Public Health, Bucharest,
Romania.

The necessity to work in submarineseanment makes evident multiple problemgareling the
human oganism reactiity in these special conditions. The pressure and its variations, the thermal
factors, the humiditythe swimming are some of these conditions. Hence for ensuringwrs th
perform this activity it is necessary to kmdéheir oiganism adaptation to the mentionezttors. The
studies in this field are made indwages: simulated dry or wet diving in caisson, real diving into the
sea. Our study carried out in summer with 10 professional autonomvetss gioung healthful men, in
their training in caisson with compressed air in dwrdj at the eqwialent depth of 80 m (9 PA) and
at diving into the sea at 5 m (1.94), 25 m (3.5 AA) and 40 m (5 AA). The time of compression
and decompression, of diving and return were established according to the FreimchTBbles.
Fdlowing indicators were assessed: air temperature and humidity in caisson and, et eater
temperature, skin temperature in central and peripheral points, heart rate, body weight, thermal
sensation.

In caisson the whole time of the diving with compression and decompresasohO minutes.

The subjects, dressed only in slips, were in sitting rest. Great and sudden variations of the air
temperature and humidity (increases, decreases) were determined in caisson because of the air
compression and decompression. During the 5 minutes of compression the temperature increased to
43-45°C and it decreased to 35-32°C during the 20 minutes BA 9téd\18°C at 2.5 AA, followed by

a rew increase to 20-31°C during the decompression. Thevelatmidity increased at 9T and in
decompression to 79-100%. The skin temperature increased in all points with 1.6-1.8°TAt@r8lA

it decreased with 4.5-6.8°C to 2.2/ The body weight decreased during the diving with 250-1,250

g, showing a ngetive water balance of the ganism because of the great sweat. These data aho
sudden high thermal strain.

In real diving the diers wore semiwet tight suit from alveolar neoprene and air compressed
bottles on their back.The diving times were: 40 minutes at 5 m and water temperature of 20°C, 24
minutes at 25 m and 10°C, 20 minutes at 40 m and 6°C. The air temperasud®+3°C. The skin
temperature decreased with:6-3.2°C at 5 m, 2.5-5.1°C at 25 m, 4.4-5.8°C at 40 m. At 25 m and 40
m the dvers showed the sensation of cold, at 40 ny giewed also benumbings of the hand fingers.

The heart rate was 120-152 beats/min at the return from the diving. The skin temperature decrease may
determine the decrease of thgamism actvity efficiengy. There is a construction of the blooésgels,

which makes heavier the gaseouganism desaturation during the decompression, hence during the
return from the diving. It shows also thewldhermal protection of the ks’ suit at the \ater
temperature of 6-10°C, the necessity to wear suit with higher thermal protection.
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NOCTURNAL HYPOTHERMIA IN FASTING Q UAIL: EFFECT OF PHO TOPHASE
DURATION
E. Hohtola and TJuujarvi, Department of BiologyJniversity of Oulu, 90014 Oulu, Finland.

Japanese quailCpturnix c. japonica react to food deprvation with shallev nocturnal
hypothermia, i.e. by lowering their body temperature and metaboligopntiehe normally occurring
drop during the dark phase (scotophase). This drop then becomes deeper onveudgbssiof
fasting, which suggests that the birds are able to sense the state of their energy reserves{tabhtola
1991) and adaptely adjust the leel of their body temperature. 8ivanted to see whether quails are
able to utilize a deeper hypothermia when the dark phase is shorter and thus maintairgéie ener
benefits of hypothermia constante\Wsed intraperitoneal radiotelemetric transmitters (VM-FH ca. 3.5
grams, Mini-Mitter Co.) for continuous measurement of body temperature andtadf quails. The
transmitters were implanted under isoflurane anesthesia (4% induction, 2% maintenance).
Buprenorphine was gen for 24 h postoperattly and one week was allowed for reen/ before
actual eperiments. The birds were placed in cages (40x60x40 cm) that were stacked on a metal rack
and receiers were placed underneath the cages. Readings of body temperaturevitgdresst talken
once a minute. All measurements were done at 22°C. The photoperiods used were (L:D) 12:12, 16:8,
and 20:4. All dark phases were symmetrical around midnight. The birds were first maintained on a
photoperiod for 8-9 days, after which food (commercial poultry mash, RaigioF@land) was
removed for 48 h at 8.00 a.m. (light phase). After food replacement, the measurements were continued
for another 4-5 days before switching to avrghotoperiod. Viter was avays available ad lib. The
birds were weighed at the dgianing and end of each fast. Thedleof hypothermia did not increase
with shortening of the dark phase indicating that the birds were not able to compensate for the
decreased time by increasing the depth of hypothermia. The noctwelsidebody temperature were
actually slightly higher at short scotophases. Instead, the diurnal body temperature decreased with the
change in photoperiod (a slight decrease on the seeshaifht at 16:8 L:D, a marked decrease on
both nights at 20:4). Interestinglgt the shortest photoperiod, the birds reacted to food varbyg an
instantaneous decrease of body temperature. Whetherakia veaction to actual absence of food, or
a oonditioned reaction to procedures associated wifementation cannot be resolved here. After
the nocturnal drop, the diurnalvi was further decreased on the following .délye body mass loss
increased slightly it significantly with shortening scotophase (15.1+0.8, 17.1+0.5 and 17.5+0.5 g at
12:12, 18:6 and 20:4 L:D, respedy), confirming that the birds were able tovesdess energy at short
scotophases as initially suggested by the lack of a temperature responegerHbe mass loss &
not linearly related to scotophase length, which indicates that the diurnal drops of body temperature
helped in saving engy. Nocturnal typothermia, often considered an adeptnd flexible response to
food depmvation, seems to operate in a rather ballistic fashion and cannot be adjusted t dd&per
metabolic depression at short scotophases.

Hohtola, E., Hissa, R., Pyornila, A., Rintamaki, H., Saarela, S. 1991: Noctypwhkrmia in &sting
Japanese quail: The effect of ambient temperature. Physiology and Behavior 49, 563-567.

Esa.Hohtola@oulu.fi
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PERCEPTION OF PERIPHERAL COOLING
I. Holmér Climate Reseath Goup, National Institute for Working Lif&olna, Sweden.

Perception of thermal stimuli is important for cogretiinterpretation and behavioral action.
Relations between peripheral skin temperatures and the associated perceptide peeful
information for assessment of climatic conditions. Mathematical models of human thermal responses
often provide a distribution of temperatures across the skiacgurAccordinglypredictions may not
only give results in terms of thermal stress or physiological strain, but also in terms ofafople
comfort sensation, acceptance, or pain sensation. The aim of the papeviewalata from seeral
studies of coldxgposure in order to examine relations between thermal and pain sensation and cooling
of the tremities.Material and methodsThree studies of hand cooling (34 subjects) and one study of
feet cooling (8 subjects) were analyzed. ybemprised 60 or 90 minutes afosure to constant cold
conditions at temperatures of -25, -12, 0, 4, 7, 10 and 15°C. Skin temperatures were measured e
minute with thermistors at weral different sites of hands, fingers, feet and toes. Thermal and pain
sensations were rated by subjecterg 10 minutes.Results:In average, peripheral temperatures
dropped to lower values when ambient temperature becansx leor each climatic condition the
individual variation was considerablevékage ratings of thermal sensation and pain showed strong
correlation with peripheral temperatures. Correlati@s wtronger and variation was smaller the more
peripheral the temperature was located. In general, skin temperatures were about 5°C lower at fingertip
or toe for the same value of thermal sensation or @ainclusionsit seems that cooling of hand and
feet are quite well perosd and quantitatre relations can be found between skin temperatures and
thermal and pain sensation. Relations are stronger for fingers and feet indicating that these parts are the
determinants of the reaction. Thermal sensation displays a more linear drop with colderiskin. P
sensation follows a power function with larger increments at lower skin temperatures. Onset of pain
appears to takpace at finger/toe temperatures around 15°C. Setting lathies for hand or feet skin
temperature must recognize ttaetf the fingers and toes may be more than 5°C colder for the same
conditions.

iholmer@niwl.se
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ADAPTIVE CHANGES IN BR OWN ADIPOSE TISSUE IN WISTAR RATS, ZUCKER
LEAN AND OBESE RATS

K.Hori, T.Ishigaki, K.Koyama, M.Kaya, J.Tsujita and S.Hori, Department of Biochentigiwgo
College d Medicine Nishinomiya, Japan.

Male Wistar rats, male Zucker lean and Zerckbese rats were used. All rats in each strain were
allotted into three groups so that all groups contained a similar nedae of body mass; arm
acclimated(W), cold acclimated(C) and deacclimated(D) group. All rats in W groups were housed in
the room at 2b1°C for 11 weeks, all rats in C group were housed in the roomtafCdor 11 weeks
and all rats in D group were housed in the room all25 for 2 weeks after housing atll0C for 9
weeks. Each rat was dissected at the end of experiments. Each rat was weighed, anesthetized with
ether Inter scapular bren adipose tissue and adrenal glands were dissected. In C groups, obese rats
shaved smaller rate of increase in body mass than lean rats. Increase in body mass for 2 weeks of
deacclimation in obese rats was smaller than that in lean rats. Massesrofdipose tissue per body
masses were greater in obese rats than Wistar and lean rats while masses of adrenal glands per bod
masses were smaller in obese rats than Wistar and lean rats. In all strains, masses of brown adipose
tissue and adrenal gland per body masses were greater in C groups than in W groups. Masges of bro
adipose tissue per body masses were slightly smaller in D groups than in C groups while masses of
adrenal glands per body masses were considerably smaller in D groups than in C groups. Lipid droplet
in brown adipocyte decreased in number and lipid droplets became smakttied by cold
acclimation. These characteristics of lipid droplets were maintained after deacclimation though fusion
of lipid droplets was observed. Density of lipid in\wroadipocyte was greater in obese rats than those
in other strains and that in lean rats was the smallester¢ng morphological changes of Zucker lean
and obese rats by cold acclimation and deacclimation were essentially the same as those observed ir
Wistar rats. During cold acclimation, a dar proliferation of mitochondria accompanied by the
increase in size was obsed: After deacclimation, number of mitochondria decreased and lipid
droplets became slightly small in number and increased in sizeevdosize of droplet in D group
was mnsiderably smaller than that in W group. Marked weight-reducing effect in Zucker obese rats
obsened during cold acclimation is partly caused by greater ratio of masses of brown adipose tissue to
body masses as well as proliferation of mitochondria accompanied by the increase in sizein bro
adipose tissue induced by cold exposure.

kaz-hori@nifty.com
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ZUCKER OBESE RATS ARE SENSITIVE TO WEIGHT-REDUCING EFFECT AND
INSENSITIVE T O OREXIGENIC EFFECT BY COLD EXPOSURE

S. Hori, K. Hori, TIshigaki, K. Koyama, M. Kaya, H. Takeda andslijita, Department of
Physiology Hyogo Collge d Medicine Nishinomiya, Japan.

Male Wister, male Zucker lean rats and male Zucker obese rats at 7 weeks were allotted into 2
groups. All rats in W group were kept at+A8C for 11 weeks. All rats in C group werept at
10+1°C for 9 weeks. The rats in C group were allotted into iollg groups so that both groups had
similar body mass: a cold acclimated group (C group) and deacclimated group (D group). All rats in C
group were maintained at #0°C for a further 2 weeks, and all rats in D group were transferred to a
25+1°C environment and maintained for 2 weeks. Each est dissected at the end odperiments.
Each rat was weighed, anesthetized with etinéer scapular brown adipose tissue and adrenal glands
were dissected. Increase in body masses at eachasyemaller in C group than in W group. In C
groups, rate of increase in body masses was less in obese rats than in lean rats. After 2 weeks of
deacclimation, body masses in D group in Wistar and lean rats reached closer to those in C groups
while those in obese rats were lighter in D group than in W group. The ratio of massewrof bro
adipose tissue per body masses were greater in obese rats than in Wistar and lean rats. While ratios o
masses of adrenal glands to body masses were smaller in obese rats than in Wistar and lean rats. Ir
Wistar and lean rats, food inmkncreased markedly by cold exposure while food mtakdese rats
increased slightlyOxygen intale per body mass as smaller in obese rats than Wistar and lean rats.
Weight-reducing effect of cold exposure resulted from more increase igyeegpenditure due to
enhanced thermoregulatory thermogenesis than in energg.integs increase in food ineky ®ld
acclimation in obese rats indicates ytheould not increase food intekin ite of enhanced
thermorgulatory thermogenesis during cold exposure, becaugedtleady had maximum volume of
food intale that ther could eat in warm enronment. Greater ratio of mass of brown adipose tissue to
body mass in obese rats compared to Wistar and lean rats might be caused by hereditary nature of
tendeng to obesity Smaller increase in body mass during deacclimation might be resulting from
greater ratio of mass of brown adipose tissue to body mass during cold acclimation. In conclusion,
marked weight-reducing &fct of cold exposure observed in Zucker obese rats was caused by defect of
orexigenic effect of cold exposure due to lack of leptin receptor in hypothalamus.

ph1001@hyo-med.ac.jp
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HEAT ACCLIMATION: PHENOTYPIC PLASTICITY AND CUEST O THE
UNDERLYING MOLECULAR MECHANISMS
M. Horowitz, Department of Physiolggshe Hebew Uhiversity Hadassah Medical School, Israel.

Acclimation, in contrast towlutionary adaptation, is a within life-time phenotypic adaptation,
although it may imolve a genetic basis. The phenotypic expression of heat acclimation comprises
lowered metabolic rate, body temperature (Tb), and heart rate, concomitantly with greater
cardiovascular reserves, increasedi@énc and capacity of the wvaporatve oling system and
elevated temperature threshold for thermal injuBpllectively these lead to an “expandedjuéatory
capacity” within the range of safe TOur current data imply that reprogrammed gexgression and
changes in cellular signaling underlie the acclimatory phenomenology(4). An importanvadapti
feature associated with ghted threshold for thermal injury is enhancegoprotection. Among
cytoprotectve mechanisms, the inducible heat shock protein (HSP 72 kDa) was the most thoroughly
studied. Acclimation leads to 200% edBon of the constitutie levd of this protein, thus prading
protection with out the need fole novo HSP synthesis upon stress. Acclimation also predisposes the
signaling pathway for HSP synthesis to respond faster to heat stress, at the transcvghti@). le
Whether these tarphenomena are interdependent is not yet understood, although other gene products
follow similar pattern. There isvaence that the time windo for the changes observed in the
machinery of HSP induction is at the early phase of heat acclimation (1-2 acclimation daixghgn
accelerated excitability of the sympathetic system. The increasedvesaliar reserves constitute
intrinsic changes both in theasculature, e.g. augmented nitric oxide synthase (eNQ#) ded
altered G proteins function, and in the heart, e.g. altered expression of the contractile, E-C coupling
and calcium regulatory proteins (1,2, Cohen and Wirg in preparation). These lead in the
acclimated heart to greater pressure generationwagréal oxygen consumption, enhanced pasiti
inotropic response and imma chamber compliance, thus matching cardiac function to greater
venous return occurring upon heat acclimation. A heat acclimation-induced drop in plgsaxanth
level is responsible for man of the changes observed. An important consequence of thermal
acclimation is the delopment of cross-tolerance between heat acclimation and impaired oxygen
demands/oxygen supply balance. The beneficial implications of this feature will be discussed.

Eynan, M., Palmon, A., Hasin, Y., Horowitz, M. (1998) Heat acclimation induces changes in cardiac
mechanical performance: the role of thyroid hormone. Am. J. Physiol. 276, R550-558.

Eynan M, Gross, H., Hasin, Y., Palmon, A., Heriz, M. (2000) Temporal changes in heart
mechanics with heat acclimation: Adrenergic signaling and SR-@ldatery proteins Am. J.
Physiol. 279: R77-R85.

Maloyan, A., Rlmon, A., Horowitz, M. (1999) Heat acclimation increases basal HSR@&aled
alters its production dynamicsduring heat stress. Am J. Physiol. 276, R1506-R1515

Horowitz M (2001) From Molecular and Cellular to Igtatve Heat Defense during Exposure to
Chronic Heat. Comp Biochem Physiol.

horowitz@cc.huji.ac.il
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A COMPARISON OF FOUR TECHNIQUES FOR ASSESSING SKIN BLOOD FLOW
JR. Houséand M.J Tipton'?, Linstitute of Naval MedicineSosport, UK. andUniversity of
Portsmouth, Portsmouth, UK.

Laser Doppler rheometry (LD) is widely used as an estimation of skin bload(8kBF).
Unpublished data from this laboratorywbkakemonstrated unexpected, and couirigratve LD SkBF
responses. Thistudy was undert&k to compare LD with other methods of assessing SKBF
conditions where asodilatation and vasoconstriction weveled. After ethical appreal, 7 medically
fit volunteer subjects (6M 1R20-22 years) gveinformed consent to participate. The subjects were
immersed to chestvel in a water bath (WB, initial temperature 40.6°C) with their arms at e dé
the heart, and the left hand placed inside a polythene bag within a plastic bdx ([B&zhfinger pad
of the left hand was instrumented with eitrsangle- or multi-channel LD probes (Moors Instruments
Ltd, UK), infra-red (F) or mercury strain gauge {R) plethysmograpj probes (Vasculab Inc, USA).
When insulated auditory cana Jtand rectal (§ temperature had increased to 38.5°C, water at 38.5°C
was added to the B&. After 10 minutes the water in the BQvas chilled and maintained at 10.3°C
for the remainder of thexperiment. Aftera further 10 minutes, the WB was cooled at 0.6°Cmin
until all SKBF measures indicateésoconstriction. SkBFesponses were variable and mean plots
misleading, those from subject 1 are in the figure. After approximately 5-15 minutes of cooling in the
WB, profound vasoconstriction was usually indicated. In 5 of the 7 subgstgonstriction occurred
simultaneouslyas ndicated by all 4 SKBF measurement techniques. In the other 2 subjects, at least
one of the SKBF techniques indicates@constriction before the other methods, or the responses were
variable. Beforecold-induced vasoconstriction occurred, each technique indicated variable SkBF
responses, but in different subjecEor example, large reductions in SKBF (>20%) were indicated on
filling the BOX with warm water in 2 to 4 subjects (hydrostatic effect), dependent upon the
measurement technique. When theX8®@as chilled, further reductions in SKBF (>20%) (thermal
effect) were indicated in 2-4 subjects (generally the same subjdatseach SkBF technique, 3-5
subjects did not exhibit large changes in SKBF (>20%) when the\B&er temperature was cooled,
but the WB remained highThese data suggest thatyaof the techniques may be used for detecting
gross vasomotor tone,ub SkBF responses can vary significantly between techniques when
vasodilated.
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USING SKIN TEMPERATURE GRADIENTS T O ASSESS SKIN BLOOD FLOW
JR. Houséand M.J Tipton'?, Linstitute of Naval MedicineSosport, UK, andUniversity of
Portsmouth, Portsmouth, UK.

The forearm-finger pad skin temperature differentist, f has preiously been used as an
estimation of cutaneous skin bloodwl@dSkBF), vasoconstriction being considered significant when
At A4°C (Sessleet al, 1988), on the basis that it “correlates well with other methods of determining
cutaneous blood flg including pletlysmograpi”. The original source data (Goetz,, 1946) are from a
study of SkBF (estimated by air-displacement plsthograply) and toe pad skin temperature gnly
not At,. Goetz (1946) concluded that skin temperature starts rising only after SkBF has been
increasing for some time. Thus, thg, method veould not seem to va been validated. This study
was wundertalen to assess ifit, can predict vasomotor tone as indicated by 4 other methods of
estimating SkBF (House & Tipton, 2001t was calculated from the difference between the radial
mid-forearm skin temperature and that recorded from theifidger pad of the right hand. SkBF (4
technigues) ws measured on the finger pads of the left hand which was immersed, without direct
contact, in water at 38.5°C or 10.3°C, whilst the subjects were seated in a water bath heated initially to
40.6°C (House & ipton, 2001). After ethical appvel, seven medically fit volunteer subjects (6M 1F
aged 20-22 years)ageinformed consent to participate.itW heating, significant vasodilatatioras/
indicated by all 4 methods, whilat_, was steady at -1.1°C (SD 0.6). When the left hand had been
cooled, and the bath as being cooled [-0.6°C.min(SD 0.2°C.mint)], the 4 SkBF techniques
simultaneously indicated profound vasoconstriction in 5 of the 7 subjatthie corresponding time
At started to increase approximately lineafllize response for subject 1 is shown in the figure. The
point at whichAt_, started to rise, termed the “inflection point” of the response, defines the time of
vasoconstriction more accurately than a particular valuatgf For 4 subjects, the inflection point
occurred simultaneously withagoconstriction, as assessed by the other 4 mettkmidhe other 3
subjects, it occurred within 1 to 3 minutes. For 3 of the subjattsonly reached a maximum of
0.8°C to 2.7°C and, by the original criterion, would notvéhaeen rgaded as indicating
vasoconstriction, despite its occurrenceor 4 subjects, At reached 4°C 25 to 31 minutes after
vasoconstriction, as identified by the other SkBF techniques. It is concluded thist theflection
point predicts cutaneous vasoconstriction better figm\4°C. The 4°C differential will confirm that
vasoconstriction has occurred but not when, and not in all subjects.
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Goetz, R.H. 1946. American Heart Journal. 31, 146-182.

House, J.R. and Tipton, M.J. 2001 Proc. APPS, 32(2) Suppl. 1, 58P.
SesslerD.l., Olofsson, C.I., Rubinstein, E.H. 1988. Anethesiology 69, 357-364
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THE CENTRAL PYROGENIC ACTION OF INTERLEUKIN-6 IS RELATED TO
NUCLEAR TRANSLOCATION OF ST AT3 IN THE ANTEROVENTRAL PREOPTIC
AREA OF THE RAT

T. Hibschle E.-M. Harré, W Meyerhof U. Pehl, 1 Roth and R. Gerstbger, Veterinary Physiology,
Justus-Liebig-UniversityFrankfurter Str100, 35392 Giessen, Germany.

Central administration of the cytokine and endogenous pyrogen interleukin-6 (IL-6) elicits a
variety of (patho-)plisiological functions, such as the reduction of food iataild locomotor actiity,
the actvation of the hypothalamo-pituitary-adrenocortical axis and the mediatiorvef fiesponses.
The effects of IL-6 and related cytokines are mediated via the GP130 reeepilyr timulation of
these receptors aette a cytokine-specific signal transduction patiiwthe so-called Janus kinase-
signal transducer and agior of transcription (Jak-SNT') signalling cascade. IL-6 is known to act
through the SAT3-isoform which gets phosphorylated, dimerizes and then translocates into the
nucleus, where it regulates gengmr@ssion by binding to specific gene promoters, amongst others the
promoter of the immediate early gene c-fos. Thisveion of a cytokine stimulus into a long-term
genetic action and its exact neuroanatomical locatias wtudied previously in rats combining
systemic and central IL-6 treatment with FOS-immunohisto-chemistry or iU hybridisation
technique. When thereby assessing pegatentral IL-6 target structures a specific FOSyatitin
pattern was found within the vasculamgar of the lamina terminalis (@LT), its adjacent medial
preoptic area (MPO) and also ependymal layers of the ventricles and meninges. In order to
demonstrate the central pyrogenic action of IL-6, adult male Wistar rats were applied with a lateral
ventricular cannula that as stereotaxically inserted under general anaesthesia (100negékgirke
and 10mg/kg xylazine). Then after a 10-12 days vegoperiod intracerebrentricular (icv) IL-6
bolus applications were performed with rat-recombinant IL-6 (100ng and 200ng in 5pl). Both IL-6
doses elicited a febrile response whicaswnot observed in controls (5ul pyrogen free saline). The
neuroanatomical basis of central IL-6 receptorvattin on ST 3-proteins was westigated via
central IL-6 stimulation combined with immunohistochemical procedures. Rats were perfused
15-90min after the icv stimulation, the brains were resd@nd analysed for SAT 3-immunoreactivity
which was additionally co-localised with the nucleaHD stain. In saline-treated animals constieti
STAT 3-expression was 1o at dl time points and predominantly detected within the cytoplasm gélar
cells within ventral aspects of the medio-caudgpdihalamus. In IL-6-treated rats an intense
STAT 3-expression and -translocation into cell nucl@snobserved at 15-30min after icv treatment in
various fore- and hindbrain sites. In particulaiL-6 induced a pronounced nuclear
STAT 3-translocation in the rostral hypothalamus, e.g. in the MPO and its ventromedial part and also in
the lateral @LT. The observed nuclear staining patterasvsimilar to that seen with FOS-analysis
after IL-6 or endotoxin (LPS) treatment. The size and shape of the stained nuclei suggest that
STAT 3-immunoreactvity was predominantly located in neurons, but IL-6 also induced a prominent
nuclear labelling in ependymal, meningeal and glial cells. Nuclear translocation of immurereacti
STAT3 therefore represents avab and powerful tool to assess central IL-6 actions upstream of
IL-6-induced c-fos gene aettion. The results further support the importance of tMDand its
adjacent preoptic area as main central IL-6 targetdvad in the mediation of fer responses.

Thomas.Huebschle@vetmed.uni-giessen.de

60P Poceedings of the Australian Physiological and Pharmacological Society (2001) 32 (2) Suppl. 1



CENTRAL EFFERENT PATHWAY S CONTROLLING EVAPORATIVE HEA TLOSS
IN THE RAT

T. Hibschle M.L. Mathai, R.M. McAllen, M.McKinley, and B.J Oldfield, The Howat Florey
Institute University of MelbourngParkville, ictoria, Australia.

Rats exposed to extreme heat stress (40°C) neither sweat nor pant. Instesmtividte other
heat loss mechanisms such as skin vasodilation, especially of the tail, paldarsalvate and spread
the salva o their skin and fur to remwe heat by gaporation. For salia-spreading, the submandiar
and the sublingual glands are primary therrgolatory effector agans under such conditions. Sali
lost under heat stress hawveae implications for the rats’ body fluid economy and contributes to
thermal dehydration and subsequent thirst. The importance of the rogtadhddamus in particular
the antergentral wall of the third ventricle (lamina terminalis) in the control of body fluid homeostasis
has been clearly demonstrate@r fess data arevalable concerning a possible role of the lamina
terminalis in the control of body temperature wéwer, lesioning studies in the rat, that included the
lamina terminalis and parts of the preoptic area or the anterior hypothalamus, leetdadséicits in
regulating body temperature under heat stress and cleddgtead the thermoregulatory secretory
function of salWary glands. In order to neuroanatomically demonstrate central efferent gyathw
controlling heat-induced saétion, including those arising from the rostral hypothalamus, we
employed the viral tracing technique, that uses the transsynaptic retrograde transport of an attenuated
strain of pseudorabies virus (Bartha) for neuronal tract tracing. In an attempt to further
distinguish the central efferent outfldowads the saliary gland innervation, viral inoculations were
combined with ipsilateral chorda tympani destruction (parasympathectomyyateshthe ipsilateral
superior cervical ganglion (sympathectomy) and total ipsilateraleresft deneration
(parasympathectomy and sympathectomy). In addition, the immunohistochemical detection of the
neuronal actiation marker c-Fos as used as a more functional approach to neuroanatomically
demonstrate central structures aated in the heat (2h, 40°C). Unilateral injections oVHBartha into
as well as surgical denervation of the left submandibular or sublingual gland were performed in male
Sprague-Dawle rats (250-350 g) under general anaesthesia with sodium pentobarbitone (60 mg/kg,
i.p.). For the histological brain analysis rats were (re-)anaesthetized (100 mg/kg pentobarbitone, i.p.)
after a 1-4 day tracing period or after 2 h heat stress, reshgaind then transcardially perfused with
0.9% saline followed by 4% paraformaldehyde/phosphatieib Inoculation of the glands vealed
multisynaptic neuronal pathways arising from various forebrain regions including the entire lamina
terminalis. The denervation experiments suggested that the &vetolvlamina terminalis infection
was due to eferent connections directed wards the parasympathetic submandibular gland
innenation. Heat stress induced a cleasfactvation in mary brain structures when compared to the
controls and agin the lamina terminalis and in particular its median preoptic nucleus showed an
intense Fos-response. These data suggest that one efferent forebrain pathway influevaing sali
secretion under heat stress may originate in the lamina terminalis and may be used especially under
heat stress-induced hyperthermic and hyperosmolal conditions. There&ydodhe understanding of
the central regulation of heat induced\stion in the rat may be the umaling of the intgrative role
of the lamina terminalis in processing thermoregulatory and osmoregulatory information.

Thomas.Huebschle@vetmed.uni-giessen.de
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CONSIDERING INDIVIDUAL PHYSIOLOGICAL DIFFERENCES IN A HUMAN
THERMAL MODEL

Z. Hui, C. Huizenga, E. Arens, Y, Center for Environmental Design ResdgmtJniversity of
California, USA.

Over the last fe& years, UCB has deloped a compreheng& nodel of human thermogelation
and comfort. This model is based on the Stolwijk model of human thermal regulation but includes
several significant imprgements including the ability to model an unlimited nhumber of bodyneats
(compared to six in the original) and a counter-current heat exchange blwoohdtbel. Radiation
heat transfer is calculated by thewitactor method using a three-dimensional model of the.blidy
thus possible to do a detailed assessment of camatkatve environments including the effects of
solar radiation. The model is capable of predictingspiiogical response to transient, non-uniform
thermal environments, and closely reproduces the results gfeqp@riments in the literature.

Physiological differences between in@luals can significantly affect human thermal response to
the environment yet models of human thermgulation hae generally not taken this into account.
Most thermal models use a single set of physiological data to represergragegoersonWe have
developed a model that we call “body builder” that translates des@ighta about an indidual
(height, weight, body fat, gendekin color and body type) into a set ofysiblogical parameters that
can be used by thermal models. Through literaturiewe we haveselected what we feel are the best
descriptve equations to calculate phiological parameters such as body fat, body denb#tyal
metabolic heat production, blood lorates, body segment length, and solar absorptite. have
incorporated this “body Wlder” model into our thermoregulatory model and can use it to predict
variations in thermal response between widtlials. Thispaper presents the “body builder” model as
well as preliminary comparisons between thermal simulation resultsxgediraental data found in
the literature.

zhanghui@uclink.berkeye=du
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ROLE OF THE PREOPTIC AREA, ANTERIOR HYPOTHALAMUS AND MEDIAN
RAPHE NUCLEUS ON THERMOREGULA TORY SYSTEM IN FREELY MOVING
RATS

T. Ishiwatd, H. Hasegaw3, M. Yasumatsg, T. Yazawad, M. Otokawd and Y Aiharal, 'Faculty of
ScienceTokyo Metropolitan UniversityTokyo, Japan?Faculty of Integrated Arts and Sciences,
Hiroshima UniversityHiroshima, Japan®Reseath Institute of Sports Scienddeisei International
University Saitama, Japan anflLaboratory of BiochemistryFaculty of SociologyHosei University,
Tokyo, Japan.

It is well established that the preoptic area and anteyjpothalamus (PO/AH) is the center of
both heat production and heat loss responblkesvever, an dternatve theory of thermoregulation as
suggested by the finding that heat production responses were maintained when the RS/AH w
destroyed. Furthermoregelectrical stimulation of the ventromedial (VMH) and posterior (PH)
hypothalamus increased nonaglting and shiering thermogenesis, respe@y. Togethey the
PO/AH may not be wolved in heat productionSeveral mechanisms are thought to bgadined in
heat rgulation. Inthis regard, there is sdicient evidence to indicate that serotonin (5-HT) is a major
neurotransmitter that mediates heat regulation in tipothalamus. Théypothalamic serotongic
fibers are devied from cell bodies in the raphe nucleus, particularly the median raphe nucleus (MRN).
However, the relationship between 5-HT and body temperature (Tb) remains untleapurpose of
this study was to clarify the role of the PO/AH in therngoitation and to examine the effects of
serotonggic innervation from the MRN on TbWe perfused tetrodotoxin (TTX) solution into the
PO/AH and MRN using a microdialysis technique at three different ambient temperatures (5, 23,
35°C) in freely moving rats.

Male Wistar rats (250-350 g body weight) were housed separately in plastic cages under
controlled conditions of ambient temperature 23°C, radatiimidity 50% and a light-darkycle of
12:12 h (lights on at 0600 h) with free access to food aatdwA telemetry device and microdialysis
probe were implanted syically prior to the commencement of theperiment$ 2 General anesthesia
was induced with Nembutal (50 mg/kg, i.p.), the telemetry devies wnplanted in the peritoneal
cavity, and the tip of a microdialysis probe was stereotaxically placed in the left lateral PO/AH and in
the left lateral MRN.Ambient temperatures were set at 23°C (normal environment), and 35°C (heat
exposure) or 5°C (cold exposure) for 3 h to elicit changes in thermal balance innréli® normal
ernvironment, TTX solution (5 uM) @as perfused for 1 h in the PO/AH and MRN. In the heat and cold
exposure experiments, TTX was perfused during the last one hour of xqautuee. Atthe end of
each experiment, the locus of the microdialysis site was verified on histological sections.

In the MRN, perfusion of TTX solution induced significangpbthermia in the normal
ervironment, a greater decrease in Tb during cold exposure and hadeaoosf Tb during heat
exposure. Inthe PO/AH, perfusion of TTX solution induced significanypérthemia in normal
ervironment, a greater increase in Tb during heat exposure and had no effect on Tb during cold
exposure. Ourrresults indicate that the PO/AH regulates heat loss but not heat production. Heat
production appears to be regulated by other areas receiving serotonergic innervation from the MRN.

Yasumatsu, M.et al.,1998. CompBiochem. Physiol. A 121, 13-23.
Has@awa, H., et al.,2000. NeurosciLett. 288, 17-20.
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THE EFFECTS OF THE TW O PHASES OF THE MENSTRUAL CYCLE ON
TEMPERATURE RESPONSES TO EXERCISE IN THE HEA T IN H UMANS

X.A.K. Janse de JorgKM. Hoffman, A.M. Muhamed and M.Wompson, School of Exercise and
Sport SciengeaJniversity of Sydng S/dney, Australia.

Eumenorrheic women kia a lphasic rtythm in basal body temperature (BBT) during the
menstrual cycle (MC). BBT is up to 0.5°C higher during the luteal phase, which is accompanied by an
increase in core temperature threshold for sweating and cutaresmglation. BBT remains elated
for approximately tw weeks until it decreases again at the onset of menstruation. This study
investigated whether the alteration in therngukatory set point during the MC affects the temperature
response to x&cise in the heat. Blen recreationally acte women volunteered to randomly
undertale two exercise tests during one MC. One test was conducted during the follicular phase (day
3-6) and one test during the luteal phase (day 20-&4)e#&ch subject both tests were conducted at the
same time of dayrhe subjectsx@rcised for 45 minutes on a cycle ergometer at 60% of tr@ypéék
in hot, humid conditions (32°C, 60% relagifumidity). Rectal temperature (J and skin temperature
(Tg) were measured. Mean, Iwas calculated according to Ramanathan (1964). Repeated measures
ANOVA was used to compare Tand mean J, between the te phases of the MC at 15 minute
intenals. The aerage (SE) age, height and weight of the subjects was 24 (1.2) years, 167 (1.2) cm and
68 (3.1) kg respeately. No sgnificant differences in mean_Jwere found between the MC phases at
ary time point. T, did shav a sgnificant difference between the MC phasearéime. Post hoc within
subject contrasts showed a significanfedénce (p = 0.05) between MC phases at 45 minutes of
exacise. The Table shows the megp (BE) in°C for both phases of the MC at the 4 time points.

Tre in°C Start 15 minutes 30 minutes 45 minutes
Fadllicular phase 37.01 (0.10) 37.34 (0.08) 37.76 (0.10 38.12 (0.13)
Luteal phase 37.01 (0.11) 37.41 (0.09) 37.87 (0.08) 38.27 (0/11)

The mean T, at the start of xercise was identical for both phases. This contradicts the
expectations for anwulatory MC and might indicate that some of the subjects did not ovulate during
the testing cycle. Although the small difference jpetween phases could also easily be masked by
slight changes in pre test adty. The Table shows that Tduring the luteal phase increases at a
slightly higher rate than during the follicular phase, which is confirmed by the significant higher T
45 minutes during the luteal phase. Thidedénce in the rate of increase between theMC phases
might be explained by the higher thernmrkatory set point during the luteal phase. The subjects
started gercise at the same_J but since the threshold for sweating and vasodilation are higher during
the luteal phase these effects wouldehdarted at a later time point during the test than during the
follicular phase. Therefore for the present stugdywiould have increased at a higher rate during the
luteal phase than during the follicular phase.

Ramanathan, N.L., 1964. Aweveighting system for mean sade temperature of the human baodly
Appl. Physiol. 19(3), 531-533.

xanne@student.usyd.edu.au
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SITES AND CELLULAR MECHANISMS OF HUMAN ADRENERGIC
THERMOGENESIS - A PROPONENT'S VIEW

L. Jansky, Dept. of Animal Physioledaculty of BiologySouthbohemian Univ., Budweis, Czech
Republic.

Evidence in the literature clearly documents existence of namsly thermogenesis of
adrenegic origin in adult humans. This thermogenesis isvatetd in cold exposed individuals, during
the early phase of cooling, prior to the start ofvaimg and equals to about 25 % of the basal
metabolic rate (0.29 Wgt). This amount of heat can compensate for heat loss from the body when
the air temperature is about 5°C lvelthe thermoneutral zone. Human nonsting thermogenesis is
probably based on thermogenic actions both of adrenaline and noradreRaliate participation of
adrenaline or noradrenaline in the thermogenic response is not knoweyehoand the mode of
action of both amines may be different. In contrast to noradrenaline thermogenesis, the adrenaline
themogenesis can to be potentiated by cold adaptation tovéhederesponding to the total capacity
of beta adrengic (isoprenaline) thermogenesis (0.5Xu). Adrenaline thermogenesis is located in
skeletal muscles and probably also in the whaite Diffused brown fat cells appearing inside of white
fat pads may be also wolved. Although seeral molecular mechanisms Ve lkeen suggested, the
discrete mode of catecholamine thermogenic action gianerother than the bnm adipose tissue
remains unknown. It was found that the adrenergic thermogenesis is mediafgtl doy (32
adrenoceptors, ever. Possible ivolvement of33 adrenoceptors and of uncoupling proteins UCP 2
and UCP 3 is to be also considered, although the dixederece for their imolvement in human
adrenegic thermogenesis is still missingRegulatory mechanisms based on changes in bloodakn
may play a role.

jansky@mbox.cesnet.cz
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DIFFERENT PYROGENS INDUCE DIFFERENT CHANGES IN THE IMMUNE
RESPONSE

L. Jansky, PReymanova and.Xopecky, Dept. of Animal Physiolgdiaculty of Biology,
Southbohemian Univ., Budweis, CQz&ep.

In order to specify the role of individualtokines in the immune response under in vitro
conditions, isolated and cwéted human peripheral blood mononuclear cells (PBMC) were used for
experiments. Difierent pyrogens (lipopolysaccharide from Esch. coli - LP®%, Borrelia urg.) were
applied and the time course of changes in concentrations of diffgttekines in the medium were
measured using the ELISA method. It was found thataticth of PBMC by LPS increases production
of IL 1B, TNFa and IL 6 significantlyProduction of IL 10, IL 12 and INf*was ot influenced. In
contrast to LPS, infection of PBMC byd Borrelia, besides IL 3, TNFa and IL 6, also increases
production of IL 12 and IF{ Production of IL B, IL 6 and TNFx increases immediately after
incubation both with LPS and Borrelia, while production of IL 12 andyldt&rts to increase only after
8 hour of cultvation. Data suggest that adiion of the immune cascade due to infection ofiedént
pyrogens is being realized by f@ifent membrane receptors and by different transmission agshw
Infection by Borrelia actiates not only the early steps of the immune response (macrophages and T
cells), but also the late phase of the immune cascade, probably duedioactif killer cells. Results
indicate that under in vo conditions the febrile state could be induced and maintained due to action of
different cytokines.

jansky@mbox.cesnet.cz
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VASOMOTOR CHANGES IN HUMANS INDUCED BY LOCAL PERIPHERAL
COOLING

L. Jansky, S. Vybiral, K. Slo\ég D. Jandova, Z. Machadlek, M. Boska, L. Novagva and P.
Reymanova, Dept. of Animal Physiolpggculty of Biology Southbohemian Univ., Budweis, Czech
Republic.

The aim of the study &s to find out to which extent the local peripheral cooling can induce
physiological responses similar to those observed after whole body cooling (drelky1996). It
was found that immersion of legs (up to the knees) into the caltn(13°C) induces immediate
decrease in toe and calf skin temperatures down to ¥ekedewater temperature. This response is
completed within 5 min and persists for the whole period of cooling (40 min), indicating strong
vasoconstriction in the immersed parts of the bdétysgns of cold induced vasodilation (CIVD) were
obsered. Skin temperatures in the nonimmersed parts of the body do not change signifibarglys
a trend for a small decrease of skin temperature on the chest and a trend for an increase in skin
temperature on fingers, Wwever. Rectal temperature, metabolic rate, heart rate and blood pressure do
not change during cold water immersion ajde Only nonsignificant changes in noradrenaline and
adrenaline concentrations in themous blood were found, indicating very small or traresiti
involvement of the sympathetic nervous system. Repeated @iét wnmersions of legs (30 min, 5
times a week for a period of 3 weeks) increase skin temperature of nonimmersed parts of the body
(chest, fingers), thus indicating attenuation of vasoconstriction and greater supply of the warm blood to
the skin. Since no significant changes in sympathetieigcticcur, the role of danregulation of
adrenegic receptors or of humoralasodilatators should be taken into consideratiolysiBlogical
significance of this adaptational phenomenon is not.cRextal temperature also tends to increase
after repeated immersions ofye which contrasts with our earlier observations obtained on humans
exposed to repeated head-out cold water immersions (Jansdy 1996). Metabolic, insulate and
hypothermic types of adaptation, which typically occur in cold adapted humans, were notdbserv
after repeated coldater immersions of legs. Neither the CIVD, occuring in hands immersed into the
cold waterwas influenced by repeated cold water immersions of legs.

Janskyet al.1996. Pflligers Arch., Eus. Fhysiol., 432, 368-372.
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PHARMACOLOGICAL BLOCKADE OF NEURAL TRANSMISSION: LESSONS
FROM EXPERIMENTS INVESTIGATING CUTANEOUS BLOOD FLOW

J.M. Johnson, D.L. Kellgg I., C.G. Crandall, W.A. Kosiba, D.Rtephens and L.A. Bennett, Univ.
Texas Health Sci. CtiSan Antonio TX and Univiexas Southwestern Med Ciallas, TX, USA.

The spatial discrimination in the measurement of blood dibered by laser-Doppler fiametry,
when coupled with the local application of specific agonists or antagonists, has leditsigéats in
our understanding of the mechanisms of control, both neural and local, of the cutaneous circulation in
humans. Theeflex control of that circulation wolves both adrenergicagoconstrictor nerves and a
non-adrenggic actve vasodilator system. The application of bretylium to a small area of skin by
iontophoresis blocks transmitter release from adrenergiesenvthat area and allows unambiguous
obseration of vasodilator function. Through this approach iaswdisceered that both
thermorgulatory reflaes and non-thermomgulatory reflees (baroreflees, eercise), control both the
vasoconstrictor and the ae#i vasodilator systemsPost synaptic blockade of both alpha and beta
adrenegic receptors through intradermal injections of yohimbine and propranalelefective in
completely inhibiting the vasomotor responses to exogenous norepinephrine, but was only partially
effectve in inhibiting reflx vasoconstrictor responses to body coolinthis finding is highly
suggestie d significant cotransmitter function in adrenergic vasoconstrictor esenPost-synaptic
beta-adrengic blockade through application of propranolol alone and testing with isoproterenol by
intradermal microdialysis wealed the presence of beta-adrenergic receptors in the skin. The
vasoconstrictor responses to local skin cooling weversed by the local iontophoretic application of
bretylium, indicating that the response is dependent on a funct@asatonstrictor system. The use of
iontophoretically applied atropine eliminated the vasodilator response to exogenously applied
acetylcholine, but was only partiallyfettive in inhibiting the reflg vasodilator response to body
heating. Refle active vasodilation vas completely inhibited by the intradermal injection of the
presynaptic cholinergic neevantagonist botulinum toxin. aken togetherthese findings strongly
indicate an important role for a cotransmitter released from cholinergic nerves as part of the
mechanism for acte vasodilation. Preliminaryfindings through the application of antagonists
through intradermal microdialysis suggest VIP as a good candidate for the cotrandfmthy, the
use of nitric oxide synthase inhibitors applied via intradermal microdialysis showed a partial inhibition
of actve reflex vasodilation and an almost complete inhibition of the vasodilator response to local
warming, showing roles for nitric oxide in both local and reB#ects of heat on the skin.

johnson@uthscsa.edu
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CHANGE IN LOCAL EVAPORATION RATES IN RESPONSE T O TEMPERATUTE
INCREASES TO 33, 36 AND 39°C FROM 28°C
N. Kakitsuba, Department of ¢hitecture, Ashikaga Institute of Technolggdshikaga, Japan.

A new ckvice to measure localvaporation rates more precisely has beeweldped by the
author (Kakitsuba and Katsuura, 1992), by improving the gradient method first proposed &y Lamk
(1977). Using this device, temperature and naddtimidity at three different points within a boundary
layer on the skin can be measured to predict a real distmbof absolute humidity on the skin. In the
present studyfour young male subjects wergpesed to 33, 36 and 39°C for 40 min, following a
20-min control exposure at 28°C. Subjects were clothed only in swimming trunks, and sat on a
reclining chair throughout exposure. Locaigoration rates, skin temperatures, heat frates at
forehead, chest, upper arm, thigh and calf were continuously measured. Oesophageal temperature,
ECG and metabolic rate were also continuously measured. In addition, thermal and comfort sensation
votes were recorded at 5-min intervals. Evaporation ratg$ &t dl sites gradually increased, but did
not reach a plateau at 33°C. wiver, m, increased promptly during the first half ofpesure, and
reached a plateau at 36 and 39°C. Wing thatm_, remains unchanged, or slightly decreases, when
the skin is fully wetted with sweat, the critica, value (the maximum \eporatve apacity for a
given thermal condition) can be identified. Localagoratve heat transfer coefficientdd) at three
sites were then calculated:

Sites hgW/m?/mmHg)
Forehead 6.8
Front thigh 6.2
Chest 5.7

Lamke, L.O.et al, 1977. Insensible perspiration from the skin under the standardizvednemental
conditions, Linkoping Uni. Med. Dissertation

Kakitsuba, N. and Katuura, T., 1992 J@®pment of a n& device to measure local heat exchange by
evgooration and corection. Aviat. Space Med. 63,538-542}
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CIRCADIAN VARIATIONS IN THE ROLE OF NITRIC OXIDE IN
THERMOREGULATION, FEEDING AND ACTIVITY IN UNRESTRAINED RATS
P.R. Kamerman, D. Mitchell and H.Baburn, Department of Physiolaogyniversity of the
Witwatersrand, JohanneshyrSuth Africa.

The role of nitric oxide in thermoregulation, feeding behaviour and activity has been studied
only during the day and mainly in nocturnally-getianimals. Such animals @ low daytime food
intake, body temperatures and activitydks, which may confound greffects manipulation of nitric
oxide may hae. Thus, we hee investigated whether the effects of decreased nitric oxide synthesis on
these three variables is influenced by circadiagsthrh in a nocturnal animal, the rat. Iadiually-
caged female Sprague-Diey rats (200-250 g), housed BR4°C with a 12:12 h light:darkycle
(lights on 07:00-19:00) and provided with food andtevad libitum were used. \& inhibited nitric
oxide synthesis by administrating N-nitro-Lgarine methyl ester (L-NAME), a non-specific inhibitor
of all nitric oxide synthase isoforms, and aminoguanidine, a velatselectve inhibitor of the
inducible isoform of nitric oxide synthase. Four doses ofAM¥ (100, 50, 25 and 10 mg/kg) andaw
doses of aminoguanidine (100, 50 mg/kg) were used. Rats were divided into six groups of six animals
each; animals in each group served as their own controls, receiving, in randomniraeeritoneal
injections of one of the drug doses or saline during the [d28:@0) or night [21:00), with seen days
between each injection. Body temperature andviactivere measured using radiotelemetry; the
telemeters were implanted under ketamine: xylazine anaesthesia at least one week before the start of
experimentation. Food intakwas calculated by weighing each animdbod before and 12 and 24
hours after each injection. Injection of all doses of AME at 09:00 had no significant effect on
daytime body temperature, food ingadr activity. Howeve, daytime injection of L-NAME decreased
nighttime activity (all doses, P < 0.05) and food iet€k5, 50 and 100 mg/kg, P < 0.05ythlid not
affect nighttime body temperature of the rats. Similarhjjection at 09:00 of either dose of
aminoguanidine did not affect daytime body temperature, fooderdakctivity levels, but decreased
nighttime feeding and aetty (both doses, P < 0.05) whilst not affecting nighttime body temperature.
Injection of L-NAME at 21:00 caused eight to ten hoursygdthermia of 0.6°C, which started one
to two hours after injection (50 and 100 mg/kg, P < 0.05), reduced thatsaghivity (25, 50 and 100
mg/kg, P < 0.05), and caused a dose-dependent drop in food attéikdoses (P < 0.05). On the other
hand, injection of aminoguanidine at 21:00 did not cause hypothermia or affect nighttime food
consumption, but did reduce that nigh&tivity when the 100 mg/kg doseaw injected (P < 0.05).

The efects of nitric oxide synthase inhibition on body temperature, feeding and activity are therefore
influenced by circadian ytthm. Also, inducible nitric oxide synthase may be&lned in the rgulation
of feeding and activity but does not appear to play a role in normal thermoregulation in rats.

127ned@chiron.wits.ac.za

70P Poceedings of the Australian Physiological and Pharmacological Society (2001) 32 (2) Suppl. 1



ESTIMATION OF METABOLIC RATE FROM CARDIA C FREQUENCY FOR FIELD
STUDIES: CORRECTING FOR “THERMAL PULSES’

B. Kampmann, B. Kalkowgland C. Piekarski, Institut fir Arbeitswissenschaften, RAG
Aktiengesellschaft, Dortmund, Germany.

With increasing mechanization of production usually metabolic rate will not constitute a limiting
factor by itself, but is needed to assess thermal strain especially imtabgvconditions. The oxygen
consumption can be measured directly (e.g. by a respira&arylgck); the measurement cannot be
made continuously throughout a complete shift and usually is restricted to timalsteslov 20
minutes. Seeral authors hee linked metabolism to cardiac frequgnaecause cardiac frequgncan
be measured during complete shiftsweeer, the metabolism estimated from cardiac frequencies in
the field usually was higher than the directly measured metabolism;vénestmation is caused by
the different influences of staticonk components, stress, dehydration etc. on cardiac frequencies in
the field. In case of hard péical work or climatic load cardiac frequgnmay increase considerably
with elevated body temperature.ogt et al. proposed a methodology to assess the fraction of cardiac
frequeng that is caused by elged body temperaturétiermal pulses’): as the time constant of the
cardiovascular system is much shorter than the time constant for heat loss of théhbogsoposed to
use the cardiac frequenm the fourth minute after the begin of a resting break to estimate the cardiac
frequeng that is caused by the ghted body temperature itself. If there is afisignt number of
breaks during a shift, the cardiac frequemnay be corrected for the thermal pulses by linear
interpolation between these breakst Ithis correction is not adequate for the time in between,
especially if high wrk load is present between these breaks. For a study concerning the strain of
miners at hot working places wevd®ped a procedure improvingyt's method by using continuous
measurements of body temperature: by plotting the values of cardiac frequenihe values of body
temperature for each shift we got diagrams showing the lowest cardiac fre@aenaing for each
vaue of body temperature: by smoothing this characteristic we get a gauge function to correct the
cardiac frequencies for thermal pulses throughout the shift forvalklef body temperature. This
correction was applied for a field study of physiological strain of coal miners abhkihg/ places (38
miners in a total of 112 shifts). As a result, the cardiac frequencies abtkmgysite that increased
for 36 min! above the resting values (mean values for all shifts) showed a fraction of thermal pulses
amounting to 12 miA. For the complete shifts (descent - ascent) the increase of cardiac frequencies
abose resting values was 30 min 9.4 min! of which could be classified as thermal pulses. -
Correspondinglythe increase of metabolic rates due to tlekwmean = std.de) reduced from (305
+ 108) W to (223 = 77) W during the time at theorking site, when estimated from a set of
simultaneous measurements of oxygen consumption and cardiac frequandeground work. This
methodology allows tovaluate the fraction of cardiac frequertbat is caused by the increase of body
temperature throughout complete shifts, if body temperature is measured continuously and if enough
breaks hae been made during a shift. In mechanized coal mining, the last condition usually is fulfilled
due to the sequence of operations.

Vogt, J.J., Foehr R., Kirsch J., Golle F.,yMeSchwertz M.-T., 1970. Estimation des daies de trzail
et des charges de chaleur en situation réelle daltrarincipes et applications d’'une naelie
méthodologie. Le Trail Humaine 33, 125-140.
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THE ROLE OF CENTRAL THERMAL SIGNALS IN MODULATING
THERMOEFFECTOR FUNCTIONS

K. KanosueK. Yoshida, M. Tanaka, M. Nishi, X.-M. ChenHbsono and K. Nagashima, Department
of PhysiologySchool of Allied Health Sciences, Osaka Universidgaka, Japan.

The body temperature of homeothermic animals galleged by systems that utilize multiple
behaioral and autonomic effector response§he thermoreceptors that provide inputs to the
regulatory systems are distributed throughout the baoéithough the regulatory aspects of this
multiple-input/output system are largely news, knowledge about the "neuronal circuit" for
thermorgulation remained rather stagnant fovesal decades.However, the last fev years hae
brought nev approaches that ka led to n& information and ne ideas about neuronal
interconnections in the thermoregulatory network (Kanosue et28l00). Thisis especially true for
efferent pathways from the preoptic ard@ecent studies utilizing chemical stimulation of the preoptic
area rgealed that not only heat loss but also heat production responses are controllednby w
sensitve reurons in the preoptic area. These neurons send excitatory efferent signals for the heat loss
and inhibitory efferent signals for the heat productidhe warm-sensitie reurons that control these
two opposing responses are different amatkmndependently Recent analysis vealed mawg crucial
sites along dérent pathways from the preoptic area to various thermoregulatory effegéns.orhe
efferent systems for skin vasomotion and novesing thermogenesis kia keen especially studied in
detail. Asfor skin vasomotion, asoconstrictie and vasodilatve reurons were found in theemutral
tegmental area and the rostral part of the periaqueducta(lA&), respectiely (Zhang et al., 1997).

Both of them recee inputs from the preoptic area. In the medulla ob&agremotor neurons are
located in the raphe nucleus (Rathner and McAllen, 1999), which send axons to the spinasdord.
nonshvering thermogenesis, tonically inhibitory mechanism was identified in the area including the
nuclei of the retrorubral field (Shibata et al1999). Andwe hae recently found the neurons in the
caudal part of the A& sending excitatory signals to the brown adipose tissue. In the medulla
oblongata, the raphe nucleus (Morrison, 1999) and the inferige @ino and Shibata, 2000) ve

been suggested as the crucial sites for the control of merielgi thermogenesisEven though man
neruons and connections in the efferent patfswremain unidentified, recent advancescpeemental
techniques promise a much more detailed understanding of the neuronal circuit underlying
thermoregulation in the near future.

Kanosue, K., Yoshida, K., Maruyama, M. and Nagashima, K. (2000) The cemaaization of the
thermorgulatory system. In Thermotherapor Neoplasia, Inflammation, ancaiR (Eds. M.
Kosaka et al.), Springefokyo, pp. 2-11.

This study is supported by a Grant-in-Aids for Scientific Research from the Ministry of Education,
Science and Culture of Japan (Grants No. 9470016 and No. 04454143).
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ASSESSMENT OF HEAT-ACCLIMATION ST ATE IN RATS THROUGH THE
SPECTRAL ANALYSIS OF THE EKG SIGNAL

P.P. Kanjilal, C.B. Matthev and R.R. Gonzalez, U.S. Army Reshdnstitute of Environmental
Medicine Natick, MA 01760, USA.

The heart rateariability (HRV) has been widely used to assess the cardiac condition as well as
the physiological state of humans and animals. In these studies, usually \theeid#® or the R-R
interval (RRI) series deved from the EKG signal are analyzed using spectral decomposition methods.
In the present work, EKG signal has been analyzed to assess the state of heat acclimation in rats.
Materials and methodsAdult, male Sprague-Ddey rats were diided into control (C) and heat
acclimation (HA) groups (male, N=6 per groupgldimetry transmitters were surgically implanted into
rats (sodium pentobarbital 50 mg/kg, i.p., supplemented, as required, with methoxyflurane to maintain
anesthesia) 2 weeks prior to starting data collection. Initiadith the groups were housed at 26°C,
50% rh. HA, unrestrained rats were subsequently housed at 32-33°C, for 2 ig&kssignals
(sampled at 1000Hz, 10 sec stripgrg 10 min for 1 hour) were collected at the same time of day 3
days a week prior to and throughout the 2 weeks of acclimation. Power spectral density of unit time-
differenced EKG series were computed usirgjsshs method. D compute the erage energy pattern
for the HA rats, singular value decomposition (SVD) was used (see: Kanijilal, 1995). Thduadi
profiles were arranged into the rows of a matrix, whics %V-decomposed; thevepage enayy
pattern was estimated from the first column of the right singular vector mRaesults: Spectral
profiles for the rats showed significantly smoother profiles following ¢dfpared to the same for the
C rats. The gerage energy pattern for the HA population (computed from the EKG obtained on the
sixth recorded day) and the same for a C vat sx days are shown in the Figure. The HA and the C
states are conspicuouslyfdifent in the state-space plot for the estimated spectral pattern s¢kjes {
againsix{( k+9)}. The state-space plots of the spectral profiles for the individual rats areeabtebe
a drect means of qualitate esssessment of the HA state of the animals. The compaaathlysis using
Mann-Whitng rank sum statistic (MWRS) between profiles for the suceesdays shows that
subsequent to acclimation, the MWRS usually drops to <1, whereas it remains >1 and usually >1.96
for the C group. Our findings provide evidence that sympathetie, diring the heat acclimated state,
becomes reduced possibly affecting cardiac contractilibhese findings he important clinical
implications in controlling cardi@scular risk factors.

Power spectral profiles State-space plots of spectral profiles
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Kanjilal, PR, 1995. Adaptie Rediction and Predicte Control. IEE Control Engineering Series No.
52, Peter Peregrinus, Séaage.
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DECREASED ACTIVE CUTANEOUS VASODILA TATION IN AGED SKIN:
MECHANISMS, CONSEQUENCES, AND INTERVENTIONS

WL. Kenng, Noll Physiological researh Genter The Pennsylvania State Universityniversity Park,
PA, USA.

Despite early reports to the contraryis now well recognized that aged men andnaen
respond to heat stress with an attenuated increase in skin blao@S#8F). While other human
thermorgulatory adjustments and responsesypelthermia are highly dependent on other factors --
aerobic capacity (VO2max), acclimation status, hydration, diseases and medications -- tlee relati
inability of aged skin to vasodilate appears to be a primary consequence of advancdebrage.
example, while a healthacclimated 65-year old athlete will respond i@reise in a hot enronment
with a similar increase in body core temperature and sweating rate@2naaX-matched 30-year old,

SkBF may be 30-50% \Weer. Over the past 10 years weeexamined the neural and cardascular
mechanisms underlying and supporting this age-related decrement, the potential health-related
consequences of the integrated caraoular response of older individuals exposed to heat stress, and
interventions which hee been shown to increase cutaneoasodilatation in the elderlyElimination

of sympathetic cutaneous vasoconstriction via either alpha-agrenexceptor blockade or by
preventing local release of norepinephrine does not sekgtincrease SkBF in heat-stressed older
human subjectsRather structural changes in aged skin coupled with a decreasae aasodilator
sensitvity account for the altered control of SkBHhe potential role of nitric oxide-mediated
mechanisms is currently undervastigation. Onthe supply side, the lower SkBF response of the
elderly is accompanied by both a smaller increase in cardiac output and a lesserutsatistitilon

from splanchnic and renal circulations. The rgkatinability to maintain stro& volume in light of a

falling central venous pressure and attenuated increase in cardiac output may be secondary to the
decreased beta-adrenergic sewiytiwhich accompanies aging. In the hewltblder population,

aerobic conditioning, heat acclimation, and, in the case of postmenopausal women, unopposed
exogenous estrogen V& dl been shown to increase SKkBF at &egi core temperature. While the
primary purpose of increasing human SkBF in hyperthermic conditions is to transfer and dissipate
heat, the principle challenge of aged individuals exposed to heat stress is not to thermal homeostasis,
but rather to cardigascular homeostasis.

w7k@psu.edu
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ENDOTHELIAL NITRIC OXIDE SYNTHASE (e-NOS) IS HIGHL Y EXPRESSED IN
BROWN ADIPOSE TISSUE

K. Kikuchi-Utsumi, B. Gao and A. Kuroshima, Department of Physiology 1, Asahikawa Medical
University Asahikawa 078-8510, Japan.

Brown adipose tissue @) is the unique agan that specializes in heat production in the body
and is the major site of nonghiing thermogenesis during cold acclimatiddlood flowv through BAT
is directly related to its thermogenic state and high rate of bloaddlequired for heat production in
BAT to provide oxygen and to transfer heat. Noradrenaline released from sympathegitcenaimals
in BAT is invdved in the regulation of 8 blood flon, howeve, the mechanism of vasodilatation by
noradrenaline in BT has not been well elucidated. Concerning this regulatory mechanism,vae ha
previously shevn that noradrenaline may induce a production of nitric oxide (NOAIR Eesulting in
an increase in its blood o NO is produced by NO synthase (NOS), constiteitind inducible
isoforms, both of which h& keen identified. However, it has not been determined which NOS
isoform is irvolved in the control of BT blood flov. Snce noradrenaline increaseaBblood flov
within a minute, it is likely that constitwe NOS-produced NO regulates the bloodwflinrough BAT.
To ascertain this possibilitywe gudied the expression of daconstitutve NOS (e-, b-NOS) in ET.
Further we examined the effect of coldkxposure for 24 hours on the expression of these géviake
Wistar rats were killed by decapitation and interscaphar Bas excised quicklyand then total RN
and protein were preparedReverse transcriptase-polymerase chain reactiorRRRR), Northern and
Western blot analyses were performed to identify the isoforms of constitN®S. Incontrol rats, e-
NOS mRM was highly detected, while b-NOS mRNvas not in BT. The high leel of e-NOS
MRNA was also detected in isolated brown adypes. Similamresults for protein kel of NOS were
obtained by Western blot analysis. Cokpesure led to an increase in e-NOS mRékpression.
Intraperitoneal injection of beta3-adrenoceptor agonist, which is responsibl&TothBrmogenesis,
also eleated the lgel of e-NOS gene xpression. Theseesults suggest that NO produced by e-NOS
in BAT may regulate BT blood flow, and activity as well asxpression of e-NOS are controlled by an
activation of sympathetic nervous system. Furthermore, NOvettfrom brown adipocytes may be
involved directly in metabolic activity of this tissue, since weehareviously reported that the
administration of NOS inhibitor depressed the in vitro oxygen consumptioAlof Bnus, NO might
be one of the essential regulatorgoiming in BAT thermogenesis. Hwever, neither localization site
for e-NOS nor signaling pathway for a@ting e-NOS in BT has been clarifiedTo understand the
physiological role of NO in BT, further studies are warranted to elucidate these points.
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FOS EXPRESSION INDUCED BY LOCAL WARMING OR COOLING OF THE
PREOPTIC AREA IN RATS

H. Kimura, K. Yoshida, K. Nagashima and K. Kanofept. Physiol., Sch. Allied Health Sciences,
Osaka UnivFac. Med., Osaka, Japan.

The preoptic area plays an important role as a thermosensii# for body temperature
regulation: local warming or cooling there producasiety of thermoregulatory effector responseés.
elucidate the functional projection from the preoptic area, we analyzed Fos expression during thermal
stimulation of the preoptic aredale specific pathogen-free crj-Wistar rat (300-350 g; Charlesr Ri
Japan, Osaka Japanpsvanesthetized with sodium pentobarbital (1 ml/kg, i.p. water-perfused
thermode was clonically implanted into the brain so that its tip was positioned just rostral to the
preoptic area (0.0 mm to bregma, 1.0 mm from midline and 8.8 mmv libl skullbce). Brain
temperature was measured with a thin thermocouple glued to the thermode tip and body temperature
with a thermocouple implanted in the peritonealitya Throughout the rec@ry and &perimental
periods the rat @s put in a box (30 cm in diamet80cm height), the floor of which rotated the same
angle in the opposite direction to the sabtation, so that thermode tubes and lead wires were not
twisted. Inthis box, a rat can me freely during brain thermal stimulation. During 140 min
experiment room temperature was set at 267@e brain temperature was maintained at 37.5\@ @
the period from 60th to 90th min, when the brain was warmed to 42°C or cooled to/88%00n as
the brain varming or cooling started, body temperature decreased or increased, velgpettis
indicates that the thermodeagvappropriately located at thermosewsitegon in the preoptic areaAt
the 140th min rats were deeply anesthetized with sodium pentobarbital (2.5 ml/kg, i.p.) and perfused
transcardially Fos expression of the rat braimasvanalyzed with immunohistchemical methdte
local warming of the preoptic area induced intemsdevation of Fos immunoreactivity around the
thermode. Orthe contrarythe local cooling of the preoptic area did not produce specific Fos
expression in the preoptic area itselthese results suggest that the number of cold-sengguron in
the preoptic area is far smaller thamrm-sensitte reurons. Outsidehe preoptic area, the local
warming of the preoptic area produced intensevatilen of Fos immunoreactivity in the supraoptic
nucleus and the rostral part of the periaqueductgl mpter The local cooling of the preoptic area
produced Fos immunoreactivity in the anterigpsithalamus and the caudal part of the periaqueductal
grey matter These areasaould receve information concerning local brain temperature of the preoptic
area, and wolve in sme ways in thermoregulation.

kanosue@sahs.med.osaka-u.ac.jp
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THE MECHANISMS OF FEVER: IMPLICATIONS FOR CLINICAL AND BASIC
SCIENCE

M.J. Kluger and WKozak, Department of Physiolgdyiedical Collgge d Georgia, Augusta, GA,
United States 30912.

There is considerable evidence thatefeevolved as a non-specific host defence response to
infection. Althoughphysicians often treat “feer” as though it was a harmful manifestation of disease,
this seems to be becoming less comm@nthin the past 30 years it has become increasingly clearer
that during infection a fer is a hghly regulated process, with both endogenous pyrogens and
endogenous antipyretics being generat@tius fever is a kalance between ¥er-inducing agents
(pyrogens) and feer suppressing factors or cryogensafle). Wth some exceptions, theyqmgenic
factors and processes tend to be pro-inflammataryile the cryogenic branch is primarily
antiinflammatory.

Pyrogens Cryogens

Interleukin-1 Arginine Vasopressin

Interleukin-6 Alpha Melanocyte Stimulating
Hormone

Interferons Glucocorticoids

Tumor necrosis factor Tumor necrosis factor

Macrophage Inflammatory Factor Interleukin-10

Prostaglandin E Epoxyeicosatrienoic acids (EETS)

Although the metabolism of arachidonic acid (AA) is generally thought to be pro-inflammatory
primarily via the production of prostaglandins and leukotrienes, thereviggrapelling evidence that
metabolism of AA via cytochrome P-450/epoxygenases produces botlgresispand reduction of
inflammation. Bur kinds of data demonstrate that P-450 velired in antigresis/anti-inflammation:

(i) treatment with inhibitors of P-450 causes largeeféNakashimeet al, 1996; Kozaket al, 1998);

(i) inducers of P-450 prent fever (Kozak et al, 2000) and suppress lung inflammation due to
intratracheal instillation of LPS (manuscript submitted); (iii) P-450 epoxygenasedieicosanoids
(EETSs) suppress Ver (Kozak et al, 2000); (v) EETs suppress expression of adhesion molecules on
endothelial cells (Nodet al, 1999). We kelieve that irvestigating fever and endogenous antiesis

will provide clinicians with additional mechanisms to modulate inflammation.

Kozak, W., Archuleta, I., Mayfield, K.P., Kozak, A., Rudolph, K., KlygdtJ., 1998. Inhibitors of
alternatve pathways of arachidonate metabolism differentially affectefein mice. Am. J
Physiol.275, R1031-R1040.

Kozak, W., KlugerM.J., Kozak, A., Wachulec, M., DoklagrK., 2000. Role of ytochrome P-450 in
endogenous antipyresidm. J Physiol.279:R455-R460.

Nakashima, T., Harada, Y., Miyata, S. Kiyohara, IP96. Inhibitors of cytochrome P-450 augment
fever induced by interleukin-1Am. J Physiol.271:R1274-R1279.

Node, K., Huo, Y., Ruan, X., Yang, B., SpieckM., Ley, K., Zeldin, D.C., Liao, J.K., 1999. Anti-
inflammatory properties of cytochrome P450 epoxygenaseededécosanoids.Science285,
1276-1279.
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INVOLVEMENT OF THE PARABRACHIAL NUCLEUS IN COLD-INDUCED
THERMOGENESIS IN THE RAT
A. Kobayashi and.TOsaka, National Institute of Health and Nutrition, Shinjuku, Japan.

The parabrachial nucleus (PBN), an grtive ste for the autonomic nervous system in the
brainstem, is a tget of neurons mediating cold information in the spinal dorsal hbtany Fos-
positive ells are observed in the PBN during coigh@sure. Theséndings suggest the volvement
of parabrachial neurons in the thermoregulatory system to maintain the body temperature in a cold
ervironment. Thusto test this possibility we restigated the effects of electrical stimulation of the
PBN on Q consumption (D) and those of electrolytic lesions of these regions on cold-induced
thermogenesis. df stimulation gperiments, male Wistar rats were anesthetized with urethan (1.2
g/kg, i.p.) and kpt on a heating pad to maintain their body temperature at 36-3Y®ncentric
electrode was stereotaxically inserted into the unilateral PBide Stimuliwere 20 Hz monophasic
square pulses with a duration of 0.5 ms and a strength of u@-40r 5 min. VO, was measured by
an open-circuit methodAfter the experiments, the stimulation site was verified histologically on the
coronal section of the brairElectrical stimulation of the PBN (30A) immediately increased @, by
1.26+ 0.11ml/min/kd""® (n=4) within 5 min, and @, returned to the baselinevie within 25 min.

The magnitude of thermogenesis increased with the intensity of the stimulus |{&)-40he effective

site was located in and around the medial or lateral PBd.lesion experiments, a monopolar
stainless-steel electrode was inserted into the PBN under anesthesiatanimk (50 mg/kg, i.p.) and

1% isoflurane in air A battery-operated transmitteras implanted intraperitoneally in each rat to
measure body temperature (Bnd locomotor activity by a telemetry system. The measuremasit w
performed at least 1 wk after the gary After the &periments, rats were anesthetized with Netab

(50 mg/kg, i.p.) and the brain was fixed in formalin solutidine site and extension of lesiorasv
examined histologically Rats were placed in a metabolic chamber at the ambient temperature of 28.5
+ 0.1°C. Thechamber was then cooled to 16:60.6°C within 40 min and maintained at this
temperature for 90 minlIn rats with bilateral lesions in the PBN, cold stimulation elicited an
integrated increase in@, of 429.3+ 40.5 mi/kg-"® (n=11), which was S|gn|f|cantly smaller than that
elicited in the sham rats (679:635.0 mi/kg""> n=7). Coldexposure had no effect or, Bf sham-
operated rats but decreased that of PBN- Iesmned rats by 2142°C (n=11). Both frequepand
duration of locomotor actity during the cold exposure were similar between the PBN-lesioned and
sham-operated rats. The present studywslkothat electrical stimulation of the PBN elicited
thermogenesis and that lesions in the PBN attenuated the thermogenesis during tkgosale end
resulted in a markedypothermia. Accordinglythe PBN is inolved in the neural mechanism of heat
production against a cold exposure.

akikoba@nih.go.jp
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COLD-GATED CHANNEL AS A THERMOST AT AGAINST COLD
S. Kobayashi, M. Okazawa, K. Takao, A. HoriJliraki and K. Matsumura, Biological Information,
Graduate School of Informatics, Kyoto UniverskKyoto Japan.

Cooling of skin gokes dferent impulses in cold fibers, which would elicit heat production (HP)
responses (e.g., slering) and/or heat-gain (HG) behars. Inphysiology it has been assumed that a
cold fiber is a sensor to transduceto the firing rate (FR) code, with which the brain detdctsf a
cold fiber is a senspf and FR must be in a one-to-one ratioweeer, due to threshold andvershoot
responses in FRT and FR are not in a one-to-one ratio, and a cold fiber may not be a. sknsor
contrast, from the threshold responses in FR, wee loposed that a cold-receptor itself is a
thermostat that compard@swith the threshold temperature and elicits impulses twedfiP responses
or HG behavior whem is belav threshold. Hwever, the machinery of the thermostat is not clear
The aim of this study is to clarify it by analyzing ionic basis of cold receptors with patch-clamp
techniques in cultured cells of dorsal roainglion (DRG) containing cell bodies of sensory fibers.
Wistar rats (2-14 days old) were anesthetized by diethyl ether and decapitated to isolatafleRG.
dissociation with collagenase and trypsin, DRG cells were plated orvesslqn and cultured in
DMEM containing 10 % fetal bovine serunifter identifying cold-sensitie reurons with Fura-2
microfluorimetry we performed patch-clamp recordings in these neurons (EPC-7, [Dstia were
acquired with MacLab (AD Instruments)n whole-cell current-clamp mode, cooling transiently
elicited receptor potentials leading to brief impulse traBscausel and these responses were not in a
one-to-one ratio, these cold-seng@tieurons may not act as sensors, but act as thermolstat$ole-
cell voltage-clamp mode, cooling transiently induced non-seéedttion currents, underlying the
receptor potentials. In outside-out patch mode, cooling-induced single channel currents were recorded,
indicating that these channels were ionotropic receptors responding to cold directly witbeatic
soluble substancesVe mnclude that the coldaged channel itself is a thermostat molecule acting
against cold.
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THE EFFECT OF PEDALING RATE ON THERMOREGULA TORY RESPONES TO
DYNAMIC CYCLE EXERCISE IN HUMANS

N. Kondo, YYamaguchi, YShuiji, M. Inoue Y. Inouét and S. kga,? Laboratory for Applied Human
Physiology Faculty of Human Development, Kobe Universisaka International University for

Wamen,?Kobe Design Universitylapan.

Heat The heat loss response during dynamécese is important for the control of internal
temperature. \Wk eficiency during a cycle ergometexercise depends on pedaling rate, and the heat
produced at a gen work load during such arxercise differs with pedaling rate; thus, the pedaling
rate while cycling may influence the thermguatory response during dynamixeecise. Thisstudy
examined the déct of pedaling rate on heat loss responses in humans during a dynaheic c
ergometer gercise. Seen healthy male subjects performed on gcte ergometer at o (L: 45 rpm)
and medium (M: 75 rpm) pedaling rates at a constant work load (110 W) for 40 These
experiments were performed in random or@ad conducted at an ambient temperature of 25 °C and a
relatve humidity of 50% with minimum air meement. Heartate, rating of perceed exertion, and
oxygen uptak were significantly greater in condition M than in condition Mean arterial pressure
did not differ between the condition&sophageal temperature did not differ with the pedaling rate
during the gercise, while mean skin temperature 20 min after the onsetentige was significantly
lower in M than in L. Although sweating rates and the skin bloodvflon the chest and forearm
during the gercise did not differ mardly between L and M, the sweating rates on the thigh and palm
were significantly greater in M than in lEurthermore, the mean sweating rate of three parts (chest,
forearm, and thigh) of the body tended to be greater in M than in L duringeituése. Inaddition,
the slope of the relationship between esophageal temperature and sweating rate on the thigh tended tc
be greater in M than in LThus, total heat production during theseise was greater in M than in L,
while Tes did not differ with pedaling rate, indicating that the degree of heat loss dxeioge may
be greater in M than in LEspecially this difference between pedaling rates is shown in sweating rate
on the lower sites of the badyhese results indicate that pedaling rate during dynamic cyeleise
influences both heat production and heat loss, and that these parameters increase with a rise in pedaling
rate.

kondo@kobe-u.ac.jp
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HYPERTONIC SALINE INJECTION ACTIV ATES HEAT ESCAPE/COLD SEEKING
BEHAVIOR VIA CENTRAL V |-RECEPTOR IN RATS

M. Konishi, K. Nagashima, S. Nakai and K. Kanofept. Physiol., Sch. Allied Health Sciences,
Osaka UnivFac. Med., Osaka, Japan.

Hypertonic saline injection awtted heat escape/cold seeking hedain rats (Nagshimaet al,
2001), although the mechanism is still obscuvée gpeculate that arginine vasopressin (AVP) is
involved in the mechanism via,Meceptors in the brain. Therefore, we tested yothesis that a
cerebreentricular administration of Yreceptor antagonist attenuated heat escape/cold seeking
behaior in rats. A biotelemetry device (1% 30 x 8mm) for a core temperature (Tcore) measurement
was paced in the abdominal cavity for each rat (male crj-Wistar rats, n = 14, body weight33§0
(meanst SE)) under intraperitoneal anesthesia with sodium pentobarbital (5 mg/100 gebody wt), and a
chronic cannula for aehicle injection to the right lateral ventricle was implated. In addition, the
major salary glands were renvad to minimize esaporatve heat loss. After a two-week regay,
rats were trained an operant behavior three times: Each rat was placed in an experimentat hox (50
x 30cm) in the heat of 40°C, and rats could get a cold aardeof 0°C for 30 s when nved in the
specific area of the box. The rats learned moving periodically in and out the area to get the cold-air
reward. At least 4 days after the training session, either 400 piid@l0gebody wt \[-antagonist,
[beta-mercapto-beta, betgetopenta-methylenepropiordyl O-Me-Tyr?, Arg®l-vasopressin, or the
same amount of normal saline was injected via the ventricular cannula (ANT(+) and ANT(-),
respectrely). Thirty minutes after the entricular injection, either hypertonic (2500 mM, HS) or
normal saline (154 mM, NS) of 1 ml/100 gebody wt was subcutaneously injetteth, the rats as
placed in the operant systerapt at 26°C until Tcore was stabilized, and exposed to 40°C heat for
another 2 h. The same experiment was repeated by injecting another tonicity of saline for the same rat
with a one-week inteal. BaselineTcore was lower in ANT(-)/HS group than ANT(-)/NS group
(P<0.05, 36.5t 0.2 and 37.4t 0.1°C). Incontrast, the Tcore was higher (P<0.05) in ANT(+)/HS
group (37.4+ 0.1°C) than ANT(-)/HS group. At the end of 2-h heat exposure in the operant system,
Tcore was similar between ANT(-)/HS and ANT(-)/NS (3A50.2 and 37.6t 0.1°C) with greater
number of the operant behars (P<0.05, 5& 4 and 41+ 2). Morecwer, Tcore in ANT(+)/HS group
(38.5+ 0.2°C) was higher (P<0.05) than ANT(-) /HS group with less number of the operawiobeha
(P<0.05, 42t 2). Therewas no dfference in Tcore and the operant behaviors between ANT(-)/NS and
ANT(+)/NS group (37.6: 0.2°C, 4& 2). Fromthese results, hypertonic saline injection\atéis heat
escape/cold seeking befar. Further central AVP is iwolved in the mechanism for the aetion of
behaior via central \{-receptors. W surmize that the aatation of heat escape/cold seeking beba
is one of heat-defense mechanisms especially in dehydrated condition.

K. Nagashima, S. Nakai, M. dfishi, L. Su and K. Kanosue, Increased heat-escape/cold-seeking
behaior following hypertonic saline injection in ratsAmerican Journal of Physiology -
Regulatory Integrative & Comparative Physiolog80: R1031-R1036.
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AN HYPOTHESIS REGARDING A KEY ROLE OF ALTERATIONS OF BOD Y HEAT
CONTENT IN THERAPEUTIC EFFECTS OF PHYSICAL THERAPY AGENTS
S.A. Korobwe, Mountain Air StudylLermontovskii Clinical Sanatorium, Odessa, Ukraine.

Commonly used physical thesajpgents (PTAs) are heat, electrigitight, massage,xercise,
water. They havea therapeutic effect (TE) in patients with very different diseases. Why? Because, at
least: (1) diferent diseases canyesomething common in their pathogenesis; (2) different PTAs can
have smething common in mechanisms of their influence. What is this common in mechanisms? T
exat an influence on the ganism, PAs need to transfer an energy into the body; there are nosbody’
reactions without this energy intake. What kinds of energy are to be transferred\&y RImost
always, these are thermal, electromagnetic, and mechanical ones. When absorbed by body tissues,
thermal energy simply heats them (either this heating is registered orgistened by our tools - no
matter in principle; aryway it tales place!). Electromagnetic and mechanical energies, being absorbed
by tissues, hae there some work to do; it relates to dislocations/shifts/rgelsaof microstructures.
This work is in@itably accompanied with dissipation of a part of the energy as a heat. What is more,
all non-dissipated energy will obligatorily be eerted, sooner or latein the most degraded form of
enegy - thermal one. Thus, wnnfluence of PAs is leading to a visible or invisible, immediate or
delayed alteration of heat content of the body (AHCB). According to the principles of thermal
physiology a perturbing heat must only be takenf ahe body using appropriate reactions of
thermorgulation. Body heat exchange is dependent vem emall inside and outside temperature
perturbations (especially within thermoneutrality zone), and there isattteof conergence of
temperature signals to integrating neurons that gather an information fgerataas of the ganism
(lvanov, 1990). How is this related to a TE of PTAs? Ilehypothesized the following four stages of a
PTAs TE appearance (fobov, 1999): (1) ay PTAs impact is accompanied by a transient AHCB; (2)
due to an AHCB, appropriate thermoregulatory responses been launched; (3) vital functional
systems (cardiorespiratgrpeural, endocrinological, bioergatic) become wolved in the reaction
since the thermogailatory system uses them to realize its effector activity; (4) as a result of a number
of AHCB (i.e. - of thermal adaptation), a beneficial modification (optimization) of activity of the vital
systems takes place including processes of salutogenesis. As a poagibleinterrelation between a
pathogenesis and thermguatory alterations, the phenomenon of depressing the theyutation
using hypoxia (Giaja, 1938) may be instanced. Based on the fact that hypoxia is an attribyte of an
pathological process, and assuming that thergubaéory reactions can, on the contraert an efect
on hypoxia, we may expect a TE of A&Tthermal stimulatings. In conclusion, it may lygdthesized
that a transient AHCB is the primary and prime act oEdping a TE of all known PTAs.

Giaja, J., 1938. C. R. Soc. Biol. 127, 1355-1393.

Ivanov, K.P, 1990. The Principles of Energetics img@rism: Theoretical and Practical Aspectsl.V.
General Energetics, Heat Exchange, and Thermoregulation. Nauka, Leningrad.

Korobov, SA., 1999. In: Dpical Issues of Resort Science and Medical Rehabilitation. Poligrafknig
Kiev, p. 34-36.
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ENVIRONMENTAL CONTROL OF SWEATING MECHANISMS: MODIFICATIONS

BY THERMAL ACCLIMATIZATION AND PHYSICAL TRAINING

M. Kosaka, M. Yaman@. Kato, and N. Matsui, Department of Physiologgculty of Health Sciences,
Chukyo UniversityToyota, Japan.

In the present papethe following findingson: (1) an @erview of central and peripheral
mechanisms of thermal and sweatingulation (Kosakaet al, 2001); (2) modification of sweating
actvities resulting from short- and long-term heat exposure @teal, 1997); (3) effect of cold
acclimation on sweating activities ¢kakaet al, 1988); and (4) modification of sweating activities by
long-term physical training @mauchiet al, 1997) are reported from the concept of thermal
adaptation. Namejyweating is a heat loss response that is critical for isgorphysical performance
and safety in extremely hot conditions. It is centrally regulated by the preoptic area and anterior
hypothalamus (PO/AH) and peripherally transmitted by sympathetic sudomotor innervation, with
acetylcholine as the primary neuroglandular transmMedification of sweating astity through heat
exposure or physical training is a ysological tactic for impreed tolerance when individuals are
challenged with exogenous or endogenous heat. A short-term heat challenge prodweesesting
and slower increase in body temperature as well as enhanced sweating response, while long-term heat
exposure results in decreased sweat output. Cold acclimation results in reduced thermoneutral and skin
temperature, ered cold sensation, and reduced metabolic heat production. Physical training induces
higher sweat output by means of greater sweat output peatedtsweat gland, and a higher rate of
skin blood flav.

Kosaka, M.et al. (2001) Central and peripheral control of sweating mechanisms: modifications by
thermal acclimatization and péical training. In Thermothergpfor Neoplasia, Inflammation,
and Pain (Eds. M. Kosaks al), Springer Tokyo, 95-106.

Lee, J-B. te al. (1997) Suppression of sweat gland satystt acetylcholine applied iontophoretically
in tropical Africans compared to temperate Japanésg. Med.39(3/4):111-121.

Kosaka, M.et al.(1988) Central and peripheral mechanisms of thermal acclimation. In: Hyperthermic
oncology proceedings of the 5th annual international symposium on hyperthermic oncology
29August-3 Septemhedfyoto, Japan, 330-333.

Yamauchi, M.et al. (1997) Sweating economy by graded control in well-trained athl&@s.J.
Physiol.433:675-678.
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APPROACHES TO MONITORING THERMAL ST ATUS IN HUMANS UNDER
NONUNIFORM HEATING/COOLING ON THE BOD Y SURFACE

V.S. Koscheye M.J. Dancisak and G.R. Leon, Division of Kinesiologwiversity of Minnesota,
Minneapolis, Minnesota, USA.

Nonuniform temperatures on different parts of the bodyasarfare often encountered during
various conditions in space as well as in medical and occupational circumstances on Earth. In such
cases, the primary challenge iswhto best manage body comfort and safety with the information
obtained by monitoring core and skin temperatl¥adings from our research progranmvaahown
that traditional methods of monitoring body thermal status are not adequate in such conditions; usual
measurement sites are not informatiand the relationship between the daménts of core and skin
temperature forwaeraging body temperature are not corre€Compared to uniform thermal conditions,
the paverful influence of simultaneous cold and warm applications on different parts of the body
surface significantly changes the response Igteofcthe core, for example, rectal temperature.
Moreover, nonuniform temperatures applied to the right and left sides of the head, netpecsult
in a rapid and diérential response in left and right ear canal temperatures. Therefore, this
traditionally used site for making decisions about adding or removing body heat tueaalide
maintain safety and comfort of personnel in Space and in other environments will provide incorrect
information if only one side of the body is monitoreA. plastic tubing liquid cooling/arming
gament (LCWG) vas designed in our laboratory with the capacity to differentially caohw
different body zones. Through thigperimental paradigm, ourverall goal has been to achkie a
better understanding of twvao manage nonuniform thermal conditions while astronauts are engaged in
extravehicular activities or in &rious on-board situations, with applications for Earth purpoges.
further objectie is to evaluate the dfciency of heat transfer from different body areas to identify the
most efective zones to minimize the surfaceweoage by the LCWG, thus reduce energy consumption
of the system, and precisely control body thermal status under such nonuniform thermal influences.
Compared with temperature data from other body zones, findings demonstrated that the most
informative method of assessing total body thermal status was by monitoring the thermal profile of the
phalanges. This areavdly reflected the dynamic processes of heat dissipation or storegepileg
within the body The marled changes in finger temperature amplitude and in blood perfusion intensity
under nonuniform thermal conditions indicate the usefulness of the fingers to precisely measure
alterations of heat balance in the bogsedict changes in thermal status, andvjgle an alert for
countermeasures to deal with awimng heat deficit or heat accumulation. The implications of this
research for the delopment of an automatic feedback system to control thermal status and comfort of
astronauts in space and occupational personnel on Earth are discussed.

kosch002@tc.umn.edu
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EVALUATION OF THE THERMAL PROFILE OF HUMAN FINGER PHALANGES
AS A POTENTIAL SITET O MONITOR BODY HEAT BALANCE

V.S. Koscheyeand A.L. Maximwg, Division of KinesiologyUniversity of Minnesota, Minneapolis,
Minnesota, USA.

The goal of this research program is to maintain comfort and safety of astronauts/cosmonauts in
thermal conditions that are fidult to monitor and control, such as nonuniform temperatures
influences on the body surface duringravehicular actvities. Priorresearch demonstrated that in
sagittally divided nonuniform thermal conditions on the body asaf there were no significant
differences in finger temperature between the lands; both were respowusito agrowing deficit in
body heat (l&scheyewet al, 2000a). Consistentlationships also were evident between the core and
fourth finger temperatures under thermal applications to nonsymmetrical body surface areas, further
indicating the potential &ctiveness of the fingers for placing a monitoring/controllingice
(Koscheyewet al, 2000b). Aseries of studies was carried out in collaboration with the International
Scientific Center “Arktika”, Magdan, Russia toveluate the specific site on the finger that would be
most efective for placing a controller-sensor to initiate an automatic thermal feedback system in the
space suit to maintain thermal homeostasis. Ninetgnseale wlunteers ages 19-23 participated in
this research. The method of thermograffRadu@-MT4 thermovisual camera) was used to study the
hand under temperature applications to the contralateral hand or each foot,vegpectvaluate the
thermal response on different fingers and the entire hiardperature changes on 20 sites of the hand
were observed, including each phalanxess points on the dorsal side of hands, and on the wrist
area. Thefindings indicated that in spite of weak and distant thermal applications, a stable and
uniform response to such thermal influences occurred on the entire fourth and fifth fingers, and on the
distal and medial phalanges of the second and third fingers (p<OrG8)thumb was not highly
responsie o such thermal applications. The d@r range of finger temperature changes on the skin of
the fourth and fifth fingers compared with other areas of the hand under different thermal conditions on
proximal and distal areas the body surface indicates that the fourth and fifth fingetisehpotential
to be highly eflective in precisely monitoring thermal changes in the hophedicting changes in
thermal status, and can be utilized to initiatev@mdve muntermeasures for a growing heat deficit or
heat accumulation.

Koscheys, V.S., Leon, G.R., Hubel, A.,r&nchida, D. (2000a)'hermorgulation and heatxehange
in a nonuniform thermal environment during simulated extendedl. EAfiat. Space Ewiron.
Med.71:579-585.

Koscheys, V.S., Leon, G.R., Paul, S., Tranchida, D., Lindev. (2000b) Augmentation of blood
circulation to the fingers by warming distal body ardast J. Appl. Physiol.82:1003-1011.
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A POSSIBLE MECHANISM FOR NORADRENALINE INVOLVEMENT IN THE
EFFECTOR RESPONSES O COLD EXPOSURE

T.V. Kozyewa, E.Ya. Tkachenko, L.S. Eliseeva, ¥dzaruk and E.Molyakova, Department of
Thermophysiologyinstitute of PhysiologyNowvosibirsk, Russia.

It has been long known that the sympathetic nervous system mediator noradrendjing (N
involved in the response to cold. Wever, the mechanisms oNA participation in these pisiological
processes remammnclear An atempt is made to summarize the results obtained inxperenents
on human subjects and anaesthetized (nembutal, urethane) rats. The data concern the Affeat of N
impulse activity of the central and peripheral thermosengbesmosensitity in human, changes in
the thresholds and the intensity of cold-defense responses to cooling resulting from a specific route of
NA administration, iontophoresis to the cooled skin acef where thermoreceptors are concentrated.
Data on changes in the immune response to antigen under the effe& of te cold and
thermoneutral conditionsrre also réiewed. Based on the summarized data, a scheme Aor N
involvement in the formation of the effector (cold-defense and immune) responses topoddre is
suggested. N affects boththe peripheral and central thermosensors. A decrease in the activity and
sensitvity of the high frequenc skin cold receptors presumably results in a decrease in cold
sensation. An increase in the static and dynamivites of the lev frequeng cold receptors and a
moderate increase in the sensitivity of the neurons of the medial preoptic areaygidti@llamus in
the lov temperature range may produce a decrease in the threshold and an intensification of the
thermorgulatory responses during cooling, as well as a considerable stimulation of the antigen
binding function of the immune response during deep cooling, whicippressed in the absence of
NA. Intensification of the effector thermoregulatory and immuesponses may be also related to the
direct NA effect on the effector gens and tissues. The regulatory effect oA Nn the efector
(thermal-defense and immune) responses appears to be dependentyofactans: its relatie
concentration in the periphery and centerthe brain, and skin, where the bulk of the thermosensors
is localized, and blood supplying the effector tissues.

Kozyreva@iph.ma.nsc.ru
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NEW INSIGHTS INT O FETAL AND NEON ATAL THERMOREGULATION
H.P. Laburn, A.S. FaurieS. Madu and D. Mitchell, Brain Function ResehlrUnit, University of the
Witwatersrand, Johanneshyruth Africa.

Fetal animals appear to be thermally protected from heat and cold stress, by strategigsdemplo
by the prgnant animal during her own thermoregulatory responses, or by virtue of the fetus’ thermal
inertia. Duringexperimental mild to moderate heat or cold exposure, or duxegise of the mother
animal, the body temperature of fetal lambs, for instance, changesehglédss than does body
temperature of the mothewith the feto-maternal thermal gradient being adjusted appropriatédtat
is not known, hwever, is whether fetal thermal protection is sustained in animals in natural conditions,
where wide ambient temperature fluctuations, aaribbsle solar radiation, wind and humidity occur
We have studied pregnant Angora goatSapra hircus) in laboratory conditions as well as in their
natural habitat, to examine the differences in fetal body temperayukatien. W used miniature
dataloggers implanted intra-abdominally and under Fluothane (Halothane, Hoechst) anaesthesia, in
mother and fetal animals for both laboratory and fieldeements. Prgnant goats she greater
variability of body temperature in natural as compared to laboratory conditiolhsagdparently
continue, by pisiological means, to reduce the corresponding variations in their fetuses. At birth, in
natural conditions, body temperature of thewaedid kid plummets more than in controlled laboratory
conditions, and survaé in this species is dependent on thevpitsng environmental conditions, with
the risk highest in conditions withvosolar radiation. While abdominal temperature may bepk
relatively constant in fetal animals, our measurements of brain temperature in fetuses using chronically
implanted thermistors suggests that the temperature of the highly metabolic brain may vary in a
fashion diferent to that of the rest of the body¥hese variations by ka cnsequences for fetal
development, and neuronal injury at birtiMaternal feer poses considerable thermal risk for the fetus
(Laburn,et al, 1992). We haveshawn that bacterial products present in the fetal lamb circulation, and
particularly in the intra-uterine cavity of the she@wig arie$ result in abortion in between 50-75% of
pregnancies. Fetdambs themsebks apparently are not capable of generating febrile temperatures
uterg, dthough serum iron concentrations of fetuses fall significantly after Gramvgogittogen
injection into the fetal circulationFever in the nevborn and young animal can be deleterious; we
report that repeated febrile episodes in young guinea-gmad pocellug are associated with gngh
retardation, at least partly as a result of decreased fooe idigkg the febrile period.

Laburn, H.R, Mitchell, D., Goelst, K., 1992. Fetal and maternal body temperatures measured by
radiotelemetry in near-term sheep during thermal str&s&ppl. Physiol.72:894-900.
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SUBJECTIVE PERCEPTION OF COLD ADAPT ATION, EXERTION, AND STRESS
DURING A TW O WOMAN LONGITUDINAL TRAVERSE OF ANTARCTICA

G.R. Leon, M. Atlis and G.M. Sandal, Department of Psychdlégyersity of Minnesota,
Minneapolis, Minnesota, USA.

Adaptation to extreme cold volves both physiological and psychological processEse
subjectve aiteria for esaluating the magnitude of thermal sensationgljikchange with x@ended
exposure to anxdreme emironment. Judgmentsf cold and thermal comfort may also interact with
perceved levd of physical eertion, and stress and coping mechanisifiso women with prior polar
exploration experience, ages 45 (American) and 47 (Ngiew@, respectely, are engaging in a 3840
km, approximately 100 day longitudinal ski trek across Antarctica from Queen Maud Land to the Ross
Ice Shelf, pulling sleds weighing 114 k@aseline measures included body composition, personality
characteristics, stress and coping mechanisms, and performguemtadions. Duringhe epedition,
each team member independently completed a twice weekly rating form assessing outside temperature
and wind velocity; subjecte perceptions of cold magnitude, body areas nedti coldest and
warmest, physical>aertion, energy leel; and caloric intak. Measure®f sleep quantity and qualjty
mood, appetite, feelings of boredom and momgtatress and coping, work performance, and
confidence about the successful completion of the expedition were also obfaneadsure rating
accurag, equivalent English and Norwgan versions of the form were\a#oped. Thefindings are
presented in terms of the trajectory and range of perception of cold adaptatidme in relation to
objectie indices of temperature, winehocity, caloric intake, and adiposijtgnd subjecire measures
of physical &ertion and enayy level, stress, and work performanc@bjective vs. subjectie indices
of other variables such as caloric irdakd appetite, windelocity and extent of being bothered by the
wind are compared.

leonx003@tc.umn.edu
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NUMERICAL SIMULATION OF THE DYNAMIC THERMAL PHYSIOLOGICAL
COMFORT OF A CLOTHED HUMAN BODY
Y. L, Institute of €xile and Clothing The Hong Kong Polytechnic Universityong Kong.

This paper r@ews the methodology of numerical simulation of the dynamic thermal responses
of human body and clothing and discusses the influencarimiug properties of clothing materials on
the dynamic thermal comfort and sensations. Theredional mathematical models describing the
heat transfer and moisture transfer processes are the bagg andrmass conservation equations,
which follow Fourier'law and Fick's law respectrely. The two transfer processes are considered
essentially independent with each othBrom the two eguations, tw fundamental criteria are
generated to describe the thermal properties of clothing material, i.e. thermal resistance (Clo) and
water vapor resistance (i, which hae keen widely used in modeling the thermal comfort and/or
thermal stresses of a clothed human bétlhywveve, the heat and moisture transfer processes are not
independent with each other in clothing materials and at skin surfacey aretibeupled by the phase
changes of water and absorption/desorption of wad@orw by the fibers. A mathematical model
describing the coupled heat and moisture transfer processes veigped, in which the dynamic
sorption kinetic of fiber was tak into account. This model is able to illustratevitbe moisture
sorption capacity (called hygroscopicity) of clothing material influence the thermal and moisture
comfort and sensations inamous transient conditions where insensitigerspiration and dry
environment are the dominant features. For extremely cold@mmental conditions, the temperature
difference between the body angteznal environment is huge so that heat transfer by radiation
becomes very significant. A mathematical model hasldeed to tak into account the radiationfett
on the basis of the pr®us models. Using the model, the temperature and moisture profiles in clothing
can be calculated to illustratevadlifferent fibers and fabric materials influence the thermal comfort
and moisture sensations in cold conditions. Besides, the liquid transport process in clothing cannot be
neglected as a wearer may be ofterp@sed to wetted situations due to sweating and/or
raining/snaving. A mathematical model has beenveeped recently to describe the dynamic
interactions between heat transfer by conduction and moisture transfer hysiodif
sorption/desorption, watervaporation/condensation and capillary actionsitiWspecification of
boundary conditions of the temperature and humidity at the clothing-skin and clothiragsrent
interfaces, the dynamic changes of the distrdn of the temperature, moisture contents in the air and
fibers of clothing and theolmetric fraction of the liquid water throughout the fabric can be
calculated. This model is particularly useful in simulating the thermal comfort and sensations under
sweating situations and/or externally wetted conditions and illustrateh@oliquid moisture transport
behaior of clothing (called moisture management) effect the thermal functional performance of
gaments. ® dmulate thermal functional performance of clothing under cormplear situation of
sweating in extremely cold environment such as ski, a mathematical model has\sbgredanore
recently to describe various dynamic couplinfees among the heat transfer by conduction and
radiation and moisture transfer by fd#gion, sorption/desorption, vaporation/condensation,
liquidation/solidation and capillary actions. These mathematical models, which are solved mainly by
numerical computation methods, can be utilized to study the thermal comfort and thermal/moisture
sensations under various transient conditions and to analyze the heat (cold) stresses under hot (cold)
ervironment for gven dothing materials. More importantighe models can be utilized adestive
engineering design tools to optimize the thermal functional performance of clothing for intended wear
situations, which is illustrated by a series of computational results with comparisapeoinesntal
observations.

tcliyi@polyu.edu.hk
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A COMPARISON OF TEMPERATURE REGULATION, FLUID EXCHANGE AND
HEART RATE RESPONSE BETWEEN TWO LOAD BEARING SYSTEMS

C.L. Lim, Y.M. Tan, Y.N. Teo and M.C. Yap, Military Physiology Lab, Defence MedicaldResear
Institute Sngapoee.

We evaluated temperature galation and fluid exchange of first-year soldiers wearing tw
webbing and full-pack systemsw@&lve wlunteers performed twrepeated trials wearing the current
webbing (SBOcr) comprising of strap based system andvavest webbing system (SBOnw). hhe
were separated into tagroups walking at speeds of 4km#hn=7) and 5kmeht (n=5) on a treadmill.

The trials were conducted in a climatic chamber (33°C dry bulb; 65% RH; 858 eliation). Thg
walked for two cycles of 60 min, with 15 min of rest. Another group of N=18 volunteers performed the
trials wearing the webbing and with the respectaurrent (FBOcr) and me (FBOnw) full-pack
system. The performed trials at alking speeds of 3.5kmsfir(n=12) and Skmeht (n=6). Core
temperature (Tc) in SBO trial ranged between B87.4°C and 3940.4°C (SBOcr) and between
37.1+0.5°C and 3880.2°C (SBOnw). There was no significant difference in mean Tc between SBOcr
and SBOnw trials (P>0.05). In the FBO trial, Tc ranged betweer@BIC and 3880.7°C (FBOcr)
and between 37#0.5°C and 3940.5°C (FBOnw). No statistical significance was reported. Mean
heart rate (HR) in SBOcr trial ranged betweenlllllhpm and 1&81bpm in the first ycle and
between 12529bpm and 16817bpm in the secondycle. In the SBOnw trial, mean HR ranged
between 10819bpm and 16B619bpm in the first cycle and between 320bpm and 15810bpm in
the second cycle. Although not significantlyfelient, the SBOcr trial recorded 5 to 11bpm higher
mean HR in the secondyde compared to the SBOnw trial. It could be concluded that the subjects
needed greater physical effort to veonith the SBOcr system after some degree of fatigue had set in.
Mean fluid intalke in the SBO trials s 1.7#0.5L (SBOcr) and 1.89.6 L (SBOnw). In the FBO
trials, mean fluid inta&in the FBOcr and FBOnw trials were 1#553L and 2.350.61L respectiely.
The FBO system resulted in higher fluid irdadmpared to the FBOcr trial. Mean sweat rate (SR) in
all the trials, including current and wdoad-bearing system (LBS), ranged between 16mlemnd
19mlehr?, except for the tw SBO trials at 5Skmeht which had means SR of 25mlshand 26mleht'.
The present study has found the LBSnhw system to be anvempeot to the LBScr system in terms of
weight distribution. The volunteers responded similarly to both to the LBS systems factalisf
except for higher heart rate in the SBOcr trial, andg fiedt cooler when using the LBScr system. The
level of heat stress was found to be similar between tle $x8tems. The advantage of this study
provided comparisons of the thermoregulatory responses toxtetng and ne/ webbing systems
worn by the soldiers.

Mean+SD of Core Temperature (Tc) in SBO when walking at 4km . hr with 5% gradient
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ZYMOSAN-INDUCED FEVER: ROLE OF COMPLEMENT
J. Uanos-Q., S. Li, and C.M. Blatteis, Department of Physigldlg University of Tennessee Health
Science CenteMemphis, TN

We haveshownn in previous studies that complement (C) is a necessary mediator of the febrile
esponse of guinea pigs and mice to lipopolysaccharides (LBIS)pbto muramyl dipeptide or poly
I:C. However, these latter tew exogenous progens are weak stimulators of the C cascatjemosan
(Zym), on the other hand, strongly aetes C. It is also pyrogenic, probaplgccording to the
available evidence, via induction of cytokines and prostaglandin E2, similarly to TS study vas
undertalen, therefore, to determine whether C alsowstpl in the production of the ver evoked by
this pyrogen. Zyminjected intraenously (v) at 0.5 mg/kg induced a monophasic, 1°C core
temperature (Tc) rise, with latgnof ca. 36 min, peak at 88 min, and regwy at 180 min.Zym at 25
mg/kg, on the other hand, produced a quick-omset].1°C Tc fall which reached its nadir at 66 min;
recovery was completed by 180 mimA second v injection of 25 mg Zym/kg at 210 min yielded a
smaller and briefer fall in Tc, analogous to thie@s of consecute v injections of 50 U of cobra
venom factor (CVF (Sehiet al, 1998), a prototypic actator of the C cascade. The smaller response
to a second injection of CVF is attributed to the depletion of C. CVF pretreatment (100 U, iv; C!93%)
18 h before 25 mg Zym/kg ceerted this Tc fall into a 1.1°C rise that persisted at thid feor 92 min,
then gradually returned to controlen the following 60 min. These results suggest that Zym is
inherently pyrogenic, but that this effect is manifested only when the dose of Zym is too small to
activate C e4g., 0.5 mg/kg) or when C has been reduced by priovaticin of the C cascadeg., Zym
at 25 mg/kg, 100 U CVF). Hence, C would not seem to be a mediator of the febrile response to Zym,
but rather to its cryogenic effect.

Sehic, Eet al.(1998)Am. J Physiol.274: R1594-R1603.

Supported in part by NIH grant NS 34857.
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PGE, SELECTIVEL Y ACTIVATES PERIPHERAL COLD-SENSITIVE NEURONS
H. Machida, VLimviphuvadh, M. Okazawa, $iraki, K. Matsumua and S. Kobayashi, Biological
Information, Graduate School of Informatics, Kyoto Univeysifyoto Japan.

In response to exogenougrpgen, immune cells generate endogenous pyrogen, leading to the
production of prostaglandin,EPGE,)). PGE, may finally &oke heat production (HP) responses and/or
heat-seeking (HS) behaviors, resulting imefe Howeve how PGE, acts on neurons is not kwo.

Cooling the skin wokes dferent impulses in cold fibers, which may elicit HP responses and/or HS
behaiors. PGE receptors are abundant in dorsal roaagjion (DRG) containing cell bodies of cold
fibers. Here we westigated effects of PGEon cultured DRG cold-sensi# reurons with
measurements of intracellular £don concentration ([C?d]i) and patch-clamp techniques. Wistar rats
(2-24days old) were anesthetized with diethyl ether and decapitated to isolate DRGs. DRG cells were
plated on cweerslips (5.5mm), and cultured in DMEM at 37° in a humidified atmosphere containing
5% CO2 for 1-3 days before recordings. Cultured cells oerslips were loaded with Fura-2 /AM
(Donjindo), and were positioned in a recording chamber mounted on the stage of an upright
fluorescence microscope (ECLIPSE E600-FN,oNjk Cells were perfused with Krebs solution by
gravity. Cell temperature @ws monitored with a thermocouple (0.3mm in diameter) close to cells. Cold
stimulation vas applied on cells by reducing temperature of perfusing solution from room temperature
(26-28°) to 10-12°. [Cza‘*]i in cultured DRG cells was recordegesy 10s with a digital image analysis
system (QUACOSMOS, Hamamatsu). Cells which increasedz[];{m response to cold stimulation

were identified as cold-sensii reurons. PGE (10nM) induced an increase in [@h in most (90%)

of the cold-sensie reurons but not in cold-insens# reurons. PGEinduced [Cé*]i response as
dose-dependent (EG-2.8nM). When C#& was removed from the external solution, PGihduced
[Caz*]i response disappeared, indicating that thé*[ptncrease comes from extracellular’Cions.

In cell-attached patch recordings, PGtirectly evoked impulses in neurons showing Pg&iEduced
[Caz*]i response. This suggests that BG&ceptors leading to cell excitation are present in cold-
sensitve reurons. V8 concluded that immune signal selgely activates peripheral cold-sensié
neurons, een when it is not cold. This mightveke HP responses and/or HS behaviors to indugerfe

skoba@i.kyoto-u.ac.jp
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THERMAL RESPONSES DURING STANDING AND WALKING A T DIFFERENT

AIR VELOCITIES IN COLD

T.T. M&kinen, D. Gavhed*, |I. Holmér* and H. Rintamé&ki, Oulu Regional Institue of Occupational
Health, Oulu, Finland; and *National Institute for Working Lif#ockholm, Sweden.

The aim of this wrk was to study he different air velocities affects thermal responses during
standing and walking in cold. Eight young (21-25 years) male subjects were stabilized for 60 minutes
at 20°C. During the 30 min cold exposure the subjects either stand stédli@dvwon the treadmill (2.8
km-h') towads the wind by tw dfferent eercise intensity Exercise intensity was adjusted by
changing the inclination of the treadmill between 0° (lowesr@se intensity metabolic rate 124
W-n1?, LE) and 6° (higher>@rcise intensitymetabolic rate 195 W-1 HE), thus leeping the speed
of the body meements unchangedemperature in the wind tunnel was -10°C and air velocity was 0.2
("still air", NoWi), 1.0 (Wil) or 5.0 (Wi5) m-§in separate measurements. The subjects wore Finnish
military winter clothing with the basic insulation of ca. 2.2 clo. Skin (15 sites) and rectal temperatures,
heat flux from the skin (8 sites), and oxygen consumption were measured. Wind incressetizeon
heat loss, which &as significantly higheroth at rest and duringxercise, at Wi5 in comparison to
NoWi and Wil. At rest the heat flux increased already @&t W comparison to NoWi. WAlking
increased corective heat loss only at NoWin comparison to standingt. Exercise intensity did not
affect the mean heat flux atyaar velocity. During exercise, mean skin temperature (Tsk) remained at
higher level than during standing in all air velocities. The differences between the walking and the
standing at the end of cola@osure were 0.6 (NoWi), 1.0 (Wil) and 1.1°C (Wi5) at LE, and 1.3, 1.6
and 1.7°C at HE, respeatly. The higher gercise intensity increased Tsk only at Nosid Wil in
comparison to LE. Both during rest angereise, Tsk decreased significantly more at Wi5 than at
NoWi and Wil. Air velocity did not dect a periheral cooling rate, judging from the finger
temperature, at rest or at LE. At the end of HE the finger temperatures were significantly higher at
NoWi and Wil than at Wi5. Oxygen consumption increased significantly duriigatVstanding in
comparison to NoWand W1. The present results suggest that in windy conditions, during standing
and walking at studiedxercise intensities, the cuective heat loss is dependent only on ag@locity.

The &ercise-induced increase in Tsk is not accompanied by a higher heat flux. Increase of oxygen
consumption during Wi5 at standing was probably due t@shg induced increase in metabolic rate.

tero-makinen@occuphealth.fi
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SELECTIVE BRAIN COOLING AND THE CRANIAL ARTERIOVENOUS
TEMPERATURE DIFFERENCE IN FREE-RANGING ORYX (ORYX GAZELLA)
Shane K. Malong Andrea Fuller Peter R. Kamerman, Graham Mitchell and Duncan Mitchell,
Department of Physiologiniversity of Western Australia, Perth, Australia.

The arid-zone antelope, the oryx, is often cited as a prime example of an animal that benefits
from selectve train cooling. Whether oryx emplaelective krain cooling neer has been iwestigated.
We implanted miniature data loggers connected to thermistors into @wwx (gazella) under
etorphine- induced, and halothane (1-2%)- maintained, general anaesthesiaeasured the
temperature of carotid arterial blood () and the hypothalamus (T ) in two male and tw female
oryx every five mnutes, to an accurg®f better than 0.1°C,w&r periods ranging from six to fifteen
days during the southern hemisphere sumifiee animals were ranging free in their natural habitat
during data collection. Three of the animals used se&edtiain cooling as part of their daily
thermorgulatory repertoire, usually in the late afternoon arahieg at the peak of theirynhthemeral
rhythm, but apparently wer during eertional hyperthermia. One male did not use seleclrain
cooling during the study period. Our hypothesis is that seéettain cooling serves to modulate
thermorgulation, rather than to protect the brain fromerbeating. Implementation of seledtilrain
cooling reduces hypothalamic temperature and therefore attenuates heat loss effecterselon
cessation of seleg® krain cooling excites heat loss effectors. Respirateapaation ought to reflect
in cooling of cranial blood, with respiratory heat loss proportional to the product of cranial blwod flo
and the difference between_Tand jugular blood temperaturejl@. In one male and one female T
also was measured. Oveeage, T, was 0.3 + 0.2°C cooler than J, but there were times when,
was warmer than . At high body temperatures [ 'was dgnificantly cooler when the oryx were not
using selectie rain cooling than when tlyewere, consistent with enhanced respiratory heat loss if
cranial blood flav was not reduced concurrentlin fact, cranial blood fl@ increases as body
temperature increases (Malgnand Mitchell, 1997), with blood fl to the upper respiratory tract,
including the nasal mucosa, accounting for the majority of the change (Hales, 1973). Thus free-ranging
oryx can emplg selectve krain cooling but we found no evidence that SBC was eyepld®o protect a
thermally vulnerable brain. Instead, cessation of sgkedtiain cooling, at high body temperatures,
increased respiratory heat loss. Our results concur with theveutale of selectie lrain cooling as a
governor on water use for thermoregulation.

Hales J.R.S. (1973) tefkcts of exposure to hot environments on the regional distribution of blaed flo
and on cardiorespiratory function in sheBfluges Arch. 344:133-148.

Maloney, SK. and Mitchell, G. (1997) Seleut@ krain cooling: role of angularis oculi vein and nasal
thermoreceptionAmerican Journal of Physiolo@373:R1108-R1116.
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EFFECTS OF SIMULTANEOUS CHANGES IN EXERCISE AND AMBIENT
TEMPERATURE ON BODY HEAT BALANCE

M. Méntysaari, H. Rintaméki,. Makinen, JOksa, S. Rissanen and E. Korhonen, Oulu Regional
Institute of Occupational Health, Oulu, Finalnd.

The effect of simultaneous changes xereise and ambient temperature on body heat balance
and physiological strain were studied. Thereise/rest periods were either 10/10 minutes or 30/30
minutes, and the total duration of the protocol was 120 faiercise (walking 6 km/h on treadmill,
slope 2°) was performed in cold environment (-15°C, air velocity 2.5 m/s). The resting periods were
spent sitting at +10°C, air velocity 0.2 m/s, with the same clothing as duwéngjse. The subjects
were 7 voluntary healthyoung men. They were wearing Finnish military winter clothing (M91,
thermal insulation about 2 clo) and rucksack (12 kg). During the rest periods drinking of \&ater w
allowed ad libitum. Data are gien as nean = SE. The mean skin temperature during the 10/10
schedule vas 31.7 £ 0.2°C and during the 30/30 schedule 31.3 £ 0.3°C. Deep body temperature was in
avaage 37.5°C during both schedules. At the end of the Xastise period oxygen consumptiorasv
33.5 £ 0.9 ml/min/kg in the 10/10 schedule and 32.4 + 3.8 ml/min/kg in the 30/30 schBduileg
the «ercise periods heart rate was imeaage 150 beats/min in both schedules. The amount of
sweating was greater during the 10/10 schedule (809 + 118 g) than during the 30/30 schedule (667 +
182 g). Also the fluid intak was greater during the 10/10 schedule (457 + 121 g) than during the
30/30 schedule (141 + 41 g)n conclusion, the body heat balance and physiological strain were
comparable in bothxercise/rest schedules. The amount of sweating as well as fluice intle
greater during the 10/10 minuteseecise/rest schedule. This finding can be due to dlok that the
number of rest periods was greater in the 10/10 schedule, and the transitiorei@sing in -15°C to
resting in +10°C possibly promotes sweatinthese findings suggest that specified instructions for
clothing and fluid inta& ae needed for different combinations ofecise and rest in changing
ambient temperatures.

matti.mantysaari@sotlaakl.inet.fi
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THE ROLE OF POSTPRANDIAL HEA T PRODUCTION AND EXERCISE IN
ADJUSTING SHIVERING THERMOGENESIS IN JAPANESE Q UAIL CHICKS,
COTURNIX COTURNIX JAPONICA

K. Marjoniemi, Department of Biologyniversity of Oulu, Oulu, Finland.

Regulatory thermogenesis of birds is composed ofesimg thermogenesis, and in cold-
acclimated chicks possibly also of nonghing thermogenesis. Obligatory thermogenesis by
postprandial heat production angeecise are rgaded as potential substitutes for\aning in cold.

These thermal by-products of feeding and locomotion may be of benefit gy esparing especially in
juvenile birds if the energetic costs of regulatory and obligatory thermogenesis are ne¢.dddhis

study the effects of postprandial heat production axetase on shiering were examined first time at
effector (muscle) keel in young birds. In a first set of experiments, 8-day-old chicks weyesed to

fasting for 31 h. Thereafteroxygen consumption and skiing EMGs from pectoral and
gastrocnemius muscles were measured at ambient temperatures between 33-12°C. At a thermoneutral
temperature (33°C), heat production @&sted chicks was 39% lower than in ad libitum fed controls.

The absolute difference between control and fasted chicks decreased with decreasing ambient
temperature being at 12°C less than half of that observed at 33°C. Despite the lower metabolic rate, the
amplitudes of shviering were higher indsted chicks, especially in pectoralis. This indicates H#zaéd

chicks used skiering to compensate the decrease in postprandial heat production. In the second set of
experiments, the &fct of xercise on thermoregulation of three-week-old chicks was studied at three
different ambient temperatures (25, 15, and 0°C) during foraking on a treadmill (speed 0.09

m-st) and at rest. The shéring in pectoralis \&s suppressed within 20 s after the onsekefise, at

25°C completely and at 15° and 0°C with a decrease of .20uvesponse to decreasing core
temperature, chicks were capable of increasingeshg when walking. The physical strain of
exacise, measured as oxygen consumption, was dependent on ambient temperature. Between 15°C
and 0°C, a major increase occurred from 72.3 to 143.7 mt-ky. Due to shiering suppression and
increased forced cwection during e&ercise, hypothermia deloped the faster the colder the ambient
temperature was. Althoughxeacise interacts with regulatory thermogenesis partially substituting it,

the benefit of xercise, if ary, is restricted to temperatures slightly b&lthermoneutrality Japanese

guails chicks are capable of replacingveting in cold by postprandial heat productiont lexercise

cannot be utilized in thermoregulation either in energetically or thernaaityrfable way.

kyosti.marjoniemi@oulu.fi
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ANALYSIS OF NEURONAL MECHANISM FOR BEHAVIORAL
THERMOREGULATION IN RATS

M. Maruyama, M. Nishi,.Ylakashige, K Nagashima and K. Kanosu®epartment of Physiology,
School of Allied Health Sciences, Osaka Univer§isaka, Japan.

Homeothrmic animals regulate their body temperature by usingibedlaas well as anatomic
processes. Bekhimral thermoregulation means the belba for looking for a better thermal
ernvironment, including wearing clothes andilding houses in humans. While the brain mechanisms
for the autonomic process is well documented, that for the behavioral thermoregulation has not been as
well understood, partly because theraswno appropriate experimental modéhenet al. (1998)
recently deeloped a ne operant system for studying befaral thermorgulation. Inthis system, a
rat in a box of high load temperature can get a cold reinforcement for 30 s wheve# into a
specific area in the boxThis system is based on rats’ natural behavior ang ¢hsily learn the
procedure. Theurpose of the present study is to analyze the neuronal mechanism foiotaha
thermorgulation using this system. In the first experiment, we analyzed the heat-escaperbaith
brain regions actated were sumyed by immunohistochemical analysis of @sFprotein. Male
specific pathogen-free Wistar rats (300-400g, Charlgsr Rapan, Osaka, Japan) were used in this
study Under sodium pentobarbital anesthesia (50mgd/gg, a biotelemetry device was implanted in
the perioneal cavity of each rat for the measurement of body temperAfteethis sugery, the heat-
escape experiment (40°C load temperature and 5°C reinforcement) was conducted for 3 h twice on
separate days. Immediately after the lagpiegiment, all the rats were deeply anesthetized with sodium
pentobarbital and perfused with formalgida. Thebrains were remad and the whole brain sections
were made for the immunohistochemistry analysisthe rat performing heat-escape behavior strong
Fos immunoactrity was found in the median preoptic nucleus (MnPO), the dorsomegialialamus
(DMH), and the parastrial nucleus as compared with the cortrdhe second experiment, théeefts
of the brain lesion or transection on behavioral thermoregulation wealeaeed. Asin the first
experiment, each rat did heat-escape bhmawice. Then, the rat recsd dectrolytic lesion of the
MnPO, the DMH, or the amygdala or microknife transection of the stria termifaisdays after the
surgery the heat-escape betar was basically same in the number of getting reinforcement as that
before the surgery in all the rat¥hese destroyed regions might not be responsible for the control of
heat-escape beviar. Another possibility is that although theplay some role for beh#oral
thermorgulation, the behavior is under the control multiple neuronal mechanisrkgg in parallel.

Chen, X-M., Hosono, T., Mizuno, A., Yoda, T., Yoshida, K., Aoyagi, Y., Kanosue, K. (1998) Ne
apparatus for studying behavioral thermoregulation in lPtgiol. Behav64:419-424.
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THE HUMORAL MECHANISM THA T ACTIVATES BRAIN PROSTAGLANDIN E ,,
BIOSYNTHESIS DURING FEVER
K. Matsumua and S. Kobayashi, Grad. School of Informatics, Kyoto Univetsjtgto, Japan.

Fever is mediated through production of prostaglandin(EGE,) in the brain. To understand
where and he PGE, is produced in the brain, we e been studying expressions of enzymes
responsible for PGfbiosynthesis in the rat brain and its velece to feer. In our typical experiment,
rats were challenged with lipopolysaccharide (LPS, 0.1-0.4 mg/kg, kppg.hours after the injection,
their brain and cerebrospinal fluid were sampled for histological analysis angaBszyrespectiely,
under diethyl ether or pentobarbital anaesthesia (5 mglkgdome cases, rats were pretreated with
NS-398 (4 mg/kg, i.p.), an inhibitor of cyclooxygenase-2 X&X), prior to the LPS injectionThe
results were summarized as follows: (1)>G8, an inducible-type enzyme ogafting arachidonic acid
to PGH, was induced in brain endothelial cells in response to LPS (Matsuetwal 1998); (2)
COX-2 expression w@as correlated with fer in terms of timing and magnitude (Cabal, 1997); (3)
Inhibition of COX-2 activity suppressed V¥er (Caoet al, 1997); (4) Microsomal-type PGE synthase
(mPGES), anothergy enzyme that coverts PGH, to PGE, was also induced in brain endothelial
cells after LPS challenge; (5) mPGES was colocalized with COX-2 in the perinuclear region of the
endothelial cells (¥magatet al, 2001); (6) Inhibition of CX-2 activity suppressed PGEevel in the
brain; (7) Endothelial cells are the only cell group that expresses both COX-2 and mPGES in the brain;
(8) Cytokine receptors arexgressed in brain endothelial cells; (9) COX-2 induction and PGE
elevation were not suppressed by bilateralgotomy at the cervical Vel indicating that these
responses are noagally-mediated; and (10) Even under untreated conditiomsatoounts of CQXX-2
and mPGES he keen already expressed in brain endothelial cells. These results strongly suggest that
circulating LPS and/or cytokines act on brain endothelial cells, which, in turn, producegtti?@igh
inductions of COX-2 and mPGESThis seems to represent one of the humoral mechanisms of
immune-brain communication that leads animals verfe

Cao, C., Matsumura, K.,amagta, K. and Watanabe, §1997) Irvolvement of cyclooxygenase-2 in
LPS-induced feer and regulation of its mRA in the rat brain by LPSAm. J Physiol.
272:R1712-R1725.

Matsumura, K., Cao, C., Ozaki, M., Morii, H., Nakadate, K. andtanabe, Y (1998) Brain
endothelial cells express cyclooxygenase-2 during lipopolysaccharide-indweedLfght and
electron microscopic immunocytochemical studi@ésNeurosci.18:6279-6289.

Yamagata, K., Matsumura, K., Inoue, W., Shiraki, T., Suzuki, Kasita, S., Sugiura, H., Cao, C.,
Watanabe, Y and Kobayashi, S. (2001) Coexpression of microsomal-type prostaglandin E
synthase with cyclooxygenase-2 in brain endothelial cells of rats during endotoxin-indreced fe
J. Neurosci.21:2669-2677.
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CORRELATIONS AMONG HEAR T RATE, CORE TEMPERATURE AND BLOOD
PRESSURE IN TELEMETRY-EQUIPPED HYPOTHERMIC RATS

C.B. Matthevy, RW Hoyt and R.R. Gonzalez, U.S. Army Rede#nstitute of Environmental Medicine,
Natick, MA 01760-5007, USA.

Prior to using a rat model ofypothermia and marming to examine heart rate and blood
pressure variability for potential autonomic signaturesypbthermia and sgarming, changes in core
temperature (Tc), heart rate (HR), mean blood pressure (BP), apthamds were definedVaterials
and methods Adult, male Sprague-Ddey rats had telemetry transmitters (Data Sciences,
TL11M2-C50-PXT) surgically implanted (sodium pentobarbital 50 mg/kg, i.p. supplemented as
needed with methoxyflurane to maintain anesthesia), and 2 week®ryeaere allowed prior to
induction of lypothermia. Onthe day of data collection, rats were lightly anesthetized (sodium
pentobarbital 35 mg/kg, i.p.) and placed in a coil of copper tubing through which temperature-
controlled water was circulatedzour animals were each subjected to hypothermia twice with at least
4 days betweenx@osures. Animalsvere cooled to a Tc of 19 to 20°C, maintained there for 30 min,
and then rwmarmed. Tc,BP, HR from ECG and 10 sec strips of EC@wdorms were collectedvery
5 min throughout hypothermia andvarming. ResultsRats were cooled at a rate of 0.228min and
rewarmed at 0.22PC/min; during cooling both HR and BP declined after initial increases with the
drop in HR starting at a higher Tc than the drop in ®Mmilar findings hae previously been reported
in human patients. The correlation between HR and Tc as well as that between BP and Tc were
different during cooling than duringwerming. TheFigure illustrates the correlation between Tc and
HR during cooling and rearming for a total of 8 trial; for cooling y = -1.798x% 115.5x - 1424, R=
0.8805; for revarming y = 0.1875%+ 11.02x - 178.8, R= 0.9117. Acorrelation between Tc and BP
yielded the following equations for cooling y = -0.4214x 24.43x - 215.6, R = 0.6897; for
rewarming y = - 0.1809% + 12.78x - 88.02, R= 0.7412. Inseveral of the trials at Tc < 2%C the rats
exhibited characteristic “J” or Osbornawes in the ECG.Conclusion Thus the rats exhibited cardiac
arrhythmias and other cardiascular anomalies similar to those seen in human patients wighese
hypothermia. Correlationsuch as these could be used in predictingsiofogical status under
environmental extremes. These findings further validate the use of the rat for studying the
pathophysiology of hypothermia andvaming.
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CAUDAL RAPHE NEURONS AND THERMOREGULA TORY EFFERENT CONTROL
R.M. McAllen, J.A. RathneY. Qotsuka, N.C. Owens and DreVaks, Howad Florey Institute,
University of Melbourng3010, Australia.

The rats tail is a major agan of heat loss. Its thermoregulatory function depends on bloead flo
which is under sympathetic control. The central efferent patbwor this are poorly understood.
Three lines of @periment were performed on urethane-anesthetized rats (1-1.5 g / kfjer.gsugery
under 2 % isofluorane). In the first, microinjections of sodium glutamate were useddte dbt cell
bodies of sympathetic premotor neuron groups in the medulla, while sympathetic activity was recorded
from postganglionic axons in the tail and, for comparison, simultaneously from the renal nerv
Neurons in the rostral ventrolateral medulla stronglsited the renal neevkut only weakly afected
tail sympathetic actity. Corversely, medullary raphé neurons had little effect on the renal nente, b
strongly stimulated tail units (Rathner and McAllen, 1999). In a second series, a water jacket around
the animab shaved trunk was briefly perfused with cold rather than warategy which lowered trunk
skin temperature by 2-10°C from restingnwm conditions (35-40°C). Repeated episodes aiserkx
core (rectal) temperature. Cooling of either core or skin temperature independentiecdiil
sympathetic fibre aatity. This actvation could be completely bloekl by microinjecting the inhibitory
amino acid, glycine (200nl, 0.5M), into the rostral medullary raphé (n=6). The critical area
encompassed the nuclei raphé magnus and pallidus av¢heflehe caudal part of the facial nucleus.

A third series was performed on rats anaesthetised as describezl labiogiven bolus doses of
pancuronium (2 mg/kg, i.v.) during recording periods. Paralysis was allowed to Vidzetwéen

doses, and satmftory anaesthesia confirmed by absent withidraeflexes. Single neurons were
recorded from the same raph@ion described abe, and these were antidromically actied from

the upper lumbar spinal cord (thedkof the tail sympathetic outflow). A subset of these raphe-spinal
neurons was reproducibly aaied when the trunk skin was cooledak@n togetherthese findings
suggest that the sympathetic premotor neurons for thermoregulatory control of rat tail vessels reside in
the rostral medullary raphé.

Rathner JA. and McAllen, R.M. (1999) Differential control of sympatheticvdrio the rat tail artery
and kidng by medullary premotor cell groupBrain Res834:196-199.
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INHALATION REWARMING AND COOLING DOES NO T INFLUENCE BRAIN-

STEM TEMPERATURE

Igor B. Mekjavid:?, Klemen Rgédj3, Maja Radobuljaé and Ola Eikef, lInstitute Jozef Stefan,
Ljubljana, Slovenia?Institute of Biomedical and Biomolecular Sciences, University of Portsmouth,
Portsmouth, United KingdontFaculty of MedicineUniversity of Ljubljana, Ljubljana, Slovenia;
4Department of Aviation Medicin8vedish Defence ResehrEstablishment, Karolinska Institutet,
Stockholm, Sweden.

Inhalation revarming is an dkctive method for eliminating respiratory heat loss. Numerous
studies hee dso proposed that it is fefctive in enhancing the rate of warming of hypothermic
individuals, but this vie has been challenged by studies whiclvenaemonstrated that both in
laboratory and simulated field settings, inhalationvarening provides no imprement wer
spontaneous vearming. The present study tested the hypothesis that inhalatweernmang may
provide a thermal increment to central neural structures adjacent to the nasopharyggeal re
specifically the brain-stem, medulla and hypothalamus. In this manhatation revarming, though
not capable of enhancing themaming rate of body core temperature, might act to stabilise the
temperature and hence the function of vital structures in the centralusesystem, responsible for
respiration, cardiac function and temperature regulation. Mpethesis was tested by monitoring the
auditory eoked brain stem responses (AEBRSs) of fourteen subjects (7 male and 7 female) inspiring
room air (24°C) followed by hot air (41°C) saturated with wasgrour and cold dry aiiThe order in
which the latter tw conditions were presented to the subjects was counterbalanced. The latencies of
peaks I, lll and Vand the interpeak latencies (IPLs) I-lll, 1lI-Vand I-V were compared between the
three conditions with a repeated measures ¥AIQChanges in IPLs are senséimakers of changes
in brain stem temperature. The total duration of each condition was 25 minutes, and AEBRs were
recorded during the last 10 minutes. Prior to the measurement of AEBRs tympanic temperature (Tty)
was measured with an infra-red tympanic thermometéere were no significant differences in Tty
peak latencies I, Ill, and,\@d IPLs I-1lI, 1lI-V, and I-V. The results indicate that inhalation of hot and
cold air does not influence Ttyor does it influence the temperature of the brain-steenadifclude
that inhalation r&arming is not capable of a/ming the vital central neural structures adjacent to the
naropharynx in ansignificant mannerConsequentlyit appears unlikely that inhalationwerming is
an efficient means of reviving brain-stem and hypothalamic function in hypothermic victims.

igor.mekjavic@ijs.si
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LESSONS FROM THE PAST - HUMAN AND ANIMAL THERMAL PHYSIOLOGY
J.B. Mercer* and E. Simon, Dept of Medical Physioldggculty of MedicingUniversity of Tomsg,
Tromsg, Norway* and Max-Planck-Instituti&/G. Kerckhoff-Institute D-61231 Bad Nauheim,
Germany.

Early attempts to establish the location of a thergudegory centre in the brain accounting for
the stability of deep-body (core) temperaturg) (i homeotherms found their first landmark in 1912
when Barbour using a ater perfused thermode identified a heat-sensing centre driying the
direction opposite to the change of thermode temperature. Th@iegh@nono-centric concept of
hypothalamic thermogulation encompassing both control and thermosensory functicas w
supported by clinical and pathological studies and firmly cemented in the 60s wihclassical
guantitatve thermode studies and by the digey of warm sensitie hypothalamic neurons. Only in
the late 60s theoretical considerationgdneto question hypothalamic thermosensitivity (HTS) as
being too lav to account for the known stability of homeothermig & problem initially overcome by
proposing the classicalypotheses of adjustable set point control and of multipheaititeraction
between skin and yipothalamic temperature. Also in the 60s the disgo of spinal cord
thermosenstitity as well as of erahypothalamic estigial controller functions within the central
nenous system (CNS) ped the way for studies establishing the multiple-input, multiple-controller
concept of thermoralation by identifying further xrahypothalamic sites of temperature signal
generation, whose contributions, when integrated as deep-body thermasgnsigre shown to
closely match the thermosensitivity postulated to explain thevkrstability of T.. Early monocentric
studies of thermoregulation duringeecise were confronted with the observation of reduced HTS
requiring substantial non-thermal inputs as extraedrifor heat defence. With the multiple-input
concept this hypothetic non-thermal input substituting for the reduced HTS could be fully replaced by
the contrilution of etrahypothalamic thermosensors. Parallel to these studies ideas on neuronal
temperature sensing V& geatly advanced from viewing bimodal peripheral thermoreceptors and
hypothalamic warm- and cold-sengdi reurons as the only relant signal generators wards a
verycomplex picture including monomodality of peripheral warm and cold thermoreceptors and
multimodality of deep-body thermosensors. Our concepts on thermosensory specifeitydizally
changed, and today it appears that the deep-body temperature signal is only in part provided by
thermoreceptie dferents, while its major fraction is generated by interneurons that are for the most
part warm sensite. Predominance of multimodality among neurons generating thermal inputs within
the CNS seems to contute to the interactions between thermoregulatory and other homeostatic
control systems that are increasingly elucidatederfas a ratural disturbance of homeothermia has
been an important correed for our understanding of toT _ is regulated. That febrile_Ithanges are
regulated was disa@red as early as 120 years adgttarting in the 4@ with the important distinction
between exogenous and endogenoyogens, research into the latter has continued to disclose
multiple interacting gtokines driving may cellular and humoral host defence activities with
prostaglandins being an important mediator between cytokines and hypothalamic targets generating
febrile hyperthermia. Previous views of thgamum vasculosum laminae terminalis as a monocentric,
virtually exclusive Hood-to-brain interface for fer mediation are changing and very recent data
support a multiple input systenmvislving vagal and somatic afferents as putafyrogen sensors.

james.mercer@fagmed.uit.no
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AN EXPERIMENTAL MODEL FOR EXAMINING CHANGES IN SKIN
TEMPERATURE IN THE HANDS AND FEET OF YOUNG AND ELDERLY
SUBJECTS IN RESPONSE T LOCAL COOLING

L.K. Rasmussen and J.B. Mercer*, Institute of Exercise and Sports Sciences, University of
Copenhgen, Denmark, and *Department of Medical Physioldegculty of MedicingUniversity of
Tromsg, Tomsg.

An important component in the regulation of body temperature is skin blogdefipecially in
peripheral sites such as hands and feey. ifmpairment of vasomotor control in these skin areas can,
in addition to causing tissue damage, compromise thegulateon and may under certain
circumstances, be detrimental for health. While pathgsiplogical related changes in the control of
skin blood circulation (usually reduced blood flow) are often clearly discernible, natural age related
changes in the heaitlelderly are less well documented and opinions vary concerning the degree and
pattern of these changes. The object of this stualy/tav design a reliable, repeatable and, neasive
experimental method for examining lugoeripheral circulation in the extremities (hands and feet) is
affected by a short period of local colgpesure and which can be easily applied to both young and
elderly subjects. Thexperiments, which took place in a climatic chamber under thermoneutral
ambient conditions (J26-28°C), were carried out in 12 young male (mean age 25 years) and 8 elderly
female and 4 elderly male (mean age 77 years) lyeadthnteer subjects. During the experiments, the
lightly clothed subject sat in a comfortable stool while resting either their hands or their feet (palm/sole
down) on a thin grid made of nylon nettingollewing a 30 minute control period to establish base line
values (a generally vasodilated state with particular emphasis on the presence of thermal symmetry
between the left and right sides of the body) the right hand or the left &soinwnersed for a period
of 2 minutes in 10°C water (a thin plastic bag was worn during the immersion periedidcskin
wetting). Throughout the xperiments measurements of surface temperatures (infra-red thermal
imagery and thermocouples) and skin bloo@ f{taser Doppler flowmometry) were made at multiple
skin sites. Blood pressure and heart rate were also measured. Calculations were made of tles time tak
for skin temperatures in the ‘cold’ hand or foot tgae 80% of the cold induced drop in temperature
(recovery time). None of the subjects found the experiments to be discomforting. The main findings
were:- 1)Under thermoneutral ambient conditions skin temperatures on the hands and feeivesere lo
in the elderly than in the young subjects. 2) Under thermoneutral ambient conditions skin temperatures
on the feet were alys lower than on the hands in both the young and elderly subjects. 3)eReco
time after cooling was wiys longer in the elderly subjects, both for hands and for the feet. 4) In both
young and elderly subjects reepoy time was alays shorter for the hands than for the feet. The results
clearly indicate that the peripheral responses to local cooling differ in the hands and feet and, in
addition are altered with increasing age. The sentgitof the method indicates that it may be a
suitable model for the early detection of bloodnfldisturbances associated with peripheral arterial
disease.

james.mercer@fagmed.uit.no
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BRAIN, CAROTID ARTERIAL BLOOD, AND ABDOMINAL TEMPERATURES IN
UNRESTRAINED BABOONS

D. Mitchell, A. Fuller G. Mitchell and S.K. Malong Brain Function Reseah Unit, University of the
Witwatersrand, JohanneshyrSuth Africa.

Baboons Papio ursinug are the only diurnal non-human primates toéalonized the open
grassland sannas and arid sand plains of Africa. Ongdthesis seeking to explain their success
invokes slective krain cooling, dependent onaporation within the large muzzle (Wheeler 1988t b
no one has iestigated whether baboons actually can emp$electve lrain cooling. Another
potential mechanism is adami heterothermy; baboonsving in the Namib Desert ha a
nychthemeral rhythm of body core temperature with amplitude deaeels 3°C, which is increased to
[6°C when thg do mot have acess to drinking water (Brain and Mitchell 1999)e \Wabituated
baboons that originated from troops inhabiting the mesic southern boundary of South Africa to a
constant-temperature environment (25°C) in an indoor animal hogsieaphanted fine thermistors, in
guide tubes, into one carotid artery and into the brain, just dorsal tygbehhlamus, usingdtamine
(10 mg/kg i.m.) sedation, thiopentone sodium (4 mg/kg induction and halothane (2% inhalation)
anaesthesia. The leads from the thermistors were tracked subcutaneously to miniature thermometric
data loggers in the baboons’ abdominal cavities. 880 inserted a logger in the abdominaVita
itself. All loggers had a calibrated accuraxf <0.1°C. After recwery from sugery, the baboons were
transferred, in pairs but in separate cages, to a climatic chamber where we could contuth dry-b
temperature and humidjtgnd impose a 12-hour (06:00 to 18:00) light/daykle. Baboonsvere fed
and their cages cleaned once a,day otherwise were disturbed as little as possible.yTwere
exposed for seen consecutie cays to a constant benignvénonment (23°C, 12 g/fabsolute
humidity), and also to a cyclic environment whichssramped from 15°C, 9 gfmat (8:00 to 35°C,

15 g/n? at 10:00, and then back to starting conditions between 15:00 and 17:00. Mean radiant
temperature was equal to air temperature, and wind speed was <0Bontiso of the days, in both

the constant and the cyclic environmenatev was withheld from the baboons, and fruit reeddrom

their diet; on all other days théad waterad libitum.Carotid artery and abdominal temperatures were
similar, and showed a nychthemeralythm with acrophase around mid-gdand a trough-to-peak
amplitude of about 1°C in the 23°C environment. The amplitude was increased by diurnal heat stress,
without nocturnal temperatures being affected. The amplitude more than doubled by the
combination of diurnal heat stress and water defon, but did not attain that exhibited by
dehydratedP. usinus in the extreme Namib Desert\@onment. Brain temperature vee was less

than arterial blood temperature, and reached 40°C in the heat-stressed dehydrated Ralrsions.
therefore does not appear tovlbahe capacity for seleete krain cooling. The baboons’ success in
African arid zones may depend,wever, on employment of adaptie heterothermyto consene body

water.

Brain C., Mitchell D., 1999. @mperature changes in free-ranging baboBagi¢ hamadryas wginus)
in the Namib Desert, Namibidnt. J. Primatol. 20:209-217.
Wheeler P., 1988. Stand tall and stay chielv i. 118(1612):62-65.
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ESTRADIOL EFFECT ON THE ADRENAL CORTEX CITOMORPHOLOGY IN

RATS ACCLIMATED T O DIFFERENT ENVIRONMENTAL TEMPERATURES

N. Mitevd, F. Popovska-Percincand M. Jordanovh 'Department of Zoologyaculty of Sciences,
and?Veterinary Medicine University of SkopjeMacedonia.

Many lines of evidence v dressed that estradiol piakes dhanges on the adrenal corte
(Malendavicz and Jachimowicz, 1982; Gorzalka and Moe, 1994). The literature concerning
hyperthermia and the effect of estradiol on the citological characteristics of the adremnalisorte
unclear The aim of this study was to determine the effect of estradiol onytb&istology of the
adrenal corte of testectomized (Wistar strain) rats, acclimated to room (18-22°C) aypkeattrermic
(34-36°C) emironment. The control animals were intact and testectomized rats from both ambient
temperatures. The acclimation of the animals to the hyperthermic environment was performed
continuously: 30 days in a warm chamber at 34-36°C andveslatimidity of 35-45%. On the animals
was arried out a bilateral testectonBstradiol (estradiol dipropionat- + - 3 -dipropioniloxi-1,3,3°
- estratriena, Galenika) was administrated intramuscuylarigoses of 1 mg/100 g body massl(ume
0.1ml). The treatment was during four days, and sacrifice of the rats was 24 hours after the last dose.
The results she that the treatment with estradiol significantly increased the adrenal mass,
independently of the pveous thermal acclimation (p<0.001), in comparison to the control and
testectomized rats. The presence of the lip@sugles in the corticocytes in the testectomized and
estradiol treated rats was slowly expressed in the rats from room temperature daspiscglimated
rats. From the results obtained, it can be seen that in the testectomized and estradiol treated rats, the
presence of the zona intermedia was significantly prominent. The hyperemia of the adreral corte
(especially in the rats from high temperature) was increased. The disturbance agahdetmn of
the histoarchitecture, especially in some parts of the adrenak,corés evident. Mitosis of the
spongiogtes was observed. These changes were more prominent in the animals acclimated to room
temperature (18-22°C).

Gorzalka, B.B., Moe, 1.V1994. Adrenal role in proceptivity and receptivity induced by tmodes of
estradiol treatmenPhysiol. Behab5, 29-34.

Malendavicz, L.K., Jachimowicz, B. 1982. $dlifferences in adrenocortical structure and function.
XI. Autoradiographic studies on cell proliferation and tweran the adrenal corteof the male
and female rat and its dependence on testosterone and esGallibissue Re27, 651-657.

nmiteva@iunona.pmf.ukim.edu.mk
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GLYCOGEN PHOSPHORYLASE ACTIVITY DURING ACCLIMATION T O HIGH
ENVIRONMENT TEMPERATURE IN FED AND FASTED RATS

S. Mitey, S Dinevska-Kwkarovska and B. Miova, Department of Physiology and Biochemistry,
Institute of BiologyFaculty of Natural Sciences, Gazi Baba bb, 1000 Sk&ejeublic of Macedonia.

The aim of this gperiment was to analyse the correlation of hepatic glycogen phosphorylase
actiity (a+b anda) with liver glycogen content and blood glucoseden fed and 4-days fasted rats,
during the acclimation to hyperthermic environment. Txfgeaments were performed on adultstsr
male rats. Fed animals were divided into 8 groups: 1, 4, 7, 14, 21, 30 and 60 days of acclimation
respectrely, and control group. Four days fasted animals were grouped in 7: 0+4, 3+4, 10+4, 17+4,
26+4 and 56+4 days of acclimation, respestyi and control group. Heat acclimatiora® obtained in
a Yecial heat-chamber with regulated temperature of 35+£1°C and air humidity of 20-30%. Control
animals were &pt at a room temperature of 20£2°C. After ether narcoges,dieces were taken and
frozen in liquid nitrogen. Blood was tak from vena o& posterior In fed rats, there was significant
increased in the glycogen phosphorylase aiactonly in the beginning of acclimation period.ver
glycogens content was significant increased after weeks till the end of acclimation period. The
correlation codfcient depending on time of exposition was significant (r=0.927). Higmcammental
temperature caused significantly decreasing of blood glucededigring whole acclimation period,
(r=-0.956). There is mgtive arrelation of changes inviér glycogen content with blood glucosesée
(r=-0.746). In fasting condition, there were decreasedigctf both forms of glycogen phosphorylase
actwity (r=-0.617 foratb, r=-0.589 fora), and decreasedvér glycogen content (r = -0.896) during
whole period of acclimation. There is poggimrrelation between glycogen phosphorylasevagti
and Iver glycogen content (r=0.712 fa+b, r=0.680 fora). Blood glucose Mal is not changed in
fasted groups during acclimation to high temperature.

suzanadk@iunona.pmf.ukim.edu.mk
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AN ENVIRONMENTAL STRESS INDEX (ESI) AS A SUBSTITUTE FOR THE WET
BULB GLOBE TEMPERATURE (WBGT)

D.S. Morart, K.B. Pandol, Y. $apiro!, Y. Heled, Y. $anit, WT. Matthew? and R.R. Gonzaléz
IHeller Institute of Medical Resear, Tel Hashomersrael andPUSARIEM, Natick, MA, USA.

In 1957, Yaglou and Minard deloped the WBGT as a thermal indealculated as follws:
WBGT=0.7T, +0.2T +0.1T, where: T = wet bulb temperature, gT black globe temperature, and T
= ambient tempera?ure ThIS indldas been usedkensvely for evaluating environmental heat stress
in the US Army and Ngy, during sport activities, and for determining safety guidance fukevs in
different occupations. heever, WBGT was found to be limited invdluating heat stress mainly due to
the incowenience of measuringgTA new environmental stress inde(ESI), based on J relatve
humidity (RH), and solar radiation (SR) aw deeloped as follows: ESI=
0.63Ta-0.03RH+0.0028R+0.0054§RH)-0.073(0.1+SR}. The purpose of this study was to
determine whether the ESI could be used as an alwenfati WBGT. The ESI was applied to
databases obtained from 3 different climatic conditions in Israel, anc@mpared to the WBGThe
correlation coefficients between theotimdices were found to be high as follows:

Climate =3 P Measurements

Hot/wet 0.982 0.001 8,328

Hot/dry 0.981 0.001 8,426
Extremely hot/dry  0.985 0.001 8,795

These results strengthen the possibilityv@wating heat stress by ESI using the more common,
fast response and accurate climatic measures (e,gRH) and for the first time including solar
radiation as aariable in thermal stress assessmentvéter, more studies should be done for further
validation.

Yaglou, C.Pand Minard, D. (1957) Control of heat casualties at military training cemtezis. Indus.
Health16:302-305.
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ASSESSMENT OF HEAT INTOLERANCE
D.S. Moran, YShani, Y Heled, A. IFank, Y Epstein and YShapiro, Heller Institute of Medical
Reseath, Sheba Medical Centeflel Hashomerisrael.

The heat tolerance test (HTT) suggested by Shapiro et al. is applied in the Israeli army (IDF) for
evay post-heat strak a heat exhausted soldjeand whenger there is a suspicion of heat intolerance
(HI). The HTT consists ofxercise in a hot/dry climatic condition of 40°C, 40% relatiumidity
(RH). After 10-min rest, subjects perform a treadmill walking at a constant speed of 13¢ra*8%
grade for 120 min; the psiological criteria for heat intolerance are rectal temperatygpXB8.5°C
or heart rate (HRe 160bpm. The purpose of this studysvto re-eaduate the test and consider
broadening it. Nineteen post heat stakale subjects participated in this stu@y6 weeks after the
collapse, the performed an HTTand a week lateranother test consisting of the same protocol but in
comfort (20°C, 50% RH) climate conditions (CTT),&nd HR were monitoredsery minute. Oxygen
consumption (D,) was measured after 50 and 100 min ®éreise and sweat rate () was
calculated from changes in body weight before and afterxdreige, corrected for ater intale and
urine. The measured physiological variables,(HR) were higher (P<0.05) during HTT in
comparison to CT,Tand the CTT results were not predietifor individual's tolerance to heat. No
significant differences were found in,yand VO, between the heat tolerant (HT) and the HI groups or
between the twdimates.

Five subjects were categorized as HI with, Bf > 38.5°C or HR= 160bpm. Based on the
physiological strain inde (PSI) and the slope of these variables, another subject could bercad
as HI. Therefore, it is suggested that the criteria for HI during the HTT will be as follows:

T.(°C) | HR (bpm) | PSI (units
>38.5 >160 >7

During HTT, the slope was significantly higher (P<0.05) for bothahd PSI in the HI group
between the 60th-70th minutes of the H&1d after the 58 min throughout the HTT only for PSI.
Absolute values of T and HR, without accounting for the dynamics of changes, are limited in their
ability to assess HI. It is suggested that PSI, which accounts for both the abshietand the change
during the exposure, is a more suitable ¥ the assessment of HTT.

In conclusion, CTT is not essential for the assessment of heat intolerance. Adding the PSI and its
slope in the assessment of heat intolerance strengthens the criteria and assures also that the change
T,.and HR and their dynamics during the test will be included inuilaation.

Shapiro, Y., Magazanik, A., Udassin, R., Ben-Baruch, G., Schwartz, E. and Shoen(®8¥ 9 Heat
intolerance in former heatstrelatients. Ann. Int. Med90:913-916.

Moran, D.S., SnitzelA., Pandolf and K.B. (1988) A physiological strain irde evaluate heat stress.
Am. J Physiol.275:R129-R134.
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THE ROLE OF GLOBAL RADIATION MEASURED BY A LIGHT SENSOR ON

HEAT STRESS ASSESSMENT

D.S. Morar, K.B. Pando#, Y. $iapiro’, A. Frank!, Y. Heled', Y. $anit, WT. Matthew and R.R.
Gonzalez, Heller Institute of Medical Resear, Tel Hashomenrsrael and® USARIEM, Natick, MA,
USA.

The Wet Bulb Globe Temperature (WBGT),vdeped in 1957 by &glou and Minard and
considered to be as the most common heat stress, iisd@ use by the US army and has also been
adapted by the World Health @aization (WHO). The WBGT is calculated from ambient
temperature (J), wet hulb temperature (), and black globe temperature TThe T is usually
measured by a thermometer surrounded by a 6” biazk sphere, and quan%fles the global radiation
component of the thermal load. Wever, measuring T is cumbersome in mgrcircumstances for ta
main reasons. First, Tmeasurement requires about 30 min for the instrument to reach equilibrium.
Second, the blackened sphere is of a redgtibig size (6”). Therefore, measuring, Hecomes
inconvenient and simply not practical, especially in transient situations. The purpose of this atudy w
to evauate a ne relatvely small (5 mm) light sensor for measuring solar radiation for use in heat
stress assessment. Global radiatias wising from three instruments: black gIobg),(Pyranometer
(P), and light (L) senspin Israel for 25 days, from 09:00 am until 17:00 pm during September -
October Analysis of the daily collected data from these three instrumevdaled, in spite of the
different units, the same pattern for P and L during eachwdegre T was dower in its response and
lagged behind P and L in its values. Therefore, we constructed anodel, which cowerted and
predicted the L data measured in mv for P values measured sm?Was follovs:
P=-13.81+0.619L-0.00012278L Wem™. The analyzed data contained 771 measurements and the
correlation coefficient between P and L were very highr(f®33, P<0.001). Therefore, we concluded
that the L sensor has the potential to measure global radiatioreveipmore studies should be done
for further validation. This conclusion iy encouraging since there are already existing micro-
sensors for measuring, @nd relatre humidity (RH) in use. In this studyve explored the possibility
of developing a n&v heat stress indebased only on fast responseveonmental micro-sensors (e.g.,
T, RH, and L) that can be assembled into a small portable device.

Yaglou, C.Pand Minard, D. (1957) Control of heat casualties at military training centers. Arch. Indus.
Health 16, 302-305.
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RAPHE PALLIDUS NEURONS MEDIATE INCREASES IN BR OWN ADIPOSE
SYMPATHETIC OUTFLO W EVOKED BY COOLING PREOPTIC

HYPOTHALAMUS

S.F Morrison, Department of PhysiologMorthwestern University Medical School, Chicago, IL, USA.

Neurons in the medial preoptic area of the hypothalamus (POAH) play an important role in
sensing alterations in body core temperature and initiating autonomic andob&heesponses to
return body temperature to a set poineleDisinhibition of neurons in the rostral raphe pallidus4RP
has recently been shown to produce large increases in sympathe&castafity to brown adipose
tissue (B\T). To begn to elucidate the pathays mediating the increases in brown adipose
thermogenesis initiated to compensate foalkih body temperature, experiments were performed to
determine if an increase in the activity of neurons in tha Wd3 required for the stimulation oAB
sympathetic new ectivity in response to cooling of the RE with a waterperfused thermode in rats
anesthetized with an intrenous administration of urethane (800mg/kg) and chloralose (60mgfkg). F
recording of sympathetic activity from nertranches entering the ventral surface of the interscapular
BAT, rats were paralyzed with tubocurarine (imeraous, 1.2 mg/kg), pneumothoracotomized and
artificially-ventilated with 100% ©Q Maintenance of adequate anesthesia was determined by the
absence of withdwmal reflexes between periods of paralysis. Microinjection (60 nl) of the
GABA ,-receptor agonist, muscimol (2mM), to inhibit local neurons im R®duced a prompt and
complete reersal of the increases in amplitude and freqyesfche bursts in the sympathetic nerta
interscapular BT evoked by perfusion of a stereotaxically-positioned POAH thermode with chilled
water (£C). Similarly, prior microinjection of muscimol into RPprevented the increase inA
sympathetic new ectivity normally seen upon cooling of the POAH. These data indicate that neurons
in RPa ae required for the excitation of the sympathetic outfio BAT that normally increasesA
thermogenesis in response to a fall in body core temperature. Such thermogenic neurensagy RP
function as sympathetic premotor neuronsvyaing the essential excitatory dei b sympathetic
preganglionic neurons controlling Al thermogenesis.

Supported by NIH DK-20378 and DK-57838.

s-morrison2@northwestern.edu
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COLD VASCULAR HUNTING REACTIONS OF THE TOE IN COLD AIR IN NON-
ATHLETES AND JUDO PLAYERS

H. Murakami, N. Tanaka, ¥nga, YAshikaga, H. Sawada, Jsujita and S. Hori, The Res. Int. for
Modern Physical Education, Kyoto Sangyo Universiyoto, Japan.

Twenty three male non-athletes wamsity students and 15 male ueisity judo players were
selected as subjects. The subjects, clad only in shorts and under shirts, sat resting in a climatic chambel
at 17-18°C for 30 min. Then, théenserted their both legs up to the knees into a cold air box at 5°C for
60 min. Skin temperature on the center of dorsal surface of the distal phalax of the left seca@sd toe w
recorded continuously during periods of 10 min before cofwbsure, cold exposure and reexy for
20 min. In estimating the cold digital hunting reaction, following characteristics of changes in skin
temperature during cold exposure; the temperature of the first rise (TFR), the time for the first
temperature rise (TTR) and the mean skin temperature (MST) were used. The mean values of the skin
temperature for 50 to 60 min after cold exposuas wsed as the MSAnthropometric measurements
including measurements of the second left toe girth (STG) were performed. &alalar hunting
reactions were observed in 14 judo players (93%) and 11 non-athletes (48%). Judo playeus sho
higher mean values of skin temperature before caidsire and TFR while those of TTR and MST
were smaller in judo players than in non-athletes. These characteristics ofasoldav hunting
reactions of the toe in judo players might be induced by physical training as well as cold acclimation.
Positve mrrelation vas found between MST and STG. Skin temperatures of short and thick toe are
higher because amount of heat dissipation from skimseiis proportional to skin surface and amount
heat production in toe is proportional to mass of toe. Resitdrrelation was found between
percentage of the body fat and temperature before exposure to cold (TB) oN&f@ive wrrelation
was found between TTR and TFR or MSIThese characteristics of the toe in cold air are essentially
the same as those of finger observed during exposure of finger to cold water or cold air.

mhiromi@cc.kyoto-su.ac.jp
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EFFICIENCY OF THERMOREGULATION IN PRECOCIAL AVIAN SPECIES IN
THE PRENATAL PERIOD

M. Nichelmann, A. Burmeistéd. Janke, and B. Tzschengk AG Perinatale Anpassungiumboldt-
Universitat zu Berlin, Berlin, Germany.

Precocial birds are able to increase thermoregulatory heat production (HP) immediately after
hatching with decreasing ambient temperatugg.(lhformation on HP during embryonicvé®pment
in birds are contradictiongrgxtending from a transient metabolic response to cooling with 200
HP between 1.0 and 2.0 to a typical poikilothermic reaction in altricial bird embryos. Because of these
differences standardised experiments foo tprecocial avian species (Musgo duck, Cairina
moschata;Domestic fovl, Gallus gallug were carried out to search for evidence of endothermic
reactions. The eggs were incubated at 37.5°C and at aeaathumidity of 70%. After 60 min the
influence of lower (31.5°C , 34.5°C or higher (40.3°@)oh HP 6xygen consumption) and body core
temperature (Taf) were estimated for a duration of 3 h. From the relationships bealvaad HP the
Q,, of HP was calculated. The results ofperiments sho that (1) with decreasing Taf the HP
dropped generallyin some cases, the paraboladikunction describing these relationships vsbd
extreme values situated 1 to 2.0°C lower than the maximum Taf. (2) The calculg®ds3ed the 2.0
threshold mostly between 34 and 36°&f.TTh some cases no crossing was observed; mostly in older
embryos or when thealTwas depressed quickly3) Generally the eficiency of the endothermic
reactions during the embryonicvépment was very le. During the last day of incubation, in the
Muscovy duck as well as in the chicken after a 3-h-cold load with decreaaitige Traf dropped in a
linear fashion with a regression cheent about 1.10 in both species. (4) HP increases in embryos of
both species during heat load was either less than calculated banthéleff rule or HP dropped.
Summarising, the results shdhat embryos of precocial birds are endothermic in the last third of
incubation. The measured HP of endothermic animals at temperatures thelathermoneutral
temperature is the result of awdfferent processes: the thermguéatory HP and the ergyr
metabolism following thean't Hoff rule. In avian embryos a drop off] mostly causes a decrease of
net HR but the decrease is more moderate than predicted byatfteHoff rule. A Q,, of more than
2.0 demonstrates the absence of endothetngy, , lower than 2.0 shows that an endothermic reaction
occurs. When the Qis lower than 1.0 the increase of HP due to the thermoregulatory mechanisms is
higher than the decrease of HP due to taetwHoff rule and a net increase of HP occurs with
decreasing core temperature. The goal of prenatal endothermy has to be different from that dealing
with proximate support of thermayelation. It is postulated that endothermic reactions during the
prenatal period hee dtimate influences rather than proximate influences on tfieieeity of
thermoregulation.

martin.nichelmann@t-online.de
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HYPERTHERMIA, EXERCISE AND CENTRAL F ATIGUE IN HUMANS
B. Nielsen and L. Nybo, Institute of Exercise and Sport Sciences, University of Gmpeblgamark.

The mechanism(s) underlyingyperthermia-induced fatigue resulting from prolongger@se
in hot ewironments, is not well understood. Oxygen consumption, muscle bloadafid brief
maximal voluntary contraction force (MVC) are similar in hyperthermic and normothermic athletes.
Furthermore, neither the small increase in muscle glycogen breakdactate production nor
potassium release can explain the early fatigue wigretthermia (Nielsert al1993, Rrkin et al.

1999). This study tested the hypothesis that “central fatigue” is a negtor fassociated with
hyperthermia-induced fatigue. & endurance trained men (¥, 65+2 ml min' kg”(mean + SE)]
exacised at 60% @, . on a cycle ergometer in a hot (40°C;18% rh; hyperthermia) and in a
thermoneutral environment (18°C; 48% rh; control). In thypenthermic trial, the oesophageal
temperature increased throughout theer@se period reaching a peak value of 39.9+0.1°C at
exhaustion after 48+4 min ofkercise. In the control trial xercise was continued for 1 h without signs
of fatigue with a stable core temperaturelB8.0+0.1°C. Immediately after the cycle trials, subjects
performed 2 min of sustained maximal isometric kneeresion (MVC). During MVC electrical
stimulation (250 ms squareawe EL) was delered every 30 s ton. femoalis, in order to assess the
degree of voluntary aegtion.

Results: MVC was similar during the first 5 s of contraction (454+38 N ypérthermia vs.
450148 N in control). Hereafter the force declined in both trials, but the reduction in Mg@nare
pronounced in the hyperthermic trial, and significantly lower from 30 s to the end of the contraction in
hyperthermia compared to control (see the Figure). Calculation obtbhatary actiation percentage
(MVC/MVC+EL) showed that voluntary agtition was markedly lower inyperthermia (54+7%)
compared to control (82+6%). In contrast, total force of the knee extensors (MVC+ force from EL)
was ot different in the hyperthermic and control trial (see the Figure).

Conclusion: These data demonstrate that hyperthermia resuits in a reduced fesiopment
during prolonged maximal isometric contractions, and the attenuated performance is associated with a
“central fatigue” - i.e. reduced voluntary aetion.
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Nielsen, B., Hales, J.R.S., Strange, S., Christensen, Nashey/ J. and Saltin, B. (1993) Human
circulatory and thermo-geailatory adaptations with heat acclimation andr@se in a hot dry
environmentJ. Physiol.460:467-485.

Pakin, J.M., Carg, M.F.,, Zhao,S. and Febbrairo, M.A. (1999)fdtt of ambient temperature on
human skletal muscle metabolism during fatiguing submaximadrase. J. Appl. Physiol.
86:902-908.
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EFFECTS OF HYPEROSMOLALITY ON BOD Y TEMPERATURE AND ARTERIAL
PRESSURE REGULATIONS DURING EXERCISE IN THE HUMAN

Hiroshi Nose Yoshi-ichiro Kamijo, Tadashi Okumoto, Yoshiaki Takeno, Kazur@kazaki and Shizue
Masuki, Department of Sports Mediciisinshu University School of Medicir1-1 Asabhi
Matsumoto 390-8621, Japan.

Hyperosmolality by dehydration has been reported to suppress cutaneous vasodilation and
sweating in hyperthermia é&kamateet al, 1997). Havever, the physiological role of the suppression
has not been elucidated yet. Recemilgkajimaet al. (1998) reported inveake and passiely heated
rats that mean arterial pressure (MAP) decreased with a rise in tail skin bloo{SRBF) in a
hypovolemic and isosmotic condition, whereas inygpdvolemic and hyperosmotic condition MAP
remained unchanged with the suppression of tail skisodilation. Thg concluded that plasma
hyperosmolality stimulates pressor responses in tigpovoelemic condition that subsequently
contribute to arterial pressure regulation during heat stredarateet al. (1995) reported in resting
and passely heated humans that the hyperosmolality-induced suppression of sweating was released
by oropharyngeal refkes by dinking such a small amount ofater as altered neither bloodlyme
nor plasma osmolalityHoweve, they did not find ay significant changes in SkBF and MAP after the
drinking. Howvever, during eercise in heat and also in thedovolemic condition, where SkBF
competes with muscle blood Wodrinking would release the hyperosmolality-induced suppression of
cutaneous asodilation as well as sweating, resulting in a fall in MAP due to increased total peripheral
conductance. @ examine the hypotheses, 6 male subjects underwentdration states; 1) normal
plasma volume (PV) and isosmolality trial, 2WI®V (APV = -10%) and isosmolality trial, 3) normal
PV and hyperosmolalityAPosm = 10 mOsm) trial, and 4)wadPV and hyperosmolality trial. The
hydration states were attained in separafgeemental days in each subject by prior administration of
diuretics, intraenous hypertonic NaCl solution and/or 24-hater restriction. After the treatments,
subjects eercised with a cycle ergometer at 60% of maximal aerobigepdor 50 min in a hot
ernvironment (atmospheric temperature of 30°C and xelatumidity of 50%). After esophageal
temperature, forearm SkBF (bynous occlusion plefismograpl), and sweat rate (with humidity
sensor placed on chest surface) reached a plateau by 15 -20 méncideg subjects drank the small
amount of water of 37°C (100ml). Immediately after the drinking, SKBF and sweat rate in the
hyperosmolaity trials increased by 5-10% abdie base line, accompanied by the reduction in MAP
by 5-10 mmHg. Havever, we dd not find ai significant changes in these variables after the drinking
in the isosmolality trials. There were no significant reductions in plasma norepinephrine and
vasopressin concentrations after the drinking were trial. These results suggest that the
hyperosmolality-induced suppression of cutaneoasodilation contribute to arterial pressure
regulation rgardless of blood volume duringercise in a hot enronment in humansMoreover, the
suppression may be caused by attenuatedeaetisodilator system ub not by enhanced ae#
vasoconstrictor system such as by increased sympathetic nervous activity asdfomessin release.
Finally, the suppression may be released by drinking via oropharyngeaésefle

Nakajima, Y et al. (1998) Plasmdnyperosmolality and arterial pressurgu&ation during heating in
dehydrated andwaeke rats.Am. J Physiol.275, R1703-R1711.

Takamata, Aet al. (1995) Osmoregulatory modulation of thermal sweating in humansx effects
of drinking. Am. J Physiol.268, R414-R422.

Takamata, Aet al.(1997) Osmorgulatory inhibition of thermally induced cutaneous vasodilation in
passvely heated human#&m. J Physiol.273, R197-R204.
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MIDDLE CEREBRAL ARTER Y BLOOD FLOW VELOCITY IS REDUCED WITH
HYPERTHERMIA DURING PROLONGED EXERCISE IN HUMANS
L. Nybo and B. Nielsen, Institute of Exercise and Sport Sciences, University of Gmpedlsamark.

The present study examined the effect of hyperthermia on the middle cerebral artery mean blood
velocity (MCA V) during prolonged xercise. W\ hypothesized that the cerebral circulatioould
be impaired when hyperthermia is superimposed durkegcise and assumed that this could be
obsered as a reduced MC¥_ __ . Eight endurance trained men [y 70+1 ml min't kg (meant
SE)] performed tw exercise trials at 57% of ), . on a cycle ergometer in a hot (40°C;
hyperthermic trial) and in a thermoneutral environment (18°C; control trial). In the hyperthermic trial,
the oesophageal temperature increased throughoutxdneise period reaching a peak value of
40.0t0.1°C at exhaustion after 58 min of exercise. In the control trial x@rcise was maintained for 1
h without ary signs of fatigue and with core temperature stabilized at+8718C after ~ 15 min of
exacise. Concomitant with the ddopment of hyperthermia, MCA/,_ . declined by 263% from
73+4 cm s at the beginning ofxercise to 544 cm st at exhaustionR<0.001). In contrast, MCA
V hean Ff€Mained unchanged at 70-72 crh throughout the 1 h control trial (see the figure). When
individually determined regression lines for MGA, _and arterial R, obtained during preliminary
exacise tests were used to ascribe for théerbhces in arterial B, between the hyperthermic and
control trial, it appeared that more than half of the reduction in MCA (56£8%; see the figure)
was related to a ypenentilation-induced drop in arterial carbon dioxide pressure. Declining cardiac
output and arterial blood pressure during tizpenthermic trial presumably accounted for the last part
of the reduction in MCAV___. The present results clearly demonstrate that thvelafEment of
hyperthermia during prolongedkercise is associated with a matk reduction in middle cerebral

artery mean blood velocity.
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SWEATING REGULATION DURING EXERCISE WITH ALTERED METABOLIC

HEAT PRODUCTION BY COMBINING DIET-INDUCED THERMOGENESIS

N. Ohnishi, TOgawa, J Sugenoya and K. Suzuki, Department of Human Sciences, Aichi Mizuho
College, Dyota, Japan and Department of Physioloyghi Medical UniversityNagakute Japan.

It was reported that sweat rate depends on the total heat production certigeerather than
body temperatures (Nielsen and Nielsen, 19@%)is observation is considered to be one of the bases
for the typothesis which the sweating activity is augmented by the non-thermal factor duenciges
In order to confirm this hypothesis, this study was directed to probe relationships between sweating
activity, body temperature, metabolic heat production and workload duwagise with altering
metabolic heat production by combining with diet induced thermogenesis (DIT). Experiments were
carried out in three conditions on treefeliént days in a climatic chamber set at 30°C with redati
humidity of 40%. The fig young male wvlunteers participated in the sequential experiments as
follows. Inthe first experimental day (Condition E), the subjects rested in a sitting position for more
than 50 min without food intakaend then meed onto a bicycle egometer placed on a bed balance and
exacised at the wrkload of 50 W for 50 min. In the second experimental day (Condition E+D), the
subjects ingested an 800 kcal meal 90 min before commencing withxéf@se session at the
workload of 50 W In the third experimental day (Condition E-D), therkload was adjusted so that
the metabolic heat production duringecise was offset by the diet by monitoring the oxygen
consumption (d,) minute by minute using respiromonitor (AE280, Minato, Japditje whole body
sweat rate was recorded as a rate of body weight loss by using bed balance. Local sweat rate w
measured on a flexor area of bilateral forearms according to capaciygnométry The temperatures
of esophageal (), tympanic (‘[) and skin suece (T; chest, arm, thigh and calf) were continuously
recorded by thermistors. ;J'T Vo, and HR were greater in Conditions E+D and E-D than in
Condition E in the resting perlod |mmed|ately prior xereise. After the onset ofxercise, the dgree
of the increase in & was geater in Condition E+D than in Condition En Condition E-D, the
workload decreased orverage to 35.8 W The degree of increase inJ T, and mean body
temperature calculated from br T, and T from the baseline of the resting period (without DIgsw
greater in Condition E+D than in Condition E. On the other hand, the degree of increase in body
weight loss and forearm sweat rate in Condition E+D corresponded with those in Condition E.
However those sweat rates decreased in Condition E-D as compared with those in the other
Conditions. The sweat rate correlated closer to tbekiwad rather than the body temperature or
metabolic heat production. These results reinforced gmothesis that non-thermal mechanism
facilitates the sweating activity duringecise.

Nielsen, B. and Nielsen, M. (1965) On the regulation of sweat secretiorerrise. Acta Physiol
Scand64(4):314-22.
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MENTHOL-INDUCED EXCIT ATION IN CULTURED COLD-SENSITIVE NEURONS
M. Okazawa, TTerauchi, T Shiraki, K. Matsumua and S. Kobayashi, Biological Information,
Graduate School of Informatics, Kyoto UniversKyoto Japan.

When applied to the oral cavity or skin, menthol eliciteraht impulses in cold fibers, and
induces coolness or sensation of freshnessve, because it is difficult to access nerendings,
actions of menthol h& rot been clarified. In this study we analysed effects of menthol on cultured
dorsal root ganglion (DRG) cells containing cell bodies of eéibers with measurements oftasolic
free C&"* ion concentration ([Czé’]i) and patch-clamp techniques. Wistar rats (2-14 days old) were
anesthetized by diethyl ether and decapitated to isolate DRG. After dissociation with collagenase and
trypsin, DRG cells were plated on averslip and cultured in DMEM containing 10% fetalvie
serum. Menthol (I-menthol) dissolved in Krebs solutioaswbath-applied. For cold stimulation,
temperature was lowered from room temperature (25-29°C) by 10-15°C. Temperasumeonitored
with a thermocouple close to cells. Befosgeriments, cells were loaded with Fura-2/AM (5 mM).
[Caz*]i was measured with Fura-2 microfluorimetry (ARGUS/HISCA; Hamamatsafchclamp
recordings were performed with EPC-7 (List). Data were acquired with MacLab (AD Instruments).
Cooling induced an increase in &}?in 10% of DRG neurons. $\Mdentified them as cold-sensii
neurons. Menthol induced [é%\]. response in most (98%) of the cold-semsitreurons. The number
of the menthol-sensite reurons without cold-sensitivity was small. Menthol induced the2+2|]ga
increase in a dose-dependent majwéh an EG, of 37.9 + 7.58 uM (n=8). When extracellular‘Ca
was removed, menthol did not induce the [éijﬁ increase, indicating that menthol induced calcium
influx. In whole-cell current-clamp recordings, menthol induced depolarization (receptor potential)
leading to impulses. In voltage-clamp recordings (-60 mV), menthol inducedrdnaurrents,
underlying the receptor potentials. iesal potentials of the menthol-induced current suggested that
menthol actrated non-selecte @ation channels. ¥amnclude that menthol induces depolarization and
impulses through actition of non-selectie ation channels in most of the cold-sensitieurons.

skoba@i.kyoto-u.ac.jp
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THE COMBINED EFFECT OF REPETITIVE WORK AND COLD ON MUSCLE

STRAIN AND FATIGUE

J. &ksa, M.B. Ducharme and H. Rintamaki, Defence & Civil Institute of Environmental Medicine,
Toronto, Canada.

Musculo-sleletal disorders cause considerable human suffering and financial losses. In
epidemiological studies, both repet#iwork and cold hee been identified to be riska€tors in the
development of musculo-sketal disorders. One reason to consider them as risk factors is thedrnhe
increase the strain of the working muscles and cause efidud. When exposure to those factors is
frequently repeated, it may lead teeruse injuries andventually musculo-skeletal disorderso dur
knowledge, there is no information in the literature on the combirfedtedf low-intensity repetiie
work and cold on muscle strain and fatigue. Ifytlaee additve, they may be a source of increased
health risk. Thus, the purpose of this studgswo &aluate and compare the amount of strain and
fatigue caused by repetid work in thermoneutral condition and repetiwork in cold condition.

Eight healtly men volunteered as test subjects for the studhey were exposed once to 25°C
(thermoneutral control) and 5°C. During thepesures the subjects performed six 20-minutekw
bouts, doing 10% maximaloluntary contraction (MVC) wrist fleon-extension repetitie work.
During the work bouts the electromyogram activity from the wrigbflewas measured (indicating the
strain of the muscles). In addition, their maximal wrist flexion force was measured (indicating muscle
fatigue) every 20th minute. The results shdhat during repetitie work in cold conditions the strain of

the working muscles is approximately 20% higher in comparison to work in thermoneutral conditions.
In both conditions the forearm flexor muscles got fatiguedveMer, in cold condition the fatigue as
almost twofold as compared to thermoneutral condition. In conclusion, when compared to
thermoneutral condition, repetié work in cold induces higher strain and higher rateatifie and in

the long run may be considered as an increased riskédarse injuries and musculoskeletal disorders.

juha.oksa@occuphealth.fi
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EFFERENT POLYSYNAPTIC PATHWAY S FROM THE CNS TO
THERMOREGULA TORY END POINTS
B.J Oldfield and L.M. Colvill, Howat Florey Institute University of MelbourngParkville, Australia.

Brown adipose tissue @) is a gimary site contributing to thermal homeostasis through non
shivering thermogenesis.It also plays a related and equally important role in diet-induced
thermogenesis, dispersing excess energy and, in concert with food intake, regulating bodyTweight.
central neural circuitry wolved in the modulation of the agty of BAT via the sympathetic neous
system is relatiely poorly defined. Detailed descriptions of these pathways has been limited by an
inability of researchers to assign aAB directed” tag to neurons deep within the CNS which are
removed from their physiological endpoint byseal synapses. The utilisation of neurotropic viruses
which are transported retrogradely through chains of synaptically-connected neteons ablution
to this problem. To this end, the Bartha strain of pseudorabies virusvVjRtas been used in the
present experiments to map polysynaptic projections to AfeiB rats and, in conjunction with the
immunostaining of candidate neuropeptides, these path\iparticularly in the hypothalamus)viea
been characterised inga&d to their chemical phenotypeSprague Daley rats were anaesthetised
with sodium pentobarbitone (60mg/kg ip) andMRRas injected into multiple sites in the interscapular
brown fat. Ratswere allowed to surve for varying periods to ali® the virus to trael to different
extents throughout the CNSRats were then re anaesthetised and perfused transcardially with 4%
paraformaldeyde. Forty um sections were cut throughout the brain, spinal cord and stelltagéag
Both virus and a range of peptides were localised using appropriate antibodies and standard
immunohistochemical techniques. The extent of double labelling of immunepogitfiles was
assessed using fluorescence microgcdporty eight hours after inoculation of theAB virally-
infected neurons were detected in the stellategtion and by 72 hours neurons infected with the virus
were present in the ipsilateral thoracic spinal cord, but also in a range of medulaige and
hypothalamic sites considered “premotor” to sympathetigamgdionic neurons. These included the
rostroventrolateral medulla, pargpamidal area, raphe pallidus and obscurus, A5 region, locus
coeruleus, subcoeruleus, and peri agueductal grag chemical signature of infected neurons in the
stellate ganglia as consistent with recruitment of virus into fibres innervating adipocytes rather than
blood \essels. Irthe hypothalamus, about 15% of neurons in thevpatacular nucleus contained
oxytocin hut did not express corticotropin releasing factor (CRF), galanin, vasopressin, cocaine
amphetamine regulated transcript (CART) or melanin concentrating hormone (MCkhe lateral
hypothalamus hwever, MCH, CART and two members of the orexiramily, orexin A and orexin B
were abundantly coxpressed. Smalhumbers of infected neurons were found within the arcuate
nucleus at the longest time intahwstudied and these contained leptin receptors and POMC. In the
retrochiasmatic nucleus, bgrfthe most prominent co-localisation occurred with TABcounting for
approximately 85% of the neurons directed polysynaptically to &fe Brexin B and MCH are best
recognised for their impact on feeding béba and hae keen proposed as major mediators of this
behaior via the lateral ypothalamus. Thereforthe present data highlights an anatomical fraonk
which may subsers thermogenesis but also indicates thagiages, particularly in the lateral
hypothalamus, known for their volvement in feeding may also contribute to thermogeneais.
intriguing possibility is that single neurons may coordinate both functions.

b.oldfield@hfi.unimelb.edu.au
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INDIVIDUAL DIFFERENCES IN BOD Y TEMPERATURE AND THE RELATION TO
ENERGY EXPENDITURE: THE INFLUENCE OF MILD COLD

A.M.J van Ooijen, W.D. van Marken Lichtenbelt and K.R. Westerterp, Department of Human Biology,
Maastricht UniversityMaastricht, The Netherlands.

Resting metabolic rate (RMR) adjusted for fat free mass (FFM) is subject tonuhtedual
variation. These differences in metabolic rate may be genetically determined and/eamartant
health implications. Short-term exposure to cold iswkmdo increase energy expenditure. This
increase may also be specific for induals. Morewer, it is not known which components of eggr
expenditure are wvolved and whether or not non-ghiing thermogenesis contributes to the process.

Studies in animals and humans@éahown that the diierences in metabolic rate are related to
differences in body temperature.Wiver there is a contrersy in results on the separate components
of 24h energy expenditure (e.g. RMR, dietary induced thermogenesigtyaciduced eneagy
expenditure) and whether or not nonagning thermogenesis contributes to the process.

The aim of this study was to determine the magnitude ofimtéridual and gender ddgrences
in body temperature and RMR, during comfortable temperature and mild cold. The secondsgimal w
study the relation between body temperature (BT) and RMR and the change of BT and RMR in
reaction to a decrease in ambient temperature.

During the @ernight stay at 22°C, sleeping metabolic rate (SMR) and intestinal temperature
were measured. In the morning, RMR, intestinal, rectal and skin temperatures were measured for one
hour at 22°C followed by three hours at 16°C. Thipegiment was conducted under standardised
circumstances using a respiration chamBedy composition \&s determined by undeaterweighing.

Enegy expenditure &s corrected for body composition by calculation of residuals of the relation of
energy expenditure versus fat free mass and fat mass.

Residuals of SMR and RMR were significantly related (p<0.0840.57). It appears that
individual levels of enegy expenditure during the night remained during the Wéy found a 5 %
increase in RMR without an increase in electromyographic activity in response to a decrease in
ambient temperature (p<0.05), indicating norvaimg thermogenesis.

Core and rectal temperatures were higher in women than in men (p<0.01) at both ambient
temperatures. In spite of genderfeiiénces in skin temperature on specific sites, tleeage of
proximal or distal skin temperatures was not significantljediht and neither wasverage skin
temperature. Temperature distriion in response to a decrease in ambient temperature \iexe rtif
between genders (p<0.05).

In search for a relation between heat production and heat loss, RigRompared with body
surface area (BSA) and the temperature gradient between skin and ambient temperature. Stepwise
regression with RMR as dependent variable and BSA and the gradient between skin and ambient
temperature as independent variables, showed a significant abatribf the temperature gradient in
addition to BSA at 22°C and the last hour at 16°C (resmhcti’ = 0.84, £ = 0.70, p < 0.001). This
shaws that the gradient between skin and ambient temperature plays a role in the relation between heat
production and heat loss.

markenlichtenbelt@HB.UNIMAAS.NL
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EFFECTS OF THE CAPSAICIN ANALOGUE RESINIFERA TOXIN ON
THERMOREGULATION IN ANESTHETIZED RATS

N. OkaneT. Osaka, A. Kobayashi, S. Inoue and S. Kimura, National Institute of Health and Nutrition,
Shinjuku, Japan.

Systemic administration of resiniferatoxin T0R) or capsaicin, both of which share a
homovanillyl moiety as a structural motif essential for bioactivity and thus are ca#ladloids, is
known to induce markd hypothermia in mammals. The vanilloid-induced hypothermia results from
coordinated heat loss responses such as cutaneous vasodilation, sweating, and panting. In the preser
study we gudied the effects of RTX (5QAg/kg, s.c.) on heat production and heat loss simultaneously
in rats. Adult male Wétar rats were anesthetized with urethan (1.1 g/kg, i.p.) and placed on a heating
pad to maintain their baseline body temperatureB&°C. Administration of RTX induced triphasic
changes in Qconsumption (D,): an immediatedcilitatory phase with a peak at 50 min, an inhibitory
phase with a minimalalue at 100 min, and a long-lasting facilitatory phase. The temperature of skin
(Ty dso increased immediately after the RTX injection, suggesting cutanesoslilation and an
increase in heat loss. The temperature of colghddcreased immediately after th&Rinjection and
subsequently increased akothe baseline leel. The biphasic change in . Tan be explained by the
sum of heat loss and heat production: the effect of heat loss predominated during the initial 2 h, and
that of heat production enggd after the end of the heat loss. In capsaicin-desensitized rats, RTX did
not facilitate but inhibited @, to a minimal alue at 140 min. Jand T, did not change in these rats.
Accordingly, the RTX-induced thermal responses wereggddyy mediated by capsaicin gmilloid)
receptors, and the inhibition of04 might be caused by a cell-nonseleetection of RTX. Havever,
pretreatment with the Vivanilloid receptor antagonist ruthenium red (10 mg/kg, s.c.) enhanced the
RTX-induced increase in@,, suggesting attenuation of the inhibitory phase. Thus, the rébeptors
may mediate the inhibitory phase oOYand receptors other than Yhhay mediate theafilitatory
phases of @,. Ruthenium red also bloekl the RTX-induced increase in, @nd decrease in T
Therefore, we consider that aetion of the VN, receptors contributed to the hypothermia by
inhibiting thermogenesis and facilitating heat loss, coordinddyeover, the results also indicate that
the thermogenic responses were not causedypgthermia. Pretreatment with the Yldntagonist
capsazepine (10 mg/kg, s.c.), which reportediyersees 1-mg/kg capsaicin-induced inhibition of
thermogenesis in bwn adipose tissue, did not affect the RTX-induced responses. Because RTX is
100-1000 times more potent than capsaicin, this amount of capsazepine mighenmtemasuicient
to affect the RTX-induced responses. Accordinglg could not determine the receptor subtype that
mediates the RTX-induced thermogenesis. In rats with adrenal demedullationTXhimdRced
immediate facilitation of D, was dgnificantly attenuated but the long-lasting thermogenic phase
remained. On the other hand, administration off}fi@ocker propranolol lagely attenuated both the
immediate and long-lasting phases of XRinduced thermogenesis. Therefore, th&XRnduced
immediate thermogenesisas mediated by catecholamines released from the adrenal medulla; and the
long-lasting thermogenesis, by sympathetic aectivity.

osaka@nih.go.jp
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THE EFFECTS OF HEAD AND NECK COOLING ON THERMOREGULATION,
PACE SELECTION, AND PERFORMANCE

C.D. PalmerG.G. Sleivert and J.D. Cottefchool of Physical Education, University of Otago,
Dunedin, Nev Zealand.

The head and neck comprise onl0% of total body surface area buvéaarious physical and
physiological propertiesavauring high heat transfefhus, cooling the head prior to or duringeise
may be an efficient andfettive means of reducing heat strain, as has been observed during mild
exacise in the heat. Attenuating rises in brain or head skin temperatures might reduce discomfort and
facilitate higher gercise intensities and body temperatureswkl@r, grong cold-afferent supply from
cutaneous thermoreceptors and/or a decreasgpmthalamic temperature due to seheetooling of
the head could also provide false representation of the $ddye thermal status and result in
inappropriate physiological and bef@ural thermoregulatory responses. This would accelerate heat
storage and possibly lead to heat injdrye purpose of this study was to determine thesiotogical,
psychoplysical and performance-relatedesfts of head and neck cooling during rest aralogse in a
hot environment. Fourteen male distance runners (mean +§D; \62 15 mLekgtemin't; mass, 76
+6 kg; Ay, 20 £0.1 nt; age, 24 +4 y) participated as voluntary Subjects. After fud familiarisation
sessions, each subject completed four testing sessions (one per week) in an environmental chambel
(33°C and 55% rh), in balanced ord&ach session consisted of 60-min seated rest followed by
30-min running at'b0% \/O and then 15-min self-paced running to ackieraximum possible
distance (without performafiéé cues). The four sessions were identical except for the application and
timing of head cooling: (1) No cooling during rest gereise (control); (2) No cooling during resitb
cooling throughout »xercise; (3) Cooling throughout rest but not duringreise; and (4) Cooling
throughout rest andkercise. The head was cooled usingatewperfused hood (1.1 Lemih 1°C inlet
temperature) containing 6.3-m PVC tubing. Body temperatwa®e measured from the core (¥
rectal+oesophageal/2) and skin (9 sites), while sweat rate was determined by mass loss. Heat gain by
the cap during rest (143 W) approximated the metabolic heat production (143, fi@mAindirect
calorimetry). It increased (ie. P<0.05) duringreise, becoming higher irxercise-only cooling (178
W) than in rest+ xercise cooling (157 WP<0.05), but representedwer proportions of metabolic
heat production (16 and 14%, respedi). Seated rest without head cooling led to increasgd T
(0.10-0.15°C) and heart rate (5 +1 b-Hinsuch that xercise bgan at lower T, (by 0.15-0.20°C) and
heart rate (by 5-8 b-niif) in the precooled compared with uncooled condltlons At the enxkdfise,
T, was higher in control than in all three head-cooling conditions (by 0.20-0.25°C), but heartasate w
equvalent between conditions (173 +11 b-mjnHead cooling led to lower pergedl temperature and
improved thermal comfort of both the head and body during rest, except that thevamert in head
comfort was not significant (P=0.06). All cooling conditions inwetbhead comfort at the end of
exacise, relatre © control, hut body comfort and perosid head temperature were only imped
when cooling was applied duringeecise. Perceied exertion increased during eackeecise period
and was equelent between conditions. Sweat rate was lower during rest in the head cooling
conditions (by 0.06 +0.06 L-HJ. The 15-min run distanceas higher with full-time cooling than with
no cooling (3.3 £3.4%) or precooling only (2.5 £3.0%), and showed a similar trantstgercise-
only cooling (2.3 £2.9%P=0.08). Despite a limited sade area, cooling the head reduced heat-
related strain (core temperature, heart rate and sweat rate) during rest. This partially attenuated
physiological (T) and psychophysical (head comfort) strain during subsequentige, but did not
improve performance (eer 15-min, or (4000 m). Head cooling before and duringreise reduced
actual and percegd thermal strain and impved performance.

slevert@unb.ca
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THERMOREGULA TORY RESPONSE TO HYPOXIA AFTER INHIBITION OF THE
CENTRAL HEME OXYGENASE-CARBON MONOXIDE P ATHWAY

Flavia M. Paro, Alexandr A. Seiner and Luiz G.S. Branco, Faculty of Odontology of Ribeirao Preto
and Faculty of Medicine of Ribeirao Preto -University of Sao Paulo, Ribeirao PretBre&H.

A regulated decrease in body core temperature (Tc), calledymia has been described to
occur in a wide variety of species and seems to be an importantvadapgionse, but little is kmon
about the mechanismsvmved. Recentlycarbon monoxide (CO) has been shown to velved in
thermorgulation and feer, but no report rists about its role in hypoxia-induced ayegxia.
Endogenous CO arises from the catabolism of heme teerdilne, free iron and carbon monoxide
(CO), a process catalyzed by the enzyme heme oxygenase (HO). Since it has been reported that HO s
oveaexpressed during hypoxia, the present studg wesigned to test the hypothesis that the central
HO-CO pathway plays a role in ypoxia-induced anapexia. To this end, we used
intracerebrgentricular (i.c.v) injection of the HO inhibitor zinc deuteroporphyrin 2,4-bis glycol
(ZnDPBG,; 200 nmol). Tc was determined imake unrestrained rats under each of the fwllogy three
experimental conditions: 1. hypoxia (7% inspired)Qnly; 2. i.c.v ZnDPBG or its ehicle
administered to rats kept under normoxia; 3..iZnDPBG or its vehicle administered to raxpesed
to hypoxia. l.c.v pretreatment with ZnDPBG or itsehicle did not alter Tc during normoxia,
confirming our preious observations that the central HO-CO pathway plays no tonic role in the
maintenance of basal Tc. Wever, i.c.v. ZnDPBG exacerbated the anapirexisled by hypoxia.
These data imply that the central HO-CO pathway is an important modulatgpaXid-induced
anapyrexia in rats with alg function in the pregention of excessi decreases in Tc.
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CALF DERMAL BLOOD CONTENT AND SKIN TEMPERATURE DURING
INCREMENTAL UPPER BOD Y EXERCISE

M.J. Price and M.l. MatherSchool of Chemical and Life Sciences, University of Greenwich, London,
England.

During prolonged upper bodyxecise in cool conditions a gradual decrease in calf skin
temperature has been obsatypresumably due to redistribution of blood from the redigtinactive
lower limb to the actie yper body (Price and Campbell, 1997) w+éwer, little data exists igarding
the relationship betweenddlood flov and skin temperature during upper bodgreise. Therefore,
the aim of this study was to examine this relationship. Eight male subjects (mean+SD age, 23.1+4.1
yrs; height, 179.3+9.4cm and weight, 78.1+9.7 kg) undertook incremental arm crank ergometry on an
electronically braked ergometer (Lode, Groningen, the Netherlands). Subyentsesl for four
minutes at workloads of 30, 50, 70 and 90W at a cadence of.fimé with 6 minutes rest between
stages. Bllowing the last rest period subjectsercised continuously at 20mint from an initial
load of 110W until volitional exhaustion. Eronmental temperature was similar for all trials
(21.3+1.3°C). Expired air was analysed by an online gas analysis systeom@®€, Turbofit, USA).
Calf dermal blood content was measured by a photoetbgraph (Rheo Dopplell, Huntleigh
Diagnostics, UK) attached 10 cm superior to the medial malleolus. Calf dermal blood content (CDBC)
and refill times were assessed via standard photoplethysmographical techniques (post Xodarsifle
in the seated position). Skin temperatures were measured via a Grant meter logger (Squirrel 1200
Series, UK) from thermistors attached to the forehead, forearm, upperarm, back, chest, abdomen, thigh
and calf (medial and lateral). Aural temperaturaswneasured from a thermistor inserted into the
auditory canal and insulated with cotton wool. All temperature measures were recorded at one minute
intenvals. Blood flov was recorded immediately after the cessation of eaettise stage and at
volitional exhaustion. All data were analysed by repeated measures Analysaxiaficé. During
incremental gercise CDBC decreased to 86.0+16.0, 79.7+7.0, 83.2+12.6, 76.4+10.7 and 57.5+12.6%
of initial values at 30, 50, 70, 70W and volitional exhaustion, reseBc(iP<0.05). Lateral calf skin
temperature decreased from 29.8+0.7°C at rest to 29.7+0.6, 29.5+0.6, 29.3+0.5, 29.0+0.5 and
28.2+0.4°C at 30, 50, 70, 70W andlitional exhaustion, respeedly, whereas upper body skin
temperatures increased (P<0.05). CDBC and lateral calf skin temperature decreased linearly with
exacise intensity (P<0.05; ®R0.935; P<0.05; R-0.996, respectely). The relationship between
CDBC and lateral calf temperature was also linedrQR865). No differences were obsedvbetween
medial and lateral calf skin temperatures. The results of this study suggest that calf dermal blood
content decreases with increasesxier@se intensity and may represent a similar graded response akin
to that observed for visceral bloodvl@uring lower body rercise. In addition, either lateral or medial
calf skin temperature may be used as an indication of calf dermal blood content and haemodynamics
during upper bodyxercise.

Price, M.J. and Campbell, I.G. (1997) Thernguiatory response of paraplegic and able-bodied
athletes at rest and during prolonged upper badicise and pasge recovery. Eur. Journ. Appl.
Physiol.76:552-560.
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THE EFFECT OF FORMULA USE ON MEAN SKIN TEMPERATURE ESTIMATES
DURING PROLONGED AND INCREMENTAL UPPER BOD Y EXERCISE

M.J. Price, M. Goss-Sampson and C. James, School of Chemical and Life Sciences, University of
Greenwich, London, England.

A range of formulae h& been emplged to estimate mean skin temperature (MST). @oss.
(1980) xkamined a range of MST formulae to determine the most appropriate estimate of MST during
cycle «ercise, havever, no such comparison has been reported in the literature for upper body
exacise. This is of particular importance in light of decreases in calf skin temperagyrediring
prolonged upper bodyxercise in cool conditions (Price & Campbell, 1997). Consequehidyuse of
formulae incorporating such a parameter in their calculation may bias estimates.oftid&ffore, the
aim of this study was toxamine the effect of formula use on estimates of MST during upper body
exacise. Subjects undertook either an incremental arm crank ergomeig) (kotocol (Study 1; n=8,
meanzSD age, 23.1+4.1 yrs; height, 179.3+9.4 cm and weight, 78.1+£9.7 kg) or prolonged ACE at 60%
VO, peak in cool (21.5+1.3°C) and warm (31.3+0.4°C) conditions (Study 2; n=7; age, 29.0£4.5 yrs;
height, 176.3+8.4cm and weight, 64.2+11.8 kg). The incremeréatise test imolved four four-
minute workloads (30, 50, 70 and 90W) at a cadence of Vénie! and 6 minutes rescery between
stages. After the fourth rest period subjectra@sed continuously at 20mir! from an initial load
of 110W until volitional exhaustion. Skin temperatures were measured via a Grant meter logger
(Squirrel 1200 Series, UK) from thermistors attached to the forehead, forearm, upperarm, back, chest,
abdomen, thigh and calf. Aural temperatuswneasured from a thermistor inserted into the auditory
canal and insulated with cotton wool. Data was recorded at rest, at the end ofeecisk stage and
volitional exhaustion in study 1 andesy 5 minutes after resting measures during study 2. Estimates
of mean skin temperature were obtained from the formulae of Nadel, Burton, Ayling, Ramanathan,
Newbugh-Spealman and weighted and unweighted formulae of €toak (1980) as outlined by
Gosset al, (1980). All data were analysed bydwvay repeated measures Analysis of Variance. Main
effects were obseed for workload/time and formulae (P<0.05) for both studies. No interactions were
obsered (P>0.05). Post hoc analysisealed the formula of Burton (] . weighting 0.36) to estimate
the lowest MST alues in all trials whereas the formula of Ayling (ng,Jemployed in calculation)
produced the warmest estimates of M3fie differences betweenawmest and coolest estimates of
MST increased wer time during prolonged BE in cool conditions (I, decreasing), was greatest
during incremental »ercise as workload increased (F decreasing), but remained constant during
prolonged ACE in warm conditions (. increasing). The results of this study suggest that the formula
choice biases MST estimates where calf temperaturevadved in the MST calculation (or the
weighting is large),»xercise intensity increases or where cool conditions are employed.

Goss, A., Herbert, W.G. & Kelso, T.B. (1980) A comparison of mean skin temperatures during
prolonged cyclexercise.Res. Quart. Exerc. Spa0:292-296.

Price, M.J. & Campbell, 1.G. (1997) Thermgtaatory response of paraplegic and able-bodied athletes
at rest and during prolonged upper borgreise and pas& recovery. Eur. Journ. Appl. Physiol.
76:552-560.
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CHANGES IN SKIN TEMPERATURE IN THE HANDS AND FEET OF YOUNG AND
ELDERLY SUBJECTS IN RESPONSE TO LOCAL COOLING

L.K. Rasmussen, B. Nielsen Johannsen and J.B. Mercer*, Institute of Exercise and Sports Sciences,
University of Copenhgen, Denmark and *Department of Medical Physioldepculty of Medicine,
University of Tomsg, Tomsg.

An important component in the regulation of body temperature is skin blogdefipecially in
peripheral sites such as hands and feey. ifrpairment of vasomotor control in these skin areas can,
in addition to causing tissue damage, compromibermorgulation and may under certain
circumstances, be detrimental for health. While patheiplogical related changes in skin blood
circulation (usually reduced blood W) are often clearly discernible, natural age related changes in the
healtty elderly are less well documented and opinions vary concerning the degree and pattern of these
changes. The object of this studpasvto examine ho peripheral circulation in the extremities (hands
and feet) in young and elderly subjects is affected by a short period of localxpolsuee. The
experiments, which took place in a climatic chamber under thermoneutral ambient conditi@es (T
-28°C), were carried out in 12 young malmean age 25 years) and 8 elderly female areldérly
male (mean age 77 years) hegltlolunteer subjects. During the experiments, the lightly clothed
subject sat in a comfortable stool while resting either their hands or their feet (palm/sole down) on a
thin grid made of nylon netting.ofowing a 30 minute control period to establish base line values (a
vasodilated state with particular emphasis on the presence of thermal symmetry between the left &
right sides of the body) the right hand or the left foaswmmersed for a period of 2 minutes in 10°C
water (a thin plastic bag was worn during the immersion periogidiol akin wetting). Throughout the
experiments measurements of surface temperatures (infra-red thermal imagery and thermocouples) and
skin blood flav (laser Doppler flemometry) were made at multiple skin sites (finger/toes and back of
hand/foot). Blood pressure and heart rate were also measured. Calculations were made of the time
taken for skin temperatures in the ‘cold’ hand or foot tgare 80% of the cold induced drop in
temperature (rec@ry time). None of the subjects found the experiments to be discomforting. The
main findings were:-1) Under thermoneutral ambient conditions skin temperatures on the hands and
feet were lower in the elderly than in the young subjects. 2). Under thermoneutral ambient conditions
skin temperatures on the feet were/als lower than on the hands in both the young and elderly
subjects. 3) Rea@ry time after cooling was ahys longer in the elderly subjects, both for hands and
for the feet. 4) In both young and elderly subjectsvegotime was alays shorter for the hands than
for the feet. R@arming of the hands and feetvolves both actie (e.g. arterio-venous anastomoses)
and passe @mponents. The results support poeis findings which indicate that the aeti
component of the re-ayming mechanism is altered with increasing age although conclusions
concerning the mechanismsalved cannot be made from this study.

james.mercer@fagmed.uit.no
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COLD PROBLEMS AND UPPER LIMB MUSCULAR STRAIN IN FOOD
PROCESSING INDUSTRY

H. Rintamaki, E. Korhonen, S. RissanerQkisa and TPienimaki, Oulu Regional Institute of
Occupational Health, Oulu, Finland.

Due to repetite and monotonous manual work, cold veonment, cold products, air
movements and moisture,orkers in the cooled facilities of food processing industry faceyrhaalth
and performance risks. Upper limlveouse symptoms are common reason for complaints and sick
leaves. However, the role of cold in upper limb performance, physical strain, fatigue sadise
symptoms in food processing industry are not fully understood. Therefore, a questionnaireastudy w
done in four companies of meat processing industry and one Baispnal characteristics oforkers,
their work history work environment and experienced cold hazards as well as health problems were
aslked from 1490 wrkers. Morewer, during ca. 4 h sessions of sausage packing at 5 - 7°C, skin
temperatures (12 sites of upper limbs) aratknoad (assessed by electromyographic activitynof
exensor digitorumand m. flexor carpi adialis) were measured in femaleovkers with (n = 6) and
without (n = 6) upper limb musculosletal symptoms. The responses (n = 1117) to the questionnaire
shawv that 51 % of the respondent®mked at O - 5°C and 34 % at 6 - 10°C. Complaints of hand and
finger (89 % of the respondents), wrist (58 %), toe (59 %) and shoulder (52 %) cooling were most
common. Musculoskeletal pain was more frequent in cold environment in all parts of the body
especially in hands, arms and neck, when compareditk W Finnish food processing industry in
warm facilities (Koskinenet al. 1997). In comparison to men, considerably higher percentage of
women suffered cold problems during the earlgrking years and the years did not increase the
women’s old problems as it did in men. The measurements showed dhlggra with musculosietal
symptoms had consistently lower (p<0.05) skin temperatures in shouldee (abaleltoideusarea
and after ca. 3 h work also in forearm (abm. extensor digitorujrand neck-shouldem. trapeziu$
areas. Muscular strain of forearm muscleaswgaively correlated (p<0.05) with forearm skin
temperatures. In conclusion, the resultsvshimat in food processing industry there are marked cold
problems especially in the neck-shoulder area and in the hands and fingers, cooling significantly
increases muscular strain obsk and musculoskeletal symptoms seem to be associated with decreased
shoulder and arm skin temperatures.

Koskinen, K., Olkinuora, P., Kdnni, U. & Kala, S. (L1997) Work environment andarkers’ welfare in
food processing industry (in Finnisiyo ja Ihminen10: 91-97.
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THERMAL RESPONSES OF FIGHTER PILOTS DURING SIMULATED
PARACHUTING IN THE COLD

S. Rissanen, O. Aatsala,KRuronen, TMéakinen and H. Rintamaki, Laboratory of PhysioloQulu
Regional Institute of Occupational Health, Oulu, Finland.

Ejection from a fighter aircraft can expose the pilot to extreme cold and windy conditions.
Depending on the type of aircraft the parachute opens at the altitude of 5000 or 3000 m. In these cases
descending tads 8 to 13 min at the descend velocity of 6 mEhe purpose of this study was to
investigate the cooling rate of the body during simulated parachuting. Parachaisngimulated in a
wind tunnel at air temperature of -35°C and wirdbeity of 10 m-3. Seven male pilots wlunteered
for the study as subjects. The subjects were hanging from the ceiling in their harness for 8 min. The
subjects wereaiting the wind for the first 1 min and for the last 30 s of the total 8 min, otherwise back
was gyanst the wind. The subjectsone their personal F-18 winter airergarments. Breathing mask
was kept on and both of the twisors were down. Flight gl@s were used. The subjects were akal
behaiourally to thermoregulate their hands. During the exposure skin temperatures were measured.
Mean skin temperature, calculated as area weighted mean, was 28.2 + 0.5°C (meanzSE) at the end of
the 8 min exposure. Cheek (bare) and chind@m) temperatures were 9.1 + 2.1°C (3.2 - 13.8°C) and
27.2 + 0.5°C (25.8 - 27.0°C), respeety, at the end of the exposure. Finger temperature was 6.0
1.2°C (3.2 - 10.7°C). Risks of frostbites in cheek or fingers were apparent in some individuals. Thin
flight gloves dd not protect cooling of the fingers. Predicted time for frostbite (skin temperature of
0°C) for cheek was 10 - 14 min and for fingers 15 - 18 min. In order to maintain performance and to
avad health hazards, more attention should be paid welaj@ng better protection for hands araté.

sirkka.rissanen@occuphealth.fi
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VALID ATING FIELDABLE INDICES OF CORE TEMPERATURE
WS. Roberts, J.D. Cottdd. Amos and W.M. Lau, Combatant Protection and Nutrition Branch,
Defence Science and Technology Organisation, Melboéusgralia.

Standard methods of core temperaturg) (fieasurement, in the oesophagug)(br rectum
(T, are poorly suited to athletic, occupational or military application, hence the desire for
development of less obtrug indices. Gastro-intestinal radio-pill g(|)' infra-red tympanic (;[/') and
insulated skin (f..;) temperatures may provide a solutiart bre not faultless. The measurement of
T, is expensve and incurs problems with sequential appllcatlor;&, is readily contaminated by
ambient temperature if methodology is inadequajg,;Tshavs some promise as a surrogate inde
T, (Taylor, et d., 1998), but has not been fullyphdated. V¢ examined the accurgoof T, .. as a
surrogate measure of Tin military applications - including periods of risinglling and static [,
under various environmental conditions. Subjects were thirteen heat-acclimatisetiatad) health
volunteers from the Australian Army (meanzSD: age = 2515 y; height = 17311 cm; mass = 74+12
kg). Following two familiarisation sessions, subjects participated in experimental sessionsmotisv
ervironmental conditions; Wet-Bulb Globe Temperature (WBGT) = 21.2°C (Dry Bulb (DB)=25°C),
25.9°C (DB=30°C), 29.7°C (DB=40°C) and/or 32.2°C (DB=35°C). Each sessisncenducted at
least one week apart and consisted of 15-min seated rest (REST), 45-min treadmill walking (5-6 kph at
5-10% grad; WLK1), 15-min manual load handling (repeatedly lifting and carrying a 20-kg crate;
LOAD), a second walk, of up to 60 min (5-7 kph at 0-10% gratflt. M2) and 20-min seated reeery
(RECQV). Subjects wre standard army combat uniform and carried a 20-kg pack during walk phases.
T, was measured at 1-min intervals from T _ T ; and -||-nsk|n (positioned wer spine at T2-T4), and
from Tty at 15-min intervals. I_,. shaved a stronger association with Tr=0.68,n=3424,p<0.01)
than with T (r:0.64,n:3957,p<0 01), independently of emonmental condition. When separated by
ernvironmental condition the associations become stronger with increasing heat siressniple, the
relationship between_Tand T, improved with greater heat stress (WBGA1.2°C,r=0.42; 25.9°C,
r=0.65; 29.7°Cr=0.78; 32. 2°Cr O 80). When separated byeecise phase, I .. predicted T poorly
during REST (eg. J; WBGT 32.2°C[=0.04,n=136,p>0.05,SEE=0.13) and L@D carriage (eg. [;
WBGT 32.2°C,r=0.4,n=113, p<0.01,SEE=0.37), @en under increased heat stress.wdoer during
WALK1, WALK2 and REC®, T_ and T . associations ranged from moderate to stror@.67,
n=382, p<0.01y=0.56,n=107,p<0.01;r=0.86,n=127,p<0.01, respeciely, depending on phase.giT
had a stronger association with, ¥=0.92,n=3198,p<0.01; T_= 092215 + 2.84, SEE=0.25) than
with T (r=0.83,n=2652,p<0.01; T..= 0.746T , + 9.19, SEE-0. 34) whereast;l'tended to be a poorer
predlctor of both T, (r=0.69,n= 334 p<0 01, 'Ig 0.47T,, + 20.0,SEE=0.49) and T (r=0.77,n=310,
p<0.01; T, = 0.47T  + 19.5, SEE-0.39). In summar ‘Fmskm represented T with more confidence
than T The relationship between, T,.. and Ts improved with increasing heat stress. dtgise
phases where -Tremains relatiely constant displayed an uncoupling of .. and Ts, whereas
epochs with increasing or decreasingpfoduce moderate to strong © T, ... dependence Tby
radio-pill thermometry generally had a stronger association with standard measuresaof did (Tq

by infra-red thermometry.

Taylor, N.A.S., Wilsmore, B.R., Amos, D., akken, T & Komen, T (1998) Insulated skin
temperatures: Indirect indices of human body-core temperature. DSTO-TR-0752. Melb.
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AGE-DEPENDENT HEAT SHOCK RESPONSE OF A DIURNAL RODENT SPECIES
FROM EXTREME DR Y AND HOT ENVIRONMENTS

U. Ront, D. Gershort and A. Haim, 'Department of BiologyTechnion, Haifa 32000 artDepartment
of Biology University of Haifa at Oranim, Kiryat Tivon 36006, Israel.

Two unique characteristics, heat tolerance and hihgemake the golden spymmouse Acomys
russatus),a durnal rodent inhabiting xreme hot and dry habitats, a good research model for heat
shock response in relation to aging. The aim of this studg t@ provide a critical testing to
hypotheses currently based on cell culture and laboratory amkpafi@ents. Young (5-8 month) and
Old (3-5 years) mice were compared at the wholgamsm and the cellular Wels. Mice were
acclimated to an ambient temperature of 27°C under a 12L:12D photopeasioty Mice (n=10) and
old mice (n=8) were exposed to 44°C. Plasma cortisol concentration, HSF1 (heat adtockLy
activation and HSP70 (72 and 73kd heat shock proteins) expression irveéhevdire measured in
young (n=6) and old (n=6) micexgosed to 44°C for 30 and 90 minutes. Control mice (n=6) were
tested without beingxposed to heat. The animals were sacrificed and tissues were quickixedemo
The old mice thermoregulatory capacity was lower than that of young mice, as mortality at 44°C
started 30 minutes earlier than in young mice and reached 50% an hour Barliggnificant
difference in plasma cortisol concentration was found between old and young mies. HSF1
activation and HSP 70 expression was found in old mice compared to young onegetiad
expression of both HSP 72 and HSP 73 was found in old and young mice of both the control and
exposure animal groups. These results support existing theories of aging and the molecular heat shock
response. Hoever, the ability of A. russatusto maintain its cortisol lels at an old age, and the
constitutve expression of HSP 72kd (the inducible form), present gansm with unique cellular
and systemic adaptation to diurnal activity in extreme hot and dry habitats.

uron@techunix.technion.ac.il
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FEVER AND HPA-AXIS ACTIV ATION IN RESPONSE TO LOCALIZED
PERIPHERAL INFLAMMA TORY STIMULATION

J. Roth, G. Ross,. Hubschle A. Bckenbach, E. Zeisbger and R. Gerstbeya, Department of
Veerinary-PhysiologyJustus-Liebig-UniversityGiessen, Germany.

Fever and the actiation of the hypothalamic-pituitary-adrenal (HPA) axis are characteristic brain
controlled components of the acute-phase response which result, in most cases, from peripheral signals
entering the central nervous system. In experimental animals the acute-phase response can be inducet
by systemic administration of bacterial lipopolysaccharide (LPS) which, in turn, causes a circulating
cascade of proinflammatory cytokines. Thegwlkines, namely interleukin- (IL-) 1, IL-6 and tumor
necrosis factor (TNF), are traditionallygeeded as humoral factors which argalved in the induction
or maintenance of brain controlled sickness signs including fand HPA-axis actiation. More
recently a role of afferent fibers of the vagus edrnvtransmission of inflammatory immune signals
from the body periphery to the brain has been proposed since subdiaphragmatic vagotomy attenuates
fever, dckness behavior and HPA-axis aetion under certain experimental conditions. In this study
we investigated whether also fafents from cutaneous nerves can act as a neural route for immune-to-
brain communication. Male guinea pigSayia apeea pocellug were anesthetized with 100 mg/kg
ketamine and 4 mg/kg xylazine and the fallng components were chronically implanted:
biotelemetry transmitters for measurement of body temperature into the abdomityalkcegheters for
blood sampling into the carotid artery; cylindric teflon chambers, open at both sides and equipped with
a aatheter for drug injection or collection oWage fluid, into a subcutaneousvity. Both, injection of
a high (100 pg/kg) or a l@ (10 pg/kg) dose of LPS into the subcutaneously implanted chambers
induced feer. An activation of the HPA-axis as indicated by increasedtlke of circulating cortisol
only occurred in response to the high LPS-dose. The febrile response tw,thatlaot to the high
dose of LPS, was significantly attenuated but not completely abolished by administration of 10 mg/kg
of the local anesthetic ro@caine into the inflamed subcutaneous tissue area, a procedure which
blocked the transmission of afferent neural signals from this area for 6-8 hoésxitPactivity was
not altered by treatment with the local anesthetic. This finding indicated a participation of humoral
and, in response to thewd_PS dose, also neuronal signals in the induction of the brain controlled
fever response. In order to viestigate which humoral signals may derifrom the local site of
inflammation we measured circulatingyds of LPS (limulus amebgte lysate endotoxin assay) and
proinflammatory cytokines (specific bioassays for TNIFL and IL-6) at distinct time intervals prior
and after injection of LPS into the subcutaneous charilién the exception of one animal injected
with the high LPS-dose, LPS was not detectable in plasma after its administration into the .clmmber
response to LPS, proinflammatomtakines were produced in high concentrations within the inflamed
subcutaneous tissue area and could be measureehgre [uid collected through the catheter of the
implanted chambefFrom these cytokines only IL-6 spilled/es from the subcutaneous chamber area
into the circulation in considerable amounts. In response to wheldee of LPS, IL-6 was the only
cytokine which could be detected in plasma at all. In conclusion, IL-6 i®ly ldandidate to act as a
humoral signal which participates invée induction in this experimental model of a localized
subcutaneous inflammation.

joachim.roth@vetmed.uni-giessen.de
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METABOLIC HEA T AND THERMAL COMFOR T IN O FFICES
D.M. Rowe Dept of Achitectural and Design Scienceniversity of Sydng NSW Australia.

Dissipation of #&cess metabolic heat is necessary for human thermal comfort. International
standards ISO 7730 (1994) and ASHRAE Standard 55 (1992) are based on steady state equilibrium
theories of heat exchange between the subject and threnent Thg rely on eauation or
estimation of physicalariables (air temperature, mean radiant temperature, air velocity and humidity)
and personal variables (insulation provided by clothing and rate of production of metabolic heat).
Despite a solid research base dissatisfaction with thermal comfort remains the most common cause of
complaint by office wrkers. In recent years a number of careful field studies been conducted in
an effort to resole this anomaly In this work researchers find the most challenging task is the
determination of metabolic rate of subjects. The foyrspal variables can be measured with high
orders of accurgc The sum of reported values for each item of clothingsgya easonably accurate
estimate of the total. In the absence of a practicable method of measuring metabolic rate directly in the
field, participants indicate types of aty performed during the immediately preceding hour and a
weighted pro rata total of values asutabed in the ISO and ASHRAE standards is accepted as an
estimate of the current rate. A study by Bragemal. (1994) reiewed estimates of groupve&rage
metabolic rate from seral high quality field studies and concluded that an robust value foge lar
group of office wrkers is 1.2 met. The author has conducted a longitudinal field study of thermal
comfort in an office building in SydgeAustralia. The site was visited ondwccasions each month
from July 1996 to June 1998 with a break otfivonths from February to August 1997. On each
occasion participants were visited twice, in the morning and afternoon. A total of 1626 sets of data
including details of metabolic activityver the preceding hour were obtained from 144 participants.
Estimates of metabolic rate showed considerable between sudnjietion wer a range from 1.0 to 1.9
met. Fifty percent were less than 1.2 met and 31 percent weve. &3@ morning/afternoon pairs
were collected and veal that for 78 percent of respondents the estimate for the afternderelif
from that obtained in the morning. Mean values wergelier, constant at 1.2 met during the whole
period of the studySO rules for estimation of comfort temperature indicate a change of 0.1 met will
produce a change egsient to a temperature change of 1°C and a change of 0.4 met will cause a
sensation change of at least 2.5°C. It is concluded that the value of 1.2 met far gréaup of dfce
workers is robust; but that random individuaribility caused by the changing demands of the job
and possibly lunchtime recreation may be an unrecognised and difficult to diagnose cause of much of
the complaint about thermal comfort infioés. The only correate for this situation would be
individual control of the personal thermal environment.

Brager G.S., Fountain, M., Benton, C.C., Arens, E.A. & Baumarg. K1994) A Comparison of
Methods for Assessing Thermal Sensation and Acceptability in the Field. Thermal Cowdort: P
Present and Future, 17-38. BRE, London.
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DIGESTION-RELATED THERMOGENESIS IN PIGEONS
S. Saarela, M. Laurila and E. Hohtola, Department of Bialadiyversity of Oulu, P.O. Box 3000,
FIN-90014 University of Oulu, Finland.

The pigeon stores ingested food in its crop during the day and digests during the night. Recently
we hae found that there is interaction atfexftor level between shiering and digestion-related
thermogenesis. Digestion provides heat that replaceerigsig to maintain body temperature at night
(Rashotte et al. 1999). &\auggested that a body temperature (Tb) value for nocturnal plateau is set
according to energy status to be read in certain time wirddeach daily gcle. Still open remained
the question, whether pigeons are able to control the proper timing of digestion during the day and
night, and whether digestion pides heat to be adjusted optimally according to thermoregulation and
enepgy balance. W recorded telemetrically Tb and locomotor activity of pigeons botrad2TC or
5°C under 12L:12D photoperiod. Mini-Mitter transmitters (Model VM-FH) were implanted under
isoflurane anaesthesia, 5 % for induction and 1.5-2 % for maintenance. The pigeons were treated with
buprenorphine postoperady for 24 hours. Rate of digestionaw estimated by recording continuously
dropping mass accumulation on a load cell. Food wam gn one-hourpulse either tw hours after
lights on in the morning, or three hours before lightsrothe ezening. Total fresh and dry mass of
excreta within a day was measured. Dailythm of excretion had a significant variation according to a
signal analysis. The peak value at 22°C appears to be during the first hour of photophase both with
morning and eening pulse birds, which indicates digestion at late dark phase.véhm@ pulse birds
excreted more at night than the birds fed in the morning. At 5°Cxbeeteon peak during the first
photophase hour disappeared. Agaireneng pulse birds excreted more at night than during the day
Significant excretion diérence betweenals was found only with morning pulse birds (p < 0.05).
Pigeons had a clear diurnal Tb rhythm. The lowesties of 38.5-39.0°C occur at midnight, and the
peak values of 41-42°C during feeding sessions were observed. The total daily dropping mass was 20.1
g with morning pulse pigeons and 25.2 g witlereng pulse pigeons, and water content of droppings
were 14.6 g and 19.1 g, respeely. Regulatory interaction of skering and digestion-related
thermogenesis in pigeons is supported by the present finding of similar digestion timing at late dark
phase, independent on time of food pulse and thermal load, and previous evidence for food retention in
the crop.

Rashotte, M.E., Saarela, S., Henderson, R.Plohtola, E. (1999) Stering and digestion-related
thermogenesis in pigeons during the dark phase. J Physiol.277:R1579-R1587.
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HUMAN MINUTE VENTILATION RESPONSES T O CARBON DIOXIDE LEVELS
PRIOR TO AND FOLLOWING AN EXERCISE INDUCED HYPERTHERMIA

A. Sancheti, and M.D. Whjteab for Exercise & Environ Physiol, Human Kinetics, Memorial USiv
John’s, NF Canada.

The control of ventilation duringxercise is poorly understood. Minuteestilation (V) can
increase by as much as fifteen times durixeyaése, while normal metabolic mediators @nlation
are at or bel resting leels. Elevated core temperature has been shown as a potential mediator of a
hyperpnea in both resting anaeecising humans.For resting subjects is not cledwoweve, if the
ventilatory response to carbon dioxide changes with anehcinduced hyperthermia, as it is kmo
to occur for passely induce lyperthermia. Th@urpose of this study was to compargrésponses to
progressiely elevated inspired carbon dioxide tensions between geecese resting normothermic
and post-gercise resting hyperthermic subjects. Six subjects (mean £ SE, 27.5 £ 1.3 years of age;
body weight 72.8 + 1.6 kg; heights 1.8 = 0.8 m) performed a modified Read rebreathing test. During
rebreathing the initial inspired carbon dioxide was 7%, oxyges ¥3% with the balance from
nitrogen. Each rebreathing was preceded by 1-2 mirypérentilation. The rebreathing tests were
conducted both before and after performing seated cycle ergome&teise. Cycle ergometer
workloads were increased from rest by 20W/2 min to steady state of 196.6 + 3ThaAhighest
workloads emplged were 73.3 + 0.3 % of the subjects’ previously obtained maximal attainable
ergometer wrkload. Thepre-ercise esophageal temperature of 36.62+0.0245 wignificantly
increased both at the end okeecise by 1.51+0.03°C (p<0.05) and during the rebreathing by
0.84+0.05°C (p<0.05).The threshold point and slopes of the relationship opMtted as a function
of end-tidal carbon dioxide tension(O,) were compared between theotwonditions. From the
normothermic to the yperthermic condition, the RCO, threshold for \ significantly decreased
(p<0.05) from 6.95 + 0.13 kPto 615 + 0.10 k. Theslope of the ¥ vs. R.,CO, significantly
increased (p<0.05) from 15.63 + 1.28 L/minakiBr normothermic subjects to 22.48 + 0.91 L/mirakP
for hyperthermic subjectsIn addition, at a gen FCO, there was an eleted V; in the
hyperthermic versus normothermic condition. In conclusion, for resting humans previously rendered
hyperthermic by eercise, there appears to be both a greater sensitivity to inspired carbon dioxide and a
greater lgel of ventilation. The data supports the hypothesis that respiratory control centre output is
increased for resting human subjects previously rendered hyperthernxiertige
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DEVELOPMENT AND EVALU ATION OF A CLOTHING SYSTEM FOR OFFSHORE
INDUSTRY WORKERS IN COLD ENVIRONMENTS

M. Sandsunt] A. Paasché and R.E. Reinertsén'Department of Health and Work Physiology,
SINTEF Unimed, londheim, Norway anéThelma, Tondheim, Norway.

People working in the offshore environment in northern regions>gesed to harsh climatic
conditions characterised not only byvair and water temperaturegjtbalso by wind, high humidity
rain and snw. Cold ervironments affect the health, safetpmfort and performance ofoxkers and
cold interferes with work and may impair performance and prodtyctProtection is needed amst
cold, wetness and ghical hazards, and appropriate clothing should also be selected on the basis of the
work activity involved. The deelopment of work clothing for extreme work environments is a
complicated process, in which protection and comfort properties babe kalanced and objest
properties and subjecté peferences hee © be onsidered. The aim of this study was tovalep a
tool for the dgelopment, testing andvaluation of work clothing for offshore industrialonkers. A
further aim was to identifyon the basis of preferences indicated by offshore industgkers, a
combination of materials, construction and design that would provide optimum solutions for work in
cold and wet erironments.Methods: The first step imolved the specification of requirements using a
modified concept-engineering model. This custeostred process is used to clarify the end users’
needs and wishes before detailed design and produdbpment. This stage as performed in the
course of individual interviews on board an oil production platform in the North Sea. drkers/
preferred requirements for aweffshore work suit were established before a questionnaire, that
aimed to identify the priority order of the requirements was sent out to a sampbekefsy The net
stages in the project valved the establishment of technical requirements, selection, testing and
evduation of materials, and prototype design. Prototypes were produced on the basis of the selected
textiles and end-user requirements. During the final step the newly designed outer garments were
compared with a reference outergent using six test subjects in simulated work environments (T
2°C / wind speed 5 m - s&c The test protocol comprised two-hour working-resting periods. One bout
of 30-min cycle rercise was followed by a 30-min rest, a 30-nereise period that included lifting
and carrying, and a final 30-min rest. Between the working and resting periods the subjects were
exposed to rain, simulated by exposing them, fully clothed, to a watereshhysiological \ariables;
skin temperatures, heart rate, humidity accumulation and swkjeetaluation were recorded
throughout the tests. In this project the systematic design procesbseth defining requirements,
selecting materials, designing theargnents and testing prototypes. This study focuses on
improvements in resistance to air penetratiomtev permeabilityinsulation properties and moisture
transport capacity in relation to theysiological parameters measured. The clothing physiology tests
demonstrated impxed properties of the ive garments. Both the thermal proteetiroperties and the
subjectve evaluations of the garments were imped in comparison with current models. The tests
further demonstrated the necessity of planning the pre¢eddthing system as a total system,
including underweamiddle layer clothing and outer garments.
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SELF-REPORTED ASTHMA AND EXERCISE-INDUCED RESPIRA TORY
SYMPTOMS IN MARATHON RUNNERS AND CROSS-COUNTRY SKIERS

M. Sandsuny RE. Reinertsehand L. Bjermet, Department of Health and Work Physiology,
SINTEF Unimed, londheim, Norway anéDepartment of Lung Medicindlorwegian University of
Science and Technolggirondheim, Norway.

Asthma and asthma-kk symptoms are frequently reported among elite runners and cross-
country skiers. These sports botkdlve hgh ventilatory activities with different competition seasons,
and the exposure to certain environmentadtdrs may contribute to the \e#opment of asthma.
Though there are strong genetic influences on the occurrence of asthma,videngeeof the
condition remains predominantly determined by the environment. Previous studies on runners and
skiers hae pincipally involved elite athletes and control groups natined in actve competitve
sports. Havever, mass-participation marathons and cross-country ski races mawualyannon-elite
subjects, and the purpose of this study was to compare thaepiee of self-reported asthma and
exacise-induced respiratory symptoms in non-elite runners and skiers. The skiers and runners are
exposed to dierent climatic conditions during their competition seasons and we hypothesised that the
prevalence of asthma and respiratory symptoms in skiers would be higher than in runners because of
exposure to colder and dryer winter climate. A questionnaire was mailed to the entrants of a marathon
and a cross-country ski race in Nayvand the 827 subjects whose main sport activity was running
(n=512) or skiing (n=315) were included in the studige questionnaire was vkoped from an
existing list of questions, which had already been used in multinational studies mhedified for this
study in order to wluate the preaslence of self-reported asthma as diagnosed byysigan and
associations between respiratory symptoms (during and/or agerise during the last year) in
relation to gercise and climate. The pr@ence of plgsician-diagnosed asthma was 7.1% in runners
and 10.6% in skiers and did not differ significantpweve, asthma was more frequent inomen
(15.5%) than in men (7.4%) and morevatent in the age group 18-39 years (12.2%) than in older
subjects (6.4%). Among thexacise-induced respiratory symptoms, cough was the most common
symptom in both groups and the yalence was dependent on age, amount of training and climatic
conditions. In subjectsxercising for zero to three hours per week (n=133) in the three months
previous to the marathon and ski competitions, no differences walpree of cough were found
between the runners and skiers.wdaer, in subjects &ercising more than three hours per week
(n=675) a significantly higher frequgnof cough was registered among skiers (40.3%) than in runners
(23.2%). A higher frequegcwas also registered in subjects living in municipalities with theegb
January temperatures _JT Cough was reported by 38.0%, & -12 to -8°C), 31.4% (J= -8 to 4°C)
and 23.1% (= -4 to #C) of the subjects\ing in the three climatic areas. In terms of amount of
training, no differences in cough wergjistered in the subjects who trained for zero to three hours in
the different areas (25.0%, 28.8% and 24.0%). In subjects who trained for more than three hours per
week the correspondingalues were 39.7%, 31.9% and 23.2%. This demonstrates the importance of
exeacise level and climate on xercise-induced respiratory symptoms.

mariann.sandsund@unimed.sintef.no
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EFFECT OF CLOTHING ON COLD-INDUCED VASODILA TATION (CIVD)

RESPONSE AND SUBJECTIVE THERMAL LOADS DURING REPEATED FINGER
COOLING

S. Sawada, S. Araki, K. Yokoyama and H. Sato, Division of Work Stress Control, National Institute of
Industrial Health, Kawasaki, Japan.

In workers in cold environments such as refrigerategelvouses, food processing facilities and
outdoors in cold weatheexcessve moling of fingers and toes ¥m keen frequently reported. In such
cold work places, the avkers are likely to handle frozen materials through cottonvgtoor old
protective-gloves they wear or touch a frozen fish or meat directly with their hands, or immerse their
fingers in cold-vater In amost all cases, their fingers and hands are repeatedly and intermittently
cooled, with rests and pauses in betweerwéder, there hae been so far only a ¥e studies on the
effects of repeated or intermittent peripheral cooling. The obgdtithis study was to irestigate haov
repeated and intermittent finger cooling affects cold-induced vasodilatation (CIVD) response and
finger pain and thermal sensations under different clothing conditioven $®ing men aged 23 to 24
years immersed their right inddingers in stirred water at 10°C for 10 minutes. This immersion
procedure was repeatedditmes under ambient temperature of 20°C and weldtimidity of 50%.
Each cold-water immersion was followed by a 5-minute rest under the same climatic condition. This
repeated cold-water immersion experiment was carried out &eredif days under three clothing
conditions: light (pants,-$hirt, shorts and socks), medium (light clothing plus shirt and trousers) and
heary clothing (medium clothing plus jaeR. Under the heavy clothing condition, marked CIVD
response occurred and the CIVD reattidid not significantly change upon repetition of coldter
immersion. The finger skin temperature during each post-immersion rest also tendedetajeckly
to the pre-immersion \&l. Under the light clothing condition, twever, the CIVD response weaked
continuously upon repetition of immersion and the response in some subjects almost disappeared
during the final immersion. The ra@y rate of finger temperature during each post-immersion rest
tended to decrease continuously upon repetition of immersion. Unetgratothing condition, finger
pain sensation rapidly increased during each immersiainit kompletely disappeared during each
post-immersion rest period. Finger cold sensation also rapidly increased during each immargion, b
was replaced by a warm or slightlyasm sensation during each rest period. These sugecti
sensations during the immersion and post-immersion periods had no signifiteneindds between
clothing conditions. The present study suggests that light clothing in a cool environment mag weak
CIVD reactivity during repeated finger cooling and delay thewagoof finger temperature during
post-immersion rest periods. It also suggests that under such conditions, \&ipjegtinents such as
absence of finger pain and occurrence of warm sensations during post-immersion rest may not be
reliable indicators of the risk of progressifinger cooling and frostbite formation.
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DOES FACIAL CHILLING AUGMENT THE HEMA TOCRIT INCREASE SEEN AT
HUMAN APNEIC DIVING?

E. Schagatay? J. Anderssofand B. Nielse?) Dept of Natural Sci, Mid Sweden UniHérnésand,
Sweden, Demif Animal Physiol, Lund Unilcund, Sweden and Inst of Exercise and Sport Sci, Univ of
Copenhgen, Denmark.

It has been shown that an increase in Hct and Hb accompanies apmaic(durford et al,
1990) or apnea with face immersion in humans (Safaggt al, submitted). This increase appears to
be caused by spleen contraction, as it is not observed in splenectomized subjecttgpehatd),
submitted). It is known from the card@&scular diving response that facial chilling increases the
reductions of heart rate and skin bloodnflduring apnea. W focused in the present study on the
neural input triggering the hematological response. Eight subjects, trained apesscodisubjects
with good breath holding ability (>2 min), volunteered for the stlthg subjects rested in the prone
position for 30 min before performing apneas. The subjects perforntesttigs of five gpneas of a
fixed near maximal individual duration, one series in air (A) and one agihl fimmersion in 10°C
water (FIA). Apneas of each series where spaced by 2 min restingaistelhe tvwo series were
separated by at least 20 min of rest and their order weighted. Venous blood samples were collected
from a catheter inserted in the arm before tests. Hct and Hb were analysed directly with standard
methods. W found a transient increase of the Hct in both apnea series. During A, Hct increased from
42.7% before apneas to 44.3% after the fifth apnea (p<0.05), and had returned to baseline after 10 min
(Figure). During FIA, Hct increased from 42.3 to 44.1% (p<0.05; Figure). The response pattern w
the same irrespeut d the cold stimulus (NS; Figure). This patterasmepeated by the Hialues.
We onclude that, unli& the cardioascular dving response, the hematological response is triggered
by the apnea stimulus onlpus not fortified by facial chilling.
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Hurford, W.E., Hong, S.K., Park, Y.S., Ahn, D.W.,,

Shiraki, K., Mohri, M. & ZapolMW(1990)

Splenic contraction during breath-hold diving in the Korean dmppl. Physiol.69:932-936.
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HETEROTHERMIA IN PIGEONS AND DOVES EXTENDS THEIR ECOLOGICAL
LIMITS

E. SchleucheZoologisches Institut, Johann Wolfgang Goethe-Universitainkfurt am Main,
Germany.

Pigeons and d@s (Columbidae) occur in almoswvery habitat worldwide, having a striking
ability to use different ecological niches. It is therefore intriguing to compare tysofdyical
characteristics of dérent species with gard to the wide range of abiotic factors yhaee adapted to.

In quantifying the influence of habitat onysiplogy, two key aspects were iwrestigated and presented

in the study; firstly enegy metabolism (M) because it reflects the total costs of living (such as
locomotion, digestion, thermagelation); and secondly body temperaturg) @s an mportant means

of physiological adaptation in endotherms. The ability gulate T, at stable, high lels provides

birds with a considerable independence of ambient temperaturte, dontributes considerably to
their energetic demands. Ma® measured using standard methods of gas analysis in a variety of
columbids from warious habitats. At the same time,-Tregulation of these species waseéstigated by
telemetry transmitters and thermocouples. This paper wél ggamples of physiological regulation of
small species from hot and arid habitats (DiamondeDBeopelia cuneataNamaqua Dee Oena
capensispody mass 30 - 40 g) and of an obligate fvagg from rainforest habitats (Glen-feathered

Dove Drepanoptila holosericea200g). The desert species not only face extreme temperature
conditions but also unpredictable food anatev aailability. The fruit-dove is restricted to the island

of New Caledonia, where it is also probably confronted with food andggrsrortage situations due

to variable fruit &ailability. Cloven-feathered Dees haveonly limited access to fruiting treesjea if

the birds are partly nomadic. All specievestigated had a variable but regulateg rather than
metabolically “defending” a strictly defined, constant Tompared to the mean “normothermic; T

for birds (38 - 41°C), theregulate T, in hypothermic (25 to 37°C) as well as in hyperthermic (up to
45°C) states. Hyperthermia is used by the smalophilous dees to reduce heat stress. By
maintaining their T abose anbient temperature (J at nost times, these species are able to reduce
their total daily vater loss by 10% and minimize the time spent at the waterhole. Hypothermia, on the
other hand, is used by both the small and thgelaspecies to conservenelgy under aderse
conditions. One physiological response is that when weprof food, the small Namaqua and
Diamond Dwes ae able to lower their rest by 4 to 7°C compared to normal night-timeeds. This
reduces their total daily energy consumption by 10%. The samegygtrataised by the Clen-
feathered Dwes; havever, they undego torpor (lavest T recorded was 24.8°C with spontaneous
arousal at the end of night phase). During tqrpbis reduced by 67% compared to normal night-time
vaues (Figure: M of Cleen-feathered Dees with nocturnal hypothermia (— ) and torpor (- - -). The
dark bar represents the night phase.). This is the first evidence for "true" torpor for pigeons. High
physiological fleibility, especially heterothermia, is a strategy which probably catg#
considerably to the columbids’ successful colonisation of different habitats around the world.
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DEVELOPMENT OF THERMOREGULA TORY COMPETENCE, CIRCADIAN
PERIODICITY AND CONTROL OF ENERGY BALANCE IN RA T PUPS: A REVIEW
I. Schmidt, Max-Planck-Institut flr physiologische und klinische Forschutg 231 Bad Nauheim,
FRG.

Despite their neural immaturity suckling-age ratswslam endogenous circadian ythm with
torpor-like decreases of metabolic rate (MR) and core temperature (Tc) under cold loads but not at
thermoneutrality (TN) (Nuesslein & Schmidt, 1990; Nuesslein-Hildesheim & Schmidt, 19948.
rhythm develops in the first postnatal days and ceases in'theek, i.e. long before the adullythm
develops (Nuesslein & Schmidt, 1990; Schmidt, 2000). The daily minimum of the juvenile rhythm is
associated with a decrease in sympathetically mediated thermoregulatory thermogenesis (Wh) in bro
adipose tissue and a blunted response to sudden drops of Ta, whichwamesr,haot due to an
impairment of TT (Nuesslein-Hildesheim & Schmidt, 1994; Schmidt, 200®)e notion that the
juvenile circadian nthm is a mode of energy saving and not the indication of thegulatery
incompetence (Nuesslein-Hildesheim & Schmidt, 1994) was confirmed when treatment with
recombinant leptin, a hormone produced by adipose tissue and signaling the sizgyo$tenes to the
brain, became possible (Stehlireg al, 1996). Leptin-treatmenunder cold laod results in a
suppression of the daily drop of MR and Tc, as does the destruction of the leptin receptors in the
arcuate nucleus, thus causing a higher energy expenditure and a reduced fat storage €S&thling
1996). Teatment of pups at TN causes an impneent in the TT capacityput no change of basal MR
and body fat stores (Stehlingt al, 1997). \arious lines of evidence suggest that the central
sympathetic outfl integrates the afferent commands provided by the thermosensors and by leptin and
other signals reflecting the metabolic status of tlgenesm and, thus, forms the common underlying
mechanism by which changes in energy balance and in the TT capacity ack tinkach other
(Schmidt, 2000). Changes in the central sympathetic nervous system might, therefore, also underly the
influences of the pre- or early postnatal thermal or nutritionat@mment which are responsible for
the deeelopment of normal energy balance regulation or the programming of life-long aberratiens, lik
dispositions for obesity and related metabolic disturbances (Schmidt, 2000; 2600; Young &
Morrison, 1998).

Levin, B. (2000) The Obesity epidemic: metabolic imprinting on genetically suspectible neural
circuits.Obesity ResB: 342-347.

Nuesslein, B. & Schmidt, I. (1990) Bgopment of circadian cycle of core temperature irejule
rats.Am. J Physiol.260: R270-R276.

Nuesslein-Hildesheim, B. & Schmidt I. (1994) Is the circadian core temperature rhythneoiiguv
rats due to a periodic blockade of thermoregulatory thermogeridgiges Arch. 427: 450-454.

Schmidt, 1. (2000) The role of juvenile thermoregulatory thermogenesis intbBeplaent of normal
enegy balance or obesityin: Thermotherap for Neoplasia, Inflammation, and Pain, eds.
Kosaka, M., TSugahara, K. L. Schmidt, E. Simon. Springekyo, pp. 215-225.

Stehling, O., Ddring, H., Ertl, J., Preibisch, G. & Schmidt, I. (1996) Leptin reducesil@vat stores
by altering the circadian cycle of energy expenditara. J Physiol.271: R1770-R1774.

Stehling, O., H. Doring, B. Nuesslein-Hildesheim, M. Olbort & Schmidt, I. (1997) Leptin does not
reduce body fat contenubaugments cold defense abilities in thermoneutrally reared rat pups.
Pfliiges Arch. 434: 694-697.

Young, J.B. & Morrison, S.H1998) Efects of fetal neonatal environment on sympathetic mesv
system deelopment.Diabetes Car€1 Suppl. 2, B156-B160.
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NITRIC OXIDE AND ANGIOTENSIN Il - NEUROMODULA TORSIN
THERMOREGULATION DURING EXPOSURE T O COMBINED HEAT AND
HYPOHYDRATION STRESS.

H. SchwimmemR. Gerstbege and M. Horowitz, Division of Physiolog¥he Hebew Uhiversity,
Jearusalem, Israel, and Max-Plakdnst., Bad Nauheim, Germany.

In mammals, perturbation in body fluid homeostasis interferes with the ability to cope with
thermal stress. With the hypothalamus representing the majgratte enter the knowledge of its
osmo- and thermoregulatory interactions is still confined primarily to phenomenology manifested by
whole body heat defense responses. Based onublgement of the central renin-angiotensin (Angll)
system and nitric oxide (NO), inddually, in fluid balance and thermaelation, the purpose of this
work was to assess thevotvement of NO in the integration between osmo- and theguta®ry
circuits, and to define the mutuafeats of NO and Angll. For this purpose, heat defense responses -
vasodilatation, eaporatve moling (salvation threshold), blood pressure and endurance - were
measured in conscious heat stressed (39°C)Ratsus norvgicus Sabra strain, albinoar.) following
administration of 7-nitroindazole (Ni; 100nm in a bolus), an antagonist of neuronal NO synthase,
Angll (100pm), saline or both, into the cerebrolateral ventricle, in the following groups: heat
acclimated (AC)-30d, 2d, and norCAdather euhydrated orypohydrated (-10% of body weight). All
drugs were dissolved in saline to finalwme of 5ul. Body temperature (Tc), skin temperature (Tsk),
and blood pressure were monitored on-line using a computerized data acquisition system. Our data
support a role played by NO during exposure toviddial as well as combined thermal and osmotic
stress, in a biphasic manneompared to the acclimation state, and in opposite directions in the
different tydration states. The role of Angll is pem particularly following 30d of acclimation. The
effects of the tw modulators, both separately and combined, fit with the model of Mélatl.
explaining Angll-NO interactions by d#érential actvation/inhibition of AT1-Angll receptors, and a
direct NO effect.

Ni Angll Ni+Angll
(200nmol) | (100pmol)
endurance - - l
Control | VTsh l l -
STsh l l l
endurance ) l -
STHA VTsh - - -
STsh - - 1
endurance l l -
LTHA VTsh - l l
STsh - | l

Millat, L.J., Abdel-Rahman, H.M. & Siragyd.M. (1999) Angiotensin Il and nitric oxide: a question of
balanceRegul-Pept81(1-3), 1-10.
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NITRIC OXIDE AND ANGIOTENSIN II: NEUROMODULA TORSIN
THERMOREGULATION DURING EXPOSURE T O COMBINED HEAT AND
HYPOHYDRATION STRESS

H. SchwimmemR. Gerstbege and M. Horowitz, Division of Physiolog¥he Hebew Uhiversity,
Jearusalem, Israel, and Max-Plakdnst, Bad Nauheim, Germany.

In mammals, perturbation in body fluid homeostasis interferes with the ability to cope with
thermal stress. With theypothalamus representing the major gnsgive center the knowledge of its
osmo- and thermogeilatory interactions is still confined primarily to phenomenology manifested by
whole body heat defense responses. Based onublgement of the central renin-angiotensin (Angll)
system and nitric oxide (NO), inddually, in fluid balance and thermoregulation, the purpose of this
work was to assess thevotvement of NO in the inggation between osmo- and therngukatory
circuits, and to define the mutual effects of NO and Angit. this purpose, heat defense responses -
vasodilatation, eaporatve moling (salvation threshold), blood pressure and endurance - were
measured in conscious heat stressed (39°C)Ratsus norvgicus Sabra strain, albinoar.) following
administration of 7-nitroindazole (Ni; 100nm in a bolus), an antagonist of neuronal NO synthase,
Angll (100pm), saline or both, into the cerebrolateral ventricle, in thewwltp groups: heat
acclimated (AC)-30d, 2d, and norCAdather euhydrated orypohydrated (-10% of body weight). All
drugs were dissolved in saline to finalwume of 5ul. Body temperature (Tc), skin temperature (Tsk),
and blood pressure were monitored on-line using a computerized data acquisition system. Our data
support a role played by NO duringp®sure to individual as well as combined thermal and osmotic
stress, in a biphasic manneompared to the acclimation state, and in opposite directions in the
different hydration states. The role of Angll is o particularly following 30 d of acclimation. The
effects of the tw modulators, both separately and combined, fit with the model of Meliat (1999)
explaining Angll-NO interactions by differential agttion/inhibition of AT1-Angll receptors, and a
direct NO effect.

Ni Angll Ni+Angll
(200nmol) | (100pmol)
endurance - - l
Control VTsh 1 l -
STsh - | l
endurance ) l -
STHA VTsh - - -
STsh - - 1
endurance - | -
LTHA VTsh - l l
STsh - | l

Millat, L.J., Abdel-Rahman, H.M. & Siragyd.M. (1999) Angiotensin Il and nitric oxide: a question of
balanceRegul-Pept81(1-3),1-10.
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THE EFFECT OF RAPID COOLING ON THE COURSE AND PROGNOSIS OF
EXERTIONAL HEA T STROKE - TW O CASE REPORTS

Y. $hani, Y Heled, YEpstein, YShapiro and D.S. Moran, Heller Institute of Medical ResdaiSheba
Medical CenterTel Hashomerisrael.

Heat stroke, an occasionallgtél disease, is the most serious of conditions associated with
elevated body temperature. When it occurs durixgra@se it is rgaded as eertional heat stro&
(EHS). The eleated body temperature becomes a noxious agent, causing damage to thdidsoehg,
and gving rise to a characteristic multigan dinical and pathological syndromew® cases of EHS in
which treatment was administered at different time intervals are presented.

Case 1An 18-yearold previously healthmale participated in a pre-draft military selection trial
during a hot summer dayhe trial consisted of short and long distance running with various back
loads, and various other intervakeecises. After tvo hours of high intensity»ercises he collapsed. No
treatment vas administered on site. The patient weeeated to a hospital, arriving at the egesrcy
room (ER) 60 min after collapse. Upon wafito the ER, he was unconscious with a rectal temperature
(T,» of 40.5°C. Only then was treatment by tap water cooling and IV fluids initiated. The patient
reganed consciousness within arfdours, albeit remaining lethargic forveeal more days. Wwo days
after the collapse he ddoped seere rhabdomyolysis with extremely high creatine kinase (C¥dide
of 198,000 IULL, and marled swelling and pain of the right quadriceps and gluteus musclesed/ark
hepatic and renal disturbances were noted as well. The patient was treatedatedgewith
laboratory results returning to normal values after 14 days.

Case 2 A 20-yearold previously health male participated in a similar pre-draft military
selection trial as case 1, taking place during warm weathe:icollapsed as well. Tmeasured on site
was &bove £.5°C (the end of the thermometegtale). Cooling treatment, namely splashing copious
amounts of water on his badyas immediately initiated. When he agd at he ER 40 min latetthe
patient vas psychotic, aggressi and with a T_ of 40.0°C. Treatment consisted of continued cooling,
IV fluids, and IM Haloperidol. Within fie hours from his collapse the patient was up and walking in
good condition. There were no notablerds during hospitalization, apart from relay moderate
CK and lver enzyme elgations.

ConclusionsRapid recognition and treatment of EHS (case 2) can dramatically alter its course
and prognosis, which are in direct relationship with the area under the cltire typerthermic
period. Proper treatment should consist of liberally splashing copious amourgteow the patient.
Medical staf accompaging military training or athletic competition should be&aee of the risk of
EHS, as should the commanders angaamzers of suchents. A high leel of suspicion must be
maintained and proper means for cooling EHS victimgst lat hand. Nertheless, the puention of
EHS, which requires the application of relaly simple safety regulations, should be sought.

dmoran@glil-yam.org.il
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ACETYLCHOLINE RELEASED FROM SUDOMO TOR NERVES IS CAPABLE OF
CONTRIBUTING T O CUTANEOUS VASODILATION DURING HEATING IN

HUMANS

M. Shibasak, T.E. Wilsort, J. Qui® and C.G. Crandafl®, Faculty of Human Life and Environment,
Nara Womens University Nara, Japan?Institute for Exercise and Environmental Medicine,
Presbyterian Hospital of Dallas, TX, USA, afidepartment of Internal Medicin&niversity of Bxas
Southwestern Medical Centérallas, Texas, USA.

Inhibition of nitric oxide synthase (NOS) reduces the magnitude of cutanesaslikation
during a heat stress in humarGiven that acetylcholine is released from sudomotor eerduring
whole-body heating, coupled with the observation that acetylcholine stimulates nitric oxide production
leading to vasodilation, it is possible that acetylcholine released from sudomotes rseecapable of
contributing to cutaneous vasodilation during a heat stress via nitric oxide related mechaaoitss. T
this hypothesis, in sen subjects skin blood fl@ and sweating rate were simultaneously monitored
over three microdialysis membranes placed in the dermal space of forearnrOsienmembrane as
perfused with the acetylcholinesterase inhibitor neostigmine (10 uM), the second membasane w
perfused with the NOS inhibitorfnitro-L-arginine methyl ester (L-AME; 10 mM) dissolved in the
aforementioned neostigmine solution, while the third membrane was perfused with fRenlygion
(vehicle). Eachsubject was exposure to a minimum of 20 minutes of whole-body heating @l w
perfused suit. This perturbation increased/eage skin temperature from 34.6+£0.1 to 38.6£0.2°C
(P<0.05) and sublingual temperature from 36.9+0.1 to 37.3+0.1°C (P<@08%)wing the heat stress
maximal skin blood fiev at each site was identified via administration of 28 mM sodium nitroprusside
through the microdialysis membranes. Skin blood fleas then normalized relaé © maximal skin
blood flow for that site.

Unit (% maximum SkBF) Rest ASKBF (1) ASKBF (II)
SkBF (NEO) 292+ 4.7*#| 12.8+x3.2*# 40.0x4.3#
SkBF (control) 19.5+31 7627 39.4 + 2.9#
SkBF (L-NAME + NEO) 13.0+15 36+1.0 203+21

SkBF: skin blood flow; NEO: neostigmin&SkBF (1): increase in SKBF from rest to a period early in
the heat stress (i.e. prior to clear increases in SKBF at L-NAME AB&BF(Il): increase in SKBF
from the rest to the end of heatingysignificantly different from control site, # significantly fifent
from L-NAME+NEO site. (P<0.05 for both).

The observation that the increase in skin blood #arly in the heat stress [I.ASKBF ()] at the
neostigmine treated siteaw significantly greater than at the control site suggests that acetylcholine
released from sudomotor nessis capable of modulating cutaneous vasodilation early in the heat
stress. Moreeer, the observation that early in the heat stress skin bloed dtothe L-NAME +
neostigmine treated siteaw significantly less than skin bloodwiat the neostigmine treated site
suggests that the &ktion in skin blood flav at the neostigmine treated site was NOS dependent. In
contrast, the lack of difference in skin bloodaflbetween the neostigmine and control sites at the end
of heating suggests that acetylcholine released from chgiinererves does not contribute to
cutaneous vasodilation during moderate whole-body heating.

Study funded in part by NIH-HL61388 and NASAAE9-1033}

Craig.Crandall@UTSouthwestern.edu
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CENTRAL EFFERENT CONTROL OF NONSHIVERING THERMOGENESIS IN

RATS

M. Shibata and .TUno, Department of Biometeolgggamanashi Institute of Environmental Sciences,
Yamanashi, Japan.

As summarized in the Figure, wevearecently reported that, in rats, neurons in theelo
midbrain tonically inhibit nonskiering thermogenesis (NST) of the interscapular brown adipose tissue
(IBAT) via inhibitory synaptic connections with the inferiorvelireurons of which outputs stimulate
the IBAT NST through actition of the thoracic intermediolateral (IML) neurons. Reeh@f the
midbrain tonic inhibitory mechanism (MTIM) on the NSiherefore, increases M and rectal
temperatures through disinhibition-induced \atton of the central sympathetic nens system. It is,
however, not knovn whether and hw the hypothalamusxerts its influence on the MTIM. The aim of
the present experiment was tamine this question using urethane - anesthetized (1.0 - 1.2 g/kg, ip)
male Wistar rats. Temperatures of the rectum (TrechTIBT ;,;) and tail skin (Tskin) were
monitored with copper-constantan thermocouples after bilateral procaine microinjections (10%, 1.0
ul/site) into the midbrain to transiently rem@the MTIM before and during hypothalamic cooling or
warming in anesthetized animals. In conscious animals, procaisalso microinjected into thener
midbrain with and without decerebration. The magnitude of the midbrain procaine-indyced T
increase was larger (0.710.15°C) and smaller (0.32 0.02°C) during hypothalamic cooling and
warming, respectiely, compared with that during thermoneutral hypothalamic temperature £0.50
0.10°C). Tz and Trec increases by the midbrain procaine in conscious decerebrated rats reached
41.37 - 42.52°C while those in non-decerebrated conscious rats were between 37.63 - 37.80°C. These
results indicate that the hypothalamueeres directly or indirectly its modulator influence on the
MTIM.
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ENHANCED LPS-FEVER FOLLOWING HYPERTHERMIC STRESS IN RABBITS

M. Shibat&, T. Unot, M. Kajiharal, S. Chkawar# and M. Yoshinaga 'Department of Biometeology,
Yamanashi Institute of Environmental Sciences, Yamanashi, 403 - 0005, JapAbepadment of
Pathology Kumamoto University School of Medicjimamoto, 860 - 0851 Japan.

Whether higher than normal body temperature is beneficial or detrimental to animals and
humans is a matter of debate. The reason for this debate is uhldeave, the conflicting results
seem to come from differenkgerimental conditions used, e.g., magnitude of hyperthermia, duration
of hyperthermic condition, etc. In the present experiments, we attemptedartone a question
whether and he hyperthermia décts host defense responses induced by endotoxin
lipopolysaccharide (LPS, Escherichia coli 011:B4) using male Japanese white rabbits. Animals were
made hyperthermic (rectal temperature, Trec, of 43°C) by placing them in a hot chamber for 2-3 h.
They were then remeed from the chamber and made to remounder a room temperature of 25°C.
Three groups of heat stressed (HS) animals were prepared: 12 ddgty and 3 - day post - HS.
These animals together with non - HS control animals wemn @iPS (60 ng/kg, iv) and Trecas
monitored. Animals of 1 - dayut not 2 - day and 3 - day post - HS, showed significantly larger LPS
fever (28.5% in terms of feer index) than those of controls (see the Figure)widaer, there was no
difference in feer index between 1 - day post - HS and control animals wheer f@as induced by
interleukin - PB(240 ng/kg, iv). There was also no difference inele of the cerebrospinal fluid
prostaglandin E2 between 1 - day post - HS and control animals. A higher count of circulating
neutrophils was observed in 1 - dayt not 2 - day and 3 - day post - HS animalstelssof plasma
tumor necrosist during LPS feer were higher in 1 - day post - HS than control animals. These results
indicate that the enhanced LPSdeobsened in 1 - day post-HS animals may be caused by altered
circulating neutrophils. Theaso implicate the possibility that 1 - day post - HS animals may be more
susceptible to infections than control animals.
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MECHANISM OF SEVERE HYPOTHERMIA INDUCED IN A COOL

ENVIRONMENT IN A YOUNG FEMALE P ATIENT

O. Shido, N. Sugimoto, S. Sakurada, S. Shimura, A. Asai, R. Sumita and S. Koizumi, Department of
Physiology Shimane Medical Universityzumo, and Department of Physiology and Pediatrics,
Kanazawa Universify\Kanazawa, Japan.

A 17-yearold female patient (height 151.9 cm, body mass 52.3kdgersuj from seere
hypothermia vas admitted to the Pediatrics Department, Kanazbhiversity Hospital in winter
(February) of 1998.Body temperature (axillary temperature), heart rate and systolic and diastolic
arterial blood pressures at admission were 31.8°C, 40bpm and 84 and 42 mmHgyvebspébtre
were no particular abnormalities in the other routingsmtal examinations except for herwlbody
movement due to ypothermia. Insubsequent studies, thermogenic hormomeldesuch as plasma
thyroid hormones and urinary catecholamines, were judged to be within normal ranges and brain MRI
shaved no specific changes in thgplothalamus and pituitary geons. Accordingo a questionnaire,
the patient had not noticed a fall in her core temperature during the episodereflgpothermia,
while, in a hot environment and duringeecise, she could feel hot and perspii#e then irvestigated
thermorgulatory function of the patient after obtaining informed consent of the patient and her parents
in summer of the same yeafhe patient, wearing T-shirt and shorts, entered a climatic chamber and
was sated on a chair at an ambient temperature (Ta) of 28°C and eerélatiidity of 60%. Re tal
and skin (7 sites) temperatures, heart rate and oxygen consumption were measured. After a 30-min
rest, the & of the chamber as decreased to 24°C in 20 min and ther la was maintained for
following 100min. The rectal temperature of the patent gradually decreasacthe Ta of 28°C and
became 35.6°C at the end of the test. The fall in rectal temperature was associated with reductions in
heart rate and skin temperatures. Clear vasoconstriction was seen only in the foot when rectal
temperature reached ca. 36.0°Gxygen consumption of the patient did not increagerdéess of the
hypothermia, but slightly decreased. Indeed, nwesinig was induced throughout the tesh a
different series of studies, the patisng¢rum was intraperitoneally injected into rats, which were
chronically implanted with a temperature transmitter for telemetry sysiiém. serum produced a
marked and short-lasting fall in core temperature. The fall in core temperaagreomsistent when
dialyzed serum (69kD cutoff) was injected into ratsken togethey it appears that the threshold core
temperatures for thermogenesis amdoconstriction of the patient shifted to extremely levds,
which then resulted in the\s®e hypothermia in a cool eironment. V& Peculate that the patient
may hae produced unknown cryogenic substances with a large molecular size.

o-shido@shimane-med.ac.jp
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EFFECT OF STRENUOUS LIVE-FIRE FIREFIGHTING DRILLS ON
HEMATOLOGICAL AND PSYCHOLOGICAL MEASURES

D.L. Smith, S.JPetruzzello, M.A. Chludzinski, JBeed and J.A. Woods, Eirvice Institute,
University of lllinois, Urbana, Illinois, USA.

Fire fighing activity iwolves strenuous physical work in heavy protectear and oftenxgoses
fire fighters to etreme radiant heat loads. Thus, fire fighting presents and excellent model to study
physiological and psychological responses to acute, extreme heat stress in hlimamairpose of
this study was to describe the effects of strenueeditie fire fighting drills on selected hematological
and psychologicalariables and to document the extent to which these variablegmeddolloving
1.5 h of recoery. The extent of reagery is particularly important in this population as fire fighters
often work a 24 hour shift and may be required to respond to another firg &itman Eleven
apparently health male, professional firefighters performed three trials of a standardized set of fire
fighting tasks in a training structure that containee fires. Bloodwas drawn prior to the start of the
tasks, immediately post fire fighting aaty, and after 90 min of recumbent ra@py. Psychological
data were collected at the end of each trRlasma volume decreased by 15% immediately post fire
fighting actvity, but returned to baseline follong recawvery and aggresege rehydration. Duringthe
recovery period the fire fighters consumed amrage of about 1.5 L of coldater The decrease in
plasma volume immediately following fire fighting activity was accompanied by increases in
hemoglobin and hematocrit. Consistent with the observed hemoconcentrataal sethe nineteen
blood chemistry variables increased significantly immediately post fire fightingtyactind returned
to baseline values following reesry. Blood glucose values were significantly lower than pre-test or
post-fire fighting values after 90 minutes of nesy. These data emphasis the need for aggessi
fluid replacement follwing strenuous fire fighting activities and suggest that fire fighters may benefit
from carbohydrate replacement prior to subsequent activity.

dsmith@skidmore.edu
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LATITUDINAL COLD ADAPT ATION VERSUS SEASONAL COLD
ACCLIMATISATION IN LUGWORMS ( A. MARINA)

A.M. Sommer and H.-O. Poertnéifred WWegener Institute for Polar and Marine Resehr
Bremerhaven, Germany.

The temperature dependence of mitochondrial functions weestigated in cold adapted
intertidal lugworms, Arenicola marina(polychaeta), from the White Sea (subpolar summer) and cold
(winter) or warm (summer) acclimatised lugnms from the North Sea (boreal). Mitochondria were
isolated from the body wall tissue after animals were killed by decapitation.

Eurythermal adaptation to lower mean annual temperatures in White Sea animals is reflected by
an increase in aerobic capacity compared to North Sea summer animals. Mitochondria from subpolar
lugworms are characterised by a higher \atgti of cytochrome c-oxidase and NADP dependent
isocitrate defdrogenase as well as a rise of their maximal rates of substrate oxidation
(nmol-mint-mg* mitochondrial protein) and a reduction of tredue of actiation energy (Ea) for the
oxidation of cytochrome c. Morger, White Sea lugwrms display 2.4 times higher mitochondrial
volume density in the muscle tissue than summer animals from the North Sea. The rise in aerobic
capacity is mirrored by a doward shift of the lav critical temperature (Tc). Heever, the oxygen
demand of the whole animal increases due to the rise in mitochondrial maintenance cosés] follo
a dhift of the high Tc to lower temperaturese\Wpothesise that this shift is minimized by a rise in Ea
vaues for the decarboxylation of isocitrate andwadoactivity of citrate synthase (CS). In contrast to
cold adaptation in a latitudinal cline, seasonal acclimatisation to winter conditions in North Sea
lugworms led to a rising activity of CS. Phosphorylatioficefncy and mitochondrial coupling were
also higher in winter than in summer specimens (both from the North and the White Seas). State 4
respiration in the presence of oligomycin (state 4ol), an inhibitor of mitochondjratAFPase,
guantifies the proton leakage rates through the inner mitochondrial membranegeMmckf between
proton leakage rates were seen in cold adapted White Sea lugworms and cold acclimatised winter
animals from the North Sea. Wever, date 4ol respiration rates in summer animals from the North
Sea were significantly reduced. \gheless, the percentage of oxygen needed to feed the proton
leakage during state 3 respiration was lowest in winter animals compared to summer animals from the
North or White Seas due to edted state 3 respiration rates in winter lwgms. Cold adaptation or
acclimatisation leads to a decrease in thedotical temperature threshold, which is characterised by
the onset of anaerobic metabolism. It seems that a risiiogelefy of aerobic energy production in
winter animals is associated with metabolic depression atxjpense of regulatory fility. In
contrast, adaptation of White Sea lugworms to lower mean annual temperatures argkerto lar
temperature fluctuations leads to an increased aerobic capaditat the gpense of a higher
metabolic rate.

hpoertner@awi-bremertien.de
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USE OF TELEMETRY TO EVALUATE THE IMPACT OF SUMMER HEA T STRESS
ON CORE BODY TEMPERATURE OF CATTLE

D.E. Spiers, M.JLeonard, G.L. Hahn and T.L. Mad&epartment of Animal Sciences, University of
Missouri, Columbia, Missouri, USA.

Exposure to summer heat stress in the absence of shadeveasgh#dicant impact on thermal
status of feedlot cattle, especially in Midwest, USPav studies hae mnsidered the direct impact of
solar radiation on thermal statu®ecent advances in telemetry technology provide continuous
monitoring of core body temperature in a field environment, allowing for assessment of relationships
with ambient endpointsA 14-day study was conducted during peak summer heat to record core body
temperature via radiotelemetry and simultaneously monitor ambient condiflovedve Angus X
Simmental steers (533 kgaiage body weightBos tauru} were maintained in a feedlotveronment
without access to shade, and provided a typical finishing diet ater ad libitum Core body
temperature (Tcore) as continuously recorded for each animal using a telemetric temperature
transmitter (CavTemp Model BV010; Innotek, Inc.) in the peritonealvity. Data loggers (Hobo H8
Pro; Onset Computer Corp.) were used to record air temperatjrar{d@ percent relag humidity,
together with black globe temperature (BG) for assessment of radiant heat load. Both temperature-
humidity (THI) and black globe temperature-humidity (BGTHI) indices were calculated using these
recorded ambient alues. Initial comparison of animal and \@ronment values showed greater
correlation between day values alone than day-nighieg combined. Therefore, all comparisons use
aveaged group values for day onlyDaily high Ta and BG values ranged from 26-37 and 36-48°C,
respectrely, with lows for both values ranging from 14-27°C. High THilues reached danger -
emergeng zones from day 9 to 16Likewise, Tcore exhibited a progressiincrease from days 9 to
14. Breaking points for linear increases in Tcore for the entire study period were 23.5 and 31.8°C for
Ta and BG values, respeetly. Best-fit relationships between Tcore and all environmerahbles,
using all day alues, were second-order polynomiagressions. CorrelatiofR) between & and Tcore
was 0.85, and increased only to 0.86 with a 1 hour Tcore delay behindntontrast, R for BG and
Tcore increased from 0.75 to 0.86 with a similar shRelationships between THI and BGTHI with
Tcore improed when Tcore was shifted 2 hours behind the indices. Product valuesxoB& and
THI x BGTHI with Tcore yielded the highest Ralues (i.e., 0.89 - 0.90) when Tcore was shifted
behind the environmental stressor indily 1 hour. These results indicate telemetric transmitters can
be used to reliably predict changes in thermal status within the natural environment, and identifies that
the best prediction is acle with a 1-2 hour delay in core temperature behind changes in ambient
thermal conditions.

spiersd@missouri.edu
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NITRIC OXIDE IN THE CONTROL OF BOD Y TEMPERATURE AND FEVER
A.A. Steinerand Luiz G.S. Brando'Faculty of Odontology of Ribeirao Preto afigaculty of
Medicine of Ribeirao Preto - University of Sdo Paulo, Ribeirao PretdBia2il.

Fever is a thenomenon characterized by a raised thermoregulatory set point that leads to an
elevation in body temperature (Tb)t is well known that feer can be initiated by a number of agents
including endotoxin (LPS), viruses, yeast and Gram-pesiticteria. Considerablefforts have keen
made to identify the mechanisms ofde but they still remain only partially understoodRecently a
new biologically actve nolecule has been describes,., the gaseous compound nitric oxide (NO).
This molecule started awaution in the understanding of the physiological systems and has been
shovn to participate of seral physiological and pathophysiological manifestations, including
thermorgulation and feer. A growing body of eidence supports that NO plays a role in
thermorgulation under euthermic conditions. In this cafteve and others Wa povided eidence
that NO plays different thermoregulatoryesits by acting in the periphery and in the central mesv
system (CNS). This notion is based on the opposite results obtained by injecting pharmacological
modifiers of the NO pathway systemically or intracereemtricularly. Accordingly peripheral NO
might increase thermogenesis, leading to an increase in Th, and yet increase heat loss mechanisms
(cutaneous vasodilation, panting and sweating), producing a reduction th&lkhermorgulatory
effect of the systemic inhibition of NO synthesis depends, thus, on the prominent tlypriaiory
mechanism in the species tested, ambient temperature, amongaatioes. fAccordingly systemic
inhibition of NO synthesis has been shown to decrease Tb in ratst thdét seems to be associated
with an impaired thermogenesis (Braretal, 1997; Steineet al, 1998), whereas systemic inhibition
of NO synthesis increases Tb in rabbits, a response which seems to result from a reduced respiratory
heat dissipation (Mathaet al, 1997). Morewer, inhibition of NO synthesis in the CNS has been
shawvn to lead to a slight increase in Th (Bramta@l, 1997; Steineet al, 1998), which is likely to be
associated with an increase of the sympathetic tonus. Asvég Bidence has accumulated that
peripherally acting NO is I&y to be a signaling molecule for thevdepment of feer since it has
been reported that systemic administration of inhibitors of NO synthesis impaars fieduced by
LPS in rats and guinea pigs (Scamnstllal, 1996), IL-1 in rats (Reimerst al,1994; Rothet al,

1998), MDP in guinea pigs (Kamerman and Ful800), yeast in rats (Ataogkt al, 2000) and een
psychological stress in rats (Dealta et al, 2000). On the other hand, intracerelamtricular
administration of NOS inhibitors enhancewvdein rats and rabbits, suggesting that NO is an
antipyretic molecule by acting in the CNS (Almeiea al, 1999). Although the summation of NO
actions in the CNS results in antipyresis, NO may also bgeti@ molecule in some specific brain
regions, such as the OVL

Almeidaet al, 1999. Neuroreport 10(14), 3061-3065.
Ataogluet al, 2000. Life Sci. 67, 2247-2256.

Brancoet al, 1997. Am. J. Physiol. 273, R967-R971.
De Pauleet al, 2000. Physiol. Beha 70(5), 505-511.
Kamerman and FulleR000. Life Sci. 67, 2639-2645.
Mathaiet al, 1997. Am. J. Physiol. 272 R1691-R 1697.
Reimerset al, 1994. Cytokine 6(5), 512-520.

Rothet al, 1998. Life Sci. 62(22), PL345-350.
Scammelkt al, 1996. Am. J. Physiol. 271, R333-R338.
Steineret al, 1998.Am. J Physiol.275(4): R937-R941.
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NITRIC OXIDE IS AN ANTIPYRETIC MOLECULE IN THE VENTROMEDIAL

PREOPTIC REGION OF THE RAT BRAIN

A.A. Steinerd. Antunes-Rodrigues and Luiz G.S. Branco, Faculty of Odontology of Ribeirao Preto and
Faculty of Medicine of Ribeirao Preto - University of Sdo Paulo, Ribeirao Prej@®r&al.

We tested the hypothesis that nitric oxide (NO) acts in #rgremedial preoptic (VMPO) gion
modulating feer. To this end, body core temperature (Tc) wilig freely moving rats was monitored
by biotelemetry before and after pharmacological modulation of the NO @athhe animals were
equipped with a guide cannula for intra-VMPO microinjections, which was implanted under
tribromoethanol (250 mg/kg, ip) anesthesia. Nitrite/Nitrate and cGMélslen the AV3V rgion
(obtained from decapitated rats), where the VMPO is located, were also determined. Intra-VMPO
microinjection of the nonselegg NOS inhibitor L-NMMA (12.5 pg) did not affect basal Tc, but it
anticipated the onset of LPSvée, indicating that NO plays an antipyretic role in the VMPO. In
agreement, intra-VMPO microinjection of the NO donnor sodium nitroprusside (5 pg) reduced Tc. The
antipyretic effect of NO is likely to be mediated by aation of soluble guanylate cyclase and
consequent rise in cGMPvids since: 1. NO is known to actte soluble guanylate cyclase; 2. intra-
VMPO microinjection of the cGMP analogue 8-8BMP reduced Tc similarly to the NO donnor; and
3. the changes in AV3V Vels of Nitrite/Nitrate and cGMP were similar in the course ofefe
Surprisingly we dosened that Nitrite/Nitrate and cGMPMJes decreased in the AV3V aftdmut not
before, the onset of LPSvi&, showing that the activity of the NO-cGMP pathway is reduced in the
AV 3V after i.p. LPS, a mechanism which could contigbto the genesis and maintenance oéfe
Therefore, we suggest that the latefar the onset of feer is determined not only by the time that
peripherally generated pyrogens signal the brain, as usually thouglatlsb seems to be under the
control of antipyretic pathways. It was also observed that fleagf of 8-Br-cGMP to reduce Tc in
the VMPO s increased after LPS. This response coufga® why intra-VMPO L-NMMA
anticipated the onset offer, even though the activity of the NO patlay before the onset ofvier was
similar to that of euthermic animals. In summahese data support an antipyretic role of the NO-
cGMP pathway in the VMPO, inhibition of which seems to contribute for the genesisof fe

Financial support: FAPESENPq and PRONEX.
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NEUROCHEMICAL CORRELATES OF HYPERTHERMIA-INDUCED
BEHAVIOURAL CHANGES

V.V. Sibbarao and O.P Suguna*, Department of Physigltdpmata Medical Collge, knammam,
India and *Department of Pharmacolgdgyl.R. Medical Collge, Qulbarga, India.

Extremes of environmental conditions such as cold, heat aclypical stresses that bring into
play in the homeothermic animal a comptEf biochemical, behavioural and physiological changes.
Heat strok is a @mmon occurrence in certain parts of India, and in some other countries where the
elevated temperature reaches the peak during the summer months. Heatistdo&racterised by
disturbances of the central nervous system. Hypexi@a typically occurs when the einonmental
temperature is very high. Therefore the effect of exposure vatetetemperature of 44°C for 120
minutes in the rats on alterations in RNA, DNA, Total protein, transaminases of the brain and
behaioural alterations is studied in the albinorat, since the centrabuesystem is vulnerable to heat
stroke with associated dysfunction. The animals whose rectal temperatyreeéthed abe 4£°C
only were included in this studyhermal-stress affected animals showed a reduction of nucleic acids
with alterations in the transaminases. These changes were correlatedypétthérmia induced
cerebral derangement, and the characteristic viimval changes. Sensitivity of brain tissue to
hyperthermia is higher than that of other tissues. Changes in personality amibirelsach as
aggressie behaviour gpathy and impaired arousal occur during heaba&ustion abee 3-39.5°C, and
several workers emphasised the existence of temperature gradients with in theThedyal stress-
induced neurochemical alterations reported in this study indicate cellg@netation. Thermal stress
also induced elation of rectal temperature and the animathileited decreased locomotor adtly
and assumed sleeping posture. This is synonymous with heat dffeéts in humans, who sied
characteristic behavioural changes, including reducecement, a wid interest in the amronment
and marked loquacity.

vvsubbarao@hotmail.com
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CENTRAL IMIDAZOLINE AND ANGIOTENSIN Il RECEPTORS IN
CARDIOVASCULAR RESPONSES 1O CHRONIC COLD EXPOSURE IN RATS
Z. Sun, R. Cade and C. Tatum, Department of Meditineersity of Florida, GainesvilldJSA.

Clinical observation and epidemiological seyvaveproved that people living and working in
cold areas ha a hgh incidence of hypertension and related caraioular diseases. Cold winter
weather makesyipertension serer and induces myocardial infarction and sérok hypertensre
patients. Thusit is important to understand the mechanism underlying castialar responses to
chronic cold exposure. Our pieus studies hae $own that chronic exposure of rats to mild cold
(5°C) induces ypertension and cardiagertroply. It has been reported that central imidazoline (1)
receptors play an important role in cakgigcular responses to environmental stimuli. The obedi
this experiment is to determine whether\atton of central ] receptors affects the wopment of
cold-induced hypertension (CIH). Four groups (7/each) of Harlan SpragueyDdas were used.
Blood pressures (BP) of all groups were similar during the control pemadg®Bups were exposed to
cold (41°F; 5°C), while the remaining groups kept at 25°C. One cold-exposed (CE) aamani w
adapted (WA) group were treated chronicaliia osmotic minipumps, with an-receptor agonist,
rimenidine (R; in artificial CSF30 pg/hr, icv) and a specifia;-receptor blockr, SK&F-86466
(5 pg/hr icv). The remaining groups reeed CSF only and served as controls. The implantation of
minipumps were carried out under anesthesia (sodium pentobarbital 35 mg/kg, ip). The treatment
lasted for 4 weeks. BP of the CE control group increased significantly during the first week of
exposure to cold and rose to 162&plusm;5 mmHg by the 4th week, while BP of the CE, R-treated
group did not increase and remained at tiedahtrol level (118&plusm;3 mmHg). Whdrawal of R
resulted in an increase in BP to thedef the CE controls at the 8th week of exposure to cold. Plasma
renin activity and urine norepinephrine output were significantly decreased in the CE, R-treated group
during the 4th week, suggesting inhibition of sympathetic meyvsystem and renin-angiotensin
system. Pressor response to icv angiotensin |l (AH¥ wignificantly increased in the CE control
group. Havever, All-induced presor responseaw absent in the CE, R-treated rats at the 4th week,
indicating that All-induced pressor effect was inhibited byvastin of I, receptors. Inhibitiorof
pressor response to All disappeared at the 8th week upon wrdhadfaR at the end of the 4th week.
Thus, it is concluded that addtion of central | receptors could pvent the deelopment of CIH and
this may be related to inhibition of pressor effect of central All. This finding alsalsepossible
relationship between central All andreceptors in cardi@scular responses to chronic cokpesure.

ZSUN@PHYS.MED.UFL.EDU
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THERMAL AND NUTRITIONAL ST ATUS AND THE DEVELOPMENT OF
POSTNATAL RISE IN MINIMUM METABOLIC RATE OF THE RABBIT

M. SzékelyE. Pétervari and J.FAndrews, Department of Pathophysiolodsaculty of Medicine,
University of Pécs, Hungary.

In the process of transition from intrauterine to extrauterine life, resting metabolic rate (RMR) is
known to increase postnatallfhe mechanism of this adaptation phenomenon is natriknib can be
connected probably to the changing conditions, mainly to the change in thevmahment (for cold
extrauterine environment) and to the change in nutrition (for enteral nutrition). In the present studies
the effects of environmental temperature and feeding status on postnatal metabolic rate were analyzed.
RMR values of 72 newborn MeZealand White rabbit pups were measured on a total of 149 test
occasions. At tests the pups belonged to one of thenvialipage groups: 0-6 h, >6-12 h, >12-36 h,
>36-72 h, >72-120 h and >120-168 h. Between tests the pups were (withxsmptoas) returned to
the maternal nest, which was relaly cold and in which feeding started relaty late (usually by the
end of the first postnatal dayith great variability). Feeding status was judged by appearance of the
pups and by their weight gain in the course of increasing postnatal age. At tests, the pups were placed
into an open-circuit metabolic chamber immersed inagerbath, which was warmed from 23-25°C
by a rate of 1°C/10min. During thisanming, colonic temperature was measured by thermocouples,
metabolic rate by diaferometeMetabolic rate was expressed on body mass basis. Testlo
metabolic rate observed in this process wasrded RMR, provided the animalas quiet. No RMR
change was obsezd between the first 2 age groupsweeer, by the age of >12-36 h RMRxkibited
a 2Z’% rise, irrespeocte whether the animals were fed or unfed. A group of 9 pugss ot returned to
the doe after test at age 0-6 h,ytheere transferred to an artificial nest in a thermostat of 35-36°C
(thermoneutrality). Pups of this group were xp@sed to cold, and thiexhibited no significant RMR
rise by the age of >12-36 h (aftexsls thg were not returned to the doe, yhbad a narcotic
oveadose). In case the pups were not feehdbeyond the age of 36 h, theould not sustain the high
RMR. In 6 suchdsting pups RMR had risen by the age of >12-36 h, but declined to the immediate
postnatal leel by the age of >36-72 hln contrast, 7 pups, unfed at the age of >36-72 h were
successfully fed lateby the age of >72-120 h their weight gain was 31% and their RMR rose to the
level seen in normally fed pups of the same age. This is remarkable, since the consumed milk was not
yet absorbed and incorporated into metabolicallywadibdy mass. It is concluded that 1) In the rabbit,
cold exposure is necessary for the early postnatal rise in RMR, while the feeding status has no role in
the deelopment of this rise. This RMR-rise is thought to be connected with cold-induced changes of
thyroid functions. 2) The high RMR cannot be sustained without onset of enteral nutftsimg
leads to a decline of the already high RMR. 3) Late-onset feedingvobysly fasting pups results in
large increase of RMR (per body mass, includiagtgc content), despite the stilwoactive body
mass. This RMR-rise may be connected with stretch and other gastrointestinal signals.

Supported by OTKA 026511.
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THERMOREGULA TORY “OVERSHOOT” REACTIONS IN COLD-ADAPTED RATS
M. SzékelyZ. Selényi, E. Pétervari and M. Balaskd, Department of Pathophysjdtagulty of
Medicine University of Pécs, Hungary.

Cold-adapted (CA) rats, as compared with non-adapted (NA) ones jben reported to ge
enhanced metabolic response to acute cold exposuree(Beéhl, 1994). This may be due to altered
function of thermosensors (Székely & MercE99), to altered central processing of therrgalatory
information, or to altered metabolic respaesiess of tissues. In the present studies the possibility of
cold adaptation-induced regulatory changes was checkisthnkats were adapted to a room of 3-5°C
or 22-25°C (CA or M group, respectely). Temperatures of the colon (T tail skin (T), and
metabolic rate (MR) of CA vs. Alrats were analyzed at 25 vs. 30°C (thermoneutrality) and after
exposure to moderate (15 vs. 21°C) or to intense (5 vs. 15°C) cold. Temperatures were measured by
thermocouples, MR by diaferometavhile the rats stayed semirestrained in a metabolic chamber
Resting MR at thermoneutrality is higher (8.10 + 0.32 W/kg)sTower (37.84 + 0.05°C) in CA rats
(as compared with 6.05 + 0.23 W/kg and 38.33 = 0.09°C, resg@gctin NA rats); the high MR is
counterbalanced by earlier onset of cutaneous heat loss. Acute cold exposure causes an immediate
MR-rise, without initial T-fall in CA rats; this MR rise exceeds the actual needefghoot”) and
results in ,paradoxical” eletion of T_(persisting as long as the colkpesure); upon re-warming both
MR and T, fall. Comparable cold exposure iMANats (e.g. similar MR rise in % inANrats exposed to
15°C and CA rats exposed to 5°C, or similar MRellen NA and CA rats at 15°C) alays causes
T.-decline and sl MR-rise, in sharp contrast to CA rats. Stepwise cooling of CA rats causes
stepwise rise in I suggesting that thevershoot MR- and [levels are not due to the rate of cooling,
rather to the actual eerity of cold which alters the regulated/éts of MR and T. It is concluded that
ovesensitve peripheral cold sensors, while stimulated, sustain a too high metabolic tone and a
paradoxically high T The high metabolic activity of tissueg.§. brown fat) and the enhanced
responsieness of tissues to thermogenie.g. noradrenaline) stimuli contribute to theresshoot
phenomenon. This phenomenon can still Xidaned basically by regulatory changes: increased cold
sensitvity plus greater central regulatory responses (altered central processing of thafatorng
information), resulting in greater outgoing signal to the peripheral heat producing/conserving
mechanisms.

Székely M., Balasko, M. & Szelén, Z. (1994) Altered responginess of cold-adapted rats to thermal
stress. In: Zeisbger, E., Schonbaum, E., Lomax, FEds.), Thermal Balance in Health and
Disease, Birkhauser Verlag, Basel, pp. 155-160.

Székely M. & Mercer JB. (1999) Thermosensitivity changes in cold-adapted gat$herm. Biol.
24:369-371.
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ROLE OF THE MEDULLAR Y RAPHE NUCLEI IN THERMOREGULA TORY
VASOMOTOR CONTROL IN RATS

M. Tanaka, K. Nagashima, Flosono, R. McAllen and K. Kanosu@ept. of Physiol., Sch. Allied
Health Sciences, Osaka Unkac. of Med., Osaka, Japan.

The preoptic area plays @k ole in body temperature regulation by integrating information
about local brain temperature and other body temperatures, and by sefetint sfgnals toarious
effector ogans. Recenfindings suggest that the control of both heat production and heat loss are
regulated mainly by signals fromakm-sensitie reurones rather than those emanating from cold-
sensitve reurones. Thats, warm-sensitie reurones in the preoptic area send excitatofgreft
signals for heat loss, and inhibitory signals for heat production. In ratsvaparatve heat loss
occurs mainly through the tail skin, and is controlled by the sympatlasticonstrictor neex Recent
studies suggest that the medullary raphé nuclei may play an important role in the cutaseousor
control. We investigated the role of the medullary raphé in the thermoregulatory vasomotor control,
and its connections with the preoptic area. Each of adult male specific pathogen-frestesrj-&its
(290-400 g) was anaesthetized with urethene (1.4 g/kg, Hw).preoptic warming, an electrode-
thermocouple assembly was implanted into the preoptic area, and for drug application a casnula w
inserted into the medullary raph@ polyethylene catheter (filled with heparin saline, 50 U/mBsw
implanted in the right femoral artery to monitor arterial blood pressure and hearVaatalilation
occurred in response to preopti@awing. Whenan excitatory amino acid, D,L-homocysteic acid
(DLH:0.5 mM, 0.3 pl) vas injected in the raphé nuclei during preoptic warming, vasodilataen w
transiently suppressed, which often accompanied with increase in blood prédseirefective stes
were restricted in the caudal part of the raphé nuclei. When/®@Aceptor antagonist, bicuculline
(500 uM, 0.3 pl) was injected into the DLHegftive stes, vasodilation did not occuven though the
preoptic area was avrmed. Finally we injected a retrograde tracaholeratoxin B (CTb) into the
caudal part of the raphé nucleA lage number of cells were labelled with CTb in the preoptic area
and in the midbrain periaqueductal YrdPAG), where tail vasodilation is produced by
electrical/chemical stimulation (Zhangt al, 1997). Theseresults suggest thatasoconstrictie
neurones exit in the caudal part of the medullary raphé nuclei, ancetteve inhibitory signals from
the preoptic area, which would be responsible for tail vasodilation by preoptiing. Butit is
uncertain whether the signals from the preoptic area are directly transmitted to the medullary raphé
nuclei or via the RG.

Zhang, Y.-H., Hosono, T.,ahase-Fujivara, M, Chen, X.-M. & Kanosue, K. (1997) Effect of midbrain
stimulation on thermoregulatory vasomotor response intabysiol.503.1, 177-186.
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OXYGEN CONSUMPTION AND HEAR T RATE RESPONSES O LOWERED
AMBIENT TEMPERATURES IN CHICK EMBR YOS AND HATCHLINGS

H. Tazawa, K. Moriya, A. Tamura, Komoio and R. Akiyama, Dept. of Electrical and Electronic
Engng., Muroran Institute of Technolgdyuroran, Japan.

The domestic fowl Gallus gallus domesticuseferred to as chick) is precocial species and
embryos hatch after about 21 days of incubation at 383@s exchange is made by molecular
diffusion through the chorioallantoic membrane (CAM) and porggstell prior to internal pipping
(i.e., pipping internally the CAM; IP).With initiation of lung breathing, both the fi§ive and
corvective gas exchanges by the CAM and lungs are made ingipeviéh subsequent increase in the
latter during &ternal pipping (i.e., pipping externally thggshell). Theincubation period prior to
initiation of IP on days 19-20 is referred to as prenatal period and the embryo, the prenatal embryo.
The period beginning with IP and ending up hatching is referred to as perinatal period of incubation
and the embryo, the perinatal embryo. The perinatal period after hatching may be designated as
postnatal period and the chick, hatchling or newly hatched chick. In ordervastigate the
development of thermoigulatory capacity in the prenatal and perinatal chick embryos, wepsg/
developed two cooling tests whichxamined oxygen consumption responses of the embryovirédal
ambient temperaturexposures. Ongas a gadual cooling test and another was a prolonged cooling
test. Bothtests were made by keeping the imbalance between heat loss frorggtrena: heat
production of the embryo as small as possible while the egg was cooling and oxygen consuasption w
measured. Thimcipient compensatory increases in oxygen consumption were found in perinatal chick
embryos. Theperinatal embryos needed not emerge from the egg for the compensation toVdecur
suggested general model of thevelepment of homeothermy in precocial and also altricial birds
(Tazavaet al, 1988; Whitaw & Tazava, 1991). Inaddition to these wews, in the present report we
investigated the heart rate responses of perinatal chick embryos and postnatal hatchlingset o
ambient temperaturexposures. Theanstantaneous heart rate (IHR)asvdetermined from ECG
measured by specially designed silwire electrodes in perinatal embryos inside the eggshell and by
flexible disk electrodes in hatchlings. Somxeenally pirpped (EP) embryos failed to hatch on day 22
of incubation and stayed inside the eggshell for more than 1-2 @agse EP embryos responded to
low temperature>gosures by raising the IHR baseline and in addition the raised baselinggbiRde
oscillate with a period of 10-20 sThese trendsvere more dominant in hatchling®aticularly, in
hatchlings, the HR oscillations which appeared inva temperature environment disappeared when
they were varmed. Thusthe HR oscillations with a period of 10-20 s which often occur wldping
hatchings are distinete evidence related to thermoregulation of hatchlings.

Tazawa, H., Wakayama, H., drnet J.S. & Paganelli, C.V (1988) Metabolic compensation for gradual
cooling in deeloping chick embryosComp. Biochem. Physi@9A:125-129.

Whittow, G.C. & Tazava, H. (1991) The early delopment of thermoregulation in birdBhysiol.
Z00l.64:1371-1390.
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MEASUREMENT OF BODY SURFACE AREA USING 3D LASER SCANS
P. Tikuisis, P Meunier and C.E. Jubenvill®efence and Civil Institute of Environmental Medicine,
Toronto, Ontario, Canada.

3D laser scanning technology and sophisticated graphics editingasaftwere applied to
determine human body surface area (BSA). Whole-body scans of 641 adults (395 males and 246
females) were obtained from the anthropometric data base of vilerCAmerican and European
Surface Anthropometry Resource project. BSAswcalculated after detailed surface editing of the
scans that wolved patching and smoothing to produce closedasad. 12males and 12 females
(G24) were chosen from the entire population for detailed measurements of #ee suda of the
hand (S4,,d and of the ratios of the surface area to volume (SA/VOL)asfous body sgments.
Regression formulae wolving wrist circumference and arm length were subsequently used to predict
SA, angfor the remaining populatiorOverall mean + SD of BSA were 2.03 +0.19 and 1.73 + 049 m
for men and women, respedaly. Various published prediction formulae were then compared and
although most predicted close to the BSA measured herein, residual anabaesdren most cases an
overprediction with increasing body sizeNon-linear regressions were performed for each gender
separately and these yielded the following best-fit formulae (with root mean square erb&Yof
BSA(cn?) = 128.1eWT044HTO50 for men and 147.4sWPr*%HT%%5 for women, where WT is in kg
and HT is in cm. The SA/VOL ratio of various body segments were higher for the females compared
to the males of G24, significantly for the head plus neck (by 7%), torso (19%), upper arms (15%),
forearms (20%), hands (18%), and feet (11%)e SA/VOL ratios for both genders ranged frof?
m* for the pelvic region to 104 - 123 hfor the hands.

peter.tikuisis@dciem.dnd.ca
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COMPARISON OF PHYSIOLOGIC AND PERCEPTION BASED INDICES OF HEAT
STRAIN

P. Tikuisis, T.M. McLellan and G. Selkirk, Defence and Civil Institute of Environmental Medicine,
Toronto, Ontario, Canada.

The physiological strain inde(PSI) has recently been introduced as avassally-applicable
measure of the strain induced byereise-heat stress. PSI (on a scale of 0 to M®sgual weight to
normalized increases in deep body temperature (Tc) and heartHateever, PSI has not been
compared to an indanodelled by the perception of these physiological changeléowing the same
mathematical recipe as the PSI, the perceptions of thermal sensation andeghesaetion were
combined and the resultant index, PeSAswhen compared to its physiological counterpawnenty
males and six females participated in aer@se-heat stress experiment for this purpose. Subjects were
grouped according to theirvd of aerobic fithess [athletically trained (T) and untrained (W).
subjects (n = 13) had a highevékof body fatness (mean £ SD 18.1 £ 5.3 vs. 12.6 £ 4.5%; p < 0.010)
and a lower leel of aerobic fitness (@, . =43.6 + 3.8 £vs. 59.0 + 6.2 mLemirtskg; p < 0.001).
While wearing semi-impermeable clothing, subjectdkad (3.5 kmeh') under hot conditions (40°C
and 30% RH) until exhaustion or when their Tc reached 39.5°C. There was no gfetgndd in
PSI, yet T perceed their physiological strain {ger than U (p < 0.002) during the first 60 min of
exposure. Therevas dso no diference between the indices for U whereas PSI was higher than PeSl
for T (p < 0.008). By the end of the exposure (69.2 = 11.5 vs. 94.6 £ 17.7 min for U,and T
respectrely; p < 0.001), T had a higheale of PSI (8.23 + 0.72 vs. 6.74 + 1.47; p < 0.002) but there
was no goup difference in PeSIWhile the indices were not different for U, PSI was higher at the end
than PeSl for T (6.14 £ 1.68; p < 0.001). Thus, T underestimated their PSI throughatjidbere
whereas U consistently pereed their plysiological strain in accordance with the measured increases
in core temperature and heart rate.

peter.tikuisis@dciem.dnd.ca
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THERMOREGULA TORY AND CARDIOVASCULAR RESPONSES OF YOUNG AND
ELDERLY MEN TO AIR TEMPERATURE CHANGE

Y. Taechihara, K. Yamashita, K. Fuijii,.XXaji and H. Kitahara, Dept. of Ergonomics, Kyushu Institute of
Design, Fukuoka, Japan.

The purpose of this study as to iwvestigate the effect of room temperature change on
physiological and subjeate responses in the elderly and the young. The subjects were allyhealth
medically-screened volunteers: 9 young men (mean age 22.3 years) and 9 older men (mean age 69.€
years). Thg wore only shorts during the experiment. Ambient temperatuag¢ ¢T the climatic
chamber was set at 28°C for 30 min. Tha hcreased linearly to 43°C 30 min lgtand decreased to
13°C 60 min after that. From 13°C tha fmoved to 28°C in 30 min and remained there for 30 min
more as shown in the Figure beldRectal temperature(€), skin temperatures at 10 points, blood/flo
and sweat rate were measured continuously during the threexpauineent. Heartate (HR), blood
pressure, thermal sensation and thermal discomfort were measergdl@ min. The rperiments
were carried out in summekverage Te of both groups were almost the same for 120 mwebes,
when the Tre of the elderly decreased more deeply at the end of the experiment, the difference between
the groups became significant. Aswhoby hand skin temperature, the elderly could not reduce heat
loss by vasoconstriction as could the young. HR in the young during the heat expesure w
significantly higher than in the elderlgut there were no significant differences in HR between the
groups during the coldxposure and the second 28°C period. On the other hand, systolic blood
pressure (SBP) was similar in both groups during the first 28°C period and duringpguesatre, bt
during the cold exposure SBP in the elderly were significantly higher than in the young. These
differences in SBP continuedvem when & increased. Although the elderly subjects had less
vasoconstriction in their extremities, due to the decreased s@gsdf their baroreceptor reftes,

SBP increased more during cold exposure than in the young. The sldengi core temperature
probably caused their much higher blood pressure in the latter part of the experiment. There were no
differences in thermal sensations between the groups during the experiments, but the degree of thermal
discomfort for the elderly during heat and cold exposures were significantly smaller than for the
young. Physiological after effects from cold exposure were more marked for the,abderiey

seemed lessnare of them than the young.
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CATECHOLAMINES AND CORTISOL IN THERMOREGULATION OF CHICKEN
AND DUCK EMBR YOS INCUBATED UNDER LOWERED TEMPERATURE
H.Tonhardt, C.Klemm and D. von PlettendpeDepartment of Veterinary MedicinEree University,
Berlin, Germany.

During the embryological delopment the neal and the hormonal regulatory system has to be
developed to a stage, that there able to adapt the ganism from prenatal protected life to the
completely different as well as changingieonmental conditions. The prenatal mammal in the uterus
is protected againsavious exogenic influences by the mottercomparison to that the avian embryo
has to react very early to stress factors with own regulatory systems. The symptho-adrenal system
plays a protal role in the adaptation of body to stress by providing an immediate response to an
stressar The main function of the Catecholamines (CA): noradrenalife-Bdrenaline-A and
dopamine-[A is to potect the embryo from deleteriougdoxic damages in the end of embryogenesis
by improving the blood gas status and the redistribution of cardiac out@viour bf heart, brain and
chorioallantoic membrane. When respiration changes from the chorioallantoic circuit to the lungs,
Corticosteroids stimulate the synthesis of actdnt and Cortisol (C) is responsible for glucose
metabolism. Undethe condition of stress, C permits a permss#fect to CA by an increasing
sensitvity to the CA-receptors in circuit. All these functions of hormones support the possibility of
thermorgulation. Our basic question was whethavdo prenatal temperatures for certain periods of
time had ap influence on CA and C in plasma of the chick embryo in comparison with duck embryo.
The present study aimed at the influence af tsmperatures (37.5°C and 35.0°C) on the CA- and C-
concentrations in plasma of chick and duck embrybBe incubation temperature was decreased
(385.0°C) atday of incubation (D)14 for chicken embryos and at D23 for duck embryos. The control
group was continously incubated at 37.5°The day on which the incubation temperaturasw
changed in the duck is determined in relation to the chicken erslaya’ D14 of the chicken and D23
of the duck are equélent to 66% of their respegg incubation time. CA were determined by HPLC,

C with testkits (Sigma-Aldrich). The table shows the median of hormone concentrations (ng/ml) in
chick and duck embryos from selected incubation days.

Chicken Duck
D18 D19 D20 D30 D31 D32
T[°C] | 375 | 35.0| 375/ 350 375 350 375 350 375 350 375 B5.0
DA 6.9 7.3 5.9 74| 105 9.8 1.8 1.3 1.6 1.p 2.2 1.9
NA 13.3| 13.6| 219 82| 385 156 176 9B 266 96 11.9 33.6
A 1.8 0.5 5.9 05| 11.20 0.9 4.7 0.9 4.1 1.6 3.2 5.4
C 3.1 2.7 4.3 5.6 5.4 4.6 5.8 5.7 7.9 7.0 7.4 8.5

In chick embryos we found an age dependent increase in hormate & 37.5°C and at
35.0°C from D18 to D20. In duck embryos an increaas found between D30 to D32 only at 35.0°C.
The longetterm decrease of incubation temperature influenced the CA- and C-concentration in
plasma. Considering the physiological function of these hormones inech&id duck embryos- the
influence on metabolism and circuit - thermoregulation can be assumed at 35.0°C in both.

This study was supported by H.@haumann-Foundation and German Research Community.
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THE EARLY DEVELOPMENT OF NEURONAL HYPOTHALAMIC
THERMOSENSITIVITY IS INFLUENCED BY EPIGENETIC TEMPERATURE
ADAPTATION

B. Tzschentkand D. Basta, Department of Biolgdyumboldt-University of Berlin, Berlin, Germany.

During embryonic deslopment, changes in environmental conditions induce alterations in
postnatal deslopment of control systems &kthe thermoregulatory system. Birds incubated aklo
or higher temperatures than usual were postnatal cold or warm adapted. In our own experiments in
ducklings, for instance, heat production was higher (56%) in cold-incubated birds (34.5°C) than in
normally incubated ones under cold load (10°C) on the first day after hatching. Besides this, cold-
incubated ducklings preferreier ambient temperatures during the first 10 days post-hatching than
birds incubated at the usual 37.5°Cvidbisly, these alterations are the result of epigenetic adaptation
processes. It is to assume, that in the brain epigenetic adaptation processes results in a changec
neuronal actiity. In relation to that, in our>g@eriments we estigated the prenatal influence of
different incubation temperatures on thedigoment of central neural thermoregulatory mechanisms
in ducklings. Experiments were carried out in 1-, 5- and 10-d-old Mwsdaocklings Cairina
moschata incubated at 35°C, 37.5°C (control) and 38.5°C during the last week of incubation. At the
day of the experiments the birds were decapitated and the braimecerd00 pum thick brain slices
including the preoptic area of the anterior hypothalamus (PO/AH) were prepared. Using the method of
extracellular recordings, neuronal thermosensitivity of PO/AH neurons after sinusoidal temperature
changes (40°C = 3°C) wasvestigated. The proportion of cold- (C) andamn-sensitie (W) and
temperature-insensieé FO/AH neurons was determined in all age groupsesiigated. The results
shav, that changes in incubation temperature induced a clear alteration of neuypatiabamic
thermosensitity during the first 10 days post-hatchingt khis alteration was independent (proximate
nonadaptie) of the direction of changes in incubation temperature between day 1 and 5. In 1- and 5-d-
old ducklings the proximate nonadagtihange in neuronal hypothalamic thermosensitivity after
different prenatal temperature load might be typical for this early stage of opntderimate
nonadaptie dterations to various exogenous factors were also found iry foaday functions (e.g.
blood flav of the allantoic membrane, heart rate) during earlyeldpment in birds as well as in
mammals. On the 10th day post-hatching prenatal temperature experiences induced an incubation
temperature dependent alteration of the thermosensitivity of PO/AH neurons (proximatecadapti
10-d-old birds cold load eleted hypothalamic arm-sensitiity through an increased proportion of
W-neurons and a reduced proportion of C-neurons. Prenatal i@ad induced an opposite effece W
conclude, that in diérently incubated birds the observed alteration in the activity of PO/AH neurons
which results in changes in neuronal thermosensitivity of the thermoregulatory center is caused by
epigenetic adaptation processes.

barbara.tzschentke@rz.hu-berlin.de
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ENHANCED RESPONSIVENESS TO CENTRAL PROSTAGLANDIN E OR
NEUROPEPTIDE Y IN COLD-ADAPTED RATS

B. Uzsoki, A. Feket&. Pétervari, M. Balaské and M. SzékdDepartment of Pathophysiolagyaculty
of Medicine University of Pécs, Hungary.

In contrast to non-adapted (NA) rats, cold-adapted (CA) raes“gvershoot” rise in metabolic
rate (MR) upon acute cold exposure (Szglet al, 2001). This might be explained by an enhanced
sensitvity of peripheral temperature (cold) sensors (Székely & Mel®89), possibly by high tissue
thermogenesis and increased tissue resparess to thermogenic stimuliytmight also be>glained
by altered central processing of thermoregulatory informatiom thes last possibility was analyzed
and the effects of non-thermal influences on central regulatory functions were studied r&ts were
accustomed to handling and body weight measurementy. Wére adapted to a room of 22-25 or
3-5°C (NA or CA groups) temperature, with lights on between 6.00-18.00 h. Under intraperitoneal
ketamine + xylazine (78 + 13 mg/kg) anesthesia guide-cannula was implanted into a lateral cerebral
ventricle (i.c.v). One week later the rats were semi-restrained, placed in a metabolic chamber and 100
ng prostaglandin E(PGE, Sigma) was injected i.cat hermoneutrality (25°C for CA, 30°C forAN
rats). Metabolic rate (MR) and colonic temperature) (Were measured by diaferometer and
thermocouples, respeetly. Smilar measurements were done after i.cimjection of 10 pg
neuropeptide Y (NPYBachem) at cool (15°C for CA, 20°C for NA) or thermoneutral temperatures. In
other cases, cumulaé body weight changes, as indicators of food iet@K) were measured for 3-h
following i.c.v injection of 2 pg NPY at 9.00 at the adaptation temperature (or in some CA rats at
22-25°C), while the rats stayed in their home-cages where aid water were freely\ailable. After
the experiments the rats wereei a rarcotic werdose. Resting MR was highér, was lower in CA
than in MA rats. Both MR and Trose following PGE (but not saline) injections; the rises were
significantly greater in CA rats. In cool environments NPY induced slightly more pronoupdaidl T
in CA than in M rats. NPY induced FI in both groups, but the response was significantly greater in
the CA group. 0.9% NacCl injections were without effect on Fl. The actual environmental temperature
at which the food was offered did not influence the FI response of CA rats tdthgd6ncluded that
CA rats, similarly to their “wershoot” thermorgulatory response to peripheral cold, argédr-
responsie o direct central stimuli, without anchange in peripheral thermal signals. Identical PGE
amounts eoke geater thermowgulatory responses in CA animals. This is not due to increased
thermogenic capacity of peripheral tissues, since similar phenomenon canwmefshdPY in Fi
regulation. Apparent|ycentral regulatory respomnveness is generally enhanced in CA rats.

Székely M. & Mercer JB. (1999) Thermosensitivity chages in cold-adapted tat3herm. Biol.
24:369-371.

Székely M., Szelényi, Z., Pétervéri, E. & Balaskd, M. (2001) Thermolaory "overshoot” reactions
in cold-adapted ratsProc. Aust. Physiol. Pharmacol. S82(2) Suppl. 1: 156P.
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EFFECT OF MILD COLD ON METABOLIC AND INSULATIVE ADAPT ATION IN

MAN

WD. van Marken Lichtenbelt, Bchrauwen and M.S. Westerterp-Plantenga, Department of Human
Biology, Maastricht UniversityMaastricht, The Netherlands.

Some studies shothat exposure to mild cold causes an increase in temperature gradient (core-
skin), while other studies sWwothat energy metabolism increased. The nadatontribution of each
form of adaptation during mild cold has not been studied. Therefore we studied the shortetetrof ef
mild decrease in environmental temperature on energy metabolism and body temperature distribution.

9 Males stayed 2 conseatdicays at 16°C and one day at 22°C in a respiration char2ber
EE, diet induced thermogenesis (DIT), sleeping metabolic rate (SMRYjtyadhduced enegy
expenditure (AEE), and rectal and skin temperatures were measured.

Proximal skin temperatures were #028°C lower at 16°C compared to 22°C, while distally the
difference was 4481.6°C. At 16°C body core temperature was significantly@I5°C lower than at
22°C (p<0.01). @mperature gradients increased significantly at 16°C compared to 22°C (p<0.01). At
16°C 24h EE, DIT and AEE increased compared to 22°C (p<0.02, P<0.005, p<0.05,vegpecti

In search for acclimation effects day 1 and day 2 at 16°C were compared. 24h EE and AEE were
elevated on day 2 compared to day 1 (p<0.02 and p<0.05). No apparent significant differences in body
temperatures were found. Wever, the change in body temperature gradients (core-proximal skis) w
negatively related to the change in 24h EE*R.82, p<0.002). This means that those subjects with
little or no increase in 24h EE showed an increase or no change in their body temperature gradient,
while those that increased their 24hEE showed a decrease in their body temperature gradient.

The results she that interindividual differences exist with respect to the relatontribution of
metabolic and insulate adaptations to mild cold.

MarkenLichtenbelt@HB.unimaas.nl
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A MATHEMATICAL MODEL OF THE DYNAMIC THERMAL INTERACTIONS
BETWEEN CLOTHING AND HUMAN THERMOREGULA TORY SYTEM

Z. WangY. Li and Z.X. Luo, Institute ofekile and Clothing The Hong Kong Polytechnic University,
Hong Kong.

This paper presents a mathematical model that simulates the dynamic thermal interactions
between clothing materials and the human therguatory system, which is solved by finite
difference method. The model consists ab parts: a clothing heat and moisture transfer model and a
thermorgulatory model of the human badyhe clothing heat and moisture transfer model is a
mathematical model that describes the heat transfer processes by conduction and radiation and the
moisture transfer processes by diffusion, fiber moisture sorption. Condensapordéon, and
capillary actions, as well as the couplindeets among them are considered. With specification of
boundary conditions of the temperature and humidity at the clothing-skin and clothiraerent
interfaces, the dynamic changes of the distidn of the temperature, moisture contents and the
volumetric fraction of the liquid water throughout thabfic are calculated. For describing the
thermorgulatory responses of the human ho@ggges two-node thermoregulatory model is used,
which takes into account of the passheat balance and transfer processes and the moisture transfer
processes in the bodgnd the thermomgulatory controlling mechanisms of heat production, sweating
and blood flav. By interfacing these tow models, we decloped a mathematical model that is able to
simulate the dynamic thermal interactions between clothing and the body thgutatmg/ system,
particularly in the transient conditions. Using this model, we are able to illustrate mathematwally ho
the clothing materials influence the therngudatory responses of the body such as sweating rate,
blood flav, heat production by st&ring, body core temperature and skin temperature profiles, as well
temperature and moisture profiles in the clothing during the transient changes of environment and/or
physical activities. By changing theanous combination of thermal status of human batithing
material and environmental conditions, the model can be used to studyysielqgical thermal
responses and comfort status of the human body such as heat stresses and cold stresageumder v
transient conditions.

tcrsch5@inet.polyu.edu.hk
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A MINI-REVIEW ON THE ROLE OF ANGIOTENSIN Il AND ITS RECEPTORS IN
THE DEVELOPMENT OF FEVER IN RODENTS
T. Watanabe Department of Physiologyottori University Yonago, Japan.

Angiotensin I (ANG 1l) has recently been recognized as one of the stress hormones that
participate in various stress-induced responses, inclugipertmermic response-ever may be one of
the stresses (i.e., immunological stress), because the stimuli that indigcestfmulate the
hypothalamo-pituitary-adrenocortical axis and sympathetic ausrvsystem. Recent studiesvba
revealed the existence of ttypes of ANG Il receptors in the brainT Aand AT,,. In this mini-review,
we summarizes our findings on the role of ANG Il and its receptors in tleopeent of feer in
rodents. V& report an inhibition by intrahypothalamic (i.h.) injection of Aeceptor antagonist (£9)
of the fever induced in rats by intraperitoneal (i.p.) injection of interleukin-1 (IL-JugZkg) or i.h.
prostaglandin E (PGE, 100 ng). The PGE-inducedrfm rats was enhanced by treatment with ANG
Il (25 ng, i.h.) but was reduced by angiotensinveting enzyme (AE) inhibitor (10ug, i.h.). ANG
Il alone had no effect on the resting body temperatiereover, we present our results stming an
attenuation of IL-1 (1Qug/kg, i.p.)-induced feer in the AT, receptordeficient mice. It is, therefore,
likely that AT,-receptors contribute to thevi induction in mice as well as in rats, and that
hypothalamic A ,-receptors modulate the PGEvée in a positive way at the final step of ver
induction. Onthe other hands, we present in this miniie® our very recent results showing that the
fever induced in dehydrated rats by iMeaous (i.v.) injection of lipopolysaccharide (LPSug/kg)
was dtenuated by systemic administration of ACE inhibitor (10 mg/kg, i.v.), while thee fieduced
by IL-1 (2 pg/kg, i.v.) was not.These results suggest that ANG Il isdlved in the deelopment of
fever induced in dehydrated rats by. iigjection of LPS via stimulating the production gfrgpgenic
cytokines, such as IL-1.aken togetherit is likely that ANG Il and A, receptors contribute to the
induction of fever at the final step by affecting the processes mediated by PGE, and that ANG Il
participates, at the first step ofvée induction, in the synthesis and release of pyrogenic cytokines in
response to LPS.

watanabe@grape.med.tottori-u.ac.jp
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IMPACT OF TOXIC AGENTS OR ADVERSE CONDITIONS ON
THERMOREGULA TORY FUNCTION IN AWAKE RODENTS

WP. Watkinson, M.JCampen, L.B. Wichers, J.Rolan, U.P Kodavanti and D.L. Costa, US
Environmental Protection AgendRD/NHEERL/ETD/PTB; Resedr Triangle Park, NC USA.

In response to exposure to xenobiotic agents, rodents demonstrate significant acute and
subchronic decreases in important indices of thergubagory and cardiascular function (termed the
hypothermic espons€Watkinson & Gordon, 1993)These effects are often accompanied by similar
decreases in related parameters (e.g., metabolic rate, cardiac output, respiratory rate) and may
predispose treated animals to adverse arrhythwéot® and lethalities. This response has been
obsened in a number of studies in our laboratory and appears remarkably consistent, despite the
variety of agents (anesthetics, pesticides, ozone, particulate mnagtafs, others) and exposure routes
(intravenous, intraperitoneal, intratrachael instillation, inhaled) tested. Furthermore, these effects may
be modulated by seemingly routine changexpeamental conditions, and are especially seresit
changes in ambient temperature)(@d animal mass. For the most part, these studies used rats that
were anesthetized with sodium pentobarbital (50 mg/kg; ip) and implanted with radiotelemetry
transmitters capable of monitoring electrocardiogram, heart rate (HR), and core body temperature
(T, at least 7 days were aled for recoery from these procedures before exposures were
conducted. In initial studies, ratgpwsed to the pesticide chlordimeform (5-60 mg/kg, ig)ilbted
acute decreases in_Tand HR of approximately 1.0-2.0°C and 50-150 bpm, resmhctiln
subsequent studies, exposure to ozone (0.5 ppm, inhaled) induced similar decreases in rats maintainec
at an T of 22°C. When the protocol for these ozone studies was repeated abfh0TC, decreases
in T, and HR aeraged 2.5-4.0°C and 150-200 bpm, respelsti In smilar studies in which mice
were acutely xposed to ozone (2.0 ppm, inhaled), deficits as high as 10°C were obsatv Current
studies inolving both intratrachael and inhalation exposures of rats to particulate matter and its
metallic constituents also induce Tand HR decreases in the ranges of 1.5-3.0°C and 50-150 bpm,
respectrely, depending on the specificxgerimental conditions and animal models empth In
companion studies, biochemical indices of pulmonary injusye ieen shown to correlate well with
the magnitudes of these responses. While the underlying mechanism/s remains undetermined, these
effects hae loth plysiological and behavioral components and appear to be mediated, in part, via the
parasympathetic nervous system. Interestinghfess seerely stressed, humans do not appear to
demonstrate this response. Thugjegithat rats and mice represent theeravhelming majority of
animal species used in toxicological testing, such effects magyitn@ortant implications with respect
to the interpretation and extrapolation of the results obtained from standard toxicological studies.

Watkinson, WP. & Gordon, C.J. (1993 Caveats rgarding the use of the laboratory rat as a model for
acute toxicological studiesModulation of the toxic response via physiological and biehnal
mechanismsToxicology81: 15-31.

Abstract does not represent USAGRlicy.
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NEW TECHNIQUES FOR THE THERMAL PHYSIOLOGIST : USING CLINICAL
MAGNETIC RESONANCE METHODS IN BASIC RESEARCH

J. Werner and E. Mietzsch, Center for Biomedical Methods, Medical Fa&uiky-University Bochum,
Germany.

Magnetic resonance imaging (MRI) has become wepiil tool in non-ivasive dagnosis of
pathological and pathophysiological phenomena. Its maimrddges are the use of non-ionizing
radiation and the possibility to adjust the contrast of the images according to the tissues and
phenomena wolved. Imaging is disturbed by maments (body meements, respiration, blood fi9
and by temperature changes. The latter effect may besrted into a measurement principle, it one
remains ware that it will be highly disturbed by “imaging”, i.e. when measuring withifecddht
tissues and of course also byvaments including perfusion. Basically is a technique deliering
relative wnits, i. e. it has to be calibrated e. g. by fiberoptical measuremerdggeéhniques ha keen
proposed and testedeperature dependence of 1. spin-lattice relaxation timg)(“2. Brownian
motion (diffusion coefficient), 3. resonance frequeotprotons, 4. equilibrium magnetization (J¥,

5. chemical shift of temperature sengtmmplexes (anthanides).

In contrast to the great number of studies on dead material, the successful application of
temperature measurements in livinganisms is still rather rare, mainly beause of ynadditional
problems. The measurements gfiff vivo proved to be dfficult because it is disturbed by changes of
proton density and of perfusion. One disadvantage of diffusion imaging is the anigatfirthye
diffusion coefficient, meaning that the temperature dependence of the signal changes according to the
direction of cells or fibers. Disadmtages of the use of lanthanide comgdenclude restricted spatial
resolution and the vrasiveness of the intrgenous application of the agent. The proton resonance
frequeny method requires a complemage processing, including, ékather methods, subtraction of
different images. No detailed information seems to \mdade for the equilibrium magnetization
methods. A common problem of most methods is the still long acquisition time, so that the
requirement for no m@ment cannot be fulfilled. Heever, the deelopment of fast MRI procedures
and algorithms is an incredibly quick process which promises a continuousvéamerd.
Nevertheless, at present, temperature measuremenvonis/inot a routine procedure at all. Our lab
focussed on temperature imaging of muscle, in vitro andviy using spin-echo sequences making
use both of the “T" and the “M,™-effect. The method pred to be bss sensiie o motions than
others with a high signal to noise ratio, the disadvantage still being the long acquisition time (about 5
min) and the interference with bloodwlolf these dravbacks are of lower significance or cabn be
overcome, an in wio acuray of less than 1°C can be expected, together with a good spatial
resolution. With further progress in this technolaimere is no doubt that it will assist enormously in
revealing some of the central secrets within the thermoregulatory system.

werner@biomed.ruhr-uni-bochum.de
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SEASONAL VARIATION IN BOD Y WEIGHT : AN EXPERIMENTAL CASE STUDY
Klaas R. Westerterp, Department of Human Biolddgastricht UniversityThe Netherlands.

The efect of seasonal variation in ambient temperature on body weight was studied in one
subject @er three consecuwte years (1997-2000), including a shift in the cold season to a tropic
ervironment (1999). The subject was a man, Stiogy mass inde21.7 kg/nf. Ambient temperature
was a 2Zh average as monitored by the Royal Dutch Meteorological Institute at a location within 10
km. Body weight was measured dailg the morning after getting up with an empty bladder and
before ag food or water intake, on a scale accurate to £0.01 kg. Ambient temperature ranged between
a winter minimum of -3.4, -5.5 and -4.7°C, and a summer maximum of 26.9, 25.8 and 24e4tii=0
three consecute years. Body weight reached a winter maximum of 60.7, 60.7 and 60.3 kg, and a
summer minimum of 57.4, 57.2 and 57.3 k¢erothe same interval. There was a strongatiee
correlation between body weight and ambient temperatdre (t58, p < 0.0001), apart from the
season with the shift from avoto a ligh ambient temperature. Then, body weight dropped from the
winter value of 60.0 kg to 57.6 kg afterdweeks in the tropics at 27°C. Surprisingbpdy weight
remained at a similar value until the sumyrdaspite ambient temperatures down to -4.7°C in late
winter. One of the potential mechanisms is a temperature induggkinmhin thyroid actrity, where
thyroid actvity reduced after heat exposure in mid-winter to a summerwvah a consequent
reduction of body weight. In conclusion, body weightvgti@ clear seasonal variation triggered by
ambient temperature, with a minimum in summer and a maximum in wpasibly regulated by
thyroid activity.
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CORE-SKIN GRADIENT OF BOD Y TEMPERATURE RELATED T O NON-
SHIVERING THERMOGENESIS 3 IN HUMANS A T AL OWERED AMBIENT
TEMPERATURE

M.S. Westerterp-Plantenga, W.D. van Marken Lichtenbelt aBchiRauwen, Dept of Human Biology,
University of Maastricht, Maastricht, The Netherlands.

Enegy expenditure (EE) is related to body temperature, and vice versa, while EE is related to
ambient temperature as well. In a study in women, BE igher at 22°C than at 27°C, 9.9 MJ/d
versus 8.9 MJ/d (p<.001), respeety (Westerterp-Plantenget al, 2002a). Thedifference was the
result of an increase in diet induced energy expenditure (DEE, p<.01) and of an increasséyin acti
induced energy expenditure (AEE, p<.01). At the same time, core (p<.05), proximal (forehead, infra-
clavicular zone) and distal (hand, foot, thigh) skin (p<.001) temperatures had decreased. In a study in
men, the increase in EE at 16°C compared to at 22°C, 12.9 ki#dsvi2.2 MJ/d (p<.001), consisted
of increases in DEE (p<.01) and in Sleeping Metabolic Rate (SMR, p<.05), together with decreases in
core, proximal and distal skin temperatures (p<.0l1¢sf@fterp-Plantenget al, 2002b). Herewe
addressed the effect of lowered ambient temperatures i.e. 22°C {82°FC (81°F) and 16°C (61°F)
vs22°C (72°F) on a part of 24h nonwfring thermogenesis, named NST3, in the teferred studies.

We define NST as the sum of NST1 (part of SMR), NST2 (part of DEE), and NST3 (part of resting EE
or REE). In both studies, EE measured as DEE iadh REE consisting of DEE and NST3. DEE is

the acute effect of food ingestion on EE, which accounts for about 10 percent of EeR¥&i-as
percentage of energy intake- normally should remain the same in comparable situations with respect to
enegy balance and macronutrient composition of the diet. Since theveelBEE appeared to be
significantly different between the dwdifferent ambient temperatures within both groups of subjects,
we considered this difference as being part of N&imed NST3. W hypothesized that NST3
contributes to the regulation of body temperature. NSE3 dwetermined as total EE minus (SMR +
DEE + AEE). Thus, NST3 was 248+208 kJ/d at 22°C and 7144505 kJ/d at 16°C, and was related to
the core-skin body temperature gradient (r= -.95, p<.001; and r= -.7, p<.05; rebpedNST3

limited the increase in core-skin temperature gradient at a lower ambient temperature. &5T1 w
increased as well in the men at 16°Ce W@nclude that at a lower ambient temperature, thgetar
NST3, the smaller the core-skin body temperature gradient, i.e. the larger the area in which the
decrease of body temperature is limited. Thus NST3 caotddbindeed to the maintenance of body
temperature under circumstances with decreased ambient temperature.

Westerterp-Planteray M.S., van Marken Lichtenbelt, ./, Cilissen, C. & Top, S. (2002a) Eggr
metabolism in wmen during short exposure to the thermoneutral zdpPleysiol Behav
75:227-35.

Westerterp-Planteray M.S., van Marken Lichtenbelt VID., Strobbe, H. & Schrauwen, 2002b)
Enegy metabolism and body weight in humans atveeled ambient temperaturéur. J. din.
Nutr. 56:288-96.
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RATE SENSITIVITY OF TYMPANIC TEMPERATURE THRESHOLDS FOR
VENTILATION DURING EXERCISE-INDUCED BOD Y WARMING IN HUMANS
M.D. White G.P. Kenny M. Cabanac, A. Sancheti, A.M. Hall and D.M. Vartgb for Exercise &
Environ Physiol, Human Kinetics, Memorial Un&. John’s, NFCanada.

Core temperature thresholds for ventilation during bodynving induced by eitheixercise or
hot bath immersion wa been demonstrated (White & Cabanac, 1996). It was obdeat core
temperatures greater than these thresholds, tnailation increased in direct proportion to core
temperatures. Thisupported the hypothesis ventilation bedsaas a lhermorgulatory response at
elevated body core temperatures by giving a response that is proportionate to the increase in core
temperature. Baseah the rate sensit responses of temperature semsitireurons, it has also been
suggested that human thermoregulatory responses may beveebsitie rate of core temperature
increase. @ test the hypothesis if core temperature thresholds for minute ventilation arevednsiti
the rate of core temperature increase, core temperature thresholdmtitation were determined
across at differing rates of core temperature incre@&ta from 4 studies and 23 subjects in
normothermic conditions (Tambient = 22 to 24°C, Redatilumidity 40 to 50%) were included in this
analysis. Ineach study subjects pedalled on a seayeté @rgometer and workloads were increased
until the point of ghaustion. Thework load was increased by differing steps of 17.520¥\, 40W
and 52.5 W each 2 min to inducefdifng rates of either tympanic tg or esophageal (J) core
temperature increase. Skin temperaturapressed as the unweighted mean, were measured at 4
surface sites including the forehead, upper limb, thorax, andrlimb T, and T thresholds for
minute \entilation, normalised for carbon dioxide production and ‘oxygen consumption, were
determined from scatterplots bydvor three if a discrepagavas evident) separate obsers. Results
shaved that the differing rates of workload increase induced differing rates of increase (fange:
2.82 to 5.10°C/hr) and for J (range: 3.41 to 6.30°C/hr). The mean skin temperatures were either
constant or increasing during theeecise sessionsHigh and significant rggtive @rrelations between
the rate of T increase and the Tthresholds for Y/VO, (r=-0.72, p <0.01) and for ZWCO,
(r=-0.92, p <0.01) werevedent. Correlations between the rate Qf icrease and the Ithresholds
for V/VO, and for \/VCO, were lav and not significant. The results supported thgttfiresholds
for ventilation are sensie © the rate of core temperature increase. The same result was not apparent
for Tes thresholds for entilation. In conclusion, the evidence supports that thresholds for
ventilation are sensite  the rate of T increase. Ahigher rate of core temperature increasee@
lower core temperature threshold for minute ventilation in theseise conditions.

White, M.D. & Cabanac, M. (1996) Exercise Hyperpnea ametthermia in humanl. Appl. Physiol.
81, 1249-1254.
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COMPARISON OF CORE TEMPERATURE THRESHOLDS FOR VENTILATION TO
VENTILATION THRESHOLDS 1 AND 2 DURING INCREMENTAL EXERCISE IN
HUMANS

M.D. White G.P. Kenny and FHaman, Lab for Exercise & Environ Physiol, Human Kinetics,
Memorial Uniy . John’s, NF,Canada.

Human ventilation during a progreasiexecise to maximal attainablevids, expressed as a
function of oxygen consumption @), shows tw successie inflection points or entilation
thresholds (VT).Employing the terminology of Skinner-McLellan-Kinderman, the lowentdation
threshold (VT) is suggested to coincide with the onset of blood lactate accumulation and the upper
ventilation threshold (V) is possibly of a neurogenic originAt close to 70-80% of the maximal
attainable work-rate, core temperature thresholds datilation were also demonstrated (White and
Cabanac 1996). hiever, it is not known if the veork rates at these core temperature thresholds for
ventilation are the same or different than the work rates gta¥itl VT,. The purpose of the present
study was to compare thedyat the core temperature thresholds for ventilation to bothavi@l VT,.
The goal vas to address if these three separate ventilation thresholds are similafemndif
physiological or metabolic responses. Six fit male, college-aged subjects pedatdel e@rgometer on
2 occasions in progres& execise tests until the point okleaustion. Inone eercise session ork
rate was increased by 20W/2 min {gloamp) and in the other by 40W/2 min (fast ramBubjects
were instrumented for esophageal temperaturg, (3kin temperatures and their expired gases were
collected to assess oxygen consumptiol©fy carbon dioxide production (VCP and minute
ventilation (V). In both &ercise sessions,ewntilatory equralents for oxygen consumption (X/O.)
and carbon dioxide production (X¥'CO,) were plotted as a function of both land \O,. These
plots allowed the determination ofO4 at each of the T threshold for ventilation, VTand VT, In
the slav ramp session the®, of 2.85+ 0.23 I/min at the cLthreshold for \(/VO,, (p< 0.01) and the
VO, of 2.44+ 0.19 I/min at the cLthreshold for \/VCO, (p< 0.01) were significantly greater than the
VO2 of 1.81+ 0.11 I/min at V. In the fast ramp session theOY of 2.87+0.16 I/min at the [
threshold for \/VO, (p< 0.001) and the @, of 2.68+0.15 I/min at the [ threshold for \//VCO, (p<
0.01) were both significantly greater than the,\éf 1.15+0.23 I/min at V]. Comparisons of 0, at
the T cthreshold for ventilation to @, at VT, gave dfferent results. In the shoramp session the®,
at the T threshold for \./VO, was ot significantly different than the @, of 3.01 + 0.17 l/min at
VT,. The VO, at the T_threshold for \é/VCO in the same sl@ ramp session was significantlyner
(p <O 01) than VT In the fast ramp session th&®yat the T_thresholds for W/VO, and \/VCO,
were both not significantly different than th©ybf 2.71 + 0. 18 /min at V] In conclusion, the 0, at
the T . thresholds for entilation is significantly greater than the oxygen consumption atanﬂ
appears not to be éirent than oxygen consumption at )/TThe results appear to support that \i§

a \entilatory response occurring at significantlyés VO, than either VT or the T threshold for
ventilation.

White, M.D. & Cabanac, M. (1996) Excise Hyperpnea and hyperthermia in hundadppl. Physiol.
81, 1249-1254.
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COMPARISON OF CORE TEMPERATURE THRESHOLDS FOR VENTILATION TO
A POINT OF INCREASED BLOOD LACT ATE ACCUMULATION DURING
INCREMENTAL EXERCISE IN HUMANS

M.D. White G.P. Kenny and F Haman, Lab for Exercise & Environ Physiol, Human Kinetics,
Memorial Uniy . John’s, NFCanada.

During progressie execise blood lactate Wels begin to increase as the intensity wéreise
increases. At higher Vels of incremental xercise one vier supports that increase inentilation,
relatve © metabolic need, is a respiratory compensation for the lactic acidosis. \&mgpline
terminology of Skinner-McLellan-Kinderman this respiratory compensation is initiated at the first
ventilation threshold (V) at gproximately 30-50% of maximal oxygen consumption. Core
temperature thresholds for ventilation during incrementelicese hae dso been identified (White &
Cabanac 1996) and core temperature is suggested to be an additional stimulus to ventila¢ieroft le
exacise greater than about 70% of maximal oxygen consumption. It is not yet knemthdse core
temperature thresholds for ventilation compare to the point ofatetk blood lactates during
incremental gercise. The purpose of this studyasvto compare theud of oxygen consumption
(VO,) at the core temperature threshold for ventilation to that at the point of blood lactate
accumulation during incrementateecise. Six fit male collge-aged subjects pedaled a cyctpereter
on 2 occasions in incrementateecise tests until the point ofklkaustion. In one session thewmy
output was increased by 20W/2 min (glcamp) and in the other by 40W/2 miragt ramp). Subjects
were instrumented for esophageal temperatugg, (3kin temperatures and their expired gases were
collected to assessOy, carbon dioxide production (VC and minute ventilation (). At each
workload two aterialized blood samples were taken from the tip of the finger and subsequently
analysed for blood lactate concentrations. In ba#hoese sessions, ventilatory egalients for oxygen
consumption (}/VO,) and carbon dioxide production (//CO,) were plotted as a function of both
T..and \O,. From 2 independent obseions of these plots (or by 3 if a discrepanas evident) the
VO, at the T threshold for entilation in each xercise session was assessed. In addition, visual
inspection of scatterplots of blood lactateels versus D, allowed determination of the @, at the
2-mmol blood lactate pointin the slov ramp session the@, of 1.51+0.14 I/min at the 2-mmol point
was dgnificantly less than both theQ4 of 2.85+0.21 I/min (p<0.001) at the Jthreshold for \./VO,,
and the \D, of 2.44+ 0.19 I/min at the [threshold \./VCO, (p<0.001). This was also evident in the
fast ramp session when théyof 0.86 + 0.12 I/min at the 2mmol point of lactate accumulatias w
significantly less than the @, at the T thresholds for VO, (p <0.001) and for WVCO, (p
<0.001). Inconclusion, the @, at the 2-mmol point of blood lactate accumulation is significantly less
than the \D, obsered at the esophageal temperature threshold for ventilation during incremental
exacise to maximal attainableonk-rates. Theesults support that the accumulation of blood lactate
and the T thresholds for ventilation are separatents with potentially different metabolic and/or
neural origins.

White, M.D. & Cabanac, M. (1996) Exercise Hyperpnea amqebithermia in humanl. Appl. Physiol.
81, 1249-1254.
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THE EFFECT OF FACE FANNING ON CONTINUOUSL Y M EASURED BRIAN AND
EXTRACRANIAL TEMPERATURES IN HUMANS

M.D. White Z. Mariak, T. Lyson and JLewko, Department of Neurosgery, Univ. Medical School,
Bailystok UniversityBialystok Poland.

The estimate of intracranial temperatures from extracranial core temperature measurement sites
remains an enigma. In clinical settings the estimate of intracranial temperatureerishfepost-
operatve patients is critical since the prognosis for thegeenthermic patients is often very podihe
best indicator of intracranial temperatures fromanaeranial core temperature site is needed tovallo
appropriate monitoring and care of these patieMsry few direct intracranial measurements of
humans hae keen reported in the literaturds such the purpose of the presenestigation was to
assess the dese of association between intracranial temperatures and both tympanic and esophageal
temperatures. laddition, the effects of face fanning on these continuously measured intracranial and
extracranial temperatures were assessHuok subjects included 14 post-operatpatients follaving
sugery and all patients had intact and closed craniums. The patient group incluelesh fenon-
feverish and normothermic patients. The patients’ were \i@hb in three conditions. First their
temperatures were recorded prior to face fanning. Next, their facesameezlffor 20 to 30 min with a
small fan at an air speed of 3.25 th-Subsequently the patients’ temperatures were followed after the
fanning period. The results demonstrated that intracranial temperature changes measured in the
subdural space (Tsd) and epidural spaesl)Tvere highly correlated (r=0.93, p <0.05) to changes in
tympanic temperatures (Tty) and uncorrelated to changes in esophageal temperatures. The drop in
tympanic temperature of 0.18 + 0.03°Gsvalso not significantly different than the mean drop of
intracranial temperature of 0.15 + 0.05°C during the face fanning period. In this study thenfang f
of patients with intact craniums demonstrated changes of intracranial temperatures thestdfollo
tympanic temperatures more closely than esophageal temperatures.

mdwhite@mun.ca
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CYCLIC GMP EFFECTS ON NEURONAL THERMOSENSITIVITY AND FIRING
RATE IN RAT HYPOTHALAMIC TISSUE SLICES

C.L. Wright and J.A. Boulant, Department of Physiology and Cell Biplolgyp State University,
Columbus, Ohio, USA.

The rostral hypothalamus contains temperature semsitd insensitre reurons, and this ggon
plays an important role in thermoregulation anefe It is possible that endogenous signals modify
the actvity of these neurons by intracellular cyclic nucleotidégeviousin vitro studies in our
laboratory found thatyclic AMP increased the firing rate and thermosensitivity of hypothala@imw
sensitve reurons; hwever, CAMP had little efect on temperature insensdi reurons. Thepresent
study tested the responses ofpbdthalamic neurons to a different cyclic nucleotide, cGMP
Extracellular action potentials were recorded in hypothalamic tissue slices prepared from male,
Sprague-Dawle rats. Eachrat was killed by decapitation, the brain was reedp and a block
containing the hypothalamus was cttorizontal tissue slices (350 microns thick) were sectioned and
transferred to a recording chamber perfused with an oxygenated (9%%6 @Q,), 300 mOsm/kg
nutrient medium. The experimental mediumasvsimilar to the control medium but contained
8-bromo-cGMP (5-100 uM), a membrane permeaptdic GMP analog. The perfusion medium and
tissue slices were maintained at 36°-37°C using a thermoelectric assembly that also allowed periodic
warming and cooling to characterize neuronal thermoseitgitiSingle unit activity was recorded at
various hypothalamic locations, including the preoptic area and antgpothalamus. Eacheuron
was dharacterized according to its thermosewsytj i.e., its change in firing rate (Hz or imp/sec)
during a change in tissue temperatuMeurons with a thermosensitivity of at least 0.8 imp/sec/°C
were considered to be warm sensiti Neurons having lesser thermosensitivities were grouped into
subpopulations of temperature insensitireurons; i.e., low-slope temperature insewsitreurons
were less than 0.2 imp/sec/°C, while moderate-slope temperature ingensitions were at least 0.2
imp/sec/°C but less than 0.8 imp/sec/Each neurors pontaneous firing rate and thermosenisyti
were tested before, during and after 8-bromo-cGMP perfusiow. concentrations of 8-bromo-cGMP
did not affect the firing rates of most warm sewsitieurons but either increased or decreased the
firing rates of maytemperature insensig reurons. Orthe other hand, 8-bromo-cGMP did ndfeat
the thermosensitivity of low-slope temperature inseresiteurons but either increased or decreased
the thermosensitivity of mgnwarm sensitie and moderate-slope temperature insevesiteurons. In
addition to neuronal thermosengity, cGMP also dected neuronal responses to £Gome neurons
changed their firing rates when CEbncentration was increased to 10% (from a control concentration
of 5% CQ), and 8-bromo-cGMP altered this response to.Ci@ general, it appears that both cGMP
and cAMP modify thermosensitivity in those neurons that are highly sengitmoderately sensite
to temperature. In terms of firing rates,wawer, cGMP has its predominantfe€t on the least
thermosensitie reurons, while cCAMP primarily affects the most thermoseresiteurons.

This research was supported by NIH, NS14644.
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STUDY ON THE POSSIBILITY OF ANTIBODIES AGAINST HEA T STRESS
PROTEINS AS BIOMARKERS T O ASSESS ABNORMAL XENOBIOTIC-INDUCED
STRESS

T. Wi, S. Ghert, C. Xao?!, Y. Wi, H. He!, G. Zhang" and R.M. Tangu&y Institute of Occupational
Medicine Tongji Medical Collge, Hiazhong University of Science & Technold@yina; 2Lab of Cell
and Developmental Genetics, RSVS, Laval Univeitgbec, Canada.

Heat shock or stress proteins (Hsps) are a group of proteins induced fg aflanobiotics,
mary of which are common in the working environment. The important biological functions of Hsps
are closely related to thermatolerance or poison tolerance. The present aim in this papgiaseto e
the possibility of antibodies against as biomarkers to assess whettkersiare gperiencing or hee
experienced abnormalexobiotics-induced stress within their working environment. In the present
study We wsed immunoblotting to irestigate the presence of antibodies against the different Hsps,
Hsp27, Hsp60, Hsp71, Hsc (heat shock cognate) 73, ldsp@@p in groups of wrkers exposed to
high temperature, carbon monoxide, to eithev [&300mg/ni) or high concentrations of benzene
(300mg/nt) and a group of wrkers who had>®erienced benzene poisoning. In the same time, blood
samples from this arkers were assayed for the number of peripheral white blood cells, concentration
of hemoglubin, actities of serum superoxide dismutase (SOD), lymphocyt& Dimage et al. &/
further irvestigated the difference in oral temperature, heart rate, and lymghD&NA damage in the
man-made climate high temperature room between pilot with and without anti-Hsps. The significance
of the presence and dilution of anti-Hsp71 were analyzed in patients with heat inducing illness using
western blot-ELISA. Antibodies to Hsp27 and Hsp71 were found more frequently in the high
temperature and carbon monoxide-exposed groups than in control (P<0.05). The carbon monoxide-
exposed group showed the highest incidence of anti-Hsp antibodintisHsp60 antibodies were only
detected in wrkers exposed to high temperature and carbon monoxide. The high incidence of anti-
Hsp was related to the percentage ofkers with abnormal electrocardiogram, B echogram changes,
displaying hepatitis B antigen, a significant increase in the activities of ananine aminotransferase and
acid phosphatase, and a significant increase in lynyph®@iNA damage. Benzene-poisonerkers
shaved a high incidence of antibodies against HspAD%) which was associated with a decrease in
white blood cells (3.841.13x109 versus 7.68L.84x109 in control) and with an increase in adigs
of serum SOD (138.4823.154/ml) and lymphocyte DN damage (18.7%). The results from the man-
made climate room shed that the increase in oral temperature, heart rate and lymphocye DN
damage in pilots with the posié antibodies to Hsp were higher than those in pilots with tlygtne
antibodies during heat stress. The presence and dilution of anti-Hsp71 in patients with acute heat
inducing illness were significantly higher that in control. These results suggest that the increased
frequeny of antibodies to Hsps is the result of these damage, of the release of denatured Hsps and of a
decrease in the phagocytic ability of macrophages in thesi&ewand the presence of these
autoantibodies in plasma oforkers and pilots may indicate the increase of heat damage and high
sensitvity to heat or others. These results also suggest that whether antiboaiiest &pps can
potentially be useful biomarkers to assess dfkers are experiencing abnormal stress within their
living and working environment.

This work was supported by the National Natural Sciermenéation of China and a joinkéange
program grant between NNSFC and The Medical Research Council of Canada.
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PRESENCE OF ANTIBODY AGAINST THE INDUCIBLE HEA T SHOCK PROTEIN
HSP71 IN FATIENTS WITH ACUTE HEA T INDUCED ILLNESS

T.Wil2 S. Qhert, C. Xaot, C. Wang Q. Ran, Z. Wang M. Xie, Z. Mao, Y Wul?and R.M. Tangudy
lnstitute of Occupational Medicinéluazhong University of Science & Technold@yina;
2Laboratory of Cell and Developmental Genetics, Department of MedldimieersitA© Laval and
CHUQ (CHUL Reseah Center), QuA©bec, Canada.

Antibodies against heat shock or stress proteins (Hspg) lig®n reported in patients with a
number of diseases where yhmay be iwvolved in the pathogenesis of disease or may be of use for
prognosis. Heat-induced diseases such as heat cramps, heat exhaustion or bes¢ $tegiient in
hot working or living emironments. There are still ieinvestigations on the presence and possible
significance of autoantibodies agst heat shock proteins in heat-induced illnesses. Using an
immunoblotting technique with recombinant human Hsps, we Haoked for the presence and
measured titers of antibodies against Hsp60, Hsp71, and éisp@0R in 42 young patients with acute
heat-induced illness. 8Vdso examined the presence of antibody against Hsp71 in 57 older patients
with acute heat-induced illness and the changes in titers of anti-Hsp71 antibodies in 9 patients
hospitalized by emgeng physicians. In the group of young persomsreising in a hot evironment,
the occurrence of antibodies against Hsp71 and Hsp@3 dgnificantly higher among indiduals
with symptoms of heat-induced illness (P<0.05) than in the matched group offectedhixercising
individuals. Morewer the titers of antibody against Hsp71 were higher in individuals of treeesand
mild heat-induced iliness groups, the highest titer being found in the nvest sases.A study of a
second group of 57 older heat-affected patients exposed to extremeavesinglar results. Agin
patients with the more gere heat-induced symptoms svexd a significantly higher incidence of
antibodies to Hsp71 than controls and the titer of anti-Hsp71 was higher ivéledysaffected group.
Finally in a study of 9 patients, it was observed that the titer of anti-hsp71 decreased duvieny reco
from severe heat symptoms. These results suggest that measurement of antibodies to Hsps may be
useful to assess Wwoindividuals are responding to abnormal stress within theindi and verking
ervironment and may be used as one of biomarko ®auate the susceptibility to heat-induced
diseases.

This work was supported by the National Natural Sciermenéation of China and a joink&ange
program grant between NNSFC and The Medical Research Council (MRC) of Canada.
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BASAL AND INDUCIBLE LEVEL OF HSP71 IN PERIPHERAL BLOOD

LY MPHOCYTES IN SOLDIERS WITH HEA T INDUCED ILLNESS

C. Xiao, TWu, S.Chen, Q. Pan, Z. WangV. Xie and Z. Mao, Institute of Occupational Medicine,
Tongji Med Collge, Huiazhong Univ of Science and Techno)dgyna.

The objectte d this research was to analyse the basal and inducibé ¢& HSP71 in
peripheral blood lymphagtes in heat-induced illness and control soldiers, and to explore the
mechanism of heat induced illness.WlBytometry was used for detecting HSP71 in peripheral blood
lymphogytes. In the basal condition, thevée of HSP71 was v, and no significance was found
between the control and heat-induced iliness soldiers (268.10, 390.05). After being cultured at 37°C
for 5h, the lgel of HSP71 in both the heat illness and control soldiers remarkably increased compared
with the basal condition. Thevd of HSP71 of heat-induced illness soldiers was much higher than
control (1405.08 and 931.16, P<0.01). HSP71 in control soldiers increased slightly after stressed at
41°C for 1h (955.99), while in heat-induced iliness group, HSP71 declined instead of reaching a high
level (1148.92). It may be concluded that the inducibility of HSP71 changed in the cases with heat-
induced iliness. This suggests that thevidlial differences of the HSP71 gene and expression may
play a role in the occurrence of heat-induced illness. The threshold of thermotolerance decreased and
the ability of thermotolerance could not normally formed.

wut@tjmu.edu.cn
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HUMAN BRAIN TEMPERATURE REGULATION AND OXID ATIVE METABOLISM
DURING FUNCTIONAL VISUAL STIMULATION

Dmitriy A. YablonskiyJoseph J.H. Acrman and Marcus E. Raichl®epartment of Radiology,
Washington University School of Medicjrig. Louis, MO, USA.

A fundamental disa@ry of modern human brain imaging with positron emission tomograph
(PET) that the blood fi@ to activated regions of the normal human brain increases substantially more
than the oxygen consumption (Fox & Raichle, 1986) has lead to a broad discussion in the literature
concerning possible mechanisms responsible for this phenomenon. Presently no corsteslisse
well known that oxygen dedery is not the only function of systemic circulation. Additional roles
include delery of nutrients and other required substances to the tissue, wastearemd
temperature gulation. Among these other functions, the role of regional cerebral bloodr@@BF)
in local brain temperature regulation has reekiscant attention. Here a theoretical analysis is
presented supported by empirical data obtained from humans with functional magnetic resonance
(fMR) suggesting that increase in rCBF during functional stimulation can cause local changes in brain
temperature and subsequent changes in oxygen consumption. Major factors contributing to
temperature regulation during functional stimulation are changes in the oxygen consumption, changes
in the temperature of incoming arterial blood and heat exchange betweatedcind surrounding
tissue. The ater proton magnetic resonance (MR) freqyeteenperature-shift of -0.01ppm/°Cas
employed to monitor local brain temperature changes in huroamteers during functional acétion.

The MR data were collected on a 1.5 tesla Siemens Magneigion \6canner using a singlexel
localization technique that allows estimation of bothter signal intensity and signal frequenc
(Yablonskiyet al, 2000). A typical wxel size was 10 ml and experimental repetition period was 2 sec.
The functional actietion paradigm included 4 min of rest, followed by 4 min of visual gorte
stimulation using GRASS goggles flashing at 8 Hz, followed by a final 4 min. of rest. MR signal
intensity and signal frequepdtemperature) both change during functionalvatitn. Local brain
temperature decreases arerage by about 0.2°C during agiion, havever, individual variations up

to £1°C hae dso been obseed. An important feature of all data is a strong correlation (R=0.94)
between the slope that characterizes the change in signal intensity with time and the slope that
characterizes the change of signal freqyesmith time during the actetion period. This effect &érs
additional evidence of brain temperature changes during functionadtiaxti Indeed, change in brain
temperature results in change in the rate of chemical reactions, hence tissue metabolisrenbesce v
blood oxygen saturation, hence MR signal intengitf R microcirculation model (&#blonskiyet al,

1994), allows estimation from this data of a mean change in metabolic reaction rate on the order of 8%
per 1°C, which is in agreement with published data (Swan, 1974).

Fox, P. & Raichle, M. (1986Proc. Natl. Acad. Sci. US83,1140-1144.

Swan, H. (1974Thermoegulation and bioeneyetics, American Elsevier Publishing Compannc.
Yablonskiy D.A., Ackerman, J.J.H. and Raichle, M.E. (20B60JAS 97,7603-7608. ‘#dblonskiy D.A.
and Haacke, E.M. (1994Jagn. Reson. Med32,749-763.
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THERMAL CONDITIONING A T THE POSTNATAL STAGE - A POSSIBLE
TRAETMENT T O INCREASE THERMOTOLERANCE IN FAST GROWING
CHICKENS

S. Yaha¥;, O. Halevy and J.PMcMurtry®, ‘Department of Poultry Scienc8RO The Volcani Center,
Israel, Department of Animal Sciencthe Hebew University of Jerusalem, Rehovot, Israel and
3Growth Biology LaboratoryUS Department of Agricultu, Beltsville MD, USA.

Fdlowing a tremendous genetic impement during the last decades, broiler chickens ingaro
significantly their growth rate in a reba#ly short period. It coincided with higher metabolic rate and
increased sensitivity to sub-optimal conditions, such as high ambient tempergjuce €treme
relatve humidities (rh). Acclimation to eleted T, impairs broilers’ performance and partially
diminishes the genetic imprement. Havever, short-term exposure to mild heat stress (thermal
conditioning - TC) during the first week post hatch was found to weploth the acquisition of
thermotolerance and performance. The technique of TC takes advantage of the immaturity of the
mechanism to regulate body temperaturg (il young chicks during their first week of life. Thermal
conditioning to mild heat stress during the first week of lifg=87.5+1.0°C; 70-80% rh; for 24 h at
the age of 3 days) resulted in gth retardation followed by an immediate compensatoryvtiro
which resulted in complete compensation for the loss of weight ¢eading to higher body weight
and breast muscle of the conditioned chitk at the age of 42 days. TC causes an increasel@task
muscle satellite cell aeity, necessary for further musclg/gertroply. An immediate increase as
obsered in satellite cell DM synthesis in culture and in breast muscle tissue (vechérom dead
chicks) in response to TC, tovkbs that were significantly higher than that of non-treated chitkss
was acompanied with the induction of insulindilgrowth factorl (IGF-1), but not hepatocyte gngh
factor (HGF) in the TC chicks, followed by a significantvet®n of number of cells per gram of
muscle. © gudy the effect of TC on thermotolerance acquisition, @riekat the age of 42 days (the
approximate market age) were thermally challenged (6 h exposurg36+1L.0°C and 20-30% rh).
Thermal challenge resulted in hyperthermia and mortaioweve, while in the control chiockns
hyperthermia reached, Tof 45.3+0.08C, in TC chi@ns T increased to only 44.3+0.23°C with
significantly lower mortality TC chickens demonstrated lower plasma triiodothyronine apcb¥ime
concentration suggesting a reduction in heat production. It coincided with significantly higher heat loss
by radiation and camction. During thermal challenge the stresfedf in the TC chickens as
significantly laver as suggested from plasma concentration of corticosterone, glucagon and IGF-Il. A
significantly laver induction of heat shock proteins (70 and 90 kDa) synthesis in heart muscle and lung
tissues (remeed from dead birds) of TC chickens further suggests that these bifelslegé from heat
stress. It can be concluded that thermal conditioning at the age of 3 days post hatefesimpro
dramatically the ability of the mature chickens to thermoregulate during exposure to acute heat spells
and &en improves chick performance.

yahavs@agri.huji.ac.il
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THERMOREGULA TORY RESPONSES OF CHILDREN AND YOUNG ADULTS IN A
HOT ENVIRONMENT

K. Yamashita, M. Fuijita, J.S. Kim andTéchihara, Dept. of Ergonomics, Kyushu Institute of Design,
Fukuoka, Japan.

Because of their greater body swd area (BSA)-to-Body mass (BM) ratio, childrerveha
physical adantage for heat loss than adults. Some researchers reported that children tend to depend on
dry heat loss rather thawaporating cooling under hot thermal conditions. There are/ebm, few
detailed descriptions of the mechanisms of childreahérmal responses. Our study includes 29
children (16 boys and 15 girls: 7-10 of age; children group) and 16 students (8 males and 8 females:
20-24 of age; adults group). A consent formsvsigned by each students and childrgafents. The
were placed in a pre-room set at 28°C, 50%RH, after thgtwbee maed to an &posure room set at
30°C, 70%RH, where tlgeimmersed their legs in a 42°Caterbath during the last 40 minutes.
Measured during the experiments were rectal temperature (Tre), skin temperature at 7 sites, local sweat
rate on the back (Lst) and forearm (Lsw,f), forearm skin bloodwWidFSBF) and body weight loss
(as total sweat rate). Mean skin temperature (Tsk3 walculated the following equation: Tsk =
(7xTforehead + 18Tchest + 1¥Tback + 1%Tforearm + %Thand + 25Tthigh + 13Tfoot)/100. At
the onset of sweating, forearm skin temperature (Tforearm) decreased slightly for the adults groups. In
contrast, it increased for the children group. The FSBF of the children group increased significantly
greater than in the adults group during the immersion. Hence the linear regression line between FSBF
and Tforearm was up for the children group, andrddéor the adults group. A similar tendgnwas
obsered the relationship between Lsw,f and Tforearm. On the other hand, there were no such
differences on the back between the children group and adults group. During the immersion, Tsk of the
children group was kept at highewvékethan the adults group, while that of the adults gro@s w
gradually decreased. As for Tsw/BSA and Tsw/BM, there were no significkeredides between the
groups. Still, the adults group had greater increase in Tre than the children group. These results suggest
that the children hee an advantage in preenting the rise of Tre, despite the fact that the adults had
more efficient eaporatve @oling. Because there were nofdiences in Tsw/BSA and Tsw/BM
among the groups, it was supposed that the chikleffincieng/ of sweating was approximately equal
to the young adults. Therefore, the relationship between FSBF and Tforearrhahdwlforearm
may indicates that the childrenhigher skin temperature was caused by greater forearm skin blood
flow rather than by less Lsw,f and/or L&nSince the children kept their Tsk at a higheeledry heat
loss may wrk efectively for them under the thermal conditions of the exposure room (30°C,
70%RH). In conclusion, the children maywbadvantage to inhibit rising their Tre compared to young
adults under a hot thermal conditions, which dry heat loss woidsstiedly than eaporatve aoling,
for their greater responses on skin blood/flo
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VASOMOTOR RESPONSES DURING SINUSOIDAL EXERCISE IN GLABROUS
AND NONGLABROUS HUMAN SKIN

F. Yamazaki, Dept. of Clinical Pathophysioledniv. of Occup. and Environ. Health, Kitakyushu,
Japan.

Reflex control of the asculature in nonglabrous skin is mediated by a vasoconstrictor system
and an actie vasodilator system, whereas that in glabrous skin is mediated by a vasoconstrictor system
only. In the present studyo test whether vasomotor responses to dynamese differ in glabrous
and nonglabrous human skin, we determined the phase response and amplitude response of cutaneou
vascular conductance (CVC) in dorsal hand, forearm and palm to sinusxédzaike. Ninehealthy
subjects rercised on a cycle ergometer with a constant load (35 % of pgakt@e) for 20 min; for
the next 40 min theexercised with a sinusoidal load at an ambient temperature of 25°C anderelati
humidity of 60 %. The sinusoidal load variation ranged from 10 % to 60 % of peakp@le over a
4-min period. Skin blood fls was monitored by laser-DopplerWmetry CVC was &aduated from
the ratio of blood flov to mean arterial pressure. During sitting rest axet@se, CVC in dorsal hand
and forearm shwed lower values than that in palm (P<0.05). During sinusoidatcise, the
amplitude in CVC in palm was three times and forty six times greater than those in dorsal hand and
forearm, respeately (P<0.05). The phase lags in CVC in dorsal hand:-148s) and forearm (3.7
s) were smaller than that in palm (%85s) (P<0.05), because CVC in palnasvdecreased promptly
with the increase ofxercise load. These findings suggest that nonglabrous sksiomwotor shows a
smaller amplitude response and prompter phase response than glabroasakiater duringyclic
changes of dynamicxercise load. The difference of cutaneous vasomotor control in glabrous and
nonglabrous regions during dynamieeise may be partly due to activasodilator system.

yamazaki@health.uoeh-u.ac.jp
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EFFECTS OF OREXIN-A ON RAT THERMOREGULATION: THE ROLES OF
PROSTAGLANDIN E ,,

YL. Yang and K.TLu*, Dept. of PhysiologyTzu-Chi UniversityHualien, Taiwan and *Dept of
Medical Reseanh, Chi-Mei Medical Centeryung-Kang City Tainan, Taiwan.

The hypothalamus plays a central role in thegrgted control of thermoregultion. A v
neuropeptides called orexinsviealkeen identified and distuibed densely in the hypothalamus. The
present study wants to elucidate the mechanism a&froom thermoregulation. Male Spraguevidey
rats were used in this studyhe effects of ordn on colonic temperature in unanesthetized rats
acclimated to a rat restraining stock. Colonic temperat@® measured by using copjmenstantan
thermocouples. Cerebral prostaglandi(EGE,) was determined by ELISA. All drugs were prepared
in pyrogen-free glassware and containers. Intracevebimicle administration of osen induced dose-
dependent rise in the colonic temperature. Pretreatment of indomethacin,, ayp@iesis inhibitqr
significantly attenuated thevie induced by orexin injection. Our results suggest that tfeetedf
orexin on thermoregulation were mediated by BGE

ylyang@mail.tcu.edu.tw

184P Poceedings of the Australian Physiological and Pharmacological Society (2001) 32 (2) Suppl. 1



THE EFFECT OF AMBIENT TEMPERATURE ON THERMOREGULATION AND
PERFORMANCE DURING PROLONGED INTERMITTENT EXERCISE

M. Yasumatsh H. Togarit, M. Isokawa, T. Saito® and H. Tanak3, 'Reseath Institute of Sports
ScienceHeisei International UniversifySaitama, Japan?Faculty of Sciencelokyo Metropolitan
University Tokyo, Japan andFaculty of Education and Human Sciences, Yokohama National
University Kanagawa, Japan.

Environmental heat is kiwen to increase the body temperature and reduce aerobic performance
(Galloway & Maughan, 1997; &kin et al, 1999). Havever, it is not clear whether performance of
prolonged intermittent xercise is aflected by a hot efronment. Theaim of this study was to
investigate the dect of ambient temperature on thermoregulation and performance during prolonged
intermittent eercise.

Seven trained men underwent three identical intermittexdra@se protocols in cool (15°C),
neutral (25°C) and hot (35°C) conditions, in a constant 60 % humidity condition. The gaiecter
exacise consisted of a series of eighty 5 s maximum sprints separated by 28 saotery and 30 s
passve recovery between sprints. Subjects rested for 15 min between the forty and forty-firfhset.
subjects ingested the same total volume of water before warm up (200 ml), beforgeg(300 ml)
and half time (500 ml).We evaluated performance by peak power output and mearepoutput
during sprints. To examine the thermoregulation function duringereise, quantitatie analysis vas
made for heat production, heat losses throughvembion, conduction andveporation, and heat
storage during»ercise.

Peak power output and meamnwss output in a hot condition (11.88 + 1.06 and 10.35 + 0.72
W/kg) was significantly lver than in a cool (12.56 + 0.95 and 10.91 £ 0.68 W/kg) or neutral condition
(12.50 = 1.05 and 10.74 + 0.74 W/kdrvaporate heat loss was increased and nesperatve heat
loss was decreased with increase in environment temperdtoveever, heat storage in hot condition
was higher than in neutral conditionThe increase in rectal temperature in a hot conditias w
significantly higher than in a cool or neutral condition. It was apparent that the higher the increase in
body temperature, the lower the power output during sprints. No significant differences weredbserv
between the three conditions for rating of peregiexertion and thirst ratings (Thompset al, 1986).

These results suggest that performance of prolonged intermittertdise is afflected by a hot
environment.

Galloway, SD.R. & Maughan, R.D. (199 Nled. Sci. Sports Exer29, 1240-1249.
Pakin, J.M., Carg M.F., Zhao, S. & Febbraio, M.A. (1999) Aopl. Physiol.86, 902-908.
Thompson, C.J., Bland, J., Burd, J. & Baylis, P.H. (1986). Sci.71, 651-656.

yasumatu@hiu.ac.jp

Proceedings of the Australian Physiological and Pharmacological Society (2001) 32 (2) Suppl. 1 185P



REGULATORY EFFECT OF SKIN BLOOD FLO W RESPONSE TO MILD COLD
l. Yermalkva and N. Maslovskaya, Department of Biomedical Information Technologies, Institute of
Cybernetics, Kig Ukraine.

The basis of mulatory effect of skin blood fle is the decrease of circulating blood in the
surface of human bodyin sevee cold environment it is occurred simultaneously witlvesing that is
why it is difficult to separate the role of skin bloodwloesponse. Imild cold environmentascular
skin response is the only way to cope disturbance. The aim of this study isat@te
thermorgulatory eficieney of skin blood flov response to mild coldxposure. Itis deseloped
mathematical model of human thermoregulation, which comprise® anti passie processes of heat
production, heat transfer via blood and conduction betwegamgrheat-exchange with\eronment.
Skin blood flav is performed by additie poportional control following brain and skin temperatures
changes. Mathematicatodel is the system of usual féifential equations which allows to calculate
organs and tissues temperatures in transient and steady-statieling researches were performed in
air temperature varying from neutral 29°C to 15°C for clothing 0.3 Ttn.evaluate effect of skin
blood flowv response of gianism in mild cold it was considered the coefficient of regulatdigiency
K, Itis the ratio of temperature deviation inyasrgan from initial value in theoretical case of absence
of skin vasoconstriction to temperature deviation from initial value in presence of this response.

T =7
K. =|—=
T =T

WhereT - initial organ temperature in neutral enonment, T, - temperature of this gen at old
exposure without skin blood decrease (i.e. withogutatory response)l,'R - organ temperature for
skin blood flav decrease (presence ofgtgatory response)CoefﬁmentsK were calculated for all
organs and parts of the body at different mild colgh@sures and were the subject of the analysis.
Results of modeling as folis. ThecoefficientK  differs greatly for core and shell of bodg, shows
regulatory influence of skin blood fchanges on the parameters of temperature homeosktasis.
brain, blood and internal gens temperaturels increased as far as skin bloodwlalecreases (20%,
30%) and got maximum at 40% decrease from initi@lue. K  increased in 2 times for brain
temperature and in 4 times for blood and internghws temperaturesModeling results shows that
vascular skin response to mild cold exposure is considerafdgtieé for core temperaturesThese
temperatures are sengdito in blood flav and as a result insignificant decrease of skin blood flo
allows to maintain core temperatures close to initedb®s. Influencef skin blood flov response on
skin temperatures is less than to core temperaiResults of modeling skothat ambient temperature
prevails in influence on skin temperaturelSor 40% decrease of skin blood fqfrom 91/h to 5,71/h)

K. practically does not d#r. It may concludes. This modeling result has importantspitogical
importance: the main significance of skin bloodvfleesponse to mild cold is the decrease of heat
transfer by blood but not heat conduction in skin.

irena@zeos.net
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NEURONS IN THE PREOPTIC AREA EXPRESSING C-FOS DURING COLD/WARM
EXPOSURE AND PROJECTING TO THE PERIAQUEDUCTAL GREY

K. Yoshida, H. Kimura, K. Nagashima,Hosono, C.B. Saper and K. KanosDepartment of
Physiology School of Allied Health Sciences, Osaka Unierdidgaka, Japan.

The Preoptic area (PO) plays &ykrmle in body temperature gelation by intgrating
information about local brain and other body temperatures, and by senféiremiesignals toarious
effector ogans. Thisarea contains thermosengtireurons, which change their activities with change
in local brain temperatureln rats thermoregulatory skin vasodilation is elicited mainly by the
activation of warm-sensitie reurons, since glutamate injection into the PO elicites vasodilation and
procaine injected there elicitsasoconstriction. Orthe other hand shéing and non-shiering
thermogenesis seem to be controlled by the inhibitory signalsiohigenseitie nreurons (Kanosuet
al., 2000). Skinvasodilatve reurons are located in the midbrain periaqueductal (@&G), especially
in its rostral part (rRG) (Zhanget al, 1997). Andrecently we found that the cauda@® (cPAG)
contains neurons generatingceatory signals for non- siering thermogenesisHowever, the direct
connections between the PO and tA&Rn terms of thermoregulation has not been well documented.
In the present stugyve investigated the distribution of neurons in the PO \atéid by cold/varm
exposure and projecting to theA® or cPAG. Male crj- Wistar rats (300- 350 g; Charley&iJapan,
Osaka Japan) were usednder the anesthetisia with sodium pentobarbital (50 mgfkd, retrograde
tracer cholera toxin- b (CTb) was injected into theA@ (0.4 mm from midline, 5.2 mm to lgma
and 6.4 mm belw the skullface) or the && (0.8 mm, 8.4 mm, 6 mm)After one week reocgery
period, rats were exposed to warna 33 T) or cold ambient temperaturea(¥10 °C) for 2.5 h and
then perfused under deep anesthesia for the immunohistochemical analysesgirotEin and CTb
When CTb injection was centered in thé\@ mary cells double-labeled withds and CTb were
obsered in the median preoptic nucleus (MnPO) and the lateral part of the medial preoptic area
(MPOL) in the varm-&posed rats it not in the cold-exposed rats. On the other hand, when the tracer
injection was centered in the 8B, double-labeled cells were seen in the lateral preoptic area (LPO) in
the cold-exposed rats but not in tharm-eposed rats.These results suggest that different goups of
PO neuron are agtated by warm- or cold»@osure and project to theAB or the cRAG, respecitiely.
These projections would form a part of the efferent pathway for the control of heat loss or heat
production.

Simon, E. (2000) Thermothemapor Neoplasia, Inflammmation, and Pain. Springekyo.
Zhang, Y-H., Hosono, T.,ahase-Fujiara, M., Chen, X-M. & Kanosue K. (199Bffect of midbrain
stimulation on thermoregulatory vasomotor responses inJtaéysiol.503, 177-186.
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COLD-INDUCED DECREASES IN HUMAN, CIRCULATING LEPTIN, AND IN THE
SUBCUTANEOUS ADIPOSE LEPTIN SECRETION RATE

A. Zeyl, J.M. Stocks, N.A.S. Taylor and A.B. Jenkins, Department of Biomedical Science and Metabolic
Reseath Centre, University of Wollongongibllongong Australia.

Leptin is secreted primarily by adipdes, and is associated with regulating enesgpenditure
and appetite. Studies V& shown cold-induced decreases in both circulating leptin ahdyene
expression, and an apparent protectdfect on body temperature of exogenous leptin during acute
cold stress. In this stugwe investigated the effects of acute cold-water immersianvivo) on human
plasma leptin concentration, and the effects of incubation temperatuvér¢) on leptin secretion
from human, subcutaneous adipose tissue fragmemé&dvd males underwent dailys0-90-min chest-
deep immersions in 18°Cater for 15 days. Blood samples were collected to determine plasma leptin
concentration, while regional body temperatures were continuously recorded. im witi® study,
adipose tissue fragments were incubated at three temperatures (27°, 32° and 37°C), with leptin
secretion into the culture medium being determined. Acute cold immersion significantly decreased
plasma leptin concentration (-14% at 25 min, -22% at 60 min, Pofh05). Asignificant positie
relationship vas found between plasma leptin concentration and the decrease in rectal temperature
during immersion R<0.05). Incubation temperature significantly affected leptin secretion rate
(P<0.05). Leptin secretionn vitro) increased 3.7-foldver the temperature range 27-37°C. A simple
modelling approach predicted that, during cold-water immersion, plasma leptin concentatidn w
decrease by 45%, due to the local effects of reduced subcutaneous adipose tissue temperature alone
We suggest that v subcutaneousat temperatures directly reduce leptin secretion in cxbtsed
humans. Gien the role of leptin in the regulation of both energy ietakd enegy expenditure, this
would male insulating, colder adipose tissue less ‘visible’ to central mechanisms regulatigy ener
balance, and hence body composition.

arthur_jenkins@ue.edu.au
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CYTOKINE SIGNALLING IN FEVER: RECENT DEVELOPMENTS
G.N. Luheshi, Douglas Hospital ResgaCenter McGill University Quebec, Canada.

Cytokines, are a heterogeneous family of endogenous, hydrophilic proteins, which are associated
primarily with the peripheral immune systeratlare nav knowvn to be produced by and act on the
brain. Thesemolecules are produced in response to a variety of physiological and pesilodgaical
stimuli and through their actions on the brain\até an array of sickness behaviours such aer fe
during, for example, infection or inflammation. Interleukin (IL)-1 is the bestwknand first
discorered member of thisaimily (Rothwell &Luheshi, 2000). This cytokine is a potegtqgen,
which acts on hypothalamic sites to induceefe As well as acting on the brain IL-1 has also been
proposed to be the circulating pyrogen whichvais its hypothalamic receptors after gaining access
from the circulation to the brairf-alure to detect biologically significantuels of this cytokine in the
circulation of febrile subjects @ver argued against such a role for IL-RAlternatve hypotheses
have snce been suggested, the most prominent of which indicating that neural afferent signals through
the vagus new ae involved (Watkins, Maier & Goehlefl995). Thishypothesis was ared at with
obsenations, largely obtained fromork on rodents which demonstrated that sicknesshghaviors
including fever, social exploration and others, are abrogated in vagotomized animals injected
systemically with infectious/inflammatory agents such as lipopolysaccharide (OP8)e is nw
overwhelming evidence supporting this hypothesis in generalized sickness behaviowes lour
own recent &periments in rodents suggested that at leastvar Eehumoral factor namely theytokine
IL-6 is involved. Thisis supported by theatt that circulating IL-6 concentration increase dramatically
following LPS administration and that this increase correlates well with Ysbogment of the febrile
response in rats. More convincingly our recent studies (Carehell, 2000) using a neutralizing
antiserum raised against rat IL-6,veahown that systemic administration of this antiserum totally
abolished LPS inducedver in rats. Theseesults support strongly a role for IL-6 as a mediator of
peripheral signals to the brain during infection or inflammation induced fEhe role of IL-6 in this
response and its interaction with other cytokines such as IL-1 will be discussed.

Rothwell, N.J. & Luheshi, G.N. (2000) Interleukin-1 in the brain: BioJggthology and therapeutic
target.Trends Neurosci23(12), 618-625.

Watkins, L.R., Maiey SF. & Goehler L.E. (1995) Cytokine-to-brain communication: aiev &
analysis of alternate mechanismslLife Sci.57: 1011-1026.

Cartmell, T, Poole, S., Girnkull, A.V., Rothwell, N.J. & Luheshi, G.N. (2000) Circulating interleukin
(IL)-6 mediates the febrile response to localised inflammation in J&hysiol.(Lond)526:
653-661.
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THE EFFECT OF SODIUM BICARBON ATE INGESTION ON

THERMOREGULA TORY FUNCTION DURING CYCLE ERGOMETRY

M.J. Patterson, S.D.R. Galloway and M.A. Nimmo, Strathclyde Institute for Biomedical Sciences,
University of StrathclydeGlasgow G13 1PRJK.

Typically sodium bicarbonate ingestion has been eyeplao luffer the large reductions in
muscle and blood pH induced by short-duration high-intensiggcise (Jone®t al, 1977; Suttonet
al., 1981). RecentlyLindinger et al. (1999) reported an expanded extracellular fluid (ECF), and
subsequently greater PV (plasma volume), failhg sodium bicarbonate ingestion and suggested
potential cardigascular and thermoregulatory benefits from such ingestiowet#n, while the lage
dose of sodium resulted in greater ECF retention thatel plasma sodium concentration coulgténa
detrimental effects on heat loss mechanisms (Greenleaf & Brock, 1980). vigsiggation determined
whether sodium bicarbonate ingestion affected ceadoular and thermoregulatory function during
prolonged gercise. Ten male subjectgeecise for 90 min at 62.5 11.3%25%akin an enironment of
20.6 £0.1°C and 50.0 £ 0.0% relati umidity. Subjects ingested either NaHGQO.3 g-kg' body
mass) or empty capsules (placebwegraa 120-min period 60 min prior toxercise, with trials being
presented in a blind balanced order 7 days apart. Arterialised-venous blood samples were drawn prior
to ingestion, prior toxercise and after 15, 30, 60 and 90 min xéreise. Blood acid-base statuasv
determined using an automated blood gas meter (ABL5, Radiometer). Changes in PV were estimated
by measurement of haematocrit and haemoglobin. Seruii} fNd [K*] were determined by flame
photometry while serum [C] was assessed using the thiocyanate technique. Heart rate (HR; Polar
Vantage NV Finland), skin temperature and rectal temperaturg) (¥ere monitored continuously
during ercise, and sweat lossas denved from the change in body mass (uncorrected for respiratory
water loss and loss resulting from GO, exchange). Treatment effects were determined usinga tw
way ANOVA, with alpha set at 0.05. PV was expanded after Naji®Q@estion (5.3 +1.0%2<0.05),
with this greater PV being maintained throughowreise. Resting serum [Npwas greater after the
NaHCQ, treatment (140.2 +1.1 versus 143.2 +1.0 mmolR<0.05), with this elestion also being
maintained during thexercise bout. HR was unaffected by the NaHCi@gestion (148 +3 versus 150
+4 beats-mift; P>0.05) as was I (37.8 £0.1°C versus 37.7 £0.1°€>0.05). While sweat lossas
suppressed in eight of the ten subjects following Naki@@estion, significance was not reach (0.68
+0.03 versus 0.71 +0.04 1*hP=0.07). The NaHCQ ingestion consequently etted PV both at rest
and during rercise, havever this expansion did not influenceeecising HR. Similarly the greater
serum [N4&] did not augment the 4 elevation, havever it seemed that sweat rate was giaally
reduced. Therefore it would seem that the small change in sweat rate wadicienstd impede heat
loss from the body and the magnitude of PV expansias imadequate to facilitate an attenuation of
the HR response.

Greenleaf, J.E. & Brock, P.J. (1980)™Nand C&" ingestion: plasma volume-electrolyte distribution at
rest and xercise.J. Appl. Physiol 48, 838-847.

Jones, N.L., Sutton, J.R.aylor, R. & Toews, C.J. (1977) Effect of pH on cardiorespiratory and
metabolic responses tgeeciseJ. Appl. Physiol 43, 959-964.

Lindinger, M.1, Franklin, TW., Lands, L.C., Pedersen,KP, Welsh, D.G. & Heigenhause&.J.F.
(1999) Role of skeletal muscle in plasma ion and acid-base regulation after NahdO
KHCO;, loading in humansAm. J Physiol.276, R32-R43.

Sutton, J.R., Jones, N.L., Peters, E.J., Schmidt, & Wolfe, R.R. (1981) Effect of pH on muscle
glycolysis during rercise.Clin. Sci.61, 331-338.
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