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POSSIBLE THERMOREGUL.ATORY CONTRIBUTIONS OF PLASMA 

6-ENDORPHIN DURING PROLONGED EXERCISE IN HUMANS 

by 

Thomas Benton Kelso 

(ABSTRACT) 

Six adult male volunteers of similar body composition 

and physical fitness were tested to determine plasma 

immunoreactive 6-endorphin (Pip-EN) response under three 

conditions of exercise thermo regulatory stress. The 

experimental protocol consisted of 120 min of stationary . 
upright cycling at 50% Vo 2 max under conditions of neutral 

50% RH)/euhydration (NE) I hot (35°c, 50% 

RH)/euhydration (HE), and hot/dehydration (HD). Pi6-EN was 

measured by radioimmunoassay at -30 min, 0 min, and at 15 

min intervals thereafter. Change in plasma volume (~PV) was 

measured to determine its effect on Pi6-EN concentration. 

Preexercise Pip-EN levels averaged 23.7 ± 2.6 pg•ml- 1 in all 

conditions. The greatest Pip-EN response occurred at 105 

min in HD conditions when levels rose to 43.2 ± 6.9 pg•ml- 1 . 

Exercise in HD and HE conditions resulted in significantly 

(p < 0.05) elevated Pi6-EN above levels observed in NE. ~PV 

did not account for more than 10% of Pi6-EN changes at any 

interval. The Pip-EN response patterr.L closely 

resembled rectal tempera~ure changes in all conditions. 



These data suggest that conditions of increasing 

exercise thermoregulatory stress a.:re associated with 

increasing peripheral ~-endorph~n concentration. 

Index terms: endogenous opiates; exercise thermoregulation; 

environmental stress responses; body fluid dynamics. 
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Ch2pter I 

STATEMENT OF THE PROBLEM 

Only since 1981 have questions been asked regarding the 

potential role for the endogenous opioid peptides in 

exercise thermoregulation. The results of pharmacological 

studies (5,8,43,44) have indicated that the thermoregulatory 

effects of opioid peptides are variable and numerous. 

However, a number of experimental factors need to be 

considered when an attempt is made to define a specific 

thermoregulatory role for these peptides based on exogenous 

administration. Yehuda (57) defines some of these important 

factors as: a) the dosage-response relat:.onship; b) route 

of administration; 

interaction with 

c) ambient temperature 

other neurotransmitters; 

effects; 

and, 

d) 

e) 

interaction with drugs (i.e., inhibition of thermal effects 

by specific neurotransmitter antagonists). 

In general, exogenously administered S-endorphin causes 

a dose-related response in thermoregulatory control that is 

specific to the ambient "t.emperature in which the animal is 

studied ( 8). Extremely small doses induce an increase in 

body temperature, whereas progressively larger doses are 

associated with an incremental decrease in body temperature 

until a dose j_ s reached which results in in"':er:ial 

temperature equilibrating with the environmen"t. (7). 

l 
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Although these pharmacological studies have 

unequivocally shown a central 

has only been a few years 

thermoregulatory effect, 

since the possibility 

it 

of 

peripheral thermoregulatory effects have been examined. 

Wong, Koo and Li ( 56) have recently reported that 

S-endorphin has a profound dili tating effect, in vivo, on 

the arterioles of the cutaneous microcirculation in the 

hamster cheek pouch. They further reported this effect was 

competitively blocked by the localized infusion of the 

opiate antagonist, 

S-endorphin may bind 

SMOOth muscle and 

naloxone, thus suggesting that 

to specific receptors of peripheral 

promote dilation of arterioles. 

Additional work by Altura, Gebrewold and Altura (3) with 

other opiate compounds lends credence to the hypothesized 

vasodilatory role for peripherally circulating endogenous 

opioid peptides. Thus, it is conceivable that local 

vasoregulatory effects represent one mechanism by which the 

opioid peptides intervene in thermoregulation in man. It 

should be noted that the above thermoregulatory alterations 

were induced with pharmacological doses and it remains to be 

demonstrated whether or not the opioid peptides, 

endogenously released and circulated, have significant 

thermoregulatory effects. With respect to this poin~, there 

have been conflicting reports concerning the physiological 

actions of the opioid peptides (15,22). 



3 

While the actual effect of the endogenous opioid 

peptides on thermoregulation under resting metabolic 

conditions remains to be elucidated, it is well documented 

that the physiological stress of exercise in man is 

consistently associated with an increase in the plasma 

immunoreactive p-endorphin (16,17,20). One recent study by 

Markoff, Ryan and Young ( 30) has provided evidence that 

endogenous opioids do not play a role in exercise-induced 

euphoric mood alterations. Thus, the functional importance 

of S-endorphin elevation during exercise remains unclear. 

Presently, the possible thermoregulatory contributions 

of p-endorphin under conditions of prolonged exercise in the 

heat remains to be thoroughly investigated. Initial work 

suggests that plasma immunoreactivity of S-endorphin 

increases in response to exercise in a warm environment 

beyond levels measured in the same subjects exercising in a 

thermoneutral condition (28). This initial study needs 

further substantiation due to small sample size and 

relatively short duration of exercise treatment (i.e., it 

was not clear if thermoregulatory impairment was reached 

during this investigation). Additionally, the effect of 

exercise-induced plasma volume dynamics remains to be 

examined. During exercise condit:.ons, plasma volume 

contracts as portions of the plasma water are shifted to 

interstitial space, and lost through sweating (37). The 
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significance of 

plasma-imrnunorective 

these plasma volume 

8-endorphin levels has 

dynamics 

not yet 

on 

been 

investigated. That is, the extent of this concentrating 

effect has yet to be accounted for in terms of changes in 

e-endorphin levels. Thus, it is possible that increases in 

immunoreactivity might purely be explained by plasma volume 

contractions. 

Of further interest is the extent to which 

thermoregulatory impairment reflects changes in peripheral 

S-endorphin. It is important to establish whether changes 

in ambient temperature during exercise cause changes in 

plasma e-endorphin imrnunoreacivity or if these changes are a 

precursor to physiological modification in thermoregulatory 

control. The investigation of this problem necessitates 

exercise conditions in a warm environment with fluid 

replacement in addition to conditions of exercise-induced 

dehydration. 

Given the unresolved aspects of this research problem, 

the following null hypotheses were formulated: 

H0 1: There is no difference in levels of plasma 

immunoreactive e-endorphin in men performing 

prolonged exercise in a thermoneutral environment 

versus a hot environment. 
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Ho 2: Hydration state has no effect on plasma 

immunoreactive S-endorphin levels men 

performing prolonged exercise in 

in 

a hot 

environment. 

Delinitations 

1. Subject selection was confined to young adult males 

of similar physical characteristics and activity levels. 

2. Only one endogenous opioid peptide, S-endorphin, 

was assayed. 

3. The radioimmunoassay for p-endorphin is restricted 

to plasma. 

Limitations: 

As a result of the foregoing delimitations the 

following limitations are recognized: 

1. Due to the small and rather homogeneous sample 

investigated, the extent to which the experimental results 

can be generalized is confined to males of similar ages and 

physiological characteristics. 

2. The S-endorphin responses do not necessarily 

reflect changes which may have concomitantly occurred 

regarding other endogenous opioids, 

~eucine-enkephalin. 

i.e., methionine or 

3. Plasma immunoreacti ve p-endorphin changes are not 

related to cha:::ges in central nervous system p-endorphin 
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levels and therefore no valid conclusions concerning central 

effects can be made. 

Definitions: 

1. Endogenous opioid peptides ( EOP): P... generic 

descriptor which includes all naturally occurring peptides 

that can activate opiate receptors. 

2. !3-endorphin ( !3-EN): A specific endogenous opioid 

peptide consisting of the c-terminal 30 amino acids of the 

hormone !3-Lipotropin. 

3. Plasma immunoreacti ve !3-endorphin ( Pi!3-EN) : The 

amount of the hormone 6-endorphin which is quantified using 

immunochemical techniques, i.e., radioirnmunoassay. 

4. Radioimmunoassay (RIA): The technique by which 

specific antibodies are used to quantify an antigen ( 6-EN, 

in this investigation). 

5. Naloxone: A pharmacological agent, which has a 

greater affinity for the opiate receptors than do the EOP. 

Therefore, it effectively displaces EOP at the receptor 

sites thus blocking the actions of these endogenous opiates 

while exerting no pharmacological effects of its own. The 

full name of this drug is naloxone hydrochloride and it is 

marketed by Endo Laboratories under the trade name Narcan. 

6. Methionine enkephalin: (Met-enkephalin); a 

particular EOP, five amino acids in length, in which the 

c-terminal amino acid is methionine. 
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7. Leucine-Enkephalin: (Leu-enkephalin); Leucine 

enkephalin; a particular EOP, five amino acids in length in 

which the c-terminal amino acid is leucine. 

8. Intracerebroventricular ( ICV) : within the 

ventricular spaces of the cerebrum. 

9. Intracisternal: within the subarachnoid space of 

the brain containing cerebrospinal fluid. 

10. Hypophysis: the pituitary gland. 

11. Hypophysec-comy: surgical removal of the pituitary 

gland. 

12. Hypothalamus: the part of the diencephalon 

forming the floor and part of the lateral wall of the third 

ventricle; anatomically, it includes the optic chiasm, 

mamillary bodies, tuber cinereum, infundibulum, and 

pituitary gland, but for physiological purposes the 

pitui-cary is considered a distinct structure. The 

hypothalamic nuclei serve to activate, control, and 

integrate the peripheral autonomic mechanisms, endocrine 

activities, and many somatic functions. 

13. Neurotransmitter: a substance released a-c -che 

synapse of a neuron that induces activity in susceptible 

cells. 

14. Neuromodulator: a substance released at the 

synapse of a neuron which alters the sensitivity of a 

post-synaptic neuron to other neurotransmitters, i • e • / 
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either causes increasing or decreasing sensi ti vi ty of the 

neuron to other specific transmitters. 

are thought to act as neuromodulators. 

Endogenous opioids 



Chapter II 

LITERATURE REVIEW 

Introduction 

The literature related to the endogenous opiates has 

been growing exponentially since 

The excellent review by Olson 

their discovery in 1975. 

et al. (44) concerning 

advances in EOP research indicates no less than 600 

references for the year 1981 alone. It should be pointed 

out that these authors did not address the issue of exercise 

and EOP so that even their review is not exhaustive in its 

coverage of issues or publications. It does, however, 

provide evidence which illustrates the burgeoning literature 

in t!'lis field. 

The ref ore, with regard to this review of literature 

only articles which add!"ess four areas of particular EOP 

relevance will be cited. These areas are: a) 

t!'lermoregulatory effects of pharmacological administration 

of EOP; b) 

physiological 

investigations 

thermoregulatory 

addressing a possible 

role for EOP; c) 

investigations describing the acute effects of exercise on 

EOP; and, d) investigations addressing a possible peripheral 

thermore~~latory role for SOP. Additicnally, a final 

section of this literature review provides an overview of 

the state of experimental evidence on central control of 

9 
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thermoregulation and how this may be modified during 

exercise. 

Pharmacological Studies: Thermoregulatorv Effects 

of Administration of Endogenous Ooioid Peotides 

Francesconi and Mager (18) investigated the thermoregu-

latory effects of centrally administered met-enkephalin on 

male rats. This pharmacological experiment is particularly 

noteworthy because the investigators used three different 

ambient temperatures (4, 22, and 35°C) to examine the 

thermo regulatory effects. They monitored tail-skin 

temperature to determine the !"ole of vasodilation and/or 

vasoconstriction in eliciting the temperature responses. 

The amount of met-enkephalin administered was 10 µg which is 

considerably highe~ than physiolgoical levels. The results 

showed that met-enkephalin administration significantly 

increased rectal temperature in all three environments. The 

effect on skin temperature varied depending on environmental 

conditions. At 4°c the skin temperature decreased from 24°C 

to 7 ° C within 30 minutes after administration (indicating 

vasoconstriction) whereas in the 22 ° C ambient environment 

skin temperature initially increased and after 60 minutes 

began to return to bas~line. The skin temperature response 

in the 35°c environment showed :i. sharp increase to 

approximately - - ,, -.5.::i "c. Thus the skin temperature response was 

apparently dependent upon environmental conditions. 
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Several investigators have examined the effects of 

different, centrally administered, doses of various EOP in 

different ambient temperatures. Bloom and Tseng ( 5 ) 

observed the effects of e-EN on body temperature in mice at 

different environmental temperatures. Additionally, 

naloxone was administered to determine if the 

thermoregulatory effects were antagonizable. 

temperature and dose of 6-EN were varied. 

Both ambient 

Environmental 

temperature was either 10, 20 or 31°C while the dosage of 

ICV administered 6-EN ranged from 0.1 to 10.0 µg. At an 

ambient temperature of 20 or 31°C, doses between 0.1 and 3.0 

µg produced significant hyperthermia while the 10.0 µg dose 

caused significant hypothermia. The data from mice studied 

at an ambient temperature of 10°C showed that doses of 3 and 

10 µg produced significant ar..d long-lasting hypothermia. 

The 1.0 µg dose produced a transient but significant 

hypothermia followed by a longer lasting hyperthermia. The 

0.3 µg dose produced a hyperthermic response as did the 0.1 

µg dose. The authors noted that this study demonstrated 

that e-EN can have multiple effects on body temperature in 

mice depending upon both the drug dosage used and the 

ambient temperature at which the measurements were made. 

Naloxone was able to antagonize the hypothermic response, 

however, it failed to inhibit the hyperther:nic response. 

This observation was taken as evidence supporting rnul tiple 
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opiate receptors responsible for EOP thermo regulatory 

effects. It was further concluded that low doses of this 

class of compounds cause an increase in the thermal set 

point at which temperature is regulated (5). 

Although it has been shown that large doses of 

centrally administered 6-EN cause hypothermia, Tseng and Li 

(54) report that in the mouse, 6-EN causes hyperthermia when 

large doses are administered intravenously. They reported 

that 6-EN administered intravenously at doses of 2.6 - 25.5 

(mg•kg- 1 ) caused hyperthermia in naive mice, i.e., mice 

which had not received the drug previously. They also found 

that hyperthermia induced by 6-EN was not blocked by 

naloxone. 

Nemerof f et al. ( 41) found that administration of l. 0 

µg of 6-EN intracister~ally ~esulted in a significant 

decrease in body temperature of mice. It is also mentioned 

that, on an equimolar dosage, $-EN had a more potent 

hypothermic response than did morphine, Met-enkephalin or 

Leu-enkephalin. 

Conversely, it has been reported that central injection 

of 6-EN in doses of 5 50 µg caused a dose-related 

hyperthermia (10). It should be noted that the experimental 

model in their investigation was the cat and it is pointed 

out that there are several differences between the rat and 

the cat in terms of thermoregulatory response to opiates. 
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In the cat only a hyperthermic response pattern is observed 

whereas in the rat a biphasic response has been well 

documented. This hyperthermic effect produced by 

administering 6-EN in the third cerebral ventricle (ICV) has 

been investigated in gre~ter detail by Clark and Bernardini 

( 9). They reported that ICV injection of 40 µg of 6-EN 

resulted in 

temperatures 

increased body 

of 4, 22 and 34°c, 

temperature 

with the 

at ambient 

response being 

greater the warmer the environment. This hyperthermic 

effect was completely attenuated by administration of 100 mg 

of naloxone. The response to 6-EN was also diminished, but 

to a lesser extent by 20 mg of naloxone. These 

investigators concluded that 6-EN acts on at least one of a 

family of naloxone-sensitive receptors which are involved in 

thermoregulatory responses to opioids in this species. It 

is noteworthy that, in these experiments with cats where 

p-EN was administered ICV, naloxone was able to antagonize 

only the hyperthermic effects. However in the mouse, 

intravenous administration of 6-EN caused hyperthermia which 

was naloxone-insensitive (54). Apparently the route of 

administration plays a role in determining which opiate 

receptors are occupied and may initiate different 

thermoregulatory responses; alternatively, there may be a 

difference between species concerning thermoregulatory 

actions. 
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Holaday et al. (23) have postulated that S-EN may lower 

the central hypothalamic thermostat. They reported that 

injections of S-EN in rats initially resulted in a huddled, 

heat conserving posture accompanied by pi loerection. In 

related work, Holaday et al. ( 24) showed that 30 µg S-EN 

administered rev had different effects if the experimental 

rats were hypophysectomized. 

showed profound 

This hypothermia 

hypothermia 

was quickly 

The hypophysectomized rats 

when the I:ormone was given. 

antagonized by a 4 mg• kg- 1 

intraperitoneal injection of naloxone. In a similar group 

of rats which underwent sham surgery (still !:ad their 

pituitary gland intact), the $-EN. administration resulted in 

a slight hyperthermia and intraperi toneally injected 

naloxone had no antagonistic effect. 

To add to the confusion in'1cl·:ing these pharmacological 

studies, 

showing 

Huidobro-Toro and Way (25) 

that $-EN injected rev 

have published data 

in mice produced a 

dose-dependent hyperthermic response. The hyperthermia was 

independent of environmental temperature. p-EN produced an 

increase in body temperature at 6, 22 or 32°c. This 

experiment also yielded in firm evidence that the $-EN 

hyperthermia in mice is not mediated by prostaglandins. The 

investigators administered the prostaglandin synthetase-

inhibi ting compounds indomethacin and acetylsalicylic acid 

(aspirin) and found that these drugs had no effect on the 
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hyperthermia. They concluded S-EN acts in the central 

nervous system, possibly at the thermoregulatory center of 

the hypothalamus to produce hyperthermia. 

Using a very complicated experimental design Yehuda et 

al. (58) were able to demonstrate that systemically 

( intraperi toneal) administered S-EN partially blocke:d the 

hypothermic effect of d-amphetamine. They concluded that 

the partial blockade of d-amphetamine-induced hypothermia by 

S-EN may be explained by the finding that S-EN inhibits 

dopaminergic activity in the brain. These data imply a 

peripherally activated neural pathway which may have direct 

central effects on the hypothalamic temperature control 

mechanisms. Since d-amphetamine-induced 

mediated by release of dopamine 

pathway, the blockade of dopamine 

(DA) in 

hypothermia is 

the mesolirnbic 

activity in the brain by 

S-EN decreased the d-amphetamine-induced hypothermia, i.e., 

by inhibiting hypothermic effects, S-EN indirectly causes 

hyperthermia. These findings support the hypothesis that 

S-EN may be involved in heat-producing mechanisms in the 

central nervous system (CNS). It also implicates the opioid 

peptides as possible peripheral neuromodulators in 

thermoregulation. 

With regard to other possible 

(31) have 

thermoregulatory 

reported that influences, Martin et al. 

methergoline, a potent antagonist of central serotonin 



(5-HT) effects, partially 

temperature induced by rev 
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blccks the 

microj_njection 

rise 

of 

in 

S-EN 

rectal 

in the 

rat. Since it is well established that central release of 

5-HT results in elevation of body temperature ( 36) it is 

conceivable that S-EN mav interact with 5-HT receptors 

resulting in a 5-HT-induced increase in body temperature. 

This implicates 5-HT as another possible mechanism for 

central hyperthermic S-EN responses. However, equally 

important is the finding that three additional compounds 

(cyproheptadine, cinanserin and methysergide) which are 

thought to act as 5-HT receptor blockers, did not produce a 

reduction in the S-EN-induced rise in core temperature. 

Since methergoline is also believed to interact with the DA 

receptor, the effect of a DA antagonist, haloperidol, on the 

S-EN evoked response was al so investigated. The results 

showed that haloperidol also failed to attenuate the rise in 

core temperature. The researchers reconciled this 

discrepancy by postulating the existence of distinct 

subpopulations of 5-HT receptors at which the antagonists 

exert different effects with B-EN acting at one of these 

receptors. It is noteworthy that a blockage of DA receptors 

resulting in no inhibition of B-EN-induced hyperthermia is 

additional evidence supporting the postulated S-EN role in 

hyperthermia given by Yehuda et al. ( 58). That is, S-EN 

produces hyperthermia by inhibiting DA induced hypothermic 
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effects. Therefore, • -<=" l.1... DA receptors are blocked, this 

further inhibits any DA induced hypothermic responses 

(augmenting S-EN effects) and core temperature should 

continue to be elevated (\vhich is shown by the data of 

Martin et al.) (31). 

More recently, it has been reported by Rezvani et al. 

(45) that rabbits injected with S-EN above the 

preoptic/anterior hypothalamus (PO/AH) showed a hyperthermic 

response. This study is unique in that the investigators 

documented hypothalamic and skin temperature as well as 

oxygen consumption and evaporative heat loss. After 

sterotaxically implanting a guide tube above the PO/AH area, 

it was observed that a 5 µg injection of p-EN promoted a 

rapid reduction in ear (skin) temperature followed by a 

prolonged rise in core t~mperature. The rise in core 

temperature was directly related to ambient temperature and 

this effect was naloxone reversible. S-EN administration 

reportedly had no effect on oxygen consumption but did 

significantly inhibit evaporative heat loss. These 

investigators stated that, al though preoptic injections of 

$-EN, in addition to other central and systemic routes of 

administration, cause alterations in skin and body 

temperature, this does not substantiate a role for the 

peptide in the direct central control of body temperature. 

It is suggested by Rezvani et al. (45) that $-EN might also 
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alter body temperature by modulating the activity of 

thermoregulatory effectors such as peripheral vasomotor 

tone, shivering, metabolism, and evaporative heat loss, 

without having any direct effect on the thermal set point of 

the hypothalamus. In cont~ast, the authors also stated that 

it is conceivable that changes in temperature might be 

mediated by directly affecting the neural control, i.e. , 

displacement of the set point. 

Lin et al. (29) have reported that ICV administration 

of 13-EN produces a dose-dependent hypothermia. This 

hypothermia is reportedly due to decreased metabolic heat 

production and cutaneous vasodilation. 

The preceding studies have illustrated the fact that 

the role of EOP, and p-EN in particular, in thermoregulation 

is not clear. The numerous hypotheses for a 

thermoregulatory role are confusing and emphasize that a 

well-accepted mechanism has yet to be demonstrated. Thus 

far, theories for heat conserving, as well as heat 

dissipating roles, have been offered. To extend the 

possibilities yet further, Blasig et al. (47) propose that 

EOP have no central thermoregulatory role. These authors 

have rejected the idea that the opioid peptides act 

centrally in a heat producing fashion. They demonstrai:ed 

that the physical act of restraining experimental animals 

with opioid peptide-induced hyperthermia actually attenuated 
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this hyperthermia. 

susceptibility of 

Blasig et al. ( 4) stated that the great 

opioid-induced hyperthermia to an 

environmental stimulus, such as restraint, seems to raise 

questions about the hypothesis that this opioid may exert 

direct effects upon the central hypothalamic thermostat. 

Instead, the 

antagonized by 

fact that opioid-induced 

immobilization favors the 

hyperthermia is 

hypothesis that 

hyperthermia may be a result of effects normally evoked by 

the application of low doses of opioids. Thus, the opioid 

peptides probably function in emotionally-induced (stress 

induced) fever and are not necessary to the support of 

thermostabi li ty. These authors rejected the conclusion of 

Holaday et al. (24) that these peptides may serve as 

hypothermic modulators (i.e., causing a decrease in body 

temperature) due to the high concentration needed for 

induction of this effect. It was concluded that EOP are not 

directly involved in the central regulation of temperature. 

To support this, Blasig et al°. (4) have pointed to studies 

by other investigators (8), temperature in which regulation 

remained normal when animals received an opiate antagonist 

which suggests that the EOP effect on body tempera~ure 

represents a general stimulatory effect initiated by stress. 

Clark (8) has concluded that a role for EOP in normal 

thermoregulation is unlikely. However, it should be 

mentioned that in this instance, the author has referred to 
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normal, i • e • / thermore~~lation in the resting metabolic 

state and not the regulation during exercise or other stress 

conditions. The author also stated that the opioid peptides 

may be involved in transmission of thermal information. 

Clark (8) expressed these views in connection with central 

and not peripheral thermoregulatory mechanisms. 

More recently, Clark (9) considered the evidence for a 

physiological role of EOP in regard to multiple opiate 

receptors. In this paper, Clark stressed that more than one 

opiate receptor has been identified and that naloxone may 

not act on all of these receptors. He pointed out that the 

possibility of a thermoregulatory role for these peptides 

based on naloxone reversibility does not consider opioid 

peptide interaction with other naloxone-resistant receptors. 

However, a majority of ~he thermoregulatory effects are 

naloxone reversible and therefore, it seems that Clark 1 s 

concerns may not be significant. Clark did concede that 

elevated release of endogenous opioid peptides is apparently 

responsible for the hyperthermia associated with stress in 

the rat. 

Yehuda and Kastin (57) reviewed information concerning 

various peptides (pharmacologically administered) on body 

temperature. The review is thorough and has addressed 

several important questions, such as: is there a 

dose-response relationship? does ambient temperature 
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influence the results? and, do different routes of 

administration cause different results? In regard to these 

questions, the authors concluded that: there is a 

significant dose-response effect based on peripheral and 

central administration studies; ambient temperature plays an 

impor"':ant role in determining the effects which will be 

experimentally observed after injection; and the route of 

administration is a very significant factor in determining 

pharmacological thermoregulatory effects. 

Investigations Addressing A Possible Physiological 

Thermoregulatorv Role for Endogenous Opioid Peptides 

The work of Millan et al. ( 33) deserves special 

attention in this review. Their results suggest that the 

thermoregulatory role of brain and pituitary S-EN is 

peripheral and not central. Their work examines the 

conjectured causal relationship between the alterations in 

brain, pituitary and plasma levels of S-EN and the 

hyperthermia elicited by acute stress. They found that the 

stress of foot shock initiated a significant depression in 

the levels of 6-EN immunoreactivity in both the hypothalamus 

and peri ·v-entri cular S-endorphinergic fiber-containing 

tissue. A large elevation in plasma levels of PiS-EN, 

consisting of about 70% 6-EN and 30% 6-lipotrophin was 

associated with a significant reduction in the S-EN 



22 

immunoreactivity content of both the anteri·or and 

neurointermediate lobes of the pituitary. Naloxone given in 

both high and low doses (100 and 1.0 rng•kg- 1 , respectively) 

strongly and dose dependently attenuated the rise in core 

temperature that otherwise was observed to accompany the 

foot shock. On the basis of these data, the investigators 

concluded that stress produces a general 

both central and pituitary pools of 6-EN, 

may play an important role in the 

mobilization of 

and that the EOP 

mediation of 

stress-induced core temperature changes. Additionally, the 

authors stated that their observations specifically suggest 

that 6-EN is not the major contributor to the development of 

stress-induced analgesia (as an aside, this could be 

interpreted as evidence against EOP-mediated exercise 

euphoria). 

Holaday et al. (22) used classical pharmacological 

blocking methods in attempting to disclose a physiological 

connection between the endogenous opioids and 

thermoregulation. In this study, rats were exposed to 

elevated temperatures (37 and 34.5°C) for varying periods. 

The researchers then administered naloxone and observed 

the effect on core temperature. It was found that the 

naloxone elicited a rapid increase in colonic temperature 

accompanied by an increase in attempts by the animals to 

escape from the heated enc lo sure. These observations were 
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interpreted as evidence for an opioid peptide role in heat 

adaptation. In an attempt to provide evidence for mechanism 

of heat adaptation, the investigators hypothesized that 

opioid peptide released from the pituitary played a primary 

role in this adaptation. To test this hypothesis, 

hypophysectomy was performed. Naloxone administration in 

hypophysectomized animals did not significantly increase 

colonic temperature. Based on this observation, it was 

concluded that the absence of the pituitary may modify the 

function of EOP in response to heat. 

More evidence for a physiological role of EOP in hot 

and cold acclimatization has been provided by Thornhill et 

al. ( 53) . In this experiment, core temperature responses of 

rats were measured following a single subcutaneous injection 

of either of two narcotic antagonists of varying durations 

of action, naloxone and 

exposed to 4 or 38 ° C for 

showed that inhibition 

naltrexone, to groups 

different periods. The 

of EOP altered the 

of rats 

results 

internal 

temperature responses of rats acutely exposed to extremes in 

ambient temperature. Naloxone and nal trexone caused rat's 

core temperature to decrease significantly from controls 

when exposed to the cold (4°C) and to be elevated above 

control animals on exposure to hot (38°C) temperatures. The 

authors indicated that these data suggest that the blockade 

of brain and pituitary endorphins by narcotic antagonists 
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causes a disturbance in the rat's ability to adjust acutely 

to severe changes in ambient temperature. It also infers 

that EOP may have a physiological role in regulating the 

body temperature of rats undergoing changes in environmental 

temperature. 

Steward and Eikelboom (52) have reported results which 

are surprisingly opposite to those of Holaday, et al. 

(23,24). They reported that naloxone administered to naive 

rats prior to the onset of stress produced a dose-related 

suppression of the stress-induced hyperthermia. They also 

reported that the opiate antagonist produced marked, 

dose-related, hypothermia both in intact, unstressed rats 

and in hypophysectomized rats suggesting a physiological 

hyperthermic role. In both Stewart and Eikelboom's (52) and 

Holaday's (23,24) work the route of administration and the 

dosage of the antagonist were the same. The only 

differences in the two experir:tents were the ambient 

temperatures. It must be concluded from a comparison of 

these two experiments that the EOF play an undefined role in 

the acute response ~o ambient temperatures. 

New evidence regarding ~he role of 6-EN in acute 

thermoregulatory adjustment has recently been provided by 

Deeter and Mue:ler (14). They reported that in physically 

restrained ra~s exposed to a warm ambient environment (36°C) 

for 20-350 minutes, there were significant increases in 
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circulating levels of S-EN. 

cold-ambient temperature (4°C) 

Furthermore, exposure to 

fer 7. 5 to 360 minutes also 

resulted in significantly elevaL.ed blood levels of S-EN. 

Based on these observations, Deeter and Mueller concluded 

that PiS-EN levels are not related to changes in body 

temperature. It should be poir ... ted out that these 

investigators failed to consider the work of Holaday et al. 

(22,23,24) 

alterations 

regarding the 

which occurred 

significant body temperature 

upon opioid peptide inhibition 

during exposure of rats to different ambient temperatures. 

In other recent work by Eikelboom and Stewart ( 15), 

experiments were carried out to explore the role of 

pituitary EOP in thermoregulation. Hypophysectomized rats 

were found to be hypothermic when compared to intact rats. 

Additionally the hypophysectomized rats showed a 

hyperthermic response to handling-induced stress of equal 

magnitude to that seen in intact animals. When naloxone was 

administered it produced 

hypophysectomized animals 

sensitive to naloxone 

dose-dependent hypothermia, but 

were fo;_1nd to be 10 times more 

than were the intact animals. 

Eikelboom and Stewart wanted to determine whether the 

difference between intact and hypophysectomized animals was 

due to hypophysectomized animals failed to release pituitary 

opioid peptides in response to stress or whether the 

observed hypothermia was due to a chronic absence of 
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pituitary hormones. They reasoned i:hat, in the chronic 

absence of putui tary opioids, brain opioid systems might 

become more sensitive to i:he specific opiate antagonist, 

naloxone. Given this speculation, it was concluded that 

opioid peptides of pituitary origin play a long-term tonic 

role in the modulation of the sensi ti vi ty of the brain 

opioid systems. Although this experiment 

importance of pituitary opioid peptides on 

peptide sensitivity, the authors did not 

shows the 

brain-opioid 

address the 

differences in thermoregulatory response of their animals in 

relation to the findings of investigators e.g., Holaday, et 

al. (22,23, 24). 

Investigations Describing the Acute Effects 

of Exercise on Endogenous QE_ioid Peptides 

The finding that the EOP can inhibit nociceptive nerve 

stimulation (i.e., analgesia) has produced speculation 

concerning EOP involvement in stress response. Of 

particular inte:::-est is the role of EOP in the physical 

stress of exercise. There have been relatively few studies 

within the previous three years investigating this role; 

most have dealt with documenting the plasma concent:::-ation 

changes as a result of exercise. 

Perhaps the first documentation of plasma EOP changes 

resulting from exercise was the study by Fraioli et al. 
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( 17) . In this study eight professional male athletes all 

following the same training program, aged 21 ± 2 years were 

investigated. A 

vein for blood 

catheter was placed into an 

sampling and patency was 

antecubital 

maintained 

Physical stress was produced by 

moni tared by a spirometer for 

throughout the experiment. 

means of a treadmill, and 

determination of aerobic capacity. Athletes ran on the 

treadmill for 2 minutes at 6 km•h- 1 , 2 minutes at 9 km•h- 1 

and 2 minutes at 12 km•h- 1 for a warm up phase. Immediately 

after the warm-up the treadmill was set at a speed of 15 

km•h- 1 and remained at this speed until the athletes reached 

maximum aerobic capacity, as determined by continuous 

spirometer recordings. Blood samples were collected under 

basal conditions, upon reaching maximum aerobic capacity, 

and 15 and 30 minutes after stopping. 

p-EN was quantified by means of RIA. 

The specific EOP, 

The results showed 

that at maximum effort S-EN concentration was elevated 500%. 

Fifteen minutes after stopping exercise plasma S-EN 

concentration was still elevated by 300% compared to basal 

values. After 30 minutes of rest, S-EN levels had declined 

substantially but were still almost 50% greater than 

resting. The researchers hypothesized that the 

physiological significance of this exercise-induced 

elevation may be related to pain control mechanisms. They 

did point out that this elevation of S-EN concentration 
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occurred in the peripheral circulation while perception of 

pain is a central process, and therefore conceded that it is 

difficult to speculate on an analgesic action of this 

peripheral increase. 

In regard to the methods of Fraioli et al. ( 17), some 

minor criticism is justified concerning the exercise mode. 

There was no way to verify that each athlete was working at 

his maximum aerobic capacity. The investigators did not 

measure maximum oxygen uptake (Vo 2 max) and estimated maximum 

aerobic capacity simply by viewing spirometer-recorded 

respiration frequency. Since Vo 2 max was not determined, the 

S-EN data may not uniformly reflect maximal aerobic exercise 

values for their subjects. Furthermore, concerning the 

possible analgesic effects of this peripheral S-EN increase, 

it has been shown in the rat ~hat stress increases S-EN in 

blood but promotes a decrease in hypothalmus ( 47). This 

finding suggests that physiological increases in S-EN levels 

induced by stress do not result in elevated levels in the 

brain (the probable locus for analgesic effects). Also 

noteworthy is the fact that the PiS-EN levels reported by 

Fraioli et al. ( 17) are one to two orders of magnitude 

higher than those consistently reported by other 

investigators (11,16). 

In 1981, Colt et al. (11) reported that PiS-EN was 

increased after running. In this study, 26 long-distance 
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runners (6 females and 20 males) volunteered. A runner was 

defined as a male who regularly ran a minimum of 48 km•wk- 1 

or a female who regularly ran a mi~imum of 24 km•wk- 1 for 3 

months prior to the trials. The experimental design was not 

well-conceived, in that the running speed at which the 

subjects trained nor di stance run were considered. Twenty 

runners participated in the first run which was 6.4 to 12.8 

km. All runners started between 0800 to 0830 h and ran at a 

self-regulated comfortable speed. A second trial was 

performed by nine of the original runners and six additional 

runners in which a maximal effort was requested. In the 

first trial, an increase in plasma S-EN (from 11. 8 ± 1. 8 

pg•ml - 1 to 17. 6 ± 3. 1 pg•ml - 1 ) was noted in 9 of the 20 

runners. Twelve of the 15 runners in the second trial 

showed increased PiS-EN (from 8.2 ± 1.0 pg•ml- 1 to 28.0 ± 

6.3 pg•- 1 ). The investigators concluded that physical 

exercise served to stimulate the release of S-EN and this 

may be related to the intensity of the exercise. After the 

easy run, a rise in S-EN was noted in only 45% of the 

runners, but after the strenuous run S-EN increased in 80% 

of the runners. It was also mentioned that these 

researchers did not believe that the decrease in anxiety 

which has been reported after running, or other mood changes 

such as the "runner's high, 11 can be attributed to the small 

changes which occurred in peripheral plasma S-EN 

concentrations. 
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Gambert et al. (20) reported that treadmill running 
!' 

elevates plasma PiS-EN in untrained human subjects. In this 

experiment, five men and four women ranging in age 24 to 36 

years were studied. The subjects ran on a treadmill with 

continuous electrocardiographic monitoring for 20 minutes at 

a speed and elevation sufficient to maintain their heart 

rates at 80% of the predicted maximum. Basal and 

post-exercise blood samples were obtained. In a later 

trial, 2 weeks after their first run, two of the male 

subjects were restudied. In this second trial, an 

indwelling 16-gauge catheter was placed in a peripheral vein 

and blood samples were drawn at intervals during and 

following the exercise period. Radiommunoassay was used to 

quantify blood f3-EN concentration for both trials. Results 

of the first trial showed that 20 minutes of submaximal 

treadmill running was associated with a significant 

elevation in plasma levels of immunoreacti ve f3-EN. This 

increase was greater in men than women and the difference 

was statistically significant. The second trial showed that 

6-EN immunoreactivity continued to rise during the 20 minute 

exercise period and fell rapidly upon cessation. Increases 

in PiS-{~ after treadmill running have also been reported in 

humans by Farrell et al. ( 16). Six well-trained endurance 

athletes were studied to determine if submaximal treadmill 

exercise results in increased plasma levels of 
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S-EN/S-lipotropin (S-EN/S-LPH) immunoreactivity. S-EN/S-LPH 

immunoreacti vi ty was measured by RIA in plasma from the 

runners before and after 30 minute treadmill runs at a 

self-selected pace, at 60 and at 80% V0 2 max, and in 

conjunction with a control of 30 minutes of rest. The order 

of testing was randomized and occurred at the same time of 

day for each subject. Preexercise S-EN/S-LPH values 

averaged between 10 and 20 pg•m1- 1 and increased 200 to 500% 

after each run. The increase was statistically significant 

only after the 60% V0 2 max run. Also of interest is that the 

investigators recorded rectal temperature to serve as an 

indicator of physical stress. The result that the 60% 

V0 2 max run, the least stressful run, elicited a greater S-EN . 
increase than did the 80% V0 2 max is evidence which 

contradicts the conclusions of Cc.l t et al. ( 11) that 13-EN 

increases in proportion to exercise intensity. 

The possibility that exercise-induced elevations of the 

EOP function in pain perception and mood state was recently 

investigated by Markoff, Ryan and Young ( 30). In this 

experiment, a battery of questions designed to determine 

psychological mood state was given both before and after a 

one-hour run. Immediately after the post-run psychological 

test, either 2.0 ml (0.8 mg) naloxone or 2.0 ml of sterile 

water were intramuscularly injected in a double-blind 

fashion. Then the psychological test was readministered and 
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any changes were attributed to EOP effects. Naloxone, which 

reverses opiate and endorphin effects, failed to reverse 

mood changes associated with running. It is of interest to 

note that the naloxone was administered from 5-10 minutes 

after cessation of exercise and it would seem that 

administration of the drug, in a double-blind fashion prior 

to exercise would have provided more convincing evidence. 

Special attention is made with respect to this point because 

the timing of the naloxone administration is of critical 

importance with regard to its receptor blocking effects. It 

has previously been shown (33) in the rat that naloxone 

administered 10 minutes prior to 

attenuated stress-induced analgesia. 

stress significantly 

However, naloxone was 

unable to alter analgesia when administered to the animals 

immediately prior or 15 mi~utes post-stress (33). 

In a letter to the New England Journal of Medicine, 

Hawley and Butterfield (21) have made some interesting 

comments concerning elevations in S-EN during exercise. 

They stated that it is doubtful that plasma levels reflect 

levels in the central nervous system, where the primary 

actions of the opioids are known to occur. Only if central 

nervous system levels of S-EN are shown to be elevated in 

response to exercise can the endogenous opioids be 

implicated in such subjective phenomena as the euphoria or 

antinociception frequently reported during exercise. It is 
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not presently clear whether these points made by Hawley and 

Butterfield (21) are valid, i.e., peripherally activated 

neural pathways may exert central influence (57,58). 

Investigations Addressing A Possible Peripheral 

Thermoregulatory Role for Endogenous Opioid Peptides 

The literature reviewed in the previous sections 

indicates that there is more than adequate justification for 

hypothesizing a physiological role for EOP in exercise 

thermoregualtion. Some significant findings which support 

this contention are: 

1. EOP have profound thermoregulatory effects when 

pharmacologically administered; 

2. Naloxone, the pure opiate antagonist, has 

significant thermoregulatory effects when 

administered to animals, prior to induction of 

stress; 

3. The physiological stress of exercise is strongly 

associated with increased Pil3-EN c_oncentrations; 

4. EOP have been shown to have a vasodilator effect on 

vascular smooth muscle when pharmacologically 

administered. 

The literature which supports the first three points has 

already been reviewed. It is the purpose of this section to 

review pertinent studies bearing on peripheral actions of 

EOP. 
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Of particular importance in the hypothesis of a 

peripheral thermoregulatory EOP effect is the establishment 

of opiate receptors in vascular smooth muscle. Altura et 

al. (2) published an early study suggesting the presence of 

opiate receptors in vascular smooth muse le. They reported 

that opiate narcotics can: a) induce profound vasodilation 

(up to 100%) of rat mesenteric arterioles but not rat 

venules and; b) induce a calcium dependent contraction of 

rat aorta which is inhibited by naloxone. The authors 

concluded that different opiates exert diverse actions on 

blood vessels and that there exist opiate receptors in 

vascular smooth muscle. 

More recently, Altura et al. (1) specifically addressed 

the question--are there opiate 

microcirculation? The results 

receptors 

of their 

in 

in 

the 

vivo 

microcirculatory experiments show that opiates can exert 

concentration-dependent vasodilator effects on intact 

terminal arterioles and precapillary sphincters, but not on 

venules. All of the experiments were carried out by direct 

in vivo microscopic observation of terminal arterioles, 

precapi llary sphincters, and muscular venules in mesentery 

of young, anesthetized male rats. Irrespective of the route 

of administration, all the opiate compounds tested caused 

dose-dependent dilation (up to 100% over central lumen 

sizes) of terminal arterioles and precapillary sphincters; 
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lumen sizes of the venules, however, were not affected. 

Naloxone was found to antagonize completely all of the 

arteriolar and precapillary dilator actions of all the 

opiate agents. The investigators concluded that opiates can 

exert potent vasodilator actions on terminal arterioles and 

precapillary sphincters when administered to rats in large 

doses (above 100 µg•ml - 1 ). Naloxone' s ability to supress 

completely the vasodilator actions is strong evidence that 

specific opiate receptors exist 

precapillary smooth muscle cells. 

In a similar study, Altura et 

in 

al. 

arteriolar and 

( 3) reported that 

there appear to be specific opiate receptors in arterioles 

and precapillary sphincters, which, when stimulated, are 

able to induce relaxation, at least in the rat mesenteric 

microcirculation. They also suggested three possible 

mechanisms of action which may cause the observed 

vasodilatory effects: 

1. Promotion of the release of histamine (histamine 

has been demonstrated to have direct vasodilatory 

effects and to be capable of antagonizing 

neurohumoral constrictors in the microcirculation); 

2. Depression of vasomotor tone via a direct 

in~ibition of the normal rhythm of vascular smooth 

muscle; 
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3. Depression of vasomotor tone via a inhibition of 

the constrictor ac~ion normally caused by calcium. 

More pharmacological evidence for vasodilating effects 

of endogenous opioid peptides has been provided by Wong et 

al. (56). Their experiment was designed to determine if the 

endogenous opiates have a direct effect on the arterioles of 

cutaneous circulation. In this investigation, the 

microvasculature was surgically exposed under a microscope 

and was perfused with Kreb' s solution. The arteriole was 

observed by way of a television system which was interfaced 

with a microscope lens. The p-EN and enkephalins were added 

to the perfusate through a separate cannula. In trials 

utilizing naloxone, the opiate angatonist was added to the 

Kreb's solution and the preparation was superfused with this 

solution for 30 min before the EOP was added. The results 

showed that the opiates dilated the arteriole and the 

effects were dose dependent. Naloxone, which itself did not 

produce any effect, caused antagonism of the vasodilation 

response. The authors concluded that EOP act on the opiate 

receptors of vascular smooth muscle of the arteriole to 

dilate the blood vessel. Since 6-EN is produced and 

released to the blood from the pituitary gland, it is likely 

that 6-EN rather than the metabolically short-lived 

enkephalins acts on the vascular smooth muscle of the 

peripheral blood vessels. 
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The existence of opiate receptors in vascular smooth 

muscle has been clearly demonstrated. The specific binding 

of opiate compounds to these receptors results in peripheral 

vasodilation. As previously mentioned, endogenous opiates 

also produce this effect (56). Presently, studies are being 

carried out utilizing this vasodilation action as a bioassay 

for EOP (46) Thus, 

a normal, valid 

it is well accepted that vasodilation 

response to pharmacological levels 

circulating plasma EOP. 

is 

of 

The thermoregulatory implications of this dilatory 

response are obvious. ~he vasodilation of peripheral 

arterioles and precapillary sphincters of cutaneous origin 

could result in increased blood flow to the skin (for heat 

dissipation) with a concomitant reduction in visceral flow. 

This redirection of blood flow, especially during physical 

exercise in hot environments, would result in a greater 

circulatory conduction of metabolic heat to the periphery. 

There are some problems with this theory. The primary 

difficulty lies in the discrepancy between the concentration 

of ~OP in the blood and the apparent affinity of the 

receptors for EOP. An example is the case with p-EN. The 

concentration of p-EN in rat plasma following severe stress 

(limb fracture) does not rise above 1.5 nM. The most potent 

stimulus for elevation of plasma p-EN so far discovered, 

adrenalectomy, does not increase plasma levels above 3 nM. 
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The concentration of S-EN required to give 50% of maximal 

opioid effect in the isolated guinea pig ileum preparation 

is in the range 20-80 nM (13) 

Although apparent difficulties exist concerning plasma 

~-EN concentrations following stress and receptor affinity, 

these do not preclude the possibility of humorally-mediated 

vasodilator actions. Opiate receptors may be activated both 

by locally released neurotransmitter, and by hormone carried 

in the blood. This situation would be analogous to the 

activation of vascular adrenoceptors by norepinephrine 

released from sympathetic neurons, and by epinephrine 

re leased from the adrenal medulla and transported in blood 

to the receptors ( 13) . Additionally, the possibility that 

opiate receptor affinity may change under certain conditions 

needs to be considered, e.g., exercise induced blood pH 

changes could conceivably result 

receptor sensitivity. 

Central Thermoregulatory Control and 

Modifications During Exercise 

in increased opiate 

This section is not intended as a complete review with 

regard to central and exercise thermoregulation. An 

extensive literature exists relative to this subjec~ and the 

reader is directed elsewhere for further background material 

(6,50). 
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The fundamental consideration of any discussion 

hypothalamus. 

of 

The temperature 

hypothalamus 

regulation 

is composed 

must 

of 

be the 

integrative neuronal networks 

which receive afferent information through synaptic inputs, 

integrate this information, and produce efferent information 

that regulates the autonomic systems controlling body 

temperature 

hypothalamus 

( 6 ) . 

is 

Boulant (6) 

one of the 

has 

primary 

stated that 

integrative 

the 

and 

controlling structures in thermoregulation which exerts 

thermoregulatory control over a number of mechanisms. Some 

of these control mechanisms under hypothalamic influence 

cited by Boulant include the cardiovascular system, 

respiration, muscle tone (shivering thermogenesis), hormones 

affecting metabolism, sweating, salivation, and 

piloerection. The hypothalamus achieves this control by 

virtue of neurons, especially those in the preoptic and 

anterior hypothalamus (PO/AH), which are temperature 

sensitive and change their firing rates when hypothalamic 

temperature is altered. Many of these PO/AH neurons receive 

afferent inputs from skin and deep-body thermoreceptors (6). 

The result of this integration of central and peripheral 

thermal information is the initiation cf appropriate 

thermoregulatory responses necessary for the maintenance of 

body temperature within a range compatible with life under a 

variety of environmental and metabolic conditions. 
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Evidence now exists (48,49) for EOP exerted influence 

on hypothalamic thermoregulatory control mechanisms. 

Rossier, Pittman, Bloom and Guillemin (49) have reported the 

detection of a neuronal pathway between enkephalin neurons 

(neurons releasing enkephalins as neurotransmitters) in the 

hypothalamus (magnocellular nuclei) and enkephalin receptors 

in the posterior pituitary. These authors postulated that 

under certain stimuli (possibly exercise) this 

enkephalinergic 

neurohypophyseal 

system could mediate release of 

(posterior pituitary) hormones, e.g., 

antidiuretic hormone (ADH). This EOP-induced increase in 

ADH release under exercise conditions could have significant 

thermoregulatory implications. 

Miller (34,35) has also reported interesting 

observations concerning EOP involvement in neurohypophyseal 

function. His investigations show that the administration 

of opiate antagonists (oxilorphan and butorphanol) inhibited 

release cf ADH in man during ad libi tum fluid intake and 

elevated the hypothalamic osmotic t~reshold for ADH release 

( 34) . Thus, EOP have been implicated in stimulating ADH 

release and altering hypothalamic osmotic sensi ti vi ty. It 

is noteworthy that Neilsen (42) has stated that the level of 

body temperature reached during exercise is related to 

plasma osmolarity, with body temperature increasing as 

plasma osrnolarity increases. Miller's (34,35) findings of 
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EOP influence on hypothalamic-neurohyphophyseal function 

could have significant implica-r.ions for exercise 

thermoregulation. Conditions of exercise-induced elevations 

of peripheral EOP could conceivably initia-r.e stimuli 

resulting in increased release of ADH and alter hypothalamic 

osmotic sensitivity, i.e., lower threshold necessary for ADH 

release. These alterations could have direct impact on body 

fluid dynamics 

sweat rate) 

(a decreased renal blood flow and decreased 

and body temperature (increased plasma 

osmolari ty resulting in elevated core temperature) during 

exercise. 

With respect to body fluid dynamics, Nadel (38) has 

clearly stated the importance of evaporative heat losses 

during exercise in his review article concerning sweat rate 

control. He points out that all of the heat produced during 

exercise in a hot environment is either stored in the body 

or dissipated to the environment by evaporation of sweat. 

In order to minimize heat storage, the body must be able to 

effectively increase sweating rate. Nadel (38) 

characterizes sweat rate control as a "proportional system" 

with changes in internal temperature having 10 times the 

influence upon sweating rate as similar changes in mean skin 

temperature. Therefore, during prolonged exercise in the 

heat, when core temperature is elevated, a severe 

competition is set up for body fluids. On one hand, blood 
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volume must be maintained for adequate cardiac output (for 

oxygen delivery requirements to active muscle) and skin 

blood flow (for partial dissipation of metabolic heat) while 

on the other hand, blood volume must also be contracted due 

to its contribution to a portion of the fluid lost as sweat 

(for effective evaporative heat losses) (39). Thus, it is 

easy to imagine the importance 

mechanisms (antidiuretic effects) 

of water 

during 

conserving 

heat-stress 

exercise conditions. These antidiuretic effects result in 

an increasingly severe reduction in sweat rate (elevating 

core temperature) but more importantly, they act to maintain 

blood volume and prevent cardiac output from being 

compromised. 

Additionally, Fortney, Nadel, Wenger and Bove (19) have 

noted that sweat gland activation occurs as a result of the 

discharge of sympathetic cholinergic fibers, whose activity 

is controlled by the thermoregulatory center in the 

hypothalamus. Since EOP are known to be neuromodulators of 

cholinergic fibers (13) and 

receptors have been located 

enkephalinergic neurons 

in the hypothalamus 

and 

and 

neurohypophysi s ( 49) it is interesting to speculate on a 

possible EOP/sweat-rate/body-fluid control system located in 

the hypothalamus which could respond to exercise stimuli. 
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of EOP contributions to 

thermoregulation during prolonged exercise in the heat 

should be evident. The preceding sections have included 

reviews of pertinent literature in five important research 

areas regarding these thermoregulatory implications. In the 

initial section, it was established that pharmacological 

administration of EOP, both centrally and peripherally, have 

profound thermoregulatory effects. In the second section, 

studies utilizing specific neurotransmitter receptor 

antagonists were reviewed to establish that physiological 

EOP thermoregulatory effects exist. Thirdly, it was shown 

that exercise in man is consistently related to significant 

increases in Pi~-EN levels, thus establishing the 

possibility that EOP may play a particularly important 

physiological role during exercise conditions. In the 

fourth section of this review, possible peripheral 

thermoregulatory contributions 

alterations in vasomotor 

were 

tone. 

discussed 

Finally, 

i • e • / 

special 

considerations regarding central control of thermoregulation 

under resting and exercise conditions were reviewed. Of 

particular interest in this last section were the 

considerations given EOF involvement in hypothalamic control 

of sweat rate and body fluid dynamics during conditions of 

exercise in the I'-eat. 
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ABSTRACT 

Six adult male volunteers of similar body composition 

and physical fitness were tested to determine plasma 

immunoreactive i3-endorphin (Pii3-EN) response under three 

conditions of exercise thermoregulatory stress. The 

experimental protocol consisted of 120 min of stationary 

upright cycling at 50% Vo 2 max under neutral (24°C, 50% 

RH)/euhydration (NE), hot (35°C, 50% RH)/euhydration (HE), 

and hot/dehydration (HD) environmental conditions. Pii3-EN 

was measured by radioimmunoassay at -30 min, 0 min, and at 

15 min intervals thereafter. Change in plasma volume (APV) 

was measured to dei:ermine its effect on Pii3-EN 

concentration. Preexercise Pii3-EN levels averaged 23. 7 ± 

2.6 pg•ml- 1 in all conditions. The greatest ?i6-EN response 

occurred at 105 min in HD conditions when levels rose to 

43.2 ± 6.9 pg•m1- 1 • Exercise in HD and HE conditions 

resulted in significantly (p < 0. 05) elevated Pii3-EN above 

levels observed in NE. APV did not account fo::::- more than 

10% of Pii3-EN changes at any time interval. The ?ii3-EN 

response pattern closely resembled rectal tempe::::-ature 

changes i!l. all conditions. These data suggest that 

conditions of increasing exe::::cise thermoregulatory st:!:.-ess 

associ a t:ed with increasing pe::::ipneral i3-endorphin 

concentration. 
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Index terms: endogenous opiates; exercise thermoregulation; 

environmental stress responses; body fluid dynamics. 
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Introduction 

Only recently have questions been asked regarding the 

potential role for the endogeno~s opioid peptides (EOP) in 

exercise thermoregulation. Of these opioids, it is apparent 

that S-endorphin ( S-EN) has the most potent effects under 

conditions of resting metabolism in a mammalian model (25). 

The results of pharmacological studies (4,18,19) have 

indicated that the thermoregulatory effects of opioid 

peptides are variable and numerous. Exogenously 

administered S-EN causes alterations in thermoregulatory 

control that are dependent on ambient temperature (3), 

dosage ( 4), and route of administration ( 28). Generally, 

small doses (0.1 10 µg) centrally administered induce 

hyperthermia, whereas progressively larger doses are 

associated with an incremental decrease in body temperature 

until a dose is reached which results in poikilothermia (5). 

Although these pharmacological studies have shown a cer.tral 

thermoregulatory effect, the possibility of a peripheral 

ther:r.oregulatory effect has only recently been considered 

( 2 7) . Several investigators ( 1, 12) have reported results 

·,,;hi ch lend credence to a possible vasodi latory role for 

peripherally circulating EOP. Thus, it is conceivable that 

local vasoregulatory effects represent one mechanism by 

which ECP may intervene in thermoregulation in man. 

However, . +-l ~ remains to be demonstrated whether or not EOP 
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physiologically released and circulated have significant 

thermoregulatory effects. With respect to this point, there 

have been conflicting reports (10,23). 

It has been convincingly demonstrated (6,8,9) that the 

physiological stress of exercise in man is consistently 

associated with an increase in plasma immunoreactive 

6-endorphin (Pi6-EN). The physiological implications of 

this increase in Pi 6-EN remain unclear. It is well known 

that exercise exerts a perturbing influence on temperature 

homeokinetics. This fact, when considered with the effect 

cf exercise on Pi6-EN and the results of pharmacological 

studies (13,19), suggests that EOP may have a role in 

exercise thermoregulation. The present study was designed 

to determine if Pi6-EN is elevated during prolonged during 

exercise in a warm environment beyond levels measured in a 

thermoneutral condition and, if the added hyperthermic 

stress of inducing dehydration alters the response. A 

further purpose was to ascertain if a significant relation 

exists between changes in PiS-EN and skin temperature (Tsk) 

er rectal temperature (Tre) prolonged exercise under the 

various experimental conditions investigated. 

Methods 

Subjects for the study were six active adult male 

volunteers. After each was thoroughly familiarized with the 
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procedures, a written consent was obtained. Preliminary 

testing included the determination of maximal oxygen . 
consumption (Vo 2 max) for stationary cycling and hydrostatic 

estimation of body fat. Also determined was the cycle 
. 

workload vs oxygen consumption (Vo 2 ) relationship for each 

subject. This allowed calculation of the workload necessary . 
to elicit 50% Vo 2 max, the desired exercise intensity. A 

practice trial was administered to each subject (60 min) to 

minimize subject anxiety and allow for learning effects. 

The experimental trials consisted of three 120 min bouts of 

stationary cycling under neutral environment/euhydrated 

(NE) I hot environment/euhydrated (HE) and hot 

environment/dehydrated (HD) conditions. Each trial 

contained a 30 min preliminary rest period to establish 

baseline values and a 30 min post-exercise recovery period. 

The NE condition was defined as an ambient temperature of 

24°C with 50% relative humidity. Euhydration was achieved 

in NE by having the subject drink an amount of water (room 

temperature) equivalent to l. 0% of his body weight 

immediately prior to the preliminary rest period plus an 

equivalent amount during the rest period and exercise phase, 

i.e. , a maximum equivalent to 2. 0% of body weight was 

consumed. The HE condition consisted of an hydration 

procedure identical to NE, with rest, exercise and recovery 

phases occurring in 35°c ambient temperature and 50% 
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relative humidity. The HD wa~ also 35cc ambient temperature 

with 50% relative humidity, but no fluids were consumed. 

The order of each subject's trials was randomized. 

Experimental sessions were administered in a controlled 

climate chamber and began between 0930 and 1300h. The NE 

condition served as a control exercise trial for the 

comparison of changes in dependent measures due to . 
environment. The environmental conditions and exercise Vo 2 

values were monitored and regulated at 15 min intervals to 

insure constancy of experimental conditions for each 

subject. 

Prior to each trial, the subject was fitted with eight 

skin thermocouples affixed at sites recommended by Nadel et 

al. (17). Deep body temperature was monitored by a rectal 

thermocouple inserted approximately 10 cm into the rectum. 

Body temperature changes were measured at 15 min intervals 

using a Yellow Springs Model TUC 46 telethermometer. Blood 

samples of approximately 7. 0 ml were collected at 15 min 

intervals from a 20 gauge teflon-catheter inserted into an 

antecubital vein. A 0. 01% heparinized saline solution was 

used to maintain catheter patency between samples. 

Immediately prior to sampling, this solution was withdrawn 

and discarded. The samples were placed in glass tubes 

containing ethylenediaminetetracetate (EDTA) and were 

immediately placed on ice. At the completion of each trial 
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all samples were centrifuged (4°C) at l0,000 rpm for 20 min. 

The plasma was then collected in polypropylene tubes and 

stored (-20°C) for later S-EN radioimmunoassay (RIA). 

All materials for the RIA were purchased from New 

England Nuclear (Kit No. NEK-003). Unextracted 50 µl plasma 

samples were used, with a final volume of 150 µl for each 

assay tube. All samples were assayed in duplicate and 

randomly arranged within the assay. To improve sensitivityz 

the plasma samples were preincubated with antibody 24h (4°C) 

prior to addition of 125 I-6-EN. After the addition of this 

tracer, the assay samples were allowed to incubate for an 

additional 24h (4°C). Antibody-bound S-EN was separated 

from free hormone by addition of 250 µl of the supplied {New 

England Nuclear) charcoal buffer solution and each tube was 

immediately centrifuged (4°C) for 15 min at 2500 rpm. The 

assay was sensitive to 20 

sensi ti vi ty were assigned 

samples were assayed at 

pg•m1- 1 • All values below assay 

the value of 20. 0 pg•ml - 1 . All 

the same time. The intra-assay 

coefficient of variation was 26.5%. The antibody had a 50% 

cross-reactivity to 6-Lipotropin (6-LPH) and therefore 

resulting measures reflect both 6-EN and 6-LPH. However, 

this was not of critical concern since the peripheral EOP 

response to acute stress has been documented to be 70% 6-EN 

and 30% S-LPH ( 13) and other work has shown S-L?H to be a 

probable precursor of PiS-EN (22). 
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Hematocrit and hemoglobin measures were assessed to 

account for plasma volume (PV) changes which occur during 

exercise ( 16) . Hemoglobin was determined by the 

cyanmethemoglobin method and the equations for calculation 

of PV changes were those of Costill and Fink ( 7) . 

Statistical analyses were conducted using a three-factorial 

analysis of variance. The Tukey Multiple Range test was 

utilized to distinguish differences between statistically 

significant main effects. 

Results 

The subjects of this study were similar in physical 

characteristics (Table 1) . Each had participated in 

vigorous running on a regular basis for several years. 

However, only one could be considered highly trained (ran 

more than 30 mi •wk- 1 ) . Since the experiments were not 

conducted during summer months, none of the subjects were 

heat-exercise acclimated. It was desirable that each 

subject have a similar body composition to minimize 

differences in thermoregulatory responses possibly 

attributable to variations in subcutaneous fat. None of the 

subjects were trained cyclists. The target exercise . 
intensity of 50/6 of indi viC.ual Vo 2 max was maintained with 

less than 4% variation for each subject throughout all 

trials. It should be noted that maintenance of the desired 
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• Vo 2 was more difficult during the last 60 min of the hu 

trials when the subjec~s had to be continually encouraged to 

maintain work pace. Two subjects were unable to complete 

the entire 120 min of their HD trial due to increases in T re 

above 39.5°c. One was stopped after 110 min and the other 

after 105 min. 

INSERT TABLE 1 ABOUT HERE. 

The environmental conditions of the experimental trials 

were controlled within narrow limits. The mean temperature 

for the NE trials was 24.2 ± 2.0°c and relative humidity 

averaged 50.8 ± 4.5%. The mean temperature for both HE and 

HD trials was 35.4°C with a standard deviation of ± 0.6°C. 

The mean relative humidity for HE was 55.6 ± 5.4%, and for 

HD was 50.2 ± 1.2%. A summary of the analyses of variance 

re~ults is presented in Table 2. 

INSERT TABLE 2 ABOUT HERE. 

Figures 1 and 2 depict the changes in T and sk T re 
respectively, under the different experimental conditions. 

As expected, T showed a gradual linear increase and was re 
tightly regulated during the first 45 min of each trial. 
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However, beginning at 60 min, T regulation began to show re 
incre'ased variation between environmental treatments. Tukey 

analysis of T re time*environme:it interaction revealed 

statistically significant (p < 0.01) differences across all 

three environmental treatments beginning at 60 min and 

continuing through the 30 min recovery. At all time 

intervals, Tsk for HD and HE were significantly different (p 

< 0.01) from Tsk NE. However, Tsk in HD trials was not 

different (p > 0.05) from Tsk observed in HE trials. 

INSERT FIGURES l & 2 ABOUT HERE 

Changes in PiS-EN are graphically presen"':ed in Figure 

3. The HD and HE environmental treatments resulted in 

statistically significant (p < 0.05) elevations of Pi$-EN as 

compared to the NE condition. 

INSERT FIGURE 3 ABOUT HERE. 

As expected, exercise increased Pi$-EN (p < 0. 01). 

However, since a resting control trial was not utilized it 

is difficul~ to comment on the significance of this exercise 

effect. The PiS-EN fluctuations shown for the group are not 

necessarily reflective of individuals. The time for 
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individual increases in imrnunoreactivity varied 

considerably, e.g., in the HE condition one subject showed a 

large PiS-EN increase (21.9 to 54.3 pg•ml- 1 ) at 60 min while 

another subject did 

52.6 pg•ml- 1 ) until 

not show a similar increase ( 38. 1 to 

90 min. These differences in subject 

PiS-EN elevations occurred in all environmental treatments 

with each subject exhibiting a slightly different time 

course for increased immunoreactivity. Of relevance to this 

point was the observation that of 214 

assayed, 17 were found to contain levels 

plasma samples 

of PiS-EN below 

assay sensitivity (20 pg•ml- 1 ). Of these 17 samples, 12 

occurred prior to the 45 min sample and six occurred in NE 

trials, i.e., under least stressful thermoregulatory 

exercise conditions. This finding is similar to that of 

Farrell et al. (8) who found no PiS-EN in 7 of 48 samples of 

exercising males and Wiedeman et al. ( 26) who found no 

PiS-EN in 7 of 14 unextracted human plasma samples. 

Plasma volume changes are presented graphically in 

Figure 4. These were found not to vary significantly 

between environmental treatments. 

INSERT FIGURE 4 ABOUT HERE. 
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Discussion 

The changes in PiS-EN levels reported for our subjects 

both at rest and exercise are similar to those found by 

other investigators (6,8,26). The mean PiS-EN value 

observed during the 30 min preexercise period (all three 

environments) was 23. 7 ± 2. 6 pg•ml - 1 • The highest PiS-EN 

value occurred at 105 min in the HD condition when a mean of 

43.2 ± 6.9 pg•ml - 1 was attained. As a result of the 

individual variation in PiS-EN responses, the exercising 

subjects appeared to have unique thresholds for eliciting 

increases in PiS-EN (with the hyperthermic environmental 

treatment ~esulting in increases of the greatest magnitude). 

The contraction of PV associated with exercise ( 16) at no 

time accounted for more than 10% of S-EN changes. When 

PiS-EN levels were corrected for PV changes, increases 

similar to those seen in Figure 3 were observed. This lack 

of PV effect on PiS-EN concentration in different 

environments supports the hypothesis that exercise in 

hyperthermic conditions induces increases in p-EN plasma 

immunoreactivity above that evidenced during exercise in 

thermoneutral conditions. Initially, we hypothesized that 

the changes in PiS-EN would reflect T , changes. SK 
Previous 

reports of opiate receptors in the peripheral vasculature 

( l, 2) and peripheral vasodilation effects of systemically 

administered pharmacological doses of 6-EN ( 2 7) led us to 



58 

speculate that exercise-induced increases in circulating 

6-EN may be linked with control of skin blood flow thus, 

affecting exercise thermoregulation. Preliminary work in 

our laboratory indicated that PiS-EN changes during 60 min 

of exercise in a hot environment reflected Tsk changes 

rather than T changes (11). However, the results reported re 
herein illustrate that this is, most likely, not the case. 

A comparison of Figures 2 and 3 suggests a general 

relationship between Tre and Pii3-EN changes (r=0.43; n=214; 

p<0.01). A comparison of Figures l and 3 reveals the lack 

of a similar relationship between Pii3-EN and T sk (r=0.11; 

n=214; p>0.11). Figure 2 shows that T is tightly re 
regulated from -30 min through 60 min in all three 

conditions. However, beginning at 60 min variance in T re 
begins to increase with the most severe variations in T re 
occurring during the last 30 min of exercise. Similarly, 

Pii3-EN levels show only minor variation regardless of 

experimental conditions through the first 60 min of 

exercise. Beginning at 75 min Pii3-EN levels show larger 

deviations and likewise, have their greatest 

treatment-related divergence during the last 30 min of 

exercise. In comparing T changes with PiS-EN changes, the re 
experimental condition resulting in least thermoregulatory 

impairment (i.e., smallest elevation of T ) also resulted re 
in the lowest levels of Pii3-EN. Generally, conditions of 
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increasing thermoregulatory stress (i.e., HD>HE>NE) 

resulted in increasingly higher levels of Pil3-EN. It is 

interesting that no apparent environment-related Pii3-EN 

differences occurred during the first 45 min of each 

experimental condition, and only minor (if any) Pi13-EN 

elevations occurred in the NE condition. The ref ore, it 

could be interpreted that the elevations in Pi13-EN observed 

between 75-120 min are due to (or, cause) T elevations re 
associated with the combined stimuli of heat, hypohydration 

and exercise in HD and HE. The significance of these 

observations must be viewed with considerable caution since 

Pi13-EN is not reflective of central 13-EN (20) and presently 

there exists no published evidence to support a causal 

relationship between exercise-induced thermoregulatory 

impairment and Pil3-EN. However, it is quite possible that 

blood borne 13-EN may intervene in thermoregulatory 

processes. Yehuda and Caras so (30) have recently 

demonstrated that peripherally administered 13-EN may exert 

its hyperthermic effects by interacting with the 

neurotransmitter, dopamine. Additionally, it has been 

reported that peripheral 13-EN interferes with dopaminergic 

activity in the brain resulting in hyperthermic responses 

( 29). Al though physiological levels of 13-EN are several 

orders of magnitude lower than those required to elicit the 

dopaminergic responses, it is conceivable that a stimulus 



60 

associated with exercise could induce increased 

concentration of S-EN for interaction with neurotransmitter 

receptors resulting in thermoregulatory alterations. 

It has also been reported that centrally administered 

S-EN has significant inhibitive effects on evaporative heat 

loss (19). Additionally, S-EN has been implicated in 

mediating the release of antidiuretic hormone (ADH) and 

altering hypothalamic osmotic sensitivity (14,15,25). Senay 

( 23) has recently offered evidence concerning the role of 

ADH, osmotic shifts and water balance in exercise 

thermoregulation. The data we have presented allow further 

speculation concerning exercise-induced changes in EOP 

affecting thermoregulatory processes via body fluid 

dynamics. Conceivably, a stimulus associated with exercise 

could affect central EOP neurons ( 21) thereby influencing 

ADH release and hypothalamic osmotic sensitivity, resulting 

in the alteration of body fluid dyamics and T . re 
Presently, the contribution of EOP to exercise 

thermoregulation remains unclear and additional studies are 

warranted utilizing neurotransmitter receptor antagonists. 
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Table 1. Subject Characteristics 

Age Height Weight Body Fat Vo 2 max 

yr cm kg % ml•kg- 1 •min- 1 

26.5 183.5 80.1 12.8 48.5 

±4.5 ±6.0 ±13.5 ±3.4 ±8.0 

n 6 6 6 6 6 

Values are means ±SD. Vo 2 max, maximal oxygen consumption. 



Table 2. Statistical Summary of Analyses of Variance 

B-EN Core Temp Skin Temp PV 

Source df MS df MS df MS df MS 

Time 11 1101. 1 ** 11 2.74** 11 55.8** 9 36. 11** 

Env i r·or11ne11t * 2 196.8*** 2 ,._ 14** 2 55.8** 2 0.02 

Individual 5 108.7 5 3.55** 5 5. 3** 5 Ll2. 05** 

Time*Environment 22 61.2 22 0.26** 22 0.3** 18 4. 15 

Environment*lndividual 10 42.7 10 0.67** 10 2.5** 10 110.26 

Error 163 74. 1 165 0.03 165 0.2 179 6.71 
CY\ 

*Environment tested by Environment*lndividual 
co 

** p < 0.01 
*** p < 0.05 
dfdegrees of freedom 
MS Means Squared 
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Figure Legends 

FIG. 1. Skin temperature ( 0 c) changes before, during and 

after 120 min of cycle ergometry at 50% Vo 2 max in 

three experimental conditions at neutral (24°C, 50% 

RH)/euhydration, NE; hot (35°c, 

RH)/euhydration, HE; and hot/dehydration, HD 

conditions. At all time intervals HD and HE were 

significantly (p < 0.0001) elevated above NE. Bars 

indicate SEM. Where not indicated, SEM did not 

exceed ±0.33°c. 

FIG. 2. Core temperature ( ° C) changes before, during and . 
after 120 min of cycle ergornetry at 50% Vo 2 max in 

three experimental conditions, neutral (24°C, 50% 

RH)/euhydration, NE; hot (35°c, 50% 

RH)/euhydration, HE; and hot/dehydration, HD. * 
denotes times when HD, HE and NE are statistically 

different (p < 0.01). Bars indicate SEM. Where 

not indicated, SEM did not exceed ±0.19°C. 

FIG. 3. Plasma immunoreactive S-endorphin (pg•ml- 1 ) changes 

before, during, and after 120 min of cycle 
. 

ergometry at 50% Vo 2 max in three experimental 

conditions, neutral (24°C, 50% RH)/euhydration, HE; 

and hot/dehydration, HD. HD and HE statistically 

different (p < 0.05) from NE. Bars indicate SEM. 
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Where not indica~ed, SEM did not exceed ±5.1 

pg•ml - 1 • 

FIG. 4. Plasma Volume (%) changes before, during, and after 

120 min of cycle ergometry a~ 50% V0 2 max in three 

experimental conditions, neutral (24°C, 50% 

RH)/euhydration, NE; hot (35°C, 50% 

RH)/euhydration, HE; and hot/dehydration, HD. Bars 

indicate SEM. 

exceed ±1.8%. 

Where not indicated, SEM did not 
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Chapter IV 

SUMMARY AND RECOMMENDATIONS FOR FUTURE RESEARCH 

Summary 

The finding that exercise is consistently associated 

with increases in PiS-EN (11,16,17,20) prompted speculations 

regarding a physiological significance for these increases. 

Initially, the opiate nature of EOP, when administered in 

pharmacological 

peptides may 

doses, generated speculation that these 

have an analgesic or psychological 

mood-altering 

studies which 

role 

have 

during exercise 

reported a 

( 17) . However, later 

decrease in centrally 

circulating EOP (33,47) and the large doses (>10.0 µg) 

necessary for narcotic effects have led to doubts regarding 

these antinociceptive or psychologic roles. Recently 

Markoff et al. ( 30) reported that the opiate antagonist 

naloxone, when administered shortly (5-15 min) after a 

one-hour self-paced run, resulted in no apparent reversal of 

perceptual stimuli attributed to exercise. Superficially, 

this study gave strong evidence against EOP involvement in 

central nervous system functions. Therefore, a 

physiological significance for exercise-induced increases in 

EOP has yet to be demonstrated. With respect to this point, 

one area which had not previously been investigated was 

exercise thermoregulation. Numerous investigators 

75 
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(4,5,45,57) have reported that EOP, and S-EN particularly, 

have profound thermoregulatory effects when administered 

either centrally or peripherally. Additionally, other 

researchers (15,22,33) have reported that pure opiate 

receptor antagonists dose-dependently reverse body 

temperature alterations observed during acute stress. These 

results suggest the possibility of a physiological function 

for EOP in thermoregulatory processes. 

Based on these pharmacological and physiological 

investigations, our laboratory initiated preliminary studies 

in an effort to determine if thermoregulation offered a 

reasonable explanation regarding the increased PiS-EN 

observed using exercise. This initial investigation (28) 

reported that PiS-EN was elevated during 60 minutes of cycle 

ergometry (60% Vo 2 max) in a warm (32°C, 50% RH) environment 

when compaired to PiS-EN levels observed during an identical 

exercise protocol in a neutral environment. Additionally, 

we reported ( 28) that the Pi$-EN response pattern mimicked 

changes observed in skin temperature. Previous research had 

convincingly established the existence of opiate receptors 

in the peripheral vasculature ( l, 2, 3, 46) and that !?>-EN had 

profound vasodilatory effects when administered in 

pharmacological doses ':'herefore, ..... 
l '- was 

hypothesized that increases in PiS-EN during exercise may be 

linked to control of skin blood flow. 



77 

The · present study was undertaken to provide a more 

definitive characterization of the PiS-EN response to 

prolonged exercise in conditions of varying thermoregulatory 

stress. Six adult male subjects of similar physical fitness 

levels volunteered and signed informed consent papers. A 

control trial consisting of 120 min of cycle ergometry (50% . 
Vo 2 max) under neutral (24°C, 50% RH)/euhydration conditions, 

(NE) was administered. Two additional trials were 

administered of varying degree of heat-stress. Both of 

these hyperthermic trials occurred with exercise protocol 

identical to that of NE, but in a hot environment (35°c, 50% 

RH). To alter the thermal stress of these trials, one was 

administered under contitions of euhydration (HE) while in 

the remaining trial, no fluids were administered (HD). 

The results of this investigation showed that exercise 

in the HD and HE conditions significantly (p < 0.05) 

elevated Pi6-EN levels above those observed during the 

control (NE) trial. We noted that conditions of increasing 

thermoregulatory stress generally tended to cause 

proportionally increased Pi6-EN. However, there was no 

statistical difference (p > 0.05) between HD and HE 

conditions. It is noteworthy that after PiS-EN levels had 

been corrected for changes in plasma '\'olume (PV) similar 

results were observed. This indicated that Pi6-EN increses 

were not accounted for solely by the contraction of PV 
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observed during exercise. Surprisingly, PiS-EN changes 

closely reflected changes in core te~peratures (T ) and did re 
not appear to have any relationship to skin temperature 

(Tsk). On the basis of these results, it was concluded that 

exercise in hyperthermic conditions results in increased 

PiS-EN. These increases are probably the result of either 

increased hypophyseal release or a decrease in enzymatic 

degradation. These results suggest that EOP may be 

implicated in exercise thermoregulation either by directly 

con~ributing to the elevation in T via alterations in the re 
thermal set-point or indirectly via mediation of 

thermoregulatory processes, i • e •I sweat rate, vasomotor 

tone, antidiuresis. 

Recommendations for Future Research 

The results of this investigation when viewed in 

context of the results reported by other researchers 

involving EOP and thermoregulation (Chapter I I) indicate a 

variety of approaches for future research. If a follow-up 

study is to be utilized to substantiate the findings 

reported herein, I offer two recommendations: a) use a 

larger sample, and b) use a slightly greater thermal stress, 

i.e., increase the percent humidity. The larger sample 

would lessen the impact of individual PiS-EN responses 

observed during exercise and the increased humidi i:y would 
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precipitate a more rapid rise in "" ... I would not recommend re 
increasing the exercise intensity i..;.nless highly-trained or 

competitive eye lists are used as subjects. It has been 

suggested that a 2 h resting control trial also be 

administered. I see no point in this. If an investigation 

regarding the effects of environment i.e., atmospheric 

temperature and humidity, and hydration state on 

thermoregulatory processes during exercise is carried out, 

then a resting control is unnecessary. However, if one 

wished to investigate exercise effects per se, then a 

resting control would be required. The fact that we did not 

utilize a resting control limited us in the conclusions that 

could be made regarding exercise effects. It could not be 

validly concluded that exercise increased PiS-EN despite the 

fact that levels were statistically elevated (p < 0.01) when 

compared to the levels observed in the 30 minute rest 

period. However, this is of little concern because it was 

not an experimental objective. 

Of much greater importance, in terms of future studies 

is the establishment of a causal reslationship between EOP 

and exercise thermoregulation. This could easily be 

achieved by conducting investigations in which the pure 

opiate antagonist, naloxone, is administered. A number of 

variables could then be measured to determine if blocking 

EOP effects would result in significant thermoregulatory 
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changes. For example, one could administer naloxone and 

then determine the effects on ccre and skin temperature in 

exercise-environmental conditions similar to those imposed 

in this investigation. Since the naloxone effect on T re 
during exercise is undocumented at this time, it would seem 

unnecessary to deviate from the protocol described in the 

present study. Additionally, sweat rate, perceived 

exertion, and plasma osmolarity could also be monitored to 

observe the effects of naloxone administration on these 

variables. Other hormones should also be assayed under 

conditions of exercise thermoregulatory stress and naloxone 

administration. Of special interest is antidiuretic hormone 

(ADH) due to its influence on body fluid dynamics, and the 

possible EOP mediation of its release (Chapter I I, Section 

5 ) . 

With regard to future naloxone studies, an important 

point needs to be made concerning its administration. 

Millan et al. (33) has reported that the timing of naloxone 

administration is critical. As a result of these findings, 

he states that naloxone should be administered 5-10 minutes 

prior to the initiation of the thermoregulatory stress. 

Millan (33) has shown that administration of naloxone 

immediately prior to the onset of hyperther~ic stress, or 

naloxone administration after the experimental treatment has 

begun, resulted in naloxone not having any effect. Whereas, 
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if the naloxone was administered at least 10 minutes prior 

to the stress treatment reversibility of EOP effects was 

observed. 

In view of the foregoing point, the work of Markoff et 

al. ( 30) needs to be reconsidered. In his study, Markoff 

(30) administered naloxone 5-10 minutes after exercise had 

been completed and reported that naloxone administration did 

not have a significant effect on psychological variables. 

He concluded that EOP are most likely not involved in 

perceptual processes during exercise. Millan's (33) work 

calls this conclusion into question and consequently, new 

experimental work involving exercise and perceptual stimuli 

should be considered. 

Another avenue of future research involves animal 

models and the peripheral administration of neurotransmitter 

receptor inhibitors. The work of Yehuda et al. (57,58) has 

implicated f)-EN in peripheral thermoregulatory actions 

through possible interactions with dopamine receptors. 

Experiments could be undertaken wherein animal subjects, 

while exercising under hyperthermic conditions, are 

administered specific dopamine receptor blockers (eg. 

haloperidol) and the thermoregulatory effects then be 

evaluated; unfortunately this design does not clearly 

indicate what ligand was acting at the dopamine receptor, 

assuming significant effects were observed. Additionally, 
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other investigations should be considered with regard to 

exercise thermoregulation and EOP modulation of other 

monoamine neurotransmitters. 

The possible significance of this study to exercise 

enthusiasts, who expose themselves to risk of 

thermoregulatory impairment, depends on the outcome of 

future research. If exercise-heat erosion of 

thermoregulatory control is indeed mediated by EOP, then one 

could envisage heat stroke victims of athletic events being 

promptly treated with naloxone or some other EOP 

pharmacological blocking agent to inhibit further increases 

in T and enhance the return of body temperature within re 
normal limits. However, 

in the near future is 

relationship has 

the possibility 

remote until 

of 

a 

this occurring 

clear causal 

been established between 

exercise-thermoregulatory impairment and endogenous opiates. 
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METHODOLOGY 

Introduction 

The collection of data required to assess the research 

objectives of this investigation necessitated three 

experimental trials per subject. Two trials were performed 

under hyperthermic exercise conditions while ~he remaining 

thermoneutral trial provided control responses to exercise 

in a neutral environment. Each trial consisted of a maximum 

of 120 minutes of stationary cycle ergometry at a workload 

equivalent to 50% of individual maximum oxygen-uptake 
• capacity (V0 2 max). Data was collected at -30 min, 0 min, 

and at 15 min intervals thereafter. Additionally, a 30 min 

recovery period was incorporated into the experimental 

design during which data was collected at 15 min intervals. 

Subject Screening and Selection 

Initially 15 prospective adult male subjects were 

considered for inclusion in this study. Of these 15 

subjects, six were eventually selected. The preliminary 

screening and testing of the prospective subjects was to: 

l. Insure that each subject had a physical fitness 

level adequate to safely merit inclusion in the study; 

2. Provide a homogeneous sample in terms of habitual 

training, percent body fat and V0 2 max; 

84 
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3. Minimize subject anxiety and learning effects. The 

criteria by which the subjects were selected are outlined 

below. Each subject had: 
• l. A V0 2 rnax of 40 to 60 rnl•kg- 1 •m-~; 

2. A body fat content of 10 to 16%; 

3. An habitual physical training level equivalent to 

running 10-20 miles•week- 1 • 

Preliminary Testin~ Procedures 

Due to the number of thermisters and ECG electrodes 

which we::::-e attached to each subject in addition to 

continuous blood sampling, the e:·:erci SA mode of choice was 
. 

stationary cycling. Therefore, the V0 2 max tests were 

performed on a Monarch cycle ergometer. 

Maximum Oxygen Uptake Test Protocol 

l. Each subject was asked to adjust the height of the 

seat to a level such that his legs were slightly bent. 

2. After carefully explaining the test to the subject, 

a nose clip was placed on the individual's nose and a mouth 

piece was placed inside the mouth. 

3. The respiratory hose attached to the mouthpiece was 

connected to a Hewlet-Packard Pneurnotach (Model A7303A) for 

determination of the volume of ventilation rates (expired 
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4. The expired air was collected in a gas trap and 

continually monitored for percent oxygen and carbon dioxide. 

The length of respiratory hose from the mouthpiece to the 

gas trap was kept to a minimum and was less than a meter in 

length. 

S. After passing through a dessicating column the 

oxygen content of the dry expired air was determined using a 

rapid-response Applied Electrochemistry Oxygen Analyzer 

(Model S-3A). The carbon dioxide content of the gas was 

determined using a rapid-response Applied Electrochemistry 

Carbon Dioxide Analyzer (Model CD-3A). 

6. Prior to exercise the subject was instructed to 

free wheel for one minute at SO rpm. This pedal cadence was 

maintained by using a metronome calibrated to so 

beats•min- 1 • 

7. Immediately after the free wheel period, 1 kg of 

resistance (workrate of 300 kpm•min- 1 ) was applied to the 

wheel of the exercise ergometer every 2 mi"nutes for the 

first 4-8 minutes. After this, the resistance was 

incrementally increased with 0.5 kg loads (workrate of 150 

kpm•min- 1 ) at 2-minute intervals until the subject reached 

exhaustion. 

8. The oxygen and carbon dioxide content of expired 

gas and the volume of air ventilated were recorded every 2 

minutes for the first 4 minutes of the test and every minute 

thereafter. 
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9. Heart rates were recorded via auscultation every 2 

minutes to insure attainment of a maximum level of exertion 

at the peak workload. 

10. After recording barometric pressure and 

determining that the partial pressure of water vapor in 

expired air was saturated (wet and dry bulb thermometers 

placed in the gas trap), oxygen uptake for each workload was 

computed. 

11. Maximum oxygen uptake was accepted as the highest 

oxygen uptake attained. 

12. A regression analysis was used on the data points 

in the linear portion of the oxygen uptake vs workrate graph 

to determine the precise workload necessary to elicit a 50% 

V0 2 max, workrate for each experimental trial. 

Body Fat Estimation 

It was desirable that each subject have approximately 

the same percent body fat. Thus, all subjects would have 

the same heat storage tendencies (i.e., minimize differences 

in subcutaneous fat insulation effects). Body composition 

was estimated using the technique of hydrostatic weighing. 

The hydrostatic weighing technique for estimating body 

density involves the application of Archimedes' principle of 

water displacement. Body density is expressed as mass per 

unit volume, where mass is the weight of the body in air, 
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and volume is the difference between the weight in air and 

the weight of the body submersed during underwater weighting 

( 27) . After body density is determined, the percentage of 

body fat is then estimated using simple equation (see 

equations below). 

Equations for estimation of body density: 

DB = 

[ MaDW- Mw]- (RV + VGI) 

where DB = density of body 

M = mass in air (grams) a 
M = mass in water (grams) w 
D = density of water due to temperature w 
RV = residual volume; assumed to be a 

constant 1300 ml. 

VGI = volume of gas in gastrointestinal tract 

assumed to be a constant 100 ml 

Equation for estimating percent body fat from body 
density: 

-- [ 4.570DB- 4.142 l 
percent BF 

where BF body fat 

DB denisty of body 

x 100 
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Hydrostatic Weighing Protocol 

1. Prior to testing, the subject was weighed (nude) to 

determine the mass of the body in air. 

2. The subject 

with soap to remove 

was then 

bodily 

asked 

oils 

to shower thoroughly 

which might aid the 

entrapment of air bubbles (which could decrease estimate of 

body density). At this time, the subject was also asked to 

go to the bathroom and attempt to eliminate bodily wastes 

which could contribute to experimental error in estimating 

body density. 

3. The weighing tank was filled with warm water 

(30-33°C) to minimize subject discomfort. 

4. The subject was then asked to gently assume a 

seated position in a stainless steel basket which lined the 

walls of the tank. The four corners of this basket were 

attached to electrical strain gauge transducers which, in 

turn were interfaced into a recorder for graphical display 

o:f underwater weight (prior to the subject entering the 

tank, the recorder was calibrated with a known amount of 

weight). 

5. A nose clip was then placed on the subject's nose 

and scuba weights were attached to the ankles and chest to 

resist the buoyancy of the body. The scuba weights were 

tared during the calibration procedures. 
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6. The subject was then instructed to assume a supine 

position under water and to expel as much air as possible 

from his lungs. He was told to remain supine and as 

motionless as possible while holding his breath for about 10 

seconds. It was important that the subject remain 

motionless because any excess movement resulted in artifact 

noise on the recorder tracings. 

7. This weighing procedure was repeated for a minimum 

of seven trials to account for learning effects involved in 

expelling air from the lungs, i.e. , as the subject became 

more familiar with this procedure, he was able to expel more 

air from his lungs resulting in a mor~ accurate estimation 

of underwater weight. 

8. Prior to the actual calculation of body density, 

the total body volume must be adjusted to correct for the 

buoyant effect of the lung residual volume and gas in the 

gastrointestinal tract. Lung residual volume was assumed to 

be a constant 1300 ml and the volume of gas in the 

gastrointestinal tract was assumed to be a constant 100 ml. 

The validity of these assumptions is discussed below. 

Since the accuracy of the residual volume measure can 

possibly seriously influence the validity of the subsequent 

calculations of body density, the practice of using an 

assumed average for all subjects seems somewhat 

questionable. However, Wilmore (55) has concluded from 
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experimental results that it 

accurate measurement of 

is unnecessary to 

residual volume 

obtain an 

when the 

calculations of body density, percent body fat and lean body 

weight are to be used for classification, diagnostic or 

similar purposes for college aged rnfn. In addition, with 

regard to the number of underwater weighing trials performed 

by each subject, Katch (26) has noted that little change 

occurs in the estimate of body density after the seventh 

trial. 

Experimental Conditions and Protocol 

All trials were performed in a controlled climate 

chamber and all trials were initiated between the times of 

0930 and 1300h to avoid possible diurnal variation effects. 

Each trial consisted of a preparatory phase, a pretest rest 

phase (for establishing environmentally stable baseline 

measures), an exercise phase, and a posttest recovery phase. 

Each subject was instructed to be in the laboratory 60 

minutes prior to the initiation of exercise. The 

preparatory phase lasted approximate_ly 30 minutes; during 

this which he was fitted with equipment necessary for 

dependent variable measurement. It was also during this 

period that subject was given 1. O~~ cf his body weight in 

room temperature wa:ter for the euhydration trials. The 

pretest phase consisted of 30 minutes of rest inside the 
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climate chamber. This pretest stabilization phase began 

when the dependent variables were measured 30 minutes before 

exercise. Immediately before exercise, dependent variables 

were recorded (i.e., time-zero samples). The exercise phase 

began immediately after time-zero sampling and thereafter, 

dependent measures were assessed at 15 minute intervals. 

After the exercise phase was completed, each subject 

was dried with a towel and immediately weighed; each then 

remained in the climate chamber for the 30-minute recovery 

phase (during which posttest data was also collected at 

15-minute intervals). 

All trials were performed in the mild months of April 

and early May. At least one week separated trials for each 

subject and the order in which each subject performed his 

trials was randomized. 

Descriotion of the Environmental Conditions 

The conditions of each trial were as follows: 

1. Neutral/Euhydration: NE, consisted of an ambient 

temperature of 24°c with 50% relative humidity. Euhydration 

was achieved by having the subject drink an amount of room 

temperature water equivalent to l. 0% of his body weight 

immediately prior to the pretrial rest period (consumed over 

the course of 30 min) and an equivalent amount during the 

exercise bout, i.e., each subject consumed a maximum 2.0% of 

his body weight in water. 



93 

2. Hot/Euhydration: HE, consisted of an ambient 

temperature of 35°C with relative humidity equal to 50%. An 

hydration procedure identical to the one outlined in the NE 

condition was followed. 

3. Hot/Dehydration: 

temperature of 35°c with 

F..D, consisted 

relative humidity 

of an 

equal 

ambient 

to 50%. 

However, no fluids were consumed prior to or during the HD 

trial. 

Measures to Insure Constant Workload and Environment 

It was of concern that the exercise and environmental 

conditions remain constant for each subject and for each 

trial. In order to be certain that each subject was working 

at 50% of their re spec ti ve V0 2 max, oxygen uptake measures 

were assessed and recorded at 15 minute intervals with the 

gas analyzers recalibrated prior to each measurement. 

Appropriate adjustments were then made on the ergometer to 

maintain a workload which produced 50% 

Environmental conditions (temperature and relative humidity) 

were assessed and recorded at 15-minute intervals and the 

necessary adjustments were made to maintain the desired 

environment. 

Deoendent Variable Measures 

Prior to each trial, the subject was fitted with eight 

skin thermocouples placed at sites recommended by Nadel, 
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Mitchell and Stolwijk (40). Deep body temperature was 

monitored via a rectal thermocouple which was self-inserted 

to a depth of 10-15 cm. All temperature fluctuations were 

monitored using a Yellow Springs telethermometer (Model 46 

TUC). Mean skin temperature was calculated using the 

weighted coefficients suggested by Nadel, et al. (40). 

Blood samples were collected from a 20-guage 1.25 inch 

teflon-catheter inserted 

antecubital vein. The 

(by a 

distal 

registered nurse) into an 

end of the catheter was 

attached to a Pharmaseal K52 Novex three-way stopcock with 

extension tubing (capacity 2. 3 ml). A 0. 01% heparinized 

saline solution was used to maintain the patency of the 

catheter between samples. Care was taken to infuse only 

enough of the heparin solution (2.3 ml) to fill the catheter 

and tubing thereby not confounding changes in plasma volume. 

Immediately prior to sampling, this solution was withdrawn 

from the catheter and discarded. 

At 15 minute intervals, a 7.0 ml blood sample was 

collected in a Becton-Dickson 10 ml sterile syringe. 

Hematocrit and hemoglobin tubes were filled from the blood 

in the syringe. The blood sample was then transferred into 

a Vacutainer 10 ml tube pretreated with crystaline 

potassium-ethylediaminetetraacetate (K+-EDTA). The samples 

were then immediately placed on ice. At the completion of 

an experimental - trial, all samples were centrifuged in a 
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refrigerated (4°C) Sorvall preparatory centrifuged at 10,000 

rpm for 20 minutes. The plasma was then collected and 

stored in polypropylene plasma tubes and immediately stored 

(-20°C) until subsequent 6-EN RIA analysis. 

Hematocrit and hemoglobin measures were utilized to 

account for plasma volume changes which occur during 

exercise (39). Hemoglobin was measured by the 

cyanmethemoglobin method. The equations used to estimate 

plasma volume changes were those of Costill and Fink (12). 

Radioimmunoassav Theory 

In radiommunoassay theory, unknown concentrations of 

antigen (in this case, 6-EN) may be determined by taking 

advantage of the observation that a fixed amount of 

radio labeled hormone molecules (tracer) compete 

physiochemically with nonlabeled hormone molecules (either 

standards or unknowns) for binding sites on a fixed number 

of antibody molecules. When increasing amounts of unlabeled 

antigen are added to the assay, the limited binding sites of 

the antibody are progressively saturated and the antibody 

can bind less and less of the tracer (51). 

Soecial Considerations for Radioimmunoassay Procedures 

Due to the prohibitive expense of the RIA materials it 

was only possible to purchase one ki~. Therefore, in order 

to analyze all samples in duplicate, it became necessary to 
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reduce the total volume of each assay from 300 ml to 150 ml 

keeping the ratio of plasma, tracer, and antibody equal. 

Superficially, the experimental procedures for 

commercially obtained RIA kits appear to be simple and 

straight forward. However, experience has proven that this 

is a naive assumption. There are a number of critical 

experimental steps which are especially susceptible to 

error. These important steps are: 

1. Preparation of the standard curve: RIA is only as 

accurate as its s-candard curve. Additionally, there are 

several considerations necessary for optimal statistical 

validation (discussed below); 

2. The determination of maximum antibody binding: 

This determination directly reflects the sensitivity of the 

assay and must be reliable; 

3. Steps involving pipetting: the importance of 

pipetting accuracy cannot be overstated. RIA theory is 

based on the assumption that each standard and unknown is 

exposed to equal amounts of tracer, and antibody. The 

investigator must be able -co precisely and accurately 

deliver identical volumes repeatedly to all assay samples; 

4:. Steps involving the element of time: precautions 

must be taken to insure that all assay samples are treated 

identically. This is important when considering the length 

of time necessary to accurately deliver microvolumes to 
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several hundred assay tubes (and is critically important 

when considering separation techniques used in separating 

bound from free tracer). 

A number of precautions have been taken to minimize 

error which may accrue due to the factors mentioned above. 

For the standard curve to be considered in a linear 

regression analysis, the data must first be transformed 

using appropriate procedures. Midgley, Niswender and Rebar 

(32) suggest that RIA results can be handled by least 

squares regression analysis if 

performed. In order to treat 

a legit transformation is 

the standard curve as a 

straight line and use least squares regression statistics, 

it should be shown to be free of curvature after appropriate 

transformation. Midgley , Nicewender and Rebar (32) state 

that a simple test of this criterion is an examination of 

raw plotted data. (See Fig. 5). 

Pipetting accuracy and precision were determined by 

weighing repeated delivery of 50 microliters of water using 

a milligram electronic balance (i.e., 50 µl H2 0 = 50 mg). 

The result_ of 20 deliveries was 50.09 ± 0.8 mg. 

Error due to time factors was statistically accounted 

for by using a randomized-block design during the assay. 

Previous work with the New England Nuclear 13-endorphin RIA 

Kit produced preliminary results indicating that the step 

involving separation of bound from free tracer is 

particularly susceptible to error. The kit utilized an 
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activated charcoal suspension, of which an equal volume was 

ideally delivered to each tube simultaneously. The unbound 

tracer 125 IS-EN molecule is highly hydrophobic and is 

attracted to the activated charcoal whereas the 

antibody-S-EN/B complex is hydrophilic and remains in the 

supernatant after centrifugation. Theoretically each sample 

tube should contain the unbound tracer in the pellet after 

centrifugation. However, if a sample is exposed to the 

activated charcoal solution too long then the binding 

properties of the antibody-bound tracer could be disrupted 

resulting in an overestimation of the unknown (i.e., smaller 

number of radioactive counts in the supernatant resulting in 

higher PiS-EN estimation). Whereas, some samples are 

exposed to the charcoal solution for a shorter period of 

time the unbound tracer may not be completely pelleted 

resulting in an underestimation of sample concentration 

(i.e., larger number of radioactive counts resulting in 

lower PiS-EN estimation). Therefore, the timing of this 

step was critical, especially when one was working with an 

assay which contained a large number of samples. In this 

case the sample tubes at the beginning of the assay could be 

exposed to the charcoal solution for a considerably longer 

period than the tubes at the end. To rectify this situation 

a randomized-block design was utilized in the RIA procedure 

discussed below. 
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Randomization of Asssay Sample Tubes 

The plasma tubes were originally arranged with respect 

to subject and treatment. There were six subjects who each 

completed three exercise bouts under different environmental 

treatments with 12 sample intervals in each trial. Thus, 18 

groups of 12 plasma samples existed (each plasma sample 

within a group 

subject A had 12 

treatment, and HD 

corresponding to a sample time), e.g., 

plasma samples for his NE treatment, HE 

treatment; likewise subject B had 12 

plasma samples for his NE, HE, and HD treatments, etc. 

These 18 groups 

and treatment. 

samples each, 

were then sorted according to sample-time 

This resulted in 36 groups of 6 plasma 

e.g., NE/-30 min time had 6 tubes 

corresponding to each subject, HE/-30 min time had 6 tubes 

as did HD/-30, etc. , These 36 groups of 6 tubes were 

arranged so that they each had the same sample order i.e., 

subject A's samples always was the first tube in a group, 

subject B's samples always occurred second in a group, etc. 

A number 1-6 was randomly determined for each group, using a 

table of random numbers, and that tube (and its duplicate) 

were then placed in a 

selection of one tube 

group labelled Group 

f:::-om each of the 36 

I. This random 

time/treatment 

groups was repeated with one randomly selected tube from 

each time/treatment group being placed in a second group, 

Group I I; this was repeated until 6 random blocks of 36 
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tubes (72 counting duplicates) existed. These random blocks 

were each treated as separate groups during the RIA. For 

instance, antibody would be added to all tubes in Group I 

then these tubes would be covered and placed in a 

refrigerator ( 4°) before an'tibody was added to Group 2. 

Since, each large block of tubes (Group I, II etc.) had been 

arranged with each tube having equal chance to be placed in 

any of these 6 blocks, any intra-assay error due to 

laboratory techniques had been eliminated due to 

randomization. 

All materials for the RIA were purchased from New 

England Nuclear (kit no. NEK-003). Unextracted 50 µl plasma 

samples were used with a final volume of 150 µl for each 

assay tube. To improve the sensitivity, plasma samples were 

preincubated with antibody 24h (4°C) prior to the addition 

of 125 I-S-EN (tracer). After the addition of tracer the 

assay samples were allowed to incubate for an additional 24h 

(4°C). Antibody-bound S-EN was separated from free hormone 

by addition of 250 µl of the supplied charcoal buffer 

solution, each tube was then immediately centrifuged (4°C) 

for 15 min at: 2500 RPM. The assay was sensitive to 20 

pg•ml- 1 • All samples were run at the same time. The 

antibody had a 50% cross-reactivity to S-lipotrcpin (S-LPH) 

and therefore resulting measures reflect bot:h S-EN and 

S-LPH. The steps for calculation of PiS-EN values are those 
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described by Midgely et al. (32) and are detailed in Table 

3. 

Statistical Analysis of Dependent Measures 

All data was statistically handled with the aid of a 

computer utilizing the statistical analysis system (SAS). A 

three-factorial analysis of variance (ANOVA) design was 

employed using the General Linear Model (GLM) SAS procedure 

to account for any missing data points (see Table 2). The 

three factors for the ANOVA were: a) environment, b) 

sample-time, and c) individual-response. In this model the 

individual-response factor was considered random and the 

other two factors were considered fixed. In terms of the 

RIA data, it was valid to designate individual-response as a 

random factor, al though subjects were not selected in a 

random fashion because each individual has a unique hormonal 

response pattern to exercise. This unique response pattern 

cannot be predetermined or preexamined so that regardless of 

how a subject is selected, his individual-response is 

random. After designating this factor random, it became 

possible to use a statistical model which would account for 

some experimental error due to fluctuations in indi victual 

Pip-EN levels. The GLM model statement used was: model 

p-EN = Environment Time Individual Environment* Individual 

Time* Individual. Since a mixed-fac~or (bo~h fixed and 
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Table 3. Steps Describing Calculation of Plasma 

Immunoreactive S-endorphin Values 

1. X1 - background counts = X2 

2. X2 /MTC =Bound 125 I-S-EN = X3 

3. X3 /(Bound 125 I-S-EN in "zero" tube) B/ Bo = X4 

4. Logit Transformation = ln 

5. Using the regression equation calculated for standard 

curve (X 5 - 1.3)/-2.9 = X6 , where 1.3 = y-intercept and, 

-2.19 = slope 

6. Antilog X6 = PiS-EN (pg•50 µl -l) = X7 

7. X1 x 20 = X 8 = Pip-EN (pg•µl - 1 ) 

where, MTC =mean total counts; bound 125 I-S-EN and MTC 

have previously been corrected for background counts, 

and; 

X1 = Raw DPM 

Background = 156 

MTC = 3234 DPM 

B0 = 0.55 

equation for standard curve y = 1.3 - (-2.19)X 
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random main effects) ANOVA was used, it was appropriate to 

test the environmental treatment effect using 

Environment*Individual interaction as the mean square error 

term in the F-test (see Table 2). This test resulted in an 

F-value equal to 4.61 which was significant below the 0.05 

level (actual level of significance was p < 0. 0382). The 

interpretation of this significant E'-value was that there 

existed a statistically significant difference in Pia-EN 

values due to environmental treatment. A Duncan's multiple 

range test was used to determine which treatments resulted 

in the significant Pia-EN responses. 

that the HD and HE environmental 

statistically significant (p < 0.05) 

The analysis revealed 

treatments produced 

elevations in Pia-EN, 

compared to Pia-EN values resulting from NE treatment. The 

other main effect, Time, was tested with the normal mean 

square error term as the denominator of the F-test. A 

significant (p < 0.01) F-value of 5.42 was computed. This 

meant that the length of time a subject exercised had a 

significant effect on Pit)-EN. Due to the fact that a, 

control trial of 2 h of inactivity was not required of our 

subjects, a valid conclusion regarding this Time effect on 

Pia-EN cannot be made, i.e., it is remotely possible that 

sitting in a hot environment for 2 h could result in 

increases in Pia-EN similar to those observed during 

exercise in a hot environment. The Environment*Time 
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interaction was not statistically significant (F-value = 
0.83) at the 0.05 level. It was felt that the individual 

response pattern of Pi~-EN displayed by each subject, and 

the small sample size were responsible for this 

non-significant F-value. A reliability estimate of the 

Pi~-EN data was determined by performing a correlation 

between sample duplicates. An r-value of 0. 725 was 

calculated. Additionally, the intra-assay coefficient of 

variation was calculated to be 26.5%. 

An ANOVA model identical to the one used for Pi~-EN 

data was employed for the analyses of core and skin 

temperatures. 

temperature 

Using this model for interpretation of core 

(T ) data resulted in significant F-values at re 
the 0.01 level for all effects. Environmental treatment had 

an F-value equal to 162.36, Time had an F-value of 107.54, 

and Environment*Time interaction had an F-value of 10.20. A 

Duncan's multiple range test was used to determine that the 

Environmental treatments of HD and NE were statistically 

different. However, HE was not different from HD or NE. 

The significant Environment*Time interaction allowed for 

determination of when, during the exercise time-course, 

significant T effects occurred. Since SAS would not run a re 
Duncan's analysis on an interaction effect, the post hoc 

multiple comparison was computed by hand using the Tukey 

method. The mean values necessary for this analysis were 
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obtained by having SAS scrt the T data by Time re and 

Environment, then computation of the means was possible by 

using the Proc Means SAS statement. The Tukey analysis 

resulted in Q-values which were significant at the 0. 01 

level (Q > 4.64), for each environmental treatment, and at 

each time beginning at the 60 min sample. This was 

interpreted as meaning that, beginning at the 60 min 

sample-time T values were statistically different in each re 
environmental treatment. The F-values for skin temperature 

(Tsk) main effects were significant at the 0.01 level. An 

F-value of 850. 58 was computed regarding Environment, an 

F-value of 6. 74 was computed for Time effects. Duncan's 

analysis of Environment effects revealed significance 

between HD and NE in addition to significance between HE and 

NE. However, HD and HE were not statistically different. 

This makes intuitive sense when one realizes that Tsk is 

primarily influenced by environmental temperature (both HD 

and HE occurred in a 3 5 ° C environment) . Data for plasma 

volume changes were statistically analyzed using an ANOVA 

model identical to the ones previously discussed. 

Nonsignificant F-values resulted for Environmental and 

Environ.~ent*Time interaction (see Table 2). 

I 
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Table 4. Subject Characteristics 

• 
Height Weight Body Fat Vo 2 max 

Subject cm kg % ml•kg- 1 •min- 1 

1 185.4 86.7 15.5 41. 0 

2 176.5 82.7 17.8 46.0 

3 182.9 56.3 10.5 51. 4 

4 177.8 70.8 10.4 39.0 

5 193.0 85.2 13.0 60.4 

6 185.4 89.5 9.1 52.9 

x 183.5 80.1 12.8 48.5 

±SD ±6.0 ±13.5 ±3.4 ±8.0 
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Table 5. Environmental Conditions of Neutral Euhydration 

Trials 

Ambient Relative 
Subject Dry Temperature ( a C) Humidity ( % ) 

1 23.90 49.0 

2 21.52 51.9 

3 22.52 56.1 

4 27.10 45.4 

5 25.00 47.0 

6 25.1 55.60 

X±SD 24.2±1.9 40.8±4.5 

Values represent a mean of 12 observations taken per 
subject trial. 
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Table 6. Environmental Conditions of Hot Euhydration Trials 

Ambient Relative 
Subject Dry Temperature ( 0 c) Humidity ( % ) 

1 35.49 49.9 

2 35.62 61. 4 

3 35.50 46.5 

4 35.50 47.5 

5 33.38 49.2 

6 33.05 49.0 

X±SD 35.4±0.2 55.6±5.4 

Values represent a mean of 12 observations taken per 
subject trial. 
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Table 7. Environmental Conditions of Hot Dehydration Trials 

Ambient Relative 
Subject Dry Temperature ( 0 c) Humidity (%) 

1 36.33 50.7 

2 35.89 48.6 

3 35.00 49.0 

4 35.18 51. 6 

5 35.10 50.3 

6 34.70 51. 0 

X±SD 35.4±0.6 50.2±1.2 

Values represent a mean of 12 observations taken per 
subject trial. 



lallle B. Mean Sl\in amt Co l'e Temperatures Defore, During and After 120 min of Stationary Cycling in Differ-cnt 
[11v i nrn111c11ts a11d States of llyd ration 

---
He st Cxerc i se Hecovery 

-------·-- -----

-30 u 1 ') 30 115 60 75 90 105 120 +15 +30 
-- ----·- --·---- - --- -------------------------·----------------·---------------------- - ·- --------- --- --------- ,. ____ ---------------·----· 

NI: 33.0 33.0 33. 1 33.2 33. 3 33.0 3 3. 1 33. 0 32.9 33.0 32.3 32.2 
±0.6 ±0. 7 ±0. ') ±0.6 ±0.6 ±0.B ±o. -r ±0.8 .±0.6 ±0.8 ±0.9 ± 1. 1 

Ski 11 II I: 311. 8 35. 1 3 'J. 11 3 c ') :; . '-- 35. 1 311. 9 34.8 311. 9 35.0 3 ~). 1 34.6 34.6 
c Hl.6 ±0.3 ±0.11 ±0.6 ±0. ~) ±0.5 ±0.7 ±0.6 ±0. 7 ±0.8 ±0. 6 ±0. 7 

lllJ 3 1J. 6 :)5. '.> 31J. 8 35.8 35.8 3'). 7 3'.J. 6 Y> . -r 35.8 35.6 3 ~i. 1 3 '). 1 t-1 
±0.5 :!0.6 ±0.6 ±0.7 ±0.B ±0.6 ±0.6 ±0.6 ±0.6 ±0.6 ±0.7 .±0. 7 I-' 

N -----
-------------

NI 3 I. 2 :n.2 37 .11 31. 7 37.9 37.9 37.9 37.9 31.9 37.9 37 .11 31. 3 
±0. 3 ±ll. 11 ±0.2 ±0.2 ±0. 1 ±U.2 ±0.2 ±U.3 ±0.3 ±0.3 ±0.2 ±0.2 

Co re II [ 3/.2 37.2 3 1. 11 37.8 3B.O 38. 1 38. 1 38.2 38.2 38.3 38. 1 37.8 
c ±0.11 ±0.5 ±0. 11 .±0. 5 ±0.5 ±0.5 ±0.5 ±0. ') ±0.5 ±0.5 :LO. lj ±0.11 

llD 3 l. 1 31.3 37.5 37.8 :rn. o 38.3 38. 11 38.6 38.7 38.8 38.6 38.3 
.±0. 3 ±0.3 ±0.3 ±0. 3 .±0. 11 ±0.5 ±0.5 ±0.6 ±0.6 ±.0.6 ±0.6 ±0.5 
-----------------------·----------~- -----------~----~-----

Va I ucs a 1·1-) means + SD; SI\ in, sl\in ten1pcrature; Co r·e, r-ecta I temperature; NL, Neutral [11vi ronment (211C, 50% Hit) 
futiyd ra Li 011; II[, !lot ( 3')C, 'JO% HH) Euhyclration; 110, Hot (35C, 50% HH) Dcllyd r·a ti on. Time is in minutes Y1itl1 
r·efenH1ce to uxc r·c i se per· i od i.e., -30 mear1s minutes pre-exercise. 



I ab I c 9. Core lempcrauu-e (°C) Changes During Neutral Environment (24°C, 50Hll)/L11t1ydration Condition 
-----------

T i me ( rn i 11 ) 

Subject -30 0 15 30 115 60 75 90 105 120 +15 +30 
--·-·--·-·-·---·------- -·-·---· ------- --- ---·-------·--·-----------------------------------· ---------------------

37. 20 31.110 37.50 37.80 3B.OO 38. 10 38.20 38.20 38. 15 38. 10 37.60 37. LIO 

2 37 .110 37.70 n. 50 37.BO 38.00 38.20 38. 15 38.20 38.20 38.20 37. 70 37.60 

3 37 .110 rt .110 37. 75 37.80 37.90 37 .80 37.80 37.80 37.70 37.60 37.35 37.25 

11 36. 70 37.20 37 .110 37.60 37.70 37. 70 37.70 37.60 37.60 37.70 37.40 37.40 
,. 
.> 37. 10 36.60 n. 05 37.50 3·1. 65 37.80 37.80 37.70 37.60 37.60 37.20 36.90 

t-1 
6 37.60 37. 10 37.20 37.50 37.90 37.80 37.80 37.90 37 .90 37.90 37.40 37.20 t-1 

l;..) 
-------···----···-----------------------· _ _. ___ 

x 31. 17 37.23 37.38 37. 67 37.86 37.90 37.91 37.90 37 .86 32.85 3 7. 411 37.29 

so I). :~ 0. L\ (). 2 0.2 0. 1 0.2 0.2 0.3 0.3 0.3 0.2 0.2 
---- ··-·------------------ ---··------·----·------------·--·-·-----------------------·--------------------------··--------~--·--· 

X "" Mean 

SD 00 Standard Devi a Li on 



Table 10. Core Tcrnpernture Changes (°C) Ouring Hot Enviro11111ent (35°C, 50% Hll)/Eul1ydration Conditions 

- - - ·---- ··-·-·-·----·-·-------

Ti me (min) 

S11hj cc t - 30 0 15 30 115 60 75 90 105 120 +15 +30 
- -- ---·---·- ·----··--·--- ---- -----·---------- ·--· --------------·-· -----------.-------·------------------

3"I • 6 () 31.70 37.90 38. 10 38.30 38. ')() 38.60 38.70 38. 70 38.80 38.20 38.00 

2 37.80 37.BO 31.90 38.20 38. II() 38. 110 38.110 38. LIO 38.110 38. II() 38.60 38.110 

3 31. 20 37.20 37 .60 38.00 38.20 38.20 38.25 38.30 38 .1~0 38.20 38.00 37.80 

11 36.90 36.90 37. 10 37. 30 3 7 .110 37.55 H.60 37.10 37. 70 37.80 37.60 37 .110 

5 rt .20 37.20 3 7. ~iO H.90 38.20 38.30 38.40 38.60 38.65 37 .20 38.40 37.90 
1--' 

6 36.{0 36.60 36.95 37.20 38.30 3 7. 110 38 .110 37.50 37.50 37. 65 37.60 3 7 .110 1--' +--
·--·------------------------------- ----.---------------

x 37.23 rt .23 37 .119 3 /. 18 37.97 38.06 38. 11 38.20 38.23 38.26 38.07 H.82 

SD 0 .11 0.5 u.11 0.4 0.5 0.5 0.5 0.5 0.5 0.5 0 .11 0.11 
------·----·. ------------

X " Mean 

SD ~- Standard Deviation 



lnble 11. Cor·e lemperature Cl1a119es (°C) Durin9 llot Environment (35°C, 50% Rll)/Dehydr·ation Conditions 
- -· ----------·------------·-------

Ti me (min) 

S11tJj ec t -30 () 1 ') 30 lj') 60 75 90 1 O'J 120 +15 +30 
- - ------------- ----- ------- ------------------ -----------------------------------------------·--------·---------

37, ll(J 37.50 37.70 37.90 38.20 38.30 38.50 38.60 38. 70 38. 70 38.40 38.20 

2 rt .110 3/.60 37.90 38.20 38.60 39.00 39. 10 39.20 39.'JO 39.50 39.60 39. 10 

3 37.20 37.30 37.60 37.80 38.00 38.20 38. 110 38.50 38.60 38.60 38. 110 38.00 

11 36.'JU 3 7. 10 H.110 37.60 37.80 37.95 38.00 38.05 313. 10 38.30 38. 10 38.00 

5 37. 10 31.20 3 7, 11() 37.80 38.20 38.60 38.82 39. 10 39.20 39 .110 39.00 38.115 

6 36.80 36.80 rr.uo 37.20 37 .110 37.60 38.80 37.90 38.00 38.00 38.00 37. 70 ....... ....... 
Ul 

x H. 13 H .2'J 37.50 37.75 38.03 38.28 3lL 1111 38.56 38.70 38. 75 38.58 38. 211 

SD 0.3 0.3 0.3 0.3 0. 11 0 ,. • :> 0.5 0.5 0.6 0.6 0.6 0.5 
---- -----·-·-···-·--·-------·-------· ---·-·------------------------------ ---------

X "' Mean 

SD ~ Standard Deviation 



T<tb I e 12. Shin Temperature Clrnnges (°C) During Neutr·al Environment (211°C, 50% Hll) Euhyd ration Condi ti on 
-·---·-------·-·--· ------- ----------------------··· -------·----·--

Time (min) 

Sut>.i ec t: -30 0 15 30 115 60 75 90 105 120 +15 +30 
----·--·----- ·------·---·----------- ·---------·--------·-----------------------------------------------·· 

33. 71, 33.58 33.16 33.91 33.83 3 3. t111 33. 34 33.39 33. 17 33. 32 33. 117 33.60 

? 33.01 32.82 33. 12 33.71 33. 911 33. 77 33.66 33. 96 3 3. 311 33. 71 31. 82 31. 86 

3 31 . 93 31. 71 32 .11 32.68 32.83 32.60 32.55 32.35 32 .110 32.21 30.92 30.119 

It 33. 01 33.30 32. 78 32. 91, 32.56 32. 12 3 3. t16 3 3. 31 33.58 33.7C. 33.01 32, lt9 

5 33.61 33.20 32.53 32.32 36.61 31.98 31. 96 31. 811 31. 90 31. 77 3-1.93 32.05 

6 33.31l 33.39 33.66 3 3. 116 33. 72 33. 85 33.53 32.98 33.?0 33. 1 I 32 .116 32.37 I-' 
I-' 
(}'\ 

x 33. 02 32. 96 33. HJ 3 3. 17 33.25 32. 96 33.08 32.97 32.93 32.99 32.21 3?.22 

Sil (). 6 (). 7 (). 5 0.6 0.6 0.8 0.7 0.8 0.6 ().IS 0.9 1. 1 
--·-·-----------------------------·-----------·-- ---------- ----------------------------·-·-----------------------·--·-·---~-------

X = Mean 

SD - Standa r·d Duv i at ion 



ral>le 13. Skin lemper·aturc Cllllnges (°C) During llot Environment (35°C, 50% rm)/ Euhyd ration Condi ti on 
----·--·----·---·----~-----------------· --·-------

Ti me ( 111 in) 

St11lj ec t -3() () 15 30 115 60 75 90 105 120 +15 +30 
-·- ·--------·---------------------------·----- --·---------- --------·--·--------

311. 99 35.36 35.86 35.97 35.96 35.83 35. 96 35.63 35.99 36.35 35. 1111 35.22 

2 35 .115 3'). 15 35.50 31.1. 98 35.1111 311. 90 311. 75 311. 611 314. 11 3 34. 211 311. 32 311. 86 

3 311. 05 311. WI 35.51 35.53 3~). 15 311. 92 311 .113 35. 2l 35. 12 311. 98 34. 73 311. 38 

11 35.23 311. 97 311. 90 311. 98 311. 8 1 311. 58 34. 15 33. 96 311. 10 311. 115 33.59 33. 31 

5 311. 97 3~). 53 35.60 35.35 311. 98 35.06 35. 12 35.38 35/52 35.67 35.00 35.37 

6 33.90 311. 7 l 311. 77 311. 311 34.52 311. 29 311. 41 311. 511 311. 70 34.82 34.60 311. 71 

I-' 
I-' 
-....J x 311. 7l 35. 11 35.36 35. 16 35. 111 311. 93 311. 80 311. 90 311. 98 3 5. () 311. 60 311. 60 

SIJ 0.6 0. 3 0.11 0.6 0.5 0.5 0.7 0.6 0./ 0.8 0.6 0.7 
-- ---------------·-----------------------------------·----------------------------·------------- -----------------------

-
X = Mean 

SD "' Standa r·d Devi at i 011 



Tab I e 111. Skin Temperature Changes (°C) During Hot Environment (35°C, 50% Rill/Dehydration Condition 
-------

Ti me (min) 

S11hj ec l -30 (l 15 30 115 60 75 90 105 120 +15 +30 
- ----·-----·--

36 .118 36.01 36.25 36.08 36. 10 35.89 36. 12 36. 12 36.03 36. 13 35.86 35.90 

2 3'>. 63 3'>. 69 36.33 36. 611 36.68 36. 611 36.55 36.63 36 .116 35.57 35.62 35.92 

3 35 .110 311. 811 35. 111 35.66 3 5. 90 35.81 35.60 35.50 35.39 35.38 35. 10 34. 19 

4 35. 19 35.61 35.68 35.80 36. ()/~ 35.55 35 .110 35.90 36 .110 36. 13 311. 77 311. 75 

5 35.52 36. 16 36.33 35.79 35.29 35.52 35.38 35.35 35.53 35.39 35.08 35.42 

6 311. 91 311. 70 34.82 34.53 311. 50 311. 85 311. 70 34.83 35.00 311. 811 311. 17 34.68 
I-' 
I-' 
00 x 35.62 35.50 35.80 35.75 35. 75 35.71 35.63 35.72 3 ~j. 80 35.57 35. 10 35. 111 

SD (). 5 (). () 0.6 (). -, 0.8 0.6 0.6 0.6 0.6 0.6 0.7 0.7 
---- ·-··--------------------- ---------------------------------

)( c Mean 

Sil-~ Standard Deviation 



Table 15. PI a sma lmmunoreactive B-endorphin (pg.mi-I) Changes Observed During Neutral/Euhydration Trials 

Ti me (min) 

Subject -30 0 15 30 115 60 75 90 105 120 +15 +30 

18. 5 27.5 20.0 28. 1 110. 4 23.5 J14. 2 23.8 38. lj 33.9 23.9 26.5 

2 17 .6 24.9 311. 7 20.4 18. 1 48.8 30.8 35.6 22. 1 32.1 20.0 20.0. 

3 17.6 20.0 21. 6 21.6 19.0 25. 1 16. 3 37.6 25.7 50.8 26.4 17.2 

lj 20.0 31. 7 23.0 21. 2 27.9 20.0 26.8 36. 1 29 .11 24.7 24.5 27.2 

5 30.6 22. 1 21 . 11 23.6 24.2 32.5 29.7 23.7 23.0 31. 3 22. 1 56. 1 

6 18.5 24.2 20.2 27.4 19.5 17 .8 18.2 33. 1 20.8 39.9 50.9 22.4 

I-' 
x 20.6 25. 1 23 .11 23.7 25.2 27.9 24.3 31. 7 26.6 33.8 29.6 29.9 I-' 

l..O 

SD 5.6 11. 1 6.0 3.3 8.2 12.0 6.0 6.3 6.5 11. 8 12.0 15.2 

-
X = Mean 

SD= Standard Deviation 



Tahle 16. PI a sma lmmunoreactive B-endorphin (pg.mi-•) Changes Observed During Hot/EuhydraLion Trials 
--------

Time (min) 

Suhj ec t -30 () 15 30 115 60 75 90 105 120 +15 +30 
---·---------- ----·-- -------·-~- ---------------·------------ ------

20.8 30.3 19.0 19.0 27.8 22. 1 38. 1 52.6 34.7 30.7 3B.2 27.0 

2 211. 2 20.0 115. 7 20.7 2 3. 1 18.3 27.8 39. 11 17.9 2_0.0 52.8 26.5 

3 26.5 27.9 19. 1 17. 7 26.11 32.9 211. 1 29.3 31. 0 31. 2 31. 2 39.7 

1, 20.3 18.5 21. 5 22. 1 21. 9 511. 3 110. 0 1,3. 9 69.2 211. 9 31. 2 37.4 

5 32. lj 311. 6 311. 2 37 .11 34 .11 29.2 23. 6 211. 5 30.7 113. 3 39.9 31. 0 

6 20.0 20.0. 19. 11 23.0 18.4 27. 1 22.3 311. 2 29.6 32.3 20.0 25.3 

....... 
N 

x 0 
211. () 27.8 26.5 23.3 25.3 27.3 29.3 37.3 35.5 32.5 38.7 30.2 

SD 11. 9 6.8 1 1 . 1 7.2 5.6 6.2 7.8 10.2 17. 5 6.7 8.8 5.3 
-----·-----··----

-
>< -~ Mean 

SD-' Standar·d Deviation 





Tallie 18. Mean Plasma Volume Cl1anges (%) for Each Experimenta I Treatment 

Ti me (min) 

Ir i a I -30 0 15 3 0 115 60 7 '> 90 105 1 ;~o +15 +30 
-----·--------~-------·-·-----------------·-· 

NI: 0.0 o.n -11. 5 -4.8 -7.5 -7.8 -7.2 -6.3 -7.7 -7.35 -6. 1 -5.4 
±.It. 2 ±3. 1 ±2.8 ±3.2 .±2.8 ±3.0 ±4.6 ±3. 2 ±II. lj ±3.9 

II E 0.0 0.0 -11. 5 -6.11 -7. L1 -5.8 -7.5 -8.5 -8.2 -8.4 -3.9 -11 . 1 
±2.2 ±2.9 ±3.5 ±3.1 ±3.4 ±11.0 ±3.7 ±LI. 3 ±2.2 ±1. 9 

llD 0.0 0.0 -5.2 -6.11 -6.5 -8.0 -8.0 -8.8 -8.6 -9. 1 -9.6 -3.52 
±1. 8 ±1. 7 ±3. 2 ±2.8 ±1.6 ±1. 6 ±2.2 ±.3.3 ±.1. 5 ±3.3 t-' 

N 
N 

V<tlues r·eµ resent.: mean + SD; NE, Neut ra I /Euhyd ration; II E, Hot/Euhydration; II D' Hot Dellyd ration 



f ab I e 19. Ct1nnges in Plasma Volume (%) for Neutral/E11hydration Trials 
------------ ·-------------- ------------------·-----------

I ime (min) 

Subject -30 0 15 30 1,5 60 75 90 105 120 +15 +3U 
---------------------·--·-------------------- -- ---·--------------------------· --

0.0 0.0 -0. 7 -6.6 -7.8 -3.5 -3.8 -11. 5 -5.6 -6.7 -8.6 -3.7 

2 0.0 0.0 11. 7 -8.9 -12.0 -11.11 -8.2 -2.2 -6.2 -7.3 +3.0 -1. 8 

3 0. () 0.0 -3.1 -2. 1 -8.0 -9.7 -6.6 -7.3 -2.0 -11. 8 -0.5 -0.8 

11 (). 0 0.0 -3.'..> -3.2 -6.3 -10.0 10. 07 -10. 3 -12.5 -13 .0 -11 . 7 -10. 2 

5 0. (J 0.0 +0.7 -1. 1 - 3. 3 -8.2 -11. 2 -4.9 -6. (l -3.B +3. LI +8.8 

6 0. (l 0.0 -6.9 -6.7 -7.B -11. 2 -8.8 -8.1 -13.9 -8.5 -9. 1 -7.2 
-·---------- ------------------------

t-' 
N x (J. 0 0.0 11. 5 l1, 8 7.5 7.8 7.2 6.3 7. 7 7.35 -6. 1 -5. !1 w 

SD 11. 2 3. 2 2.8 3.2 2.8 3.0 11, 6 3.2 11.11 3.9 
-- -- -------------·-------·------------------ ------·---------------

-
X - Mean 

SD= StandanJ Deviation 



!able 20. Clrnnges in Plasma Volume (%) for llot/Eutiydration Trials 
-----

Ti me (min) 

Subject - 30 0 15 30 115 60 75 90 105 120 +15 +3(1 
--·- ·---·--·------------------------~- --·-------------------·-------

0. () 0.0 -6.8 -8.3 -6.9 -3.5 -11. 1 -0.3 -3.3 -2.9 - 7. L1 -1. 3 

2 0. () (). 0 -3.9 -5.2 -13.0 -9.6 -11. 9 -12.5 -11. 0 -11. 1 -3. 1 -5.8 

3 0.0 o.n -1. 8 -3.5 -2 .11 -8.0 -9. 1 -5.7 -8.8 -9. 1 -9.1 -5.6 

11 (). () o.o -2.9 -3. L1 -6. 1 -1~. 5 -11. 0 -6. 1 -6.5 -11. 2 -3.6 -2. L1 

5 (). 0 0.0 -5.6 -7.3 -6.6 -LI. 6 -5.3 -11. 8 -6.2 -8.8 -3.0 -3.9 

6 0. () 0.0 -1. 2 -10.7 -9.4 -9.8 -10. 3 -13.2 -13.5 -1'1. 3 -5.3 -5.8 

t-' 
N x 0.0 0.0 IL5 6. I~ 7 .11 5.8 7.5 8.5 8.2 8. L1 3.9 -LI. 1 +--

SD 2.2 2.9 3.5 3. 1 3. 11 11.0 3. 7 11. 3 2.2 1. 9 
-------·-- --- - ··-·-·-----·---···-··--·----·--- ---·--------~-----------------------··---------------------------------·----------~---------

-
X -- Meari 

SD c. StandanJ Deviation 



lallle 21. Clrnriges in Plasma Volume(%) for Hot/Dehydration Trials 
--------· 

rime (min) 

Subject -30 0 15 30 45 60 75 90 105 120 +15 +30 
- ---·----- ·---·-------------------------------· 

0.0 0.0 _,,. 5 _,,. 8 -10.6 -8.6 -8.1 -10. 5 -8. I~ -11 . 1, -11. 3 0.0 

~? 0.0 0.0 -7.0 -8.8 -10.0 -7.9 -10.2 -10.6 -12. ,, -13.5 -1. 9 -7.7 

3 o.o 0.0 -7.5 -8. 1 -It. 8 -13.0 -9.3 -8.7 -8.3 -13. 1 -6. 1 -6.0 
,, o.o 0.0 -~~. 5 -6. 1 -3.5 -5. 7 -6.2 -6.6 -7.9 -8.0 -5.7 -0.2 

5 (). () 0.0 -5.U -4.7 -6.5 -7.6 -8.0 -9.0 -9.2 0.9 -LI. 1 -3.3 

6 0.0 ().(I -11. ll -5.8 - 3. lj -5.3 -6.3 -7.6 -5.5 -5.5 -5. Lj -0. LI 

-------------------------------·-

t-' 
N x o.o 0.0 I" ') :.>. ,_ 6. L1 6.5 8.0 8.0 8.8 -8.6 -9. 1 -11. 6 -3.5 lJl 

SD 1. ll 1. 7 3.2 2.8 1. 6 1. 6 2.2 3.3 1. 5 3. 3 
--- ----·--------------------------------------- -------·-----------------------

-
X -"- Meari 

SD S Lil nda r·d Devi at i 011 



lahle 22. I' I a sma I mmuno r·eac ti ve B-endo rph i 11 (pg • m I - 1 ) Corrected for I' I a sma Vo I urne Ctia nge s for Hot/Dehydration 
l r i a Is 

-----·------·---~-------------~--- ------------
Ti me ( 111 in) 

Subject -30 0 15 30 115 60 75 90 105 120 +15 +30 
·--· ·-- --·--·-----·-------·-·---·----------

17.1 22.6 18. 1 19 .11 18. 7 20.9 26.0 30.8 110.0 112. 1 51. 4 31. 2 

2 25.6 23.7 16. 5 20.8 26.6 16.9 52.7 47.2 29. 7 ---- 26.8 36.6 

3 20.0 17. 6 16.9 25. L1 26.7 24.0 27.1 22.3 L19. 9 110. 9 110. 1 211. 7 

11 39. 6 16.9 ;~2. 9 19. 3 26.2 25.2 211. 5 LI(). 9 36.8 35.2 211. 4 21. 6 

5 20.0 26. 7 29.2 28. LI 26.9 58.6 30.4 26.7 L12. 3 32. 1 23.8 25. I 

6 18. 1 22.8 18.6 18.2 20. 1 22.3 211. 3 31. 0 38. LI ---- 211. 5 21. 8 
...... 
N 

°' x 25. 1 2 I. 7 20.5 21. 9 211. 18 211. 1 30.8 33.2 39.5 37.6 31. 8 26.8 

SD 10. 11 3.8 4.8 11. 1 3.8 7. lj 11. () 9.2 6.6 11. 7 11 . 11 5.9 
---------- __________________________ ,, __ 

X :' Me<in 

Sil Standard Deviation 

Blank values represent trials v11lict1 had to he p remn tu re I y term i rw te exe re i se boll t due to incr·eases in co re 
temper·aLure above 39.5C. 



fable 23. Pla~;rna luuntmor·eactive B-endorpt1in (pg·ml·1 ) Corr·cctcd for Plasrnil Volrnnc Changes in llot:/Euhydration Triills 
-----------~--- ------------·------------··--------·-

Time (min) 

Subject -30 Cl 15 30 115 60 75 90 105 120 +15 +30 
··---·---· ----·-----·- -- ----- - ------·--· - --

20.B 30. 3 17. ll 17, lj 25.9 21. 3 36.5 52.11 33.6 29.8 35. 11 26.6 

? 211. ;! 20.0 113. 9 19.6 20. 1 16.5 211. 5 311. 5 15.9 17.8 51. 2 25.0 

3 ~?.6. ~) 27 .9 lB. 8 18.3 25.8 30.3 21. 9 27. 6 28.3 2B. 11 30. 1 37.5 

11 20.3 18. 5 20.9 21. 3 20.6 51. 9 38. It 111. 2 611. 7 23.9 30.3 35.2 

5 32 .11 311. 6 3<'. 3 311, 7 32. 1 27.9 22.3 23.3 28.8 39.5 38.2 29.8 

<i 20. () 20.U 18.00 20.7 16. l 211.11 20.0 29.7 25.6 27. 7 18.9 23.8 
_______ .. __ 

I-' 
x 211. () 2·· ., 25.3 22.0 23.5 28.7 27.3 311. B :~2. 8 21.9 311. () 29. 7 N 

_) . ,_ -.....J 

Sil 11. 8 6.6 10.6 6.11 ?.5 12. Li B.O 10.6 16.7 7.2 10. 7 5.6 
·---·-----·- ·---------· -- ------ -----------·------ ------------------------------

>< = Mean 

SU= Standard Deviation 



lable 211. P I 11 sma lmmurH>r'e<Jctive B-endorphin (pg. rn1- 1 ) Corrected for PI a sma Vo I urne Changes in Neutral/Euhydration 
-, r i a Is 
·----------·----------------------------------

Ti me ( rn in) 

Subject - 30 0 15 30 115 60 75 90 105 120 +15 +30 
-----------·--·-·-·---------------·--·--------

18.5 2 7. 5 19.9 26.2 37.2 22.7 23.3 22.7 36.2 31. 6 21. 8 25.5 

2 17. 6 211. 9 30. 7 18.6 15.9 116. 7 28. 1 34.8 20.7 29.8 20.6 19.6 

3 17.6 20.0 20.8 21. 1 17. 6 22.I 15.2 3ll. 9 25.2 !18. 11 26.3 16.9 

11 20.0 31. 7 22.2 20.5 26. 1 19.0 23.9 32 .11 25.7 12.9 21. 6 27.0 

5 30.6 1l1. t1 22.9 23.3 23.4 29.8 28.5 22.5 21. 6 30. 1 22.9 50. 11 

6 rn. 5 31 . 9 18.8 25.6 18.0 15.8 16.2 30.2 17. 9 36.5 116. 3 211. 4 
~ 
N 
00 

)( 20.5 26. 1 22.6 22.6 23. 0 26. 1 22.5 29.6 211. 6 31. 6 26.8 27.3 

SD 5. (I 7.2 IL 3 3.0 7.9 11. 1 5.7 5.7 6.11 1 I . ~) 9.9 11. 9 
- -----·---------------·----·--------------·-·-------·--------- --------------------

-
X = Mean 

SD = Standn rd Deviation 
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LABORATORY FOR EXERCISE AND WORK PHYSIOLOGY 

Division of Health Physical Education and Recreation 
College of Education 

Virginia Tech 
Blacksburg, VA 24061 

INFORMED CONSENT 

I, do hereby voluntarily agree and 
consent to particpate in a testing program conducted by the 
personnel of the Human Performance Laboratory of the 
Division of Heal th, Physical Education and Recreation at 
Virginia Tech. 

Title of Study: Effects of Endogenous B-endorphin and 
Hydration State on Thermoregulatory 
Mechanisms During Prolonged Exercise in the 
Heat. 

The purposes of this experiment include: 1) to establish a 
comprehensive model of thermoregulation in man during 
prolonged work in the heat, integrating the time course 
changes in body fluids, hemodynamics and heat dissipation, 
2) to determine the possible role of the hormone b-endorphin 
on exercise thermoregulation, 3) to investigate the possible 
effects of B-endorphin on body fluid balance during 
prolonged exercise in the heat. 

I voluntarily agree to participate in this testing program. 
It is my understanding that my participation will include: 
1. medical screening to determine my suitability for 

participation in this study, 

2. a brief interview concerning my habitual activity, 

3. maximal oxygen uptake test performed on a bicycle 
ergometer, 

4. anthropometric measures including percent fat, 
(underwater weighing) height and weight, 

5. a maximum of four trials of prolonged cycling at a 
workload equivalent to 50% of my maximal oxygen uptake. 
These exercise sessions will continue for a maximum of 
120 minutes. I understand that I am encuraged to 
exercise to the end of each trial or to the point of 
exhaustion. 



131 

a. the first trial will be an orientation trial in 
order to aquaint me with the experimental protocol. 
It will take place in a cool environment (25°c, 50% 
relative humidity) and last 60 min. 

b. A trial (120 min duration) will also take place in a 
cool environment (25°c, 50% relative humidity). 
Sweat losses will be replaced with water at 15 
minute intervals. 

c. Another trial (120 min duration) will take place in 
a hot environment (35°c, 50% relative humidity). 
Sweat losses will be replaced with water at 
15-minute intervals. 

d. The last type of trial (120 min duration) will take 
place in a hot environment (35°c, 50% relative 
humidity). Sweat losses will not be replaced. In 
addition, I understand that I may be assigned to a 
special testing situation involving the injection of 
Naloxone prior to the onset of exercise. A 
physician will administer the injection and 
supervise this trial. 

Note: The order of trials will be randomized. 

6. During each of the aforementioned trials the following 
measures will be taken at periodic intervals. 

a. cardiac output: This will involve the rebreathing 
of a gas mixture containing a small amount of carbon 
dioxide in oxygen for a period not to exceed 15 
seconds. 

b. Blood pressure will be measured indirectly via the 
placement of a cuff on the upper arm. 

c. heart rate: Electrocardiographically determined 
from a series of 3 electrodes placed upon the chest. 

d. core temperature: 
thermocouple self 
approximately lOcm. 

Determined by 
inserted to a 

a rectal 
depth of 

e. perceived exertion: Subject reporting of the 
perception of effort based upon the Borg Relative 
Perceived Exertion Scale. 

f. blood samples: obtained from a catheter placed in 
the forearm by a registered nurse. 
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g. skin temperature patterns: obtained from video 
camera recordings of infra red radiation emitted 
from the body, and eight skin thermocouples taped on 
the body at various anatomical locations. 

h. injection of naloxone prior to one of the exercise 
trials. 

I understand that participation in this experiment may 
produce certain discomforts and risks. I understand that 
with any extended aerobic activity I will probably 
experience a general feeling of fatigue. In addition, due 
to the exercise mode (cycling), leg fatigue and leg cramps 
may occur. Residual muscular soreness may be present 
following the trials and may persist for several days. 
During the exercise tests, especially the exhaustive bouts, 
I understand that there is a remote chance of dizziness and 
nausea. It is also understood that the region asurrounding 
the catheter insertion site may develop a sub-dermal 
hematoma (slight swelling due to fluid moving out of the 
vein into the surrounding area). 

Certain personal benefits may be expected from participation 
in this experiment. As a participant in the subject 
selection process, I will be informed of the results of the 
medical screening. If cleared to continue in this endeavor, 
I will be informed of my body composition and physical work 
capacity, i.e. , fitness level. Additionally, at the 
completion of the study I will have gained knowledge 
relative to my capacity to perform extended work in normal 
and heat stressful surroundings. 

I understand that any data of a personal nature will be held 
confidential and will be used for research purposes only. I 
also understand that these data may only be used when not 
identifiable with me. 

I understand that I may abstain from 
part of the experiment or withdraw 
should I feel the activities might 
health. The experimenter may 
participation should he feel the 
injurious to my health. 

participation in any 
from the experiment 
be injurious to my 

also terminate my 
activities might be 

I understand that it is my personal responsibility to advise 
the researchers of any pre-existing medical problem that may 
affect my participation or of any medical problems that 
might arise in the course of ths experiment and that no 
medical treatment or compensation is available if injury is 
suffered as a result of this research. A telephone is 
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available which would be used to call the community rescue 
squad for emergency service. A trained team of exercise 
technologists will administer each test. A registered nurse 
will be responsible for all blood sampling procedures and a 
physician will supervise the Naloxone trials. 

I have read the above statements and have 
opportuntiy to ask questions. I understand 
researchers will, at any time, answer my 
concerning the procedures used in this experiment. 

had the 
that the 
inquiries 

Scientific inquiry is indispensable to the advancement of 
knowledge. Your participation in this experiment provides 
the investigator the opportunity to conduct meaningful 
scientific observations designed to improve the safety of 
exrcise and physical work in the heat. 

If you would like to receive the results of this 
investigation, please indicate this choice by marking in the 
appropriate space provided below. A copy will then be 
distributed to you as soon as the results are made avilable 
by the investigator. Thank you for making this important 
contribution. 

I request a copy of the results of this study. 

Date 
~----------

Time a.m./p.m. --------
Participant Signature 

Witness 
~-----------------~ HPL Personnel 

Project Director Dr. William Herbert Telephone 

HPER Human Subjects Chairman Telephone 

ring, Chairman, Institutional Review Board for 
Research Involving Human Subjects. Phone 
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