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Abstract

. The effects of an intense, intermittent heat acclimation (HA) regimen
(treadmill, 41.2°C, 8 days, 100 min’d’l)‘ on stress and fluid balance hormones
responses were examined in 13 unacclimated male volunteers. Venous blood
samples were collected before (PRE) and after (POST) exercise (days 1, 4, 8)

and analyzed for plasma renm__\ctlwty (PRA) , aldosterone (ALD), cortisol

).
,l
/.
’,

(PC) , plasma volume shlftsiiﬂi”v;) , sodium (Na+) and potassium (K+). Subjects
exhibited physiological adaptations (day 1 vs day 8) typical of HA (p<.05):
decreased heart rate, rectal temperature, skin temperature, and improved
defense of PV. While plasma Na+ demonstrated no change d;n:@ daily exercise,

K+ tp<.0l), PC, PRA and ALD increased (p<.05) more than (BVE: (day 1: -7.1%,

day 8: - 5.1%) accounted for. PRA and AID did not change as a result of Ha,
but PRE vs POST PC responses were attenuated. The dissociation of PRA and ALD
levels on day 4 of HA (POST) may be explained by d.ifferences in splanchnic
clearance mechanisms. It was concluded that during an intense HA regimen,
electrolyte and hormonal responses to exercise in the heat are modulated by

/

the acquisition of acclimation. . ., ,

Index Terms

plasma volume, exercise, rectal temperature, heart rate, skin temperature «
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Introduction

The metabolic responses to continuous, intense exercise are different from
those of intermittent, intense exercise (3). Continuous high intensity
exercise is characterized by a significant carbohydrate oxidation, a rapid
depletion of muscle glycogen, and lactic acid accumulation. Equivalent high
intensity exercise, performed in bouts separated by short rest periods,
involves an increased lipid contribution to oxidative metabolism (9) and is

similar to continucus, moderate exercise rather than brief intense exercise

(26) . The hormonal responses to continuous and intemmittent exercise also
vary, especially concerning responses of fluid balance and stress hormones
(10,20,23). The effects of acute heat exposure on fluid regulatory hormones
have been described (18), but the effects of repeated days of exercise in the
heat (heat acclimation) are uncertain due to inconsistent findings. For
example, Finberg et al. twice reported that incrqunts in plasma renin
activity (PRA) stimulated by exercise-heat stress were attenuated by a 7-day
heat acclimation program (12,13). However, Davies (7), Cochrane (5) and
Convertino (6) observed that increases in PRA during exercise in the heat were
uﬁgffected by heat acclimation; increases in aldosterone (ALD) also were
unaffected by heat acclimation (5,6,7,). Francesconi (15) explained these
discrepancies by noting that differences in hydration status, exercise mode
and intensity, and physical fitness of subjects may affect the direction and

magnitude of body fluid shifts and hormonal responses during exercise in a hot

environment. In contrast, the effects of heat acclimation on the magnitude of

plasma cortisol (PC) responses have been the focus of only two investigations,
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to our knowledge. These investigations (16, 17) demonstrated no effects of

oy

4T

exercise in the heat or heat acclimation on PC levels when subjects exercised

T ¥
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. intermittently at approximately 25% V02 max and were euhydrated.
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Although previous studies have examined hormonal responses to prolonged

continuous exercise (23), brief intense exercise (10), and intermittent
intense exercise (20) in cool environments, as well as mild intermittent
exercise in the heat (15,16,17), no previous work has focused on hormonal
responses to intense intemittent exercise in a hot emnvironment (18). Such
research may be relevant to industrial workers and athletic (e.g. soccer,
interval running) participants. Further, few previous studies have examined
intermittent high intensity exercise as a means of inducing the adaptations of
heat acclimation (i.e. increased plasma volume, decreased heart rate and
rectal temperature). Therefore, the following data are presented to assess
the PRA, AID and PC responses of 13 males during an 8-day heat acclimation
protocol. These data describe HA adaptations to high intensity, intermittent
exercise, the control of bady fluid composition and movements, as well as the
general stress responses experienced by subjects during daily exercise in a
hot environment.
Methods

The subjects of this investigation were 13 unacclimated, healthy males
with the following characteristics (mean + SE&): age - 28.2 + 2.1 yr, height
- 176 + 2 cm, weight - 77.41 # 3.20 kg, VO,max - 46.9 + 2.1 ml'kg™'min”l.
Subjects were informed of all procedures and risks prior to participating.
Written consent was secured under the auspices of the local Human Use Review
Board. One day prior to the beginning of heat acclimation, subjects performed
a maximal oxygen consumption (VOzmax) test, as described by McArdle et al
(22).

The heat acclimation (HA) regimen consisted of eight days of treadmill
exercise in an environmental chamber maintained at 41.2 + 0.5% db, 39.0 +

1.7% rh, and 0.1 + 0.1 m's_1 wind velocity. Subjects ran (treadmill, mean
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TABLE 1
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speed 2.7 # 0.05 m.sec™’, 0 angle, 66 + 13¥0,max) during nine exercise

periods (5, 8 or 10 min duration) and stood for 2, 5 or 10 min of rest between
exercise bauts, Exercise on day 1 was begun at a reduced rate to reduce the
possibility of syncope. Trials on days 1 and 8 of HA were identical, but
different from all other days, and consisted of walking during the first four
exercise bouts and running during exercise periods 5 - 9. Trials on days 2 -
7 involved running during each period. These procedures were previously
described in detail (2) and are summarized in Table 1. Because of the
differences of days 'l and 8 from all other days, the day 4 results must be
interpreted with the understanding that energy expenditure and physiolagical
strain were greater on day 4 than on days 1 and 8. For example, the mean
distance run on days 2 - 7 was 8.7 km, while that of days 1 and 8 was 6.3 kr
(Table 1).

Subjects ran in pairs, one subject on each of two treadmills. Oxygen
consumption and minute ventilation were measured with a sami-automated system
consisting of a gas meter, oxygen analyzer, carbon dioxide analyzer, digital
voltmeter, scanner and computer. Treadmill belt speeds were carefully
monitored during each of 936 work periods (8 days, 9 work periods, 13
subjects) using a hand-held digital tachometer. Heart rate (HR) was monitored
continuously using an ECG telemetry unit. Each subject was equipped with a
rectal probe (inserted 8 cm beyond the anal sphincter) and three skin probes
placed on the chest, forearm and calf. Rectal temperature (Tre) and mean
weighted skin temperature (Tsk) calculations were recorded every four minutes.
Exercise was terminated if heart rate exceeded 180 beats’ min~t during
exercise, if heart rate did not fall below 160 beats® min'1 during rest, if

rectal temperature exceeded 39.5°C, or if symptams of heat illness (i.e.

dizziness, chills, throbbing headache) warranted termination. Water was drunk
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K ad libitum throughout all trials, and subjects were instructed to consume

W large quantitites of water when they were not in the climatic chamber. Body

‘E: weight (+ 10g) and entering urine specific gravity were used to assess fluid
A

f‘jf'- status. If any subject entered a trial with a urine specific gravity greater
than 1.030, he did not begin until he drank sufficient water to produce a

\.’ urine sample of specific gravity below 1.030.

2 A 20 min standing equilibration period in the heat preceded each pre-

exercise antecubital venous blood sample. A second sample was drawn

:j immediately post exercise. Blood samples (days 1, 4, 8 only) were analyzed
. for hematocrit and hemoglobin (BoehringerMannheim, Indianapolis IN), and

‘ changes in plasma volume (4PV%) were calculated using hematocrit and

SE hemoglobin values (8). Plasma Na+ and K+ were measured via flame photametry.
e The remainder of the blood was transferred to iced heparinized tubes and

- centrifuged (4°C, 20,000g), after which the plasmg was removed, frozen (-20°C)
':‘,'- and stored for subsequent assay. After thawing, PRA, ALD and PC were

; quantitated by use of cammerically available radioimmunoassay test kits (PRA
<~ and PC - New England Nuclear, North Billrica, MA; AID - International CIS,

\ Sa-luggia, Italy), utilizing procedures outlined in their technical bulletins.
i: Normal ranges for these hormones have been reported as follows: PRA - 0.5-
s 4.0ng'ml""h‘l for adult normotensive subjects, ALD - '7-29.5nc_;‘100ml"l for
e upright subjects, and PC - 4.2-25ug”100ml™>.
Dietary records were maintained by all subjects, in an effort to estimate
" the impact of dietary intake on body weight, plasma Na+, plasma K+ and ALD.
::;" Subjects recorded the quantity, type, brand name and method of preparation for
h' all food and beverages consumed on days 1 - 3 and days 6 - 8 of HA., Dietary
§ records were reviewed for completeness and accuracy by personal daily
§ interview. Estimates of caloric intake, Na+ content, and K+ content were made
g with the aid of a the U.S. Department of Agriculture Handbook (28).
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ANOVA were utilized to statistically analyze hormone levels, plasma Na+

and K+, daily entering body weight, and urine specific gravity. The Student-
Neuman-Keuls post hoc analysis was applied when significance was indicated.
Paired t-tests were used to campare final HR, AHR, final Tre, 4Tre, final Tsk,
and oTsk on days 1 and 8. All data were expressed mean + the standard error
of the mean; the null hypothesis was rejected at p < .0S.
Results

No significant between-day differences (p>.05) were found when pre-
exposure body weight and urine specific gravity were compared on days 1
through 8; therefore, subjects were considered to be in a euhydrated state at
the beginning of each trial. Dietary records indicated no significant
between-day differences (p>.05) in caloric consumption, Na+ intake, or K+

intake, thus allowing us to conclude that diet had little or no impact on

hormone levels depicted in Figure 1.
v

To assess the physiological adaptations which resulted from 8 days of
intense, intermittent running in the heat, variables were campared on day 1
and day 8, and the following indices were significantly (p<.05) reduced over
t).ue acclimation period: final HR (170 + 3 vs 144 + 5 beats'min '1) , uHR (84 +
3 vs 68 + 6 beats'min 'l) » final Tre (39.17 + 0.10 vs 38.52 + 0.16 °c), aTre
(2.04 + 0.09 vs 1.46 + 0.18°C), final Tsk (37.58 + 0.23 vs 36.53 + 0.29 0y,
uTsk (1.68 + 0.21 vs 1.29 + 0.40 ), and within-day «PV% (-7.1 + 0.9 vs -5.1
+ 1.1 %). The latter measurement (4PV%) indicated a better defense of plasma
volume during treadmill running as a result of HA. Thus, all subjects were
fully acclimated as a result of this heat/exercise regimen.

Plasma Na+ (PRE vs POST) values (mEq‘L-l) were as follows: day 1 - 141 +
l1vs140 + 1, day 4 - 141 + 1 vs 140 + 1, day 8 - 140 + 1 vs 141 + 1; thus, o

significant between-day or within-day differences were observed. Plasma K+
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(PRE vs POST) values (mBq‘L'l) were: day 1 - 4.3 + 0.1 vs 4.7 + 0.1, day 4 -
4.5+ 0.1 vs 4.7 + 0.1, day 8 - 4.4 + 0.1 vs 4.8 + 0.1; no significant
between-day differences were found, but all within-day plasma K+ values were
significantly increased (p<.0l) by exercise in the heat. Calculations using
pre-exercise hematocrit (day 1 - 45 + 1, day 4 - 44 + 1, day 8 -~ 44 + 1) and
hemoglobin (mg*dl™l) values (8) (day 1 - 16.30 + 0.28, day 4 - 15.64 + 0.33,
day 8 - 15.74 + 0.35) indicated a mean plasma volume expansion of +5 % during
HA, as anticipated.

The effects of intermittent intense exercise in the heat on plasma
hormonal responses on days 1, 4 and 8 of heat acclimation are depicted in Fig
l. It is noteworthy that on day 1 of heat acclimation the carbined stress of
the heat exposure and the nine exercise periods elicited a significant
(p<0.05) elevation in mean circulating PC level. However, on day 8 of heat
acclimation, the identical heat/exercise regimen d'id not elicit a significant
pre- to post-exercise increment. It also should be noted that mean
circulating PC levels (POST) exhibited a decreasing trend fram day 1 through
day 8, in spite of the increased strain experienced on day 4, and in contrast
tc; the trends observed in mean post-exercise AID levels on days 1, 4 and 8.

This intermittent, high intensity exercise protocol induced significant
(p<.001) within-day increments in both AILD and PRA levels (Fig. 1) on each of
the heat acclimation days, which were far greater than could be explained by
hemoconcentration (4PV% = -7.1% and -5.1%). The between-day PRA responses
(day 1 vs 8) to exercise in the heat were not significantly different. On
days 4 and 8, mean baseline levels of ALD were approximately twice the day 1
levels, though not significantly different (p>.05). The group mean ALD level
(POST) measured on day 4 was significantly greater than POST values on days 1

and 8, probably reflecting the greater total work campleted on day 4, in

contrast to PRA levels which were not different on day 4.




Discussion

Generally, the physiological strain of light exercise (1.3 m's'l

r 0%
grade) in a hot environment (35 - 40°C) is easily tolerated by acclimated,
euhydrated test subjects without significant increments in PC levels (16,17).
However, we have also reported (16, 17) that both hypohydration and non-
acclimation can significantly alter PC levels both prior to and during
exercise in the heat. The results of the present investigation are consistent
with the hypothesis that the acgquisition of heat acclimation enables test
subjects to tolerate exercise-heat stress at a reduced physiological cost;
this reduced strain may be, in turn, reflected in the decrements which
occurred in PC levels subsequent to exercise in the heat on day 8 (vs day 1).
In the current investigation, the reduction in PC subsequent to exercise on
day 8 is particularly noteworthy in light of the intensity of the running
exercise during exercise periods 5 - 9. This redyction in the PC response to
exercise/heat stress may be related to increased body water (24), electrolyte
conservation (1), increased physical fitness (19), increased metabolic
efficiency (14), or reduced thermoregulatory strain. Alternatively, the
elevated peripheral clearance of cortisol, which may be associated with
exercise in the heat (11), may mask an ACTH-stimulated increase in cortisol
secretion (7).

Following exercise on each test day, levels of PRA were significantly
(p<0.001) 1increased by the heat/exercise protocol. It is likely that intense
exercise diverted blood away from the kidneys and increased renin secretion
from juxtaglomerular cells, in response to the increased stretch of receptors
in the renal vasculature. Whereas in our earlier studies (15,17) we generally

“1'h—l) during light

observed moderate increments in PRA (range: 1 - 9ng'ml
exercise in the heat, the exercise in the current experiments was more intensc

and the mean levels of PRA were proportionately higher (range:
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9 9.7—12.7ng'm1'1'h"1) . Results of the current investigation did not indicate

that PRA levels were affected by either exercise intensity or the state of Ha,

.‘"::‘ although we observed such an effects following acclimation in a previous

E?:' study, particularly in hypohydrated test subjects (15). The present results
,:' disagree with those of Finberg et al (12,13), who observed attenuation of PRA
:: increases following HA, but agree with the results of other investigators

,", (5,6,7) who observed no reduction of PRA levels after HA programs.

o The absolute levels of ALD observed subsequent to exercise in the heat are
Nj considerably higher than we reported in our earlier studies (15,17). This is
i probably a direct manifestation of the increased intensity of the exe.cise

T protocol (Table 1) which was implemented in the current investigation and

b apparently was not related to altered dietary Na+ intake. There are two

"é. additional points that are worthy of comment. In our earlier study (15},

: euhydrated test subjects manifested higher pre-exgrcise levels of ALD

:_E following acclimation; in the current study, the mean pre-exercise level on
b Day 8 (28.2 ng°100 ml-l) was markedly higher than the camparable level on Day
.\.‘ 1 .(15.7 ng° 100 ml'“l) . Also, HA did not attenuate the ALD response to exercise
: in the heat in our earlier report (15), and in the present experiment the

_:.i post-exercise mean ALD level con Day 8 (87.2 ng"100 ml '1) was not different
"5' (NS) from that cbserved on Day 1 (80.0 ng°100 m1™l). Thus, these data

:j indicate that the intensity of the AID response may be correlated with the

x> intensity of the exercise, that consecutive days of exercise in the heat may
r: result in higher basceline levels of AID, and that heat acclimation does not
E decrease the ALD (POST) response to exercise in the heat. This latter

;:,' observation agrees with results published by four other research groups

o (5,6,7,13).
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Dissociation of the responses of PRA and ALD levels have been reported
previously during exercise (21), during acute heat exposure (4), and

subsequent to HA (12,15). The data presented in Figure 1 also demonstrate a

|
{
!

dissociation of PRA and ALD responses, in measurements following exercise in
the heat on day 4. In comparison to day 1, the POST day 4 PRA decreased but
ALD increased considerably. It is possible that this dissociation resulted
from differences in the turnover rates of PRA and ALD. In dogs (27), it has
been demonstrated that hepatic clearance of AID is nearly 100% and that any
reduction in bloodzflow to the liver produces a decrease in hepatic
extraction; consequently, the metabolism of AID is controlled by a flow-
limited system. However, renin clearance is actually increased as hepatic
blood flow is decreased in dogs; the mechanism for this campensatory elevation
in renin removal is unknown (27). I1f analogous mechanisms exist in humans,
the dissociation of PRA and AID levels (day 4) in.Figure 1 can be explained,
especially since splanchnic blood flow is greatly reduced by intense exercise
in a hot environment (25).

In summary, because within-day PC levels indicated significant (p<.05)
increases on days 1 and 4 (13.6 vs 20.0 and 10.9 vs 16.8, respectively) but
not on day 8, HA apparently reduced the overall stress on these subjects,
which was also manifested in the significant (p<.05) decreases in HR, Tre and

Tsk during HA. Alternatively, PRA and AID significantly (p<.05) increased

during exercise on all days, but PRA and ALD exhibited no attenuation (day 1
vs day §) of POST exercise increases. Pre-exercise ALD levels, unaffected by

dietary Na© consumption, on day 4 and 8 approximately doubled (in camparison

n
'
'
’
’
b

to day 1) as a result of HA. The dissociation of PRA and ALD levels on day 4
(Fig 1) may be the result of differences in clearance of PRA and ALD by the

liver, during a period of reduced splanchnic blood flow (e.g. intense exercise

in the heat).
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Table 1 - Duration of Exercise-Rest Periods During Heat

Acclimation Trials, Days 1 - 8.

Period Duration {(min)

Exercise 1 S %
Rest 1

*

Exetcise 2
Rest 2

*

Exercise 3
Rest 3
Exercise 4
Rest 4

*

—
Ut Yy Uy OO WL 0NN

Exercise 5
Rest 5
Exercise 6
Rest 6
Exercise 7
Rest 7
Exercise 8
Rest 8

Exercise 9

R

I3

2

E 3 R

* - Exercise periods involved running at 68 * 1 % VO.max,

2

Sl

'2 except periods 1 - 4 on days 1 and 8, during which

!E subjects walked at 0.95 m’sec-l (periods 1 - 2) and at
t} 1.58 m'sec ) (periods 3 - 4), and then ran during

;ﬂ periods 5 ~ @,

.° I N SRS N L N G R
. '.\'.\JM“.m*kf.»'. e “)-‘.\l\:‘-t J:-"'.‘\-' CuN A-J

e "I N "YW Pl



Y cintinkefinddadeiobedadefl o kol fall £ ol Solt a8 (ob Soll tal Pal tab sat *ol iat gt oigio ol gla die BVaBke Aiad'a hia
|3 LA A 0 A et gl e s s A A A4 0 200 "o L aV okl gliat b J "."."J'."'.Y‘U"T‘J".FW

% N .. 18

A

Fi e end

-
S

! Figure 1 - Effects of 8 days of intense intermittent treadmill exercise
N on PRA, ALD and PC levels in a hot-dry environment (41.2%,

39 % rh). Mean (+ SE) values are depicted for n = 13 on

N

o all days. Blood samples were taken after standing for 20

"

N min in the heat (pre-exercise) and immediately following

exercise period 9 (post-exercise). Days 1 and 8 were

el

'_; identical trials, in which subjects walked for 4 periods and
e ran for 5 periods. Day 4 inwolved running for 9 periods

A (see Table 1). All within-day measurements of PRA and ALD

1

N were significantly different (1) at the p<.001 level.

) Within-day measurements of PC (pre- Vs post-exercise) were

[ 4

, significantly different (1) at the p<.05 level on day 1 and
. ) day 4. but not on day 8 (NS). No between-day differences were
“

X observed in either pre-exercise or post-exercise values of PC
2]

or PRA. Statistically significant between-day differences for

i ALD were observed only in post-exercise samples and are
S represented as * (p<.05).
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