goboboooooooooooono O20 2014030

guobuoobogooooobboood
guoobobbgboooooobbugogooon

o o U
goooono ooooboobob

Effects of Rain on Thermoregulatory and Metabolic Responses
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Abstract

Title: Effects of Rain on thermoregulatory and metabolic responses while running in a thermoneutral condition in hu-
mans.

Introduction: Environmental factors tend to influence the performance of individuals who exercise for extended peri-
ods. We previously showed that rain increased energy expenditure and blood lactate concentrations and decreased the
core temperature during exercise in the cold”. However, there was a little study about physiological responses during
exercise in the rain.

Purpose: The present study aimed to determine thermoregulatory and metabolic responses while running exercise in
the thermoneutral condition.

Methods: 7 healthy men ran on a treadmill at 7000 VO.m.x intensity for 30 min in a climatic chamber at an ambient tem-
perature of 240 in the presence (RAIN) or absence (CON) of 30 mm/h of precipitation. Rectal temperature, mean skin
temperature, oxygen consumption, heart rate perceived exertion and blood lactate concentrations were measured.
Results: Rectal temperature were significantly lower (pd 0.05) in RAIN than in CON at 5 min during exercise. Mean
skin temperature were significantly lower (pd 0.05) in RAIN than in CON during exercise. Oxygen consumption, heart
rate and perceived exertion were not significantly differences between RAIN and CON. Blood lactate concentrations
were significantly higher (pC 0.05) in RAIN than in CON.

Conclusion: When exercising in a thermoneutral condition, rain cooled body core and increase the blood lactate concen-

trations via cold stress at the initial period of exercise.
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Fig. 1 Rectal temperature (O ) while running for 30 min at
700 VOumax in RAIN (30mm/h of precipitation) and
CON (without precipitation at 24 . Values are means
+ SD (n=7)

0 Significantly different from control (pC 0.05).
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Fig. 2 Weighted mean skin temperature (O ) while running
for 30 min at 7000 VOuma in RAIN (30mm/h of precipi-
tation) and CON (without precipitation at 240 . Val-
ues are means+ SD (n=7)

0 Significantly different from control (pC 0.05).
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Fig. 3 Blood lactate concentrations (mmol/L) while running
for 30 min at 7000 VOuma in RAIN (30mm/h of precipi-
tation) and CON (without precipitation at 240 . Val-
ues are means+ SD (n=7)

0 Significantly different from control (pC 0.05).



goooooooooboooobo 020 20140 30

gboboboobooobooboboboboooo. o
gboboboobooboobobobobobooooo
gboobobooboobobobobog, Ub000 Te,
T«ODO0OoOobOobooooooooooog, Lab O
gbobooooo.

T.0O0CONDDDOOOOOODOOoOooooDooDO,
RAINO T.OODOOOOODOOOSOOO0OO0OOOOO
gbo3moooooo, oobo, bobd. HongO
Nadel” 0000000000000 OOOOODOOO
gboboboobooboobobobobobooooo
OO0, DooooOoooooooog (initial fall)
gopboobOd. RAINDO T« OODOOODOOODOO S
goooobilipooboobooob, oboooo
gboboboooboobooboboboboo. ooo
OOORAINOODODO T.OOODOODOOAO initial
falDOO0O0OOO0ODOOODO. ODOoOooOoOooogo
goboooobooooboooboooboooobooan,
goboboboboboo. ooob, boboooooo
gboboboooboobo, boboboboobooooo
000o0oOoo0®. RAINO T ODODOOODDOOOOS
gooooooigobo, boobooboooo
gbobob. RAINODDODOOODOOOooooboooo
gooo, booo, T.doooosoaodaoan
gboboboboboo. obobobobobooooo
gboboboob. bobobobobobooooo
00000000000. Nielsen®O0OOO0O0O (50
00)0ooooooooboooooooboooooooo
o, obobooboboobobobobobo. ooo
000 1w0000000 30000000, 700
VO DO OO0O00O0O 300000000, ODO00O0O
gboboboobooobooboob, boboooooo
gboooboobodo. ooboobdob, RAINDO T« OO
gooooboooooboo T.00000500000
gboooooboobobo. bobobobgd, RAIN
OT.Oinitial fal D0 O00000O0OOOOOOCO
gobobo, ooboooobooboboboooooo
gbobobooboobooboboboboooooo
gboobao.

goo, oooobooboboboboooooogo
gbobobooboooboobooboboboooo, o
00, 0000000000000000®. 0000
gboboboboboo, obobobobobooooo

gdbodoboboobuooboboobuoobbooobdg
O0oooooooooo9®,. 000000o0o0oo
OO0 roOP00000O0OOOOO (BO) O 700
Vo U0 OO0 0oog, doguobboboooog
o, b0ogobooboobbooboobooobag
gooooobooboobobooboobooooobg
0000. OO0 Thompson and Hayward®O OO0 5
gogilodobooooo, booboo4b0obd
gooooooo, boooboobooooo, bg
goboboboobooobuooboob. boobdg
RAINO T.OOOOOS000000cCcoNOODOO
goooooooooooooooooooo, ooa,
goboooboobuooboboobbooobooo,
ggoooobooboobbooboobooooba
gooooobooboooboobooooboono.
goooboooobooboooboobo, ooboog
000000000000 o0ooooooooo®. o
O00 LaODOOOO 10000 RAINO CONUOOO
gogooooboobuoobob. oboobbooobd
ggoodgobooboobobooboobooobag
OoOoOo™ . Weller’ OO ODO0OO0OO0ODOO0OOOOOO
gdboodooboobuoobobooboobbooobg
ggoogobooboo, boobooboooobda
goooooobooboo, bbooboobooooobg
gogooooboobo, bbboobooboooobd
ggood, booboobbooboobooooba
gooooobooboooboobooboooo. g
g, D000d0d0d0og T«0OOOO, RAINO CON
ggooooboobooboboob, obboooobda
gooooobooboooboobooooo, bg
gdbodoboboobuooboboobuoobbooobdg
gooboobobobobobobobobobobo.
OO0 o0 0000000000 50000 700 VOumax
oo oo, booobobobooboboboog
ggoooooboob, obbo, booboooobda
godo, LAOOD0DDODbOO0oOooooboooooog
gdboodooboobuoobobooboobbooobg
OO0 0000 roO®”0000OODOOO, ODOO,
gooooooboobooo, booboobooooobd
20000000b0. boobboobooobog
ugd, bgboboobooboboobooboooba
goooooooOd, RAINDO LaOOODODO 1000



gcoNOoooooooooooboooboobog.

Oood
O0000D00RAIN (D00 240, 0000, 80
0900 RH), CON (000 240, 0000, 500 RH)
02000000, 0000000000000000
0000000, 00000000000000000
000000000. 0000, RAINO CONOOO
0000000000000000, RAINO T.OO
0000000000000, cCONODOOOODOOO
000O0000. 00, 00000000000 100
OO0 RAINOODOODOOOO CONOOOODODODOO
0o0oO00O0OO0. 00000, 00000000000
0000000000000000000000000
0000000. 00000000000, 00000
00000000O000000. 0000000000
0000000000000. 00000000000
0o0o00000O0, 000000000000000
00000000O00000. 00000000000
00000000, 0000000000000000
Oo0000O0O0O0O0.

oooo

1) Ito, R., Nakano, M., Amano, M. and Matsumoto, T.
(2013): Effect of rain on energy metabolism while run-
ning in a cold environment. (in press).

2) Thompson, R. L. and Hayward, J. S. (1996): Wet-cold
exposure and hypothermia: thermal and metabolic re-
sponses to prolonged exercise in rain. 3 Appl Physiol.,
81: 1128-1137.

3) Tikuisis, P., Ducharme, M. B., Moroz, D. and Jacobs, 1.
(1999): Physiological responses of exercised-fatigued
individuals exposed to wet-cold conditions. J Appl
Physiol., 86: 1319-1328.

4) Weller, A. S, Millard, C. E., Stroud, M. A, Greenhaff, P.
L. and Macdonald, I. A. (1997): Physiological responses
to cold stress during prolonged intermittent low- and
high-intensity walking. Am J Physiol Regul Integr
Comp Physiol., 272: R2025-R2033.

5) Mora-Rodriguez, R., Del Coso, J., Aguado-Jimenez, R.
and Estevez, E. (2007): Separate and combined effects of
airflow and rehydration during exercise in the heat.
Med Sci Sports Exerc., 39: 1720-1726.

6) Boutelier, C., Bougues, L. and Timbal, J. (1977): Experi-
mental study of convective heat transfer coefficient for
the human body in water. 3 Appl Physiol., 42: 93-100.

7) Ramanathan, N. L. (1964): A new weighting system for

oooooooooooooooo o020

mean surface temperature of the human body. J Appl
Physiol., 19: 531-533.

8) Borg, G. A. V. (1973): Perceived exertion: a note on "his-
tory" and methods. Med Sci Sports Exerc., 5: 90-93.

9) Hong, S. I. and Nadel, E. R. (1979): Thermogenic control
during exercise in a cold environment. 3 Appl Physiol.,
47: 1084-1089.

10) Stocks, J. M., Taylor, N. A., Tipton, M. J. and Green-
leaf, J. 3E. (2004): Human physiological responses to
cold exposure. Aviat Space Environ Med., 75: 444-457.

11) Nielsen, M. (1938): Die Regulation der Kopertem-
perature bei Muskelarbeit. Skand Arch Physiol., 79: 193-
230.

12) 0000, O0oooo, 000, 000 @9oooo
000000000000 0O00DUOoOO0O0oUoDDODOOD
0oo0oo. 0ooooooooO, 20: 140-147.

13) McArdle, W. D., Katch, F. I. and Katch, V. L. (1992):
00000 OOoO0oOo0ooOoOoOoOoooOOoOoOOooOoOO
0o.o00oo, 0O, 106-123.

14) Galloway, S. D. and Maughan, R. J. (1997): Effects of
ambient temperature on the capacity to perform pro-
longed cycle exercise in man. Med Sci Sports Exerc., 29:
1240-1249.

15) Doubt, T. J. (1991): Physiology of exercise in the cold.
Sports Med., 11: 367-381.

16) Gollnick, P. D., Piehl, K. and Saltin B. (1974): Selective
glycogen depletion pattern in human muscle fibers after
exercise of varying intensity and at varying pedaling
rates. J Physiol., 24: 45-57.

17) Beelen, A. and Sargeant, A. J. (1991): Effect of lowered
muscle temperature on the physiological response to ex-
ercise in men. Eur J Appl Physiol Occup Physiol., 63:
387-392.

18) Doubt, T. J. and Hsieh, S. S. (1991): Additive effects of
caffeine and cold water during sumaximal leg exercise.
Med Sci Sports Exerc., 23: 435-442.

19) Jacobs, I., Romet, T. T. and Kerrigan-Brown, D. (1985):
Muscle glycogen depletion during exercise at 900 and 21
0. Eur J Appl Physiol., 54: 35-39.



