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Human Body Temperature Regulation in Extremely Stressful Environments
— Detection and Analysis of the Highest Human Body Temperature —

Mitsuo KOSAKA, Motoi YAMANE, Minoru MATSUMOTO, Naota SOGO, Ryuuji OGAI,
Takahide KATO, Atsuko TUKANAKA, Saimi TARUI and Norikazu OHNISHI

Abstract

Biological functions are basically dependent on the thermosensitive characteristics of the proteins
and fatty substances composing the body structure. In a stressful environment, the extremely high hu-
man body temperatures detected by computer system in our laboratory of Exercise Physiology are in
the range of 41°C-46.5C, of which the highest temperature was identical with the highest value de-
scribed in the latest Guinness Book of Records. The highest body temperature value of 46.5C reported
in Ann Emerg Med (1982) is thought to be extremely high compared to those of the other vertebrates.
The concept of critical thermal maximum (CTM) has been defined in the present literature as the mini-
mal high deep-body temperature that is lethal to an animal. In man the CTM has been estimated at 41.6-
42.0°C. Therefore, in the present review article, physiological, pathological and clinical cases of hyper-
thermia beyond 42°C detected in 49 papers, and the biological inhibitory mechanisms preventing hyper-
thermia and the immunological protection mechanisms associated with strong heat stresses were
discussed from the viewpoint of the negative feed back system that controls body temperature.
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Detected Journals on High Body Temperature

Heat Stroke

Malignant Hyperthermia Infection/Exercise
Hyperthermia

Related Cancer
Therapy

(39) Acta Med Austriaca
(2002)

(1) Am Emerg Med
(1982)

(40) Am J Forensic Med
Pathol (1992)

(16) Am J Emerg Med
(1989)

(13) Anaesthesist
(2001)

(4) Aviat Space Eviron Med

(1988)
(9) Chest
(1993)

(6) Crit Care Med
(1990)

(2) Guinness Book of World
Records (1980)

(11) Intensive Care Med
(2001)

(48) Am J Nephrol (18) Am J Physiol
(2002) (1978)

th A (34) Ann Oncol
(35) Anesth Analg (2802) c

(1983) _
(8, 22) Anaesthesist (41) Ann N Y Acad Sci
(1989, 1986) (1977)

(29) Dtsch Med Wochenschr (46) Clin Exp Immunol
(1983) (1996)

(30) Eur J Appl Physiol

(47) Int J Sports Med
. (1998)
Occup Physiol (1984)

(42) J Appl Physiol
(27) Forensic Sci Int (1999)

(2002) (49) J Clin Psychiatry
(36) Intern Med (2002)

(1992) (33) J Immunother
(5) J Neurosurg (1999)
(1988) (26) (l\:l:& )Sci Sports Exerc

(3) (liar;g)et
’ . (7) Rinsho Shinkeigaku
(44) Pfgssal (1993)
(45) Toxicon
(1990)

(10) Am J Clin Oncol
(1996)

7) Am J Physiol
©7) Ay Physic
(31) Cancer Lett

(1997)
(38) Cancer Res
(1984)
(25) Dtsch Med Wochenschr
(1989)
(24) Ear Hear
(1988)

(20) Eur J Cancer Clin Oncol
(1983)

(43) Gan To Kagaku Ryoho
(1988)

(17) Int J Hyperthermia
(2001)

(21) Jpn Heart J
(1984)

(32) J Rheumatol
(1999)

(12) Lancet
(1980)

(16) Ned Tijdschr Geneeskd
(1996)

(23) Q J Med
(1986)

19) Neth J §
(19) a 881) e

(28) Neth Cancer Inst Monogr
(1982)

(14) Radiother Oncol (1993)
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O Heat stroke Z134E ). @ Malignant Hyper-

thermia (X 11EH], A Infection/Exercise Hyper-
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Am J Physiol 1978 Nov;235(5):R228-236

Induced hyperthermia in sedated humans
and the concept of critical thermal maximum.

Bynum GD, Pandolf KB, Schuette WH, Goldman RF, Lees DE, Whang—-Peng J,
Atkinson ER, Bull JM.

The concept of critical thermal maximum (CTM) has been defined in the literature as the
minimal high deep—body temperature that is lethal to an animal. In man the CTM has been
estimated at 41.6-42.0 degrees C. Date are presented for sedated, unacclimatized, well-
hydrated men heated 1 h at esophageal temperature of 41.6-42.0 degrees C, without
sequelae, except for modest elevation of serum enzymes in two of five patients. These date
when combined with other observations in the literature suggest that CTM be redefined as
the particular combination of exposure time at elevated body temperatures that results in
either subclinical (CTMs) or clinical (CTMc) injuries. Also presented is a mathematical
technique, equivalent time at 42 degrees C (Teq 42 degrees), for expressing hyperthermia in
terms of body temperature and exposure time.

PubMed-indexed for MEDLINE
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Extremely High Human Body Temperature

Journals detected & reported Body Temp. Related remands
1. Slovis et al ; o
’ 46.5°C Deep coma : Heat stroke
Am Emerg Med (1982) without permanent residua
2. McWhirter et al ; o
’ 46.1°C H troke (¥
Guinness Book of World Records eat stroke (" Delated)
(1980)
3. Kalow et al ; o . .
Lancet (1970) 444°C Malignant hyperthermia
4. Gathiram et al ; o
Aviat Space Environ Med(1988) 444°C Heat stroke
5. Feuerman et al ; ° Malignant hyperthermi
J Neurosurg(1988) 44.0°C g yperthermia
6. Channa et al ; o
Crit Care Med(1990) 440°C Heat stroke
7. Yamamoto et al ; 44.0°C Shy-Drager syndrome
Rinsho Shinkeigaku(1993) patient
8. Puschel et al ; o Mali t hvperth ;
Anaesthesist(1989) 437°C alignant hyperthermia
9. Dahmash et al ; 435°C Invasive evaluation
Chest (1993) : of patients with heat stroke
10. Petrovich et al ; 435°C Cancer therapy

Am J Clin Oncol(1996)

*Calibration errors in the thermometer.
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TRI0IZR o FEEHR D SERS b L IRE
AETPRIZIER IR L TB Y. TOEKRDPDS
MEFAECHAF L LTEZ DI EHNTE
B W EEORBBRI, S RERR
Y& (Exogenous Pyrogen) 7% AfKIZ&gE A
L. Shatvro7y—Y (M¢g) ICEBEH
T. MRBZESYE (Endogenous Pyrogen) 7%
W, Mo EERL TV 5 I KM
(Blood Brain Barrier : BBB) %38 > THA 24
A 7 7% FUEEHAE (Arachi-donic Acid Cas-
cade) % 4 L T PGE, % B4 L, Z 1.2 Final Me-
diator & L THKR TE (PO/AH) OiR==2—1
~ (Warm Neuron) (2B 5 &, hBDOZRE
H (v NRA VM) ERENCEBE LT, %
BRI S, LrL, ZORBBEEITHEMG
WAER L T M BE 8% N @ HSTF (Heat Shock
Transcription Factor) # &M b L. 2 ® HSTF
7" HSE (Heat Shock Element) L # &7 % &
HSP (Heat Shock protein) D FIHAMEHE X
5% 25 BRI . M IZE IR (Fe-
ver) BMEH$ 5 & MgD 58 (Proliferation)
DHI S 72D MgD 5 IL1 — g4 itk Ak 2%

TRARERT FaE

i X - ) BEIRYIZ Negative feed back sys-
tem ASEE D IZHETT D, S 5T, MH, HSTF
HMILL — pOIEHEFH O LR ICHVT, HAK
\ZF2Fl (Sequence) O—EH A L TILL —
BDEEIH % HIH L, Negative feed back system
rHEIREL TS, 2O, BESLHEIR
HADSGRIER Mo EOMBBEDOE X %L
T, HEWICEBAHER 2 RT 2 & idMifzo
@i - BT AR EEH) L LR
5o

(2) RHIX, ERokiE46. 5C O & BEKIR
T, b M OMBLIZAUTICE IS B FERRY
RAHAERE S TV EHPEKETICHEETDH
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Yavr&HE (HSP70) R EDFEINL T
EVIBRICaR 72 AS, B 3 v 2 B DT B
FPlzonTid, 4HTId, HUEEDNA IN—

—ITHREOL  DFHEDVH B ¥, % T
i, MRS X BBHICIED A%, F1LZRT
m, Bmavy - RmEA ML ZAHHIRLICHIEL
ELTIERT 5 &, MIlaPAIC HSP70, HSP90,

Heat Stresses

' 4

N

ﬂ Induction | HSP P 53 ﬂAccumuIation
>
WAF1 |« Gene 1 Bax
l SWnchboaTil
Molecular Cell Growth |Proliferation Apoptosis
Chaperone | | Control Inhibition Cell death and/or

Reactivation of heat
Inactivated proteins

l

Induction of Damage

Protection of Heat Damages

1.

Molecular and Cellular Protection Mechanism of Heat Stress

(Modified by KOSAKA & OKUMURA 1999)
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NSAIDs

( Indomethacin & Aspirin )

™~

Inhibition of I

|

High Dose Low Dose

short term long term
Activated
Caspase

Inhibition <« HSP | Inhibition <« HSP

Necrosis Apoptosis

N/

Direct Cell Damage

GGA
( Granyl granyl aceton :
HSP Inducer)

Heat Shock
cox 1,2 Element( HSE )
+
Inhibition of Heat Shock
Prostaglandin Transcription
(PG) Factor ( HSTF )

Inhibition €4—— HSP

Necrosis & Apoptosis

Indirect Cell Damage

[X12. Possible mechanism of Cell Damage and Protection of Intestinal Mucous Organ
(by KOSAKA 2002)

HSP47, P53 &\ o 723 LW EHZE DR
HE S, 2 HSP70 & P53 I3 A A E - T,
MR 2 BBEEN S LT b, 3EL I3, B
ANV RICE o THE SNz P53 Ottt &
A switch BT WAF 1 53 F2F L, 28
AR O BETE % H1# L € HSP 4 F 3 v X1
SAER LD U CHIRE & B 5 T B
BICIoTHRELTWVWEZDEEZ B
B0 WIZIER F U4 FRIKE
#l (NSAIDs) 12 & % basiE 5 0 ML sE 0 58
BAAHSPHEH DL LNy 7 A (GGA) IRA
& o T S B (X112) & HSP OffiffakE
EDREMFHE L TERENTVS, ZRIIL
THHEEKIE.5C DRI E I REHDT,
KRR 22Ty 7 ENTZEFGDOETD
Mg I hary F) 7 oRBEESERALZ
BOREETH A, BiZ, ZOBEKRIZH 2
HIENHEKLDE, BA VAL - THE
ENTB T a v 7 &HE O HSP70 % P53 A5
FaN A VAT 7 O#%/AME (nucleoli) #46.5C &
7R iR O IRFE L. MR 520 Ml i b gt
EKICEELIFERTHY, ComER5

AR % AT IR B s A (Selective
Brain Cooling : SBC) % £ L T 5 O EE
EHRE LD oI ENFRA - Ty 2ERIC
ETHDDTH b,

(FEDS

ZH. HRRETOEKRKCZ M - 5FL
NUPHEERIZE S THITT 5 L, TRODE
FHEREE OB AR L 4 5 BEKREED
HRTHLZ ENHETH S,

Afpcid, BEiR (KR RERGTOEE
DFFCMEE (FEIREE) RAEF OB E kiR
(42C~46.5C) DIRF L 4RO LB ERFK LD
D, M - 5T SERICE B R - B
e (BEBH) +hbb, BERGLEKE
PIkITERE ((negative feed back system) %
IZHE> CHBH L. & 5ICRIBENEmbEIZ D
WD RHEIMZ 720
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