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Effects of selective brain cooling (SBC) and mild hyperthermia on human body

Mitsuo KOSAKA, Motoi YAMANE, Minoru MATSUMOTO, Ryuji OGAI,
Masataka NAKANO, Atsuko TSUKANAKA, Takahide KATO and Norikazu OHNISHI

Abstract

Biological responses due to thermal stimuli were categorized based on the areas of the human body as

well as on the modalities of thermal stresses such as icing, cooling and heating applications.

These biological responses reported in previous papers were analyzed based on the concepts of Selec-
tive Brain Cooling (SBC) and long-term fever range (FR) - mild hyperthermia. Although no thermophysi-
ological problems occurred in the case reports of biological responses induced by SBC, the effects of those

induced by cooling of the body trunk and extremities were not so thoroughly evaluated.
On the other hand, the idea of long-term fever range (FR) - mild hyperthermia (39.5 — 41.0°C) proved to
be helpful in therapies enhancing the immune defenses against virulent bacterial diseases through the

proliferation of Langerhans cells (LCs) and, under these conditions, it might even be beneficially combined
with Selective Brain Cooling (SBC) and body heating to enhance human health and physical performance.
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Cold Environment Hot Environment
(incl. active cooling) (incl. active heating)
I . Cold stress to regional (local) body II. Heat stress to regional (local) body
@ Hunting Reaction (Lewis phenomenon) | @ Regional Body Heating
cold-induced-vasodilation Hyperthermic Oncology
Local- @ Selective Brain Cooling (SBC) (8M Hz Radio-Frequency)
. Head, Neck, Face Cooling Heat Shock Protein (HSP 70)
Regional| @ 1, @ Regional Skin Fever Range (RF)
Body { after Physical Exercise Mild Hyperthermia
after inflammation Enhancement of immune capacity
after muscle impairment @ Moxibustion
Effect of HSP 70 induced by
Moxibustation
I. Cold stress to whole body IV. Heat stress to whole body
@ Shivering thermogenesis (ST) @ Physiological Hyperthermia
Cold tremor (Hot bath, Sauna, RF 8)
Isometric-muscle contraction @ Thermal sweating
Whole o ; )
@ Non Shivering thermogenesis (NST) @ Thermal panting
Body Basic heat production @ Production of metabolic water
Brown Adipose Tissue (BAT) ® 2nd chemical thermoregulation
(@ Patho-physiological fever ® Exercise in hot environment
@ Exercise in cold envirnment
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MR+ A EDZEE LA, KIERRITOEE
EOBEEHLEEETROON, BEOEH
EREV, BEDE AR EITITEE O
EETIIHIHASHE 2 BT EIT P AR BEESA
THAHH, BEEEOBEINT, EENRELY
—I27% A & )RS RED &9 D AYK & =[]
T, IR ERCmEREHED S L % HUE
yﬁtjg 3{ ;h643, 44,48) o
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PUR & 2 A REY 2 HCE DML & IXB$ 5
7O EELRE E B3 O HUE AL
(antigen presenting cellAPC) T& 0. fHig
I O RE ST 2 BRI
(dendritic cel:DC) THEREDAAIZHA TS
NNy 2R (langerhans cellLC) & ShH
NTW5, ITNHIZDOWTIRFBIET 575, [F11
(R$1 < LC OMEFEICHIBIRE (BERE)
WECES L, 43C (41TCT~45C) oEim ik
HEGE MG S NS 3 IZFTEE mild  hyperther-
mia *° Fever Range (FR) ?®39.1C~41CT
FWIM 2 HESmE SN (X12) 9, NA 78—
P — I THOFERERL O EFNRIE 2 ~ 3 CTK
WIRENEREE 2L (FAT 7 7L) 40, /IR
SAZXAUTHIBIR T, SRIBITERV BRI
Hor~xra7r—7 (M$) R L L &HimBff
THIEPHIHI SN S FELH|E L T 58448

(HLEIRR & Dendritic cell (DC) (Z2WLWT»
TAZT AN KA 8= — 37 L R EhniRE

T2 DWTERR L 72, 2 OBPEIE R

(APC) £ LTODC, LCOEEMNS R EN

725 & 2 TIEDC, LCIZRWT APC D RED
HE AT 5849,
(1R F M2 (Dendritic epidermal cell;

DEC)

N ARNANICHET ABIREREET S
Thy- 1M THiflL. T0Z &AL AT
MIEZERETBELTVWLA, LY T (L
N= MY =) ORI, F ORI
BANLAZGZ ONRGHBICERINS
EHETHL LOWED H 2D, FEMIIAHT
b, ZTIH Dy RIS FE IR FE R M e (S ik i
Izt 4 5 Z LMo Twb, & hTid
FEPIZrS BITHIRIZIZEAETFEL W
A FIES 2 aB B T HIBEAFEAE T 549,

(2B IRF K T #AE (Dendritic epidermal T
cell;DETC)

¥ AKENIZHFLET S ré B T fllg#m14K
b D THlNE, 1300 THIlE L 382 ) Mk
MZBFIRDEREZ DD Z & OB HURE R T
Mg EMEN B, KIEIZ Thy-1 <A 70> %
b O Z &b Thy- 1 BHEIKR T Mg & dIHiEh
bHo BHENS TCRyS 124817 { . KERS
A VrsJrCr1i—V 1D2J2C0 DB — D i i T &
b FE~—H—I&, Thy-1DIEn, CD3 .

Local skin heating reduces number of LC and attenuates
mediation of hypersensitivity response to distant skin areas

after local skin heating (43' C for 45 min)

=11.

—&— Density of LH cells relative to control’
—O— Degree of skin swelling relative to control

1 I LN I I I ! 4 I 1 I L ) 1

0 2 4 6 8 10 12 14 16
time after heat treatment [days]

From data of Yoshioka et al., 1989.
43—45C DR BERFIMIE T 7V AR OHETE % H1H1F 5. (Yoshiokaetal 52k %))
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Diagram

Dendritic cells, due to their antigen presenting capacity,
are increasingly considered as mediators for vaccination

as an approach towards cancer immunotherapy.
Lee et al. Cancer Inmunology & Immunotherapy 53: 275-306, 2004.

There are indications that development of dendritic
cells (DC) and their antigen-presenting capacity are enhanced
by mild, fever-like hyperthermia (<41’ C).

On the other hand, the main site of development towards
functional competence of DCs is the skin.
There, epidermic dendritic cells were identified first as
Langerhans cells (LC).
Therefore, the fact has to be considered that
epidermal skin temperature is by several ° C lower
than normal deep-body temperature.

FATTIL.39.5—41.0CDOYAINRNAN=HB—=ITES TN ABEEEHEICOVT.
(Leeetal 52L& 3)4 (Kosakaetal)4”

Proliferative activity of human peripheral blood mononuclear cells (PBMC)
during 72 hours of incubation at 37° C in vitro
influenced by pre-incubation temperature.
"naive” PBMC "stimulated” PBMC

Please, note different ordinate scaling
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Temperatures during 99 min of pre-incubation [ G}

Huang et al., 1996.

X12. 39.5—41.0C® Pre-incubation (3 & FRIFMOHEERRMITETE % RET 5. (Huang et al 51T &
%)%
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Macrophage

-

proliferation —————

repair of -
cell damage

X13. v /07 7—Y (M) DEEHSA B RER
TH&Hl. HSP X IL-1 O HE I B8 5.
(Kosaka and Okumura (& % )47

CD3*CD4-CD8 " T/N—=7+ V) %HFT 5
FI—-THIETHS, X— YT ZADERKIZH
FHETL2OTHENATHEO 1L AT
Bo MEIZH DT NN AL S L E
nasr4A4r%—o4x>2 (IL-2), IL-7. IL-
B2 EIE) ., ZOfFEHRPHRIN TS, ¥
(2, BIECIRFE THIRRIE A v 9y —7 20y
(IFN-) . 2o =—##KA T (CSF) . fM1tiifa
BT (KGF) %A LREME 7 » 7
N ARIBE O BERE & HIH LT 550,
(34142 (Antigen presentation)

APV IR R A TR 7 F N2
S, MHC 7 I2R& L TR RImIZFE R &
., THIKICER SN A BREOZE, T4

Fhd, DAVE G EOMBATER - 4o
s N ANREEPURIZ MHC 7 5 A 1 55F L ik
A L.CD8IEMHETHMRIIH L TiRRE b, M
B R 1ML P AT 2R 2 & MBI AEAE T A A
KPR S PRI Mg Ic = > R A b —2 X

LD AT Ik, MHC 7 5 A
I3 1245& L. CD4 Btk T Mo LTz
IREN A, THlikgIx, MR IZ MHC 47112
Lo TR ENTHE O A% B 550,
(4)41 IF 42 7~ # B2 (Antigen-presenting cell;

APC)

MHC - FIZa L7z~ 7F F2CD 8 fs

F i

P¥ 5 — THIE X O°CD 4 B T Ml 48R
T HMBLOBEIR. F4 b Did MHC 7 5 A 14
FEREA L7 TF F2IRRT & LA,
a7 7—7 BHilaTH B FkEOEK) .
MHC 7 7 A 1T L #iG L7 F Fidii L
A EETOAEZMIICRR S, T TITEEL
SINTW5S CD8RE THifEICEEfE NG, 2
o O HCHERMIRE A% 8 & 3 2 U IR REE %
7“?@@”% PO TIRT 7)) —EE &S

o MI4ITMHC 725 AL 0 Fa N L72FT—
,ﬁﬂﬁlﬁ’ﬂ (Tc) 12X B 4L ARRGHI L D15 &
(OMBERTHER SN2 1V AL, @
TOFT ) — LATRTF FE s, @
ME/NAENTRTF T 25 MHC 7 7 A 1
SFEEE, OTHRIEIMHC 7 7 A1 51 &
RTF N OB A% 58k LBl & 5%
T5) o Mhid MHC 7 9 A 041 % 4 L 72 CD
4 BEMERAEYE THIRE (Thl) 12X A&~
T 7 —YOEEL (Dvra7 77— 10Kk
MEIE, @y KV — LA TRTF NIzhiA 1t
X, @MHC 7 9 A N5F L6 L THEAK
AL, @M EE IESh, ©F Nt il
L7 THiRas~ s a7 7 — &Mt d %),
X141 CD4 BB~V S— THIE (Th2) 2k
% BB o E AL ( @mwi%%ﬁﬁt#A
L, @Fhz >y FY—LI0%ED AL, PUERIE
RTF FWH 20 R Sk, OME KT
AW ENIMHC 7 7 ANSTF- L6 L. @O
REICEIN, ©® THRRICER I N LR E
LfB%%ﬁﬁﬁkbf%%%%&Té)wo
A2 PR FR Ek M B (Antigen-recognizing
cell) & ITPUR % 72k 2 M, KEIZPUEFRR
IEEREFB L TwA, ) 83k (THIlEE B
M) AT AUIZARY 4 B5L52)

(EEDD

MER FI2AEET L M EOILESHRER
BigAb, FRICEG - BHA ML AL, O
NETIRL T, H5OAKNE R & 5 M
F (RAF AL R) LTWwALRIIEREHEIDE
ELTHAONTWS, HELRROME,SH I
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