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Bioprotection by Local and Whole-body Preheating
—Bioprotection of damage to mice tongue
from burning by local preheating of oral cavity
and of radiation damage of small intestine
from whole-body preheating

Youko H Itoh"-?, Shinya Ippongi®,
Masanori Nakano®, Teruhisa Kurabe”,
Yoshiaki Kazaoka®, and Tsuneo Ishiguchi?

We have reported the cytoprotective effects of HSP 70 on
various stress damage induced by mild heating. In this study,
we examined the cytoprotective effects of HSP 70 induced
by the local preheating of the Oral cavity of mice at 42°C for
30 min, and the foliowing results (1-4) were obtained. We aiso
examined the cytoprotectwe effects against radiation injury
by whole-body preheating at 41.3-41.6°C for 30 min (5-6).

1)The concentration of HSP 70 in lymphocytes was increased

2 days after pr::heating, but not significantly.

2) The concentration of HSP 70 in masseter muscle was sig-
nificantly increased 2 days after preheating.

3) Under non-heat stress (contrcl), tongue muscle was strongly
stained with immunoblotting of HSP 72 antibody, an an-
tibody of induced-type HSP 70.

4)Tongue damage and weight loss of the mice in the pre-
heating group, whose tongues were burned, were less than
in the control group. These results showed that HSP 70
induced by local preheating of the oral cavity protected
against tongue damage from burning.

5)Radiation injury of the small intestine on HE stain of whole-
body radiated mice was obviously reduced by whole-body
preheating.

6) Decrease of the ratio of the villus length to the crypt of
whole body-irradiated mice was significantly improved
by whole-body preheating. From these results, it was con-
cluded that local and whole-body preheating were useful
for cytoprotection from stressful damage.
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Fig. 1 Heating apparatuses.
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A: RF heating. (DRF control system, @upper electrode, Gunder electrode, @) temperature sensor (masseter muscle),
®gel pack, ®current of water.
B: Water incubator. Mwater tank, @mouse, Gtemperature sensor (water), Wtemperature sensor (rectum).
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Fig. 2 Changes in temperature of oral tissues caused by heating of oral cavity. Tem-
peratures of masseter muscle, over-cheek skin, under-cheek skin, oral mucosa, and

tongue were measured under heating
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Fig. 3 Expression of HSP 70 in lymphocytes, adrenal gland, and
pituitary gland after local heating of the oral cavity of mice. Mice
were heated locally on the oral cavity. Expression of HSP 70 in
lymphocytes, adrenal gland, and pituitary gland was measured
1,2, 4, and 7 days after heating.
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Fig. 4 Expression of HSP 70 in tongue, oral mucosa, masseter
muscle, and parotid gland after local heating of oral cavity. Mice
were heated locally on the oral cavity. Expression of HSP 70 in
tongue, oral mucosa, masseter muscle, and parotid gland was
measured 1, 2, 4, and 7 days after heating.
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HSP 72 Cont 1da

Fig. 5 Immunoblotting of longue and masseter muscle with or without preheating of oral cavity against induced-type HSP 70 antibody.
Tissues of tongue and masseter muscle ware stained with induced-type HSP 70 antibody 1, 2, 4, and 7 days after heating the oral

cavity of mice.

Mon-
preheating

Preheating

Contraol

n

Fig. & Comparison of issue damage to longue caused
by burning with or without preheating of oral cavity
of mice. Burned tongue tissues of mice with or without
preheating before burning were stained with HE.
Arrows show magnified area(N: non-preheating, H:
preheating).

fRGcdofs) B L, BLEERICHL, BMHEREIHGHI
HEIWMEL T, FOREEFE{hoTwE, hiz
L, Fimii2 B8 L 004 Bk L b IS E I ER
ERTwi, L L, SLREFE LRSS E TR 2
H, 4 HEEMEEE & CHEIH <, BN L 20008
BALT:.
2) /NERLEIRBERR O S 1

ABHERD SR E L IBEERo E S 2 £A L, bR
EMGERWOI 2 W L g R 2 Fig ISR LA, ELED
ATEEEES.90 £ 101iSH L, EEREMGEEMOR SN, B

TRENTHETH2A

— il

41°C-2 days-Rad 41°C-4 days-Rad =40

Fig. 7 Maorphological changes of small intestinal injury of whole-
body radiated mice with or without whaole-bedy preheating at 2
days after whole-body radiation. Mice were radiated 2 or 4 days
after whole-body preheating.

Table 1 Effect of oral cavity preheating on weight loss of mice
following tongue burning

Group Weight loss (g) Weight loss rate (3g)

Mon-preheating 6.5x0.2
Preheating (oral cavity)  5.6=0.5**

17.7£0.9
16.0+1.1*

Body weight was measured 2 days after burning the tongues of mice with
or without preheating of the oral cavity.
#en<(0], *p<0.05 compared with the control (non-preheating group)
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Fig. 8 Ratio of length of villus/crypt of whole-body-radiated mice
with or without whole-body preheating at 2 days after whole-body
radiation. The length of the villus and crypt of whole-body-radiated
mice was measured after whole-bady preheating.

FORMIED, ML ) B TiATRIB S h D, iRl
EIZ2oW T, Fig 226 bW6D% 51, H345LER

CA42°CITEL, il s DTSR 2 L#EL, ZEL
72 HIIREE DS FRfE S 11, REBRTOMRA I S
ZEEFEHL TS

7z, BlcHE Lz 2240 FEgmRicBn
&, K1) > 7SEROHSP 7013 2 HRAIICHML 7 H#%
R L, BVER TIED A IERHSP 700455 &
2B UL, ARIOORBImRTIE, ) ¥ 55
HSP 70i% 2 H&HIME]N % 57227, MEMoIEs 2 x93
RELABEIBONT, BIBRCTREDHELMINE R
O o7z (Fig. 3). 24Uz, CFER42°C, 305 DRATINR
DR LEHMEDIREA P L AFIEIIE S SR h o720
EBbhS.

FHE E PR OHSP 700 % B LTI, 4512, Fioh
WTHEBRREWHMRA S SNz, BlL, IRk oA L
AREDO B BIEFEDT I ADFIZBWT, B HFRGICHE
VHSP 710D FERARSD bz, Zhid, FHWHEDA ML
AR (BREY OpH, REE, BEER ML A)IHIET 57
W, AMLAZHAE LTOHSPT0EHIZE < MR L, F%
A ML ABEPSHH L TWADEEZONE, S5,
THCTOHSP TNDZEBR & A ML ARE & DML LY, 20
AT SRR L T ENH B L Bbhr:,

—7, W3 E CTOHSP T0DFHHMER L xRy, R b
L AR O AT IBEETIE, 122 A LHSP 7005813 7
<, M2 BHICEEAHSP 0% FHE L, 7 HBIZIZD &
DOLNNVZAELTEBY, IThEThivbhoifi L TE7:
A b LV ASEEOMME L R LR LR LA, 12, 23), 20,
T2, RO ERILAET) D I & D HSP T00FEB
WEe b, Locke 513, MBINGER O T A HIXCH - B
AET1%58 < BB 3 2 BEAYE <, #f5 & Y HSP 7205
HEWwEHRE LTwa, FRFAEVEGTHY, ik
BEHA10% LT Th B &) HHEIIGIEREORER L —3

HAERSE Fes54 £35



g WE s 261

5.

CRERFT F RO X b L 2 GEH#EZRIZ2V T,
EHEGOBBHR OB SHET L7z, HEEH O EHAE
DI A HESAE D SRR 5 &, HEM 2 HiROERE
DFFALE BT 2 A FHINEREE & FEFMniEeE & TH
MR LR -T2, FEFMINERETRFOV Y 7ok sb
BEHREHAEE TEL, EEL TR0 E oz
DIzxF L, TR T, &OEBHHESEOGEZ®RE
THolz. TORHEIHEDL S ORBEOIRERFIZKE
HELIbDEERD, FOMBIZLY, RKEYOERA
e E 2 0, FRINRSE, FEFMIERE L b IAEIZRL
L7235, FHMEBEHOAFPEEGERIIIBETSH -
7z, INLORIE, FRINEHTIIFOFES N/-HSP
7078, BUGIC L A EAOHEEEFELIBET A0, HE
PRETEESRGFERY, HRE L THREDRI AR
il sh-b oL BEbh s,

72, NEOBMSHREEEIIG LT, £FFMnRsE
BLBMsRER L. 5B X 2 MNEREEEED
FEaliL, €25 TR o THBIZER ISR, £
7z, NEORIEHEES S b, BEHEO/NGREDREE )
FIERIZ L VS IS Tz (Fig. 7). ZUd,
FARINRIC & 1 55E S N/-HSP 7002 & 5 AR %5 &
HSP 7004513 v~ YERIC & 21858 EE OIBEIREE
FZ & AT REEDE R LB,

FARORIC & ) & S N7-HSP 701, B iU Lst
2%, STIERWEEMA P LA LB#EER 2 RT.
bhbiiI$ T, S FHNRICL27 v PAMLAR
BOBEE"?, £5FHNRIC X 52 ZEBDICOHH?, £5F
IR L 2= ADLPST Y F ¥ v ¥ a v 7 Ol
0 K9 ) XAHFEROBE, HEHOBE B LU,
RIFrFiniEIC & 2 MORMIEOMEY, <7 AE/TT
OIS & 2 B BRI - FHERSEEOH#E® 2 &, Tk
WX DEFEENS, HSPT0IC L 283384 A ML AGE
T BBEBREEZBELTWA. &5, b FTIRTFH
IR & 0 ESF A S, SEBEES AN LT AR
T2, OFENEMEEIZB TS, R, DFEET
W, Bfrie EOOENBHEIR OB TMHRERNIC, FTork
I TR LHSP 7042 B8 L TB 2 icky, 20
FAEEE A S OEEDREDRAFE NS,

F7:, MRS A2 L BRIC X 5 BRGEROHEINI A
T, Weilt, HSP707SNKMI 2 Al L3O, SR OHiE
RRFEERHRT A I LT L Y, ELREROHRICEY
LTWwa Z Edsds i, CIEANORE L 2 REL I AR

PR 1747 H25 H

LEbIE., LoT, OENTMINRE, 58h #ExS
(2 &0 AU A OREBER 2, MRSAZ &1 & A7k
iz b AR EEbhE, 0Lz, OENOTFHN
RCHESNAHSP 7012 X A CIEA#IERIZ, S &F
ORI 2 TRk E LT, A< BRRICH O #is
PRFEE NG, S5, BUCL W FEEIhEZZ FL T4
Vi3, MADIHIRELHETAHIENS, ) EEERLHHE
7o EWEHGERICE D OREN QSRR b ARhMEIHRRF &
ns.

51T, EETMINRIC X 2 /NG mE o B 5
Mo, TR, # L igHaEER#E D 1o
ELTHIfF e hs.

= &

FhEIRIC & ) FE SN LHSP IO L B A F L AFED
FhERh S % B L7z
RETFHmRE LT, <7 AW EIAEEF42°C T304
IR L, EHOBMG ST AR ERE L, (1)~
@) DERE/. T2, 2B L 5/MEBEHREEEC
B E PRI (41.3~41.6°CT30%) OB5#EZIR Mgt
L, (5), (6)DEFEHELNI.

(1) A > 73BRDOHSP 7013 0NiR 2 HAMIEM %/~ L 72
P, FEEIELN R oT:.

(2) EfHOHSP 701X MR 2 H A E RN L 7.

(3)&iE, FEMEEEC BT HFHERIOHSP 2% 50  FEHLL
Tz,

(@) T2 Bi%, &% 84532 FRREEE, JFEFi
IRREE I UE ORI S L CRERDIEEICEET
Holz.
ZheofERiE, v 7 AOBERFFHHIRICL D, HE
N T R (AR ol N DY A
(5)&5FhmiR 2 £7213 4 HRICEHBE (14Gy) L7z 2
HED/GE, FREHEC I LB S A BRI AT, &
Tz,

(6) 2 & &E LI/ GRE/mEEOR S i, T
WICEDBEEEEIC I LAERICHMLTEY, k2 B X
D 4 HEDFIHREHTH o7,

IS ORERIE, =V ALG TR XY, A
BREENBHESNL I EERLT.
ZheofERLy, BB XU TR & b FHE
SNBHSPT70IZL Y, SFEFT LA ML ABEOHHOT
BEEDHIFE S 7z,

67



262 TR & 2 AR HRh 8

X ®

1) Gorge L: Folding with two-stroke motor. Nature 388: 720-723,
1997

2) Ritossa F: A new puffing pattern induced by temperature shock
and DNA in Drosophila. Experimentia 18: 571-573, 1962

3) Burdon RH, Slater A, McMahon M, et al: Hyperthermia and
the heat-shock proteins of Hella cells. Br J Cancer 45: 953—
963, 1982

4) Welch WI, Feramicso JR: Nuclear and localization of the 72,000
dalton heat shock protein in heat-shocked mammalian cells. J
Biological Chemistry 259: 4501-4513, 1984

5) Landry J, Bernier D, Chretien P, et al: Synthesis and degrada-
tion of heat shock proteins during development and decay of
thermotolerance. Cancer Res 42: 2457-2461, 1982

WEEe— ¥ a v 27 EAHSP 70). HAERSE 54 ¢
1187-1189, 1994

7) Ellis RJ, Laskey RA, Lorimer GHL (ed.): Molecular Chaper-
ones. 1993, Chapman & Hall, London

8) Hartl FU: Molecular chaperons in cellular protein folding. Nature
381: 571-580, 1996

9) FREEET, MIFEFHET, | i, i HyperthermialZ X %
MEEEE DR SR, HAR A 8—4— 3 FEE 8 1 287-290, 1992

10) Itoh YH, Hori H, Aihara M, et al: The changes of 31P-MR
Spectra and thermotolerance in murine leg muscle by hyper-
thermia. Shimoyama T ed: Hyperthermic oncology in Japan *93.
p242-233, 1993

11) FREEET ¢ IRBGEEOH LV ERARICH (P mRgELE) —inig
I2& ) FEE SN DHSP 70D ERBFHTER—. Bt 7E
33 1 381-397, 1998

12) Itoh YH, Noguchi R: Pre-treatment with mild whole-body heating
prevents gastric ulcer induced by treatment and water-immersion
stress in rats. Int ] Hyperthermia 16: 183-191, 2000

PB)FHEEF . FLarFrira e LTOR L AER
(HSP 70)—Heat (Jlii) & Exercise GEB) O 40—, Hgtis
AWINFFE 37 1 431-445, 2002

14) FREREF, JHHbArat, FREVARED | REEFMAE - REFER
. REFHRE()—ZOEEZEIFREI—BTav I E
H(A P LA&H) (HSP 70). HARR 57 (BFFHET) © 266-
268, 1999

15) Mese H, Sasaki A, Nakayama S, et al: Prognostic significance
of heat shock protein 27 (HSP 27)in patients with oral squamous
cell carcinoma. Oncol Rep 9: 341-344, 2002

16) BHEMS @ R4k - RER~ Y A THEMHELKE CBI 2
25kDa#t 3 v 7 BAE (Hsp 25) DR1E & #07%E. &Rk
FraEERMERE 111 1 256-266, 2002

68

17) Ohshima H, Nakakura-Ohshima K, Maeda T: Expression of heat-
shock protein 25 immunoreactivity in the dental pulp and enamel
organ during odontogenesis in the rat molar. Connect Tissue
Res 43: 220-223, 2002

18) Ando T, Kato T, Ishihara K, et al: Heat shock proteins in human
periodontal disease process. Microbiol Immunol, 39: 321-327,
1995

19) Merne ME, Syrjanen KJ, Syrjanen SM: Systemic and local
effects of long-term exposure to alkaline drinking water in rats.
Int Exp Pathol 82: 213-219, 2001

20) Laplante AF, Moulin V, Auger FA, et al: Expression of heat
shock proteins in mouse skin during wound healing. J Histochem
Cytochem 46: 1291-1301, 1998

21) FGEHET, Wk, THEERE, b BMINERDICE e

M AREARAE S AIIAD A R L A ¥ >y MO 25F
78, BUALICHEE 19 1 108115, 2000

22) BHid—, WIHE B, BEH @ AA=ANAFLRIHT
% B3N & SARIBHIIE O BUSHE DB DT S 86
64-71, 1998

23) AT, BPOURRE, INESBER D IER <7 A0EFINRIC &
5 10BEF DIRBIESAE L 7 A b — ¥ 2B L U HORSGE.
HEOMRAR 44 1 181-182, 1998

24) R, AOES, B RIS A P L AL
A b L ABHOER. HARERSIE62 1 161-167, 2002

25) Locke M, Noble EG, Atkinson BG: Inducible isoform of HSP
70 is constitutively expressed in a muscle fiber specific pattern.
Am J Physiol 261: C774-C779, 1991

26) PHERSEF, AOED, WRMEA, b < v ik (HSP 70)
12X B AEARBENR. BERNA 78— — 3 73K 18 (Supple) :
89, 2002

27) AT, BKEEESE, AOES, i <o ALS TR
A bV ABEIC K DEWRER Y ) X AHED 6 O ERE
WME—T VI 2T 4 a7 E LTOFMME— HAEN
A 73— — I 77K 18 (Supple) : 177, 2002

28) FEREEF, BERMEA, AAAIEC, M PRI X ML
722 b L 2Z&H (HSP 70) (3 BRI - B ELBi#T 5.

HAE£HERE 62 © 5214, 2002

29) R E-F, HERCK, ADIBHE  B#R ML —ZvF—2 L
A&H (HSP70) L BB D) E—. HANASN—H—37
#E 19 (Supple) : 57, 2003

30) Multhoff G: Activation of natural killer cells by heat shock
protein 70. Int J Hyperthermia 18: 576-585, 2002

31) Milani V, Noessner E, Ghose S, et al: Heat shock protein 70:
role in antigen presentation and immune stimulation. Int J
Hyperthermia 18: 563-575, 2002

HAER SR H65% #3 5



