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Effect of Combined Radiotherapy, Hyperthermia, Radioprotective

Agent and Hypoxic Cell Sensitizer on Mice testes
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The response of mice testes were evaluated to hyperthermia, radiotherapy, radioprotective agent
(YM-08310, $-2-{3-aminopropylamino} ethyl phosphorothioic acid monohydrate) (=WR-2721) and
hypoxic cell sensitizer (Misonidazole, 1-{2-nitroimidazole-1-yl}-3-methoxy-2-propanol).

ICR male mice were used for the experiment and application of hyperthermia was executed by
immersing pelvis, testes and legs of mice in a thermostatically controlled water bath. Irradiation was
carried out using Toshiba KXC-18 type X-ray therapy machine operated at 180 kWVp and 25 mA with
filter of 2.0 mm Al. Mice were killed 30 days after treatment and their testes weights were measured.

The testis weights obtained after hypertheramia alone were compared with that of the control and
the relative testis weight ratios were calculated. The testis weights of mice treated for 5, 10, 20 and
40min. in 40°C water and for 5 and 10min. in 43°C water were not significantly different from the
control. Their weights were reduced when treated for 20 min. in 43°C water and for 5 min. in 46°C water
and their testis weight ratios were 0.81 and 0.46, respectively.

The testis weights of irradiated mice decreased to about 45% of the control at 250 rad. Beyond this
dose, reduction of their weights was slowed down and testis weight at 1,000 rad was 28%.

There was not significantly difference between the relative testis weight ratios of the irradiation
alone and that of the radiotherapy combined with YM-08310. But when hyperthermia was added to their
treatment, the effectiveness of the YM-08310 was slightly increased. The relative testis weight ratio on
400 rad X-ray comnbined with YM-08310 was 0.32 of the control, while its ratio on the radiotherapy and
YM-08310 combined with the hyperthermia (43°C, 10 min.) was 0.43. (p<0.01)

The misonidazole treatments at the radiation dose of 50, 100 and 200 were found to be effective.
Radiation alone gave the relative testis weight ratios of 0.78, 0.71 and 0.49, respectively. In contrast, its
ratios on the irradiation combined with the misonidazole were 0.57 (p<0.01), 0.46 (p<0.01) and 0.41
(p<0.001). But, the additional hyperthermia combined with their treatment was found to be ineffective.
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Fig. 1 The temperature of the center of the mice testes when heating treatment
is 43°C.
The vertical axis shows the temperature measured ('C).
The transverse axis shows the time, where time zero means the starting point
of heating.
The temperature of the center of the testis is elevated to 43°C within 2 minutes.
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Fig. 2 Similarly, the temperature of the center of the testis is elevated to 46°C
within 2 min. when heating treatment is 46°C
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Fig. 3 The relative testis weight ratios in hyperth-
ermia-treated mice. The vertical axis shows the
relative testcs weight ratios. The transverse axis
shows the temperature.
The testis weights are reduced when treated for
20min, in 43°C water and for 5 min. in 46°C water.
Their testis weight ratios are 0.81 and 0.46,
respectively.
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Fig. 4 The relative testis weight ratios in X-

irradiation-treated mice and mice treated with
both X-irradiation and YM-08310.

There is not significantly difference between the
relative testis weight ratios of the irradiation
alone and that of the radiotherapy combined with
YM-08310.
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Fig. 5 The relative testis weight ratios in mice
treated with both X-irradiation and hyperthermia
(43°C, 10 min.) and mice treated with both X-
irradiation and hypertermia combined with YM-
08310.
The effectiveness of the YM-08310 is shown at
400 rad.

6 8 10 Gy

% irradiation alone

¢ X irradiation + Y M
Relative
Testis

Weights

: X irradiation + Hyperthermia
(43°C, 10min)
i X irradiation + Hyperthermia + Y

Fig. 6 This figure is shown the consequencens of
the Fig. 4 and 5 in the lump.
There is not significantly difference between the
relatdve testes weights ratios of the irradiation
alone and that of the radiotherapy combined with
hyper thermia (43°C, 10 min.).
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Fig. 7 The relative testis weight ratios in mice
treated with both X-irradiation and hyperthermia
(46°C, 5 min.) and mice treated with both X-
irradiation and hyperthermia combined with
YM-08310.

The effectiveness of the YM-08310 is shown at 50,
100, 150 and 200rad.
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Fig. 8 This figure is shown the consequences of
the Fig. 4 and 7 in the lump.
The effectiveness of the X-irradiation combined
with the hyperthermia (46°C, 5 min.) is shown at
50, 100, 150, 200 and 400rad.
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Fig. 9 The relative testis weight ratios in X-
irradiation-treated mice, mice treated with both
X-irradiation and misonidazole and mice treated
with both X-irradiation and misonidazole com-
bined with the hyperthermia (43°C, 10 min.).
The effectiveness of the X-irradiation combined
with the misonidazole is shown at 50, 100 and 200
rad.
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Fig. 11 Histological section of mice testes, 30
days after treatment with water 43°C for 10
minutes (x50,

Notice no damage of spermatogenesis in all
tubules.
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Fig. 12
after treatment with X-irradiation at 200rad (<
50).

The diameters of tubules appeare to be less.
Notice the occurrence of normal spermatogenesis
in some tubules and incomplete spermatogenesis
in others.

Histological section of mice testes, 30days

Fig. 13
days after treatment with water 46°C for 5
minutes (X50).

Notice the reduction of spermatogenesis and the
increase of interstitial tissue.

Histological section of mice testes, 30

\, Fig. 1213200rad B OB OBBEE TH 5.
tubules 4 @ spermatogenic elements IZEEE A3 4
BAfE 4 O tubules DK E Db FEDHHRD,
Fig. 131246°C T 5 7 INiE L 72354 ©200rad 8
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Cig> T %, EERE D EhoER B AZLRS,
Fig. 14(X400rad f8 4t 0 & ¢ tubules P§ D [ E
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Fig. 14 Histological section of mice testes, 30
days after treatment with X-irradiation at 400rad
(x50).

Notice the abscence
matogenesis.

of complete sper-

Fig. 15 Histological section of mice testes, 30
days after treatment with X-irradiation at 800
rad (X50). Notice the scarcity of spermatogenic
elements and the increase of Sertoli cells.
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{vws-anonn P E F BRI A 2 7HIZ L D EE
fliEhT\vb, Tibs Urano O = o A ERT
YRWIEFEEBRC RGO TEmRC L &
TORNEECREXERD 0 HOREETOR
HOTLEMEEY 6 & LI0.5X XD 227 TR
LT 59, IpiRici hot water bath Z{#FH L&
Ei43.5Cx1IIcfRiceT\wb, A 7HEIX 55
B MEE IR OIEE & & gL Tw
5, —F, BEOLOERTIIM4CTRESLRL
e RE #42C I F B R RRH %1205 % TEE
LThiEALEMEEIRD AT S,
g fe X 5 43T RE & Lo inlRRE R RN
RHBEEETFBLTWBELDEEZ IS, £
HIZB VT H40CTLOFFED IR TEREBAEED
Bl bhizw LRACEBRTHSE EEbh
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X gmsticont
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T 5839 A B Eschenbrenner (319504F <
v A4 By IR 5t D BR D B, B SHR SR O MY
G ETE-TW52, Tihbbilsificd - &
b S ¢ 23 E - # i 1 spermatogonia T & b fi
R L 2BEABIENDHRCH 50T
spermatogonia @ 4324 @ fH 2 i B B, X sper-
matogonia D A RBMEMZ A L—ETH B D
TR B s D Y, BEHRBHEIC A
B h % spermatogenesis 13 BUH RS i D&
resting spermatogonia »» b IE ‘% 7% spermato-
cyte, spermatid, spermatozoa ~ & 24454k L T
W< e b spermatogonia (X < oD B
HERMMNBILY, ThEBIREZELRRS
36~39 1 000rad L EORE IR T HESTES
AR H 4 O 58\~ spermatogonia D FFE7E D3R
EE2RT B39,

=~y ABAEEIR S DI 5O RBHRR
Bt 4 8B B TH b3 9400rad O & T212:8
MEgcENERIEHTOERE I CEELTVS
T ERHILR TV,

ENEEFOVPHEEOmE L L TABRBE
& 1319544E N.I. Kohn biz X - THRFE S AT W
%%, (~300rad ¥ TIXEEHEINT B -T
EHNEEIEMCEO L, o85O0
YHETARABRCBET TR L2REL T
5. ThbbEAERERT 5 MRS RS
HEOBNDDEENEDENEETRTEY, AL
HORENS OB L T25fF 4 DRZHOEY
ALTW3 EBNTW5, AL HEOENE
ERVHMBRISEORBRTHRDOATE Y I
R, BEHREER R & OYEERRE EMRBREA & 0
BEHE R T o pattern XRILTH - 7z,

Z oMo pattern WBIET AL D E LT
tubules Y @ spermatogenic elements ¥ X O[]
HEBOBSSRZIEOHENETELONS,

Bt xS S hic BAAMEAK oW T
A.B. Eschenbrenner & (LB 5 0 2. REH
ko #EINiE spermatogenic elements & Hhi#E LT
AR b DTH D, BRSO TRARVER
NT 5%, T #EALEE DA T sper-
matogenic elements DAL LB LD THH IR
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SHEOMEEMROERIME S h T i BEE
OHMEMBOER L IZEFLERECh -,

4 [0] > KER 800, 1,200rad & Hrbt iRy & Hisg
A R EE T, 12050.2~0. 35S
WIS 5 L dwinsd, ZOERILTBADO MY
HBoERELYFBLTWA3DEELHLAD, &
D = & 13800rad JRE L7z = 7 R 83, o ik 22 1y
FIREPL DAL TH D, H4 DMEIORT D
EEDOVWTRESCHEPA IR TS ERE WE
W, X RBEOHINE & 1T tubules N DfESE X
B b MaoAr LT B, Ticbh b sper-
matogonia A% & sensitive TH b, Lo
D42 LBEE X h, spermatocyte LI o 4
RO o7 5, —7, spermatocyte Lo
MR b HEEOEINE & bicEENH AL
tubules WO Mo —H LT s = LAE 2 6
ha, LaL X BREHED tubules D cell pop-
ulation @ [BI1{F 1% spermatogonia 7> HIEE 5 = &
L HETH Y spermatogonia 1478 H O Fi &5
BHED D HMRBIFFET 5 2 LT Tl
TiBOTHED, SO ETENNERERELD
ZHt @ pattern H I AEL D W B H 72300rad
Dol {BEL T A0 L Ebh
5.

iR & X iR offRico v T

Tz X S iAo R TIRTd - &
bR X ORISR L Th - &
LEHEDOH A DNASKREIT bbb SHTth
%2020 —75 BRI U CERSE T H b (KB
FEMR S ¥ B BRI TH 52070, L
o TXRBE EHRATH LICX DX s b
CERPOBR\ R TE 5, FERCIRO & ¢l
BICEDR D To\ e lF CHEHRBS & OFRT 5 &5
RIFAR L b5, Hf HOBRE NG O AR %
EELIYREY BT Lo b BRER & 5
35 2 &b Ty B20-22282040 > 7y i
&, 43CEIFE LT OBRIEM R 52022,
Z U CREREIEDIC IR & stk & & ARt a3
% RS — R D3 & 1o,
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& ultrasound (Iwatt/cm?, 5 4-f) & microwave
(30watts, 5 47D BMEHAIh, F+«BHARERE
1237.6:+0.3C, 39.9+0.4CTH-7:, XEREA
& FARIZ ultrasound X% microwave i2 X A JpiR ¢
spermatogenesis L&A L, X RBEHE o i
TLZOEETHEALT5, £ LT ultrasound iz
X o THEULBE X microwave IZ X » TH Ui
BEIVEVZ L2 LTFXBRBH AL
FoREIT X D R ESESAE U ultrasound o iniR L4t
DEROMBEHEL T 5,

J.E. Robinson & i mouse skin iz %f3 5 #f F
BRSOV TR ORI BT B3, 43C T60%
FMOMBTRARDRERMEIGEE L e o
BBSHREGATAZ Liwk W EHIREDIT.5
CoOHELY 2FORZHEMERB R, C,
Hmammary tumor TiX 4 %4 OB RN 5
hiFE LVWHBESRLELRE SR T, Orer-
gaard b DEE Th AR INE A X 5 E
I LBEDRIEBRHE I R TV 5,

Field &% murine @ 3 2D [E##H &+ 5
BAREME L OHFABRCOVTHREL T
AW, ThbbENDORIGEADLZ LILL h K
%, 7y BREFHEORETNHLEsZ Lic
L YEEER, T LCRIAEER~RS & LTl
THEEXHF L5, IRREIZ605ThH D,
RED -H & &b BRI (—Erv 1okl
FHRESE 2 IR & OFR B B kB & T
B X RBEOL) d ML, BEOREXRE
CRFEL T3,

SEERRE O BIEE T o\ T b IniE & g &
DHFRABRLIE-BRCRED LTS, Tk
boEFEaY - ATACLELX BEE
DR X DA B &% OERBICL D
HEIhTW5B, 1o & 21X Denekamp b ZEED
Gray IR CHIBL TV % THEOBHES T
MZhBEBLE2EE LT 290 8t i %
hERLIDDLTOBETH Y, & LLES
ERTHHAPRMEOATVB, L LARKC
® b h o IEH B O B H1341.5C 1.5,
42.5CT18THAB B DEHOBENE
HoBEFI/ bh T ine,
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X H A E R T S SR & R - B oA R

SEIORRTIIEAK L CTHHR Y 43C 10
SHEOIE & OHABRIIFRELEL LTREA
Ihr o tehy, 46°CT5 FEOME E 2 HEHT B &
LI X D50~400rad DEIFTE DOLHRNED S
hic, SN~OHABRIINERE 8y ST
Zh0EEZBRA, TOLEIRLC, 105D
i CEF ST 2 ABRARD BRI S L Th
HEESEB T2 6ABRESRD bR & &
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Yuhas b 2319694 = v A FHIFELXIEE L LT
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TR ISR ER E LT ER Y EDH T B,

EFEBTIYMOBESHOB L E 25
NHEEE HAE, B2 YM ick b Bstg
BOP#EINB L LT TRBEESR T B9~
W —7%, H S YM oI RS R EE ST
COWTRD Z & W' Tl - TV 599, 14CT
7 < L7z YM, 100mg/kg * #IRA iz 1 BE#5
L7ckR, #5305 O ERE O/ \ k% IE
5% & ERERR, B, BF, B, /NG, B, B, 085, B,
FRIR, B &b EBAREERREOM1/10 & IEE -
BRESMTH I ERELTVB, RESHO
T b ST BRI % AR S B 1
TERV, YM IO %\ BT e o xR L o
EENRD LR, BRUIMTIESLWEELD
%, X spermatogonia 1213 hypoxic cells 734 &
hTwaZ ERFmbhTW32, —7, A, Rrojas
bz X % & Misonidazole @ radiosensitization
EYM EFRT 2RI TH L VI EREND
YM %% hypoxic cells D iz B LI BEINLS 2
LR T B,

SEOFERTEYMBLE CHNNHEAERL
EHEERDREZD bbb, LhL—3F,
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fe EEACEHICK L THHREDH RO H -T2 2
EFRLTWA, Dose Modyfying Factor I
1.54TH o tc. SHEHICKT % st iRpH R
BEHNNEEDORECERLTWADNE 5,
7B YM @ spermatogonia 1253 5% J A
HEThz O My <A Co YMBES
MORFNSLENEE 2 OhD, IR & PR
DF 0 YM DR DET A B hickh R R
L AMEEOHMI—R &t~ TWBAEEEDLD
. MR X % oMo #msEFic it UE
R X D EHTHHRPHM, YM ORE 5
BEFESz X vimEartEL2bhMBE L YM
OB ESREECFE LWEREYEL 50
HLhizy, LarL—7F, YM#EE5 LR & Dk
IRORIRE, BAHERHE ORI SHEOFEE L LT
5., bbb YM AESHICH LT X b IEFWHE
I ELEBRTACRYMBEREOBED
REEREY BWTIRT 2008 X Wb, Fio
FIRFIC B RRH % & ORIl fT i d Db - &
LIRS REY LB ONSBOMBEE k5,
ERMRTMRIBRA E DHAC>VWT
ERFEMRCYT 2 HARBREEATH S
Misonidazole (% ® B 56 7F FH 23R BE 10l < A7
LTWwb o B mbhTnwa, Thbbroitk
BRE X 42~45CIleEb o2 L < #in4 %59,
Z @ Z &t Misonidazole 23S #EREH] & LT
FEHIhARTTHRL, MEXHATHZ LT
DILERERE LTHVWORB S ERREL T
5. EREWIES T % Misonidazole @ ikt
BHEEHRCOWTER—BRICFOHEN L LR
5%, —75, IEF BT 5 Bt R o
WTiE= 7 AKBEEZBCHESLD D, EHE
MR TR B & AR & Misonid-
azole t DHATREFOEECEELEX LMK
SHEBRB R IZTRD Sh T\ ey,
Misonidazole (0.5mg/g body weight) & fni&
(41.5C, 455D X 5= 2% A\ -Gt B
T K.G. Kofer 511 hypoxic BP-8 murine sar-
coma cells {253 % 3 B 7o U R 8 RE % 3R &
ELTWwW5A, Dose Modyfying Factor (34.3T
bb., —, EBEEBTHHEM, BILERSLIVY
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B TIREE 44D DMF 21.57,1.0,1.0T& b,
OF FIFREE O B R BRI B To v s
Zbh T, ITF B CH =7 %, FM3A &
Boxk Lol (43¢, 104D, XEme 1 L
Misonidazole (0.5mg/g body weight) % FH\ 7=
K xTiev, XARBEMPESH O TCDsfE%1.0&
LTHET 5 EMEE XREDPERTL.2Z %0
ATLIDBREENE LR LB TWA™®, N.
Suzuki & H.B. Stone b % = 7 & @ spermato-
gonia 1% Misonidazole I & - T 8 . B2F 4 2%
EHEhBRECAMIh TV nwE DT Sh
25 ERERPREL CW3Y, SEDER
Thbhs L5 X HXiR & Misoni-
dazole & @ #t 8 T13.50~200rad $Hif TI13-% 0 2%
DRI AERILE LTabhi, ThbbE
FIZ hypoxic cells DFEEXRETH S D TH
5, L»L, ZoftEEmE 43T, 1045
Mz CHbFOEELIZEDHE VEIRLZ LR TTH
otz, A< E$H43C TR O IR TIREHLA O
hypoxic cells % Misoniazole i X b 5 #3545
PRI N A AMRIEEE LW LB B
Lo,
V. # &£ &

1 JEMBRCEL Ty AEBHOERITLI0T
T5a, 104, 20478 X U406, 43CTH o
¥ X U041 o hnil B R T AR D b i
e fC.

2, IMREH R TIHEMBEF .08 LK
43CT204 O INRRED ~ v A B ERI20.81
ThbhH, 46CT5 M TIH0.46TH T,

3. BB BE, ~v ABNEE LI
200~300rad ‘23 B2 L, ThUBEd 5
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Z @ pattern X iR, YM ¥ X O Misonid-
azole + DA VT HRABICTRE R,

4, = ABACH LT X RBHEHIC B
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O IR CREE AR AL LD Tz,
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AT Z X W X oHRIR BN,

6, ~ v AEIA i LT X # B & ic Misonid-
azole #PFH3 % & iz X h50~200rad $5i5% ¢4
MEEAEEFAD HEE X BEHT bREFD
AEBJE LI Y BRI Z ORI, LhL, Th
CIRZHFAL TP L COFERTIIEDOR
BIIBED bRz oTz,

Te# LB h BN EEMEEL D ¥ LB
HER—SBCEE»2HELET I, 31, A%
B Ui o Bic B S h 2 AV e R F R
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