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The studies of protective effect of INOSINE against radiation injury

Hiroshi Ueda
Department of Radiology, Kaobe University School of Medicine

(Directer: Prof. Kazuyuki Narabayashi)

The mechanism of the protective action of inosine against the stem cell injury by the irradiation,

especially refference with the site of the action, was investigated from the standpoint of cell kinetics, and

the following resuits was obtained.

1) When the injury of the function of bone marrow by the irradiation was analysed as cell group

in vivo, the inhibition of the thrombocyte account and the increase of 5-hydroxytryptamine content

was observed in peripheral blood in megacaryocyte systern.

2) It was suggested that when the interval of irradiation is selected properly, the action of inosine

comprises from the two action of the recovery and the protective agent.

3) Inosine was used clinically for the protection of the side effect by fractionated irradiation with

cobalt 60 for lung cancer, especially the function of bone marrow, and the remarkable effect was obtained.
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in vitro A THEE X hic~ 7 AR TR
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Inosine b= 7 ADEFHEIELLER S h
Fel W ENRLD.
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LTz oRECREMHEET L ST %R
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LTEGEOEFRLBmD/BTHL S LEX, *
DEFERROVEFIBF 35 X O1ER R oI L
FIRSE R 2 I X 7o & & A R B~ & g # I
S F BRI RAR I L = A RLE =0T
WET 5.
EEBAE

A, {ERBHE O X5 RS s

{ERE

ICR/JCL Flf-= v A

W4y, hEI129ES, 408m 0L DR FER L
DRI L h—iF RO O LFEH LI
XARBRST S0

B GG B e

190kVp, 25mA, Cu 0.5mm+Al 1,0mm, £k
BERERE40cm,  #REFR60R /min, FHERIE I
Victoreen FEEHREFT 2 {8 Li-.

B. Inosine o {kpy4Hfi

1. ERHk

984, 408m hEDO~ VAR ==Y, L fi
AKHEMIRRRI 1058 2 T E B T e Bl L < EMIES
#EL®5. BHIIEHO -z olEfE~Y 2 (3118
) o)k Inosine-T (G) : Inosine-tritiat-

HARERRHRE SN H20% H128
ed, general labeled (spe:ific activity 1,05 Ci/m
M) %20uCi/mouse JE4F U 1 e, 3 5N, 24B%
H, 3H, 6H, 12AKEmMLTHEL, Fof
i, ML OB, 85, BEREBLEE, o homakes
~0 Inosine-T (G)pHHiafifky vFr—va
Ve v i — i THIE L.

R Y v &% -2 TENBGS L—163 - 153,
EA— 118, ¥ vF V-2 DN HHELP P
O 100mg, POPOP 2.5mg, Naphthalene 1,000
mg, Dioxane 10ml, Hyamine 0.2ml ¢ Hb.

2. FEBRBU

BEECM 7 &M%~ o Inosine-T (G) o>
A BaNc ok L v kThB.
T (G) 385 24RMB BB~ 27 23 ki &
i), LrbEMERE~ONMEOENRLAE
{ie% (Fig.—1) wFhicw L T4 Inosine |14
BTRHe AL, BERES~ O/ &
Ao,

C. Bfififat o Inosine 04y

Inosine DP/ A B3 % KEB. DR &
Inosine |1 EHEWC £ < 435 & & VB L 725,

Inosine-

Fig. 1. Distribution of INOSINE-T(G) in the bone marrow,

spleen, liver, muscle and solid tumor :
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1. EBRGHE

200R XA MRS % 5 104 9 84, 40gm {k
o< A Inosine-T (G) %20 pCi/mouse i
PEPREST L, 24W5E#ciGm L <L, s
(KERE) od— 50475 7HARL(EHL
=,

Zol, BHoBRHEACLE{ b -5
F 77 7EHRRER Lo - R B 7 4
AR TR, WA T 6 BB x 2
fe.

Inosine-T (G) o £ $iCREYE L T-#843 Koni-
dol X, Konifix-tH4:, %3 Lg% Hematox-
ylin Eosin Juff 25 U TR L 7z,

2. FEERAUEE

ORI Oz X o C Inosine D4R A 254
%L Fig—2ickh b5 i Inosine 13 & L
THIRE AL, B0z i, fila
JiE 2T E IR AR LS o B gl & o4 LT
W2 DA AGEIRE & v 5 M o2y, AR
B OTEERA~OSNHT DT B,

Fig. 2. Microautoradiogram of bone marrowc-

ells: Showing megakaryocyte labeled with
INOS]NE T(G) (X 2 000, H.E. stain)

oz E o\ Inosine e v~z
<z ErRELTWS.

D. Fifiictsi> % Inosine pfEF 4

Inosine |3 EHffi OHMMICIERT % DT ik 7\
&R R (EBRC) oTcFheHRT 5
fzibiz Till 35 L 0f Mc Culloch jz > THF x
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e HRER 2 = = -T2 0 Gurney
¥ X U8 Wachman, Hodgson o> ffji7- *Fe JELj
RO ko C Inosine 55 oANEARRIC
B IETRRLEE L.

1. EBHE

a. NEEM= e = -BRECHRE T 5 o
i, 634y, 40gm fAEO~ Y AIZXHA T00R
1 BIEH BT 5 &8 (L LTERD whs
DI colony forming cell jz k' h 7 ~12 HIBI K
Az 2 v = — 2T 5.

Z O 2 e = - 3AMENC L Erythroid, Neut-
rophilic, Megakaryotic, Undifferentiated, mixed
typs FpB® cF, 1fHozr=- X 1@
colony forming cell [ b H5f L2 10°~10%F o
MRS BT %, LieptoT o =
TEY DB &tz 2 = = —$ % Ll T CFU
(Colony Forming Unit) L If¥ PNEPERR = =
== O CF URLHIETSETHY,
Tiur B oM E L WE, b bipiilo
HAF R R T A THB LTS,

STHWHLZHADz O~ Y A%ERLTHL,
% Oy Bouin YWCREEL, FEE M otk
fik = v = — (Fig.—3) oferX 2T Lio
CFrUxIHTS

ZDC F URREE & U TIREH% Inosine 2 i H
1 mg/mouself F4t L #- Inosine # & 5F (1178)
& Placebo 7yl H AFAR BT IESH L 7 HARE(13
7e) & bl L.

b. #ic ¥Fe {HIEREPY© BT picwica

Fig. 3. Spleen colony following fixation in
Bouin’s solution.
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LB XD T00REH WS 231110 B D
< Ay %Ferric citrate (specific activity 0.1
mCi/ml) % 2 pCi/mouse [EFEPIESH L 24514
CEMLUTHEL, WRE=» = —2BR L e
AR 2, ThEh Well Blo s v—
YavehvvE— X b *Fe o v-HREGHE
Pea W LTRiC X % *Fe IR & S Ui,

=@ ¥Fe {EE iz ¥ Inosine 51 (1175)
EXHIARE (1818) & & Helehad Lie.

9Fe LR =
TieE CUIIED SEOBANEE o
TEAF U7 Feyric citrated 4 g

2. FIEREUE

a. Inosine 5D CF Uik 2.8, 3R
DL 0.3TH o7z Lizpi->T Inosine 5.
HoCFUBHozhic bt LTEERKTSH
5 &0 (Fig—4),

b. Inosine LMD F &t L O~o *Fe It
RS B0 et LTkTeh ot (Fig.—
5).

Pllkags X Ub o2 X 5 ififahiefiis:
CEOTHE LR, Inosine i1itiiig v <1
VA S TSR B ST & 0 B R M D A4 AR
FED TG Z EHEH SR

E. KMz 313 5 I/ 3 X 0 Serotonin
Inosine YIRS % 1T 7o B BRIl A %)

HARESERHRE SR W20k 12y

Fig. 4. Effect of INOSINE on Colony Formi-
ng Unit of spleen. Vertical bar represents
standard error.
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D il v ~ov T O ORI O I A 2B
M. Lo T e ofilafEA o Bpem
Hr oo YR BE & > 2 /MR A 3B A TR
kT sEEEH o RABET S Z L L.
To¥ks = OFCrIIMEECEs & O e M
CREE® LTw5B EEbh5 5-HT (5-gydroxy
Serotonin) ft& v 5 2o fFEES

tryptamine:

Fig. 5. Effect of INOSINE on **Fe uptake of spleen and bone marrow.
Vertical bar represents standard error.
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FHTE Sz &b Z 0B MIMGR % BA 72
Hho—MTH%.

I 5-HT oERcid Turner 8RR %3
JA L, Udenfriend 255270,

1. =R

a. 200R X#EHBAEZ e~ v AX By
BOTRERHNC 7TESOR LT, FoHBR: S
Bt oW Tl MBS X Ot 5-THE:
ZHELTEhLhOER < & — R fFE L.

XRG4 E E Inosine % 1 mg/mouse f FiE
HF Uiz Inosine i 5.0 - Placebo % 4£%238 fe TiE
HOMBREE % = 03 2 — iz oW T HIEERE L
.

b. atFU~=7Ar 3B ( 200R, 400R,
600R) mifEDXitr &L R4t L, 108 Houfn
NS Lot 5-HT & % JilE L Ca & [k
RS Inosine %[ 1 mg/mouse 2 Fi:4to
Inosine #7573 & Placebo %3 2R B T4t
DR RTC D & LR L1,

2. SERRRGE

a. Fig.—6 (left) wansin < {BEE o 1fi/h
BEBE 2~3 AL A LIXL®», 5HAE
HX vEW, 10H HCEER /R L. TofE
A>T L CiB420 B B i3 IE IR SR o fiE
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W EThE L.

Z ot — o\ T Inosine #2503 EE A8
275 LB 5 B H LV cisfn MBI A 2 4
I LTz —vefefl EFTtws ok
2H 5.

i 5-HT 3 Fig.—7 (left) b 1A
43 HH ¥ CRIERBHFOMEDL B\ Vixth X hee
SLEWER R OBITEI L TI0H HiciiE
B2 RT. ThDBEOHML TBH20H Bz
MR & A IE IR R OO < % Cf L.

ol 5-HTH o2 % — vigouT 3, Inosine
FEDHRIZIBE 3 ~5 B HEHUBIc R bR T
W3,

M 5-HT FoZEEhi Fig—6 (left) 3 X O°
Fig.—7 (left) 75¥1% X 51 /M i3 &
A ETFATINCHERS Lic 2 — v RR LTV ABRE
AUES-HT piffrrpcidii/ MO REL TW B 55
taep S-HT o ZE b it IMRBZER) D 2 iS5
LRT o enTEs.

b. a OZFHh % — vick\ W TBHI0E H i
AEE i 5-HT 8 & B EE AR Lo
Z DIRIEMER #EE & L& ( 200R, 400R,
600R) IZ¥st) % Inosine F¥ 5.0 RABEZE Lz
o Fig.—¢ (right) 35 x 0¢ Fig. —7 (righ)

Fig. 6. (Left) Effect of INOSINE on the number of platelets in blood of mice.
Administrated INOSINE daily after irradiation with 200R. (Right) Eff-
ect of INOSINE on the number of platelets in blood. Determinated on
the 10th day after irradiation with 200R, 400R and 600R.
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Fig. 7. (Left) Effect of INOSINE on the amount of 5-hydroxytryptamine in blood
of mice administrated INOSINE daily after irradiation with 200R. (Ri-
ght) Effect of INOSINE on the amount of 5-hydroxytryptamine in blood
determinated on the 10th day after irradiation with 200R. 400R. and GOOR.
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Fig. 8. Difference of uptake of INOSINE-T(G) into bone marrow and serum.
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Th5. FE~OFE L U TEBERF T & hic i
o &P ( 200R~ 600R) o il ic BTk B DBWAIFEIT I B/ MBS, ha il

Inosine 531/ IMEEIEA % 3 7edo B 11/ Toolfnr 5-HT B o#iin & fe>TE DR %R L

BB, ZRAEE & LTk 5-HT & T % E AL,

LHIMERT TS 2 E2EE S iz (JEL 600R -

sty B it 5-HT R <), KA 1 5 iR s X OF Serotonin ¢y
DL ESERR#E B~ E# BT I 5 s hiz B2 — i bBZE SR X 51z Inosine 25

Inosin | 3B A70 L, Bifila v~ 1Tt VIR A OIS A A U T ki i

SHe X B EEY Ui 0 & R E, 5-HT @afiinEeTvs. LisioTHEIRE
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Tk z o 5-HT 5 2[5l B o f@SHCBE L CHUEHEY
HHIE LT TR DD, T o bk Gray
Lsk&Ho 5-HT oftgabi e i »?1on-1o
2230RAS 2 Bz Deanovie” & 0 pyFEpg:S-HT
@ Turnover I3 2#e b bARFCERET S
ZENRTES.

5-HT oplfrgtibh 6 1< BS LT 1% Vasocons-
triction |z ) % tissue hypoxia(Gray et al 1952),
HO, #oifie (Alexander et al 1955), rfXfE
R 5 B Ef © antagonism (Lange-
rdorff et al 1957) 7g &'ffi 4 % 2 b h, BEIR SR
Hiliz o\ T3 Cysteine'® s Gluthathione!® 7 &
LRy, BHERE LA x50 RS
THIERSFRTEIEH %R 3 & & A% Rixon®®
LItk oTHBEh T3, &, By
% LSRR E R MEIT 5, TiobbREIE R RE
T2 &5 infEAv R TWEAEEA L BRET 5
B, HrEIBEhT X 5 BEHREE X3 % Inosine
oPFEEREEER L PEEE o WmIEHE L b
5 EHERm LS. = OWMfEA2 TR FIFT
% FAC RG22 B Rl b i, F
TebblMEREIEEL & L4, BIEHIE LT
{8< Inosine D EFAIRE &, BH#A L LTI
Mfirp 5-HT JREEH & & A RIREE 2 TR 2 5%
EAuER b\,

¥ 7 Inosine o FHHPREE 13 Fig.—8 o Rz Hh
2 53R L C Inosine 2 H 5+ XL
ExEAMERTE%. ¥ 7 Inosine 51 X bift
INEE AN DR R B T { B ERBHEE» 1k
Fig.—6 (left) iz 1 { M43 ~5 HHEMR
e DRMBRERD S,

T ORBESUL, Bk b /Mt Compart-
ment AP/ MU RIC B Eh 3 ¥ To
BEipo transit time 1~ 2 B®, Mk
HE Rt o life span 2 ~3 H (Mustard,
Rowsell and Murphy 1966) & \~ 3 3CikioEEsRE
> B3 EBSHRE S 2 20 o Bz In-
osine i TEORIRIRCTELET 1 51k
3~5HEET S LW HEGEMAR L EER—FK
LT\ 5.

Inosine #rhiz X 5 5-HT oiEiniiFig.—
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6 (left) 3 XU Fig.—7 (left) #B{E 3T h i
A X 5wl M E AT LicZEBhv A&, FEg10
H B weEEEL/RT. Zo%EHE L TRH20HE
IR IERRE O fET { % ¢ MBS & & & e for
SSHTHRG R Y, Lipd £ oOfEInosine # 5 o ghH
HEHR TV B DTH A0 LBEERA20EMH
iz el Lo s HEEEH & LT offB
LRI LCoffHomIEARX i TE 2 bl
ThbH.

Fichb 200R Xifk% ~ v Ay BRI 555
%, [BSTBEIA24RERIf Inosine ¥y 5 L TEE 1
[El B o MRS 3 B Hh R & e A R i
TEEHE LTofflix bl d & &b,
HE Inosine 25 UHElT, £ ORRRE 2HER:
4, MS20H B R © ET < & < P
5-HT EHRO7-R A% 2B EH oRSEE2FT 5
&, ZOHEL-RIECoRNEE -HT 23 e
P i@ dpsFE2bRA. BELZD20HM
& 5 JRST IR OB E USRS E O IR IR,  BE4E
ik MIRA OBl A A ENR Tz & T, B
B3 5 EHRER & B EILEE LT 5.

¥ fo & OB R BR T 5 D
YA T, b ULBEIVDN S ThiIEERIE
By, BEHERTEN LS. Lo THEEK
L, BhHREGEAR 1T 5 BRrd4sk 200R X b @M
AR T B T CRAERR S 72208 & bz T
DEAN B DLELZLRD.

Inosine D AHRREEIHIER 0 1 © IGAM
Elio@EE, BRECTbh T30 5B st
LTTHh B I bSIGHAOE 2 3R O JHE g
CEBER TV HBERSHEERE T E~ DR HEL
LT Inosine Dp5th5. = OEEBEEE
BHCH B Inosine iR BB ENHIVE
ATHASEOBERROILE o0 &#E L
bhb.

BBE FCrihRs & S-HT BB B 5
entero chromaffin #ifaciEd: & 1*®, PRicA
DT MZER DA ¥ W CIEBR M E 7 5.

Lichi o TR : A UL MifalERchshk
B\ BgHRE Z0 B & G0 Resiifian e
U, MFEEEARLhHETHEREBEH T2 L

7 —
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3, iz Chromaffin #ilffa §, [ =€ 5-HT DR
ERWHDDEELOND. T TR R
@ Inosine 5y, Fko X 5 BB
AR T SSHT 2B bk efE a d o
HM/pREE s 5—7, FUCMREERTH
5@ Chromaffin Jifc 4 R ECME & 7c 5
BE O RN X BREEEL HIEMREE < =
ERTHER S SHT L LN %, 3bb
Inosine §y 5z X % i 5-HT Hhnr B Hlilkae
& (MBI 3 X ONERIRRESE (5-HT g
A ETF) w1 % Inosine R X i
FRTHY, TOBEKH» DL AENK S-HT Hic
L 5 BGHRBEE R (EES0S) DX
T ERBRACBEE L a0ty b olF © il
DIEDTWBZ ENHEZEEIhS.

ST D 3 X UE &5 Inosine (1i4lllg
AER L CRIBIC B0 % fi/MERCr B & ik
SHEEEE T 2 MHB R AR T D THE N D
YR, HRER. RmERGRT S ORI RIS
EThyoompeiTaEse, ¥L, WWT, &
%5 0#E X b Inosine Mt Xk 2 B BhAE
BEELIMH LW 5 & LR b BRO—K
THLZATH%. isdk Inosine o § Ol R
FedTa0TF Ml MR BESELV
OEDEFR S hIFERIEE CEAhERS
O B EIRS 31T %~ v AEF BB oME &
2, EiESO 1 BRIk 54EERED L & h
EO3REL S THELRTWADTH S,

BB EE S 1L EEO &k 5 iz Inosine pifists
EE LA o &L v Bdien T h v
KRERGATL, BbBEFThh w5 EkE
B oBSHRRR(O SRS cREMRE 3 ~4 B0
BIfEM & < R BB IE® BAY © Inosine
ZHEALE. b b P REESR G
WWABE LTl =~ v+ BT X 5 BUHERRR
T HBE R, ABERFX b H Inosine % 200
ng, RO LIRS 1 ~ 28 1 X0
FOBMRE, MM RIE LT IRRE & ik
Licd 2 AER TN & I0d 1.

®w B
(1) in vivo s\ THEHE X 5 B EikEE

BREFRHREAME $20% 129

MR & U ORI Lo i4, Inosine i3
RS 2T Rl ER LCr 0 AFR 2 15
D, REMIRA~OBRE LCEHKBTIIH S e
I NERA Dl 3s X Ot 5-HT oo o #hn

F izt Inosine v 3B RHHNE DJS KR 22 1)
LTv5z &2 L.

@ HEEHC X RS LT B G
A YN EAUE Inosine o & Dt szph duigs
B EIER S X ORI E LTomER X hics
SOLHERTE S, ok Z oFfFR2 BRI S
R 51cix Inosine 13 RG24 AT HHL L
LU, R R RIRE A B 52 B
Eedbic, LR Inosine 245 AL L oS Tz
DHEMBELHERE L, BHEEE20H =235
FHEIR = v A i IMREEA DINHIZIE &\ 5 Fips
BITEE L.

(® Mo E =0 b BGHATN - BIfER
& W E REERERE BB I D ok ¢ Inosine »{fi
Lic&h, HEHTEHEEE-.

R B &, SRR « BEER 2 1o ofil B oAt R
SFED O R EE A AR R 2 R O e MRS ESE
B i AL B S T 98 SR M S B SR o R e A B
EFHELET.

XAFRICH LR 7 5 WBE) - WikNx BoicR
KRR B A PO SE T AT B I 0T, R e il e
e EGE SR o i R R ESN LGS, T
W PR ER L, I REXBETER PR TR
ERWTsboThbh T,
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