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=7 7~ (Nicaraven) (I EMREEERICH
VT B i B ARAED, B R R AE, B R EY
i LREMNRERT. R, M0 E S
HECIIRZENOREBTF L LC, EEBREL
LU EFN EBIE L IR BRILRIGHBIS L
TV B REEA R E LTV B0, =4 T~
LEFOX AT OANMBIERNHZZ D
Udenfriend 5N HEEIC & 5 =F1L » EBER
T, ¥72{Ki8 ESR Tk Fuxi v
NOWEFROHHE S N, FIEGEEER &
FHEREINDODOH S, LrL, =2 TXrD
ERERBFIC DV I RN L RE P UET
b5,

{f LET Hit# o s n s BRBEE R
BoMBEER»ETH N, EHICHK AR
TOKS U H N & EEKEDT & ORIEH EWE
BhER, BEICOUHFBEEILNTNS, K
SeANDbTLERELBELTHNN LD
XLNFCANTHDLEEN, ZOEFuxl
NF T HNERIGEDE WED % L REHR
BHEER & L TOREIEFWD, ZOBA»rH=7
SR ISR E YRR & 15§ 5 TTRE
e, HEHRiER L L ToFREEE 27 A
PACT, £FE Boo-—, RHEOLBEHK
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nESBRCEEB L UF Fa> F)To Fe?*
FEIEEERLEGIZ DWW TRET L 2,

"R F &

1. £E585%

C3H <72, M (kE16-21g, HEILVT
#) 2EV, KMOLARORETICIZ6E8%
REFE, FofiokEiciz Bl
BEOREI LK, ERICEL 7.

2. RELLURERE

A IRVIZEBRES KEMET, TEES
WEH AL, pH7.1-8. 5T BHTERET
b, BERXY Fig. 1iowT., =27 (1
g/5ml, 7.034X10'M, 4L )45 %
0.86% NaCl (&) I Tl0mg/mlicFRL, &
E 1 kg272 0 100mg (100me/ke) % AIHS-RETIZ
RETHTI0D- LINIC R 5B Tl BT #1045 LA
I REREC A L 7,

CH,

CONHCH,CHNHCO

N N

Fig. 1 Chemical structure of Nicaraven
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3. BaHRms

AMVX@RZHBMZ 4+ 2 LMR-4C #
Hv», REER6.45X1072C/kg/min N &4 TR
L.
4. BESHHREBEIC L 2 EFEROREY

2% 1 B RF %308 %0 4 5 % 640cGy,
740cGy, 840cGy R Ur1040cGy & FRETEE THg
BET L7z, =4 T i3 &< REBT (AT 5.88),
RETBI% (ATRH5RE) ICERERR S L 72, 740
cGy BEBH T RFEKS (#5858 Lmz
TRE L2, 74, 2R RENBCRBICR
SLizbnextlEEe Lz,
5. MEKR 2o =—FRORE

<77 AI640cGy £ HRH% 9 BEICHBEL 7
Tr# (B7) BEAUKER, Rl
BB %15 5 . 1 NEATRE) K CEER,
L7z nav=——HERMELZ, =2 T
BREBCZD 2mgk BERKZS L2, MR
LTz RERS L2,
6. R Mg OBET

<7 Z2i2300cGy # £ FRET L, BER, 3 8
#%, 7TH#% M4BRICEROL, Kb, G0
BRE, ) ooERERBIRG R, RBR5E, 8%
BEBIZOWTRDA, FROBRE, B ok
HEEHAEFHE:L 2 4 7 2 E-4000 8 B)H7
EBEFHCTCAEL:, Vo 5kui 4 - X
LWREIZED Y oSERIERZEHAIL, AmLEK
FioglLTEBL .
7. BREBARCRIGORET

PRI = A TRy 2 mgEEN RS L 72121000
Gy 5RHEH LI (=07 %58, MRE
LT, AficEaRSBICEARBHE 2T

B(=h 7_VIEREH), BHRBSHEZEITL
Liro 2B (GERSTE) AV NRBIV
B RIRET T2 M I i B & v & #5h
L, ERiCHL (REH).

223 b av M) To4#ET: Hogeboom®?
DRGEELTIT- 7, SBELZFI 2 F
) 7 #0.15M KCI-10mM, Tris-HCl $2& %,
pH7.4 (KT %) T##l, &=L, KT #&ic
L7z, Fe S8R EBER (LRIt Fe?* (0.05
mM, HERE—T > E="7 4, FHERER)
% @ik, 25C CREMRENIC60S  TRIEXE-
2. FAosnev— LB (TBA) RERIGI
Hunter'™Wo> lghic # T4T> 72, TBA {Ait
SIFER (B 2 By THIE L, °°532nm —°°
600nm NRFKETRL 2. §> 27 BOAIEIR
Biuret &' HE L TAT » 72,

> AMEIEOE L ) R OSSN, AL
FRRIZILAED I L THEETREL .
ERMARBKREICLH.2ml 2 K Y, 0.86%
NaCl13.8ml#Mmz 4ml& L, 0.67%TBA =&

OkEeBp* ERERICERIBMLFA%) 202,
Fomle L TRBRIL 72, Z % Bl Akd T6045
HimeEsa S ¢k, BEHISHKPTHE, 40
%=1E1bEEER % 1 mlim 2, 3000rpm, 1043 fE1& (s
L, L#E#%#%7%, Fe?*id TBA BEABICEM,
TFVv I 7 I UEEE (EDTA) iz Fe i
Blc@mES L7, &L EEICOWT TBAfE
FEOLEES (Bi) 2BV, E#vor v
TATE F (MDA) ORERL D Kb,

Table 1 Survival ratio 30 days after the irradiations

Dose (cGy) % survival
Control Nicaraven
Pre Pre-post Post
640 73 (16/22) 100 (20/20) * 100 (20/20) * —
740 50 ( 5/10) 90 ( 9/10) 100 (10/10) * 100 (10/10) *
840 5 (1/22) 0 ( 0/20) 10 ( 2/20) —
1040 9 ( 1/11) 0 ( 0/10) 0 ( 0/10) —

*P=<0.02 (%)



= Ty OB RBHER & L CoHFBEEORE 675
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100 T T
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Survival ratio

20r
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(Day)
Days after irradiation

---------- : Control{ne10}

= = =« = ! Nicaraven{pre,na10)

I Nicaraven(pre-pas,n=10)
= Nicaraven{pos,n=10)

Fig. 2 Survival ratio after irradiation (740
cGy)
Nicaraven was injected intraperitonially
before and/or after irradiation.
Nicaraven(pre) ; Injected before irradi-
ation
Nicaraven (post) ; Injected after irradia-
tion
Nicaraven(pre - post) ; Injected before
and after irradiation

] F

1. £FFENKET (Table 1)

640cGy £ FBHRI0B D=7 2NEFRE &
U FERII R B22 M th A 7160E (73%),  Rifk
S BE200CH2008 (100%), R 5RE200T120
[T (100%) T& » 72, Fisher iz &k 2BRENRE
RITREE L BTGB, MBELATRESHEOM
ICRERE 2 BUT CHEEE L7, 740cGy B
BTz, MRBEI0CHATS5 L (50%), BT
EBE100E 9 5 (90%), Hifkik5RE10MCh100T

(100%), #%HE5RE10LPIOMC (100%) T, &t
BELARREHRUBRSHEOMICERE?2
LT CHEEEZL#H7- (Fig. 2). 840cGy,
1040cGy BHBE T T X TOBTEHFFIIL%
UTTEREERED LN » 12,
2., NEMME I o =—fek (Table 2)

*TEREEISIT, RH5-FE16MT, #HHB 51T,

Table 2 Spleen colony 9 days after irradiation

(640cGy)
Colonies/Spleen
Control (n=16) 1.47+1.25
Nicaraven
Pre (n=15)  2.00+1.15| * * %
Post (n=16) 3.0912.07]
Pre-post (n=11) 4.31+2.33- * %

* I p=0.05 ** :p=0.01

B 5 R16ICn e o v = —Bk#ut £ 4
1.4741.25, 2.00+1.15, 3.09+£2.07, 4.31+
2. 33LHIEEESBIIRLE 0 =—EH»IR
HoHh, RN THIRER, RSE, NRED
JETH o7z, FRBBEE RIBBRER, ARERL
B EBOMIc FN FNERE1 BLT, »xt
R L BERSEOMICRBRES LT TEEE
D7z,

3. FREMEMEBEORES

Fig. 3a, bic/RTIN<, 300cGy BE R =
7 AN B MEREIT 3 BICIEEEN24% i 4
L, BmERNS0% % 5 1) > 2Rz #D17%
F TRASHA LN, BERIEROBAIZ50%iz & &
oz L0 BEEEES AL, B
mEREII14 A IETIBRIEERL 72, =H 5~
BEICEVBELELZA LN L 5724 Do),
BBk, V) <Ek#E 3 HENET (24%1E)
LT, RiESBNI7%ME (P<0.01), Btk
BE5F40%1E (P<0.02) #7570, WEWER»HE
Bicaonl:, fROERENZEELIIHL, =
B IR TERERAY A L2 (Fig. 3
c).

4. F:tarF) PHREEBLEIGHRE
Iz 2> k) 7o Fe? M IRE BERL R G
B % Fig. 4i10R¥. FEREE & BTG R R
(=4 7 ELGE) 2HETS L, ERS
BREEIFERN S IHEFALNEOL,
WBRHPICETTEDIINL T, BERECIIS
ERRICERER SR b N, ENEHICK
BHA LN, 0SMEIC B W TRGIIIITERS
L 724%, BEEE) TBA EIZFERSELY
L EVWEISRE L,

LB REFREeZF: Far ¥
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) 7RREEBILRIGHBRIC BT, =4 T
BEHEFRSHL BT 5L, RN LA
N bIRBOH SN o 7eh, =H T~
Lz & N #k TBA ENE TEREID R L7z,
5. MFEREARBRLRGHKET

#HR#% Table 312777, TBA HiEAR] Fe
Az k DEHL TBA ENLRA, 512 Fe
#hnet EDTA #mic &£ 9 2o TBA fEn &
DERLIGFEHSRBO LN, = H T 58,

Lymphocytes

(X10}/u1)
s0r

ar

30r
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20

0 5 10 15
Days after iradiation (Day)
——O— :control
--#-- :Nicaraven(pre)
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b

Fig. 3 Peripheral hemanalysis after irradiation
(300cGy)

. Leukocytes
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. Erythrocytes

. Control

. Nicaraven (pre)

. Nicaraven (post)

. Nicaraven (pre-post)

PEHRO@O oo

FREBROMICEEERZD N EL 520D
@ Fe**TBA iz BHE & T LAMEmS S
Lz,

* =

EBS R DI RIZBA ICITON, &
BO#RE AVion (S DRENH B, &
FL_NDBEROVEREF & LTIz, ©7))
— G HNANRY Y x—, @QkFEHE, @DNA
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Fig. 4 Fe**-induced lipid peroxidation of mice
liver mitochondria isolated from 3 days
after whole body irradiation (1000cGy)
O : Non - irradiation [ : Irradiation
without Nicaraven A : Irradiation
with Nicaraven

CEEEETRL0, OV ALT7 4 FREAIE
ZL0WH N RERESEDLNTWET
: ) F A — L RB#E (WR-2721, WR-151327,
) a7 4 FESEEERTIZLICLY
PH&fER %R,

Bk, EMBEHBCRBEFORCERDTH
iR ks, < LB H Mmook g
4B, EMMEMFENOREICREIS L Ty 5 EEHE
PIRBENTED, 7V—FLHNAARYY
r—EENB=ATUHBRILEEICL 20
B S L PSR BRARK I BRI X1 2 HMI3D
RERT I EVHRIN, SEPRLETEEN
BEELr L TEHBENTWS, LHL, =47
R DEBBEZEL > Tid e (, EBERE
PUETH L, SE=H T EFHANT, A
MBI ) B DBRIZOVWTEOHEBLR
L 7.

=# Ty Oy 22T 5 LD50/3013690
ng/ke, EHERE THOEBEEIT100me/ke & N
5. :72, =H IR OEERBEAILF T,
B51% R THNZ%YHRRE N, 1ZEALR
TR TENE N 219, REBRTILZN100me/ ke
BE5TIT- 12,

AEBRESETO—ALEBRFOBSRIZLS
LD50/30i32740cGy H7=1) L2 5155 (Table
1), EFFEOREHC B TIZBSTRE640cGy B
T UT40cGy I BT, =# T~ #5iCE

Table 3 TBA value of lipid peroxidation in
mice serum 3 days after irradiation
(1000cGy)

TBA value(nmolesMDA/
ml of serum)

control Fe?* Fe**+EDTA
Non-irradiation 15.6 607 16.8
Irradiation
control 14.4 650 14.9
Nicaraven 15.3 694 15.5

EFRFA#BHL, LrL, BRETIEIZD
FRIIBO L NLh -2, —RICBFER ORKET
T, ZN{EBHBMEMED LD50 L I1ZIZEIL
PHBNELI/2UEDNL DB =S
RN EREIIFIER 5B T200meg/ke, BIHRE
B, RIRG5EEIZ100me/ kg TH - 72h7, ABIEH
BTORBEBRTLI0BDEFRIBLNL,
ZHZEREHFICER LS, BEHRERED
FCHANEETEE»rLOB#ERIE L2, B
BRI LTHEELET 3,

=H IRy DERETELNIFH#IIRICD
WORETT Bicid B liRe % =T 181 L LT DRF

(Dose reduction factor) # 3K 2 LWEHH Y,
S OWED LD E, BICERRSRE L
BEEBEME HICEBNLREHIEREINS,

BIERBLANKRE TBI A LN L &
NEEERHRIERTH 2000, NERMKR D
o= —HRTERETL 2, £ OKR, RIRR5H
THBE, fi5H L OMIcEEE»rBDHLN,
RSB NEREOMICAEEREDNS
NG -2 DDBRBEHENBREOMICE
BENSBDHLNIZ, ZNLOERIE, £HEN
BALARCBBSNFERAEERT LN EEZ
L, =A7Xro, BEHELTORFICE
BLZTHIEE S 2w,

% 72, 300cGy REH £ AR M B D FIRAHERE
ICBWTHRHE3IAKIC, =7 vickzam
Bl ) 2o SSRE OB E L BOIMEHIMR 2 H
72. LoL, F0HBN0 LR EBICHL T
IR 5B TETOREL A LN DN
IR IFBDH NG -7, T kiz=HF
~NNERNBREFEIE S b, EFRE
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F SRS LU IRBILRTEET L L E2
Lz,

XBeFRFPHNT » MeBwT, FrEy
A4 b CEL 2 SR BERLIEE K G
PRESINZZ &, FLEHRVIFI b2 FY
T TREICE ) IBEERILMEENEILIZH
HEFHOBEEE k> TAha LN, BHEKE3IFED
LONELWZE2BREL T3, w723
Fay kT imSkSER BRI RE 2 R A
725, REHCHE S REMEM I 4 RER O Mgk
BETRIER TR UL o2, =HTFTX8BE
X 2EEARFERNVE TEAZES LN
2y oo, ZERMICELRZD SNLh o1,
Db, BICRHEET L2, =47
VWRETCPANARANR G P~ b LTIV ALK
BB 5T 5 & 0 L IEE SR EH RGN
CHEL TR L RERL VTRBEEND,

Tretter 529(3 WR-2721, WR-1065, 7 /L
FFFEHANT, e7ZAFI a2y FITEE
ZBB{bGHES ADP/Fe/NADPH % &
ADP/Fe/7 X2/ BFRTHRAXTEY, WR
-1065, 7 gFA T b av B ) TREAR
ICRIEZEEL, Bi#EFE L CoFRMEE RS
BNizH, WR2T21IIZ W RICEH TH -7z b b
NTW B, & 2 BHH WR-2T21IZ B 4 B s 5h R
NENFEREENTEY)D I b2 F)T
IRE AL L M s L TOBMFEELTLL—
BLAEWwbnELEZ B,

M AECIEEIC B\ TiE, HET B IC
5 MEBBR{LIEENE IOV THREIALN
550, S ElIOKRETCIIREHZ ) ZESkOR
REFOEMER%BDHLL 0D, =H T~y

X

BREFTLEMEIREIN, ZOMREIHELR
Lotz
RERICBWTY, £FF Moo=—§c
BWT=h 70 nfatiRbi#Es & L COTTRE
HARBEI N, 72, BREERECBVTLE
RS LN, BEFME L TOTREEL H 1,
FEHNAARY CHERADA TR, MbHh
DEBEH & LTCHORFOI 52 EHTRBEINS,

* EL

1) =A 7= DGt Rb#RI L L THER
HEEFE Moo=—, FELHEE 3+
¥R TRREERLRIGIC TRETL 72,

2) 640cGy, 740cGy 1 MBI BWTC, F
ENEFRYWEI DO L, HUHBE#S - L
TOTEEES TR NI,

3) Boo=—ETiEEENT S, B
&, EIEAE L COREE B LT,

4) REOEGC BT RIS ENRETT
lZ=A 7|5 TCHMER, V) > BRDOBESIC
IET 28RT 2Emb AL NI,

5) I Fav k) TREEER{ILRIGIZBWT
L BERLIEEHER DR TEA D 6Lz,

6) =H I ORSRBHEARED i
#®ikE, I LICIHEBKFEEOMEIC WL
BLUREPLEEEL I,

TAMZBIChIz), AEHLBETIVELR
PRSI RSB 2T, 4B, FRXD
EEIX, #5200 B XEERARESKRS (BiR) <
BWITERLL.
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Experimental studies on nicaraven as
a radioprotector :

Survival ratio of mice, spleen colony
formation, blood picture and lipid
peroxidation
Yasutane Mor1", Hitoshi TAKASHIMAY,
Hiroyuki SE0”, Motoomi OHKAWAY,
Goki Yamamoro? and Masatada TANABE”
1) Department of Radiology,
Kagawa Medical School,

Kagawa 761-07, Japan
(Director : Prof. M. Tanabe)

2) Department of Radiation Technology,
School of Health Sciences,
Okayama University,

Okayama 700, Japan

(Director : Prof. G. Yamamoto)

The degree of radiation protection from Nicaraven after whole-body irradiation was inves-
tigated in C3H mice. Nicaraven is a free radical scavenging agent, which was shown to
improve brain edema and blood flow. Nicaraven was injected intraperitoneally in mice before
and/or after whole-body irradiation with 640cGy or 740cGy using Toshiba Lineac LMR-4C
(4MYV, 6.45x102C/kg/min). The 30 day survival ratio was improved significantly by Nicar-
aven (P=0.02). Endogenous spleen colony formation was investigated after 640cGy. The
agent was injected before (pre), after (post) or before and after irradiation (pre-post), and
compared with the untreated group (control). Nine days after irradiation, the mean colony
formation was 2.00 (pre), 3.09 (post), 4.31 (pre-post) and 1.47 (control). The differences
between pre and post (p<0.01), between pre-post and control (p=<0.01) and between post and
control (p=0.05) were significant. Nicaraven induced recovery of leukocyte and lymphocyte
counts after irradiation, but not that of erythrocytes. The effect of the agent on mice liver
mitochondrial lipid peroxidation was also investigated. The lag time was not shortened, but
reduction of the TBA value was observed. Nicaraven was not only recognized as a radio-
protector, but its ability to promote recovery from the damage caused by irradiation was also

suggested.



