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Experimental Studies on Nicaraven as Radioprotector
—Free radical scavenging effect and the inhibition of the cellular injury—

Yasutane Mori", Hitoshi TakashimaV, Hiroyuki Seo?,
Goki Yamamoto?, Jiankang Liu*, Motoomi Ohkawa®
and Masatada Tanabe"

1) Department of Radiology, Kagawa Medical School

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

3) Department of Neuroscience, Institute of Molecular and Cellular Medicine,
Okayama University Medical School

Research Code No. : 408

Key words : Radioprotector, Nicaraven, Radical scavenger,
Hydroxyl radical, Superoxide radical

In the present study, firstly the antioxidant effect of Nicaraven was observed by examining the
direct free radical scavenging effect with ESR. Dose dependent effects were shown in scavenging
both of superoxide and hydroxyl radicals. In the study to check whether Nicaraven inhibits
hydroxyl radical formation or degrades the spin adduct of DMPO with hydroxyl radical, the effect
of Nicaraven was suggested that it inhibited hydroxyl radical formation itself. Secondly, it was
recognized fluorophotometrically that the inhibiting effect of the agent on the superoxide and
hydroxyl raidcals promoted damage to benzoate, deoxyribose and some amino acids. The inhibit-
injury induced by ferrous sulphate was investigated in NIH3T3 cells. The addition of Nicaraven
to the cells after 6 hours of reaction with FeSQ,, the inhibition of the cellular injury was
significant (p=20.01). The effect of Nicaraven was recognized as a radioprotector in vitro. The
agent suggested to be able to produce recovery from the damage induced by irradiation at the
cellular lavel.
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=45~ (Nicaraven) |35 8HE%EME
F,  He R R, B RS & A
TEIUHANAHRYy D »—T, B, H3MHE
B TH D, bitbiui=>=" 7> OB
R L COFREE -7 2 EHWT, EHE,
WM 2 o =—, FEag FIbax
)7 e e @B LB TG L L2, F 72
BRI —E T 2 NVERS & 2 Mo
DNAEEICL2 D EE LN TEN?Y, JRE#
BERAL SIS & F VW T RBEE DI A Th L T
X 7299 R, BT AL ImE3EE (ESR, elec-
tron spin resonance F 7213 EPR, electron par-
amagnetic resonance) B3 L UAE Y }F 7o 7k
DEHIZEN 7 ) —F P HNREEL T P AV
L THIET 2 Z &AM ESIciTbb &
I 5729, KRR TRE=ATDT L HNA
ARy Y e—E LTOTREMEE ESR 2 HWT,
AL, E5ICNIH3TIMEEH
WCT7 N =2 ANBIEEFET 5 2 MHi#kic & 54
TR EREICNT 5 =4 7 OB 25 Th
Lz THET 5.

KEHE 1

ESRicka=#F=>n7)—F HNiEE
RED M 5E
L& ¥

=# 7> (N, N-propylenedinicotiamide,
rRAM ISR & ) Es.) T 0.86%NaCl iz TAHR
L EBRIZ Wz,
2, 7= 2HNOTH

TN = U hNAHTEERE & L TESR A7 |
o 4 —% (JES-FE1XG, JEOL) # Hwv, #l%E
BB TIT-/2, A——F XL FT72H0, E
FaXxing o Nngiii FROD o Bk L
fzhio AT 72,
3. R=N=FFL FZCHILDBRIE

2mM ot R¥H > 5> (HPX, ¥ 7<)
S0plBLF10.98mMayFL )T 2
~> 7B (DATAPAC, fEHiEE) ic=4 2
N E50ul iz 248, 5, 5-Y AFI-1-Ew))
v-1-4 ¥ ¥ F (DMPO, #—A{b2EdE &) # 15

PRS- 6A25H

ul B L UF0.326 unit/ml D F > F o4 F 25—
¥ (XOD, ~—VY) »d—-Af g ) %
S0 plinz, @fztnice ), ESR A7 F o
AM)—ick Y, LUTo&ETRHEL .
ESR settings: microwave power, 8 mW ;
modulation frequency, 100 kHz ; modulation
width, 0.08 mT ; scan time, 2 min/360 mm ;
responce, ().1sec; and magnetic field inten-
sity, 3355 mT.
4, e FOFINFTTHIOEE
1 mM o & & b ok & (F0 6 B 3€) 75 ulic
FeSO,-DATAPAC  (FeSO, : fll ¥ #i3E) o1
mM B % Toul, = 7> %50uld kv
0.092 mM @ DMPO # 20 plhn 2 72 4%, k%
iz ), ESRZ2~<7 v b )—ic kY,
LT &tz L 72,
ESR settings: microwave power, 8 mW ;
modulation frequency, 100 kHz ; modulation
width, 0.1 mT; scan time, 30 sec/360 mm ;
responce, (0.03 sec ; and magnetic field inten-
sity, 3355 mT.
5. 2ESKBEATFTERFOFIATICHNICLDZR
BEM, DNA, 7 /BAOBHEICHTZI=ZHF
R DFEEROIRET (= = F—L & D)
Halliwell 5 3 & OF Gutteridge® o F #: 12 #
LTUT- 72, Thbb, VBNV TILSyTT7
— (pH 7.4, 14mM), NaCl (44 mM), #EER{k
AFE (0.29mM), BB%E (1.43mM) (%8
e, DNA, 7709 2 B, a-T 2 /BB
(ABA), #FA=rnwInd) ICEHIBED
ZATRUHDbWEer= bRk, HiEE
# (0.28mM) =z, Hic*BiaL, 37CT
60 74 > ¥ a~—F L7,
6. 3MEXGFETA—NN—FFFIZhNICE
2R B &M, DNA, 73 /BOBEICHT =
H SR OPEERORE (R—r =A% kv
ZLF—+ (SOD), == F—)L& D IiEx)
Halliwell 59 oy FEEICHEL TAT-72, T%b
b, VALY 77— (pH7.4, 14
mM), NaCl (44 mM), HPX (0.14 mM),
XOD (0.326 U /ml), ®& ¥ % H (1.43 mM)
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(B %M, DNA, 7LV I B, a-T 3 /B
# (ABA), 2FA=>nnThh) | &EiRE
D=4 7, SOD, hswii=r=r—1%
Mz 7z, W7 > =" 4% (0.28mM) %
2, FIGEBML, 37CT6044 > % 2~<—}
L7z,
7. FANILEY —IVERIGYE (TBARS) il
E

AEEITCTO044 > ¥ a~_—} L7,
1%TBA0.2ml, 2.8% ") 7oL EEEE0.2m] %
iz, 100°C T104rma L, m#smE L TBA
flizske>7z. TBARS flid )6 EE (OD, 532-553
nm) TR, TBARS miE#aME + L Tid~n
YTATEFR A (PAFNTEI—) (E
AbE) Rz,

RERAE 2

NIH 3 T 3 #ifgic 3517 2 Fe?* J5& @ E{L 2% 2
D=7 Tz kBB O BET

=7 AMMESF A > NIH 3 T 3 #ilz &
W, BEHLWOFEICEELTIT-7, Thbb,
K32 W & L T Dulbecco’s modified Eagle
medium (H 7K 84 38) (2 10%3E #) 1t 17 2= 1M 1%
(Hyclone Lab.), 100 ug/ml streptomycin (#§
GME) B X100 unit/ml penicillin (B4 i B2
) EMZ7200%EmE LT 18D
Mla% & A 5ml DIEFENR %> +— 1 (60mm
X15mm) i2 AR, CO 4 > % 2 < — ¥ —
(Sanyo Electric Co.) Hizk = 5%C0,, 37CH
RIETHIEX T, 2B OMM % IREL,
100 DM ZE B L7z, 41> F2~—F—|2T
24 FEFEEFETS, T OB, SB3INMTE
Bi&iT- 7z, Feli 2ligk (WREES—87> =
L) T, FeBEU=4 7y Db OB
HREELL 0.25 mM, 50 gg/ml TIT- 72,

a) Fe, =5 %#&F%\vw5ml DEERER
ICANEZ 2720 DEMERE (control )

b) Fe %z T 1 BfiEL=H T~ %22 %
e bml OFEFER I AN 2B (Felh 2F)

c) Fe #mz T 1MHMEE=H T~ 280
5 ml DM AN 2 728E (Felh+ Nic )

d) Fe 2z T 3BEMIMEE=H 7~ 2 &%

Zevs 5 ml OREEERIC ANEEZ 28 (Fe3h &)
e) Fe #1112 T 3 BefJLEE S = T~ 2 &ty
5 ml DEEEHIC AU 2 728 (Fe 3h+Nic #)
f) Fe #Mz T 6 B H=H T~ &%
Zw 5ml DEERERIC ANEZ 728 (Fe6h i)
g) Fe %Mz T 6 BMMEE =4 5> % &
5 ml OEEFEHIC AN Z 728 (Fe 6 h+Nie )
bRt 8 HEHIA > ¥ a~— ¥ — o rh g
L, TOBUBKNVLTLTE FikICT
FE, 10% % 2Rl THfml, 20=—HEE
BLUrao=—%a control B+ D% Ky 7z,
w R
1, R=—=FF FSCHIiEE~DIHR
A—=—F XL F7VH 1D DMPO R v 7
%7 FDESR 222 | L% Fig. 1AW= 577,
ESRA_Z P iz 2, 4, 4, 200 12K 74
N BRERCE N, FO5HEEIZ 1.44 mT (Ay),
1.18mT (A"B), 0.12mT (Aty) TH - 7.
RIGHIIC =4 2> 12.5mM (Fig. 1®), %3
Wi 125 mM (Fig. 1(C) #mz2 3&, A—sv—
AXLFTOANERT I N =H T
R L T L 72,
2. EFOFVANTCHIBE~DIR
EFeX 720 DMPO 2 T4
F D ESR Z2~=7 } )L % Fig. 20279, ESR
ARZ P NEHENL1:2:2: 1 THB4ED
TN LEREN, FOS5MEIZ1.4mT
(Ay), 1.44mT (A"3) TH - 2. KIGHIC =
ATRLEMIBE, EFaXINTZHNER
T ESR > 7 nid =4 5 BEICARTE L T
A L7 (Fig. 2B 0.125mM, © 1.25mM,
(D 12.5mM, (E) 125 mM),
=G TN DBEL A= —F X FTHN
Q) BLUFEFoX LT h L (@) HkE
OMFEEFig 31T, =7 7<>0mM®
ESR & 7 F voigiEfi & o 2 % 100% &
LTERL, =472k BIHE#R% Y% THlE
L7z,
3. EFOFRINTHIEREORE
=72k 5 DMPO 2T 77 R
HOK TS LS, EFeXxinsos
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NDHEDT 2 A NEROIFICHFE L TwHD hashi &'2 o fkic # L TRRET L 72, #5813 Fig.
», H 50 DMPO 2> 7 # 7 FEEEDN 41257 F, Fenton Sl LDk FuFx s v
EThirrrk=HTXrnZE5RMICLY Iva- ANHFEEL, ZTOFEALRIIH 6 SEICHEEIC

DMPO-00H spin adduct
]
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Fig. 1 ESR spectra of superoxide radicals (generated by the HPX-XOD system as
adducts of DMPO) obtained in the reaction with various concentration of Nicar-
aven ((A); 0mM (control), (B); 12.5 mM, (C); 125 mM)

ESR settings : microwave power, 8 mW ; modulation frequency, 100 kHz ; modula-

tion width, 0.08 mT ; scan time, 2 min/360 mm ; responce, 0.1 sec; and magnetic
field intensity, 335+5mT

1mT

DMPO-0H spin adduct 1mT 'l

Fig. 2 ESR spectra obtained from the reaction mixture of the hydroxyl radical
generating system with various concentration of Nicaraven ((A); 0 mM (control),
(B); 0.125 mM, (C); 1.25 mM, (D); 12.5mM, (E); 125 mM),

ESR settings : microwave power, 8 mW ; modulation frequency, 100 kHz ; modula-
tion width, 0.1 mT ; scan time, 30 sec/360 mm ; responce, .03 sec ; and magnetic
field intensity, 335£5mT

FHESR6H 250 (87)
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Fig. 3 Dose dependent effects of Nicaraven on superoxide radi-
cal (O) and hydroxyl radical (@). Each point represents the
mean of 3-5 experiments.
# L 72 (O), Fenton BUESEILEHEHT (0 min) 12
=ATRR25mM EINZ 5 &, £ Fuxin
T ANREIIHS0RREICN SN (@),
B BB 90 i = 5 5> 8 5. Tl £ 5D
= o DEFOXNTCHNDALYT T FOFRK
= __o—0—=0 ! e « / . ;
o rﬂ/ HMIERH T, REST 77 b OB bR
2 y Loz (M), UEOZ eh b=k S~y
o Tt FuaXi g2 h Lol O8]
x (T eEHbhote,
= o T N 4 EFRF AT HNCLDREETE,
= 3 . DNA, 7 3 JE~DHEFICX T 25 EEDRET
= —o——— —°
S P ol (o=t e n i)
= 2 Table1 The 50% irhibiting concentrations (IC 50) of
= Nicaraven on the iron(II)-dependent damages to
= detector molecules. Values of TBARS are mean of 3
§ 1 experiments. IC50 were calculated from the dose
= dependent. curves in Fig. 5 (Studest-t-test, mean+
p= =4
SE)
0 0 2 A 6 8 10 Detector 50% TBARS IC 50 (mM)
T I ME (nin) molecule (nM) Nicaraven Mannitol
Fig. 4 Inhibition of the hydroxyl radical formation by Benzoate 0.29+0.008 4.3 6.4
Nicaraven. Nicaraven (125 mM) was added to the Deoxyribose 0.49+0.007 4.4 6.2
standard reaction mixture (200 gl) at 0 min or 1.5 Glutamic acid  0.26£0.002 1.4 1.6
min. No addition (O), addition at 0 min (@), addi- aABA 0.17+0.003 2.4 2.3
tion at 1.5min (H) Methionine 0.30£0.002 5.0 8.6
(88) HAE 458 4553% 6%
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Fig. 5 Dose dependent inhibiting effects of Nicaraven on ferrous ion and
hydrogen peroxide promoted degradation to benzoate (O), deoxyribose
(@), glutamic acid (A), a-ABA (&) and methionine ((]) with the release
of TBARS. Point represents mean of 3 experiments.
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Fig. 6 Dose dependent inhibiting effects of Nicaraven on the damage to benzoate
(0), deoxyribose (@), glutamic acid (A), a-ABA (A) and methionine (7)) in the
presence of a superoxide-generating system and ferric salts. Points are mean of 3

experiments.

HEREZFig. 510777, = 7<ige FoXx
PNTZTZANMTENVERER, DNA, 73 /B
AT 2 HEBIcHLT, 2= =L LEBED
BEKGFH#ERERL 72, Fig. 5 X Dk 72
50%Bi#E i ¥ (Inhibiting concentration 50,
IC50) # Tablel (2”7,

ER 56 H25H (89)

5, A—=/N—=FF L FSTHINIZL B REER,
DNA, 7 3 /B~DIREICXS T 5 P& RED IR
(SOD, = ==} —)L & D IbEg)

R %Z Fig. 6I2RT, =4 7 A—r9—
XL FI0Hhnz L N BER, DNA, 732
IR BTN LT, B B R Rh R
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Table2 The inhibiting effect of 10 mM Nicaraven, compared with those of 10
mM mannitol and 100 gg/ml SOD in the presence of a superoxide-generating
system and ferric salts. Values of TBARS are mean of 6 experiments. (Student-

t-test, mean+SE)

Detector TBARS Inhibition of degradation
molecule (nM) Nicaraven Mannitol SOD
(10 mM) (10 mM) (10 gg/ml)

Benzoate 0.034%+0.007 75 59 98
Deoxyribose 0.234+0.008 49 58 63
Glutamic acid 0.088+0.003 87 89 93
aABA 0.077+0.001 88 81 93
Methionine 0.080£0.002 62 38 82

Table3 The effect of recovery from cellular injury
induced by ferrous salts. (Nic.= Nicaraven)
(Student-t-test, mean=+SD)

Diameter of colony  Colony ratio

(mm)
Control 2.75+0.711 1.000
Felh 2.67+0.527 0.975
Fe 1 h+Nic 2.58+0.495 0.941
Fe3dh 2.43+0.560 % 0.915
Fe 3 h+Nic 2.52+0.521 0.992
Fe6h 2.32+0.562% 0.882
Fe 6 h+Nic 2.52+0.519% * 0.950

% . p=0.01(compared with Control)
# % [ p=0.01(compared with Fe 6h)

ERLI. =47y (10mM) DR By
o=y =F—n (10mM), SOD (10 xg/ml)
E D% Table2 IZ/RT, =A< F A—%
— A XL FIVANEH LT = F— b FEE
FEDBhish R %R L 72,
6. NIH3T3#HBRIZ351T 5 Fertic & 2 IBHEPRE
DINHIRNROIRET
AR % Table31o/RY, Fe3Milb L 16w
FALERIC £ V) 2 v = —DERICRERIED A 5 1
72 (p=0.01), FeLEBIc=4 7> 22T
BERET B &, 3 WyFHALERRE T3 R RMEIC BE
MHRBH LN LODEEERIBLNL - 72
7%, 6 RefHLELRE TR E # A&l 72
(p=0.01).
z %
TN —=Z AN E R ETF EFHOTFPRF

DEIRT, 7NV —F AN L HEED SR E
B F & U TIINRE, #EE, Bk, 2> -7 B
HETHILW, 2k, 7V—HNHHYE5LC
WEEFEZLNTHLHEREREZEEZLHY,
MamhaR g iR, THERAFHER, PPURZREE, (Y berE
B, R, BURBEEEL X 2 ZEMBICE
5. UGBS WEHIc L > THERENS
DNA o3, MIE, MAEREDM K, 282
L, AR iR & v o F2 0l 2 O MR
FL26T. BUOHRESIC L 5 DNA i 7
V=2 hNnicd > TLAEL B, M
DNAHEI»FEEINDIESHTT, L Faxin
AN, A—r—F XL FTFTU AN, —F X
PITUANIG EDCTNOGFRESES . Twa
PHHRENT B, BAHRBI#EH & L TF >
HANRAARe D o—FHwLNBL %L, TR
INECEY, g-F2T7u—n0® H 74
I TFNT A, D AF AT 5 X
F (DMSQ)'® e Kl DWW TH#HEIhTw 5,
DitbIUIERBWICH L T8 X HIEEL 2
EEBLY), =T OSBRI L ToT
REME 2 RIE T 245218720, 43 ESR % /)
W in vitro ®Fkic BT, DMPO J 2 #4u,
EFEXLLTITHN, Z—r—F X I
VEEBENE L TR 247wV, =770k F
OX T ANMINT ZEBEEEERZED
72, ZORIEARICEIE Fex LT U
NWEEEIT, —100CI2 T T 2 7 LS EREERIE
EAT-o2HEH S DFRERE—HTELDOTH -
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72, REBRICBIT 2= Fuxi Ly
CHMIHTBIC50 X 112mM T2 =F—1
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N=F XL FIIANMIN L TLEEEEER %
B, =H T 125mM O A —s—F X F
Z 2 HNAZHT B8 F1F SOD 0.8 unit/ml I2 &
Bl i, FVHINBERD=H TS
TIRAE>TZ 7 RIS UBEENL 25>
72, ZHUTRETREE SO = A TR 5 HETF
EBLUMIo=—EfENYFEIC L LITHRT
Hofzk\v) in vivo lC BT BHERY 2T 5
LEzZ LA, LAL, in vitro DRICBWTIE
=A TN DG T U AN, 1.54
#THY, in vivo TIIBHBERIFHEEC L5
SridfEd L TEB Y Fig 412k 3 E13ITRIEHT#
WLTLIE-BTHhBLEZLNS, ZDZ L
127 2 A NEERIGUNDRIZ & 250805H 5D
TR WhrEHEZ LN, =8 7V IS RES
oD EREER D B EHEE NI,
Srinivasan 53 7 S AN A ARy TV e —Th
ba—ra37zv—)LEHAWT=7 ADEFE
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BEHICEBHMPEREHTBY, bibo#Fy
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WR, 1%, BER, F NI BEFELLNLTY
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ANEEER2ES, 708 3 vEE, ABAICH
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