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7T =9 A EEKRIC LS oL TE
N, REERKICEIT S arginine (Arg) FHIN
#El2 BT B creatinine (CRN) &<,
HAESW TOBO TEELREAIMLN T B
KE, ZNonBHICBALTLER, £
E5EINTnBY,

Brieger?i3 CRN 2V Wi & » TH#H S
LT methylguanidin (MG) #*4ME2 b Z &

PHELPICT B E L LI, MG 2EREMICH

545 LR EEE, SREENERUEST
NARBRTHI L%, TTICISTFICHEL
TBY, 20 OMRAIC 13 guanidine (G) %
DM G FBEDOMREENE, FICHREET VR
ARBRITT I X ADHRWYE & L THHRL
ETFHEINTW B,

Jinnai 5®{3 y-guanidinobutyric acid
(GBA) # 7 X DAMRAICEAT 5 L BEMN,
FRETWHAIGBRT LI L2BEL, MK
BRI T = JM6EIC & 5 AR #1966
Ic#1 CE4k L, # > T guanidinoethane-
(GES))?,
guanidinoacetic acid (GAA)'9, creatine,

sulfonic acid (taurocyamine

CRN, creatine phosphate, N-acetylarginine
(NAA)'™, RUCMG? % & d 7 X XMENICE
ATBHETFVWNA#FRET LI LEBAEL T
3. 12 %n1%Y, a-guanidinoglutaric acid
(GGA)™'4, homoarginine (HArg)'®, ¢-

guanidinovaleric acid'®, a«-keto-d-
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guanidinovaleric acid'”, & U° 2 -
guanidinoethanol'® & 7 v + % EOEERENINT
WNASH B IIIEEGI L A RIFREERT
B ED, URBIZBWTRWIEANTERY,
IR TMGHX> F) 77y M
IZBWTEBICHEMT 52 L LB LMzIN,

fth5, 19684 Cohen &29%° guanidinosuc-
cinic acid (GSA) # REEBE D MiFY b 7B
FEL 2oL, REENDRIELICHK
felc 1T 5 GSA, MG, GAA, CRN %7
T =Y /b nBESHERITERICHRINT
w32, F 72, Terheggen L2222k 5B/ T LY
=Y MENFERIZBREN DAL LT, BIZ¥
BICLIEBCRKDZLNTHY, FKRBBE
NDRPIHEEBICKREBEENS  a-keto-d-
guanidinovaleric acid 31T WA BRWE TH
LT LN, BIFRELOKRHRICL VALY
KN TnB, 3T, HMRRICBWTUL, Z
ZHBUEER, SMBETADANERICET 55
EHITON TV ED, TALPAELERD A S
Z XA, BEESMEIC L 2 Hm, BhicikE
4 5 IMEK L N ) hemoglobin, & &84 1>
DEBEL, TS ERNT HIEERFREE(O;, -OH
BV H,0,) DRADEELREZET B Ed°
HoPIh - 7222, Tebh, FMEHREKRA
{2 hemoglobin 2 W38k > 2 /4L TRE
L7z iEER%RE, $ic - OH i35\ BE{LIER
AL, HEMEEEZERT 2R NREL5
Bt L TR E + 35 = 3¢ 2 7%, i,
7y PR EY 2 A — MOBIE 2 BB KK &
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EHIcRETEE -OHREL, MG RUFGAA
FERICERT DI EXFRWIIINTHE™, &
72 bIC, TVREERERRICTRAAETY
5k 0; RV - OH FEEHFTUEL, BEILIE
BHERNIGE L X115 thiobarbituric acid
reactive substances (TBARS) N4 RATTHET
52k, RUSO; DFEICHNT 58S &
.5 superoxide dismutase (SOD) i&MEAH ToHE
TAHZELEIPHLPITEINT %, §E- T,
AFRICBWT=TRICHBELAMLLSE
A BT 7 L Bk E RS L BAICONT,
B, M, B, BRUBEGHN7T=2 /1t
AYnEEHTREL, BEBREBOERNTT
=T /b RiT T EERET L 72,

X BR ¥ &

1. ERay

HREH30g N7 2 (dAY &, #) 2ERL,
FigaCTHEF L. R, T )T NEE
BHRASHE MF 2#/HL, Kiikker TH
HizfEk SR,
2. SKIERGH

Ferric citrate (FeCeH;0; : 10mg Fe**/kgfk
H) #RBCEENRSL, #3BEOHRED
BHEHRL .
3. BRAFE

WER % 100%8% (0,) IRD & 5 IREBlIc 1
Bl RBAEr— RIS T AR LD
WO AZBRLLY S 1EAMAETL 72,
4 . STEROERE

e AR EHBEII L) ERE, kELICT
B, BF, B, B (BEEERR) ZHEHL 7z F7,
oL D miE2HL72. NSRRI
EEBT C-80CICRFEL .
5. 77 =2 /{b&Hnai

FNFhOMEIC 1% picric acid 202,
F7u BT AETCREY 24 XL,
DNWTKREY 22— b 2R LWL, HENL
Ei#5iz Dowex 2 X 8 #fn2, picric acid %
*£1%, ABL7. miECiZ 1/ 2 &9 trichloro-
acetic acid (30%) #mz THREALZ. D
TENLNDH B Z FHEELE L, ZAE%0.0IN-
HCI(pH2.2) T# &%, £ 7200 1l % phenanth-

renequinon R i % AGAA ISERBAK 7 0= b
757 (Jasco, EX) #HWT, 77=2 /1t
BN SNT R AT o2, B, TT=Y /AW
DX RBEITRNVB) TH B AT 4,
Guanidino pak (4.2X125mm, Jasco, ®i) :
77 LIRE, T0°C ; IO HE, 1.1 ml/min ;
phenanthrenequinone #M N FHE, 0.5 ml/
min ; NaOH &M, 0.5 ml/min ; {EIRE,
70C ; K a4 v, 0.5mmlD.X 5m ; B3,
WHIEEE (Jasco FP-110, Ex 365nm, Em495
nm) ; &8k, 200 kl ; BHHE, (1)pH3.00, 0.4N
citrate buffer (10.343)(2)pH3.50, 0.4N citrate
buffer (4.04) (3)pH5.25, 0.4N citrate buffer

(4.24y) (4)pH10.0, 0.4N citrate buffer (9.4
4)(5)1 N-NaOH (5.247) : #%t3%, (D2 N-
NaOH, (2) 9, 10-phenanthrenequinone/
dimethyl formamide (250mg/1).
6 . EBRHE

Ferric citrate (Jy [U1{t%), GSA, guanidino-
propionic acid (GPA) (Sigma), NAA-H,0

(Eastman), HArg-HCl (Calbiochem), G-
HCl RUr MG -HCl (ERILE), Arg (Kb
%), GBA($£—%&), CRN(3HM16%¥), GAA

(FOYe#EE) R Ur GES (VNEFEES) # AL 7.

GGA ( Mori et al.?ic k » CHEBE N2 D
DERFEAL.
7. AEERE

BEHEEREIL, two-tailed Student’s t-test %
HWTiT- 72,

E R E R

1. =7 2N 7= /&

Fig. 1A i3, 12BN 7T =2 /{bAWRERE
BN 77 6THB, E£L Y GES(10
M), GSA(5uM), GGA(20:M), GAA(3
#M), NAA(3 M), GPA(3 M), CRN(50
u«M), GBA(20uM), Arg(20uM), HArg(10
M), G (20uM) BRU MG (2uM) DlEICZ
N6 peak H*HBLL A, Fig. 1B i, xtHE-=
TRAEDGTHBITH B, =7 B b, TNE
L GAA, NAA, CRN, GBA, Arg RUr MG
PRIBER I N,
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2. 71 BE_SBR5ICIBTT=Y /e
o kS
1) Guanidinoacetic acid (GAA)
an Fe #5ic X N'E GAA SEEH»EFRICH
v L, 5 GAASERB LT AXLARIC
Toor Lt - Pl 72, B, BF, RO GAA EAHRIC
A ﬂ n L e REENEBIZED b LD 72 (Fig. 24).
0 5 1 15 20 255, 0 5 10 15 20 25, 2) N-Acetylarginine (NAA)
A B Fe #5ic & N'E NAA SH BRI EBICH
Fi ‘s L7, fnEESER ILEICIZEEIIERD S
ig. 1 Chromatogram of guanidino com- )
pounds. N h -7 (Fig. 2B).
A. Standard substances, B. mouse brain.
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Fig. 2 Effect of ferric citrate on guanidino compounds levels in verious organs Each value represents
mean+SEM of 8 to 11 mice. a:p<0.05, b:p<0.01, c:p<0.001 vs control. A:
guanidinoacetic acid, B : N-acetylarginine, C : creatinine, D . y-guanidinobutyric acid, E : ar-
ginine, F : methylguanidine B Control +Fe
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3) Creatinine (CRN)

Fe #5ic L Y IF CRN SFE»EEICH
AL7:, fnBER O MEICIIEENERL
ZoHoNnkhr -7 (Fig 20).,

4) y-Guanidinobutyric acid (GBA)

Fe #5ic L Y F GBA A EBIFEHICH
AL 7z, MRS E MBI I EEIIED 5
N h - 72 (Fig. 2D).

5) Arginine (Arg)

Fe 5.z L O FF Arg S EVABEICRAL,
BRUH Arg SRERISSEICHEML 72, BEV
M Arg SR EBICIRAEELEBIRIEZH LN L

g 2 B &8
o

GAA(nmol/g tissue or ml serum)
8
2

b

o
b

Brain Liver Kidney Muscle Serum

g

NAA(nmol/g tissue or mi serum)
g

1
]I

T T .
Brain Liver Kidney Muscle Serum

1000 -

b

CRN(nmol/g tissue or ml serum)

Brain Liver Kidney Muscle Serum

€ &

»-7: (Fig. 2E).
6) Methylguanidine (MG)

Fe #5ic Xk N i MG &8 & & HIC8M
L7z, BRUMEMGEHERLHEML T3
B, TR BB REI RO b N L 572,
F MG gFBIRMIcARICHS L (Fig. 2
F).

3. MBRAMICL 27T =Y /bAhnES)

1) Guanidinoacetic acid (GAA)

0, A%z & ) B GAA SR BV EHICHS
L, B GAA ZERIIARICEmML 2. B,
F, RUmiE GAA EEREICIIFEEDEENL

GBA(nmol/g tissue or ml serum)

04 —

Brain Liver Kidney Muscle Serum

Arg(nmol/g tissue or mi serum)

Brain Uvar  Kidney Muscle Serum

b a

MG(nmol/g tissue or ml serum)

Brain  Liver Kidney Muscle Serum

Fig. 3 Effect of pure oxygen on guanidino compounds levels in various organs Each value represents
mean+SEM of 8 to 11 mice. a:p<0.05 b:p<00l, c:p<0.00l vs control. A:
guanidinoacetic acid, B : N-acetylarginine, C : creatinine, D ! y-guanidinobutyric acid, E:
arginine, F . methylguanidine @ Control 0 +0.
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AL uh -7 (Fig. 3A),
2) N-Acetylarginine (NAA)

O &R & N B NAA EFEIZERHICHL
L, IiiE NAABFEBRATICED L2, M
DB IIEENIBD b ed - 72 (Fig. 3B).
3) Creatinine (CRN)

O, &fic & DR UH CRN 2R EVERE
AL, BN, BRUMmE CRN 88
BEENEZZED LN » -7z (Fig. 3C).
4) y-Guanidinobutyric acid (GBA)

O, &%z & Y iFf GBA EH BV ERIZHRSL
L7z, fioBSER U mE GBA SHERICIE
Bi3ZoH 5Nk -7 (Fig. 3D).

5) Arginine (Arg)

O &FHC LV BRUS Arg EHEEIREIC
WAL, B, FF, RUmE Arg EF &I
EEIED LN L H -2 (Fig. 3E).

6) Methylguanidine (MG)

O.&Ffc L NI MG SR B EHICHEmML
7z, B, BRUE MG #F BT FREICHE
AL, MG EFRICIEIESIES SN
L#H -7 (Fig. 3F).

% =

BRI LMIFRENTBEIZ® T v M BNICIEILE
ZHBEBEEALT, MG RV GAA »8#my
ZIEERWETEEDI, BAEZ 2 R—}
~gkiE L BBk EEFEMT 3 L A8uc -OH &
UBERLHRRMR S & 4 AhsBam$ 5 = & 23
LTwa, FFRICBWTIE, BrogEn S
L HEMBBRILERDE N L5 T3
ferric citrate?® %~ X EHERNICHRET L L &
biz, ?7 X EHMEBEPICHTL (EEBER
FLRARBELTERNS T =2 /{bAHNE
By R AR, BN MG BT st o
3, 7 7= /& hiconC LiEx D
EehRBH LNz,

GAA ZEHBALBENMERICBWTIIE
L, RPSEHARSL T B EhEsLnT
V52930 7 GAA RITWNAZFREIERAN S
BZEHHLENTEIIMG & & HICBRLITHE
FITFTNADERPWEN 1 2THbEHBEEN
T3, GAA BAEKNTIIEE LTHEICBWT

glycine & Arg #* % transamidinase 2k > T
ERENDZ EFMLNLTWE, - T GAA
EHABRIBICECTRHICEYY, Fe 5K U0,
BRIC k> TERAIECHAPT 503 trans
amidinase IEHENRAEIC L 5 Z L HESI NS,

NAA 12 %#7 Ohkusu and Mori*?iz & - T
CRRICRRINLTT =Y /LAY THIEE
FRAICEICEREICHEELTEY), Arg 3T
EZBTHHIENHLNTVA, NAA 22w
TOHMBIIEENIC L &I1TL VWA, Fe #5
BU QAN & » TERHICRAT 20i: GAA
HRICBI 54 5 transamidinase & B4lc, NAA
? N-acetyl fbicB &5 3 3 BEHX (N-
acetyltransferase) DIHHEEIHEI NS,

CRN DI EREICE T2 EEL&E

(Lohmann &) oWk ERmsn T
5EZA5THDY, FHROFMEL CRN &F
EIXBICRFICEDL» 572, CRN 3FicBVTid Fe
BEICLY, K, BicBWTIR OBz &
N#wA L7z, CRN (Z4KRF T3 creatine # A
LTGAA B LEREINGY, FRERICBWT
BFERUHIZBITE GAA R WTNLEAS LT
W WDT, GAA B L NDEFGBRRO VTN
EMME»rTFRINS,

GBA 3 ICH BRI HBREICHFAT L L bt
B ol GBA IZHILEMIC BVTIE Arg
& y-aminobutyric acid & ¢ transamidination
BIGC & B RS BES LT 5579, FFicid
y-aminobutyric acid 313 A EFEEL e
T, Fric 811 % transamidination i2 & % &8
RIZERTH 2. #E-> T Fe BERUV O, &FiIC
& NI GBA »EHIZRAT 2 HRLAHETH
5.

Arg 2 CRN i2DoWCHBEICHET 57T
=2 /BT H Y, T =Y /RS
Iz & - Tid transamidination REIcBiT 3
amidine £#t54KE LT, 20dl & % 28
ThoH, FeB5I L NBRUHICB VT Arg
BHEHNEML, KBy Tidsicia L7,
TH2LEMIC 8> Tid Arg 13 transamidinase |2
& - T amidine # % & - T ornithine {2 7% %3
%, arginase |24 » C lysine # %51 5.
72, BIRDIML N-TFNLENT NAA #
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ERTEIL b EILND, 65T, Fel
L 2BRUBD Arg R BOWEMIZ, GAAR
GBA 2 DWW T % & 7z transamidinase &%
NANDME# % 2 H4bic, arginase &R E®
ZELERRRIE L LW, &8, Feic Lk aHF
Arg EHBOED, R O,ARIC L 5 BRUS
7 Arg EHBOFEAIZ, Fe H Bz 0,8
I & D MEBPICREL 72 O R -OH % L if
HEREREIC & 2 MIEREEEDICET( Arg O
FAPEL ) IAABRENBEEIC L 2 RS E 2 H
na. ZoMBEEKEEEI7REERCE Y
THBI>TWB I EFEEINLITNED,
Arg DRBBROIGIEE & DA LBIR T,
BRI, Arg ®FBROMME % 2354, —R
TELLDHE, H2VIEIRLE L2885 D
500b Lk,

MG 7B AL BB MR DI EHicBmT
% Z & Giovanetti 533N & > THEINT
LIk, B BERWE & L THOMGICBEET 25F%
PECHEEINTWSE, 25iz, MGixv
X EOEBREMORKERICESET L EREL
THRETVWNAGBERINLZ L0 1))
Y77y ORI GAA EHICEmMT A
&9 EHR LA E N, NRNMESEWEDH
Z0RITVNAME L LT MG kxR &
T3, MG Ii4EMAKPTIZCRN & 1) creatol
ENLTERINDLD, ZOBBIIIEEBRERE

0z, OH)IC L NRET 5 Z L AL RIC N
T %4040 KREEIC BT MG #* Fe 5%
B0t O, BIC k> TRMICHEMT 5 Z L8

+e - +e -
O] O~
H202
ozXFe Y~
0" Fe =
[ -OH + OH™ |
+e-, |+H"
H *
H20 H20

Fig. 4 The four step reduction of oxygen and
iron
catalysed *OH formation

& & &

AN, Tt Fed s dEBRE O.0°%
BRCEERREZREIEL I LICET(D
DEEZ LB, B, MG DHERKIEMA*
Bic BN THABDLNEDIE, BMOBEEHE
EVMOBEFCH L BOTRKETHSHZ &,

- Fig 4icmT26C QL NVBLEINT
£33 0;, H,0,RU -OH DRENREA K
EnwZtickrbntEZ oS, MF, Fic
BWTiE Fe #5180, 20, B, #Hic
BWTit O.Afc & ) MG s L Tw 3
A%, ZNHDERICE VT Fe H b WIIRE
», MG EBR~OHEL FicfhoMiEE
BT 2 BBIcik ( BE L 28R, £BuicH
SRR NK T 2 X2 L T b I e BESNS.

&

1. 7= BE_Sr>7 ABEENICERSL
TR L AEEER (0, 1 100%) T2 2fFL
T, BEHFRO,RA MV ARARL 8o, £EAT
T =2 2 nEE  FNT.

2. GAA &t NAA Eii®ic%<, Fe &
EU QAL » T, BieBWw TS L%,

3. CRN i Fe #5ic & " FTCHAEICES
L, O BT L DI, B CHEEICRERSL L.

4. GBA 3, FicRERmMIicHBECHFLL,
Fe #5R UV O,Afict»T, WGBASHER
IIFERICRERD L2,

5. Arg i Fe #51c X N BRUBICENT
BmL, FeBWTlREEBECRES L2, O.&%H
CENBRUBCBWIHEEICRS L 72,

6. MG |3 Fe #5 RV O AMiIc k- T,
BicBWTlHmL 7z, —7%, Fe 52 L Y IF MG
BAEBREAL, OAMICIVF, & Hics
WT MG EHEIREAS L2, MG &g
PRI BWTHARH LN, ZHERD O,
HREVGMOEBBICH L TESTAERTHS
ZEEY, O 6BIL3NTAET S 0; HO,
RV -OH DEENRESKEVZ LICLE D
NEEZ LN,

B

REKZ DICHA, #ARBIRE 2 HeE L aH
BN LR HASUR ERMEN-crE
LBt $FETICR(BBOBLBTIY. 22
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Effects of ferric citrate or hyperoxygenation on guanidino compounds
in mouse organs
Seigo WATANABE
Department of Neuroscience,
Institute of Molecular and Cellular Medicine,
Okayama University Medical School,
Okayama 700, Japan
(Director : Prof. A. Mori)

The guanidino compounds in various mouse organs after i.p. administration of ferric
citrate(Fe) and after inhalation of pure oxygen(Q,) were studied.

Guanidinoacetic acid and N-acetylarginine levels were markedly higher in the kidney, and
they decreased after administration of Fe or inhalation of O,. Creatinine decreased in the liver
after administration of Fe, and it decreased in the liver and muscle after inhalation of O,.
y-Guanidinobutyric acid level was significantly higher in the normal liver, but decreased after
administration of Fe or inhalation of O,. Arginine(Arg) increased in the kidney and muscle
after administration of Fe, while it decreased in the liver. Arg decreased in the kidney and the
muscle after inhalation of O..

Methylguanidine(MG) increased in the brain after administration of Fe or inhalation of O,.
However, MG decreased in the liver after administration of Fe, and also decreased in the liver,
kidney and muscle after inhalation of O,.

MG increased only in the brain. ’I:his finding suggested that the reactive oxygen species(03,
H.0,, - OH) were most effective there, because oxygen consumpution in the brain was much

more than in the other organs.



