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1. taurocyamine

2. guanidinosuccinic acid

3. guanidinoacetic acid

4. N-acetylarginine

S. B-guanidinopropionic acid

6. creatinine

7. y-guanidinobutyric acid
8. arginine

9. guanidine
10. methylguanidine

11. homoarginine
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Fig.1 Guanidino compounds in mammalian brain.
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B2~ 3ken@ Y X (M) 2HEALL. &
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CS, AV 7 nER) %2, 7HXICiZ7HX.
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99.99%, EHEILERIEAT08838A) % #7300mg
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BEGL &, MREIERGL (£650mg) 2 13 < #H
%, BABRTHEREEAEL, FRABEE T—20
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1) Guanidino 1t&-#yiZ i A4t

Guanidinoft &4 iE#ERFKL & L TiZ, tauro-
cyamine (GT, 10nmol /ml), guanidinosuc-
cinic acid (GSA, 10 nmol /ml), guanidino-
acetic acid (GAA, 5nmol/ml), N-acetyl-
arginine (N-AA, 3nmol /ml), g-guanidino-
propionic acid (GPA, 5nmol /ml), creati-
nine (CRN, 50nmol/ml), » guanidinobuty-
ric acid (GBA, 10nmol /ml ), arginine (Arg,
20 nmol /ml ), homoarginine (HArg, 10nmol /
ml), guanidine (G, 20 nmol /ml), methyl-
guanidine (MG, 5nmol/ml) #% 0.01 Niz&

(pH2.2) IciBM@L TRERAL .

2) BsktoRTRE

A#EIC 5 ER D 1 % picric acid#nz 77w
BT ARETSHA N —THREY T4 XK,
13,000 g T207 M, WEEKX 2T -7, KRiC
L& picric acid # Dowex 2 X 8 (CI&)ic
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Fig.2 Synthesis of a-guanidinoglutaric acid.
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&% 0.2 N sodium citrate buffer % 0.4ml/
min DFETRDEMIZHE-> THERBL 72,
1) pH3.0, HEHEARI40%. 2) pH3.3, &
FHEA%1254. 3) pH4.9, 234. 4)pHI0.0,
2557, ¥ T 1%, 0.5 N sodium hydroxide
2047, #FR¥EL 0.05 % 9, 10-phenanthrene-
quinone/dimethylformamide {5+ f#HL, %
DFEIZ0.2ml/mink L 7z, HEFGIZAE0.S5
mX 8 mADF 2 —7T60C, 24M&L, KH
{3 Ex 365 nm, Em>460 nm T4T% - 72,
Z68 GGA DA

GGA 74 Elx Zervas & Bergmann ) gua-
nidino (LA MAREVIC R L TiTh 72, T
bbb, glutamic acid ¢ F €L S-methyl-
isothioureak # 1 N NaOH (&L, Fi&T6
B[ & %, Amberlite IR-120 (H*®) # 5 4
ICRAE 37z, DWTK¥Etk, 2N NHOH ¢
BAEL, RORE (+) FE % £H TRIE RN
L, K—ethylalchol? 5 B4R L 72(X2).
#7868 GC/MS @€

1) GGA EZExz %

Mori YD FEICHE» TiT e » 72, Thbb,
GGA A FEm10mgic &1.0ml #5p2 pyridine
1.0ml, acetylacetone1.0ml#%imz 7=/ %, so-

GSA  aA
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Arg
CRN
N-AA
ﬂl d GBA
HArg G

l
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l
100 min.

Fig.3 High pressure liquid chromatogram of standard substances of guanidino compound.
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Fig. 4 High pressure liquid chromatogram of normal cat cortex.
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#2#0 n-butanol 10mliCiEfE L, 8% 1+ T 3 KR
reflex L C butylester{b L 7z, 2w TiRE&HE
L, 18517z syrup B4 (# 2 mg) # pyridine-
methanol (1:1) 0.2mlIc#&#&L, £ 1l
# GC/MS HaE#st & L 7=,

2) 2 amEs

A% 1% picric acid M2 ThEY+H4
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BAE&RE —8 T 5 REENETEEIN LD, 60~
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¥ % K1.0mlic ###% L, pyridine 1.0ml, acety-
lacetone 1.0m 2Nz 720 %, it GGA & #
R L FRE L #REIC £ D dimethylpyrimidyl {t
LT GC/MS Akt & L7z,

3) GC/MS

GC/MS % Jalco JMS-D, 300 %K &2#rat
PEALL., MEEHEITRAZEL(THS,
Gas chromatography, Column length: 90cm,
Column packing: OV-1, 3%, Column tem-
perature: 230°C, Carrier gas: Helium, 1.0kg/
cnf
Mass spectrometry, Ion source: EI, Accele-
rating voltage: 3.0Kv, Ionizing voltage: 70
eV, Emission current: 300uA.
#8fi GGA nFErH#RE

GGA # £ &1EKIC % (40mg/ml, 0.2M)
%, GGA BEHICEL 2-HK (4 X 4mm) %KM
BREREEBRE O LICWiz,
FOH BREMB I

RIARVIH X F LI —TF VKRBT TR
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Fig.5 High pressure liquid chromatogram of cat cobalt focus 24 hours after application.
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Fig.6 High pressure liquid chromatogram of synthesized ¢-guanidinoglutaric acid
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MASS SPECTRUM
SAMPLE:  GUANIDINO GLUTARIC ACID DERIV
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Fig.7 Gas chromatogram of dimethylpyrimidyl-unknown substance-butylester of cat cobalt focus.

mine, guanidinosuccinic acid, guanidinoace-
tic acid, N-acetylarginine, A-guanidinopro-
pionic acid, creatinine, »-guanidinobutyric

acid, arginine, homoarginine, guanidine,

methylguanidine A9k Rkhic FHEEE S he,

F2fi EERAIAMEERUIVESHE
#.9 guanidino 1L &%
1) EEA I KBEE
BERBEK 72t 777 4 —DER, EEX

I KEEHICIZR 4 iI2R& 20 <, taurocya-

mine, guanidinosuccinic acid, guanidinoace-
tic acid, N-acetylarginine, g-guanidinopro-
pionic acid, creatinine, y-guanidinobutyric
acid, arginine, guanidine, methylguanidine
PEEL, F0ELIZVL LrNRMWENE
— 7 0@ LN,

2) 2Aaarsn b EaM

2,80 b AR 2L P E ST
13, E¥ A 2 KB EICHET 5 guanidino 1k

A4 9 H N-acetylarginine »9§% L T 72,

& = A %* guanidinosuccinic acid D e — 7

DXRIZ, EFER2ITRbT2LRBOLNLS

S RRAPWENE L B E— 27 HBHES

Lhz(B5).,

E3f ARGGA EROBEHREK I o=/
57 4 —

X 5 i34-BE & GGA 50 nmol / ml o) & ##
th7v=t 77LTH5, GGAIZREEALEI
SiICEHENL, ZOBHARRRBIZ 2V
#EURMBOESMBMIFICED LN KE
LRAWENE— 7 DB HRRRRER & — L 72,
FAH 2,9 E SR RAWED GC/MS
2k 3REE

1) Raa,00 FEsEBPRINME D R

s b 7774 —

7342 3,50 B RS> & REWE %
L, dimethylpyrimidyl fbiEeric butyles-
terfbL 22BNt 754 THE, TN7
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Fig.8 Mass spectrum,
A) Dimethylpyrimidyl-GGA-butylester.
B) Dimethylpyrimidyl-unknown substance-butylester of cat cobalt focus.
O b 75 LARORREML0FOE—2ia Ve
HKGGA % dimethylpyrimidyl {3 U*i= butyles- 365 M
terfbL 2&BHE—27 r—K L 72, 202 73 0-B
- - -0-Bu
2) A GGA RU a3+ & SRk h ety ﬁ
BNOPAARZ a2 b))— 264 M-101 - -CO-Bu
S GCA &wj'\'"f]“%“ﬁ‘*ﬁﬁ‘t " 250 M-115 - -CH ,-C00-Bu
WL 72 RaWE # £ ¥ hudimethylpyrimidyl
FMUK) butylester & L THIEL 72w R 27 236 M-129 - -CH.CH,-CO0-Bu
FoL4%2M8-A, BiciRL7:, T4bb, &1 208 M-157 - -C00-Bu, Butene
GGA ZE¥ ko) spectrum (X 8-A) icid, m/e
190 M-175 - -C00-Bu, -HO-Bu

365(M*) /i35 292, 264, 250, 208, 190, 162
TENBHBEDHEA A o HBEEIND, X
MYEFHMK spectrum (K 8-B) o wTd
m/e 365 (M*) mi3h 292, 264, 250, 208,
190, 1620BBINT:, HE->Ta SN MESM
BICHAT 2 RELKAPWENE— 713GGA
ThorEREEINT.

FESHEI a0 b TAPATRSESHEBNAGGA

RaD AN TAD»AFEESHEBR U

162 fN\lJN\

Fig.9 Ion peaks in mass spectrum of dime-
thylpyrimidyl-GGA-butylester.

N=CH-Ccz0*

FERAL D GGA 2L R E2E1ICRLZ,
FPEFR P 3 KK EREEDHEZTICIZ&H 1 n
mol/ g N GGANFHETLZ L 28, Kic
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Table1 Effect of cobalt on o-guanidinoglu-
taric acid level of the cat cerebral
cortex

(nmol/g,wet weight, M:S.D.)
n non-focus focus
Control 6 1.0£0.4 1.040.4
Co applied lhr 5 0.2017.1 0.3v48.7
(6.4) (12.2)
2hrs S 0.2417.5 0.2015,3
(3.8) (3.3)
4hrs 5 11.13.8*%  12.6:4.8*
24hrs 2 33,7v588.2 8875.2¢4311,7%
(311.0)
37-42days 2 0.1:0 0.60.1

*p<0.001, compared with control
A parenthesis shows mean.

® KX E F

IV R HRET 5 & EAEER UL
GGA (3551 1 RS & 2 BEFIC # 72 - TR
L, 85 4 WM& CIEWERA & LIk L
ARICHMT 2 28 bt #5240
BICITTA» AR S48 GGA 138,884
mol /g LERCHML, MUTLL 20 L 0
S%viAh31lnmol /g EHML Tvr 5 DhEs
bz, %, 40B%ICIZESME. GGA |
0.6 nmol /giZiWA L, HAERMIIZEEL~L
ICEBEL Twiz,

Table 2 Effect of cobalt on guanidino compound levels of the cat cerebral cortex

(nmol/g, wet weight, MtS.D.)
Control 1hr 2hrs
n=6 n=5 n=5 n=5 n=5
non-focus focus non-focus focus
Taurocyamine 35.1+9.8 44,2+£35.3 58.8¢42.5 162,.3t81.6 173.7:71.8
Guanidinosuccinic acid 0.6:0.2 0.30.1 0.8£0.6 0 ~ 1.0 0 ~ 0.2
(0.2) (0.1)
Guanidinoacetic acid 12,7+3.8 7.123.7° 7.9t3.6 5.4&2.3b 6.3&2.3:
N-acetylarginine 1.9+1.0 0 0.6 0 ~0.6 0.9:0.4 0.6+0.4
0.2) (0.2)
B-Guanidinopropionic acid 1.2+41.1 0 0.5 0 ~0.6 0 ~0.8 0.1n1.2
0.2) (0.2) (0.3) (0.5)
Creatinine 944, 8+600.9 1193,5+849.3 1247,5+617.7 708.1+£395.7 J1138.9+807.9
y-Guanidinobutyric acid 27.8:11.6 3.6:2.4° 3.8:2.2° 3.9:1.7° 3.6:1.1°
Arginine 318.2¢210.4 148.4188.6 137.5+42.8 84.4+21.2° 94.0£19.9°
Guanidine 0.1026.0 0.2015.4 0 ~13.2 0.2M2.3 0.2v14.8
(5.0) 5.7 (5.1) 2.7) (5.3)
Methylguanidine 0 n9.8 1.2:0.8 1.5+14.3 0 2.1 0.5011.3
(1.8) (4.5) 0.6) (2.9)
4hrs 24hrs 37v42days
n=5 n=5 n=2 n=2 n=2 n=2
non-focus focus non- focus focus non-focus focus
8.0£1.7% 8,543 9.7%2,19 11.8%0.1¢ 9.0¢3,79 6.2%2.6°
0 0 0.310 0.810.1 0.1~0,6 0.3%0.2
(0.3)
1.0#0.3*  1.1%0.5% 13.7:8.8 31.8430.4  60.5%7.0%  15.4%1.1
0 .4 0.820,7 0 1] 0 0.2 0 0.2
(0.1) (0.1) (0.1)
0 .1 0 .1 0 .1 0.20.1° 0 0
195.6459.6° 204.2166.1° 1549,24258.2 1564.7+316.6 890.3:169.6 549.31:460&1
0 n5.3 0 ~18.3 6.020.7 4.010.8° 0 a2.1 2.541.1
(1.2) (6.4) (1.1)
10.1%3.5 11.51:4.4d 261.0+4.4 312.1:18.5 337.5+42.3 179.1+161.9
10.5%3.5 '11.3:2.7 8.2:1.1 16.6+3.7 0(2-\.350 3.7+2.9
0.320.2 0.320.1 0.910 2.1+0.4 1.24+1.1 oamzzzjo

a p<0.001, compared with control
b p<0.005, compared with control
¢ p<0.01, compared with control
d p<0.02, compared with control
e p<0.05, compared with control
A parenthesis shows mean.
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Fig.10 Electrocorticogram recorded from left sensory motor area after topical applicaton.

F£6H a0 TALABEESHEBOZD
fino> guanidino {44

asnrBRERSL, L, 2, 4, 24FH%R
V#9540 B #£ o guanidino {b-A#it, RERIAIER
b - TEBIFBROLNI, Tibb,
taurocyamine (3#%5 4 BefijikH #4087 F T
MBS THREICHA L 72(% 2). Guanidi-
nosuccinic acid (335 2 FefiifE & D WAL, %
S AEBICiIRBINT, 48M%ICIIBY
EELV~LicEE L 72, Guanidinoacetic acid
5% 1D L AR TRRERCRIL,
BE24BERIBICIZEE L~ VICEBELZ, N-
acetylarginine (3#¢5-7% 1 BRflAH 5 #4408 £ T
BEAL, 205 bR5UBMRICIIREBS N
7th - 72, p-guanidinopropionic acid |35
%1 BRA 524 F TIIEA L, HW40B7KIC
I3t & e H - 72, Creatinine (2325 4 BEY
#ICHEEICEA L7, yguanidinobutyric acid
33514 1 RS L4408 F TIRARICEI L
7z. Arginine (3#%5-% 2 RERI A & 4 BERE Z T3
AFEICHA L 72, Guanidine (3#:5-1% 4 B
OH2URFREZE TIdML, H0BHICIIEEL~
N EfE L 72, Methylguanidine |335- 4 B3
BICIZEA L, 24BFEMRICIZER L ~VICREE
L7z, %8, —#ic 3,90 IR & ISR
ML DBICZERNENVBH LN -7z,

78 GGA DRIEFRIEAR

78X (N=5%#) Nk AREEERE
I2GGA0.2M BHICBRL 2 iE#A (4 X 4mn)
#H<k, #1041 high voltage slow
waves K& UF atypical spike and slow wave com-
plex 258 L7z, 545304111213 sporadic
spike and high voltage slow wave»<32& & h,
DOV TIREH4057 %I # 3 Hz 7 spike and
slow waves 7*HHELL 72, 1 BRIBICIZ # 4
Hz ) atypical spike and high voltage slow
waves burst 2*HHE L 2N L, # 2 Hz oyspike
and high voltage slow wave b BRI 3 B
it TREFGEIAL, £O%IERRECH
#mL72(310).

% 3

K, It RTINS KBERICERET
BETAPAREESIEREING Z EX4HS
nTwa, AL, axLi@EkE: 2 20
sigmoid gyrus 253 5 & 1 Rtk 13 B E
#ic epileptic discharges2sHi#i T 2 = & #8,
S LI 4R REEIC I B EEREAEER BT
BILEBRELTCWS, EHZaLER
KERIKBEEORFEEREFICHREL, 24
FEffIC 2290 S Mo guanidino 1b&%)
PEBHK I 0t 7T 7 4 —TH LR,
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F I HBE 0 k4 guanidino (L&A BT
2T LEBDHI, TTIRasNETA»ARSE
A TR 524~ 48R RICI3 glutamic
acid, aspartic acid, GABA #E4L TW5Z

&, RUR59041ic i glutamic acid ore-
lease 7L TV 5= &1, F 72 glutamic
acid decarboxylase (32,5 P #57% 3 ~4 H

SHici#Eiml, GABA aminotransferase (33%5
#TEDICHLLTWEZ &Y, Rirglutamic
acid dehydrogenase |3 TA» A IRMEE SR S
WAL T3 Z W52 Dodd s (3351
b TA 2 A RMEEE S T3 glutamic acid
release 2 HRICHL 3L H 2 L #BEL T
WRZ kL b, AN TAPAREES
¥ iz glutamic acidd*kE (&5 LT3 2

EATRRE N Tz,

IEILE OB NIC FEFET % guanidino {bA%
NS LEENLORHEER (K1) »#6AB L,
taurocyamine {3 taurine #*5, guanidinosuc-
cinic acid { aspartic acid #* &, glycocyamine
i% glycine #* &, B-guanidinopropionic acid(x
alanine #* &, 7y-guanidinobutyric acid {2 »-
aminobutyric acid #* & £ 1. £ arginine 7 a-
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ginine, A-guanidinopropionic acid, creati-
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5. GGA LIStk guanidino {b&-#id =
NN BENEEIC L), guanidine LSt
WA %R 7. %7 taurocyamine B UF y-gua-
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a&-Guanidinoglutaric acid and other guanidino compounds in
a cobalt epileptogenic focus of cat cerebral cortex
Masayuki AKAGI
Institute for Neurobiology. Okayama Univ. Medical School
(Director: Prof. A. Mori)

An epileptogenic cortical focus was induced by the topical application of cobalt powder
to the sensori-motor cortex, then guanidino compounds in the cobalt focus were ana-
lysed by HPLC. An extraordinally high peak was observed in the epileptogenic focus
24 hours after the cobalt application. «-Guanidinoglutaric acid (GGA), which is synthe-
sized from glutamic acid and S-methylisothiourea sulfate, was confirmed by GC/MS
as a dimethylpyrimidyl derivative of GGA.

An unknown substance was isolated from the cobalt focus and identified as GGA
by the same GC/MS technique as in the case of an authentic sample. GGA was present
in the normal cat cortex in amounts of 1n mol/g. GGA increased after cobalt appli-
cation, and reached a maximum after 24 hours. The abnormal GGA recovered to the
normal level about 40 days after the application by which time the cobalt focus had
disappeared. Other guanidino compounds, that is taurocyamine, guanidinosuccinic acid,
guanidinoacetic acid, pA-guanidinopropionic acid, creatinine, 7-guanidinobutyric acid,
arginine, and methylguanidine, except for guanidine tended to decrease in the cobalt
focus. Taurocyamine and a-guanidinobutyric acid were still decreased 40 days after the
cobalt application.

Spike and wave complex was induced after topical application of 0.2M GGA to the
sensori-motor cortex, and a burst continued for one hour.

Key words: cobalt focus, a-guanidinoglutaric acid, guanidino compounds,

EEG, seizure mechanism



